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» Joined AMCA in February 2019

» Responsible for development of AMCA's education
programs; staff liaison for the Education & Training
Subcommittee

* Projects include webinars, online education modules,
presentations at trade shows, AMCA Speakers Network
and other duties as assigned.




Introductions & Guidelines

 Participation Guidelines:

* Audience will be muted during the webinar.

* Questions can be submitted anytime via the GoToWebinar
platform and will be addressed at the end of the presentation.

 Reminder: This webinar is being recorded!

* To earn PDH credit for today, please stay clicked onto the
webinar for the entire hour.

A post-webinar evaluation will be emailed to everyone one hour
after today’s broadcast, and it must be completed to qualify for
today’s PDH credit.
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To submit questions:

- From the attendee panel on the side of the screen, select the
“Questions” drop down option.

- Type your question in the box and click “Send”.

- Questions will be answered at the end of the program.




AMCA International has met the standards and requirements
of the Registered Continuing Education Program. Credit
earned on completion of this program will be reported to RCEP
at RCEP.net. A certificate of completion will be issued to each
participant. As such, it does not include content that may be

deemed or construed to be an approval or endorsement by the
RCEP.

Attendance for the entire presentation ” R c E P
AND a completed evaluation are required

for PDH credit to be issued.

REGISTERED CONTINUING EDUCATION PROGRAM




DISCLAIMER

The information contained in this webinar is provided by AMCA
International as an educational service and is not intended to serve
as professional engineering and/or manufacturing advice. The views
and/or opinions expressed Iin this educational activity are those of the
speaker(s) and do not necessarily represent the views of AMCA
International. In making this educational activity available to its
members and others, AMCA International Is not endorsing,
sponsoring or recommending a particular company, product or
application. Under no circumstances, including negligence, shall
AMCA International be liable for any damages arising out of a party’s
reliance upon or use of the content contained in this webinar.




COPYRIGHT MATERIALS

This educational activity is protected by U.S. and
International copyright laws. Reproduction, distribution,
display and use of the educational activity without written
permission of the presenter is prohibited.

© AMCA International 2021



Kristen Neath

Canadian National Sales Manager —
Commercial, Industrial & Environmental,
AMCA Member Company

« Expertise in reducing mechanical HVAC noise
through design & application of noise control
products

« Extensive knowledge of sheet metal design &
fabrication

« Bachelors of Engineering in Mechanical Systems
Engineering




Understanding & Reducing Air System Noise
Purpose and Learning Objectives

The purpose of this presentation is to provide participants with an understanding
of air system noise, proper methodology of performing in-duct and breakout
acoustic analysis, and selecting and locating noise control products.

At the end of this presentation participants will be able to:

1. Explain the basic concepts of how sound power, sound pressure and
frequency interact.

2. Investigate the components of a duct system and how they generate and
naturally attenuate (silence) sound.

3. ldentify the attenuation required for a duct system to meet desired sound
levels in a critical space (office, etc.).

4. Describe how to select and locate sound attenuation products.
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Overview

 Airborne noise and sound in an HVAC System
* Duct system acoustic analysis

* Introduction to duct silencers

* Locating silencers on an HVAC system

 Silencer Options




Noise and Sound

* Noise Is unwanted sound

« Sound Is a propagating
disturbance (a wave) in a fluid or
solid

* In a solid, this can be noise
transmitted through building
partitions

* In a fluid, this can be noise
s - —. transmitted through the HVAC
s s | I system

1 1] < Source, Path, and Receiver
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Noise Source

 Airborne sound is generated by a vibrating surface or by a
turbulent fluid stream.

« Sound waves In air are variations in pressure above and below
atmospheric pressure.

« Sound levels measured by the rate at which acoustical energy Is
released referred to as: Sound Power.




