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NOMENCLATURE 

𝑐 fluid specific heat (𝐽 𝑘𝑔𝐾)⁄  

𝑐𝐹 FLUENT fluid specific heat (𝐽 𝑘𝑔𝐾)⁄  

𝑐𝑠 solid specific heat (𝐽 𝑘𝑔𝐾)⁄  

𝑐𝑠,𝐹 FLUENT solid specific heat (𝐽 𝑘𝑔𝐾)⁄  

𝑔 gravitational acceleration (𝑚 𝑠2)⁄  

𝑔𝐹 FLUENT gravitational acceleration (𝑚 𝑠2)⁄  

ℎ heat transfer coefficient (𝑊 𝑚2𝐾)⁄  

𝐻 enclosure height (𝑚) 

𝑘 fluid thermal conductivity(𝑊 𝑚𝐾)⁄  

𝑘𝐹 FLUENT fluid thermal conductivity(𝑊 𝑚𝐾)⁄  

𝑘𝑠 solid thermal conductivity(𝑊 𝑚𝐾)⁄  

𝑘𝑠,𝐹 FLUENT solid thermal conductivity(𝑊 𝑚𝐾)⁄  

𝐿 enclosure width (𝑚) 

𝑀 normal direction non-dimensional coordinate 

𝑛 normal direction coordinate 

𝑝 pressure(𝑝𝑎) 

𝑃 non-dimensional pressure 

𝑝1 dimensional distance from top of the fin to top of the enclosure (𝑚) 

𝑃1 non-dimensional distance from top of the fin to top of the enclosure 

𝑝2 dimensional distance from top of the fin to bottom of the fin (𝑚) 

𝑃2 non-dimensional distance from top of the fin to bottom of the fin 

𝑃𝑟 Prandtl number 
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𝑞 heat flow of fluid (𝑊) 

𝑞𝑠 heat flow of solid (𝑊) 

𝑅𝑎 Rayleigh number 

𝑆 enclosure aspect ratio 

𝑇 temperature of fluid (𝐾) 

𝑇𝑠 temperature of solid (𝐾) 

𝑇ℎ left wall temperature (𝐾) 

𝑇𝑐 right wall temperature (𝐾) 

𝑢 horizontal velocity component(𝑚 𝑠)⁄  

𝑈 non-dimensional horizontal velocity component 

𝑣 vertical velocity component(𝑚 𝑠)⁄  

𝑉 non-dimensional vertical velocity component 

𝑥 horizontal coordinate 

𝑋 non-dimensional horizontal coordinate 

𝑦 vertical coordinate 

𝑌 non-dimensional vertical coordinate 

𝛼 fluid thermal diffusivity(𝑚2 𝑠)⁄  

𝛼𝑠 solid thermal diffusivity(𝑚2 𝑠)⁄  

𝛽 isobaric coefficient of volumetric thermal expansion(1 𝐾⁄ ) 

𝛽𝐹 FLUENT isobaric coefficient of volumetric thermal expansion(1 𝐾⁄ ) 

𝜃 Non-dimensional fluid temperature 

𝜃𝑠 Non-dimensional solid temperature 

𝜅 solid-to-fluid thermal conductivity ratio 
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𝜇𝐹 FLUENT dynamic viscosity (𝑘𝑔 𝑚𝑠)⁄  

𝜇 dynamic viscosity(𝑘𝑔 𝑚𝑠)⁄  

𝑣 kinematic viscosity(𝑚2 𝑠)⁄  

𝜌 fluid density(𝑘𝑔 𝑚3)⁄  

𝜌𝐹 FLUENT  fluid density(𝑘𝑔 𝑚3)⁄  

𝜌𝑠 solid density(𝑘𝑔 𝑚3)⁄  

𝜌𝑠,𝐹 FLUENT solid density(𝑘𝑔 𝑚3)⁄  

𝜎 solid-to-fluid volumetric heat capacity ratio 
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The problem of cooling of electronics has been extensively studied in the last few 

decades. Recently, studies considering heterogeneous enclosures filled with a fluid and 

solid bodies heated from the side, in which an isothermal hot wall at a higher 

temperature, an isothermal cold wall at a lower temperature, and adiabatic horizontal 

surfaces were considered, were reported. Although significant progress has been made 

in understanding the processes involved in heating and cooling of such containers, the 

effect of extended surfaces (fins) and their profile on heat transfer from the containers 

has not been considered. In this thesis, the effect of an extended hot wall surface on the 

cooling process is studied, and the fin profile with maximum cooling effect is determined 

using genetic algorithms. The left and right walls of the enclosure are considered 

isothermal and at 𝑇ℎ and 𝑇𝑐  (𝑇ℎ > 𝑇𝑐), respectively, while the top and bottom surfaces 

are considered adiabatic. The porosity (fluid volume fraction) of the enclosure is set at 

0.84, and the Rayleigh and Prandtl numbers are set at 107 and 1, respectively. 

