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ABSTRACT 

 

 

 

 

 Constrained Interpolated Profile Navier-Stokes Equation (CIPNSE) method was 

introduced to simulate characteristic of the natural convection heat transfer mechanism 

and the nature of fluid flow exist in an enclosed square cavity with differentially heated 

side walls. The fundamental idea of this study is to solve the advection phase equation 

with CIP method and the non-advection phase equation is calculated with finite 

difference method. CIPNSE scheme solves hyperbolic equations for vorticity transport 

equation and the energy equation. The application of CIPNSE is to predict the 

phenomena of fluid flow in the cavity due to the effect of various Rayleigh number, 

Ra=10
3
, 10

4
 and 10

5
. The results obtained were in streamline and isotherms at different 

Rayleigh number of the flow in the cavity. Corresponding results show a good 

agreement with the established results by C.S.N Azwadi and M.S.Idris. This numerical 

approach is found to be good in stability for solving the natural convection heat transfer 

problem effectively. 
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ABSTRAK 

 

 

 

 

 Kaedah ‘Constrained Interpolated Profile Navier-Stokes Equation (CIPNSE)’ 

diperkenalkan untuk mensimulasikan ciri-ciri mekanisme pemindahan haba konveksi 

secara semulajadi dan sifat aliran bendalir yang ada dalam rongga persegi tertutup 

dengan suhu dinding sisinya yang berbeza. Idea asas dalam penelitian ini adalah untuk 

menyelesaikan persamaan fasa adveksi  dengan kaedah CIP dan persamaan fasa tak 

adveksi dikira dengan kaedah pembeza terhingga. Skim CIPNSE menyelesaikan 

persamaan hiperbolik bagi persamaan pengangkutan pusaran dan persamaan 

tenaga. Penerapan CIPNSE adalah untuk menjangkakan fenomena aliran cecair dalam 

rongga akibat kesan peangaruh pelbagai nombor Rayleigh, Ra = 10
3
, 10

4
 dan 

105. Keputusan yang diperolehi dalam bentuk streamline dan isoterm dengan nombor 

Rayleigh yang berbeza dalam pengaliran rongga. Keputusan tersebut menunjukkan 

kesepakatan yang baik dengan keputusan yang diperolehi C.S.N. Azwadi dan M.S.Idris. 

Pendekatan berangka didapati mantap dalam kestabilan bagi menyelesaikan masalah 

perpindahan hana konveksi secare semulajadi dengan berkesan.  
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

This chapter begins with the introduction about the background of the study, 

problem of statement, objective and finally the scope of study of this project. The 

following chapters are consisted by governing equations, methodology, result and 

discussion, conclusion and recommendation. 

 

 

 

 

1.1 Background of Study 

 

 

 Recently, Computational Fluid Dynamic (CFD) has been widely used in many 

approaches due to the existence of the computer technology bringing the greatest 

benefits to the researcher. Over the years, a lot of studies have been carried out for 

generating a better approximating result in terms of effectiveness and efficiency. 

Although the researchers would like to prefer CFD as the alternative tool to describe the 

fluid flow behavior, but the error gain is found that will be an issue in the simulations. 

This problem needs to be concerned for better solutions in case the improvement of 

computational method is able to produce high resolution. Basically, CFD is classified as 

the numerical methods and algorithm in solving problem and also obtaining the 

solutions which is related to fluid flows of fluid mechanics. The physical principle can 

be expressed in terms of mathematical equations that the partial differential equation 

(PDE) is widely described the Navier-stokes equations as to be the fundamental of CFD 

fluid flow simulation [1]. Based on the conventional CFD, it is not sufficient in solving  
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the multiphase flows with a complicated physical phenomenon due to the complexity of 

the partial differential equation [1]. Therefore, there are several numerical methods 

including finite difference method (FDM), finite volume method (FVM), finite element 

method (FEM) and so on can be applied in solving the fluid flow problem [2]. 

 

 In general, there are three alternative approaches or methods that can be applied 

in solving the fluid mechanics and heat transfer problem. These approaches can be used 

are: 

 

1. Computational Fluid Dynamics (CFD) 

2. Analytical  

3. Experimental 

 

 Computational Fluid Dynamics or CFD normally uses advanced computer 

software to model the flow of fluids through a processing facility.  There are few states 

that the fluid may be in liquid, gas or loose particle form, or a combination of them. 

