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Effect of Gas-Filled Cavity on Frequency Response

of a Pressure Transducer

°Kwan Hyoung Kang, Mu-Yeol Lee, Young-Gi Kim

ABSTRACT

The resonant frequency of a gas-filled cylindrical Helmholtz resonator in a liquid is
obtained analytically. The equation of motion of the resonator is derived by using the condition
of equilibrium of forces acting on the mass in the neck of the resonator. The reaction force on
the upper side of the cylinder due to the acceleration of external fluid and sound radiation is
obtained by using the analytical results for the baffled circular-piston problem. From the
frequency response function of the resonator, a formuia to predict the resonant frequency of the
resonator is derived. It is shown that the resonant frequency of the Helmholtz resonator
significantly decreases due to the cushioning effect of gas inside the cavity. Therefore, when a
pressure transducer is to be installed in a pin-hole type mounting method, much care should be

paid to remove the gas from the cavity.

1. ME

FFM A28 2 ¥ HE OF HF ¢
Yol A&A] AAM¥E Fig. 13 Zo] A2 HY
& A A X (flush mounting) &) Ay} U E(pin-hole) v}t
A& B8 489 + Ao Fig. 1o Yepd v
Zo] RESONALS] TC4050 #2 +=FH 7 A
Hol W7l WE GF AAS: #Fd o #
718 BEE ¥|F 4 AEFA F0FH Esisol A
3lg £ ooz HE Hgz HXFHe Aol vl
#A 3l

Aut zzdy sluigolMd] g3 KEEe 7

HA4FTA(EF) RUEJEATL

A 2¥4de A9 Fig. 29 L ez W
TUY AME A3 AZFEY. ade o] 9
2¥He 2d FEo) st AXME Hol BH
A dAdte Aol A9 Brbsdtet ofd wahA
Arxel & I §F nde Hassr] A3
o AME ZRA HE2 ot Soj7iA AR
= @k o] A AM FA Aleld A= A
Blgldle 27]1%H 7127 A9A UE FE AL
Bdel e e 7IEEC] ARIERE RAE
Z1E7F AHAA 8 F= YA Dok

FFAA AME BE ¥HE HdA3AY F&
e AulE Wi dxsted oiM EA7 2
& de AL g F7)7 A doe R



. ol A% JlEE AN AuElst 4% 49
45 Zgo] satel @ Bolu 717 AAA
Qe A9l Hlste A2y A Fosst 2
WY & AUtk B AFAME olsh o] AulE )
2ol JEA 4™ AZAY ANe Fus 9
E40] wAE el ek nFE B3ITh

2. HA8

HEE (7, 0,x) 9% FHAE A_3FI(Fig. 3
ZFx). Mulge HUAY ol 2% (rigid
baffle)el]l x50} Sle AeE ZHAHEY. & RE
< 95y ¥44g Zou WAL, B9 Holes
A2 ez, Avie)e A3e vE 2374 Jehd
o} "ol 49E 9% £F d9(x> 0, & 99
(—h<x<0, Irl<a), AHE G99 4 FHLE
o ztzbe] B9 Aol tE v A
A e Aoz ATz Yo YoMy <
AES 8 A A HA 1, 2, 3& EAA
Yehgizl2 s &% {3 RBP4 diside X
& AFs= g @k

A AN FHS FAgoz PFEHIUOY
gt Axel F2 AFol 8 FFe ZAHA
o =3 AA AZAe Wk (sensitivity)E 93]
o gAKel 4AF AR AU B FY9
fFA &AMl 9F EFde FASHD, FAHY
AHzRE & 998 AT de KA «
Z ygozo Wge wHE JeirIZ Fio.

