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ABSTRACT 

 

 

 

 

The three-dimensional axisymmetric stagnation point flow have applications in 

many manufacturing processes in industry such as the boundary layer along material 

handling conveyers, the aerodynamic extrusion of plastic sheet, and the cooling of an 

infinite metallic plate in cooling bath. Therefore in this thesis, unsteady free convection 

flow of a three-dimensional body near the stagnation point region is studied. The effect 

of g-jitter and heat generation are also considered. The governing equations which 

consist of coupled nonlinear partial differential equations are solved numerically through 

an implicit finite difference scheme known as the Keller-box method. The parameter 

involved are curvature ratio, 𝑐, oscillation frequency, Ω, Prandtl number Pr = 0.72 and 

g-jitter amplitude, 𝜀. The results presented include mean skin friction and mean heat 

flux, the skin frictions and heat flux as well as the velocity and temperature profiles in 

various conditions. The results obtained show that the effect of heat generation, 𝑄 gives 

rises to the skin friction and heat flux as curvature ratio and oscillation frequency 

increases. 
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ABSTRAK 

 

 

 

 

Aliran titik genangan tiga matra simetri sepaksi mempunyai pelbagai aplikasi 

dalam proses pembuatan di industri seperti lapisan sempadan di sepanjang pengawal 

pengolaan bahan-bahan penghantaran, penyemperitan aerodinamik kepingan plastik, dan 

penyejukan plat logam tak terhingga dalam penyejuk mandian. Oleh itu di dalam tesis 

ini, perolakan bebas tak mantap dari badan tiga matra berdekatan dengan kawasan titik 

genangan dikaji. Kesan ketar-g dan penjanaan haba dipertimbangkan. Persamaan 

menakluk yang terdiri daripada persamaan terbitan separa yang tak linear diselesaikan 

secara berangka menggunakan skema beza terhingga tersirat yang dikenali sebagai 

kaedah kotak Keller. Parameter yang terlibat adalah nisbah lengkungan, 𝑐, kekerapan 

hayunan, Ω, nombor Prandtl Pr = 0.72 dan amplitud ketar-g, ε. Keputusan yang 

dikemukakan termasuk purata geseran kulit dan fluks haba, pergeseran kulit dan 

pemindahan haba serta profil halaju dan suhu dalam pelbagai keadaan. Hasil yang 

diperoleh menunjukkan bahawa kesan penjanaan haba, 𝑄 memberikan peningkatan 

kepada geseran kulit dan fluks haba apabila nisbah lengkung dan frekuensi ayunan 

meningkat. 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Research Background 

 

 

The stagnation point is defined as the point on the surface of objects in the 

flow field where the fluid is brought at rest by the object. The problem of flow and 

heat transfer at a general three-dimensional stagnation-point region has important 

applications in many manufacturing processes in petrochemical industries, the 

aerodynamic of plastic sheet, solar central receivers exposed to wind currents, and so 

forth. Poots (1964) formulated the boundary-layer equations for the free convection 

flow at three-dimensional lower stagnation point on a general curved isothermal 

surface. Banks (1974) concluded that the three-dimensional solution can be exhibited 

at a two-dimensional stagnation point for a Prandtl number Pr=0.72. Further the 

author investigated at infinitely large Prandtl number on the three-dimensional 

problem which can be reduced to the two-dimensional case.  

 

 

A well-understood problem in buoyancy-driven convection is the flow 

induced in a Boussinesq fluid by a heated body in the presence of a constant 

downward gravitational field. Recently, there has been a great deal of interest in the 

study of the effect of complex body forces on fluid motion. Such forces can arise in a 

number of ways, for example when a system with density gradients is subject to 

vibrations. The resulting buoyancy forces, which are produced by the interaction of 

density gradients with the acceleration field, have a complex spatio-temporal 

structure depending on both the nature of density gradients and the spatial and 

frequency distribution of the vibration-induced acceleration field. The effect of such 

forces on fluid motion is known as gravity modulation or g-jitter induced flow. 
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g-Jitter can be defined as the inertia effects due to quasi-steady, oscillatory or 

transient accelerations arising from crew motions and machinery vibrations in 

parabolic aircrafts, space shuttles or other microgravity environments. g-Jitter 

characterizes a small fluctuating gravitational field, very irregular in amplitude, 

random in direction, and contains a broad spectrum of frequencies (Schneider and 

Straub, 1989; Alexander et.al., 1991; Nelson, 1991). Its effects may be negligible in 

earthbound situations, but in a low-gravity environment, where heat and mass 

transfer in a fluid medium, in the absence of radiation, is expected to be affected only 

by pure diffusion, g-jitter can give rise to significant convective motions. 

