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Abstract 

In this thesis, we consider the two-layered fluid flow problem in a circular 
pipeline. The justification of the model we shall employ, namely the stratified flow model 
will be discussed. 

Our mathematical model is built from first principles, the conservation relations 
of mass, momentum and energy will be analysed and applied to the various flow 
configurations. We start by considering the simplest case possible, i.e. the planar axial 
interface and then extend the model by considering first, the motion of a travelling jump 
in the pipe section and second, to allow a small interfacial gradient. 

The stability of the steady flow configuration is investigated using a linear 
stability method. This method starts off by assuming a travelling wave solution for the 
perturbation and then observing whether there is growth (unstable) or decay (stable) in 
this perturbed state. A stability map is provided to indicate the various possible scenarios 
for the travelling perturbation wave. 



Acknowledgements 

I would like to thank my supervisor, Professor Robert McKibbin for his patience, 
consistent encouragement and never-failing advice as I worked through the thesis 
material. In addition, I wish to express my appreciation to the staff and Mathematics 
postgraduate students at the Institute oflnforrnation and Mathematical Sciences for their 
administrative and moral support that they have extended to me over the course of the 
preparation of this thesis. 

-
II 



Table of Contents 

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1. 

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11. 

Table of Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111. 

1. Introduction and Nomenclature 

1.1 General Survey and Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
1.2 Stratified Flows .. .. .. .... .......... .. .. .. .......... ·.. .... . . .. . . . .. . . . . . . . . ........ . 2 
1.3 Annular Flows. ............ .. . .... . .. ... ....... .. . . .... .. .... ....... ... ... .... ... 4 
1.4 Stratified Flow Model and Analysis 

(including SANTOS data table I) ..... .... .... .. ............ ............... .................. 5 
1.5 Nomenclature . . . . .. .. . . . . .. . . . . . . . . . . . . . . . . .. . . . .. . . .. .. . . .. . .. . . . . . .. . . . . . . . . . .. . 7 
1.6 Solution Methodology . . . . .. .. . . .. .. . . .. . . . . . . .. . . . . . . .. . .. .. . . . . . . .. . . . . . . .. ... . I 0 

2. Plane Axial Interface Problem 
2. 1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
2.2 Problem Derivation and Solution Across Two Sections .. .. .. .. . . . .. . . . . .. . 13 
2.3 Energy and Momentum Considerations . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . .. . . . . . 18 
2.4 Case Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . 21 
2.5 Closing Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 24 

3. Travelling Jump Scenario 
3 .1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
3.2 Derivation of Equations .. ....... ..... . ......... ... ... ....... .... ... .. .... .... ... 26 
3.3 Solution Process and Analysis . . . . . . . . . .. ......... ... . ... ............... ... ... .. 30 
3.4 Multiple Section theory: A comparison of conceptual models . . . . . . ... .... 33 
3.5 Closing Remarks. . ..... .. ... .... ... .. ....... .... . ..... .. . ..... ......... ... . .. .... 34 

4. Long Wave Problem 
4.1 Introduction ......... .... .. ....... .... . .. ...... . .. :-:--: . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 35 
4.2 Derivation of Equations ....... ......... .... ..... . . .. ....... .... .. .. ... ... ....... 36 

iii 



4.3 Solution Procedure and Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
4.4 Case Study - Multiple Section Problem . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . ... 42 
4.5 Closing Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 44 

5. Stability Analysis 
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 46 
5.2 Derivation of Equations......................................................... 46 
5.3 Analysis of Perturbation Variables............................................ 48 
5.4 Analysis of Stability Equation .. .. . .. .. . .. . . .. .. .. .. .. .. . . . .. .. . .. . .. .. .......... 53 

a. Solution of Cr and implication on Cj... •.• . . . • • • . • • • •. • • • . • • . . • . • • . • • . . ... 53 
b. Solution of Cr and implication on Ci • . • . . • • • • • • • • • • • • • • • • • • • • • • • . • • . • • • • .. 55 
c. Neutral Stability Condition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 56 
d. Format for General Solution for c, and c; .. . . . . . . .. .. . . . . . . .. .. . . . . . .. . 56 

5.5 Case Study- Stability of Base Case........................................... 57 
5.6 Closing Remarks................................................................. 63 

6. Conclusion 
6.1 Sununary of Results............................................................. 64 
6.2 Further Work..................................................................... 65 

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 

Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 68 

-
iv 


