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Objective Why do we care?

. .. O Room Noise Criterion. (ASHRAE Handbook)
U Industrial Duct Applications

Room Types Recommend
ed
Building HVAC system Automotive HVAC NC or RC
Residences, Living areas 30
— _ Apartments,
< 1 ) Condominiu Bathroomes, kitchens, utility rooms 35
- ms
)
\‘/ \F" Individual rooms or suites 30

gl Hotels/motel

S

Meeting/banquet rooms 30

https://grabcad.com/requests/i- Ref: h';tp:;/ex(oj- ¢

am-looking-for-a-hvac-duct- s.com/en/products- Executive and private offices 30
X services/automative/

system-of-automobile

. Conference rooms 30
Office
buildings Teleconference rooms 25
L HVAC noise is one of the key noise sources in building interiors —————— 20
(office areas, etc.).
Schools Classrooms and lecture rooms 25-30
Office space example: ° FNE3S
Average SPL = 57 - 60 dBA g St
g \\\\\\ PNC 85
g 50 —Xl—
E a0 \\ -1 —
] § \\
Meets the spec but not desirable!! o =

31.5 63 125 250 S00 1000 2000 4000 8000
Frequency (Hz)
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Objective Efforts to resolve problems.

U HVAC noise sources for different frequency bands.

v' Modification to the fan )
= ————

Reciprocating, centrifugal,
screw chillers
E==mernpaseeneeesy

Variable air volume unit noise
ey e————rr—

v Diffuser design B
an and pump noise

Fan instability, air turbulence
rumble, structure-borne vibration
= ]

Whisthe
[ THID) e RUTDIE =Pt RON e IO ——— HgS  —

whirr
8 6 s 63 125 250 S00 1000 2000 4000 8000

Octave midband frequency, hertz

I Reference: http://www.csemag.com/single-article/noise-and-vibration-control-in-building-

v' Duct designs

design/d28e9267a7b3f8aa49f83d504d038a9e.html

silencers

e N S N SR I Design an acoustic silencer targeting
frequency below 4000 Hz
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Key design point

NO MPP MPP
o . rnn
utlet Inlet 60 -
< o 50
ASTM E2611 Experiment FEM analysis 40

......................................

Mic 1 M Mic.3 Mic 4
R
| |
i A G i
L — - — - — - — g — - — - — -4
i o B —f—D

JCA equivalent fluid model

2
pulw)==Po| 1 TPy AT
b | Topa A
YR/ ¢

K () =
8k

1
. A%C_p,0
y=r-D|1-j— \/1+J P
A" C py@ 16«
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Silencer with MPP liner

Transmission Loss of Single Muffler

4 4 4 4 4

Single Chamber FEM
Single Chamber EXP

Single w/ MPP454 FEM
Single w/ MPP454 EXP

}

Frequency [HZz]

microperforated elements,” Noise Control Engineering Journal, 64(5), 2016.

0 500 1000 1500 2000 2500 3u0C0 3500 4000 4500 50

00

Seungkyu Lee, J. Stuart Bolton and Paul A. Martinson, “Design of multi-chamber cylindrical silencers with
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Key design point Silencer with MPP lining

0 To reduce undesirable pressure drop from expansion < - € 4(:
muffler. Outlet Inlet Outlet

Single chamber Muffler with a MPP lining

20 r F r E
==©-=- Impermeable Lining

18 17 wwAee MPP 549 Lining

-=@-'= MPP 454 Lining

16 [ «-[3-+- MPP 273 Lining
14 —©— Single Chamber Muffler No lining
T
a 12
[oX
o
£ 3
S
7
g 8&— W v &
o

0 ! ! ! ! ! !
170 180 190 200 210 220 230 240 250
Flow Rate [STD LPM]
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Design modification Dual chamber silencer with MPP liner

Transmission Loss of Single and Double Expansion Muffler

100¢ ; d e e = = r 3 3
Single Chamber FEM
WO T4 T ] seereserreen Single Chamber EXP
NO MPP MPP 86 Single w/ MPP454 FEM ||
------------ Single w/ MPP454 EXP
70 = Double Chamber FEM T
60 smmmEE DBouble Chamber EXP
o Y AL
2. 50 ~
—
— ] [y
40 I
I
30} i H
3
20} %
: N
. I 5 .l
10 k
‘.1' . NI R
o 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Frequency [Hz]
NO MPP MpP Transmission Loss of Double Expansion Muffler
100 F F F F E F F F F
%0 Double Chamber FEM
------ Double Chamber EXP
< - < 80 —— Double w/ MPP454 FEM ||
Outlet Inlet owler | MR e | - Double w/ MPP454 EXP
70 .
M\
60 2 A
'c‘c3 i ll 0’ lq,
i . . - 50 [N \\
O Wider TL coverage with dual chamber design = "\
O Bring up the TL minimum using MPP lining \
e ————
— N"-‘\\ } S [\
AN\ i AN
4 T = ~
A& T‘

