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ii.BSTROT 

The object of the present work is to study the 

stability of pipe-Poiseuille flow to finite-amplitude 

non-axisymnetric disturbances by calculating higher 

order Landau-coefficients of the Stuart-Watson (1960) 

formalism. The specific theory used was the equilibrium-

amplitude formulation of Reynolds and.Potter (1967). 

It is known from the earlier analytical works 

that according to linear theory, pipe-Poiseuille flow 

is least stable to a non-axisymmetric mode of distur-

bance which has an azimuthal wavenumber of n = 1. In 

the present.work, we studied the non-lineai" stability 

of pipe-Poiseuille flow, for this particular least-

stable mode of disturbance. 

The Stuart-Landau series was analysed by means 

of the Shanks (1955) method, to investigate the possible 

existence of equilibrium states. Ids°, the radius of 

convergence of the Stuart-Landau series was calculated 

by using Domb-Sykes plots. Within the radius of conver-

gence, the value of the amplitude lid which made the 

correct sum of the Stuart Landau series as zero, was 

determined, and this value of 11,1 is actually the 

equilibrium amplitude. 

Results show that there is a preferred band of 

the spatial wavenumber a (i.e. 1 < a < 4), where 



threshold-amplitudes or equilibrium-amplitudes exist. 

It is also found that the value of the minimum equi-

librium-amplitude corresponding to a given Reynolds 

number R, i.e. (A0), increases with decreasing 

values of the Reynolds number R. Particularly, there 

is a sharp increase in (Ad min  for R <2000. This is 

in qualitative agreement with the value of the critical 

Reynolds number known in engineering practice, where 

pipe flow is known to become turbulent for R > 2000, 

but remains laminar for R < 2000. 

The present results also establish the useful-

ness of the Stuart-Watson formalism, in the study of 

the stability of pipe-Poiseuille flow. 



(iv) 

CONTENTS 

Laze 

ACKNOWLLDGEMENTS 	 (i) 

ABSTRACT 	 (ii) 

LIST OF SYMBOLS 	 '(vi) 

LIST CU TABLES 	 (Viii) 

LIST OF FIGURES 	 '(iX) 

CHAPTER - I  INTRODUCTION 	 1 

1.1 Basic Ideas of the Hydrodynamic 

Stability Theory 	1 

1.2 Introduction to the Pipe-Flow Problem 3 

1.3 Outline of the Present Thesis 	9 

CHAPTER - II REVIEW OF PAST WORK 	10 

2.1 Introduction 	10 

2.2 Brief Review of the Linear Problem 10 

2.3 Experimental Studies on the Stability 

of Pipe-Poiseuille Flow 	15 

2.4 Some AspeCts of the Yon-linear 

Theories 	 18 

CHAPTER - III  FORMULATION OF THE PROBLEM OF NON- 
AXISYMMETRIC DISTURBANCES IN PIPE- 

POISEUILLE FLOW 	 22 

3.1 Derivation of the Governing 
Equations 	 22 

3.2 The Boundary Conditions, and, the 
Limiting Forms at the Centreline 
of the Pipe. 	4 3 

3.3 The Adjoint Equation and the Formal 
Solution for the Landau Coefficient 
K. 	 48 



(v) 

Page 

CHAPTER - IV NUMERICAL METHODS USED IN THE PRESENT 

WORK 	 55 

4.1 Introduction 	 55, 

4.2 Defining an auxiliary Function 	56 

4.3 Numerical Treatment of the Boundary 

Conditions 	 58  

4.4 The Singularities at the Centreline 

of the Pipe • 	61 

4.5 Details of the Finite-Difference 

Method of Solution of the Various 
Differential Equations 	64 

4.6 Some Features of the Free and 

Forced SolutiOns 	72 

4.7 Certain Additional Features in the 

Computational Work 	77 

CHAPTER - V RESULTS AND DISCUSSIONS 	80 

5.1 Introductory Remarks 	80 

5.2 The Nature of the Landau 
Coefficients 	 83 

5.3 The Radius of Convergence of the 
Series 	 84 

5.4 Calculation of the Equilibrium 

Amplitudes 	 95 

5.5 The Nature of the Equilibrium 

Amplitudes 	102 
5.6 Calculations for the Velocity 

Fluctuations  105 

CHAPTER - VI CONCLUSIONS AND SCOPE FOR FUTURE WORK 
	

109 
6.1 Conclusions 	 109 
6.2 Scope for Future Work 	 111 

APPENDIX 	PIPE-POISEUILLE FLOW FUNCTIONS 	 113 
REFERENCES 	 119 

LIST oF CORRECTIONS 	 123 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

