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ABSTRACT

This thesis indicates the acoustic characteristic of noise reduction. The
Helmholtz Resonator can be adjust volume and locate = on the wall of circle duct and
square duct which are used for attenuation the noise of particular frequency regions.
The transmission loss (TL) equation derived from one - dimensional theory. The
calculated of transmission loss characteristic is comparison with the result of
experiment with velocity flow and without velocity flow at room temperature. This thesis
has indicated noise appearance in the pipe system. The sound source from a loud-
speaker that can be adjust the frequency. The result of experiment found that
volume of Helmholtz Resonator has the acoustic characteristic of noise reduction. Small
volume can reduce noise at high frequency when volume is increased, it can reduce
noise at low frequency and make more band width of frequency. Helmholtz Resonator
is small equipment that can reduce noise in the pipe system and use small area for

installation, predict the level of noise reduction referring to the theory.
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rms = Effective root mean square

S = RuiimhrreieRe

T = 41uIuT8ARY

TL = Transmission Loss

t= 1981
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A = pEnapdu , oif

B = A1 Conductivity

o = dilsz@nt

0 = 31 Phase

€ = MaunuAIgINANAT (Particie of the medium)a0eARudes i snuIMT s

E = Anaanauiadaudngnd (Velocity Particle of the medium)2eARuRes luLITTINY

USRI WU



s s ¢ ar W L v ar av
UANHUAINDLTILAGABNES

b = Branch

c = Connector

i = Incident Wave
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re = Reflected Wave
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tr = Transmitted Wave
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2.1.4 Aduidesluania
J: & o - .&’ v H ) i -J
lunil Sound wave 184 Single Frequency qnml.umum'lﬁﬂﬂ'n‘lf WATUIINARU
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-
+

g
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x=0 x = xy £ =x;= 21
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: i H
i
- 1 ; :
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1 L) 1
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Pisron oseilloting back Seund wove Anechoic
and forth sinusordolly Troveling ro right rermination
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d 1] ] | i i 1 -'
519 2.3 n3und Plane-wave Tapduaiafeunantelunwoteeie ARuazinig

wiieuilaslu Sound wave 3 R X =0, x= X1 UAT X = X2 = 2x1
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ARuRENazgniavualatasedotnsiaden Jluanaraeunluiianiufee uazlunis
o 1 - J = =i =3 & ar
fiaundlu 99 Parameter awsnlilunisedunepauiBasasiinoaudades M Auau
e
a ar = -; - : C - - § '
AMFIAeN WudRsamsirdeunifatu walunisinfeuiisamisanan fng
. a3 : 4 $1 A2 2 TR
RaUNAeMitAANIY Amplitude Y0IARMRERTAANTY WaS AuFaudes fazfiu
awiullbion guassadrAtyatrmilsienasidaniudades luniseSune Magnitude T84
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ARUALY Ae nsmauAsuATaslianvunzan Tellauadn uarlifimonuAamuiiesane
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Amiulilunnsdnunegs
AnNAsanNanaatluTtingednseRoun  TeazulReufirmelaei Bt diadie
o oo ol i 5 o 4
M99 TR wpansedeun  Weusailudnsrenisilanuniataes Momentum e
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T nsda wsalasinliluanasesemdindeuianan A TeasinlifiAniezes
A dl ar d‘ 2/ : ‘i u-: b ar
Amplitude F89ARUALN  Nsdauseignlduuiuiisualugifuadesiuanuaunsoasm
] " .3 ndl =5 [ % i o -d' o o8 4" % -l o -3
usesigmitnun viemmAUld Anuduasgniuinlilusfuides sinazfinneduwlagn

1 v
tlesaanAuiuusseIniAUNG nslasuulasdntiesilifandn Excess Sound Pressure
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o = 1 v : i 5 d' [ -‘ o ¥ o= J d‘
vitaFun Sound Pressure nauwihiluandtanalidugnn Tquguinliiianiniadeun
J - o dy < ©° 5 i -l dl - ,J o "
aespdudell uasndy  dullasumunefsdnuouaitsieduan  AgnguinfeuianAumi
J ] o [ ar J Al' J 4‘ [l = R o
anmashaznsslantituiumisaunsludqannfeungga Teatluianimsaiuiwiy
A a T e - o o oo ' - - -
naAReuR MauUN uaraInTufiazAuNAUINdIAuiiaNns At ANDTEIARUY
{uoureudedut  AyanfluaenasAsy 1 s8UTee Sine wave AMABINIAMTLLARY
» 2 L] J L] = 4 1] ] 1 J
28U Fundn Period 1ovnduiilumsuanifeudeiuuasiuresnnind dgnguduianug
100 $81 / 3W7¥ (cps) ,Period 189n1sdwilu 0.01 Jund
4 o . o d
nradeuitesgnguluieduanvgiluianazeseinia nadauazsensnaull
Aavie Fninsainvienaanads uay gnguduiadeulve aannindiseiesiisfiuing
1 L '3 = i ' ) i d " i Ja
andnazdiedld Period TRenRAiuueunsuliafuBIarBRALNqagnguazilfgaiivin
-’0 ] 1 J 4 .
nardainaanuenrreananiunandusanissrmafuluntuviasazidu Function
Elasticity 184901 UaT AINMUILUL
Taannsmaaesansnsan wualédl  Elasticity  19981MARINLAZAMNAUAINTEY
: d p :
panAiuAe  ANNARInTAAsiavnanetludRsIdaueed Specific Heat 1898 A T,
ANNAIAYT  Specific Heat 188N LA INAUAIH aull Specific Heat tu.FuATATH
= ] -t ‘j &~ e - <
guupiidoulng) Fuisieadesiudandanaiu 14 dosmgilanufiseadody

21N1AlARN@NNAS

(2.1)
Po
34 P, iluaoiunaenia uaz P, 1t Arnwinsese A

dulingrudn eamaingansaiuilaufitigauain Tfuligugumil uarANMwY

[] 1 i & 1 < -z 1 e -
wiudoulue Nendesamnsouandliiviugn Anuidoredesarauatiuguugiiteeinia
v

windu

Tumiseresdangy annsdmiueudareadeslugy ft/ sec azlsidu

C =49.03 l/_R ft / sec (2.2)

34 R lugruu)iilu Degrees Rankine 1iuA® 459.7 ° unguu)iilu Degrees Fahrenheit

aunsdmiuauiirenduslugiees wnsdeduai avla
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C=2005 /T m/sec 2.3)

a9 T flugnuupianysafly Degrees Kelvin wuRa 273.2 ° wanguugiily Degrees
Centigrade
- = o ca ' < <
AN uarAMTIRevardunusiulattitunnimuenInae ANgTesARwdsaTiy
3 a3 : : 4 ;

TLHENNAARUAUNNTINGN 1 Period %38 Cycle Aau 100 cps azianaulylusses 1.13 ft
J o 3 -3 ] o

W 1 cycle WearHiTaandeilu 1130 ft / sec faawmell AMNITITBURENAzYINTL

o

HAAMITBIANDNLAINEIIARY

@<t A (2.4)

9 C = AnuToeudye ft/ sec Wie m/ sec
f = AAIND cps

A = ANE9ARY f A m

= : [ A ¥ :’, -‘ - ‘o
AMANTIR LR BIAT IR TUANANTRAYE0INIAVIN uazAsh adgnumgiinnvualy vie
-l - d‘ J -i -‘ q' : v J o i
ANTNINAHNEARUAZAARI LIRS NAMNTAIALEY GrAanutiilu 1000 cps usheting

d (g
1 2.1 LazZANENIARUNRLI 1,13 ft

-l | 2
2.1.5 Aaudgseniafau a1 ( Free ~ Progressive Waves)
- e J ' i P ; ] i :
FTALAANN. INANAIHANNLATY Particular Sound Wave ndauiilnuvie
sy | : o T o S
Tnannimdeunauinaulnanisdugnguindauduuiicaswie (g 2.3) auniliviesn
v v i 2
Auga viedridoudarsuuulifintrasfioundu dndunsfiiedu ulaneviedazituingna
! L ] 1 v | ]
e Adwdeagniinbiiinaulay Piston Mindewllamavie AuauiBEnmnsesndulfidagi
[] ] L
(2.3) szazvinsangnguindeulanavie Aumsnszinresiognguies ARugUwuLiEanly
W18 One - Dimensional ,Plane ,Free Progressive wave anmoue One — Dimensional
azduiusiumussi@unvessioulsluneaialugiues Single Distance Waz Planer wag
- o I | v v P | " = =
e pRuAReullinai lagazaunifuafudug uazFree Progressive Munela nsiaau
o ) v v o d oy e - o - = ; e
Arwmisllinamisesadudalifisunouainaindug  viewfeulllusendnanisiadeud
i b - ] b 2 L 1 ° - : - s d J
raulilfidudas: egndenseudonmiinesiedmiuqaszasdlunalfiRiafeunas
ARENuIzwIN vie M gngu funadiulddn o 9ales aavie aunsadadtpmAufa

: U n‘z £ o o & 3
TUT] S LUURZRW - AUNADINTA WUUNIB0N ANNINIRANUAUREIUAZORTIANNGY
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Ai‘ ar i o d' -‘ : o ] ar
aynAresenAiduulsfoniy indeunll uaznduzeslianasimamissnnnAudes
Tnevaluanfluwdius (dB)vTa Newton's / m* mistgesdnsanuda eynalagvialilay
il cm /sec 38 m / sec yFe ft/ sec

85178 One- Dimensional ‘Free Progressive wave 8uduldl A Spherical wave
- £ : ¥ e o
auyAdn Widamdugiansinsy iy vesquiinissenus ussuasiadudamazlusunain
o o v ” P o 3 P
auAa Wumnet HoutieeduesguasuasauartessiaduiAsaiuly Motion A5Reaiu
U Piston THIANSIINLBAGUAZQNNAUATIENY Fn1smHeuiugluLLTeIARu@ee Sadae
neasanlianuesgulunsdiiaveslugees Spherical wave mrwdafinduitenensan
Tuazwmiiauiulu Plane wave fianuduwusifieaiussudnapnudiuangAae  widn
- i d - o
AduaziadaullAuuaninaiifuminadwduansossanad BAauily One - Dimensional
J [ - f.- i - o “ " «
Wdlemulmatinasnuesraudiiusiy  One - Distance A2 Radial Distance 184
i ] v
wihaRuaInAug - nanInan ARugULLT FAnlusay One — Dimensional ,Spherical,
Free Progressive wave
ARUIAEN free Progressive AXNEnaANAINIY HUAD ARUEENATTINENBANAITY
) A ' ' A‘ -Ld I J
nunasllgqanaginandt Fanantuanelueinianiiegamdunisssadudegn
L ‘ J d. o - o
AU ledaun I ludun1anldedune wasnuds Acanamnsalun it wazeudlu
Force Time Distance fidafudsniiAulianalfinfsusaiiaonamunedn aduiindaau
Poueg lusi
Fsnmaia. Wnineedunsiraneendssldesuneliluglaes Intensity wauneia
S NS 2| Ny ,
NAWUA Inaruiuianilaluaamile miaaves Intensity azitlu Watts / cm ° vide m?
wie ft* Tugleessutlsnisatifiazesunaadui@ed Free Progressive Intensity ta@eluiid
¥ dl dl = | - - -dlv -
nNMsienenAau iunaeRu1eRanantesRNA e N AuFdaandn s
TR
nanAauunsly
Quantitative Aspects lufiganudn nseBLuAMaNRngAnssNteARudnedial
J o o & o - .« o ° o P - 1 -l
Wunieanadmiuanusensuannadafgaiundufmtimdviunisanatnag
waus uasiellesiuiinanianaraiiadinini e §iiRluEes Acoustics
Plane wave NA1MHIUA291 ARUBEAAUNNRENY Elastic Medium @4 Particles 984
or el . ar Y ] v -‘I‘ o e ‘l.!/ 4‘ nl' ° ] o [
Uil Inertia MU Elasticity neuntihil ndansenainelfinfausiumiseesfingazviniu
Mass Times MMTWNAINIETITY Particles AMNnHN (Newton’s Second law) AHAUT
FBANAMTLNA Y30 UNNIWN  AIUMI99R1IMIAH Boyle — Charles law & mFufingd

auysal (PV = mRT) seandufiindhlugndiaduideeasundeatiasandaiasnayinlu
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- o - - A & - P '
manadnes fraganaRiilu Adiabatic (PV ™ = Constant) lunga duadanmadn njues
v
ar -3 ° -« o J &
nsinwnaaadld  Aaziidourlssnaudmivldiaunisimileuts 3 aunis (Newton's

Adiabatic-Boycle — Charles waz Conservation ) Wawusaunuiazldaunisadu dmiu

&
WU One — Dimensional Sound — Pressure wave 184 Angular Frequency

lod W
=P .=, (2.5)

axz C2

4‘ o«
W p = ANNMUAN
C

AdTedssluenniA

L[]

@ = 27Tt , Radians / sec
f = ArufigesAdn, ops
x = Coordinate system yiAauasAunnall
Forward-traveling wave = seuiAuAMIN M 1gngLwein AR T uAum Il

' _O% & 2 - o\ T ey [l 754 v - '
N1 uﬂ:ﬂuﬁ:’ﬂﬂuﬂﬁuuﬂﬂﬂlﬂzﬂﬂ 2.3 WianaNaNLEnNLIAe ﬂﬂ"lﬂmu‘m’mﬂﬁm‘nﬂ

)
g pr

iU Anechoic (Reraviey) Anlu nasuisnuanigneaneaninlnugnguiazgnaanaui
dqutans
: ¥ . X ¥ > &
Avuanusyluaiedly x = 0 Plane n  Wuruilaysu@eeasdunls

- ol . ol ¢ ¢ g PR -
sinusoidally ﬂﬁfnunmmnumﬁﬂumqu UATATHANGAANINGY P, AU
[p(t)], = Pgcos Mt (2.6)

v i il
mautliiiagngl 2.4 wazdunaiuunIw 4 39 Plot AuAuAB W TELEUTUAN

ar

fuulsraersaznie X wasdanalidn ununiwusasduidu vertical anly 20 wislumau

#ianna X uwariiszdonlunissanqalufisumisaadunisees Free Progressive Wave

o

b

s e v o ] d' dlq - A:I‘ -l i & 0 o alal o
ImauAuneeanduuen  lumalfifaduidunisuuuiienadiagaidmiuacuiin
1 500 cps lwvisruimenadeiidusinuauinans 5 cm ( 2 in.) #ia loudspeaker a¥QN24
dansdutissevieuasdiutatasevie  (iasvew)laudiuee  ANDI8IUNAS

nudialu 100 cps Ay ANEARUaztiy
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A = = = 344m (11.28 t) 2.7)
100 100

1 (-3 ] - : o - A
94 ¢ An AnFareudealueiniAwiniy 344 m/sec (1,128 fi/sec) A lddwmiulindu

HUNNG 1 AINENIARY (3.44 m) TIuA® Period azitlu

: 1
T = = =i D eer = (2.8)
f

] ] H v i
neudy giins gy 2.4 (a) AUARTUHITEIR 20 4AAREANINIBIARY AIUMULLDY

AATUAPIANNAUIRLY
21 11 A TN N TR NN =
Ay SRR NS N SRR\
112 & RN i (PO ol 1% W -
LGP e \pstEE Y b il
ped AV N e SRS e I
" AL 3 WO PR T NI ¢ H, s
2 N2 ywele ims T 1 S/A 1
o T NN TSR R 1 1>

g1l71 2.4 uans Sound Pressure i Plane free progressive #Wiu Forward — traveling

wave 20 9m
L 3 i
ANusdslaregmliadugudlndiudaeiuiraussan qragAINIIEuAun
swiradugudnarsaziihuduy iiresinaustu (Barometric-pressure )ns W (a) we31

2.4 e “ tegulasldinunaT « fian t = 0 vaennszaeANAIAs U lutesdng

“ - - 3 =
wileszaznisiagnideniiluanuenaniu
-‘l’ H ] 4 [ -lr <4 0" P
aoutiluaadupien Aindiu 0.0025 sec WuAa T/ 4 sec AdUlMAUNISTNg

NTZHENNWINL Y4 ANEN9RaU (s (c) uas (d) Tugdit 2.4 1 aduldiduniclan

4 - g o e H <
0.86 m.uarluiiga Meuuds 0.01 sec = T ARuRBUNIAFNANENARY Uazns ( a) f
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‘-":u"nm'l'nﬁnﬂ?qum AMNUUNTADHUBINIINNATBINT NG 4 IARBUNTIFIATILARATY
. o o o o a v 8 -
tmmﬁﬂunuﬂﬂau%mmmume'h]mqmwmnLl.ummmm

o 1 ] ° i o -J J 2

QUUIT U UARSATRAU m’mmutaqutﬂaﬂuuﬂﬁﬂﬂmuLﬁuummuwuamh

ar -J -Jd 1-5 o d‘ d' .L - -Y o e
ausuaaulaRRiegiduumuduniinilidoasoaniote  ausumisdalinegn
- e ey o )
M T /20 = 0.01/20 = 0.005 sec (HuARILFLIUNAINTGT ARULAUNIY (wave motion )

v
Uszinmilasuns lunatinanilalag

p(x,t) = P, cos [G)(t--’ci)] (2.9)
B P, = qAuenvBsrSAUAIMAWAL, newtons ai’
X = sruEmTAauAuAll, m
T = 1981, sec
C = AT e = 344 m/sec
® =27 = yueaad, radiansisec

v a } -
annsigneies annmuwslalagnasunun P luaunag (2.5) Wduganilevesannis (2.9)
wazdainagdndunisuitfgmn
agdannns (2.9) Augl 2.4 9zlddq
4 ¢ ' .
1.ARUIALNULY plane, progressive, forward-traveling azp@aulinieeanlaelaisl
nswasuulasrauduqaues iude P, Tl function 194 x
2.04 90197789 X ANNALIBENST varies FREANNNYM(angular frequency) @
WPEauLNgAaw
- [ -l ] o=l ' d’é o 1-’ i
3. nalienetiReIIaNszazingfiAe  nanieea NIMATNAY ouqalanadiiAn
=l o o el y ]
WieeiuiuiAeegi x = 0
Tghg 2.4 wileqm x = 0 axiud PINAUAY varies diaun 181y aunnsT 2.6

qaft x = A / 4 Mrfdudeaiuanlnngtu aniiudrmNAuariliiqagegarety o daa
L’Jmir'i t=025T= (7\, /4) | ¢ sec NuVAY (Eq.2.9) L‘.:"]ﬂ"l':-m:wum‘lﬁ'i'l phase shift 989 x /
c=@ (A/4)/c=T/2 radiansléifintu fam x = A/ 2 Aududssarlfqngeaei t
=(A/2)/c=05T Phase Shift luneutiaziilu T radians

lugesglil 2.4 30 £ =100 cps azld
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o
p(x,t) = Pﬂcos[BZB(t o SN )] (2.10)
344

