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ABSTRACT: The authors performed the underwater explosion analysis for the liquified oxygen tank - a kind of fuel tank of a
mid-size submarine, and tried to verify the structural safety for this structure. First, the authors reviewed the theory and
application of underwater explosion analysis, using a Structure-Fluid Interaction technique and its finite element modeling schere.
Next, the authors modeled the explosive and sea water as fluid elements, the LOX tank as structural elements, and the interface
between the two regions as the ALE scheme. The effect on shock pressure and impulse of fluid mesh size and shape are also
investigated. Upon analysis, it was found that the shock pressure due to explosion propagated into the water region, and hit the
structure region. The plastic deformation and the equivalent stress were apparent at the web frame and the shock mount of LOX
structure, but these values were acceptable for the design criteria.
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Fig. 2 Time history of a shock pressure

FEZdo| o3 $FFASHE L attack geometryo]] WHE
ZAA5(Shock Factor, SF), = £F FZ75(Keel
Shock Factor, KSE)24 H7lg 4= 3loh

A
S.F.= ~¢ ©)
_ VW (1+si
K.S.F.= - ( ;‘n“> ©)

o714, R & Zofol|x Mzihull)7tA]e] A Ae, R
& ZokA FZ(kee)7tA O HP A, ov THAE
(angle of attack)e]t:. £ AFeMe £33 A5 S.F.= 10
(W= 100kgf, R’ = 10m, a = 0% A3k

2.2 TEEYHA JiY

B AFeA Agste #E30Y 7He 44 7€
wsh 2ol A Aels T ol FRAA AHEAS
(Structure-Fluid Interaction) 71H< A-&3ch 3| dspiiai
g0l A Mo UM, LSDYNAE ol &3t #5314 &4
A o] AE #Rray] A5, A e s
At ZF Eut Felo) A9 dvkg Fdda, a4 9
gl wE HEY] wgE lsy] 98| 3744 2o o



22 71zH & .

»

g SMs sk K mdd fig 53 ¢lue
Table 13} 231, 7z} 2deo] e Fig 3, Fig. 4 9 Fig. 59
2o 2d 2§34 9d9vr mdyEgleon Arjs AE
30meltt. 29l 9} 2d Mo 4 99 =Zvjle 712
208m , A|E 17.6m , Z°] 10.0mo]|H, F£ZE-S Zo] Wgk
o2 5mefl #A)3] il Fekate] Arle 10 mo|rh BE B
W Eoke 100kge] AHSHAT:

Table 1 Characteristics of analysis models

mesh region Model I | Model II | Model Il
spherical box
shape o box L
sea water (radiation) (radiation)
mesh number 77,000 57,000 510,000
size[mm] | 25-1000 400 25-200
explosive number 409 1 409
mesh | gize[ng] 25 400 25

Z o}Explosive) o] AFejHHd 4]

Zolo] A= ol AT e A4 T Fe
Johnson-Wilkinson and Lee AYe}¥}42)(EOS JWL)S Alg-8}
%t} (Carleone, 1998).

_ _w -R,V _w -R, Vv, wE
p=a1 Rlv)e +5(1 R2V>e Vo)

B ATl AREgE TNT #oke] F F#-2 100kgfo]t)

2 Mol ARAAR V = po/p oW, 27) DX p,=1630 kg/m 3,
pe QY ATt MY Exojnt JWL e g4 s
TE A=3.712x10"Pz, w=0.3, B=3.231x10%Pa,
R,=4.15, R,=0.95, %71 &9 AFZF X
E=7.0x10°T/m*, O8]l &% &% d=6930m/sec o]tk

S (Sea water)S] ATEiwA A

sl Aeoe A™d g% AHd¥  vh34(Linear
Polynomial Equation) A} “Ze]¥782(EOS Polynomial).©.
2 349 3} (Lee et al, 2000).

p=Cy+Ciu+Cop’+Cau*+(C,+Cyu+ CerHE (8)

- _e _
#= Syt ©)

B Apex AHEE Fe 27 U 0,=1025 kg/m P,
=0.0Pz, C,=2.036x10°Pa, C,=8.432x10°Pa,
=0.14x10°Pa, C,=0.4934, C- =1.3937, C4=0,

E=3.84416 %10 8]/ m * o]t}

DBFLOSVE PROBLES

urs of Preseue
fri-2c 14, o rlemd 1730
ex-0.L10722, of elem 74248

Fange Lewste

15720002
9550007

sSneon
15050003 _

BAIGN)

536016002

!

420060y ]

37

2044 61) Lt
1072¢01 |
2060014 _
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Fig. 11 Propagation of shock wave(unit : MPA)
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