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SHOCK WAVE PRESSURE WITH AN INTENSE
SPARK DISCHARGE IR WATER '

/ Following is the translestion of an
article by I.M. Astrakhan entitied
"Havienive na Udarnoy Volune pri Sil'-
nom Iskrovem Razrvade v Vode'(English
version above! in Izvestiya Vysshi’h
Ushebnykh Zavedeniy - Neft' i Gaz

{News of Higher Institutions of Learn
ing ~ Pstroleus and Gas), Ho. 10, Baku,
1959, pages 87 - 92 _/

A method is sxplaimed in this
article for computing the pressure at
2 shock wave with a zpark discherge in
water, baged on the solution of a
self-modeled problem of a strong detona~
tion in & compressible medium.

_ An underwater spark discharge is widely used as
& souce of vressure in water {(1). The problem of the

- sfrong point explosion in an ideal gas and in an wncom-

pressible £luid has been_solved by L.I. Ledov {(2). The
self-modeled / singunlar / problem of a point explosion
in & cmmgr@%slble Fluid, like water, has been examined
by N.N. Kochina and N.S. Mel'nikova (3). S.A. Khristi-
anevieh has examined the shock weve in water, where

the pressuce at the weve fromt did net exceed 300 atm.
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At short distamnces {rom the discharge phapnel axis

the @hock wave is propagated wiith eviindrical symmetry
aaerHanmﬁ1mh te toe symmetry of the discharge, while at
iarge distances wiih spherical symmweiry, as Lram a
print source. Io ds in connection with this that we
have solved the self-modeled problem of the detonation

wiih a cviimdrical wave and converted S.A., Khristiano-
wich!s solution for an explosive to the case of & spark
discharge. In the interme .ﬁ&ﬁw region we will use the
method of graphic 1nivryc§a L0

4s it has been asbown in (1), dn order For the
aroblem of the strong detonztion in a compresible mediuam
to be self-modeled, it will suflice taat the internal
energy of the medium
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where @ - ts an arbitrary function of its argument.
In this case the aéxabmﬁa aq&&timm

p o= ‘gz(}}.zfﬁ‘i ; » _ {23}

where #{S) ~ is a certain function of entxepy B.

The cownection between @ (R) and ﬁ;{}} is determined
" b
by the formulss

where ¢ ~ %8 an arbiirary constant,

Bt
B

The sqguations of one-dimensional, monsteady mation of the
idesl mmmpreﬁﬁihl@_m@diﬂw have the form
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where ¥ = 1 for plane waves, ¢ = 2 for eylindrical and
= % forgpherjical waves. _ ,

e will consider ¢that at moment t = 0 an explesion!
oceurs (i.e. & finite energy £, is instantaneocusly re-
jeased) ip & resting compressible medium at the center
of symmetry and that the detonation is intense {i.e. the
pressure p, im the undisturbed mwediwn can be meglected
in comparison with the pressure at the shock fremt).

In erossing the surface of the intense explosion the
conditions of conservation of mass, angular momentuwm
and energy flow should be fulfilled. These conditions
are the limits for equations (4):
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where ¢ - 1% the velocity of the shock wave.

i
Thus, there enter imto the conditions of tine yr@bmi

iem only two constants with indspendent dimensionss p, i
sngd £, R — e i
fpol == ML=%, [E]m= ML= T2,

Consequently, the problem becomes self-modeled (1}
4
We will assume 1
i
¥ : %
: _1{:x'§'i’(h},-
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e R Y 8
(6)
where ryn - 18 the radius of the shock wave.
For eylindrical symmetry
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The velgeity of tine shook front
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wheres E - ig a certain aﬂnﬂiamt with energy dimensions
proporticenal to the energy of the explosion

i)

By = h B,

From {5}, (6} and {7) we ¢btain
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The first of these conditions gives
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At the shock wave we obitain E
;

i

|

i

W Re(RY

oy TR — |

2R (R, } i

ill}§

" . . j
Usually the eguation of the state of water is pressnted |
in the form (2) %
1

pww*:eb{ WP —~pet . {12)