Optimization is performed for fins with rectangular profile. The heat transfer process is 

monitored in terms of total heat flux at the cold surface. Results are reported in terms of 



 

11 

fin profiles with the associated total heat flux and instantaneous isotherms and 

streamlines. Findings elucidate the effect of changes in the fin profile on heating and 

cooling of containers by natural convection. 
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CHAPTER 1 
INTRODUCTION AND LITERATURE REVIEW 

Methods of Analysis for Enclosure with a Solid and a Fluid  

Cooling of solid parts distributed in an enclosure filled with fluid is relevant in a lot 

of engineering applications, especially cooling of electronics. Commonly the enclosure 

consists of a solid and a fluid. One way to calculate the heat transfer performance of 

such an enclosure is to consider it as a porous medium. The problem can be solved by 

the “porous-continuum” approach [1, 2]. In this approach, there are only conservation 

equations of a porous medium instead of separate conservation equations of the fluid 

and the solid. These equations can be derived by averaging the conservation equations 

of mass of fluid and solid, applying the volume theorem [3], and applying the 

conservation of energy between the fluid and the solid. A representative elementary 

volume needs to be determined in this case. However a representative elementary 

volume may become invalid when the solid portion is relatively large which would 

eventually make the porous-continuum approach invalid. For this reason, another 

approach is chosen which uses separate conservation equations of the solid and fluid. 

At the interface of the fluid and solid, an appropriate compatibility condition is applied. 

Although significant progress has been made in understanding the processes involved 

in heating and cooling of such containers and numerical simulations of heat transfer in 

enclosures employing this approach can be accurate [4-13], the effect of extended 

surfaces (fins) and their profile on heat transfer from the containers has not been 

considered. Periodic horizontal heating of enclosed disconnected solid bodies saturated 

with a fluid has been investigated by Mirehei et al. [14] and simulations and analyses of 
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natural convection inside heterogeneous containers heated by solar radiation has been 

reported by Mirehei [15].  

Effects from Geometries and Properties of Fins on Heat Transfer Performance  

Huang et al. [16] studied the dynamic characteristics of rectangular fin arrays. 

Gravity is taken into consideration and downward flow is proven to have negative 

effects on fins because of the thicker boundary layer. Heat transfer performance will 

increase with the fin length. Harahap et al. [17] pointed out that the orientation of the 

length of the fins parallel to the shorter side of the base plate would result in higher heat 

transfer efficiency than what would have been obtained using the longer side. Heat 

transfer efficiency drops drastically if the fin base area is smaller than the optimal area. 

Al-Doori et al. [18] showed that perforations positively affect the heat transfer efficiency. 

Also, as the diameter and number of perforations increase the heat transfer 

performance would increase. Dannelley [19] showed for most fractal geometries that 

they can enhance the heat transfer per unit mass without too much increase in the 

mass compared to traditional fin shapes. And for extended surfaces certain fractal 

geometries can increase the heat transfer per unit mass and thus reduce the mass of 

the fin, especially under natural convection conditions. Azarkish et al. [20] studied the 

improvement of heat transfer employing a number of fin arrays and selecting the right 

fin geometry. Results indicated that changing the fin geometry does not result in any 

change in the number of optimal fin arrays. For one-dimensional heat transfer, an 

optimized fin geometry is better than a non-optimized or conventional fin geometry. d. If 

two-dimensional heat transfer is considered, the fin geometry starts to play a role. 

Bobaru et al. [21] studied the relation between optimal fin shapes and the thermal 

conductivity of the material. High conductivity results in a sharp-pointed optimal 
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geometry. Low conductivity materials will result in a blunt and wide base geometry. 

Kang et al. [22] focused on trapezoidal fins. As the ratio of the convection characteristic 

number increases or the fin base radius decreases, the optimal heat transfer rate will 

increase. Hamadneh et al. [23] studied different conventional fin shapes including 

square, rectangle, circle and elliptical fins. Their results showed that a square is the 

worst shape while a rectangle is the best one from the standpoint of the rate of entropy 

generation. 

