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MEDIUM

(Presented by Academician L. I. Sedov, 10 VII 1961)

Consider the motion of a gas behind a piston which expands with constant
velocity u in a medium whose density p,, varies according to the law

Pn = ,01[1 - ngL (1)

where r is the linear coordinate; € is a small parameter; X, p; are constants.
The unknown functions are the pressure p, the density p, and the velocity v,
which depend on the variables ¢, and on the parameters p;, p;,€, X, 7y, where
v = ¢,/c,. From these quantities one can form only two dimensionless variables

Thus the sought dimensional functions can be represented through dimensionless
functions depending on the dimensionless variables:

vzgv(k,u% pzm(%fﬁ(/\,u), p=p RO\ ). (2)

The problem of the motion of a gas behind a piston moving with constant
velocity in a homogeneous medium was solved by L. I. Sedov (. Let Vo(A),
Py(X), R’ (M) be the solutions of this problem. Then we represent the linearized
sought solutions in the form

V=V,(N)+uV(A),  P=PF\)+upPQR),  R=Ry(N+uRM). (3)
The basic equations of one-dimensional unsteady motion have the form
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ot \ p7 or \ p7
Here v = 1,2, 3, respectively, for plane, cylindrical, and spherical waves. After
passing to dimensionless variables and varying with respect to u, we obtain a

system of ordinary differential equations for V, P, R. From the independent
variable A we pass to the independent variable

variable V{), and we shall seek solutions in the form

V=(1-V)%) a,(1-V)",

As is known, in the case of self-similar motion the solutions for V|, P,, R,
are not expressed in analytic form. After passing to the independent variable
Vy, approximate solutions can be found by expanding the desired functions in
powers of (1 —V,):

A= [1—%(1—%)4—...},

Py =Py, [1 20—V + } , (6)

v

Ry =Ry, 1+ x(1-V)* +..],

where A, Py, R, are the values of the functions at the piston.

The characteristic equation of the system, if the equalities (6) are taken into
account, will be

52 (5—5) —0. (7)
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The roots S; = S5 = 0 correspond to a solution with a logarithmic singularity
).

Let us now consider the boundary conditions. At the piston ¥ = u, and since
Vo = 1, then V(1) = 0. Ahead of the piston, at some distance, a shock wave
is moving. We shall assume that the piston velocity is large, and take the
conditions at the shock wave in the form

2 v+1 2
9y = ——e, =17, =2 ppc?, 8
2 | P2 ~ 1PH )] ~ lpH (8)

where c is the velocity of the shock wave.

The conditions at the shock wave, after passage to dimensionless variables and
variation with respect to u, have the form

V2= [MM — Vo (A") 42" (d‘/O)A—)\*] LY

y+1 dX I
dP, 41+ x) 2
P, = [2)\* (—0) —2P,(\* — ; 9
o= o (G2) e+ e 2 9)

4 (1 * 1
= [or (250) LES RS Y AT
dX J yy v—1 v—1

where \* is the value of A at the shock wave, and a is a constant.

The radius vector 7, at the shock wave is represented in the form

T = Too[1 + ap]. (10)

The solutions for V, P, R take the following form if (1 — V;)? is neglected and
X/v is not an integer:

2
V= KbL(l V) In(l — V) + X038 oy vt

vy Py, Ry, (x +v)
X+ 2 4
P=ty {[1-220-y)|ma-1p+1+2a-v ). ay
R = fop, {[1—1(1—V)]1n(1—V)+1+5+i(1—V)}+c 1=V, )X/
’Y-Pop 01 v 0 0 X v—x 0 03 0 .
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In these formulas the condition at the piston has already been taken into account.
The unknown constants b, cys,a are determined from the conditions at the
shock wave.

If x/v is an integer, then the solutions will have the form

b
v = X Yo
VPYPOP

(1=Vo) In(1 = Vp),

P:bm{[l—XTH(l—Vb)} 1n(1—v0)+1+§<1—v0)}, (12)

R:[ROPI) +c (1—V)]1n(1—V)+<1+V) Ron +c¢1(1—=V)
VP, 01 T C11 0 0 X/ 7Py, 01 T €11 0
Fig. 1
Fig. 2
Fig. 3

The values of V, P, R computed by us as functions of V|, for x =1 in the cases
v =1,2,3 are presented in the form of graphs (Figs. 1, 2, 3).
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