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Chapter 0

About this Software

Thank you for purchasing a license for the software, “ENC” for engineering noise control.
The purpose of this software is to provide an easy way of numerically evaluating many
of the equations and algorithms incorporated in the fifth edition of the book, Bies et al.
(2018). It is essential that the software is used with the textbook as a reference so that
the theoretical basis for the calculations can be understood. This software is intended
purely as a calculation aid. It is not intended to produce report-ready documentation,
although the screen can be copied using the “Print Screen” button your keyboard and
pasted into an application such as Microsoft Word, Adobe Photoshop or Corel Photopaint.
The graphs can then be cut and pasted into a document or if Microsoft Word is used, the
image can be cropped to just include the graph. Using ENC can replace hours of tedious
hand calculations and lead to a more efficient work environment. In addition to saving
time, the advantage of the software is that the calculations are correct every time and
there is no need for them to be checked by someone else.

The software provided with this manual can be used to solve all kinds of problems
encountered in engineering noise control work, including most of the example problems
provided in the book, “Example Problems in Engineering Noise Control”, 2nd Edn., by
C.H. Hansen.

0.1 Installation of the Single User Version on a PC
ENC takes up about 60 MBytes of disk space.

To install the software, download the ENC zip file from the link on the Causal Systems
web site that you were provided when you purchased the software. Unzip the file and then
double click on the file, “setup.exe”. If an earlier version of ENC is installed on your system
and this version has the same number before the decimal point (e.g. you have version 5.1
and are now installing version 5.3) the first time setup.exe is run, the existing version of
ENC will be uninstalled from your computer. Versions with the version number before
the decimal point different from the one you are installing will not be uninstalled (e.g.
you have version 4.3 and are now installing version 5.3). After successful UNinstallation,
please run setup.exe again. Keep clicking on “next” (usually 3 times) and then a window
will popup titled “Welcome to the device driver installation wizard”. On this window click
“next” and another window should popup titled “Completing the device driver installation
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wizard”. Click on “finish” in this window. Then you need to find the KEYLOK security
installer window and click on “close” in that window. Sometimes this window is hiding
behind the ENC installer window and you need to move the ENC installer window to one
side to see the KEYLOK window. After clicking on “close” in the KEYLOK window, you
can click on “finish” in the ENC installation window.

Note that during installation, the default directory chosen by ENC may not be the
one you would like. There is no problem changing this during the setup procedure. After
installation, you should be able to access the program immediately from the “Start” menu
of your computer. It is called “ENC”.

PLEASE READ THE FOLLOWING PARAGRAPH IF ENC IS HAVING PROBLEMS
FINDING THE DONGLE.

If ENC cannot find the dongle after installation, the most common problem is that
installation was not completed properly, even though it seems like ENC has been installed
(it is available to use and works fine but just cannot find the security dongle). During
installation, it is important that the KEYLOK security Installer window is closed first
and then “finish” is clicked on in the ENC installer window last. Any other way of closing
or exiting the ENC installation will result in the dongle not found problem. On some
computers, the KEYLOK window is hiding behind the ENC installation window and the
ENC window must be moved to the side to reveal the KEYLOK window. Unfortunately,
Causal Systems does not have control over where the third party installation software
locates the installation windows on your system.

0.1.1 Unusual Dongle Installation Problem
You should not usually need to read this section. It is only for situations where the
incorrect dongle driver has been accidentally installed. If, after following all the steps in
the previous section, the dongle is still not recognised by ENC, then follow the steps listed
below.

1. Run the ENC setup.exe program again and uninstall ENC.

2. Remove the USB dongle from your computer.

3. Run the setup.exe program a second time to install ENC and the dongle driver On
some computers, the dongle installation window can hide behind the main instal-
lation window. After installation, it is important that you first close this hidden
window (just move the main installation window aside) and then click on “finish”
on the main installation window.

4. After installation is finished, insert the dongle into the USB port and let Windows
automatically install it. If this does not happen, you need to do the following:

(a) For Windows 7 and 8 systems, go to <control panel><administrative
tools><computer management><device manager> and you should see an en-
try for the USB dongle (you may have to double left click on the “USBKey”

ENC Software User’s Guide Version 5.5, July, 2021



CHAPTER 0. ABOUT THIS SOFTWARE 3

item).
For Windows10 systems, click on “Settings” which is above the power off but-
ton. Click on “Devices”, then click on “Device Manager” (or if that is not
an item, type “device manager” in the search box). Scroll down to “USB” or
“USBKey”, then click on “>”. Device manager can also be found by typing it
into the Windows search box at the bottom left of your screen which can be
activated by pressing the windows key on your keyboard.

(b) Right click on the “USB Dongle software protection device” and then click on
“uninstall”.

(c) Then insert the dongle again and let Windows find and install the driver which
it will do.

5. ENC should now work. If it does not, then restart your computer and repeat step 4
above or try steps 6 to 8 below.

6. Repeat step 4(a)

7. Right click on the “USB Dongle software protection device”, click on the tick box
to remove the driver from the system and then click on “uninstall”.

8. Run the “install.exe” file, choose the “KEYLOCK 2 (USB w/Driver)” option and
the installation type, “Standalone”. Then click on “Begin Install” and follow the
prompts. The “install.exe” file for the KEYLOCK dongle is available from the Causal
Systems web site <www.causalsystems.com> on the “Installation Tips” page under
item 3.

9. Repeat step 4(c) above.

10. If the preceding steps do not work, repeat the above but click “cancel” when the
ENC installation asks you to install the dongle driver. Then repeat steps 8 and 9
above.

0.2 Installation of the Network Version
If you have a red network dongle, then please follow the instructions below. If more
information is required, please visit www.causalsystems.com and click on “Installation
tips” in the left hand menu. Scroll down to item 5 and download the file, “ENCusbnet_
dongle.pdf”.

To install the software, download the ENC zip file from the link on the Causal Systems
web site that you were provided when you purchased the software, and then unzip the
file. Note the following 3 important points.

1. Please do not attach the ENC USB Network dongle to the computer before and
while you are installing ENC Server.

2. Read all steps below before installation.

3. ENC responds quite slowly during its search for the dongle if you don’t have a USB
dongle and/or network connected.
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0.2.1 ENC Server Installation
1. Any computer can act as a server computer provided that it is always switched on

and connected to the same network as the client computers.

2. Install ENC5.X software by running setup.exe on the ENC server computer.

3. Install the USB driver by running InstDrv_32bit.exe (for the 32 bit system) or
InstDrv_64bit.exe (for the 64 bit system) under the ENC5.X/tools directory, and
then tick “install USB driver”.

4. Setup the configuration files svrcfg.ini and clicfg.ini under the ENC5.X/tools direc-
tory with a text editor or by running ENCConfig.exe (only if the server is a 32 bit
system) under ENC5.X/tools. If using TCPIP protocol, the critical item to fill in
here is the IP address of the server (by clicking the Client Tab and filling the Search
list under the TCP/UDP panel). This can be found by running the system program,
cmd.exe and typing in ipconfig.

5. Plug the ENC USB Network Dongle into the USB port of the ENC server machine.
When you do this the only indication that the program has run will be the appear-
ance of a small icon, which looks like a server, at the right bottom of screen, where
you can click the ”find key” to see whether the dongle can be found.

6. Copy the new configured clicfg.ini under ENC4.X/tools to ENC4.X folder of the
ENC server.

7. Now ENC5.exe on the ENC server can be run.

0.2.2 ENC Client Installation
1. Install the ENC5.X software by running setup.exe on all ENC Client computers.

2. Copy the new configured clicfg.ini under ENC5.X/tools from the ENC Server to the
ENC5.X folder of each ENC Client.

3. Now ENC5.exe on ENC Client computers can be run.

0.3 General Guidelines for Use (Essential Reading)
NOTE THAT MANY CALCULATIONS USE THE DENSITY OF THE GAS AND
SPEED OF SOUND IN THE GAS (USUALLY AIR) AS PART OF THE CALCULA-
TION. VALUES FOR THESE QUANTITIES ARE SET IN THE TOOLS MENU (SEE
BELOW). YOU MUST SET THESE VALUES CORRECTLY TO GET CORRECT RE-
SULTS. DEFAULT VALUES ARE 1.205 kg/m3 and 343 m/s RESPECTIVELY.

Another important item to note is that ENC ALWAYS uses the correction
10 log10(ρc/400) when calculating sound power level from sound pressure level and vice
versa and the “Constants” button can be used to adjust the default values of any physical
constants used in calculations. The text book sometimes ignores this correction as it is
often only between 0.1 and 0.2 dB at room temperature in air.
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Graphical as well as numerical output are provided. Numerical data can be stored on
file for later access and plotting by a spreadsheet program such as excel. A quicker way
of getting a graph in your word processor document is to double left click on any graph
in ENC and then you can paste it into any application.

Alternatively the graphs and other on-screen results presented by the software can
be printed directly and any part of the screen can be imported into a word processor by
importing it first into Corel PhotoPaint. This is done by pressing the “print screen” key on
your keyboard (sometimes requires pressing the “shift” key as well). Then in PhotoPaint
click on “file”, then “new from clipboard”. Then select the part of the screen you would
like to import and click on “edit” followed by “copy visible”. Then paste it into your
document. The result is of good quality and suitable for a report. All graphics in this
manual were produced in this way. If Microsoft photoeditor is used, the results obtained
are of marginal quality. However, Adobe Photoshop should also be suitable.

Many of the calculations give a new result immediately any input data value is changed.
However, more complex calculations and especially those involving the production of
charts, require that you click on the “run” icon in the tool bar (or choosing the “run”
option from the main menu) after you have changed all the input values to those wanted
for the particular problem.

When a variable is labelled in blue type, that means it is a calculation result and
should not be typed over. You can change the result by typing in a new value but it will
not be valid, as it will not be reflected by the input data values. If you do make the mistake
of typing in a box corresponding to a result, you can rectify the problem by changing one
of the input values and/or clicking on the “run” symbol in the tool bar menu.

There are many places where some input data are redundant. In these cases, when
you change one data entry, another may change to remain consistent with the others. For
example, if you enter the percent open area and hole diameter for a perforated panel, the
number of holes is defined and need not be entered. If you enter the number of holes as
well, then one of the other items of input data will change.

When you enter a number in a data box and press “enter” or “run”, you may see the
number of decimal places truncated in your input data. However, do not worry: ENC will
use the accurate number you typed in for any calculations.

0.4 Saving Your Window and Input Data
At the very top of the screen is the software name, “ENC” which is short for “Engineering
Noise Control Design” followed by the module name, the page name and the name of the
file currently open. Typically, this file contains the input data for what you see on the
screen, if you have saved it. It is also the name of the file you may have opened to obtain
the input data on the screen. This file can be one of the example files included with the
software or one saved from a previous session. If you see the words “Untitled New”, then
you currently have no file open.

When saving the input data corresponding to what you see on the screen, by clicking
on the “Save” icon in the tool bar at the top of the screen or by clicking on <File> <Save
as>, be careful when entering the file name. It is not allowed to click on an existing file
name and just change some characters. This will result in overwriting the file that is
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already there. You must type the file name from scratch in full and you must not click on
an existing file unless you want it to be overwritten.

If you wish to save data that you see plotted, then click on the “Save” button at the
bottom of the graph. Both 1/1 octave and 1/3 octave band data will be written to a file
that you can open later using Microsoft Excel or Word. Alternatively, in many parts of
ENC, you can double left click on the graph and paste it directly into your word processor
with a high quality result.

Where equation numbers are given in this user guide, they refer to equations in “En-
gineering Noise Control”, 5th edn. by D.A. Bies, C.H. Hansen and C.Q. Howard.

Note that in many cases there are restrictions on allowable input data. This is to avoid
program crashes as much as possible. Input data in many cases can be typed directly in
the data box or the increment arrows on the side of the data box can be used.

0.5 On-Line Help
Extensive on-line help can be activated by pressing F1 on your keyboard or clicking on
help in the menu bar of ENC. This will open the pdf version of the user manual which can
be navigated using bookmarks and the pdf search capability. To open the bookmarks list
in Acrobat, click on the 5th icon from the left in the top menu bar (show/hide navigation
panel) and then click on the bookmark tab.

0.5.1 Main Menu at Top of Screen
The menu is made up of the six items shown at
right.

0.5.2 File Menu
The file menu is shown in the figure to the right and al-
lows data for any window in any module to be saved (a
.enc extension is necessary) and later retrieved using the
“open” choice on the menu bar.

The name of the current file appears in the title bar
right at the top of the ENC window. If this name is “Un-
titled New”, then selecting “new” from the file menu will
have no effect. However, if the current set up has been
saved using a different file name, selecting “new” will al-
low you to start a new file based on the current setup.

It is often useful to have more than one ENC window open at one time so that
calculations done in one module can be easily transferred to another and this is what
the “launch ENC” button is for. If you need to do a calculation in another module for
use in the current module, you can launch another ENC from within your existing ENC.
You can then use the new ENC to do the calculation needed without upsetting the data
already entered in the ENC that was being used originally. To do this, click the “launch
ENC” button in the “file” menu at the top of the screen.
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0.5.3 Options Menu
The options menu shown at right is used to select the module (from a
choice of 8) that you want to work with.

The “run” button on the main menu can be clicked on instead of
the icon on the right of the tool bar to make sure that the results reflect
new input data that you have entered.

0.5.4 Tools Menu
The “tools” menu at right includes a number of items.
The first item, “Export to Excel”, which is also activated
by pressing the F8 key, allows most tables of values to
be exported to Excel. Generally the table that is visible
when the F8 key is pressed is the one that is exported to
an .xls file.

The next item, “Constants Set-up”, allows adjust-
ment of some physical constants such as the speed of
sound and density of air, as illustrated in the following figure.
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There are also many green “Constants” buttons that appear on most pages that you
can click on to set up the constants values discussed below. When clicking on this item,
the panel titled “Constants Set-up and Calculation” shown below appears. You can then
type in the parameters that are appropriate for your problem. You can do this from any
module or you can click on the “Constants” button on any page that you find it or you can
key in [Cntrl]H from anywhere. All ENC calculations use the values in the “Constants
Set-up and Calculation” window. The “speed of sound”, “gas density” and “dynamic
viscosity” are in blue font to indicate that they are calculated quantities. The speed of
sound is calculated from the values you enter for molecular weight, ratio of specific heats
and temperature of the gas in which the sound is travelling. The ENC default values are
for air at 20◦C and may be reinstated by clicking on the “Default” button in this window.
To calculate the density of the gas in which the sound is travelling you need to enter
the gas pressure (often but not always atmospheric) in addition to the other quantities
mentioned above. Practically all calculations use the speed of sound and gas density data
from this panel. To determine the speed of sound and gas density corresponding to the
parameters you have selected, click on the “Calculate” button.

The reference dynamic gas viscosity is the one corresponding to the reference tem-
perature (Kelvin) for the gas you are using. The default value is for air. As dynamic gas
viscosity is temperature dependent, the value appropriate to your calculation is deter-
mined using the following expression and the result shown in blue font in the third to last
line of the pop-up window.

µ = µ0
T0 + C

T + C

(
T

T0

)1.5

where µ is the dynamic gas viscosity at temperature T (Kelvin), µ0 is the dynamic gas
viscosity at temperature, T0 (Kelvin) and C is a constant that depends on the gas.

Gas T0 (K) C (K) µ0 (µPa.s)
air 293.15 120 18.27

oxygen 293.15 127 20
nitrogen 293.15 111 17
ammonia 293.15 370 9.2

carbon dioxide 293.15 240 14.0
carbon monoxide 293.15 118 16.6

helium 293.15 80 18.6
hydrogen 293.15 72 8.35
methane 293.15 198 10.3

Values of these constants for var-
ious gases are listed in the table at
right. Viscosity data are only used in
modules 6 and 8, as well as in module
3, “Porous Material Absorber”.

In module 8, the speed of sound
in the ambient medium surrounding
the sound source is assumed to be 343
m/s and the product of air density
and speed of sound has been approx-
imated as ρc = 400. The relative hu-
midity datum is only used in calcula-
tions involving outdoor sound propagation. In a number of cases (principally module 6),
1/3 octave band values are calculated by averaging data corresponding to a number of
single frequencies in the band. The number of intervals used in numerical integration in
a number of calculations can be set here. It is recommended that it be left at the default
value. However, the default value may be increased if computation time is not an issue
and high accuracy is important. The number of single frequencies used for a band average
can also be set using the “Constants Set-up and Calculation” window. When you have
completed entering the values for the various constants, click on “Finish”.
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When setting constants in this window, the new values are used for all subsequent
calculations in any module of ENC until the constants menu is entered again and the
values changed again.

The tools menu also has a list of conversion factors for converting quantities expressed
in the SI system of units to the British system of units. The “Unit conversion” window is
shown below, and includes, for convenience, a simple calculator for multiply, divide, add
and subtract operations.

The tools menu can also be used to select the optimum display resolution as there
may be some distortion on a few wide screen displays.

The Debug ON / OFF item on the menu allows users to see the results of intermediate
calculations. However, this is not recommended for general use and no support is provided
to users for this option.

ENC Software User’s Guide Version 5.5, July, 2021



CHAPTER 0. ABOUT THIS SOFTWARE 10

0.5.5 Help Menu
The help menu at right contains information about
various general topics, some of which are also cov-
ered elsewhere in this manual. Information about
the various menus may be obtained simply by
clicking on the menu name in the Help menu. The
“PDF help” item is activated by the “F1” key.
You are then provided with access to the ENC
user manual with bookmarks. Topics that are not
included elsewhere in the manual are discussed be-
low.

The “New Release Notes” item displays all of
the improvements made to ENC since the first
commercial release (Version 1.183). The “Win-
dows Display Mode” item explains how to set up
windows to get the best out of ENC. Finally, the
“About ENC Design” tells you what version of ENC you have.

0.6 Software Modules
The software is divided into eight modules that roughly follow the layout of the book,
Engineering Noise Control, 5th Edition, by D.A. Bies, C.H. Hansen and C.Q. Howard. Each
module is associated with unique tool bar symbols (see example below) that represent
different calculation procedures from different sections of the book chapter or chapters
associated with the particular module. You can select the module you want from the
“Options” menu at the top of the screen. Each module has a number of windows which
can be selected by clicking on the appropriate symbol on the tool bar. Each window has
a number of panels, each of which represents a particular calculation.

The modules and the chapters of the book that they represent are listed in the following
table.

Module number
Book chapters
represented

1 1, 2, 3
2 4
3 5
4 6, App D
5 7
6 8
7 9
8 10
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When you select a particular module, you will find that a page will pop up that rep-
resents one particular window in that module. Each window in the module is represented
by an icon in the tool bar (see an example above for the module 5 tool bar). You can tell
which window you are currently in because the corresponding icon in the tool bar will
appear in one of the corners of the screen and the text under the icon in the menu bar
will be highlighted in red.

The symbol on the far right is the “ run” symbol on which you often need to click to
make sure a new calculation occurs after you change some input parameters. The three
icons to the left on the tool bar allow you to respectively, start a new calculation, open an
old calculation previously stored on a file, and save the current calculation parameters for
the entire page to file. If the “Save” button is greyed out, you may still save the parameters
for the current page to a file by clicking on <File><Save as>. When inputting a new
file name, you must TYPE THE ENTIRE FILE NAME. Do not click on an existing file
name and change one or more characters (which we can usually do in Windows). Doing
this will cause the file name that you clicked on to be overwritten and the new file name
that you made will not exist. This is a problem with the software shell used to construct
ENC.

0.7 Plotting
In most windows of the software, the calculated results are shown plotted on a graph. An
example is shown below.

Multiple curves can be plotted by clicking on the “Overlap” button so it shows “ON”.
Different colours for each curve can be selected by clicking on the arrows on the “Colour”
button prior to doing a new calculation. Clicking on the “Print” button allows you to
print the entire ENC window, including the graph. Clicking on the “Save” button allows
you to save the data used to construct the entire ENC window and will now save all curves
that are visible . Clicking on “Clear” will clear all curves from the graph.
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Many graphs also have a cursor button that can be turned “ON” by clicking on it,
thus allowing you to obtain accurate values from the graph (sometimes 1/3-octave band
values and sometimes only octave band values). Above many graphs you will also have
the option of selecting the quantity to plot (“Display Contents” box).

Please note that if a graph has tiny “x” symbols only at octave band centre frequencies
(see following figure) and the cursor can only read values at octave band centre frequencies,
then care must be taken in obtaining 1/3-octave band values. In cases where the y-axis
represents noise reduction or transmission loss, the y-axis value where the curve crosses a
1/3-octave vertical line is likely to be a good approximation of the actual 1/3-octave value
if the curve is smoothly increasing or decreasing but not if the curve slope varies greatly
with frequency. On the other hand, whenever the y-axis represents sound pressure level
or sound power level, it is not possible to interpolate between octave band cursor values
to obtain 1/3-octave band values, as each octave band value represents the logarithmic
sum of the three 1/3-octave band values that make up the octave band.

In modules 5 and 8, the graphs have arrows on the left side so you can adjust the
range of the scale on the y-axis (see figure on previous page).

Other graphs have a “y-axis setup” button which allows you to adjust the upper and
lower limits of the scale so that sensible numbers appear on the y-axis and the scale can
be compressed or expanded (see next page). There is also an “auto/manual” switch in the
pop-up window. When set to “auto” ENC will select the y-axis scale for you (see below).
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0.8 Printing a plot
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Although this should be straightforward by clicking on the “Print” button under the
plot on the screen, an incomplete plot can result or the program can lock up unless param-
eters are specified that produce a successful pdf file which is printed in landscape format
and takes up most of the page. The same parameters seem to work for most postscript
printers. The most important parameter to change is the <graphics Options><width>.
Do not use the default “Entire paper” but use the “Specify in millimeters/10”.This means
that you should specify the width you want in tenths of a millimeter. Thus if you want
a width of 140.5 mm, you need to enter “1405” in this box. If you choose the default,
“Entire paper”, then it is likely the program will not complete a pdf plot and if printing
on a printer, the edges of the plot and y-axis title will be missing. The settings shown in
the above figure are also satisfactory.

0.9 Importing and Exporting Data
You can import input data from a text file or export the input data that you
manually input into ENC to a text file that can be imported directly into a
spreadsheet, wherever you see the square green box with the character, “i”
inside it. Right clicking on the green box containing the “i” symbol will export the table
of data adjacent to the “i” box to a text file for which you can choose the name and which
can be imported into any spreadsheet program. Left clicking the green box will upload
data from the text file that you specify, which can be generated by saving the excel file
as a tab delimited .txt file. This file must have exactly the same format as the exported
file obtained by right clicking on the green box, so it is best to right click first with the
default data to obtain the text file layout required for importing data. Then you can open
the exported file in a spreadsheet program and enter your data manually by replacing the
exported values where appropriate, without changing any column or row positions. The
spreadsheet is then saved as a tab delimited .txt file and it can then be loaded into ENC
by left clicking the green “i” button.

WARNING! If you import data or insert data manually into an ENC page, please
check that none of your data results in an “inf” or “NaN” in any calculated data cell on
the ENC page. If one of these lies in a cell that you do not use or need, then the remaining
cells will be OK. However, if you save an ENC page using “file, save as” and the page
contains even one “inf” or “NAN” value, the saved project is likely to be corrupted and
unusable, even for data in cells where there were no “NaN” or “inf” values. So make sure
you change the offending input data to values that are allowed; i.e. values that do not
produce “inf” or “NaN” in any calculated cell.

On some pages, there is a blue box with an “o” inside. Clicking on this box
will allow you to export the calculated data in the panel next to the box to a
text file.
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Chapter 1

Fundamentals & Criteria (Module 1)

1.1 Overview
The software in module 1 calculates all of the quantities discussed in chapters 1–3 of
the 5th edition textbook, ranging from the speed of sound in any medium to addition
and subtraction of sound levels, A-weighting and noise criteria evaluation. The module
consists of eight separate pages, all of which are accessed by clicking on an appropriate
icon on the tool bar. Each window is discussed separately below. All Equation numbers
refer to equations in the 5th edition of the textbook.

1.2 Fundamentals
(Chapter 1, 5th edition textbook)

This window contains eight panels for eight separate calculations. The green “Con-
stants” button near the middle of the page allows constants such as air temperature to
be set up for any of the eight panels.

1.2.1 Units (Conversions of levels to linear quantities)
The top left panel of this window at the top allows you to convert SPL to RMS Pascals
(Equation (1.86) in the 5th edition of the textbook), Sound power level to watts (Equation
Equation (1.89) in the 5th edition of the textbook) and Sound intensity level to Watts/m2

(Equation (1.91) in the 5th edition of the textbook) and vice versa (see below).

1.2.2 Addition and Subtraction of Sound Pressure Levels
The next panel below and on the left (see next page) allows you to add and subtract
decibel levels for coherent (tonal — Equation (1.94) in the 5th edition of the textbook)
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and incoherent sound (Equation (1.97) in the 5th edition of the textbook). You would
normally use the incoherent sound button unless the two sounds to be added were tonal,
of the same frequency and from synchronised sound sources. This procedure is discussed
on pages 34–36 in the 5th edition textbook.

1.2.3 Wavelength, Frequency and Wavenumber
The next panel below and on the left, titled “ wavelength” (see below) allows you to cal-
culate wavelength and wavenumber from frequency and speed of sound. In fact frequency
or wavelength, may be varied to give wavenumber and speed of sound.

1.2.4 Wave Properties
The next panel below and on the right (see below) is titled “Wave Properties” and allows
you to calculate the following quantities (shown in blue) for plane and spherical waves
for a specified sound pressure level, Lp. For spherical waves, the distance from the point
source and frequency must also be specified.

• RMS acoustic pressure (Equation (1.87) in the 5th edition of the textbook)

• Acoustic particle velocity (Equation (1.51) in the 5th edition of the textbook)

• Sound intensity (Equation (1.79) in the 5th edition of the textbook)
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• Sound intensity level (IL) (Equation (1.91) in the 5th edition of the textbook)

• Reactive intensity amplitude (A.R.I.) (Equation (1.78) and Equation (1.76), second
term in the 5th edition of the textbook)

• Total energy density (ED) (Equation (1.66) in the 5th edition of the textbook)

• Potential energy density (Equation (1.65) in the 5th edition of the textbook)

• Kinetic energy density (Equation (1.64) in the 5th edition of the textbook)

Note that this panel also includes the “Constants” button.

1.2.5 Combining Level Reductions
At the bottom of the left panel (see below), you can combine level reductions (pages 36–37
in the 5th edition textbook). You may need to do this when you have many paths from
the source to the receiver and each path is characterised by a different noise reduction
to the direct path. Combining level reductions allows you to calculate the sound level at
the observer when the noise comes from a source via more than one path and you know
the noise reduction associated with each path. You can also do complex calculations such
as calculating the overall noise reduction due to the insertion of a finite size barrier if
you know the reduction attributable to each path from source to receiver both before and
after insertion of the barrier. This is discussed in detail on pages 36–37 of the 5th edition
textbook.
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1.2.6 Preferred Frequency Bands
As can be seen in the following figure, clicking on this green button at the bottom of the
ENC page gives centre frequencies and upper and lower band limits for 1/3-octave and
octave bands.

1.2.7 Modulation Calculation
As can be seen in the following figure, clicking on this green button at the bottom of
the ENC page gives, for a sinusoidally modulated noise signal, the modulation index
and modulation depth for a specified maximum and minimum sound pressure level (see
Equations (1.107) and (1.106) respectively, in the 5th edition textbook).
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1.2.8 Doppler Frequency Shift
As can be seen in the following figure, clicking on this green button at the bottom of the
ENC page gives the frequency of sound heard by an observer if the source or observer is
moving, for a specified source or observer velocity and specified source emission frequency
(see Equations (1.111) and (1.112) in the 5th edition textbook).
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1.2.9 Speed of Sound
On the right hand panel (see next page), the speed of sound in gases (Equation (1.8)),
bulk liquids (Equations (1.1) and (1.6)), liquids in a thin-walled tube (Equations (1.1) and
(1.7)) and solids (Equations (1.1), (1.3)–(1.5)) is calculated from basic physical properties
of the substance.
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1.3 Ear
This is a new page in ENC5 and its purpose is to allow calculation of various properties
of the ear as well as calculation of loudness of a spectrum that includes either or both
pure tones and random noise.

1.3.1 Ear Properties
This section allows you to calculate the frequency of maximum response of the basilar
membrane as a function of distance along the membrane from the basal end. You just
need to enter the distance from the basal end in mm.

The frequency of maximum response vs basilar membrane location can be plotted as
shown below by clicking on the button labelled “Plot frequency of maximum displacement
vs location on basilar membrane”.

You can also calculate the critical bandwidth of the ear for any specified bark value
as shown in the following figure.

Clicking on the large green button at the bottom of this section will provide a table
of critical bandwidths for bark values from 0.5 to 2, as shown in the following figure.

ENC Software User’s Guide Version 5.5, July, 2021



CHAPTER 1. FUNDAMENTALS & CRITERIA (MODULE 1) 22

You can also calculate the Hearing Threshold in dB for a given frequency and plot the
Hearing Threshold as a function of frequency as illustrated in the following figures.
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1.3.2 Loudness Level and Sound Pressure level
For any frequency that you specify, this section allows calculation of SPL from phons and
vice versa.

1.3.3 Loudness Level and Loudness Calculator
This section allows calculation of sones from phons and vice versa.

1.3.4 Calculation of Loudness for a Specified 1/3-Octave or Oc-
tave Band Spectrum

This section provides calculated loudness in sones and phons for a 1/3-octave or octave
band spectrum using ISO 532(1975), ISO 532-1 and ISO 532-2 for either a diffuse sound
field or a frontally incident (free) sound field. Only the ISO 532(1975) method is described
in the 5th textbook.
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1.3.5 Calculation of Loudness Level with ISO 532-2
This section calculates loudness for specified bands of noise and tones acting together.
The sound pressure levels, tonal frequencies and upper and lower frequency limits of each
band of noise are specified by the user. Up to 10 different bands and tones are allowed as
illustrated in the following figure.
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1.4 Hearing Damage Risk (5th edition textbook, pages 92–102)

Noise exposure. The table at the top of the panel (see below) is for specifying a noise
exposure environment for an individual or group of people for whom hearing damage risk
and allowed exposure time is to be calculated. All you need do is enter the noise level in
a particular area and the amount of time per day that the individual spends in that area.
The total time need not add up to 8 hours — if it does, then the first 2 results in the
table below will be identical.

The right hand panel, second from the top (see below) is for presenting the results
which are listed and explained below (using the same number IDs — 1 to 7 — as shown
in the following figure).

1. Traditional equivalent continuous noise level for any specified number of hours, T
(Equation (2.36) in the 5th edition of the textbook), where Te is the total number
of hours you have entered into the table.

2. Normalised 8-hour Equivalent continuous level (Equation (2.37) or (2.38) in the 5th

edition of the textbook — where the exposure is averaged over 8 hours regardless
of the total time in the above table).

3. The 8-hour Equivalent continuous level, L′Aeq, for a specified trading rule (Equation
(2.76) in the 5th edition of the textbook).

4. Maximum allowed exposure time (Equation (2.79) in the 5th edition of the textbook)
to the 8-hour Equivalent continuous level for a particular noise environment that is
specified in the table at the top of the screen.

5. Maximum allowed exposure time (Equation (2.79) in the 5th edition of the textbook
with the “8” replaced with the exposure time, T ) to the Equivalent continuous level
for a particular noise environment that is specified in the table at the top of the
screen.

6. Daily noise dose (Equation (4.43) in the 4th edition of the textbook). The rules used
for the calculation are specified in the panel immediately to the left of the above
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panel and this panel is illustrated on the next page. The calculations done here are
described on pages 157 and 158 of the 4th edition textbook.

The figure shown below appears close to the top of the window and allows one to
enter the base level (almost invariably 90 dB(A)) corresponding to a DND of 1.0 and the
trading rule to be used for the above calculations.

1.4.1 Hearing damage risk
The two panels, third from the top (see below) are for calculating a group of people’s risk
of hearing damage when exposed to the environment described in the table at the top of
the panel. Alternatively a new value for LAeq,8h can be selected from the box in the left
panel. Two calculation procedures (Equations (2.53)–(2.60) (ISO 1999) and Equations
(2.63)–(2.69) (5th edition textbook)) are used and each is described in the 5th edition
textbook, pages 94–98.

The bottom two panels shown below allow the calculation of the daily noise dose for
impact and impulsive noise. The procedures are described on pages 103–105 in the 5th
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edition textbook. Enter values in three out of the four boxes and then double left click
on the fourth box to get the result for the unknown quantity. Note that impulse noise
follows the USA 5dB trading rule for large numbers of impulses (5th edition textbook,
Figure 2.21).

ENC Software User’s Guide Version 5.5, July, 2021



CHAPTER 1. FUNDAMENTALS & CRITERIA (MODULE 1) 28

1.5 Noise Level Criteria (5th edition textbook, pages 117–127 and
128–131)

The top left panel on this page (see below) provides the opportunity to enter 1/3 octave
or octave band linear or A-weighted spectrum levels. If 1/3-octave band levels are entered,
they are converted to octave band levels prior to plotting and the resulting octave band
levels are also included in the table in the bottom panel. However, there is one exception
to this. If 1/3-octave NR curves are desired, then the “1/3-octave NR” button is clicked
and the 1/3-octave band values are plotted together with 1/3-octave band NR curves
(which are the octave band NR curves shifted down by 4.8 dB (10 log10 3)).
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A plot of NR curves is illustrated in the following figure. Clicking on “y-axis setup”
(see figure below the graph) allows you to choose the y-axis maximum and minimum
values.

Only the linear band levels are plotted. If the “A-weighting” switch is selected in the
top left panel, the values in the table in the top left panel will be A-weighted values and
will not be the ones that are plotted. The panel (including the figure) can be printed by
clicking on the “print” button below the figure. The “clear background curves” button
is used to clear the NC, NR, NCB, RC or RNC curves from the figure when they are
plotted.

The rating curves (octave band) are plotted by clicking on any one of the NC, NR,
NCB, RC or RNC letters at the bottom left of the panel (see 5th edition textbook, pages
119–126 and ANSI S12.2) as shown in the following figure. Clicking the characters a
second time will make the curves disappear.
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Next to each curve rating number is a letter. “O” means ”overrange — the data exceed
the highest permissible rating curve. “R”, “N” and “H” mean the sound is respectively
“rumbly”, “neutral” or “hissy”. “RV” indicates that feelable vibration exists. It is possible
to have “R” , “H” and “RV” simultaneously but “N” will always appear either alone or with
“RV” only. NC, NR and RNC curves are not associated with hissy /rumbly calculations.
The frequency numbers to the right of the NR, NC and RNC boxes refer to the octave
band where the level intersected the highest NR, NC or RNC curve.

For RNC curves, the allowed range is between 10 and 50. If any octave spectrum value
in the frequency range 63 Hz and above exceeds the 50 curve, ENC writes “NA: >50” and
if either the 16 Hz or 31.5 Hz spectrum values exceed the black line, ENC writes “NA:
noisy”. Also for RNC curves, the values at 31.5 Hz, 63 Hz and 125 Hz must be corrected
prior to plotting as outlined in the 5th edition textbook. This can be done by clicking the
“corrections” button shown in the preceding figure to produce the pop up window below.

Click “finished” when you have entered the corrections as calculated following the
procedure in the 5th edition textbook on page 126.

The bottom left panel (see below) lists A-weighted levels corresponding to the linear
spectrum. A-weighted levels are calculated using the 1/3 octave band linear spectrum,
or the octave spectrum entered in the top left panel (and the procedure in Example 2.1,
pages 80–81 in the 5th edition textbook). If 1/3-octave band levels are entered in the
top left panel, they are converted to octave band levels for use in the bottom panel. If
A-weighted levels are entered in the top left panel, then the corresponding linear levels
are calculated for the first line in the table below.

The octave band loudness levels in sones are calculated from the octave band data
in the top line in the table, using Figure 2.13(a) in the 5th edition textbook. The data
in the top three lines of the table will appear on the graph at right if you click on the
coloured button adjacent to the line of data which you want plotted. The plot will have
the same colour as the button you clicked on to make it. Click on the button a second
time to remove the curve from the graph.
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Overall linear and dB(A) levels are provided in boxes beneath the table in the bottom
left panel (see previous page). The overall loudness level in sones is calculated using
Equation (2.34) in the 5th edition textbook and the overall loudness in phons is calculated
from the sone level using Equation (2.33) in the 5th edition textbook. Note that the
loudness levels are calculated using the procedure described in ISO 532 (1975). Loudness
calculations using the more recent ISO standards are calculated in the EAR page.

1.5.1 Speech Interference
The next from bottom right panel
(shown at right) is for calculating speech
interference criteria as described on page
115 of the 5th edition textbook (and
ANSI S3.14). You have the choice of us-
ing the spectrum already entered at the
left or you may enter a new A-weighted
sound pressure level in the box.

1.5.2 Noise Level Criteria (Recommended Noise Levels)
The bottom right panel (shown
at right) provides buttons,
which when clicked on, provide
lists of recommended maxi-
mum A-weighted sound pressure levels for both indoor and outdoor environments. These
do not include acceptable maximum levels in industrial workplaces, but the outdoor sec-
tion provides acceptable levels of community noise resulting from the operation of indus-
trial facilities.

For interior noise
levels as shown
in the figure at
right, the type
of space and the
room volume must
be input by the
user and then the
desired maximum
interior A-weighted
background (am-
bient) noise level
and desired room
reverberation time
for some room
types (between 500
and 1000 Hz) are
provided by ENC.
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For exterior environmental levels, as shown in the figure below, the user must choose
the character of the sound, the time of day and the type of location. The expected noise
levels are also input to allow calculation of the adjusted LAeq and the difference between
the adjusted LAeq and 40 dBA. This difference is then used to determine the expected
public reaction and how this might be expressed. ENC will then calculate ENC also
provides a comment on the difference between LAeq and L90.

Click on “OK” when finished with the pop-up panel.
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1.6 Weighting Networks (5th edition textbook, pages 83–85)

1.6.1 Spectral plotting

This window allows you to enter two octave or 1/3-octave band spectra, apply A, B, C or
G weighting to them and plot both the linear and weighted spectra. Only the octave band
table is illustrated above. Note that the Z-weighting is the same as the linear weighting
from 10 Hz to 20 kHz.

You can also add the two spectra together logarithmically or subtract spectrum 2 from
1. If a value in spectrum 2 is greater than or equal to a value in spectrum 1, then the
result of the subtraction operation will be “-inf”. The spectrum values are entered in the
appropriate table — the octave band table is shown above — the 1/3-octave band table
is not shown here but it is similar to the octave one.

The octave band results
and weighting curves may
both be plotted on the graph.
You can select the curve you
wish to plot by clicking on
the appropriate coloured but-
ton beneath the graph. Click-
ing on the coloured button
a second time will make the
curve disappear. The graph is
illustrated at right. Clicking
on “Large Figure” brings up
the window illustrated on the
next page where it can be seen that the plot may be printed or saved.
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Note that you can set the plot limits to what is convenient and you can choose to plot
1/3-octave or octave band data. There are always 10 horizontal divisions so the increment
from one horizontal division to the next will be the value you choose as the maximum
minus the value you choose as the minimum, all divided by 10. This is how you can force
the dB scale values to what you want them to be.

You can add or delete each one of the five curves on the graph by clicking on the
appropriately coloured button below the graph.

A larger, more detailed version of the graph that can be printed and saved is also
available by clicking “Large Figure” beneath the graph.

1.7 Noise Descriptors (5th edition textbook, pages 84–89)

These descriptors can be calculated using this win-
dow by entering either hourly Ldn data in a table
of (for environmental noise descriptors) or exposure
time (hours) vs exposure level LAeq (dBA) in a sep-
arate table (for occupational noise). The following
page illustrates the tables that need to be filled in
with data. Results are labelled in blue text. Noise
impact is calculated by determining how many peo-
ple are exposed to particular ranges of Ldn and then
filling in the table at right (see , pages 132–133).
Note that the Overall level data in the noise descrip-
tor table may be A-weighted or unweighted (linear).
If unweighted, then the descriptors in blue font at
the bottom of the table will not have “A” in the
subscript string. Also note that LEX,8h = LAeq,8h.
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1.7.1 Flow Resistivity and Flow Resistance
(5th edition textbook, pages 46–47)

Flow resistivity and flow resistance of a specified thickness of a fibrous porous material
can be calculated using the panel on the centre right of this window (see figure below) by
entering the density of the material and the fibres making it up together with the fibre
diameter. The “material thickness“ label in ENC refers to the bulk material thickness. The
“constants” button is used to set ambient temperature and speed of sound parameters.

1.7.2 Speech privacy (5th edition textbook, Table 2.18, page 127)

The speech privacy between two spaces separated by a partition can be estimated using
the panel illustrated below. Enter the 1/3-octave band transmission loss value for the
partition separating the two spaces of interest and then enter the ambient sound level
(dBA) in the receiving room (containing the listener).
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1.8 Hearing Protection Devices (5th edition textbook, page
107–115)

1.8.1 Calculation of the Protected Level
With this page, which is new in ENC5.0, it is possible to calculate the effective A-weighted
sound pressure level level (protected level), Lprot,A, to which a wearer of a hearing protec-
tion device may be exposed, given the hearing protection device rating (supplied by the
manufacturer) together with the A-weighted or C-weighted sound pressure level that the
wearer would be exposed to without hearing protection.

You may choose from a number of different rating schemes or you may use all rating
schemes simultaneously as shown in the following figure. However, it is likely that the
manufacturer may only supply data for one rating scheme. In the bottom scheme in the
following figure, it is necessary to enter the SNR for the Low, medium and high frequency
ranges. A label of “ marginally overprotected” is applied when the protected level, Lprot,A,
is between 70 and 84 dBA and a label of “overprotected” is applied when the protected
level, Lprot,A, is below 70 dBA.

In the calculation of Lprot,A based
on NRR, it is necessary to also spec-
ify a derating factor to the manu-
facturer’s NRR value, depending on
whether NIOSH or OSHA guidelines
are to be satisfied (see Table 2.9, page
109 in the 5th edition textbook).

To calculate Lprot,A using the
SLC80 method, the additional input of
maximum expected sound pressure level external to the protection is required as illus-
trated at right.
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1.8.2 Percentage of Users Protected
Depending on the hearing protection rating system used, different percentages of people
will achieve the noise reduction indicated by the rating scheme. You just need to enter
the rating scheme and ENC will output the percentage of users who will achieve the rated
noise reduction as shown in the following figure.

1.8.3 Calculation of the Effective Noise Reduction for Short
Lapses in Wearing Hearing Protection

If the wearer of the hearing protection removes it for short periods of time, its effective-
ness will be reduced. This part allows you to calculate the effective noise reduction of
the hearing protection device given the nominal noise reduction of the device and the
percentage of time that the hearing protection device is worn.
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1.9 Instrumentation (5th edition textbook, page 135–170)

1.9.1 Noise Characteristics vs Measurement Type
This part of the page is based on Table 3.1 in the 5th edition textbook. You choose a noise
source type and ENC will use Table 3.1 to tell you what type of measurement should be
used to characterise the noise, what type of instrument should be used to measure it and
what type od data should be collected.
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1.9.2 Accelerometer Properties
This part of the page allows calculation of the accelerometer impedance, the amplitude
distortion in the acceleration measurement and the accelerometer useful frequency range.
You need to input the accelerometer resonance frequency and its damping ratio as well
as the frequency of interest for the output results.

The maximum allowed accelerometer mass is also output by ENC once the type of
structure and its properties, which are density, Poisson’s ratio, Young’s modulus and
thickness (if it is a thin plate) are specified by the user.

ENC Software User’s Guide Version 5.5, July, 2021



CHAPTER 1. FUNDAMENTALS & CRITERIA (MODULE 1) 41

1.9.3 Condenser Microphone Calculations
In the top section of the condenser
microphone part (shown at right),
You can enter any two of the three
items of data and ENC will calcu-
late the remaining item. The se-
lected item for output is in blue
font.

In the lower section of the con-
denser microphone part, you can cal-
culate the resistance of the vent hole
that equalises the mean pressure on
the front and back sides of the micro-
phone diaphragm. Alternatively, you
can enter a value that you have for this
resistance. Entering the microphone
cavity volume and the properties of
the medium in which the microphone
is immersed allows ENC to calculate
the cavity compliance. You need to en-
ter the microphone diaphragm compli-
ance and then ENC will use this to-
gether with the cavity compliance and
the vent hole resistance to calculate
the lower limiting frequency of the mi-
crophone response.

1.9.4 Units of vibration and Relationship Between Acceleration,
Velocity and Displacement

The upper section of this part al-
lows you to calculate the dB level
for a given RMS value of accel-
eration, velocity, force or displace-
ment, using the following reference
quantities.

Quantity Reference level Units
Acceleration 10−6 m/s2

Velocity 10−9 m/s
Displacement 10−6 µm
Force 10−6 N

ENC Software User’s Guide Version 5.5, July, 2021



CHAPTER 1. FUNDAMENTALS & CRITERIA (MODULE 1) 42

The lower section under the
units of vibration heading allows
you to select a frequency in Hz and
then enter a vibration variable such
as RMS or dB acceleration and the
other vibration variables (velocity
and displacement in this case) will
be calculated for the selected fre-
quency. The variable that is the in-
put variable to be used to calculate
the other quantities is indicated in
red font.

1.9.5 Damping Measures
and Relations Between
Different measures
This part of the page al-
lows conversion between one
measure of damping and any
other measure and uses the
relationships in Table 9.1 on
Page 561 of the 5th edition
textbook. The damping mea-
sure to be converted to other
damping measures is selected
as shown in the drop down
menu in the figure at right.
Additional data must also
be input to obtain some of
the other damping measures.
These data are in black font
and the calculated data are in
blue font. The choice of input
damping measure to be con-
verted to other damping mea-
sures is in red font.

At the bottom of the
page, specific damping capac-
ity (see figure at right) is
treated separately as it can-
not be obtained from the
other damping measures. It
is related to the difference in
successive amplitudes of tonal vibration.
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Chapter 2

Sound Sources & Sound Power
(Module 2)

2.1 Overview
The software in module 2 is concerned with the calculations in Chapter 4 of the 5th edition
textbook. The software is divided into 4 separate windows, each of which is discussed below
and each of which is represented by a unique icon on the tool bar. Simply click on the
appropriate icon to select the window you want.

2.2 Point Sources (5th edition textbook, pages 172–199)

This window allows you to calculate the sound pressure level at a specified distance from a
point sound source ignoring the effects of excess attenuation and the presence of reflecting
planes, which are calculated on the “sound propagation” window. The types of source
considered are monopole, dipole, oscillating sphere, quadrupole, line and vortex shedding.
The relationship between source volume velocity and sound power is dependent on the
source type. Clicking on the “Constants” button allows you to set the speed of sound and
gas density for the calculations — see Section 0.5.4 of this manual for a full description.
IMPORTANT: you must set the frequency and speed of sound before proceeding with
any calculations in this panel (see below). Clicking on the “constants” button allows you
to calculate the speed of sound by specifying the density, temperature and ratio of specific
heats (1.4 for air).
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2.2.1 Monopole Source (5th edition textbook, pages 172–175)

For a specified distance from a monopole source and for a specified source size (radius),
you can calculate the relationship (equations 4.12, 4.13, 4.30 and 4.64) between the surface
velocity amplitude, u0, of the source, the RMS source volume velocity (Qrms), the source
volume velocity amplitude (Q0), the sound power level (PWL) and the sound pressure
level (SPL) (as shown below). Simply enter in any one of these quantities, then for the
distance, r, shown, the other two quantities will be calculated. The maximum possible
RMS source volume velocity for the specified source radius is also shown (limited by the
source surface velocity amplitude having to be less than or equal to the source radius).

2.2.2 Dipole Source (5th edition textbook, pages 175–179)

For a dipole source, the volume velocity, Qrms, or Q0 is the volume velocity of each of the
monopoles making up the source and the surface velocity amplitude, u0 is the velocity
amplitude of each of the monopoles making up the source. You also need to define the
distance, 2h, between the monopole sources making up the dipole and the angle, θ, at
which the sound pressure is measured. An additional output for the dipole source is the
specific acoustic impedance at the specified distance, r, from the source.
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The oscillating sphere represents a
simple source oscillating sinusoidally be-
tween two locations that are close together
(separated by 2h) and requires a similar
set of input data as the dipole source.

2.2.3 Radiation From a Vortex Impinging on a Rigid Body in
Flow
(5th edition textbook, pages 181–182)

Here Equation (4.54) is evaluated. You
may enter Sound power level, power in
watts or force exerted by the vortex on
the downstream body. ENC will then cal-
culate the other two quantities.

2.2.4 Quadrupole Source (5th edition textbook, pages 182–186)

For the quadrupole source, which is made
up of 2 dipole sources, you need to
define the separation, 2h, between the
monopole sources making up each dipole
and the distance, 2L, between the two
dipole sources. You also need to enter
the angle, α, between the axis of the two
dipoles making up the quadrupole and the
quadrupole axis, as well as the angles,
θ and ψ, that define the location of the
sound pressure measurement.

If the angle, α = 0, then you have a
longitudinal quadrupole and if α = 90◦
degrees, you have a lateral quadrupole.
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2.3 Line Sources and Directivity (5th edition textbook, pages
186–189)

2.3.1 Line Source (5th edition textbook, pages 186–189)

For the line source (see next page), there
are 4 types of basic source (equations 4.76,
4.79 and 4.83):

1. incoherent infinite;

2. coherent infinite;

3. incoherent finite;

4. coherent finite;

Each source may be either continuous
or made up of discrete sources. You must
choose the option that suits your applica-
tion. An example of a continuous source
is a pipeline and an example of a discrete
line source is traffic. If the line source is
finite in length and made up of discrete
monopoles, then you need to specify the
separation distance, b, between adjacent
monopoles, one of the angles, (α` or αu)
subtended by the source at the observation location and 2 out of 3 of the quantities:
normal distance, r, from the source axis to the observer; length, D, of the line source; and
the other angle (α` or αu) not already entered. Note that for a source of infinite length,
the software ignores the input data mentioned above, except for the (closest) distance, r,
of the observer from the source axis and the source separation, b. Once the above data are
entered, you can enter either the sound pressure level (dB) at the measurement location
(observer) and read the source sound power level or enter the source sound power level
and read the sound pressure level (dB) at the measurement location.

For a finite length coherent source, at distances greater than 0.5D, the calculation is
the same as for an incoherent finite length line source. For small distances (< 0.1D) from
the line source axis, the calculation is the same for an infinite coherent line source. At in
between distances, linear interpolation (dB vs distance) between the above two cases is
used.

