
Enhancement of Natural Convection Heat Transfer of Hybrid Design Heat Sink 

Hisham H. Jasim 

Mechatronics Engineering Department, AL-Khwarizmi College of Engineering, University of Baghdad, Baghdad 10071, Iraq 

Corresponding Author Email: hisham@kecbu.uobaghdad.edu.iq

https://doi.org/10.18280/ijht.380118 ABSTRACT 

Received: 28 August 2019 

Accepted: 14 December 2019 

Each type of fin has been investigated separately in many researches that are concerned 

with finding its performance under varying operating conditions, enhancement of heat sink 

performance by using the combination between two types of fin was investigated in this 

study. To establish a scientific comparison between models, a constant weight of the heat 

sink has been imposed. For that the total size of the original model (longitudinal-fin) was 

stabilized.  

Converting part of the original size into spin fins led to the emergence of a hybrid design 

that was studied by analytical and computational simulation. Under natural convection and 

Ra=107, calculation process was performed for varying the surface area between (1-1.8) 

times. 

The strong agreement of the validation results (0.31 %-0.52 %) showed the reliability of 

the analytical model based on the ANSYS simulation. Hence, the results demonstrated that 

the hybrid designs have a discrimination in several aspects; reducing the fin temperatures 

is about (2.7% to 8.8%), lower thermal resistance by (24% to 46%) and augmentation of 

heat transferred by (31% -80%), compared with original heat sink.  

Improvement of thermal resistance and heat transferred does not behave in the same 

approach with all models (area ratio of greater than 1.6), because of the overlap between 

the negative effect of convection coefficient and increase of surface area. So, the 

approximate steady state can be happened.   
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1. INTRODUCTION

Thermal analysis of the heat sink is the study to find the best 

performance of heat generated components with respect to the 

behavior of different parameters in a variety of thermal 

environments. Today the systems have different possibilities, 

which in turn need to complex electronic systems with high 

packing densities. In other words, the thermal problems are 

increasing. Therefore, a growing number of engineering 

applications are concerned with the rapid movement of heat 

transfer. Extended surface is used as a heat sink to remove the 

heat from electrical and electronic equipments that are found 

in different applications.    

In order to remove the heat from generation sources, 

efficient cooling systems are applied to keeping the devices in 

minimum temperatures [1]. Generally, active and passive 

cooling are used as main solutions to transfer the heat 

generated. According to the active cooling, forced moving 

fluid is required to absorb heat generated in electronics 

packages [2, 3]. Likewise, other applications using the free 

convection and radiation effects to get rid the generated heat 

to the surrounding region [4, 5]. 

More specifically, a comparison between a new design of 

plate cubic pin-fin heat sink and normal design plate pin-fin 

heat sinks were investigated experimentally.  

As can be concluded from the results, by using the new 

design, heat transfer augmented by about 41.6% with increases 

of Ra towards 9.5*106. While, thermal resistance was lowered 

by 12% of plate cubic pin-fin heat sink. Because of rough 

surfaces that led to the fluid fluctuation in sublayer regions. 

Also, thermal resistance can be decreased with the increases 

of fin spacing [6].  

Many research ideas depended on the consolidation 

between two types of fins. To estimate the optimum shapes for 

the longitudinal and spine fully wet fins, conjugate gradient 

method was adopted. The results indicate that the optimum 

parameters (efficiency and fin shape) will be changed 

according to the Biot number value. Moreover, greatly 

improvement can occur in case of spine fully wet fins, 

compared with longitudinal fin [7]. Two papers [8, 9] related 

to the plate circular pin fins heat sink were investigated to 

study the thermal performance and pressure drop. The 

supplementary part deals with the hydraulic performance 

based on the shape and arrangement of pin fins. The results 

illustrated, the rise in pressure drop and thermal resistance is 

declining when compared with pin fins heat sink. Furthermore, 

governing equations of elliptical pins between plate fins in-

line arrangement was solved based on the k-ε turbulence 

model. However, the Nusselt number and thermal resistance 

of modified design improve and inversely proportional with 

elliptical pins radiuses [10]. 