 

Use of Genetic Algorithms in Heat Transfer 

 
Genetic algorithm is a method to solve optimization problems. It can be applied in 

a multi-objective or a single objective optimization situation. This algorithm is similar to 

the natural selection process in nature. It will generate a generation with random 

individuals for the model which needs to be optimized. A fitness function will be applied 

on each individual to evaluate how good the individual is. Then individuals in this 

generation may crossover or mutate by chance. These two behaviors will either produce 

new individuals or change the existing individuals. The next generation will be selected 

by choosing the best individuals from the most recent generation according to the value 

of their fitness function. The crossover, mutation and selection process will repeat for 

iterations until stopping conditions are met. As the mutation probability increases, the 

optimization will be more random so low mutation probability is recommended. Low 

crossover probability will make the generation more stable and will get the results faster 

but less accurate. High crossover probability   (>0.9) is also recommended [30]. 

Common stopping conditions are the limits on the number of iterations and/or stall 
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generation. The limit on the number of iterations refers to the stopping the algorithm 

after a certain number of iterations have been executed. The stall generation limit refers 

to the case when the fitness function value of the best individual in the current 

generation does not change by a significant extent after a certain number of generations 

has been created. This limit is called the convergence stability percentage in ANSYS 

and is chosen as the convergence criterion for this work.  

Hajabdollahi et al. [24] used genetic algorithms to optimize a one dimensional pin 

fin. They used Bezier [24] curves to describe the fin profile. Total heat transfer and fin 

efficiency are the two objects. Their results identified the optimum fin shapes and their 

heat transfer performance. Higher dimensional cases are not involved. In this thesis 

two-dimensional cases will be analyzed. Wang and Wang [25] optimized the conical fin 

by dividing it into finite elements and making every element transfer the maximum heat 

flux. Fin effectiveness was not considered and the heat transfer rate was the only 

object. Results can be generated faster and better by a step calculation method than by 

traditional genetic algorithms. Najafi et al. [26] also used genetic algorithms to maximize 

the heat transfer performance while simultaneously minimizing the cost of materials. A 

set of solutions is achieved by combining these two conflicted objectives using multi-

objective genetic algorithms. Genetic algorithms have been proven to be an effective 

and accurate way for such optimization problems. In the study upon which this thesis 

reports, a multi-objective genetic algorithm is used. 

 

Effect of Local Convective Heat Transfer Coefficient on Accuracy 

Fabbri [27] showed that fin profile optimization can be effective when the 

convective heat transfer coefficient is not too high. The local convective heat transfer 
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coefficient was not used in Fabbri’s work, instead a constant coefficient was used. 

Naturally, using the local convection coefficient will make the results more accurate. 

Dialameh et al. [28] studied the relation between the convection heat transfer coefficient 

and several parameters in the cooling of fin arrays. They found that the coefficient 

increases when the temperature difference or fin spacing increase. They also found that 

it decreases as the fin length increases and that the average convection heat transfer 

coefficient is not sensitive to fin height and thickness. The work upon this thesis reports 

will take the local convective heat transfer coefficient into consideration. 
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CHAPTER 2 
MATHMATICAL MODELING AND NUMERICAL SIMULATION 

In this chapter, the problem is described then a mathematical model will be 

derived. The problem will be solved numerically using ANSYS FLUENT. 

 
Problem Formulation 

This is a steady-state heat transfer optimization problem. Consider a two-

dimensional rectangular enclosure filled with a Newtonian fluid and having a fin on the 

left surface (Fig. 2-1). The length of the bottom wall is L and the length of left wall is H. 

To simplify the analysis, H and L will be assumed equal. Both the left and right walls are 

assumed isothermal. The temperature at the left wall is 𝑇ℎ while that at the right wall is 

kept 𝑇𝑐(𝑇ℎ > 𝑇𝑐). The top and bottom walls of the enclosure are assumed adiabatic. The 

fin base which is also the left side of the fin is on the left wall of the enclosure. The top 

and bottom sides of the fin are perpendicular to the fin base. We will only consider a 

rectangular fin in this work. The goal is to determine the profile and position of the fin 

which can provide the maximum heat transfer through the enclosure. 

Gravity is taken into consideration in this natural convection process and the 

classical Boussinesq model is applied where the density of fluid in the buoyancy term of 

the momentum equations changes [29]. For a rectangular fin, the first dimensional 

parameter 𝑝1 is the distance from the top of the fin to the top of the enclosure. The 

second dimensional parameter 𝑝2 is the distance from top of the fin to bottom of the fin. 

