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Abstract - Various heat sinks have been widely researched 

to get a better performance design. This research aims to 

study the effect of fin longitudinal spacing and Reynolds 

number on heat sink performance at an oblique angle of 

45 degrees. This study utilizes a finite-volume 

computational approach to determine the performance 

and details of the flow on the heat sinks. The calculations 

are conducted on fin spacing between 0.3 mm and 1.5 mm 

in the Reynolds number of 6,470 to 19,410. It was found 

that the fin longitudinal spacing significantly affects the 

performance of heat sinks for various Reynolds numbers, 

where the larger the spacing, the higher the Nusselt 

number. Based on this study, it can be concluded that it is 

necessary to determine the optimal fin longitudinal spacing 

in the design of the oblique heat sink. 

Keywords: Heat sink, oblique, convection. 

I. INTRODUCTION 

With the rapid development of micro-electronic systems, 

cooling is one of the main concerns in electronic devices to 

improve the performance of electronic systems [1]. Thus, an 

effective and efficient cooling technique is needed to eliminate 

heat transfer loads, increase heat transfer heat, and minimize 

excessive pressure drops in a suitable electronic system such 

as a heat sink. Heat sinks help maintain device performance in 

all conditions and as an effective and innovative cooling 

technology for electronic and microelectronic systems [2-5]. 

Heat sinks are widely used to cool electronic devices such as 

computer CPUs and LED lights [6,7].  

Fan less heat sinks are preferred because of their compact 

size, noiselessness, and high power requirements [8,9]. Under 

these circumstances, convection and radiation are the main 

ways to improve heat transfer in the heat sink because they 

can increase radiant heat transfer [10]. However, a heat sink 

with a fan can be used with the forced convection method for 

air cooling to reduce pressure and improve the cooling 

performance of the heat sink for the better [11]. Conduction 

heat transfer can also be applied to reduce the interfacial 

temperature. It can significantly increase the thermal 

conductivity of the heat sink due to the stream wise increase of 

fully developed hydrodynamic flow [12]. 

Various studies have been carried out both 

experimentally and numerically on heat transfer in heat sinks 

to know the increase in performance, performance, efficiency, 

and reducing the interface temperature and excess pressure on 

the heat sink [13-16]. Various heat sink designs and 

configurations have fin shape variations such as ovals, airfoils, 

circles, W-fin shapes, straight rectangles, and triangles [17-

21]. The modified oblique fin shape with an angle between 30-

45° modified from the straight fin heat sink was investigated to 

improve the heat transfer performance, and it can be 

demonstrated by the presence of flow induction around the fin 

surface and continuously initializing the thermal and hydraulic 

boundary layer [22]. 

The rippling fin shape was investigated to know the heat 

sink's flow characteristics and thermal performance. From the 

variation of the configuration, the effect on the heat sink 

performance and the decrease in pressure and thermal 

resistance can be seen. It can be proven by decreasing the fin 

surface regularity to 18.35 K and can reduce the thermal 

resistance by 9,81% [23]. The shape of the fin in the form of a 

bent shape by 90° was investigated to increase the turbulence 

grid eddies to increase convective heat transfer in the heat sink 

with a very high percentage of 57-60% [24]. 

The shape of the groove on the ventral surface of the heat 

sink fin is characterized by varying the bubble volume and 

incoming heat flux to improve heat transfer in the heat sink. 

With the influence of various groove geometry shapes such as 

circles, rectangles, triangles, and rhombuses to the distance 

and thickness of the fins as well as the incoming heat power to 

increase the thermal conductivity of the heat sink, 

mailto:muhammadsyafii17@students.undip.ac.id
mailto:nsinaga19.undip@gmail.com


International Research Journal of Innovations in Engineering and Technology (IRJIET) 