. a mca INTERNATIONAL

The Sound Spectrum

 Tonal sound
« Simple wave
« Acoustical energy located at only one frequency

* Broadband sound
« Complex wave
« Acoustical energy spread across multiple frequencies

« Octave band spectrum:
63 Hz / 125 Hz / 250 Hz / 500 Hz / 1000 Hz / 2000 Hz / 4000 Hz / 8000 Hz




The Sound Spectrum

| HISS AND WHISTLE ) 1 ]
Grilles and Water Valves Diffuser Noise
eee———
VWHINE Reciprocating,

Pumps and
Chillers

Centrifugal, and

Screw Chillers
. |

HUM AND BUZZ
Poor Vibration Isolation
Fan-Powered VAV Units VAN Unit Noise

ROAR | | |
Fans and Turbulent
Airflow VAV Unils Fan and Pump Noise
EE— #
RUMBLE

Turbulent Airflow and Fan Instability, Air
Poor Vibration Isolation Turbulence Rumble, and
Structureborne Vibration
THROE

Turbulent
Airflow and WHISTLE AND
Fan Instability -— THROB RUMBLE —---t—FOAR —i=--l— \VH R R —--— | S5 —]

I | I I I
8 16 315 63 1256 250 500 1000 2000 4000 8000 8 1% 315 63 125 250 500 1000 2000 4000 8000

OCTAVE MIDBAND FREQUENCY, Hz OCTAVE MIDBAND FREQUENCY, Hz
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Recelver

e Sound Levels in the rooms are dependent on the size, number of
sources, and acoustic properties of the space.

e Measured as: Sound Pressure

« Sound pressure levels across the sound spectrum can be used to
determine noise rating of the space.




Sound Power and Sound Pressure

Source Sound Power, W
Human breath 1011
Space shuttle launch 108
Source Sound Pressure, Pa
Threshold of hearing 2x10°

Military jet @ 100ft 2 x10?




The Log Scale

« Sound “Level”
* Logarithmic ratio
* Use to describe a physical property of great range in values

Level =10 *log10 (A/Aref)

Where:
A = magnitude of the physical property
Aref = agreed upon reference value

A/ Aref Assigned the unit of bel




Sound Power and Sound Pressure Level

« Sound power level, Lw,:

Lw = 10 log (w/wref)

» wref = reference sound power, 10-12 W

e Sound pressure level, Lp:
Lw o Lp?

Lp = 10 log (p/pref)?
Lp = 20 log (p/pref)

» Pref = reference sound pressure in air, 20-5 Pa




Sound Power and Sound Pressure Level

Source Sound Power, W Sound Power Level, dB
Human breath 1011 10
Space shuttle launch 108 200
Source Sound Pressure, Pa Sound Pressure Level, dB
Threshold of hearing 2x10° 0

Military jet @ 100ft 2 x 102 140




Subjective Reaction to Changes in L

Subjective Change Objective Change in Sound Pressure
Level (Broadband Sound)

Much louder More than 10 dB

“Twice” as Loud +10 dB

Louder +5 dB

Just Perceptibly Louder +3 dB

Just Perceptibly Quieter -3 dB

Quieter -5dB

“Half” as Loud -10dB

Much Quieter Less than -10 dB

< 3 difference in dB is not significant




Logarithmic Addition

Logarithmic addition of levels is non-linear.

Difference between levels to be combined, dB Otol | 2to4 | 5to9 | 10 and more
Number of dB to add to highest level 3 2 1 0
86 dB + 86 dB = 89 dB 86dB + 78 dB =87 dB

86 dB + 83 dB = 88 dB 86dB + 76 dB = 86 dB
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Noise Criteria (NC) Level

* Quantify the spectrum into one number
« Sound pressure levels at the receiver
« Adjust for the human response to the sound spectrum

* NC Level
* Indoor criteria




Noise Criteria (NC) Level

* Indoor acceptable noise levels are .
usually classified as an NC level. Room NC level

e Others include: NR, RC, RC Mark Il

NC-Ratings

(0]
o

Room SPL

~N
o

e N\ C-20

Q —NC-25

N\ e NC-30
NC-35

NC-40

—NC-45

D
o

« Compares sound levels at all eight
octave bands, the maximum
allowable sound pressure at each

(O]
o

Sound Pressure Level, dB
S
o

frequency. 50 —ncso
* The NC level is determined by the ’
lowest curve that is not exceeded :

63 125 250 500 1000 2000 4000 8000

by the room SPL spectrum.