Some research work has focused on the improvement of 

longitudinal-fin performance. Where it was used the numerical 

simulation and experimental test to show that the highest 

cooling performance of the longitudinal heat sink under 

natural convection when its mounting angle is 90o [11]. While 

other researchers tried to develop spins fin-heat sink. The fin 

efficiency ratio of cylindrical micro-fin heat sink becomes 

greater than unity with artificial surface roughness [12]. 

Varying results (Nu-Re and f-Re) of hexagonal finned heat 
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sinks proved that the friction factor decreases and Nusselt 

number enhanced with increasing Reynolds number [13]. 

The current research objective is to make the desired 

improvement without any change in weight of the 

longitudinal-fin heat sink by stabilizing the total size. 

Consequently, Hybrid geometry based on a combination 

between longitudinal and spine fins is presented in this work 

as a new approach to improve the heat transfer of heat sink 

based on the improve of heat transfer area. 

 

 

2. METHODOLOGY 

 

2.1 Geometric model 

 

To achieve the current research goal, should be changed part 

of the original model to another shape on a requirement of 

improving the surface area. Accordingly, part of original 

volume was switching to spin fins with varying length based 

on the remaining length (L1) of longitudinal part. Meanwhile, 

a size value of the longitudinal –fin was installed. Figures 1(a) 

and 1(b) shows the original and hybrid design, respectively. 

 

 
(a)                                         (b) 

 

Figure 1. (a) Original heat sink; (b) Hybrid heat sink 

 

The number and cross section area of the spin fin can be 

determined depending on the thickness (t) and width (w) of the 

original design. According to constant size of heat sink, length 

of spin fin can be calculated as follows:  

 

𝐿2 =
𝑤(𝐿 − 𝐿1)

𝑡 ∗ 𝑁𝑂.
 (1) 

 

where, NO.= number of spin fins. In this work, the fins were 

identified with 12 spins agreeing with the space between the 

fins. 

 

2.2 General solution 

 

The thermal analysis of any fin depended on the 

assumptions that are employed to define and simplify the 

problem to get the general solution. The heat transfer analysis 

conducted in this study relied on the following assumptions 

[14]. 

(1) Steady heat conduction with no heat generation. 

(2) 1-D heat transfer analysis of fin height. 

(3) Constant conductivity (k=200 W/m.K) and constant 

base temperature. 

(4) Insulation of the fin tip at a corrected length, and the 

radiation effects are neglected. 

(5) Uniform ambient temperature and uniform convection 

heat transfer coefficient. 

The general solution was formulated by applying the 

steady-state heat balance Eq. (2) over the differential element 

[15, 16]. This differential element of height (dL) is parallel to 

the fin base (w*t). 

 
𝑑

𝑑𝑥
(𝐴𝑐𝑜𝑛𝑑.

𝑑𝜃

𝑑𝑥
) 𝑑𝑥 =

ℎ. 𝑃

𝑘
𝜃. 𝑑𝑥 (2) 

 

The arbitrary constants were eliminated by substituting the 

boundary conditions Eq. (3) into the general solution to get the 

temperature distribution Eq. (4). 

 
𝜃(𝑥 = 0) = 𝜃𝑏

𝑑𝜃(𝑥=𝐿𝑇𝑐)

𝑑𝑥
= 0

}  (3) 

 

𝜃(𝑥) = 

𝐶1 𝑐𝑜𝑠ℎ(𝑚𝑖 . 𝑥) + 𝐶2 𝑠𝑖𝑛ℎ(𝑚𝑖. 𝑥) … … 𝑖 = 1,2 
(4) 

 

where:  

 

θ = T(x) − Tair;  θb = Tb − Tair; 

𝑚𝑖 = √
ℎ.𝑃

𝑘.𝐴
; 𝐶1 = 𝜃𝑏 … … (0 ≤ 𝑥 ≤ 𝐿1) 

𝐶2 = 𝜃𝑏[
𝑚1cosh [𝑚2(𝐿𝑇𝐶 − 𝐿1)]

𝑋1
] − coth(𝑚1. 𝐿1] … (0 ≤ 𝑥

≤ 𝐿1) 

𝑋1 = [𝑚1cosh [𝑚2(𝐿𝑇𝐶 − 𝐿1)]cosh (𝑚1. 𝐿1)

