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Sound Transmission Loss Through a quadruple Helmholtz Resonator — type

Silencer

Aphaiwit  Khamlekhit
Apirun Samchuencham
Athit Juntree

Assist. Prof. Ming Lokitsangtong Advisor

Abstract

This project concemns a study of noise reduction characteristic of quadruple Helmholtz
resonator type silencer that is installed by having resonators perpendicular to one an other on
each side of a square duct. The frequency range in our study is 100-1,200 Hz. We can find the
efficacy of this silencer by using the transmission loss equations. Because of the nature of this
problem, we can consider the sound wave as a plane wave generated from an oscillator through a
drice unit that can be adjusted for different frequencies. The experiment will be focused on duct
with air flow and without air flow through. In the experiment , sound level was reduced and when
compare with install two Helmholtz , reduce more sound level. The result of this project can be

used in research and development of the silencer in the future.
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gﬂﬁ 3.11 Helmholtz Resonator
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No.| cm/s) Jum/s)] M [ Se(mD) | Do(m) [ S | D(m) | dm) | Lem) | 1(m) | V(') | £ (H2) [TLyoug (dB)] Thuaes, (4B)
1] 352 0 0.000 | 8x10* | 0040 |6.16x10%| 0000 | 0028 | 0025 | 0.100 [1.59x104] 300.0 | 32.32 24.84
21 3% 10 0028 | 8x10* | 0.040 |6.16x10*| 0.090 | 0028 | 0025 | 0.100 |1.59x10*} 3000 | 18.11 13.49
3] 38 20 0.057 | 8x10* | 0.040 |6.16x10*| 0.090 | 0028 | 0025 | 0.100 |1.59x10% 275.0 | 13.61 11.90
41 352 30 | 0085 | 8xi0* | 0.040 |6.16x10*] 0090 | 0028 | 0025 | 0.100 [1.59x10%] 2875 | 11.00 9,23
51 352 0 0.000 | 8x10* | 0.040 |6.16x10%| 0.090 | 0028 | 0025 | 0.120 |[1.59x10%| 2750 | 31.18 22.55
6] 352 10 0.028 | 8x10* | 00406 |6.16x10*| 0.090 | 0028 | 0025 | 0120 |[1.59x104 2750 | 17.91 1171
7 352 20 0.057 8x10* 0.040 | 6.16%10*| 0.090 0.028 0.025 0.120 }1.59x10%| 250.0 13.52 9.87
8| 352 30 0.085 | 8x10* | 0.040 |6.16x10*| 0.000 | 0028 | 0025 | 0.120 [1.59x10? 2750 | 10.93 6.74
9{ 352 0 0.000 | 8x10* | 0.040 |6.16x10*| 0.090 | 0028 | 0025 | 0.140 [1.59x10] 2500 | 30.32 19.69
10§ 352 10 0.028 | 8x10* | 0040 |6.16x10*] 0000 | 0.028 | 0.025 | 0.140 |1.59%10% 275.0 | 17.66 11.06
i1 352 20 0.057 8x10* 0.040 | 6.16x10*} 0.090 0.028 0.025 0.140 |1.59%10%| 250.0 13.40 9.30
121 352 30 0.085 | 8x10* | 0.040 |6.46x10%} 0090 | 0028 | 0025 | 0.140 |1.59x10% 262.5 | 10.86 5.67
13 352 0 0.000 | 8xw0* | 0.040 {6.16x10%| 0.090 | 0.028 | 0050 | 0.100 [3.18x10 2500 | 33.02 26.85
14] 352 10 0.028 | 8xw0* | .040 |6.16x10%| 0090 | 0028 | 0.050 | 0.100 [3.18x10% 2500 | 18.23 17.68
15| 352 20 0057 | 8x10* | 0040 |6.16x10°| 0090 | 0028 | 0050 | 0.100 [3.18x107% 2125 | 13.69 12.66
161 352 30 0.085 | 8x10° | 0.040 }6.16x10*| 0.090 | 0.028 | 0.050 | 0.100 [3.18x109 2625 | 11.02 10,44
17] 35 0 0.000 | 8x10* | 0.040 |6.16x10* 0.000 | 0028 | 0.050 | 0.120 {3.18x10 237.5 | 31.85 24.92
18] 352 10 0.028 | 8x10* | 0.040 |6.16x10%| 0.090 | 0028 | 0050 | 0.120 [3.18x109 1875 | 18.18 17.05
191 352 20 0.057 | 8xi0* | 0.040 |6.16x10*| 0.000 | 0028 | 0050 | 0.120 {3.18x10" 200.0 | 13.60 12.55
0] 352 30 0.085 | 8x10* | 0.040 |6.16x10*} 0090 | 0028 | 0050 | 0.120 [3.18x109 2125 | 10.99 7.99
21] 382 0 0.000 | 8x10* | 0.040 |6.16x10*| 0000 | 0028 | 0.050 | o0.140 [3.18x109 1750 | 31.69 22.22
2! 352 10 0028 | 8xi0* | 0040 |6.16x10*] 0.090 | 0028 | 0.050 | 040 [3.18x109 1750 | 18.02 16.24
23] 352 20 0057 | 8xi10* | 0.040 |6.16x10%| 0.000 | ©.028 | 0050 | 0.140 {3.18x107 200.0 | 13.49 11.16
24| 352 30 0.085 | 8x10* | 0.040 |6.16x10*| 0000 | 0.028 | 0050 | 0.140 [3.18x109 2125 | 1092 7.64

