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ABSTRACT

Noise is a pollution which has been contineusly studies and researched in many methods to
reduce it. Side-Branch resonator is one equipment that can be done by analysis of Transmission
loss (TL). This research was done for study the noise reduction by Side-Branch which it volume
was be exchanged and then compaired the result at 0-3600 Hz frequency and velocity flow at
0-40 m/s between square and round for the main duct tube. The result are according to the basis one
dimension linearized theory and has a littlebit smaller value. Velocity flow and length shape of the

side-branch and main duct tube type are effected to the differ noise reduction.
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2.2 Transmission Through Ducts
2.2.1 Acoustic Impedance ( Z )
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31.]'?1 2.14 Representation of a Side-branch Resonator
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- pst’

= Ps(1+2A1) (2.39)

2.2.2.3 ANUAMUNMUMIUASIE (Radiation Resistance force)
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31]‘?1 17 Schematic diagram of Side-Branch Resonator
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Measured with flow 40 m/s

End?

TL dB

60

$=0.002124 m’

ki a=0.001296 m -
Lb=0.09 m.

40

30

20

10

&

£ g = e 2
600 1200 1800 2400 3000 3600
Frequency HZ

H ¥ '
31 4.9 uaAINANIINAADA Side-branch Resonator 1 /2 YUIANUTINIIGR 2=0.001296 milA1

¥ ] ¥ ]
17 Lb=0.09m ¥UATHAsUABNUNDUUFOINANVUIANUNNIIIGA S=0.002116 m’
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"
(=

903t 4.10 uamsnsMHamINAaes Tauld Side-branch Resonator 1 &3 viaRw
w’1iR 0.001289 m® wilanay T =0.07m Andudmiaeuuydmasiuiinhda
0.002116 m’ MIANANISNARBITINIOAATFITLFINMUAIEN T 300 ~ 2000 Hz Fenmmgui]
spiianuidmou Fr= 1214 Hz dmSumsnanes hifinamidaau uazdlesinamidan

4 y A e 3
10,20,30,40(m/s) Peak Frequency ﬂ:tﬁau'lflumummnqwu %9 Transmission Loss 91£/A104

Theoretical without flow
— Theoretical with flow 10 m/s

Theoretical with flow 20 m/s

Theoretical with flow 30 m/s
Theoretical with flow 40 m/s

7 o) [ ] Measured without flow
D Measured with flow 10 m/s

X Measured with flow 20 m/s
L3 Measured with flow 30 m/s

* Measured with flow 40 m/s

End!

TL dB8
&80 '
$=0.002116 riz
'a=0.001289 rh ?
So
b=0.07 m.

40

30

10
/ o)

A _a-c/uf 5 2 o e

600 1200 1800 2400 3000 3600
Freguency HZ

v E v
311 4.10 uaAIHANIINATDA Side-branch Resonator 1 73 Y IARUANTIAA a = 0.001289 m il

W) g e ) e 4 SN ¥
A2U13 Lb=0.07m wHAnaussnunsd nFsadimasuuaiuinyiiga s=0.002116

2
m
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gt 4.11 uanansmuanisnanes Tauld Side-branch Resonator 1 2 A
i3 0.001289 m” ¥iianau Hnue1I=0.08m AnsudimisionuudmasuiAuinihdga
0.002124 m’ MINKAMINAABIANNT0aAEs YIS NNATIMII 300 ~ 1800 Hz LAz 2500 ~
Bﬁooéamquyﬁﬂ:xﬁﬂmmﬁﬁmau Fr = 1033,3187 Hz dm5umsnaaes lusinnusray uag
iiefinuisan 10,20,30,40(ms) Peak Frequency imﬁ"au"lﬂiu&uﬂ'nnﬁqafu &3 Transmission

Loss 92/184

Theoretical without flow

Theoretical with flow 10 m/s

Theoretical with flow 20 m/s
e —— Theoretical with flow 30 m/s

———— Theoretical with flow 40 m/s

Measured without flow

8 Measured with flow 10 m/s
X
(-
%

Measured with flow 20 m/s

Measured with flow 30 m/s

Measured with flow 40 m/s

End!