+ 𝑚2sinh [𝑚2(𝐿𝑇𝐶

− 𝐿1)]sinh (𝑚1. 𝐿1)]sinh (𝑚1. 𝐿1) 

𝐶1 = 𝜃𝑏[
𝑚1 cosh[𝑚2 . 𝐿𝑇𝐶]

𝑋2
] … … (𝐿1 < 𝑥 ≤ 𝐿𝑇𝑐) 

𝑋2 = [𝑚1cosh [𝑚2(𝐿𝑇𝐶 − 𝐿1)]cosh (𝑚1. 𝐿1)
+ 𝑚2sinh [𝑚2(𝐿𝑇𝐶 − 𝐿1)]]sinh (𝑚1. 𝐿1) 

𝐶2 = −𝐶1 tanh(𝑚2. 𝐿𝑇𝑐) … . . … (𝐿1 < 𝑥 ≤ 𝐿𝑇𝑐) 
 

Several widely available results can be gotten depending on 

the computational solver program. Here, MATLAB was used 

to calculate the temperature distribution and other thermal 

parameters according to geometric and thermal properties 

(Table 1) that are compensated in the general solution equation. 

For inference of convection coefficient value, Empirical 

correlation and what it contains of dimension-less numbers 

were considered [17, 18]. 

 

Table 1. Specifications of the geometric models 

 
Geometric parameters 

w(mm) t(mm) NO. L(mm) L1(mm) 

69 3 12 30 5-25 

 
Thermal properties 

k Tb oC Tair
 oC Ra 

200 70 25 107 

 

 

3. COMPUTATIONAL ANALYSIS 

 

The ANSYS 16 steady-state thermal is carried out to 

simulate the thermal analysis of heat sink. Based on the 

boundary conditions and assumptions that are described above, 

the energy equation of the pin -longitudinal fin can be stated 

as below: 
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𝑘
𝑑2T

𝑑𝑥2
= 0 (5) 

 

A heigh accurate grid is required for independent results. 

For that, several grids were tested to ensure that the study is 

steady-state. Figure (2) shown the grid configuration of model 

design. To obtain the appropriate grid, The lowest temperature 

(at fin tip) has been adopted as a measure of the successful grid 

as shown in Figure (3). 

 

 
(a) L1=0.02m                  (b) L1=0.01m 

 

Figure 2. Grids configuration 

 

 
(a) L1=0.02m 

 
(b) L1=0.01m 

 

Figure 3. Grids independent test 

 

 

4. RESULTS AND DISCUSSION 

 

4.1 Validation of the general solution  

 

To validate the present general solution, the results of the 

analytical model and computational simulation were 

compared. Validation procedure deals with the same 

geometric parameters and thermal properties to show the 

accuracy of work. The results are compared at the optimum 

grid size of each case. The temperature distribution of hybrid 

design (θ/θb) along the fin was adopted to demonstrate the 

convergence between the comparison results. 

 

   
(a) 

 
(b) 

 

Figure 4. (a) Geometric configurations of the computational 

simulation. (b) Comparison between the present study and 

ANSYS results for L1=0.02m 

 

 
(a) 

 
(b) 

 

Figure 5. (a) Geometric configurations of the computational 

simulation. (b) Comparison between the present study and  

ANSYS results for L1=0.01m 
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Comparison between the analytical model and 

Computational simulation is shown in Figure 4 and 5 for 

L1=0.02m and L1=0.01m, respectively. Analytical results of 

temperature distribution using the general solution agree well 

with the numerical results (ANSYS) and maximum difference 

do not exceed (0.3%). 

 

4.2 Behavior of temperature distribution 

 

Temperature distribution is illustrated in Figure 4 and 5. 

Maximum temperature appears at the heat sink base while the 

temperature profile is down towards the fin tip. The greater 

temperature drop towards minimum value represent the 

important characteristic of the heat sink performance. This can 

be achieved when using a hybrid design with a small length of 

spins fin. Likewise, additional improvement can occur if the 

spin length increasing as shown in Figure 6, the results show 

percent improvement is between (2.7% to 8.8%). 