: 1 4 . e L] 1] 1] =

Backward - Traveling wave paunduneliitmduiusuniie Jaduniellluy
- - : :’I g o - i 1
Hannemsatanees x aunsaiasuldlaenssunaarnnfla@einlanesueaniierevie
Wueluguanan 5 cm uazlimaudf@luneiheussasvieundulinisdmeniiesesie
Feagly
o 1 ail ] 2 ar v = :: o o A#l -J - F L %3 d'
Aunden lifli@eeasiaundy wardedsriuiuasiuwmaduniduneluiinanihlunisaaey

1
=l

'n
Tuseun
p(x,t):-PLcos[(D (t - <. L J (2.11)
C
J ¥ J [l - c"li. o e
nsiaguwlasieetnuageanannis 2.9 aveqludysnsafaamaasasio
t luaunns

nsaininAunllinavdslagnuasslilugi 2.5 aziiuds

r'=0Qocrze=71

20 NG P EPY Y B aA aY
HENNANE T QN BN/ AR
L NN T IS Y A
MEEFRNITSHEARADZZEER R
WO NNES S S BewmasT . oE o
HeERENsEURRNn e s gl
RO Ee e SRR
ASEEERNP AR

lﬂ ° -
gl.hn 2.5 u&m Sound Pressure 14 Plane free progressive @T4T Backward - traveling

wave 20 9/
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ardudnln - Sedegiduladunils facdlegfidumedalinednanieands /20 sec
Fundn Phase Shift 189 18° (2 70/20 Radians) azilegjrzvinaduiiegussiniuuaciiiily
m'mf-ﬁamu;ﬂﬁ 2.4

pauREudliiedanh uazdneuds (Combined Forward  uaz Backward
Traveling waves ) WAz Standing wave Tudumeudalyl IElagnisuangunisi 2.4 fu 2.5

Windaeiu azld aunnsh 2.12 @ mu f = 100 cps

p(x,t)tPRcos[(izB(t - %4)]+ PLcos[628(t - ?%1)](2.12)

] v H i 1
mssuannsdinfaaiuaziulddafua 2 fofiuenddilugin 2.6 namandavil Ae

4 - b 1] i
U7 2.6 lunesaumnRsadinedwde] 18910 2.4 uar2.5

A BRI
AP T

o o
g1 2.6 uams Sound pressure 994 Plane standing wave i 20 9

nsulaeuuasiinniy ﬂf:'\uﬁutﬁmﬁﬁﬂuﬁwuﬁméu w qadalunisduaanvie
meddng ludsnaandntieumduiaziunieielyan Lﬁuf.i'ﬁn;usia:am'lwﬂmdwﬂfmuﬁu
eoaasiaity uazanaadudulfansaiunan andiuiiqe x = A/4 fu x = 3\, / 4 Tduma
suaniiugudianeAgegarniIsiuuLsanumu m.fimﬁumnvh-mzmnﬁ;qmﬁ x=0,x=
A2 ugr  x = A powdudnefiaanie 9 qa swine X = A /4 fu x = 3N/ 4 az Vary

v o o = AT ¥ o ol X :
NWIANNULAND UUAD quﬂu“?ﬂﬂﬂﬂ‘ﬂlu Phase uuqqqunHQQQﬂ'ﬂlWNﬂu“?ﬂﬂﬁaQumnﬁqQ
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fupuAuBendmiugn 5 9anednaees x = A / 4 uRENI9MILEIT88 X = A / 4 AN
: o ‘l’l ! i
Tuvideanaanianiuiaetii 1 Phase willReuwlasasilu Y2 cps vida 180 © sanuian

J o Q ot 1 i
Phase TilAuAudsdmiuan 9 qm egsendng x=A/4 uazx=3A/4
auyAdn P, =P, =P awnsouasslaelduanneadnmanilidn Smoumen 2

wanluaunish 2.12 A

p(xt) = 2P[cos xS )J cosMt (2.13)

z
A

pautiaziun AN ldatn Uit Standing iU Traveling 1u
Traveling wave (@017 2.9 M &un19 2,11 ) a1t iux/c sufstumaus s wse
dmuiuansnemeludieaglees Cosine fands f il Traveling wave Flfuvianan uaz
srtenne (mapandareadny) lufieaglves Cosine szansninmdeaiuly uaxs
WiaaudAtyiu Cosine ilauaNluaNMT 2.13 1987 Ua x /¢ axbitsngwianiunie
ludeagiues Single Cosine muumwummﬁmuummmnunm'lummmmmummwﬂq
UszAsiuludaciaclung mdsaintiy

Particle Velocity A9 8R31A23T99INAXNIT Newtonian &1H1s0uALIlyuIa My
gmrpanada u lugmresanndudes p razwuditungdl Free - Progressive — Plane

o &
- wave 189719 2.3 uaz 2.4 i

y P
&S, (2.14)

p.c
-l‘ < o -3 - h ar ral' 1 o i
943 U AR BRTIAITNLTI LR pO A® Density ﬁﬂQﬂﬁnﬂﬂuﬂﬂWﬁﬂ1QQWﬂﬂuﬂﬂi 2.9 17198
P x

u(x,t) =— cos [ @@ -—) ] (2.15)
Poc c

L e R e (g % . s ] : o« v - -l
nanLﬂﬂﬂmﬂ“UQﬂwuﬂ UUAD AMULIN (!ntensﬁy) ﬂgnﬂ"ﬂﬂﬂﬂ‘hjﬂqﬂ']u‘llquuﬂluzﬂ'ﬂ 2.3

LNy
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ANNLRAY I=pu (2.16)

G ' .
TuAUNDYULATINYIANDALIDINARAN TEMINANNTT 2.9 UAT 2.15 asluannig

2.16 axlfinariu Anuiduiuiviule ( P, AeanuenviTer1ggAL8IANALIALN)

e
Hi)s p_c [1/2+1/2 cos2 M (t -x_)] (2.17)
¢ c

iHiesanniaaniedn e Cosine (waud Andmadsduiy

0. (2.18)

- -{ 1 i A i e ¥
WidaunmaanaFfdIA Root — mean — square (rms) 494 Sine wave M1y 1/ V2 wihaes
S 3
Aqatanayls

B/ 2

max

p_c (2.19)

ICAY 7
e " : { =2 /i e :
wiRinsTALIAIYNAATYN Calibrate tHaNA¥EUAT rms (QnFunda A - Effective diat
- di' o : X o v 1 i o ar 4’
1ui) esARudns Aulu Intensity | e1agnATRenildetndeg an P, dmiundu
szinnil
Spherical wave Tnglalfiasasltlumussi@un ssnudrdmiuginsanas,1 14,
Free Progressive wave

Arvax r
p(r.t)=~—r— cos (t —-C—)] (2.20)

¥
anmsilazgmihlluFauiiouiusunis 2.9
1. lugnusiidluginzanan Progressive wave azidunieeaniyainungaanaie 494
ninvresnfuAINAuazanad ludnmdaunaseiudui r

‘l - = < o« e v o - -1 s :
2.0 @ r1ﬂ'1 ﬂﬁutﬁﬂaq:umwnmuﬂununumemmmgﬂm‘qnﬂuwuamum
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3.UBNAINNAANSTDILUTNNT19IIARUUAD T2 r e WA Time Delay
(Phase Shift ) luadumatiduiu
lunsdlaasmduginganan 81alduams Average Intensity MsTHENN r ANUMAY
5 il it = J S
Adaniluguns 2.19 Wideduiu 3 P, AeAdudu rms Aszaenie r atalefinan
. -1 o -l o~ ¥ e [y P
dunmdn o qal P, azanaslugasdaunaniudaniy r uaznamndn prms Ak
A5 Plane wave
AUARIBARITUTENINGATIRY Acoustic power flow iU Electrical power lu
watts , E agjlu Volts uaz R luanusiuniuwlugd ohms sy pc iurtiavilizes
Acoustic Resistance arilgnsiiadrapfReiudmiunidsulugnnsd
] -ull e o 1 - 5 4 J o
ANUANANNAIALIENIN Plane wave N Spherical waves naneiugenuiule
J 4. - 4 J J d‘ L } 7 - (.. -
wiudn deNaistun Intensity sevadiides ouqnlaqaniiafignling danusidunaaniiin
' o 4 ' 73 3 o
#uan4ne Constant Energy Wituadulagbifinizantiaanslu Plane Wave, Intensity £9a3
[ -l . - [ - J 4’ : i i y = -
Tiulasuulsawidradldnaumasiuiialng Wanun Wave Front egjash (viedwindna
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Effective volume SI' = S(1 + 2A1) . 8 Al azwiiaufis Volume 18980 1ATeazinRauitly
mﬁﬂuﬁ’uqnqunammﬁuﬁ S ﬁ'ﬁﬂﬁqﬁuaztﬁﬂuﬂgﬂu Infinite Baffle uas q:ﬂﬂng‘ﬁu 2

v
ATY 312 Plug Hlane 2 fu

v v
o e ar

QUUNIAVINNAUDY fluid
=p,st’
=p,S(1+2A1) (2.39)

2.2.2.3 AHAIUNIUNISWHSIA (Radiation Resistance force)
NsusliIaIn Plug I8ve mAszmiauiunsuiisdaingnqunanineglu Rigid

baffle

' 3
eraNazmIn@oUuguILYe R AR
P 0o (2.40)

2224 usaARaun ( Driving force)

' L4
tin Resonator gniulauAdw@es Harmonic a1y

F = Sp
sAe '™ (2.41)

AuNT7IRINTIARauNaz s
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2
d’x dx il @
pl's SR8 — +— Sxi =G (2.42)
dt? dt %
fAT1ANITITIRYNA
it dx
dt

UAZARIIAINLTWTITHIRT

dx
=5 ——-
dt
AT :
| et | 5 :
LIPS g ce S INATR,
S dt Vv
du @
vi7e M —+RU + K Judt =ae™ (2.43)
dt
e M = Pl'71S ABNIATEY Acoustic }
uar K = p,c*/V Ag Stiffness /Acoustic (2.44)
mauwfiloyun Harmonic 184a8N"7 2.43 Aa
Ae i P
e e LT (2.45)

R+ j(OM=K/® 7

. R 4 o4
Resonator argnimuaiunisfinuile U Tfqageqn Sevaneis e Imaginary %ie

Reactive Part 789 Acoustic 111 0
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& S 1/2 e a2 1/2

b o BT e} we (2.46)
2N S VIY . 2r \vr +2A1
= o % v é
fu. A9IND Resonant N3ABUTLIIEY Resonator azgnAUANiuNAdtA RTINS LY
-a.'f = e 1 4 -t e - - . o
lunsiliinann Radiation term WAZHNAMNTUNIANTSY ANAN Acoustic ATUIUNINAY
- : -:dl L3 ar % [-3
qnuamumﬂ'lu Resonator f4.AINNDEUALYRE UARYAIINAY Acoustic ety Resonator fi
R S i
Yiatl Resonator 81ana191#d il Tuned Filter TANDATgNAMUATALIUIA WASAIIN
& X
ndNunuARY gnitwualasAINTY
aun? 2.44 aziluaunisidadny medsaslvipduuiiaq ldwiu Acoustic
Mass fiu Acoustic Stiffness Te@umarilazgnldmunda Wasriarsnnesdlszney
Lumped Acoustic

{1n Acoustic Impedance 184 Resonator T4a1amiau v i

Z=R+j(OM-K/®)

2

wp, ©
= R+j——p (1+2A1) -B— (2.57)
S v

-
N8 Acoustic Resistance R 184 Piston

P.c
R= R, (2ka)
Tta®
fin 2ka <0.5
Pk
e
27T
W&z Acoustic Reactance A®
Poc
X = : X, (2ka)
Tla

Acoustic Impedance 184 Acoustic Mass i Acoustic Stiffness ¥iu jOM -

jK /0 mmdndy axfiansninléidn Acoustic Impedance wesgngunaniail a 1 a << A du
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auiviauly Rigid Infinite Baffle AYsazilsznausing Radiation Term R @z Term Mass A%

navaueddulaadunilaignsia

i0p,

Z =R+ Al (2.58)

piston

S

Wil Radiation Impedance nU Acoustic Impedance azusnsinaiy Tneiianld
Factor S° uaznsiFauieuazuanslisiugn

pck  jop, 8a

S + — 2.59
o 27T S gl =

daresiungneies Ar=8a/3 T eanusdudesiuuuulade

v 4 ]
2.2.3 N1SALNAUTBIARY LU

<

3 - o e ' -:lldj o i g
" Single wave tAunegluiANY Positive x TulauviaRivuiivtianadh S T
= i A tf = g H 1
\lu Acoustic Impedance #il#anARuin ezl p,c 7 S annAdIaThisediasluyie
1l Il = _‘r : d‘ v e ar :’l dll dl - -;’ o =3 44

ety Antsulaguuladlunuiwindn dnlusRunifstuuiedo fiazgnasien uay
" d‘ 4‘ 2 -3 ar [ <
Acoustic Impedance 1edpRUAgnazview Aaziiy - P.c/ S ANNAY uazdRMAING

A .
15um3994 Individual wave 2 AR azld

Pi
Pt A BNy s (2.60)
p.c/S
o Pr
preRe’ T iNE (2.61)
s ST B
Pi Pipe of Area S
—_—
Pr '
g — —————
0 %

=l = .
guU% 2.15 nsds uaznirasvieuresnauluvie
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] v . ]
AAUYIIAaTUARY Total Acoustic Impedance s 4a x 1A Teazld

Ui+ Ur S Pi-Pr

Ppc . Ae e =1
= (2.62)

—jkx jrx

5 Ae - Be

AR INAINABINITABITANTEIAIINAY  LAZN1IABIHBNI899RATIAINITITIFUIRIAS
v - a3l 3 , Y vy
HeIiAINABIe3T8Y Acoustic Impedance tuqale neluvieaviudiuieqgaidn

£ 1 1 v ]
Acoustic Impedance HAnawIzAIY Z, NldRIanannsh 2.62 AdedldAniu ieny
ATPINANNFAIN Acoustic Impedance LU Z, 4 x =0

- 5
ANUU

Z, = (2.63)

qﬂ' o & 4 dll a; e
FBNRUIN9A IV ey Tl

Z,-P,c’s

(2.64)

> | o

< FPc/S

o i J ] & o k4 i o 1
aunns 2.64 gninanldlunsdifnfinnsulaauulasatinansiuiulununnidasewie wan
1lugly 2.16

Pi
—_—
—_——— -
Area S, P Area S,
P,
e —————

<l i e . '
g% 2.16 manasuulasivuiwinsnlurie

i
=

- -l =i £ ey s e ' ¥ & o '
TnefiRaulafiies Single wave P, winiuietluviaveasinun S, tuRsazlifinnsazviaull

AuYia T4 Acoustic Impedance tu aaGusu flavidlu pc/S,
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B pclS, - PelsS

A PciS,*+Ppc/S

St ¥ S2
- S1 =R 82 (265)

WeRiAuangn nasiidsngiugnasfeulluinwils uazgndeiwluvinle azdsunns
asviou fudnyszAnsnisdeiulddsselil

r

W |B|2/2poo/S, B

(1{ = e =1 = (266)
2
w, |alrepers, A
(81—82)
1 (%) 16,05

48,'S,

3= os R R ARRA A (2.67)
(8, +8,)

ar 5 o : 1 e 2 =4 ' ’:r ad" o = n' j dl
Al O MU O azfiuegiiy Ratio. S, 1 S, Y79 S, : S, Winluwarhiliuiumeaavizafinium
wisa uananil Ratio Affesluginefiazaine Substantial Reduction Tuwassungngaciou

Wy 61S,:S, =10 (¥99.0.1), O, = 0.33

2.2.4 uanlawas Helmholtz Resonator

Main pipe ‘ﬁlﬁﬁuﬁl S avil Helmholtz Resonator 484 Acoustic Impedance Z, ﬁ
Faumiis X = 0 arlifinAugnazeulifineisees Side Branch uaz Acoustic Impedance
283 Main pipe 7l x = 0 aziflu p,c /S ¥4 Side Branch (TudumglHiAanisazviouse

