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مجنتعت ذاخنن ت ما الميقةتاا بسننقص ال ننفاا ايخنناخننةت  في السنناتاا ايرة ، ت  ا اخننم اام الن الر ال ةاذات ااا النسننام النفمت ت في: الخلاصةة 

فمت ت المي  نملكها. في هذه الاراخنننت ت  ا المقتةي في ايلال الق ارم لن نننما الق ار، اذ الاعاصن الن ننناتح ما  الاقاذ ال ةتم ااا ال لةت الن

 عت الهتال ذ افتاا الق ار، على ممتخنند لرجت   ار، عالاا في ظل ظ ذف  ااا ج اار قسنن ات رقايتةت.  ا المقتةي في  يرة  خنننز الاعافت ذخنن

 10ذ  7ذ  5ذ  2قاعا، الن ما الق ارم صسقت الى لرجت   ار، النقةد ذرقا صسلا ذاص فاض الضغد.  ا أرذ خنز الاعافت ب كل عام على أصه 

م/ث.   ة  صمايج المافي ال فقي إلى  0.16إلى  0.04ت بةانا  ا أرذ خ عت الهتال ما  2( ذاط/م 3000إلى  600ما.  ا أرذ  افتاا الق ار، ما )

ما  تلل ما ف ق لرجت الق ار، بةا قاعا، الن نننما الق ارم ذالهتال النقةد أ م  ما ةة ها ت  لةها الاعاصن  10أر الاعاصن النسنننمتةنت بسننننا ت 

م/ث إلى زاال، ممتخد ف ق لرجت الق ار، بةا  0.16إلى  0.04ت اؤلم المغة  في الس عت ما  2ذاط/م  3000ما. عاا  2ما ذ  5ما ذ  7بسنا ت 

ت زال  2ذاط / م  600ملا. . عاا  افي   ار،  10٪ لن ننما الق ار، مز زعاصن مسننمتةنت  118.9قاعا، القالتعت الق ارات ذالهتال النقةد باسننقت 

ما على  5ما إلى  2ما ذ  7ما إلى  2ما ذ  10ما إلى  2٪ عااما  ا زاال، خنننننننز الاعافت ما  45.7٪ ذ  60.7٪ ذ  72.6عال صسننننننلا باسننننننقت 

 المتالي.  ظه  الامايج أاضا أر اص فاض الضغد ا  فز مز زاال، خنز الاعافت.
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Abstract  
In recent years, open-pore metallic foams have been employed in a wide variety 

of applications owing to the essential qualities that they possess. In the present 

study, the thermal performance of a finned heat sink made from open-cell 

copper foam was investigated numerically under laminar forced conditions. The 

influence of fin thickness, air velocity, and heat fluxes on the average heat sink 

base temperature to ambient temperature difference, the Nusselt number, and 

pressure drop were investigated. Fin thickness was generally taken as 2, 5, 7, 

and 10 mm. Heat fluxes were taken from (600 to 3000) W/m2, while the air 

velocity was taken from 0.04 to 0.16 m/s. The findings of laminar flow indicate 

that straight fins with a thickness of 10 mm minimize the temperature difference 

between the heat sink's base and the surrounding air the most, followed by fins 

with thicknesses of 7 mm, 5 mm, and 2 mm. At 3000 W/m2, a change in velocity 

from 0.04 to 0.16 m/s increases the average base temperature difference (i.e. 

(Tbase-Tamb)) by 118.9% for a heat sink with 10 mm straight fins. . At a heat flow 

of 600W/m2, the Nusselt number grew by 72.6%, 60.7%, and 45.7% when fin 

thickness was raised from 2 mm to 10 mm, 2 mm to 7 mm, and 2 mm to 5 mm, 

respectively. The results also demonstrate that the pressure drop rises with 

increasing fin thickness. 

