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Z?bllowing is & translation of aen article by L. S. Kompaneneyets
in the Russian-languege periodical Doklady Akedemil nauk SSSR
(Renorts of the Academy of Sciences USSR), Mosoow Vol. 130,
do, 5, pages 1001'1005~7
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o As is well knowr the problem of & point eyplosion in a medlum
of constant isentropic dex #7 has an anslyticcl solution %) for
types of phoenomena in VA]ch it is pcssible to neglect the energy in
the medium up to the tims of the exylosion with respect to the energy
carried in the detonation wave. A vslatively simple solution can be
obtained, becawse the problem can be put into & dimensionless form:
it contains no Lharescteristic perameters with the dimensions of length,
velocity, or time., If there is a density gradient in the medium, even
if only in one directioh,it is dimensionless formulation is no longer
possible end an exatt solution is not obtained, For small gradients
the problem cen be considered using o pertubation methed(2,8),

If the explosion occurs in en extremely rarofied atmosphere,
& strong shock wave with a limiting compression is propagated forx
such o distance that the density is changed by many times with respect
to the density at the site of the detonation. In this case it is
insufficient to lineraze the equations., The numerical solution of
the proolem with three variabies is very laborious, even using’an
electronic computer.

: & semiguelitetive method may bo proposed that is based ‘on an
essential property of the oxsct sphericallv symmetric solution., In
this solution the energy is found to be propagated almest uniformly
through the whole volume of the detonation wave, and it is only close

~to the front itself that it exceeds by a factor of 2 or 3 the mean
value throughout the veiume, The whole mess of the materlal is also e
dlstrlbuted ‘concentrically throughout -this region. . K

It is matural to assums that = Jdetination wave in an 1nhomo-}

»  geneous atmosphere also possesscs this property. Actually, if the
pressure within the weve is constant in space (the pressure is pro=-
portionel to the energy density), end the mass density equals zero,
the hydrodynamic‘equations‘in the main. volume are trivially satisfied.
Thus,: in order to describe the propagetion of the wave, it is. necesgary
to use the conditions in the shock front itself., .

If the egquation of the wave front is f(r,z,t) = 0, the norhal’
volooity componént ‘of tho front Dn is defined by the well known ~
equatlon. .
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Here, as is usual in the consideration of strong weves, the initial
pressurc is negloctod with rcspoct to the pressure of tho wave front
p. In this approximetion the donsity behind the front 'p' is con-
nected with the demsity beforc the front p by the constant relation-

ship '
P’ = ¥
- %:;.:..%_. (2)
The pressure is expresséd in terms of the energy donsity &
o p= (Yo 1)< = / — 1)}k_§_,, v (3)

whore E is tho energy density of the detonation; V is the volume
occupied by the detonation waves; and lﬁﬂ'ﬁ\(?ﬁ is a cocfficicnt
indicating how meny times larger the energy density near the

front is then the meen density throughout the volume (1), The

assumption that 4 is constent over the surface 1s the basis of the
mothod hlero proposed, ‘ o

, e shall considor thet the oquation for the wave front in
cylindrical coordinates is solved for tho rodius: r = r(z,t). Then
the total volume of the wave is 24 '

V(&) = 11 .i r2 (z, t) dz, | (4)

whoro r(z1, t) = zg, t) = 0, S&gstituting (2), (3), and (4) in (1),
and oxpressing the donsity by the barometrie formule, we obtain a
portial differential equation for the function r: ‘
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o = or 2 -
N : c Z/Zo 1 : i } 1 \ = 0, (5)
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Here z. is the cquivelent thickness of the atmosphere, and y is an

- suxilidry varisble defined by the oquation

t
:‘J dt
y= \'\ T e Y2 —
A .\\/% 2 C 1>) 3 (6)
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Py is the initial air density at the siteo of the dotonation (z = 0),

The equation (5) is soluble by the method of soparation of
variables
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Ty o ’\Azlze* z/zo -1

For smell t or y the wavo moy be sphorical,
it is suffieicnt to put the function F(©) equal to zoro.

Then by
oliminating ¥ from (8) and substituting in (7), wo got

a———

oty

T
r 2 2z, arc cos !_l_oz/ézo (1 — %2 + G___z/io) s
2 | -

horo x = y/2z4.

Thus we obtain the position of tho u

pper and lowor points of
she wave 2 and zZy ~

o T PLa2fR20 = T 4, . (o)
as well as the position and magnitude of its moaximum radius

R zm/zo == 1 7—x2, m == 2z, arc sin x. (11),

Thus the maximum possible radius of the wave is oqual in

this case to x = 1, so that tho upper limit of thowwave goes out to
:afinity. Bub this ocours after a finito timo = which is dofincd

srom (6) as
) —z 1
T = =, / 8”zop0
N AB (Y2

1) \) VX)) ax,  (12)
0]

For this to happon

(9)
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The timo for the upward wave to go o infinity romains finitoe,
thonks to the faet that the volocity of the wave, according to (1),

tends to infinity os z-——% . Fig., 1 shows the curves for the trans-

formation from x to t end [/ {x}11/2. Drewn to sealc in Fig. 2
ors the caleulated cross scctions of & wavo in & vertical plane

pessing through the sito of the detonetion, for various instants of

timo,

It is obvious that tho solution loses its significance beforo
zq becomes infinito. Nonetheloss it is possible Yo mako the follow=
inz conclusion: however large the tobtal cnergy of tho detonation,

6. strong shock wave cen be propageted downward, according to the
law obtained horec, by not moro than 1,38 zg or about 11 km, With
further downward propetation, tho shock front will be attenusted
moro quickly than the following wave on account of the rarcfaction
waves proceeding upword from it into empty space. Tho propagation
of o wove through unporturbod air will recall the short shock in o
substancc ndjoin’ing o vacuum, which was considerod by Ya. B. Zol!
dovich (4).
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Fig. 2
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