-i‘ d‘ a‘l’ dl = o & e =3 4 o <4
ﬂﬂuﬂﬂi"’tﬂﬂﬂu uasnx=0 ‘ﬂ']"'lL‘HﬂuﬂNﬂﬂ?ﬂQ’]NﬂuﬂUﬂﬂ?ﬁﬂQﬂul‘i"ﬂﬂ 4 pquilsAe

T S (2.68)
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p =gyt U= LS (2.69)

Sy
Volume Z,
Resonator P, V

& J‘Ajéa of Duct

gﬂ'if"l 17 uamIAtUIaNHEYed Helmholtz Resonator

P.ctS
P
it b
Pb = Asej Ub = (I T A, (271)
P.c/S

Fesnsiansanidenlanaiuussdnmanudaiumsugnaanii
(1) O O L e
P+ P = Preaub (2.72)
(2) ANALBIT9IERINAIG
el = = g (2.73)

FANANNT 2.72 112.73 Wnsmanuazlé

U + U, U, + U,

P+ P, P+ P,
VB

wELE (2.74)
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poC A! + B1 poc
Z = ULas Zt

aung 2.75 axgniewlvd azlé

B, -p,c/28
S e (2.75)
A prisiz
AatiuaINaNNIg 2.76 aLlé
Z
Lo — $9N= o SEh (2.76)
A, A pel2s +Z,

Taevialyl Acoustic Impedance 184 Helmholtz Resonator azdudau anaidiswléiiu

ELisLg ~)/ics (2.77)

uazduiun il luannisn 2,57 avsaunanted Radiation Wadasny Wald Helmholtz
o J ar ar o = 4 v 1
Resonator wmmuﬂdqn?zﬁﬂﬂidaﬁ‘anm%qnt’i’ﬂunﬂu‘lﬂm Main pipe lLﬂ:ﬂ’JtlLWﬂﬁ

Impedance 984 Resonator Naxiii

- —_— Wa =1+ 16a /3T (2.78)
S, @V

' o ek bz
4. ARTND Resonance 284 Resonator uAaINe = f, = (c/2m) (S, n'v) :

Toe

- o ﬂl‘ 3 % &/
Ae ANsu@esidnstunin Resonator

P
P Aa AnusuReazyiaundullf1uniin Resonator
P

r

. Aa A uAuAusiiulUi1umas Resonator

ar J o
P A8 A NAUAENNIENFa Resonator

b

U, A Aadaden

HaRATUINANTENUTAY Helmholtz resonator MAINMUAY Z = R +iX
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Pc
Pom 20 e ol m AT (2.79)
pPc
Poe ZU =R 1w g (2.80)
o
pe |
P=ZU =7 U =AY (2.81)
o
Pc
Py =\, = ? U, = Abe!w‘ (2.82)
b
Tng
Z, 78 Chracteritic Impedance 184%8 INDNTDIATTHAR URTAIINIT)
Z A9 Chracteritic Impedance 184 Resonator in1aidin
Aaiuannis 2 azla
US,-US, = U,S,+US, (2.83)
1 1 1 P P, K. =P,
P-P) ST =) " = = +
ZO ( : r) Zb o 7 ZO ' ZD ZO ZD ZO
WP, = P, aud@guaunigluilinail
aun1g (2.72) x 1/Z,+ (2.83) azld
1 1 1
—_— Pl + ___,_Pr = Pt
Z. . =2 (2.84)
1 R
P, - Pomda & P,
s Z s ZOJ

N
0

KL_\

N| =

+

ON M

: EE AN
0



Pc
E = ED[ l + E ] = 1+ Eﬂ_ = 1+ SA (285)
Pt 2 Zb Zo ZSD &
2 s
=44 z° o T ZO(Rb_|xb)
2(R, +iX,) 2RE+X2)

{ Z,R, } . -Z. %)
= 3+ + i
2(R+iX.) 2ARZ4X.)

2
TL =10 log Pl 4 1 + { Z,Ry }+ v 'ZE )_<n) (2.86)
P 2(RS+1X) 2(R,” +X, )

A(RE+ XY AR+ X2V ZR + Z R+ 2%

TL = 10 ,
L =10log 4(R:+XD2)
AR X, ) +4ZR + 2,
=10log .
4RHX, )
(Ry X, )+ ZR, +(2,°14)
=10 log y -
Ry +X,

(Rt
2 2

Re +%

Z* |
TL=10log |1 + —9—2 (2.87)
4%,

WnUAY Xb WaT Zo adluannag (5) azetlugy

=10 log
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f fr le
Xb - - — (2.88)
e SV
70 r z
uar Resonance Freguency e
C S
fr= (2.89)
2n T vie

e le = I+Bd

UAZAIMTU with flow

TL (2.90)

1l
—
o
o

Q

1ae? m A8 Mach Number

2.3 Coefficient ﬂ
furlsz@naaes Resonance luvie uazunAnLes Acoustic Impedance 117t
wllunmmngAnsasesvieffiaaaendutivey Rasnwiefilgluuuiuiiwindauy
#ea S = e’ uazilAanaene L aasfidn  Acoustic Impedance i Z, = i X = 0 uaz Z,
i Xx=L dnfusan auns 2.62
pc Ae’ +Be™

Z = : (2.91)
: 8 As™_Be

LA
pc A+B

S A -B

FNABNANNITENAoaiUeN14R A uas B azli



P.C Z, +H(P,c! S tan kL %0

Z, = (2.92)
S (p,c/S)+jZ tankL

- 4l - | J J <4 i -l
finansaun Impedance Z, TavieflANe? L WAT ANENIARUASTT  k  ARA1ANT
L
] v ' [
frequency TewieRTUaelaneu udraniuifarsaunidlaeda AaclfReuladwiv

Resonance luvia

2.3.1 Uaneilm

Z, = o
c 1
uaz Zo:&
s —o+if

pe  O+jltanki+ )
76 =Li= (2.93)
S (1-[3tankl)+j0(.tan

#4130 x = 0 azld
Btan2ki + (B2 +a2-1)tankl-B: =0 (2.94)
Wunsdl low frequencies OL uaz B azAniae ) Aniusinaunis 2.94 annsadiewlvald

tan kl'= -

2.3.2 Uanenila
[IMNANNTT 2.93

s a+jp

ua
p.c OL+j(tankl+[3)
20 =T (2.95)
S (1- P tanki)+jQttan '

T 2 -
e vietu@eaianenn x =1 Azl
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B ~8ka/3m (2.96)

uaz Mevly tankl =-8ka /3T

8ka 8ka
tan(nT-kl ) = & tan
37 37
e n Af Integer 1#ann
8ka
nt -kl = (2.97)
37T

uazAuUA Resonance frequency Wn =1 szl

c
f = (2.98)

2(1 + 8a/3m)
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nsasalnsainldlunmsnaaas

3.1 msasnglnsaidsenavlunisvaaas

e8] Standing — Wave (7@ Impedance) luvia Faszneudnuvianay
upzviedmAanN szneudae Loudspeaker %32 Driver Unit ARnFemwiadauangang
sTLLYie WA Probe — tube wiAgnuaileu microphone 1dn< geatiuidnlinasnrueg
11mszuuvifaumdugﬂ?{ 3.1 uazdawtlaneia 2 AIMIBNTEULYIaAzydadiat  acoustical
material A2 Glass wool Lﬁ'ﬂamﬂuﬁ'ﬁ'lumsqmnﬁuﬂﬁmﬁm ( Absorption) uaztlaanuides
aviaunal (Refection) visudurinugudng1a D = 0.025m waY W x L = 0.025 m x 0.025

- =
m fNNAINENTI 8 m

3.2 NISNARBILLINABNLIIU 2 N1SYIAREY
3.2.1 nIsviaaaatuy Without flow

Amplifier Oscilator

Helmholiz

Glass Woal

Microphone :

Glass Wool

Diiver unit Resonator

Pilot Tube

Pre-Amplifier FFT Analyzer

U7 3.1 uaasszuvielddmiunImmaaes Without flow



3.2.2 MSNARBIUUY With flow A1uNgu]) Standing — Wave

=t

Helmholtz
I;i‘mm
|

;
Fmbe'l’ubs

lllcroahone

]
Driver Unit

Inverter

g1l7 3.2 usnsginsnidmFunmageauLL With flow

Temperature

Anamometer

\' Pilot Tube

L .
3.3 91Unsnl uavlATRNRIAlUNMTNAREY
331 viethiReuuunandusi ugUENa1e 0,025 m

gm

49

Involute Tube

=l L.
EIJ’II 3.3 UAAYIDUURBIULLINAN

332 vieunAsauuuAwmasnauia 0.025 m x 0.025 m

8m

35

1
%
1

3.4 uAAYIRUNREULLRIVREIN

-l
sun

Glass Wool

& 0025m

) 0.005m

Sm

0.025m

0.005m
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3.3.3 Oscillator
1 ° - -: d‘ o' - 0 4'
WWRINTIUAAITHDTEN ﬂﬁulﬁﬂﬁﬁﬁ - AN Tﬂﬂﬂ’]ﬁ‘ﬂi‘ﬂﬂ"lﬂ’lﬂuﬂ

=l T o o o s |
g1# 3.5 gunsaidwiuindapad
3.3.4 Amplifier
o 20
panentd Yy ITIAMIDARMNIRES
3.3.5 Driver Unit
Whuuvdainfia@es Sedepdudeseinudntussuuyiat e
3.3.6 Probe Tube
o e ol o “w lé o i o
viuidetazgnaenatluvisdudesussiadnyoidesinatungs

Microphone

3.3.7 Microphone

-~ X
a

1 luniadyunouiesiifintugainnsndnaaunglin Twaslisunadn

4 o e ] . - "
g1 3.6 uamsgiinraifmiudnmAend (AanuiEn Bruel & Kjaer )

3.3.8 Pre-Amplifier
frenadtynunudeiifuniain microphone

3.3.9 FFT Analyzer (Fast Fourier Transform Analyzer )
wresliedauasdyiniannussre e Wimicmiweadiua (dB) B9 FFT
e o & = d B ° 1l :‘l
ANTOIAAIANDNFBINIT TIRTUAAIFIUMUITDIARWARLITITA Peak AUMUOTUT Az

871A1 Output 370 FFT



51

§'dﬁ 3.7 u@&ma Fast Fourier Transform Analyzer (FFT)ﬁw&*uﬁ'mumm'mﬁ UAS MIAIAIH

fude (dB) (aNuTEm Bruel & Kjaer )

3.3.10 Blower
sumifiarespnuiFaandmiugunsaflussuuviawuuianuiey
3.3.11 Inverter
guUnsaidmFudiudarnGIRN
3.3.12 Anemometer
wiraiindaaGaanlusyuLvie
3.3.13 Calibrator
Lﬂ?ﬂaﬁﬂﬂ?’mﬁ"u Calibrated microphone wWiguieunu FRT Analysis W

amnsoguen lsietingnsies Talunas Calibrated azfaIgaNAHeLHER

51171 3.8 uamsgunsnifmiy Calibrate (3NN Bruel & Kjaer )
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3.4 Silencer WUl Helmholtz Resonator
Helmholtz Resonator iugunsafdnuiuamidesiifesacluszunvie el
dnwnizgnsanszuen uarivesuiadurituguinaiadng @euseszuiteie fu
Resonator gnidtnd Helmholtz Resonator aunsaufunfunasifiienruazaantsides

4 1 - L]
\atu Helmholtz Resonator viat ) uazAnswnAnssane veLfunnsia

D Ao 1duruALEINa19183 Helmholtz Resonator
d A9 i§usinuAuna19389 Connector Length
H #if AME99284 Helmholtz Resonator

| AR ANEN2T89 Connector Length

g1# 3.9 udaa Helmholtz Resonator gunsnidmitam@es
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UNN 4

d v

NANISNARAY UWAZNIS) LATISUABYR

4.1 FENITNARD
4.1.1 msenaaaslagld Helmholtz Resonator nstilaifiaAnuisaan

4.1.1.1 Anks Helmholtz Resonator Wiurlsvienas uazviedivags

4.1.1.2 ¥ms Set gunsnlitesileTnpouaudes

4.1.1.3 {@eu Microphone iemsreziitsziuanuiudeennign  Tag
n1sdaneutnu Helmholtz Resonator W& MAINIU Helmholtz Resonator

4.1.1.4 watusanuipduiiaiey uasiimadnszAuANAuELRY
Yo# 4.1.1.3 viteund1 Helmholtz Resonator AMunsaand@ustéunigalugadla

4.1.1.5 yinnaulAe Helmholtz Resonator 111AAN ua ian1eTamude

11044

4.1.2 manaaaslngld Helmholtz Resonator NetiNAIMNITIAN

4121 And Helmholtz Resonator Whiueniianas uasviedmaes

41,22 dln Blower telfasanasalvadnszuuresiefinanimaasa

4.1.2.3 udnmpnaaand inventorlaggnisnariiaan Anemometer

4.1.2.4 Yz Set unsaliaresiiednarnuiudis

41.2.5 @eyu Microphone iNamszpiidsAumTRu@nenniigalng
N199ANauL1Y Helmholtz Resonator W&z MAINIY Helmholtz Resoantor

4.1.2.6 WaguiAadrauiasien | uaHinnednrEAuAMNAUREAY
diafi 4.1.2.5 a1 Helmholtz Resonator anasnaadesdnniigalugasla

4127 Yamaulagy Helmholtz Resonator TR UAT NINNFIARATN

4810496

4.2 NMTUUNNHANITNARDY

L:Tjﬂvn"':mﬁm:ﬁuﬂfnuﬁutﬁmmnﬁqﬂ Tnein12dm riausinu Helmholtz Resonator
uar AU Helmholtz Resonator WATUMNKANITNAGES amiufmnnsliunlasu
AmE uasimsdadndanandnedy  etuiinuanimeaseudainnanimmanasildii
nsdfusImNgnFiasiu Davis Curve mnﬁ’uﬁwaﬁﬂ%’uﬁhﬂﬂuqnﬁmu.ﬁo Fedundn

Transmission Loss #uaasuastlugtlaasnsmiivaazasnlunisdnm



4. HANITVNIARRY

AngU#l 4.1 uaminsmuanimmases 1aeld Helmholtz Resonator 1 §2 ALY

HuAUgNA D= 0.03m, H=0.02m uazConnector length Hidusinugueingna .d =0.01

v
m ANEN | = 0.02 m Andudnuivienuunandutiugudngts = 0.025 m anuanis

] : 1 e J.
AR INTAn@EIuT99ANRIENIN 1000~3000 Hz Tenumgufiasifinaaudna

AU Fr = 1923.728 Hz dawmfunimaseslifinonuian uaziiledinonsdqau 5,10,20,40

J . [ x ] . - .|
(m/s) Peak Frequency q:mau‘lﬂ‘tuﬂ'mmwﬁﬁqwu 4 Transmission Loss A¥A64

(Transmission Loss ((dB)

20

10

60

.—— Theoretical without flow

A
Y

— Theoretical with flow 5 m/s
H ~ Theoretical with flow 10 m/s
— Theoretical with flow 20 m/s
—— Theoretical with flow 40 m/s
Measured without flow
Measured with flow 5 m/s
Measured with flow 10 m/s

()'s

b Qoo

Measured with flow 20 m/s
Measured with flow 40 m/s

Helmeholtz Resonator

Din-Resonator:0.03 M, Length:0.02 M

S0

Measuvred

40

ut e
Measutred 20 ns

G
0 | Measufted 35 H/s
|
5 | Measurted 40 |n/s

withouwt floy B

30

With TIow 9 [n/S

T Iwith flow 20 n/s
T lwith flow 40 n/s
Fr: 1923.728 Hz

with flow 10 n/s ;{x
i

e

1200 1800

2400 3000 3600

(Frequency Hz)

-l o i a
31U 4.1 uamran1ImMARE Helmholtz Resonator 1 fia awiadutiugudnate D= 0.03m,

H=0.02m,1=0.02m,d=0.01m
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ang1l 4.2 usmansmuanImases Tauld Helmholtz Resonator 1§ M
ruAuENa D = 0.03 m, H = 0.02 m uszConnector length Ridutiruduinats ,d =0.01
m ANEN | = 0.04 m Emé’qﬁqnﬁaﬁauuuname'funhuquﬁnme = 0.025 m AINKANT
ARBIANHNI0AREES TR IRTEIIN 400~2700 Hz Famumquiiaziiaaauiimey
Fr = 1360.281 Hz dwiunimmaseslifiaauboan wazidiafinnaEasy 5,10,20.40 (m/s)

d . P e ] S °
Peak Frequency aviaeuly/luthupaadingetiu 39 Transmission Loss a¥AA

—— Theoretical without flow
yy Theoretical with flow 5 m/s
D H — Theoretical with flow 10 m/s
= Theoretical with flow 20 m/s
~ Theoretical with flow 40 m/s

)

Y

4O Measured without flow
d . Measured with flow 5 m/s
| O Measured with flow 10 m/s
v o Measured with flow 20 m/s
O % ' A~ Measured with flow 40 m/s
Helmeholtz Resonator
o | Din-Resonator:0.03 H, Length:0.04 M
g
91 Measuted
3 S0 U | Heasufed 5 n/s
0 i T Measured I [n/s
- A | Measured 20 n/s
c 4 | Measured 40 n/s
2 40 —|\wi thoyt f104
] = with TIow O in/s
" with flow 10 n/s
- T with Tlow 20 ns
T |with Tlow 40 n/s
g 30 | Fr:| 1360.281 Hz
-
-
'
20 =
10 e
8]
1] 600 1200 1800 2400 3000

