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ABSTRACT

The propagation of spherical shock waves, produced by explosion
of a spherical charge in deep sea, have been studied using the, energy
hypothesis of T.Y. Thomas. The energy release from the chargeis
supposed to be time dependent and the effects of earth's gravitation
is taken into account. It is found that the shock compression varies
very slowly with variation in the direction of shock propagation. The
effects of earth's gravitation is to decrease the shock compression and
its decay with shock radius. A comparison has also been made between
the results of time dependent and instantaneous energy release.

1. INTRODUCTION

The study of propagation,and attenuation of shock waves produced by explosions
in deep sea are of great importance in Anti Submarine Warfare. The shock wave
propagation in water has been studied by ~hatnagar'et al., Ranga Rao and Ramana2,
Singh3 et al., singh4, and Singh and Srivastavas without taking the effects of earth's
gravitation.
singh3 et al.and singh4 have studied shock propagation theoretically by Energy
~ y p o t h e s i s They
~ . have compared their results with those obtained by experiments
and found that the results by energy hypothesis is quite agreeable with experimental
Received 27 December 1986

69

J P Vishwakarma, et ai

70'

data. In most of the works done on undeMater explosions the energy release has
been assumed to be instantaneous. But the energy release, though very rapid, should
be considered to be time-dependent7t8.
In the present paper, the propagation of spherical shock wave in all directions
produced by explosion of a spherical charge in deep sea has been studied. The energy
release from the charge is supposed to be time-dependent and the effects of earth's
gravitation is taken into account. The variation of shock compression (density ratio
across the shock) with shock radius has been obtained by energy hypothesis. It is
found that the shock wave decays as shock radius increases. This decay is smaller for
time-dependent energy release in comparison with that of instantaneous energy
release. The shock compression varies very slowly with the variation in the direction
of shock propagation. Also, due to the earth's gravitational force there is a decrease
in the shock compression and its decay with shock radius.
2. FORMULATION OF THE PROBLEM

Let us assume that a spherical charge of radius R,,is fired in sea at depth Z,
from the surface of water. We assume that the shock wave produced, is perfectly
spherical and propagate in all directions. Taking the point of explosion (centre of
charge) as origin, let R be the radius of shock front at any time t. If 0 be the angle
made by a shock radius with the vertical direction, then depth z of the point
(corresponding to above shock radius) on the shock front, from the water surface is

Equation of state of sea water is given9 as

P = B(s) [(plpJ'

,

- 11

where B is a function of entropy s, y a constant and p, the density of water at zero
pressure. Since the entropy variations in water are small even when very strong shocks
are present, B is taken as a constant. If p, be the pressure and p, be the density at
depth z from the water surface, then equation (2) can be -written as

Similarly,

P - P, = ( B + P I ) [@lP,)'

- 11

(4)

where p, and p, are the pressure and density on the water surface. The equations of
conservation of mass and momentum for a flow of sea water can be written as
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where u and v are the radial and transversal fluid velocity respectively, and g, the
acceleration due to gravity is given" by
--

Re a n d g being the radius of earth and thevalue of gat the water surface, respectively.
In the stationary conditions, we have from Eqn. (6),
-1- z=p
-g cos 0
P ar
This equation when combined with Eqns. (4), (8) and (I), gives density and pressure
at depth z as

where

We assume that the energy release from the charge is pot instantaneous, but it
depends on time. If Q be the total energy released from the charge, at any time t
during the process of energy release, we suppose that

where Qo is the energy released at t = 0, POo @ 3 1) the total energy of the charge,
R' the shock radius just at the instant when Q becomes equal to PQ,, and R (the
shock radius) a function of time t.
d

As the shock travels some distance, it deviates from its spherical shape but the
deviation is sufficiently small. Here, we assume that the deviation of the shock wave
from its spherical shape is negligible. Hence, the transversal velocity v at the shock
surface is always tangential to it. This implies that jump in v across the shock surface
is zero. The other jump conditions may be written" as
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where E is intern1 energy, U the shock velocity, A, = (B+p,) and S = b21pz).
Subscripts 2 and z respectively denote values behind and in front of the shock. At
the shock, the Eqn. (3) of state becomes
P2 - Pz

= A,

(aY- 1)

(17)

Eqns. (14) to (17) are four relations in five unknowns E2, 6, pZ,u2, U.The aim is to
find the variation of the shock compression 6 with the shock radius R.
3. SOLUTION OF THE PROBLEM

Energy~hypothesisis ~ s e d ~ , to
' ~ find
, ' ~ 'the relation between 6 and R. If T = E

+ 21 2 be the total energy per unit mass of water, then

where a is constant of proportionality given by the relation
a =

Lim

R+R@

4nR3P2
-(T2

3Q

- TI)

Combining Eqns. (16) and (la), we have

Using Eqns. (14), (15) and (17) in the Eqn. (20), we obtain

Since at t = 0, R = R, and Q = Q, the above equation when combined with
Eqn. (19) gives,

where a quantity with superscript '*' denotes its value at R = &.
To find S* we use the mismatch method due to Buchanan and ~ a r n e s ' ~i.e.
, at
the water explosive boundary we have
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where p,, p, U, are detonation pressure, density of explosive charge and detonation
velocity, respectively. p2 and U are functions of 6 and b,pD, UDare known quantities
for a given explosive. Thus value of 6* can be evaluated from Eqn. (23). Now,
combining Eqn. (22) with Eqn. (13) we have a relation between 6 and R for the
values of R in the range 4 S R S R' as

where R = (R&) and
following relation
A
[$t

(R1/%).
For values of R greater than R' we have the

+ %](a - I)
- 1) + $](a* - 1)

-\

%(a*.

IT'=
1)

= Bm

(25)

Eqns. (24) and (25) give the variation of shock compression 6 with shock radius R in
a given direction
If energy release is assumed to be instantaneous, the relation between 6 and R takes
\the following form

4. RESULTS A N D DISCUSSION
For numerical calculations, the values of the parameters used are given" as
z,

= lOOOm

R'
Re
&
B
p,

= 256.78kb

= 10m

PD
UD

= 0.25m

p,

= 1.68g/cm3

= 6371.23xldm

PI

= 1g/cm3

= 9.8lm/se$

7

= 7.25

= 2.94kb

p

= 2
= 183.6115

= 1bar

Therfore

K

= 7.8xlddsec

K = 0 corresponds to the case when effects of gravity are neglected. Variation of
shock compression 6 with reduced shock radius R is shown in Tables 1 and 2 for
K = 0, 183.6115 and 0 = 0, n/2, n. Table 1 corresponds to time-dependent energy
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Table 1. Variation of shock comprrasba 8 with

R

when energy rrk.Bc is tlmedependent

6

ii:

K = 183.6115
K=O

O=O

B=nl2

B=n
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Table 2. Variation of shock compression 6 with

I
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when energy release is instantaneous

6
I'

-- -

release and Table 2 to instantaneousenergy release. It is found that shock compression
decreases (i.e. shock wave decays) as shock radius increases. They decay of shock
compression is smaller for time-dependent energy release in comparison with that of
instantaneous energy release, Also, shock compression decreases very slowly with the
increase of 0. It is also found that the earth's gravity has significant effects on the
shock propagation. The shock compression and its decay with R, both are reduced
due to consideration of gravity.
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