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Fundamental Characteristics of Underwater Shock Wave
due to Underwater Explosion of High Explosives

Shigeru ITOH, You NADAMITSU, Akio KIRA,
Shiro NAGANO, Masahiro FUJITA and Takashi HONDA

Fundamental characteristics of underwater shock waves generated by underwater explosion of
high explosives are investigated by both experimentally and by numerical simulation. The attenua-
tion process of the underwater shock wave is also investigated theoretically using a method of
characteristics. Slab explosives are used in the experiments. Streak photographs are taken by a high
speed camera using a conventional shadowgraph system. When the detonation wave propagates into
the explosive, the underwater shock wave is generated at the boundary between the slab explosives
and the water. The incident angle of the underwater shock wave is the same as that obtained by the
impedance matching method between the explosives and water. The angle then changes due to the
effects of interaction with the expansion wave occurring due to the expanded product gas. The
attenuation process of the underwater shock wave is well explained by the method of characteristics.
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Table 1 Parameters of equation of state

Material | pp (kg/m3) | Co (m/s) | s r
PMMA 1181.0 22600 | 1.816 | 0.75
Water 1000.0 1489.0 | 1.786 | 1.65
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Fig.2 A schematic of the formed explosives
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Fig.3 An Experimental set up for the underwater
explosion
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Table 2 JWL parameters of SEP

A(GPa) | B(GPa) | Ry [ Ry | w [ eo (J/kg)
364.99 | 23097 |4.30]1.00]0.28 [2.16 x 10

P=A(1 *Plﬂv—)exp( ~RV)
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Fig. 4 Distance-time wave diagrams obtained by the
streak photographs taken in X direction

Fig.5 An example of the streak photographs
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Fig.6 A comparison of the profiles of the
underwater shock wave
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Fig. 7 Distribution of Mach lines in the stationary
coordinate system and the profiles of the under-
water shock wave
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Fig.8 Pressure distribution of the underwater
shock wave

Fig.9 Pressure contour maps obtained by numerical
calculation and the boundary between product
gas and water
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Fig. 10 The profiles of the underwater shock wave and
the boundary between product gas and water
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Fig. 11 Pressure distribution of product gas

o N & O o

o

THERA A LA ST PMMA EDERHOE
TRY. FB WS BEEHEK X > TR S hioKp
BEERETRL, (O)BAPHEEOERER 2R
1.5 10 1 (@) X EERHNCH S h K hE B HE O
ot rd L, BRRX(1)~Q0)xAwTH
SNTBTIERFT A L AEDERELRS, $LER
WBUIBBEHECLI->TEONILBIOERT R
(PG) £k & DERERT, BBOFA0 IZBTSHKO
SHEHAETS., HRNCBOL () TRENIERI
PMMAROEELHEEBL TR OB WB L L —
B+ 2ZLdbbhsd,
HRpsroBohiBI)ERT ANDENIHEK
1117, M1 PEKIBEAEERLRL, (0)
BEHdgroBOoNBERETR Y. BEFEERR
PMMA ROZNE A ZBEBICANT VLS Y, BERICIEZ
DEEREELON TR, FO:OEEDENE
iz LROBAESNSE, Z0E VX, PMMA XD
EEA VY ADECERTIVDELEE IO
5.
TDEDCBITSERS R LA EDEROYHEEE
AR RIC L > TRFEHREORK E+53ER)
WFHILD 32 Edtbrol, lKPEREOKIR
DOBIT D ERN ADEFAR b KK L (HHATE
eI o, RPEREOMS IR S
ERH ADEROHE B ZbOTRKES RIS LM
bidot:, BEDZ & & DkbEREDOIRELI D
i, B2 ERY A DKF TORREBRE % HRE
WCRREHT B Z L OSHIRETH B L th o Tz,

6. ¥ & &

EHEEREOKTR T 510 & D REL Tokh AR

DEXFME 2 HFWEHABEZ S CICBIEETHRICE -
TR, BT EREE LREERIC OO TEER
ZIGALKhERE L S BT ERA A DRERIC
BEv 2 ERA S BIN A EERE L., ZOERTIIX
DE>BRFEERRTI, (1)BEPFER2EE T8
Bx—EHE D cRiFL, EXEERIT S 2175,
(2)AhERFELEIX X AAc—EEE D TRET
3, (3)FnBetkic X A H@ & EE D 2
BT Lo TRIT DB o Kk EERE 2 #IE
THIEMNTES,
CDEIBRREDS &, BEHHETHONIHBRT D
ERARAEAREDERICBT S, Bh, EEEOYH
il % v TERANICR O 7o AR h R O AR S KERES
B2 oV BEHEGREEDLOTI BTS2 L
EHSMIC LI, ETAEREERTHE S hickdl
BHEOEK»SKD SNIBT I ERT A EAKEDE
RABEHETEOWIBREEDLOTIL BT S
ZEevbot, BITOERT ANMOEIE IR
PMMA i EKEDEEA L E—F Y ADBODOEE
&L HSNT. K BERIERAKELFRMANEHE
IANF—EBRTITbhl, ERCEBLULEBRFROA
BRICEDI EIABRKEL, JICHEEXRT.

X [

(1) Itoh, S., Fujita, M., Nagano, S. and Kamohara, K.,
Shock Waves @ Marseille, (1995), 289-294.

(2) HMHEEX - Eh 44, BEMTESRRE, 36-412(1995),
541-544.

(3) fPHE%-IH» 54, MR, 61-588, B(1995), 217-222.

(4) Cole, R. H., Underwater Explosions, (1948), Princeton
University Press.

(5) Sternberg, H. M. and Walker, W. A., Phys. Fluids, 14-
9(1971), 1869-1878.

(6) Lee, E. L., Hornig, H. C. and Kury, J. W.,, UCRL-
50422(1968) .

(7) Amsden, A. A, Ruppel, H. M. and Hirt, C. W., LA-
8095, UC-32(1980).

(8) MHE% - 13044, KIEFREE 55-5(1994), 202-208.

(9) E¥ - 3H»7H, KEFELIH, 56-5(1995), 181-187.

(10) TItoh, S., i1 4 44, Proc 1995 Joint ASME/JSME PVP
Conf., 299(1995), 39-45.

(11) Preh!, P., Hornemann, U. and Heilig, W., Shock Tube
Shock Wave Res., (1977), 303-312.

(12) H$RE, T¥X.3%, 37-6(1976), 277-290.

(13) Marsh, S. P, LASL Shock Hugoniot Data, (1980), 446-
575, University of California Press.

(14) FEMEREE - FEET - miEEx, T A3 54-4(1993),
190-197.

(15) FHEE - SHREL - EHFAN - BHEK, XEFSIE,
56-5(1995), 188 194.

(16) Berventon, P. R., Date Reduction and Error Analysis
for the Physical Sciences, (1969), 204-246, McGraw
Hill, New York.

— 55 —

NI | -El ectronic Library Service