m319h 4.1 NANTINYBA Helmholtz Resonator 2 §3
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No]c(m/s) [U(mss)] M [ So(m) | Do(m) [ SM) [ p(m) | d(m) | L(m) | 1qm) | V(M) | § (Hz) [TLoug (dB)] Thymua, (dB)
5] 352 0 0.000 | 8x10% | 0.040 |6.16x10%| 0000 | 0028 | 0075 | 0100 [4.77x107 162.5 | 35.00 28.71
26| 352 10 0.028 | 8x10* | 0.040 |6.16x10"| 0.000 [ 0.028 | 0.075 | 0100 [4.77%107 1625 | 1848 25.34
27§ 352 20 0.057 | 8x10* | 0.040 |6.16x10} 0090 | 0028 | 0075 | 0.100 [477x107 1875 | 13.72 22.10
28] 352 30 0.085 | 8x10* | 0040 |6.16x10*| 0.090 | 0.028 | 0075 | 0.400 4.77x107| 1875 | 11.08 11.73
291 352 0 0.000 | 8x10* | 0.040 |6.16x10%} 0000 | 0.028 | 0075 | 0.420 [4.77x107 1625 | 33.38 27.43
30) 352 10 0.028 | 8x10* | 0040 |6.16x10*] 0.090 | 0.028 | 0075 | 0.120 [477x107 1625 | 1827 24.23
31 352 20 0.057 | 8x10* | 0040 |6.16x10*| 0000 | 0.028 | 0075 | 0.120 [477x1077 1750 | 13.64 20.75
321 352 30 0.085 | 8x10* | 0040 |6.16x10*l 0.000 | 0.028 | 0075 | 0.420 |4.77x107 1625 | 11.04 9.16
33] 352 0 0.000 | 8x10* | 0.040 [6.16x10*] 0.000 | 0028 | 0.075 | 0.140 [477x107| 150.0 | 3229 25.61
341 352 10 0.028 | 8x10* | 0040 |6.16x10%| 0.090 | 0028 | 0.075 | 0.140 477x107Y 1750 | 18.02 18.15
351 352 20 0.057 | 8x10* | 0.040 |6.16x10°| 0.090 | 0028 | 0075 | 0.140 |4.77x107 1750 | 13.54 15.61
36] 352 30 0.085 | 8x10® | 0.040 |6.16x10%| 0.090 | 0.028 | 0075 | 0.140 [4.77x107 1500 | 11.00 5.04