Frequency, Hz




Sound Path

Sound Source Paths:

Path A — Structure borne path though floor
Path B — Airborne path through supply system
Path C — Duct breakout from supply air duct

Path D — Airborne path through return system

Path E — Airborne path through mechanical
equipment room

Path B:
Path C:
Path D:
Path E:

Structureborne path through floor
Airborne path through supply air system
Duct breakout from supply air duct

Airborne path through return air system
Airborne path through mechanical equipment room wall



Natural Attenuation

* Duct elements in the HVAC
System dissipate acoustic
energy of the sound wave

along the sound path.

* This Iis caused by:

* Duct vibration
e Sound wave reflections
* Flow branching
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Natural Attenuation: Unlined Ductwork

| S Attenuatior:) iunc:J(n(Iii;;c:.I;ectangular
° In-dUCt Sound energy D(:‘::(Si:)e Area Octave Band Center Frequency (Hz)
. (1/ft.)

transmitted to duct surface 63 | 125 | 250 | >250
6x6 8.0 0.30 0.20 0.10 0.10
° Can produce a Significant 12 x 12 4.0 0.35 0.20 0.10 0.06
. . 12 x 24 3.0 0.40 0.20 0.10 0.05
amount of attenuation in long ST 2.0 025 | 020 | 010 | 003
reCtangular dUCt ru nS 48 x 48 1.0 0.15 0.10 0.07 0.02

] Attenuation in Unlined Round Duct ( dB/ft.)

¢ FU nCtIOn Of d UCt Shape aﬂd Diameter Octave Band Center Frequency (Hz)
Slze 63 125 | 250 | 500 1K 2K 4K

D<7 0.03 | 0.03 | 0.05| 0.05 | 0.10 | 0.10 | O0.10
7<D<15 |[(0.03 |0.03|0.03|0.05|0.070.07 | 0.07
15<D<30| 0.02 | 0.02 | 0.02 | 0.03 | 0.05 | 0.05 | 0.05
30<D<60 | 0.01|0.01(0.01|0.02](0.02|0.02]|0.02




Natural Attenuation: Lined Ductwork

Attenuation in Lined Round Duct ( dB/ft.)

Diameter

e |ncrease in attenuation in mid (in) Octave Band Center Frequency (Hz)

and high bands over unlined 63 | 125 | 250 | 500 | 1K | 2K | 4K | 8K

6 0.38 [ 0.59 [ 0.93 | 153|217 | 231|204 | 1.26

. . 12 0.23 | 046 | 0.81 | 145 | 2.18 | 191 | 148 | 1.05
 Typically, not enough attenuation

18 0.13 [ 0.35 [ 0.69 | 1.37 | 2.01 | 1.56 | 1.10 | 0.90

In the 63 HZ and 125 HZ bands 24 0.07 | 0.25 | 057 | 1.28 | 1.71 | 1.24 | 0.85 | 0.80

for mechanical noise.

Insertion Loss for Lined Rectangular Duct
.. . uct Size w/ 1-in. Fiberglass ( dB/ft.)

° User| for ellmlnatlng generated D(inf(sin) Octave Band Center Frequency (Hz)
noise, noise from a VAV box or 125 | 250 | 500 | 1K | 2K | 4K
|n_branch duct element 6x6 0.6 1.5 27 | 58 | 74 | 43

6x18 0.5 1.0 2.2 4.7 5.2 3.3

e 1" or 27 |ining thickness 8x8 05 | 1.2 | 23 | 50 | 58 | 3.6

8x24 0.4 0.8 1.9 4.0 4.1 2.8

(common)




Duct Breakout

* When acoustic sound energy . L .
' \
radiates through the duct walls § e §
Into the surrounding area \ \
Sound Power Sound Power
Entering Duct Exiting Duct
. > >
* Increasing duct gauge and N N
stiffness reduces breakout T §
Duct Outer Duct Cross -
* Reduce sound power level in Surface Area Sectional Area

duct




Natural Attenuation: Duct Elbows

* Acoustic energy loss due to
reflection of the sound wave

» Can be a significant source of
attenuation if multiple elbows are
In the system.

 Unlined/lined, radius, mitered,
with/without turning vanes, all
have different attenuation levels.