(Frequency Hz)

31I71 4.2 uamINANIINAREY Helmholtz Resonator 1 o nnaduriugugnas D= 0.03m,
H=0.02m,I=0.04m,d=001m
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angulit 4.3 usnansiuanmanes Tasld Helmholtz Resonator 1 /3 1A
w@usigudngne D = 0.03 m, H = 0.02 m uazConnector length Hidueiuguena d
=0.01 m A e | = 0.06 m AndadrTvieuuLnaNdutiuAuTna = 0.025 m aanua
nmasesransaaadeslugepniizzine 200~2400 Hz Femumguijacifinaaiin
yeu Fr= 1110.665 Hz fufumsmasashifinoniiaau uazidleiianudany 5,10,20,40

d . T o = :
(m/s) Peak Frequency aztfeuli/lutiumi nnngedn 39 Transmission Loss AARN

- —— Theoretical without flow

- H ~——— Theoretical with flow 5 m/s
v — Theoretical with flow 10 m/s
] — T4 — Theoretical with flow 20 m/s
——— Theoretical with flow 40 m/s
Measured without flow
Measured with flow 5m/s
Measured with flow 10 m/s
Measured with flow 20 m/s
Measured with flow 40 m/s

[ )

>0 00

i

Helnaholtz Resonator
60  Dim-Resonator:0.03 M, Length:D.06 M

(Transmission Loss (dB)>

TR

3000
{Frequency Hz)

517 4.3 usRINAN1INARE Helmholtz Resonator 1 #a munadusinugueingns D= 0.03m,
H=002m,!=0.06m,d=001m
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gl 4.4 uansnsmuanImaaes Tatld Helmholtz Resonator 1 #2 TunAy
FIUANENAT D = 0.03 m, H = 0.04 m uazConnector length HidueiuAueina ,d =0.01
m ANEN9 | = 0.02 m ﬁmmr’wﬁwﬁmﬂuuunamﬁ’uvhuquﬁnﬂ'\e = 0.025 m QINKANT
yanesasaanidaluiaspnniiszuing 700~2300 Hz %amunqzzﬁﬁ:tﬁﬁmmﬁﬁwmu
Fr = 1474.549 Hz dwiumsmanaslifinnudasy wazidleiinaaiiaan 5,10,20,40 (m/s)

< ; e X4 (R ;
Peak Frequency qzmau‘lﬂ'luﬂ'mm'}unﬁqwu 74 Transmission Loss AZANAY

-— Theoretical without flow

/Y Theoretical with flow 5 m/s
“ — Theoretical with flow 10 m/s
< » H — Theoretical with flow 20 m/s
— = Theoretical with flow 40 m/s
¥ 8 Measured without flow
d Measured with flow 5 m/s
| % Measured with flow 10 m/s
Y 2 Measured with flow 20 m/s
O - “ Measured with flow 40 m/s
Helmneholtz Resonator
a 60 Din-Resonator:0.03 M, Length:D.02 M
:
3 | Measuted
ﬂ S0 0 | Measu 93 B/s
0 s 7 (¥ TS
- A | Measured 20 n/s
E o | Measured 40 n/s
- 40 —| withogit flo
3 i T [With [Iow O [A/S
b ~ | with flow 10 n/s N
£ ; with flow 20 n/s (AR
m —|with flow 40 wrs LQ
g 30 Fr: 1474.549 Hz 1
. 2
~ { 5;
20 e Al
';" @ "‘.\
/ "@ 1"“}., /Y\
10 f’r P/ 2 b
G/ 4 & AN
e e
e
o . A
0 e = ; : 2 e e —
[1] 600 1200 1800 2400 3000

(Frequency Hz)

51171 4.4 UARINANIINARE Helmholtz Resonator 1 /2 1w AduELAUELNA1 D= 0.03m,
H=0.04m,1=002m,d=0.01m
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angUlit 4.5 uansnamuanimanes taeld Helmholtz Resonator 1 f2 munmudu
HUAUEINA19 D = 0.03 m, H = 0.04 m uazConnector length HiduriuAuinas ,d =0.01
m AMNE1 | = 0.04 m ﬁﬁé”qvﬁ'mﬁ'qviﬂuuunamﬁmi'mquﬁnma = 0.025 m AINHANIT
NARBIENNT0AAAEINT9ANRTININN 400~1800 Hz -Tiqmquwﬁq:tﬁnmwﬁﬁmau
Fr = 1042.664 Hz dwfunimasedhiiiaanaidoan uazidlefinaibaan 5,10,20,40 (mis)

' : U : :
Peak Frequency azideulyTueinuauiiNgaau 39 Transmission Loss azA8a

—— Theoretical without flow

*  —— Theoretical with flow 5 m/s
= Theoretical with flow 10 m/s
& D = e —=— Theoretical with flow 20 m/s
——— Theoretical with flow 40 m/s
- NN l[__ O Measured without flow
T 'O Measured with flow 5 m/s
g O~ Measured with flow 10 m/s
- ! 0" ‘Measured with flow 20 m/s
V' 4 Measuredwith flow 40 m/s
Helmneholtz Resonator
S - Din-Resonator:0.03 M, Length!0.04 M
8
o
4 50 0
a
* s
§ 40 ﬂ X
- 3
m S
o —
5 -~
E 30__ Fri:
1S
-
20
10
0 a Sm—
0 600 1200 1800 2400 3000

(Frequency Hz)

51/ 4.5 usAINANIINARE Helmholtz Resonator 1 612 nnadurugugnans D= 0.03m,
H=0.04m,1=0.04m,d=001m
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mngﬂﬁ 4.6 uamINTMHAN1INAREY 1a8ld Helmholtz Resonator 1 7 Tu A
HuAudna1e D = 0.03 m, H = 0.04 m  uaT Connector length Hidutiugutnas d
=0.01 m AN | = 0.06 m ﬁmé’qL'Hwﬁ'qviauuunauLe\'urhuquﬁnmq = 0.025 m :NkA
mmeasgssnnsaeadedlutiosnnliszndng 200~1900 Hz Fenamguijazfinaauin
ey Fr =851.3312 Hz dmiummaneslifianudosn uanilefianu§oau 5,10,20,40

- ' dd X4 S d
(m/s) Peak Frequency qmau'lﬂ'lumunfnnnnq«m N Transmission Loss ATAIRY

—— Theoretical without flow
A ____ Theoretical with flow 5 m/s
——_ Theoretical with flow 10 m/s
D — ~Theoretical with flow 20 m/s
—  Theoretical with flow 40 m/s
O Measured without flow
J - Measured with flow 5 m/s
O Measured with flow 10 m/s
|
A

Measured with flow 20 m/s
Measured with flow 40 m/s

Y

J:

He lneholtz Resonator
60 Dim-Resonator:0.03 M, Length:0.06 M

2 |

\ Measurted 20 n/s

Measuned
Maasurned 5 mw/'s

g;-D@

Measuned 40 n/s

i withoyt flow
with flow 9 /s

40
T Awith ilm 10 /s

.” \ with filow 20 n/s
1 4 T lwith low 40 n/s
30 & I Fr: 851.3812 Hz

(Transmission Loss (dB)

20 § it

X5y

-
o ‘ :}‘-“-
<f [+ S
e
L

o 600 1200 1800 2400 3000

(Freaquency Hz)

317 4.6 uAAIHANNIMAGES Helmholtz Resonator 1 # 1uadutiuauting1s D= 0.03m,
H=0.04m,|=0.06m,d=0.01m
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angulil 4.7 uamsnamiuanimmanes Taeld Helmholtz Resonator 1 aunAidy
tiuAutina1e D = 0.03 m, H=0.06 m uazConnector length Hidusinuguting 1 ,d =0.01
m ArwEna | = 0.02 m Ansadineivieuuunasduriniguingns = 0.025 m kAN
yaaeIRINIInAARE LT3R RTEIIN 300~1600 Hz Femumauijazifianuiiimey
Fr = 716.323 Hz dwiunimaaeshifiarufoen uaniiiefironadaau 5,10,20,40 (m/s)

1 " [N x ) .I
Peak Frequency azifeululuginuAutngsau 9 Transmission Loss a2A189

— Theoretical without flow

D —— Theoretical with flow 5 m/s

L g— H .. Theoretical with flow 10 m/s

- Theoretical with flow 20 m/s

- Theoretical with flow 40 m/s
Measured without flow
Measured with flow 5 m/s

&
O
d ——— (O _ Measured with flow 10 m/s
l' 'I , I - Measured with flow 20 m/s
A - Measured with flow 40 m/s
)

Helneholtz Resonator
60 Dim-Resonator:0.03 M, Length:0.06 M

-~
E ﬂ
E S50
4 : 2
£ M
A 40 an —1 “witHout flpw
Y] 2 T & with T Iow n/s
2 2 —4V with flow 1O n/s
a | ’-: VO with flow n/s
§ QY —=1 with flow B0 n/s
§ 30 f ol Frl: 716.823 Hz
J 1

- ] | 1

10

0

0 600 1200 1800 2400 3000

(Frequency Hz)

gﬂ#l 4.7 UWAMIHANTINAREY Helmholtz Resonator 1 #9 %uﬂmlﬂ'umuquﬁnm\: D= 0.03m,
H=006m,1=002m,d=0.01m
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angulit 4.8 uamnsmuan1manes Taeld Helmholtz Resonator 1 /2 sunmdy
rugudnae D = 0.03 m, H = 0.06 m  uax Connector length Fidurinuguenane ,d
=0.01 m AmEA | = 0.04 m Ansedmimeunadurugutings = 0.025 m a1nKA
nmasssEnnnaa@aslugasraiiszing 300~1800 Hz demumuijazifanauiin
neu Fr = 877.3134 Hz Awsunimmasedhifiromdaan uasilefinnuiaen 5,10,20,40

1 : IJ : 3 R - °|
(m/s) Peak Frequency Q:Lﬁﬂu'lﬂ'lumummﬁﬂqwu %49 Transmission Loss AzANAY

— - Theoretical without flow
— Theoretical with flow 5 m/s
— Theoretical with flow 10 m/s
D Theoretical with flow 20 m/s
. Theoretical with flow 40 m/s

O Measured without flow

[0 Measured with flow 5 m/s
S 4 ¥ O Measured with flow 10 m/s

a

VA

A
Y
=

Measured with flow 20 m/s
Measured with flow 40 m/s

Os

Helmeholtz Resonator
60 Dim-Resonator:0.03 M, Length:0.04 M

© Measured
S50 G Meagured 5 n/s
y Fleasu 0 m/s |
| ] Measured 20D n/s
& Heasured 4D n/s
£
{

{(Transmission Loss (dB>

40 7l without flpw
with T low V-
- 0 with flow 10 n/s
| wmith flow BD n/s
with flow AODO /s
39_. _ Fri 877.314 Hz
20 i
10
s
1] yit
{5 ] 600 1200 1800 2400 3000

{(Frequency Hz)

gﬂﬁ 4.8 UAAHANIINAREY Helmholtz Resonator 1 2 aualduiIuguedng 3 D= 0.03m,

H=0.06m,1=0.04m,d=0.01m
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angilii 4.9 usmansmranmeaes Ttld Helmholtz Resonator 1 # Ay
tuAUENA D = 0.03 m, H = 0.06 m WAz Connector length FifuruAudna1e d
=0.01 m AL | = 0.06 m ﬁm;l’aLihml’qviﬂuuuname\’u:huquﬁ'nmq = 0.025 m AaNuA
nmaaesassaan@eslutasrlissing 300~1600 Hz Semungeiazinaruiin
weu Fr = 716.323 Hz fuiunmasedlifianudanu usziiefiaui§asu 5,10,20,40

GJ ] : 1 & = ..
(m/s) Peak Frequency ‘a:mﬂu'lﬂ'luf.l'mm‘mﬁﬁqwu 44 Transmission Loss A&

R aada Theoretical without flow
—— Theoretical with flow 5 m/s
——— Theoretical with flow 10 m/s
- D » H ——— Theoretical with flow 20 m/s
s Thearetical with flow 40 m/s
O Measured without flow
' Measured with flow 5 m/s
= '@\ .___x_ O Measured with flow 10 m/s
& Measured with flow 20 m/s
d A Measured with flow 40 m/s
Ne |
\J
IE
60 D}&!;ﬁ:ooégtommgtaf Length:0.06 M

40

30

(Transmnission Loss (dB)

20

10

o 600 1200 1800 2400 3000

(Frequency Hz)
31 4.9 uaRaraN1IMAREY Helmholtz Resonator 1 /2 sunmidusiugutingms D= 0.03m,
H=0.06m,I=0.06m,d=0.01m
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angUit 410 usmansmiuanimaaes Iaeld  Helmholtz Resonator 1 /2 1unn
wurugudna D = 0.03 m, H = 0.02 m uazConnector length Fidutinuugdna d
=0.02m ANEN9 | =0.02m ﬁn%«iﬁuiwiﬂuuunamﬁuquuénmq = 0.025 m AINKA
mmmsassusnan@eslugosniissdng 1200~2800 Hz Semumgeijazinaaaiin
vieu Fr =1794.681 Hz dwfunmaseshifianmdoan uazileinamdaan 5,10,20,40

- . alal =kl BeE -'
(m/s) Peak Frequency azifaulilutinupaningelu 9 Transmission Loss A2A84

— Theoretical without flow
~ Theoretical with flow 5 m/s
— Theoretical with flow 10 m/s
— Theoretical with flow 20 m/s
~_ Theoretical with flow 40 m/s
Measured without flow
Measured with flow 5 m/s
. Measured with flow 10 m/s
S Measured with flow 20 m/s
Measured with flow 40 m/s

Q< 00

)
>

Helneholtz Resonator
60 Din-Resonator:0.03 M, Length:0.02 M

50

40

(Transnission Loss dB)

20

10

o 1200 1800 2400 3000 3600

(Freguency Hz)

31l 4.10 ugMINANIINARDI Helmholtz Resonator 1 7 TunAdutiuguing s D=0.03m,
H=0.02m,1=0.02m,d=0.02m
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angulit 4.1 uapanamluanimanes Taeld Helmholtz Resonator 1 ffa munA
HuAudna1a D =0.03m, H=0.02m uazConnector length HidurAudna1 ,d =0.02
m AWEN9 | = 0.04 m ﬁmﬁ?«i’wnmﬁﬂuuunamﬁu:i'\uquﬁnmq = 0.025 m AINNANIT
yaaesenansaanidtslutaANfisEndne 600~2400 Hz %amqu&ﬁ%tﬁmmmi’iﬁmu
Fr = 1269.031 Hz & wFunmaasdhifinuiaan uanileiinanadaau 5,10,20,40 (m/s)

- . FER® qe B3 :
Peak Frequency azideuly/lutupaunngaau %4 Transmission Loss AAa4

3~ — Theoretical without flow
s H —— Theoretical with flow 5 m/s
- - —— Theoretical with flow 10 m/s
[ N Yy — Theoretical with flow 20 m/s
A Theoretical with flow 40 m/s
B O Measured without flow
I h Measured with flow 5 m/s
{ O Measured with flow 10 m/s
- O Measured with flow 20 m/s
() S A Measured with flow 40 m/s
Halmneholtz Resonator
i, 60 Dim-Resonator:0.03 M, LengthiD.04 M
8
3 8 | Measured 20 [n/s
S 24 | Measured 40 |ns/s
- 40 T |without flou
] 5 with iow o
“ ~Tlwith flow 10
- A, with flow 2(Q
0 with flow 4
g 30 Fr:| 1269.031 Hz
:
20
10
o |t Pt

0 &00 1200 1800 2400 3000

(Frequancy Hz)

51/71 4.11 ugAINANTTMAARDY Helmholtz Resonator 1 #9 1w imdurituguenats D=0.03m,

H=0.02m,1=0.04m,d=0.02m
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anguhit 4.12 uamansuAaMMAses neld Helmholiz Resonator 1 M2 Tunmdy
FuANEINe1 D =0.03m, H=0.02m uazConnector length Hidurinuguenane ,d =0.02
m ANE | = 0.06 m ﬁmm:’qn‘huﬁ'wiﬂuuunnmﬁudwquﬁnmq = 0.025 m AMNHANIT
yoaasamnzaan@eslutaseauiszzuing 200~2300 Hz Jennmquasfnaruiimey
Fr = 1036.159 Hz dwummaaashifiaudaan uamiilefinruiioan 5,10,20,40 (m/s)

4 . TSR S = :
Peak Frequency auideuli/lutinuaauingedn 39 Transmission Loss A¥AIAY

[y —— Theoretical without flow
O H - Theoretical with flow 5 m/s
i . —— Theoretical with flow 10 m/s
L = ......_x__. — Theoretical with flow 20 m/s
——— Theoretical with flow 40 m/s
Measured without flow
Measured with flow 5 m/s
Measured with flow 10 m/s
Measured with flow 20 m/s
Measured with flow 40 m/s

[
L J
Daciio

0 s
Helmeholtz Resonator
60 Din-Resonatori0.03 M, Length:0.06 M

|

50

40

30

(Transmission Loss dB)

20

10

0 600 1200 1800 2400 3000

{(Frequency Hz)