A13197 4.1(A8) WGANTINUDI Helmholiz Resonator 2 A3
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No.| c(m/s) JU(m/s)] M | Se(m® | Do(m) [ S(m®) [ D(m) | d(m) | L(m) | I(m) V(m®) | £, (H2) [TL,puq (9B)] TLungos (4B)
1| 352 0 0.000 | 4x10* | 0.040 |6.16x10*] 0.000 | 0.028 | 0.025 | 0.100 |1.59x10% 2750 | 32.79 31.59
2 352 10 0.028 4x10™ 0.040 |6.16x10*] 0.090 0.028 0.025 0.100 * 11.59x10* 300.0 18.12 17.32
3| 3% 20 0057 | 4xi0* | 0040 |6.16x10*| 0.090 | 0028 | 0025 | 0.100 [1.59x10*| 262.5 | 13.63 11.63
4| 3m 30 0085 | 4x10* | 0.040 |6.16x10%] 0.090 | 0028 | 0.025 | 0.100 [1.59x10*| 2875 | 11.00 9,08
5| 352 0 0000 | 4x10* | 0.040 |6.16x10%| 0.090 | 0028 | 0.025 | 0.120 |1.59x10% 275.0 | 31.22 30.65
6| 3s2 10 0.028 | 4x10* | 0040 |6.16x104| 0.090 | 0028 | 0025 | 0.120 |1.59x10% 312.5 | - 17.82 16.19
7 352 20 0.057 4x10* 0.040 | 6.16x10*| 0.090 0.028 0.025 0.120 + 11.59%10% 237.5 13.54 11.12
gl 352 30 0.085 | 4x10* | 0.040 |6.16x10| 0.090 | 0.028 | 0025 | 0.120 |1.59x10%| 275.0 | 10.93  9.66
9 352 0 0.000 4x10* .0.040 | 6.16x10*| 0.090 0.028 0.025 0.140 ' }1.59%10% 250.0 30.35 30.45
10 352 10 0.028 | 4x10% | 0040 |6.16x10%| 0.090 | 0.028 | 0025 | 0.140 [1.59x10% 2750 | 17.69 14.82
11| 352 20 0057 | 4x10® | 0040 |6.16x10¢} 0.090 | 0028 | 0025 | 0.140 [1.59x10%| 2375 | 13.42 10.48
12] 352 30 0085 | 4x10® | 0040 |6.46x10°| 0.090 | 0.028 | 0.025 | 0.140 |1.59x10*] 262.5 | 10.87 721
131 1352 0 0000 | 4xio* | 0.040 |6.16x10*| 0.090 | 0.028 | 0.050 | 0.100 [3.18x107| 225.0 | 33.65 36.47
14| 352 10 0028 | 4x10* | 0.040 |6.16x10*| 0090 | 0028 | 0.050 { 0.100 [3.18x10 2375 | 18.27 19.89
15 352 20 0.057 4x10* 0.040 | 6.16x10%} 0.090 0.028 0.050 0.100 3.18x10™ 212.5 13.69 14.38
16| 352 30 0085 | 4xi0* | 0040 |6.16x10%] 0.090 | 0028 | 0.050 | 0.100 }3.18x10% 250.0 | 11.03 1 10.92
i7 352 (VI 0.000 4x10* 0.040 |6.16x10*] 0.090 0.028 0.050 0.120 3.18x10% 200.0 32.60 36.35
18 352 10 0.028 4x10* 0.040 1 6.16x10*{ 0.090 0.028 0.050 0.120 3.18x109 162.5 18.28 17.38
