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ABSTRACT

This project proposed the Navier-Stokes equation o f sea water modeling. The 

mathematical m odeling consists o f momentum, heat and salinity equations. The three 

parameters influence on sea water movement are momentum, temperature and salinity. 

The discretization o f  Navier-Stokes equation is based on Finite Difference M ethod (FDM) 

and Finite Volume M ethod (FVM). The numerical methods for solving FDM are JB and 

GS schemes. The results are computed by using Comsol Multiphysics Software (4.3a) and 

MATLAB 2011a. The numerical analyses are used to evaluate the comparisons o f  the 

FDM and FVM. The computational platform is Intel"' Core IM 2 Duo processor T7500 

memory. The aspects o f evaluation are number o f iteration, time execution, maximum error 

and root square error and computational complexity. The results show that FDM is 

alternative method in visualizing the movement o f the sea water.



ABSTRAK

Projek ini mencadangkan persamaan Navier-Stokes model air laut. Pemodelan 

matematik itu terdiri daripada momentum, haba dan persamaan kemasinan. Ketiga-tiga 

pengaruh param eter pada pergerakan air laut momentum, suhu dan kemasinan. Bentuk 

pendiskretan persamaan Navier-Stokes adalah berdasarkan Kaedah Perbezaan Terhingga 

(FDM) dan Jumlah Kaedah Terhingga (FVM). Kaedah berangka bagi menyelesaikan 

FDM adalah JB dan GS skim. Keputusan dikira dengan m enggunakan Comsol 

Multiphysics Software (4.3a) dan M ATLAB 201 la. Analisis berangka digunakan untuk 

menilai perbandingan antara FDM dan FVM. Platform pengiraan adalah Intel @ Teras 

TM 2 Duo T7500 ingatan. Aspek penilaian yang diambil kira adalah bilangan lelaran, 

masa pelaksanaan, kesilapan maksimum dan akar ralat persegi dan kerumitan pengiraan. 

Keputusan menunjukkan bahawa FDM adalah kaedah alternatif dalam m enggambarkan 

pergerakan air laut.
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Introduction 

 

 

Antarctica is the most southerly continent of the world (Scotese, C.R., et al. 1990). 

This project will investigate the sea water flow and the increasing of the sea level by 

Ishii, M. et al (2006) due to the increasing of the sea water in coastal Antarctica. 

 

Sea water flow at the Coastal Antarctica region is continues and never stop. 

Sometimes, the flow also generated from the breaking waves, wind, temperature and 

salinity (Fuhrman, J.A., et al. 1980). The sea water is always moving. Same with the 

other thing, all the movement will influence by the gravity. 

 

The mathematical modeling based on Navier-Stokes Equations is used to observe 

this phenomenon. Navier-Stokes Equations mostly used to describe the movement or 

motion of fluid substance (Girault, V., et al. 1986).  These equations can be analyzed the 

momentum, temperature, salinity and pressure changes, gravity force, and other forces 

acting on the fluid flow. In addition, heat equation is investigated the temperature 

behavior of the sea water. This research will investigate the ocean flow using 

mathematical modeling called Navier-Stokes Equation that contains heat equation also 

salinity equation. These all equations are the partial differential equation. These 

http://schools-wikipedia.org/wp/m/Momentum.htm
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equations can be applied in real phenomena in life science. Salinity is a concentration 

affected on sea water condition.  

 

The data from National Institute of Water and atmospheric research Wellington 

University, New Zealand (NIWA) is used in this project. NIWA was formed in 1992 as 

a standalone company. It is a part of government initiatives to restructure the science 

sector in New Zealand. Many commercial and non-commercial researches across a 

broad range of disciplines in the environmental science have been conducted by it. The 

mission is to conduct the leading environmental science to enable the sustainable 

management of natural resources for New Zealand and the entire planet. Until 2008, 

about 753 staffs working in 15 sites in New Zealand and 1 in Perth, Australia. The Head 

office of NIWA is in Auckland. The data from NIWA was used in this project as 

validity to the approximate results obtained using Navier-Stokes Equation. 

 

 

 

 

1.2 Background of the Problem 

 

 

Mathematical modeling of the sea water movement components consist of 

several equations. The flow of the sea water is described by the Navier- Stokes Equation 

(Beddhu, 1994). The Navier-Stokes Equation is widely used in the fluid dynamics 

Ferziger, J.H et al (1996). Since in Navier- Stokes Equation can be presented the 

velocity changes then we can predict the velocity of the sea water for future climate 

change. In addition, heat equation important in investigating the heat transfer of the sea 

water flow. Heat transfer is the movement from the high temperature to the low 

temperature. Lastly, salinity equation usually is used to monitor the salinity as a 

concentration affected on sea water condition (Gordon, 2000). All the dependent 

variables for sea water movement visualization are velocity, temperature and salinity. 

Those parameters are used to investigate the sea water flow.  
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Finite Difference method (FDM) is a numerical strategy for discretizing the 

Navier- Stokes Equation.  An approximate derivative is producing the approximation 

solution of the sea water flow.  FDM in particular, are relatively straight forward and 

easy to implement on Navier- Stokes Equation. FDM involve approximations of 

derivatives at discrete computed nodes in a mesh of a structured domain. The types of 

the FDM used are centre and backward type. Using the FDM, the result in terms of 

graph can be simulating. FDM is applied directly in the Navier- Stokes Equation to get 

the discrete form. 

