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A Study of Reflection of Underwater Shock Waves

Yoh NADAMITSU, Takashi HONDA, Shigeru ITOH and Masahiro FUJITA

We investigated the von Neumann reflection process of the underwater shock waves by experiments and by

numerical calculation. In a case of an underwater shock wave, the strength of the underwater shock wave is very high

but its Mach number is very low because of a high sound velocity of the water. Therefore when the underwater shock

wave interacts with the solid wall, it easy reflects with the configuration of the von Neumann reflection. The

experimental evidence of the von Neumann reflection is cleared by the visualization of the reflection process. The

criterion of the transition from the Mach to the von Neumann reflection is also presented in this paper. This theory is

constructed by an application of Whitham's Ray-Shock theory. This theory predicts the transition obtained in the

experiments.
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Fig.1 (a) Experimental apparatus.
(b) Physical field for a numerical calculation.
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Fig.2 (a) Velocity vector of Mach reflection.
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Fig.2 (b) Ilustration of von Neumann reflection.

SRHPTFCOEME Uw B85 L2 ) ENRE
L, 0L )EAIHRELEZEL L9 NAT LY
BT . #NWE, ZEE T id—sizeh LT,
Ty NAFLIZHR (B TR) ThHb, RPD x
BIOZHAHMBAERLTVS, ZMEAOHE Ur
Uy, U, ORIz & <S5 N T3 U,=Urcos(x),
U,=Urcos(x+¢) &% 5%, 7 %RikLERTH
HD & U, offficiz D & SRk OHR LWt AE
0, 123 L, U,=D Xsinf; 2B Y L2 EHET 5"
ZOWMEAREIRT LS IZHE D & Uy 128 LS
ST OHAREEALE U B, SHIESESIMRS ST B
3 A0, SMEOARERERES ST 2T
LIEEERREETHE®RT S, —J7, von Neumann 9
12 Fig.2 (b) IZRT LI, =9 nAF 4 (H5 TR)
HbAML, 2o NAFLAHFRIIE—HTZEEL—
HICRh T a R KEHRE LV, P U, i
T 9 NRT LDERHEENRY PVERLT v HNEHD
R Uy & D{EWlIE 25, KRICH—BIZHT S Ray

Shock BER ¥R To Us & ¢ OMRIRNE 425,

Mw
- [ aM
“"f ACr
Ms
U Uw
o § = —_—
Msr C.’ Mw C.
Fig. 2 (a) OBFIEHEI LAXREH S,
0=90—(6+86,)
ray (23 28 OELDOHWE AC, RN EL % %,
M
1d4
A dM
1dA C+Up (G, pOC:l
AdM~ CcUp U'S ' pCS"

AC,=

2M-1))

t =4
anm Mw



53

AP EPIER O AT BT 207

1  Ms
tang M, sing
U, & U, IS8 28ENERE V5,
U,=C,+SU,
CiAThiczbhs,
YO+ a-r,p¥
(I—ST))"S
n=1-7. o= T
ZZiZ, CIEH, SIMEICEDERK U, itk
WHEORMETHIE, o W, T, Grineisen £
Thh,

tany =

C=C,(1—n)

Table 1 Constans of Graneisen and shock adiabat.”

C, (m/s) S T,
1.786 1.65

material
walter 1489

12 Whitham @ shock-shock DRI L % x O;

TR,
-
s
Ms\2)v2
:
Aw=A4, exp [—’f Cg ng {%H ‘:;’g (eM—1)|am]

XD Aw & Ay i ray DRI TdH S, Ray Shock
BEE MM % RIS D o ARTEOREN TO~ » NAT
LDNLEL, EEHRPLRLN, TALOKMHTO
NS QT AR AT T S
THHTLZ AL THADT B LHTE
BHo LIzAiaT, wonNATAREMEBE LSS
D U, & ¢ 5 5 Ray Shock B T Uw %KD 5
T ENMHEDL, O Uw &R OMIE % L4
HI EIZED, TORWRES, 9 D von
Neumann U % EMEMIZH S 2 L Ahad s,

5. BRBIUEE

Fig. 3 (KB R ORI 2 OHT 5 9 & 5 7
b= 3 R BRI RS & BSIEMIC
RLTW B, SHAMOEEBSERIIHLT 5,

Fig.3 An appearance of the collision on a re-
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photographs and the numerical calculation
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Fig.4 Temporal change of pressure of Mach stem
on a reflected surface obtained by the
numerical calculation.
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Fig.5 A comparison of the velocity of Mach stem
on a reflected surface obtained by the ex-
perimental results, the numerical calcula-
tion and the theoretical calculation.

a3 B ERIIc BT BT 9y NATF LADENHERK
HEMIERTRL TS, AP0, FBICKD
1 & MK eh BRI A & S 3 e B A SRk ik
E%7RL# 3.1 (Gpa) THbo O FKEVIILEN
DFRMIFBENZ EDbh b, Zhit 8 HKEVY
A, KhwIREA N EIC AN ABRIC Fig. 2 1R L

90
80 || QF'"'
70 RR,. ==
. hor "’
i L\
< m // »rf- B .5
.7 7% 30.0°
20 S . 0.
1" .- R 3.5
10 |o—enas v —
0 =2 s
0.001 0.01 0.1 1 10 100

incident shock pressure (Goa)
Fig.6 Domains of shock reflection patterns.
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