519 4.12 uanIHANIMNARS Helmholtz Resonator 1 #2 Tumdutitugudna1 D=0.03m,
H=0.02m,1=0.06 m,d=0.02m
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angufl 4.13 uamsnsuan1mAaes Taeld Helmholtz Resonator 1 /2 1Ay
ti’luquffna’n D =0.03m, H=0.04 m uax Connector length ﬁtﬁuﬂ'mquﬁnmq d =0.02
m A9MEe | = 0.02 m Ansedneiieuuunauduiuguinans = 0.025 m Aneans
nAaeaEANI0aa@sslutaNTisEdng 700~2800 Hz ‘-fm'mnquﬁqztﬁmw'n'ﬁmau
Fr =1413.964 Hz dvfummagsedlifinauieay wasileiinomdasu 5,10,20,40 (m/s)
Peak Frequency q:tﬁau‘lﬂ'lmhum'mﬁﬁqﬁu %4 Transmission Loss azAn

Theoretical without flow
Theoretical with flow 5 m/s
Theoretical with flow 10 m/s
D Theoretical with flow 20 m/s

» ;B “ " Theoretical with flow 40 m/s
1 O Measured without flow
= RS Ll Measured with flow 5m/s
¢ | O Measured with flow 10 m/s
El] Measured with flow 20 m/s
O r £ Measured with flow 40 m/s
Helmeholtz Resonator
" 60 = nin-FIesonator:!].Oa M, Length:0.02 M
g
4 50
g
E 40
: 5
ke
£ L
; A
30 / ¥
-
[ 1
V i
0 f;e
10 =,
LAY S
% o L
0 —— : : {
o 600 1200 1800 2400 3000

(Frequency Hz)

< s ' -«
51% 4.13 uananan1IMAReY Helmholtz Resonator 1 61 wwmﬁumuquﬂnmq D=0.03m,

H=0.04m,1=0.02m,d=0.02m
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& =
a1ngUfi 4.14 uamansminaniamaaed aeld Helmholtz Resonator 1 /7 TwIAIdY

tuANENA D = 0.03 m, H = 0.04 m

WAz Connector length Hidwusinuguena d

v
=0.02m ANEA | = 0.04 m AnsadiviauuunaNdUEIUARENAN = 0.025 m AInkE

"R 4 AT
NINAREIENNT0AAALINT9ANDTENIN 250~1900 Hz Temnamguijasiinaauiii

nou Fr =999.8235 Hz @ miunimmaassliiinnuiiiay uazilleiininudian 5,10,20,40

' EE = :
(m/s) Peak Frequency auidauli/lutinumdnuingaTu 94 Transmission Loss AZANAY

(Transnission Loss {(dB)

20

10

60

-

i

Helneholtz Resonator

>o 00

D imn-Resonator:0.03 H. Length:0.04 H

Theoretical without flow
Theoretical with flow 5 m/s
Theoretical with flow 10 m/s
Theoretical with flow 20 m/s
Theoretical with flow 40 m/s
Measured without flow
Measured with flow 5 m/s
Measured with flow 10 m/s
Measured with flow 20 m/s
Measured with flow 40 m/s

H

40

b ﬁDo

Me red
Measured 35| n/s
ﬂiza%riﬂ I0 "5 |
Measured 2D n/s
Heagured 4D n/s

T witHout flpw

30

With TIow /S |
o witH flow {10 n/s
—  witH flow RO n/s
1 witH flow FD n/s
Fr|: 999.823 Hz

—

600 1200

H=0.04m,1=0.04 md=0.02m

1800

2400 3000
(Freguency Hz)

517 4.14 uARIHANIIMARDY Helmholtz Resonator 1 2 TuAEUKILALENAI D=0.03m,
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angUlit 4.15 uamansmuantamaaes 1aeld Helmholtz Resonator 1 # 1wy
ruAUENa1 D = 0.03 m, H = 0.04 m  uaz Connector length FiduruAutnaw d
=0.02m AN | =0.06 m ﬁmcﬁ’qLﬁﬁuﬁqviﬂuuunﬂmé’ur.huquzfnmq =0.025 m 2MNKUA
namasaranzaandalutornfiseuing 200~1900 Hz emumguijasfinanain
yau Fr =816.352 Hz dwiummaneslifipnudaan uanilefinomiaan 510,20,40

- : T S K
(m/s) Peak Frequency ﬂ:l.aﬂu'lﬁ'lumummﬁﬁqwu 49 Transmission Loss RZARY

[}
—— Theoretical without flow
D — Theoretical with flow 5 m/s
- > H —— Theoretical with flow 10 m/s
——= Theoretical with flow 20 m/s
¥ - Theoretical with flow 40 m/s

O Measured without flow

B Measured with flow 5 m/s
d I O Measured with flow 10 m/s

& Measured with flow 20 m/s

A" Measured with flow 40 m/s

s

Helmneholtz Resonator

60 Din-Resonator :0.03 M, Length:D.06 M
{‘ .
50 ‘ o
} ’
“
40 < Y

{Transmission Loss (dB)

30 M\* : E

20

10

e ===

1) 600 1200 1800 2400 3000

(Frequency Hz)

31l 4.15 UARIHANNINAGE Helmholtz Resonator 1 3 TuradutituAuinats D=0.03m,
H=0.04m,1=006m,d=002m '
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ANl 4.16 uaAINTMHANIINAREY 1ot Helmholtz Resonator 1 6 swnmu
Huguena1e D = 0,03 m, H=0.06 m ua Connector length Hiduriugudngns ,d =0.02
m ANEN9 | = 0.02 m ﬁﬁé’qtiwﬁaviﬂuuunauLﬁur.i'iuquﬁnmq = 0.025 m AINNANNT
nangssmsoamdtslutgosanaiiszning 500~2400 Hz %mquﬁﬁﬁztﬁnnmuﬁﬁ'\mu
Fr =1203.964 Hz dwiunmaaeshifianudaan uaiileiinana§oan 5,10,20,40 (m/s)

P . 4d X 4 = $
Peak Frequency Q:mﬂu'hﬂumum'manwu 4 Transmission Loss A¥AAY

|- -—— Theoretical without flow
—— Theoretical with flow 5 m/s
D ——— Theoretical with flow 10 m/s
H —— Theoretical with flow 20 m/s

— Theoretical with flow 40 m/s
7 T TN
yagd
_ y
O s

Measured without flow
Helmeholtz Resonator

Measured with flow 5 m/s
60 Din—Resonator:0.03 M, Lengthi0.02 M

A
A

Measured with flow 10 m/s
Measured with flow 20 m/s
Measured with flow 40 m/s

bAAS 00 |

~
: ]
T
~
2 30 s
(=]
; l
-§ 40
n 1
' i
- 3
: :' i
] fﬂ\ 1
5 30 Ji ] ®
& —
c AN
() ! |
i s
20 / A W
e 7 T
T
ALY
! \\
10 Ia /ﬂ %x
: &
¥y
o P ——
0 600 1200 1800 2400 3000

{(Frequency Hz)

31171 4.16 UARIHANNIMAGES Helmholtz Resonator 1 #a AU LAUENANY D=0.03 m,
H=0.06m,|=0.02m,d=0.02m
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anguil 4.17 usasnsmluanimanas Taeld Helmholtz Resonator 1 7 1A
tUAUENAI D = 0.03 m, H = 0.06 m WAz Connector length ﬁlﬁumuquﬁnmq d
=0.02m AMMEA | = 0.04 m AndedrTvieuuunaaduthuguingns = 0.025 m aanea
nmeaesannInandeslugasAiiszndng 250~1800 Hz iqmunqnﬁqztﬁmmﬂﬁq
veu Fr =851.331 Hz dwfumsmaseshifiaonioan uaiiiefinuGanu 5,10,20,40

] . o : ] 4 ; 's
(m/s) Peak Frequency azidaulylutinumauiigedu 9 Transmission Loss A¥AIAY

; QS Theoretical without flow
—— Theoretical with flow 5 m/s
—— Theoretical with flow 10 m/s
_._.9___,. H —— Theoretical with flow 20 m/s .
——— Theoretical with flow 40 m/s
&) Measured without flow
L Measured with flow 5 m/s
iz .___x_._ O - Measured with flow 10 m/s
d B Measured with flow 20 m/s
| A Measured with flow 40 m/s
A
Halmaholtz Resonator /
= 60 Dim-Resonator:0.03 M, Length:0.04 M
8 |
" S0 n/s
8 : 75 |
- n/s
E n/s
2ao I e
‘ﬂ i 0O n/s
£ [y 0 e
§ a0 i
hy ~ TAL
v o
50 i | \s
20 ] F" :
10
0
0 600 1200 1800 2400 3000

(Frequency Hz)

317 4.17 UAAINANTINARE Helmholtz Resonator 1 2 1unaduriugugnan D=0.03m,

H=0.06m,1=0.04m,d=0.02m
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angulil 4.18 usnnsuANImARes Tald Helmholtz Resonator 1 &2 A
tiuAudnae D = 0.03m, H = 0.06 m uaz Connector length Hi&urinuAuLna N ,d =0.02
m ANENT | = 0.06 m ﬁm:‘l"wﬁwiwiﬂuuunamﬁumuquﬁnmq = 0.025 m aInuaNIs
NAABIAINIIAARETIUE99ANEITIIN 100~1700 Hz Temumguiiauianauiimey
Fr = 695.109 Hz dmiunimasedhifimuean uazileiinanGasy 5,10,20,40 (m/s)

' ; P , J
Peak Frequency qztaﬂu'lﬂ‘lumunfnuﬁmjwu ‘i3 Transmission Loss QEAIA

A — Theoretical without flow
—— Theoretical with flow 5 m/s
D — Theoretical with flow 10 m/s
s > H1 —— Theoretical with flow 20 m/s
——= Theoretical with flow 40 m/s
O Measured without flow
v O Measured with flow 5 m/s
= - — 42U Measured with flow 10 m/s
9 Measured with flow 20 m/s
d | A Measured with flow 40 m/s
|
L
O s
Helmeholtz Resonator
el s Dim-Resonator:!D.03 M, Length:0.06 M
g n
&
§ 5o _ -
s -
- a
.§ 40 M\ S 2]
. 6% T >
" i i
30 .: ’l_‘_ Fr:
E ¥ ) =:|
o W
20 4 / \
/]}l'll," ?éfr W
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a1nguil 4.19 uamnsmuan1maaes Ineld Helmholtz Resonator 1 /2 TunALKY
ruAuINe19 D = 0.03 m, H=0.02m uarConnector length HiduriuAudnga d =0.01
m A9NENT | = 0.02 m AndadnmiieuULAMA TR 0.025 m X 0.025 m AINKANS
nAfeIEIs0ARAElLda9RNEIENdNY 1000~3000 Hz ‘ﬁ'emunqﬂﬁqztﬁnmmﬁﬁn
new Fr =2170.858 Hz amunmeasdhifiaoudaan uazilefinonuiaen 5,10,20,40

- ; dal X 4 S5, 3
(m/s) Peak Frequency Q::lﬁﬂu'lﬂ'lumum'mnﬁqwu @4 Transmission Loss A¥A84

-— Theoretical without flow
A — Theoretical with flow 5 m/s
D H === Theoretical with flow 10 m/s
— Theoretical with flow 20 m/s
B |} Y  —— Theoretical with flow 40 m/s
Measured without flow
Measured with flow 5 m/s
Measured with flow 10 m/s
Measured with flow 20 m/s
Measured with flow 40 m/s
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60 Din-Resonator:0.03 M, Length:0.02 M
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51/91 4.19 uARIHANTINAREY Helmholtz Resonator 1 /2 1A UALUENA D=0.03m,
H=0.02m,1=0.02m,d=0.01m
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angLit 4.20 uamensmuan1smases Ineld Helmholtz Resonator 1 fia 1w

waz Connector length Hiduriugudnas d

v i
=0.01 m ANE17 | =0.04 m ﬁm‘a’qrﬁ'wﬁwiauuuﬁmﬁﬂmmm 0.025 m x 0.025 m 47N

4 1 1 - 4
uannAReINITaaResludaArnfssin 700~2900 Hz Temamgeaziinaand

fneu Fr =1535.029 Hz awiunismaaashidmouioan uaziiiaiinonuiioay 5,10,20,40

« y j X d St d
(m/s) Peak Frequency ﬁ:l.aﬂu‘lﬂmﬂ“lummﬁﬁqwu %4 Transmission Loss A&ANAY

(Transmission Loss ((dB)>»
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51191 4.2 uaMIAN"INARE Helmholtz Resonator 1 52 IuAduiTUAUENG19D=0.03m,

H=0.02m,1=0.04m,d=0.01m
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angUfl 4.21 uamINIIMKANIMARY 1at1l4 Helmholtz Resonator 1 2 1Ay
tAudna1a D =0.03m, H=0.02m uazConnector length Hidutiugueng ,d =0.01
m AvmEa | = 0.06 m AndadnriiiauuuAvALNIIIA 0.025 m X 0.025 m ANHANIS
naaeEanI0aa@eslugaenmiisyndng 200~2400 Hz "ﬁqmquﬁﬁﬁztﬁmwﬂﬁ'mﬂu
Fr =1253.346 Hz Awsunimmasedhifinmdaan uailefiramidaau 5,10,20,40 (mis)

y : T 4 £ :
Peak Frequency azidaulllutinimuiifigesdu 34 Transmission Loss AR

'y _____ Theoretical without flow

D H ____ Theoretical with flow 5 m/s
= _____ Theoretical with flow 10 m/s
y Theoretical with flow 20 m/s
__Theoretical with flow 40 m/s
Measured without flow
Measured with flow 5 m/s
' &y Measured with flow 10 m/s
Measured with flow 20 m/s
Measured with flow 40 m/s
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Helmneholtz Resonator
60 Din-Resonatori0.03 M, Length:0.06 M
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5117 4.21 UEAINANINAREY Helmholtz Resonator 1 #a suAdutiugueinas D=0.03m,

H=0.02m,1=0.06m,d=0.01m
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{31l 4.22 ugaensuan1smanes Ineld Helmholtz Resonator 1 #ia 1ALy

HUAUENAT9 D =0.03 m, H=0.04m uaConnector length fidutiugudng d =0.01

- :’I L4 i J
m AMHEN | = 0.02 m Iﬂﬂﬂ\'lti’lﬂudﬂﬂLLUU&‘LHGHN?N’WI 0.025 m x 0.025 m |/ NNANTT

4 J d - i °
nagesnsnandesluganaufiszndns 900~2800 Hz Famamaeijaziinaudimeu

©° - ] o J (-3
Fr =1663.975 Hz g miunimmaaasliimnuaan uazdledauiiay 5,10,20,40 (m/s)

< ; 44 X 4 e :
Peak Frequency Q:mﬂu'lﬂ'lumum’manwu I3 Transmission Loss ACARY

{(Transmnission Loss {dB)
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51171 4.22 uaRIHANTIMARDY Helmholtz Resonator 1 /2 Tuaidusuguenats D=0.03m,

H=0.04m,1=0.02m,d=0.01m
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angufl 4.23 uanansuan1mAses Taeld Helmholtz Resonator 1 ffa TwAd
HAudna1 D = 0.03 m, H = 0.04 m Uz Connector length fiduriuguednans d
0.01 m AMENa | = 0.04 m AsadhelviauuLAMALNTIA 0.025 m x 0.025 m 41N
HanMeReENITaan@tslidaIANEIEIINg 260~2400 Hz Temumquaziineaud
fmew Fr =1176.608 Hz dwiumsmaseshifiaaniFoan uaziilefinoniFaau 5,10,20,40

d " P 1 1 o o
(m/s) Peak Frequency qzt‘a'au'lﬂ'lumumwanwu @4 Transmission Loss A2AI84

—— Theoretical without flow

\
" Theoretical with flow 5 m/s
D “ Theoretical with flow 10 m/s
- »  H Theoretical with flow 20 m/s
v Theoretical with flow 40 m/s
AT O Measured without flow
[ Measured with flow 5 m/s
d | () Measured with flow 10 m/s
1  Measured with flow 20 m/s
Y A Measured with flow 40 m/s
S
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. 60 Din-Aesonator:0.03 M, Length:D.04 M
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o v Sufe LY
- A | Measured 20 |n/s
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0 = With (1low 9 /s
n T |with flow 10 n/s
with flow 20 n/s
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51171 4.23 uARIHAN"IMARS Helmholtz Resonator 1 62 uaidusinugudnats D=0.03m,
H=0.04m,1=0.04m,d=001m
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angUf 4.24 uamansmiranimeaes Ineld Hemholtz Resonator 1 fa auadu
Humudna1e D = 003 m, H = 0.04 m  uaz Connector length Hidurugudnane .d
=0.01 m A9MEN | = 0,06 m AndadnrivisuuLAALNTIA 0.025 m X 0.025 m 47N
LANINARSIANANT0aARETlLTaeANTITIINN 100~2200 Hz %mquaﬁw:tﬁmmwﬁ
fmew Fr =960.6967 Hz dmiunmanedliifiacudaan usxileiinanadoau 5,10,20,40

d : aal X g i .
(m/s) Peak Frequency azidauli/lugnuaauifigeu s Transmission Loss AXA8

— Theoretical without flow
— Theoretical with flow 5 m/s
— Theoretical with flow 10 m/s
e S S — Theoretical with flow 20 m/s
= Theoretical with flow 40 m/s
Y Measured without flow
Measured with flow 5 m/s
Measured with flow 10 m/s
Measured with flow 20 m/s
Measured with flow 40 m/s
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“a:‘l.l'ﬂ 4.24 uamIanN1IMAKeY Helmholtz Resonator 1 A9 'nmmﬁumuquﬂnmq D =0.03m,