19 352 20 0.057 4x10™ 0.040 | 6.16x10%1 0.090 0.028 0.050 0.120 3.18x10™ 200.0 13.60 14.13
20| 3% 30 0.085 | 4x10® | 0.040 |6.16x10*| 0.090 | 0028 | 0050 | 0.120 3.18x104 2125 | 10.99 944
21 352 0 0.000 4x10* 0.040 |6.16x10%| 0.090 0.028 0.050 0.140 3.18x10% 175.0 31.82 32.70
21 35 10 0028 | 4x10* | 0040 |6.16x10%| 0.090 | 0028 | 0.050 | 0.140 [3.18x107 1625 | 16.08 18.99
23 352 20 0.057 4x10* 0.040 |6.16x10*} 0.090 0.028 0.050 0.140 ' 3.18x10% 225.0 13.45 13.45
24| 352 30 0.085 | 4x10* | 0.040 |6.06x10*} 0090 | 0.028 | 0.050 | 0.140 |[3.18x107 225.0 | 10.91 9.69
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No.] c(m/s) |U(m/s)] M| So(m?) | Dg(m) [ Sem) [ p(m) [ d(m) [ L(m) [ 1qm) | V()| f, (Hz) [Thigg (4B)| Thuaeo, (d4B)
25 352 0 0.000 4x10* 0.040 | 6.16x10*| 0.090 0.028 0.075 0.100 14.77x109 162.5 34.98 36.62
26 352 10 0.028 4x10* 0.040 |6.16x10*| 0,090 0.028 0.075 0.100 * }4.77x10% 162.5 1B.48 20.23
27 352 20 0.057 4x10* 0.040 | 6.16x10%| 0.090 0.028 0.075 0.100 ' |4.77x109 187.5 13.73 13.46
28 352 30 0.085 | 4x10* 0.040 | 6.16x10"] 0.090 0.028 0.075 0.100 " {4.77x10 212.5 11.06 11.46
29 352 0 0.000 4x10* 0.040 | 6.16x10*] 0.090 0.028 0.075 0.120 ' |4.77x10 162.5 33.50 36.57
30 352 10 0.028 4x10” 0.040 |6.16x10*| 0.090 0.028 0.075 0.120 |4.77x109 175.0 18.24 18.32
31 352 20 0.057 4x10" 0.040 |6.16x10*]! 0.090 0.028 0.075 0.120 ' 4.77%x10 187.5 13.62 1541
32 352 30 0.085 | 4xio* 0.040 | 6.16x10%} 0.090 0.028 0.075 0.120 ' 14.77x109 200.0 11.00 10.12
33 352 0] 0.000 4x10* 0.040 |6.16x10%) 0.090 0.028 0.075 0.140 ' 4.77x10% 162.5 32.19 33.54
34 352 10 0.028 4x10* 0.040 | 6.16x10*| 0.090 0.028 0.075 0.140 ' |4.77x109 150.0 18.13 18.30
35 352 20 0.057 4x10* 0.040 | 6.16x10%} 0.090 0.028 0.075 0.140 ' |[4.77x109 162.5 13.57 14.14
36 '352 30 0.085 4x10* 0.040 | 6.16x10*] 0.090 0.028 0.075 0.140 ' |4.77x109 150.0 11.00 8.21
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53

