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Recoverability and vulnerability of navy ships under underwater explosion are critical verification factors in the acquisition
phase of navy ships, This paper aims to establish numerical analysis techniques for the underwater explosion of navy ships,
Doubly Asymptotic Approach (DAA) Equation of Motion (EOM) of primary shock wave and secondary bubble pulse proposed by
Geers—Hunter was introduced, Assuming a non—compressive fluid, reference solution of the DAA EOM of Geers—Hunter using
Runge—Kutta method was derived for the secondary bubble pulse phase with an assumed charge conditions, Convergence
analyses to determine fluid element size were performed, suggesting that the minimum fluid element size for underwater
explosion analysis was 0,1 m, The spherical and cylindrical fluid domains were found to be appropriate for the underwater
explosion analyses from the fluid domain shape study. Because the element size of 0.1 m was too small to be applied to the
actual navy ships, a very slender beam with the square solid section was selected for the study of fluid domain existence
effect. The two underwater explosion models with/without fluid domain provided very similar results in terms of the
displacement and stress processes,
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Coles et al. (1946), Farley and Snay (1978), Price (1979)
S22 dHe| 5 BUg Jdsto] Xt ZZule| AHAIZ HA|
3l%ch 0|F Geers and Hunter (2002)= #M& 7 E(volume
acceleration)2 0|&310{ YXt ZHLIE HAISIACE O[X} L4
nle| Zol £ B2 o2 A7t ZIl=|UX|2E, Geers and Hunter
(2002)7+ HAlet oy HZ A (Doubly Asymptotic
Approximation, DAA)O| z|2 Y| XMS%1 UCt DAAE HEA
o FAHIZE Al0|o| R MT ZES Thrsteh HEl| 0] F B4
SEfl2 Haxn{, dAH 248 (Boundary Element Method, BEM)

O|—go}01 I=20| LAlsl= ¢ OI-E:{Q XS}

U} ZAuet o|xt A= o] atefe AR E 2EEAIZI

T EESHiHEA| WALEl ARt BZHu= A7 0ol BAlE|of 2
S(bulk cavitation)2 MAFICE SE5HMAof Ut LRt 54
o= HhA f5|01 S| B35 (hul cavitation)2 ZAAIZ = UC},
0218t AUHE2 M R 5llAd(Computational Fluid Dynamics,
CFD) (Mair, 1999)2} x| 24 (Eulerian element) & M2t S5t

24 sl M(Finite Element Analysis, FEA)Z 0|8sAM 30| 7=

EHZF. 5] A RAE HES FEAS Fx= 22 (structural
glement)E SAloll M52 =2 CEL di4d(coupled Eulerian
Langrangian analysis) %= ALE aliA(arbitrary Langrangian
Eulerian analysis)2| #HZ=0f| &3t ol2{sh silAlH S Sa10 2
= o(bulk CaV|tat|on)J-P MA| Z=(hull cavitation)S 7eiet += U
= UL, FAH FAHS mHZSl0| DAl B, 2 5
M Azt —_rL b= EHEo] UCt,
QUAER DAAS FoiE -’F U= BEM2| M E2 SHME 7t
5 =2

HZF USA (DeRuntz 96)=

OH

HHE 3H“ AlzZiol "WOIEP 22 7§>‘Oﬂ BHSsh= -_r‘_n_ SE OHM
[5to] &8 7+ 24 oA F=21 LS-Dyna (LSTC, 2020)
7+ de| M85 Uct LS-Dyna= USARI E2|M22 ¢ois
(LS-Dyna/USA)=l0] ARZ0| 715t Aoz Ueix ot

Lee et al. (2003)2 &Y 330| =% 4 SHo|| 0|xl= L&
2 HESE| 215104 LS-Dyna/USAdl ARIHE Fa| Hedg =st
S| Ak Kwon et al. (2005a), Kwon et al. (2005b) 52 2=
SH YT} LS-Dyna/USAdl| 7[EIet 28l =5 =4 sjAlg o
St 2[E S o F5H dt Qct 0|=2 BEMO| 7|25t Ehf 515 S
0|83I%7| 2ol FAH Gdol| thst HAFE ZerobA| LAUCH

—

Lee et al. (2007)2 O[xt FtAmlol| CHSHO{ Hicks ZE H|cks
1970)2} Geers-Hunter 2E2 H|WSt= A& alsh} QUCk
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7= EEE|X| AL Lee et al. (2019)= CFD7|#HE 0|25}
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H} 2UCH (You et al., 2018).
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=
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Ol 23t 2 ool A e chl= HIYSN RAE 7Y
gF Geers—Hunter2| Uit ZZut 3! oAt TAku} 0|2 B Al
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Slct & i CHAl= BEM silM S 2[5t £ DRRIMEZAM 7
A 24 37|, 7 99 "obs MASI, olof chet T
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i Tl A HE IS 7A g9l EX ETE 24
Sh= Zoct F, A dodo| = FFof Alelo] FASH
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Fig. 10l ®A|=[{C} (Hamashima et al., 2010). O] J&2
Alut o WPt JtA FHe| 5/UE 2 0|S SiAknt 2
s AH=o] I2S 2oiEc)
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T Shock wave
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0§ 3AFRI x| ol 2| Bl A|Zal|o|MS St QICE Kim o " Water surface
et al. (2014)2 45 Lz olst mo|mo| EX SE FAS 4l S

