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ABSTRACT 

 

 

 

 

In this research, Boltzmann equation of Self-Gravitating Gas-Dust System is 

introduced. The model consists of dust component equations, gas dynamics equations 

and also Poisson equation. The mathematical model is used in order to visualize the 

movement of the gas and dust in environment. This research only focuses on sequential 

algorithm and solving the model in 2 Dimension (2-D). Numerical solutions obtained 

by using the Variational Iteration Method (VIM) and Finite Difference Method (FDM). 

The results are computed by using Borland C++ Builder, MATLAB 2008a and MAPLE 

13. Then, the graphs are visualized by using Microsoft excel. The result is based on 

numerical analysis. Numerical analysis under consideration is pattern of the graph, 

gradient of the graph, time execution and computational complexity. The movement of 

the gas-dust showed differently with the different method. At the end, the results show 

that the VIM and FDM are successfully in visualizing the movement of the gas-dust in 

reality. Based on theoretically, VIM is in solving gas-dust problem compared to FDM. 
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ABSTRAK 

 

 

 

 

Dalam kajian ini, persamaan Boltzmann telah diperkenalkan. Model ini  terdiri daripada 

persamaan habuk, persamaan gas dan juga persamaan Poisson. Model matematik ini 

digunakan untuk melihat pergerakan habuk dan gas dalam persekitaran. Kajian ini 

hanya  memberi tumpuan pada algoritma berjujuran dalam 2 dimensi (2-D). 

Penyelesaian berangka telah diperolehi melalui kaedah lelaran variasi dan kaedah beza 

terhingga. Penyelesaian ini telah dilakukan dengan menggunakan perisian seperti 

Borland C++ Builder, MATLAB 2008a dan MAPLE 13 Manakala, graf dilakarkan 

menggunakan microsof excel. Keputusan adalah berdasarkan analisis berangka. 

Analisis berangka yang di kaji adalah corak pergerak graf, kecerungan graf, masa 

pelaksanaan dan pengiraan komplek. Pergerakan habuk dan gas menunjukkan 

perbezaan apabila menggunakan kaedah penyelesaian yang berbeza. Hasil kajian 

menunjukkan kaedah lelaran variasi dan kaedah beza terhingga telah berjaya dalam 

mengambarkan pergerakan-pergerakan habuk-gas di alam realiti. Berdasarkan teori, 

kaedah lelaran variasi adalah keadah yang berkesan untuk menyelesaikan masalah 

habuk dan gas berbanding kaedah beza terhingga. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Introduction 

 

 

Nowadays, many difference numerical methods have been introduced in solving 

several of linear and nonlinear partial differential equation (PDE). The methods 

commonly used are Adomian Decomposition Method (ADM), Homotopy Perturbation 

Method (HPM), Homotopy Analysis Method (HAM) and Variational Iteration Method 

(VIM) (Jafani, 2009). On the other hand, Finite Difference Method (FDM) is also one 

of the most popular methods in solving linear and nonlinear PDE (Popov & Fryazinor, 

2009). It is because the method is easy to apply directly to the problems. 

 

 

 Since the research on dust movement continues to be a big interest, the building 

of mathematical, analytical and numerical approaches are developing as well.  In this 

research, we applied VIM and FDM method in solving numerical model which included 

of dust component, gas components and gravitational interaction (Kireev, 2009). 

Normally, the model was solved by other famous methods. Dust components usually 

solved by particle-in-cell method (PIC) and gas components solved by fluid-in-cell 

method (FLIC) (Kuksheva et. al, 2003). Poisson equation for gravitational interaction is 

solved on grid in cylindrical coordinate system (Kukshere et. al, 2009), ―particle-

particle‖ method (Kuksheva, 2003) and by Fourier transforms method (Kireev, 2009).  

 



2 
 

 

1.2 Background of the Research 

 

Numerical model of the components consist of several equations. The dynamics of dust 

components is described by the Vlasov-Liouville kinetic equation (Collisionless 

Boltzmann equation) (Kireev, 2009). Besides, the equations of gas dynamics are 

employed to consider gas movement. It is commonly known that the equations of gas 

dynamics are the mathematical expressions of conservation laws. It consist combination 

of mass, impulse, momentum and energy equation (Kuksheva, 2003). The gravitational 

potential is satisfying by Poisson equation. The movement takes places based on outer 

potential and self-consistent potential. All the equations (dust, gas dynamics and 

gravitational potential) directly involved in collision between the particles and gas 

molecules which called as Brownian motion.  