2.3.2 Radiation Field (5th edition textbook, pages 205–207)

As we move further from a sound source,
we move from the near field to the far
field. The near field is made up of a hydro-
dynamic part and a geometric part. This
panel (see below) indicates which type of
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field the observer is in for a specified frequency, source size and distance from the acoustic
centre of the source. The frequency is entered in the top right panel.

2.3.3 Directivity (5th edition textbook, pages 199–201)

Here you can calculate the effect that re-
flecting surfaces adjacent to the sound
source have on the sound pressure level
at a fixed distance from the sound source.

2.4 Plane Sound Sources (5th edition textbook, pages 189–199)

This panel calculates sound radiation fields for
plane piston sources and also plane rectangu-
lar incoherent sources vibrating at a single fre-
quency. IMPORTANT: you must set the fre-
quency and speed of sound before proceeding
with any calculations in this panel (use the top right panel). Clicking on the “constants”
button allows you to calculate the speed of sound by specifying the density, temperature
and ratio of specific heats (1.4 for air).

2.4.1 Coherent Piston Source (5th edition textbook, pages 189–195)

2.4.1.1 Input Data

The piston source is a plane circular surface for
which all points on the surface are vibrating in
phase. As shown in the figure at right, the re-
quired input data are the radius of the plane
piston, the distance at which the sound pressure is to be evaluated and the amplitude
of the velocity of the piston surface. As the piston vibration is at a single frequency, the
velocity amplitude is 1.414 times the RMS piston velocity. The frequency, sound speed
and gas density set in the top right corner of this page are used in all calculations.

The radiation impedance and radiated sound
power for a plane piston source mounted in the
end of a pipe with no surrounding baffle is cal-
culated and the results provided as shown in the
figure at right.

For a plane source vibrating with a uniform
velocity amplitude, U , and mounted in an infinitely large baffle (in practice, larger than
3 wavelengths), the lower part of this panel allows you to calculate the sound power level,
the sound power in watts (Equation (4.113)), the on-axis sound pressure amplitude, |p|,
in Pa (Equation (4.104)) and the sound pressure level (dB) at distance r from the plane
surface, the phase of the sound pressure (relative to the surface velocity), and both the
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real and imaginary parts of the radiation impedance (Equation (4.110)). The real part is
is the radiation efficiency multiplied by πa2ρc.

ENC calculates whether the receiver point
is in the near field, transition field or far field
(“Field” button) and uses Equation (4.104) for
calculating on-axis sound pressure. The quan-
tity to the right of the “Field” button tells you
whether the specified distance, r (m) is in the far
field or near field of the piston source (using rela-
tions on page 206 of the 5th edition textbook). If
the location is in the near field or transition be-
tween near and far fields, the far field parameters
at the bottom of the window are “greyed out”.
The off-axis pressure can only be calculated for
the far field and this uses Equations (4.97) and
(4.99).

The normalised radiation impedance
(ZR/(ρcπa2), where A is the piston
radius, is numerically the same as
the radiation efficiency and is plotted
as a function of frequency as shown
at right. The blue and red lines in
the radiation impedance figure rep-
resent sound radiation from one side
of a piston sound source mounted in
an infinitely large baffle. For prac-
tical purposes, a baffle that has a
minimum dimension of three or more
wavelengths is a good approximation
to an infinitely large baffle. The green
and yellow lines in this figure repre-
sent sound radiation from one side of
a piston mounted in the end of a pipe
with no baffle present.

The coherent piston source panel
also provides (only for the case of the
piston in an infinite baffle) the far
field sound pressure amplitude and
level as well as the sound intensity
and level at a specified distance from
the piston surface and specified angle
θ, from the normal to the piston sur-
face (see figure at right). The sound
pressure level as a function of angular
location is also plotted (see figure at
right). Note that you can select the
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maximum and minimum values on the y-axis by clicking on “y-axis setup” button under
the graph.

2.4.2 Incoherent Plane Radiator (5th edition textbook, pages 195–199)

This calculation (done in the left panel of the
window) assumes that the source is an incoher-
ent radiator, mounted in a large baffle and ra-
diating from only one side. It is not for single
frequency modal radiation, but is a good approx-
imation for broadband sound radiation.

To calculate the relationship between the
sound power radiated by a plane source and the
sound pressure at the measurement point, you
need to specify the distance of the centre of the
source from the origin of the coordinate axes,
which in turn are defined as being parallel to
each of the two sides of the rectangular source
and normal to its surface. The observer is as-
sumed to lie in the plane formed by the vertical
and normal axes and the source is assumed off-
set from this plane along the horizontal axis by a
distance, d. The location of the observer (or measurement point) is defined by a distance,
r, along the normal axis (see figure). You also need to enter the dimensions, H×L, of the
plane source and the height, h, of the receiver above the base of the rectangular source.
If the source is not rectangular in shape, then you will obtain excellent results by approx-
imating it as a rectangular source of the same area. Having input the data, you can enter
either the sound pressure level (dB) at the observer location and read the source sound
power level or enter the source sound power level and read the sound pressure level (dB)
at the measurement location (calculated using Equation (4.119)).

2.4.3 Radiation From a Building (5th edition textbook, page 199)

This panel allows you to calculate
the sound pressure level at a dis-
tance, r, from a building. This cal-
culation assumes that the building
is on hard ground so the excess at-
tenuation due to the ground is −3
dB. The distance from the building
for which the calculation is valid is
greater than the maximum building
dimension. Excess attenuation effects
would have to be included using mod-
ule 3 — sound propagation. The ex-
cess attenuation due to the ground (if
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it is not concrete or asphalt) could be
included by calculating it according to module 2 and then subtracting (-3) dB or adding
3 dB (that is making the excess attenuation less negative).

2.5 Sound Power (5th edition textbook, pages 207–224)

This panel enables you to calculate machine sound power levels from sound pressure
measurements for a range of test methods. The test methods are divided into anechoic
room, reverberation room, field and near field. Each of these are discussed below. The
calculation can be done for any frequency by entering appropriate values into this panel
or it can be done for all octave bands simultaneously by clicking on “octave”.

2.5.1 Free and Semi-Free Field (5th edition textbook, pages 208–213)

For measurements in free or semi-free field,
Equations (4.137) and (4.138) in the 5th

edition textbook are used. The average
sound pressure level measured on a test
hemisphere surrounding the source is en-
tered in the panel along with the test hemi-
sphere radius.

The average sound pressure level is cal-
culated from a number of discrete mea-
surements using Equation (4.138), which
is evaluated in the “Easy SPL averager”
panel shown below. Clicking on the “Con-
stants” button in this figure allows you to
set the speed of sound and gas density for
the calculations — see Section 0.5.4 in this manual for a full description.
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2.5.2 Reverberant Field (5th edition textbook, pages 213–215)

The two distinct methods for determining the sound power level from reverberant field
measurements are described in the following paragraphs.

2.5.2.1 Substitution Method (5th edition textbook, pages 214 and 216)

The substitution method involves placing a ref-
erence source of known sound power level in
the octave or 1/3-octave band of interest in the
room and measuring the resulting sound pres-
sure level. The reference source is then replaced
with the source to be tested and the sound pres-
sure level is measured again. Equation (4.146) in
the 5th edition textbook is then implemented in
this panel to determine the sound power level for
the tested source.

2.5.2.2 Absolute Method (5th edition
textbook, pages 214–216)

The absolute method involves measuring the
room reverberation time with the machine to be
tested in place and measuring the sound pressure
level in the room with the machine in operation.
There is a dialog box at the top asking whether
the tests are in octave bands, 1/3-octave bands
or discrete frequencies. The room volume and to-
tal area of all reflecting surfaces (including the
room boundaries) must also be entered. The low-
est frequency at which the test will provide valid
results is calculated by ENC using the discussion
on page 213 of the 5th edition textbook.

Octave band data can be calculated and plot-
ted by clicking on “octave” at the top of the
panel. When you do this the windows shown in
the following figures appear. The graph automatically plots the selected spectrum. You
can adjust the upper and lower limits of the plot to suit your data.
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2.5.3 Field Measurement (5th edition textbook, pages 215–221)

There are three choices of method for making
far field sound power measurements on a ma-
chine in-situ. These are each described below.
The calculation can be done for any frequency
by entering appropriate values into this panel or
it can be done for all octave bands simultane-
ously by clicking on “octave” which produces the
windows shown on the next page.

2.5.3.1 Reference Source Method (pages
215–216)

This method uses a reference source of known
sound power output and the corresponding mea-
sured sound pressure level averaged over the
room volume to determine the room constant
(with the test machine switched off). This is then
used with the sound pressure measurements with
only the test source operating to determine the
sound power level of the test source. Note that
this method requires that all other equipment in the room be turned off during the mea-
surements. The “location” information (see drop down menu at right) is needed so that
the presence of 1 or more reflecting planes on the sound pressure level can be taken into
account. This is done by adding 3dB to the direct field component for each reflecting
plane.

2.5.3.2 Substitution method
(pages 216–217)

This method essentially replaces the test machine
with a reference sound source of known sound
power level. The sound pressure due to the ma-
chine and then due to the substituted reference
source operating alone are then used to calculate
the sound power of the machine (5th edition text-
book, Equation (4.153)).

2.5.3.3 Two Test Surfaces Method (5th edi-
tion textbook, pp 278–279)

This method involves taking sound pressure level
measurements over two test surfaces that com-
pletely surround the machine. The area of one test
surface should be at least twice that of the other.
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2.5.4 Near Field Measurement (5th

edition textbook, pages 218–221)

This method evaluates Equation (4.159) and al-
lows the user to select one of three possible ways
of determining the value of the constant, ∆1.
The three methods are discussed in detail in the
5th edition textbook, and each requires different
input data. The methods decrease in reliability
from the top of the panel to the bottom. The
method at the top of the panel requires sound
pressure level measurements on two test surfaces,
with the larger test surface having at least twice
the area of the smaller one. The next method
uses knowledge of the room surface area and av-
erage Sabine absorption coefficient to calculate
correction term, ∆1. Module 4 can be used to
find the average absorption coefficient for cases
where they are different for each of the room sur-
faces. The third method uses the values in Table
4.5 in the 5th edition textbook. The constant,
∆2 is calculated using the values in Table 4.4 in
the 5th edition textbook. The panel used for the
calculations is shown at right.

The calculation can be done for any fre-
quency by entering appropriate values into this
panel or it can be done for all octave bands si-
multaneously by clicking on “octave” which pro-
duces the window shown below. The octave band sound power level is plotted as shown
in the figure on the next page.
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2.5.5 Determination of Sound Power From Surface Vibration
Measurements (pages 221–223)

This panel (shown at right) effectively evaluates
Equation (4.166) in the 5th edition textbook for
sound radiation from a simply supported steel or
aluminium panel. The calculation can be done
for any frequency by entering appropriate val-
ues into this panel or it can be done for all oc-
tave bands simultaneously by clicking on “oc-
tave” which produces the window shown on the
next page.

The most difficult parameter to estimate is
the radiation efficiency, so this panel can only
be used for sound radiation from rectangular
shaped panels. In practice, most machine and en-
closure panels have edge conditions that may be
approximated as simply supported. For the radi-
ation efficiency calculation, instead of using the
somewhat inaccurate figure on page 222 in the
5th edition textbook, equations from page 295 of
the revised edition of Beranek’s Noise and Vibra-
tion Control book (see also 5th edition textbook,
pages 343–346) have been used, as these are the
corrected versions of the original Maidanik equa-
tions.
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For clamped plate radiation efficiency calculations, the fundamental resonance fre-
quency, f11, for clamped plates is set equal to Q× f11 for simply supported plates, where
Q = 1.83 for a square plate, Q = 1.89 for a = 1.5b, Q = 1.99 for a = 2b, Q = 2.11 for
a = 3b, Q = 2.23 for a = 6b, Q = 2.25 for a = 8b and Q = 2.26 for a >= 10b, where
a and b are the plate dimensions. Interpolation is used to calculate f11 for in between
values of the a/b ratio. Also for clamped edge plates in the frequency range below fc, the
radiation efficiency is set as 3 dB higher than that calculated for a simply supported plate
(Equations on pages 344–346 of the the 5th edition textbook).

As input data, you must enter the frequency of interest and either the space averaged
acceleration or the space averaged velocity. If acceleration is selected, velocity is calculated
by the software and vice versa. You must also enter the longitudinal wave speed in the
panel and the panel area, thickness and perimeter. The outputs are the panel radiation
efficiency (or radiation ratio), the critical frequency and the radiated sound power. The
radiated sound power is plotted in the window that appears when you click on “octave”
(see following figure).

To see a plot of the radiation efficiency as a function of frequency for the panel you
have specified, click on the “Plot” button and the following figure appears.

ENC Software User’s Guide Version 5.5, July, 2021



CHAPTER 2. SOUND SOURCES & SOUND POWER (MODULE 2) 58

2.5.6 Determination of Sound Power From Sound Intensity
Measurements

This calculation is done in the top right hand
corner of the page (see figure at right). The in-
put data are the average sound intensity, In over
an imaginary surface (and normal to that sur-
face) that completely surrounds the source and
the area, S, of this imaginary surface. The out-
put is the sound power level, LW , radiated by
the source and is calculated where LW = 10 log10(InS) + 120 (dB re 10−12 W).

2.5.7 Easy SPL Averager
To find the energy
average of a number
of sound pressure
level or sound power
level measurements
(or any dB measure-
ments), enter the
number of measure-
ments of interest and
the dB values of each in the table (see discussion under free field measurement).
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2.6 Rayleigh Integral
The purpose of this section is to allow a very approximate calculation of the sound power
radiated by a number of connected plane surfaces as discussed in the textbook on page
646. ENC allows you to break up the construction into a number of plane surfaces. The
larger the maximum dimension of the surface, the lower will be the upper frequency limit
for which the analysis is valid. So to increase the upper frequency limit, the size of each
plane surface must be reduced. The Rayleigh Integral analysis method is valid for plane
surfaces mounted in an infinite rigid baffle and radiating into free space. It is assumed that
sound radiating from the rear of the surface cannot interfere with sound radiating from
the front side. The sound power radiated by one of the component surfaces is calculated
by calculating the sound pressure radiated to some arbitrary point in the far field. Octave
or 1/3-octave band analysis is assumed so the radiation from each component surface
is assumed to be incoherent with that radiated by the other component surfaces. The
assumption of incoherence is not often satisfied completely, so this method may result in
some inaccuracy in the overall sound power estimate. However, the method can be very
useful for determining expected overall sound power reductions that can be achieved by
changing the vibration levels on one or more of the component surfaces. As octave or
1/3-octave band analysis is used, only RMS velocity inputs are required and no phase
information is needed. The maximum dimension of each component surface is needed to
establish the upper limiting frequency. The area of the component surface and the RMS
surface velocity averaged over the area of the component are used to calculate the sound
power radiated by the ith component to the far field using:

LW,i(f) = 10 log10

[
2πf 2ρ [vRMS(f, i)]2∆S2

i

c

]
+ 120

where ∆Si is the component surface area, ρ is the density of air, c is the speed of sound
in air, f is the band centre frequency and vRMS(f, i) is the RMS velocity averaged over
the surface of the element.

The total radiated sound power, LW (f), for each frequency band, f , defined in the
input data is:

LW (f) = 10 log10

N∑
i=1

10LW,i(f)/10

If the plane surfaces make up an enclosure, it may be desired to determine the relative
sound power levels radiated by each surface for the purpose of determining the effectiveness
on interior noise levels of any application of vibration suppression or excitation force
control. For this purpose, a very rough approximation is to assume that the same sound
power is radiated into the interior of the enclosed space as would be radiated externally.
It is also assumed that the effect of the absence of the infinite baffle would be the same for
all surfaces, especially since sound radiated from the external side of the surface does not
interfere with the sound field radiated to the interior of the enclosure. Such an approach
has been used in the past to evaluate the potential effectiveness of noise control treatment
of an armoured personnel carrier for the purpose of reducing interior noise levels.
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The page for the Rayleigh Integral calculations is shown below. You can
input RMS velocity data manually into ENC for each 1/3-octave or octave band
of interest or you can use a spreadsheet formatted in exactly the same way as
the file obtained by right clicking on the green box with the “i” in it, shown at right.
There is one green box for octave band data and one for 1/3-octave band data. The main
page shows octave band data from 31.5 Hz to 2 kHz and 1/3-octave band data from 25 Hz
to 630 Hz. 1/3-octave band data from 800 Hz to 2.5 kHz can be entered by clicking on
the “More” button.

ENC calculates the octave band sound power data for each plane surface component.
For this calculation, either octave band RMS surface velocity can be used or, alternatively,
1/3-octave band data may be used. The choice is made by selecting the appropriate option
from the drop-down menu (see following figure. You can click on the blue box containing
the “o” symbol to export the calculated data to a text file.

ENC will calculate data for each element that has a box ticked in the sound power
table shown on the next page. To tick or untick a box, just left click on the box.
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Chapter 3

Sound Propagation (Module 3)

3.1 Overview
The software in module 3 is concerned with the calculations in Chapter 5 of the 5th edition
textbook. The software is divided into 3 separate windows, each of which is discussed below
and each of which is represented by a unique icon on the tool bar. Simply click on the
appropriate icon to select the window you want.

3.2 ENC 4th Edition
This window calculates all of the attenuation factors of Equation (5.62) in the 5th edition
textbook and uses the result to calculate the sound pressure level at a single location
from a single source, which is specified at the top left of the window, according to the 4th
edition textbook, pages 234–258. You must enter the correct “distance from source” in
the top left panel. The window is divided into three sections: left, centre and right panels.
This window also allows calculation of plane and spherical wave reflection coefficients.
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3.2.1 Left Panel (source type)

The left panel (illustrated above) allows you to enter the distance between the source and
receiver and information about the source type ( constant power, constant volume velocity
or constant pressure and monopole, line or plane) as well as any directivity effects due to
close proximity of reflecting surfaces, EXCLUDING the ground. Note that the reflecting
surfaces must be such that they do NOT block the line of sight from the source to the
receiver. It is assumed that the reflecting surfaces are much closer to the source than the
receiver (by a factor of at least 10). If the reflecting surface is closer to the receiver than
this, the sound level at the receiver must be calculated by adding the contribution of the
reflected wave with that of the direct wave (incoherently) as done in Module 1 of ENC.
If the source is a constant volume velocity source and less than a quarter of a wavelength
from the reflecting plane, then select “constant volume velocity source” and the DIm value
will be 6dB for each reflecting surface (as the reflecting surface will increase the power of
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the source by 3 dB as well as the directivity by 3dB — see discussion on pages 203–204
in the 5th edition textbook). If the source is an aerodynamic constant pressure type and
closer than one quarter of a wavelength to the reflecting surface, select “constant pressure
aerodynamic source” and the DIm value will be 0 dB. If the source is of constant volume
velocity type or constant pressure type and further than a quarter of a wavelength from
the reflecting surface, select “constant power source”. For constant power sources, the
distance from the reflecting surface is not important as long as it is less than 1/10 of
the receiver distance. You also need to enter whether the source is approximated by a
monopole, line source or plane radiator. Depending on the source type selected, various
parameters need to be entered to fully define it as shown on the panel. Note that at higher
frequencies, reflecting planes do not affect large sources as they can already be directional
and radiate little sound that can be reflected by an adjacent plane surface.

3.2.2 Centre Panel (Propagation Attenuation)
The centre panel (top part shown below) contains calculation results culminating in the
sound pressure level at the receiver for a known source sound power level. You need to
enter in the top section of the centre panel (see below) the sound power level of the
source in octave bands (dB) and the source directivity index, DIm, (dB), which does
NOT include directivity due to the ground. If you have selected “calculating DIm with
below” in the top left panel, then the appropriate quantity for DIm will be entered by
ENC into the middle panel in the row labelled “DIm (dB)”. If you have a situation where
there are additional directivity effects due to the sound source characteristics, then you
should unselect “calculating DIm with below” so that is greyed out and manually enter
the directivity values in the middle panel near the top. The values you enter will also
include the effect of any nearby reflecting surfaces but will NOT include the effect of the
ground. This is included in the “ground effects” section.

The top part of the table (see above figure) evaluates the right side of Equation (5.61)
in the 5th edition textbook, except for the attenuation part. The constant, Adiv in that
equation is dependent on the source type that you selected in the left hand panel and the
presence or otherwise of reflecting surfaces that you specified in that panel.

Clicking on the “Constants” button (see preceding figure) allows you to set the speed
of sound and gas density for the calculations — see Section 0.5.4 for a full description.

Right clicking on the green i button saves the data in the table in the above figure to
a text file which can be imported ino excel. The exported table also provides a template
onto which you can enter your own data and import to the table by left clicking on the
green i button.
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The bottom half of the centre panel (see below) shows results for propagation attenua-
tion calculations using various prediction schemes described in the right-hand panels (see
Section 3.2.3) and implemented by entering the correct parameters in those panels. You
must select the type of attenuation to be included by clicking on the appropriate box and
making sure a tick appears in the box. The line second to bottom of the table is the sound
pressure level (Lp in blue text) at the observer, calculated using Equation (5.61), which
includes the attenuations, Aa, plus those corresponding to the ticked boxes subtracted
from the third line of the table at the top of the window. The two total sound pressure
level boxes at the bottom of the table give overall dB and dBA levels at the receiver
location. When the “Total Lp with meteorological correction by ISO 9613-2 (dBA)” is
chosen for the meteorological effects model (yellow panel on the right) it is not also possi-
ble to tick the box corresponding to octave band meteorological effects as the ISO model
does not allow this calculation. However, the ISO method does allow for an additional
meteorological correction to be made to the dBA value, which takes into account the fact
that worst case meteorological conditions do not occur all of the time. This latter dBA
value is shown on the last line of the following figure when the ISO meteorological effects
option is chosen.

Note that neither the ground effect attenuation nor the meteorological effects are
included separately when barrier attenuation is selected for all barrier models except for
the ISO model, as they are calculated as part of the barrier attenuation — this is why
they cannot be selected and the numbers in these rows are not used. However, the ISO
model subtracts the ground effect in the barrier calculation so it needs to be included as
a separate item as well for the ISO model only.

The “plot” button allows you to obtain a graph of the sound pressure level at the
receiver as a function of octave band centre frequency. You can choose the maximum
and minimum values for the y-axis scale by simply typing the value you want into the
appropriate box at the bottom of the graph (see following figure).
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3.2.2.1 Barrier Attenuation Calculation Panel (5th edition textbook, pages
264–275)

If you click on the blue Ab(dB) button on the left column of the preceding table, a
new screen (see figure on the next page) will appear in place of the table. This screen is
designed to allow you to calculate the attenuation corresponding to a particular barrier
configuration.

If a barrier is selected by ticking the box on the RHS of the Ab line in ENC,
then the sources that are to be affected by the barrier must have negative
values for their x-coordinates and the receivers that are to be affected by the
barrier must have positive values for their x-coordinates.

Note that for the purpose of barrier attenuation calculations in this version of ENC,
the ground heights beneath the source, barrier and receiver are all assumed to be zero. If
this is not the case, then the reference ground height (z = 0) is chosen as the lowest of the
ground heights beneath the source, barrier and receiver. Any ground heights, z, beneath
the source, barrier or receiver that are greater than zero relative to this reference, are
added by the user to the source, barrier or receiver heights respectively. The total is then
entered in the appropriate places in the GUI as the height of source, barrier or receiver
respectively. In ENC version 5.5, it is intended to allow any reference height location to
be used, and the heights of the ground beneath the source, receiver and barrier relative
to this reference will be able to be entered by the user. This will allow more accurate
calculation of reflected ray path lengths.
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For the ENC 4th version page, the barrier calculation includes the effect of ground on
either side of it, and excludes the effect of ground without the barrier. When you check the
tick box corresponding to the barrier attenuation, Ab, the ground effect and meteorological
boxes are greyed out to prevent them being mistakenly used. When you click on “Ab” the
barrier calculation panel will pop up, any of the options, Maekawa, Menounu and Kurze
& Anderson can be selected from the “select method” box. However, if the ISO 9613-2
option is selected, the ground effect box is not greyed out, as the ISO model removes the
ground effect in the barrier attenuation calculation, so the ground effect must be included
in the attenuation sum (see page 284 in the 5th edition textbook). The spherical wave
of the Menounou model is equivalent to the point source of the Maekawa model and the
cylindrical wave Menounou model is equivalent to the coherent line source of the Maekawa
model. The ISO and Kurze models provide the same results independent of the source or
wave type. Depending on the diffraction model chosen, you will need to enter the “wave
type” (plane cylindrical or spherical as shown in the figure on the previous page) or the
type of source (point incoherent line or coherent line) — see previous figure.

ENC will calculate the attenuation due to a single barrier that may have a finite
thickness. For a finite thickness barrier, if any of the options, Maekawa, Menounu and
Kurze & Anderson are selected, the coordinates of the barrier correspond to the centreline
through the thickness, parallel to the barrier front and rear faces, and the x-axis (which
is parallel to the ground and the face of the barrier on the source side) passes along the
centre of the barrier where it intersects the ground. If the ISO9613-2 model is chosen,
the coordinates of the barrier correspond to the diffraction edge closest to the source and
the x-axis (which is parallel to the ground and the face of the barrier on the source side)
runs at ground level along the face of the barrier on the source side. Only one barrier is
allowed for each calculation. The calculations follow the procedure on pages 264–270 in
the 5th edition textbook for the Maekawa, Menounu and Kurze & Anderson models and
the barrier thickness is accounted for using a thickness correction (Equation (1.156) in
the 5th edition textbook). For these models, the barrier attenuations due to all 8 paths
around the finite length barrier are calculated as described on pages 264–270 in the 5th
edition textbook and then the results are combined using Equation (1.100).

Note that, as the barrier calculation includes the effect of ground on either side of it,
and excludes the effect of ground without the barrier, the ground effect that exists for
the case with no barrier cannot be used for any barrier model except for the ISO model.
The same applies to the meteorological correction. Thus, when any of the model options,
Maekawa, Menounu and Kurze & Anderson are selected, and the barrier box (Ab) is
checked, the ground effect and meteorological boxes are greyed out to prevent them being
mistakenly used. ENC will calculate the overall barrier attenuation and if it is less than
the sum of the ground and meteorological attenuations without the barrier, then ENC will
set it equal to the sum of the ground and meteorological attenuations without the barrier.
This will also correctly account for the case for which the barrier does not interrupt the
line of sight between the source and receiver. When the ISO barrier model is selected, it
is up to the user to make sure that the same ground type is entered both in the barrier
panel as well as in the pink panel on the right-hand side of the main window. Otherwise
the results may not reflect reality as the ISO model subtracts the ground effect without
the barrier from the barrier calculation.
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For the ISO9613-2 model, the calculations follow the procedure on pages 271, 284
and 285 of the 5th edition textbook. The barrier thickness is accounted for using double
diffraction analysis rather than the simple thickness correction of the other models. The
barrier attenuations due to all 8 paths around the finite length barrier are calculated as
described on pages 264–270 in the 5th edition textbook and then the results are combined
using Equation Equation (1.100). If the resulting barrier attenuation is less than 0 dB, it
is set equal to 0 dB.

For multiple paths over and around the barrier, the ISO method provides a choice
regarding how the ground effect is included. This choice is enacted by ticking or not ticking
the box labelled “Combine barrier & ground refl. paths (ISO)” in the barrier segment on
the right hand side of the window. If the box is ticked, the C2 factor in Equation (5.180)
is set equal to 20 and Dzi is calculated. If the term in brackets in Equation (5.180) is less
than 0.01, ENC will set it equal to 0.01. If the box is not ticked, the C2 factor is set equal
to 40 and the barrier attenuation for each path is calculated separately (see page 284 in
the 5th edition textbook and errata) and combined using the second term on the RHS of
Equation (1.100) in the 5th edition textbook. Thus, for the four paths over the barrier
top, the values of Dzi for each path are combined using the second term on the RHS of
Equation (1.100) in the 5th edition textbook to obtain Ab of Equation (5.178). For the
4 paths around the barrier ends, the values of Dzi for each path are combined using the
second term on the RHS of Equation (1.100) in the 5th edition textbook to obtain Ab
of Equation (5.179). Note that the maximum allowed attenuation for a diffracted path
recommended in ISO9613-2 is only applied to the non ground-reflected path over the
top of the barrier. Otherwise unexpected effects occur, such as the overall attenuation
for a 5 km long barrier being different to one that is infinitely long. The overall barrier
attenuation is then obtained by combining the two values of Ab from Equations (5.178)
and (5.179) using the second term on the RHS of Equation (1.100) (including the negative
sign). If the resulting value of Ab < 0, ENC will set it equal to 0.

The configuration used in the calcula-
tions is illustrated in the following figure
and the source, receiver and barrier coordi-
nates are entered in the section illustrated
at right.
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When you click on “NOTE” in the preceding figure, a message will appear to explain
the location of the origin of the coordinate system as shown below.

As noted in the preceding figure, the z-axis is normal to the ground surface and parallel
to the plane of the barrier and the y-axis is parallel to the ground surface and the barrier
surface. Note that the ground height is assumed to be the same and zero for the source,
receiver and barrier. If it is the case that the ground heights under the source, receiver
and barrier are not the same, then the lowest of the three ground heights is assumed
to be the reference height (z = 0) and you must increase the heights of the top of the
source, receiver and barrier by the difference between the reference height and the ground
height under the source, receiver and barrier, respectively. This is accurate for calculating
the barrier attenuation for non-ground-reflected waves and a reasonable approximation
for calculating attenuations due to ground reflected waves on either side of the barrier.
However, it is intended to increase the accuracy for ground-reflected waves in ENC version
5.5.

The barrier thickness can be entered at the bot-
tom right of the screen (see 5th edition textbook,
page 270). For the ISO method, this thickness is
taken into account by using a double diffraction
model. In this case, the second diffraction edge is
on the receiver side separated from the first edge
by the number entered as the thickness parameter.
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You can also enter the height of the second barrier here (only if the ISO method of barrier
attenuation has been chosen at the top of this window). If the second barrier (closest to
the receiver) is such that its top is below the straight line drawn from the top of the first
barrier (closest to the source) to the receiver, then the second barrier is ignored in the
calculations.

For barrier attenuation calculation methods other than the ISO method, the effect of
the barrier thickness on the attenuation of the barrier is calculated using Equation (5.156)
and Figure 5.19.

For multiple paths over and around the barrier, the ISO method provides a choice
regarding how the ground effect is included. This choice is enacted by ticking or not
ticking the box labelled “Combine barrier & ground refl. paths (ISO)”. If the box is
ticked, the C2 factor in Equation (5.180) is set equal to 20 and if it is not ticked, the C2
factor is set equal to 40 and the ground loss for each path is calculated separately (see
page 284 in the 5th edition textbook and errata).

The barrier attenuation results calculated in this module (Module 3) are different to
the barrier noise reductions or insertion loss calculated in Module 5. This is because in
module 5, we are interested in the difference that a barrier might make compared to not
having a barrier. In module 5 we need to use the full Equation (5.153) which includes
(Ab +Ag) with barrier minus (Ag) without barrier. In module 3, we are interested in the
barrier plus ground effect in terms of calculating the attenuation, AE, and the calculation
for all cases except the ISO case, actually gives us Ab + Ag (with barrier) and we do not
want Ag (without barrier) to be included at all in the calculation.

The effect of wind and temperature gradients are also included in the barrier calcu-
lations (see pages 273–274 in the the 5th edition textbook). So the meteorological box is
greyed out whenever the wind speed or temperature gradient is selected to be non-zero
and the barrier box is ticked. For the ISO calculation, the meteorological box is greyed
out even for zero wind and temperature gradient selection as the ISO method is by de-
fault only for worst case meteorological conditions. Note also that even though ENC may
calculate larger values, the ISO standard states that the barrier attenuation calculated
according to ISO should not exceed 20 dB in any octave band for a single barrier and
should not exceed 25 dB in any octave band for a double barrier.

The calculation of the barrier attenuation requires a knowledge of the sonic gradient
(5th edition textbook, pages 273–274 and Equations (5.81) and (5.162)) and this in turn
is dependent on the wind gradient which in turn is dependent on the ground cover. So it
is necessary to enter the ground cover type for the wind gradient calculation separately
from the ground type for the ground reflection calculation. Apologies for the different list
of ground types here, but that is what is available in the literature and in each case, you
will need to select the one that best matches your situation. The radius of curvature, R
(in metres) (see Equation (5.81)) of the sound wave going over the top of the barrier as a
result of wind and temperature gradients and the value of the exponent ξ (see Equation
(5.87) and Table 5.5) are provided for your interest in blue text at the bottom of the
barrier panel (see above figure). If you wish to enter your own value of ξ, you will need
to select “custom” on the menu for “ground type for wind gradient calculation”.

ENC Software User’s Guide Version 5.5, July, 2021



CHAPTER 3. SOUND PROPAGATION (MODULE 3) 72

A negative radius of curvature implies that the sound rays will be curved upwards
and the resulting barrier attenuation will increase. This is in contrast to the decrease
in barrier attenuation which occurs when there is a positive radius of curvature and
corresponding downward curved rays. Wind and temperature gradients are taken into
account automatically if you enter a non-zero value for the wind speed or temperature
gradient. The procedure calculates an effective source height based on the sound ray
curvature calculated from the wind and temperature gradients. If the effective source
height is less than zero, it is set equal to zero. Interestingly, the effect on the overall
attenuation of the barrier is not great in most cases. You need to enter the wind speed at
10 m and the temperature gradient in degrees C per 1000 m (see preceding figure).

It is IMPORTANT to note that the barrier noise reduction will not be accurate until
you have entered the wind speed at a specified height (speed component in the direction
from the source to the receiver — negative values represent a component blowing from the
receiver to the source) and temperature gradient. However, you may exclude the effect of
a sonic gradient by entering zero for the wind speed and temperature gradient. Note that
for sound propagation around the side of barriers, wind and temperature gradients have
no effect. The actual source and receiver locations are used, NOT the locations calculated
for sound propagation over the top of the barrier in the presence of wind or temperature
gradients.
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As the barrier attenuation depends on the type of ground either side of the barrier,
you must first choose the ground type from the “ground type” menu located in the panel
below the barrier figure. Just click inside the box and a menu of ground types will pop
up as shown at right.

Note that you can also define your own ground surface by clicking on the “Self defined”
item at the bottom of the menu. When you do this the box below pops up and all you
need do is enter the flow resistivity of the ground surface in MKS Rayls/m and then click
on “finished”.

You also need to select which ground model you want to use (the hard/soft
model for which the reflection loss is 3 dB or 0 dB respectively; the plane wave
reflection model — Equation (5.15); or the spherical wave model without tur-
bulence — Equation (5.22) — see panel below. The last two choices result in
the ground type selection being greyed out as it is not relevant for these cases.
It is not possible to include turbulence in the bar-
rier attenuation model here. The reflection loss is
−20 log10(Rp) or −20 log10(Q). The effect of paths
around all sides of the barrier as well as attenu-
ations due to reflections from the ground are in-
cluded in the final attenuation value you find in the table. For each path the attenuation
is calculated using Figures 5.15 & 5.16, and Equations (5.134) & (5.137).

For paths involving ground reflections, the loss due to that is also added to the barrier
attenuation. The attenuations for each path are combined together to give an overall
barrier attenuation using Equation (5.134) in the 5th edition textbook. Note that Equation
(5.134) requires the calculation of a reflection loss for when no barrier is in place. In ENC,
if the barrier is closer to the receiver than the source, the ground properties for the source
side of the barrier are used and if the barrier is closer to the source than the receiver, the
ground properties for the receiver side of the barrier are used. The actual reflection loss
will be a bit different to the equivalent one with the barrier in place due to the different
angle of incidence of the sound with the ground. When you have entered the barrier
parameters, click on “back” to return to the table and you will see the barrier attenuation
entered in the correct place in the table.

Clicking on the green “Display mid-results” button on the
top of the barrier panel (shown at right) will produce the window
illustrated in the following figure, which shows all the calculation
results for the 1000 Hz octave band.
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The window (see below) for calculating the speed of sound and other parameters can
be can be activated by clicking on the “constants” button.

After all of the barrier parameters have been entered, click on “run” in the tool bar
and the 1/3-octave band attenuations will appear plotted on the graph to the left of the
screen.

Octave band results are output on the table beneath the graph (see next page). The
octave band results are averages of the three third octave bands making up the particular
octave band.
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3.2.2.2 Attenuation Due to Housing(5th edition textbook, errata page 285)

This panel (shown above) is activated by clicking on the “Ah(dB)” button on the left side
of the centre panel. The attenuation due to housing is calculated according to ISO 2613-
2 (1996). The quantities r1 and r2 represent the distances that the sound rays actually
travel through buildings and these quantities are affected by the radius of curvature of the
sound wave. To be able to estimate r1 and r2, it is necessary to use ENC to calculate the
radius of curvature and then do a scale drawing similar to that done for the attenuation
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due to forests and shown in the figure on the next page. Note that the “percentage of the
length......” data box should only be non-zero for road or rail noise where houses are in
defined rows.

3.2.2.3 Attenuation Due to Process Equipment (see ISO9613-2)

This panel (shown above) is activated by clicking on the “Ap(dB)” button on the left side
of the centre panel. The attenuation due to process equipment is calculated according
to ISO 2613-2 (1996). The quantities r1 and r2 represent the distances that the sound
rays actually travel through buildings and these quantities are affected by the radius of
curvature of the sound wave. To be able to estimate r1 and r2, it is necessary to use ENC
to calculate the radius of curvature and then do a scale drawing similar to that done for
the attenuation due to forests and shown in the figure above.

3.2.2.4 Attenuation Due to Forests (5th edition textbook, pages 280, 285 and
305)

This panel (shown above) is activated by clicking on the “Af(dB)” button on the left side
of the centre panel. The attenuation due to forests and foliage is calculated according to
ISO 2613-2 (1996). The quantities r1 and r2 represent the distances that the sound rays
actually travel through trees and these quantities are affected by the radius of curvature
of the sound wave. To be able to estimate r1 and r2, it is necessary to use ENC to calculate
the radius of curvature and then do a scale drawing similar to that shown in the following
figure. Data shown in ENC corresponding to Equation (5.167) are for information only
and are not used in other ENC calculations.
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3.2.3 Right-hand Panel (Air Absorption, Ground and Meteoro-
logical Effects)

The right hand panel is where the calculations of attenuation due to air absorption, ground
effects and meteorological effects are carried out.

3.2.3.1 Air Absorption Effects

The attenuation due to air absorption, Aa, is cal-
culated using the panel shown at right (Suther-
land’s method). All that is needed is the air tem-
perature and relative humidity (see 5th edition
textbook, Table 5.3 and ANSI S1.26 (1995)).

3.2.3.2 Ground Effects

The attenuation due to ground effects, Ag, may be calculated using any one of the methods
as described on pages 226–236, 240–243, 276–277, 282–283, 289–296 and 305 in the 5th

edition textbook (see panel at right). Note that if the barrier attenuation (Ab) box is
checked, the ground effects are included in that calculation and ENC ignores the panel at
right.

In the ground effects panel shown at right,
you need to enter the source and receiver heights
and the horizontal separation distance between
the source and receiver. All that are needed (in
addition to the source/receiver separation) are
the source and receiver heights above the ground
and the flow resistivity of the ground surface (see
Tables 5.1 and 5.2, pages 227 and 228 in the 5th

edition textbook for some representative values
of flow resistivity). The distance, L, is calculated
from the source and receiver heights and the dis-
tance, r, given in the left panel near the top. Al-
ternatively, if L is entered, r will be calculated
by the software. You then need to choose which
of the four ground effect calculation methods are
to be used. The detailed results for each of the
4 methods may be obtained by clicking on the
“Results” button or clicking on “Ag” in the centre panel. When you do this, the window
on the next page appears. In this window, all equations from the 5th edition textbook,
which are used in the calculations are identified. Note that the ground effect model chosen
in this panel is also used for the barrier attenuation calculations described previously.
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For the “plane wave” method, the ground effect is calculated by estimating the plane
wave reflection coefficient. The reflection coefficient is calculated for the two cases of local
reacting ground and extended reacting ground. You are able to select whether you wish
the calculations to assume extended reaction ground or locally reacting ground If unsure,
use the extended reactive model.

Values of reflection coefficients and the ground effect in dB averaged over 10 single
frequencies in each octave band are shown in the table. Values of reflection coefficient
(both locally reactive and extended reactive) are listed for any frequency you specify in
the box beneath and to the left of the table. Also are shown, values of the transmission
coefficient (Equation (5.21)), complex propagation constant (Equation (D.10)) and com-
plex characteristic impedance of the ground (Equation (D.9)). These latter quantities are
a function only of the flow resistivity of the ground.

For the “ spherical wave” method, the ground effect is calculated by estimating the
spherical wave reflection coefficient. The reflection coefficient is calculated for both ex-
tended reaction and local reaction models and also for turbulence included in or excluded
from each model. You are also able to select whether you wish the calculations to assume
extended reaction ground or locally reacting ground as well as whether to include turbu-
lence or not. If unsure use “extended reactive with turbulence”. The relevant equations are
on pages 231–236 in the 5th edition textbook (see 5th edn errata for corrected equations).
Calculations averaged over 10 single frequencies in each octave band are shown in the
table and values corresponding to a single specified frequency are shown to the right of
the table. The desired frequency is selected by typing it into the box above the reflection
coefficient values for single frequencies.
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The quantity, Φ, of Equation (5.58), which is used to calculate the effect of turbulence
on the total sound pressure arriving at the receiver, is displayed in the table illustrated
above. For Φ > 1.0, incoherent reflection from the ground is assumed and Equation
(5.76) is used to calculate the ground effect. For Φ < 0.1, coherent reflection is assumed.
For 0.1<Φ<1.0, the reflection is somewhere between coherent and incoherent. However,
Equation (5.77), is used for Φ < 1.0.

For the ISO method, the ground effect is calculated corresponding to the values of the
G parameters that you enter as well as the source / receiver layout. Note that for each
region (source, mid and receiver), the value of G is the fraction of ground in the region
which is soft and values vary between 1.0 and 0. The method is explained on pages 282–
283 of the 5th edition textbook. Also, the ISO method for ground effect assumes worst
case meteorological effects for the octave band calculations so in this case, the selection,
“Total Lp with meteorological correction by ISO9613-2 (dBA)” in the meteorological
effects panel is the only selection that is valid and it only allows a correction to the
overall dB(A) value in recognition of the fact that worst case meteorological effects only
occur for a certain percentage of the time. However, ENC does allow you to select other
methods in the meteorological effects panel, even though they are not valid for the ISO
selection of ground effect calculations. If the ISO method is NOT chosen for ground effects,
then in the meteorological effects panel, the ISO method is not a valid choice.

The “simple method” is explained on pages 241 and 276 of the 5th edition textbook
and results in a ground effect (or ground attenuation) of -3 dB for hard ground and 0
dB for soft ground. The “CONCAWE” method is encapsulated in Figure 5.23 in the 5th

edition textbook.

3.2.3.3 Meteorological Effects

The attenuation, Am, due to meteorological effects may be calculated using one of six
different methods and the panel shown below.

Note that the last selection in the “method” selection box MUST be used if the ISO
method is chosen for ground effect calculations (see box at the bottom of this page). As
choosing the ISO method for ground effects automatically disallows the use of any octave
band meteorological effects, choosing the wrong method for meteorological effects will
not have any effect in this case. However, if any method (other than the ISO method)
is chosen for ground effect calculations, then the last selection in the “method” selection
box for meteorological effects is the ONLY one that CANNOT be used.

If the type of ground is selected as “custom”, that allows you to enter whatever value
you wish for the exponent used to calculate the wind gradient (see Equations (5.85) and
(5.87) in the 5th edition textbook).
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Detailed results for all methods are available when you click on “Am” in the centre
panel, which results in the window shown in the following figure popping up. Note that
only one of the rows of octave band values is used for the overall sound pressure level
calculations and this row is selected as described on the previous page.
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The first model for calculating the attenuation due to meteorological effects is based
on a calculation of the atmospheric sonic gradient from your input of the atmospheric
temperature gradient (which can be negative as well as positive, with positive representing
a temperature inversion or increasing temperature with increasing altitude), wind speed,
and height at which the wind speed was measured (preferably 10 m). These data are
entered in the panel shown above. Note that the wind speed is positive if blowing from
the source to the receiver and is the proportion of the wind vector pointing from source
to receiver.

Note that the type of ground also needs to be selected from the drop down menu
(shown on the previous page) as this affects the sonic gradient.

The empirical constant from Table 5.5 in the 5th edition textbook is used to calculate
the sonic gradient caused by the wind gradient.

The calculated sonic gradient is used together with interpolation/ extrapolation of
Table 5.9 on page 262 in the 5th edition textbook to give the attenuation due to meteo-
rological effects for the wind and temperature conditions that you entered.

The second model is based on the CONCAWE method described in the 5th edition
textbook on pages 276–279 of the 5th edition textbook. The required input data are the
time of day and the wind speed at the height that you specify in the text box above
“wind speed” (usually 10 metres height). The wind speed to be entered in the box is the
component in the direction from the source to the receiver. If the component is upwind
(receiver to source), then the wind speed is negative. For daytime, the incoming solar
radiation value is required and for nighttime, the extent of cloud cover (with 8 octas
being overcast and 4 octas being half cloudy) is required. These are selected from the
dialog boxes illustrated on the previous page. The temperature gradient value is not used
in this calculation.

The third and fourth models are simply a restatement of Table 5.4 in the 5th edition
textbook.
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The fifth model is only applicable to upwind propagation and is based on shadow zone
theory as outlined in the 5th edition textbook on pages 262–264.

The sixth model is specified by ISO 9613-2 and is only applicable to overall dB(A)
calculations. Note that it cannot be used for the ISO octave band calculations as these as-
sume worst case meteorological conditions. The value calculated using this model is added
from the overall A-weighted sound calculated from the octave band results determined
by assuming worst case meteorological conditions. A value for A0 (see figure on previous
page and Equation (5.177) in the 5th edition textbook) may be estimated from an ele-
mentary analysis of the local meteorological statistics. For example, if the meteorological
conditions favourable to propagation (downwind from source to receiver or temperature
inversion) are found to occur for 50% of the time period of interest, and the attenuation
during the other 50% is higher by 10 dB or more, then the sound energy which arrives
for meteorological conditions unfavourable to propagation may be neglected, and A0 will
be approximately + 3 dB. If conditions that are favourable to sound propagation occur
for 70% of the time, and for the other 30% of the time, the attenuation is much greater,
then A0 =1.5 dB. In practice, A0 is never usually larger than 2 dB.

Detailed results for all methods are shown in the pop up panel that appears when you
click on “Am” in the centre panel of the main window (see preceding figure).

3.3 CONCAWE
This window calculates the sound pressure
level, using the CONCAWE propagation
model for up to 20 receiver locations and
up to 20 sources in different locations operating simultaneously. Octave band sound pres-
sure levels (in the range 63 Hz to 8 kHz), overall linear levels and overall A-weighted
levels are calculated for each receiver location (maximum 20) as a result of up to 20 noise
sources. All noise sources are treated as point sources.

The window is divided into
a number of segments and
each will be treated sepa-
rately here, beginning with the
above figure. You have a choice
of coordinate types for the
source, barrier and receiver lo-
cations. Choosing “ENC(m)”
means that you would like to
enter source, receiver and bar-
rier coordinates with respect to a physical origin location. If a barrier is to be included
in the calculations, the origin location must be ground level at the centre of the barrier
baseline and the x, y and z coordinates are defined in the directions shown in the figure
at right. If no barrier exists, then the coordinate origin can be anywhere but the z-axis is
always the vertical one.

Choosing “DD” as the coordinate type means that you wish to enter all (x, y) coor-
dinate locations in terms of degrees latitude and longitude. In this case, no (x, y) origin
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location is needed. However, a vertical origin location is needed for the z-direction. If a
barrier is to be included in the calculations, the origin location must be ground level at
the centre of the barrier baseline.

3.3.1 Sources
As indicated on the figure at right, you
can enter the coordinates of each source
to be considered in the type of units that
you require (metres with respect to an ori-
gin or degrees latitude and longitude). The
sources are numbered from 1 to a maxi-
mum number of 20. The number of the
source that is associated with the coordinates is in the box to the right of “No.”. You
can enter the maximum number of sources that are to be included in the analysis in the
box to the right of “Max No.”. This number will then match the number of the boxes
that are allowed to be ticked in the lower centre panel. Only sources corresponding to the
boxes that are ticked in the lower centre panel will be included in the sound pressure level
calculation at the receiver currently being considered.

The z-coordinate is the height (relative to a reference location) of the ground point
immediately under the source. For this version of ENC, this coordinate is forced to be
zero on the GUI. If it is the case that the ground heights under the source, receiver and
barrier are not the same, then the lowest of the three ground heights is assumed to be
the reference height (z = 0) and the user must increase the heights of the top of the
source, receiver and barrier by the difference between the reference height and the ground
height under the source, receiver and barrier, respectively. This is accurate for calculating
the barrier attenuation for non-ground-reflected waves and a reasonable approximation
for calculating attenuations due to ground reflected waves on either side of the barrier.
However, it is intended to increase the accuracy for ground-reflected waves in ENC version
5.5.

If a barrier exists, then the y-axis is parallel to the barrier and the x − y coordinate
origin is the ground location halfway along the barrier. If no barrier exists, it is up to you
to choose the origin location (some point on the ground) and the relative orientation of
the x and y axes, provided that they are orthogonal to one another and orthogonal to the
vertical axis, z, and provided that the same origin and axes are used for all sources and
all receivers. Again, in this version of ENC, the z-coordinate is forced to be zero on the
GUI. If it is the case that the ground heights under the source, receiver and barrier are
not the same, then the lowest of the three ground heights is assumed to be the reference
height (z = 0) and the user must increase the heights of the top of the source, receiver
and barrier by the difference between the reference height and the ground height under
the source, receiver and barrier, respectively.

You must enter the source sound power level in the location indicated on the centre
panel for the source number that is showing in the figure at right. You can select the
number of sources that you wish to consider by typing in the number in the “Max No.”
box shown in the above figure. This number will also be reflected in the maximum number
of tick boxes available in the figure shown below, which shows that 6 sources are to be
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considered. The figure above right shows that we are currently considering source number
1, and that we have chosen coordinate type to be distance from an origin in metres (which
is why the “DD” coordinates are greyed out). You can select another source by clicking
on the H symbol shown on the figure above right (next to “No. 1”) and a drop down menu
with source numbers from 1 to 20 will appear.
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3.3.2 Receivers
As indicated on the figure at right, you can
enter the coordinates of each receiver num-
ber to be considered (up to a maximum of
20) in the type of units that you require
(metres with respect to an origin or degrees
latitude and longitude). The receivers are numbered from 1 to a maximum number of 20.
The number of the receiver that is associated with the coordinates is in the box to the
right of “No.”. This receiver number is the one that is used for the data input and the
results displayed in the centre panel. You need to enter the data in the centre panel for
each receiver of interest. ENC will remember the data associated with each receiver and
will write it to a file that can be saved by clicking on the blue “o” button located at the
bottom of the centre panel.