H=0.04m,1=0.06 m,d =0.01m
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angil 4.25 uaRINTINEANIMAREY 1neild Helmholtz Resonator 1 7 Tumdy
HuAuENa1a D = 0.03 m, H = 0.06 m Az Connector length Hidurugudnans ,d =0.01
m AmE | = 0.02 m Andadnulieuuudwanueng 0.025 m x 0.025 m ANHANS
naneIEnIeaAsslugasaNdiszndng 400~2800 Hz ﬂqmquuﬁﬁ:tﬁnmwﬁﬁqmu
Fr =1400.095 Hz dwiummasashifirudoan uaziiafiaanaanu 5,10,20,40 (m/s)

] P [ B | : ] s : .l
Peak Frequency aztieuli/lutuAnaiigeau 34 Transmission Loss A¥Aa

| — Theoretical without flow
—— Theoretical with flow 5 m/s
~— Theoretical with flow 10 m/s
H —— Theoretical with flow 20 m/s
> — Theoretical with flow 40 m/s
O  Measured without flow
1 Measured with flow 5 m/s
Measured with flow 10 m/s

Y ;‘,
9 Measured with flow 20 m/s
o | A Measured with flow 40 m/s
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gﬂ‘?ll 4.25 UAAIHANTINARDY Helmholtz Resonator 1 #7 11 1adUlUAUENA D=0.03m,

H=0.06m,1=0.02m,d=0.01m
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ang1ft 4.26 uanansran1Imaaes Iaeld Helmholtz Resonator 1 fia 1uneudu
HuAugNeNe D = 0.03 m, H = 0.06 m  UAZ Connector length Hiduriugudnan d
=0.01 m AL | = 0.04 m AnsadnrTvieuLAMALNTINA 0.025 m X 0.025 m 41N
HAN1INARBIANNNTNAARET ARSI 260~2400 Hz ifqmuﬂqﬁﬁﬂnﬁnmwﬁ
fmew Fr =990.0166 Hz fwmiummaseshifirannfaay uavdlaiinanudaan 5,10,20,40
(m/s) Peak Frequency q:t&‘ﬂu'lﬂ'luthum'mﬁﬁqq%u i:a Transmission Loss ﬁ:f;'lm

Theoretical without flow

1 Theoretical with flow 5 m/s
____ Theoretical with flow 10 m/s
Theoretical with flow 20 m/s
o aur BV Theoretical with flow 40 m/s
‘ O  Measured without flow
b Measured with flow 5 m/s
0 Measured with flow 10 m/s
= (ga 97E ___x__ (- Measured with flow 20 m/s
d A Measured with flow 40 m/s
- |
Y
S
Helmeholtzr Resonator
60 Dimn-Resonator:0.03 M, Lenagth:0.049 M
S S
ok ﬂ b :iisu :g 5 /s
B | Measufed 20 ns

o | Measuted 40 (ns
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30__ /

\ with ToW O [h78
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Tl with flow 10 n/s
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T jwmifth flow 20 n/s
/ N

“lwith flow 40 n/s
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51191 4.26 uARINANTIMARSS Helmholtz Resonator 1 #a auadutigueina1s D=0.03m,

H=0.06m,[=0.04m,d=0.01m
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angUfi 4.27 uamansmran1mases aeld Helmholtz Resonator 1 ffa auawy
ruudna1a D = 0.03m, H=0.06m uazConnector length Hidurugudng1e ,d =0.01
m AME9 | = 0.06 m AndadnrlieuuLAmALNTUIA 0.025 m X 0.025 m ANHANTS
nAseENnaAEnluga9ANRTIMINY 100~1800 Hz %munqwﬁﬁ:tﬁmwﬁﬁqmu
Fr =808.3452 Hz AuFuniamaaedlifimonuonn uazidleilinnudaan 5,10,20,40 (mis)

) . alal X e s
Peak Frequency quﬂu'lﬂmmum"mnwgwu ﬂﬁ Transmission Loss 9CA8Y

A — Theoretical without flow
— Theoretical with flow 5 m/s
~— Theoretical with flow 10 m/s
D =~ Theoretical with flow 20 m/s
— Theoretical with flow 40 m/s
Measured without flow
Measured with flow 5 m/s
Measured with flow 10 m/s
Measured with flow 20 m/s
Measured with flow 40 m/s
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50 Measuted 5 W/ s

FEa 10
ed 20 n/s
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t flou
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51 4.27 uanaNaNITARSY Helmholtz Resonator 1 63 Tunautiugudnats D=0.03m,
H=0.06m,|=0.06m,d=0.01m
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Nz 4.28 uamansmrANIMAReY Taeld Helmholtz Resonator 1 fa auawiy
HAudna1e D = 0.03 m, H=0.02m uazConnector length Hliduriugueinans ,d =0.02
m AmEA | = 0.02 m Ansadetviewu@mAtmInA 0.025 m x 0.025 m AINKANTT
yasessansaandedludasasiudiszning 800~2900 Hz ‘-ﬁqnﬁunqnﬁﬂ:tﬁnmwﬁﬁwau
Fr =2025.233 Hz dwiummasedaifinudony uaziiefiannudaa 5,10,20,40 (mis)

' : TERN wx e :
Peak Frequency auidauli/lugnuadnuingedu T4 Transmission Loss aAAY

- — Theoretical without flow
4 — Theoretical with flow 5 m/s
D H .. Theoretical with flow 10 m/s
——Theoretical with flow 20 m/s
2 Theoretical with flow 40 m/s
q O Measured without flow
l [ Measured with flow 5 m/s
U Measured with flow 10 m/s
@ Measured with flow 20 m/s
A Measured with flow 40 m/s
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Y

Helneholtz Resonator
60 Din-Resonator:0.03 M, Lens_yth:o. M
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o 600 1200 1800 2400 3000

(Frequency Hz)

gﬂﬁ 4.28 WAAIKANIINARDY Helmholtz Resonator 1 #9 1uaduruAudna19 D=0.03m,
H=0.02m,1=0.02m,d=0.02m



82

angulit 4.29 uanensmuanimanes Tneld Helmholtz Resonator 1 7 TuAIdY
tugudnae D = 003 m, H = 0.02 m  uAz Connector length Fidurinugueinae d
=0.02 m ANYI | = 0.04 m AnsadnenivieuuUAmALNIINA 0.025 m x 0.025 m 47N
HaNIMAReIENNTNAAGEeluTIANTTIIING 740~2900 Hz %munqﬁﬁqztﬁmmwﬁ
fmew Fr =1432.056 Hz dwunmeaedliiinnudaan ussileiiaanai§aas 5,10,20,40

o ; alal X o = -'
(m/s) Peak Frequency ﬁ:mﬂu'lﬂ'lumumwnwﬁwu $4 Transmission Loss QAR

——— Theoretical without flow
A —— Theoretical with flow 5 m/s
H - Theoretical with flow 10 m/s
—— Theoretical with flow 20 m/s
——— Theoretical with flow 40 m/s
O Measured without flow
03 Measured with flow 5 m/s
(3 Measured with flow 10 m/s
& Measured with flow 20 m/s
A Measured with flow 40 m/s

A

Helmeholtz Resonator
60 Dim-Resonator:0.03 M, Length:0.09 M
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4 o ] L
g'l.hfl 4.29 UAAIHANIINARDY Helmholtz Resonator 1 A2 mmmﬁumuquﬂnmﬂ D=0.03m,

H=0.02m,[=0.04m,d=0.02m



angu#t 4.30 uanansmiran1maaes Tasld Helmholtz Resonator 1 /2 auAdu

diugudngnd D = 0.03 m, H = 0.02 m uazConnector length Fduruguednats d =0.02

v 1
m ANEI7 | = 0.06 m ﬁnﬁwh’wﬁqviauuudmﬁﬂmmm 0.025 m x 0.025 m AMNHANT

a4 - o o
yanesusaandeslugannNfazning 400~2500 Hz Tannamgufjasiiaaandnimen

Fr =1169.269 Hz Awsunimaaaslsiiiaonuiiien uaziliafinuoau 5,10,20,40 (m/s)

i : dal X i s
Peak Frequency aviaeullutinumaudfigein @ Transmission Loss ATAIRY

(Transmission Loss (dB)

20

10

— Theoretical without flow

a0

30

\ — Theoretical with flow 5 m/s
D H ——— Theoretical with flow 10 m/s
- " —— Theoretical with flow 20 m/s
= = _‘E’"— —— Theoretical with flow 40 m/s
O Measured without flow
Measured with flow 5 m/s
d O Measured with flow 10 m/s
; ' ' O  Measured with flow 20 m/s
| A Measured with flow 40 m/s
S
Helmeholtz Resonator
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51171 4.30 UAAINANITNAREY Helmholtz Resonator 1 /2 MAwiuriugutng1e D=0.03m,

H=0.02m,|1=0.06m,d=0.02m
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anguil 4.31 uamansmuan1manes 1aeld Helmholtz Resonator 1 2 muaidu
ruguedna1e D = 0.03 m, H = 0.04 m uszConnector length Hidutiuguenas d =0.02
m AMENa | = 0,02 m AnsdrivewULAWRENIINA 0.025 m x 0.025 m ANHANTS
aaeIgTaanAelugasRNTsT e 800~2800 Hz éqmqqunﬁqztﬁmﬂuﬂﬁnnﬂu
Fr =1595.607 Hz dwiunsmeaedlifinudasn uaziilefinanadaan 5,10,20,40 (m/s)

-l ‘ juf . X { e o
Peak Frequency azideulllugiuaaaulingsdu 39 Transmission Loss AR89

- —— Theoretical without flow

——Theoretical with flow 5 m/s
D ~———Theoretical with flow 10 m/s
———Theoretical with flow 20 m/s
—— Theoretical with flow 40 m/s
o Measured without flow
d & Measured with flow 5m/s
J_Measured with flow 10 m/s
O Measured with flow 20 m/s
S A Measured with flow 40 m/s
Helmeholtz Resonator
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1% 4.31 UAAIHANNINARESY Helmholtz Resonator 1 /2 TwAdULUAENA1 D=0.03m,

H=0.04m,1=002m,d=0.02m
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angulfl 4.32 usmansminan1manes Taeld Helmholtz Resonator 1 2 iy
rugueinana D= 0.03m, H=0.04m uazConnector length Hduriugudnan .d =0.02
m ANENT | = 0.04 m AndadneliewuuAiMALNIUIA 0.025 m x 0.025 m AINHANTT
yaaeEnIasaRndluTaIA NI 150~2200 Hz Femamguliaziinaanudimen
Fr =1128.265 Hz dwiuniamasedhifiamdany wandlefiannudaan 5,10,20,40 (mis)
Peak Frequency Q:L'é‘ﬂu"lﬂuti'mm'mﬁlﬁqeéu %9 Transmission Loss 4R8N

—— Theoretical without flow
——— Theoretical with flow 5 m/s
——— Theoretical with flow 10 m/s
——= _ Theoretical with flow 20 m/s
—— Theoretical with flow 40 m/s
O Measured without flow
\- [0 Measured with flow 5m/s
@
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A

Measured with flow 10 m/s
Measured with flow 20 m/s
Measured with flow 40 m/s
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51171 4.32 UAAINANINARDY Helmholtz Resonator 1 #a TunAIdUHIUALENAS D=0.03m,

H=0.04m,1=0.04m,d=0.02m
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o "
angiit 4.33 wamansmiuanisnases Iaeld Helmholtz Resonator 1 /2 sunALy

waz Connector length Hidurinugudnans d

- : ar ' J
=0.02 m ANEN2 | = 0.06 m mﬂmqﬁhuuawﬂuuuﬁmnﬂmmﬁ 0.025 m x 0.025 m /7N

nanIMAReIaNNsoaaIRelugANRTININY 150~2200 Hz TRMMqEasiinANd

o o - 1l a J = -1
nMeu Fr =921.2244 Hz dvFunimaaeslifinniuiiiay wasilaiingaFay 5,10,20,40

: ¢ e X 4 i :
(m/s) Peak Frequency azidaulyluginuaaulingsdu 1 Transmission Loss A2AI8

(Transmission Loss {(dB>)
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Theoretical without flow

‘ _____Theoretical with flow 5 m/s
D _____Theoretical with flow 10 m/s
< H Theoretical with flow 20 m/s
Theoretical with flow 40 m/s
v O Measured without flow
7] N tr" [0 Measured with flow 5 m/s
7 Measured with flow 10 m/s
d I & Measured with flow 20 m/s
2 ¥ A Measured with flow 40 m/s
¥
S
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51171 4.33 uaRINANIMARLY Helmholtz Resonator 1 /2 TunAduriTuguEing s D=0.03m,

H=0.04m,1=0.06m,d=0.02m
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anguft 4.34 uansnsiuan1manas Iaeld Helmholtz Resonator 1 #a unAwy
HAUINa19 D =0.03m, H=0.06 m uaxConnector length Hidutiugudngan d =0.02
m AwEe | = 0.02 m AnsadhaivieuuuAnatmuna 0.025 m x 0.025 m AINHANTT
nAseIENNTnaA@nIlTIANDTINNY 150~2300 Hz %amquuﬁq:nﬁnmwﬁﬁqwﬂu
Fr =1358.630 Hz dwfummasachifiaanafoay uavdiefinana§ony 5,10,20,40 (mis)

< ' o X d = s
Peak Frequency ﬂ:mﬂu'lﬂ'lumum'mﬁﬁqwu 74 Transmission Loss A¥AA

Theoretical without flow
—— Theoretical with flow 5 m/s

——— Theoretical with flow 10 m/s
— Theoretical with flow 20 m/s
=M —— Theoretical with flow 40 m/s
Measured without flow
Measured with flow 5 m/s
Measured with flow 10 m/s
Measured with flow 20 m/s
Measured with flow 40 m/s
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A

PA®0O
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51l 4.34 uARIHANINARE Helmholtz Resonator 1 i mumdusinuguednans D=0.03m,
H=0.06 m,|=0.02m,d=0.02m
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ang1f 4.35 uamansmiranismeaes Taeld Helmholtz Resonator 1 M2 aunau
HuAUENA1 D = 0.03 m, H = 0.06 m uAzConnector length Hidurinugudnans .d =0.02
m A9mE | = 0.04 m Ansadinsiieuundataeua 0.025 m x 0.025 m AINKANS
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d : dd X - s s
Peak Frequency ﬁztﬁﬂu'lﬂ'lumum’manwu %4 Transmission Loss A¥AI8

A -— Theoretical with flow
—— Theoretical with flow 5 m/s
——— Theoretical with flow_ 10 m/s
D ——— Theoretical with flow 20 m/s
——— Theoretical with flow 40 m/s
O Measured without flow
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v L Measured with flow 10 m/s
Measured with flow 20 m/s
d A Measured with flow 40 m/s

A
Y
L
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z |

|
| L
g A
i\
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&:'i ¥ sl -

o 600 1200 1800 2400 3000
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51" 4.35 uAAIHANIIMNARDY Helmholtz Resonator 1 61 muadusinuguegingns D= 0.03m,

H=0.06m,1=0.04m,d=0.02m
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tuAuENe D = 0.03m, H=0.06 m uazConnector length HiduruAUENA1 ,d =0.02

- : af i J
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= : = a e
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' . e :
Peak Frequency axiaeanluugnuAungen I Transmission Loss A¥ANAY

Y

I
l
|-..

