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CHAPTER 1 

INRODUCTION  

 

1.1 Motivation for the Present Work 

Buoyancy-driven fluid flow analysis in enclosures has many thermal 

engineering applications such as heating and cooling of buildings, cryogenic 

storage tanks, the cooling of electronic components such as laptops, CD 

players and cell phones. Other examples of applications include solar energy 

collectors.  Many of these systems can be evaluated through experiments, 

but experiments can be costly, time consuming, and limiting on the variation 

that may be investigated. 

 

Modern computers and simulation programs are used to augment 

experiments in evaluating and designing engineering systems. Because the 

simulation programs are benchmarked against experiments, sometimes only 

simulations are performed and experiments are avoided entirely. A problem 

with numerical simulations is that the calculations can become complicated 

and computationally intensive for simulations where natural convection and 

radiation heat transfer are included. If one of the heat transfer modes (natural 

convection, conduction, or radiation) can be neglected, the calculations may 

be simplified: reducing computation times and resources. A heat transfer 

mode may be neglected when its contribution is small compared to other 

heat transfer modes. This study investigates both the steady state and 

transient behavior of natural convection heat transfer in rectangular 

enclosures.  
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1.2 Objectives of the Present Work 

The objectives of this thesis are to study the natural convective heat 

transfer in the rectangular cavities. The overall (average) and the local heat 

transfer rate is the focus of current research. These overall heat transfer 

results can be developed into a set of heat transfer correlations, which will 

then be applied to the simplified computer modeling tools for rectangular 

enclosure performance simulation  

Laminar natural convective heat transfer in vertical rectangular 

cavities is one of the primary interests of this thesis. Study will also be 

performed on both steady state and transient conditions. Understanding both 

the steady and transient characteristics will help designers and manufacturers 

to optimize the designs and manufacturing of their different applications 

products. Also, study on the natural convection in a rectangular cavity at tilt 

orientations is stimulated.  

Specifically, work in this thesis will be carried out in the following 

aspects by numerical simulations:  

1)  Modeling the laminar natural convective heat transfer in rectangular  

cavities at the vertical and inclined orientations at steady state 

conditions; 

2)  Modeling the laminar natural convective heat transfer in rectangular  

cavities at the vertical orientation at unsteady state conditions; 

 

1.3 Outline of the Thesis 

 The thesis is divided into five chapters. The first chapter is aimed to 

tie the thesis together. In chapter 2, a comprehensive review about the 

natural convection heat transfer in different types of enclosures is presented.  

The description of the physical problem, its mathematical model and the 
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methodology of obtaining the numerical solution of the problem with Fluent 

6.2 as CFD code are given in chapter 3. The numerical simulations and the 

model validation for steady state are presented in chapter 4. Also, the 

numerical simulations for unsteady state conditions are presented. Chapter 6 

draws the significant conclusions of the present study and introduces 

recommendations for further extension in this field.      

 

 