T

Insertion Loss of Radius Rectangular Elbows

fw=fxw

Insertion Loss

(f = center frequency, kHz (dB)
and w = width, inches)

8

fw<1.9
1.9<fw<3.
(L

3.8<fw<7.

5

Fw>7.5

w | N | O

Insertion Loss of Unlined and Lined, Mitered Elbows with
Turning Vanes

fw=fxw

Insertion Loss (dB)

(f = center frequency,

kHz and w = width, unlined lined

inches)

fw<1.9

19<fw<3.8

3.8<fw<7.5

o ||| O

7.5<fw<15

NP |- | O




Natural Attenuation: Branching

« Most significant mechanism of
natural attenuation

* Energy In = Energy Out

* Energy division is according to
the ratio areas

* Typical HVAC design equates
flow ratio and area ratio

C D=

B

-
e
Sl
—

A Lwu — b = 10 log [Ab/(Au + Ab)]
A Lwu — d = 10 log [Ad/(Au + Ad)]

A = ft2
ALw = dB



Natural Attenuation: End Reflection

* Incident sound energy Is
reflected when the sound
wave expands into a large
space.

* Good low frequency
attenuation

- If rectangular duct, use
equivalent diameter

"&t:n.’l
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b —"

>

Diameter in)

Duct End Reflection Loss — Duct
Terminated Flush with Wall (dB)

Octave Band Center Frequency

(Hz)

63 125

250

500

1K

18 12

12

24

36

48

~
=N W N

O |OC |k, |W|

O | O |OC |k, |W

O |Oo|OC|OC|r




Natural Attenuation: Room Effect

 The room effect considers the

environment that the sound
power level (Lw) is in. Lp = Lw - 5 Log (V) - 3 Log (f) - 10 Log (r) + 25 dB

Lp = room sound pressure (dB re 20 x 10 — 5 Pa)

 This equation is for normal
rooms Wlth some |eve| Of Sound Lw = source sound power (dBre 1x 10 — 12 watts)
absorption within the space V= room volume (%)
Including furnishings.

= octave band center frequency (Hz)

r = reference distance from diftuser (1t.)

* The result is the sound pressure
level in the space.




Duct System Acoustic Analysis

 Determine the most sensitive
space on the HVAC system.

F
» Start with the sound power level
of the sound source. — =
+f Cabinet Sound Power Levels*
;M Octave Bands: b3 125 250 il 1000 2000 4000 8000
. o Discharge LW(dB): 8 & 86 § T 7 68 62
 Deduct the natural attenuation of [ o
the HVAC System . ;; *Sonnd potoer vl e given for (nformalional purpises only, The sound keuels ire nof guaranieed,
 Calculate the sound pressure UL LS
spectrum and compare agalnSt L B E .

C Curves.




Duct System Acoustic Analysis: Supply System

« Lw for RTU-7 Discharge
. - 82/ 83/ 84/ 79/ 72/ 70/ 66/ 60

 Duct:
E . 38x14”, 5’
. 22x12”. 15’

« 16x12”, 15’

- 80, 4
Elbows:
3 e 147, 22”7, 16”7, 16”
- A End Reflection:
\||||||||2|2|1l|\|}l|j '8”®

=N 5w Power Split:
SE=NAY A . 230/3350 CFM = 7%

Room Effect:
« 20x30x9’, 4-diffuser array, NC-35

IR —

=y
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Duct System Acoustic Analysis: Supply System