 

 

 Recently, VIM widely used in research world. This method is very famous 

among researches in order to solve or to find the exact solution of the problems. This 

method was proposed by Ji Huan He which had found wide application for the solution 

of nonlinear ordinary and PDE. In 2005, VIM successfully used in Schrodinger-KdV, 

generalized KdV and shallow water equation (Soliman & Abdou, 2005) and Burger‘s 

and coupled Burger‘s (Soliman & Abdou, 2005). Followed by solving nonlinear RDEs, 

Hirota Sotsuma Coupled KdV system and Drinefel‘s Sokolov-Wilson equation 

(Soliman & Abdou, 2006). VIM also is a powerful device to solve the boundary value 

problem (BVP) and initial value problem (IVP) such as the third order nonlinear ODE 

(Blasius equation) which arises in boundary layer problem in the fluid dynamics (Liu & 

Kurra, 2011) and Brati equation (Aslam Noor & Syed Tauseef, 2011). In 2012, VIM 

was proven in finding exact solution of gas dynamics equations (Matinfar et. al ,2012). 

Modified VIM was successfully solve Schrodiger and Laplace problems (Abeer, 2012) 

and in deriving analytical solution of seventh order deferential equation (Nikker & 

Mighani, 2012). 
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On the other hand, FDM is also one of the methods for solving gas dynamics 

equations. Two-dimensional difference scheme was applied to simulate gas dynamics 

equations. The result shows that the scheme is homogeneous and provides an automatic 

shock capturing (Popov & Fryazinov, 2008). 

 

 

 

 

1.3    Statement of the Problem 

 

 

In this research, we will investigate the accuracy of VIM and FD for solving the 

mathematical model by Kireev (2009). The other investigation is based on the 

performance of numerical analysis of both methods. The performance evaluations under 

consideration are pattern and gradient of the graphs, computational complexity, and 

time execution. 

 

 

 

 

1.4    Objective of the Research 

 

 

The main objectives of this research are: 

 

 

a) To use the VIM for solving the conventional gas-dust Boltzmann equation. 

b) To produce the numerical analysis of finite difference method of gas dynamics 

equations based on Jacobi Method.  

c) To visualize the result from VIM and finite difference method. 
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1.5 Scope of the Research 

 

 

This research is only focused on six mathematical models (Kireev, 2009). The 

equations will be solved 2
nd

 order of forward finite difference method and variational 

iteration method. The initial and boundary conditions will be fixed and the specific 

parameters will be used. We will use Borland C++ Builder, MAPLE 13, MATLAB 

2008a and Microsoft Excel in visualizing the result. Figure 1.1 indicates the scope of  

research involving the mathematical modeling of the self-gravitating dust-gas system, 

research methodology under consideration and computational platform. 

 

 

 

 

1.6 Significant of the Research 

 

 

The significant of this research is to capture the gas and dust movement of 

dynamic model based on changing parameters such as time and space (Reeves, 2009). 

MABLAB 2008a, MAPLE 13 and Microsoft Excel software are used to visual the 

difference directions of dust and gas movement by changing the independent 

parameters. 

 

 

The visualization is based on two methods; Variational iteration method (VIM) 

and Finite Difference Method (FDM). Numerical performance measurements will use 

to analyze the comparison of two methods. The measurements are run time, 

convergence rate, accuracy and relative error. This research proves that VIM is the 

alternative method to capture the dynamic movement of gas and dust. 
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1.7 Organization of Dissertation 

 

 

 Chapter 1 contains general introduction of the mathematical model and 

numerical methods of gas and dust movement. The background, objectives, statement 

and the significance of the research are also stated. 

 

 

 Chapter 2 defines the Boltzmann equation and Vlasov equation of dynamic 

method. Then followed by review some literature involve two method that under 

consideration. Numerical analysis and computational platform system are also 

discussed. At the end of this chapter, the survey of references and the summary of 

literature review under consideration are organized in the table.  

 

 

 Chapter 3 begins with discretization of the conventional gas-dust Boltzmann 

equation by using finite difference method (FDM). The entire steps taken from the 

beginning to the end have shown clearly. The sequential algorithm for step  is showed. 

 

 

 While in Chapter 4, the numerical model of gas-dust Boltzmann equation is 

solved using Variational Iteration Method (VIM). The selected initial conditions are 

used in computing the solution. This chapter emphasizes Poisson equation in order to 

get the exact solution. 

 

 

 Chapter 5 discusses the results obtained the numerical solution of FDM and 

VIM as in chapter 3 and chapter 4. A few tables and graphs are used to discuss the 

comparison of FDM and VIM. Some performance results will be drawn to investigate 

the differences between two methods.  
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 Finally, this report will end with chapter 6 where the conclusion will be made 

and some recommendations for future research are provided. Then it is followed by 

references and appendices. 
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Figure 1.0: Research scope of the mathematical modeling of the   self-gravitating dust-

gas system 
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