ISSN (online): 2581-3048 

Volume 6, Issue 9, pp 27-38, September-2022 

https://doi.org/10.47001/IRJIET/2022.609004  

© 2022-2017 IRJIET All Rights Reserved                     www.irjiet.com                                          28                                                                    
 

theadvantageofthegrooveshape is toincreasetheflow area 

andreducepressure drop [25]. 
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Variations in geometric configurations such as horizontal 

fin arrangement, Circular arrangement [26,27]. The parallel 

arrangement of heat sink fins was characterized in 

experiments carried out by numerical methods to increase heat 

transfer and thermal resistance and reduce stress on the heat 

sink lines due to a dense and diverse thermal boundary layer 

[28]. Heat sink fins with double layer arrangement were 

investigated experimentally and numerically[29]. In addition, 

the geometric configuration of thickness, height, width or 

distance, and the number of fins can reduce heat and increase 

heat transfer in the heat sink to produce an excellent cooling 

system on heat sink because, in shorter channels, the flow 

tends to develop thermally and hydro dynamically [30-32]. 

The effect of flow rate can increase the thermal 

conductivity and good heat transfer coefficient on the heat 

sink, which is indicated by the increase in the efficiency value 

of 29.65% [33]. The incoming heat flux affects the heat 

transfer coefficient and heat sink performance. This can be 

proven by increasing the Nusselt number and fluid flow 

contours experimentally and numerically to increase the heat 

transfer coefficient in the heat sink [34]. Heat transfer for heat 

configuration sinks with various materials, such as aluminium, 

can increase the thermal conductivity and heat transfer of the 

heat sink fins [35]. Copper material is also used to characterize 

heat transfer in the heat sink [36]. Multi-phase flow (single-

phase and two-phase) in heat sinks with micro-channels can 

also be used as a cooling fluid property because of the uniform 

temperature distribution in the fin surface area [37]. In 

research related to heat sinks, optimization can be used as a 

reference for designing the micro channel heat sinks using the 

COMSOL program on heat sinks with various variations such 

as length and height of fins to know the heat conduction 

structure of the heat sink [38, 39]. Besides, 

therewasalsoaninvestigationrelated to heat sinks with spiral 

heat sink fins with a nanofluid [40]. 

Previous research focused on thermally and hydro 

dynamically developed flow to several variations such as fin 

height, number of fins, fin spacing, fin shape, mass flow rate, 

pressure, heating power, and so on. There is no numerical 

study on the effect of fin longitudinal 

spacingalongwiththeangle of oblique fin heat sinks on fluid 

flow and heat transfer oftheheat sinks.This study utilizes a 

finite-volume computational approach to determine the 

performance and details of the flow on the heat sinks. The 

calculations are conducted on fin spacing between 0.3 mm and 

1.5 mm in the Reynolds number of 6,470 to 19,410. 

II. COMPUTATIONAL METHODS 

2.1 Computational Domain 

The heat sink geometry is made using Solid works 

drawing software which refers to the literature [41]. In this 

study, the heat sink design consists of several geometric 

arrangements, such as the fins' number, distance, and 

thickness. All sizes are considered constant except for the 

distance between the fins in the horizontal direction. The 

literature describes the effect of geometry on SFHS with 

various fin arrangements, which were studied with 

experimental and numerical approaches using the free 

convection method. Then we propose a novelty in this study, 

namely the variation in geometry in the form of shape, oblique 

angle, and the distance between the horizontal and vertical fins 

on the heat sink along with its size. Experimental and 

numerical studies from the literature [41] on the effect of 

geometric shape and arrangement of fins were investigated to 

find the most optimal heat sink design for heat transfer by the 

free convection method. In this study, the SFHS (Straight-

FinnedHeatSinks) wasmodifiedtobecome OFHS (Oblique-

FInHeatSink) with an oblique angle of 45° and variations in 

the distance between the fins in the horizontal direction of 0.3-

1.5 mm. Figure 1 (a) and (b)showa geometric image of the top 
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and front views onOFHS with variations in the oblique angle 

of 45°, alongwiththesizeand data collectionon the arrow 

lines(Tb),  (Tba ) and (Ts ave ). 

 

Figure 1: (a) Upper View and (b) Front View of the OFHS 

2.2 Boundary Condition 

We analyzed the heat transfer and flow fields using 

steady-state conjugate three-dimensional flow simulations. 