HVAC ACO! ANALYSIS END NOISE
Octave Band Center Frequency, Hz: 63 125 250 500 1k 2k 4k 8k Description:
82 8 84 79 7 70 66 60 No Predlc’Flon, FI?w Volume (f:fm) : 033-50, Fan Operating
H‘ Fan PWL: Pressure (in. wg) : 0.75 Efficiency (%): 58.7
!,’ Duct 38x14: 1 1 1 0 0 0 0 0 38 x 14 - (in) duct, 5 (ft) long, Unlined
h’ Duct 22x12: 6 3 2 1 1 1 1 1 22 x 12 - (in) duct, 15 (ft) long, Unlined
F’ Duct 16x12: 6 3 2 1 1 1 1 1 16 x 12 - (in) duct, 15 (ft) long, Unlined
F’ Duct 8dia: 0 0 0 0 0 0 0 0 8 - (in) dia duct, 4 (ft) long, Unlined
Total Duct Attenuation: 13 7 5 2 2 2 2 2 Total Duct Attenuation
Elbow Duct 14: 0 0 1 5 8 4 3 3 Width (in) : 14, Qty: 1, Square Unlined
[‘:[j Elbow Duct 22: 0 1 2 3 3 3 3 3 Width (in) : 22, Qty: 1, Radiused Unlined
[‘:[j Elbow Duct 16: 0 2 4 6 6 6 6 6 Width (in) : 16, Qty: 2, Radiused Unlined
Total Elbow Duct Attenuation: 0 3 7 14 17 13 12 12 Total Elbow Duct Attenuation
. . 16 10 6 2 1 0 0 0 Duct Terminated Flush with a Wall, 8 (in) Dia
End Reflection:
t’;\é o 2 1$ 12 12 12 12 12 12 Branch Flow (cfm) : 230
V' Branch SP division:
PWLin Room: 41 51 54 49 40 43 40 34 PWL in Room
PWLtoSPL: 5 6 7 8 9 10 11 12 Room Correction - Normal Office / Classroom, Width (ft) :
Multi-Terminal Correction: 6 6 6 6 6 6 6 6 30, Height (ft) : 9, Length (ft) : 20
Room SPL 42 51 53 47 37 39 35 28 Room SPL = 48 dBA
A-weighted values: 15 34 44 43 37 40 36 26 A-weighted values
Design Level: 60 52 45 40 36 34 33 32 NC - 35
I Reguired Attenuation: 0 0 8 7 1 5 2 0 Required Attenuation |

Notes: In general, Predictions are based on ASHRAE HVAC APPLICATIONS, 2007.
The accuracy of this evaluation is dependent upon the accuracy of the Fan Sound Power Levels, and ASHRAE Data and Calculations Methods.




Duct System Acoustic Analysis: Return System

Lw for RTU-7 Return

s + 74/ 71/ 72/ 63/ 60/ 56/ 50/ 39
ol « 44 5x13.5", 1’

|EE=' T = =1 * Elbow:

: h ‘%E ; « 13.5”

H 0  Ceiling Tile IL:

« Glass Fiber Tile: 3/6/5/7/7/8/9/9

96

« Gypsum: 8/11/15/15/17/17/18/18

End Reflection:
e 44 5x13.5”

Room Effect:
» 8x30x12’, single source, NC-40

th_4x8 -1
HENERNRNENENENENENDL




Duct System Acoustic Analysis: Return System

HVAC ACOUSTIC ANALYSIS END NOISE
Octave Band Center Frequency, Hz: 63 125 250 500 1k 2k 4k 8k Description:

A Y »
2 No Prediction, Flow Volume (cfm) : 3350, Fan
74 71 712 63 60 56 50 39 ) . (ctm) -
i Fan PWL: Operating Pressure (in. wg) : 0.75 Efficiency (%): 58.7

- 0 0 0 0 0 0 0 0 |44.5%13.5-(in)duct, 1 (ft)long, Unlined
’ Duct 44.5x13.5: (in) (ft) long

Total Duct Attenuation: 0 0 0 0 0 0 0 0 Total Duct Attenuation

0 0 1 5 8 4 3 3 Width (in) : 13.5, Qty: 1, Square Unlined
ﬂﬂ Elbow Duct 13.5: (in) Qty a
Total Elbow Duct Attenuation: 0 0 1 5 8 4 3 3 Total Elbow Duct Attenuation

MV _ 4 ? i 0 0 0 0 0 DuctTermlnated in Free Space, 44.5 (in) Maximum
"= End Reflection: Duct Dimension
,f ~

3 6 5 7 7 3 9 9 Glass Fiber Tile IL
i~ Other attenuation:

PWL in Room: 67 63 65 al 45 44 38 27 | PWLin Room
Room Correction - Normal Office / Classroom, Width
(ft) : 30, Height (ft) : 12, Length (ft): 8
Room SPL 61 a0 a7 42 35 33 26 14 | Room SPL = 49 dBA
A-weighted values: 34 39 48 38 35 34 27 12 | A-weighted values
Design Level: &4 56 50 45 41 39 38 37 |[NC-40
Required Attenuation: 0 0 7 0 0 0 0 0 [ Reguired Attenuation

Notes: In general, Predictions are based on ASHRAE HVAC APPLICATIONS, 2007.
The accuracy of this evaluation is dependent upon the accuracy of the Fan Sound Power Levels, and ASHRAE Data and Calculations Methods.

