UNIVERSITI TEKNOLOGI MARA

FLOW OF SECOND GRADE HYBRID
FERROFLUID OVER A STRETCHING
VERTICAL SURFACE WITH JOULE
HEATING AND VISCOUS DISSIPATION

AHMAD ASYRAAF BIN
MOHAMAD NAJIB

BSc

January 2026



TABLE OF CONTENTS

DECLARATION BY THE CANDIDATE

ABSTRACT

ACKNOWLEDGEMENT

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS

CHAPTER 1 INTRODUCTION

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8

Research Background

Problem Statement

Research Objectives

Significance of Study

Thesis Scope

Definition of Terms and Concepts
Project Benefits

Thesis Outline

CHAPTER 2 LITERATURE REVIEW

2.1
22

Introduction

Literature Review

2.2.1 Hybrid Nanofluid
222  Second-Grade Fluid

2.23  Stretching vertical surface

2.24 Magnetohydrodynamic (MHD) Effects and Aligned Magnetic

Field

2.2.5 Joule Heating and Viscous Dissipation Effects

2.2.6 Forced Convection

vil

Page
iii
iv
vi

vil

x1
xiii

XV

O O O

10
10
11



CHAPTER 6 CONCLUSION AND RECOMMENDATIONS

6.1 Introduction

6.2 Conclusion

6.3 Recommendations
REFERENCES

APPENDIX

1X

57
57
57
58

53

57



ACKNOWLEDGEMENT

First and foremost, I thank Allah, the Most Gracious, the Most Merciful, for granting
me the strength, patience, and resilience to complete this Final Year Project. Without
His guidance and blessings, this achievement would not have been possible.

I would like to express my heartfelt appreciation to my supervisor, Dr. Syazwani Binti
Mohd Zokri, for her consistent support, guidance, and encouragement throughout this
project. Her expertise and constructive feedback have been truly invaluable in helping
me navigate each stage of the research. To my family and friends, thank you for your
unwavering love, support, and motivation during this journey. Your belief in me has
kept me going through the most challenging moments.

Lastly, I am grateful to Universiti Teknologi MARA for the opportunity and resources

provided throughout my studies. The knowledge and experience gained during this
journey will always be remembered and appreciated

Vi



ABSTRACT

Modeling heat transfer in non-Newtonian hybrid ferrofluid when the eftects of Joule
heating and viscous dissipation are combined is a challenging task in the thermal
engineering field, notably for applications that call for effective control of thermal and
electromagnetic behavior of working fluid. However, only a small number of numerical
studies investigating second-grade hybrid ferrofluid flow over a stretching vertical
surface while simultaneously considering MHD effects, Joule heating, and viscous
dissipation exist despite the increasing interest in hybrid ferrofluid. The study describes
the boundary-layer flow and heat transfer of a second-grade hybrid ferrofluid on a
linearly stretching vertical surface in the presence of magnetic field. The governing
partial differential equations are transformed into a system of ordinary differential
equations by similarity transformation variables. The corresponding boundary value
problem is solved numerically by the BVP4C method in MATLAB. Model validation
is achieved by comparing with published results for the limiting cases and verifying the
accuracy of the numerical scheme. Results are shown in graphical form and tabulation
to demonstrate the effect of several dimensionless factors on the velocity and
temperature profiles and skin friction coefficient. Results regarding the influence of the
magnetic parameter, Prandtl number, stretching parameter, Joule heating parameter,
viscous dissipation and Eckert number are discussed. The strong magnetic field
produced slows down the flow and raises the fluid temperature. When Joule heating and
viscous dissipation parameters are increased, the temperature field is markedly raised
and the heat transfer rate at the surface is reduced.
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