Radiation model on OFHS. The surface is considered for 

energy exchange between fin surfaces, based on their size, 

distance, and orientation, quantified by the geometric 

parameter display factor. Furthermore, absorption, emission, 

or scattering is assumed to be negligible. Therefore, the 

radiant energy flux from the fin surface consists of the emitted 

and reflected energy. 

 

Figure 2: Computational Domain 

The computational net used in the simulation is shown in 

Figure 3. A volume-based control technique is used to discrete 

the equation governing the first-order upwind scheme for 

higher accuracy. 

 

Figure 3: Tetrahedral Grid Structure 

The boundary conditions used in this study are summarized 

as assumptions and limitations, which include: 

1. The bottom surface of the heat sink is subjected to a 

constant heat flux. 

2. In adiabatic conditions, ie
𝜕𝑇

𝜕𝑛  
= 0 is applied to the air wall 

at the bottom. 

3. All walls are a non-slip boundary condition. 

4. The boundary conditions at the front and rear air surfaces 

are defined as the inlet and outlet, while for the others, it 

is the wall. 

5. The viscous model used is k-ɛ Realizable with a 

tetrahedral mesh structure. 

6. The convergence conditions are all determined 10−4 for 

flow and 10−7for energy, and the parameters to be 

achieved are the base (𝑇𝑏), temperature (OFHS surface 

temperature (𝑇𝑎𝑣𝑒 ), fin surface temperature (𝑇𝑠 𝑎𝑣𝑒 ) from 

OFHS to find the value of heat transfer coefficient and 

thermal resistance(𝑅𝑡ℎ). 

The computational domain is discretized with a non-

structured and high-resolution tetrahedral grid to capture the 

thermal boundary layer effect accurately. The compute 

domain is defined as 700 mm x 330 mm x 300 mm. 

Determination of the wall at the boundary conditions, which 

can be seen in Figure 2, namely the numerical analysis of 

single-phase flow through oblique fins in a steady state. 

Reynolds mean and Navier-Stokes continuity equations are 

solved using the k-ɛ Realizable turbulence model, which can 

solve numerical equations quickly, precisely, and accurately 

and depends on the assumptions in the selected viscous model 

[42]. 

2.3 Turbulence Model 

The governing equations in the three-dimensional 

computational domain for heat sinks are the conduction 

equations written in Cartesian coordinates, the Reynolds 

continuity means, and the Navier–Stokes equations can be 

written in tensor notation as: 

𝜕
𝜕𝑥𝑖
     𝜌𝑢𝑖 = 0     (1) 

 

𝜕
𝜕𝑥𝑗     𝜌𝑢𝑖𝑢𝑗  

𝜕𝑝

𝜕𝑥 𝑖
+

𝜕

𝜕𝑥 𝑗
 𝜇  

𝜕𝑢 𝑖

𝜕𝑥 𝑗
+

𝜕𝑢 𝑖

𝜕𝑥 𝑖
 − 𝜌𝑢𝑗𝑢𝑗          (2) 

 

Where the equation calculates turbulent stress: 

 

−𝜌𝑢𝑗𝑢𝑗        =  𝜇𝑡  
𝜕𝑢 𝑖

𝜕𝑥 𝑗
+

𝜕𝑢 𝑗

𝜕𝑥 𝑖
                  (3) 

 

To obtain the kinetic energy and the rate of dissipation of 

kinetic energy for turbulence, it is necessary to use the k-ɛ 

Heating 

element 
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Realizable equation obtained from the modification of the k-ɛ 

Standard equation so that it becomes: 

𝜕
𝜕𝑥𝑖
     𝜌𝑘𝑢𝑖 

𝜕
𝜕𝑥𝑗     𝛼𝑘𝜇𝑒𝑓𝑓

𝜕𝑘

𝜕𝑥 𝑗
 +𝐺𝑘 − 𝜌ɛ + 𝑆𝑘            (4) 

 