0} 500 1000 1500 2000 2500 3000 3500 400Q 4500 5000
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Design modification Silencer with multiple MPP liners

gs Iocail\ :

PP linin )

i »

Outlet

O Improve the minima using double lining treatment
O Achieve TL above 10 dB 5000 Hz with limited space and design of
muffler
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TL

TL [dB]

Transmission Loss for Single-Expansion Chamber Muffler

60 ¢ T T T T F
No MPP linings EXP
----------- No MPP linings FEM
50 Single MPP454 lining EXP :
----------- Single MPP454 lining FEM ,
40 Double-layer MPP454 Lining EXP ; :
=== =1 Double-layer MPP454 Lining FEM i
%
» 3
a
30 1N, -
» ;; * i.'
Sle . f
S G I;u \ PR P
P e LI . Y
20 ST TRINN : - . 2
ﬁw “ ',_ | \"ul\ 4

10 — A% e~

H
" i D
P r R

i

7
« LY

2000 2500 300G+ 3520 4000 4500 5000
Frequency

0 500 1000 1500

TL for Double layered MPP linings of Double Expansion Muffler
100 ¢ E E E F F E F F E

= Double Chamber FEM

Al I I T [ Double Chamber EXP T

80 = Double w/ MPP454 FEM It

------------ Double w/ MPP454 EXP

70 ———— Double-layered MPP454 Linings FEM [T
60 =mmmms Double-layered MPP454 Linings EXP
i \
50 : ""\
40 \\‘

5

(¢} i £ £ 5 5 £ 5
(0} 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Frequency [HZz] 7 /15

|
s




Results Differences in sound?

ol -
“n g . o oo
Outlet Inlet Outlet @ Jnlet Outlet Inlet

Sound Sinale Single Double Double
without Single g Chamber Double Chamber
Chamber Chamber
muffler Chamber wl MPP454 w/ Double Chamber w/ MPP454 w/ Double
treatment MPP454 MPP454
A-weighted
g‘;ﬁ?{:‘ 68.50 dBA 53.98 dBA 52.09 dBA 53.28 dBA 53.24 dBA 50.49 dBA 51.28 dBA
Pressure Level
S NS S =
Recordings A N A N \
N S = | S ~ \_
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MPP under flow condition ASTM E2611 Measurement preparation

O 4 — Microphone and 2 — load Method

Acoustic
S.Durce Ph:l' Pzﬂ P3|:| PJ’IJ
Mean N 0 ¢ ? }
Flow — — — — ' —

Differentiate end
terminations

1 Transfer Matrix Calculation*

Pia _ A, By|| Ty T,| Ay By Psa {p} — MK coskl jYsinkl {p}
Via Co Du]lTa TGy Dyl Pn/Z, "Ly =0 (J7Y)sinkl  coskl Ve

Y:Yo{l—@u@} k, = o Jo(M) 1
o : =M TL = 20l0g,,—

a

U Transmission Loss

2ek
: T+ T [ o€+ pCTy + T,

* M. L. Munjal, Acoustics of Ducts and Mufflers, WILEY (2014)
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Prediction model considering mean flow effect

MPP under flow condition

O Sound Pressure along the duct
__dkx _kx
p=Ae "M +Be'M

1 Square cross-section standing wave tube model

O Variational form, Helmholtz Equation

—Vop-(1-WW)-Vp—
0 WP,C

j[ L ‘ (V&ﬁ-vp—apv-vp)—%app dv

\

+f 1 5ﬁ{n‘-(l—VV)-Vﬁ—JTwn‘-\“/ﬁ}dS=O

2

Anechoic End
s @ Py

Termination

J Anechoic Termination

z X - .a) - |a)
((1— MZ)VP—J—ijn =p Zanechoic = PoC
C Zanechoic
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MPP under flow condition MPP modeling

O Equivalent fluid — JCA model 12
= Complex Density and Bulk Modulus were modeled using following equations
= Calculated properties were implemented in the finite element model of the MPP
= Rigid inclusions to make the MPP locally reacting. *

Complex DenSIty : ¢: Perforation rate
a: Dynamic Tortuosity
b (@) = %ePo|q_ j o 1+ 4ol 1, o: Flow resistivity
5 ¢ op,, o’ N’ n: Dynamic viscosity of air

A\: Viscous characteristic length

Complex Bulk Modulus : A Thermal characteristic length
A= A‘=r (radius of perforation)

MPP modeling K (@) = yP ¢
B 170 -1 k: Thermal conductivity
-(r-D[1-j B 1+ pPo® y: Specific heat ratio of air
ol v4 1"c T
pPo® K P.: Atmospheric pressure

