
 
Ain Shams University 

Faculty of Engineering 

Department of Engineering Physics and Mathematics 

 

HEAT AND MASS TRANSFER OVER 

STRETCHING SURFACES 
 
 

A Thesis Submitted 

For The Degree of Masters of Science in Engineering 

Mathematics 

Prepared by: 

Eng. Karim Kamal Ahmed Mohamed Osman 
 
 

Under the supervision of 
 

Prof. Dr. Niveen Mohamed Khalil Badra 
Department of Engineering Physics and Mathematics 

Faculty of Engineering, Ain Shams University 
 
 

Assoc. Prof. Dr. Elsayed Mohamed Elbashbeshy  
Department of Mathematics 

Faculty of Science, Ain Shams University 
 

 

Dr. Khaled Mohamed Abdelgaber  

Department of Physics & Engineering Mathematics 

Faculty of Engineering, Mataria, Helwan University 

 
 

2020  



 

 
Ain Shams University 

Faculty of Engineering 

Department of Engineering Physics and Mathematics 

HEAT AND MASS TRANSFER OVER 

STRETCHING SURFACES 
A thesis submitted to the Faculty of Engineering, Ain Shams University in 

partial fulfillment of the requirements for the M.Sc. degree in 

Engineering Mathematics 

Prepared by: 

Eng. Karim Kamal Ahmed Mohamed Osman 
Bachelor in Electrical Power Engineering 

Department of Electrical Power and Machines 

Ain shams University 

 

Examination Committee 
 

Title, Name and Affiliation Signature 

Prof. Dr. Reda Amin Elbarkouky 

Department of Engineering Physics and Mathematics 

Faculty of Engineering, Ain Shams University 

 

Prof. Dr. Hamdy Mohamed Ahmed 

Department of Engineering Physics and Mathematics 

El-Sherouk Academy 

 

Prof. Dr. Niveen Mohamed Khalil Badra 

Department of Engineering Physics and Mathematics 

Faculty of Engineering, Ain Shams University 

 

Date:    /     / 



 
 

 

I 

 

 

TABLE OF CONTENTS 
Abstract…………………….……………………………………………………IV 

Acknowledgment…………………….………………………………………….V 

List of Tables…………………….……………………………………………….VI 

List of Figures…………………….……………………………………………...VII 

List of Symbols…………………….……………………………………………XI 

CHAPTER 1 INTRODUCTION ................................................................ 1 

1.1 Importance and objective of studying non-Newtonian fluids flow ... 1 

1.2 Previous publications and contributions to thesis topic ..................... 5 

1.3 Thesis contribution ............................................................................ 7 

1.4 Thesis outline description .................................................................. 7 

CHAPTER 2 PRELIMINARY ................................................................... 9 

2.1 Some used definitions and basic terminologies ................................. 9 

2.2 Numerical Methods ......................................................................... 17 

 Runge-Kutta of 4th/5th order ..................................................... 17 

 The Shooting method ............................................................... 19 

CHAPTER 3 EFFECT OF THERMAL RADIATION ON MAXWELL 

FLUID FLOW OVER A STRETCHING SURFACE WITH SLIP EFFECT

 22 

3.1 Introduction ..................................................................................... 22 

3.2 Mathematical Model ........................................................................ 22 

3.3 Numerical Solutions ........................................................................ 26 

3.4 Results and Discussions................................................................... 27 

 Deborah number ....................................................................... 29 

 Prandtl number ......................................................................... 29 

 Thermal radiation parameter .................................................... 29 



 
 

 

II 

 

 

 Schmidt number ....................................................................... 30 

 Velocity slipping parameter ..................................................... 30 

CHAPTER 4 UNSTEADY FLOW OF A MAXWELL FLUID FLOW 

OVER A STRETCHING SURFACE .......................................................... 35 

4.1 Introduction ..................................................................................... 35 

4.2 Mathematical Model ........................................................................ 36 

4.3 Numerical Solutions ........................................................................ 40 

4.4 Results and Discussions................................................................... 41 

 Deborah number ....................................................................... 45 

 Prandtl number ......................................................................... 46 

 Thermal radiation parameter .................................................... 46 

 Material parameter ................................................................... 46 

 Magnetic Field parameter ......................................................... 55 

 Velocity slipping parameter ..................................................... 59 

 Unsteadiness parameter ............................................................ 62 

CHAPTER 5 SLIP AND THERMAL RADIATION EFFECTS ON FLUID 

FLOW ALONG A STRETCHING HORIZONTAL CYLINDER 

EMBEDDED IN A POROUS MEDIUM .................................................... 66 

5.1 Introduction ..................................................................................... 66 

5.2 Mathematical Model ........................................................................ 66 

5.3 Numerical Solutions ........................................................................ 69 

5.4 Results and Discussions................................................................... 70 

 Curvature parameter ................................................................. 71 

 Porous medium permeability ................................................... 75 

 Prandtl number ......................................................................... 76 

 Surface temperature exponent .................................................. 77 

 Thermal radiation parameter .................................................... 77 

 Velocity slipping parameter ..................................................... 79 

CHAPTER 6 CONCLUSIONS AND FUTURE WORK ......................... 81 



 
 

 

III 

 

 

6.1 Conclusions ..................................................................................... 81 

 Effects of thermal radiation on Maxwell fluid flow over a 

stretching surface with slip effect ........................................................... 81 

 Unsteady flow of a micropolar Maxwell fluid over a stretching 

surface with the effect of thermal radiation in the presence of magnetic 

field considering the slip effect .............................................................. 82 

 Slip and thermal radiation effects on fluid flow along a 

stretching horizontal cylinder embedded in a porous medium .............. 83 

6.2 Future Work and recommendations ................................................ 84 

REFERENCES…. ........................................................................................ 85 

 

 
 



 
 

 

IV 

 

 

ABSTRACT 

Some problems of Newtonian and non-Newtonian fluid flow with heat 

transfer over stretching surfaces are solved numerically. These problems 

were solved using the fourth/fifth Runge-Kutta method in combination with 

shooting method. A mathematical model is presented for analyzing the 

non-Newtonian (Maxwell) fluid over some stretching surfaces in the 

presence of some effects.  Discussing of existence of some external 

influences and parameters such as thermal radiation, heat generation, slip 

effect, magnetic field, and porous media are considered and presented. The 

results presenting the influences of various dimensionless parameters on 

velocity, temperature, concentration, and microrotation profiles are 

discussed analytically and graphically. 

Keywords: Maxwell Fluid, Stretching Surfaces, Porous Medium, Slip effect, 

and Thermal Radiation. 
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𝐶∞ concentration far away from the surface 
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