𝜕
𝜕𝑥𝑖
     𝜌ɛ𝑢𝑖 

𝜕
𝜕𝑥𝑗     𝛼ɛ𝜇𝑒𝑓𝑓

𝜕ɛ

𝜕𝑥 𝑗
 +𝐶1ɛ

ɛ

𝑘
𝐶2ɛ

∗ 𝜌
ɛ2

𝑘
           (5) 

 

Where Sk is defined as the source of user-defined terms 

on turbulence kinetic energy, and Gk is the generation of 

turbulent kinetic energy due to the average velocity gradient 

calculated by equation (6): 

𝐺𝑘 = 𝜇𝑡  
𝜕𝑢 𝑖

𝜕𝑥 𝑗
+

𝜕𝑢 𝑗

𝜕𝑥 𝑖
 

𝜕𝑢 𝑖

𝜕𝑥 𝑗
  (6) 

 

Turbulence and effective viscosity are defined as 

𝜇𝑡  dan 𝜇𝑒𝑓𝑓 with the following equations: 

𝜇𝑡 =  𝜌𝐶𝜇
𝑘2

ɛ
     (7) 

 

𝜇𝑒𝑓𝑓 =  𝜇 + 𝜇𝑡     8) 

 

𝐶2ɛ
∗  is a constant modification is 𝐶2ɛwritten: 

𝐶2ɛ
∗ = 𝐶2ɛ

𝐶𝜇 𝜂3 (1−𝑛)/𝜂0

1+𝛽𝜂3    (9) 

 

Where is the ratio of user-defined turbulence kinetic 

energy to turbulence kinetic energy dissipation rate, where 

𝜂 = 𝑆𝑘/ɛ. When the value η is not too high or when weak or 

moderate strain flow, the value 𝐶2ɛ
∗ and 𝐶2ɛis close to each 

other. Therefore, theviscous model k-ɛ Realizable gives great 

results approaches to the standard k-ɛ turbulence model. When 

the value of  higher than o, then the flow is very strong so 

that the value of 𝐶2ɛ
∗  smaller than 𝐶2ɛ would have predicted the 

turbulence model to standard. Equation (5) results in lower 

crushing than usual. As the destruction decreases, the value 

increases, resulting in a lowerk. An increase in and a decrease 

in k results 𝜇𝑡  in a lower [43]. 

2.4 Grid Independence 

The sizes and models of OFHS, along with the 

computational domains, are shown in Figures 1 and 2. Grid 

Independence is carried out to determine the optimum point of 

the experimental value in the form of the base temperature of 

the heat sink (𝑇𝑏 ), the average surface temperature of the heat 

sink (𝑇𝑏𝑎 )calculated on the surface of the bottom (𝑇𝑠 𝑎𝑣𝑒 ) heat 

sink, while the surface temperature of the fins is calculated on 

all surfaces of the heat sink fins. The grid test is carried out by 

considering the size of the number of mesh cells in the 

computational domain between 634360, 774320, 817800, and 

931900. 

 

Figure 4: Effect of Grid Numbers of Heat Transfer in Heat sinks 

Grid test results are presented as a graph of the 

relationship between the grid number and the value of the heat 

transfer coefficient. Calculations on numerical studies in the 

grid test shown in Figure 4 relative error between grids 

634360 with 774320 is ±3%, 774320 with 817800 is ±2%, 

and 817800 with 931900 is ±0.1%. 

2.5 Computational Setup 

OFHS analyzed the heat transfer and flow field under 

steady conditions in a three-dimensional flow simulation. 

Numerical simulations are required to gain insight into flow 

migration through OFHS to evaluate the thermal and hydraulic 

performance obtained from flow paths. For this purpose, 

steady-state fluid flow and heat transfer are simulated. The k-ε 

Realizable turbulence model was chosen because of its fast, 

precise, and accurate completion compared to other k-ɛ models 

by considering the results of the literature validation. With an 

improved computational domain and use on incompressible 

airflow. Thermal and air transport properties are taken as 

functions of temperature. Viscous dissipation, radiant heat 

transfer, and ignoring body forces. 