 

Keywords: Open-cell, straight fins, metallic foam, heat sink,laminar flow. 
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1. INTRODUCTION 

In recent years, open-pore metallic foams have been employed in a wide variety of applications owing to the 

essential qualities that they possess. These properties include high permeability, low weight compared to size, and 

efficient thermal performance. Foam metals have been widely used as heat sinks to cool hot components for various 

applications, especially electronic devices[1]–[3]. Due to the importance of foam metals in practical applications, 

researchers have dealt with this type of metal extensively in their scientific research, significantly as a heat sink to 

cool the various components of the devices. Research into ways to improve heat transfer in heat sinks has gained 

much attention in recent years to meet the increasing demands for improved efficiency.  

The performance of slot-jet impingement cooling numerically with six various forms of aluminum foam heat sinks 

connected to a horizontally heated surface was investigated in [4] study. The findings demonstrate that all these 

aluminum foam heat sinks can be utilized to improve the cooling process. When comparing jet cooling with and 

without a heat sink, it is observed that the average Nusselt number can be enhanced by more than 95% by adding 

the metal foam heat sink. Another study using finned heat sink was presented in  [5] work. In that study, the authors 

have investigated the sintered metal among the regular finned heat sink, and a metal foam heat sink for power 

module cooling was designed. The results showed that the heat transfer coefficient of the metal foam heat sink is 

3.6 times that of the finned heat sink of the equivalent geometric parameter. At the same drop pressure, the air 

velocity of the metal foam heat sink is lower than that of the finned heat sink. As a result, the air velocity in the 

foam radiator is lower than that in the finned radiator. Under the same fan power, the gain factor of the four finned 

metal foam radiators is about 20 times higher than that of the ribbed radiators of the same conditions. Local thermal 

non-equilibrium (LTNE) and local thermal equilibrium models have also be utilized in the analysis of metallic foam 

heat sink by the researchers as shown in [6] study. The results showed that the interstitial convective thermal 

resistance between the solid and fluid phases was much reduced. In addition, the LTE model can effectively take 

the LTNE model's role for thermal modeling under these circumstances. As a result, this metal foam heat sink has 

doubled the overall thermal performance of the non-porous heat sink compared to the whole area of the non-porous 

metal foam heat sink surface area. 

[7] studied the fluid flow and heat transfer performance of an aluminum foam heat sink with pin fins (AFPF heat 

sink). Pore density enhances heat transfer performance in AFPF and AF heat sinks. Compared to the AF heat sink, 

the AFPF heat sink improves the average Nusselt number by 63.5–68.1%, while the inferred flow resistance 

increases by 49.2–88.1%. Furthermore, under the same pumping conditions, the AFPF heat sink performs thermally 

1.5 times better than the AF heat sink. 

[8] proposed a metal foam heat sink with pin fins (MFPF heat sink) to enhance the cooling performance of high-

powered electronics with nonuniform heat flow. The increased flow distribution and overall effective thermal 

conductivity of the MFPF heat sink considerably improve heat transfer performance (ETC). The MFPF heat sink 

has also been shown to increase the homogeneity of the bottom wall temperature. For MFPF heat sinks, pore density 

has less impact on performance than porosity, which has more.  

Forced air cooling using an open-cell aluminum foam heat sink was suggested by [9]. The battery module is made 

up of nine aluminum foam heat sinks and eight pouch cells. When compared to a pure air-cooled system, the metal 

foam may greatly limit battery temperature rise, but it will generate large flow resistance and pressure loss. As a 
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result, the average surface temperature of batteries drops, but the temperature differential rises when the porosity of 

aluminum foam is reduced. 

[10] studied heat transfer in these materials to better understand and exploit open-cell metal foams in engineering 

applications. In this research, five 3D models of copper foam were made, varying in porosity (PPI) from 0.82 to 

0.90. (10, 20, and 40) Compared to PPI., the findings showed that the pressure drop and heat transfer coefficient 

were more sensitive to porosity. However, its specific surface area drastically impacted the metal foam's volumetric 

heat transfer performance. Also, since the metal foam's closed pores acted as obstacles, the pressure drop, heat 

transfer characteristics, and CHTP were all significantly altered. 

