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Damping Effects of a Flexible Structure Interacting
with Surrounding Acoustic Fluid
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ABSTRACT

A flexible structure submerged in acoustic fluid is affected by its surrounding fluid. In this case,
the coupling effects between structures and surrounding fluid have an effect on the submerged
structure as external force and change impedance of acoustic domain. Therefore, the coupling
effects by its surrounding fluid complicatedly change the characteristics of a submerged structure
such as natural frequencies and damping coefficients, In this paper, using the analytic modal
equation of a spherical shell surrounded by water and air, the complex changes of damping
coeffictents and natural frequencies of submerged structures are studied for wvarious external
acoustic fluid and structures.

P, : nZF9] Legnedre taH2
N2 d 3 pP/pt c Atgkukel Qajdte] &<t
| _ ¢ &% ydd
alh 79 WAL 73 Ao T T . A 7Hsec)
C/Cs : “TQr-iﬂQ} ?ﬁ%ﬂ]ﬂﬂ “%“‘Q“ uS/uf ‘ ;}}E{’l—ﬁ}g} ‘:’k}x\}ﬁ}ﬂ %}2} _@i
E  7FRE YE viw T 3R A Fo) e gl
f D FERE s 9 & v . Tola ]
G’ D TEEY AR FAAHTE Ate]9 . . 2B WYl 2% 7t
K, 3R FF9] nxkel 759 Bessel¥ | 1. M =
MK, + 7E2e A% 3 349
A A e] S ulEr dlE ) ) i
" QM’ J‘)’U:m:ﬂm::w A PEREH FU el A% AL 195040
plps + AAS TEES RS olef e ATAE o8 ArHel . 5
o @ 9RFS(radian/sec) 3, B9 F7 By TRES 9% A o
@Az A3, KAIST 7)A 283 NoVic W Aee wow nF ld AeTd 2ol Hk
E-mail : yjpark @kaist.ac kr b w8 FAR YR F2EY d§NE oe o
Teli(042)]87?}§-3_0}3& Fax : (042)869-8220 H A% Fabo] n& =93} thSolxof 3t} o
x  KAIST 714283 NoVi N
° ) 2%, AR S o8 T2 LANEFY
# o] =& 2008 EATGENHANN $Frgor Pl el 2 FEA] WA =, o Wi F



3 plane wave apprommatzanwﬂr
ass approximationo] o}&d] A<
t}. ol AA Jw:’rz’*fgroﬂﬂﬂ 3 gael Al
Ao B7b A% gaE SAgeeley, olg %3

o

<
=
5.
=)

g% g Age P22Y 24U 1UE
& 3E gFHos dEE &
oA A% By W ATE 27 FLYH 2

% g

BE, 7% 94 #9E ) olud Pxee B
B4 Wae AIRES Stk ol A, HAl 3
A it 29 RE A g g4

N
10
-l
njo
1)l
i)
-1
F
2
10
Q
0x

1 -

V2¢__2¢ (2)

C

olef, 9% S} Hibe FXEY THAANE
B2 Bd4£A BAAE /M AT, 27t
28 MFEEL 3] A58 #E 7y o
wjo] oF ghe2-

p=p' +p° (3)

2.2 2 &Y ASct=

AR A4 A% FERELS oHdE B
AFAte] o3 dAFHo sked, 1 F, 7Y
WAl sl  HEAANA  Legendre
polynomial?] =g WAAYHeg A% T3,
gk Az A9 X, Ao FAVE ghvke 24ds
o A] Legendre polynomial %’ﬂ}fﬂ gt wpA 2]
Azt o] RAME ojE AoRREY doi
oj5 A4 dEste 1Y BY Ho A AE AME-StE

shaAeH, 4 7‘%73—‘34 HEAS A3 olFY BEE

=
oft rio

I

A)

T #AEANA Fol 9% AMeEE Legendre
polynomial?} modified spherical Bessel function
of the third kinde| ¥R X8I 4 U} ojujg
OOLJJ_ O%;{}_C_il AI:L*

7 (5,8)=. pL(s)P,(cos 6)
" ®)
u (s5,8)= Z i (s)P,(cos )

9} o] Legendre polynomial series® X7H%9,

TASNESES| =2 8/A18 A A 7=, 2008W/719



\_

Fig.1 A spherical shell excited by cosine-type
impulse

overline2 Laplace transform® #< ¢u|gicl, o]
243 dAe] €5+ Legendre polynomial order

u,(s) (6)

w(t,0) = iwnf;(cos g)

(7)
V(t 6) = Zv — P (C0s 0)

Q0 ]
Ast+4” A 0 (v,
14nvw S2 +Aﬂw ﬂ ) Wn X
0 ~sK, (s} K", (s) )\ P
[0
=4 —Up. ¢ (8)
k—;cn(s)uij
A7 =2,0+ By, AT =A,0+v+BE )y,
=[2(1+v)+ 4, B¢, 17,

u=(p/pXalh), y,=c;/c’

B=(h/a)y /12, & =4 —1+v, A =n(n+1)

7 gd8EY

o] A8 ojf3le] A 9l UAlute ghEI &
TE gy, o 7 oAy weer gHS
78 4 9t -

3. 2o|AH

o] oM 2 (8)e] WA AlE o] falo, 2F X
o] Wigle] wel +2E9 FEA o] of@A WA
£ nodds Ei duyic ojue EAAE

clc=3.7°13, &7 FoA

T

E&oM  p,/p=77,
p./ p=6417, c/cs=15.230.%

3.1 79 U 2 E4

Ar 9 BE F2EY 37 FAoA v
Z 8.5 Ur*r*"‘]?‘]‘:’?, T EAAAM B gie
EAE A7 dYoM A E ¢

o] Ao, Fig. 13 #o] cosinedHe Z
Asste 79 J=s2E AHEG, olw9 AE$
go]l FFsl FHI MEEF: »=0 FEH »n=129

Legendre polynomial series®] F= o g &

Fetelth Fig 2 o] R AW wEe
radial ¥ £%2 27k d mES dAd
A RSN $0) A B, A2 A
#0399 22 e 7 Fav, 289 2

| = l-—aﬂ o] ATl %u Aol 57
HBAI AN R o] Wgle] wE o

SEHS WWugd o714 49 FAE wie
Ae A @9 A e pol 2P oE )
A4 5148 2A

(1) m.m -'fl_g] j‘l}g WQ...% ﬁ./ﬂ
HA Bdol &7l Fo cosine Efe FAE U}
3 A9 e 9 AHREE &) Fig 32
Z 0.05 0.01, 0.0022 ZFo7paxs], A7t w
2 79 =0 A"ANXY radial H3F $xEo|t} 1
Ho| A Hol= AXH h/go] FHolAFE AFEu=
&, AlZto] At HEo] Wiyl A ¢l
ity WA, h/a7t ARAGE A=Y
, Rgslye ZEol F7id

720/8t2ASRNERSS =2 X/A 18 H A 735, 20084



P S Asshe B e 2 a3

015 -

0.1 ' - ai_
g 2 005
$ g
> L
> o 0
3 3
8 o
<

i

: _
30 40

Tcla
Fig. 2 Radial velocity on the surface of a spherical

shell in water(h/a=0.01, 6=0° : n=0~12)
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shell in air(8=0° : n=0~12)
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Fig. 5 Radial velocity on the surface of a spherical
shell for various thicknesses in air(@=0°:
n=0~12)
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