The details of the computational domain modelling are 

shown in Figure 2, which was made with experimental 

considerations from [41]. The figure is a picture of the overall 

geometry of the heat sink. In the figure, the airflowin the 

three-dimensional computational domain with free and forced 

convection methods is carried out with steady air conditions 

and assumed with constant thermal physical properties. In 

addition, convection heat transfer between a heatsink and air 

interface is considered in OFHS. 

The convergence criteria for flow are 10-4and 10-7 for 

energy. The nature of the free air thatacts as a coolant in this 

numerical study is air with material properties density = 

1.2096 kg/m³, specific heat capacity 𝐶𝑝= 1005 J/kg.K, 

viscosity= 1,915×10−5kg/ms,thermal conductivity k = 0.0261 

5.5
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W/m. K, and molecular weight 28,966 kg/kmol. For all 

simulations, the inlet temperature is set at 25°C. Aluminium 

alloy 6061 is used for the heatsink module, and thermal 

conductivity is assumed to be k = 168 (W/mK ) with Q = 50 

W. Non-slip walls are specified for finsurfaces at boundary 

conditions. 

2.6 Numerical Data Reduction 

The average air velocity in the OFHS channel is between 

1-19 m/s, and the number of oblique fins consists of 7 rows. 

The average for the Reynolds number is: 

𝑅𝑒
𝜌.𝐷ℎ .𝑈∞

𝜇
   (10) 

Where the equation defines the hydraulic diameter: 

𝐷ℎ
4𝑠.𝐻

2(𝐻.𝑠)
     (11) 

 

The equation can calculate OFHS surface area: 

(nLH)+(PL)     (12) 

 

The equation can calculate the OFHS base area: 

2(LP)      (13) 

 

The pressure drop through OFHS is calculated by taking 

the difference between the static pressure on the air inlet and 

outlet sides, so the pressure drop equation is: 

𝛥𝑃 =  𝑃𝑖𝑛 − 𝑃𝑜𝑢𝑡     (14) 

 

Thermal resistance and heat transfer coefficient can be 

calculated using the following equation: 

𝑅𝑡ℎ
𝑇𝑎𝑣𝑒 −𝑇∞

𝑄
               (15) 

 

ℎ =
𝑄

𝐴𝑏 (𝑇𝑠 𝑎𝑣𝑒−𝑇∞ )
   (16) 

Convective heat transfer coefficient h(W/m².K) and the 

pressure drop are expressed in Colburnfactorj, and friction 

factor f is a dimension less factor so that: 

𝑗 =
𝑁𝑢

𝑅𝑒𝑃𝑟
1/3    (17) 

 

f =
𝛥𝑃𝐷ℎ

2𝜌𝑢 𝑖𝑛 ²𝐿
     (18) 

 

The Nusselt number in the equation: 

𝑁𝑢 =
ℎ−𝐷ℎ

𝑘
   (19) 

 

III. RESULTS AND DISCUSSION 

In this study, we present several results related to 

simulation testing on OFHS specimens with various 

variations, such as oblique angles and horizontal and vertical 

gravity directions, using the free convection method for 

validation. Then we also propose numerical simulations on 

OFHS for variations in oblique angle, the distance between fin 

gaps in the horizontal direction, and various Reynolds 

numbers to optimize the OFHS design on the heat transfer 

rate. 

3.1 Validation 

The calculation is carried out if all the boundary 

condition data have been determined. The number of iteration 

processes affects the level of accuracy obtained. The model's 

accuracy level influences the determination of the number of 

iterations. The more grids used in the modelling, the more 

iterations need to be done to calculate the model. The iteration 

process stops when it reaches the predetermined convergence 

limit. The calculation is carried out to the smallest error value, 

or a convergent value is obtained [45]. 

Validation is carried out through a numerical approach to 

experiments conducted by the literature [41] on heat sink 

specimens with the free convection method. The parameters to 

be sought in this study are parameters 𝑇𝑏 , 𝑇𝑏𝑎 , 𝑇𝑠 𝑎𝑣𝑒 . 