 

Besides that, the Finite Volume Method (FVM) is widely used in the 

computational fluid dynamic. While in heat equation, the FVM is the best method to 

apply in fluid movement (Murthy, J.Y., et al, 1998).In 1999, finite volume method has 

been used for advection-diffusion equations in irregular geometries (Calhoun, 1999). 

The algorithm use the Cartesian grid in which some cells are cut by the embedded 

boundary.  Then, FVM was used in heat equation model (Fang, 2009). Besides, FVM 

was used to discretize the operator, on the control volumes formed by intersecting the 

Cartesian grid cells with the domain, combined with a second-order accurate 

discretization of the fluxes of the heat equation  (Schwartz, 2005). 

 

This project wills shows how accurate FVM for solving the two dimensional 

problems. For the two dimensional problems, FVM is said to be more straightforward 

task (Zhang, 2012). For the 2 -dimensional geometry radiative heat transfer the method 

is stable and convergent. The results indicate that good accuracy is obtained on coarse 

computational grids. Besides that, the solution errors rapidly diminish as the grid is 

refined (Feldheim, 2007). Then, in fluid flow, the fluxes are calculated only on two-

dimensional surfaces of the control volume instead of on three-dimensional space. The 

same reason applied in heat equation (Chao, 2002). 
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1.3 Problems Statement 

 

 

The problem statement of this research is to investigate the accuracies of FDM 

and FVM for solving the sea water movement modeling by Kireev (2009). The 

performances of FDM and FVM methods are also under consideration. The aspects of 

the performance evaluations are iteration, time execution, maximum error and root 

square error, accuracy, and computational complexity. 

 

 

 

 

1.4 Objectives 

 

 

The objectives of this research are  

 

1. To apply the Navier-Stokes Equation for investigating the sea water flow. 

2. To discretize the Navier-Stokes Equation based on FDM using Jacobi method (JB) and 

Gauss Seidel (GS). 

3. To discretize the Navier-Stokes Equation using FVM. 

4. To analyze the numerical performances of numerical methods and its visualization using 

Comsol Multiphysics Software (4.3a) 

 

 

 

 

1.5 Scope of Research 

 

 

This research will focus on the Navier-Stokes Equation based on 3 parameters; 

momentum, temperature and salinity characteristics of the sea water region. The 

research scope is to obtain the discrete form of Navier-Stokes Equation using FDM and 

FVM. FDM is solved using JB and GS method. The aspects of the comparison 

evaluation are iteration, time execution, error and root square error, and computational 
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complexity. Then, the comparison of FDM and FVM are applied to Navier-Stokes 

Equation. 

 

Since, there is an actual solution from the NIWA, the comparison between the 

actual solution and some numerical methods will be analyzed.  MATLAB 2011a are 

used to simulate and to capture the graph of momentum, temperature and salinity. The 

visualization of sea flow can be captured by Comsol Multiphysics Software (4.3a). 

 

 

 

 

1.6 Hypothesis/Significant 

 

 

The significant of this research is to capture the movement of the sea water using 

Navier-Stokes Equations including heat equation and salinity equation. MATLAB 2011a 

and Comsol Multiphysics Software (4.3a) are used to visual the sea water movement by 

changing the independent parameters. 

 

The visualization is based on two methods; Finite Difference Method (FDM) and 

Finite Volume Method (FVM). Numerical performance measurements will use to 

analyze the comparison of two methods .The hypothesis is to prove FDM is better than 

FVM in two dimensional cases in visualizing the sea water movement.  

 

FDM is simple and efficient in a structured mesh case compare to the FVM. 

Compared to FVM, it is easy to introduce higher order scheme of convection term. 
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1.7 Organization of Dissertation 

 

 

Chapter 1 contains general introduction of the mathematical model and 

numerical methods of Navier- Stokes Equation. The background, objectives, statement 

and the significance of the research are also stated. 

 

Chapter 2 defines the Navier- Stokes Equation. Numerical results are given for 

the Stokes and the Navier-Stokes Equations. Finally 

the method is applied to a double- diffusive convection problem concerning the 

stability of a fluid stratified by salinity and heated .Then followed by review some 

literature involves for the mathematical modeling that is under consideration. The 

method for discretization the mathematical modeling that is FDM and FVM also stated. 

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 Navier- Stokes Equation heat 

equation and salinity equation by using finite difference method (FDM). The entire steps 

taken from the beginning to the end have shown clearly. The sequential algorithm for 

each equation’s step is showed. 

 

Followed by Chapter 4, the FVM is implemented in the heat equation. The entire 

steps taken from the beginning of the equation to the end shown clearly. 

 

Chapter 5 discusses the numerical results and comparison of FDM and FVM as 

described in chapter 3 and chapter 4. The results are compared to the exact solution of 

NIRW data based. A few tables and graphs are used to discuss the comparison of FDM 

and FVM. The performance comparison between GS and JB are also explained in 

chapter. 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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