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A convergent spherical® shock wave 1ntensifies without bounds, as 1t approaches
the center, This was stated by Guderley [1], L.D. Landau and Staniukovich

[ 2] using self-simllar solutions of ordinary gas dynamics for wave focusing.
However, in the corresponding physical phenomenon, the effect of heat trans-
fer is considerable,,since thé hlgh temperatures involved result in radiant
heat exchange.

It is of interest to consider wave focusing, taking into consideration
the effect of radlant heat exchange, and in particular, to clarify whether
in thls case the energy accumulation also remains unbounded.

For simplicity, we carry this out only for suffilciently strong shock for
which the radiation is everywhere in equilibrium with the medium, and the
width of the precursor heating zone 1s large in comparison with the radiation
path, including the early stage when this width is still small in comparison
with the radius of the wave.

Heat transfer blurs the wave front: in front of the compression shock
there appears a zone of precursor heating in which gas motion already occurs.
The general propertles of this phenomenon are described, for example, in the
book by Zel'dovich and Ralzer [3].

Let us calculate the width of the precursor heating zone firstly for a
pPlane stationary shock ; for this, we write the conservation equations for
a shock advancing in a cold gas

— 2
pu = peD,  p + pu? = pD
us 1 p) poD?®
—_— —_— u = —_
pu (2 +o—r )ttt Q=5
Here ¢ 1s the heat flux, and the other symbols are conventional (in the
coerdinates chosen, the shock 1s at rest).

Let us consider the case in which the radiant energy plays a role only in
heat transfer, but its density (4/b)02* 1s still small in comparison with
#p/(y — 1), 1.e. we shall use the equation of state of an ideal gas p=(R/u)pT,

neglecting the radiation pressure.

For radiant heat transfer

0= -5t T
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where ¢ 1s the velocity of light, and 1 1s the radiation path.
If the latter 1s glven by Compton scattering, then
l~p*t or L=1L (py/ p) (L = const)

Thus, we have four equatlons, using which u, P, p and dT/dx may all
be expressed through 7T .

Pl S Omitting the calculations, we give
/oL‘r-/ only the results for the quantities o
12 (rol) and AT/dx
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In the precursor heating zone, r varies from O to 1 , while p/p,
increases from 1 to the value i(y + 1) (as 1s evident from (1)) and then,
by a jump, reaches 1its final value of (v + 1)/(y — 1) (v € 3). Integrating
(2) with respect to 1 from O to 1 , we find the complete wildth & of
the heating zone in front of the compression shock

S = BJ J=IS U+ Vi—8(x—1)/(r+ 1)) 7%

J=0871, §=173-40" 2 (3)

A diagram of the spacial distribution of p and 7T 1n the heating zone
is shown in Fig.1.

Let us return to the convergent wave. As is evident from (3), the width
of the heating zone increases rapidly with increase in p , 1.e. as the wave
approaches the center. The arrlval of the heat wave at the center of the
front is a characteristic moment of stopping of further temperature rise,
and the temperature reached at that instant will te of the order of the maxl-
mum temperature of the entire process,

In a convergent wave D=4 / r* ((1,:0_395 for 7= 1~4), where 4
characterizes the strength of the shock (its velocity at unit radius).
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The characteristic dimension of the wave 7, 1s determined assuming that

& 1s of the orser of r, . Substituting the expression for D 1in (3) and
setting S ~ r, , we obtain a relation for r, , from which we get
1
45 45
ry ~ <ﬂ_§.A_) 1+5%
polt?

We determine the maximum temperature of the process. In a shock wave,
T ~D3/R , L.e. in the convergent wave

T ~pA?/Rr*=

Substituting for 7 the value of r, , we get an expresslon for the
maximum temperature 1
Timax = const (p,2* R32-14%1-3a] -2 g-2al)i+ 5=
In particular, for ¢ = 1.4 (@ = 0.395)

Tmax = const poo.zss R0-060 ”—o.oeo A0-872 (LG)'°‘2°5

Here const denotes a dimensionless coefficient of the order of unity.
It can only be found from the complete solu-

t tion of the problem of the wave focusing with

heat conduction, which in principle can be

done numerically.

Thus, in the presence of heat transfer,
the temperature attained 1s finite, but with
increasing wave strength (increasing 4), this
temperature can become arbitrarily high. In
this sense, this temperature limitation by
heat transfer 1s not a fundamental one,

A diagram of the appearance of the wave
focusing in the present case 1s given in Fig.2.

Flg. 2

The heat wave and the shock wave arrive suc~
cessively at the center. Each of these near the center 1s described by 1ts
own self-similar solution (which we shall not consider), and a general self-
similar solution for the entire process does not exist.

We shall consider the qualitative behavior of the shock wave at the center,

In the focusing stage, the temperatu:e is constant, near the center 1t
depends neither on 7 nor on ¢ ; 1l.e., the wave 1s 1sothermal. Its ampli-
tude may tend to zero, to a finite 1limit, or to infinity (oscillations are
excluded). We shall show that the third possibility can be reallzed.

Tending to zero 1s excluded since it is well known that every weak shock
before the center cannot weaken, but must increase in strength according to
Formula

Ap~rt
If the amplitude would tend to a finite limit, then such a wave near the
center would be described by a self-simllar solution with constant amplitude.
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Substituting such solutlon into the equations of motlon, we shall see that
the equatlons are not satisfled. Only the thir& case remains, 1,e.unbounded
increase (the law of this increase 1is not established). Thus, heat trans-
fer only changes the unbounded accumulation but does not eliminate it :
instead of flnite density and infinite temperature, we obtain finite temper-
ature and infinite density.

The author thanks Iu.P. Raizer for valuable reharks.
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