Validation is conducted with variations such as the number of 

grids, viscous models, and methods. 

 

Figure 5: Relationship between Grid Number and Thermal Resistance 

The results of the validation are presented in Figure 5. 

The relationship between the grid number and the thermal 

resistance of the heat sink on the graph can be seen from the 

experimental results carried out by the literature [41] on the 

SFHS-type heat sink. The value of the thermal resistance of 

the heat sink is 1.1° C/W. The results of free convection 

simulations to experiments from the literature in thermal 

resistance have the largest relative error of 5.2%, with a value 
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of 1.04 (°C/W) for various viscous modelsof k-ɛ and method. 

For various viscous models, k-ω and method have the largest 

relative error with a value of 5.4% with a thermal resistance 

value of 1.02 (°C/W). These results indicate a good agreement 

between the experimental results in the literature and the 

numerical study being validated. 

The results of SFHS validation against experimental 

literature [41] on SFHS, which are being validated with 

various variations of viscous models and methods, 

significantly affect the heat transfer rate. It is characterized by 

a decrease in temperature at the fin surface, allowing for 

optimal SFHS-related design and manufacture. In addition, the 

consideration of maintenance of SFHS becomes easier. 

3.2 OFHS Heat Transfer Characteristics 

OFHS optimization with variations in oblique fin 

geometry with an oblique angle of 45°, variations in the 

distance between fins in the horizontal direction of 0.3-1.5 

mm, and variations in air flow rates between 5-15 kg/s were 

investigated to find the most optimal design for OFHS. The 

heat transfer coefficient is strongly related to the incoming 

heat flux for the heat sink specimen. In the experiment 

conducted by the literature [41], the heat transfer coefficient 

value was calculated based on the average temperature value 

on the fins of all OFHS surfaces. 

 

Figure 6: The Relationship between Reynolds Number and Average 

Temperature of Fin Surface 

The OFHS surface temperature value is taken when the 

heat sink is in a steady state, so the temperature distribution in 

the fin surface area is very even. In addition, the oblique angle 

and the distance between the fins also have a strong enough 

force on the heat transfer coefficient. This is due to the thin 

initialization of the thermal boundary layer between the 

oblique angle and the fin gap, even under the same operating 

conditions and mechanism. 

Figure 6 is a graph of the relationship between the 

Reynolds number and the simulation results in the form of 

temperature parameters on the surface of fins. Temperature 

fluctuations that occur in OFHS with variations in the distance 

between the fins are 0.3 mm is caused by insufficient intake 

air pressure. The air tends to shift rapidly towards the 

trajectory of the large slit, affecting the fins' surface 

temperature. The average surface temperature of the fins on 

the OFHS ranged between 34.49°C and 34.29°C. 

 

Figure 7: Relationship between Reynolds Number and Heat Transfer 

Coefficient Parameters in OFHS 

The difference in the average surface temperature of 

OFHS allows the heat transfer coefficient to be more effective. 

Figure 7 depicts the influence of heat transfer coefficient on 

fin longitudinal for various Reynolds numbers at an oblique 

angle of 45°. The Reynolds number plays an essential role in 

the heat transfer coefficient. In the figure, it is explained that 

the greater the Reynolds value, the greater the value of the 

heat transfer coefficient. Increasing the Reynolds number 

makes it possible to cool the fin surface on both SFHS and 

OFHS. The comparison of heat transfer coefficient values 

between SFHS and OFHS is very significant, ranging from 10 

Wm².C to 12Wm².C so that the performance of SFHS and 

OFHS can be improved and can help optimize the 

performance of electronic components. 

In Figures 6 and 7, the temperature of OFHS, the average 

surface temperature of the fins, and the heat transfer 

coefficient on OFHS tend to differ significantly from that of 

SFHS. OFHS geometry tends to provide many gaps or space 

for fresh air in the oblique bends, resulting in optimal cooling. 