U=10m/s fr=275Hz

40 [ 1 1 40 - T
g ; ' ; g & ;
! | ! | z é
30 - | | 3 30 -
! | | a | I |
; s ; ] |
! é ’ -
20 - | S
{ | i [7:]
| E <
| £
| 7]
[~
it
=

0 500 1000 1500 0 500 1000 1500
Frequency (Hz) Frequency (Hz)
U=20m/s fr=237.5Hz U=30m/s fr=262.5 Hz
40 ——— ,
‘ !
30, - | %

Transmission loss(dB)

500 1000 1500 0 500 1000 1500
Frequency (Hz) Frequency {Hz)

® Transmission loss 39AN137A 1=0.140m @suan)

— Transmission loss mﬂﬂqyﬁ D=0.090m

D,=0.040 m L=0.025m

d=0.028 m

j‘ﬂﬁ 4.30 Transmission Loss Characteristics 94 Helmholtz 4



54

d=0.028 m

;ﬂn 4.31 Transmission Loss Charactenstlcs 9949 Helmholtz 4 $72

U=0m/s fr=225 Hz U=10m/s fr=237.5 Hz
40 40
= T
% 30 2 30
k- 8 |
c c ‘
S 20 S 20—
2 4
£ £ '
(7] 0
£ 10 s
- =
0 -
0 500 1000 1500 0 500 1000 1500
Frequency (Hz) Frequency (Hz)
U=20m/s fr=212.5 Hz U=30m/s fr=250Hz
40 IS
|
= o l
- 3 20 \
8 3 ‘ |
- c \ ‘ !
S 820 - ‘
8 3 | *
5 s 3 |
H § 10
= = g
0
0 500 1000 1500 0
Frequency (Hz) Frequency {(Hz)
® Transmission loss 31901336 1=0.100 m @Sua)
— Transmission loss 9NN D =0.090 m
D,=0.040 m L=0050m  (U3ua)

L@ﬂﬁTiUL‘UUL@ﬂ?ﬁiﬁ/lﬂﬁ?‘uL'Jﬁ?%ﬁUﬁ?ﬁiﬁimuLW@‘ﬂiﬁﬁ@ﬂL‘WTUM LB\I@‘LJEUW{LWLA”]LUL%U?”IU%U@TMQW?@’]

Laiansdllag T aﬂmmmlwmLLUa@LuaWLLawaﬂmaaqmmﬁuaﬂLaﬂmaﬁ/}ﬁmwmﬁmlﬂsﬁ



Transmission loss{dB)

Transmission loss(dB)

U=0m/s fr =200 Hz

40

0 500 1000 1500

Frequency (Hz)

U=20m/s fr=200 Hz

40 + T r

H

i

' |
f

!

i

30

20

\ |
S .,«,,,_Q-’_.> —y ,,:

0 500 1000 1500

Frequency (Hz)

® Transmission loss 3101379
— Transmission loss mﬂ‘nquﬁ
D,=0.040 m

d=0.028m

Transmission loss(dB)

Transmission loss(dB)

55

U=10m/s fr=162.5 Hz

40 +

30 -

20 -

0 500 1000 1500

frequency (Hz)

U=30m/s fr=212.5Hz

40

\ H

{

30 | ; Y |

20 - }

0 500 1000 1500

Frequency (Hz)

1=0.120m @sua)

D=0.090m

L=0.050m

gﬂﬁ 4.32 Transmission Loss Characteristics 484 Helmholtz 4 #2



Transmission loss(dB)

Transmission loss(dB)

40 -

U=20m/s fr =225 Hz

40

30 -

U=0m/s fr=175 Hz

56

U=10m/s fr=162.5 Hz

40

1

30 -

30

20 +

10 1

Transmission loss(dB)

500 1000 1500 0 500 1000 1500

Frequency (Hz) Frequency (Hz)

U=30m/s fr=225Hz

I

] T l 40‘ , I

38,

.

Transmission loss(dB)
N
GO

500 1000 1500 b 0 500 1000 1500
Frequency (Hz) Frequency (Hz)

® Transmission loss 9191339 1=0140m  (Sum)

— Transmission loss nmmyﬁ D =0.090 m

D, =0.040 m L =0.050 m

d=0.028 m

g‘l,lﬁ 4.33 Transmission Loss Characteristics 484 Helmholtz 4 A



Transmission loss{dB)

Transmission loss(dB)

57

U=0m/s fr=162.5 Hz U=10m/s fr=162.5 Hz

40

I
!