B dFdAEe 97 A9 52§ gie Ao
2 1F39 FelEE /pxlEe (¥ AvE=R
2E 42 dAarsEe Sotd disiAMe 3%
. gepr R FE5Fe AL ggn 2
2 35 WAy He] Aok

2

vip —
Holld = ¥ FAdAMY &9e HAE £k
o, 4 pe ol o] A RO UYd F
i}

p = P+ ppt pr. @
el X pe FAsAl 28 & JEhdg. AL
Bde ganz sM¥sn elged dxez il
g Jeeke mE . =,
pi(x) = Pi(me ™, P(n=Pe ™. (3
P x =09 YA A virtzme] 9% Y
& vehlie HHdMe FA 218 ogd ok

3 p+
_jg%x_@l — 0 at x=0. @)

pre AMIE & 949 £A9 H2g &5 o3
fFaEE 4898 Jeldo 98 oo 28 2 F
of gt WAL E A (radiation problem) £ &} 4] 3}
T3zt o] of FM2E FHAMY FA FHe&
oS #o.

2
—p—%—fzg‘, fr<a x=10

= (5)
0, ifr>a, x=10.

dbr
ax

3. 8l

YUAITHe) 4HgE FA) (scatiering problem) &) 2
A4 (DY A AT 4 @ A 231E
BEAE sl o 2ok

Pt op= P,(e®+e *) e ™ = 2P coskre .

©)
WAL EAE 71Ed 3 ¢gEd 98 g
(baffled cylindrical piston) A9 FU3A H3E
T At} o] A Fo] RAHL J)FE FHE
A8 vet ooz FA% sy HPge s
I 1 FAghg o) g3z it AA FAWe
T5E oS3 2ol vehiv

7;) = :‘(H(a"'f). ~l = —wzwm (7)

-786 -



1A He Heaviside @4olch. $le} e 4%
H2ge] &5 & FEEe AR(x=0)M49
¢ 3 gopt

~Jdynlira) ‘(’(,CZ’_)%’[Z) dy ®

pe(7.0) = ipxe A

el el gl B Fde s 9% ®EW
of 7lsiAe L offigt Zo] B HES T3
e

Fr = 27rf:pR(r,0) rdr

I (ra)
7(k2 . Y’Z) 172

®

= 2mipya’ J[; dy

Fpe 9838 Zo] 7I&xd v sie A&
zo} H#3e Aoz BEast sbedith

r

It

Fr (R—ioMw = (R—ioM)~ iw)w

10)

Mw+ Rw

ANN Mie 9% §A9 A&l o, Rk
£¢ BAd 93 247 5 99 A AHAE
Yolw, M, RS #2 thes 2o

ona’H,(2ka)
Y
(ka)’ (11a,b)
J1(2ka)
R = pcnaz[l—-l—/;;-

oA j& 9 Bessel g JER) 3,
Struve §4-oln) thg3} o] Feojhny®

&

_(x\P & (= D" (x/D*
H\(x) = (g) ,,Zb Nn+3/2)(n+5/2)

12)

"ol ¥7h AF AN B ARDE o
&3 2ol Aot

M - H1(2ka)
ona’ (ka)®
_ R _ [1 _ Ji(2ka) ]

ocra’ ka

(13)

4 (10 A5l B 39l 9 B HBFE I
(Fp & Bt gobdn

Fy = S[p00, 8+ pp(0, D]+ Fpr a4)
= 25pA0,H + Mw+ Rw.

g, siulEe B FE9 fAd AFL oE
2 2o

m = p,Sh. (15)
2] wfe) sHulE AMH W3eE gV = Sw
o] AT AU, ol AT FWE WRe FAY
dx o] Wsle doy/oy = —AVIV= —-Sw/V} 3
ot oA el YR bEel HE(p)E &
£ WY b7 e FAIE #Herh

(16)

ol g= FAuIE Y FA(stiffness) 2 VEFATH
ety Eeo otefZe g W(FI)E 2
Zol At}

F, = Sp. = —Sqw. (17)

a2, B 2§ #fA H2E FFS AR
Hwnt ofz} AuE WH {FFE 7t&EA
HEE2e fFAde o2 Ut fFEsEe =] 3
354 gt o] YL FxE AvE YR #F
£ A3ty FEor s AriME A5 #F
HHg T3 dojzl ARE o] f3Erz Fo A
HE] UFoire 4£& WAle glomz F713e
2 A W FLe o33 2o

[e]
T
B

=

- 787 -



oyxa’H (2kya)

F‘I.cz “Msl;, MS = (k3a)2

. (18)

AoAX kg = w/czolth o P& 2T & F9Y
obdZo] Fgshe Ye T B BolAch
F[_’ =FL+FLc= —Sqw*M3w (19)

mep B 2elel fAe £F WAL ohe
Zohaltt.