In contrast, for SFHS geometry, the airflow tends to follow the 

direction of the fins, so the cooling process is less than 

optimal. Figure 8-10 shows the OFHS temperature contour 

with a distance between the fins of 1.5 mm in various axis 

directions. 
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Figure 8: Temperature Contours of OFHS with 1.5 mm fin spacing at x - 

z plane (Height y = 5 mm) 

 

Figure 9: Temperature Contours of OFHS With a Distance Between Fins 

of 1.5 mm at x - y plane Direction (z = 4 50 mm) 

 

Figure 10: Contour of Temperature of OFHS with 1.5 mm fin spacing at 

y - z plane (x = 150 mm) 

Induced flow migration via an oblique finned micro 

channel cooler operating in conventional flow has proven to 

affect the uniformity of the surface temperature of the fins. 

This is due to temperature fluctuations after reaching a steady 

state. The flow migrates at an oblique angle of 45° with a 

variation of the distance between the fins of 1.5 mm so that the 

temperature uniformity on the OFHS surface increases. Oddly, 

OFHS with an oblique angle of 45°with a variation of the 

distance between the fins of 0.3 mm experienced a more 

severe flow migration and had a less consistent cumulative 

secondary flow distribution. This is because the flow tends to 

pass through the gap between the fins due to the narrow field 

but can maintain a more uniform wall temperature 

distribution, as shown in Figures 11-13.With these factors, the 

angle and distance between the oblique fins on OFHS 

significantly affect heat transfer in OFHS so that OFHS can 

work effectively for the cooling process of microelectronic 

components. 

 

Figure 11: Vector Velocity on OFHS with a Distance between Fins of 1.5 

mm at x - z plane (Height y = 5 mm) 

 
Figure 12: Velocity Vector on OFHS with 1.5 mm fin spacing at x - y 

plane (z = 4 50 mm) 

 
 

Figure 13: Velocity Vector on OFHS with 1.5 mm Fin Spacing at y - z 

Plane (x = 150 mm) 
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3.3 Effect of Longitudinal Fin Spacing on Base 

Temperature 

OFHS, which we propose and investigate for their heat 

transfer, some OFHS configurations with oblique angles 

between 45° were studied. The configuration of constant fin 

spacing for the free convection method and variations in the 

oblique fin spacing ranged from 0.3-1.5 mm in various 

Reynolds numbers for forced convection. 

 

Figure 14: Relationship between Reynolds Number and Base 

Temperature 

The continuous induced flow pattern of the secondary 

flow then migrates, resulting in improper flow distribution. 

The results can be seen in Figure 14 as the relationship 

between the Reynolds number and the simulation results in the 

form of the base temperature parameter. A larger oblique 

angle allows fresh air to enter freely without obstacles into the 

gap. The angle also provides a higher velocity so the free air 

can initialize the flow repeatedly. Thus this result verifies the 

validity of the optimal design algorithm in estimating the 

optimized O form of FHS under conditions of forced 

convection operation. 

Changes in temperature in flow due to oblique angle are 

small enough to allow simulation of constant properties on 

OFHS and imply that buoyancy is negligible. A significant 

increase in Reynolds number resulted in disturbance of the 

boundary layer in the gap between the fins. It is proven that 

the base temperature in OFHS slowly decreases as the 

Reynolds number increases. The base temperature tends to 

drop sharply at the Reynolds number between 6470-16822. It 

is proven that the base temperature difference is at Reynolds 

number 6470 at OFHS with a distance between fins of 0.9 mm 

at 40°C and 34.81°C when Reynolds number is 16822. 

The simulation results of the heat sink with oblique fins 

show that the developed air flow provides a favourable 

secondary flow distribution. Preliminary quantitative 

interpretation of simulation results can improve heat transfer 

and reduce the pressure drop penalty from OFHS. Various 

intake air flow rates provide good thermal and hydraulic 

performance data. In contrast, base temperature measurements 

provide insight into the uniform surface temperature of the 

underside of the fin to determine the thermal resistance of the 

OFHS. 