Applying computer simulation a wide range of variations in physical design and 

operational parameters can be tested and refined until a set which gives optimum 

performance is identified. Computational fluid dynamics contribute as the “third 

approach” in the study and development of the fluid dynamics. There are many 

numerical simulations of applying CFD have been giving greatest implication for 

researchers and scientist.  CFD can be classified as a research tool which is able to solve 

the problem numerically. Furthermore, computer program has to be developed for 

solving the flow problems in the numerical simulation. In fact, CFD codes are structured 

around the numerical algorithms that will be an alternative way in solving the fluid flow 

problems [3]. 

 

 Computational Fluid Dynamics, CFD provides a qualitative prediction fluid flow 

by several techniques, there are mathematical modeling, numerical methods and 

software tools. CFD leads the researchers and engineers to perform the numerical 

experiments also called as computer simulations in a particular virtual flow laboratory. 

  



3 

 

 Computational fluid dynamics has become increasingly important in 

hydrodynamic stability as the numerical analysis has improved with new technology as 

the computers have become faster and gained more memory, so that the Navier-Stokes 

equations may be integrated accurately for many kinds of fluid flows. Indeed, 

computational fluid dynamics has now reached a position where it can compare with 

laboratory investigation of hydrodynamic stability by typical simulation. 

 

 Nowadays, computational fluid dynamics is having an equal partner with pure 

theory and pure experiment in the analysis and also solution of fluid dynamic problems, 

As long as our advanced human civilization exists, CFD will play an important role in 

solving the fluid problem.  

 

 The theoretical method is often referred to an analytical approach meanwhile the 

terms computational and numerical are used interchangeably. Analytical approach is one 

of the three methods can be apply in obtaining the solution of fluid flow problem. 

Analytical models are categorized as mathematical models that have a closed form 

solution whereby the solution to the equations used to describe the changes in a system 

can be expressed as mathematical function. 

   

 Firstly, an equipment model would need to be built and constructed in the 

experimental approach. Although the experimental approach has its own capability in 

providing more realistic solutions for many flow problem, but the cost consuming arises 

while in getting source and the equipments.    

 

 Natural convection heat transfer in the enclosed cavity has received much 

attention in recent years. There are many types of flows having a wide range of 

applications in aerodynamics, pipe equipment components and so on. In natural 

convective heat transfer, heat is transferred between a solid surface and a fluid moving 

across it. The fluid motion has a relationship with the buoyancy forces which will 

determine the nature of the fluid motion.  Buoyancy force arises due to the changes of 

density that result from the temperature variations in the fluid. It is found that the natural 
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convection of the fluid flow or movement can be either laminar or turbulent flow. 

However, the chances of laminar flow occurs is higher than the turbulent flow is because 

of the low velocities usually exist in natural convection. Thus, it is necessary to gain 

more understanding on the natural convection heat transfer in the enclosed cavity. There 

are many researches based on the elementary idea and interest for studying the heat 

transfer mechanism [4-6] and also fluid flow behavior on the cavity wall [7-8]. 

 

 

 

 

1.2 Problem of Statement 

 

 

 Recently the issue occurs due to the conventional numerical methods in 

obtaining solution of Navier-Stokes equation are not sufficient for the complicated 

system. That is due to poor stability condition for numerical method when dealing with 

the higher order of accuracy of the mesh size grid will definitely give sense to the result.   

 

 

 

 

1.3 Objective 

 

 

  The objective of this project is to extend the formulation of Constrained 

Interpolated Profile (CIP) method for Navier-Stokes to predict thermal fluid flow 

behavior and to study the thermal fluid flow behavior in a differentially enclosure walls 

for better understanding. 
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1.4 Scopes of Study 

 

 

1 Solving the advection equation with the application of CIP method 

2 Comparison of the computed results with those available in literature 

3 The test case is the thermal fluid flow in a differentially heated square enclosure wall 

4 The flow is considered as incompressible and laminar 