You can enter the maximum number of receivers that are to be included in the analysis
in the box to the right of “Max No.”.

The z-coordinate is the height (relative to a reference location) of the ground point
immediately under the source. For this version of ENC, this coordinate is forced to be
zero on the GUI. If it is the case that the ground heights under the source, receiver and
barrier are not the same, then the lowest of the three ground heights is assumed to be
the reference height (z = 0) and the user must increase the heights of the top of the
source, receiver and barrier by the difference between the reference height and the ground
height under the source, receiver and barrier, respectively. This is accurate for calculating
the barrier attenuation for non-ground-reflected waves and a reasonable approximation
for calculating attenuations due to ground reflected waves on either side of the barrier.
However, it is intended to increase the accuracy for ground-reflected waves in ENC version
5.5.

If a barrier exists, then the y-axis is parallel to the barrier and the x − y coordinate
origin is the ground location halfway along the barrier. If no barrier exists, it is up to you
to choose the origin location (some point on the ground) and the relative orientation of
the x and y axes, provided that they are orthogonal to one another and orthogonal to the
vertical axis, z, and provided that the same origin and axes are used for all sources and
all receivers. Again, in this version of ENC, the z-coordinate is forced to be zero on the
GUI. If it is the case that the ground heights under the source, receiver and barrier are
not the same, then the lowest of the three ground heights is assumed to be the reference
height (z = 0) and the user must increase the heights of the top of the source, receiver
and barrier by the difference between the reference height and the ground height under
the source, receiver and barrier, respectively.

ENC will calculate octave band, overall linear and overall A-weighted sound pressure
levels and overall A-weighted uncertainties for the total contribution of all sources to each
receiver. In addition, the contributions of each source to all receivers are placed in an
output file. Note that data are also given in the output file for receiver numbers that you
did not define. Please ignore these data.

You can select the receiver number from the drop down menu in the receiver segment
shown in the figure above (the H symbol shown next to “No. 1”). You can then enter the
coordinate locations for this receiver and ENC will store these for later calculations.
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3.3.3 Barrier
Using the segment illustrated at right to
enter the barrier coordinate locations, a
single barrier may be included in the sound
propagation calculations. The coordinate
system shown below at right is duplicated
on the bottom right-hand side of the main
ENC window, with the x− y origin in the
centre of the barrier and the z-axis origin on the ground beneath the barrier. For this
version of ENC, the z-coordinate at the base of the barrier is forced to be zero on the
GUI. If it is the case that the ground heights under the source, receiver and barrier are
not the same, then the lowest of the three ground heights is assumed to be the reference
height (z = 0) and the user must increase the heights of the top of the source, receiver
and barrier by the difference between the reference height and the ground height under
the source, receiver and barrier, respectively. Also, if a barrier is selected by ticking the
box on the RHS of the Ab line in ENC, then the sources that are to be affected by the
barrier must have negative values for their x-coordinates and the receivers that are to be
affected by the barrier must have positive values for their x-coordinates.

For the CONCAWE propa-
gation model the barrier thick-
ness is taken into account as de-
scribed on page 270 in the 5th
edition textbook.
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3.3.4 Top Segment of Centre Panel

The segment shown above is where you may enter the octave band source sound power
levels (top line) and the directivity factor from the selected source to the selected receiver
(second line). You may then tick the appropriate boxes to include any attenuation ef-
fects that are relevant for the particular source receiver pair that are being considered.
The source number being considered is the one selected from the drop down list in the
“Sources” segment discussed above and the receiver number is the one selected from the
drop down list in the “Receiver” segment discussed above. Attenuation effects are iden-
tified in pages 276–280 of the 5th edition textbook. The K6 effect is the attenuation due
to a barrier between a source and receiver – see Section 3.3.3. Only one barrier is allowed
for any one calculation. The K2 and K3 attenuation effects are excluded if the barrier
attenuation effect (K6) is included. However, if the barrier attenuation is calculated to be
less than or equal to 0 (indicating the barrier not having any effect on the attenuation,
probably because it is not located near the direct line between the source and receiver),
it is set equal to K3+K4 to account for these quantities not being able to be used when
Ab is selected.

The very bottom line in the figure above shows overall linear and A-weighted results
for the selected receiver location due to the selected source. The 95% confidence limits
are calculated for the overall A-weighted level using Equation (5.258) in the 5th edition
textbook, and multiplying the result of Equation (5.258) by 1.96. The propagation model
and source sound power accuracies (in dB) used to calculate the parameters in Equation
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(5.258) in the textbook are entered by the user in the bottom segment of the centre panel,
shown in the figure in the next section.

Right clicking on the “i”
symbol shown at right brings up
a box that allows you to save
the sound power level and di-
rectivity data. Left clicking on
the “i” symbol shown at right
brings up the box shown be-
neath it. If you have data stored
from a previous session, you can
load it here. Note the format of
the data to be loaded must be
the same as in the file created
by right clicking the “i” symbol.

Be careful when entering the
file name. It is not allowed to
click on an existing file name and just change some characters. This will result in over-
writing the file that is already there. You must type the file name from scratch in full
and you must not click on an existing file unless you want it to be overwritten. The same
procedure applies if you click on the “Save” icon in the tool bar at the top of the screen
to save the page settings.
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3.3.5 Bottom Segment of Centre Panel

The bottom segment of the centre panel, illustrated above, contains check boxes that
show a tick mark when clicked and indicate that the source number that is ticked will be
included in the total sound pressure level at the receiver, which is shown on the bottom
two lines of the above figure. The relevant receiver number is the number currently selected
in the blue receiver segment on the left part of the window. The 95% confidence limits
are calculated for the overall A-weighted level using Equations (5.257) and (5.258) in the
5th edition textbook, and multiplying the result of Equation (5.257) by 1.96.

The row of boxes to the right of the ∆ symbol in the above figure are the estimated
accuracies of the sound power levels in dB, entered by you. You will also need to enter
the expected accuracy of the propagation model for calculating the sound pressure level
at a single receiver due to a single source.

Left clicking on the “o” symbol shown
at right brings up the box beneath it. You
can select a file name that will contain the
output data in text format, which has too
many entries to show here. When entering
a file name, you must type the complete
name in the box. Do not select a file with a
similar name and then change the name as
it will result in overwriting of the file that
you selected, even though you changed the
file name.
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3.3.6 Spherical Spreading Effect (K1)
The K1 effect is that due to spherical spreading (= 10 log10 4πd2

SR, where dSR is the
source–receiver separation distance).

3.3.7 Air Absorption (K2)
The attenuation resulting from air absorp-
tion (top right of the window) is calcu-
lated using the equations and procedures
outlined in the standards, ISO 9613-1 and
ANSI S1.26. In those standards, the absorption for an octave band is calculated at the
exact band centre frequency, whereas in ENC it is calculated at the nominal band centre
frequency (with very little difference). The values entered in the Air absorption effects
segment illustrated at right are automatically repeated in the constants panel and vice
versa.

3.3.8 Ground Effects (K3)
You may choose between hard ground, soft
ground and the CONCAWE curves for
ground in the vicinity of a typical process-
ing plant (Figure 5.19 in the 5th edition textbook).
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3.3.9 Meteorological Effects (K4)

To calculate the attenuation due to meteorological effects, you need to choose the height
for the specified wind speed (Usually 10 m), the component of the wind speed in the
direction from the source to the receiver (positive for a downwind component), the ground
type, the time period (day, sunset/sunrise, night) and daytime incoming solar radiation
or nighttime cloud cover (“1 octa” means 1/8 of the sky is covered with cloud). ENC will
use these data to calculate K4 according to CONCAWE.

3.3.10 Source Height Effects (K5)
The K5 effect is that due to the source height and is calculated as described on pages 278
and 279 of the 5th edition textbook.

3.3.11 Barrier Effects, (K6)
ENC will calculate the attenuation due to a single barrier that may have a finite thickness.
For a finite thickness barrier, the coordinates of the barrier correspond to the centreline
through the thickness, parallel to the barrier front and rear faces, and the x-axis (which
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is parallel to the ground and the face of the barrier on the source side) passes along the
centre of the barrier where it intersects the ground. Only one barrier is allowed for each
calculation. The calculations follow the procedure on pages 264–270 in the 5th edition
textbook. The barrier thickness is accounted for using a thickness correction (Equation
(1.156) in the 5th edition textbook), instead of the double diffraction analysis used in the
ISO9613 propagation model. The barrier attenuations due to all 8 paths around the finite
length barrier are calculated as described on pages 264–270 in the 5th edition textbook
and then the results are combined using Equation Equation (1.100). It is important to
note that the maximum allowed octave band barrier attenuations of 20 dB for single
diffraction and 25 dB for a thick barrier (recommended in ISO9613-2) only apply to the
path over the top with no ground reflections.

As the barrier calculation includes the effect of ground on either side of it, and excludes
the effect of ground without the barrier, the ground effect that exists for the case with no
barrier cannot be used. The same applies to the meteorological correction. Thus, when the
barrier box (Ab) is checked, the ground effect and meteorological boxes are greyed out to
prevent them being mistakenly used. ENC will calculate the overall barrier attenuation
and if it is zero (as the barrier has no effect), then it will be set equal to the sum of
the ground and meteorological attenuations without the barrier (to compensate for these
being excluded when the barrier (Ab) line is ticked). This will also correctly account for
the case for which the barrier does not interrupt the line of sight between the source and
receiver. Of course, there may be the occasional case for which the barrier attenuation is
a small non-zero value, but this is valid as it implies that the barrier must be disrupting
the ground and meteorological effects that existed without the barrier, so it likely to be a
good representation of reality. On the other hand, if the barrier attenuation has been set
equal to zero, it is a result of the barrier not being in a position to have any influence on
the sound propagation characteristics that existed before the barrier was put in place.

If a barrier is selected by ticking the box on the RHS of the Ab line in ENC, then
the sources that are to be affected by the barrier must have negative values for their
x-coordinates and the receivers that are to be affected by the barrier must have positive
values for their x-coordinates.

3.3.12 In-plant Screening, K7
The value recommended by CONCAWE for in-plant screening is zero and this is the
default value in ENC. However, there is a capability for you to enter non-zero values if
you wish.

3.3.13 Vegetation Screening, (Kv)
ENC will calculate the attenuation
due to vegetation screening accord-
ing to the procedure on page 280 of
the 5th edition textbook. ENC gives
a choice between “General” and “Long grass or shrubs”. The “General” selection is in-
tended for forests.
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3.4 ISO9613
This window calculates the sound pressure
level, using the ISO9613 (1996) propaga-
tion model for up to 20 receiver locations
and up to 20 sources in different locations operating simultaneously. Octave band sound
pressure levels (in the range 63 Hz to 8 kHz), overall linear levels and overall A-weighted
levels are calculated for each receiver location (maximum 20) as a result of up to 20 noise
sources. All noise sources are treated as point sources.

The window is divided into
a number of segments and
each will be treated sepa-
rately here, beginning with the
above figure. You have a choice
of coordinate types for the
source, barrier and receiver lo-
cations. Choosing “ENC(m)”
means that you would like to enter source, receiver and barrier coordinates with respect
to a physical origin location.

If a barrier is to be included in the calculations, the origin location must be ground
level at the centre of the barrier baseline and the x, y and z coordinates are defined in the
directions shown in the above figure. If no barrier exists, then the coordinate origin can
be anywhere but the z-axis is always the vertical one. Again, in this version of ENC, the
z-coordinate is forced to be zero on the GUI for the source, receiver and barrier. If it is
the case that the ground heights under the source, receiver and barrier are not the same,
then the lowest of the three ground heights is assumed to be the reference height (z = 0)
and the user must increase the heights of the top of the source, receiver and barrier by the
difference between the reference height and the ground height under the source, receiver
and barrier, respectively. This is accurate for calculating the barrier attenuation for non-
ground-reflected waves and a reasonable approximation for calculating attenuations due
to ground reflected waves on either side of the barrier. However, it is intended to increase
the accuracy for ground-reflected waves in ENC version 5.5.

Choosing “DD” as the coordinate type means that you wish to enter all (x, y) coor-
dinate locations in terms of degrees latitude and longitude. In this case, no (x, y) origin
location is needed. However, a vertical origin location is needed for the z-direction. If a
barrier is to be included in the calculations, the origin location must be ground level at
the centre of the barrier baseline.

3.4.1 Sources
As indicated on the figure at right, you
can enter the coordinates of each source
to be considered in the type of units that
you require (metres with respect to an ori-
gin or degrees latitude and longitude). The
sources are numbered from 1 to a maxi-
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mum number of 20. The number of the source that is associated with the coordinates is
in the box to the right of “No.”. This number will also be the receiver number that is used
in the calculations done in the centre panel.

You can enter the maximum number of sources that are to be included in the analysis
in the box to the right of “Max No.”. This number will then match the number of the boxes
that are allowed to be ticked in the lower centre panel. Only sources corresponding to the
boxes that are ticked in the lower centre panel will be included in the sound pressure level
calculation at the receiver currently being considered.

The z-coordinate is the location of the ground point immediately under the source
and in this version of ENC it is set equal to zero in the GUI. The source height is the
height of the source above this ground point. If a barrier exists, then the y-axis is parallel
to the barrier and the origin is the ground location halfway along the barrier. If no barrier
exists, it is up to you to choose the origin location (some point on the ground) and the
relative orientation of the x and y axes, provided that they are orthogonal to one another
and orthogonal to the vertical axis, z, and provided that the same origin and axes are
used for all sources and all receivers. Again, in this version of ENC, the z-coordinate is
forced to be zero on the GUI for the source, receiver and barrier. If it is the case that the
ground heights under the source, receiver and barrier are not the same, then the lowest
of the three ground heights is assumed to be the reference height (z = 0) and the user
must increase the heights of the top of the source, receiver and barrier by the difference
between the reference height and the ground height under the source, receiver and barrier,
respectively.

You must enter the source sound power level in the location indicated on the centre
panel for the source number that is showing in the figure at right. You can select the
number of sources that you wish to consider by ticking the boxes as shown in the following
figure, which shows that 6 sources are to be considered. The figure above right shows that
we are currently considering source number 1, and that we have chosen coordinate type
to be distance from an origin in metres (which is why the “DD” coordinates are greyed
out). You can select another source by clicking on the H symbol shown on the figure above
right (next to “No. 1”) and a drop down menu with source numbers from 1 to 20 will
appear.
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3.4.2 Receivers
As indicated on the figure at right, you can
enter the coordinates of each receiver num-
ber to be considered (up to a maximum of
20) in the type of units that you require
(metres with respect to an origin or degrees
latitude and longitude). The receivers are
numbered from 1 to a maximum number of 20. The number of the receiver that is associ-
ated with the coordinates is in the box to the right of “No.”. This receiver number is the
one that is used for the data input and the results displayed in the centre panel. You need
to enter the data in the centre panel for each receiver of interest. ENC will remember the
data associated with each receiver and will write it to a file that can be saved by clicking
on the blue “o” button located at the bottom of the centre panel.

You can enter the maximum number of receivers that are to be included in the analysis
in the box to the right of “Max No.”.

The z-coordinate is the location of the ground point immediately under the receiver
and in this version of ENC it is set equal to zero in the GUI. The receiver height is the
height of the receiver above this ground point. If a barrier exists, then the y-axis is parallel
to the barrier and the origin is the ground location halfway along the barrier. If no barrier
exists, it is up to you to choose the origin location (some point on the ground) and the
relative orientation of the x and y axes, provided that they are orthogonal to one another
and orthogonal to the vertical axis, z, and provided that the same origin and axes are
used for all sources and all receivers. Again, in this version of ENC, the z-coordinate is
forced to be zero on the GUI for the source, receiver and barrier. If it is the case that the
ground heights under the source, receiver and barrier are not the same, then the lowest
of the three ground heights is assumed to be the reference height (z = 0) and the user
must increase the heights of the top of the source, receiver and barrier by the difference
between the reference height and the ground height under the source, receiver and barrier,
respectively.

ENC will calculate octave band, overall linear and overall A-weighted sound pressure
levels and overall A-weighted uncertainties for the total contribution of all sources to each
receiver. In addition, the contributions of each source to all receivers are placed in an
output file. Note that data are also given in the output file for receiver numbers that you
did not define. Please ignore these data.

You can select the receiver number from the drop down menu in the receiver segment
shown in the figure above (the H symbol shown next to “No. 1”). You can then enter the
coordinate locations for this receiver and ENC will store these for later calculations.
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3.4.3 Top Segment of Centre Panel

The segment shown above is where you may enter the octave band source sound power
levels (top line) and the directivity factor from the selected source to the selected re-
ceiver (third line). You may then tick the appropriate boxes to include any attenuation
effects that are relevant for the particular source receiver pair that are being considered.
The source number being considered is the one selected from the drop down list in the
“Sources” segment discussed above and the receiver number is the one selected from the
drop down list in the “Receiver” segment discussed above. Attenuation effects are identi-
fied in pages 276–280 of the 5th edition textbook and are discussed separately in following
sections.

The very bottom line in the figure above shows overall linear and A-weighted results
for the selected receiver location due to the selected source. The 95% confidence limits
are calculated for the overall A-weighted level using Equation (5.258) in the 5th edition
textbook, and multiplying the result of Equation (5.258) by 1.96. The propagation model
and source sound power accuracies (in dB) used to calculate the parameters in Equation
(5.258) in the textbook are entered by the user in the bottom segment of the centre panel,
shown in the figure in the next section.
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Right clicking on the “i”
symbol shown at right brings up
a box that allows you to save
the sound power level and di-
rectivity data. Left clicking on
the “i” symbol shown at right
brings up the box shown be-
neath it. If you have data stored
from a previous session, you can
load it here. Note the format of
the data to be loaded must be
the same as in the file created
by right clicking the “i” symbol.
Be careful when entering the file
name. It is not allowed to click
on an existing file name and just change some characters. This will result in overwriting
the file that is already there. You must type the file name from scratch in full and you
must not click on an existing file unless you want it to be overwritten. The same procedure
applies if you click on the “Save” icon in the tool bar at the top of the screen to save the
page settings.

The various attenuation effects are labelled on the left of the above figure and most of
the values may be calculated by clicking on the relevant label and entering the required
values in the pop-up window. Other values are automatically entered by ENC when you
choose other parameters in the main window. Each is considered separately in the sections
following the next section.

3.4.4 Bottom Segment of Centre Panel

The bottom segment of the centre panel, illustrated above, contains check boxes that
show a tick mark when clicked and indicate that the source number that is ticked will be
included in the total sound pressure level at the receiver, which is shown on the bottom two
lines of the above figure. The relevant receiver number is the number currently selected
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in the blue receiver segment. The 95% confidence limits are calculated for the overall
A-weighted level using Equations (5.257) and (5.258) in the 5th edition textbook, and
multiplying the result of Equation (5.257) by 1.96.

The row of boxes to the right of the ∆ symbol in the above figure are the estimated
accuracies of the sound power levels in dB, entered by you. You will also need to enter
the expected accuracy of the propagation model for calculating the sound pressure level
at a single receiver due to a single source.

Left clicking on the “o” symbol shown
at right brings up the box beneath it. You
can select a file name that will contain the
output data in text format, which has too
many entries to show here. When entering
a file name, you must type the complete
name in the box. Do not select a file with a
similar name and then change the name as
it will result in overwriting of the file that
you selected, even though you changed the
file name.

3.4.5 Effect of Reflections Other Than Ground Reflections
Although consideration of reflection from surfaces other than the ground, which are much
nearer the source than the receiver, is included in the ISO model, it is not included in
ENC version 5.2. We expect to include this effect in a later version.

3.4.6 Spherical Spreading, (Adiv)
The Adiv effect is that due to spherical spreading (= 10 log10 4πd2

SR, where dSR is the
source–receiver separation distance). This quantity is calculated automatically by ENC
based on the source receiver separation distance calculated from the source and receiver
location coordinates and available in the output file obtained by clicking on the red o
symbol in the small dark blue box at the bottom of the window.

3.4.7 Air Absorption (Aa)
The attenuation resulting from air absorp-
tion (top right of the window) is calculated
using the equations and procedures out-
lined in the standards, ISO 9613-1 and ANSI S1.26. In those standards, the absorption
for an octave band is calculated at the exact band centre frequency, whereas in ENC
it is calculated at the nominal band centre frequency (with very little difference). The
atmospheric pressure value that is in the constants panel is the one that is used here. The
default value is 101.325 kPa.
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3.4.8 Ground Effects (Ag)
As can be seen from the figure at
right, you have 4 choices for the def-
inition of the parameter, G. Once
you have chosen the method that you
wish to use, click on “Ag” in the up-
per, centre panel and the window below will appear. This window shows Ag calculations
for the choice that you have made on the segment shown at right. However, in the window
below, you are able to select any of the 4 choices and your selection will be reflected in
the Ag calculation on the main page.

3.4.9 Barrier Effects (Ab)
ENC will calculate the attenuation due to a single barrier that may have a finite thickness
or two diffraction edges. The coordinates of the barrier correspond to the diffraction edge
closest to the source and the x-axis (which is parallel to the ground and the face of
the barrier on the source side) runs at ground level along the face of the barrier on the
source side. Only one barrier is allowed for each calculation. The calculations follow the
procedure on pages 264–270 in the 5th edition textbook. The barrier thickness is accounted
for using the double diffraction analysis outlined in the ISO9613 propagation model (see
pages 284–285 in the 5th edition textbook).

For multiple paths over and around the barrier, the ISO method provides a choice
regarding how the ground effect is included. This choice is enacted by ticking or not ticking
the box labelled “Combine barrier & ground refl. paths (ISO)” in the barrier segment on
the right hand side of the window. If the box is ticked, the C2 factor in Equation (5.180)
is set equal to 20 and Dzi is calculated. If the term in brackets in Equation (5.180) is less
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than 0.01, ENC will set it equal to 0.01. If the box is not ticked, the C2 factor is set equal
to 40 and the barrier attenuation for each path is calculated separately (see page 284 in
the 5th edition textbook and errata) and combined using the second term on the RHS of
Equation (1.100) in the 5th edition textbook. Thus, for the four paths over the barrier
top, the values of Dzi for each path are combined using the second term on the RHS of
Equation (1.100) in the 5th edition textbook to obtain Ab of Equation (5.178). Prior to
combining the attenuations, the maximum allowed octave band barrier attenuations of 20
dB for single diffraction and 25 dB for a thick barrier (recommended in ISO9613-2) are
applied only to the path over the top with no ground reflections. For the 4 paths around
the barrier ends, the values of Dzi for each path are combined using the second term on
the RHS of Equation (1.100) in the 5th edition textbook to obtain Ab of Equation (5.179).
The overall barrier attenuation is then obtained by combining the two values of Ab from
Equations (5.178) and (5.179) using the second term on the RHS of Equation (1.100). If
the resulting value of Ab < 0, ENC will set it equal to 0.

If a barrier is selected by ticking the box on the RHS of the Ab line in ENC,
then the sources that are to be affected by the barrier must have negative
values for their x-coordinates and the receivers that are to be affected by the
barrier must have positive values for their x-coordinates.

3.4.10 Vegetation Screening Effects (Af)

The attenuation due to screening by forests and dense foliage can be calculated by clicking
in Af in the upper centre panel of the ISO window, and on the top panel of the window
that pops up, entering the two distances, r1 and r2 for travel through the foliage. This
attenuation must be the same for all sources and receivers.

The most recent values of r1 and r2 entered for any source–receiver combination will
be the ones used for all source–receiver combinations.

3.4.11 Housing Screening Effects (Ah)

The attenuation due to screening by housing can be calculated by clicking in Ah in the
upper centre panel of the ISO window, and on the centre panel of the window that pops
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up, entering the two distances, r1 and r2 for travel through the housing as well as the
density of housing, expressed as the percentage of the total plan area of houses between
the source and receiver and the total ground area. An additional attenuation term is
included if the houses are in well defined rows. This is calculated by ENC if a non zero
term is entered in the box titled, “percentage of the length of housing facades relative to
the total length of road or rail in the vicinity”. If the noise source is not road or rail noise
or if the houses are not in well defined rows, this term is set = 0.

The housing attenuation must be the same for all sources and receivers and should
only applied to the A-weighted level. This is achieved in ENC by applying the same
attenuation to all octave band levels, which means that when housing attenuation is
applied, the octave band levels are not reliable.

The most recent values of input data entered for any source–receiver combination will
be the ones used for all source–receiver combinations.

3.4.12 Process Equipment Screening Effects (Ap)

The attenuation due to screening by process equipment can be calculated by clicking in
Ap in the upper centre panel of the ISO window, and on the bottom panel of the window
that pops up, entering the distance, r1 for travel through the process equipment. This
attenuation must be the same for all sources and receivers.

The most recent values of r1 and r2 entered for any source–receiver combination will
be the ones used for all source–receiver combinations.

3.4.13 Meteorological Effects (Amet)
The ISO9613 propagation model only allows meteorological effects to be applied to the
long time average of the overall A-weighted level and the value of A0 varies from 0 to 5
dB with values over 2 very rare. ENC uses a default value of 1.5 dB. The value chosen is
dependent on the % of time that downwind propagation occurs for a long time average of
several months to a year. A value of 0 dB corresponds to downwind propagation occur-
ring 100% of the time and a value of 5 dB corresponds to downwind propagation never
occurring. The Amet correction is applied at the bottom of the upper middle panel (see
figure below).
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Chapter 4

Room Acoustics & Absorption
(Module 4)

4.1 Overview
This software may be accessed by choosing “module 4” from the “options” dialog box.
The software automates all of the calculations in Chapter 6 of the 5th edition textbook
as well as the calculations implicit and explicit in Appendix D. The treatment is divided
into 5 windows, each of which are represented by a unique icon in the tool bar. To access
a particular window, just click on the appropriate icon in the tool bar. Each window will
be described in the text to follow.

4.2 Room Modal Properties
This section calculates modal properties of rectangular and cylindrical rooms.

4.2.1 Rectangular room
This subsection calculates the first 100 resonance frequencies and mode type (axial, tan-
gential or oblique) for a rectangular room of any shape. It also applies to long and flat
rooms. Mean free path, crossover frequency (from modal response to diffuse response),
number of modes in a band, modal density at the band centre frequency, modal overlap
(see pages 318–322 in the 5th edition textbook) and spatial standard deviation of the SPL
(Equation (6.26)) are all calculated. Note that you have a choice as to how many modes
are needed to be resonant in a defined band for the sound field to be considered diffuse
(usually between 3 and 6) for the purposes of calculating the cross-over frequency. For
noise of a bandwidth narrower than 1/3-octave the cross-over frequency should be defined
as when the modal overlap is equal to 3. You need to select this criterion by clicking on
the pop-up box beneath “mean free path”.

Entering the reverberant field sound pressure level allows you to calculate time aver-
aged energy density and time averaged intensity for sound travelling in any given direction
(Equations (6.33) and (6.34) respectively). The bandwidth used for calculating the num-
ber of modes can be selected in terms of Hz or as octave or 1/3-octave. Do not change
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values in boxes with no arrows at the side.
Clicking on the “Constants” button in the following figure allows you to set the speed

of sound and gas density for the calculations of the entire window — see Section 0.5.4 in
this manual for a full description.

Note that at the top of the left and right panels, blue text indicates whether or not the
room dimensions satisfy the Sabine room criterion that no dimension should be more than
three times any other. For non-Sabine rooms, the last 4 items calculated at the bottom of
the table may be inaccurate. Note that these last terms do not include any contribution
from the direct fields of the sound sources contributing to the sound field.
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4.2.2 Cylindrical room
These rooms are discussed briefly in the 5th edition textbook. For the cylindrical room,
the same expressions as used for a rectangular room are used for calculating mean free
path (Equation (6.35)), cross over frequency, number of modes within a band , modal den-
sity (Equation (6.22)), modal overlap, spatial standard deviation (Equation (6.26)), time
averaged energy density (Equation (6.33)) and effective time averaged intensity (Equa-
tion (6.34)). Note that for a cylindrical room, the effective perimeter, L, is given by
L = 4(πa+ `), where ` is the cylinder length and a is the radius.

The mean free path calculation is accurate, as Equation (6.35) in the 5th edition text-
book applies to any shaped room. The other calculated quantities are only approximate as
the formulae strictly only apply to rectangular shaped rooms. However, experience shows
the approximations to be good ones.

The cross-over frequency is calculated on the basis of the specified number of modes
in a band (3 to 6 for 1/3 or octave band analysis) or a modal overlap greater than 3 for
narrower bands. The number of modes in a band is calculated using Equation (6.21).

For a cylindrical room, the resonance frequencies are given as:

f(nz,m, n) = c

2

√√√√(nz
`

)2
+
(
ψmn
a

)2

where nz is the number of axial nodes, ` is the cylinder length and a is the cylinder radius.
The characteristic values ψmn are functions of the mode numbers m,n, where m is

the number of diametral pressure nodes and n is the number of circumferential pressure
nodes.

Values of ψmn are given in the following tables for a much larger number of modes
than given in the 5th edition textbook. The quantity, nz, is the number of nodal planes
normal to the axis of the cylinder.

Note that the expressions for mode numbers and modal density are approximate only
and become more accurate as the room shape becomes more irregular. However, even for
rooms of regular shape, the actual mode number and modal density fluctuate about the
theoretical prediction plotted as a function of frequency and the prediction becomes more
accurate as the frequency increases.
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Values of ψmn

m\n 0 1 2 3 4 5 6 7
0 0 1.2197 2.2331 3.2383 4.2411 5.2428 6.2439 7.2448
1 0.5861 1.6971 2.7172 3.7261 4.7312 5.7345 6.7368 7.7385
2 0.9722 2.1346 3.1734 4.1923 5.2036 6.2112 7.2166 8.2207
3 1.3373 2.5513 3.6115 4.6428 5.6623 6.6757 7.6856 8.6931
4 1.6926 2.9547 4.0368 5.0815 6.1103 7.1305 8.1455 9.1571
5 2.0422 3.3486 4.4523 5.5108 6.5494 7.5769 8.5976 9.6139
6 2.3877 3.7353 4.86 5.9325 6.9811 8.0163 9.0431 10.0643
7 2.7304 4.1165 5.2615 6.3477 7.4065 8.4495 9.4827 10.5091
8 3.0709 4.4931 5.6576 6.7574 7.8263 8.8774 9.917 10.9488
9 3.4096 4.8659 6.0494 7.1624 8.2414 9.3006 10.3467 11.384
10 3.7468 5.2355 6.4372 7.5633 8.6523 9.7194 10.7722 11.815
11 4.0828 5.6023 6.8217 7.9605 9.0594 10.1345 11.1939 12.2423
12 4.4178 5.9667 7.2031 8.3544 9.463 10.5461 11.6121 12.6662
13 4.7518 6.329 7.5819 8.7454 9.8636 10.9545 12.0271 13.0868
14 5.0851 6.6894 7.9584 9.1337 10.2613 11.36 12.4392 13.5046
15 5.4177 7.0481 8.3326 9.5196 10.6565 11.7629 12.8486 13.9196
16 5.7497 7.4052 8.7049 9.9032 11.0493 12.1633 13.2555 14.332
17 6.0811 7.761 9.0754 10.2849 11.4399 12.5614 13.66 14.7421
18 6.4121 8.1155 9.4443 10.6646 11.8285 12.9574 14.0623 15.15
19 6.7425 8.4688 9.8116 11.0426 12.2152 13.3514 14.4626 15.5558
20 7.0726 8.821 10.1776 11.419 12.6001 13.7435 14.861 15.9596
21 7.4022 9.1723 10.5422 11.7939 12.9834 14.1339 15.2575 16.3616
22 7.7316 9.5226 10.9055 12.1674 13.3652 14.5227 15.6524 16.7618
23 8.0605 9.8721 11.2678 12.5395 13.7454 14.9099 16.0456 17.1603
24 8.3892 10.2207 11.629 12.9104 14.1243 15.2956 16.4373 17.5573
25 8.7176 10.5686 11.9891 13.2801 14.5019 15.68 16.8276 17.9528
26 9.0458 10.9158 12.3483 13.6487 14.8783 16.063 17.2164 18.3468
27 9.3736 11.2623 12.7066 14.0162 15.2535 16.4448 17.604 18.7395
28 9.7013 11.6082 13.0641 14.3827 15.6276 16.8254 17.9903 19.1309
29 10.0287 11.9535 13.4208 14.7483 16.0007 17.2049 18.3754 19.521
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Values of ψmn (Cont.)

m\n 8 9 10 11 12 13 14 15
0 8.2454 9.2459 10.2463 11.2466 12.2469 13.2471 14.2473 15.2475
1 8.7399 9.7409 10.7417 11.7424 12.743 13.7435 14.744 15.7444
2 9.2239 10.2264 11.2286 12.2303 13.2318 14.2331 15.2342 16.2352
3 9.699 10.7038 11.7078 12.7111 13.714 14.7164 15.7186 16.7204
4 10.1664 11.1739 12.1802 13.1856 14.1901 15.1941 16.1976 17.2006
5 10.6269 11.6377 12.6467 13.6543 14.6609 15.6666 16.6717 17.6761
6 11.0814 12.0957 13.1076 14.1179 15.1267 16.1344 17.1412 18.1473
7 11.5306 12.5485 13.5637 14.5767 15.588 16.5979 17.6066 18.6144
8 11.9748 12.9967 14.0152 15.0312 16.0451 17.0573 18.0681 19.0778
9 12.4147 13.4405 14.4626 15.4816 16.4983 17.5129 18.5259 19.5376
10 12.8505 13.8805 14.9061 15.9284 16.9478 17.9651 18.9804 19.9941
11 13.2826 14.3168 15.3461 16.3717 17.3941 18.4139 19.4316 20.4475
12 13.7114 14.7498 15.7829 16.8118 17.8372 18.8597 19.8799 20.898
13 14.1369 15.1796 16.2166 17.2488 18.2773 19.3026 20.3253 21.3458
14 14.5596 15.6066 16.6474 17.6831 18.7147 19.7428 20.7681 21.7909
15 14.9795 16.0309 17.0755 18.1147 19.1495 20.1805 21.2083 22.2335
16 15.3969 16.4526 17.5012 18.5439 19.5818 20.6157 21.6462 22.6738
17 15.8119 16.872 17.9244 18.9706 20.0117 21.0485 22.0817 23.1118
18 16.2246 17.2891 18.3454 19.3952 20.4395 21.4792 22.5151 23.5477
19 16.6353 17.7041 18.7643 19.8176 20.8652 21.9079 22.9465 23.9815
20 17.0439 18.117 19.1812 20.238 21.2888 22.3345 23.3758 24.4135
21 17.4507 18.5281 19.5962 20.6566 21.7106 22.7592 23.8033 24.8435
22 17.8557 18.9374 20.0093 21.0733 22.1305 23.1822 24.229 25.2717
23 18.259 19.345 20.4208 21.4883 22.5488 23.6034 24.653 25.6983
24 18.6606 19.7509 20.8306 21.9016 22.9653 24.0229 25.0753 26.1232
25 19.0608 20.1553 21.2388 22.3133 23.3803 24.4409 25.496 26.5465
26 19.4595 20.5582 21.6455 22.7235 23.7937 24.8573 25.9152 26.9683
27 19.8568 20.9596 22.0508 23.1323 24.2057 25.2723 26.333 27.3886
28 20.2527 21.3597 22.4547 23.5397 24.6163 25.6859 26.7493 27.8075
29 20.6474 21.7585 22.8573 23.9457 25.0255 26.0981 27.1643 28.225
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Values of ψmn (Cont.)

m\n 16 17 18 19 20 21 22 23
0 16.2477 17.2478 18.2479 19.248 20.2481 21.2482 22.2483 23.2484
1 16.7447 17.745 18.7453 19.7455 20.7457 21.7459 22.7461 23.7463
2 17.236 18.2368 19.2375 20.2381 21.2387 22.2392 23.2396 24.2401
3 17.7221 18.7236 19.7249 20.7262 21.7273 22.7283 23.7292 24.73
4 18.2034 19.2058 20.208 21.21 22.2118 23.2134 24.2149 25.2163
5 18.6801 19.6837 20.6869 21.6898 22.6925 23.6949 24.6972 25.6992
6 19.1527 20.1575 21.1619 22.1659 23.1696 24.1729 25.176 26.1788
7 19.6214 20.6277 21.6334 22.6386 23.6433 24.6477 25.6517 26.6554
8 20.0864 21.0943 22.1014 23.1079 24.1138 25.1193 26.1243 27.129
9 20.5481 21.5576 22.5662 23.5741 24.5813 25.588 26.5941 27.5998
10 21.0065 22.0177 23.028 24.0373 25.0459 26.0538 27.0611 28.0679
11 21.4619 22.475 23.4869 24.4978 25.5078 26.517 27.5256 28.5335
12 21.9145 22.9294 23.943 24.9555 25.967 26.9777 27.9875 28.9967
13 22.3643 23.3812 24.3966 25.4108 26.4238 27.4359 28.4471 29.4576
14 22.8116 23.8304 24.8477 25.8636 26.8783 27.8918 28.9044 29.9162
15 23.2564 24.2773 25.2965 26.3141 27.3304 28.3455 29.3596 30.3726
16 23.6989 24.7219 25.743 26.7624 27.7804 28.7971 29.8126 30.8271
17 24.1392 25.1643 26.1874 27.2086 28.2283 29.2466 30.2636 31.2795
18 24.5774 25.6046 26.6297 27.6528 28.6742 29.6942 30.7127 31.73
19 25.0136 26.043 27.0701 28.0951 29.1183 30.1398 31.1599 32.1787
20 25.4478 26.4794 27.5085 28.5354 29.5604 30.5837 31.6054 32.6257
21 25.8802 26.914 27.9452 28.974 30.0008 31.0258 32.0491 33.0709
22 26.3109 27.3469 28.3801 29.4109 30.4395 31.4662 32.4911 33.5145
23 26.7398 27.778 28.8134 29.8461 30.8766 31.905 32.9316 33.9565
24 27.1671 28.2076 29.245 30.2797 31.3121 32.3422 33.3705 34.3969
25 27.5928 28.6355 29.6751 30.7118 31.746 32.7779 33.8078 34.8359
26 28.017 29.062 30.1036 31.1424 32.1785 33.2122 34.2438 35.2734
27 28.4397 29.487 30.5308 31.5715 32.6095 33.645 34.6783 35.7095
28 28.8611 29.9106 30.9565 31.9993 33.0391 34.0764 35.1114 36.1443
29 29.281 30.3328 31.3809 32.4257 33.4674 34.5066 35.5433 36.5778
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Values of ψmn (Cont.)

m\n 24 25 26 27 28 29
0 24.2484 25.2485 26.2486 27.2486 28.2487 29.2487
1 24.7464 25.7466 26.7467 27.7468 28.7469 29.747
2 25.2405 26.2408 27.2412 28.2415 29.2418 30.242
3 25.7308 26.7315 27.7322 28.7328 29.7334 30.7339
4 26.2176 27.2188 28.2199 29.221 30.2219 31.2228
5 26.7011 27.7029 28.7045 29.7061 30.7075 31.7088
6 27.1815 28.1839 29.1862 30.1883 31.1903 32.1921
7 27.6588 28.662 29.665 30.6678 31.6704 32.6728
8 28.1333 29.1373 30.1411 31.1446 32.1479 33.151
9 28.6051 29.61 30.6146 31.6189 32.623 33.6268
10 29.0743 30.0801 31.0856 32.0908 33.0956 34.1002
11 29.5409 30.5478 31.5543 32.5604 33.5661 34.5714
12 30.0052 31.0132 32.0207 33.0277 34.0343 35.0405
13 30.4673 31.4764 32.4849 33.4929 34.5004 35.5075
14 30.9271 31.9374 32.947 33.956 34.9645 35.9725
15 31.3849 32.3963 33.407 34.4171 35.4267 36.4356
16 31.8406 32.8533 33.8652 34.8764 35.8869 36.8969
17 32.2944 33.3083 34.3214 35.3337 36.3453 37.3563
18 32.7463 33.7615 34.7758 35.7893 36.802 37.8141
19 33.1963 34.2129 35.2285 36.2431 37.257 38.2701
20 33.6447 34.6626 35.6794 36.6953 37.7103 38.7245
21 34.0914 35.1106 36.1287 37.1458 38.162 39.1773
22 34.5364 35.557 36.5765 37.5948 38.6122 39.6286
23 34.9799 36.0019 37.0227 38.0423 39.0609 40.0785
24 35.4218 36.4453 37.4674 38.4883 39.5081 40.5268
25 35.8623 36.8872 37.9106 38.9328 39.9539 40.9738
26 36.3013 37.3276 38.3525 39.376 40.3983 41.4194
27 36.739 37.7668 38.793 39.8178 40.8414 41.8637
28 37.1753 38.2045 39.2322 40.2583 41.2831 42.3067
29 37.6103 38.641 39.67 40.6976 41.7237 42.7485
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The cylindrical room panel is illustrated in the following figure.

Note that at the top of the left and right panels, blue text indicates whether or not
the room dimensions satisfy the Sabine room criterion that no dimension should be more
than three times any other. For non-Sabine rooms, the last 4 items calculated at the
bottom of the table may be inaccurate. Note that these last terms do not include any
contribution from the direct fields of the sound sources contributing to the sound field. All
the items shown in the figure above are fully described in the “rectangular room” section
immediately preceding this section.

4.3 Sound in rooms
This section calculates sound pressure levels and reverberation times in rooms of any
shape. It is divided into two main sections. The section including the left hand side and
bottom of the window applies to the steady state sound field in a room and is used to
relate the sound pressure level to the sound power level for sound sources in the room for
various types of room. It is also used to calculate direct field and reverberant field sound
pressure levels for specified source sound power levels.
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The panel on the right of the window applies to transient or decaying sound fields in
rooms. It relates absorption coefficients to reverberation times for various room types.

4.3.1 Steady-state response
This section is divided into three panels: Sabine rooms, flat rooms and long rooms. Each
will be discussed in turn below.

4.3.1.1 Sabine Rooms (Steady-State Response)

This panel (located at the bottom of the window and shown below), is intended for Sabine
rooms; that is, rooms whose dimension in one direction is no greater than three times the
dimension in any other direction. Given the source sound power level and room properties
(entered in the panel by the user), the total, direct and reverberant sound pressure levels
may be calculated at any given distance from the source using Equations (6.41) to (6.43)
in the 5th edition textbook.

Any one of the quantities, “room constant”, “average Sabine absorption coefficient”
or “T60” may be entered and the other two will be calculated automatically. However,
choosing T60 values that are too small can result in unreasonable values for the re-
verberant sound field level. The average Sabine absorption coefficient and total room
surface area may be calculated using the table in the “Transient response” panel. Al-
ternatively, the reverberant field sound pressure level may be entered and the corre-
sponding average absorption coefficient and reverberation time will then be calculated.

Clicking on the green button duplicated at right, results in the
window on the next page popping up. This window may be used to
calculate sound absorption coefficients from reverberation time mea-
surements or with the use of a reference source in a reverberation room.
For the reverberation time measurement method, measured reverberation times may be
input with and without absorbing material and the absorbing material area is also input.
Then two equations are used to calculate the absorption coefficient. Equation (6.77) in the
5th edition textbook gives an exact result and Equation (6.78) gives the result according
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to most current national and international standards (labelled “standard”). The min and
max boxes beneath the graph on th next page allow you to change the scale on the graph
y-axis. You can also select which absorption coefficient curve to display.

The room average room absorption coefficient may also be determined by using a
reference sound source of known sound power output in octave bands (see above figure).
Measured sound pressure levels, averaged in time and space in octave bands with the
reference source operating for the cases of no sound absorbing material and then with the
test specimen of sound absorbing material included, are also required as input. These levels
must be more than 10 dB above background noise levels with the source not operating.
The equation used to calculate the material absorption coefficient, ᾱ is:

ᾱ = Sᾱ2 − Sᾱ1 + Smᾱ1

Sm
(4.1)

where S is the wall, floor and ceiling surface area of the empty room, Sm is the area of
test material (usually 10 m2), ᾱ1 is the space average absorption coefficient in the room
without the test material present and ᾱ2 is the space average absorption coefficient in the
room with the test material present. The quantities, α1 and α2 are calculated from the
user provided reference source sound power levels in octave bands, LW and the space and
time averaged sound pressure level, Lp, in octave bands in the room with the reference
source operating using:

R = 4× 10(LW−Lp)/10 (4.2)
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and
ᾱ = R

S +R
(4.3)

where R is the room constant and S is the room surface area. Results are plotted by ENC
as shown in the following figure.

4.3.1.2 Flat Rooms (Steady-State Response)

A flat room is one for which two dimensions are more than three times the third dimension.
Both reverberant and direct sound levels are calculated in a flat room for a specified
distance between the source and receiver and a specified source sound power level for
various reflection conditions of the floor and ceiling. The results provided by ENC follow
the analysis on pages 348–355 in the 5th edition textbook.
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Where the floor and ceiling are either both specularly reflective or both diffusely
reflective, results are only provided for cases where the source and receiver are located
mid-way between the floor and ceiling. For specularly reflecting floor and ceiling, Equation
(6.95) in the 5th edition textbook is used for the combined direct and reverberant fields.
For a diffusely reflecting floor and ceiling where the two reflection coefficients β1 and β2
are equal, Equation (6.105) is used for the reverberant field, otherwise Equation (6.113)
is used if the reflection coefficients are not equal. For the calculations corresponding to
the case of one surface diffusely reflecting and the other specularly reflecting, Equation
(6.115) in the 5th edition textbook is used for the reverberant field for r/a>1 and Table
6.3 is used for r/a < 1. This results in up to 2 dB error in the region of r = a. The direct
field is calculated using Equation (4.14). Remember not to change values in boxes without
arrows on the sides as these are results boxes and not input data.

4.3.1.3 Long Room (Steady-State Response)

A long room (see below) is one for which one dimension is more than three times greater
than the other two. Both reverberant and direct sound levels are calculated in a long
room for a specified distance between the source and receiver and a specified source
sound power level for various reflection conditions of the side walls, floor and ceiling. The
results provided by the software follow the analysis on pages 355–359 in the 5th edition
textbook. Remember not to change values in boxes without arrows on the sides as these
are results boxes and not input data. Where line sources are considered, they are assumed
to occupy the full width of the room and be orientated perpendicular to the room axis.
All calculations are for the source and receiver to be on the main axis of the tunnel-
shaped space. For the case of a circular cross-section room and specularly reflecting walls
and a point source, Equation (6.116) is used to calculate the direct and reverberant sound
pressures and for the case of specularly reflecting walls and a line source, Equation (6.118)
is used. For a circular cross-section, a point source and diffusely reflecting walls, Equation
(6.120) is used for the reverberant field and Equation (4.14) for the direct field.

When a square cross-section room is selected, the value entered for the height is also
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used for the width and the width value is ignored. For a rectangular section room for
with specularly reflecting side walls and diffusely reflecting floor and ceiling and either a
point source, Equation (6.123) is used to calculate the reverberant field component and
the term outside the brackets in Equation (4.14) is used to calculate the direct field.

Clicking on the octave green button at right brings up the window shown
below. This window provides the capability to calculate octave band sound
pressure levels in flat rooms and long rooms with room dimensions, reflection
coefficient and omni-directional source sound power input data. There are several options
provided for the user to choose from. These include whether boundaries are diffusely
reflecting or specularly reflecting and for the long room, whether the source is a point or
line source and whether the room cross section is circular or rectangular. Sabine rooms are
also included and for this room you may choose whether to use average sabine absorption
coefficients (which includes air absorption), room constants or reverberation times for the
input data along with the octave band sound power output of the point source and the
room volume, room surface area, distance of the measurement point from the source and
source directivity factor in the direction of the receiver.

For all types of room, ENC provides as output, the direct field sound pressure level, the
reverberant field sound pressure level and the total (direct + reverberant) sound pressure
level.

Clicking on any of the red i symbols in a green box allows the user to specify a file
for the input data. As mentioned at the end of chapter 1, the format for the input data
is important. The correct format can be obtained by right clicking on the “i” symbol and
saving the file. You can then replace numbers in this file with your numbers in the same
places and then left click on the “i” symbol and load the new file.
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4.3.2 Transient Response
This panel (right side of the window and illustrated on the following page) calculates
reverberation times and average absorption coefficients for any shape room, given the room
volume and surface area and the absorption coefficient of all room surfaces (in tabular
form, associating each area with a particular absorption coefficient). You may also add
absorption areas that are not necessarily room walls, floor nor ceiling. For calculations
using the Sabine formula (Equation (6.52) in the 5th edition textbook), the absorption
coefficient entered in the table must be the Sabine absorption coefficient. For calculations
using the Norris-Eyring or Millington-Sette (Equations (6.57) and (6.58) in the 5th

edition textbook) or the Kuttruff non-Sabine room (Equation (6.62) in the 5th edition
textbook), the absorption coefficients entered in the table must be statistical coefficients
and none can be greater than 0.95. If they are, then they are set equal to 0.95 prior to
the calculations. The final result can include air absorption (Equation (6.38)) if you tick
the indicated box.

Clicking on the “Constants” button allows you to set the speed of sound and gas
density for the calculations of the entire window — see Section 0.5.4 in this manual for a
full description.

Clicking on the green box labelled, “Reverberation calculations using Fitzroy and
Fitzroy-Kuttruff equations” results in the window shown on the next page, popping up. In
this window, the room volume, surface areas of opposite walls and total wall/ceiling/floor
surface area are calculated from the room dimensions. The average sound absorption
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coefficient of opposite walls in the room must be entered as well.
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With these data ENC will calculate the room reverberation time using two alternative
empirical equations for Sabine type rooms and another empirical equation for flat or
long rooms (one dimension less than or greater than three times the other two). The
two equations for the Sabine room correspond to Equation (6.61) ( Fitzroy equation)
and Equation (6.62) ( Fitzroy-Kuttruff equation) and the equation for flat or long rooms
corresponds to Equation (6.66) ( Neubauer equation) in the 5th edition textbook. These
equations are often preferred by practitioners for architectural spaces as they seem to give
more accurate results than obtained with equations derived from first principles. Note that
the room dimensions that are selected will determine which results are available. This if
the room dimensions are such that it is a Sabine room, the flat and long room calculations
will be “greyed out” and not accessible.