TL dB

60

10

’
=4 Y e =1

[ k4
3N 4.11 uAAINANIINABBI Side-branch Resonator 1 #7 YUIANUANIIIAA 2=0.001289 milAu

A Y o v |

817 Lb=0.08m ¥UANANADAUNOUUTSITHAOVVUIANUNHIIAA S=0.002116 m

ke
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g1t 4.12 uansnsvlansnanes Tauld Side-branch Resonator 1 72 naid
WPheR 0.001286 m” Fiianau HAuu =009 m Ansadimisieunydmasdiiuiinta
0.002116 m’ 91ANaNIsNAABIA NI nandseluganudsynine 300 ~ 1800 Hz 1az 2300 ~
3400 Hz Fanumguiazifianudismen Fr=1000,2833 Hz dmsumsnanos lufinnnudnu
uaziiiefinus1an 10,20,30,40(m/s) Peak Frequency %xz‘c]iau'lllﬂlmhuﬂmuﬁqqifu E
Transmission Loss %zﬁéﬂﬁﬂ
Theoretical without flow

Theoretical with flow 10 m/s

Theoretical with flow 20 m/s

a
b — Theoretical with flow 30 m/s
Theoretical with flow 40 m/s
O Measured without flow
£ S D Measured with flow 10 m/s
X Measured with flow 20 m/s
O Measured with flow 30 m/s
* Measured with flow 40 m/s
End?
TL dB
60
$=0.002116 m*
50 2
'‘a=0.001289 m
£ Lb=0.09 m,
30
+
fe |
(¢}
20 t p-
Mo J
Iix el ol \ o
10 7 \ =7 =
.’i’ (a) Jx“uu {23 n L S .‘4 >/
o .\\L.._ flig * ol
(3 1200 1800 2400 T "g 00

" Ed ¥
3UN 4.12 1AAINANIINANBY Side-branch Resonator 1 72 YUIANUNMTIIAR 2=0.001289 m 3]

] v ¥ ]
A71U8717 Lb=0.09m ¥HAnauAenUNotuduafivdsuvIaiunviiga $=0.002116

2
m
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b.

" ¥
1n3UN 4.13 uanansnanisnaaes Tauld Side-branch Resonator 3 #7 YHIANUN

.

" v v
MYAA 0.001296 m” FUnsadmdoy HAue11 = 0.07,0.08,1820.09 m ARGUTIHITIVIBLDVT
Al R ke 2 - aa
MasuINUNMTAR 0.002116 m” MnWanmsnaasaudumsnfSouivunaveannued (Lb) il
3 ' i ' 4
nsifasunlag wa Lb=0.07m. mmsoamdualugienaunizning 600 ~ 1800 Hz Famungud
NANNVDAIMBY Fr = 1214 Hz 1182 Lb = 0.08 m. 21017 0aAT03%29A10D 500~1600 Hz 1Ay
A r-} - Ci o
2300 ~ 3400 HzH90 N B ISNANNDAMBY Fr = 1000,2833 Hz 118% Lb = 0.09 m. 11415009
- ' - ] & P a - o
@oelugesnufszndne 500 ~ 1600 Hz 1ag 2300 ~ 3400 Hz Faammguiizinannudnimeu
o @ 1ay o A ' -
Fr=1033,3187 Hz M35 UM3naa04 ilA1u1579au Peak Frequency xsdioulu/lugunnudga

4 4 3
Y1 49 Transmission Loss 9£H103

b Theoretical without flow Lb=0.07 m.
Theoretical without flow Lb=0.08 m.
Theoretical without flow Lb=0.09 m.
/
O Measured without flow Lb=0.07 m.
|____| Measured without flow Lb=0.08 m
X  Measured without flow Lb=0.09 m.
End!
TL dB8
80
50
- 5=0-0p2416-m>
a=0.001296 m *
" } Lb=0.p9 m.
20
% ¥
a o
o ¥ ‘?M_ f
600 1200 18 00

Frequency HZ

310 4.13 uAAIWANIINATBA Side-branch Resonator 3 A2 YVUIANUANIIAR 2=0.001296 m T
' " ' [ 3
A7748717 Lb=0.07m.,0.08m.Lia20.09m. ¥HATIMAvuARN U NFs T AsLVUIATNY

