A THESIS ON
SOME PROBLEMS OF DISCONTINUITIES
IN PHYSICAL GASDYN/MICS

By

SUNIL KUMAR JAIN

Dapartment of Mathematics
Indian Institute of Technology
Hauz Xhas, New Delhi-110016.

Submitted to the Indian Institute of Technology, Delhi
for the award of the degree of Doctor of Philosophy
in Mathematics

MAY, 1981



DEDICATED TO MY PARENTS



CERTIRICATE

This is to certify that the thesis entitled
"Some Problems of Discontinuities in Physical Gas
Dynamics” which is being submitted by Mr. Sunil Kumar
Jain for the award of degree of Doctor of Philosophy
in Mathematics to the Indian Institute of Technology,
Delhi, is a reccrd of bonafide research work carried
out by him under my guidance and supervision.

The thesis has reached the standard fulfilling
the requirements of the regulations relating to the
degree. The results obtaincd in this thesis have not
been submitted to any other University or Institute
for the award of any degrec or diploma.

R Srod?

( Rama Shankar )

Department of Mathematics
Indian Institute of Technology
Hauz Khas, New Delhi-110016.



ACKN OWLEDGEMEN TS

It gives me great pleasure to express my deep sense
of gratitude to Dr. Rama Shankar, Assistant Professor,
Department of Mathematics, Indian Institute of Technology,
Delhi, for his guidance and supervision throughout the pre-
paration of this thesis. My regards are also due to
Professor Q.P. Bhutani, for his constant encouragement and
fruitful discussion I had with him,

I express my sincere regards to Prof. M.K. Jain,
Head, Computer Centre, Prof. M.P. Singh, Head, Centre for
Atmospheric Sciences, Indian Institute of Technology, Delhi,
who remained a source of inspiration and their interest in
my work.

I am thankful to Prof. H.L. Manocha, Head, Department
of Mathematies, Prof. 0.P. Jain, Director and associate
authorities of Indian Institute of Technology, Delhi, and
Council of Scientific and Industrial Rescarch, India, for
providing me necessary research facilities and financial
help to complete this work.

A word of thanks are also duc to my friends Mohan
Prasad for extending his co-operation.

Finally, I thank Miss Neelam Dhody for her neat and
commendable work in typing the manuscript.

WA

I.I.T., Delhi ( Sunil Kumar Jain )



SYNOP SIS

1

This thesis entitled "Some Problems of Discantinuities
in Physical Gas Dynamics"® is divided into six chapters.
Chapter I presents an introduction to the ﬁhesis. Chapter II
deals with the propagation of weak discontinuities in ther-
mally conducting and dissociating gases. Chapter IIT dis-
cusses the formation of shoek waves in Physical Gasdynamics.,
Chapter IV deals with the problem of breakdown of acceleration
waves in radiative and vibrational non-equilibrium gasdynamics,
Chapter V devotes to study some aspects of shock waves in
physical gasdynamics. The last one namely Chapter VI;?oncernemL
with the geometry of three dimensional radiative gas flows.
A brief description of ecach chapters is given below:

Ghaptey I: Introductian

In this chapter, a brief account of the fundamental
ideas and features characterizing the gases coming under our
review is given. This is followed by a brief historical
survey of the previous studies made related to the present

- work.

Chapter IIL: at sco ties in all
gonducting * and Dissociating Gases**

Using singular surface theory, the phenomena associated

with the uniform as well as non-uniform propagation of weak

¥Acta Physica Hungerica, 45(2), 1978, pp-113’-121.

¥*Proc, Indian Academy of Sciences (Math. Sei.), Vol. 89,
NO. 1, 1980, pp. 5;‘800



discontinuities through thermally conducting and dissoclating

gases are studied. The basiec differential equations governe
ing the growth and decay of weak discontinuities are derived
and solved completely. The eriterion for decay or blow up

of these discontinuities is obtained. It turns out that the
thermal conduction and dissociation allow the existence of

a singular surface carrying a weak discontinuity which grows
into a shock and the role of dissociation and thermal conduc-

tion is to cause rapid damping in the formation of this shock,

Chapter TII: Formation of Shock Waves in Physical Gas Dymamics

Following the analysis as given in Chapter II, we
have studied in this chapter the formation of shock waves 1.e.
the termination of weak disﬁontinuities into a shock wave in
Physical Gasdynamics. We have divided the work into sections
I and II respectively. In Section 1, we have studied the |
entitled problem in vibratlonal and radlative non-equilibrium
gasdynamics whereas in Sectlon II, we have carried out the
same analysls to radiation magnetogasdynamics. The differen-
tial equations for growth and decay of weak discontinuities
have been formulated here., This class of equations have .been
solved completely and particular cases of plane and spherical
waves have been discussed. The special and temporal extents
of these discontinuities to generate into a plane and spherical
shoek waves have been indicated. It turns out that the vibra-

tional and radiat’ve nom-equd. librium allows the existence of a



singular surface carrying a weak discontinuity into such
uniform medium. This weak diseantinuity may grow into a
shock and the role of vibrational non-equilibrium is to
decrease the critical time for the formation of this shock
whereas the effect of radiation heat transfer energy 1s to

contribute damping in the formation of this shock wave.

Chapter Vs n the cakdown of JAcceleration Waves in
Vibrational and Radiative Non-gguglgbr;um
Gasdynamics

Tris chapter is devoted to the study of characteristic ’
solution in the neighbourhood of the leading frozen charac-
teristics in relaxing and radiating gas flows. It is found
that at the cusp of the envelope of intersecting forward
characteristics, there occurs breakdown of the wave after a
finite eritical time., It is observed that there exlsts a
eritical value of the initial amplitude of the wave such that
all compressive waves with an initial amplitude grcater than
the critical one will terminate into a shock wave due to non-
linear steepening while an initial amplitude less than the

eritical one will result in a eontinuous decay.

Chapter V: n Some A§Qects of Shock Waves in Phxs;cal
Gagdxgamics

This chapter contains two sections. In the first

secticn, based on Truesdell's analysis, the differential effect



of shock fronts in non-equilibrium gasdynamies has been
studied. While in the second section;;zme analysis has been
extended to study the shock wéves in magnetohydrodynamic flow
with heat addition. The differential equations governing the
flow have been integrated to represent the jump conditidns
across shock wave., These jump conditions have been solved
for the density strength of the shock wave, As a result of

this, the differential effects of shock front have been discussed.

Chapter VI: On _the Geometry of Radiative Gas Flows

In this chapter, we have discussed the geometry of
stream lines in radiation gasdynamics. The purpose of this
chapter is to investigate various dynamical and kinematical
relations connecting the flow variables with the geometrical
parameters of the stream line trajectories. The expressions
for the tangent, prineipal normal and binormals vectors and the
curvature and torsion of tae stream line are given in terms of
the veloclty components, the pressure, the density and the radia-
tion, The variation of pressure along stream lines, their princi-
pal normals and binormels ere obtained. It turns out that the
radilating character of the gas decreases the pressure gradient
along the stream line. However, the pressure remains constant
along the binormals. If the stream lines are straight lines, the
trajectories of the priancipal normals lie in the surface of the
constant pressure. Finally, the expressions for vorticity compo-
nents are found in terms of curvature of the stream lines, their

Principal normals and binormals,
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