Clicking on the “back” button will return you to the main screen.

4.4 Porous Material Sound Absorbers
This window calculates normal, incidence absorption coefficients, random incidence ab-
sorption coefficients and normal impedances of porous acoustic material, using Equations
(D.37), (D.51), (5.15), (5.17) and (5.18) in the 5th edition textbook. Calculations in this
panel are based on some constants with assumed values. Clicking on the “Constants” but-
ton (top right of the screen) allows you to set the speed of sound and gas density for the
calculations of the entire window — see Section 0.5.4 in this manual for a full description.
Note that the value for viscosity is also used here.

The user may choose between flow resistance measured data or impedance tube mea-
surements as the basis for the calculations by clicking the switch illustrated in the following
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figure.

4.4.1 Calculations based on flow resistance data
These calculations are explained in full in Appendix D of the 5th edition textbook. The
calculations involve calculating in octave bands, the statistical absorption coefficient as-
sociated with a porous acoustical material with or without the following:

• backing cavity (can be specified as partitioned or non-partitioned)

• impervious protective covering (such as plastic sheet)

• perforated panel (assumed to be spaced from the impervious covering with a mesh
(at least 2mm thick and 13mm size squares).

You may choose any one or more of the above options simultaneously and when the
input data are correct, the “run” symbol in the tool bar may be clicked on to produce a
result. A partitioned backing cavity is one for which solid partitions normal to the surface
of the sound absorbing material divide the backing cavity. The partitions must be closer
together than half a wavelength at the highest frequency of interest. The impervious
membrane may be defined in terms of speed of sound and density or selected from a list.
You must enter the membrane thickness. For the perforated panel, you must enter the hole
diameter, % open area and whether the holes are staggered or parallel. The hole spacing
and density are then calculated by the software. You may also choose whether you wish
the porous acoustic material to be treated as locally reactive or non-locally reactive (see
following figure).

For calculating the properties of rockwool and fibreglass fibrous absorbing materials,
you have a choice of calculation method. The Bies and Hansen method first calculates
the characteristic impedance and propagation constant for the material using Equations
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(D.9) to (D.21) in Appendix D of the 5th edition textbook. The other method available is
the Delaney and Bazely method (Equations D.22 and D.23 and Table D.1, line 1) which
is inaccurate at high and low values of flow resistance. For both methods, you must enter
whether the material is locally or bulk reacting (as this affects the reflection coefficient
used in the statistical absorption coefficient calculation of Equation (D.51)). You must
also enter the material flow resistivity (defined page 46 of the 5th edition textbook) and
the material thickness (see above figure). You can request ENC to calculate the material
flow resistivity by clicking on the button, “Use calculated flow resistivity” whereupon the
menu below will appear.

The flow resistivity calculator is based on Equation (D.8) in the 5th edition textbook
and is only valid for fibrous materials such as polyester, rockwool and fibreglass. For
materials with large diameter fibres, such as polyester, the same Equation (D.8) is used as
for rockwool and fibreglass but the constants in Equation (D.8) are different as explained
on page 725 of the 5th edition textbook.

If the porous acoustic material is polyester, a different analysis to that for rockwool
and fibreglass applies and this can be selected from the menu. In this case Equations
(D.22) and (D.23) and Table D.1, line 2 in the 5th edition textbook are used.

If the porous acoustic material selected is polyurethane foam of low flow resistivity,
then Equations (D.22) and (D.23) and Table D.1, line 3 in the 5th edition textbook are
used.

If the porous
acoustic mate-
rial selected is
porous plastic foam
of medium flow
resistivity, then
Equations (D.22)
and (D.23) and
Table D.1, line
3 in the 5th edi-
tion textbook are
used.

If the “Multi
Layered Mate-
rial” button is
clicked the menu
shown in the
figure at right
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appears.
When the multi-layered option is chosen, the layer thicknesses in the pop-up win-

dow and Equation (D.95) in the 5th edition textbook are used to calculate the normal
impedance at the outside face of the material. Click on “Close” when you have finished
entering parameter values.

The statistical absorption coefficient is calculated from the reflection coefficient which,
in turn, is calculated normal impedance at the face of the material. For a material that
is infinitely thick, the specific normal acoustic impedance is equal to the characteristic
impedance. However, this is not the case if the material is backed by a rigid surface or a
cavity and the normal impedance must be calculated from the characteristic impedance
using Equations (D.92)–(D.94) in the 5th edition textbook. Thus the next choice to make
is whether the material is backed by a cavity which in turn has a rigid termination (see
following figure). If the “backing cavity” option is not selected, ENC will assume that the
material is backed by a rigid wall. If you select that the material is backed by a cavity, then
you must enter the backing cavity depth (excluding the porous material) and whether it
is partitioned or non-partitioned (see following figure). For these calculations Equations
(D.92)–(D.94) are used together with Equation (D.51) and Equations (5.15) to (5.18) in
the 5th edition textbook to calculate the statistical absorption coefficient.

For a porous acoustic material covered in a limp im-
pervious membrane (such as polyethylene — see following
figure), the normal impedance used in Equations (5.15) or
(5.18) is calculated using Equation (D.96). You must click
on the small square box in this panel, enter the layer thick-
ness and select a material from the list (see figure at right).
If your material is not in the list, select the “self defined”
button and enter the material density.

If a perforated sheet is added (spaced away from an impervious membrane if one
exists), you need to click on the empty box labelled “if covered with a perforated panel
facing” and enter whether the holes in the panel are circular or non-circular. If circular,
you need to enter the diameter and if non-circular, you need to enter the hole aspect ratio,
area and perimeter. Next, enter whether the hole pattern is parallel or staggered. ENC
will calculate the distance between holes. Next select the perforated panel material type
from the list. If your material is not there, select “self defined” and enter the material
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density (see following figure). Finally, enter the perforated panel thickness (mm) and the
Mach number of any grazing flow across the perforations.

If a perforated sheet is added, then the specific normal impedance used in Equations
(5.15) or (5.18) is calculated using Equation (D.99) in the 5th edition textbook, where the
effective length of the holes is given by Equation (8.30).

Note that calculation of the effect of the perforated panel in ENC is only valid for a
panel open area of less than 20%. Also, the condition fL/c < 0.1 must be satisfied, where
L is the depth of backing cavity behind the perforated sheet.

The total number of holes calculation is only accurate if the aspect ratio of the holes
is close to unity. For other aspect ratios, the estimate will be incorrect. However, only the
% open area is used in the sound absorption calculations, not the number of holes.

As well as the final result of statistical absorption coefficient being produced, a number
of intermediate results are also provided for the selected frequency (see following figure).

4.4.2 Calculations based on impedance tube measurements
All of the impedance
and statistical ab-
sorption coefficients
described above can also be calculated using standing wave measurements made in an
impedance tube. The switch on the top left of the window is set to “Impedance tube mea-
surements” (see above figure). Then enter the measured data (standing wave ratio, Lo
and distance, D1, from the face of the test material of the first minimum sound pressure
level in the tube) for each octave band centre frequency in the table reproduced here in
the figure on the next page. The equations used to calculate the normal impedances and
statistical absorption coefficients for each octave band centre frequency are D.33–D.48 in
the 5th edition textbook.
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Clicking on the “Constants” button allows you to set the speed of sound and gas
density for the calculations of the entire window (including those based on flow resistance
measurements) — see Section 0.5.4 in this manual for a full description.

4.4.3 Calculation summary and results presentation
The absorption coefficients calculated using either method are also provided in a table of
values corresponding to octave band centre frequencies (see following figure). The table
also provides the NRC value for the material. You can switch between normal incidence
and statistical absorption coefficient, and the values shown in the table depend on the
position of the flow resistivity/impedance tube switch at the top of the window.

For convenience there is an NRC calculator at the bottom right of the window which
can be used with any known values of absorption coefficients for the octave band centre
frequencies, 250 Hz to 2 kHz (see below).

All of the calculated quantities are also avail-
able for display as a graph for octave band centre
frequencies from 31.5 Hz to 8 kHz (see figure on
the next page). The screen can be dumped to a
printer or to the clipboard and/or the numerical
results can be saved to a file for later use by a
spreadsheet program such as Excel. If dumped to
the clip board (by pressing the “print Scrn” key
on your keyboard), you can cut out the parts you
need for a report using software such as Corel
PhotoPaint (which produces excellent results).

The y-axis maximum and minimum values can also be set by clicking on “y-axis setup”
as shown at right.
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4.5 Panel Absorber
This section is for the calculation of sabine absorption coefficients produced by a sound
absorber made using a solid panel. There are two ways of doing the calculation. One relies
on an empirical model and is based on figures 6.7 and 6.8 in the 5th edition textbook
(5th edition). The other method is analytical (5th edition textbook, pages 344–346) but
requires much more detailed knowledge of the characteristics of the room and the panel
used as the absorber. Both methods provide values of Sabine absorption coefficient. For
the empirical method, all that is needed is the desired frequency of maximum absorption
and the corresponding absorption coefficient (see following figure).

ENC allows interpolation between the curves in Figures 6.8 and 6.9 in the 5th edition
textbook and the curve identified in blue text (see above figure — “Curve D”) is the
nearest to the chosen maximum absorption coefficient. ENC interpolates linearly between
the two nearest curves in order to find the optimal panel mass and cavity depth using
Figure 6.9 in the 5th edition textbook.
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Clicking on the “Constants” button (see above figure) allows you to set the speed of
sound and gas density for the calculations of the entire window — see Section 0.5.4 in
this manual for a full description.

For the analytical method, the data indicated in the figure on the next page must be
input. The required input data are either the room dimensions or its volume, surface area
and perimeter. In addition, the room reverberation time, the absorbing panel material,
absorbing panel area, thickness, perimeter and its mounted reverberation time in free
space (not in a room) as well as the number of panels must be entered. The Sabine
absorption coefficient is calculated using Equation (6.85) in the 5th edition textbook. The
panel radiation efficiency, σ, is calculated using the following equations from Davy (2009),
which are for a panel excited by an incident sound field.

σ = loge
(

1 +
√

1 + q2

F +
√
F 2 + q2

)
+ 1
B

loge
(
H +

√
H2 + q2

F +
√
F 2 + q2

)

where k = 2π/λ, H =
[
1.5
√

4a/λ− 0.124
]−1

, q = π/(2k2a2), F = 1.3
√
π/(2ka),

a = 0.5
√
Ap, Ap is the plate area and B = (H/F ) − 1. If B = 0 or if B is close to

0, the second term on the RHS of the above equation is replaced with F/
√
H2 + q2.
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For the analytical calculation, a number of useful intermediate results are provided
(see following figure).

For both calculation methods, the octave band values of the Sabine absorption coeffi-
cient are included in the table (see following figure). The empirical method seems to give
more realistic results.

The quantity to appear on the plot is chosen by selecting it from the menu shown
on the previous figure, where it can be seen that “panel radiation efficiency” can also be
selected.

An example of the plot so generated is shown below. The screen can be dumped to a
printer and/or the numerical results can be saved to a file for later use by a spreadsheet
program such as Excel. The graph shows 1/3 octave band results as well as octave band
results and values can be read accurately using the cursor. Maximum and minimum values
for the y-axis are user selectable. For the analytical calculations, 1/3-octave band results
are calculated using the corresponding octave band reverberation times, which represents
an approximation, albeit a good one.

The value corresponding to any specific single frequency can be obtained by typing
the desired frequency into the “single frequency” box (see following figure) and reading
the corresponding Sabine absorption coeff. in the “Absorpt. coeff.” box.
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4.6 Applications
There are two applications of reverberation and sound absorption for which calculations
are provided. The first application (see below) provides a rough guide (Equation (7.122)
in the 4th edition textbook) for estimating optimum reverberation times in an occupied
auditorium subject to various uses and a class room (both occupied and unoccupied). The
optimum octave band values of T60 are plotted on the graph and included in the table and
the value corresponding to any frequency can be obtained by typing the desired frequency
into the “single frequency” box and reading the corresponding reverberation time in the
“Optimum T60 ” box (see following figure). The optimum reverberation time at 250 Hz is
set at 10% above the value calculated using Equation (7.122) in the 4th edition textbook.
At 125 Hz it is 50% and at 63 Hz it is 100% and at 31.5 Hz it is 120%. For the optimum
reverberation times in occupied classrooms, the discussion following Equation (7.122) in
the 4th edition textbook is used and for unoccupied classrooms, the optimum reverberation
time is calculated from that for an occupied classroom using Equation (7.123) in the 4th

edition textbook.
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The second calculation (see following figure) allows three quantities of interest for
an occupied auditorium to be calculated from the measured quantities in an unoccupied
auditorium (most applicable to a concert hall). The quantity of interest may be selected
from the drop down menu and the choice is between early decay time, clarity and total
sound pressure level. This is discussed in the 4th edition textbook but has been excluded
from the 5th edition.

The third calculation (see following figure) allows one to estimate the reverberant field
noise reduction as a result of adding a fixed amount of absorption (Equations (7.121) and
(7.44) in the 4th edition textbook). Remember, only type in boxes with black numbers in
them. In the table, you can enter either the room constant or the room average Sabine
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absorption coefficient but not both. You need to click on “Run” for the calculation to
proceed after you have entered the appropriate numbers in all the boxes.

The fourth calculation (see following figure) allows actual reverberation times in au-
ditoria to be calculated with a reasonable degree of accuracy using Equation (7.125) in
the 5th edition textbook and a knowledge of the average absorption coefficients for the
bare auditorium and also for the treated surfaces (and corresponding areas). The total
absorption for each member of the audience and number of people in the audience also
need to be entered for each octave band. The default absorption coefficients used in ENC
are generally accepted values for seated people.

In the bottom right of the section is a calculator (Equation (6.81)) for averaging sound
absorption coefficients (see following figure).
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Chapter 5

TL, Enclosures, Barriers & Pipe
Lagging (Module 5)

5.1 Overview
This module allows you to do the calculations described in chapter 7 of the 5th edition
textbook. There are separate windows (and sections below) for single partition transmis-
sion loss (isotropic and orthotropic), double partition transmission loss, (single number
descriptors, STC, IIC, Rw), composite and flanking transmission loss, enclosures, outdoor
barriers, indoor barriers and pipe lagging. All windows have the same left hand panel,
which is illustrated on the next page. For each type of calculation, the results appear
plotted on the graph, either as 1/3-octave band or octave band data. The octave band
values (which are averages of the corresponding 1/3-octave bands) are listed in the table
below the figure. There are a number of aspects associated with the figure that are worthy
of note.

• A number of curves can be plotted on the figure simultaneously, allowing you to
observe the effect of changing some parameters. However, to plot more than one
curve on the figure, the “overlap” button at the bottom of the figure must be “ON”.
If it is “OFF”, only the curve corresponding to the current data in the right panel
will appear when the “run” icon is clicked on in the tool bar.

• Each curve can be assigned a unique colour using the “color” button beneath the
figure.

• The cursor may be turned on so that the 1/3-octave band levels can be read accu-
rately for each frequency. For cases such as the TL for composite panels window, the
cursor will only read octave band values as these are the only input data available.
The frequency and graph TL value corresponding to that frequency are displayed in
boxes beneath the figure. To make the cursor register when it is first turned “ON”,
it is necessary to click somewhere on the figure and this is also how you move the
cursor around. Note that if the cursor is “OFF”, these numbers have no meaning.

• The STC as well as the ISO single number descriptors, Rw, C and Ctr corresponding
to the TL curve are given in a box beneath the figure. In addition the OITC number
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is calculated and displayed. These descriptors apply to the curve which has the cursor
on it rather than the last one drawn. However, if the cursor is never turned on, the
descriptors apply to the last curve drawn. If the cursor is turned on and then off,
the descriptors will apply to the curve where the cursor was located prior to it being
turned off.

• Clicking on “Clear” beneath the figure clears all curves from the figure.

• Clicking on “Save” will prompt the user for a file name to which the data corre-
sponding to the current screen will be saved. These data can then be imported into
Excel.

• Double clicking on the graph will save it to the clipboard from where it can be
pasted into any application.

• Clicking on “Print” will result in the screen below being printed.

In some cases the cursor may not display the same value as in the table below the
figure. This is because the cursor value is a 1/3-octave band value and the table value is
an octave band value, which is the average of three 1/3-octave band values.
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The STC, Rw and OIC curves can be inserted on the graph for any of the data
curves by clicking on the corresponding name or the box containing the number below
the particular descriptor (see the yellow, blue and black curves in the figure at the top of
this page). Note that this option is available for whatever curve has the cursor on it. If
the cursor is “OFF”, then it is for the last curve that was plotted.

The TL values for a number of curves can be exported to an excel spreadsheet by
pressing F8 or by clicking the “save” button under the graph.

In all windows of this module (except the “Composite” and “Enclosure” windows),
you will find a button, labelled “Constants”. Clicking on this brings up a window that
allows you to set the speed of sound and gas density for the calculations — see Section
0.5.4 in this manual for a full description.

5.2 Partition Transmission Loss (Single Wall) (5th edi-
tion textbook, pages 375–385)

In this calculation, you have a choice between an isotropic (uniform) panel and an or-
thotropic panel (stiffened or corrugated). The window allows you to calculate the TL of
a single partition that is isotropic or orthotropic and which has one or more layers (or
leaves) of the same material connected rigidly of viscoelastically. There is also provision for
different materials to be used in a two leaf panel (select “composite material” provided
that the two different materials are rigidly connected). For each panel type, there is a
choice of three different models (Sharp model, Davy model and the standard, EN12354-1
model) for the calculations. The advantages of each model are outlined below and the
Davy model in ENC has been updated according to the Errata and Additions that follow
the last chapter of this manual.

5.2.1 Isotropic Panel
For the isotropic panel, you can choose between the
Sharp, Davy and the EN12354-1 models. The Davy
and EN12354-1 models are dependent on the area of
one side of the panel. The model currently selected is
displayed on the bottom right of the screen (see figure
at right).

As can be seen on the figure on the next page, you
also need to select whether or not you have a multi-leaf or composite panel configuration.
These are explained in detail in the following pages. You also need to select the frequency
at which you would like the bending wave speed calculated for display in the yellow box
(see figure at right). ENC also calculates and displays the upper frequency limit at which
the panel thickness limits the Transmission Loss (see page 383 in the 5th edition textbook).
As can be seen by inspection of the yellow box on the next page, ENC displays a number
of parameters that it uses in the TL calculations.
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Click on “Constants” (see preceding figure)
to set the speed of sound in air to be used in the
calculations.

Note that in the Davy model, the panel must
be larger than 1/6 of a wavelength of sound in
air at the lowest frequency of interest. Values
at lower frequencies will not be valid. The Davy
model has undergone a number of important changes since version 4.4 of ENC software.
Changes to the single panel TL calculations are:

1. “1+” has been removed from the first term on the RHS of Equation (7.51) in the
5th edition.

2. The frequency limits for the use of Equations (7.49) to (7.52) should be changed so
that between 0.5fc and 0.95fc, Equation (7.52) is used if it gives a larger TL value
than Equation (7.49). Also, between 1.05fc and 2fc, Equation (7.52) is used if it
gives a larger TL value than Equation (7.51).

3.
1−

(
f

fc

)2
 has been removed from Equation (7.50) in the 5th edition
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To select the material you wish to use, right click (or double left click) in the green
box above the materials properties table. This green box initially has “Layer 1” written
in it but after selecting a material, it will have the material name in it as shown in the
figure on the previous page.

When you right click on the green box above the materials properties table, the page
illustrated below will pop up.

Left click on the material you want and then click on “OK”, the bottom right green
button. If you wish to add your own material, click on the green ”Insert material/config”
button and it will appear in the right hand “New Material” column of the table. If you wish
to delete a material, left click on it in the list and then click on the “Del material/config”
button.

When you have selected the material you want, you can adjust its thickness (or any
other parameter) by entering the required value in the table. Then click on “run” on the
top right of the screen and a graph of TL plotted as a function of 1/3-octave band centre
frequency will appear as shown on the next page.

If you wish to plot more than one curve on the same set of axes, click on the overlap
button so that it shows “ON”. Note that you can also move to the double wall window while
keeping the curves from the single wall calculations. This allows immediate comparison
between single and double wall results. If you wish to read values from the curve, click
on the cursor button so that it is “ON” and then click on the appropriate place on the
curve. The x and y-axis values will then appear in the boxes under the graph.

Note that the data points corresponding to the critical frequency and half the critical
frequency are plotted in addition to the 1/3-octave band centre frequency points for the
Sharp analysis (but not the Davy analysis).

The “STC” value under the graph is the Sound Transmission Class and the Rw quan-
tity is the ISO weighted sound reduction index (which is closely related to the STC but
not the same). The coefficients C and Ctr correspond to the to the two correction factors
defined on page 372 of the 5th edition textbook and in ISO717-1 (1996).

The octave band Transmission Loss values that appear in the table below the graph
are calculated by averaging the values in the three one third octave bands that make up
each octave band.
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The calculations for the Sharp analysis use Equations (7.2), (7.3), (7.42) and (7.44)
in the 5th edition textbook together with the procedure described under Figure 7.9. For
the Davy analysis, Equations (7.49)–(7.52) are used. For both theories, Equations (7.47)
and (7.48) are used to calculate the low frequency TL. Note that the TL values calculated
using the Davy analysis and Sharp analysis deviate from one another around the panel
critical frequency. Experimental data agree better with the Sharp analysis around the
panel critical frequency whereas the Davy analysis agrees better with experimental data
at low frequencies. For both Sharp and Davy analyses, ENC extends the frequency range
of the calculations below the first panel resonance frequency (first quantity output in
the yellow box shown three pages back) in line with the analysis on page 382 in the 5th

edition textbook. The EN12354-1 model option is described on page 383 of the 5th edition
textbook.

ENC also incorporates the TL limit due to the panel thickness as explained on page
383 in the 5th edition textbook.
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5.2.2 Multi-leaf walls

This configuration consists of single walls that are made up of single panels either nailed or
glued together or held together with viscoelastic material such as silastic. These walls have
the same weight as a wall made up of a single panel equal to the combined thicknesses
of the individual panels. However, the critical frequency for the multi-leaf wall, with
flexibly connected leaves of identical material, is equal to that of the thickest leaf, so
the TL behaviour of the two wall types is very different. The connection type can either
be “flexible”, “visco-elastic” or “rigid”. If “flexible” (ie connected by a grid of glue spots
or even nailed), the loss factor is doubled over that of a single panel. If “visco-elastic”,
the loss factor is set equal to 0.2. The word “rigid” used here refers to panels bonded so
tightly together that they behave as a single panel. In this case, ENC automatically uses
the total thickness and mass of the panel rather than the thickness of the thickest leaf, in
the calculations of critical frequency and TL.

For the other two connection types (flexible and visco-elastic), the data specified in
the data box apply only to the thickest leaf and the critical frequency calculation is based
on these data. Note that this part of ENC can only calculate the TL for constructions for
which the leaves are made of identical material, but the leaves do not have to have the
same thickness and the number of leaves is unlimited.

5.2.3 Composite material wall
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If it is desired to calculate the TL of a panel made up of two leaves of different material
and if the materials are rigidly connected, then it is necessary to use the “composite
material” box shown at right, which produces results based on Equations (7.7), (7.8), and
(7.9) in the 5th edition textbook.

Clicking on this tick box will automatically bring up the two layer titles above the
data box as shown on the figure on the previous page. Note that the “loss factor” line in
the two column table is greyed out because you need to enter the value for loss factor of
the composite construction in a second box as shown on the previous page.

Right clicking on the green box at the top of either column will produce a pop up panel
to allow you to select the material properties for each layer as shown on the previous page.
You can modify any material properties and you can also add a new material for either
layer 1 or layer 2 by following the procedure described on the previous page and making
sure that the “composite material” box is ticked. However, don’t forget to save these new
materials to the list before exiting this window by clicking on “file”, “save as”. Then you
will be able to use these data later.

Note that an estimate of the loss factor for the composite construction must be entered.
It is possible to have composite and multi-leaf options selected simultaneously. When

this is done, it means that each leaf in the multi-leaf construction is made up of two layers,
each of a different material bonded rigidly together.

You can add new materials to the layer 1 and layer 2 lists by clicking on the “Ins
material/config” button and then in that window clicking on the “composite material”
tick box and entering the data as for a single leaf panel. The new material name will
appear in the “select material / config” window.
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5.2.4 Orthotropic Panels
For the orthotropic panel, you can choose between the
Heckl model (Equations (7.3), 7.5, 7.10–7.12, 7.51–
7.53 and the explanation following them) and the
Hansen model (Equations (7.3), (7.5), (7.9)–(7.12) and
(7.25)–(7.40)). You can specify any panel cross sec-
tional profile by clicking on the green “more proper-
ties” button to produce the screen shown in the following figure.

Basically the idea is to define x and y coordinates of each bend point (up to a maximum
of 13) in the panel until they start to repeat again. Note that both start and end points of
the repeating cycle need to be defined. For curved sections, you can define several points
on the curve and that will be a good enough approximation for the purposes of the TL
calculation. The y-coordinate is normal to the panel surface and the x-coordinate is in the
plane of the panel normal to the corrugations. After you have defined a panel profile, click
on the “draw” button to see it drawn in the small window. You need to specify whether
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or not the panel is covered with damping material by clicking on the appropriate button.
When you have finished specifying the panel profile, click on the “back” button to return
to the TL calculation. The TL is plotted out on the graph and octave band values are
given in the table beneath the graph. The data points on the graph are at 1/3-octave
band intervals with additional points plotted at locations where the graph has a sudden
change in slope.

Note that multi-leaf, orthotropic panels are not considered here. However, it is possible
to use ENC to calculate the TL of a composite orthotropic panel made up of two leaves
of different material bonded rigidly together. Although the calculations are based on
Equations (7.7), (7.8), and (7.9) in the 5th edition textbook, some additional manipulations
are necessary in order to be able to use these equations for an orthotropic panel. To derive
the necessary relationships, Equation (7.7) is used to calculate the quantity, Beff which
is then substituted for B in Equation (7.2) and an equivalent Young’s modulus is thus
obtained. This equivalent Young’s modulus is then used in Equations (7.10) and (7.12)
in the 5th edition textbook to calculate the maximum and minimum bending stiffness
values for the orthotropic panel. Again an estimate of the loss factor for the composite
construction must be entered.

The calculation of the orthotropic panel resonance frequency, which is displayed in the
intermediate results panel, Equation (7.27) in the 5th edition textbook is used with the
correction that the last term in brackets has a “2” in the numerator, which is missing in
the 5th edition textbook.

A number of intermediate calculation results are also provided as shown below.

5.3 Double Wall (5th edition textbook, pages 385–396)

For the double wall, the properties of each panel
and the way the two panels are connected to-
gether need to be specified. Also you have a
choice of using the Sharp, Davy or EN12354-
1 models for the TL calculations. If the Davy
model is chosen, the wall length and breadth must be entered as well. For the Sharp
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method, the procedure in the caption of Figure 7.11 is used. For the Davy method, Equa-
tions (7.68)–(7.84) are used. The Davy method has been updated according to the entry
for page 391 in the Errata and Additions document that follows the last chapter of this
manual. For the EN12354 model, the procedure on page 394 of the 5th edition textbook
is used. However, for this model only STC and Rw values are provided. No octave or
1/3-octave values are obtained using this latter method.

For the Sharp and Davy models, both single and multi-leaf panels are allowed. Each
panel making up the double panel may be a composite panel with each composite panel
made up of two different materials bonded rigidly together as for the single partition case.
The panel material/configuration can be selected by right clicking (or double left clicking)
on “layer 1” (and/or layer 2 if “composite material” is selected) and then selecting the
desired material from the list (see following figure).

If the desired material is not there, then you can enter your own material by directly
editing the data table containing the properties of a material in the list or by adding a
new material to the pop-up list.

After selecting the material, you may choose the Davy method or the Sharp method
to calculate the TL for the double wall. Note that for the calculations here using Davy’s
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method, the 1.8 empirical correction factor mentioned in the equation for f0 on page 387
of the 5th edition textbook has been replaced with the procedure outlined for the page
391 entry in the Errata and Additions that follow the last chapter of this manual. Prior
to doing the calculation, you must select the type of connection between the panels by
clicking on the “Panel/stud connection type” box at the top right of the screen (see image
on the next page). A pop-up menu will appear if you click inside the box rather than on
the arrows to the left of the box. See the following figure on the right of he page for the
choices corresponding to selection of the Sharp model. There are different choices when
the Davy model is selected.

Other data must be entered as shown on
the following figure. These data include gap
between the two partitions (panel separation
distance) making up the wall, the stud spac-
ing (distance between supports), whether the
studs are wood or steel or something for which
you know the compliance (enter compliance if
known). For steel studs the compliance used by
ENC is 10−6m2/N and for wood it is 0. Note
that the stud type is only needed if the Davy
model is selected for the calculations.

Next, enter whether or not there is sound absorbing material in the cavity between
the two partitions. Note that acceptable sound absorbing material consists of rockwool or
fibreglass flexible batts, the thickness of which is at least 50% of the gap width between
the panels. It is also assumed that the sound absorbing material is only in contact with
one of the two partitions making up the double wall.

If there is no sound absorbing material in the cavity wall the TL is calculated as
follows.

1. For f ≤ πf` for all cases of πf`,
TL(f) = TLA + 20 log10(f/f0)

2. For πf` ≤ 0.5fc1 and πf` < f < 0.5fc1,
TL(f) = TLA + 20 log10(πf`/f0) + 40 log10(f/(πf`))
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3. For πf` ≤ 0.5fc1 and 0.5fc1 < f ≤ fc2,

TL(f) = TLB − (TLB − TLC)× (10 log10 f − 10 log10(0.5fc1))
(10 log10 fc2 − 10 log10(0.5fc1))

4. For 0.5fc1 < πf` ≤ fc2 and πf` ≤ f ≤ fc2,
TL(f) = TLA + 20 log10(f/f0)
TLB = TLA + 20 log10(0.5fc1/f0)
TLC is calculated as before using the new TLB

5. For πf` > fc2 and f > fc2,
TL(f) = TLC + 50 log10(f/fc2)
TLB = TLA + 20 log10(0.5fc1/f0)
TLC is calculated as before using the new TLB

Click on “Constants” to set the speed of sound in air to be used in the calculations.
When you are ready for the TL calculation to proceed, click on “run” in the tool

bar at the top of the window. The critical frequencies of each panel, the bending wave
speeds in each panel at the frequency you specified and the frequencies, f0 (mass-air-mass
resonance frequency), fc and f` as well as a number of other useful parameters are given
in the aqua box at the bottom of the screen shown in the figure below. Most important
is the TL at the critical frequencies as these often are not represented adequately on the
graphs which only plot the TL at 1/3-octave band centre frequencies. Data for the stud
compliance are only provided when the Davy analysis is chosen.

In addition, data points for the Sharp analysis are plotted wherever the curve changes
shape so that the curve appears continuous.
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The TL is plotted out on the graph illustrated below and octave band values are given
in the table beneath the graph. Curves can be superimposed on those for the single wall
by clicking “overlap” to ON.

5.3.1 Multi-leaf Panels (5th edition textbook, pages 395–396)

Note that multi-leaf panels are made up of leaves of the same material but not necessarily
the same thickness. When the “multi-leaf wall” option is selected (see following figure),
you must enter the total thickness of all the leaves making up one panel and then in
the data boxes you need to enter the detailed data for the thickest leaf as this is used
to calculate the critical frequency of the panel. As for the single partition, if the rigid
connection option is selected, the panel is treated as a single leaf panel of thickness equal
to the sum of the thicknesses of all the leaves.
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5.3.2 Composite Material (5th edition textbook, pages 395–396)

The “composite material” option (see figure below) allows for panels made up of a maxi-
mum of two leaves but the leaves may be of different materials and they must be bonded
rigidly together. For this option the loss factor also needs to be selected. Note that if
the multi-leaf panel is selected at the same time as the composite panel, then ENC will
assume that each leaf in the multi-leaf panel is made up of two layers, each of a different
material, bonded rigidly together and you will then need to enter the properties for each
layer.
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5.4 STC, Rw, IIC Ln,w and LnT,w (5th edition textbook, pages
370–373)

This window allows the calculation
of STC, Rw, IIC Ln,w and LnT,w us-
ing either directly entered TL or Ln
data or from measurements of the
sound pressure level in the receiving
room and also in the source room (for STC and Rw). In the latter case the average ab-
sorption coefficient of the receiver room is also needed. This can be entered directly or
reverberation times can be entered and ENC will calculate the corresponding absorption
coefficient. Choices of input data are made by selecting from the menu shown at right and
by clicking appropriate tick box as shown below. which applies only to the receiver room.
In fact all of the brown data apply to the receiver room.

As shown in the figure above, it is also necessary to know the receiver room surface
area and volume. This can be calculated by ENC from dimensions for a rectangular room
or entered directly.

Once the choices are made, the receiver room data must be entered in the appropriate
(brown colour)1/3-octave and/or octave band table as shown in the following figure.
Note that Lp, the space averaged sound pressure level in the receiver room, must also be
measured and entered in the table below if the “calculated TL and Ln” option is selected.

The row labelled “A. Coeff.” is the space av-
eraged Sabine absorption coefficient for the re-
ceiver room.

All of the above values apply to the receiver
room and only need to be entered if the option,
“Using calculated TL and Ln from measured Lp”
is selected. Note that in order to calculate TL, it is also necessary to enter the test partition
area in the box below the brown table (see 5th edition textbook, Equation (7.16)). This
is not needed for the impact isolation case (see Equation (7.22)).
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To calculate the TL from measured data, it is necessary to enter the space averaged
sound pressure level, Li, that is measured in the source room (first row in the green table
in the following figures — the first one shown is for 1/3-octave band values and the next
one is for octave band values) so that NR can be calculated. The NR is the difference
between Lp (last row of the brown table) and Li. The TL is then calculated using Equation
(7.17) in the 5th edition textbook. The calculation of STC and Rw is done as described
on pages 370–373 in the 5th edition textbook.

If the “Using directly entered TL and Ln”
option is chosen at the top of the window, then
you only need to enter the TL values in the table
above in order to determine the corresponding
STC and Rw values. The STC values are the
USA standard and they are similar to the Rw

values which are calculated according to the ISO
standard. The main difference between STC and
Rw is that the first criterion on page 370 in the 5th edition textbook does not apply to the
ISO calculation. Another difference is the frequency range of the data used to calculate
IIC is from 125 Hz to 4000 Hz, whereas that for calculating Rw is from 100 Hz to 3150
Hz. A third difference is that Rw is qualified by two correction numbers, C and Ctr that
depend on the characteristics of the noise. However, the values of these correction terms
also depend on the frequency range for which measured data are available, which is why
ENC gives users a choice between 4 frequency ranges (see above figure). However, the Rw

value is the same for all frequency ranges and is based on 1/3 octave band data for the
frequency bands 100 Hz to 3150Hz inclusive and octave band data from 125 Hz to 2000
Hz inclusive.

Note that only the ISO standard allows octave band calculations which is why STC
is not listed for octave bands.

To determine Impact Insulation Class (IIC) the Weighted normalised im-
pact sound pressure level (Ln,w) or the Weighted standardised impact sound
pressure level (Ln,T ), you can either used the measured Lp and absorption coefficient
values in the receiver room and enter the values in the same brown table as for the TL
calculations or you can enter the Ln values directly into the table, which is illustrated
in the following figure for 1/3-octave bands and the figure after that for octave bands.
Remember to select the option you want at the top of the window. The ISO equivalent
to IIC is referred to as Ln,w (see ages 364 and 365 in the 5th edition textbook). There is
also a descriptor mentioned in the ISO standard, which is based on the measurement of
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reverberation time in the receiving room, which is called, LnT,w and ENC calculates this
as well.

Note that only ISO allows use of octave band data
to calculate the single number descriptor so no IIC
value appears under the octave band table. The main
difference between IIC and Ln,w is that the second
criterion on page 374 in the 5th edition textbook does
not apply to the ISO calculation.

When the “Using calculated TL and Ln from measured Lp” option is selected at the
top of the page, in addition to the measured Lp, it is also necessary to input the measured
receiver room absorption coefficient (in the brown table) to calculate Ln,w and the receiver
room reverberation time (in the brown table) to calculate LnT,w.

Note that according to the relevant standards, all single number descriptors are re-
ported as values rounded to the nearest integer.

For the ISO descriptors, a spectral adjustment term CI (see ISO 717-2:1996), can also
be calculated according to the standard, using 4 different frequency ranges of measured
data for the 1/3-octave band correction and 2 different frequency ranges of measured data
for the octave band correction. The frequency ranges for the 1/3 and octave band adjust-
ment terms (not for Ln,w or LnT,w) are selected from the drop down menus shown in the
above figures. This spectral adjustment term is introduced to account for the additional
annoyance due to walking on uncovered or insufficiently covered wood or concrete floors
and ranges in value from -15 dB to 0 dB. It is to be added arithmetically to the Ln,w or
LnT,w rating. ENC does not do this addition but provides both values. This correction
term is not discussed in the 5th edition textbook.
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5.5 Composite / Flanking (5th edition textbook, pages 398, 405–
407)

The purpose of this calculation
is to determine the overall TL
of a partition made up of sev-
eral segments, all with differ-
ent TLs (eg a wall with a win-
dow and door), using Equation
(7.92) in the 5th edition text-
book. The first thing to do is
enter the number of elements
with different values of TL that
you wish to combine to obtain
an overall TL (see the figure at
right). Next you should select
whether you want to present oc-
tave band or 1/3 octave band
data on the graph (see the figure at right). If you wish to work with 1/3 octave band
values in the table, you must click on the “1/3-octave” button shown in the following
figure and the 1/3-octave band window shown in the figure below appears.

Next the TL values (for “element 1, element 2”, etc in octave or 1/3-octave bands) for
each segment making up the partition (eg windows, wall, door) are input into the table.
The tables for octave bands and 1/3-octave bands are shown in the preceding two figures,
respectively.

The area of each segment is also input in the right hand column in the octave band
table and into a separate table for the 1/3-octave band calculations (illustrated in the
preceding figure).
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The last 3 lines above the total line in both the octave and 1/3-octave tables include
three forms of flanking and care must be taken by the user not to double count as it is
possible to tick all 3 boxes simultaneously and thus include all types of flanking simulta-
neously. All 3 rows of data except for the user defined flanking TL (labelled “flanking”)
are in blue text meaning they are calculated data and these calculations are undertaken
in the two panels under the table containing the TL values for all the individual elements
making up the table. The area associated with the user defined flanking is in blue text as
it must be the same as the total area of the elements making up the partition (similarly
for the ceiling flanking). Note that it is unlikely that you will need to tick both the ceiling
flanking and the user defined flanking (“flanking”) boxes but there may be some times
when both boxes are ticked such as when there is flanking via a ceiling path as well as
flanking via other paths. Note that the user defined flanking TL is that measured in the
lab when the panel is replaced by a very high TL panel (see STC/IIC window in Module
4). This flanking TL may be calculated from the measured sound pressure levels in the
rooms on either side of the panel using the “IIC & STC” window in module 4 of ENC.

The calculations for slit TL, and suspended ceiling flanking TL are done in the two
panels immediately below the part illustrated in the preceding figure. The slit (or crack)
TL data are associated with an area and are used with Equation (7.92) to calculate the
overall TL of a wall or panel that includes the crack and/or slit. The area of the slit
or crack is calculated by ENC based on the dimensions given in the relevant calculation
panels. There are three different calculation procedures that appear in the literature for
calculating the TL of a crack or slit. These are described on pages 413 and 414 in the 5th
edition textbook. If the slit TL is included separately in the table in ENC, it is important
that it is not also included in the user defined flanking TL. The flanking TL calculation for
a slit requires you to choose which calculation method you wish to use and then to enter
the slit location with respect to the wall edge, the type of incident sound field and the
slit dimensions, as illustrated in the following figure. For the Figure 7.14 and the Mechel
calculation methods, there is an upper valid frequency limit which is output in ENC and
illustrated in the figure below. For the Gomperts method, there is no upper frequency
limit, but there is a lower frequency limit which is output in the same location as the
upper frequency limit for the other two methods.

If the crack is at the edge of a wall (meaning that it is adjacent to another plane

ENC Software User’s Guide Version 5.5, July, 2021



CHAPTER 5. TL, ENCLOSURES, BARRIERS & PIPE LAGGING (MODULE 5) 150

surface), the effective height of the gap is doubled when calculating the TL using the
Figure 7.14 method, and the transmission coefficient, τ , is doubled when using the Mechel
method. For the Gomperts method, the coefficient, n in Equation (7.119) in the textbook
is halved from 1 to 0.5 when the slit is at the edge of a plane surface (and adjacent to
another plane surface). In all three methods, the actual slit height is used when calculating
the slit area. Note that the slit TL values are automatically entered by ENC into the octave
and 1/3-octave tables illustrated on the previous pages.

The type of incident sound field also affects the slit TL calculation for the Gomperts
method only and the options are a normally incident plane wave or an incident diffuse
field.

The second to bottom row in the table for both octave and 1/3-octave cases contains
calculated flanking TL results for a suspended ceiling which are done in the panel below
the slit panel (see illustration below).

Flanking due to a suspended ceiling (row immediately above the overall TL row) is
calculated by ENC in this window using Equations (7.95)–(7.98). The area normalisation
is done by ENC in the panel at the bottom of this window so there is no area to be entered
in the table for this row. This takes the laboratory measured flanking TL for a suspended
ceiling and uses it to calculate the expected flanking TL in an actual installation. The
input data needed to calculate the suspended ceiling flanking TL in the field includes
the laboratory measured flanking TL, calculated using Equations (7.95)–(7.98) (with A
being the area of the partition in the field over which the suspended ceiling is located,
not necessarily the area used in the laboratory). In addition, the following quantities
need to be entered for the laboratory test situation and the field situation: height of the
space above the suspended ceiling (Space Height); thickness of the wall partition where
it attaches to the suspended ceiling (Part. Thick); surface area of the source room (Sour.
Area); surface area of the receiving room (Rec. Area); thickness of absorbing material
above the suspended ceiling which must be the same for the test facility and the field
installation (sound abs. material thick).

The overall TL in the bottom of the octave band and
1/3 octave band tables is plotted out on the graph on the
left of the screen and you may select to plot octave or 1/3-
octave band values on the graph by clicking on the box to
the right of the green “select display” button at the top of
the screen which will bring up the menu shown at right.
Note that values for STC, Rw, C, Ctr and OITC are provided beneath the graph. All of
these quantities are explained in the 5th edition textbook, pages 370–373.
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Note that the OITC button at the bottom of the graph is greyed out when the octave
band plot is selected as it is only applicable to 1/3-octave band data.

Clicking on the green button labelled “EASY TL CALCULATOR” brings up the
window shown below. This calculator enables you to calculate in both directions for a 2
or 3 element system (see below). That is, you can determine the required TL of a door,
given the overall TL needed and the TL of the wall that is to contain the door. Using this
calculator is a bit complicated, but worth mastering. First you enter the areas of each
element in the top line. Then you enter the TLs that you know. If you know the total
TL, but not one of its constituents, then to find the unknown TL, double left click on
the box that is to contain it. If you want to calculate the total TL after filling 2 or 3 of
the constituent boxes on the left, then just click on the right pointing arrow. The same
operation can be done with the areas, but note that the TL calculation only updates when
clicking on the right arrow. For calculations based on knowing the totals and wishing to
find one of the constituents, the area and TL calculations must be done separately. It is
not necessary to click on “run” in the tool bar to use this calculator.
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5.6 Enclosures (5th edition textbook, pages 407–418)

This panel is used to calculate the expected noise reduction
of an enclosure, given the TL of its walls and its internal
acoustic conditions. The internal acoustic conditions can be
specified in terms of absorption coefficients (entered in the
table at the bottom of the window) or in a general sense by
clicking on the “Enclosure internal acoustic conditions” box
as shown in the figure at right.

The noise reduction of the enclosure is then calculated
using Equation (7.111) in the 5th edition textbook, where
the quantity, C, is based on the selected enclosure internal
conditions (Table 7.8 in the 5th edition textbook) and listed
as “Correction (dB)” in the table below.

If the enclosure is lined with acoustically absorbing material, the TL of the enclosure
wall will increase slightly at higher frequencies (see Table 7.7 in the 5th edition textbook
which is linearly adjusted for different thickness blankets). For a medium density blanket,
ENC will include this effect in the NR value in the table above. The user may enter any
thickness desired for the blanket — 50 mm is shown as an example below.

The enclosure noise reduction calculation (Equation (7.111) in the 5th edition text-
book) is performed by clicking on “run” in the tool bar and the result is displayed on the
graph to the left of the screen.

When the internal enclosure conditions are “user defined”, it is necessary for the user
to enter the enclosure external surface area, “Ext. area, exclude floor (m2)”, as well as
absorption coefficients and corresponding surface areas (inside the enclosure) in the table
at the bottom of the screen (see next page). The correction is then calculated using
Equation (7.103) in the 5th edition textbook.

Note that the “number of internal elements” refers to the number of rows in the table
(working from the top row downwards) that are to be included in the calculations.
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In addition to calculating the enclosure noise reduction, it is also possible to get sound
pressure levels on the enclosure outer surface (Lp1) or at some distant point either in
free space or in a large room (Lp2), as well as at the same location without the enclosure
in place (Lp2p). You need to select from the menu, observation point = “outdoors” or
observation point = “in a large building” (see below). If the latter is chosen, the building
dimensions and the mean Sabine absorption coefficient must be entered. Note that none of
these outdoor sound predictions include the excess attenuation effects. If the observation
point is more than 50 m from the enclosure, then it is necessary to include the excess
attenuation effects by using module 3 and calculating the enclosure radiated sound power
by using the first 2 terms on the RHS of Equation (7.108) in the 5th edition textbook.

You can also apply a directivity factor (NOT directivity index) to the source inside
the enclosure (to be used for calculations for the “no enclosure“ case) or a directivity
factor may be applied to the enclosure sound radiation itself. You also need to enter the
distance, R(m) of the observer from the enclosure surface or from the source for the case
with no enclosure. As an input to the calculation, you must input, for each octave band,
one of the following (chosen by clicking on the corresponding tick box): Source sound
power level (Lw); Sound pressure level at the receiver location with no enclosure (Lp2p);
Sound pressure level at the receiver location with the enclosure in place (Lp2); Sound
pressure level immediately outside the enclosure (Lp1)
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5.6.1 Cooling Air Requirements
Cooling air requirements for enclosures containing heat generating equipment such as
electric motors can be determined by clicking on the bright blue button at the bottom of
the window, labelled “Cooling air requirement”. This brings up the window shown below,
which evaluates Equation (7.120).

5.6.2 Partial Enclosures
When a sound source is only partially en-
closed, it is possible to calculate the overall
sound power reduction of the enclosure for
a specified wall TL. This is not the sound
pressure level reduction as this will vary,
depending on the orientation of the observer to the enclosure opening(s). To calculate the
sound power reduction, you need to enter the wall TL and the ratio of covered to open
area area as shown in the figure at right.
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5.7 Outdoor Barriers (5th edition textbook, pages 264–275)

This window calculates the insertion loss due to the inser-
tion of a barrier of finite height and length between a sound
source and a receiver. The calculations in this window are
almost (but not quite) the same as in the sound propagation
module (Module 3). Here (Module 5), the ground effect be-
fore the barrier was installed is removed by using the first
term on the RHS of Equation (1.100) in the 5th edition
textbook using the appropriate ground type. The appropri-
ate ground type is the type specified for the source side of
the barrier if the barrier is closer to the source than the
receiver, otherwise it is the ground type specified for the
receiver side. Thus, the calculated result displayed in ENC
in Module 5 is the noise reduction due to installation of the
barrier. On the other hand, the calculations in module 3 are
for the excess attenuation due to the existence of the bar-
rier. In practical terms this means that in module 5 (this
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module), the ground effect before the barrier is installed is taken into account when cal-
culating the insertion loss, whereas for the calculations in module 3, the ground effect
before the barrier was installed is not relevant in working out the excess attenuation due
to the barrier in terms of what the noise levels will be at the receiver.

Before undertaking a calculation, you must choose the particular barrier diffraction
model you wish to use from a total of 4 different choices using the button at the top
of the screen as shown in the figure at right. Then, depending on the diffraction model
chosen, you will need to enter the type of wave (plane cylindrical or spherical) or the
type of source (point incoherent line or coherent line) — see figure at right. The spherical
wave of the Menounou model is equivalent to the point source of the Maekawa model
and the cylindrical wave Menounou model is equivalent to the coherent line source of the
Maekawa model. The ISO and Kurze models provide the same results independent of the
source or wave type.

The configuration used in the calculations is illustrated below. When you click on
“NOTE”, a message will appear to explain the location of the origin of the coordinate
system as shown below.
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As noted in the preceding figure, the z-axis is normal to the ground surface and parallel
to the plane of the barrier and the y-axis is parallel to the ground surface and the barrier
surface. The coordinates of the source and receiver as well as the top corners of the barrier
are entered in the table at the bottom of the window as illustrated at right. Note that
the ground height is the height at the base of the barrier. It is assumed that the ground
height is constant between source and receiver. Negative values of z are not allowed for
any parameter.

The barrier thickness can be entered at the
bottom right of the screen (see 5th edition text-
book, page 270). For the ISO method, this thick-
ness is taken into account by using a double
diffraction model. In this case, the second diffrac-
tion edge is on the receiver side separated from
the first edge by the number entered as the thick-
ness parameter. You can also enter the height of
the second barrier here (only if the ISO method of barrier attenuation has been chosen at
the top of this window). If the second barrier (closest to the receiver) is such that its top
is below the straight line drawn from the top of the first barrier (closest to the source) to
the receiver, then the second barrier is ignored in the calculations.

For multiple paths over and around the barrier, the ISO method provides a choice
regarding how the ground effect is included. This choice is enacted by ticking or not
ticking the box labelled “calculate barrier and ground effects simultaneously (ISO)”. If
the box is ticked, the C2 factor in Equation (5.180) is set equal to 20 and if it is not
ticked, the C2 factor is set equal to 40 and the ground loss for each path is calculated
separately (see page 284 in the 5th edition textbook).

For barrier attenuation calculation methods other than the ISO method, the effect of
the barrier thickness on the attenuation of the barrier is calculated using Equation (5.156)
and Figure 5.19.

The barrier excess attenuation results calculated in Module 3 are different to the barrier
noise reductions or insertion loss calculated in this module (Module 5). This is because
in Module 5, we are interested in the difference that a barrier might make compared to
not having a barrier. In module 5 we need to use the full Equation (5.153) which includes
(Ab + Ag) with barrier minus (Ag) without barrier. In Module 3, we are interested in
the barrier plus ground effect in terms of calculating excess attenuation, AE and the
calculation actually gives us Ab + Ag (with barrier) and we do not want Ag (without
barrier) to be included at all in the calculation.