 

Mathematical Model 

The dimensionless governing equations and boundary conditions will be derived 

in this section based on Mirehei’s [15] work. This model is a steady-state heat transfer 
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problem so all terms in the equations are time independent. The model will not be 

solved analytically but instead solved numerically for the convenience of the 

optimization part that follows. In this steady-state problem, all time dependent derivative 

terms are all 0. 

Conservation equation of mass of fluid: 

𝜕𝑢

𝜕𝑥
+

𝜕𝜈

𝜕𝑦
= 0                                                                                                    (2-1) 

Conservation of momentum of fluid in the x direction: 

𝜌 (𝑢
𝜕𝑢

𝜕𝑥
+ 𝜈

𝜕𝑢

𝜕𝑥
) = −

𝜕𝑝

𝜕𝑥
+ 𝜇𝛻2𝑢                                                                           (2-2) 

Conservation of momentum of fluid in the y direction. Use  𝜌(1 − 𝛽𝛥𝑇) for density 

in the buoyancy term based on the Boussinesq approximation [29] 

𝜌 (𝑢
𝜕𝑣

𝜕𝑥
+ 𝜈

𝜕𝑣

𝜕𝑦
) = −

𝜕𝑝

𝜕𝑦
+ 𝜇𝛻2𝜈 − 𝜌(1 − 𝛽𝛥𝑇)𝑔   

After rearranging with 𝛥𝑇 = 𝑇 −
𝑇𝑐+𝑇ℎ

2
 

𝜌 (𝑢
𝜕𝑣

𝜕𝑥
+ 𝜈

𝜕𝑣

𝜕𝑦
) = −

𝜕(𝑝+𝜌𝑔𝑦)

𝜕𝑦
+ 𝜇𝛻2𝜈 + 𝜌𝑔𝛽 (𝑇 −

𝑇𝑐+𝑇ℎ

2
)                                      (2-3) 

Conservation of energy of the fluid: 

𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
= 𝛼𝛻2𝑇                                                                                            (2-4) 

Conservation of energy of the solid: 

𝛼𝑠𝛻2𝑇𝑠 = 0                                                                                                        (2-5) 

Boundary conditions: 

Non-slip condition at solid surface: 

𝑢 = 𝑣 = 0                                                                                                          (2-6) 

Left and right wall: 
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𝑇 = 𝑇𝑠 = 𝑇ℎ at 𝑥 = 0                                                                                          (2-7) 

𝑇 = 𝑇𝑐 at 𝑥 = 𝐿                                                                                                  (2-8) 

Top and bottom wall: 

𝜕𝑇

𝜕𝑦
= 0 at 𝑦 = 0 𝑎𝑛𝑑 𝐻                                                                                       (2-9) 

Compatibility condition at the solid-fluid interface: 

𝑇𝑠 = 𝑇                                                                                                             (2-10) 

𝑞𝑠 = 𝑞                                                                                                             (2-11) 

−𝑘
𝜕𝑇

𝜕𝑛
= −𝑘𝑠

𝜕𝑇𝑠

𝜕𝑛
                                                                                               (2-12) 

Definitions of non-dimensional variables are listed below: 

(𝑋, 𝑌) =
(𝑥,𝑦)

𝐻
  

(𝑈, 𝑉) =
(𝑢,𝑣)

(𝛼∕𝐻)
   

𝑃 = (
𝐻2

𝜌𝛼2) (𝑃 + 𝜌𝑔𝑦)  

𝜃𝑠 =
(𝑇𝑠−𝑇𝑐)

(𝑇ℎ−𝑇𝑐)
   

𝜃 =
(𝑇−𝑇𝑐)

(𝑇ℎ−𝑇𝑐)
                                                                                                      (2-13) 

Definitions of non-dimensional parameters: 

𝑃1 =
𝑝1

𝐻
 

𝑃2 =
𝑝2

𝐻
 

𝑆 =
𝐿

𝐻
   

𝑅𝑎 = 𝑔𝛽𝐻3 (𝑇ℎ−𝑇𝑐)

𝛼𝑣
   

𝑃𝑟 =
𝑣

𝛼
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𝜎 =
(𝜌𝑐)𝑠

𝜌𝑐
   

𝜅 =
𝑘𝑠

𝑘
                                                                                                             (2-14) 

The non-dimensional conservation equations are: 

Conservation equation of mass: 

𝜕𝑈

𝜕𝑋
+

𝜕𝑉

𝜕𝑌
= 0                                                                                                     (2-15) 