 

 

Experiment based on microgravity need an environment that were suitable 

such as International Space Station (ISS), and microgravity facilities on earth namely 

Drop Tower, Parabolic Flights, Sounding Rockets, and Orbiting Spacecrafts (Mell et. 

al., 2001; Yoshiaki et. al., 2000). Performing an experiment in g-jitter effect can 

reduce the effect of gravity on convection and sedimentation which help supress 

unwanted convective flows to effect the experiments.  

 

 

In experiments, the most basic investigation that every scientist can conduct 

are three fundamental states of matter which were solid, liquid and gas. Solidified 

and melting process for crystal process was an example of process which will be 

effected by intense convective flows.  

 

 

 Magnitude and frequency of g-jitter and alignment of gravitational field with 

respect to the growth direction or the direction of the temperature gradient were 

related to study of g-jitter effect on convection in microgravity environments. g-Jitter 

gives additional effect on material processing in microgravity environment which 

interact the density gradient and result in both fluid flow and solute segregation. 

 

 

Convection is defined as movement of fluid without needed to mind about the 

cause in fluid mechanic. Another definition is a transfer of heat through a fluid which 

are either liquid or gas caused by molecular motion. There are two major of heat 

convection that likely used in research that are forced convection and natural 
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convection or free convection. By using external force to force the fluid to flow is the 

definition of external force and fluid flow causes by the density difference related to 

temperature in the fluid is the definition of free convection  

 

 

A large number of physical phenomena involve natural convection driven by 

heat generation. The study of heat generation in moving fluids is important in several 

physical problems dealing with chemical reactions and those concerned with 

dissociating fluids. Possible heat generation effects may alter the temperature 

distribution and therefore, the particle deposition rate. In addition, understanding of 

the effects of internal heat generation also significant in numerous applications that 

include reactor safety, analysis, metal waste, spent nuclear fuel, fire and combustion 

studies and strength of radioactive materials. 

 

 

 

 

1.2 Problem Statement 

 

 

The study will explore on the effect of g-jitter unsteady free convection flow near a 

stagnation point region of a three dimensional body with heat generation. The 

problem statement that can be obtain based on How to get the basic equation 

(continuity, momentum and energy equations)? What term that can be used to reduce 

the number of variables on the governing equation that can satisfy numerical 

approach? What will happen when the effect of heat generation to the skin friction 

and heat flux and also the effect of velocity and temperature profiles?  
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1.3 Objectives of the Study 

 

 

The objectives of the study can be shown below: 

i. To derive the mathematical models consisting of continuity, 

momentum and energy equation.  

ii. To solve the obtained governing equation numerically using Keller 

box method. 

iii. To analyse the numerical results consist of reduced skin frictions and 

heat flux also velocity profiles and temperature profiles obtained with 

different parameter values based on the plotted graph. 

 

 

 

 

1.4 Scope of Study 

 

 

This study focus on g-jitter free convection flow near a stagnation-point 

region of a three dimensional body involve with heat generation. The problem 

occured in different level of curvature ratio, force frequency of g-jitter oscillation, 

force amplitude, heat generation and fixed Prandtl number. The governing equation 

of continuity equation, momentum equation, energy equation are solved numerically 

using Keller-Box method. 

 

 

 

 

1.5 Significance of Research 

 

 

The results obtained from this project are being significant because of the 

following reasons. 
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I. Stagnation point flow have significant impact on the technology 

application such as spacecraft manoeuvres which can be explained 

using boundary layer flow near stagnation point theory. 

II. Calculation of the skin friction can be used on body as it is moved 

through types of fluid 

III. The study of heat generation is important in viewing several physical 

problem such as dealing with chemical reactions.  
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