The effect of wind and temperature gradients are also included in the barrier calcula-
tions (see pages 273–274 in the 5th edition textbook). So the meteorological box is greyed
out whenever the wind speed or temperature gradient is selected to be non-zero and the
barrier box is ticked. For the ISO calculation, the meteorological box is greyed out even
for zero wind and temperature gradient selection as the ISO method is by default only
for worst case meteorological conditions. Note also that even though ENC may calculate
larger values, the ISO standard states that the barrier attenuation calculated according
to ISO should not exceed 20 dB in any octave band for a single barrier and should not
exceed 25 dB in any octave band for a double barrier.

The calculation of the barrier attenuation requires a knowledge of the sonic gradient
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(5th edition textbook, pages 245–246) and this in turn is dependent on the wind gradient
which in turn is dependent on the ground cover. So it is necessary to enter the ground cover
type for the wind gradient calculation separately from the ground type for the ground
reflection calculation. Apologies for the different list of ground types here, but that is what
is available in the literature and in each case, you will need to select the one that best
matches your situation. The radius of curvature, R (in metres) (see Equation 5.81) of the
sound wave going over the top of the barrier as a result of wind and temperature gradients
and the value of the exponent ξ (see Equation ((5.85) and Table 5.5) are provided for
your interest in blue text at the bottom of the barrier panel (see below figure). If you wish
to enter your own value of ξ, you will need to select “custom” on the menu for “ground
type for wind gradient calculation”.

A negative radius of curvature implies that the sound rays will be curved upwards
and the resulting barrier attenuation will increase. This is in contrast to the decrease
in barrier attenuation which occurs when there is a positive radius of curvature and
corresponding downward curved rays. Wind and temperature gradients are taken into
account automatically if you enter a non-zero value for the wind speed or temperature
gradient. The procedure calculates an effective source height based on the sound ray
curvature calculated from the wind and temperature gradients. If the effective source
height is less than zero, it is set equal to zero. Interestingly, the effect on the overall
attenuation of the barrier is not great in most cases. You need to enter the wind speed at
10 m and the temperature gradient in ◦C per 1000 m (see figure on previous page).

It is IMPORTANT to note that the barrier noise reduction will not be accurate until
you have entered the wind speed at a specified height (speed component in the direction
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from the source to the receiver — negative values represent a component blowing from the
receiver to the source) and temperature gradient. However, you may exclude the effect of
a sonic gradient by entering zero for the wind speed and temperature gradient. Note that
for sound propagation around the side of barriers, wind and temperature gradients have
no effect. The actual source and receiver locations are used, NOT the locations calculated
for sound propagation over the top of the barrier in the presence of wind or temperature
gradients.

As the barrier attenuation depends on the type of ground either side of the barrier,
you must first choose the ground type from the “ ground type” menu located in the panel
below the barrier figure. Just click inside the box and a menu of ground types will pop
up as shown at right.

Note that you can also define your own ground surface by clicking on the “Self defined”
item at the bottom of the menu. When you do this the box below pops up and all you
need do is enter the flow resistivity of the ground surface in MKS Rayls/m and then click
on “finished”.

You also need to select which ground model
you want to use (the hard/soft model for which
the reflection loss is 3 dB or 0 dB respectively;
the plane wave reflection model — Equation
(5.15); or the spherical wave model without tur-
bulence — Equation (5.22)) — see panel at right.
The last two choices result in the ground type selection being greyed out as it is not rel-
evant for these cases.

It is not possible to include turbulence in the barrier excess attenuation model here.
The reflection loss is −20 log10(Rp) or −20 log10(Q). The effect of paths around all sides of
the barrier as well as attenuations due to reflections from the ground are included in the
final attenuation value you find in the table. For each path the attenuation is calculated
using Figures 5.15 & 5.16, and Equations (5.134) & (5.137).

For paths involving ground reflections, the loss due to that is also added to the barrier
attenuation. The attenuations for each path are combined together to give an overall
barrier excess attenuation using Equation (1.100) in the 5th edition textbook. Note that
Equation (1.100) requires the calculation of a reflection loss for when no barrier is in place.
In ENC, if the barrier is closer to the receiver than the source, the ground properties for
the source side of the barrier are used and if the barrier is closer to the source than the
receiver, the ground properties for the receiver side of the barrier are used. The actual
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reflection loss will be a bit different to the equivalent one with the barrier in place due
to the different angle of incidence of the sound with the ground. When you have entered
the barrier parameters, click on “back” to return to the table and you will see the barrier
attenuation entered in the correct place in the table.

5.7.1 Mid-Results
If you are interested it is possible to view intermediate re-
sults of a calculation for the 1000 Hz band by clicking on
the button illustrated at right. This produces the window
illustrated on the next page, which shows all the calculation results for the 1000 Hz octave
band.
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The window for calculating the speed of sound and other parameters can be can be
activated by clicking on the “constants” button and is shown below.

After all of the
barrier parameters
have been entered,
click on “run” in
the tool bar and the
1/3-octave band at-
tenuations will ap-
pear plotted on the
graph to the left
of the screen. Oc-
tave band results are
output on the table
beneath the graph
(see figure at right).
The octave band re-
sults are averages of
the three third oc-
tave bands making
up the particular oc-
tave band.
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5.8 Indoor Barrier (5th edition textbook, pages 419–420)

This window is used to calculate the noise re-
duction due to a barrier mounted indoors. The
barrier configuration used is shown in the follow-
ing figure. The room is assumed to be rectangu-
lar and the origin of the coordinate system used
for defining the source, receiver and barrier lo-
cations is at a room corner on the source side of
the barrier as shown in the figure. The barrier is
assumed to be a plane partition, resting on the
floor and normal to the floor as shown in the fig-
ure. The room dimensions and the coordinates of the top corners of the barrier as well as
the source and receiver must be defined and input in the table shown at right. Make one
corner of the room the origin of your coordinate system such that all coordinate locations
are positive.

You need to enter the ᾱ for the bare room (room boundaries only) for each octave band
and also the ᾱ for each side of the added partition (barrier). The software will use the room
surface area to calculate the Sᾱ for the bare room and for each side of the barrier for the
room with the barrier. The value of surface area, S, used in the calculations is the room
surface area for the bare room and the room surface area plus barrier area for each side of
the barrier for the room with barrier. It is assumed that the Sᾱ in the room without the
barrier is uniformly distributed. If this is not the case or if there are additional surfaces in
the room you may enter the ᾱ of the additional area that should be added to each side of
the barrier to account for these effects (see above table). Beneath the table you also need
to include the source directivity in the direction of the receiver (see following figure) and
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whether or not the ceiling is treated with sound absorbing material. The barrier insertion
loss is then calculated using Equations (7.121)–(7.123). The “Constants” button may be
clicked on to calculate and set the speed of sound used in the calculations.

The additional surface areas corresponding
to the ᾱ of the additional area on each side of
the barrier (see previous figure) is input in the
bottom right section of the panel (see figure at
right). This additional area does not include the
barrier itself as that is already included in the
analysis. The bottom three lines are calculated
from the data input for the room (see figure on
previous page). There you must enter the room
size and the coordinates of the source and re-
ceiver locations as well as the two top corners of the barrier. It is assumed that the
barrier is resting on the floor.

Ceiling absorption prevents the wave reflected from the ceiling from having a significant
influence on the sound level at the receiver. So if ceiling absorption is used, the increase
in noise reduction is the minimum of the following two quantities:

• 1/3 of the noise reduction with no ceiling treatment;

• 4 dB for 250 Hz, 5 dB for 500 Hz, 6 dB for 1000 Hz and 7 dB for 2000 Hz and higher
frequencies. (see 5th edition textbook, page 420)

When you are satisfied with all input parameters, click on “run” in the tool bar. Then
the barrier IL results in octave bands will be plotted on the graph on the left of the screen
and listed in the table beneath the graph.
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5.9 Pipe Lagging (5th edition textbook, pages 420–422)

This window is intended to provide an estimate of the noise reduction achieved when a
pipe is covered with a layer of sound absorbing material which, in turn, is covered with
a limp, impervious skin. Care must be taken in the choice of rockwool and fibreglass
as the binder sometimes disintegrates in service, leaving the impervious skin resting on
the original pipe, resulting in very little residual noise control performance. Also you
should consider using shaped acoustic foam in place of shaped rockwool or fibreglass as
its performance is often better. However, the calculation procedures used here are not
applicable to acoustic foam wrappings (as no satisfactory theory exists) and the three
procedures used here for the rockwool and fibreglass wrappings are semi-empirical and
approximate at best.

The calculations are based on the assumption that the fibreglass or rockwool material
has a density of between 70 and 120 kg/m3. The actual density is not used in any of the
three calculation procedures, although the ISO 15665 procedure limits its rigidity. It is
also assumed that the fibreglass or rockwool material is covered with a limp impervious
membrane (jacket) of substantial mass. Usually a surface weight of 4.5-10 kg/m2 is used
and the material is usually aluminium or a bonded lead/aluminium sheet. The chosen
calculation method and the bare pipe diameter is entered in the section at the top, right
side of the panel (see following figure). Clicking on “Constants” allows you to calculate
and set the speed of sound to be used in these calculations.

You can enter the properties of either type of jacket in the table on the bottom right
of the screen (see next page) and you can specify whether the jacket is made of one or
two materials using the toggle above the table (see next page).

You have three choices of calculation method, the ISO 15665:2003 method, the Hale
method (Equations (7.124)–(7.131) in the 5th edition textbook) or the Michelson method
(Equation (7.132)), with the input data for all three methods shown on the next page.
The Michelson method is more reliable than the Hale method, but when compared to
measured data it is a bit conservative. It also has a lower frequency limit below which the
calculations are invalid (see following figure). It seems that the ISO method is perhaps
the most reliable, but there are insufficient data available to verify this.
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The Hale method is unreliable and often overestimates the actual IL. The calculation
method is selected by clicking on the “method selection” switch in the middle of the
window. Note that the Michelson method is characterized by a lower limiting frequency
below which the results are not valid. This must be remembered when interpreting the
plotted and tabulated results in the graph (see next page). These results appear when
you click on the “run” button in the tool bar.

Note that you can scroll the scale for the IL by clicking on either of the green squares
to the left of the graph. A number of curves can be plotted on the same axes by turning
overlap to “ON”. For the jacket material, results are provided at the bottom of the right
side of the panel for mass per unit area, speed of sound, critical frequency and ring
frequency.
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Chapter 6

Reactive & Dissipative Mufflers
(Module 6)

6.1 Overview
This module enables calculation of the impedances of individual reactive muffler elements,
the Insertion Loss of reactive and dissipative mufflers, flow noise, duct break-in / break-
out noise, exhaust stack directivity and the Insertion Loss of plenum chambers using the
procedures described in chapter 8 of the 5th edition textbook.

6.2 Duct Modal (pages 493–496 in the 5th edition textbook)

This panel enables you to calculate the cut-on frequency of a specified higher order mode
in a rectangular or cylindrical duct. In addition you can calculate the phase speed of the
specified mode at a specified frequency as well as the number of cut-on modes that are
propagating at the specified frequency. This panel also allows you to calculate the speed
of sound in gases, solids and liquids, which is a duplicate of the speed of sound panel in
“Module 1 — Fundamentals”.

To use this module simply enter the cross-sectional dimensions of the duct, the fre-
quency of interest and the mode index of the mode you wish to consider as shown on the
following figure.

For rectangular ducts, the analysis uses Equations (8.234) and (8.236) in the 5th edition
textbook.

For cylindrical ducts, the analysis uses Equations (8.235) and (8.238) in the 5th edition
textbook, where r is the radius of the cylinder, c is the speed of sound in free space and
αm, n is a constant dependent on the modal index and is listed in the following table.
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m n
0 1 2 3 4

0 0 3.83 7.02 10.17 13.32
1 1.84 5.33 8.53 11.71 14.86
2 3.05 6.71 9.97 13.17 16.35
3 4.2 8.02 11.35 14.59 17.79
4 5.32 9.28 12.68 15.96 19.2
5 6.42 10.52 13.99 17.31 20.58
6 7.5 11.73 15.27 18.64 21.93
7 8.58 12.93 16.53 19.94 23.27
8 9.65 14.12 17.77 21.23 24.59

wherem is the number of diametral nodes and n is the number of cylindrical nodes parallel
to the x-axis.

The panel also allows you to calculate the attenuation due to an unlined duct with
and without lagging on the outside. To calculate the unlined duct attenuation for the duct
cross sectional dimensions entered above, enter the duct length (see below) and indicate
whether or not external insulation exists. This is discussed on pages 500 and 501 of the
5th edition textbook.

6.3 Impedance (5th edition textbook, pages 429–437)

This panel enables you to calculate the normal incidence, lumped element impedance for
elements that make up reactive mufflers. The first thing to do is specify the properties
of the gas flowing in or past the element by clicking on the “Constants” button to bring
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up the “Constants set-up window. In addition, the flow speed needs to be entered as
illustrated in the following figure.

There are 5 elements (see figure at right) for which
you can calculate the impedance: tubes/orifices, 1/4-
wave tubes, volumes/ expansion chambers, Helmholtz
resonators and perforated sheets. When inputting pa-
rameters, please note carefully the units for each quan-
tity. Generally SI units are used but in many cases
millimetre units are used instead of metres.

The maximum valid frequency for the results when lumped analysis is used corresponds
to no dimension of the element exceeding λ/4. When 1-D wave analysis is used, the
maximum valid frequency corresponds to the cut-on frequency for higher order mode
propagation in the element. For volumes, the criterion is the same as for lumped analysis.

In this module the values plotted on the graph are not 1/3-octave band averages -
they are single frequency values at the 1/3-octave band centre frequencies.

Values at the octave band centre frequencies are displayed below the graph. Note that
the values are single frequency values with no band averaging. The impedances calculated
in this module are all normal incidence impedances. End corrections calculated using the
equations in the 5th edition textbook are modified for flow by multiplying by (1−M)2.

6.3.1 Tube/Orifice
For the panel shown in the following figure, the input parameters need some explanation
(pages 430–436 in the 5th edition textbook). The reactive part of the acoustic impedance
for specified gas properties and flow is calculated using the first term on the right of
Equation (8.19) in the 5th edition textbook, where the effective length of the hole is given
by Equation (8.11). The resistive part is calculated using Equation (8.33) in the 5th edition
textbook.

The length parameter in ENC is the actual tube length with no end correction or the
thickness of the orifice plate for an orifice. The edge radius parameter is used for calculating
the resistive part of the impedance (Equation (8.33) in the 5th edition textbook). If it is
unknown, use 10 mm.

Next you must specify whether the tube or orifice is circular or not — this is neces-
sary to allow the end correction to be calculated correctly. If the cross-sectional shape is
circular, you need to specify its diameter; if it is non-circular, then you need to specify
the cross-sectional area and perimeter. Equation (8.22) in the 5th edition textbook is then
used by ENC to calculate an equivalent radius of the orifice or tube.
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For all cross-sectional shapes, you need to specify the diameter of the baffle around
each end of the tube or around each side of the orifice. If the baffle is non-circular, then
you can use Figure 8.5 and Equation (8.22) in the 5th edition textbook to calculate the
diameter of a circle of the same area. If the orifice or tube pierces a baffle inside another
larger diameter tube, then the orifice diameter cannot be more than 0.6 times the larger
tube diameter, and ENC uses Equation (8.20) in the 5th edition textbook to calculate
the end correction. If the orifice or tube is not in a larger tube and the baffle is bigger
than three times the orifice diameter, then ENC uses Equation (8.20) with ξ = 0 to
calculate the effective length. If the orifice or tube is radiating into free space with no
baffle, then ENC uses Equation (8.23). For baffles of diameter smaller than three times
the orifice diameter, linear interpolation between the above two cases is used to calculate
the effective length.

If you enter “yes” to the “inside another tube” question, then it is assumed that the
orifice or tube is in a baffle, which, in turn, is mounted inside another outer tube (and
the baffle diameter is the same as the inside diameter of the outer tube) and the outer
tube diameter should be entered. To select the option corresponding to a baffle in free
space, select“no” for the “inside another tube” question and then select “yes” for the
“have baffle” question. If there is no baffle and the orifice is not inside a tube, enter “no”
to the “inside another tube” question and “no” for the “have baffle” question. Note that
if “yes” is selected for the “inside another tube” question, then the “have baffle” question
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is “greyed out” and vice versa.
ENC calculates the effective length increase for each side of an orifice or each end of

a tube, which is why input data are needed for each end. The resulting effective length
of the tube or orifice calculated by ENC is given at the bottom of the panel. Also at the
bottom of the panel, is given the real, imaginary and modulus of the impedance for any
frequency entered in the “frequency” box.

With the required input data entered, click on “run” in the tool bar and the impedance
will be plotted at 1/3-octave band intervals on the graph (shown on the following fig-
ure).The values plotted on the graph are not 1/3-octave band averages — they are single
frequency values at the 1/3-octave band centre frequencies. Note that you must select the
desired parameter to be plotted from the data window above the graph as shown in the
figure. If you want to select logarithmic axes for the plot or plot data at a finer resolution
than 1/3-octave or choose the frequency range for the plot, click on the “zoom” button
at the bottom of the graph and the zoomed window will appear, shown in the figure on
the next page.

As 1-D wave analysis is used here, the maximum valid frequency for the results, is
when higher order modes begin to propagate as defined by Equations (8.232) and (8.233)
in the 5th edition textbook. For very short tubes or orifices (less than half a wavelength
long) the upper limiting frequency corresponds to the orifice diameter being equal to λ/4.
The maximum valid frequency is calculated by ENC and displayed below the graph.

Values at the octave band centre frequencies are displayed below the graph. Note that
the values are single frequency values with no band averaging.

The impedances calculated in this module are all normal incidence impedances.
Impedance values corresponding to intermediate frequencies can be determined by typing
in the frequency of interest in the tube/orifice panel shown two pages back.
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6.3.2 1/4-wave Tube Calculations (see following figure and 5th edition
textbook, pages 438–446)

For the 1/4-wave tube calculations, the inlet edge radius is the radius of the edge where
the 1/4-wave tube joins the structure (usually a duct) on which it is mounted. If you do
not know the value, use 10 mm. After specifying the tube diameter, you may specify the
length and have the software calculate the corresponding resonance frequency or you may
specify the resonance frequency you desire and the software will calculate the required
length. Just click on the appropriate circle to the right of the data boxes. The quantity
calculated by the software is in blue text.

You also need to choose whether to use lumped element analysis or wave analysis by
selecting from the menu shown in the figure. Equation (8.41) in the 5th edition textbook
(2nd term on the right) is the basis of the lumped element calculation of the reactive
impedance and Equation (8.43) is the basis for the 1-D wave calculation, while Equation
(8.33) is used to calculate the resistive impedance.

Note that the effective length of the tube is the actual length plus an end correction
calculated using Equation (8.51) multiplied by (1−M)2 to account for grazing flow past
the mouth of the tube. As it is a calculated quantity, it appears in ENC in blue text.
The range of allowed diameter for the 1/4-wave tube ranges from 0.2 to 5 times the duct
diameter to which it is attached. For a 1/4-wave tube not attached to a duct wall, the end
correction for no baffle (or baffle diameter equal to the tube diameter) is calculated using
Equation (8.23) and for a very large baffle (of diameter greater than 3 times the tube
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diameter, Equation (8.20) is used with ξ = 0. Linear interpolation for the end correction
is used for baffle diameters between one and three times the tube diameter. For a quarter
wave tube attached to the side of a duct, the end correction is calculated using Equation
(8.20) (multiplied by (1−M)2 to account for flow past the mouth of the tube) where in
this case, ξ is set = 0. For a 1/4-wave tube attached to a duct wall, the end correction is
calculated using Equation (8.50) in the 5th edition textbook (again, multiplied by (1−M)2

to account for flow past the mouth of the tube).

The quality factor at resonance is provided at the bottom of the panel and is calculated
using Equation (8.54) in the 5th edition textbook. Sometimes ENC calculates quality
factors that, based on experience, seem too high, so if you prefer, you may enter a value
for the quality factor and ENC will use that to calculate the resistive impedance and
Insertion Loss. ENC then calculates the acoustic resistance at the resonance frequency
of the resonator using Equation (8.54) in the 5th edition textbook. The resistance values
at other frequencies are then calculated by multiplying the resistance at the resonance
frequency calculated using Equation (8.54) by the ratio of the resistance calculated using
Equation (8.33) at frequency of interest to the resistance calculated using Equation (8.33)
at the resonance frequency.

With the required input data entered, click on “run” in the tool bar and the impedance
will be plotted at 1/3-octave band intervals on the graph. Note that you must select the
desired parameter to be plotted from the data window above the graph.
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The maximum valid frequency for the lumped analysis is limited to the largest di-
mension of the 1/4-wave tube being λ/4. For the 1-D wave analysis, the maximum valid
frequency corresponds to the frequency at which cross modes begin to propagate in the
1/4-wave tube or the attached duct. The frequency corresponding to the maximum valid
frequency is indicated beneath the graph.

The values plotted on the graph are not 1/3-octave band averages — they are single
frequency values at the 1/3-octave band centre frequencies.

Values at the octave band centre frequencies are displayed below the graph. Note that
the values are single frequency values with no band averaging.

The impedances calculated in this module are all normal incidence impedances.
Impedance values corresponding to intermediate frequencies can be determined by

typing in the frequency of interest in the 1/4-wave panel shown on the previous page.

6.3.3 Volume/Expansion Chamber (see following figure and 5th edi-
tion textbook, pages 448–453)

For the volume/expansion chamber impedance calculations you must first select (by click-
ing on the circle next to your choice) whether you have an expansion chamber attached
to an inlet and outlet duct or a tube closed at one end that is not necessarily designed
specifically as a quarter wave tube at some specified frequency. If a closed tube is selected,
you must select whether it has a baffle around its opening or if it is attached to the wall
of a duct (and its opening looks into the duct).
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If you have an expansion chamber connected to an inlet and outlet duct, you must
enter the expansion chamber volume, and the diameters and edge radii of the inlet and exit
ducts. The inlet and exit duct diameter data are only used for determining the acoustic
resistance (see Equation (8.33) in the 5th edition textbook) associated with the expansion
chamber.

The quality factor at resonance is only calculated for the closed end tube option as it
would be necessary to know the lengths of the attached ducts to calculate a quality factor
for the expansion chamber.

For the closed end tube option, the quality factor is provided at the bottom of the
panel and is calculated using Equation (8.54) in the 5th edition textbook, where Rs is the
acoustic resistance of the closed end tube and S is its cross sectional area. Alternatively,
you may enter a value for the quality factor in the preceding panel if you wish and ENC will
calculate the corresponding resistance and use that to calculate the resistive impedance.
The resistive impedance values at other frequencies are then calculated by multiplying the
resistance at the resonance frequency calculated using Equation (8.55) in the 5th edition
textbook by the ratio of the resistance calculated using Equation (8.33) at the frequency
of interest to the resistance calculated using Equation (8.33) at the resonance frequency.

The reactive impedance is calculated using Equation (8.41), in the 5th edition textbook,
for the expansion chamber with inlet and outlet ducts and the second term in Equation
(8.43) for the closed end tube. The flow Mach number is that corresponding to flow
through the inlet and exit ducts for the expansion chamber and past the tube opening for
the closed end tube (which is only closed at one end).

In this panel, you are also able to calculate the acoustic impedance of a tube closed
at one end that is not designed specifically as a quarter wave tube at some specified
frequency. To use this option click on the circle next to the tube specifications.

With the required input data entered, click on “run” in the tool bar and the impedance
will be plotted at 1/3-octave band intervals on the graph. Note that you must select the
desired parameter to be plotted from the data window above the graph. Values corre-
sponding to intermediate frequencies can be determined by typing in the frequency of
interest in the volume/expansion chamber panel illustrated above.

The maximum valid frequency (indicated below the graph) of the expansion chamber
(with inlet and outlet ducts) analysis is the smaller of the frequency corresponding to the
cube root of the volume being equal to λ/4 and the frequency at which cross modes begin
to propagate in the inlet and outlet ducts. The maximum valid frequency for the closed
end tube analysis is the frequency at which cross modes begin to propagate in the closed
end tube.

Note that if the tube option is selected, the effective length of the tube is the actual
length plus an end correction calculated using Equation (8.51) multiplied by (1 −M)2

to account for grazing flow past the mouth of the tube. As it is a calculated quantity,
it appears in ENC in blue text. The range of allowed diameter for the 1/4-wave tube
ranges from 0.2 to 5 times the duct diameter to which it is attached. For a 1/4-wave tube
not attached to a duct wall, the end correction for no baffle (or baffle diameter equal
to the tube diameter) is calculated using Equation (8.23) and for a very large baffle (of
diameter greater than 3 times the tube diameter, Equation (8.20) is used with ξ = 0.
Linear interpolation for the end correction is used for baffle diameters between one and
three times the tube diameter. For a quarter wave tube attached to the side of a duct,
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the end correction is calculated using Equation (8.23) (multiplied by (1−M)2 to account
for flow past the mouth of the tube) where in this case, ξ is set = 0. For a 1/4-wave tube
attached to a duct wall, the end correction is calculated using Equation (8.50) in the text
(again, multiplied by (1−M)2 to account for flow past the mouth of the tube).

6.3.4 Helmholtz Resonator (see figure on the next page and 5th edition
textbook, pages 438–446)

The Helmholtz resonator panel (see figure on next page) enables you to design a Helmholtz
resonator by specifying its resonance frequency or calculate the resonance frequency of a
specified design. A Helmholtz resonator is made up of a neck and backing volume. The
backing volume is also referred to as a cavity.

First, you must specify the neck inlet edge radius. If it is unknown, use 10 mm.
Next, you must choose whether the resonator vol-

ume (cavity) is cylindrical in cross section or a differ-
ent cross section. If cylindrical, then you need to enter
the cross sectional diameter of the volume. If “other
cross section” is selected, you must click on the green
label, “Effective c/s diameter of the volume (m)” button and then in the pop-up window
(see below), enter the cross sectional area of the volume and the aspect ratio (major to
minor cross sectional dimension, which must be between 1.0 and 2.5). These quantities are
used to estimate an equivalent radius of the cross-section and factor, K, of Figure 8.5 on
page 433 in the 5th edition textbook, which, in turn, is used to estimate the effective end
correction for the neck attached to the volume. Before closing the window, it is important
to click on the “use the results” button.

The length of the resonator is calculated from the user entered volume and actual or
effective cross sectional area.

Note that the effective length of the resonator neck is the actual length plus an end
correction at each end. The end correction for the end attached to the resonator cavity is
calculated using Equation (8.49).

For a resonator not attached to a duct, the end correction for the end opposite the
cavity and with no baffle (or baffle diameter equal to the neck diameter) is calculated
using Equation (8.23) and for a very large baffle (of diameter greater than 3 times the neck
diameter, Equation (8.20) is used with ξ=0. Linear interpolation for the end correction is
used for baffle diameters between one and three times the tube diameter.
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For a Helmholtz resonator attached to the side of a duct, the end correction at the
duct end is calculated using Equation (8.50), corrected for grazing flow by multiplying the
RHS by (1−M)2. The end correction for the other end is calculated using Equation (8.50)
with no Mach number correction. As the total end correction is a calculated quantity, it
appears in ENC in blue text.

Impedances in this module in the presence of through flow or grazing flow of Mach
number, M , are calculated by substituting (1 −M)`e for `e in all places. Thus, in the
presence of through flow or grazing flow of Mach number, M , the same equations as
provided in the 5th edition textbook for impedances without mean flow being present can
be used by substituting (1−M)`e for `e in all places.

The next step is to select the equation to use for the resonance frequency calculation
and the equation to use for the impedance calculation. Basically, the choice is between
a lumped element analysis or a 1-D wave analysis (see figure above). Equations (8.45),
(8.46), (8.47) and (8.48) apply for lumped element analysis, while Equations (8.75) and
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(8.84) apply for 1-D wave analysis and are considered to be more accurate. Note that for a
non circular cross section cavity (or volume), Equations (8.46) and (8.47) cannot be used
so you cannot choose either the second or third item in the resonance frequency menu if
the “non circular cross section” option is chosen.

Next, you need to click on the circle corresponding to the quantity you wish ENC to
calculate. The text corresponding to this quantity will turn blue and all other text will
be black. You need to input data for all the values described by black text. The length
of the cavity is calculated from its volume and cross sectional area and is an output of
ENC. It cannot be selected as an input. However, you have a choice between entering
“neck diameter” or “neck cross-sectional area” and “neck cross section perimeter”. The
latter two quantities are used for necks of non-circular cross section. Use the switch to
the left (see figure on previous page) to indicate your choice. Note that if you choose
“neck diameter” as the quantity for the software to calculate, it is assumed circular in
cross-section and you will not be able to move the switch to the non-circular cross-section
option.

Note that the you can choose the lumped element analysis (Equation (8.45)) or the
wave analysis (Equation (8.75)) for calculating the resonator impedance. If you choose the
“Equation (8.45)” option, the second term on the RHS of Equation (8.19) is substituted
for the first term on the RHS of Equation (8.45).

The maximum valid frequency of this analysis (if any of the first 3 items of the reso-
nance frequency menu are selected) is limited to a frequency corresponding to the cube
root of the volume being equal to λ/4 or the cut-on frequency of the first higher order
mode propagating in the neck, which is defined by Equation (8.233) in the 5th edition
textbook. If the last item in the resonance frequency menu is selected, the maximum
valid frequency This frequency is indicated below the graph.

With the required input data entered, click on “run” in the tool bar and the impedance
will be plotted at 1/3-octave band intervals on the graph. Note that you must select the
desired parameter to be plotted from the data window below the graph. Values corre-
sponding to intermediate frequencies can be determined by typing in the frequency of
interest in the Helmholtz resonator panel shown above.

Note that ENC also calculates the quality factor for the resonator (at resonance only).
The equation used for this is Equation (8.54) in the 5th edition textbook.

Sometimes ENC calculates quality factors that, based on experience, seem too high, so
if you prefer, you may enter a value for the quality factor and ENC will use that to calculate
the resistive impedance and Insertion Loss. ENC then calculates the acoustic resistance at
the resonance frequency of the resonator using Equation (8.54) in the 5th edition textbook.
The resistance values at other frequencies are then calculated by multiplying the resistance
at the resonance frequency calculated using Equation (8.54) by the ratio of the resistance
calculated using Equation (8.33) at frequency of interest to the resistance calculated using
Equation (8.33) at the resonance frequency.

6.3.5 Perforated Sheet
The perforated sheet panel (see following figure) enables you to calculate the impedance
looking into a perforated panel backed by a cavity and rigid wall. The reactive impedance
for the perforated sheet is calculated using Equation (8.29) in the 5th edition textbook. The

ENC Software User’s Guide Version 5.5, July, 2021



CHAPTER 6. REACTIVE & DISSIPATIVE MUFFLERS (MODULE 6) 179

resistive impedance, Ra for a single hole is calculated for a hole of area, A, using Equation
(8.33) in the 5th edition textbook. The effective length of the holes is calculated using the
corrected Equation (8.29) where the term, (1−M)2 has been replaced by (1−M)2 in the
corrected version.

You need to enter the length of each hole (the perforated facing panel thickness), the
hole edge radius (use 10 mm if unsure) and whether the holes are staggered or parallel.
If the holes are circular, click in the circle next to “Circular” and enter the diameter. If
the holes are another shape, click on the circle next to “non-circular” and enter the hole
cross sectional area, perimeter and aspect ratio. For non-circular holes, Equation (8.21)
is used to calculate an effective radius.

If a backing cavity exists, click on the square box next to “if backed by a cavity”
and enter its depth and whether it is partitioned or not to prevent propagation parallel
to the plane of the facing. It is assumed that the cavity behind the perforated sheet is
terminated by a rigid wall. If no backing cavity is selected, the impedance is calculated
for the perforated panel backed by infinite free space (see Equation (8.28) in the 5th

edition textbook). If a backing cavity is selected, the impedance of the cavity (Equation
(D.92) in the 5th edition textbook multiplied by the cavity cross sectional area) is added
arithmetically to that of the perforated sheet.
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Note that the normal impedance is the same for a partitioned or non partitioned
cavity. It is only the impedance for waves that are non normally incident that is different
for the two cases and of course this means that the statistical absorption coefficient will
be different for the two cases as is found in Module 4 — Porous Material Absorber.

At the bottom right of the panel, you can enter any frequency of interest, then click
on “Run” and ENC will display the modulus of the acoustic impedance and the real and
imaginary parts as well as the calculated statistical absorption coefficient (see figure on
the previous page). The real part, imaginary part or the modulus of the impedance can
be selected for the graph on the left of the window an as for other plots in this window,
the zoom button can be used to obtain a log plot, a higher resolution plot and to specify
the frequency range for the plot. Again, the maximum valid frequency for the analysis is
shown below the graph. This is the frequency corresponding to the hole diameter being
equal to λ/4.

A plot of the statistical absorption coefficient with calculated data at the octave band
centre frequencies only can be obtained by clicking on the “click for octave band plot”
button — see following figure.

ENC Software User’s Guide Version 5.5, July, 2021



CHAPTER 6. REACTIVE & DISSIPATIVE MUFFLERS (MODULE 6) 181

6.4 Reactive Mufflers (5th edition textbook, pages 437–483)

This panel enables you to calculate as a function of frequency, the Insertion Loss of a 1/4-
wave tube, a Helmholtz resonator, an expansion chamber, a low pass filter and a small
engine exhaust system as described on pages 442–459 in the 5th edition textbook. Note
that none of the calculations provide accurate results once any dimension in the muffler
exceeds one quarter of a wavelength of sound.

The first thing to do is to enter the properties of the duct connecting the muffler to
the noise source (source end) and the duct between the muffler outlet and the atmosphere
(outlet end), as shown in the following figure. Each of the ducts has two ends (end 1 being
nearest the source), and you need to select whether the duct is circular or non-circular.
If the ducts are circular, select the “Circular” option and enter the diameters of each. If
the ducts are non-circular, enter cross-sectional area and perimeter of each.

The equivalent diameter of a baffle or an outer tube (if any) at each end of each duct
needs to be entered (see 5th edition textbook page 433 for equivalent diameter calcula-
tions). The letter “B” corresponds to the tube terminated in a baffle and the letter “T”
corresponds to the tube being in a baffle inside another tube. Click on the letter to tog-
gle between “B” and “T”. This allows the effect on the effective lengths of the tubes of
expansion chambers and low pass filter mufflers that may be connected to the ends of the
tubes.

For side branch mufflers such as 1/4-wave tubes and Helmholtz resonators, the baffle or
outside tube diameter should be set equal to the duct diameter on which the resonator is
mounted for ’source end, end 2’ and for ’outlet end, end 1’. No end correction is calculated
for the duct ends nearest the side branch resonator as the upstream and downstream ducts
effectively join together at the side branch.

Note that for all muffler types, if the duct end is not in a baffle or a tube, select “B”
and set the baffle diameter equal to the duct diameter (or the equivalent diameter if the
duct is non-circular).

End corrections are calculated using Equations (8.20) and (8.24) in the 5th edition
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textbook multiplied by (1-M2) to account for the effects of flow (whether through or
grazing flow).

You also need to enter the length of each duct and the edge radii where they connect
to the muffler and exhaust to atmosphere — use 0.01 m for the edge radius if unsure.

You can also specify if the upstream pipe is terminated by the source (fan or compres-
sor). If so, ENC assumes a reflection coefficient of 1.0 at that end. If not, ENC assumes
that the end is open. If you select the “absorbing liner”, the analysis assumes that no
waves reflected from the end of the duct reach the muffler.

Note that if a small engine exhaust is being designed, none of the data in the “duct
properties” panel are used.

The next thing to do is to enter the properties of the gas flowing through the muffler
(top right panel) by clicking on the “Constants” button to bring up the “Constants set-up
window. In addition, the volume flow rate must be entered (see following figure). Note
that the flow rate is in m3/sec, not m/s.

The next step is to select the type of noise
source: constant volume velocity (reciprocating
compressor) or constant pressure (axial or cen-
trifugal fan) by clicking on the box to the right
of “Select noise source”as shown in the figure at
right. Note that this only affects IL (Insertion
Loss) and not TL (Transmission Loss) calcula-
tions.

Next select the muffler type (1/4-wave tube,
Helmholtz resonator, expansion chamber, low
pass filter or small engine exhaust) as shown in
the figure at right.

One third octave average Insertion Loss val-
ues (averaged over 7 frequencies) are plotted on
the graph (see next page) for the muffler type
selected. Octave band values (averaged over 20
single frequencies in each band) are provided in
the table below the graph.

If you want to select logarithmic axes for the plot or plot data at a finer resolution
than 1/3-octave, click on the “zoom” button at the bottom of the graph and the zoomed
window will appear, shown as the last figure on the next page.

The maximum valid frequency of the analysis for the Insertion Loss is limited to the
frequency corresponding to the largest dimension of any volume being equal to λ/4 or
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the cut-on frequency of higher order modes in the inlet and outlet ducts (see Equations
(8.232) and (8.233) in the 5th edition textbook).

For the TL calculations based on 1-D wave analysis, the maximum valid frequency cor-
responds to the frequency at which cross modes begin to propagate in expansion chambers
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or inlet and outlet ducts (see Equations (8.232) and (8.233) in the 5th edition textbook).
The frequency corresponding to the maximum valid frequency is indicated beneath the
graph as the “maximum valid frequency”.

On the graph, the 1/3-octave band values have been averaged over 7 frequencies in
each band. The IL or TL values corresponding to any specified frequency are displayed
on the bottom left of the window.

You also need to select the volume flow rate through the muffler using the top right
part of the panel.

Note that the flow speed is in cubic metres per second, not metres per second!

6.4.1 Helmholtz Resonator (See the 5th edition textbook, pages 438–
446)

This part (see figure below) enables you to design a Helmholtz resonator by specifying
its resonance frequency or calculate the resonance frequency of a specified design. It then
calculates and plots the Insertion Loss as a function of frequency.

First, you must specify the neck inlet edge radius (see following figure). If it is unknown,
use 0.01 m.

Next, you must choose whether the resonator volume (cavity) is cylindrical in cross
section or a different cross section. If cylindrical, then you need to enter the cross sectional
diameter of the volume. If “other cross section” is selected, you must click on the green
label, “Effective c/s diameter of the volume (m)” button and then in the pop-up window
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(see below), enter the cross sectional area of the volume and the aspect ratio (major to
minor cross sectional dimension, which must be between 1.0 and 2.5). These quantities are
used to estimate an equivalent radius of the cross-section and factor, K, of Figure 8.5 on
page 433 in the 5th edition textbook, which, in turn, is used to estimate the effective end
correction for the neck attached to the volume. Before closing the window, it is important
to click on the “use the results” button.

The length of the resonator is calculated from the user entered volume and actual or
effective cross sectional area.

Note that the effective length of the resonator neck is the actual length plus an end
correction at each end calculated respectively using Equations (8.49) and (8.50), with
Equation (8.50) only adjusted for grazing flow of Mach number, M , by multiplying the
RHS by (1−M)2. As it is a calculated quantity, it appears in ENC in blue text.

Next, you must enter the diameter of the part of the duct to which the resonator is
attached. This is usually the same as the diameter of the inlet and outlet ducts entered
in the “Duct Properties” section of the panel. If the duct is non-circular in cross-section,
use the cross-sectional dimension from the side containing the resonator to the opposite
side. This information is used to calculate the effective length of the neck at the duct end
as described on page 440 of the 5th edition textbook.

The next step is to select the equation to use for the resonance frequency calculation
and the equation to use for the impedance calculation. Basically, the choice is between a
lumped element analysis or a 1-D wave analysis (see previous figure). Equations (8.45),
(8.46), (8.47) and (8.48) apply for lumped element analysis, while Equations (8.75) and
(8.84) apply for 1-D wave analysis and are considered to be more accurate. Note that for a
non circular cross section cavity (or volume), Equations (8.46) and (8.47) cannot be used
so you cannot choose either the second or third item if the “non circular cross section”
option is chosen.

Next you need to click on the circle corresponding to the quantity you wish the software
to calculate. The text corresponding to this quantity will turn blue and all other text will
be black. You need to input data for all the values described by black text. However, you
have a choice between entering “neck diameter” or “neck cross-sectional area” and “neck
perimeter”. The latter two quantities are used for necks of non-circular cross section. Use
the switch to the left (see above figure) to indicate your choice. Note that if you choose
“neck diameter” as the quantity for the software to calculate, it is assumed circular in
cross-section and you will not be able to move the switch to the non-circular cross-section
option. The neck end correction is used in the calculations, but you need to use the
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‘‘impedance” panel of this module to see it displayed. The neck length shown here is the
physical length, not the effective length.

You next need to choose what impedance
calculation will be used for the Transmis-
sion Loss (TL) calculations or Insertion
Loss (IL) calculations. Equation (8.45) uses lumped element analysis while Equation (8.75)
uses 1-D wave analysis.

Finally, you need to choose whether or
not you would like TL calculations or IL
calculations.

The equations used for the insertion loss calculations are Equations (8.60) and (8.62)
in the 5th edition textbook and for the TL calculation, it is Equation (8.77) in the 5th

edition textbook. The quality factor is calculated using Equation (8.54) in the 5th edition
textbook.

Sometimes ENC calculates quality factors that, based on experience, seem too high, so
if you prefer, you may enter a value for the quality factor and ENC will use that to calculate
the resistive impedance and Insertion Loss. ENC then calculates the acoustic resistance at
the resonance frequency of the resonator using Equation (8.54) in the 5th edition textbook.
The resistance values at other frequencies are then calculated by multiplying the resistance
at the resonance frequency calculated using Equation (8.54) by the ratio of the resistance
calculated using Equation (8.33) in the 5th edition textbook at the frequency of interest
to the resistance calculated using Equation (8.33) at the resonance frequency.

The resistive and reactive impedances and the quality factor for the resonator are
calculated during the IL and TL calculations, but you need to use the “Impedance” panel
of this module to see the impedance values.

With the required input data entered, click on “run” in the tool bar and the 1/3-octave
average Insertion Loss will be plotted at 1/3-octave band intervals on the graph. Values
corresponding to intermediate frequencies can be determined by typing in the frequency
of interest in the Helmholtz resonator panel shown previously.

The maximum valid frequency for the lumped analysis for the Insertion Loss or Trans-
mission Loss is is limited to the largest dimension of any resonator component being λ/4.
For the 1-D wave analysis, the upper limiting frequency corresponds to the frequency at
which cross modes in the resonator volume begin to propagate (Equations (8.232) and
(8.233) in the 5th edition textbook). The frequency corresponding to the upper limiting
frequency is indicated beneath the graph.

Note that the flow speed is in cubic metres per second, not metres per second!

6.4.2 1/4-Wave Tube (see below) Insertion Loss calculations (pages 438–
446 in 5th edition textbook)

For the 1/4-wave tube (see figure on next page), the inlet edge radius is the radius of the
edge where the 1/4-wave tube joins the structure (usually a duct) on which it is mounted.
If you do not know the value, use 10 mm.

Next, you must enter the diameter of the part of the duct to which the 1/4-wave tube is
attached. This is usually the same as the diameter of the inlet and outlet ducts entered in
the “Duct Properties” section of the panel. If the duct is non-circular in cross-section, use
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the cross-sectional dimension from the side containing the 1/4 wave tube to the opposite
side. This information is used to calculate the effective length of the 1/4-wave tube at the
duct end as described on page 440 of the 5th edition textbook.

After specifying the 1/4-wave tube diameter, you may specify the length and have the
software calculate the corresponding resonance frequency or you may specify the resonance
frequency you desire and the software will calculate the required length. Just click on the
appropriate circle to the right of the data boxes. The quantity calculated by the software
is in blue text. Equation (8.40) in the 5th edition textbook is the basis of this calculation.
The end correction for the tube may be calculated using the ‘‘impedance” panel.

The quality factor at resonance is provided at the bottom of the panel and is calculated
using Equation (8.55) in the 5th edition textbook. Sometimes ENC calculates quality
factors that, based on experience, seem too high, so if you prefer, you may enter a value
for the quality factor and ENC will use that to calculate the resistive impedance and
Insertion Loss. ENC then calculates the acoustic resistance at the resonance frequency
of the resonator using Equation (8.55) in the 5th edition textbook. The resistance values
at other frequencies are then calculated by multiplying the resistance at the resonance
frequency calculated using Equation (8.55) by the ratio of the resistance calculated using
Equation (8.33) at frequency of interest to the resistance calculated using Equation (8.33)
at the resonance frequency.
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You next need to choose
what impedance calculation will
be used for the Transmission
Loss (TL) calculations or Insertion Loss (IL) calculations. Equation (8.41) uses lumped
element analysis while Equation (8.43) uses 1-D wave analysis.

Finally, you need to choose whether or not you
would like TL calculations or IL calculations.

The equations used for the insertion loss calcula-
tions are Equations (8.59) and (8.61) and for the TL calculation, it is Equation (8.73) in
the 5th edition textbook. The quality factor is calculated using Equation (8.54) in the 5th

edition textbook.
The resistive and reactive impedances for the 1/4-wave tube are calculated during the

insertion loss calculations, but you need to use the “Impedance” panel of this module to
see the impedance values. If you prefer, you may enter a value for the quality factor and
ENC will use that to calculate the resistive impedance and Insertion Loss.

With the required input data entered, click on “run” in the tool bar and the 1/3-octave
average Insertion Loss will be plotted at 1/3-octave band intervals on the graph with
octave band averages tabulated below the graph. Values corresponding to intermediate
frequencies can be determined by typing in the frequency of interest in the 1/4-wave panel
illustrated on the previous page.

The maximum valid frequency for the lumped analysis for the Insertion Loss or Trans-
mission Loss is limited to the largest dimension of the 1/4-wave tube being λ/4. For the
1-D wave analysis, the upper limiting frequency corresponds to the frequency at which
cross modes in the 1/4-wave tube or the inlet and outlet ducts begin to propagate (Equa-
tions (8.232) and (8.233) in the 5th edition textbook). The frequency corresponding to the
maximum valid frequency is indicated beneath the graph.
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6.4.3 Expansion Chamber (see following figure) (5th edition textbook,
pages 448–454)

The expansion chamber panel (see above figure) calculates the Insertion Loss and Trans-
mission Loss for an expansion chamber inserted into a duct. The input data required are
the expansion chamber volume for the Insertion Loss calculation and expansion chamber
length and cross sectional area for the Transmission Loss calculation. For the case of a
closed end tube mounted to the side of a duct, the insertion loss is the same as for a
1/4-wave tube discussed previously. Note that the flow rate (entered in the top
tight of the page) is in cubic metres per second, not metres per second!

The maximum valid frequency of the analysis for the Insertion Loss is is limited to
the largest dimension of the expansion chamber being equal to λ/4 or the frequency at
which cross modes begin to propagate in the inlet or outlet ducts (see Equation (8.233) in
the 5th edition textbook). The frequency corresponding to the upper limiting frequency
is indicated beneath the graph.

You may see displayed the impedance of the components used to make up the expan-
sion chamber muffler by using the “Impedance” panel of this module.

The quality factor at resonance is provided at the bottom of the panel and is calculated
using Equation (8.54) in the 5th edition textbook, where Rs is the acoustic resistance of
the tail pipe, ` is the tail pipe length, A is the tail pipe cross-sectional area and V
is the expansion chamber volume, all in consistent units. Note that this expression is
approximate and the error increases as the tail pipe length increases.

Alternatively, you may enter a value for the quality factor in the preceding panel if
you wish and ENC will calculate the corresponding resistance and use that to calculate
the insertion loss. The quality factor for the expansion volume muffler is applicable to its
first resonance frequency (the first minimum in the TL curve).

With the required input data entered, click on “run” in the tool bar and the 1/3-octave
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average Insertion Loss values (averaged over 7 frequencies) will be plotted at 1/3-octave
band intervals on the graph with octave band averages tabulated below the graph. Values
corresponding to intermediate frequencies can be determined by typing in the frequency
of interest in the expansion chamber panel illustrated above.

6.4.4 Low Pass Filter (5th edition textbook, pages 454–459)

This panel (see following figure) is used for the design of a low pass filter to remove pressure
pulsations from piping systems (usually due to reciprocating compressors). You need to
enter the volumes of the two chambers involved and the choke tube dimensions. Then you
have a choice of either entering the fundamental frequency of the pressure pulsations or the
choke tube cross-sectional area. If you enter the former, ENC will calculate an appropriate
choke tube diameter so that resonance frequency of the filter is 0.65 times the frequency
of the pulsations. If the resulting choke tube diameter is too small (to satisfy pressure
drop considerations) you will have to use a longer choke tube and/or larger volumes. If
you choose to enter the choke tube diameter, ENC will calculate the frequency of pressure
pulsations, which is 1.54 times the resonance frequency of the filter.

Click on “run” in the tool bar and the software will calculate the Quality factor,
resonance frequency, pressure drop and Insertion Loss for the selected frequency. The
quality factor corresponds to the resonance frequency of the entire system (muffler and
connecting ductwork). The resonance frequency corresponds to the first minimum in the
TL curve. The frequency calculated using Equation (8.132) in the 5th edition textbook is
usually an overestimate (by up to 50%).

Calculated 1/3-octave average Insertion Loss values will be plotted at 1/3-octave band
intervals on the graph with octave band averages tabulated below the graph.
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The quality factor at resonance is provided at the bottom of the panel and is calculated
using Equation (8.54) in the 5th edition textbook, where Rs is the acoustic resistance of
the choke tube, `e is the choke tube length, S is the tail pipe cross-sectional area and
V is the expansion chamber volume, all in consistent units. Note that this expression is
approximate and the error increases as the choke tube length increases. You may also
enter a value for the overall quality factor and in this case ENC will calculate the effective
acoustic resistance using the above equation for use in calculating the insertion loss. The
resistance values at other frequencies are then calculated by multiplying the resistance
at the resonance frequency calculated using Equation 8.49b by the ratio of the resistance
calculated using Equation (8.33) at frequency of interest to the resistance calculated using
Equation (8.33) at the resonance frequency.

The maximum valid frequency corresponds to the smaller of the largest volume di-
mension being equal to λ/4 or the onset of higher order mode propagation in the inlet
and outlet ducts and/or choke tube. This frequency is calculated by ENC and displayed
under the graph.

Note that the flow speed input is a volume flow in cubic metres per second, not metres
per second!

6.4.5 Small Engine Exhaust (See 5th edition textbook, pages 453–454)

The configuration for the small engine exhaust is the same as used in the expansion
chamber panel, except that a constant volume velocity source is assumed and an attempt
is made to optimise the insertion loss while minimizing the pressure loss.

