
A 

THESIS ON 

"EFFECTS OF NON-EQUILIBRIUM PROCESSES ON 

WAVE PROPAGATION IN FLUID FLOWS" 

P. CHANDRAN 

Department of Mathematics 
Indian Institute of Technology 

New Delhi-110029 

Submitted to the Indian Institute of Technology, 
New Delhi for the award of the degree of DOCTOR 

OF PHILOSOPHY IN MATHEMATICS 

1978 



In loving memory of my sister 

CHANDRIKA 



ACKNOWLEDGEMENTS 

I deem it a privilege to have been associated 
with Professor O.P. Bhutani, M.Sc.., Ph.D., Head, Department 
of Mathematics, Indian Institute of Technology, New Delhi 
during the course of this thesis work. Right from the 
conception to the consummation of this thesis, I have 
been greatly benefited by his keen interest, constant 
encouragement and guidance. It is really a pleasure to 
acknowledge my debt of gratitude to him. 

I also take this opportunity to thank Dr. Rama 
Shankar for his help and supervision, especially in the 
last chapter of this thesis. 

My personal acknowledgements are also due to 
Mr. P. Mohana Shankar for the help received throughout 
my stay here. 

Also acknowledged with gratitude is the financial 
help obtained from IIT, New Delhi in carrying out this 
work. 

Finally, I would like to thank Ms Neelam Dhcdy 
for typing the manuscript neatly and 'bringing it to the 
present form. 

P. CHANDRAN 



CONTENTS  

SYNOPSIS 

CHAPTER I: INTRODUCTION 

1. Subject in General 
Basic Principles and Fundamental 
Equations 1 

2. Survey of Related Works 26 

CHAPTER II: REAL GAS EFFECTS IN NON- 
EQUILIBRIUM GASDYNAMICS 

1 . Introduction 40 

2 . Fundamenta 1 Equations 43 
3. Derivation of a Single Equation 

and Dispersion Relation 46 

4. particular Cases 53 

5. General Case 56 

6. Discussion of the Results 6o 

7. General Character of Various Modes 61 

3. Conclusion 69 

Appendices 

CHAPTER III: ANALYSIS OF THE EFFECT OF NON- 
EQUILIBRIUM PROCESSES ON OCEANIC 
ACOUSTIC WAVES 

1 Introdueti on 75 

2. The Basic Equations 78 

3. The Perturbation Equations 83 
4. One-dimensional Acoustic Waves 84 

5. Normal Mode Analysis 90 

6. Particular Cases 96 

7. Analysis of the Wave 	Hierarchies 99 
8. Conclusion 106 

Appendices 



CHAPTER IV: 	WEAK WAVES IN DUSTY GAS 

1 	Introduction 	 112 
2. Equation Governing the Acoustic 

Waves - Without Phase Change 	116 

3. Analysis of the Decay of Weak Waves 	120 
4. Steady Flow 	 123 
5. Effects of Phase Change 	 124 
6. Decay of Weak Waves - With Phase 

Change 	 130 
7. Generalization of the Results 	134 
8. Conclusion 	 135 

CHAPTER V: 	AN APPROXIMATE METHOD FOR ANALYZ- 
ING NON-EQUILIBRIUM ACOUSTIC 
PHENOMENA IN ATMOSPHERIC FOG 

1 . 	Intrcducti on 	 138 
2 	The General Wave Equation 	 141 

3. Derivation of Equivalent Lower 
Order Equations 	 143 

4. Analysis of Harmonic Disturbances 	146 

5. particular Cases 	 156 
6, Conc lusion 	 162 

CHAPTER VI: 	ON THE LINEARIZE ANALYSIS OF 
TWO-PHASE FLOWS 

1 . 	Introduction 	 169 
2. The Equations and Reduction to 

Canonical Form 	 171 
3. The Linea ri zed Equations 	 176 
4. Some Special Cases 	 181 
5. C one lusi on 

Appendix 



CHAPTER VII 
	GROWTH AND DECAY OF SONIC DIS- 

CONTINUITIES IN NON-EQUILIBRIUM 
GASDYNAMI CS 

1. Introduction 	 186 
2. Gasdynamical Equations 	 1 88 
3. Velocity of Propagation of 

Sonic  Way e 	 189 
4. Fundamental Differential Equations 

for Growth and Decay of Sonic 
Discontinuities 	 193 

5. Particular Cases 	 200 
6. conclusion 	 2 03 

REFERENCES 
	 204 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

