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ABSTRACT 

 

 

 

 Computational Fluid Dynamics method was used to simulate the heat flow 

analysis of enclosure container. The simulation was base on a steady state formulation 

with the focus to assess the capabilities of Computational Fluid Dynamics tool for heat 

flow development of an enclosure situation. The comparison between the container is 

when the enclosure with vary situation, i.e. one heat source, two heat source and two 

heat source which is bottom and top. This suggests that the Computational Fluid 

Dynamics simulation can be used to boost the heat flow and heat transfer studies. Three 

cases are mainly discussed. First case is about the heat source from the top of the 

container, then from its bottom, and the third one from both places. The results get 

shows the profile of the flow. Convection is the main part of the profile. Gravitational 

effect is the important part of the heat distribution. 
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ABSTRAK 

 

 

 

 Kaedah menggunakan “Computational Fluid Dynamics” di dalam projek ini 

adalah bertujuan mendapatkan hasil simulasi pergerakan haba di dalam sebuah bekas 

segi empat yang tertutup. Simulasi ini berdasarkan situasi keadaan stabilnya dengan 

mengambil perhatian tentang kebolehan alat-alatan di dalam perisian itu sendiri dalam 

membina batas-batas bagi bekas yang tertutup tersebut. Perbezaan dan perbandingan 

dalam projek ini adalah di mana keadaan ataupun situasi dinding bekas itu berbeza 

seperti mana contohnya satu sumber haba iaitu diatas ataupun di bawah dan terakhir dua 

sumber haba. Selain itu, kaedah penggunaan perisian  ini dapat meningkatkan daya 

pembelajaran mengenai pergerakan haba dan juga pemindahan haba dengan lebih jelas. 

Tiga kes utama akan dibincangkan iaitu punca haba dari atas bekas yang digunakan, 

kemudiannya sumber haba dari bawah dan terakhir adalah dari bawahnya. Keputusan 

diperoleh darinya adalah dalam bentuk alur aliran. Perolakan adalah pekara penting 

dalam hal ini disebabkan oleh penglibatan gravity yang membezakan antaranya.  
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CHAPTER I 

 

 

 
INTRODUCTION 

 

 

 

1.1 Overview 

 

Free convection in enclosure has attracted many researcher and also interest of 

investigators. Various applications in this term that really attractive such as electronic 

devices, furnaces, power plant and heat transfer through pipes. This result is relevant due 

to environmental science, where the heat transfer take part of responsibility for oceanic 

and atmosphere motion. 

 

 Free convection fluid motion is due to buoyancy forces within the fluid. Now we 

consider situation which there is no forced velocity, yet convection current exit within 

the fluid. Such situation is referred as free or natural convection, and they originate 

when a body force act on a fluid in which there are density gradients. The net effect is a 

buoyancy force, which induced free convection currents. In the most common case, the 

density gradient is due to a temperature gradient, and the body force is due to the 

gravitational field. 

 

 In many systems involving multimedia heat transfer effect, free convection 

provides the largest resistance to heat transfer and therefore plays an important role in 

the design or performance the system. Moreover, when it is desirable to minimize heat 
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transfer rates or to minimize operating cost, free convection is often preferred to forced 

convection. 

 

 

 

1.2 Problem Statement 

  

Problems occurred when there is a rectangular enclosure container with heat 

source at the top and bottom walls shown in figure 1.1 that heat source from supply from 

bottom and top of the enclosure. The heat source are then heated into a certain 

temperature so that’s the fluid within the container shall have a convection condition. 

So, a software is use to obtain the result (heat flow). The software is important due to 

simulate the heat flow in order to see which part will be in high temperature and how 

does the heat moves. Eventually, from this problem, another problem can be issued, 

whereas in case of partition or without any partition. Figure 1.2 shows the container 

form in three-dimensional or in isometric view. 

 

 
 

Figure 1.1: Rectangular enclosure with heat source at the bottom and top walls 



 3 

 
 

Figure 1.2: Rectangular enclosure viewed by Solid Works. 

 

 

 

1.3 Objective 

  

 To predict numerically the heat distribution in an enclosure container with top 

and bottom heat source. 

 

 

 

1.3 Scope 

 

The scope of this project is to design the rectangular enclosure with wall heat 

source on top and bottom container and also simulate with Computational Fluid 

Dynamics method by using ANSYS-CFX software. 
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CHAPTER II 

 

 

 

LITERATURE REVIEW 

 

 

 

2.1 Introduction 

 

Natural convection is the fluid flow originated by gravity forces acting on non-

uniform-density fluids; the density changes may be due to thermal or to solutal 

gradients. Many different natural-convection configurations are of interest, from the 

simplest hot or cold vertical plate in a fluid medium, to external convection around hot 

or cold bodies, or internal convection within hot/cold enclosures (non-isothermal). 

 

Laminar flow, sometimes known as streamline flow, occurs when a fluid flows 

in parallel layers, with no disruption between the layers. In fluid dynamics, laminar flow 

is a flow regime characterized by high momentum diffusion, low momentum 

convection, pressure and velocity independent from time. It is the opposite of turbulent 

flow. 

 

The boundary layer on a hot vertical plate is a canonical thermo-fluid-mechanics 

problem. A semi-infinite vertical wall is shown in Fig. 2.1 (it must extend upwards if it 

is hot, or downwards if it is cold), maintained at constant temperature, Tw, and immersed 

in a dilatable fluid (with thermal expansion coefficient ), at temperature T∞ far from the 

wall, in a gravity field, g, giving rise to a boundary-layer flow of thickness , which 

starts at the entry border and grows along the length of the plate, with the longitudinal 
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velocity growing from u=0 at the wall, to a maximum value within the boundary layer, 

and finally decreasing to u=0 at the outer edge of the layer the outer fluid is at rest 

except for the very small entrainment flow implied by the boundary layer growth. 