3.4 Effect of Longitudinal Fin Spacing on Thermal 

Resistance 

Figure 15 implies a significant increase at a high 

Reynolds number resulting in a sharp decrease in thermal 

resistance value. In boundary layer disturbance in the gap 

between the fins, the air entering the OFHS gap tends to be 

irregular because of the bend in the form of an oblique angle. 

Air continuously initializes the gap between the fins to create 

a new boundary layer resulting in a uniform temperature 

difference between the fins. 

 

Figure 15: Effect of Reynolds Number on Thermal Resistance 

Nevertheless, the air that enters the OFHS gap is 

uniquely irregular because the deflection is at an oblique 

angle. At higher Reynolds numbers, the flow is transitional or 

turbulent. The air continues to initialize the gap between the 

fins to create a new boundary layer, resulting in a uniform 

temperature difference between the fins. Therefore, the heat 

sink micro channels with variations in the angle of inclination 

can be conclusively concluded to the reference value of the 

thermal resistance. 

3.5 Effect of Longitudinal Fin Spacing on Bottom 

Temperature 

Several studies on the variation of the distance between 

the fins on the heat transfer rate were carried out by several 

researchers [32,34]. However, this study considered the effect 
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of the distance between the oblique fins. Numerical simulation 

on OFHS with forced convection method at an oblique angle 

of 45° with a distance between the oblique fins between 0.3-

1.5 mm indicates a difference in the heat transfer rate, but the 

difference is enormous. Figure 16 shows the Reynolds number 

and bottom temperature relationship at various distances with 

an oblique angle of 45°. The relative temperature decreased in 

various variations of the distance between the fins for all 

variations of fin distances. Thereis a possibility that flow and 

heat transfer in ducts are not fully developed when the fin 

spacing is small and allows a thicker boundary layer resulting 

in poor heat transfer. 

 

Figure 16: Effect of Reynolds Number on Bottom Temperature 

It is proven in the simulation results of the bottom 

temperature on the bottom surface of OFHS with a distance 

between the fins of 0.3 mm, indicating the magnitude of the 

temperature value. The temperature value is 40.78°C at the 

Reynolds number 6470, with the same Reynolds number but 

at a different distance between syrups, 1.5 mm.  

The bottom temperature value on OFHS is 40°C. The 

difference in temperature due to the distance between the fins 

represents that of OFHS. The large fin spacing allows good 

heat transfer so that the OFHS performance can be considered 

for cooling applications in microelectronic components. 

For large fin spacing, the average temperature and heat 

transfer coefficient grow with decreasing surface temperature 

under significant OFHS. Since the air inlet of the oblique fin 

mainly along the direction oblique to decrease in fin spacing, 

the thermal limit thinning layer at the inlet contributes to a 

high local heat transfer coefficient, especially when the 

bonded thermal layer moves from full expansion to 

incomplete expansion. 

 

3.6 Effect of Longitudinal Fin Spacing on Nusselt Number 

In Figure 17, the distance between the fins increases the 

Nusselt number, and the convection heat transfer increases due 

to variations in the distance between the fins, allowing the 

airflow in OFHS to move freely towards the fin gap. Unlike 

the case with SFHS, where the airflow tends to be constant 

straight following a square cross-section to allow poor heat 

transfer. Comparing the Nusselt number values in SFHS and 

OFHS is very significant. At Reynolds 19410, the Nusselt 

number for SFHS is 33.53. While at the same Reynolds 

number on OFHS with a distance between fins of 1.5 mm is 

42.10. This is due to the various temperature differences on 

each surface of the heat sink fin. The temperature difference at 

the heat sink surface is caused by the induction of flow around 

the fin surface and continuously initializes the thermal and 

hydraulic boundary layers. 

 

Figure 17: Relationship between Reynolds Number and Nusselt number 

IV. CONCLUSION 

It was found that the fin longitudinal spacing 

significantly affects the performance of heat sinks for various 

Reynolds numbers, where the larger the spacing, the higher 

the Nusselt number. Based on this study, it can be concluded 

that it is necessary to determine the optimal fin longitudinal 

spacing in the design of the oblique heat sink. 
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