Band in his studies of shock structure.® For this latter
case it is clear from (17) that ds/dV =0 and, moreover,

dP/dV =(8P/8V),+(8P/8s)y (ds/dV)=(8P/8V),.

IV. CONCLUSIONS
We may summarize the conclusions as follows.

(1) The subsonic-supersonic conditions for shocks,
Myz=1, M;=1 are a consequence of the second law of
thermodynamics for viscous, heat conducting fluids with
arbitrary equation of state. It is not necessary to in-
voke the additional conditions,

(8*P/8V?),>0, (8P/8s)y,>0.

(2) The effect of heat conduction is to reduce the
mechanical dissipation in accord with the Le Chatelier—
Braun principle.

(3) Under the condition,
(8P/8V)p < - 42

at the head of the shock, it is not thermodynamically
permissible to assume for any material that entropy
production is due to heat conduction alone. That is,
some viscous dissipation is necessary. This would rule
out such predicted phenomena as the “isothermal dis-
continuity (Ref. 4, p. 342).”

(4) For all materials for which the quantity (8.P/8s),
is positive in the shocked state, the entropy must attain
a maximum value in the transition region. This con-
clusion agrees with that derived earlier for an ideal
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These conclusions depend on the correctness of the
assumption that the contributions to entropy production
due to mechanical dissipation and to heat conduction are
individually positive.

ACKNOWLEDGMENTS

My interest in this problem was stimulated by dis-
cussions with Dr. G. W. Swan and Dr. Wm. Band.

This research was supported by National Science
Foundation Grant No. GA 35064 and by Stanford Re-
search Institute.

H. Weyl, Commun. Pure Appl. Math. 2, 103 (1949).

®M. Morduchow and A. J. Paullay, Phys. Fluids 14, 323 (1971).

A. G. Istratov, in the Twelfth International Symposium on
Combustion (The Combustion Institute, Pittsburgh, 1969), p.
779.

‘L. D. Landau and E. M. Lifshitz, Fluid Mechanics (Addison-
Wesley, Reading, Mass., 1959).

’M. Morduchow and P. A. Libby, J. Aeronaut. Sci. 16, 674
(1949).

M. Cowperthwaite, J. Franklin Inst. 285, 275 (1968).

C. Truesdell, Rational Thermodynamics (McGraw-Hill, New
York, 1969), Chap. 2.

®W. Band, J. Geophys. Res. 65, 695 (1960).

°H. Callen, Thermodynamics (Wiley, New York, 1960), p.
139.

WR. Courant and K. O. Friedrichs, Supersonic Flow and Shock
Waves (Interscience, New York, 1958), p. 156,

Uya, B. Zeldovich and Yu. P. Raizer, in Physics of Shock
Waves and High Tempevature Hydrodynamic Phenomena (Aca-
demic, New York, 1966), Vol. I, p. 77.

G. R. Fowles 780