In order to better understand how heat sinks (HS) with diverse designs operate in forced convection, [11] used 

computational fluid dynamics simulations to examine the effect of changing geometric and boundary characteristics. 

The frontal area of the device increased the pressure drop by at least 38%, but the temperature was 26% and 56% 

lower than conventional pins and fins HS, respectively, and 9% and 28% lower than the best pins and best fins of 

this research, respectively. 

To better understand the heat transfer properties of a CPU's triangular cylinder chip and the pin-fin heat sink, [12] 

performed simulations. The pin fin shape with d = 0.8 and TI = 20% showed the maximum heat transmission 

compared to the smooth channel. A notable benefit of this research was that it allowed researchers to better 

understand the impact of various characteristics, such as pressure drop, temperature distribution, and perforation 

level, on the thermal performance of heat sinks. 

Various approaches to disperse the heat created by multiple equipment was presented and investigated in  [13] study. 

These approaches include the use of metal foams with porous fins in an attempt to improve fluid-solid interaction. 

The efficiency, heat transfer coefficients, performance assessment criteria – incorporating both friction and heat 

transfer factors – and temperature and stream function contours are all shown in the results section. Among the 

analyzed situations, the decreasing-aligned pin fin design with the largest Darcy number is the best. The metallic 

foam heat sink optimization was also investigated in [14] study. Different metal foams connected to a copper plate 

were used to construct these optimal heat sinks. According to the findings, the strip metal foam attached to the 

copper plate provides the highest heat transfer effect when the air velocity is 1.33 m/s, and the power consumption 

ratio is 1:1.6. Using forced convection in metal foam bonded to a copper plate, this heat sink significantly improved 

the heat transfer performance of a micro-channel heat sink. 

The objective of the present study is to investigate the effects of the thickness of the copper foam heat sink for 

maximization of the heat dissipation rate under the mixed convection mode. The shapes of the copper foams are 

considered for easy manufacturing, as shown in Figs. 1. Moreover, this study established a numerical simulation 

model of copper foam heat sink to numerically investigate the detailed flow and heat transfer characteristics.  
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2. Physical model and mathematical formulation 

Physical model  

Figure 1 depicts the heat sinks under investigation. The main form of the heat sink fins consists of straight forms. 

The overall size of the heat sink is b × w × h = 100 mm × 100 mm × 105 mm. The study has been done to investigate 

the different thicknesses of the fins (d=2, 5, 7, and 10 mm). The thickness of the base of the heat sink is c=5mm.  

The heat sink is installed as a domain in the middle of the box enclosure. To avoid flow reversal during the numerical 

analysis, this process domain inlet and outlet boundaries were placed far enough from the sink. The domain 

dimensions are L=500, W=200, and H=200 mm shown in Figure 2.  

 

Fig. 1: Heat sink geometry (straight fins) 
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Fig. 2: domain geometry 

Setting Materials  

The first step in the creation of a CFD model is the definition of the fluid and material parameters. Various heat 

sink configurations are constructed of metal foam. The software defines the Copper properties as in table 1. 

Table 1: The Materials properties used in the software Ansys fluent. 

Fluid 
 

air 
 

Density 1.225 kg/m3 

Cp (Specific Heat) 1006.43 J/(kg K) 

Thermal Conductivity 0.0242 W/(m K) 

Viscosity 1.7894e-05 kg/(m s) 

Molecular Weight 28.966 kg/kmol 

Thermal Expansion Coefficient 0 

Speed of Sound none 

Solid 
 

copper 
 

Density 8978 kg/m3 

Cp (Specific Heat) 381 J/(kg K) 

Thermal Conductivity 14.290 W/(m K) 

aluminum 
 

Density 2719 kg/m3 

Cp (Specific Heat) 871 J/(kg K) 

Thermal Conductivity 202.4 W/(m K) 

 

Mathematical formulation  

2.3.1. Governing equations 

The governing equations were linked and solved in a fluent ANSYS software version 22 R1 simulation consisting 

of momentum equations as well as continuity and energy equations  
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Continuity Equation 