You must input the parameters in black text (see following figure) and the software
will calculate those in blue text. The required inputs are engine speed and the Insertion
Loss that you desire for this engine speed as well as the maximum allowable expansion
chamber volume.
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The quality factor is calculated as for the Helmholtz resonator using the impedance of
the exhaust pipe as the inductance and the expansion chamber volume as the capacitance.
The duct properties data for the diameter of the tail pipe are not used. However, the edge
radius from the duct properties panel and the tail pipe diameter calculated in this panel
are used for calculating the quality factor. If you do not know what this is, enter 10 mm
in the duct properties panel.

Note that you will get nonsensical results if you use a zero volume flow rate. Note
that the flow speed input is a volume flow in cubic metres per second, not metres per
second!

With the required input data entered, click on “run” in the tool bar. ENC will calculate
the tail pipe diameter and length as well as the resonance frequency of the exhaust system.
The calculated 1/3-octave band averaged Insertion Loss will be plotted at 1/3-octave band
intervals on the graph and octave band averages will be provided in the table beneath the
graph. Insertion Loss values for individual frequencies are output for any frequency value
entered in the box at the bottom of the small engine exhaust panel (see preceding figure).

The maximum valid frequency is the smaller of the frequency corresponding to the
cube root of the volume being equal to λ/4 or the cut-on frequency of higher order modes
in the tail pipe.

If you wish to calculate the insertion loss for a fixed expansion chamber volume and
tail pipe parameters, then use the expansion chamber selection in this panel.
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6.5 Dissipative Mufflers (5th edition textbook, pages 483–512)

Dissipative mufflers are actually lined ducts. Even mufflers containing splitter elements
can be treated as lined ducts provided that each splitter has a solid septum in the centre.
Even if there is no solid septum in the splitters, a silencer with lining on the walls equal
in thickness to half the thickness of the intermediate baffles will perform the same as a
silencer with solid septa in the centre of the baffles.

For mufflers with multiple baffles (splitter mufflers), the attenuation is calculated by
considering the muffler as a duct of width equal to the distance between splitters and the
lining thickness equal to half the splitter thickness. If the splitters and gaps between them
are not all the same, then the attenuation for the section of duct between each splitter
needs to be calculated and the results for each section combined using (for N sections):

ILoverall = −10 log10
1
N

i=N∑
i=1

10−ILi/10

Attenuation calculations are plotted on the graph shown below as a function of frequency.

The “overlap” switch allows multiple curves (use “color” to select color of each) to be
plotted on the same set of axes. Note that the values plotted on the graph are energy
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averages of ten frequencies over a 1/3-octave band of frequencies (see 5th edition textbook,
example 5.1, page 243 for averaging method). Beneath the graph, the octave band atten-
uations (energy average of the appropriate 1/3-octave band values shown in the graph)
are presented in a table (see figure on previous page).

To do a lined duct (or splitter silencer) attenuation calculation, the procedure out-
lined in the 5th edition textbook is followed. The total attenuation consists of an inlet
attenuation, liner attenuation, exit attenuation and expansion attenuation. If a silencer
is inserted in a duct and there are no splitters (only lining on the duct walls), there may
be no inlet or exit correction, provided the dimensions of the airway remain unchanged
in going from the inlined duct to the lined duct section.

The first step in a silencer insertion loss analysis is to type in the density and speed
of sound in the gas in the duct, the flow speed of the gas in the duct, the lined duct
length, whether the duct is circular or rectangular in cross section and the cross sectional
dimensions (see following figure).

If the duct is circular in cross-section, the diameter is required and if it is rectangular,
the height and width of the section is required. Of course, good results can be obtained for
ducts of other section shapes by treating them as rectangular or circular ducts of the same
cross sectional area. If the other section shape is lined around its entire perimeter, it is
best to treat it as a circular duct of the same area. In all cases, the dimensions refer to the
open area of duct, and do not include the liner. Note that if the duct is divided by lined
baffles (or partitions) as in a typical dissipative muffler, the dimensions required are the
open cross sectional dimensions between each baffle, not the overall dimensions. In this
case the muffler attenuation is equal to the attenuation through one airway between two
of the baffles. Do not add the attenuations for each airway. The software will calculate the
open duct cross-sectional area, the perimeter of the open area and the expected pressure
drop due to the lined duct. ENC will also calculate the duct cross sectional area, perimeter
and pressure loss due to the specified flow speed.

Clicking on the “Constants” button in the above figure allows you to set the speed of
sound and gas density for the calculations of the entire window — see Section 0.5.4 in
this manual for a full description.
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6.5.1 Perforated Facing

In the perforated facing panel, enter details (panel thickness and percent open area) about
the liner facing (see figure above). Click on the box on the left side of the “perforated
facing” panel to select whether or not there is a perforated panel. If the box is not ticked,
the perforated panel details will be “greyed out” and not used in the calculations. Enter
also the surface density (mass per square metre — kg/m2) of any protective impervious
membrane such as polyethylene. If there is no membrane, enter 0.0 here. Note that if both
the membrane and perforated panel are used together, it is essential that a spacer (e.g.
25 mm mesh) is used to keep the two separated. Otherwise, the attenuations calculated
here will be greater than those realised in practice, especially at higher frequencies.

6.5.2 Liner Attenuation (see pages 486–492 in the 5th edition textbook)

In the “Liner” panel (see following figure) enter the number of sides that are lined (rect-
angular duct only) and the location of the lined side(s) if there are less than 4. Note that
“2 sides” refers to two opposite sides lined and you can choose between “across height”
or across width“. If only two adjacent sides are lined, then you must do two calculations
for “1 side” lined and add the two results arithmetically (liner only results). Do not add
the total attenuations in each case, only the attenuations for the liner. If three sides are
lined, do the calculations for 2 opposite sides and then the remaining side and add the two
results (liner attenuation only). For circular ducts, it is assumed that the liner extends
the full circumference of the duct. If it does not, then use a square duct of the same
cross-sectional area with the equivalent number of sides lined.

Also in the “ liner” panel, you may enter the flow resistivity (rayls/m — see pages 723–
725 in the 5th edition textbook) of the liner material in the direction normal to the axis of
the duct (“normal”) and in the direction parallel to the duct axis (“parallel”). Although
the analysis is strictly for isotropic materials, good results are obtained for orthotropic
materials which make up the majority of fibre glass and rockwool materials.

As flow resistivity is a function of the ambient temperature, ENC allows you to enter
the flow resistivity at the temperature it was measured (usually 20◦C) and then ENC will
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automatically populate the flow resistivity values in the above figure. To do this click on
the green button labelled “flow resistivity” and the pop-up window below will appear. To
obtain the correct answer, it is necessary to change the data in the top three data boxes
shown in the following figure.

The top three input boxes are for the temperature at which the flow resistivity was
measured and the values that were measured. The bottom three boxes are then auto-
matically populated based on the temperature set in the “constants” window. The flow
resistivity boxes in the main panel (see previous page) are also automatically populated
with the new flow resistivity values and these are used in the liner attenuation calculations.

The switch on the top of the panel on the previous page (locally reactive / extended
reactive) is used to select between a liner that has closely spaced solid partitions normal to
the duct axis so that sound propagation in the liner parallel to the duct axis is prevented
(locally reactive) and a liner that allows axial sound propagation within it (extended
reactive). For the locally reactive case, only the normal flow resistivity value is used. For
the extended reaction case, the software will only give good results if the flow resistivity
in the parallel direction is different from the normal direction by less than a factor of 2.

If the “show att. Curve” button is clicked, the figure on the next page appears. This
figure contains 2 curves: the blue curve represents the single frequency calculated liner
attenuations and the red curve represents octave band averaged values where the octave
band centre frequency is the frequency being plotted on the graph and this single data
point represents an average of all data points in an octave band with this centre frequency.
Note that the octave band centre frequencies are not the standard ones — they vary
incrementally as the frequency to be plotted increments.
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If there is an air space between the back of the liner and the duct
wall, you need to add this depth to the liner thickness (within reason
— this approximation becomes less reliable as the cavity depth exceeds
the liner thickness.).

The attenuation plotted on the curve is the total liner attenuation
for the specified length.

The attenuation due only to the liner is given in the grey box at
the right of the panel (see figure at right) for the specified frequency.

Note that ENC calculates the attenuation of the least attenuated
duct mode. When that mode is attenuated by more than about 40
dB as may happen in a long lined duct, other propagation modes be-
come important so the amount of attenuation given by ENC will be an
overestimate.

The liner attenuation calculation
is very complex and sometimes the
calculating program converges incor-
rectly. To guarantee correct results,
the software should only be used
in the range represented by figures
8.16–8.21 in the fourth edition of the
5th edition textbook. However, ENC
does give good results for many mate-
rials and liner thicknesses outside of
this range, but care should be taken
to identify obviously erroneous results.
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If the calculated attenuations exceed 7dB per length of duct equal to half the duct
width, then please change the input parameters ( flow resistivity or duct size) slightly and
re-run the calculation. If the results show an exponential tendency or a step change as
shown in the figure at right, then again the software has failed to converge to the correct
solution and you should change one of the input parameters by a small amount and try
again.

The problem seems to be more
prevalent when an impervious mem-
brane or perforated panel (low per-
cent open) is used. The correct curve
shape, which indicates that the soft-
ware tracked the correct modal solu-
tion is shown at right.

In calculating the total attenua-
tion of the lined duct, the following
quantities need to be calculated and
added: liner attenuation (grey colour,
discussed above), due to waves enter-
ing the inlet over a range of angles (yellow), exit loss due to reflection from the exit (blue
— select whether the outlet terminates flush with a wall/ceiling or free space), expan-
sion loss (green) and duct bend attenuation, if one exists (orange). Each quantity can
be selected by clicking in the circle to the right of the panel. The numbers in the box
next to the circle are the attenuations corresponding to the frequency selected in the box
under “Frequency”. The “total attenuation” if it is selected for display in the graph and
attenuation table is only calculated using the quantities selected (with a dot inside the
circle — see following figure). Values are tabulated in octave bands in the table below the
graph and may be read from the graph for 1/3-octave bands using the cursor.
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6.5.3 Inlet Attenuation (see page 497 in the 5th edition textbook)

The attenuation due to sound having to enter a duct (assuming that the incident angle of
the sound is random) is calculated here using Figure 8.36 in the 5th edition textbook. This
is usually only applicable if a muffler is used as an inlet or outlet attenuator for cooling
air for an enclosure and not if it is inserted into an existing duct. Note that for a splitter
silencer with one or more baffles, the area, S is the cross-sectional area of a single airway
and not the entire silencer.

6.5.4 Exit Loss (see 5th edition textbook, page 501)

When sound exits from a muffler to free space, there is an exit loss, which can be calculated
using Table 8.14 in the 5th edition textbook. Again, this is usually only applicable to
the addition of a muffler to an enclosure to attenuate sound that is associated with the
discharge or inlet of cooling air. If added to an existing duct, the duct will already have
exit losses. However, if the muffler cross sectional area is different to that of the existing
duct, then the exit loss associated with the muffler will be different and it should be
calculated here for both cross-sectional area cases (with and without muffler) and the
difference used to calculate the muffler exit loss.

6.5.5 Expansion Loss (see 5th edition textbook, page 498)

When a liner is added to a duct and the open cross section area remains the same, there
will exist an effective expansion as the liner is porous. The additional attenuation as a
result of this expansion is calculated here using Figure 8.37 from the 5th edition textbook.
Note that you need to define a liner (see lined duct above) and enter the cross sectional
area of the open duct plus liner to be able to use this part. The open duct area is calculated
when the liner is specified in the top left of the panel.

6.5.6 Duct Bend (see 5th edition textbook, page 500)

Where a duct bend exists, this section can be used to calculate the attenuation, following
figure 8.25 in the 5th edition textbook. Curve F is not used by ENC as it does not
reflect current data. Curve E is used for all round bends. Note that there are switches
for lined/unlined (referring only to the duct bend and the adjacent duct in the close
vicinity), and plane wave / diffuse input. Results are different for mitred (no significant
radius) or rounded bends. Rounded bends have a radius of at least one duct diameter for
circular section ducts or at least one cross sectional dimension in the plane of the bend
for rectangular section ducts. If the upstream duct is lined for a length equal to at least
several duct cross sectional dimensions or if it is large enough in section that several modes
are propagating (in the software we use a frequency of 2.5 times the cut-on frequency of
the first higher order mode) then it can be characterised as a diffuse field input rather
than a plane wave input. This is worked out by the software and is transparent to the
user. However the user must enter whether or not the upstream duct is lined prior to the
bend (for a distance exceeding three times the largest duct cross sectional dimension).

When all the parameters have been entered, the “run” button must be clicked for the
software to execute a calculation. The liner calculation is very complex so some waiting
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time may be needed, especially if your computer is not a Pentium 4 or better.
Duct bend attenuations can also be calculated using the analysis published by

ASHRAE and also outlined in the book, “Noise and Vibration Control Engineering”
by Ver and Beranek (2nd edn. 2006), pages 692–693. ENC provides this analysis as an
alternative to the Bies and Hansen book but note that it has been adjusted in ENC so
the independent parameter is wavelength rather than frequency (see table below). This
allows the analysis to be used in ducts that contain gas flows at temperatures other than
room temperature. ENC also uses a gradual transition from one level of attenuation to
the next rather than using sudden step increases or decreases. In the table below, for a
rectangular section duct, w = width of duct in the plane of the bend and for a circular
section duct, w = duct diameter and of course, λ = wavelength (all in metres).

w/λ
Insertion Loss (dB)

Mitred bend, no
turning vanes

Mitred bend, with
turning vanes

Rounded
bend

w/λ < 0.14 0 0 0 0 0
0.14 ≥ w/λ < 0.28 1 1 1 1 1
0.28 ≥ w/λ < 0.55 5 6 4 4 2
0.55 ≥ w/λ < 1.11 8 11 6 7 3
1.11 ≥ w/λ < 2.22 4 10 4 7 3

w/λ ≥ 2.22 3 10 4 7 3
Curve A B C D E

6.6 Lined Plenum Chamber (5th edition textbook, pages 515–
518)

In some air handling systems a plenum chamber is used to reduce mean pressure fluctu-
ations. There have been a number of models published for calculating the transmission
loss of a plenum chamber and these are summarised in the paper, “Comparison of models
for predicting the transmission loss of plenum chambers”, by Li and Hansen, Applied
Acoustics, 66, pages 810–828 (2005). A number of models are discussed in the 5th edition
textbook and are available in ENC: the Well’s model, the ASHRAE method, Cummings
model and Ih’s model and the user must first select which model is to be used (see following
figure).
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The Wells model is the simplest and least accurate and is only applicable to lined
chambers. The ASHRAE method is a modified form of Wells’ model that agrees better
with experimental data. Ih’s model is accurate but only suitable for an unlined chamber.
Cummings model is accurate and is intended for lined chambers. However, it also gives
accurate results when a thin liner with high flow resistivity (effectively no liner) is used. All
models give the option of circular or rectangular ports. However, results for a rectangular
port are similar to those for a circular port of the same area. The Cummings model is
more accurate than the Wells model over the entire frequency range even though it is
based on the so-called Cummings low frequency model (see above reference).

After selecting which model you wish to use (which includes whether the inlet and
outlet ports are round or rectangular in cross section) you must enter the cross-sectional
dimensions of the inlet and outlet ports.

Next you need to enter the plenum size (which is effectively determined when you enter
the coordinate location of “M” — see figure on next page). Note that only rectangular
section plenums can be analysed here. If you have a cylindrical plenum, then you can only
use the Wells model or the ASHRAE method and a square cross section of equivalent
area to the actual cylinder cross section.

Next you need to enter the x and z coordinates of the inlet and outlet port centres (the
y-coordinates are fixed by the size of the plenum chamber which is why they are in blue
text) and the coordinates of the top corners of the barrier (if one exists) (see following
figure). Note that both the Cummings and Ih models are quite sensitive to the actual
locations of the inlet and outlet ports.
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As can be seen from the above figure, for both the Ih and Cummings models, you
have the option of adjusting the number of frequency lines. Increasing them will result in
longer calculation times but a more accurate 1/3-octave band average, which is plotted on
the graph and used to calculate the octave band average in the table. For the Cummings
model only, you also have the option of adjusting the number of plenum chamber modes
that are used to calculate the response. Increasing the number of modes increases the
accuracy at high frequencies but the calculation times can become quite long — up to
minutes.

Also for the Cummings model only, you will need to enter the thickness and flow
resistivity (Rayls/m) of the acoustical material used to line the plenum chamber. What
data are required for particular models can be a bit confusing so to assist you, if data are
not required, the place where it is entered is “greyed out”.

For the Wells or ASHRAE models, the 1/3-octave band absorption coefficients of the
plenum chamber liner must be entered in the following table. For all models, if a baffle or
barrier exists, then move the switch at the top of the table to “Barrier present“ and enter
the absorption coefficients of the barrier surface and the plenum chamber. The insertion
loss of the barrier is calculated using the “Indoor Barrier” window in Module 5 and the
result is added arithmetically to the Insertion Loss of the plenum chamber to get the total
insertion loss. Note that in order to calculate the barrier insertion loss, data are needed
for the absorption coefficients of the plenum interior, irrespective of the calculation model
used, even if it is for Ih’s model with no sound absorbing material in the plenum. With no
barrier in place, no sound absorption coefficient data are needed for the Ih or Cummings
models and the table is greyed out. For the ASHRAE model, absorption coefficients are
only needed for frequencies above that corresponding to the first cut-on mode of the inlet
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duct — all other cells in the table are “greyed” out to indicate that the absorption data
are not needed for those particular frequencies.

The Ih model is only applicable to an unlined plenum chamber and the latter model
uses values of the plenum liner flow resistivity and thickness to calculate the plenum sound
absorption effect.

For the ASHRAE method, the calculation of the low
frequency TL of the plenum (for frequencies below the first
higher order mode cut-on frequency of the inlet duct) re-
quires you to choose what sort of liner the chamber has (see
figure at right). For higher frequencies, you need to enter
the liner absorption coefficient in the table shown above.

For the ASHRAE method, to avoid discontinuities in the
plot, the 500 Hz value in Table 8.20 in the 5th edition textbook is also used for frequencies
between 500 Hz and the inlet duct cut-on frequency. The 5000 Hz value in Table 8.20
in the 5th edition textbook is also used for frequencies greater than 5000 Hz. The 80 Hz
value in Table 8.20 in the 5th edition textbook is also used for frequencies lower than 80
Hz. The 50 Hz value in Table 8.21 in the 5th edition textbook is also used for frequencies
lower than 50 Hz. However, the validity of doing this has not been verified.

Click on “run” after each change of data — sometimes it may take a short time for
the results to be calculated by ENC.

The 1/3-octave band Transmission Loss for the plenum chamber is plotted on the
graph shown on the next page and octave band results (which are energy averages of the
1/3-octave band results) are included in the table below the graph (see following figure).
Finally the inlet duct cut-on frequency is also shown.

ENC Software User’s Guide Version 5.5, July, 2021



CHAPTER 6. REACTIVE & DISSIPATIVE MUFFLERS (MODULE 6) 204

The Transmission Loss calculated here is very close to the insertion loss value, provided
that there is some acoustic absorbing material on the interior walls of the chamber or
the baffle. The additional transmission loss as a result of placing a baffle (or barrier) in
the chamber between the inlet and outlet is simply added arithmetically to the TL of the
chamber without a baffle which is difficult to justify theoretically. However, for convenience
it is also listed separately in the octave band results table and may be plotted separately
or combined with the unbaffled chamber TL simply by clicking on the appropriate empty
boxes adjacent to the table (see above figure).

6.7 Pressure Loss (5th edition textbook, pages 502–507)

ENC calculates the dynamic pressure loss resulting from gas flow through straight ducts
(Section 6.7.1), rectangular and circular-section silencers (Section 6.7.1.1) as well as var-
ious unlined elements making up a duct system that may or may not contain silencers
(Section 6.7.2). Note that the total pressure loss through a duct or silencer is the sum of
the inlet and exit losses and the loss due to flow through the duct system and/or silencer.
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For all pressure loss calculations, you need to establish the required gas properties by
clicking on the “constants” button. In a number of cases, there is more than one option
for calculating the pressure loss. In these cases, it is probably prudent to select the one
that gives the highest pressure loss.

6.7.1 Loss Due to Flow Through a Straight Duct
To calculate the pressure loss
in a straight duct, you need
to enter the duct length, cross-
sectional perimeter, cross-sectional
area and flow speed, as shown
in the figure at right. You also
need to enter the type of wall
from the choices shown at right.
If you choose “user entered”,
you will need to enter the
roughness in mm. The choice,
“Perforated metal liner....”, En-
ters the friction factor (fm =
0.05) directly into Equation
(8.242) in the textbook and
then uses Equation (8.247) to
calculate the coefficient,K. The
dynamic pressure loss, the duct
roughness and the dynamic
pressure loss coefficient, K are
all output in blue (see figure at right). For all pressure loss calculations, you need to
establish the required gas properties by clicking on the “constants” button.

The pressure loss through a straight duct with a perforated metal liner is calculated
using Equations (8.242) and (8.247) in the 5th edition textbook. However, Equation (8.248)
gives the same results as Equation (8.242).
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6.7.1.1 Silencer Pressure Drop

For all silencer calculation methods, it is necessary to select the correct gas properties
by clicking on the green “Constants” button. For the rectangular splitter silencer, the
pressure loss is the same for multiple splitters as it is for a single splitter. However, for
a circular silencer for which the heights of the splitter airways are not all the same, it is
necessary to average the pressure losses, although a more conservative approach would be
to use the highest loss calculated for all airways.

The Munjal method chosen in the above figure, and used for calculating the pressure
drop of splitter silencers, is based on the 2006 Ver and Beranek book, “Noise and Vibra-
tion Control”, page 334 and is described in the 5th edition textbook on page 506. The
dimensions d and h shown in the figure at right are defined for various types of inlet
and outlet conditions. Note that the exit and inlet dimensions must be the same, so it is
only possible to enter the inlet cross-sectional dimensions. Diagrams showing the various
geometries can be seen by clicking on “Enlarge” and the pictures on the right hand side of
the above image are obtained. The required input data are the gas flow speed, the silencer
length, and the cross-sectional area and cross-sectional perimeter of the airway between
splitters. In addition, the type of entry to and exit from the airway must also be selected.
The output, shown in blue text, provides the pressure loss for entry and exit from the

ENC Software User’s Guide Version 5.5, July, 2021



CHAPTER 6. REACTIVE & DISSIPATIVE MUFFLERS (MODULE 6) 207

silencer as well as the loss due to flow between the splitters (airway) and the total loss
(sum of the entry, airway and exit losses).

If the VDI method (based on the
German standard, VDI2081-1 stan-
dard) is chosen, as illustrated in the
figure at right, then There is no
choice for the entry and exit configu-
ration and the total loss is based on
the assumption that there is no aero-
dynamic treatment for the inlet or
exit from the airways. The only out-
put available in this case is the total
pressure loss, as shown in the figure.

A choice is also available for a
circular silencer with a centre pod,
for which the total loss is calculated
according to the VDI2081-1 stan-
dard (see figure below). For this case
the required input data are the flow
speed, silencer length core diameter
and airway diameter. It is assumed
that the duct wall is lined for the
same length as the centre pod. Again,
the only output is the total pressure
loss.
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6.7.2 Loss Due to Flow Through a Duct Element

There are two different ways to calculate the pressure loss due to gas flowing through
a duct element, as outlined in the 5th edition textbook on pages 503 to 507. Each method
is applicable to the duct elements listed. Pictures of the duct elements for the “5th edn.
textbook (Fig. 8.40)” method are shown in the low-quality figure above the input data
and results. A higher quality picture (see above figure at right) can be obtained by clicking
on the low-quality picture. Required input data for the “5th edn. textbook (Fig. 8.40)”
method include the choice of duct element, the gas flow speed and some dimensions of
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the duct element shown in the high-quality figure. The pressure loss outputs are given in
blue at the bottom of the panel (see figure on the previous page, above left).

For the “Baumann” method (Ch. 15 in “Noise and Vibration Control Engineering” by
Ver and Beranek, 2006) the required input data are the flow speed and the selection of
the element of interest as shown in the figure below, where the output data are in blue
text.
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6.8 Flow Generated Noise (5th edition textbook, pages 507–512)

Noise generated by flow through the following elements can be calculated using this part of
ENC. Circular ducts lined only on the inside wall are not included as the noise generation
is negligible.

• Straight unlined ducts.

• Splitter-type circular or rectangular-section dissipative mufflers.

• Circular mufflers with a centre pod

• 90 degree bend or elbow.

• Pins used to anchor acoustic material to the inside of ducts.

• Grilles used to terminate air conditioning ducts.

Details about each option, and the various choices available for each of the main
options, are discussed below. Note that variables that are “greyed out” in ENC are not
valid for the particular option that has been chosen. To begin a calculation for any of the
options to follow, first click on the “constants” button to enter the gas properties.

Please note that if a graph has tiny “x” symbols only at octave band centre frequencies
and the cursor can only read values at octave band centre frequencies, then care must
be taken in obtaining 1/3-octave band values. In cases where the y-axis represents noise
reduction or transmission loss, the y-axis value where the curve crosses a 1/3-octave
vertical line is likely to be a good approximation of the actual 1/3-octave value if the
curve is smoothly increasing or decreasing but not if the curve slope varies greatly with
frequency. On the other hand, whenever the y-axis represents sound pressure level or
sound power level, it is not possible to interpolate between octave band cursor values to
obtain 1/3-octave band values, as each octave band value represents the logarithmic sum
of the three 1/3-octave band values that make up the octave band.

There are three options (discussed below in three separate subsections) available for
calculating self-noise of dissipative mufflers and other duct system elements: the 5th edi-
tion textbook, the ISO14163 standard, the VDI2081 standard and Ch. 15 in “Noise and
Vibration Control Engineering” by Ver and Beranek, 2006 (grille noise only). Where there
is more than one option for the same calculation, it is probably prudent to select the one
that gives the highest noise levels.

6.8.1 5th Edition Textbook
The 5th edition textbook option has procedures for calculating noise generated by gas
flowing in rectangular and circular-section splitter mufflers, or around a 90◦ bends, as well
as exhaust noise resulting from pins supporting acoustic material lining the inside of gas
turbine exhaust ducts.
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6.8.1.1 Splitter Mufflers

The method that is outlined in the 5th edition textbook on pages 508–509 and the top half
of page 510, is applicable to splitter mufflers in air conditioning ducts, or industrial air
handling ducts, but not exhaust ducts such as gas turbine exhausts. Gas turbine exhausts
are covered in Section 6.8.2 below. The splitter arrangement can also be used for circular-
section or oval-section ducts, but the height dimension (and thus noise generating ability,
of each airway is not constant across the muffler cross section. (see the figure on the
previous page). However, ENC does allow different airway sizes and flow speeds, which
allow circular and oval cross-section ducts to be treated.

When the splitter muffler option is selected, the number of airways making up the
muffler must be entered. If this number is 1, then the gas flow speed as well as the airway
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cross-sectional height and width must be entered (greyed out in the figure on the previous
page as the number of airways is greater than one). If the number of airways is selected
as greater than one, then a pop-up window appears (lower part of the above figure) and
the airway gas flow velocity as well as the airway cross-sectional height and width must
be entered for each airway. As can be seen in the figure above, there is a box to tick
labelled “Data are the same for each airway”. In this case ENC will use the data entered
for the first airway for all airways. The self noise for each airway is added logarithmically
to obtain the total self-noise generation level.

Octave band, in-duct sound power levels generated by the exhaust gas entering, exiting
and flowing through the silencer are plotted on a graph (see following figure) and the
plotted data as well as the overall sound power level are listed in the table below the graph.
Multiple curves for different configurations can be shown simultaneously by clicking on
the “Overlap” button. Values can be read from the graph by turning the cursor “ON”.

6.8.1.2 Bend or 90 Degree Mitred Elbow

If a bend or 90 degree mitred elbow is chosen, you must enter the flow speed of gas in
the duct leading up to the elbow, the duct cross-sectional area and the duct width in the
plane of the elbow (or elbow height, H), as shown in the following figure. Note this only
applies to sharp 90◦ bends (see Figure 8.42 in the 5th edition textbook), not rounded
bends that are usually found in circular-section pipes.

The output is in graphical and table format as it is for splitter mufflers discussed
above. Octave band, in-duct sound power levels are plotted on the graph and, together
with the overall sound power level, are listed in the table below the graph. In addition,
the free stream power level in dB re 10−12 W is provided in blue text above the graph.
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6.8.1.3 Exhaust Stack Pin Noise(5th edition textbook, page 512)

When ducted exhaust systems discharge to the atmosphere, they are often lined internally
with sound absorbing porous material to reduce emitted noise. The porous material is fixed
to the duct wall with pins and fast moving exhaust gases, such as found in gas turbine
exhausts, generate noise as they travel past these pins. This noise can be estimated using
the ENC procedure illustrated in the above figure.

1/3-octave band, in-duct sound power levels are plotted on a graph (see following
figure) and octave band sound power levels, together with the overall sound power level,
are listed in the table below the graph. Multiple curves for different configurations can be
shown simultaneously by clicking on the “Overlap” button. Values can be read from the
graph by turning the cursor “ON”.
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6.8.2 ISO14163-1998
6.8.2.1 Splitter Mufflers

The ISO14163 method can only be used for splitter mufflers in circular, oval and
rectangular-section ducts. It is outlined on pages 510–511 (Equation (8.257)) of the 5th

edition textbook, with a value of 0.02 for the unknown constant, δ (not provided by the
standard) and a value of 58 for the unknown constant, B, when the analysis is applied to
air conditioning ducts and a value of 68 for B and 0.04 for ∆ when applied to a gas turbine
noise source (not provided in the standard). For most industrial ducts where the air flow
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is driven by a fan, choose the “all except gas turbines” option. The ISO14163-1998 is the
only option that can be used for gas turbines.

The output is in graphical (octave band sound power levels) and table format (octave
and overall sound power levels).

If more than one airway is selected, in this current version, ENC assumes that all
airways have identical dimensions and flow speeds and so the self-noise sound power level
increases over that for a single airway by by 10 log 10n, where n is the number of identical
airways. Version 5.5 of ENC will allow different dimensions and flow speeds for each
airway.

6.8.3 VDI 2081
The standard, VDI 2081 provides a method for calculating the self noise generation in
straight, unlined ducts and in circular mufflers with a centre pod. The same standard also
provides an alternative method for calculating self-noise generation in rectangular and
circular-section splitter-type mufflers, and 90◦bends or elbows.

6.8.3.1 Splitter Mufflers

The VDI2081 method for splitters in circular, oval or rectangular-section ducts is outlined
on page 511 (Equations (8.258) and (8.259)) of the 5th edition textbook. The required
input data are the airway height in a direction parallel to the baffle surface, the flow
speed, the splitter thickness, the number of airways, the pressure drop through the muffler
(calculated using the dynamic pressure loss from the left hand part of this page) and the
muffler length.

The output is in graphical (octave band sound power levels) and table format (octave
and overall sound power levels).

If more than one airway is selected, in this current version, ENC assumes that all
airways have identical dimensions and flow speeds and so the self-noise sound power level
increases over that for a single airway by by 10 log 10n, where n is the number of identical
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airways. Version 5.5 of ENC will allow different dimensions and flow speeds for each
airway.

6.8.3.2 Circular Muffler with Centre Core

The VDI2081 method for circular mufflers with a centre pod (or core) is outlined on pages
511–512 (Equation (8.260)) of the 5th edition textbook.

The required input data are the gas flow speed through the muffler, the pressure drop
through the muffler (calculated using the dynamic pressure loss from the left hand part
of this page) and the centre pod (core) diameter. All dimensions are in metres.

The output is in graphical (octave band sound power levels) and table format (octave
and overall sound power levels).
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6.8.3.3 90 Degree Bend in a Circular-section Duct

If this option is chosen, you must enter the flow speed of gas in the duct leading up to the
bend and the duct diameter, as shown in the following figure. The output is in graphical
(1/3-octave band sound power levels) and table format (octave and overall sound power
levels).

6.8.3.4 90 Degree Bend in a Rectangular-section Duct

If this option is chosen, you must enter the flow speed of gas in the duct leading up to
the bend and the duct cross-sectional area, as shown in the following figure. The output
is in graphical (1/3-octave band sound power levels) and table format (octave and overall
sound power levels).
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6.8.3.5 Straight, Unlined Duct

If a straight, unlined duct is chosen, then the gas flow speed and duct cross sectional area
must be entered. The output is in graphical (octave band sound power levels) and table
format (octave and overall sound power levels).

6.9 Baumann - Grille Noise
This part of ENC calculates the noise generated by grilles placed at the exit of air condi-
tioning ducts. The method is described on pages 635–637 in Baumann and Coney (2006).
To calculate grille noise, you must choose the grille type and enter the air flow speed in
the upstream duct and the grille area, as shown in the following figure.

For an air conditioning duct terminated by a grille, the noise is directly proportional
to the pressure drop across the grille, which is characterised by the the dynamic pressure
loss coefficient, K. Values of K are usually available from the grille manufacturer, but
range from 3 for parallel louvres, 5 for louvres with an open damper, 8 for louvres with
a partially closed damper and approximately 6 for a stagnation disk outlet. The overall
sound power level, LW , generated by the grille is (Baumann and Coney, 2006, p. 636):

LW = 10 + 10 log10(SK3U6) (dB re 10−12 W) (6.1)
where S is the grille area and U is the speed of flow in the upstream duct. The 1/3-octave
sound power level spectrum levels may be calculated using:

LW (1/3-oct) =
10 log10(SK3U6)− 12.3 [log10(f/fp)]2 ; f ≤ fp

10 log10(SK3U6)− 11.5 [log10(f/fp)]1.6 ; f > fp
(dB re 10−12 W)

(6.2)
where fp = 140U is the frequency of maximum noise level and f is the 1/3-octave band
centre frequency.

The octave band levels are obtained by logarithmically summing the three 1/3-octave
band levels making up the octave band. Octave band levels are then each adjusted by the
same number of decibels so that their logarithmic sum is equal to the overall level.
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The output is in graphical (1/3-octave band sound power levels) and table format
(octave and overall sound power levels).
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6.10 Exhaust Stack Directivity and Noise Reduction
(see 5th edition textbook, pages 520–526)

This section calculates the directivity of an exhaust stack as well as the noise reduction
that will occur as a result of installing one, using Figure 8.47 or 8.48 in the 5th edition
textbook and Equation (8.292). Data that must be entered first include the distance
between the outlet and observer, the angle subtended by the observer to the exhaust duct
axis, the duct length (from the noise source to the duct exit) with and without the stack
in place and the duct exit cross sectional area for the outlet with and without the stack
in place (see following figure).

The value of the subtended angle is 90 degrees if the exhaust opening is pointed up
and is at the same height as the observer, at some horizontal distance away. The value is
0 degrees if the exhaust duct is pointed directly at the observer.

The first line of data to be entered is the table (see following figure) is the octave band
insertion loss of the stack itself. That is, the difference in sound pressure level at the duct
outlet with and without the stack in place.

If desired, you can also insert the excess attenuation values for sound propagating
from the duct opening to the observer with and without the stack in place. These are
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calculated using module 3. If the excess attenuation is the same with and without the
stack in place, you may enter zero for both rows of values. HOWEVER, IF YOU WANT
TO CALCULATE THE SOUND PRESSURE LEVEL AT THE OBSERVER USING
THE LOWER TABLE ON THIS WINDOW (see following figure), YOU MUST ENTER
ACCURATE EXCESS ATTENUATION VALUES HERE AS THEY WILL BE USED
IN THE LOWER TABLE CALCULATIONS.

The directivity from the exhaust opening to an observer location is calculated by ENC
for the exhaust opening at the top of the stack (DIs) and for the exhaust opening without
the stack (DI). For this calculation, in addition to the data already discussed above, you
need to enter the speed of sound in the exhaust gas. There are two estimation schemes
from which you can choose for estimating the directivity index of the exhaust stack. The
first choice is based on experimental data and encapsulated in Figure 8.47 in the 5th

edition textbook. The second is purely theoretical, based on a theory developed by Davy
(2010) and included in the 5th edition textbook as Figure 8.48.

Finally, the last line in the table (see following figure) is the noise reduction at the
observer due to the installation of the stack. Note that although the directivity information
used in the calculations has not been averaged over octave bands, the octave band centre
frequency results given are very close to what would be obtained by band averaging.

Clicking on the “Constants” button in the above figure allows you to set the speed of
sound and gas density for the calculations of the entire window — see Section 0.5.4 in the
manual for a full description.

At the bottom of the table you can use the calculator to calculate results for individual
frequencies in addition to the octave band centre frequency results shown in the table. The
input data are labelled in black and the calculated data in blue. The table at the bottom
of the panel allows you to calculate the sound pressure level at the observer location with
the stack in place using Equation (8.293). To do this calculation the sound power radiated
by the duct prior to the installation of the stack is required. There are 2 methods ENC
can use to determine the sound power level values. Click on the box to the right of the
title, “PWL radiated by duct outlet without stack” (see previous figure) to select the
method you wish ENC to use.
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If you select “entered by user”, then you must enter the octave band sound power
levels in the first line of the table.

If you select the option, “calculated from SPL measured at the following location”,
ENC will use the measured sound pressure level at some distance, r, from the stack to
calculate the radiated sound power using Equation (8.291). For this option you need to
enter the distance from the duct outlet that the measurement was made and the angle
in degrees subtended to the measurement location from the duct axis. You also need to
enter octave band values of excess attenuation, Aem, associated with sound propagation
from the duct outlet to the measurement location (calculated using module 3 of ENC).
ENC will calculate the directivity associated with this measurement for the duct outlet,
include the effect of the excess attenuation and calculate the radiated sound power level
for the duct WITHOUT the stack.

As the sound power levels calculated using the information in the first line of the table
are for the duct WITHOUT the stack attached, the sound power radiated by the duct
WITH the stack attached is determined by ENC by subtracting the insertion loss values
entered in the upper table from the sound power levels calculated for the duct without the
stack in the lower table. Thus the insertion loss values in the upper table directly affect the
SPL values in the lower table. Similarly the insertion loss value entered below the upper
table for the single frequency calculation is used for the single frequency calculation under
the lower table.

The calculation in the lower table also uses values of excess attenuation (Aes) with the
stack in place from the upper table. For the individual frequency calculations, the value
of Aes entered below the upper table will be used for the lower table calculations.

All of the data and results discussed above may be plotted on the graph on the right
side of the panel (see figure on next page). The parameter to be plotted is selected by
clicking on the selection box above the graph.
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6.11 Duct Break-out/Break-in Noise (5th edition textbook,
pages 512–514)

This panel calculates the sound power that may be expected to break out of a duct such
as an air conditioning duct, which contains an internal sound field. It will also calculate
how much sound power that will break into a duct as a result of an external sound field.
The calculations are particularly useful for determining how much noise may be carried
by an air conditioning duct from a noisy area (such as a factory or plant room) to a quiet
area (such as an office) as well as the importance of fan noise transmission through the
duct walls into an office space.

For both break-in and break-out noise, you need to enter the duct wall surface weight
(kg/m2), the length of duct over which breakout or break in sound transmission will
occur, the speed of sound in the duct and the duct cross section dimensions (see following
figure).

For the break-out section (see following figure), the quantity, Lwi is the sound power
propagating down the duct and entering the section from which it will breakout. This
must be input by the user in octave bands. The quantity, Lwo is the sound power that
will break out of the duct (dB re 10−12 W) and this is calculated by ENC using Equation
(8.262) in the 5th edition textbook. The quantity, ∆, is the attenuation in dB/m of a
lined duct (entered by the user) and the quantity, C, is defined by Equation (8.263) in the
5th edition textbook and TLout is defined by Equations (8.266)–(8.268). Both quantities
are calculated by ENC. Below the table are output the cross over frequency (Equation
(8.265) in the 5th edition textbook) and the minimum allowed value for TLout (Equation
(8.268)). Note that the maximum allowed is 45 dB.
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In addition to the octave band values of power in the table, you can also obtain values
at specific frequencies by entering the frequency of interest in the box below the table.

For the break-in section (see following figure), the quantity, Lwo is the sound power
incident on the duct walls from the external sound field (entered by the user). The quantity,
Lwi, is the sound power that will break into the duct (dB re 10−12 W) and TLin is the break
in sound transmission loss. Both quantities are calculated by ENC. ENC also calculates
the fundamental acoustic resonance frequency associated with the duct cross section (line
following Equation (8.269) in the 5th edition textbook). Single frequency calculations are
also done for the frequency entered in the box below the table.

Any of the outputs calculated by ENCmay be plotted. Just select the required quantity
from the drop down menu above the graph (see following figure).
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Chapter 7

Vibration Isolation (Module 7)

7.1 Overview
This module carries out the calculations and procedures outlined in Chapter 9 of the 5th

edition textbook. Single degree of freedom and multi-degree of freedom systems are both
considered in terms of vibration isolation. The effect of flexible foundations on vibration
isolation performance, vibration absorbers, damping parameters and units of measurement
are also included.

7.2 SDOF System (5th edition textbook, pages 529–536)

This section calculates the damped natu-
ral frequency as well as the frequency cor-
responding to maximum displacement, ve-
locity, acceleration and transmitted force
for a single degree of freedom system us-
ing Equations (9.5), (9.6), (9.12), (9.16),
(9.18), (9.21) and (9.23) in the 5th edition
textbook. The traditional undamped res-
onance frequency is the same as the fre-
quency corresponding to the maximum ve-
locity. If a coil spring is the isolator, you
may choose to include its mass in the cal-
culations to get more accurate results.

You must enter the critical damping ra-
tio and there is a choice of either entering
the static deflection of the isolator or its
stiffness and the mass that it supports (just
click on the appropriate dot). Note that if the spring mass is significant, then 1/3 of the
spring mass should be added to the supported mass as the mass quantity to be entered
into the software. Also note that for rubber isolators, you need to use the dynamic stiff-
ness value corresponding to the expected amplitude of vibration. The static stiffness value
is inappropriate. Note that the units of stiffness are MN/m = 106 N/m. The reduction
in transmitted force (Tf Reduction) through the spring isolator compared to the situa-
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tion without the isolator may be calculated for a specific value of the ratio of excitation
frequency to undamped resonance frequency, (f/f0), using the calculator in the module
illustrated at right.

The transmitted force reduction is also plotted as
a function of the frequency ratio, f/f0, in the figure
below.

7.2.1 Coil Spring Properties (5th edition textbook, pages 531, 535–536)

ENC will calculate for a coil spring, the spring mass,
spring stiffness, the first three surge frequencies of the
spring and the mass/spring resonance frequency with
and without the spring mass included in the calcula-
tions. As can be seen on the figure at right, you need
to enter the coil diameter, the wire diameter, the num-
ber of active coils, the density of the spring material,
Poisson’s ratio and Young’s modulus of the spring ma-
terial, the spring helix angle and the mass supported
by the spring.

7.3 Units of Vibration (5th edition textbook, page 556)

Enter the frequency of interest and any one of acceleration, velocity or displacement (see
figure on next page). The software will then calculate the other two and the dB equivalents
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as well using the reference quantities on page 556 and Equations (9.77)–(9.79) in the 5th

edition textbook.

7.4 Damping Measurement (5th edition textbook, pages 558–
561)

This part of the module allows you to calculate two of the quantities logarithmic decre-
ment, critical damping ratio and loss factor, given the third one, using Equation (9.82)
and Table 9.1 in the 5th edition textbook. You can also relate the damping to the 60 dB
decay time (T60) of a single degree of freedom system (see Eqs (6.23) and (6.24) in the
5th edition textbook), given its resonance frequency (given in the panel 2 pages back).

7.5 4-Isolator System (5th edition textbook, 525–527)

For this system (see following figure), the software will calculate the rotational and trans-
lational resonance frequencies using Equation (9.31) and the procedure on page 536 in the
5th edition textbook. You need to enter the mass and geometrical parameters requested
(see following figure).
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You also need to enter the stiffnesses of the 4 isolators in all three translational direc-
tions. Note that if the spring mass is significant, then 1/3 of the spring mass should be
added to the supported mass as the mass quantity to be entered into the software. Also
note that for rubber isolators, you need to use the dynamic stiffness value corresponding
to the expected amplitude of vibration. The static stiffness value is inappropriate. Note
that the combined spring stiffness is the one used in the calculations. Note that the units
of stiffness are MN/m = 106 N/m. You have a choice of entering the radii of gyration
about 2 axes or the equivalent rectangular dimensions of the machine (enclose the machine
in a rectangular box of the same volume).

The out puts (see above) are all the translational and rotational resonance frequencies
for the system. If the spring stiffnesses are different for the 4 isolators, the effective overall
stiffness for each direction is calculated by the software for use in the resonance frequency
calculations. Note that if necessary, you can check the roots of the equation in the caption
of Figure 9.5 in the 5th edition textbook, used to determine the resonance frequencies.
This is done by clicking on the “Check Roots” box and the panel shown below appears.
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7.6 Flexible Support (5th edition textbook, pages 540–542)

In this part (see figure on the next page), the transmitted force as a function of frequency
may be calculated for a flexible machine and support structure, using Equation (9.45) in
the 5th edition textbook.

Assuming a rigid isolated mass and a lightweight spring, the mobilities are calculated
using Equations (9.46)–(9.48) in the 5th edition textbook.

You may enter single values for the real and imaginary parts of the machine mobility
(if the machine is non-rigid) and support structure or you may enter a table of values as
a function of frequency. If the machine is relatively stiff, it is sufficient just to enter its
mass instead of its mobility.

As can be seen in the following figure, the software calculates the transmitted force
reduction (in dB) for any frequency that is specified for the single value mobility data or
for the multiple value input data.
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The graph (see following figure) gives a plot of transmitted force reduction as a function
of frequency of excitation of the mass representing the machine.

7.7 2-stage Vibration Isolation (5th edition textbook, pages
538–539)

A 2-stage vibration isolator has an intermediate mass placed between the foundation and
the equipment to be isolated with spring isolators between the intermediate mass and the
foundation and also between the intermediate mass and the equipment to be isolated.

You need to enter the mass of the machine to be isolated, the mass of the intermediate
mass, the stiffnesses of the two isolators and the critical damping ratios of the two isolators.
ENC will output the static deflection and resonance frequency for each subsystem acting
independently (see below), which assumes that the isolators connected to it have their
other end connected to a rigid foundation. In addition, for this calculation the intermediate
mass is assumed to be disconnected from the machine to be isolated.
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ENC calculates the force transmissibility in dB (20 log10[TF ]) and plots it (see figure on
the page after next) and also calculates the two frequencies of maximum transmissibility,
fa and fb (see following figure) as well as the resonance frequency of the machine with the
intermediate mass removed and the resonance frequency of the intermediate mass with
the machine held fixed.

You can set up the graph to plot transmissibility or amplitude of the machine or
intermediate mass complex displacement (modulus of the complex quantity) for a specified
driving force amplitude which you may specify as a peak or RMS quantity (see figure on
next page). The displacement is expressed in dB (peak to peak).
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7.8 Vibration Absorber (5th edition textbook, pages 546–549)

This section allows you to design an optimum vibration absorber (using Equations (9.68)–
(9.70) in the 5th edition textbook) to remove the influence of a particular structural or
machine response frequency. You can also determine the performance of an absorber of
any particular design using Equations (9.56) – (9.66) in the 5th edition textbook.

First the mass of the vibrating machine and the damping ratio of the machine support
is entered. The stiffness of the vibrating machine support or its resonance frequency (fre-
quency of vibration to be reduced) is then entered. After entering the preceding quantities
there are two options (specified or optimum absorber — see figure on next page).

The first option (specified absorber option — see above) calculates the absorber and
machine response as a function of frequency for the absorber parameters that are entered.
This requires that the absorber mass and critical damping ratio be entered and either the
absorber stiffness or its resonance frequency on a hard surface. The program outputs for
this option are the two graphs mentioned above, the displacement of the absorber and the
original and coupled resonance frequencies of the absorber and machine mass. The second
option (optimum absorber — see below) does not require that the absorber stiffness or
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critical damping ratio are entered. It calculates these quantities for an optimised absorber
configuration.

The vibration amplitude (peak to peak, not RMS or peak) of the absorber or mass
under control is plotted in the graph on the right side of the panel (see next page). You
can choose the frequency range you wish to plot and also enter the peak or rms driving
force amplitude (see following figure). You may choose other parameters to plot from the
menu (see following figure).
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Chapter 8

Sound Power of Equipment (Module
8)

8.1 Overview
This module is for the calculation of sound power and sound pressure levels of a large
number of sound sources, including process equipment and transport vehicles. There are
4 separate windows. The first, “sound power and SPL estimation” is for the calculation of
sound power and sound pressure levels of a large number of standard types of equipment.
The second, “Road Traffic Noise”, is for the estimation of road traffic noise levels using
the UK DoT model, CoRTN. The third, “Highway Noise” is for the estimation of traffic
noise using the USA, FHWA Traffic Noise Model (TN). The fourth, “Rail Traffic Noise”
is for the estimation of train noise using the UK DoT model.

8.2 Sound Power and SPL Estimation
This window is for the calculation of sound power and sound pressure levels of a large
number of standard types of equipment. The estimations done here are useful when man-
ufacturer’s data are not available, but they are not intended to take the place of measured
data — use these calculations only when measured data are impossible to obtain.

The items of equipment considered here are those discussed in Chapter 10 of the 5th

edition textbook. In many parts of the output, “SPL” is used as short notation for “sound
pressure level” and “PWL” is used for “ sound power level”. Note that for calculating
PWL from SPL and vice versa, it has been assumed throughout that ρc ≈ 400. Clicking
on the constants button will simply bring up this message. All calculated sound power
or sound pressure level data are displayed in a table and plotted on the right side of the
screen. Click on the green arrows to the left of the graph to change the scale on the y-axis
and centre the curve on the display.

The data inputs for this module are very self explanatory and are also discussed in
detail in the 5th edition textbook. The quantity plotted corresponds to the line in the
table below the plot that has a tick on the square at the right end of the line of data (see
next page).
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Note that in many cases, subtracting the octave band corrections listed in the 5th

edition textbook from the overall sound power or sound pressure level often results in
octave band values that do not add up to the overall level. ENC slightly adjusts the
octave band corrections so that the octave band values exactly add up to the total level
calculated by the corresponding equation.

To begin, select the equipment of interest from the menu (see following figure).
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For each type of equipment in the menu, there is a sub-menu. Each sub-menu item
will be addressed in the following discussion. For each item selected, ENC calculates a
number of outputs that are shown in the “output panel” and also tables of sound power or
sound pressure levels in octave bands. These latter quantities are also shown graphically.

