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Fig. 1 A schematic of the experimental setup

L=charge length

R=distance of piezogages from the center of the charge

3. RBER
] EMALSION] [ enuLsion j [ EMULSION]
; L/0=10 L/0s20 L/0=50
32
; = 4 - b
= | OFF-AXIS ' OFF-AXIS
wi
wi b 1 1t
=
[72]
ol
L PR FAR __' AR 3
N

TIME. Q. 1as/div.

Shock wave pressure —time curves for emul-
sion charge with L/D=10(left column),
L/D=20(middle column), and L/D
=50(right column), 2, 5 meter below the
surface, 1. 0 meter from the center of the
charge.

Fig. 2

—330—

Fig. 2 = R{FBEHLID=10, 20, 50D==1 4
RRORIBM, BHEK L CEEHHTOKPHR
BTt RIRETRE LR VENBEORRBHERE
IR (B2oE—-72) ¥HTHANHBRNTHD,
Pe— 7, PR (- 2ffi&82 v — 2D
&) 12, BEESIZLIOKE(ERLTV S, E—2
flizRREL i8HMrLEL, DR LAERLE
fbizien . —HEBHEMOENYRL, LID=10T
RSB F Rz A, LIDOMimc X D BRAER
FHREHHKESBELTVS, BEBMICoVTIL,
BRATOLTAIREFL{R{L TS,

Fig. 312i3#318#8 (Detonationg Cord)10, 20, 50
@D RYRT, FEEFAMIZOVTIE, =va vy v
R AROPFE E LTV B, K~ 2 EIRBLTiL,
BIEBMO - 27 EZHUOTh L 9B L ~> TV B
N, ThidRToREeHs, NEMEABRELR
5 H, X7 OBRITIIEHEL TGS,

IRk®



3 0.¢. 1r 0.c. 1T
102 20es

Jff-ms OFF-AX1S

U R FAR

PRESSURE, 10bar /div.

[\ nEsm NEAR

TIME, 0. 12s/div.

Fig. 3 Shock wave pressure—time curves for
detonating cord (D. C. ) ; length L= 10cn(left
column), L=20cm (middle column),and
L=50cm {right column), 1.5 meter below
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Fig. 7 Bubble shapes at several times for emulsion charge with L/D=50(left column)and detonating cord
50ca (right column) during the expansion (upper) and contraction(lower) phase.
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Fig. 8 Longitudinal and transverse radius of the gas bubble as a function of time, for emul-
sion charge of L/D=10, 20, 50 and detonating cord (50cn)
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Table 1 Results of pulsation period for underwater explosion

CHARGE WEIGHT LENGTH L/D% Tb Tb/Tbs*2
g co ms %
EMULSION*3 7.5 2.6 1 48.1 100
22.7 3.7 1 71.1 100
51.9 5.0 1 93.3 100
8.7 10 10 49.1 96. 1
17.6 20 20 60. 1 93.5
43.5 50 50 76.7 88.2
DETONATING CORD** 0.98 10 — 28.9 -
1.96 20 - 32.1 -
4.90 50 - 40.2 -
*1 L/D=Ratio of length to diameter
*2 Tb=Bubble period for cylindrical charge
Tbs=Bubble period for the equivalent spherical charge
*3 2.5meter below the surface
*4 1.5meter below the surface
*5 estimated from the measured value of 9.8g8/m
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CALCULATED DURATION, gs

Fig 9 Calculated duration v. s. experimental dura-
tion. Calculated results are based on the
acoustic theory(equation of (1), (2)in sec-
tion 4. 2). O; emulsion(near). A ; emul-
sion(far). [J: detonating cord(near).
detonating cord (far).
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Fig. 10 Comparison of the calculated result with
that of experiment for shok wave
pressure—time curve for emulsion charge
with L/D=50 measured at detanator near
end, 1 meter from the center of the charge.
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Underwater Explosion of Cylindrical Charge with
Large Length to Diameter Ratio

by Yoshio NAKAYAMA®*, Mitsuaki IIDA*, Takehiro MATSUNAGA*
Senzo OINUMA®*, Katsumi TANAKA* and Kazumi TANAKA*

Underwater explosions with length to daimeter (Z/D) ratio of 10, 20, and 50 are
studied experimentally to understand the effect of the L/D ratio both on the underwater
shock wave properties (peak pressure, positive impulse, duration) and on the pulsation
behavior of detonation products.

In the range of reduced distance, 2—8 m /kg!?, the peak pressure off the axis with small
L/D ratio (=10) is equal to the value with L/D=1 and with the larger L/D ratio, the peak
pressure off the axis is lower than the value for L/D=1. The effect of L/D ratio is observed
less clearly in the values of positive impulse, because of the stronger effects by the measure-
ment locations (near end, far end, and off-axis). For the duration, the larger the L/D ratio,
the longer the duration, especially at the detonator near end. The pulsation periods of the
detonation products decrease rapidly with increasing L/D ratio for the same amount of
spherical charge.

(*National Chemical Laboratory for Industry, 1—1 Higashi, Tsukuba 305,Japan.)
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