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Transient interactions between submerged elastic shells

and acoustic shock waves from a moving source

Minhyung Lee, Beomheon Yi, Seung-Yup Lee

Abstract

The problem of the transient interaction of a plane acoustic shock wave which has an infinitely
steep wave front with a cylindrical or spherical elastic shell has been studied analytically from early

fifties based on the integral transform and series solution techniques. Huang adopted an inverse

Laplace transform, and used a finite number of terms of the infinite series expansion of the
equations for the shells. In the 1990s, the results have been used by many authors for validation of

computer codes. The object of this paper is to discuss the interaction between a moving source and

submerged spherical shells. Since the center of source is moving the first contact location between

the waves and shell changes depending on the source velocity and distance. These are considered in
the analysis. Furthermore, constant source strength and decreasing strength are considered in the
analysis. Radial velocities at several locations on the structure are obtained and the results are

discussed. .
| s
F7As%e 9ol ¥ FYAUY EE 7Y
el wAY AF SAHHA0l S0dYRH A
Ak oleld |+ 9} % %%$—°¥~64 v
A Fel] o) £E SyTEED AF5
’é} Jéﬂ] gAses F

4e A4, 3 448 3
& Fule) HAA Hrbe o}F F2Y AEE A
o 22 AFY FAoY. gy A9 29
2ZAHUAE JUARSE FolAB (B, 3
Astol oa AaE 4o FALFL 9 waz
AUAE AFBTCEAR). wA o EAE @

+ AFUEm 7 A3
v q7usE 7 A B ek

38 HAy) HME FATY wAEA Y &
Aol 93t 9 WaAlZ Ao W EAE FAlof
FZojord "oyl vt o Aok dalA] 60 d AP
B &7} AR HA% 2AFE Huangell 98
0 @l FIAHCG [1, 2] HIdE 2L A
Ao A& T3 Az Agxd did A7)

HEEHIUT 3] 00ddele ERS £F TxES
27 Yt FARAAL ZRAFE Ao A
PGy o EZZaPASe AA ARB

Huangel Z37F AMESoixn Ao [4). wakA
dsfe] Agerst FARG 27T
HIZoe 400 42 Bl A% FAL +z
9 A% SA W A7+ daAe] AINHNU
w2 =RdAE 999 £58 g3ole
&28 A& Hunagdl HE WAL N34

_85_



Hepd 74| Hele} AXFS T 1o et 2

T FRL T wiEe UE poh AAET 2 HelsloiA]
FRlelct HslE FAne 3] deihs Tl 4%
spAalo] AgeErt FRES YHAR JPEE, I 1,
A 27 Yorg's noduus E 2E o E Aoet S,
8ot 22t adaials) slanel W vehdck 20) 9At
= Ao SIS H AR EE Yo £F v, =
§ e TERE] 50 il WAt HAdsks ol B
g sie] avEY oA si= Meln 7Pt wilg- &
of FHUS AHE & ok /g Hueng [1]9] 42
3} o] AMgSl e o] FAYSHE WSS AMSTE

Ech

rr

s

w= 5',u=~ﬂ,T=—C—’,R=—’,Z=—2—,
a a a a a
2 E =—LRa —
¢ ps(l—v)cz‘M ZhPs’H pc? )

%7)4 Huangol ojsf A3-d ddadol dig 3
g AAEL olE 839 FHolE tFdd
o Aol VFHEAHA dd A4 AR

LM_LJ__‘_J_J_UJ INCIDENT

WAVE

Fig. 1 Schematic sketch of the spherical shell ard the
coadinate system

AN EAl) i sidjo] Wo] FIER o7IE
3 71t dAE T e Wl it AARE Re
A Q] oM S o) FEE] Whe 548
TAre RS Bl TRz ez g e

AT A AR ot

FARTEE A ARl el Bl F A
Flsub) A2EE 7R 2} Alagle] oigh sjilo} 27 E]n]
olEe] QAP Waskt 5 Lagrangian 4 04 A9
Iprgo} FAll AdElol Aok gick. o} Wiy fAle

A AEEololof drke 71zl oldle) 78 HBARIN
< 7 %] W9 F o] Legendre FTE s 2ol
FAlE

W8, D= 3 wa(T) P u(cosmd) @
W0, TV = 3 un(D-% Poalcosmb) &)
KR6,T)= 3 Pn(R -5 P, (cosmb) )

aduisld AFA w,,H w,t e 28 agrangian
SFRAAE UEAFHo) 3}

d 8T _ 3T , 3V _
4 dw,  dwn T wy — <m ©
d T __aT , aV. _

dt Ju, du,, Ou 0 ©

W Ksh Vi 22t $5oRler 2 ohiAIE UE
Y, 2 A4E A G5 @ disield T el esuA
2 fEw

31 AA &2
4 B9 Q.2 7o ¢ 9io dd Fo
e Yolok. FojA AFEFHAT0) AA ¢HLE
e M7 dRoz FALD: gAT, v}
o} wAlg z27) YA E Al T=091 A9
ZEIZE HAEEL 2AHstA og3 Fol d
R oz FAEGD
P"=F(Rcos6—1+ TVH(Z—-1+T) )

oV He AvPFolrt Te)m dsie] A Beke

FZ~-1+D=expl-KZ-1+ DIZ A58
o7 g=00ld 717t VAT ARG AokEh WAt
Sioh Mk A% SRR REslelel shed) 7Y AE
Al MAIFE Legendre®isrst MHE Bessd @5l Fel
NEE o EAEr

sistom Zas W) FE8 fAlel AAmae
ofelsh ek

_9P_ 3w

R~ 277 at R=1 ®

_86_



292 A g5 W@, 7L 27)
QAFR(0=0' )T ALRF £ H(6=90" ),
aeln QARakel whelE( 6=180" )el Ao} wH
T 4EE GEAAt €% 29 AT Ae
s ogae ASgael 4@ PYAe 271 A
He HAEEE wETART 2N L5 3
Aksigae] B¢ ARlo] Aol e} AL EEE
Folg sale) Asgastel A9 asld 002 gag)
5 A% B 2] HUNE Kol A% 2] FMEe)
2] Fasick

=l

Radial Velocity

0 o’
g
o 10 20 3¢ 40
Tact/a

Fig. 2 Radial Velocity for step incident wave
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