The principles of mass conservation mean that the mass of any closed system remains constant and does not change 

with time. So, any increase in mass equals the inter-mass flow subtracted from the out-mass flow through the control 

volumes surface as explained in equations (1) [15] and [16]: 

𝜕Vx

𝜕𝑥
+

𝜕𝑉𝑦

𝜕𝑦
+

𝜕𝑉𝑧

𝜕𝑧
= 0                                                                                         (1)                                

 Momentum  

The change rate in the momentum of a body is equal to the net force that is acting on it. This is taken from Newton's 

second law of motion, and it is also named as Navier-Stokes equations, which can be illustrated as the following 

formulations: 

 Without metal foam (a fluid case) [15] and [16]. 

In X-direction 

𝑉𝑥
𝜕𝑉𝑥

𝜕𝑥
+ 𝑉𝑦

𝜕𝑉𝑥

𝜕𝑦
+ 𝑉𝑧

𝜕𝑉𝑥

𝜕𝑧
= −

1

𝜌

𝜕𝑝

𝜕𝑥
+

1

𝑅𝑒
(
𝜕2𝑉𝑥

𝜕𝑥2 +
𝜕2𝑉𝑥

𝜕𝑦2 +
𝜕2𝑉𝑥

𝜕𝑧2 )                            (2) 

In Y-direction 

𝑉𝑥
𝜕𝑉𝑦

𝜕𝑥
+ 𝑉𝑦

𝜕𝑉𝑦

𝜕𝑦
+ 𝑉𝑧

𝜕𝑉𝑦

𝜕𝑧
= −𝑔 −

1

𝜌

𝜕𝑝

𝜕𝑦
+

1

𝑅𝑒
(
𝜕2𝑉𝑦

𝜕𝑥2 +
𝜕2𝑉𝑦

𝜕𝑦2 +
𝜕2𝑉𝑦

𝜕𝑧2 )                     (3) 

In Z-direction 

𝑉𝑥
𝜕𝑉𝑧

𝜕𝑥
+ 𝑉𝑦

𝜕𝑉𝑧

𝜕𝑦
+ 𝑉𝑧

𝜕𝑉𝑧

𝜕𝑧
= −

1

𝜌

𝜕𝑝

𝜕𝑧
+

1

𝑅𝑒
(
𝜕2𝑉𝑧

𝜕𝑥2 +
𝜕2𝑉𝑧

𝜕𝑦2 +
𝜕2𝑉𝑧

𝜕𝑧2 )                             (4)                                                                               

 With a metal foam 

In X-direction 

1

𝜀2 (𝑉𝑥
𝜕𝑉𝑥

𝜕𝑥
+ 𝑉𝑦

𝜕𝑉𝑥

𝜕𝑦
+ 𝑉𝑧

𝜕𝑉𝑥

𝜕𝑧
) = −

𝜕𝑝

𝜕𝑥
+

1

𝜀 𝑅𝑒
(
𝜕2𝑉𝑥

𝜕𝑥2 +
𝜕2𝑉𝑥

𝜕𝑦2 +
𝜕2𝑉𝑥

𝜕𝑧2 ) −
1

𝐷𝑎 𝑅𝑒
𝑉𝑥 −

𝐹

√𝐷𝑎
𝑉𝑥│𝑉⃑ │       (5)                                                                                                  

In Y-direction 

1

𝜀2 (𝑉𝑥
𝜕𝑉𝑦

𝜕𝑥
+ 𝑉𝑦

𝜕𝑉𝑦

𝜕𝑦
+ 𝑉𝑧

𝜕𝑉𝑦

𝜕𝑧
= −

𝜕𝑝

𝜕𝑦
+

1

𝜀 𝑅𝑒
(
𝜕2𝑉𝑦

𝜕𝑥2 +
𝜕2𝑉𝑦

𝜕𝑦2 +
𝜕2𝑉𝑦

𝜕𝑧2 ) −
1

𝐷𝑎 𝑅𝑒
𝑉𝑦 −

𝐹

√𝐷𝑎
𝑉𝑦│𝑉⃑ │        (6)                                                                                                

