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Abstract: In this study, the effect of different conditions for making gap in the triangular fin has been investigated on the 

free convective heat transfer coefficient. Making gap in suitable places on the monolith triangular fins can increase the free 

convective heat transfer coefficient, so the purpose of this study is to reach the optimum condition of configuration for gaps by 

which the free convective heat transfer coefficient is increased. For this purpose, eight different conditions of vertical 

triangular fins located on a vertical plate were made and investigated. One of these conditions doesn't have gap and the other 

seven conditions had different kinds of gaps configuration. The obtained results showed that the optimum condition is a 

condition with the configuration of three gaps on the length of the triangular fin. Also for validation of experimental results, the 

numerical modeling of all the above mentioned conditions was done by using the fluent software. 
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1. Introduction 

Heat transfer is utilized in various industries, cooling and 

heating systems and controlling desirable condition in 

various machines such as electronic devices. Hence, studying 

heat transfer, especially free convective heat transfer in 

various industrial fields and natural processes are of 

significance. In fact, the need for decreasing function 

temperature without using forced convection has resulted in 

carrying out studies to find free convection improving 

methods and free convective heat transfer in developed 

surfaces has been a topic to many laboratory and theoretical 

studies. In 1963, Starner and McManus [1] studied the free 

convective heat transfer for four various heat sink models in 

various dimensions and distances between fins on vertical 

base surface. In 1965, Welling and Wooldridge [2] carried out 

laboratory experiences on angled rectangular heat sinks with 

constant length which were on vertical surface and calculated 

the fins optimal height for making the highest heat transfer 

ratio. In 1985, Aziz [3] studied the heat optimization and heat 

transfer ratio in triangular and rectangular fins under 

convective boundary conditions. 

In 1986, Jofre and Baron [4] studied the free convective 

heat transfer by air on vertical surface with triangular groove 

nesses. In 1988, Kondepudi and O’Neal [5] studied the 

triangular acicular fins performance under dew layer 

condition. In 1991, Leung [6] studied the optimal distance for 

conical fins arrangement and indicated that this distance is 

relatively independent of the fins arrangement. In 1995, 

Abratet and Newnham [7] analyzed the triangular fins 

attached to a thick wall by finite element method. In 1998, 

Kordyban [8] compared the performance of heat sinks with 

direct fins and acicular fins. Results to his research suggested 

that the performance of the heat sink with acicular fins was 

significantly better than heat sink with direct fins. In 2009, 

Kobus and Oshio [9] came to this conclusion that the heat 

performance of an acicular fin heat sink is a weak function of 

fin diameter and it increases by the increase in fin length. 

Also, acicular fins have the best heat performance when their 

diameter and height are not equal. In 2007, Nada [10] carried 

out a laboratory experiment on horizontal and vertical 

rectangular finned chambers with fins perpendicular to the 

chamber surface. He came to this conclusion that the optimal 

fins distance could be reached for the case that the heat 
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transfer ratio and its performance are maximum. Using 

numerical modeling in 2008, Edlabadkar et al. [11] studied 

the effect of angle change in V-shaped fin rays on free 

convective heat transfer coefficient. They came to this 

conclusion that, among all studied angles, 90 degree angle 

had the highest free convective heat transfer coefficient. In 

the same year, to predict the triangular fins mass and heat 

transfer, Barman and Debnath [12], Rao [13] and Ji 

[14]proposed an analytical method. In 2012, Naseriyan and 

Fahiminiya [15] studied the free convective heat transfer on 

V-shaped fins and optimal fins arrangement. Research results 

suggested that, initially, by the increase in fins distance, the 

heat resistance decreases until it reaches the optimal distance, 

which has the lowest heat resistance. By the further increase 

in distance, heat resistance increases. Also, with equal fin 

height length and constant temperature difference, free 

convective heat transfer coefficient increases by the increase 

in fin distance until it reaches the maximum point. 