PWLto SPL: 6 7 8 9 10 11 12 13




Duct System Acoustic Analysis: Break-Out

« Lw for RTU-7 Discharge

= EE F « 82/ 83/ 84/ 79/ 72/ 70/ 66/ 60
3 e Duct:

« 38x14”"

11111

.l .11 - ceiling
e | * FG Celling Tile
: |||||||||||||k|jz‘m' * Room Ciriteria:
r———— + NC-40
| b MK ©
TErE




Duct System Acoustic Analysis: Break-Out

Octave Band Center Frequency,

Hz: 63 125 250 500 1k 2k 4k 8k Description:
\ No Prediction, Flow Volume (cfm) : 3350, Fan
% 82 83 84 79 72 70 66 60 |Operating Pressure (in. wg): 0.75, Efficiency (%):
& Fan PWL 58.7

I 23 26 29 32 32 38 44 45 |44.5x13.5(in) ¥ 18 ga - Rectanqular Duct
’ Breakout TLout: (in) {18 g g I

10 Lug(S)’A): 14 14 14 14 14 14 14 14 |10 Log(SM}
BreakoutPWL: 73 71 69 61 54 46 36 20 |Breakout PWL
Ceiling / Plenum / Room Effect: 3 6 5 7 7 8 9 9
Duct Breakout Room Effect: 12 12 12 12 12 12 12 12

RoomSPL 58 53 52 42 35 26 15 8 | Room SPL =45 dBA
A-weightedvalues: 31 3 43 38 35 27 16 6 | A-weighted values
Design Level: &4 NC - 40

Required Attenuation: n_ Required Attenuation

Glass Fiber, 1.0 Ib/ft2,

Notes: In general, Predh:tlons are baéed on ASHRAE HVAC APPLICATIONS, 2007.
The accuracy of this evaluation is dependent upon the accuracy of the Fan Sound Power Levels, and ASHRAE Data and
Calculations Methods.

« 2 dB is not significant and can be overlooked




Duct System Acoustic Analysis

The Requirements:

38x14 * Supply System:
* Required Attenuation:
e 0/0/8/7/1/5/2/0

el
-
[

I's * Required Casing Gauge:
. 18 Ga.
= = =8 E222C « Return System:
) 1 7 - * Required Attenuation:
\ P 10 @7’ + 0/0/7/0/0/0/0/0
RTU=7 | « Select Silencer:

« Equal to, or greater than, required
attenuation

* Note the pressure drop of the silencer




The Silencer/Attenuator/Sound Trap

* Ducted, replaces section of ductwork

« Standard configurations:

« Rectangular
* Elbow
 Circular

» Can be fabricated to match any sheet metal shape and size

* Three performance characteristics:
* Insertion Loss
* Pressure Drop
« Generated Noise




Silencer Performance

* Insertion loss

* The difference in sound power level of a system with and without a
silencer.

* Measured across 8 octave bands:
63 Hz, 125 Hz, 250 Hz, 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz, 8000 Hz

* Pressure drop

« Consequence of creating obstruction in airstream: “You don’t get
something for nothing.”

» Generated noise
* Noise generated when air flows through a silencer air passage.