In Z-direction 

1

𝜀2 ( 𝑉𝑥
𝜕𝑉𝑧

𝜕𝑥
+ 𝑉𝑦

𝜕𝑉𝑧

𝜕𝑦
+ 𝑉𝑧

𝜕𝑉𝑧

𝜕𝑧
) = −

𝜕𝑝

𝜕𝑧
+

1

𝜀 𝑅𝑒
(
𝜕2𝑉𝑧

𝜕𝑥2 +
𝜕2𝑉𝑧

𝜕𝑦2 +
𝜕2𝑉𝑧

𝜕𝑧2 ) −
1

𝐷𝑎 𝑅𝑒
𝑉𝑧 −

𝐹

√𝐷𝑎
𝑉𝑧│𝑉⃑ │        (7)                                                                                              

Energy equations 

Energy equation of the fluid in the porous medium (LTNE) 

( 𝑉𝑥
𝜕T𝑓

𝜕𝑥
+ 𝑉𝑦

𝜕T𝑓

𝜕𝑦
+ 𝑉𝑧

𝜕T𝑓

𝜕𝑧
) =

(1+𝑘𝑓)

Pr𝑅𝑒
(
𝜕2𝑇𝑓

𝜕𝑦2 +
𝜕2𝑇𝑓

𝜕𝑧2 ) +
ℎ𝑠𝑓𝑎𝑠𝑓

𝐾𝑠𝑓 Pr𝑅𝑒
(𝑇𝑠−𝑇𝑓)           (8)                                                   

Energy equation of the solid matrix (LTNE): 

0 =
𝜕2𝑇𝑠

𝜕𝑦2 +
𝜕2𝑇𝑠

𝜕𝑧2 +
ℎ𝑠𝑓𝑎𝑠𝑓

𝐾𝑠𝑒
(𝑇𝑓−𝑇𝑠)                                                                      (9) 
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Grid independent test 

An unstructured grid was used in the computational domain, including a hexahedron grid for the heat sink, which 

was used in this work. This test was carried out at a heat flux of 600 W/m2.K with an inlet velocity of 0.3 m/sec. To 

demonstrate the influence of the element numbers changing from 1000003 to 1052874, the heat sink base wall 

temperatures have been demonstrated in table 2 and Fig. Error! No text of specified style in document.. As it can be 

observed, the change in the element numbers had no meaningful impact on the change in temperature values 

throughout the period studied. As a result, in this numerical investigation, element number 1030133 was chosen. 

Table 2: Mesh independence test for the heat sink at HF=600 W/m2.K and V=0.3 m/s 

NUMBER OF ELEMENTS T WALL (K) 

1000003 326.564  

1012117 326.862  

1030133 327.522  

1052874 327.983 

 

1000000 1010000 1020000 1030000 1040000 1050000 1060000
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         Velocity= 0.16 (m/s)

 

Fig. Error! No text of specified style in document.: Mesh independency of the numerical model. 

The verification 

To ensure its validity, the CFD results obtained from fluency in this work were compared to the experiments 

conducted in [18] investigations.   The experimental test rig contains a wind channel, a heat supply, a test section, 

and a data collection device. Acrylic plate with a 5 mm thickness and Aeroflot insulation cover the rectangular wind 

channel to decrease heat loss. The channels have a width of 0.075 m, a length of 0.8 m, and a height of 0.027 m. 