In this study the total size was stabilized, while the shape of 

the model was changed depending on the conversion part of 

the longitudinal fin to the spin fins. This technique led to 

increase both of surface area contact with cooling fluid and the 

height of the fin. This update in model shape explains the 

reason for the improvement of temperature approach that is 

associated with the hybrid model. 

 

 
 

Figure 6. Variation of temperature distribution with the fin 

length (analytical results) 

 

4.3 Performance of heat transferred 

 

By using the hybrid design, temperature distribution was 

improved . Which leads to increase the amount of heat transfer 

according to the general Eq. (6). Additionally, other 

parameters (like convection coefficient) effect on heat transfer 

mode and causing nonlinear change as shown in Figure (7) 

with increasing of area ratio. The results show, increasing in 

heat transfer to a greater extent with area ratio (A*) less than 

1.6. Then, the approximate steady state can be happened as a 

result of the overlap between the negative effect of convection 

coefficient and growing of surface area. Indeed, heat 

transferred is augmented by (31% -80%), compared with 

original heat sink (A*=1). 

 

𝑄𝑎𝑐𝑡 = −𝑘. 𝐴(
𝑑𝜃

𝑑𝑥
)𝑥=0 (6) 

A∗ =
surface area of hybrid model

surface area of original model
 (7) 

 

 
 

Figure 7. Change of heat transferred behavior with area ratio 

 

4.4 Changes in the thermal resistance value 

 

Eq. (8) is used to calculate the thermal resistance. While, 

Changes of thermal resistance with area ratio is shown in 

Figure (8). It can be seen that as area ratio increase, thermal 

resistance decreases. Additionally, thermal resistance 

decreases with greater value at A*=1 (longitudinal fin only) 

when compared with other values of hybrid models. 

Furthermore, thermal resistance is lowered by (24% to 46%) . 

This phenomenon occurs, because of the great modernization 

in the geometric distribution of the hybrid model. Furthermore, 

the convergent changes are shown at A* >1.6 which in turn 

leads to an understand the behavior of heat transmitted around 

this value.   

 

𝑅𝑡ℎ =
𝐿𝑇

∑ √ℎ. 𝑃. 𝑘. 𝐴 ∆𝑥 tanh (∑ √ℎ. 𝑃
𝑘. 𝐴

∆𝑥)𝑛
𝑗=1

𝑛
𝑗=1

 
(8) 

 

 
 

Figure 8. Variation of thermal resistance with area ratio 

 

 

5. CONCLUSION 

 

Weight stabilization followed by a fixed size is the main 

objective that adopted for heat sink when the improvement 
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requirements are applied. Consequently, This study was 

proposed the use of hybrid design to investigate the thermal 

performance of heat sink according to the combination 

between longitudinal and spins fin at the same axis of heat 

transfer. 

Analytical analysis and numerical solution are applied to 

find the mathematical model, simulation of thermal approach 

and get diverse results. Moreover, the validation result, 

revealed about the excellent reliability of the analytic model 

based on a high level of agreement between compared results. 

Many advantages can be achieved with hybrid models; big 

drop in temperature profile, increase in heat transferred and 

decrease in thermal resistance. Besides,thermal parameters 

have significant changes for area ratio of less than 1.6 

depended on the improvement in both of surface area and the 

fin height. Further, area ratio of greater than 1.6 has 

approximate steady state can be happened as a result of the 

overlap between the negative effect of convection coefficient 

and improvement in total surface area. Finally. Combed fins- 

heat sink may be possible to use as a new term to rename the 

hybrid model, based on the shape of presenting design. 
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NOMENCLATURE 

 

A Cross section area [m2] 

A* Area ratio  

d Differential dimension 

h Convection coefficient [W/m2. oC] 

k Thermal Conductivity [W/m. oC] 

L Length of original heat sink [m]  

L1 Length of longitudinal fin in hybrid model [m] 

L2 Length of spin fin in hybrid model [m] 

LT Total length [m] 

m Fin performance factor [1/m] 

P Perimeter [m] 

Q Heat transfer [W] 
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Rth Thermal resistance [ oC/W] 

Ra Rayleigh number 

t Thickness [m] 

T Temperature [oC] 

W Width of Fin [m] 

x Length axis 

 

 

Subscripts 

 

air Cooling fluid 

act Actual 

b Base 

c Correct 

tip Tip of fin 
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