Conservation of momentum in the x direction: 

𝑈
𝜕𝑈

𝜕𝑋
+ 𝑉

𝜕𝑈

𝜕𝑌
= −

𝜕𝑃

𝜕𝑋
+ 𝑃𝑟𝛻2𝑈                                                                           (2-16) 

Conservation of momentum in the y direction: 

𝑈
𝜕𝑉

𝜕𝑋
+ 𝑉

𝜕𝑉

𝜕𝑌
= −

𝜕𝑃

𝜕𝑌
+ 𝑃𝑟𝛻2𝑉 + 𝑅𝑎𝑃𝑟𝜃                                                             (2-17) 

Conservation of energy of the fluid: 

𝑈
𝜕𝜃

𝜕𝑋
+ 𝑉

𝜕𝜃

𝜕𝑌
= 𝛻2𝜃                                                                                           (2-18) 

Conservation of energy of the solid: 

0 = 𝛻2𝜃𝑠                                                                                                         (2-19) 

Non-dimensional boundary conditions are: 

𝑈 = 𝑉 = 0 𝑎𝑡 𝑎𝑙𝑙 𝑠𝑜𝑙𝑖𝑑 𝑠𝑢𝑟𝑓𝑎𝑐𝑒𝑠                                                                     (2-20) 

𝜃 = 𝜃𝑠 = 1𝑎𝑡 𝑋 = 0                                                                                        (2-21)  

𝜃 = 0 𝑎𝑡 𝑋 = 𝑆                                                                                                (2-22) 

𝜕𝜃

𝜕𝑌
=

𝜕𝜃𝑠

𝜕𝑌
= 0 𝑎𝑡  𝑎𝑡 𝑌 = 0 𝑎𝑛𝑑 1                                                                       (2-23) 

Non-dimensional compatibility conditions: 

𝑈 = 𝑉 = 0                                                                                                       (2-24) 

𝜃 = 𝜃𝑠                                                                                                             (2-25) 
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𝜕𝜃

𝜕𝑀
= 𝜅

𝜕𝜃𝑠

𝜕𝑀
                                                                                                        (2-26) 

 

Numerical Simulation 

From ANSYS FLUENT Theory Guide we can find FLUENT use conservation 

equations below in simulation [14]: 

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0                                                                                                      (2-27) 

𝜌𝐹 (
𝜕𝑢

𝜕𝑡
+ 𝑢

𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
) = −

𝜕𝑝

𝜕𝑥
+ 𝜇𝐹 (

𝜕2𝑢

𝜕𝑥2 +
𝜕2𝑢

𝜕𝑦2)                                                   (2-28) 

𝜌𝐹 (
𝜕𝑣

𝜕𝑡
+ 𝑢

𝜕𝑣

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
) = −

𝜕(𝑝+𝜌𝐹𝑔𝑦)

𝜕𝑦
+ 𝜇𝐹 (

𝜕2𝑣

𝜕𝑥2 +
𝜕2𝑣

𝜕𝑦2) − 𝜌𝐹𝛽𝐹𝑔𝐹(𝑇 − 𝑇𝑟𝑒𝑓,𝐹)       (2-29) 

𝜌𝐹𝑐𝐹
𝜕𝑇

𝜕𝑡
+ 𝜌𝐹𝑐𝐹 (𝑢

𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
) = 𝑘𝐹 (

𝜕2𝑇

𝜕𝑥2 +
𝜕2𝑇

𝜕𝑦2)                                                  (2-30) 

(𝜌𝑐)𝑠,𝐹
𝜕𝑇

𝜕𝑡
= 𝑘𝑠,𝐹 (

𝜕2𝑇

𝜕𝑥2 +
𝜕2𝑇

𝜕𝑦2)                                                                             (2-31) 

Notice 
𝜕𝑢

𝜕𝑡
=

𝜕𝑣

𝜕𝑡
=

𝜕𝑇

𝜕𝑡
=

𝜕𝑇𝑠

𝜕𝑡
= 0 because of steady-state. 

The coefficients and constants needed for using ANSYS FLUENT to numerically 

solve non-dimensional conservation equations (Equations 2-15 to 2-19 and Equations 

2-27 to 2-31) were obtained by comparing the equivalent terms in the dimensional and 

non-dimensional conservation equations. The values and relations, that were used, are 

as follows: 

𝜌𝐹 is set to 1, 𝜇𝐹 is set to 𝑃𝑟,  𝛽𝐹 is set to 𝑅𝑎𝑃𝑟,  𝑔𝐹 is set to −1, 𝑐𝐹 is set to 1, 𝑘𝐹 is 

set to 1, 𝑘𝑠,𝐹 is set to 𝜅, (𝜌𝑐)𝑠,𝐹 is set to 𝜎. 