The fan is variable speed with an inverter is put at the intake section to regulate the air velocity between 1 and 5 

m/s. Pre-air straightening reduces swirling-induced lateral velocity components before the air is introduced into the 

test section. The heat supply set can control the heat sink base surface temperature. It is made up of a heater powered 

by electricity and a transformer with a changeable alternating current. The heat sink base is coupled to a 100 W 

plate heater with a 27-mm width, 75-mm length, and 2-mm thickness. The base surface of the heat sink is kept at 

70, 90, and 110 ℃. A Bakelite plate with a 20-mm thickness surrounds a plate heater and the base of a heat sink to 

keep the heat from escaping into the surrounding air.   Fig. 4 compares the experimental work of [18] and the 

simulation results. The comparison shows that this investigation's predicted standard deviation of heat transfer 

coefficient obtained from the numerical work and the experimental work of [18] is 2.7%.  
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Fig. 4: Comparison of the heat transfer coefficient for the present study with 

previous experimental study of solid fin heat sink [17] 

3. Result and discussion 

Straight fins heat sink performance  

The heat sink performance will be interpreted in terms of several varieties such as temperature and velocity vector 

contours  

3.1.1. Temperature and velocity vector contour of the straight fins heat 
sink 

The temperature contour of the straight foam-fin heat sinks with thicknesses of 10,7,5 and 2 mm is shown in Fig. 

Error! No text of specified style in document. when the heat flux is 600 W/m2 and the air velocity is 0.16 m/s in a 

wind channel. It has been demonstrated that temperatures are most significant near the bottom and begin to diminish 

as the fin's height increases. This means increasing heat transfer by increasing the surface area of the fins; however, 

when other physical phenomena, such as recirculation zones and velocity variations near the walls, are considered, 

the surface area may not play a significant role in heat transfer. This phenomenon will be seen in the current study 

in the following sections when the shape of the fins changes. Furthermore, the figure shows that the temperature is 

maximum at the heat sink's base and the angles between the fins and the heat sink base. This can be explained by 

the creation of recirculation zones and the slowing of the flow velocity due to the high friction of air with the fins 

and the heat sink's base. In addition, it is noted that 10 mm of foam fin thickness provides the highest heat transfer 

dissipation since the foam fins with the most significant size allow the most considerable amount of air to pass 

through the pores of the foam and thus absorb the highest amount of heat. 

 

(a) 

 

(b) 

Air flow Air flow 
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(c) 

 

(d) 

Fig. Error! No text of specified style in document.: the contour of temperature for straight fins, a: 10mm, b: 7mm, 

c: 5mm, and d: 2mm 

Fig.  shows the temperature distribution in a plane selected in the center of the base of each heat sink. The outlet air 

temperature seems to be much warmer than that flowing in. Heat is transferred from the heat sink base and fins to 

the surrounding air through the air's forced convection. Moreover, the results show that the temperature distribution 

in the middle of the base with 10 mm fin thicknesses is less than the other heat sink base.   

(a) (b) 

 

(c) 

 

(d) 

Fig. 6: Shows the temperature contour for straight fins, a: 10mm, b: 7mm, c: 5mm, and d: 2mm 

Error! Reference source not found. shows the velocity vector contour at a cross-section of 0.025 m from the heat 

sink base. The velocity of air entering the channel is 0.16 m/s, and the heat flux on the heat sink base is 600 W/m2. 

Air flow Air flow 
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The numerical simulation was conducted on heat sinks of different fin thicknesses (i.e., 10, 7, 5, and 2 mm).   The 

numerical results illustrated that the flow velocity among the fins of a heat sink with a fin thickness of 10 mm was 

the highest, followed by heat sinks with fin thicknesses of 7, 5, and 2, respectively. This is since the distance between 

the heat sink fins is the smallest. Therefore, the airflow velocity between parallel surfaces increases, and the air 

quantity as the distance decreases. In addition, it is shown that the air passing through the pores of the fins with a 

thickness of 10 mm is higher than the other thickness of the heat sink fins. Therefore, heat transfer in a heat sink 

with a thickness of 10 mm is considered higher than in other heat sinks, as shown in the previous section of this 

study.  

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 7: The vector contour of air for straight foam fin, a: 10mm, b: 7mm, c: 5mm, d: 2mm 

3.1.2. Effect of the airflow velocity on straight fins heat sink performance 

The influence of airflow velocity on the heat sink base temperature is shown in this section for airflow speeds of 

0.04, 0.07, 0.1, 0.13, and 0.16 m/s. Reynolds numbers (ranging from 547 to 2190). Fig.  depicts the difference 

between the average base temperature and the ambient as a function of different heat inputs and airflow velocities. 