An example output panel for control valves is shown below. All outputs include overall
sound power or sound pressure levels, both linear and A-weighted. Octave band values
for the same quantities are usually tabulated under the graph on the right of the screen.

Note that in some cases the octave band sound power or sound pressure levels will add
up to a little less than the overall level. This is because some energy is present outside of
the frequency range of the specified octave bands.
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8.2.1 Fans (fifth edition textbook, pages 567–568)

ASHRAE guidelines state that manufacturers’ data should be used in all cases. Where
such data are unavailable, the German standard, VDI2081-1 (2003) provides guidelines
for a limited range of fan types.

If you wish to proceed, the first step is to choose the type of fan from the list shown
above. For all of these fans, ENC uses the equations on page 568 of the 5th edition edition
of the textbook to calculate the sound power level in octave bands.

You need to input the volume flow rate, number of fan blades and rotational speed
(RPM) and the pressure difference between inlet and outlet for each case to be considered.

For all fan types, ENC will output the blade passing frequency in the output panel
as well as the octave band and A-weighted overall sound power levels both within and
outside the duct. The sound power and sound pressure levels are output beneath the
graph. as shown in the following figure.

You can plot the external or internal octave band results by clicking the appropriate
box below the graph as shown in the following figure.
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8.2.2 Air Compressors (5th edition textbook, pages 568–572)

The compressor sub-menu is shown at right.
Data for small compressors (the first item on the

sub menu shown at right) are obtained from Table
10.4 in the 5th edition textbook. Sound pressure levels
at 1 m distance from the compressors are provided in
the output panel for various compressor powers (lower
part of the figure at right). No input data are needed.
However, you must select the compressor size from the
menu shown at right.

Output results for the
next 4 items in the top
sub menu shown at right,
which represent the 4 dif-
ferent generic compres-
sors, include the sound
pressure inside the pipe
at the compressor exit
and the exterior noise ra-
diated by the compres-
sor casing and air in-
let.
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There are two methods that can be used for calculating exterior noise levels. Method I
applies to all compressors and uses Equation (10.15) in the 5th edition textbook together
with the calculated interior noise level at the exit piping. Method II is based on compressor
power and is not available for axial compressors. In addition, for centrifugal compressors
the un-muffled air inlet noise may be calculated separately.

The compressor power in kW is needed as input for all 4 items. For the centrifugal
compressor, the impeller tip speed is also needed as an input for some of the calculations.
For the rotary and axial compressors, the number of impeller blades and impeller rpm are
needed as input in addition to the power. For the reciprocating compressor, the number
of cylinders and crankshaft rpm are needed as input.

In addition to the octave band sound power levels, the outputs (see following figure)
for these three items include the frequency of maximum noise level. The equations used
for these calculations are (10.5)–(10.14) in the 5th edition textbook. Note that when the
octave band levels do not add up to the overall level calculated according to Equation
(10.7), the octave band levels are corrected by ENC so that they add up to the overall
level.

8.2.3 Refrigeration Compressors (5th edition textbook page 572)

No input data are required for the 5 types
of compressor listed at right. ENC uses Ta-
ble 10.6 to calculate the sound pressure lev-
els in octave bands as well as overall linear
and A-weighted at 1 m.
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8.2.4 Cooling Towers (5th edition textbook, pages 572–574)

There are four types of cool-
ing tower from which to choose
as indicated by the first four
lines of the pop-up menu shown
at right (three propeller types
and one centrifugal type). For
each one, the fan power and di-
rection of interest (front, rear,
side or top) needs to be speci-
fied also using the menu shown
at right. The output consists
of three lines under the graph.
One line corresponds to the
overall sound power levels in oc-
tave bands, the second line rep-
resents A-weighted values and
the third line is a list of direc-
tivity indices corresponding to
the direction of radiation cho-
sen (ie front, side, rear or top
see Table 10.8 in the 5th edition
textbook). The appropriate di-
rectivity index must be added
to the sound pressure level cal-
culated using the sound power
level in the first line and the excess attenuation effects calculated using module 3. Note
that the octave band corrections given in the 5th edition textbook are slightly reduced by
ENC to ensure that they add up to the overall levels calculated using Equations (10.19)
to (10.22) in the 5th edition textbook. Note that overall linear and A-weighted levels are
shown on the bottom left panel.

If any of the three “close in” options are chosen, ENC will give the sound pressure
level at 1 m for the intake and discharge of the cooling tower using Table 10.9 in the 5th

edition textbook. The “Direction for DIm” menu disappears as it is no longer relevant.
Corresponding octave band levels are listed for each case beneath the graph and the tick
box indicates whether the intake (In) or discharge (Dis) is plotted. Note that for these
cases, the total levels in the bottom left panel are sound pressure levels at 1 m.
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8.2.5 Pumps (5th edition textbook, page 575)

As shown in the figure above, the only input data needed are the speed range and pump
drive motor power. ENC uses Tables 10.10 and 10.11 in the 5th edition textbook to
calculate the sound pressure levels at 1 m from the pump and these are output beneath
the graph in octave bands. ENC also calculates and displays overall linear and A-weighted
levels.

8.2.6 Jet Noise (5th edition textbook, pages 575–579)

For this calculation you need to input the data listed below. Note that the 9th and 10th lines
are not needed for the sound power calculations, they are only needed for the calculation
of SPL at a specified distance. The calculation is valid for both choked and unchoked jets.
The last two lines of data in the table below are only needed for choked jets.

The Strouhal number requested for the input applies to the gas flow and is usually set
at 0.2 in the absence of better information. The density and temperature of the ambient
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gas refer to the gas that surrounds the jet but is not part of it (usually air). The density
and temperature of the “gas in jet” refer to the fuel gas upstream of the nozzle exit.

In addition to the octave band sound pressure level at a specified distance and the
octave band sound power level (which are also plotted), ENC provides other outputs as
illustrated below.

The outputs are calculated using Equations (10.23)–(10.27), Figures 10.2 and 10.3,
and Table 10.12. Note that ENC includes the quantity 10 log10[ρc/400] on the right hand
side of Equation (10.27) and the equation in item 5, page 578 in the 5th edition textbook.

8.2.7 Control Valves (Gases) (5th edition textbook, pages 579–589)

The 5th edition textbook and ENC use the IEC 60534/8/3 (2000) International stan-
dard formulation. Note that ENC provides means to calculate the sound power in and
sound pressure radiated by the downstream piping attached to the valve. Radiation from
the valve body or upstream piping is considered to be negligible according to the IEC
standard.

The calculations are only valid for steel or steel alloy pipes so it is recommended that
users use 5200 m/s for the longitudinal sound speed in the pipe wall.

You may choose the type of
valve from the list at right or
decide to define all properties
yourself. Choosing a particular
type of valve will fix the quan-
tities labelled “required Cv”,
“FL”, “Fd” and “rw”. These
quantities are, respectively, the
valve flow coefficient, the valve
pressure recovery factor, the
valve style modifier coefficient
and the ratio of acoustic power
propagated downstream of the
valve to the total acoustic
power generated by the valve.
If you wish to change any of these fixed values, just select “user defined” after selecting
the particular valve type. The quantities FLp and Fp in the second line are used in the
form FLp/Fp to replace FL when fittings are attached to the valve. These quantities are
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usually obtained from the valve manufacturer. You can specify “YES” or “NO” for fittings
being attached (see following figure).

The quantity D0 is the valve discharge diameter in metres. The “percentage of valve
flow capacity” is the ratio of flow through the valve to maximum rated flow through the
valve expressed as a percentage. The “pipe inside diameter” and “pipe wall thickness”
are for the downstream piping. The quantity, Cv, is the number of US gallons of water
that will flow through the valve in 1 minute. The quantities, FL, FLP , Fd, FP and rw
are valve characteristics available from the valve manufacturer or from Table 10.13 in the
textbook. You are also asked to enter the length of downstream piping of interest and the
longitudinal wave speed in the material (see module 1). You can select your gas type from
a list of 37 gases, including steam or you can specify the gas as “self defined”. If you select
the gas type, ENC will automatically enter the gas molecular weight and ratio of specific
heats. You can use the “CONSTANTS” setup window (in the tools menu) to calculate
the gas density and speed of sound given the pressure and temperature.

Following selection of the gas type, there are three inputs required, and for each input,
there is a choice of two parameters to input. Only one of each choice is required (see above
figure). The final two inputs required are the valve upstream and downstream pressures
in MPa.
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The outputs provided by ENC are quite extensive and are shown in the following
figure.

All of the outputs (including sound power and sound pressure levels) refer to the piping
downstream of the valve. The jet diameter is the diameter of the jet in the vena contracta
in the valve. The “int. Coinci frequency (Hz)” is the internal coincidence frequency of the
downstream pipe. The flow regime (from regimes I to IV) is indicated for the valve being
analysed.

In addition to the outputs illustrated above, ENC provides 1/3-octave band plots and
tables of octave band values for the following quantities:

• Internal sound power level (downstream piping only — upstream not important))

• external sound power level

• external sound pressure level at 1m from the pipe wall (downstream piping only)

• pipe wall transmission loss

As for all items discussed in this section, the line corresponding to the ticked box (see
following figure) is plotted on the graph (see figure on next page). However, in this case,
1/3-octave instead of octave band results are plotted so the numbers on the graph (which
may be read using the cursor) do not necessarily agree with the numbers in the table.
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The pipe wall Transmission Loss is calculated using the following procedure.

1. Calculate internal overall unweighted sound power (watts) using Equations (10.24),
(10.29) and Table 10.13 in the 5th edition textbook.

2. Calculate internal overall unweighted sound pressure using Equation (10.496) in the
5th edition textbook

3. Get the spectrum of unweighted internal sound pressure levels using page 586 in the
5th edition textbook.

4. Calculate the unweighted sound power level inside the pipe from the result in 1
above using 10 log10(Wa/Wref).

5. Calculate the spectrum shape of unweighted internal sound power levels using the
same procedure as used for the sound pressure level spectrum

6. Calculate the overall pipe TL using the IEC method — see pages 587 and 588 in
the 5th edn. textbook).

7. Calculate the overall external A-weighted sound pressure level using Equations
(10.65) to (10.67) in the 5th edition textbook. (Note that the TL used in these
equations should really be called a TL adjustment. It is not really a TL as it re-
lates the A-weighted external sound pressure level to the unweighted external sound
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pressure level. And it’s an adjustment that can only be used in this equation for
valve noise).

8. Calculate the overall external A-weighted radiated sound power using Equation
(10.68) in the 5th edition textbook.

9. Calculate the unweighted spectrum band levels for both sound pressure level and
sound power level using Equations (10.69) to (10.71) in the 5th edition textbook.

10. Adjust the spectrum levels (by the same number of dB in each band) so that when
they are A-weighted and summed logarithmically they produce the same overall
A-weighted levels as calculated in items 8 and 9 above.

11. The 1/3-octave band pipe TL is the difference between the internal and external
band sound pressure levels.

12. Octave band sound pressure and sound power levels are obtained by logarithmically
summing the three 1/3-octave components and the octave band TL is found by
logarithmically averaging the three 1/3-octave components.

8.2.8 Control Valves (Liquid, IEC60534-8-4, 1994 edition)
(5th edition textbook, pages 590–591)

This panel follows the proce-
dures outlined in the interna-
tional standard, IEC60534-8-4
(1994 edition). If the procedure
in the 2015 standard is needed,
then see the next section.For
the procedure in the 1994 stan-
dard, the input data required
by ENC are shown in the ta-
ble at right. Note that all cal-
culations are for noise radiation
from the downstream piping.
The amount radiated from the
upstream piping or the valve is
considered negligible.

The calculations are only
valid for steel or steel alloy pipes so it is recommended that users use 5200 m/s for
the longitudinal sound speed in the pipe wall and 7850 kg/m3 for the density of the pipe
material.

The outputs that are provided by ENC for the downstream piping are shown in the
following two figures.
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The “TL” quantity refers to the Transmission Loss of the downstream piping, calcu-
lated according to the standard. The line in the table below that has a ticked box to its
right is plotted in the graph as illustrated at the beginning of this chapter. Note that
numbers in boxes below 500 Hz are “greyed out” as the IEC procedure is not valid at
these frequencies.

8.2.9 Control Valves (Liquid, IEC60534-8-4, 2015 edition)
The following prediction procedure follows IEC 60534-8-4 (2015) and and the required
input data are shown in the following figure. Noise resulting from reflections, loose parts
or resonances is not taken into account here. Noise generated by multi-stage valves can
be calculated using procedures in IEC 60534-8-4 (2015).

In the input data, the quantity, Cv, is the number of US gallons of water that will
flow through the valve in 1 minute. The quantities, FL, FLP , Fd and FP are valve charac-
teristics available from the valve manufacturer or from Table 10.13 in the textbook. You
are also asked to enter the length of downstream piping that is radiating sound and the
longitudinal wave speed in the material (see module 1). You can select the type of valve
as “globe” or “other” and the type of liquid as “water” or “other”. If water is selected as
the liquid, ENC calculates the vapour pressure based on the temperature of the water in
the inlet pipe. If a different vapour pressure is needed, then select “other” as the liquid,
even if it is water.

The calculations are only valid for steel or steel alloy pipes so it is recommended that
you use 5400 m/s for the longitudinal sound speed in the pipe wall and 7850 kg/m3 for
the density of the pipe material.
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There is also an option at the lower part of the window to specify a valve with cage
installed on its outlet with a multi-hole trim. In this case the number of holes and the
diameter of each must be entered. For holes that are non-circular in cross section, the
equivalent diameter, d is used , where d =

√
4A/π, where A is the cross-sectional area of

a single hole.
The outputs that are provided by ENC for the downstream piping are shown in the

following two figures.
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The “TL” quantity refers to the Transmission Loss of the downstream piping, calcu-
lated according to the standard. The line in the above table that has a ticked box to its
right is plotted in the graph as illustrated at the beginning of this chapter.

The theory for this procedure is not provided in the textbook, so it is outlined here.
The pressure ratio, XFz, at which cavitation can be acoustically detected for an inlet

pressure, P1, of 6× 105 Pa, is defined as:

XFz =


0.9

(
1 + 3Fd

√
Cv

1.17FL

)−0.5

; for all except valves with multihole trims

(4.5 + 1650N0d
2
H/FL)−0.5 ; for valves with multihole trims

(8.1)

where N0 is the number of holes in the trim and dH is the diameter of each hole. For holes
with a non-circular cross section, use dH =

√
4AH/π, where AH is the cross sectional area

of the hole. To account for inlet pressures different to 6 × 105 Pa, the quantity, XFz is
replaced in calculations by XFzp1, defined as:

XFzp1 = XFz

(
6× 105

P1

)0.125

(8.2)

The differential pressure, ∆Pc, is:

∆Pc = smaller of
(P1 − P2)
F 2
L(P1 − Pva)

(Pa) (8.3)

where P1 is the upstream pressure, P2 is the downstream pressure, FL is the valve pressure
recovery factor (see page 582 in the textbook) and Pva is the vapour pressure for the
liquid in the pipe. For water, the vapour pressure may be calculated using the Arden
Buck equation:

Pva = 611.21 exp
[

18.678− T1/234.5
T1/(T1 + 257.14)

]
(Pa) (8.4)

where T1 is the temperature of the water in ◦C.
The acoustic power, Wa, generated by liquid passing through a control valve is (IEC

60534-8-4, 2015):
Wa = ηWm = ηṁ∆Pc

ρf
(W) (8.5)
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where ρf is the density of the liquid and ṁ is the mass flow rate. The efficiency factor, η, is
different for turbulent flow and cavitating flow and may be calculated using the following
equations.
For turbulent flow, XF ≤ XFzp1 and η = ηturb, where:

XF = (P1 − P2)/(P1 − Pva) (8.6)

and
ηturb = 10A

(
Uv
cf

)
(8.7)

where A = −4.6 for globe valves, A = −4.3 for other valve types, cf is the speed of sound
in the liquid and Uv is the speed of the flow through the vena contractor, given by:

Uv = 1
FL

√√√√2∆Pc
ρf

(m/s) (8.8)

For cavitating flow, XFzp1 < XF < 1 and η = ηturb + ηcav, where

ηcav = 0.32ηturb

(
P1 − P2

∆PcXFzp1

)0.5

e5XF zp1

(1−XFzp1

1−XF

)0.5 ( XF

XFzp1

)5

(XF −XFzp1)1.5 (8.9)

The overall internal sound pressure level, Lpi, downstream of the control valve is calculated
using:

Lpi = 10 log10

[
3.18× 109Waρfcf

d2
i

]
(dB re 20 µPa) (8.10)

The internal sound pressure level for the 1/3-octave band with a centre frequency, f ,
is different for turbulent and cavitating flow.

For turbulent flow:

Lpi(f) = Lpi + ∆(f, turb) (dB re 20 µPa) (8.11)

where

∆(f, turb) = −8− 10 log10

1
4

(
f

fp,turb

)3

+
(
fp,turb
f

) (dB) (8.12)

and
fp,turb =

(
Uv
dj

)(
0.036F 2

LCvf
0.75
d

1.17X1.5
Fzp1Dd0

)
(P1 − Pva)−0.57 (Hz) (8.13)

where D is the nominal valve size (m), d0 is the valve orifice diameter (m), Uv is defined
in Equation (8.8) and dj is the jet diameter given by:

dj = 4.6× 10−3Fd
√
CvFL (m) (8.14)

For cavitating flow:

Lpi(f) = Lpi + 10 log10

(
ηturb

ηturb + ηcav
10∆(f,turb)/10 + ηcav

ηturb + ηcav
10∆(f,cav)/10

)
(8.15)
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where

∆(f, cav) = −9− 10 log10

1
4

(
f

fp,cav

)1.5

+
(
fp,cav
f

)1.5
 (dB) (8.16)

fp,cav = 6fp,turb
(

1−XF

1−XFzp1

)2 (
XFzp1

XF

)2.5
(Hz) (8.17)

The TL for the 1/3-octave band with centre frequency, f , is:

TL = 10 + 10 log10

(
cLρmt

ρcdi

)
+ 20 log10

(fr
f

)(
f

fr

)1.5
 (dB) (8.18)

where ρ and c are, respectively, the density and speed of sound in the gas external to the
pipe (usually air).

The sound pressure level outside of the pipe and adjacent to the pipe for the 1/3-octave
band with centre frequency, f , is:

Lpe(f) = Lpi(f)− TL (dB re 20 µPa) (8.19)

and the sound power level radiated by a pipe of length, `p, is:

LW (f) = Lpe(f) + 10 log10 (di + 2t) + 10 log10 `p + 5 (dB re 10−12 W) (8.20)

The external sound pressure level at 1 m from the pipe wall is:

Lpe,1m(f) = Lpe(f)− 10 log10

(
di + 2t+ 2
di + 2t

)
(dB re 20 µPa) (8.21)

Overall sound power and sound pressure levels may be obtained by logarithmically sum-
ming the 1/3-octave band levels. A-weighted overall levels are obtained by first adding the
appropriate A-weighting, from Table 2.3 in the 5th edition textbook, to each 1/3-octave
band and logarithmically adding the 1/3-octave A-weighted levels.

8.2.10 Control Valves (Steam) (5th edition textbook, page 591)

As steam is a gas, the calculation procedures are the same as for “Control Valves (Gas)”
discussed a few pages previously.

8.2.11 Pipe Flow Noise (turbulent flow noise source), Baumann
method

External sound pressure levels in an octave band with a centre frequency of f , at a distance
of 1 m from the pipe wall, for a pipe carrying gases in a turbulent flow condition, may be
calculated using Baumann and Coney (2006):

Lp = −3.5 + 40 log10 U + 20 log10 ρ+ 20 log10K − 10 log10

[
t

di

(
1 + 1.83

di

)]
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− 5 log10

[
f

fr

(
1− f

fr

)]
+ ∆L (8.22)

where U is the gas flow speed, ρ is the density of the gas inside the pipe, t is the pipe
wall thickness, di is the pipe inside diameter, fr is the pipe ring frequency = cL/[π(di+t)],
K is the friction loss in a length, L, of pipe equal to 10di (use K = 0.1 for a smooth-wall
pipe and Equation (8.248) in the 5th edn textbook (with L = 10di) for a pipe with a
perforated sheet metal liner) and:

∆L =


10.4 + 11.4 log10(f/fp); f/fp < 0.5
7; 0.5 ≤ (f/fp) < 5
14− 10 log10(f/fp); 5 ≤ (f/fp) < 12
41.9− 36.1 log10(f/fp); (f/fp) ≥ 12

(8.23)

where fp = 0.2U/di is the peak noise level frequency corresponding to a Strouhal number
of 0.2. If pipe fittings such as elbows are included in the 10 m pipe section used to calculate
K due to friction, then the K factors due to these fittings can be determined using Figure
8.40 in the 5th edn textbook and these are added to the value of K for friction losses in
the straight section pipe, 10 m long (often approximated as K = 0.1).

The above calculation is only valid up to a frequency of 0.95fr.

To use this method in ENC, the required input data are shown in the figure above.
For the gas flowing in the pipe, you can either enter the molecular weight and ratio of
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specific heats or you can select the gas from a drop down list as shown in the figure. The
other required inputs are the absolute pressure in the pipe and either the density of the
gas or its temperature.

The outputs (see
figure at right) pro-
vided in the left
hand panel are the
pipe ring frequency,
the maximum valid
frequency for the re-
sults, the frequency
at which the noise is loudest and the overall sound pressure level at 1 m in dB and dBA.
Octave band data are plotted in the following figure for data below 0.95fr. You may
choose whether to plot the results in A-weighted or un-weighted form.

If you click on the green button, labelled “Con-
stants”, the message at right appears. This means that
the analysis assumes that the gas external to the pipe
is air at atmospheric pressure and 20◦C.
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8.2.12 Pipe Flow Noise (valve noise source)

The internal sound power and sound pressure levels are calculated as for valve noise and
the calculation for the radiated noise then follows the steps below.

1. Calculate the pipe ring frequency.

2. Calculate the TL in 1/3-octave bands using Equation (8) from the 2015 version of
the standard, IEC534-8-4.

3. Calculate the external sound pressure level adjacent to the pipe wall in 1/3-octave
bands by subtracting the band TL from the internal band sound pressure level.

4. Calculate the sound pressure level (in 1/3-octave bands) external to the pipe and 1
m from the pipe wall using Equation (10.78) in the 5th edition textbook modified
for 1/3-octave band level calculation.

5. Calculate the externally radiated unweighted sound power level in 1/3-octave bands
in the 5th edition textbook modified for1/3-octave band level calculation.

6. Calculate the octave band and overall unweighted and A-weighted external sound
power levels and sound pressure levels at 1 m from the pipe wall using the 1/3-octave
band levels calculated in item 3.

To use ENC, you must first choose the valve type as shown in the following figure.

The required input data are shown in the following figure.
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The output data are shown in the following two figures.

As for all items discussed in this chapter, the quantity corresponding to the ticked
box is plotted in the figure above the octave band table. However, in this case, 1/3-octave
instead of octave band results are plotted so the 1/3-octave band numbers on the graph
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(which may be read using the cursor) do not necessarily agree with the octave band
numbers in the table, as the octave band result in the table is the logarithmic sum of the
values in the three 1/3-octave bands that make up the particular octave band. Click on
the green arrows next to the graph to make the curve visible.

8.2.13 Boilers (5th edition textbook, page 592)

Boiler noise is calculated using
Equation (10.81) for general-
purpose boilers and Equation
(10.82) for large power plant
boilers. You need to choose the
type of boiler (from the two
buttons) and enter the boiler
power in MW. ENC outputs the overall boiler sound power level and the octave band
sound power levels calculated using Table 10.15 in the 5th edition textbook. The octave
band levels are plotted on the graph shown in the following figure.
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8.2.14 Turbines (Gas, Steam and Wind) (5th edition textbook, page
593)

The turbine type and noise source are selected first (see figures below).

8.2.14.1 Gas and Steam Turbines

Gas turbine overall radiated sound power levels are calculated using Equations (10.83),
(10.84) and (10.85) for noise radiated by the casing, inlet and exhaust respectively. For
steam turbines, the total sound power level radiated by all parts is calculated using Equa-
tion (10.86). The octave band sound power levels for both gas and steam turbines are
calculated from the overall levels using Table 10.16. ENC outputs the overall turbine
sound power level (in dB linear and dB(A)) and the octave band sound power levels cal-
culated using Table 10.16, and allows for enclosures (see above figure) as in Table 10.17
in the 5th edition textbook. The octave band levels are plotted on the graph. Note that
for the inlet and casing noise, the octave band levels do not add up to the overall level —
in fact they add up to a larger number. This is because of the presence of intense tones
for which the octave band containing them is not predictable. So a conservative approach
has been to assume that they occur in all octave bands above 250 Hz and make the octave
band corrections accordingly. The unfortunate result is that the octave band noise levels
then add up to more than the overall level. However this is probably preferable to under
predicting the noise in some octave bands.
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8.2.14.2 Wind Turbines

Wind turbine overall A-weighted sound power radiation levels can be calculated using
corrected equations (10.102) and (10.103) in the textbook, for turbine powers greater than
200 kW. ENC also provides minima and maxima (see above figure) sound power levels,
representing a range that describes a particular turbine type with a 95% confidence level.

The range of val-
ues represented by
the difference be-
tween maximum and
minimum values are
illustrated by error
bars in Figure 10.6
in the textbook (which
has since been up-
dated according to
Søndergaard (2013)).

The outputs pro-
vided by ENC in the
left hand panel are
shown in the upper
figure at right.

Octave band data
as well as plotted
data are also pro-
vided by ENC, as
shown in the lower
figure at right.
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8.2.15 Diesel and Gas Driven Engines (5th edition textbook, pages
593–595)

The noise radiated by this equipment is divided into three components: exhaust, casing
and inlet. Each component is treated separately by ENC and the component of interest
is selected from the “noise type” menu shown below.

For all noise types, the overall sound power levels are calculated by ENC as well as
the octave band sound power levels. The latter are adjusted slightly so that they add up
to the overall level (logarithmic addition) and are plotted on the graph.

8.2.15.1 Exhaust Noise (5th edition textbook, page 594)

If the “ exhaust noise” option is chosen (with or without the turbocharger), the input
data required are those shown below.

In addition, the type of muffler used can be specified using the menu illustrated at
right.

The outputs generated by this panel are
calculated using Equation (10.87) and Ta-
bles 10.18 and 10.19 in the 5th edition text-
book.
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8.2.15.2 Casing Noise (5th edition textbook, page 594)

If the casing noise option (with or without the roots blower) is chosen, the required input
data are shown below.

As can be seen you are provided with a selection for each of four input parameters.
ENC uses Equation (10.88) and Tables 10.20 and 10.21 in the 5th edition textbook to do
the calculations.

8.2.15.3 Inlet Noise (5th edition textbook, pages 594–597)

If the inlet noise option is chosen,
the required input data are shown at
right.

Equation (10.89) and Table 10.22
are used by ENC to provide the outputs.
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8.2.16 Furnaces (pages 595–597 in the 5th edition textbook)

There are two types of
furnace included in the
equipment list. The first
category includes oil burn-
ers and low pressure drop
gas burners and the sec-
ond category includes high
pressure gas burners.

For the oil burner, the
input data shown in the
upper figure at right are
needed.

For the low pressure
gas burner, the input data
shown in the lower figure
at right are needed.

The sound power of
the primary and sec-
ondary air in both cases
is calculated using Equa-
tions (10.90) and Equa-
tion (10.91) in the 5th

edition textbook. For the
oil burner, fuel flow noise
is negligible, whereas for
the low pressure drop gas
burner, (less than 100
kPa), the fuel flow noise
is calculated using Equa-
tions (10.23)–(10.28) in
the 5th edition textbook.
The Strouhal number requested for the input applies to the fuel jet. The air jet Strouhal
number is set at 1.0 whereas the fuel gas Strouhal number may be entered by the user
and is usually set equal to 0.2 in the absence of better information. The density and
temperature of the ambient gas refer to the gas that surrounds the jet but is not part
of it (usually air). The density and temperature of the “gas in jet” refer to the fuel gas
upstream of the nozzle exit. Octave band levels are calculated from the overall level by
following the procedure described on page 597 of the 5th edition textbook and then ad-
justed so that they add up to the overall level calculated using the appropriate equation
in the 5th edition textbook.

The sound power of combustion noise is calculated using Equation (10.93) in the 5th

edition textbook. The octave band values are calculated as described on page 597 of the
5th edition textbook.

ENC outputs the overall sound power levels (both linear and dBA) for air flow noise,
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fuel flow noise and combustion noise as well as the overall levels arising from all sources
combined (see following figure).

Octave band levels for each case except the last case (SPL at 1m) are provided in a
table below the graph. The spectrum shape for the SPL at 1m is the same as the overall
PWL and the levels at all frequencies are 9 dB lower for the SPL at 1 m.

For high pressure drop gas burners, the calculations are the same as above, except for
the fuel flow noise which must be calculated in the same way as for valve noise (using the
IEC standard procedure). This is why there are many more parameters to enter than for
the low pressure drop fuel flow (see following figure). You should refer to the discussion
on valve noise for explanations of the parameters. The outputs are the same as for the
low pressure drop burners.
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8.2.17 Electric Motors (5th edition textbook, pages 597–598)

First of all you need to select the type of
electric motor from the menu shown above.
In addition, the motor power and speed
needs to be entered (see figure at right).

ENC uses Equations (10.94) & (10.95)
and Tables 10.23 & 10.24 in the 5th edition textbook to calculate the sound pressure level
at 1 m (overall and in octave bands). The octave band sound pressure levels are adjusted
slightly so that they add up to the overall level (Equations (10.94) and (10.95)) and they
are also plotted on the graph. Note that ENC includes the quantity, 10 log10[ρc/400], on
the right hand side of Equations (10.94) and (10.95).

8.2.18 Generators (5th edition textbook, page 599)

For this equipment, only two
input data items are needed
(see figure at right). ENC uses
Equation (10.96) and Table
10.25 to calculate the overall
and octave band sound power levels. The octave band levels are plotted on the graph.
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8.2.19 Transformers (5th edition textbook, pages 599–600)

First select the intended transformer location (outdoors, indoors or critical – see above
figure). The location choice results in different corrections for obtaining the octave band
sound power levels from the overall A-weighted sound power level.

Next, select whether the area of the measurement surface area used to calculate the
NEMA rating is to be calculated from transformer dimensions (length, width and height)
or if the measurement surface area is to be entered directly.

Next, select the type of transformer for calculating the maximum acceptable NEMA
rating (A-weighted overall audible sound level). In this menu, “AN” means air cooled by
natural convection for an air-filled transformer, AF means air cooled by fan-forced con-
vection for an air-filled transformer, “ONAN” means oil cooling by natural convection and
radiation and air cooling by natural convection, ONAF means oil cooling by natural con-
vection and radiation and air cooling by fan-forced convection, “ODAF” means directed
oil flow for cooling and air cooling by fan-forced convection and “OFAF” means forced (via
a pump) oil flow for cooling and air cooling by fan-forced convection. OFAF transform-
ers have similar maximum acceptable NEMA ratings to ONAF and ODAF transformers.
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Note that air filled transformer powers do not exceed 1000 kVA and oil filled transformers
usually have powers greater than 500 kVA.

If at all possible, you should use the “user defined” option for the NEMA rating and
then enter the NEMA rating supplied by the transformer manufacturer. In this case, care
must be taken to ensure that the measurement surface area entered above is the same as
the one used to obtain the NEMA rating.

If you select the option of a transformer power greater than 20000 kVA, then a box
will appear where you can enter the actual power in kVA (see figure below).

This is the maximum acceptable NEMA value so in some cases a lower value may be
available from the transformer manufacturer.

Next select the area, S (m2), of the measurement surface area (different to the area
used in ENC version 5.3 and earlier versions). The measurement surface area is the area
of the measurement surface used to obtain the NEMA A-weighted audible sound level
rating, NR. This is typically a surface located 2 m from a horizontal contour made by a
tight string placed around the transformer tank and touching the tank or its protrusions
in various places. For transformers with a tank height, h, less than 1.2 m, the contour
height is half the tank height above the ground. For transformers with a tank height, h,
greater than 1.2 m, two measurement contours are used, one at a height of 1/3 of the
tank height and one at a height of 2/3 of the tank height. The area, S, to be used in
ENC is given by S = 1.25`mh m where `m is the length of the measurement contour and
the top surface area is taken into account by the factor of 1.25. the length, `m, may be
approximated as `m = 2L+ 2W + 16, where L is the length of the transformer tank and
W is its width.

ENC then uses the following equation to calculate the un-weighted (or linear) octave
band sound power levels, LW , which are added together logarithmically to obtain the
overall un-weighted as well as the A-weighted sound power level. Un-weighted or A-
weighted sound power levels are plotted on the graph.

LW = NR + 10 log10 S + C(f)

where f is the octave band centre frequency and values for C(f) are provided in the
following table.
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Table 8.1 Values of the correction factor, C(f), for transformer noise

Octave band centre
frequency (Hz)

Octave band corrections (dB)
Location 1a Location 2b Location 3c

31.5 −3.4 −3.4 −3.4
63 2.6 5.6 5.6
125 4.6 10.6 10.6
250 −0.4 5.6 9.6
500 −0.4 5.6 9.6
1000 −6.4 −3.4 3.6
2000 −11.4 −11.4 −1.4
4000 −16.4 −16.4 −6.4
8000 −23.4 −23.4 −13.4

aOutdoors, or indoors in a large mechanical room with a large amount of me-
chanical equipment.
bIndoors in small rooms, or large rooms with only a small amount of other
equipment.
cAny critical location where a problem would result if the transformer should
become noisy above its NEMA rating, following installation.

8.2.20 Gears (5th edition textbook, page 600)

First you need to select the type of gear mesh (only two buttons) and then specify the
power being transmitted and the rpm of the slowest wheel in the mesh (see figure above).
ENC then uses Equation (10.101) in the 5th edition textbook and the procedure explained
in the following lines in the 5th edition textbook to calculate the octave band sound
pressure levels at 1 m from the gearbox and these levels are also plotted on the graph.
Note that ENC includes the quantity 10 log10[ρc/400] on the right hand side of Equation
(10.101).
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8.3 Transportation Noise (5th edition textbook, pages 602–632)

ENC calculates noise due to road and rail traffic. However, calculation of aircraft noise
is a very complex procedure and ENC does not calculate any aircraft noise. Specialised
software should be used for this.

Traffic noise is calculated using 2 models. The first is CoRTN, developed in the UK
by the Department of Transport and the second is TNM, developed in the USA by the
Federal Highway Administration (FHWA). Train noise is calculated using the UK model
developed by the Department of Transport.

8.3.1 Road Traffic Noise — EU CNOSSOS Model (5th edition text-
book, pages 602–606)

This window calculates the sound power of road traffic noise, where the source is deemed
to be located 0.5 m above the road beneath the centre of a particular vehicle and in the
centre of the traffic lane. Five different source types are considered as listed below.

1. Light (passenger cars, caravans, trailers, delivery vans ≤ 3.5 metric tons).

2. Medium-heavy (buses with 2 axles, mini-buses, motor-homes, delivery vans ≥
3.5 metric tons).

3. Heavy (buses with 3 or more axles, semi-trailers).

4a. Powered two-wheelers (mopeds, tricycles < 50 cc).

4b. Powered two-wheelers (motorcycles, tricycles > 50 cc).

5. Electric vehicles

The source is then treated as an incoherent line source and the radiated sound power
level per metre is calculated using Equation (10.104) in the textbook. ENC propagation
models in Module 3 may then be used to calculate environmental noise levels. The first
term on the RHS of Equation (10.104) in the textbook is made up of propulsion noise
and rolling noise components, each of which is calculated by ENC from the input data.

Various road parameters and vehicle parameters affect the generated sound power and
it is up to the user to enter parameters such as vehicle speed and road surface type as
illustrated in the following figure. All of these parameters are discussed in the 5th edition
textbook.
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The output includes the octave band and overall A-weighted sound power of one
vehicle in the selected vehicle category (1, 2, 3, 4a, 4b and 5). The vehicle category is
selected from the menu on the top right of the page as shown on the following figure.
The data that is plotted corresponds to the selected vehicle category and also the data
corresponding to the box that is ticked in the figure following the figure with the graph.
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The data in the first 3 rows in the previous figure correspond to the sound power
generated by a single vehicle in the category selected above the graph. The bottom row
of numbers correspond to the total sound power per metre of road length radiated by a
line source consisting of contributions from all categories of vehicles. The sound power
radiated by a length of road, L metres long is obtained by adding 10 log10 L to the overall
A-weighted sound power level and the the octave band levels as well.

Line source data can be used in Module 3 to calculate sound pressure levels in com-
munity locations near highways.

8.3.2 Traffic noise — CoRTN (5th edition textbook, pages 606–611)

This window calculates L10 noise levels averaged over 1 hour intervals and over 18 hours,
using the UK Dept. of Transport CoRTN model. The noise levels are calculated using
a base level proportional to traffic volume with corrections added to account for the
percentage of heavy vehicles, the road gradient, the type and condition of the road surface,
the ground type, the distance to the observer, the angle of view and the presence of any
barriers. In the 5th edition textbook, the corrections due to ground and distance are
lumped together, but in ENC they are treated separately as they are in the published
CoRTN model. Note that the road must be divided into segments and the sound levels at
the observer calculated for each segment using this ENC window. The overall noise level
at any particular observer location is then found by adding the individual contributions
together using module 1 of ENC.

To begin, decide on whether you will be defining the average vehicle speed or whether
you would prefer to enter the road type and then have ENC determine the average vehicle
speed according to the CoRTN model (see figure above).
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If you left click on “NOTE”, the explanatory note below will appear.

Next, decide on whether single hour or 18-hour L10 noise levels need to be calculated.
Enter the total number of vehicles if you want to calculate the 18-hour L10 noise levels
(see figure below).

Enter the number of vehicles per hour for each hourly interval if you want to calculate
the single hourly L10 noise levels (see following figure).
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Enter the percentage of heavy vehicles in the locations shown in the preceding two
figures. ENC uses this to calculate Cuse. Note that the 18-hour L10 noise level can also be
calculated from the single hourly L10 noise levels (see bottom of preceding figure). The
calculation is done by taking the logarithmic average of the single hourly values and for
the same number of vehicles is slightly different to the 18-hour value calculated in the
upper figure.

The A-weighted L10 noise levels are calculated using Equations (10.119) and (10.120)
in the 5th edition textbook. These equations use the data in the previous tables plus
some additional correction factors to account for the effects of road gradient, Cgrad, the
type and condition of the road surface, Ccond , the ground type, Cground , the distance
to the observer, Cdist , the angle of view, Cview, the presence of any barriers, Cbarrier ,
and reflection effects, Creflection. The calculation of each of these is done as shown on the
following four figures.

In the panel illustrated in the following figure, the measured speed would correspond to
the “user defined” selection for the panels shown two pages back. Following the approach
of CoRTN, which is slightly different to the 5th edition textbook, the distance correction
is separated from the ground correction (see second figure on the next page). Note that
the distance entered by the user is the perpendicular distance from the observer to the
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road segment (or extended road segment).

Corrections for barriers, field of view subtended by the road segment to the observer
and reflections are calculated using the panels illustrated in the following two figures.
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The total correction due to all the effects mentioned above is calculated by arithmeti-
cally summing them all, except that only the larger of the ground correction and barrier
correction is used.

If there are widely separated carriageways, the levels for each carriageway are calcu-
lated separately and then added together using module 1.

8.3.3 Road Traffic Noise — FHWA-TNM Model (5th edition text-
book, pages 611–612)

This window calculates road traffic noise according to the USA FHWA Traffic Noise
Model (TNM). The user must enter the vehicle emission level, which is the maximum
sound pressure level measured during a pass-by test at the nominated speed (also entered
by the user) at a perpendicular distance of 15 m from the centre line of the traffic lane (or
centre of the vehicle). There is a large data base of emission levels for a large number of
vehicle types and operating conditions available from FHWA. Note that as for CoRTN,
the noise level must be calculated for each lane of traffic and each vehicle type and the
results combined logarithmically using module 1. The road must also be divided into
segments that subtend no more than 10 degrees at the observer. Please click on “NOTE”
near the top of the screen and read it before starting (see following figure).

The required input data are shown in black font in the following figure. After entering
the vehicle noise emission level for the particular vehicle type being considered, enter the
number of vehicles of this type for each hourly interval listed in the following table. Then
enter the vehicle average speed for each hourly interval (many values will not vary from
one hour to the next). The adjustment for shielding and ground effects as described by
the FHWA model is complex and not followed explicitly by ENC. Instead, the user may
use module 3 for these calculations and enter the overall ground and barrier correction in
the column labelled “adjustment for shielding etc.”
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The adjustment for distance can be entered
directly or calculated using the panel on the right
hand side of the window. If this is the case, then
the “input directly option must be selected. If
the other option, “use the following calculated
value” is selected, then the value, Adj. for dis-
tance (dB) calculated in the panel at right is
automatically entered by ENC into the column
in the left panel labelled, “Adjustment for dis-
tance”. Note that the lower half of the panel at
right is greyed out unless the perpendicular dis-
tance of the observer is less than 0.3m and the
subtended angle is less than 20 degrees.

The quantities, “perpendicular distance from
observer to segment line”, “angle subtended at
observer by segment” and “distances from the
observer to each end of the segment are defined
in the figure on the next page. The latter two
quantities are defined by d1 and d2 on the figure.
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Angle subtended
by segment at
receiver

Lane (or road)
segment

Road segment
extension

d1

d2

Observer

perpendicular distance
of observer from
lane centre

8.3.4 Rail Traffic noise — UK
DoT (5th edition textbook, pages 626–631)

This window calculates 6-hour and 18-hour equivalent noise levels at an observer location
generated by a segment of railway track with a train running on it. The observer location
must be at a normal distance greater than 10 m from the track segment (or its extension).
The track segments are selected so that the noise variation at the observer location from
one end of the track segment to another does not vary by more than 2 dB. Once the noise
levels at the observer location due to each train type on each track segment have been
calculated, they are added logarithmically using the procedures in module 1 of ENC.

The first step is to divide
the track into reasonable seg-
ments that satisfy the <2 dB
noise level variation. Next is to
select the type of train or rolling
stock for which noise levels are
to be calculated. This is done by
clicking on the two items shown
in the figure at right and se-
lecting an item from each drop
down menu. ENC calculates the
correction term, C1, for train
type, based on your two selec-
tions and Table 10.44 in the
textbook. If “self defined” is se-
lected in the lower drop down
menu, then you must enter your
own value for C1.

Next, you must enter the
number of vehicles of this type
in each train that passes by (see figure at right above).
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The next step is to en-
ter the track type (see fig-
ure at right) and ENC
will calculate the correc-
tion C2 for track type. If
the “self defined” option
is chosen from the drop
down menu, you will need
to enter your own value
of C2. For either case, you
must enter the speed of
the train in km/hour.

With the vehicle data
entered as described above, ENC can calculate values for sound exposure level (SEL) of
a single vehicle (SELv or SELv in ENC), defined by Equations (10.161)–(10.163) in the
5th edition textbook. SEL is defined on page 87 in the textbook. SELT i (or SEL_Ti in
ENC) for each vehicle type is then calculated using Equation (10.161) together with the
number of vehicles of this type entered by the user. Note that this quantity has also been
corrected for the track type by adding the correction, C2, from Table 10.45 in the 5th

edition textbook. Note also that this result is for only one vehicle type and one track
segment. The quantity SEL (dBA) is calculated by adding the total of all the correction
terms calculated in the left hand panel to SEL_Ti.The total of all the correction terms
is the quantity in the bottom left panel.

As illustrated in
the figure at right,
you must enter the
normal horizontal dis-
tance from the track
segment (or its ex-
tension if necessary)
to the observer, the
height of the track
above the ground between the track and observer and the height of the observer above
the ground. Finally enter the percentage of soft ground between the track segment and
observer. ENC will then calculate the straight line normal distance from the track to the
observer. Note that this distance is different for diesel locomotives as the effective source
height in this case is 4 m above the track. ENC will also calculate the corresponding three
correction terms indicated in blue text.

Calculation of the above-mentioned correction terms requires you to enter the required
data in the left hand panel. These correction terms account for the effects of air absorption,
Cabs, the ground type, Cground , the distance to the observer, Cdist , the angle of view, Cview,
the presence of any barriers, Cbarrier , and reflection effects, Creflection . In addition there is
a correction to account for the presence of ballast to support the railway sleepers, Cothers,
which applies to all segments of the track except the one closest to the observer. The
calculation of each of these is done as shown on the figures on the next page. The first
panel (shown on the next page) calculates the corrections due to distance from the track
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(near side), the correction due to air absorption and the correction due to the ground.
In the figure on the previous page, note that all distances from the observer are to the

rail on the NEAR side of the track. Note that normal distances are to the track segment
where possible, or its extension when the line from the observer to the track segment
cannot meet the track at 90 degrees.

The next correction term is that for any barriers or buildings between the observer
and track segment. This is a much simpler procedure than we use in module 3 and as
such is not very accurate. The distances requested are all referenced to the near side rail.

b

a

R

segment length near side
of track

line bisecting
angle of view

The next correction term is to account for the
view angle, α, and the field of view, β, defined
in the figure at right where R is the observer.

The corrections due to reflections and ballast supporting the track sleepers are cal-
culated next and all that you need to do is click on the appropriate boxes (see following
figure).
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ENC then combines all the correction terms into a single number as shown in the
following figure.

ENC will then calculate the overall SEL for that particular track segment and vehicle
type, taking into account all of the correction terms as well as the number of vehicles
of that type. The overall SEL for a particular train and track segment is calculated
by combining logarithmically the SEL values for each vehicle type. This can be done
by opening another ENC window and using module 1. The overall SEL for all of the
track segments is also calculated by combining the overall values for each track segment
(including all vehicle types making up the train) using module 1.

If you enter the number of trains that pass by in a particular period (see figure below),
ENC calculates the night-time and day-time LAeq,6h and LAeq,18h, respectively for the
particular vehicle type and track segment.

To get the overall noise levels, it is necessary to repeat the calculations for all vehicle
types and all track segments and add the results together. Each train may also have to be
treated separately as the number and type of vehicles may vary from train to train. This
just makes the procedure more tedious, but the end result is still obtained by combining
all of the individual results together using module 1. Please read the note in ENC which
is reproduced below.
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Errata and Additions for
“Engineering Noise Control”
5th Edn. First printing
July 26, 2021

p14, two lines below Equation (1.6), change “static” to “absolute”.

p24, two lines under Figure 1.5, the expression, e jωt+β should be e j(ωt+β) .

p26, Equation (1.61), replace pRMS with pRMS(r).

p26, line immediately following Equation (1.61), replace “example” with “equation”.

p26, Equation (1.63), replace prms with pRMS.

p27, last line, replace f(t) with F(t).

p28, first line, replace g(t) with G(t).

p42, In Equation (1.108) and 3 lines above the equation, change f to fC .

p43, In Table 1.2, band number 17, the 1/3-octave band centre frequency should be 50 Hz.

p71, Near the bottom of the page, items labelled 1 and 2 should be items (a) and (b).

p95, Line 6, change LAeq,8h to LEX,8h.

p95, Line following Equation (2.54), change (2.45) to (2.54).

p95, Line above table 2.4 caption, change L to L0.

p95, Table 2.4 caption, change N0,50 to N50 and change L to L0.
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p95, Equation (2.55) should be:

N50 = log10(Θ + 1)
log10 11 N50:Θ=10

where N50:Θ=10 is the value of N50 for an exposure time of 10 years.

p116, 8 lines from the top of page, change 1.5 m to 0.8 m.

p116, 8 lines from the top of page, change 2 m to 1.5 m.

p118, Replace Table 2.14 with the following table

Table 2.14 Recommended ambient sound levels and reverberation times (average of the 500 Hz
and 1000 Hz octave bands) for different areas of occupancy in buildings (space furnished but
unoccupied, data mainly from AZ/NZS 2107 (2000))

Types of occupancy/activity Recommended
sound level (dBA)

Recommended reverberation
time at 500 to 1000 Hz (sec)

Lecture rooms, assembly halls,
tutorial rooms 30–35

0.72 for 50 m3 to 1.0 for
10 000 m3 varying linearly with
log10 (room volume in m3)

Audio-visual areas 35–45 0.6−0.8
Churches 30–35 —
Computer rooms (teaching) 40–45 0.4−0.6
Computer rooms (working) 45–50 0.4−0.6
Conference rooms, seminar rooms 35–40 0.6−0.7
Corridors and lobbies 45–50 0.6–0.8

Drama studios 25–30 10% to 20% higher than
lecture rooms above

Libraries (reading) 40–45 0.4–0.6
Libraries (stack area) 45–50 0.6–0.8

Music studios and concert halls 30–35
1.05 for 50 m3 to 1.6 for
5 000 m3, varying linearly
with log10 (room volume in m3)

Professional and admin. offices 35–40 0.6–0.8
Design offices, drafting offices 40–45 0.4–0.6
Executive offices 35–40 0.4–0.6
Open plan office areas 40–45 Low as possible
Reception areas 40–45 0.6–0.8
Hospitals, Doctors surgeries 40–45 0.4–0.7
Airport terminals 45–55 Low as possible
Restaurants 40–50 Low as possible
Hotel bar 45–50 0.6–1.0
Private house (sleeping) 30–35 0.4–0.5
Private house (recreation) 35–45 0.4–0.5
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p122, line 2, change 70 to 65.

p128, 1 and 2 lines above Section 2.14, change 30 to 35, change the reference to ASHRAE
(2015) and change the table reference to 2.16.

p129, 6 lines above Example 2.10, replace the sentence beginning with “In the absence...”
and the following sentence with
“Generally acceptable sound pressure levels (LA90) for various environments are
summarised in Table 2.19. A base level of 40 dBA is used and corrections are made
to the measured noise level, based on the character of the neighbourhood in which
the noise is measured, the character of the noise, and the time of day.

p131, Table 2.20 caption should read,
“Estimated public reaction to noise when the measured sound pressure level exceeds
the adjusted base sound pressure level (see Table 2.19 for adjustments to the base
level of 40 dBA)”.

p132, First dot point, remove the text, “(regulation usually)”.

p138, Line following Equation (3.10), the correct units of dynamic viscosity are N-s/m2.

p138, Equation (3.13) should be Cc = Vc/(γP ).

p147, ten lines below Section heading 3.5.7, change “static” to “absolute”.

p150, 5 lines above dot point 1, replace “EA,T ” with “LAE or SEL”.

p150, 4 and 5 lines above dot point 1, replace “type II” with “Class 2”.

p150, 9 lines above the bottom of the page, change “87” to “85”.