Units of all coefficients are not changed. All values assigned are chosen 

arbitrarily in this optimization. When applying this optimization to certain cases which 
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include certain materials and certain gravity, the only change that needs to be made in 

these assigned values are 𝑃𝑟, 𝑅𝑎, 𝜅 and 𝜎. 

In the comparison between the y momentum conservation Equation (2-17) and 

Equation (2-19), (𝑝 + 𝜌𝐹𝑔𝑦) plays the same role of 𝑃 as the total pressure. The value 0 

is chosen for 𝑇𝑟𝑒𝑓,𝐹 to make the comparison easier since 𝑇𝑟𝑒𝑓,𝐹 will not affect the 

problem which is in steady-state [15, 31]. 

The value of gravity is positive when the direction of gravity is upward, which is 

the same direction of the y axis. If the direction of gravity is downward, the value of 

gravity is negative. 

In the numerical simulation, the following parameters are set as below: 

𝑃𝑟 = 1, 𝑅𝑎 = 107, 𝜅 = 1, 𝜎 = 10. 

The dimensionless temperature is set as follows:  𝜃 = 1 𝑎𝑡 𝑋 = 0 ,  𝜃 = 0 𝑎𝑡 𝑋 =

𝑆. To avoid ANSYS error when 𝜃  is set to 0 at the boundary because the unit of 

temperature is Kelvin, we keep the difference of 𝜃 between 𝑋 = 0 and 𝑋 = 1. Solid area 

fraction of the enclosure is 16%. Mesh elements are uniform and mesh size is set to 

0.004. The “SIMPLEC” algorithm is chosen as the pressure-velocity coupling scheme 

[15].  

The average heat flux at the right wall is defined as: 

〈q′′〉𝑥=𝐿 =
1

𝐻
∫ (−𝑘

∂T

∂x
|

x=L
)𝑑𝑦

𝐻

0
                                                                (2-32) 

The corresponding non-dimensional average heat flux at the right wall is defined 

as: 

𝑄𝑐
′′ = 〈q′′〉𝑥=𝐿 [𝑘𝐻(𝑇ℎ − 𝑇𝑐)/𝐿] =

1

𝑆
∫ (−

∂𝜃

∂X
|

X=S
)𝑑𝑌

𝑆

0
⁄                                (2-33) 
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The value of non-dimensional heat flux at the right wall is equal to the non-

dimensional average heat flux at the right wall in this case because 𝑆 = 1 is assumed. 

𝑄𝑐 = 𝑆𝑄𝑐
′′                                                                                              (2-34) 

In the optimization section, multiple objectives genetic algorithm (MOGA) is 

chosen as the optimization method. The number of initial samples is 100. The number 

of samples per iteration is set to 100. The number of samples in each iteration will affect 

the optimization process and sometimes determines if the optimization will converge. If 

the number per iteration is too small there will not be enough chromosomes for 

achieving the final results. Sometimes it may still get the right results but most likely the 

optimization would converge to a local maximum due to the lack of good samples. 

However, the process will be slower as the number per iteration increases. It will take 

longer time for one generation to produce the next generation. The proper number of 

samples per iteration should be pre-selected.  A value of 100 is recommended by 

FLUENT. The convergence Stability Percentage is set to 2%. The Convergence 

Stability Percentage criterion looks for population stability, based on the mean and 

standard deviation of the output parameters. When a population is stable with regards 

to the previous one, the optimization is converged. If the Convergence Stability 

Percentage is set too high, the samples will be considered converged too fast when 

they still have some potential to evolve. If the Convergence Stability Percentage is set 

lower, the optimization results will be more accurate and at the same time will take more 

time. If it is set to 0, all samples will be the same in the last iteration. A value of 0 is the 

best value for the Convergence Stability Percentage but 2% is recommended for saving 

time and several candidates for samples will be selected. The Mutation probability is set 
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to 1%. The Crossover probability is set 98%. Mutation is the reason the optimization 

process can keep moving. Some good genes that do not exist now can only be created 

by mutation. As the mutation probability increases the optimization will be more random. 

Therefore, low mutation probability is recommended but it cannot be set to 0. Low 

crossover probability will make the generation more stable and will get the results faster 

but less accurate. High crossover probability (>0.9) is also recommended [30].  