From the results,  it is clearly noticed that the average temperature difference increases with the increase of the heat 

inputs. This is true regardless of the airflow velocity. 

It has also been observed that raising the airflow velocities causes the heat sink's base temperature to decrease. This 

is owing to the increased effectiveness of the heat sink in heat dissipation. Therefore, the heat transfer rate will be 

reduced due to these changes. It is also noted that the temperature difference between the base of the heat sink and 

the ambient is the lowest for fins with a thickness of 10 mm, followed by fins 7, 5, and 2 mm, respectively. This is 

due to the previously mentioned fact that the larger the surface area of the fins, the greater the heat transfer to the 

ambient. The enhancement of average base temperature difference (i.e. (Tbase-T amb)) is 118.9 % at 3000 W/m2 when 

the velocity change from 0.04 to 0.16 m/s for the 10 mm heat sink. Moreover, the enhancement at 600W/m2 is 

186% in a similar condition. 
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Fig. 8: Effect of the airflow velocity on base to the ambient temperature difference straight foam heat sink, 

a:2mm, b:5mm, c:7mm, and d:10mm. 

3.1.3. Effect of straight fins thicknesses on heat sink performance 

Choosing the optimal fin thickness for a given application while considering all relevant economic, operational, 

cost, weight, and availability aspects are critical to increasing heat transfer and enhancing the heat sink's efficiency. 

The impact of altering the thickness of fins (2, 5, 7, and 10 mm) on the heat sink's performance is discussed in this 

section. 

The relationship between the temperature change of the heat sink base and the thickness of the fin changes is shown 

in Fig. . The numerical analysis is performed when the heat flux changes and the flow velocity is fixed at 0.16 m/s. 

The results indicate that the temperature of the heat sink's base has increased as the heat flux value on the base of 

the heat sink has increased. It also is noticed from this figure that the temperature of the heat sink's base decreases 

as the thickness of the fins increases. As mentioned earlier, the surface area plays a crucial role in changing the 

temperature base of the heat sink. As the surface area of the fins increases, the heat transfer coefficient rises 

proportionally. Furthermore, expanding the fin foam's surface area allows the greatest amount of air to enter through 

the fin's pores, resulting in the greatest amount of heat being absorbed. When the thickness is changed from 2 to 10 

mm, there is an increase of 84.59 percent in the average base temperature ( Tbase - Tamb) at 3000 W/m2, while a 63.6% 

enhancement is observed at 600 W/m2.  

The obtained results also showed an improvement of  25.6% and 63.67% when the thickness was increased from 2 

to 7 mm at 3000 W/m2 and 600 W/m2, respectively. In comparison, a slight  enhancement is noticed when fins 



Marwa A.Muhsen et al 

Wasit Journal of Engineering Sciences 2023 11 (1)                                                                                                                     pg24 
 

thickness is changed from 2 to5 mm, where 26.5% and 65.5% are obtained at  3000 W/m2 and 600 W/m2, 

respectively 

Based on the above, it is clarified that the impact of the fin thickness increment is more significant with higher heat 

flux. 
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Fig. 9: Effect of straight fins thicknesses on heat sink performance 

3.1.4. Effect of the Reynold on Nusselt number 

The relation between Nusselt numbers and Reynolds numbers (ranging from 547 to 2190) is shown in Fig. , a 

constant heat input of 600 W. The rising value of the Reynolds number led to a rise in the Nusselt number. This is 

because the inertia force impact was more substantial than the viscous force. The Nusselt number appears to increase 

with the increasing thickness of the fin, which leads to a reduction in the temperature difference. Increased heat 

transfer coefficients can be achieved by thickening the fins since this will increase the surface area of the heat 

dissipation. The enhancement of Nusselt number due to heat transfer coefficient was 72.6 %, 60.7%, and 45.8% 

when fin thickness is increased from 2 to 10 mm, 2 to 7 mm, and 2 to 5 mm, respectively, at a heat flux of 600W/m2, 

and with 10 mm fin thickness, the Nusselt number increase was 11.84 % more than with 7 mm thickness compared 

with the 2 mm, and 26.7% percent more than with 5mm thickness. 
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Fig. 10: Effect of Reynolds number on Nusselt number for different thickness fins of the straight heat sink 
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3.1.5. Effect of the Reynolds number on pressure drop 