Theoretical without flow
Theoretical with flow 5 m/s
Theoretical with flow 10 m/s
Theoretical with flow 20 m/s
Theoretical with flow 40 m/s
Measured without flow
Measured with flow 5 m/s
Measured with flow 10 m/s
Measured with flow 20 m/s
Measured with flow 40 m/s

Helneholtz Resonator

60 Din-Aesonator:!0.03 M, Length:D.06 M

|

Measured
Measured 5 W/ /s

- N

Measured 20 n/s
Measured 40 mw/'s

(2R Jaln)
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with Tow 5 /s
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with flow 20 n/s
T lwith flow 40 n'/s
Fr:| 784 .4056 Hz
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o 600 1200

2400 3000
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51 4.36 UARINANITNAREY Helmholtz Resonator 1 /2 TuadukNuAUdNa3 D=0.03m,

H=0.06m,|=0.06m,d=0.02m
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anuanIINAsemMgAnssun1Tanidusresgunralaaiieauuy  Helmholtz
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5.2 ABAUBLUEL
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Hraunng (A5).(A6).(A7) uay (A8) tanudaunndeuiiudnsndou A1/A3 lduamail

96



97

. 1 1
T s coskL A1~ Im +=— 1 '8inkKie

Aa e m

A, 1 e

— | = 1+— |m+ — sin” kle (A9)

A, 4 m

WazA" attenuation AlAAINANNIT A4
1 -
Attenuation = 10log,fi+— |m+ - sin® ki, (A10)

4

fudaunns B /A, axldnadian

B, 1 1
I BEin> 1R s pEintl (A11)
A, 2 m

J & 1 . 1 1)
delinsuaznimaseUdad A ALggaTasiele@daanqase 1 auiu

3
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A, B,
e 4 i
Ay B,
' ¥ d s - o i .
AINqA X ATNLG AIANNIENLILATETHRLIBIARLALTINTITEN13InAT attenuation ¢
v
AnRTL
A, =115
10 log ., s + = (A12)
A B,

UNLAT ANNTT (A9) UaY (A11) azldannns (A12)

2
3 [1 + 'L] n + sin2 k1, +

2 m

Maximum measured attenuation =10 log A13)

2
[% Jm +sin K, -},{\ﬁ +rin]m+sin2 Kl
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A attenuation Ae
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Attenuation = 101log,, ||R | — ol B S e (A17)
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Al A1 attenuation 434
wleafidusinig T TN A + AT = Ain
ALMaUNAL vialadey attenuation | attenuation 3R 1K
(WFLuR) CEN (WTLR)
(WTLuR)
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
40 292 4.24 7.16
50 3.52 6.02 9.54
60 4.08 7.96 12.04
70 4.61 10.46 15.07
80 5.11 13.98 19.09
85 5.34 16.48 21.82
90 5.58 2000 2568
95 5.80 2é.03 31.83
97 5.90 30.46 36.35
99 5.98 40.00 45,98
99.5 6.00 46.02 52.02
99.9 6.02 60.00 66.02
100 6.02 0 00
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414

Muffler | a1uu89 1Y I, | 2a | AU C,(ft) | TamsC,

[3 connectors / $ 1N (‘ﬁ’l) ('i-:')) T b1 (ft)
chamber chambers /4 /2
Tube connector to chamber
24 1 1 6.8 | 20 | 0.034 | 0.031 0.0308
25 1 1 6.8 | 20 | .034 | .031 0308
26 1 1 6.8 | 2.0.] 034 | .031 .0308
27 1 1 2.16.| 2.0 | .089 |-.070 0702
29 1 1 6.8 1.0 .009 .009 .0086
30 1 1 66 | 30 | o74 | .064 0644
31 1 1 43 | 20 | 215 | 131 .1309
32 1 4 fa3e| 20 018 | 017 0172
33 1 1 3.0 1.4 .036 031 .0308
34 1 1 128 | 10 | 039 | 032 0308
37 1 1 | ST 00 AR A 6 031 .026 .026
38 1 1 166 | 6 | .066 | 052 052
58 4 2 2B .56 (PoAars | 102 100
59 4 2 1o 1.0 .188 47 .140
60 4 2 3.00 | 15| .164 " | 141 140
Orifice connector to chamber

39 2 1 0.05| 1.0 | 0.296 | 0.157 0.151
40 6 1 05 | 1.0 | .887 | .470 670
47 10 1 05 | 05 | 664 | .369 741
51 1 2 05 | .05 | .066 | .037 041
52 4 2 05 | 05 | 265 | .148 166
56 8 2 05 | 05 | 529 | .296 332
62 3 2 05-1 B8 1 498 A1

- 63 7 2 05 | .05 | .463 | .259 271




ansen N3 wWisudisugedanisfiumen  ATTENUATION

104

199 SINGLE-

o . -
RESONATOR MUFFLER nu TAIL PIPE [AnAn Muffler: C; = 0.261 ft;

V =0.338 ft; c = 2000 fps; ANEIT24 Tail-pipe = 20 in]

Attenuation (dB)
Ao, f (cps) Annlneldrnfiuiueuses | Ausndagldriszn
tail-pipe impedance 199
tail-pipe impedance
20 -0.81 -0.81
40 -4.10 -4.10
60 -9.63 -9.65
80 -2.24 -2.24
100 5.09 5.10
120 9.86 9.87
140 13.67 13.67
160 17.09 17.10
180 20.28 20.29
200 i B 20.37
220 27.08 27.09
240 31.38 31.39
260 Ry A 37.36
280 00 (e 0]
300 38.48 38.50
320 33.14 33.16
340 29.36 29.37
360 26.63 26.67
380 24.45 24.48
400 22,38 22.41
420 20.30 20.33
440 18.27 - 18.30
460 16.00 16.03




A1979% n.3 (sie)
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Attenuation (dB)

A, f (cps) frunnidatldAwiveuses | Aunadaeldrnfitszano
tail-pipe impedance 184
tail-pipe impedance
480 13.37 13.39
500 10.32 10.34
520 6.34 6.33
540 42 -.56
560 -14.29 -17.06
580 -45 -40
600 4.55 4.65
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9T N4 AIME CUT-OFF §1mFL EXPANSION CHAMBERS wuuif [c= 1140 fps ]

I, (cps)
Muffler m 1, (ft) I, (ft) pnlaelszanns | Anfiuiuey
(eq.(A18)) (eq.(A17))
12 16 2 0.10 85.8 86.1
14 16 2 .25 59.9 59.1
15 16 2 .50 44.0 43.3
16 16 2 1.00 31.7 30.6
1T 16 2 25 69.9 60.6
18 16 2 50 44.0 43.8
19 16 2 1.00 314 31.7
20 16 2 1.50 261 25.9
21 - 1 .50 123.2 122.4
22 9 1 .50 84.0 83.9
23 16 3 1.50 21.2 21.2
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@7 B
N1511A1 ATTENUATION 2199 MUFFLERS 4im

RESONATOR

- J - « ' . .
Resonators FUALALAANNITAYWUIUBINITUIAT  attenuation lu single
resonator WY side branch, MvuRANYATIYN (1),(2), uaz (3) AudasluniAnuan n
AU A
- - - A . §
(4) AAuANALWR ST aNTu e lwie la@auasviernides
- o- <4 .‘c =l L7 ] -;-l i ' -
(5) answaresadnuniia tetva lfinatiesunaniduluvianiinisreves viewse
orifices T¥Maeviala@eny volume chamber 184 resonator
(6) AUMMNIEY boundary-layer HAdemHanFuLHEUNAUiuAuTNa
29947 orifice TANTHIAINNAVDIAIINNTLA
d‘d [ -l o T -‘ q: o
(7) U84 resonator MRTUNAEN AzilmauduiusiuANEIARWAEWIE
U T e Pla Vgl
a ) . . =l g % al i -l .J
#{15041A" impedance 194 side branch 8A1 Z = R + iX imealuviaitlniiandu
@en luuuassuuANIY
-: dl ] i o J -l o v :
fqnidausiavaie lusmazanudusialiasuariinezuaides imuansil
Pi v Pra g Pb ~ Ptr (81)
+1, (B2)

ll' g Tre \G 1b
m = -l <
W8 | WAY re MHIEDY NITANNTSNULASASYIRNTEIARLNAY branch, b MNIEDY
gt ; ;
branch, WAT tr wuneie Nt uARUMAY branch. TWuuaszun A1 p = Z |, We Z,
Wl Arudnme impedance T89via AuadaulumenIBIANAULAY impedance,

anaNnIg (B2) Ieeil
e 8 =
ZO (Pr af F)re) = Plr s o _‘ (83)

ar

wigung (B1)uaz (B3) Willudnsdou P/P,, Aall

P Z, Z

PRl . = i i
P 22, 2(R, + iX,)

v
WIzaziu A1 attenuation A
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= 10 log,, (B4)

2 2

Plr R‘b +xb

Attenuation = 10 log,,

. - f4 o
wanelABZUNTNT9Y single resonator muffler wiendnyanmainldlunisiung

V
28|

Co Icy

ol £
quU¥ n.4 uamalaazunsy single resonator muffler

: - » I3 -l wr
UUHUF MDA AT WA impedance fdautsenauvatedau ARUTIUILNTN 1

2

pc
Volume —chamber impedance = j D (B5)
oV
o, . 3 { lc . ('00 lc
Z, = Connectimpedance = A2 V?.ppw ] = + H\bpp (B6)
0

v
C, A8 A1 conductivity ez 1, ITHANIZNILIBIANENITR connector. ALY
resonator WUl side branch T1917m volume chamber WaY connector 'luumm*n?u

’ lC
Ry = V2ppw (87)

3

Ta

X = . ¥ \/2p,p(.0 (B8)

Co @V na’
HBUNUAY Aaunn7(B4), 14i#n attenuation 184 single-resonator muffler.
d .
Tumanensaimiullfuansznuresanuvilainatioanin. f761 JL =0, ax

n13(B4) HAmall
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.
Attenuation = 10log,, |1 + — (B9)
4 2

Tneunudn X, Adwlulddnluanis (89)

CoV
3
Attenuation = 10 log,, AT s (B10)

-J 19 -‘I’ ' -y © i iz n' A’
'-‘mngﬂw 2-18 Aanaxn1se AMAINTATLALNINAINIANIUNEAY attenuation IWNTU

A f
wulifi@inantiaf A1 resonant frequency — = 1

r

: 1 J y -
fuaTedANENaN connector 1, HbitumeazldnFeuifeuiuainenare
4‘ - e ar 3 4 4 L%
ARUAEN, AINANNRTIN (7) ANTLALINEI9TBY connector 1, Wi S, idawiny

: 3
aa9 5195 V, 18R reactance NuAINuiinssil

o S (B11)

o\ Ee¥lc, + 1
kV

= v o sy e
Tunseii connector €1 W% chamber 819 Aslasaaing, aztlszunuAild dagl

S2

L2

i
-

Y

4 v
51 n.5 uanslaazunsunsil connector uuaz chamber 619

tleyurBndaulunisuien branch impedance §1#u chamber wuvila (LiRn

v
AnAnuvila) azlAn branch impedance fail
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p®  pc :
Z, = E ; cot ki, ] (B12)
Co S
#n Attenuation 1#eail
2
1 m
e, itk (B13)
kS,
4 bkl
CG

Resonators WLULUANEFD
A1 attenuation, (i@ M a7n chambers 184 filter wuylisnnia Useneuily

v ]
branch resonators Al uanslnaussoaynsuii 8

2
Attenuation = 8.69 Mcosh’ [cos ki, +i —*__|sink, (B14)
2z,
-
e
7. pc 1
——— - “ 2
N7 o5 | 2mip~ pc
Cy 2TV
Ttunue ‘\/ _‘i"_ = 2™ Yyaninte deuldaai
v c

2 25
——— = =]
2z, dres ot
fe f
ad . o 2T s
Waunuarluaunig (B14) uaslv k, = 1

Vo

f = f
Attenuation = 8.69 M cosh’ [cos —kI, ] e [sin - kIJ (B15)
f; £ fr

fr f
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J o 4 . & o 1 J ' 4 =
INANAUAT hyperbolic cosine il lfuanidluay . AMANNDYEY attenuation

/ chamber wUy multiple-resonator I Waridu 3 faudshia : VeV /28 0, ki, uaz Ve, /

d 1 ar - © [
v (iie £ 3uiu Ve, / V) éuldalugd 2-18 Awanildainaunis (815)

i L
Tuussanynsut D cut-off Idail

fc - c / S 1 (B16)

T |,‘V i 48

,Co

lumena94 resonant frequency TudnnAs (B16) arssadeiu

L R (B17)
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dau C |
nNs11AN ATTENUATION 224 MUFFLERS u
TAIL PIPES

o
Expansion chamber WUILILAEY

4! - . o " . d' .
Weanansungdaulsenaueed expansion chamber NU expansion ratio m W tail

pipe HHAABANETI |,

+
ey
I

O (C1)
, m(A, - B,) (c2)

>
os]
i

MAENa, HATINIBINTTAZVIAUNATIINUAL U8 tail pipe,

-ikl, ikl, -i2Kl,
Ase + B 20 ApF Byl \=rTAN1 58 ) (C3)

-ikl, ik, i2k1,
el o mA T\ AR E ) (C4)

4 gunnsil Idannmen A/ A, fsll

A, \\1 { [ 4c0s 2k, ~2(m — 1)sin 2Kkl, sin ki, ]+ }

1

A, am. L i[26m?+1)sin 2KI, - 2(m’ = 1) cos 2K, sin 2kl ]
TS e
A1 attenuation (W 10 log,, | ™ | 18
et (m?-1)° m*-1 m'-1
S b w0k 2 sin’K, - sin2kl, sin2kl, - 5  cos 2kl sin %(C5)
2m 2m 2m
A
AR cut-off Taslssann axnuldainivun gaavintuauduas A k,
Taetlszann 1dai

sinkl, = KI,
sin2kl, = 2K,
sin2kl, = 2kl

coskl.= 11



o o
HAagWoAa

Q
1

27 1
[m + 5 ]lelt

ol
Resonator LUULARA

AR 184 single-resonator muffler Ll tail pipe enqlaidnnm Tosadl

L |

=l - L4 P
gd'n N.6 LAATILALIDLATRY single-resonator muffler N tail pipe

ANNAT 1
=} . it
. -imp (A, +B,)e A+ B,
21 = —ty = = ZO i
NS Tk BB e A
RMNAMHENAUT
B, 2k Z,- 4,
A Z,+ Z,
iie Z, i impedance 984 branch uas tail pipe luuwasuu fail
Bl Z[ = ZO
A Z+ Z,

o - i
anNIsiaLlinTeIRINAuTIqase Ae

A1+B1 = A1+Bt

113

(C6)

(C7)
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Bt
$4 i
A A
N e, ™
A,
UNUAIRIN ANNIF(CT) uaz (C8) 14
A Z Z,+Z,
Al Z], Zl . ZU
WNUA
4,4
Zb—_=
Z,t4
#in Substitution A8
i o/
Pavn (Y,
" o 55
Z,

i H
EldiAn 2z, uar Z,Z, thllumiluganasil azldA attenuation figunznmildannnns
o - o () ¥ 4 3 J ar -4 i
AuanfiaunIs (A4) Bnsiaeie, ATANNNTMIAN attenuation TWRUTUNTE A Z, (Tl

AN reactance WAty uazHaTINTBINIALRulALRIUA tail pipe Wuwiutanedna 16

-
U

A

A, ZoliX,

LA

e 2(Zyl X)) (Zo! %) (B %)

=1+ . S A T (C9)
(Zo/ X)* + 1 (Zy/ X)* + 1

‘Al

A

-J o ar . L . .
NITUNUN, ATUTU single-branch resonator N tail pipe azls

ZU
-)—(‘ = cotkl,
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g = K~

A

NARAWET L6

—y

f
,J;/ f sin 2K, \@ £ sin 2K},
+

SO\ L/ S AT,
ONE RN/ Ry

J ' o -J iy ar Le
mmnmu’lﬁmnmsmuumuammmmﬁummm:mm*\nﬂums (C10). snuAuel

(C10)

Attenuation =10log,, 1 +

e
Fuasail

- (&
tan kI, =-2s[ . } (C11)
cy . kV

1 & i - .G v‘ i -J 1 N
A1 attenuation Milugudl dmdudn k 107 Huadluimimelaanaunsil
° o -J 3 o g
duiuadnuidae cut-off aunisunamasai Al laeszannlls
tankl, = Kl

t

ar r-il 4
HAANEN 161




d9u D
N19994NY
Two resonators tuned at different frequencies

- H : 4 4 1] Lo
galaazunsy Nusenauly muffier 394 @24 resonators NiAHUDWANANNAY

uamaAagLineans

B L

=l : = ] P
g1 n.7 udnslnezunsaiild Resonators 2 g9 IRANADUANANY

auyRgLmIaUTY single resonators TumAnian n # C

A Zy Ly L
Ay Z, 23t 4
A Zs Liv 4 4, +Z,
Ag P Al 4% T 27,
Wi z, = z, Aariu
-ikl,
A, = Aspe
AaTU
Ik,
A, A, e i A e
a6, b
As A 2 e Sk Z,
=

et aly v X
A1 impedances RlAanann1siAe

116
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ZoZs
Z, = i et : (D2)
Lt 4
Zy Z,cos ki, + iZsin kl,
= (D3)
.45 Z,cos ki, + iZ,sin ki,
ZZ
zZ, = — (D4)
Z,+2,

AN attenuation AT lALANSUNUATENNAT (D2),(D3) uas (D4) luaunas (D1)

uaxldgas Asil

A1 2
Attenuation = 10 log,,| I (D5)
Ag

#1An984 branch impedances Tl rznauanusiumiu sxldnadail

1 [RIHZREHZ, 06+ XJ 141 (R X, + X0 X (X4 X, ]

A,

= = T ; (D6)

A § [R,X,” cos K+ Z X, Ry sin ki 1+i Ry X, + XX, (X % X,) Jeos K-

ZoX, (X + Xy )sin ki
e
Z X2 %)
T UZ2+ XD)cos 2K, - ZoX, sin K|, 17+ X sin® K|
Z, X (2, + X )cos 2K+ 12 (Z," + Z," X )sin 2k| (D7)

X, =

[(Z) + X, )cos 2Kl - ZyX, sin kI, 1°+ X, 'sin” K|

The resonator Wae expansion chamber

mlulaazunsnuamsdausznauaes muffler 39N expansion chamber WaAN

pagLATuae



A
Jret

A
@

\

1345 :

=

<l 1 ar :
sun ns uanalnazunsugoulsenauees  muffier AN expansion chamber

d =
lugaidendl 1 40192 boundary LAMAAIT

A, + B, = A, +0B, = A, + B, (D8)
S(A, -°B) = 82(A2—82)+ S1(A3-Bs) (D9)
@uNnAg (D8) uas (D9)
w5
A= _ LA, - Bl A, (D10)
&
A5 side branch
P, -pw (A, + Bz)eiml pc A + B,
Zz P 2 it L .5
I, -kS (A, =B)e S, A - B,
16ian

pc pc

P A SOST ¢ VS RSN O (D11)
82[2 SZZZ

gnaunis (011) ldunusnluaunis (010), Ionadn 7201
A
B w e el SACH L) A
o8 87
o ikl, -ikl, Pc
PNUUA, = Ae ,B,= Be g

v
and =2, dwrsoduuduannisidneg
1

118
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z K, Z, -kl
A, = [1 P Be | (D12)
2 2z,

lJ J b 2 1
wranmanieseaminedaldidle 1 wer 3 anauns (A9) uas (A11) unueilae 4

1 v
UAT 6 , MNAAL Fadu ERTdau A, /A, WaY B,/A, @ w1sndieu Al

A, 1 :
— =coskl,+ 1m+___ {sinkl, (D13)
A m

3 1 1
= -l -— | sinkl, (D14)
Aq 2 m

-‘ ar - Y ar
Waunns (D12), (D13), ua (D14), NdRsdauses A, / A, Heulsissi

Z, 1 1 v Z, 1 1 - ik,
+ cos M +1 TT{m+ ~sin ket AT~ |51 TT(mit TT)siRkig fe
2iX,J L 2 m 2iX,, 2 m