C,: Specific heat of air at const. pressure

O MPP Properties

1) Champoux Y. and Allard J.-F., Dynamic tortuosity and bulk modulus in air-saturated porous media, J. Appl. Phys. 70,

Hole diameter [pum] 126.6 1991, pp. 1975-1979
i 2) L. Jaouen and F.-X. Be cot, “Acoustical characterization of perforated facings”, J. Acoust. Soc. Am. 129 (3), March
Thickness [mm)] 0.35 2011
Fl B Ravl 549 *S. Lee, J. S. Bolton and P. A. Martinson, “Design of multi-chamber silencers with microperforated elements,” NoiseCon
e [ ay’ s] 14 Conference Proceedings, Fort Lauderdale, Florida, USA (2014)
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MPP design - Modeling

1 No MPP lining

No Mean Flow

P, P, PP,
;s $ §
8.5 m/s — — —_ —  —
Mean Flow

O MPP lining attached

P, P,
H

No Mean Flow

P, P, P3P4
8.5 m/s ? ? > '
—_— —_— —_— —_—

Mean Flow
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TL [dB]

TL [dB]

MPP lining with flow effect

Measurement Prediction
F 13 13 | ] | I | | | F 9 F F F 1 | IFET 11 IF |
No MPP without mean flow (Measurement) No MPP without mean flow (Prediction)
""" No MPP with mean flow, 8.5 m/s (Measurement) || Cha e e No MPP with mean flow, 8.5 m/s (Prediction)
. |
r 6
m 5
=
F oa
' J

/kLl i ~ S
./ AVAVAVER IV

(0]
0] 500 1000 1500 2000 2500

0 500 1000 1500 2000 2500
Frequency [Hz] Frequency [Hz]
F F F F F 9 F T T T T
MPP 549 without mean flow (Measurement) || | | ===== MPP549 without no flow fem (Prediction)
MPP 549 with mean flow, 8.5 m/s (Measurement) |7 e MPP549 with mean flow, 8.5 m/s (Prediction) [
7 ! \ 7 .
~
/ AN
6 6 ~ LY TA
‘ AN AN TAUE B
5 \ — 5 o b} ’ll' LI \‘\; \
oM n " (] “‘ H 1\ 1
N IAY g AW AN AV EWER
4 ':‘ 4 r W] Net v !
\Y} [ AR Y] <] I
/\‘ H g Wy \ )
3 3 \ o i ¥ v
v hd I~ “._,.. [
‘ \ A i
2 « 2 N J‘ \!
AW
1 14N
{
I
f
0 0
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Frequency [Hz]

Frequency [Hz]

O Low speed flows have very little effect on MPP performance.
0 Good prediction results.
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MPP design - Modeling Measurements and predictions comparisons.

mpp454 \.I ...............
—— —— —t i —— m pp454 . o o
—— Mean FlOW [ eSS B B B B EEEEEEEE N [
Transmission Coefficient Transmition Loss o
50 T T E E f 50 ; . : : : 0 Transmission loss
®  Single chamber, No lining, EXP, Flow velocity: 20m/s Single, MPP454 lining, FEM, Flow velocity 20 m/s L - L e L o 20;/
45 Single chamber, No lining, FEM, Flow velocity: 20m/s ] 45 e Single, MPP454 lining, EXP, Flow velocity 20 m/s | . e ngz i ﬂc?v‘:/vﬁ:glt;/mr:} SS
40 50
407 3
A .
°s
35 R 1 35 J
| . ° 40
30 . 30 * 3 .
) ¢ . . /\\
E‘ L) e 'l . t /\
|- ° (
. [

_—

[ X3

z: 42N | i FF 7\
AN A L
ERYVARE " VI %\ W\

f VYV AR

A :
0 0
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000
Frequency [Hz]

Frequency [Hz]

—

6000

Frequency

O Different muffler design is possible.
L MPP can help to improve TL when there is spatial limitation.

- PURDUE

LABORATORIES UNIVERSITY




Conclusion and Plans

L Use of a silencer with Microperforated Panel (MPP) lining in HVAC duct noise control was studied

1 Reliable modeling techniques to design a silencer with MPP linings were suggested

O In-line MPP treatment inside a silencer helps in minimizing the pressure-drop as well as improving noise
attenuation

(d More practical studies will be made in the future.

v’ Building and vehicle applications.

w RAY W. HERRICK=P~ PURDUE
LABORATORIE:S

UNIVERSITY




THANK YOU

UNIVERSITY

- PURDUE

LABORATORIE:S




	Purdue University
	Purdue e-Pubs
	6-28-2017

	The Application of Microperforated Panels in Duct Systems
	Seungkyu Lee
	Thomas P. Hanschen
	J Stuart Bolton

	PowerPoint Presentation