MA@ $=0.002116 m’
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nngIlii 4.14 uamansmramsnaaes Taold Side-branch Resonator 3 2 T
M1NAA 0.001289 m” ¥HANAN UAINE1 = 0.07,0.08,41820.09 m st misouuudmaod
Aufinihda 0002116 m’ MRamsnaneufiumsnfioufvunavesnamien (Lb) Amsnlaou
uilas wa Lb=0.07m. annsaaaidoslugaenidsznin 600 ~ 1800 Hz Fesnnmauijezina
AMWDAMOU Fr = 1214 Hz 1102 Lb= 0.08 m.a1130aAf0a339AI108 500~1600 Hz 1az 2300 ~
3400 HzBaammauiazifinnnudismen Fr=1000,2833 Hz uag Lb = 0.09 m. ansnaaidvely
FANUDIENTIN 500 ~ 1600 Hz Lig 2300 ~ 3400 Hz Famunguiezifannuiinmen Fr=
1033,3187 Hz dmsumsnaand lifinnuiau Peak Frequency ﬂ:t?'lau"hl'lumuﬂmn?;q&%u
@bﬁ Transmission Loss ﬂzﬁiTs‘N
@ ———— Theoretical without flow Lb=0.07 m.

Lb ——— Theoretical without flow Lb=0.08 m.
Theoretical without flow Lb=0.09 m.

O Measured without flow = Lb=0.07m.
[] Measured without flow ~ Lb=0.08 m.
X

Measured without flow Lb=0.09 m.

End?

TL dB

0.002116 m’

v
1}

s0 -

0.001289 m

W
11

Lb¥0.07,0.08,0.09 m.

40

3000 3600
Frequency HZ

" L4 ]
3UN 414 uaAINANIINATDI Side-branch Resonator 3 12 WMIANUANIIAR 2=0.001289 m 1]

¥

A7188717 Lb=0.07m.,0.08m.11820.09m. FUANANADAUNDUNTHITHMALUUUIANUN

N9A S=0.002116 m’
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; g
1gUA 4.15 uannTmnanmImaaes Tnuld Side-branch Resonator 3 A2 VINANUTN
MINAA 0.001289 m” FHANAN TAINE1 = 0.07,0.08 41820.09 m Aaadmiseuundmaoud
Auinhde 0.002116 m’ :anamsnaasaiumsnSoufvunavesn e (Lb) Hilmsulaou
uJaa wa Lb=0.07m. aw1snaaidoalugiennuiisning 600 ~ 1800 Hz Femunguijaziia
ATUARMBY Fr = 1214 Hz 4% Lb= 0.08 m.a 11130 aAld0I9390 100 500~1600 Hz 11ag 2300 ~
3400 Hzéamu‘nqyﬁmﬁﬂmmﬁﬁmeu Fr = 1000,2833 Hz 18 Lb = 0.09 m. @150aaidoslu
F2AMAIZNIIN 500 ~ 1600 Hz 10z 2300 ~ 3400 Hz céﬁqquyfjamﬁﬂmm?{ﬁmau Fr=
1033,3187 Hz dm5umsnaaed liilnuisian Peak Frequency %ztﬁ‘au"lﬂ“luthummﬁqqifu
‘?Q Transmission Loss i]:ﬁ'imﬂ
Theoretical without flow Lb=0.07 m.

Theoretical without flow Lb=0.08 m.

Theoretical without flow Lb=0.09 m.

Measured without flow  Lb=0.07m.

. D Measured without flow Lb=0.08 m.
X  Measured without flow Lb=0.09 m.
End?®
TL dB
60
op S=0002124 m’
'a=0.001296 m
a0 th=007.0:08,0:081m

30 | -

20

0 3
Frequency HZ

v ¥ []
31l 4.15 uaRIHANITNATBY Side-branch Resonator 3 A7 YIANUANYTIIAA 2=0.001289 m i}

b a1 Lih  Clgl ) oy 17 5 F-al
7117 Lb=0.07m.,0.08m.11a20.09m. ¥UANANADNUNDU UTOITH ALV UYUIATNUT

NIAA $=0.002116 m’
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93Ut 4.16 uansnsMHANINARGY TAuld Side-branch Resonator 3 7 A