$i} Uk OS2 DAA BEM 7[#E 0[8310] Zt Qliats My &f .- ‘

SIZX|E A Fodo| gAo|Lt 240 37 |of Chst Betk Wols = Bubble gas

TS| EATE Kim (2007)2 ALE 7|HE &&3sto 522 Fig. 1 Underwater explosion phenomenon (Hamashima et
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{2519} K2t vel Z TNT 1.63 g/ccoll A=235k= g2 &
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Table 1 Charge information

item value item value
P. (Pa) 1.67E9 me (kg) 300.00
ve (m/s) 1010.00 pe (kg/m?) 1630.00
A 0.18 pr (kg/m?) 1025.00
B 0.185 ct (m/s) 1550.00
K. (Pa) 1.045E9 Patm (Pa) 101,325.0
v 1.30

3.2 SA 24 37|

FHo|M Fdt Qlo| MEE 2ol FAE MUE S&
2(acoustic element, AC3D4 2 2 o
o| XiAR|2 HMItE 2510 %’é‘@._i T-&(sphere) &=
2l (cylinder) 7& HAES ARSI of2feh Hak2 2
A2 (A EHel dA =Holxz ¥skg Foh =
g2 obsl AlZIEE2 FLIF XS] 47| [ 2of AfedA
22 gluEael 1230| Jhkssict.

m2id 2 oM e Tl 7A 24 JAHS 7?"3@'0”4
ol ol|zo| H|WE Z2XoZ stE2 A 2| £ 24
Z55IR| &Lt gX|S0] 1mel 78 FA THelS EH”OE
37| 24 37((0.5m, 0.1m, 0.05m)S 7435101 Fig. 20l MA|
sIFct Fel ZAlS AT £HllA 1m ofzhol| IX|AIFCE EFY

e Pol ZNoE TRBIHCL Bk 44 100mol FURIAIZ]
$ Eu oeig TESIICH w6k WX de| BE U o4 i

ot silA AlZkS 25101 Table 201 MAISIICE. 24 F7(9f 24
of w2t HE & 40| 5Tt 7|sieaH e R STRICH, iy
AlZh mot siMs STRIEE =l Jkssich

A, A A
(a) ES1 (0.5m)  (b) ES2 (0.1m) (c) ES3 (0.05m)
Fig. 2 FEA models for element size study

Table 2 Information of finite elements and computing costs
for element size convergence study

Case number of number of computing
nodes elements duration (h)
ES1 6,449 34,711 1.0
ES2 41,372 233,716 5.0
ES3 207,074 1,185,445 100.0

T=x| sl el MM H|wE 2|510{ Geers and Hunter
(2002) o|& gFgAlel =x|51E TE3IFCt 0| 7IF5i=2
o3I CHFig. 3 &= ) 7|=8= 0.001=2] A2t Z2E 41t
Runge—Kutta 2slioll XE510{ A A= ALCH,

24 F7| FEE OIS (6101 ERE0AM 2] 471K = o
(0|23l & 37k T AHo|A)S Fig. 3ofl MAISIFCE TA|
AlZ2{0|M AlZholl TS0 HAIHoZ HANH ZE #|0|A0A
UX} ZHIRL 0%} FAHIP AKX oz Halst= W &olg
Z= QUCE 537X FEE Alo|A 25 7|Fslof| ZAlkE A2
2 Bo4ZIck J2iut Fig. 3(b)oliA 2ol 1A 3HuE & o =Y
S ZHEISIH, 24 3700l 0.1m 0|51 Z<ol2t 1X} ZHTP}
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(b) Time for primary shock phase
Fig. 3 Pressure history comparison from element size

convergence study
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(a) DS1 (SPH) (b) DS2 (CYL) (c) DS3 (CUB)
Fig. 4 FEA models for fluid domain shape study

Table 3 Information of finite elements for fluid domain
shape study cases

number of number of 3
Case volume (m?)
nodes elements
DS1 6,449 34,711 4.189
DS?2 8,513 45,019 6.283
DS3 10,182 53,913 8.000
2.5E+06
domain shape study
J0E+06 | ——reference
| —Ds1
]
— 15E406 N Ds2
) | DS3
[} i
5 LOE+06 |
] |
< |
& 50(+05 i
0.0E+00 '
-5.0E+05
0.000 0.100 0.200 0.300 0.400 0.500 0.600
Time (s)
(a) Entire time
2.5E+06
domain shape study
2 0E+06 —reference
—Ds1
— 1.5E+06
£
(9]
5 1.0F+06
g
o 50E+05
0.0E+00
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Time (s)
(b) Time for primary shock phase
Fig. 5 Pressure history comparison from fluid domain
shape study cases
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Table 4 Information of finite elements for simple beam case

) number of number of Volume
Domain 3
nodes elements (m°)
Beam 7,028 4,500 36.0
Fluid 213,174 1,062,066 57.8
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—fluid-n - --fluid-y
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= S
o )
E 0.000 1.00E+06 5
o a
0 9]
$-0.020 5.00E+05 &
o
-0.040 0.00E+00
Pressure
-0.060 -5.00E405
0.000 0.200 0.400 0.600
time (s)
(a) Whipping deforamtion
5.0E+06 2.50E+06
4.0E406 —fluid-n - - -fluid-y
3.0E+06 2.00€+06
208406 L50E+06
T 1.0E+06 s
- Q
2 0.0E+00 1.00E+06 5
Q [
& -1.0E+06 4
5 0E+06 5.00E+05 &
-3.0E+06 | 0.00E400
_4.0E+06 Pressure
-5.0E+06 -5.00E+05
0.000 0.200 0.400 0.600
time (s)

(b) Whipping—induced longitudinal stress
Fig. 7 Pressure history comparison from fluid domain
shape study cases
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