30

Transmission loss(dB)

0 500 1000 1500 0 500 1000 1500

Frequency {Hz) Frequency (Hz)
U=20m/s fr=187.5 Hz U=30m/s fr=212.5 Hz

40 =] Y 40 : o

30 -

w
o
. S

Transmission loss(dB)

0 500 1000 1500
Frequency (Hz) Frequency (Hz)
® Transmission loss 91AA133A 1=0.100 m @sua)
— Transmission loss i)”lﬂ‘m]‘Hﬁ D=0.090 m
D,=0.040 m L=0075m  (15um)
d=0.028 m

51/ 4.34 Transmission Loss Characteristics 494 Helmholtz 4 #2



Transmission loss(dB)

Transmission loss{dB)

U=0m/s fr=162.5 Hz

40

1000

1500

Frequency (Hz)

U=20m/s fr=187.5Hz

| t |

| |

30 r 1
g
20 - |
i
¥
10 - |
0 - R

0 500 1000 1500

Frequency (Hz)

® Transmission loss 919A15 A
— Transmission loss i)quyﬁ
D,=0.040 m

d=0.028 m

Transmission loss(dB)

Transmission loss(dB)

58

U=10m/s fr=175Hz

40 7 a
30 - |
}
20
10 -
0 .
0 500 1000 1500
Frequency (Hz)

U=30m/s fr=200 Hz

40~

30 i

{

}

20

- A [ FN RN, -

0 500 1000 1500
Frequency {Hz)
1=0.120m @l5ua1)
D=0.090 m
L=0075m

gﬂﬁ 4.35 Transmission Loss Characteristics 484 Helmholtz 4 A2



Transmission loss(dB)

Transmission loss{dB)

U=0m/s fr=162.5 Hz

U=20m/s fr=162.5Hz

40 -

U=10m/s fr=150 Hz

59

40 +

30

Transmission loss(dB)

500 1000 1500 0 500 1000

Frequency (Hz) Frequency (Hz)

U=30m/s fr=150 Hz

1500

40 =

30

AN

- AT 1S RN

Transmission loss(dB)
8

500 1060 1500 0 500 | 1000
Frequency {Hz) Frequency (Hz)
® Transmission loss 91AN13 39 1=0.140 m @sua)
— Transmission loss mﬂwqyij D =0.090 m
D,=0.040 m L=0.075m
d=0.028 m

31]'71 4.36 Transmission Loss Characteristics 494 Helmholtz 4 A

1500



Transmission loss (dB)
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- Theoretical without flow
Theoretical with flow 10 m/s
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Measured with flow 30 m/s
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== Theoretical without flow
Theoretical with flow 10 m/s
e Theoretical with flow 20 m/s
—-Theoretical with flow 30 m/s
® Measured without flow
% Measured with flow 10 m/s
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Measured with flow 30 m/s
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= Theoretical without flow
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- Theoretical without flow
Theoretical with flow 10 m/s
—ee Theoretical with flow 20 m/s
—Theoretical with flow 30 m/s
® Measured without flow
x Measured with flow 10 m/s
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Transmission loss (dB)

d=0.028 m,1=0.14m,D=0.09m,L=0.05m, fro =175 Hz

RS Gama ;o7 Sp et | P P —
1000 1500

Frequency (Hz)

g‘lj‘;“l 4.42 Transmission Loss Characteristics ¥®¥ Helmholtz 4 o)

~—=Theoretical without flow
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= Theoretical with flow 20 m/s
- Theoretical with flow 30 m/s
m  Measured without flow
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Transmission loss (dB)
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= Theoretical without flow
Theoretical with flow 10 m/s
e Theoretical with flow 20 m/s
«Theoretical with flow 30 m/s
= Measured without flow
x Measured with flow 10 m/s
o Measured with flow 20 m/s

Measured with flow 30 m/s
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= Theoretical without flow
Theoretical with flow 10 m/s
~eTheoretical with flow 20 m/s
—Theoretical with flow 30 m/s
m  Measured without flow
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Measured with flow 30 m/s
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—=Theoretical without flow
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--Theoretical with flow 30 m/s
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TL (dB)
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