Chapter 4, In numerous places , replace Qrms with QRMS.

p176, In Equations (4.18) and (4.21), replace hr with h/r.

p177, In Equation (4.25), replace hr with h/r.

p177, One and two lines above Equation (4.31), replace f with F in 3 places.

p178, 8th line following Equation (4.32), replace Drms with DRMS.

p182, In Equation (4.55), u03 should be u0/3.

p182, In Equation (4.56), U6c3 should be U6/c3.
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p185, In Equation (4.71), U(ch) should be U/(ch).

p186, In Equation (4.72), U8c5 should be U8/c5.

p188, two lines under Equation (4.81), change r0 cosα to r0/ cosα.

p190, Equation (4.85) should be A = Q0/(4π).

p191, Change Equation (4.96) to k = ω/c = 2πf/c.

p193, In Equation (4.103), (α + β)2 should be (α + β)/2.

p193, Equation (4.105) should be replaced with:

r = (a/λ)2 − n2

2n/λ .

p193, In Equation (4.108), change a2λ to a2/λ.

p197, Line immediately above Equation (4.119), replace h with hR.

p198, Figure 4.15 caption, change “Equation (4.113)” to “Equation (4.121)” and “Equa-
tion (4.112)” to “Equation (4.120)”.

p205, third paragraph under heading 4.12, delete the last 2 lines.

p217, 6th line from the top, change “Table 4.2” to “Table 4.1”.

p219, Replace the first sentence in the second paragraph following Table 4.5, with
“A more accurate method for determining ∆1 is to measure the average sound
pressure level on two imaginary test surfaces surrounding the machine, which cor-
respond roughly to the shape of the machine.”

p226, 3 lines above section 5.2.2, change ωcm to ω/cm.

p230, second line, change k = ωc to k = ω/c.

p230, line above Equation (5.18), change “Equation (5.13)” to “Equation (5.15)”.

p231, add the following notes for Equation (5.22). As Equation (5.22) in this form is
provided in Attenborough’s paper, which uses negative time dependence, the result
is actually the complex conjugate of the spherical wave reflection coefficient used
in this book. In addition, to be consistent with the use of negative time dependence
in Equation (5.22), it is also necessary to use the complex conjugate of Rp in place
of Rp in Equation (5.22).

p232, In Equation (5.30), change 1
2 to 1√

2
.
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p232, Replace Equation (5.34) with the following:
g(wr, jwi) = K1(wi, wr) + jK2(wi, wr).

p233, Delete the paragraph and dot points 1 and 2 following Equation (5.42) and replace
with the following.
“The calculation of g(w) in the preceding equations is only valid if the real part of
w is less than 0 and the imaginary part is greater than 0 (that is, w is in the second
quadrant of the complex plane). So any calculation begins with adjusting the value
of w to wa = war+jwai = Re{wa}+j Im{wa} so that the real part is less than 0 and
the imaginary part is greater than 0. The calculation of g(wa) is then undertaken
using Equations (5.33) to (5.42) by substituting wa for w. If the original value of w
did not need to be adjusted to put w in the second quadrant of the complex plane,
then g(w) = g(wa). If the original value of w before adjustment, was such that w
was not in the second quadrant of the complex plane, then g(wa) must be adjusted
to obtain g(w), according to the following rules, with rule 1 applied first and rule
3 applied to the result after the application of rules 1 and 2.

1. If the imaginary part of w is less than 0, then g(wa) is replaced with g(w) =
2 exp(−w2

a)− g(wa), where g(wa) is calculated using Equations (5.33) to (5.42);

2. If the imaginary part of w is greater than or equal to 0, then g(w) = g(wa);

3. If the product of the imaginary and real parts of w is greater than 0, then the sign
of the imaginary part of g(wa) is changed (i.e., the complex conjugate of the g(w)
that was obtained using the preceding two rules is then the final g(w)).”

p234, Remove the paragraph following Equation (5.46) and items 1 and 2 that follow this
paragraph. Replace with the following text.
“Unlike the first calculation method (Equations (5.34) to (5.42)), the preceding cal-
culation method (Equations (5.43) to (5.46)) returns the correct value of g(w) for
values of w in any quadrant of the complex plane, without the need for different
procedures that are dependent on which quadrant w is in.”

p234, At the beginning of the paragraph preceding Equation (5.47), replace w = nh with
Re{w} = nh.

p235, Delete the first paragraph.

p235, Second paragraph, replace w = (n+ 1
2)h with Re{w} = (n+ 1

2)h.

p235, In Equation (5.54), change 1
2 to 1√

2
.

p236, Delete the last sentence in the paragraph following Equation (5.58).

p239, In Equation (5.65), replace dSRDα with dSRD/α.
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p239, 2 lines above Equation (5.70), replace (273.15) with (293.15).

p246, 3rd line of the 3rd full paragraph following Equation (5.84), change dU/dh to dc/dh.

p247, Figure 5.3, vertical axis should be labelled,
“Wind shear coefficient, ξ”.

p247, Table 5.5 caption, change “empirical” to “wind shear”.

p249, Third line after Equation (5.89), replace “lower” with “higher”.

p250, In Equation (5.95), replace “h0/z0” with “(h0/z0) + 1”.

p251, Delete the text and equations beginning just below Equation (5.100) and ending
immediately above Equation (5.118) on page 253, and replace with the following:
“An approximate expression may also be used to calculate RB, as given in earlier
Harmonoise documentation (Nota and van Leeuwen, 2004). That is:

1
RB

≈ 8
dSR

√
BM

2πc
where dSR is the distance from the source to the receiver (see Figure 5.5).

The radius of curvature is used in the Harmonoise propagation model to calculate
the path lengths and propagation times for sound travelling from the source to the
receiver over a propagation path that has been curved as a result of atmospheric
wind gradients and temperature gradients. Taking into account the ray curvature
also allows more accurate calculation of barrier attenuation as discussed in Section
5.3.7.3.

A more accurate means for calculating the radius of curvature of the sound ray
involves using Figure 5.5 to obtain the following equation for ψS in terms of Rc”.

p253, Add the following text immediately after Equation (5.119).
“Equation (5.93) is then substituted into Equation (5.118) to obtain the following
transcendental equation:

ψS = − ϕ+ arcsin
[(

cosψS
c

)(
Am +Bm

h+ z0

)(
d

2 cosϕ

)]

where z0 is defined in Tables 5.6 and 5.7, and h is the mean height above the
ground of a straight line drawn between the source and receiver (usually equal to
(hS + hR)/2).
The preceding equation must be solved iteratively to obtain ψS. Once ψS is known,
Equation (5.93) can be used to obtain Rc. The angle, ψR, may be calculated using
Equation (5.126).”
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p255, Delete the first, third and fourth paragraphs, including Equation (5.120).

p256, Delete the last paragraph.

p257, Delete the first 4 lines under the figure caption and add the following immediately
after Equation (5.125).
“To be able to calculate the angle, θ, it is necessary to determine the loca-
tion, (d0, X), shown in Figures 5.5 to 5.9. From the figures: d0 = Rc sinψS and
X = Rc cosψS”.

p259, Include the following immediately before Section 5.3.4.5.
“Calculation of the location of the reflection point is needed in order to find the
length of the reflected wave path from the source to the receiver. Calculation of this
location requires the solution of a cubic equation and is discussed in Appendix D in
the book, Wind Farm Noise by Hansen, Doolan and Hansen (ISBN 9781118826126).
Once this location is found, the angle at which the reflected wave leaves the source
and its path length can be found using the same techniques as for the direct wave.
The path between the source and reflection point is analysed by treating the reflec-
tion point as a virtual receiver, while the path between the reflection point and the
actual receiver is analysed by treating the reflection point as a virtual source.”

p262, In Equation (5.132), change R to Rc (radius of curvature of sound wave, which is
negative by convention in a negative sonic gradient).

p263, top part of Figure 5.12, change r to d.

p263, Figure 5.13, change r/x to d/x.

p264, in Equation (5.134), change d to dSR.

p265, Figure 5.15, change d to dSR.

p265, in Equation (5.135), change d to dSR.

p265, in Equation (5.137), change di to dSRi.

p266, in Equation (5.141), change d to dSR in 3 places.

p269, In Equations (5.146), (5.147) and (5.148), replace XS with
√
X2
S + (YB − YS)2 and

replace XR with
√
X2
R + (YB − YR)2.

p269, 4th line after Equation (5.148), change SQ’ to S’Q’.

p270, in Equation (5.157), change d to dSR.
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p271, Figure 5.20, change d to dSR.

p271, in Equation (5.160), change d to dSR.

p273, in Equation (5.161), change d to dSR.

p273, Figure 5.21, change d to dSR in two places.

p282, First dot point: after the word, “Attenuation”, add , Asite.

p282, Second dot point: after the word, “Attenuation”, add , Ah.

p282, Paragraph beginning immediately above Equation (5.172), change “Table 5.13” to
“Table 5.14” in two places.

p284, First line, change m/s2 to kg/m2.

p284, 4 lines under Equation (5.179), change Dzi to Ab.

p284, The coefficient, C3 in Equation (5.180) is equal to 1 for single edge diffraction
(Figure 5.15). For double edge diffraction (Figure 5.20), C3 is given by:

C3 = 1 + (5λ/e)2

1/3 + (5λ/e)2

p284, in Equations (5.181) and (5.182), change d to dSR.

p284, Replace the 2 lines following Equation (5.180) with the following text.
“where λ is the wavelength of sound at the octave band centre frequency, C2 = 20
if ground reflected paths over and around the barrier are included and C2 = 40 if
ground reflected paths are calculated separately.”

p285, in Equations (5.184). (5.185) and (5.186), change d to dSR.

p285, Immediately after Equation (5.186), add
“where the dimension, e, is zero for single edge diffraction”.

p285, Table 5.15, last line, replace the data with the following numbers:
0.02, 0.03, 0.04, 0.05, 0.06, 0.08, 0.09, 0.12.

p285, bottom of page add the following text.
”5.6.5 Industrial Equipment Screening, Asite.
In the absence of measured data, Table 5.16 may be used as a guide for estimating
the attenuation through process equipment in an industrial facility. To calculate
the number of metres, r1 + r2, of travel of the sound wave through the industrial
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facility, use the same approach as used in Section 5.6.4 for attenuation through
vegetation (see Figure 5.25).

Table A.1 Octave band attenuation, Asite, due to process equipment (after ISO9613)

Octave band centre frequency (Hz)
63 125 250 500 1000 2000 4000 8000

Asite (dB/m) 0 0.015 0.025 0.025 0.02 0.02 0.015 0.015

5.6.6 Housing Screening, Ah.

The attenuation due to propagation through rows of houses may be calculated
using, Ah = 0.1Brb − 10 log10[1 − (P/100)] (dB), where B is the density of build-
ings along the path (total plan area of buildings divided by the total ground area
(including that occupied by the houses), rb is the distance that the curved sound
ray travels through the houses and P is the percentage (≤ 90%) of the length of
housing facades relative to the total length of a road or railway in the vicinity.
The second term in the above equation is only used if there are well defined rows
of houses perpendicular to the direction of sound propagation. The second term
may also not exceed the calculated Insertion Loss for a continuous barrier the same
height as the building facades (see Chapter 7). The quantity, rb is calculated in the
same way as rf (= r1 + r2) in Figure 5.25 for travel through foliage, except that
the foliage is replaced by houses. Note that if Ah of the above equation is non zero,
the ground attenuation through the built up area is set equal to zero, unless the
ground attenuation with the buildings removed is greater than the first term in the
above equation for Ah. In that case, the ground attenuation for the ground without
buildings is substituted for the first term in the above equation.”

p286, Add the following statement after Equation (5.187).
“In Equation (5.187), rS and rR are defined in Figure 4.17, Lmin is the minimum
dimension (length of height) of the reflecting surface and θ is the angle between
the incident sound ray and the normal to the reflecting surface (see Figure 4.17).”

p286, Table 5.16, replace “180” with “90”.

p287, In Equation (5.189), replace Agr with Ag.

p290, Replace Figure 5.26 with the following figure:
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hS

hR

dSR

dp

zS

zR

S

R

Mean ground plane

Source and receiver heights above the ground and the mean ground plane.

p291, Replace Equation (5.200) with Gpath =

∑̀
i=1

Gi di

∑̀
i=1

di

.

p291, Line immediately above Equation (5.201), replace “, and:” with
“projected on the mean ground plane and dp is the length between source and re-
ceiver of the mean ground plane:”

p291, Replace equation (5.201) with:
dp =

√
(zmn − zm1)2 + (xn − x1)2, where zm1 is the mean ground plane vertical co-

ordinate at the source location, x1 is the ground plane horizontal coordinate at the
source location, zmn is the mean ground plane vertical coordinate at the receiver
location and xn is the ground plane horizontal coordinate at the receiver location.

p291, In Equation (5.203), replace Agr,H,min with Ag,H,min.

p291, Second line from bottom of page, replace Agr, with Ag, in 4 places.

p291, Bottom line, replace “LHS” with “RHS”.

p294, Immediately following Equation (5.219), add
“where in this particular equation, dSR is the straight line distance between the
source and receiver”.

p296, 11 lines from the bottom of the page, replace zPnR with zPR.

p300, In Equation (5.229), change |pt| to |pt|2.

p302, Equation (5.237), change the constant, 0.1365, to 5.3888.

p302, Change “Salomons and Janssen (2011)” to “Salomons et al. (2011)” (see new refer-
ence added to page 796 below).
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p312, Item 5, change Ue to ue.

p328, 2 lines above Equation (6.42), delete “and (6.41)”.

p365, Replace Equation (7.8) with y = E1h
2
1 + E2h2(2h1 + h2)
2(E1h1 + E2h2) .

p367, line following Equation (7.10), replace zn with zi.

p374, Remove the “1.” for item 1, change item “2.” to “1.” and change item “3.” to “2.”

p375, In Equation (7.24), change C1 to CI .

p381, Figure 7.9(b), on the x-axis labels for points C and D, change fc1 to fc2.

p381, Figure 7.9 caption, second line, remove “fc”.

p381, In part (b) of the caption, replace the sentence beginning with “For a well damped
panel”, with the following, “For a well damped panel, see the discussion in the last
paragraph on page 384.”

p381, Figure 7.9 caption, last line, replace πf` with 0.5fc1.

p382, In Equation (7.50), remove
1−

(
f

fci

)2
.

p382, In Equation (7.51), remove “1+”.

p383, In Equation (7.55), change “0.964” to “−0.964”.

p389, The equation for TLB1 should be:
TLB1 = TLA + 20 log10(fc1/f0) + 20 log10(fc1/f`)− 22 (dB): fc1 ≥ 2πf`
TLB1 = TLA + 20 log10(0.5fc1/f0) (dB) : fc1 < 2πf`.

p391, 2 lines above Equation (7.68), replace τF with τFa.

p391, To reflect Davy’s most recent theory, replace the text (but not the figure nor Ta-
ble 7.4) beginning with (and including) Equation (7.68) and ending 2 lines below
Equation (7.75) with the following:

TL = −10 log10(τFa + τFc) (A.1)

In the most recent Davy model (JASA, vol. 145, page 703, 2019) the mass-air-mass
resonance frequency is calculated in a different way to how it is done in the Sharp
model. First, the fundamental resonance frequencies of the panels on either side of
the cavity are calculated by treating the leaves of the wall as rectangular plates
that are simply supported on two opposite edges (the edges attached to the studs)
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and free on the other two edges. The expression used for the resonance frequency
of the first bending mode for leaf i is:

fi = Xmπ

2b2

√√√√ Eih
2
i

12ρmi(1− ν2
i ) , ....i = 1, 2 (A.2)

where b is the spacing between the studs and Xm is a multiplier, used only for the
Davy double wall TL model, where Xm = 1.7 for steel studs with a thickness greater
than 0.5 mm and Xm = 0.8 for steel studs with a thickness less than 0.5 mm.

When the two leaves making up the double wall are identical, the Davy model
calculates and uses a modified value, f ′0 for the mass-air-mass resonance frequency:

f ′0 =
√
ρc2(m1 +m2)

4π2dm1m2
+ f 2

1 (A.3)

When the panels are not identical, the calculation is slightly more complex. In
this case:

f ′0 =
√
−0.5p+ 0.5

√
p2 − 4q (A.4)

where p = −(f 2
1 + f 2

2 + f 2
a1 + f 2

a2) and q = f 2
1 f

2
2 + f 2

1 f
2
a2 + f 2

2 f
2
a1 and

fai = 1
2π

√
ρc2

dmi

(A.5)

Davy indirectly measured loss factors for gypsum plaster board that ranged
from 0.03 to 0.04. These were the factors that resulted in best agreement with his
TL model in the vicinity of the panel critical frequencies.

Below the adjusted mass-air-mass resonance frequency, f ′0, the double wall be-
haves like a single wall of the same mass and the single wall procedures may be
used to estimate the TL below a frequency, f = 2f ′0/3. In this case, the TL is given
by Equation (7.49) in the textbook, where m is the total mass per unit area of the
double wall leaves (m1 +m2).

a =
(
πf(m1 +m2)

ρc

)
(A.6)

Between f = 2f ′0/3 and f ′0, a straight line is drawn on a plot of TL vs log10 f
between the TL calculated at f = 2f ′0/3 and the TL calculated at f = f ′0. The
TL at f = 2f ′0/3 is calculated using Equation (7.49) in the textbook and Equation
(A.6) above for a single panel, with the mass per unit area, m, being the total mass
per unit area of the construction. At f = f ′0, the TL is calculated using Equation
(A.2) above, Equation (7.76) in the textbook and Equations (A.7) (or (A.9)) below.

Above f ′0, the transmission from one leaf to the other consists of airborne en-
ergy through the cavity and structure-borne energy through the studs. For point
connections, the structure-borne sound transmission coefficient for all frequencies
equal to and above f ′0 is:

τFc = 16nρ2c4QR

π5f 2 [(m1fc2 +m2fc1)2 + 64f 2m2
1m

2
2c

4C2
M ] (A.7)
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where n is the number of point connections per square metre and

Q =
1 + e f < fc1

e f ≥ fc1
and R =

1 + r f < fc2

r f ≥ fc2
(A.8)

where e = πfc1σ1/(4fη1), r = πfc2σ2/(4fη2), fc1 and fc2 are the critical frequencies
of panels 1 and 2 respectively, σ1 and σ2 are the radiation efficiencies of panels 1
and 2 respectively, calculated as described in Section 6.8.2, and m1 and m2 are the
mass per unit area of panels 1 and 2 respectively. When calculating panel radiation
efficiencies, the perimeter, P is the overall length of the panel perimeter plus twice
the length of all the studs. A line of point connections can be treated as a stud.

For line connections, the structure-borne sound transmission coefficient for all
frequencies equal to and above f ′0 is:

τFc = 8ρ2c3QR[
g2 + (8πf 3/2m1m2 cCM − g)2]

bπ3f 2
(A.9)

where b is the spacing between the studs, e = σ1

2η1

√
fc1
f

, r = σ2

2η2

√
fc2
f

, fc1 ≤ fc2

and
g = m1(fc2) 1

2 +m2(fc1) 1
2 (A.10)

Davy has found that for wooden studs, the point connection model works best
in all cases and the line connection model should not be used. For steel studs where
the leaves are screwed to the studs, the line connection model should be used at
frequencies for which the screw spacing is less than one-quarter of the leaf bending
wavelength and the point connection model should be used at frequencies for which
the screw spacing is greater than one-quarter of the leaf bending wavelength. The
leaf bending wavelength may be calculated using λB = cB/f , where cB is defined
in Equation (7.1) in the textbook.

Based on all of his work on developing empirical compliance models, Davy rec-
ommends that the model described in his 2019 JASA paper is the one that should
be used for all steel studs, even though the model was derived only using steel C-
section studs, 92 mm wide. There are two different models provided; one for point
connections and one for line connections.

For the line connection model, the compliance, CM is given by:

CM = Afxfmxm
r bxbgxgSxS (A.11)

where mr is defined as:
mr = m1m2

m1 +m2
(A.12)

where m1 and m2 are the mass per unit areas of leaves 1 and 2, respectively, b is
the stud spacing, g is the gauge of steel used in the stud and S is the area of one
side of the wall.

For the point connection model, the compliance, CM is given by:

CM = Afxfmxm
r nxngxgSxS (A.13)
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where n is the number of point connections (number of screw connections) per
square metre, Values of the constant, A and exponents corresponding to Equations
(A.11) and (A.13) are listed in the following table.

Table A.2 Values of the coefficients in Equations (A.11) and (A.13) for TC type stds for two
different frequency ranges

Coefficient Line connection Point connection
63 Hz–250 Hz 250 Hz–5000 Hz 63 Hz–250 Hz 250 Hz–5000 Hz

A 6.07×10−4 2.58×10−4 4.06×10−5 4.94×10−7

xf −1.04 −1.52 −0.76 −1.16
xm −1.4 −1.12 −1.96 −1.18
xb 0.0 −0.257 0.0 0.0
xn 0.0 0.0 0.0 0.747
xg 0.666 1.52 1.68 2.49
xS 0.0 0.0 0.0 0.355

Davy investigated the effect of using different steel stud sections (see Figure 7.12
in the textbook). They concluded that the compliance corresponding to these stud
types can be obtained by multiplying the value of CM for TC type studs by the
factors listed in Table 7.4 in the textbook, which indicates that AWS section studs
will result in the highest TL values.

p393, In Equation (7.77), remove
1−

(
f

fci

)2
.

p393, In Equation (7.78), change
√
A to 4A/P , where P is the perimeter of the wall leaf.

p397, In Equation (7.91), remove the “4” in the numerator.

p422, In Equations (7.125) and (7.128), there should be an additional “(” following the
“/” in the last term.

p434, In equations (8.31) and (8.32) and on the line between them “Re” should be in ital-
ics font as it represents the Reynolds number, not the real part of a complex number.

p436, line following Equation (8.38), change “static” to “absolute”.

p437, 2 lines above Equation (8.43), remove the words, “or through the tube”.

p441, line immediately following Equation (8.54), add “of the neck” after the word, “area”.

p451, 2 lines from the page bottom, change S1 to Sduct and change S2 to Sexp.
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p451, 7 lines from the page bottom, change “right and a left” to “left and a right”.

p470, line above Example 8.2, change 0.2616 to 0.02616 and -5.435 to -5.425

p494, 7 lines under Equation (8.233), 2h/` should be 2h/λ.

p502, 4 lines below Equation (8.242), change LD to L.

p503, Line above Equation (8.248), after the word “liner”, add “of length, L”.

p503, 2 lines above Equation (8.249), after the word “muffler”, add “of length, L”.

p506, Figure 8.41, in the figure and in the caption, replace d with ` in all places.

p507, Equation (8.250) should be:

K = 0.981 + 0.0346Leff [D2/(D2 − d2)]2

(D − d) .

p509, Equation (8.255) should be:

LWB = 50 log10 U + 30 log10D + 10 log10 ∆f − 21.5
[
log10

(
f D

U

)]1.268

+ 12.

p509, 3 lines below Equation (8.255)replace “with the duct height, H” with:
“
√

4S/π, where S is the duct cross-sectional area”.

p510, Remove the paragraph beginning 2 lines under Equation (8.257).

p520, 5 and 8 lines from the top of the page, change 4/π to
√

4/π.

p520, 2 lines from the bottom of the page, change 2π to π.

p523, Equation (8.286) should be:

w(φ) =
(

sin(ksd sin(φ))
ksd sin(φ)

)2

(1− αst)(L/2d) tan |φ|

p529, 1 line and 6 lines above Equation (9.1), replace F with F̂ .

p529, 4 lines above Equation (9.1), replace y1 with ŷ1.

p530, Figure 9.1, replace F with F̂ and y1 with ŷ1.

p531, In equation (9.8) and in the two lines immediately following it, and in Equation
(9.9), change um to vm.
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p532, line under Equation (9.16), replace F with F̂ .

p556, Replace equation (9.77) with:

Lv = 20 log10(v/vref); vref = 10−9 m/s

p568, In the line above equation (10.2), change δPt to ∆Pt.

p571, Table 10.5, interchange the headings (only the headings) of the two right-most
columns.

p579, 2 and 3 lines beneath the “Control Valves” heading, change “static” to “absolute”.

p579, 6 lines beneath the “Control Valves” heading, remove “static”.

p580, Line following Equation (10.29), replace “sound power” with “stream mechanical
power”.

p580, 2 lines from the page bottom, delete “static”.

p581, 3 and 4 lines from the top, change “static” to “absolute”.

p581, First line, Figure 10.5 caption, change “static” to “absolute”.

p581, change the label on the vertical axis in Figure 10.5 from “Static pressure” to “Ab-
solute pressure”.

p581, 4 lines below the figure caption, change “static” to “absolute” in 2 places.

p586, Line above Equation (10.54), change “stream Mach number” to “freely expanding
jet Mach number”.

p586, Equation (10.54) is only valid for regimes II, III and IV. The Mach number in the
vena contracta for regime I is M0 = (104η)(1/3.6).
For regime V, the freely expanding jet Mach number is:

Mj =
√√√√( 2

γ − 1

)[(
22
)(γ−1)/γ

− 1
]

p587, 2 lines above equation (10.58), remove “Howe and”.

p587, 2 lines below equation (10.58), remove “static”.

p590, Line above equation (10.72), change 2015 to 1994 (the 2015 standard is different).

p599, In Equations (10.75) and (10.76) replace fC with f in a total of 7 places.
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p599, Equation (10.97) for the un-weighted octave band sound power level, should be,
LW = NR + 10 log10 S + C(f), and values of C(f) for each octave band are listed
in the following table.

Values of the coefficient, C(f) for transformer noise

Octave band centre
frequency (Hz)

Octave band corrections (dB)
Location 1a Location 2b Location 3c

31.5 −3.4 −3.4 −3.4
63 2.6 5.6 5.6
125 4.6 10.6 10.6
250 -0.4 5.6 9.6
500 -0.4 5.6 9.6
1000 −6.4 −3.4 3.6
2000 −11.4 −11.4 −1.4
4000 −16.4 −16.4 −6.4
8000 −23.4 −23.4 −13.4

aOutdoors, or indoors in a large mechanical room with a large amount
of mechanical equipment.
bIndoors in small rooms, or large rooms with only a small amount of
other equipment.
cAny critical location where a problem would result if the transformer
should become noisy above its NEMA rating, following installation.

p599, Replace the paragraph following Equation (10.97) and Equation (10.98), and the
two lines following Equation (10.98) with the following. “where the measurement
surface area used to obtain NR is S = 1.25`mh (m2, where h is the height of the
transformer tank and `m is the length of the horizontal measurement contour along
which the average overall A-weighted sound pressure level is measured to obtain
NR. The measurement contour is typically located 2 m laterally from a horizontal
contour made by a tight string placed around the transformer tank and touching the
tank or its protrusions in various places (IEEE Std C57.12.90, 2015). For a measure-
ment contour located 2 m from the transformer tank, the contour length, `m, may
be approximated as, `m = 2L + 2W + 11.2 m, where L is the transformer length
and W is the width (or depth). The NEMA rating (A-weighted overall audible
sound level), NR, is the A-weighted overall sound pressure level averaged logarith-
mically along one or two measurement contours at different heights and maximum
acceptable values are listed in Table 10.26. Where possible, values of NR (and the
associated measurement surface area, S) supplied by the manufacturer should be
used.”

p601, The constant on the RHS of Equation (10.102) should be 74.9 and the constant on
the RHS of Equation (10.103) should be 59.6.

p601, Equations (10.102) and (10.103) can be used for turbines with output powers greater
than 200 kW.
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p601, Change 2 MW to 0.2 MW in the heading, the third line under the heading, the
fourth line under Equation (10.102), 2 lines above Figure 10.6 and in the caption
of Figure 10.6.

p603, Equation (10.104) calculates sound power level per metre of road length so replace
“dB re 10−12 W” with “dB re 10−12 W/m”.

p604, Line following Equation (10.107), replace ≥ with ≤.

p604, Line following Equation (10.108), replace ≥ with ≤.

p604, Equation (10.110), in the expression corresponding to m = 1, change “0.8” to “1.5”.

p604, Equation (10.112), change LWP,i,m,road to ∆LWP,i,m,road.

p606, Equation (10.115), change LWR,m,temp to ∆LWR,m,temp.

p606, Equation (10.118), change LWR,i,m,road to ∆LWR,i,m,road.

p614, 4 lines from the bottom, change “track segment” to “train position”.

p614, line 5 under the heading, “Train Sound Power Levels”, delete the words “each track
segment,”.

p615 In Equation (10.133), L24 is the total passing train length in a 24-hour period.

p615, In Equation (10.135) delete one of the two ∆Lc quantities on the RHS.

p615, Following the three lines immediately after Equation (10.134), add the following:
“The calculation requires that the train length be divided into small segments and
the sound pressure level at the receiver is then calculated for each segment (taking
into account the segment length - see Equation (10.135). The total sound pressure
level at the receiver in each octave band, i, is then calculated by logarithmically
summing the contributions from all train segments that contribute significantly to
the total LmaxM,i level. Also, the train position when undertaking the calculations
for a particular receiver should be the one that results in the maximum overall
LA,maxM level at the receiver. Each receiver will have a different train position that
results in the maximum LA,maxM level.”

p615, After Equation (10.136), add the following statements.
“The track segment length is taken into account in Equation (10.135) by adding
the term, 10 log10(Ltrack) to the RHS, where Ltrack is the length of track in metres
that is in the track segment under consideration. The train length is taken into ac-
count in Equation (10.136) by adding the term, 10 log10(Ltrain) to the RHS, where
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Ltrain is the length of train in metres that is in the train segment under consideration.

p617, 1 line under the Geometrical Spreading heading, change “where −Adiv is” to “where
Adiv is”.

p617, 1 line under the Atmospheric Absorption heading, change “where −Aa is” to “where
Aa is”.

p617, 3 lines under the Ground Effect heading, change ∆Lg = Ag to ∆Lg = −Ag.

p617, Line above Equation (10.137), delete the sentence, “The maximum sound pressure
level, LmaxM,i, in each octave band, i, is calculated using:”

p617, Equation (10.137) should be ∆h = d1d2/[16(d1 + d2)].

p618, Line following Equation (10.142), after façade (m), add “to the receiver”.

p620, In Equation (10.144), L is the length of the track section occupied by the idling train.

p620, Line above Equation (10.146), change “source line” to “source”.

p620, Line immediately following Equation (10.146), change “source line” to “source”.

p620, Last word in the paragraph following Equation (10.146),
change “segment” to “section”.

p620, 3 lines from the bottom, replace LW,0,idling with LW,idling,i.

p622, first line, replace replace LW,0,idling with LW,idling,i.

p622, Table 10.39, in heading change “Electric multiple input” to “Electric multiple unit”.

p663, Equation (11.64), replace π with 2.

p721, For the speed of sound in a rod of rubber material, change “190” to “95–190”

p721, 4 lines above the page bottom, change “static” to “absolute”.

p727, second line following Equation (D.21), replace (D.9)–(D.14) with (D.15)–(D.20).

p731, in Equation (D.26), replace LD1 − LD2 with LD2 − LD1.

p734, in Equation (D.41), add an “=” sign following ZN
ρc

.
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p735, in Equation (D.48), change ϕ to ϑ and add immediately after the equation,
“where the angles are defined in Figure 7.8”.

p735, Line above Equation (D.51), replace ZN with ZN/(ρc).

p736, 2 lines from the bottom of the page, replace H̄ with HM .

p737, Line immediately under Equation (D.58), replace the word, “factor”
with “transfer function”.

p739, Immediately after Equation (D.70), add
“where x1, x2, x3 and x4 are all positive numbers”.

p740, Delete the sentence following Equation (D.72).

p740, Change Equation (D.72) to the following:

A =
j
(
H1,refe−jkax2 −H2,refe−jkax1

)
2 sin[ka(x1 − x2)]

B =
j
(
H2,refe jkax1 −H1,refe jkax2

)
2 sin[ka(x1 − x2)]

C =
j
(
H3,refe jkax4 −H4,refe jkax3

)
2 sin[ka(x4 − x3)]

D =
j
(
H4,refe−jkax3 −H3,refe−jkax4

)
2 sin[ka(x4 − x3)]

p796, Add the following reference:
Salomons, E., van Maercke, D., Defrance, J., and de Roo, F. (2011). The harmonoise
sound propagation model. Acta Acustica United with Acustica, 97:62–74.

p812, index entry for <Impedance><definitions>, change “460” to “45”.

p812, index entry for <Transmission coefficient>. Add a sub-heading, <definition, 368>.
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Index

1/4-wave tube, 173, 187, 188, 191

single degree of freedom, 227

A, B, C or G weighting, 33
A-weight, 29
Absorber, 235
Absorption coefficient, 116, 124, 126
Accuracy

integration, 8
Acoustic impedance, see Impedance,

acoustic
Acoustic intensity, see Sound intensity
Acoustic particle velocity, see Particle

velocity
Acoustic potential function, see

Potential function
Acoustic pressure, see Sound pressure
Add, 15, 16
Addition sound pressure levels, 15
Air compressor noise prediction, 242
Attenuation

meteorological effects, 80

Barrier, 17, 66, 70, 155–159
Barrier attenuation, 70, 71
Bending wave, see Wave, bending
Boiler noise, 260
Break in noise, 225
Break out noise, 224

Characteristic impedance, see also
Impedance, characteristic, 79

Combine level reductions, 17
Compressor, 243
Constants button, 7
Control valve noise, 246–248, 250, 251,

253, 255

liquids, 251
Conversions, 15
Cooling tower noise, 244
CoRTN, 271
Criteria, 28
Critical damping ratio, 229

Daily noise dose, 26
Decibel addition, 15
Decibel subtraction, 15
Diesel and gas engine, 263, 264
Directivity, 220
Directivity index, 64
Display adjustment, 10
Dissipative mufflers, 194, 195, 197, 198
Duct, 167, 168, 224, 225

Effective length, 172, 175
Effective length , 176, 185
Electric motor noise, 267
Enclosure, see also Room
Energy density, 17
Equivalent continuous noise level, 25
Equivalent diameter, 181
Excel, 7
Excess attenuation, see also Sound

propagation, 159, 221
Exhaust stack directivity, 220–222
Expansion chamber, 189
Export to Excel, 7
Exporting data, 14

FFT analysis, see also Frequency
analysis

FHWA, 271
File menu, 6
Fitzroy, 116
Flat room, 113
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Flow noise, 210
Flow resistance, see also Flow resistivity,

36
Flow resistivity, see also Flow resistance,

36, 73, 78, 159
Furnace noise, 265, 266

Gear noise, 270
Graph, 5, 12
Ground, 78–80
Ground attenuation, 78, 79
Ground effect, 73, 78, 79
Guidelines, 4

Hearing damage, 26
Hearing damage risk, 25, 26
Helmholtz resonator, 178, 181, 185, 186
Help, 6, 10
Help menu, 10

Impedance, 168, 169, 178
Importing data, 14
Incoherent source, 49
Indoor barrier, see Barrier, indoor
Insertion loss, 181, 182
Installation, 1, 3
Intensity, see Sound intensity

structural, see Structural intensity

Kuttruff, 116

Launch ENC, 6
Level reductions, 17
Lined duct, 193, 194
Logarithmic decrement, 229
Long room, 114
Longitudinal wave, see Wave,

longitudinal
Loss factor, 229
Loudness, 31
Low Pass Filter, 190

Main menu, 6
Material properties, see Properties of

materials
Mechanical impedance, see Impedance,

mechanical
Meteorological effects, 80

Millington-Sette, 116
Modulus of elasticity, see Young’s

modulus
Monopole source, 43
Multiple ENC windows, 6

NC, 29
NCB, 29
Noise descriptors, 34
Noise exposure, 25
Noise measures, 34
Noise source, 182
Norris-Eyring, 116
NR, 29, 146

Occupational noise descriptor, 34
One-third octave band, see 1/3-octave

band
Options menu, 7, 10
Outdoor sound propagation, see also

Sound propagation
barrier effects, see also Outdoor

sound propagation, shielding
effects

Panel, see Plate
Particle velocity, 16
Pipe lagging, 165
Plane piston source, 47
Plane source, 49
Plane wave, 16
Plane wave propagation

tube, see Plane wave propagation,
duct

Plenum chamber, 200, 202, 203
Plotting, 11, 13
Power, see Sound power
Propagation, see Sound propagation
Propagation attenuation, 62, 73, 78
Pump noise, 245

Quality factor, 173

Radiation efficiency, 48
Radiation impedance, see Impedance,

radiation, 48
Radiation ratio, see Radiation efficiency
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Re-generated noise, 210
Reactive muffler, 181, 182, 187, 190
Rectangular enclosure, see Room,

rectangular
Rectangular room, see also Room
Rectangular source, 49
Reference sound intensity, see Sound

intensity level, reference
Reference sound power, see Sound power

level, reference
Reference sound pressure, see Sound

pressure level, reference
Reflecting surface, 64
Reflection coefficient, 79
Reflection loss, 73, 159
Resistance, see Acoustic resistance
Reverberation time, 116, 118, 127
Room, see also Rectangular room,

Cylindrical room
Room modal properties, 104, 110
Run button, 7
Run symbol, 11

Sabine rooms, 111
Save data, 5, 6
Screen, 66
Self-noise, 210
Silencers, see Mufflers
Single degree of freedom, 228
Single wall transmission loss, see

Transmission loss, single leaf wall
Software modules, 10
Sonic gradient, 82
Sound absorber, 121, 122
Sound absorbing material, 119–121
Sound absorption, 127
Sound Intensity, 58
Sound intensity, 15, 16
Sound intensity level, 17
Sound Power

measurement, 58
Sound power, 15

measurement, see also Sound power
measurement

Sound power level, 238, 244, 246, 263,
266, 270

Sound pressure level, 238, 242, 244–246,
263, 266, 267

Sound propagation, see also Outdoor
sound propagation

Sound sources, 43–45
line source, 46
vortex, 45

Source type, 63, 64
Specific acoustic impedance, see also

Impedance, specific acoustic
Spectral analysis, see Frequency analysis
Spectrum analysis, see Frequency

analysis
Speech interference criteria, 31
Speech privacy, 36
Speed of sound, 7, 20
Spherical divergence, see Geometrical

spreading
Spherical waves, 16
Spring, 227
Standing wave, see Wave, standing

amplitude, see Wave, standing
amplitude

Statistical absorption coefficient, 121
STC, 130
Subtract, 15
Surface mass, see Surface density

T60, see Reverberation time
TNM, 271
Tools menu, 7, 9
Train noise, 282
Transformer noise, 268
Transmission Loss, 249
Transmission loss, 130, 132, 138, 139,

150
double leaf wall, see also Double

wall transmission loss
Turbine noise, 261

Unit conversion, 9

Valve noise, 250
Vibration absorber, 235
Vibration isolation, 227, 230–233

Wave Properties, 16
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Wave summation, see Wave, addition

Wavelength, 16

Wavenumber, 16
Weighting Networks, 33
Wind gradient, 71, 158

ENC Software User’s Guide Version 5.5, July, 2021


	About this Software 
	Installation of the Single User Version on a PC
	Unusual Dongle Installation Problem

	Installation of the Network Version
	ENC Server Installation
	ENC Client Installation

	 General Guidelines for Use (Essential Reading) 
	Saving Your Window and Input Data
	On-Line Help
	Main Menu at Top of Screen
	File Menu
	Options Menu 
	Tools Menu
	Help Menu

	Software Modules
	 Plotting 
	 Printing a plot 
	 Importing and Exporting Data 

	Fundamentals & Criteria (Module 1)
	Overview
	Fundamentals
	Units (Conversions of levels to linear quantities)
	Addition and Subtraction of Sound Pressure Levels
	Wavelength, Frequency and Wavenumber
	 Wave Properties
	Combining Level Reductions
	Preferred Frequency Bands
	Modulation Calculation
	Doppler Frequency Shift
	Speed of Sound

	Ear
	Ear Properties
	Loudness Level and Sound Pressure level
	Loudness Level and Loudness Calculator
	Calculation of Loudness for a Specified 1/3-Octave or Octave Band Spectrum
	Calculation of Loudness Level with ISO 532-2

	Hearing Damage Risk (5th edition textbook, pages 92–102)
	Hearing damage risk

	Noise Level Criteria (5th edition textbook, pages 117–127 and 128–131)
	Speech Interference
	Noise Level Criteria (Recommended Noise Levels)

	Weighting Networks (5th edition textbook, pages 83–85)
	Spectral plotting

	Noise Descriptors (5th edition textbook, pages 84–89)
	Flow Resistivity and Flow Resistance(5th edition textbook, pages 46–47)
	Speech privacy (5th edition textbook, Table 2.18, page 127)

	Hearing Protection Devices (5th edition textbook, page 107–115)
	Calculation of the Protected Level
	Percentage of Users Protected
	Calculation of the Effective Noise Reduction for Short Lapses in Wearing Hearing Protection

	Instrumentation (5th edition textbook, page 135–170)
	Noise Characteristics vs Measurement Type
	Accelerometer Properties
	Condenser Microphone Calculations
	Units of vibration and Relationship Between Acceleration, Velocity and Displacement
	Damping Measures and Relations Between Different measures


	Sound Sources & Sound Power (Module 2)
	Overview
	Point Sources (5th edition textbook, pages 172–199)
	Monopole Source (5th edition textbook, pages 172–175) 
	Dipole Source (5th edition textbook, pages 175–179) 
	Radiation From a Vortex Impinging on a Rigid Body in Flow (5th edition textbook, pages 181–182)
	Quadrupole Source (5th edition textbook, pages 182–186) 

	Line Sources and Directivity (5th edition textbook, pages 186–189)
	Line Source (5th edition textbook, pages 186–189) 
	Radiation Field (5th edition textbook, pages 205–207)
	Directivity (5th edition textbook, pages 199–201)

	Plane Sound Sources (5th edition textbook, pages 189–199)
	Coherent Piston Source (5th edition textbook, pages 189–195)
	Input Data

	Incoherent Plane Radiator (5th edition textbook, pages 195–199)
	Radiation From a Building (5th edition textbook, page 199)

	Sound Power (5th edition textbook, pages 207–224)
	Free and Semi-Free Field (5th edition textbook, pages 208–213)
	Reverberant Field (5th edition textbook, pages 213–215)
	Substitution Method (5th edition textbook, pages 214 and 216)
	Absolute Method (5th edition textbook, pages 214–216)

	Field Measurement (5th edition textbook, pages 215–221)
	Reference Source Method (pages 215–216)
	Substitution method (pages 216–217)
	Two Test Surfaces Method (5th edition textbook, pp 278–279)

	Near Field Measurement (5th edition textbook, pages 218–221)
	Determination of Sound Power From Surface Vibration Measurements (pages 221–223)
	Determination of Sound Power From Sound Intensity Measurements
	Easy SPL Averager

	Rayleigh Integral

	Sound Propagation (Module 3)
	Overview
	ENC 4th Edition
	Left Panel (source type)
	Centre Panel (Propagation Attenuation)
	Barrier Attenuation Calculation Panel (5th edition textbook, pages 264–275)
	Attenuation Due to Housing(5th edition textbook, errata page 285)
	Attenuation Due to Process Equipment (see ISO9613-2)
	Attenuation Due to Forests (5th edition textbook, pages 280, 285 and 305)

	Right-hand Panel (Air Absorption, Ground and Meteorological Effects)
	Air Absorption Effects
	Ground Effects
	Meteorological Effects


	CONCAWE
	Sources
	Receivers
	Barrier
	Top Segment of Centre Panel
	Bottom Segment of Centre Panel
	Spherical Spreading Effect (K1)
	Air Absorption (K2)
	Ground Effects (K3)
	Meteorological Effects (K4)
	Source Height Effects (K5)
	Barrier Effects, (K6)
	In-plant Screening, K7
	Vegetation Screening, (Kv)

	ISO9613
	Sources
	Receivers
	Top Segment of Centre Panel
	Bottom Segment of Centre Panel
	Effect of Reflections Other Than Ground Reflections
	Spherical Spreading, (Adiv)
	Air Absorption (Aa)
	Ground Effects (Ag)
	Barrier Effects (Ab)
	Vegetation Screening Effects (Af)
	Housing Screening Effects (Ah)
	Process Equipment Screening Effects (Ap)
	Meteorological Effects (Amet)


	Room Acoustics & Absorption (Module 4)
	Overview
	Room Modal Properties
	Rectangular room
	Cylindrical room

	Sound in rooms
	Steady-state response
	Sabine Rooms (Steady-State Response)
	Flat Rooms (Steady-State Response)
	Long Room (Steady-State Response)

	Transient Response

	Porous Material Sound Absorbers
	Calculations based on flow resistance data
	Calculations based on impedance tube measurements
	Calculation summary and results presentation 

	Panel Absorber
	Applications

	TL, Enclosures, Barriers & Pipe Lagging (Module 5)
	Overview
	Partition Transmission Loss (Single Wall) (5th edition textbook, pages 375–385)
	Isotropic Panel
	Multi-leaf walls
	Composite material wall
	Orthotropic Panels

	Double Wall (5th edition textbook, pages 385–396)
	Multi-leaf Panels (5th edition textbook, pages 395–396)
	Composite Material (5th edition textbook, pages 395–396)

	STC, Rw, IIC Ln,w and LnT,w (5th edition textbook, pages 370–373)
	Composite / Flanking (5th edition textbook, pages 398, 405–407)
	Enclosures (5th edition textbook, pages 407–418)
	Cooling Air Requirements
	Partial Enclosures

	Outdoor Barriers (5th edition textbook, pages 264–275)
	Mid-Results

	Indoor Barrier (5th edition textbook, pages 419–420)
	Pipe Lagging (5th edition textbook, pages 420–422)

	Reactive & Dissipative Mufflers (Module 6)
	Overview
	Duct Modal (pages 493–496 in the 5th edition textbook)
	Impedance (5th edition textbook, pages 429–437)
	Tube/Orifice
	1/4-wave Tube Calculations (see following figure and 5th edition textbook, pages 438–446)
	Volume/Expansion Chamber (see following figure and 5th edition textbook, pages 448–453)
	Helmholtz Resonator (see figure on the next page and 5th edition textbook, pages 438–446)
	Perforated Sheet

	Reactive Mufflers (5th edition textbook, pages 437–483)
	Helmholtz Resonator (See the 5th edition textbook, pages 438–446)
	1/4-Wave Tube (see below) Insertion Loss calculations (pages 438–446 in 5th edition textbook)
	Expansion Chamber (see following figure) (5th edition textbook, pages 448–454)
	Low Pass Filter (5th edition textbook, pages 454–459)
	Small Engine Exhaust (See 5th edition textbook, pages 453–454)

	Dissipative Mufflers (5th edition textbook, pages 483–512)
	Perforated Facing
	Liner Attenuation (see pages 486–492 in the 5th edition textbook)
	Inlet Attenuation (see page 497 in the 5th edition textbook)
	Exit Loss (see 5th edition textbook, page 501)
	Expansion Loss (see 5th edition textbook, page 498)
	Duct Bend (see 5th edition textbook, page 500)

	Lined Plenum Chamber (5th edition textbook, pages 515–518)
	Pressure Loss (5th edition textbook, pages 502–507)
	Loss Due to Flow Through a Straight Duct
	Silencer Pressure Drop

	Loss Due to Flow Through a Duct Element

	Flow Generated Noise (5th edition textbook, pages 507–512)
	5th Edition Textbook
	Splitter Mufflers
	Bend or 90 Degree Mitred Elbow
	Exhaust Stack Pin Noise(5th edition textbook, page 512)

	ISO14163-1998
	Splitter Mufflers

	VDI 2081
	Splitter Mufflers
	Circular Muffler with Centre Core
	90 Degree Bend in a Circular-section Duct
	90 Degree Bend in a Rectangular-section Duct
	Straight, Unlined Duct


	Baumann - Grille Noise
	Exhaust Stack Directivity and Noise Reduction (see 5th edition textbook, pages 520–526)
	Duct Break-out/Break-in Noise (5th edition textbook, pages 512–514)

	Vibration Isolation (Module 7)
	Overview
	SDOF System (5th edition textbook, pages 529–536)
	Coil Spring Properties (5th edition textbook, pages 531, 535–536)

	Units of Vibration (5th edition textbook, page 556)
	Damping Measurement (5th edition textbook, pages 558–561)
	4-Isolator System (5th edition textbook, 525–527)
	Flexible Support (5th edition textbook, pages 540–542)
	2-stage Vibration Isolation (5th edition textbook, pages 538–539)
	Vibration Absorber (5th edition textbook, pages 546–549)

	Sound Power of Equipment (Module 8)
	Overview
	Sound Power and SPL Estimation
	Fans (fifth edition textbook, pages 567–568)
	Air Compressors (5th edition textbook, pages 568–572)
	Refrigeration Compressors (5th edition textbook page 572)
	Cooling Towers (5th edition textbook, pages 572–574)
	Pumps (5th edition textbook, page 575)
	Jet Noise (5th edition textbook, pages 575–579)
	Control Valves (Gases) (5th edition textbook, pages 579–589)
	Control Valves (Liquid, IEC60534-8-4, 1994 edition) (5th edition textbook, pages 590–591)
	Control Valves (Liquid, IEC60534-8-4, 2015 edition)
	Control Valves (Steam) (5th edition textbook, page 591)
	Pipe Flow Noise (turbulent flow noise source), Baumann method
	Pipe Flow Noise (valve noise source)
	Boilers (5th edition textbook, page 592)
	Turbines (Gas, Steam and Wind) (5th edition textbook, page 593)
	Gas and Steam Turbines
	Wind Turbines

	Diesel and Gas Driven Engines (5th edition textbook, pages 593–595)
	Exhaust Noise (5th edition textbook, page 594)
	Casing Noise (5th edition textbook, page 594)
	Inlet Noise (5th edition textbook, pages 594–597)

	Furnaces (pages 595–597 in the 5th edition textbook)
	Electric Motors (5th edition textbook, pages 597–598)
	Generators (5th edition textbook, page 599)
	Transformers (5th edition textbook, pages 599–600)
	Gears (5th edition textbook, page 600)

	Transportation Noise (5th edition textbook, pages 602–632)
	Road Traffic Noise — EU CNOSSOS Model (5th edition textbook, pages 602–606)
	Traffic noise — CoRTN (5th edition textbook, pages 606–611)
	Road Traffic Noise — FHWA-TNM Model (5th edition textbook, pages 611–612)
	Rail Traffic noise — UK DoT (5th edition textbook, pages 626–631)


	Errata and Additions for ``Engineering Noise Control, 5th edn.''
	References
	Index