Subsequently, by the further increase in distance, heat 

transfer coefficient decreases. 

2. Free Convective Heat Transfer 

General Equations 

Continuity equation and momentum equation in x 

direction are as following: 
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(2) and simplification, momentum equation in x direction 

turns to: 
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In which, �  is the fluid volumetric thermal expansion 

coefficient. 

In equation (3), it is clear how the buoyancy force, which 

forms the flow, is related to the temperature difference. Also, 

momentum equation in y direction is as following: 
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To simultaneous solution of equations (1) and (3) for 

determination of (�, v, �), energy equation as the following, 

is needed: 
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3. Discussion and Results Review 

Manufactured triangular fin heat sinks include 8 positions 

and each heat sink has two fin rows. One of the 8 positions is 

the position without gaps and with monolith vertical fin, 

which is considered as the base position (Position 0) and the 

other 7 positions include various gaps arrangement. The data 

on fins and base wall dimensions for all manufactured heat 

sinks is presented in Table (1). Moreover, the distance 

between the fin rows in each heat sink is 7.9 mm and the 

angel between fin and base wall in each row is 90 degrees. 

Figure (1) presents all manufacture triangular fin positions. 
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Figure 1. All manufacture triangular fin positions. 
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Base Wall dimensions (mm) 

Length (L) Width (W) Thickness

80 59.8 1.4 

 

The experiments and numerical modeling for all 8 

positions were carried out at two temperature differences of 

70 to 100 Kelvin, and the results are presented in Diagram (1) 

and (2). Diagram (1) is related to experimental results and 

Diagram (2) is related to fluent results in the aforementioned 

temperature differences. 

Diagram 1. Experimental results at two temperature differences of 70 to 100 

Kelvin. 

Diagram 2. Fluent results at two temperature differences of 70 to 100 Kelvin

As it could be observed in diagram (1), it is obvious that 

the experimental results in the two temperature differences 

are quite similar. This similarity could also be observed in 

Diagram (2), for results from Fluent software in two 

temperature differences. Hence, to prevent the confusion, the 

results from the temperature difference of 70 Kelvin is going 

be studied. Also, on diagram (1) and (2), it could be observed 

that by the increase in temperature difference, free convective 

heat transfer coefficient increases, for by the increase in 

temperature difference, Grashof number increases; that is, the 

buoyancy force which creates free convective flow increases 

and this leads to increase in flow rate and as a result free 

convective heat transfer coefficient increases. To verify the 

experimental results from the 8 positions, the experimental 

results were compared to the results from Fluent software in 

diagram (3). As it could be observed from 

experimental results comply with the results from Flue

software. Diagram (4), present ratio of 
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Table 1. Fins and Base Wall dimensions. 

Fins dimensions (mm) 

Thickness ( )bt  Length (L) Height (H) Thickness (t) 

80 20 1 

The experiments and numerical modeling for all 8 

two temperature differences of 

70 to 100 Kelvin, and the results are presented in Diagram (1) 

and (2). Diagram (1) is related to experimental results and 

to fluent results in the aforementioned 

 

perature differences of 70 to 100 

 

at two temperature differences of 70 to 100 Kelvin. 

iagram (1), it is obvious that 

the experimental results in the two temperature differences 

are quite similar. This similarity could also be observed in 

Diagram (2), for results from Fluent software in two 

. Hence, to prevent the confusion, the 

results from the temperature difference of 70 Kelvin is going 

iagram (1) and (2), it could be observed 

that by the increase in temperature difference, free convective 

creases, for by the increase in 

temperature difference, Grashof number increases; that is, the 

buoyancy force which creates free convective flow increases 

and this leads to increase in flow rate and as a result free 

reases. To verify the 

experimental results from the 8 positions, the experimental 

results were compared to the results from Fluent software in 

iagram (3). As it could be observed from diagram (3), the 

experimental results comply with the results from Fluent 

ratio of the experimental 

amounts of free convective heat transfer coefficient for the 7 

gapped positions to the experimental 

convective heat transfer coefficient for the position without 

gap (monolith fin), which is considered as the base position 

(Position 0). Diagram (5), present ratio of the Fluent 

of free convective heat transfer coefficient for the 7 gapped 

positions to the Fluent amount of 

transfer coefficient for the posit

fin), which is considered as the base position (Position 0).