F, — Fy
] ; .. 0
= —qw — Myw — (2SP; + Mw + Ru}.

A 4L g4 AYIE ULy L JdAFEE
Zbe Ay AFAY ) WAy E JdAEY.

(m+M+Mw+ Rw+ qw = =25y, 1)
a8d w= w,e ™ olx, AulE WEe] FA9
7hEo g A% AFNE FAFE AulE iR &
g2 wet 4 (16)7 e FAESE A HEg 9
28 g3 Zo] wEPgd 5 Qo

{[1 — &*(m+ M+ M)/q] — iwR/a}p. = 25,00, 0 .

$ 4& B3 dHel u@ Fo4 € 4
(F)e &3 2o] Fajxch

_ 2 _
[1—o*(m+ M+ M)/q}— iwRlg’
(22)
folA 33 Fa(f)E e golAch

_ S, S
fr= % ‘/ odlpr TL ¥ (M IO Sopiv - @

add w7 AF MH
oleio} o] 24+ ®h?

ME& ka12 AS

M= %plaa . M; = %psas

9ol BAE 4 (23)o WdEtE 4 (23)& g4l o}
et 2ol Yehy Act

f = G .J& : S
27 o; [L + 0.85(p/0y+ p3/p2)al V
(24
9 2g Bid 3 AT Muled F77}
F AR (03K p 3<0) FF Fu$rl g 7
284 "HE & F At FH, AuE 9o
FHY FLEE HFAS AYA Y AL F
p=p=p°L c= A B¥ 9 4 g
go] Yutdoz ZF 4Y¥A EFWAS e
Helmholtz ¥4 719 % Fu47} Act?

f, = _<. ‘/_._____.S____._..
r 2n [L +1.754]V

4. ALt H £9

(25)

Ak Table 13 722 ] 712 3% disly
st “Case 3" AStol Frhsled suig
yrel F7)7b &EI old wel <R A7)
REREAHog B ¢d¥9oz HuHE ALFE =AM
7] A&t A=A ASGA AHE Y e A
A AAE Y AT 7HEY d4A4E 2By a
=Imm, h=I1mmE& %31, FHulele] P4 A4
o) o] Y4B YY wel wAH(gz)0] Smm, Fol
(h3)7F 0.5mmQ) AU Aoz HA3}Hh

Fig. 45 2 22)8] F34 9 ¥+§F FXFHo
2 A 4 2HE ol83ld FH Fa&E T
sled Bl Ho|th Table 2& F 4oz F3lo
FHA 3R Fusg vng AJd 5 AHs}
Z dA3tn UdEE ¢ 5 Uk Bd Fad AL
Fig. 4ol A & 4 gl vie} Fo] F7)e) Fgto 9
o] F7)17F & 7S oF 40kHzo] ™ Helmholtz &
719l 3R Foa7E of 600Hz7tA Fidre
Rolch webA] Fr|FoA BE Loz AME
AAE A F71E AANZ] A3k AT F9
g 7] gcer ¥ Aoz wdd

-'788 -



Table 1. Conditions for sample calculation

Case |External fluid| Fluid in neck F]u'd. n
cavity

1 Water Water Water
2 Water Air Air
3 Water Water Air
4 Air Air Air

Table 2. Comparison of calculated resonant frequency

Resonant frequency, Hz
Case Error (%)
Eq. (22) Eq. (25)
1 39,645.0 39723.8 0.20
2 579.6 579.9 0.05
3 396.4 3935 0.74
4 9,378.1 9396.7 0.20
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