The Silencer: How it Works
Inlet

Tupgegsairtowrombate MMM

* Airis compressed and velocity = ———t—p
Increases ——
—

« Small amount of high frequency

irré?lgréit%nnloss due to sound wave ?MW

 Some pressure drop dueto
]Elurbulence and compressing air
ow




The Silencer: How it Works

Passage
* Sound energy enters the baffles NW
* Air iIs compressed and

accelerates —_—

_ —_—

« Sound energy is transferred to —

small amount of heat energy In :

the baffle; majority of the

Insertion loss &\\\\W

* Small pressure drop attributed to
friction




The Silencer: How it Works

Outlet

o Air redistributes back to the duct
size

« Small amount of low frequency
Insertion loss due to reflection as
sound wave expands

 Largest contributor to pressure
drop due to sudden expansion

N\

————
\

RN




Generated Noise

* Noise generated when air flows
through a silencer air passage

 GN Is an absolute sound power
level added to the system
(logarithmic addition)

* GN Is typically of note for quiet
HVAC systems (< NC 25)

* GN Is tYpigaII_y not important when
flow velocity is properly selected

Noise Criteria

Max. Duct Velocity
(fpm)

NC-40

1300

NC-35

1000

NC-30

800

NC-25

700




Controlling Performance

 The acoustic and

aerodynamic performance of a N\
silencer Is dictated by:
* The open area of the silencer veoary |
o =— K OPEN AREA
« The length of the silencer

LLLLLL




Silencer Configurations: Rectangular

» Best for: 2 e —
* Low, medium, and high velocity = / :
applications : i
» Long duct runs or chases | cmaon A "N
'Ji mma{/j:i:\ lr §§
« Can have many variationsof  * [ || || e

baffle sizes and configurations %
A




Silencer Configurations: Elbow

* Best for. K )

. . . Tl N [

« Lower Velocity applications e ImmlEr |
(<1,500 fpm)

« Space Saving Applications

« Replacing duct elbow to reduce
system effects

* Not suggested for when a
straight silencer will suffice




Silencer Configurations: Circular

e Best for:

 High velocity applications
(>2,000 fpm)

 Use with circular ductwork

* Available with and without a
center bullet

COORDINATE EXACT LOCATION
r OF DUCT WITH PL
|EAUPTO | CONTRACTOR FOR
EWTHOUSE AHM | SEEMIGFOR 10508 Sk
JEXHALST | | COMTINUATION |y Jespe—] .~ — 1250650 OWA
1 ' ¢
I
I
FD
: _________ — T T
Vil ——= _ L
|
M| H‘« 45400
4 . 504 O
(i w;
== =+ = _"4\.‘ —
- 1250ES0 1A " 1050 S8
—
A Es 150 RA DN - zmos
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Silencer Configurations: Other Types




Locating Silencers

* The factors which determine where a silencer is placed in the
HVAC system:
« Acoustics — placement to prevent any break-in or break-out noise

« Aerodynamics — How the HVAC elements will affect pressure drop
(system effects)

 Locate for acoustics and verify the aerodynamics are acceptable




System Effects

Silencer Condition Drop Factor®
- Inlet (within 3 to 4 duct diameters)
* Duct conditions upstream and Siraight unobstructed duct L0
downstream of the silencer R elbom. with tomm vanes Lo
' no turning vanes 1.1
affect the installed pressure drop | notuming L1
Free air/plenum with sharp inlet 1.1to 1.30
Fan 1.1to 1.3
» Pressure drop <0.35"wg (87 Pa), “§5oi masmeiedduct o
Including System Effects Duct doubles area abruptly L4
Radiused elbow, with turning vanes 1.5
no turning vanes 1.9
Miter elbow 2.0
. Abrupt expansion/plenum 2.0
* Pressure drop < 0.2°wg (50 Pa)  Fam oo 121014

|f SySte m Eﬁe CtS are u n kn Own *Silencer pressure drop (including system effects) = silencer pressure drop per test

code % pressure drop factor (inlet) x pressure drop factor (outlet).

Above chart courtesy of ASHRAE




System Effects
 Silencer PD: 0.25" w.g.

« Up-stream condition:
« Sharp abrupt entry, 1D
* Factor: 1.1

 Down-stream condition:
 Radius elbow, 1D
e Factor: 1.2

« Total PD=0.25x1.1x1.2=
0.33”w.g
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Locating Silencers

Location: Inside mechanical room g 2 NE|
é_\L - rl“'“l‘““r e i e 1 _ %&

» Generally better system effects - s L , o _BX ol
= =l =\

* Guards against break-in noise &,
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« Use standard rectangular
silencer




Locating Silencer

Location: Outside mechanical room+ —

* May require a transitional
configuration

 Breakout noise could be a
concern




Locating Silencer

Location: In-branch

* Used when duct elements
make placing a silencer difficult

 Locate smaller silencers in
branches close to sound source I

 Breakout noise could be a
concern




Acoustic Media .