For a rectangular fin, the first parameter 𝑃1 is the non-dimensional distance from 

top of the fin to top of the enclosure. The second parameter 𝑃2 is the non-dimensional 

distance from top of the fin to bottom of the fin. To avoid incompatible errors in ANSYS 

FLUENT, the upper limit of both parameters is set to 0.995 and lower limit is set to 

0.005 to make sure the parameters are greater than the minimum mesh size. 

 

Figure 2-1. Schematic of the enclosure 

 

 



 

25 

CHAPTER 3 
RESULTS AND DISCUSSIONS 

The optimal parameters are 𝑃1 = 0.41361 and 𝑃2 = 0.16749. The non-

dimensional maximum heat flux at the right wall is 14.822. 

In this chapter, sensitivity analysis will be done on 𝑃1 and 𝑃2 to observe their 

effect on the total heat flux. The effects from these two different parameters will be 

compared. 

The optimized fin profile and position will be shown as well as the temperature 

and streamline distribution of the optimal case.  

A mesh test is performed to ensure the accuracy of the results. 

 

Sensitivity Analysis of 𝑷𝟏 and 𝑷𝟐 with Total Heat Flux 

 
Effect of 𝑷𝟏 on non-dimensional heat flux at right wall 

The effect of 𝑃1 on the non-dimensional heat flux at values of 𝑃2 = 0.16, 𝑃2 =

0.20, 𝑃2 = 0.30, 𝑃2 = 0.40, 𝑃2 = 0.50 is shown in Figure 3-1. When 𝑃2 is fixed at a 

certain value, the effect of 𝑃1 on non-dimensional heat flux at the right wall can be 

observed. As the value of 𝑃1 increase, the non-dimensional heat flux at the right wall will 

decrease at 𝑃2 = 0.20, 𝑃2 = 0.30, 𝑃2 = 0.40, 𝑃2 = 0.50. When 𝑃2 = 0.16, as 𝑃1 increases, 

the non-dimensional heat flux at the right wall will also increase and will reach its 

maximum near 𝑃1 = 0.45. Then the non-dimensional heat flux at the right wall will drop. 

This trend is observed for all other curves. 

Comparing results from the different value of 𝑃2, the non-dimensional heat flux at 

the right wall is found to be higher at smaller values of 𝑃2. 
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Effect of 𝑷𝟐 on non-dimensional heat flux at right wall 

The effect of 𝑃2 on the non-dimensional heat flux at 𝑃1 = 0.10, 𝑃1 = 0.20, 𝑃1 =

0.30, 𝑃1 = 0.40, 𝑃1 = 0.50  is shown in Figure 3-2. As 𝑃2 increase the non-dimensional 

heat flux at the right wall will also decrease. 𝑃1 and 𝑃2 have the same trend when 

affecting the non-dimensional heat flux at the right wall. However, 𝑃2 seems to have 

greater effect than 𝑃1 on the non-dimensional heat flux at the right wall.  𝑃1 and 𝑃2 are 

independent parameters but notice that 𝑃1 cannot be any value between its upper and 

lower limit for a specific 𝑃2. The upper and lower limits are overall limits for parameters. 

There is a certain limit for 𝑃1 at each 𝑃2 value.  

 

Optimal Profile and Position of Rectangular Fin and Optimized Heat Flux at the 
Right Wall 

Considering the parameters and objectives in the numerical simulation part, 

multi- objective genetic algorithm (MOGA) is selected as the optimization method. 

Instead of considering the non-dimensional area of the fin being 0.16 as an object, we 

will consider it as a constraint to make the optimization process faster. To achieve this, 

the fin length and height are set as two dependent parameters to make sure the area of 

the fin is 0.16 and one of them is suppressed to avoid unnecessary work for ANSYS.  

The model is simulated using the following parameters: 𝑃𝑟 = 1,𝑅𝑎 = 107,𝜅 =

1,𝜎 = 10. 

After optimization 𝑃1 = 0.41361 and 𝑃2 = 0.16749. The maximum heat flux at the 

right wall is 14.8. 
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Analysis of Isotherm Contour and Streamline Contour 

Figure 3-3 shows the optimized profile and position for the rectangular fin along 

with the distribution of the isotherms inside the enclosure. Figure 3-4 shows the 

distribution of the streamlines for this case.  

