
A THESIS ON 

PULSATING AND BOUNDARY—LAYER FLOWS 
WITH AND WITHOUT HEAT TRANS PER 

By 

M. Na Channabasappa 
Department of Mathematics 

Indian institute of Technology 
New Delhi 

Submitted to the Indian Institute of 
Technology, New Delhi for the award 
of the Degree of,Ebctor of Philosophy 

in Mathematics 

1967 



CERTIFICATE 

This is to certify that this thesis entitled "Pulsating 

and Boundary-layer Flows with and without Heat Transfer", being 

submitted by Mr. M.N. Channabasappa to the Indian Institute of 

Technology, New Delhi, for the award of the Degree of Doctor of 
0 

Philosophy in Mathematics, is a record of bonafide research work 

carried out by him. Mr. M.N. Channabasappa has worked under my 

guidance and supervision for two years and has fulfilled the 

residential and other requirements for the submission of this 

Thesis, which to my knowledge, has reached the requisite standard. 

The results contained in this Thesis have not been submitted, 

in part or in full, to any otterUniversity or Institute for the 

award of any degree or diploma. 

( M.K. Jain ) 
Head of the Department of Maths., 
Indian Institute of Technology, 
New Delhi. 



ACK l'.:CMLE 	 ME  try 

I express my grateful thanks to Dr, M.K. Jain, D. Phil., 

D.Sc., Head of the Department of Mathematics, Indian Institute of 

Technology, New Delhi for his kind help and valuable guidance 

throughout the preparation'of this Thesis, 

my thanks are due to the authorities of the Indian Institute.  

of Technology, New Delhi for having placed at my disposal all the 
facilities necessary for my- research. 

I take this opportunity to thank the authorities of Karnataka 

regional Engineering College, Surathkal for having enabled me to 
take. up this research work by sactioning the necessary study leave. 
In particular, I wish to express my gratefulness to. Dr. A.S. Adke, 
B.E.(Civil), Ph.D.(Engg.), Principal, K.R.E.C., for his kind help 
and encouragement throughout the period of my research work. 

The authorities of the I.A.R.S., Delhi and I.I.T., Kanpur 

were kind enough to provide me with computation facilities at 
their- computer centres. My thanks are due to them. 

I am thankful to Dr. P.G. Reddy and Mr. R.S. Rath for their 

kind help during the preparation of this Thesis. 

It is pleasure to record my thanks to Mr.Joseph Kurian for 
his valuable help in preparing the program given in Appendix II, 

and to Mr. Dev Raj Joshi for his excellent typing. 

N 

( M.N, Channabasappa ) 
Department of Mathematics, 
Indian Institute of Technology, 
New Delhi. 



CONTENTS  

PART—I 

Chapter 	 Page 

	

I 	A brief survey of literature relating 
to flow and heat transfer in circular 
and annular passages 

References 	 10 

	

IT 	Pulsating laminar flow in an annulus 
with heat transfer 	 13 

2.1 Introduction 	 13 

2.2 	Definition of the hydrodynamic system 	14 

2.3 	Solution of the equations of motion 	16 

2.4 Volumetric flow rate 	 20 

2.5 	Frictional dissipation 	 22 

2.6 	Definition of the thermal system 	22 

2.7 	Solution of the energy equation 	25 

2.8 	Nusselt number 	 33 

2.9 	Numerical calculations 	 35 

2.10 Discussion of results 	 38 

References 	 41 

	

III 	Heat transfer by laminar flow into fluids 
flowing with velocity pulsations in a 
cicular pipe with circumferentially varying 
and fluctuating heat flux 	 42 

3.1 Introduction 	 42 

3.2 	Definition of the hydrodynamic system 
and the determination of the velocity 
field 	 43 

Definition of the thermal system, and 
the solution of the energy equation 

Nusselt number 	 55 

3.3 

3. 

46 



3.5 Real and imaginary parts of modified 
Bessel functions of different orders, 
and numerical calculations 	 57 

3.6 	Discussion of results 	 60 

References 	 62 

IV 	Pulsating laminar flow in an annulus with 
porous walls 	 63 

4.1 Introduction 	 63 

4.2 	Definition of the hydrodynamic system, 
and the solution of the equations of 
motion 	 64 

4.3 Volumetric flow rate 	72 

4.4 	Frictional dissipation 	 75 

4.5 Real and Imaginary parts of Bessel 
functions of different orders, and 
numerical calculations 	76 

4.6 	Discussion of results 	 80 

References 	 82 

PART-II 

I 	A brief survey of Boundary-layer theory 	83 

References 	 93 

iI 	Boundary-layer on a sphere rotating in a 
thereto-viscous fluid having a uniform flow 	96 

2.1 . Introduction 	 96 

2.2 	Basic equations 	 97 

2.3 	Derivation of the Boundary-layer 
equations 	 100 

2.4 Method of solution 	 105 

2.5 	Numerical integration of the equations 	110 

2.6 	Skin-friction and the boundary-layer 
separation 
	 125 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