N9A 0.001289 m’ F¥HANAN IAIWHI = 0.07,0.08,11820.09 m Aadadhmiarouuunaufiudi
wihin 0.002124 m* srnnamsnanouunmsnFouifivuravesnanen L) Amsaldounlas
K Lb=0.07m. amnsoaaiivslugaenimiszning 600 ~ 1800 Hz Fwwnmauiziiannuiim
VeU Fr= 1214 Hz 1z Lb=0.08 m.A141300A1F093292 107 500~1600 Hz Uag 2300 ~ 3400 Hz
Fanumuiesiiannudsimeu Fr=1000,2833 Hz uag Lb = 0.09 m. ansnaadoalugag
ANMNATEN I 500 ~ 1600 Hz 110 2300 ~ 3400 Hz Famumauiazifannuddmou Fr=

) o red 4 1 d. J
1033,3187 Hz dm5umsnaass luilnnuisian Peak Frequency veidiouli/ludmuniudgetiu

u

4 Fisd o
°%¥d Transmission Loss 3£A104

Theoretical without flow Lb=0.07 m.
Theoretical without flow Lb=0.08 m.
Theoretical without flow Lb=0.09 m.

Measured without flow  Lb=0.07m.

Measured without flow Lb=0.08 m.

SEY

Measured without flow Lb=0.09 m.

End®

TL dB
60
} $=0.002124 m’
so ! a=0007289 m
|
. Lb=0.07.0.08.0.09 m.
w0
|

I L
B A/

o .

il

f
10 F PU{ \ / \ \
4 =] .;"l x o
2 x){xx
» (o) = %
<] : X g—-cl"a’,H
2 1200 1800 2400 3000 3600

[ 3 [
UM 4.16 UARINANIITNAADA Side-branch Resonator 3 #3 YWIANUNNTIIAR 2=0.001289 m i
. ¥ .
A7708717 Lb=0.07m.,0.08m.11820.09m. ¥HANauaenuneudoanayvuIaiunmi

#n $=0.002116 m’
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4.4 MIINTITHHANIITNANDA

NNHANINABY NOANTTUNMsAAIToIVeIgUnsalamFuaLY Side-branch
Resonator RUAMTAA 0.001296 m” ¥iiadmasy uozwiianauiufingiida 0001289 m” uaz
ioindoamunaumdurimguinma 0052 muazuuudndonuiia  0.046m x 0.046 m
Lﬁﬂﬁﬂ‘quﬁﬂiinﬂﬁﬂmﬁ 839994  Side-branch Resonator {111 Single — Chamber Resonator
#in¥191 Side-branch Resonator ifiazuIaiingAnssunsamdvelugaananud Resonant 1a ¥4
MENNIYBINIIA Resonant HAAYY 910 Standing Wave dernudnlluszuuvie s
sudvslussuuvieszdeiuanuiifes AU Resonant 1fummqﬂninfamﬁuumu
Side-branch  Resonator hiazvuia_ Faly IneiiinusatiuildmmsnSouioussnd
Frequency NU@NA13 Transmission loss sTansananEaay any (U=10,20,30,40 m/s
n3e M Launinu 0.028, 0.057, 0.086, 0.115) waz lifinnusanTnaru (U=0n3aM=0)
ﬁ'auﬁﬁﬂugﬂﬁ 4.1 94 4.16 921N Vary Volume, (A213879%09 Side-branch Resonator (Lb)
=0.07,0.08 1A 0.09)
1. mnnamsmaauﬁaﬁwé‘?«qﬂﬂiﬁamﬁwmu Side-branch Resonator ([ umianerindus
HUUNAY HAZNOIFBLBEMAY WU Side-branch Resonator H1i1I3uIAs a9z AINT0
andvaludmnandan g2 Side-branch Resonator  I/Sunsuinezannsnamdvalugin
mm?iqq
2. AMVU1IVDISide-branch ResonatorlIHAADAT Peak Frequency UALA1 Transmission Loss
W1 Side-branch length ?‘?uq%:“lﬁfi“t Peak Frequency UATA1 Transmission Loss a9
A1 Side-branch - length HANW11n Fegrennudlunisanideanzniianii Side-branch
Length 7i1n1136173709 Faannalumsandoszniannay
3. ninwamsnaasldehidnusnamSoudmedudsuuudimasy  wuh A
amsalumsasdosdmsunoviudvauunanaz e Transmission Loss aandoaiy
noui wnnihmevidsawuudmasy FuileRvsaniehidsuundmaseziams
NI2910909A1 Transmission Loss W13 luiduszidioy
4. NHAMINANDISIDAARY Side-branch Resonator IIRUMT IO IEBIVLNON
neufenfuvoindsauuiimion wuhveriidoauudmaowez1d Peak Frequency
gandmerindsuiyunay iosnnimihidvamydmasifuinthdaunninietiides
wuunay suienliouiiouanuamsalunsasdvsszuanaeiuEnion
s AiloRAISIONALAN BUIIN0—40ms 1 Peak Frequency vztdoul/lugunnui

