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AND VISCOUS MEDIUM

(Presented by Academician L. I. Sedov on 22 X 1965)

Consider the one-dimensional motion of a gas ahead of a piston that moves
with constant velocity U in a heat-conducting and viscous medium. The basic
equations of one-dimensional unsteady motion of a viscous and heat-conducting
medium have the form
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where t is time; r is the coordinate; p is density; u is the velocity component;
€ is internal energy; T is temperature; x is the coefficient of heat conductivity;
p is pressure; p,.,., P, are stress coordinates; A, u are viscosity coefficients; v =
1,2, 3, respectively, for plane, cylindrical, and spherical pistons. Suppose that
p = RpT and € = C,p, where R is the gas constant and C,, is the specific heat
conductivity.

Instead of the dimensional independent variables ¢ and 7, take the dimensionless
independent variables
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where p;,p, are the density and pressure ahead of the shock wave. We also
introduce the dimensionless constants ¢; = 2uC,/x and ¢, = AC,/x. The
sought dimensional functions are represented in terms of dimensionless functions
depending on the dimensionless variables by

Vitgn), p= pl sPi(&n),  p=pRi(&0n). (2)

Let V4 (€), Py(§), Ry(€) be the solutions of the problem for self-similar motion
obtained by L. I. Sedov (}). Then the required linearized solutions can be
represented in the form

Vi =V (§) +nV (), Py = Fy(§) +nP(§), Ry = Ry(§) +nR(E). (3)

After passing to dimensionless variables and varying with respect to 7, we ob-
tain a system of ordinary differential equations for V, P, R. Assuming that the
velocity of the piston is large and that €2 may be neglected, the system takes
the form
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First we solve the system of homogeneous differential equations.

Fig. 1
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Fig. 1 and Fig. 2

Figure 1: Fig. 1 and Fig. 2

Fig. 2

We denote these solutions by V, P, R. From the independent variable £ we pass
to the independent variable Vj, and seek solutions in the form

V= (1—V0)szam‘(1_vo>nv P= (1—V0)52bm.(1—V0)”,
n=0 n=0
E: (1fVO)SZCnl(1iV6)n7 i:1723334' (5)
n=0

We also represent &, Py, R, as series in powers of (1 — V}))

2 2
—1R
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&, Py, Ry, are the values of the functions at the piston.

The characteristic equation of the system is

2 L@( l)_l _
s [’YIROn s—l—y ” 0. (7)

The roots s; = sy = 0 correspond to solutions with a logarithmic singularity
(?). For v = 1.4, the characteristic root s3 = 13/35, 5/14, 29/105, respectively
forv=1,2,3.

Particular solutions of the system of differential equations with the right-hand
side are likewise sought in the form of series in powers of (1 — V).

The required solutions must satisfy the boundary conditions at the piston and
at the shock wave. At the piston v = U, and since V;; = 1, then

V(1) = 0. Ahead of the shock wave the gas is at rest, the density and pressure
are constant, and therefore the conditions at the shock wave can be written in
the form

plcsz(C_UQ)? pr'rl = pP1CUy +p'r7*2? (8)
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Fig. 3

Figure 2: Fig. 3
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where ¢ is the velocity of the shock wave. The conditions at the shock wave
after passing to dimensionless variables and varying with respect to n have the

form
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where V(' is the value of V|, at the shock wave, and a is a constant.

The radius vector of the shock wave is represented in the form

Ty = rog(l 4+ an+ ...), (10)

where 74y is the radius vector of the shock wave for self-similar motion.

The solutions for V, P, and R have the following form, if one retains only 1—Vj
to the first degree:

Fig. 3
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In these formulas the condition at the piston has already been taken into account.
The constants by;, cg3, and a are found from the conditions at the shock wave,
while the constants a;, b;, ¢y, ¢; are known coeflicients of particular solutions
of the inhomogeneous system.

Computations of V', P, and R were carried out for Prandtl number Pr = 1 for
v =1,2,3; they are presented in the form of graphs (see Figs. 1, 2, and 3).
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