The gradient of temperature is high near the hot and cold wall. The isotherms are 

perpendicular to the top and bottom wall because the top and bottom walls of the 

enclosure are adiabatic and the temperature change of the fluid in the middle part of the 

enclosure is smoother than that near the hot and cold walls. For the fluid near the hot 

and cold walls, the temperature gradient is higher than that of the solid fin because of 

convection. However, conduction in the solid makes the temperature gradient higher 

than that in the fluid which is not near the hot and cold walls where convection is low. 

The fin divides the fluid geometrically into a higher part and a lower part. For the fluid 

above the fin, the cold fluid is first heated at the bottom left corner of this part by both 

the hot wall and the fin. Then it goes up to the top wall because buoyancy and gravity 

are both taken into consideration and the density of fluid decreases as the temperature 

increase. The top wall is adiabatic so no heat from the fluid will dissipate through the 

wall. The stream will only be cooled by the cold fluid below it which will result in small 

temperature gradients and horizontal isotherms in the middle of this part of the 

enclosure. After moving right to the cold wall, the stream will dissipate heat quickly and 

the fluid become denser. Then most of the fluid cooled by the cold wall will go 

downward to the fin which has a higher temperature because of conduction. The fluid 

stream is heated by the fin again while migrating left until it returns to the bottom left 

corner of this part of the enclosure. A similar process will occur in the part of the 

enclosure below the fin. 
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Mesh test 

The optimization is performed at a mesh size of 0.004. To ensure the result is 

independent from the mesh size, a finer mesh is applied to the same optimization 

process. The new mesh size is 0.002 which is half of the former one. The optimal case 

is at: 𝑃1 = 0.3915 and 𝑃2 = 0.1700. The maximum heat flux at the right wall is 14.3. 

Deviation of all parameters and maximum heat flux at the right wall from the former 

results is less than 5%. We believe that the optimization process as well as the results 

generated are fairly independent when the mesh size is 0.004. 

 

Figure 3-1. Effect of  𝑃1 on the non-dimensional heat flux at right wall at 𝑃2 = 0.16, 𝑃2 =
0.20, 𝑃2 = 0.30, 𝑃2 = 0.40, 𝑃2 = 0.50 
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Figure 3-2. Effect of  𝑃2 on the non-dimensional heat flux at right wall at 𝑃1 = 0.10, 𝑃1 =
0.20, 𝑃1 = 0.30, 𝑃1 = 0.40, 𝑃1 = 0.50 

 

 

Figure 3-3. Shots of isotherm distributions of enclosure for optimized rectangular fin, 
steady state,𝑃𝑟 = 1,𝑅𝑎 = 107,𝜅 = 1,𝜎 = 10. 
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Figure 3-4. Shots of streamlines of enclosure for optimized rectangular fin, steady state, 
𝑃𝑟 = 1,𝑅𝑎 = 107,𝜅 = 1,𝜎 = 10. 
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CHAPTER 4 
CONCLUSIONS AND RECOMMENDATIONS 

 
Conclusions 

In this thesis, a rectangular fin based on a hot plate inside an enclosure is 

optimized to its optimal geometry and position to get the maximum heat transfer. Gravity 

and two-dimensional heat transfer and the local convective heat transfer coefficient are 

all accounted for.  Since the heat transfer performance improves as the fin area 

increases, which results in more cost for the fin material, the area of the fin is kept at 

0.16. An optimal case is obtained through the use of genetic algorithms. All variables 

are non-dimensionalized for future design when it comes to different materials and 

different enclosure geometries. The values of 𝑃𝑟 = 1 and 𝑅𝑎 = 107  will be set at this 

optimization. The optimal parameters are 𝑃1 = 0.41361 and 𝑃2 = 0.16749. The non-

dimensional maximum heat flux at right wall is 14.822. 

 

Recommendations 

The current study pertains to optimization for only one fin. Fin arrays are proven 

to be more effective than single fins and we can still use genetic algorithms to get the 

optimal number of fins and optimal geometries for fin arrays. 

Also, the area of the fin was kept constant in the current study. However this area 

may not be the optimal area which can produce the best ratio of cost and heat transfer 

performance.  If the area as along with heat transfer were allowed to change in a multi-

objective genetic algorithm, a wider set of optimal cases could be achieved. 

Also, three-dimension analysis will be more applicable in electronic cooling and 

other industries.  



 

32 

In the current study, gravity is incorporated in the analysis through the Rayleigh 

number. This can be expanded in a future investigation.  This will make it easier to 

perform such optimization when solving problems related to space where gravity is 

different from that on the surface of the earth.
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