l; A = o g = u. ﬂ. o " Q‘
ORRNY Fatwam IamvesnnumInlumsaadesding Weniminanes ﬂa"hJ'Iﬂumn
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g ' 4 a ' ' ° ard b v
ANUSIANNINATT 40 m/s ARUZIRANIsSUAaA B30 IM3 AR Peak Frequency 19
ay

7. 91M13NAa03luMIIAAT Resonance UAAT Peak UMTH1IVNILNANITUNI

a’ o kY ar U ] = J -& ] o 9 L] =

vonauM i NI 1U19BIuNA Eror 44 Aaaanaiin 1HA19998aNSNARDIU 1YL

Error
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unin 5

a v k4
a3uwansIve nazvorauanuz

=% d
5.1 ajUwanaziasal
= = o o d’ 3 o = =4 o - .
Inotinusaduil ldiuaue wodnssunsamdvivesgunsalamdoauuy Side-branch
P = 3 " = & b ¥ &4 oo =t o d A
nnudAwa 003 3600 Hz F3ldnandaitmsaniduesuniu uazdnyuzyeginsolidos
df A = o = « s &4
VInauMIRugveInaudss Taniunldlunisiingevoinaums  Transmission loss &9
Wunquimainnuansalunsaaidos  WSeuifsudusanisnanesludiuanuaieg
P Vet - o ' [
asgin ludanusraunazinnusan vamulussuune
ms3aeil ldAs1aeenszurumainadsssunuluszuumenamsod muanud
= [ dl 3 n’: J e - ad n'a
vouduasunIuIugnnudld nmivdusgivaunag uazismsm llvesaumslums
v
ALY Side-branch Resonator 1I¢1411
ar = e P A = [ @ e <8 B
1. AnuAuvaudsiintes WeulSvusunumanusuduysaimasluszuuuas
IJ ar
Tivudunam
2. vimiwdvanlgesdesiidnuuz liaziounduveeniu
3. H19YD3 Resonator @03 liganau uastihmdudos
& o - o | v &7 &
4. aauanuau lussunuiimsmudunielunodudes
a a - & - 3
5. answavesnnunilalaom inaesuin
of :: - ; - 3 ar
6. WANMINABBIIZABISUHANITASRBUTIRAYLS moANugNABInuan1Izdha
9 c: ¥ v
AuNNAINILAYD
P - v ' e '
7. gUnsniaeg Al lumsnanssnzdeauaiugl wazHmn1s Calibrate
1INM5ITY WRANIIUMIARITEIveIgUnsalaaFuanuAqauuy  Side-branch
ansoagUnalddail
5.1.1 MMIAUIUMUNGY] Transmission loss ¥849UNTRlAAITLUILY Side-branch
o oﬂ' - J 1 '
Resonator @U1I0NIHUA Peak Frequency MINAUUI Side-branch Resonator LiARZUUIA
msoandul1dlurnnunla
5.1.2 Side-branch Resonator NHYTnasdesnnuamsalunmsamdosludiuanud
A1 @9U Side-branch Resonator fiTinasmnszaunsoanivaluduaiuigs
5.1.381Side-branch length TAUEINGMAMUDluMsaadvaszuaundt  Side-

y ¥ 3
branch length AdunTwAvrmIsnaado1dlunaegiuanug
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5.1.4 denfSsuiounnuaunsalumsaadssssnhaieindssuunaouaz ot
@oauuimasn Soioihidsauunasannsoanidos ldaeandosiungui

5.1.5 nsddnanuEarnadmluszuuierhides Wefinnudamiimnniu
mmmmm‘lumsamﬁﬂwmﬁ"ﬂu'lﬂ“luthumw?iﬁqa*i’fu uARUAITo lumsanioan:
and1ag