Then %R} = R « 1 and frem (3) we obtain an expression

Yor G B which can to a certain degres of accuracy approxi-
mate the Lunction




A7 (13)
We now compute the pressure at the shock wave. We assume}]
po = 0.938 g/cms, p1 = 0.999 g/cm3. (14)

This means Ry = 1.066, Rg = 1.816. (15)

Under these conditions « = 0.01.
Considering (10), (11) and (13) we obtain

- |
Ro=1_ (R —1) | |
A RE ~  2R,—1 i
From (8) 'Ap2="ﬁ§ﬁ££:ll-k' ) (16)

T dapy(2Ry— 13 | l

Substituting the data from (14) and (15) here, we cbtain

’pz,’“"‘ PR,

: P
Py =828,
:'2 %

We will compute the detonation energy E, for the data
of an experiment made by the Chair of "Trade Machines _
and Machanisms" of Moscow Institute of the Petroleum and |
Gas Chemical Industries imeni Academician I.M. Gubkin, f
when C=1.5 pf, U= 50 kv, d = 6 cm, _ (18&

where C - the capacity of the capacitori U - is the vol~- i
tage at the electrodes; d - is the distance between the
electrodes, we will assume §

i
v

CUZ ’ {
1" I, . ] 10
Eo 24d ¢.31 ¢ 10 erg/cm . (19)
Thus, according to (17)

p2=028-10°73" atm. | (20)

The results of computing p, by formula (20) are as
followa:

rg, cm

3; 5 8;
30003 1133.3; 42,6,

P2y atm




At considerabls distances from the place of the
explosion the shock wave is propagated with spherical

symwetyy, With low pressures the equation of state for
water 18 taken im the form (3}

~e[[£) ],

L 4 (21)
| o |
i
whers ?ﬁ « i3 the density at pressure egual to zero, 1
_ i
) N . f) . H
B = 3045 kgfom™, n = 7.15.
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The velocity of propagation of sound is eqgual to
1"%’“’¢“5o( X ‘ !
‘ dp : : :
where ‘ : / B ’
; ”E*“‘ g :
‘ (23)1

Eguations {22) are linesar for the case of low pressures.
The solutionsof these eguations which depend solely on
¥ , when py = U bhave the form
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(2h)
vhers p, - is an arbitrary cons tant .

If & spherical shock wave is propagated in a resting

fiuid, then at short distances the spread velocity of the
shock front will egqual
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To determine the
conseqguently the

we have
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stituting is (3%} we abtain
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We will asszume £

¥ M
\‘w“ !
i
N }
whers % w iz & dimensi Qnies, constant .
f’ 5
has the dimension of length.
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& given E,. For the abhove meniionead Qbyer;mgut made at

Then
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We will designate ${—3| =7 i
Co\ Py ] . ;
We assume p, = L7000 atwm., b = 16260 atm. according te
(3}, %
Then ;
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The parameter of 3 may be determined, %no»img py for any |

single distance ry from the center of the dstopation with

tne Moscow Imstitute of Petrolsum and Gasz Chemical ITndus-
tries im. L.M., Gubkin,when B, = 168? « 1010 erg, p, =

= 0,938 g/ewd, &, = lSﬂC m/3m = 0.3, we have r, =028
¢ o \
Ci%e
e 17000
Thus | L LET10- i,tﬁ 17000
. P ome Py ' 162{}(} £y 5,

9,2% 2 - /"’" """"’*""“‘"‘";’*W.mm. :
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‘dapicted in the figurs,
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The results of computing pg according to formula (30)

are the following:

ro , om B.%y 311.2; 1i.05 16.8; 25 3° 5%.6; 50.4367.2

i54.0

o g atm. :‘;6‘{2‘::6

géwgg lguﬁa ’
The calculanted dependsnca of pressurs at the shock’

wave on its radius for this partlcular experiment is |

s

250.0; 188,0; 150.0; 91.0;'65.a; 40,53
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