In this part of the study, the pressure drop was calculated when the thickness of the straight and wavy fins of the 

heat sink changed from 2 mm to 10 mm. The calculations were also made at different Reynolds numbers, as shown 

in Fig. . Numerical results indicate that the pressure drop increases as the flow velocity increases. They also indicate 

that the pressure drop increases as the fin thickness of the heat sink increases. This is because the body's resistance 

to air increases with the increase of fin thickness. 
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Fig. 11: Effect of the different thicknesses of the straight fins heat sink on pressure drop 

Results of an empirical equation 

Table 3 shows the nonlinear regression coefficients and the regression's mean absolute error. The regression 

shows a very good agreement with only %6.77 of mean absolute error. 

𝑁𝑢 = −663.1594 + 480.1802 ∗  𝑆0.0724 +  51.8201 ∗  𝑅𝑒0.2181 + 𝜀                                    (5)                                                              

Table (3): Coefficients of nonlinear regression- Laminar 

 

𝒄𝟎 𝒄𝟏 𝒄𝟐 𝒄𝟑 𝒄𝟒 % Mean ABS = 
1

𝑛
∑

|𝑁𝑢𝑇ℎ−𝑁𝑢𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑|

𝑁𝑢𝑇ℎ
∗ 100𝑛

𝑖=1  

-663.1594 480.1802 0.0724 51.8201 0.2181 % 6.77 

 

Figure (12) illustrates the theoretical and predicted values of the Nusselt number. The theoretical values are those 

obtained from the Ansys simulation, while the predicted values are those obtained from the regression model. The 

comparison shows a perfect agreement for all of the readings.    
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Figure (13) depicted the corelation between the theoretical and predicted Nusselt number values. The comparison 

shows a very high correlation with R=0.96. 

 

4. Conclusion  

It is concluded that both the fin's thickness and air velocity play a significant role in the heat sink's thermal 

performance. The fin thickness can directly affect the contact area between the fins and the heat sink's base. And on 

the exact moment, the fin thickness affects the spacing among fins; when the fin thickness increases, the fin spacing 

decreases.  

The air velocity also affects the heat dissipation in a proportional relationship. Therefore, the following finding is 

concluded: 

• The straight fins with a thickness of 10 mm significantly reduce the temperature differential between the 

heat sink's base and the surrounding air, followed by fins of 7 mm, 5 mm, and 2 mm. 

• For a 10 mm straight fins heat sink, a change in velocity from 0.04 to 0.16 m/s results in an increase in 

average base temperature differential (i.e. (Tbase-Tamb)) of 118.9% at 3000 W/m2. Additionally, the improvement 

at 600W/m2 is 186% under the same conditions. 

• The average base temperature (Tbase-Tamb) rises by 84.59% when the thickness is increased from 2 to 10 

mm at 3000 W/m2 and by 63.66% when the heat input is reduced to 600 W/m2. 

• with a thickness increase from 2 to 7 mm, yielding a 25.6% and 63.67 % improvement at 3000 W/m2 and 

600 W/m2, respectively. 
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• Increasing the fins' thickness from 2 to 5 mm yields 26.5% at 3000 W/m2 and 65.5% at 600 W/m2, 

respectively. 

• Nusselt number improvement due to heat transfer coefficient was 72.6 %, 60.7 %, and 45.7 % when fin 

thickness was increased from 2 mm to 10 mm, 2 mm to 7 mm, and 2 mm to 5 mm, respectively, at a heat flux of 

600 W/ m2. 

• The pressure drop increases as the flow velocity increase for all the shapes. They also indicate that the 

pressure drop increases as the fin thickness of the heat sink increases. 
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