* Most common media types:

 Fiberglass/Mineral wool
« Cotton Media
 No media (Reactive)

INSERTION LOSS, dB

250 S0 1000 2000 4000 8000
DCTAVE MIDBAND FREECQRIENCY, Hz

= =5l DISSIPATIVE —&— 5 ft DISSIFATIVE WITH PVF
--r-- 5 ft DISSIPATIVE WITH PVF + SPACE  —@— 5 ft FIBER-FREE REACTIVE




Media Type Applications IL’s Cost

Commercial, industrial, insfitutional
Fiberglass - Schools

(Dissipative] - Courthouses g $
- Shopping malls/office buildings
- Industrial fans

Commercial, industrial, institutional

- Schools

Cotton Media - Courfhouses . . TR $3%
- Shopping malls/office buildings

- Industrial fans

- Not to be used in humid settings

- Operating rooms
- Fume hood exhaust |")) $339
- Cleanrooms

Packless/No media
(Reactive)

1) 1{» 1L
—

LOW HIGH
INSERTION LOSS INSERTION LOSS
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Media Covering

 As air enters the silencer flow
IS compressed

 Area of low pressure through
passage

* Low pressure can pull fibers ' R
into the air stream ) N

—r—-
Vl,Pl —




Media Type Applications IL's Cost

Commercial, industrial, institutional
- Schools

No Lining - Courthouses 1{ $
- Shopping malls/office buildings
- Industrial fans

- Applications with high velocities
Fiberglass Cloth (> 2,200 fom) IE $$
- Industrial fans

Healthcare, not including
operating rooms

: - - Hospitals -

Film Lining - Medical offices I' ) $39
- Healthcare facilities
-  Clean rooms

1) 1y g
ﬁ

LOW HIGH
INSERTION LOSS INSERTION LOSS




Performance Testing
* Test Standard ASTM E477

 Impartial 3" party testing or in- g
house ><]
* Measured insertion |oss, " .
generated noise and pressure
drop ol
. 5 - Upstrea wuucteslsl!onfor forward (+ve) o irflow onc
* Pressure Drop is measured D,.;-,,wm";’;“’; i il
. - upstreom pressure test stotion lor reverse (~ve) girflow
under Ideal fIOW Condltlons FIG. 1 Typical Facill!sy ;oRR:i:; S;laigh:;:clSIencefs wnhocwnhoul)AMIow




Resources

« AMCA International: www.amca.org

« AMCA Publication: www.amca.org/store

> 202-17: Troubleshooting (Available for purchase)

> 1011-03 (R2010): Certified Ratings Program - Product Rating
Manual for Acoustical Duct Silencers (FREE PDF download)

ASHRAE Fundamentals Handbook — 2017, Chapter 8

ASHRAE HVAC Applications Handbook — 2019, Chapter 49

Noise Control for Buildings and Manufacturing Plants — Hoover & Keith, 2001

SMACNA - HVAC Systems Duct Design Manual - 2006, 4th Edition
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Thank you for your time!

To receive PDH credit for today’s program, you must
complete the online evaluation, which will be sent via emall
1 hour after this webinarr.

PDH credits and participation certificates will be issued electronically
within 30 days, once all attendance records are checked and online
evaluations are received.

Attendees will receive an email at the address provided on your
registration, listing the credit hours awarded and a link to a printable
certificate of completion.




Questions?




NEXT PROGRAM

Join us for our next AMCA insite "Webinar:

- Wednesday, February 24
- 9:00-10:00am CT; 7:00-8:00pm GST

- SPECIAL MIDDLE EAST WEBINAR: Sand Louvers &
Certification

- Presenters: Ed Rizk, Director, AMCA Board of Directors &

Abhishek Chhabra, Market Development Manager,
AMCA Partner Lab

>> For additional webinar details go to: www.amca.org/webinar