5.1.6 91NWAMINAABIM Transmission loss WA IR9INNIINATDITDARABINY
mnssnuamguuamnnuaunsalumsaaidoasdiniudnude

5.1.7 1A5vIaInatduaNYmIoluMsanduaues  Resonator  ¥HA

]
=

" ¥
Side-branch e mIsnaaduIsunIUluTAERARINS 14 vennInlidiansonians
[ | A o ¥ =
szdudvamimsaaas Ididu lamungui
o =1 { ° = v
5.1.8 Side-branch Resonator t{Jugilnsalvinadaiiaunsatinnasidosluszuuveld

a ar as dr — a n’l‘ < o ar vy
A uazdalszndanunlunisAadssudalszniadaglumsesnuunldde

Jety Yo o g
5.2 Uszlawunlasvoimsinineniinus
o L4 cld’ =
521 dlinsiumguiugiuveadus
522  mldinswdwansznulunisulasunlsalSunasves Side-branch
523 IWOANYINGANTINAIAAITUIVEY Side-branch Resonator  Nausnaatdvaluyia
= & o o' 1 {
anudla wemnsmillszgnalslugreanudndeans1a
7 a A ! '
524 I000NUUURUNTRIAAAYY  Resonator toWaUszgnalumsoonuuugli
Y93 Resonator Wawe) Juuuylusmaalasiilstinnumngaunuaninusnis
¥
anLduaNuY
° ot Pl ' ] [] ] =1
525 awnsmhlldszgnaldlumsesnuuugdnselaadsaluszuuvedsqsu vieleide
' = y o 3 a '
uagvio loAveunioswunsandmemauauanlulssnugaamassy  vieszuw

217, Nouos 1Wudu
53 ’ﬁ’ﬂlﬁuﬂllugl!ﬁxllujﬂ1qagﬁ1uﬂu1ﬂﬂ

o =2 o 1 [l
5.2.6 asiiAneIeenuuugUnIsiamdus uuvSide-branch luginseduiawisald
[~ 1 " n’.: i { 1 °
aian nadiulune ldgaqsauisdnu lunsdifiinsn)douuaserduius
o 3 A 4 = = ' Aa 1
nanlauns [9MeUe1UnIovoaavuIa  INBANEIDIHANTZNUAIS NiABAINITANA
iU
o q’-: 4 a o oa
5.2.7  mseenAnyuaznaneuuglnsalaadswuunaisgFuenilse@ninmues

= ' q‘l '
msaadoalugiuany 087139
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528 esnuuunmiudosnannsolSuiuamhde  uazanuemvesinindedld sauva
o o a 3/ s
ans0diuvavensaioadus Resonator 1a81¥ Micro-controler

529  MITMIAATUITUNIUDOUY 19U 33 Feed-back control 1HUAY
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ﬂ151\1€l’3§)fh\1ﬂ1‘5ﬁ]14’3m1!f¥ﬂ'1 Attenuation

- ' : ° ' P o 4 o
ATNHNN. 1 ﬂ'lﬁvlﬁ’inﬂ'liﬂ'm’lﬂlﬂ'lillﬁﬂ'l ATTENUATION n'lﬁ'mn'mﬂmmmmmmn

Davis Curve
?’hﬁ‘l%llﬁ fi1 attenuation 939
wosirua A T i1 attenuation + mAldud = m
mIaznou e loidy 934 attenuation 713014
G (1IRTUR) (n¥iua) (19%1Ua)
5 0.42 0.45 0.87
10 .83 92 1.74
20 1.53 1.94 3.52
30 2.28 3.10 5.38
40 2.92 4.24 #.16
50 3.52 6.02 9.54
60 4.08 7.96 12.04
70 4.61 10.46 15.07
80 8.4 13.98 19.09
85 5.34 16.48 282
90 5.58 20.00 25.58
95 5.80 26.03 31.83
97 5.90 30.46 36.35
99 5.98 40.00 4598
99.5 6.00 46.02 52.02
99.9 6.02 60.00 66.02
100 6.02 o) 0
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True attenuation = Measured attenuation - Correction

Correction dB

3 |
1 b 1 | l
% H " =+ az ) a8 ] l!l

Measured attenuation dB

314 a.1 N5 Davis Curve 1ARINIUART ATTENUATION
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