 

 

 

Figure 2.1: Boundary layer flow near a vertical plate (one side); notice the choice of x 

and y coordinates. 

 

The terms governing the flow near the vertical plate, assumed steady and 

incompressible except for the momentum buoyancy term (Boussinesq model), are the 

following; 

 

I. Mass balance (continuity):  

 

The law of conservation of mass/matter, also known as law of mass/matter 

conservation states that the mass of a closed system of substances will remain 

constant, regardless of the processes acting inside the system. This means that 

matter or mass cannot be created or destroyed although it can change form. 
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II. Momentum Balance 

 

The law of conservation of momentum is a fundamental law of nature, and 

it states that the total momentum of a closed system of objects (which has no 

interactions with external agents) is constant. In short when an object had a 

collision with another object, the momentum for both of them are the same. 

 

III. Energy Balance 

 

Conservation of energy states that the total amount of energy in any 

system remains constant, although it may change forms for example friction 

turns kinetic energy into thermal energy. Meaning that energy cannot be created 

or destroy but can be changed from one to another.  

 

Fluids are also the main part of the convection movement. There is a great 

variety of heating fluids and cooling fluids, which can be grouped basically as gases, 

liquids, and phase-changing fluids. 

 

 

 

2.2 Empirical Correlation for Rectangular Enclosure in Natural Convection 

A small tilting in the hot vertical plate analysed before, already causes great 

changes in the flow, since the boundary layer detaches at several places along the upper 

side of the plate (if hot; the lower side in a cold plate), forming three-dimensional 

patches due to flow instabilities. That is why most heat and mass natural-convection 

correlations are empirical fittings from experimental data. Table 2.1 gives a compilation 

of convective heat correlation for natural convection. 
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Table 2.1: Convective Heat Correlation for Natural Convection 

Configuration Heat convection 

Horizontal rectangular enclosure  

(Internal steady flow, with two opposite 

adiabatic walls, and a T between the other 

two walls at separation L, and NuL≡hL/k): 

-Heated from above (stable gradient; no fluid-

flow; NuL=1) 

-Heated from below with RaD<1708, (no fluid-

flow; NuL=1) 

-Heated from below with 1708<RaD<108 and 

Pr>0.7, (flow instability; onset of convection at 

RaD=1708). 

  

 

[]+ means that these terms must only 

be accounted if positive (set to 0 if 

negative). Holland et al. (1976). 

Vertical rectangular enclosure 

 (Internal steady flow, with a T between the 

two vertical walls at separation L, and the 

adiabatic walls at separation H), NuL≡hL/k. 

 

 

 

 

 

1<H/L<2, any Pr, 

RaL>103(0.2+Pr)/Pr: 

 

2<H/L<10, any Pr, RaL<1010: 

 

10<H/L<40, any Pr>1, 104<RaL<107: 
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Inclined rectangular enclosure 

(Internal steady flow, with a T between the 

two closest walls at separation L, tilted an 

angle  from the vertical, and the adiabatic 

walls at separation H), NuL≡hL/k. 

Fluid flow changes beyond a critical angle 

cr(H/L): 

  

  

H/L= 1 3 6 12 >12 

cr 25º 53º 60º 67º 70º 

0<<cr, H/L<12, Pr>0.7 

 

0<<cr, H/L≥12, Pr>0.7 

 

 

cr<<90º, any H/L, Pr>0.7 

 
 

 

 

2.3 Computational Fluid Dynamics 

 

CFD is one of the branches of fluid mechanics that uses numerical methods and 

algorithms to solve and analyze problems that involve fluid flows. Computers are used 

to perform the millions of calculations required to simulate the interaction of fluids and 

gases with the complex surfaces used in engineering. However, even with simplified 

equations and high-speed supercomputers, only approximate solutions can be achieved 

in many cases. More accurate software that can accurately and quickly simulate even 

complex scenarios such as transonic or turbulent flows are on going area of research. 

Validation of such software is often performed using a wind tunnel. 
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2.4 ANSYS-CFX 

 

CFX is a commercial CFD program used to simulate fluid flow in a wide variety 

of applications. CFX allows engineers to test systems in a virtual environment. It has 

been applied to the simulation of water flowing past ship hulls, gas turbine engines 

(including the compressors, combustion chamber, turbines and afterburners), aircraft 

aerodynamics, pumps, fans, HVAC systems, mixing vessels, hydrocyclones, vacuum 

cleaners, and more. Pretty much anything that involves fluid flow can be simulated, if 

you have the expertise and computing power. Regarding computing power, CFX can 

give any cluster a run for its money. It is highly scalable and has been shown to maintain 

nearly linear scalability to as many as 500 processors. 

 

 

 

2.5 Previous Studies 

 

Natural convection in enclosures has attracted many of researchers in the world. 

The main ideas of heat transfer made a role to lead the research success. Through all 

applications such as furnace design, buildings, cooling of electronic equipment, nuclear 

reactor and others refer and studied on heat transfer buoyant flow in enclosures. 

 

Results that come out are studied either by numerically or experimentally or even 

both. Generally, studies about convective in enclosures without partition convinced by 

Elder (1965a, b, 1966). Then, later results presented by Catton (1978) and Yang (1987), 

Ostrach (1972, 1982). 

 

The results (natural convection) can be used as a bench mark data for validation 

to solve Navier-Stokes equations for various numerical methods. The bench mark 

numerical results were obtained with grids up to 81 x 81 points at Rayleigh numbers of 
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