1 1 L -2ikl Ik
={E-i—z-?-] E:oskl;i-— (m+—)sinkg|--zo—(m-- )sini-deeI l} 2
2X, 2 m 4x,, m

¢

- i 1 Z, 1 <
coskl+~  (m+_.)sinkk-"" (m-__ )cos 2Kkl sin ki +
4x, m 4 m
< >
& 1 1 Z Z, 1 ol
il:— (m +—)sin kI, - — cos kI, + — (m - — )sin 2K|, sin kl;| )
2 m 2X, 4X, m

AN attenuation az s

2

A

A

Attenuation = 10 log,,
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s )

Z 1 Z 1
cos kl, + — (m +— )sin kl,-— (m - —) cos 2k|, sin kI,

ke 4 m m
=10 log,, % 4%, (D16)

75 2

1 1 P Zy ‘|
— (m + — )sin kl_-—— cos kl_+— (m -—) sin 2kl sin kI
t o T e ’
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Program DAVIS

121

dmiuTsunsu DAVIS Wulisunsy WaudlyauianainannIsazRaunaLLes

dl J - : ] dl -I: . ] d"
AKUNINATUIETNINNITNAREN Tediduneussialiil

REM
REM DAVIS CURVE TRANSMISSION. LOSS

REM HELMHOLTZ RESONATOR
REM MR PRAMOT RUANGRIT

REM
REM D = 30,d=10,1=20,H=20

CLEAR
INPUT "DATA NO.", DANO

FILE$ = "DATA" + RIGHT$("000" + MID$(STR$(DANO), 2), 3)

INPUT "DATA NO KAZU=*; DK

V = 3.52E-06

D=30

R=10

H=20

FR = 1924.46

TL=13.09

DIM B(5, DK), X(53), Y(53)

GOSUB 50

FORC=1TODK

GOSUB 9

9 B(0, 1) = 1800: B(1, 1) = 113.69: B(2, 1) = 107.67
B(0, 2) = 1820: B(1, 2) = 112.36: B(2, 2) = 110.62
B(0, 3) = 1840: B(1, 3) = 111.22: B(2, 3) = 105.95
B(0, 4) = 1860: B(1, 4) = 100.35: B(2, 4) = 95.49



B(0, 5) = 1880: B(1, 5) = 96.82: B(2, 5) = 85.76

B(0, 6) = 1900: B(1, 6) = 95.58: B(2, 6) = 81.28

B(0, 7) = 1920: B(1, 7) = 99.78: B(2, 7) = 87.17

B(0, 8) = 1924: B(1, 8) = 101.85: B(2, 8) = 85.91

B(0, 9) = 1940.4: B(1, 9) = 110.42: B(2, 9) = 80.48

B(0, 10) = 1960: B(1, 10) = 102.15: B(2, 10) = 82.43

B(0, 11) = 1980: B(1, 11) = 100.17: B(2, 11) = 84.49

B(0, 12) = 2000: B(1, 12) = 95.52: B(2, 12) = 86.57

B(0, 13) = 2020: B(1, 13) = 95.52; B(2, 13)=88.75

B(0, 14) = 2040: B(1, 14) = 95:23: B(2, 14) = 89,51

B(0, 15) = 2060: B(1, 15) = 93.25: B(2, 15) = 90.56
B(0, 16) = 2080: B(1, 16) = 95.3: B(2, 16) = 93.42
B(0, 17) = 2100: B(1, 17) =95.3: B(2, 17) = 94.62
NEXT C

REM YN1

10 PRINT "DATA OK (Y/N)"; : ANS$ = INPUTS(1)

IF ANSS$ = "N" THEN INPUT "NUMBER OF DATA =", C: GOSUB 32

IF ANS$ ="Y"THEN 11

GOTO 11

REM HOSEI

11FORC=1TODK

B(3, C) = (B(1,C) - B(2, C))

DD = INT(B(3, C)): IF DD > 53 THEN DD = &3
IFB(3,C)<1THENDD =0

B(4, C) = X(DD) +(Y(DD) - X(DD) * (B(3, C) - INT(B(3, C))))
B(5, C) = B(3,C) - B(4, C)

IF B(3, C) <= 0 THEN B(4, K) = 0: B(5, C) =-B(3, C) - B(4, C)
NEXT C

122
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PRINT TAB(15); A220 - 10

11.1 PRINT TAB(15); USING "V=### ########[m~3] ", V
11.2 PRINT TAB(15); "Dim.Resonator ="; D; "[mm]"

11.3 PRINT TAB(15); "Re-long ="; R; "[mm]"

11.4 PRINT TAB(15); "Hole ="; H; "[mm]"

11.5 PRINT TAB(15); "FREQUENCY ="; FR; "(Hz)"

11.6 PRINT TAB(15); "TRANSMISSION LOSS ="; TL; “(dB)"
FORC=1TODK

12 IF C = 1 THEN PRINT TAB(30); "GENSUI SOKUTEIEI"

13 IF C =1 THEN LPRINT TAB(15); " 5

14 IF C = 1 THEN PRINT TAB(15); "SYUHA HOSEIGO IN(dB)  OUT(dB)

SONSITU HOSE!*

AS = "Bt HE

15 PRINT TAB(15); B(0, C); USING A$; TAB(23); B(5, C); TAB(34); B(1, C); TAB(45); B

(2, C); TAB(56); B(3, C); TAB(65); B(4, C)

16 IF C = DK THEN LPRINT TAB(15); " 3
NEXT C

REM YN2

20 PRINT "DATA SAVE ?(Y/N)" : ANS$ = INPUT$(1)
IF ANS$ = "Y" THEN 30

IF ANS$ = "N" THEN 31

GOTO 30

REM DATA.SAVE

30 OPEN FILE$ FOR OUTPUT AS #1
FOR1=1TODK

PRINT #1, B(0, 1), B(1, 1), B(2, I)
NEXT |

CLOSE

31 END

REM DATA.TEISEI



32 PRINT "f(Hz)=",

DATA.SET

B(0, C); "IN(dB)="; B(1, C), "OUT(dB)="; B(2, C)

40 PRINT "NO." : PRINT USING "##"; C;

INPUT "f(Hz)="; B(0, C)

INPUT *
INPUT *
RETURN
DATA.READ

50 RESTORE 100
FOR|=0TO 53
READ X(1), Y(1)
NEXT |

RETURN

IN(dB)="; B(1, C)
OuUT(dB)=" B(2, C)

90 REM SET DATA MEASURE

100 REM DD

DATA 0.00,0.42
DATA 0.42,0.92
DATA 1.40,1.75
DATA 1.75,2.15
DATA 2.15,2.55
DATA 2.55,2.82
DATA 2.82,3.10
DATA 3.10,3.38
DATA 3.38,3.67
DATA 3.67,4.05
DATA 4.05,4.25
DATA 4.25,4.45
DATA 4.45,4.62
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DATA 4.62,4.75
DATA 4.75,4.90
DATA 4.90,5.05
DATA 5.05,5.15
DATA 5.15,5.25
DATA 5.25,5.30
DATA 5.30,5.40
DATA 5.40,5.45
DATA 5.45,5.55
DATA 5.55,5.56
DATA 5.56,5.61
DATA 5.61,5.67
DATA 5.67,5.70
DATA 5.70,6.73
DATA 5.73,5.77
DATA 5.77,5.80
DATA 5.80,5.82
DATA 5.82,5.85
DATA 5.85,5.87
DATA 5.87,5.89
DATA 5.89,5.91
DATA 5.91,56.92
DATA 5.92,5.94
DATA 5.94,5.94
DATA 5.94,5.96
DATA 5.96,5.97
DATA 5.97,5.98
DATA 5.98,5.99
DATA 5.99,5.99
DATA 5.99,5.99
DATA 5.99,5.99
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DATA 5.99,5.99
DATA 5.99,5.99
DATA 5.99,5.99
DATA 5.99,5.99
DATA 5.99,5.99
DATA 5.99,5.99
DATA 5.99,5.99
DATA 5.99,5.99
DATA 5.99,5.99
DATA 5.99,6.00

1. fleudieya Frequency (Hz) dasivnnnsmaasssmaun = 1,2,3,......n

2. tlaudienaues Peak Ak LUt Resonator Aldann1siufinuammaaes Tng
#7UAYRN FFT Analyzer (dB)

3. flaudinynuos Peak MRRKILuMAIHIU Resonator fFaanmistufinuanimanes
{agsinuA9n FFT Analyzer (dB)

4 ydantlaudayaiaiaudarianas Run unvBdayRazURAIAaLT 9.2

5.Program acWifleudnudeys DATANO.= ?

6. Program aWillanudnuntdieyaaientfunaaInnnmAses DATA NO KAZU = ?

7.Program azWtludwirdayagniasvialu DATANO(Y/N)

8. Program qzuﬂmua‘um%qa 40 SYUHA = Frequency (Hz) ,HOSEIGO =
Transmission loss(TL),SONSITU = Different eediayasuminaznda Resonator WAL
HOSE! = DAVIS Value AaAny3uufilazui 9.1

8. Program arWitludunistiuinuaasdieya DATA SAVE (Y/N)
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(4.3

" Cotroclion ¢
o

u i ) |

Truo of tcn\;si-iim = t4casured allepustion ~ Corcggllon .
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32

<0’ Thag:
tieoswr od “eifcnuolion  db

=l ! % ~A j
gUN 2.1 Awdlamanngnsinsannisinan attenuation

“aFinished - Miciosoft QuickBASIC

Auto

DATA NO.? 17
DATA ND KAZ2U=? 17
DATA OK (Y/N)

HOSEIGO
0.156
8.711
0.589
2.009
2.615
6.075
6.255

10.59%6

23.772

12.836
9.062
5.111
3.021
2.186
8.5086
8.918

DATA SAVE 2(Y/N)_

IN{dB)

113.690
112.360
111.228
160.350
96.820
95.580
99.788
101.850
110.420
162.158
100.170
95.520
95.520
95.236
93.258
95.300

OUT(dB)
107.670
110.620
105.950
05.498
85.760
81.280
87.170
85.910
80.480
82.430
84.499
86.570
88.750
89.510
99.560
93.420

SONSITU

6.

1

I
11
14

29
19

020

740
75
.368
060
.360
144
15
948
720
152
8.
78
728
690
.880

278

610
940

680
958

HOSEI
5.804
. 029
681
.851
445
.225
.355
344
.168
.884
.618
.839
749
534
184

—_—

4
2
8
8
6
5
b
]
6
3
3
3
2

=l o v
31.]“ 9.2 Llﬁﬂdmﬂnﬁ?ﬂmﬂﬂdtmﬂn"l?ﬂﬁ‘uuﬁ”ﬂu‘lﬂﬂ’)’mqnfﬂﬂd
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Abstract

This paper indicates the acoustic characteristic
of noise reduction. The Helmholtz Resonator can
- be adjust volume and located on the wall of
circle duct and square duct which are used for
attenuation  the noise of particular frequency

regions. The transmission loss(TL) equation

derived from one- dimensional theory. The

calculated of transmission loss  characteristic

is compassion between

experiment with and without velocity flow at room
temperature. The result of experiment found
that volume of Helmholtz Resonator has the
acoustic characteristic of noise reduction. Less
volume can reduce noise at high frequency and
high wvolume makes more band width at

frequency of noise reduction.
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Tumsfnsamunge] d19fs One -
dimensional sound waves §JHIuYie Ducts laidl
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maUaunAunniiae (Cross - Sectional Area)
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Pressure P
Zo = S
Volume Velocity = U
p z
= P S (1)

¥

4 T o : -

HBINNABIVUNY Cross -Sectional Area fIUW
¥

Total Acoustic power — fiUsznauaglu Plane

W=1xS=(plpoc)x S = plZo @)
2.1 Helmholtz Resonator

Helmholtz Resonator (iwidnsiinthanly 9=
Ysznauday Volume lauifeudeszninvionay
@ing Whiuvia  Aienuma | dsdamasuies
wazAMuTaNasyi i Connector length. 1UAEM

1

e "'*'-—;:Sb
Volume Zb
\'
Resonalor T
Pb
Blt‘
I i w 22| le
y \ Pi ":-._‘.‘:-‘_:-E‘\’
C. °|. ___) e '
# i Pr Zo iy Pt
u'\ | AreaofDuct

+f 1 Schematic diagram of Helmholtz Resonator

z :
IWWENMT Transmission loss without flow 16
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2
Zo

TL=10log 1+

4Xb

WREANNNT Transmission loss with flow w1ld3n

2
2 | x0l a-m'] xo
M1+ M) H = |[- o
TL =10log Z G
Xb 2
' o
Zo
Lﬁﬂ M fi& Mach number
-l
Wdla
W Ll e fr le
2L B0 ke o iy -gy O
- v
WAz ATYA resonance 3z 14
s C -
0 LT (6)
2T V.le
Ua le =1+ fd

\{la Zo e Characteristic Impedance
B fia coefficient 783 Connector length
C fia Sound velocity
S fia Cross - Sectional Area 183 Connector
So fi Cross — Sectional Area 189 Ducts
V fis Volume 289 Resonator

le fi & effective length 483 Connector

2 3)

(4)
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31.!'?!'2 Attenuation values for Helmholtz Resonator

Transmission loss Aimamiolienlsedulufied
ot (rises to infinity) t4.A 1WA Resonant f /.fr = 1
th effective length Y847 | Lifwipane
WouFuufsuiuemumaiwios

% qﬂmdﬁ‘lz‘ﬂummaam

3 3 qﬂmrﬁmaauhu%’u without flow

;njﬁ 4 gunvainasasdmmIy With flow
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4. 38mMImaany

v‘mgﬂﬁ 3 uar 4 efygnuEsInnunes
Aufiaiius Oscillator #w Amplifier YENUFTYGIMH
\®9 uazdw Driver Unit senfwisadnlulu
ruute  FesfiFsafetuiienuiiuluszuurie
nUuly Microphone ARG QOUREIHY Probe-
tube lapdasiroudundinidn Resonator us:
#unuInda Resonator laugmue1In FFT
Analyzer BeazuUaIFYIMAMUAWEDY Tufin
wammmaasddumidiuadiua (dB) uaxvims
Wasudanuan  Oscillator wewg ANuA uas
doyadlduivuilaslsnqujves Davis
curve tﬁa‘le‘a’mﬁgnﬁmuﬁﬁm’n%ga TL 31 Plot
nmWItugunung s Transmission loss(TL)

5. HAMINAADY

gﬂﬁ 5,6,7,8,9 URZ 10 LEAINANTNARDINGA
niTuiioyvesguninianifiuy Helmholtz
Resonator Iagldviadudusuuunay idurhugud
R 0,025 m uazviBWIRBILLURMALY 0.025 m
x 0,025 m lauld Resonator tdurugudngw
0.03 m #39z Vary 24 400 ~ 3000 Hz
Duct Dim = 0.025 m

D | h| Resonator Dim = 0.03 m
3¢ h= 0.02m
I | 1=0.02m

U=0,5,10,20 40 m/s

Helreholts Resonator
Din-Resonator!0.03 n, L

3 ”-‘d"O

&

(Transnission Loss (<8)

B
3

o 1200 1800 3400 3000 00
(Fraguanay Hx)

3117'1 5 WRAIWOANTIUMIRALEDY without flow URT
with flow FUNTNRAELINTINE 1923.729 Hz



Duct Dim = 0.025 m
h| Resonator Dim = 0.03 m
h=0.04 m
1=0.02m
U=0,5,10,20 40 m/s

0 Din-Rasonator:0.03 Langth:0.02 K

(Trananission Loss (a8)
& 8
N lemdoe
RESEER:
.4 ;: 44
| 158
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s |
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VAN
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: ;n]ﬁ 6 WRAINWOANTIUNIRALRLY ‘Without flow UaZ

00 1300 1800 2400 3000
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with flow SaNTNRALREIANND 1360.28 Hz

Duct Dim = 0.025 m

Resonator Dim = 0.03. m

i

h=0.06 m
|=0.02m

U=0,5,10,20 40 m/s
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Halnaholtz Rasonator

. 39 ___ Din-hasonator:0.03 K thi0.02 M
; ” 5 ﬁ 1B
= | —HESR e
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e N

-l - -
JUN 7 uEAINDANTIIMIAALELY without flow uas

ey 1300 1800 2400 2000

(Fraguancy Ho)

-
with flow funInaaiuInul 1110.665 Hz
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Duct Dim = 0.025 m X 0.025 m
h|{ Resonator Dim = 0.03 m
h=0.02 m
1=0.02m
U=0,5,10,20 40 m/s
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Halrnaholtz Resonator
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(Transnission Loss (d8)

Duct Dim = 0,025 m X 0.025 m
Resonator Dim = 0.03 m

D |h] h=006m
e
| =0.06 m
U=0,5,10,20 40 m/s
I
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6.1 (afnyNgAnITuMIAALEDILeY Helmholtz
Resonator ':'1mmmaaiﬁuﬂuﬂwmwﬂdw-j
iwld snuammasssaaiioudnlumungs]
Transmission loss (TL)

6.2 Volume 783 Helmholtz Resonator Hauq v
mmmamﬁm‘lé‘lwﬂ'nmwﬁgo us: Volume
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6.3 Connector length tvzaaNInaaLEsdldgal
band width AufiANNT1 Connector length i
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diFEssuuUEmaDy
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