Diagram 3. Comparison of experimental results with results from Fluent at 

temperature difference of 70 Kelvin . 

Diagram 4. Ratio of the experimental 

transfer coefficient for the 7 gapped positions to the experimental 

free convective heat transfer coefficient for the position without gap

temperature difference of 70 Kelvin. 

Diagram 5. Ratio of the Fluent amounts of

coefficient for the 7 gapped positions to the Fluent 

heat transfer coefficient for the position without gap

difference of 70 Kelvin. 
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free convective heat transfer coefficient for the 7 

gapped positions to the experimental amount of free 

convective heat transfer coefficient for the position without 

which is considered as the base position 

). Diagram (5), present ratio of the Fluent amounts 

free convective heat transfer coefficient for the 7 gapped 

amount of free convective heat 

transfer coefficient for the position without gap (monolith 

fin), which is considered as the base position (Position 0). 

 

experimental results with results from Fluent at 

 

 

the experimental amounts of free convective heat 

transfer coefficient for the 7 gapped positions to the experimental amount of 

free convective heat transfer coefficient for the position without gap at 

 

amounts of free convective heat transfer 

to the Fluent amount of free convective 

heat transfer coefficient for the position without gap at temperature 
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In all studied heat sinks, by the increase in distance from 

the base surface initial edge, the convective heat penetration 

in free flow increases and the thermal boundary layers grow 

in two transverse and longitudinal directions of the base 

surface, which leads to a decrease in free convective heat 

transfer coefficient. Also, the thermal boundary layers 

which are not able to grow unlimitedly in the space between 

the two fins, crash into each other and develop. Thermal 

boundary layers development also has a remarkable effect 

on decreasing the free convective heat transfer coefficient, 

for this prevents establishing a proper free air flow in the 

space between the fins and as a result, the temperature steep 

decreases and by the decrease in the temperature steep, free 

convective heat transfer coefficient and also convective heat 

transfer ratio decrease. Forming gaps in proper locations on 

the fins could lead the air to properly flow between the fins 

and by merging the air between the fins in gaps places with 

free air flow, the thermal boundary layer thickness 

decreases and as a result the boundary layer development 

weakens or even in some cases it is lost, which in turn, it 

increases the free convective heat transfer coefficient. 

Considering the diagram (4) and (5), it is obvious that 

positions (1) , (2) , and (3) have a relatively lower free 

convective heat transfer coefficient comparing to monolith 

fins position. Hence, in studied heat sinks, forming only one 

gap on the fins is not helpful, for it does not have a huge 

impact on decreasing thermal boundary layers thickness in 

two fins outer space and also, lack of ability in preventing 

thermal boundary layers development or lack of ability in 

decreasing the development effects formed in two fins outer 

space. Hence, forming only one gap on the fins not only 

does not impact the increase in free convective heat transfer 

coefficient comparing to the monolith fins position, but also 

it decreases the free convective heat transfer coefficient due 

to the omission of the useful fins parts which could lay in 

the thermal boundary layer outer space and exchange heat 

with the environment air. Also, experimental and Fluent 

results for position (6) suggest that the increase in free 

convective heat transfer coefficient for this position is not 

much sensible and forming gap on the monolith fins under 

this position arrangement does not provide a huge 

difference on free convective heat transfer coefficient, 

comparing to the monolith fins position. That is due to the 

fact that in position (6), despite the presence of two gaps on 

fins length, since the distance between these two gaps is 

huge, thermal boundary layers have the opportunity to 

remarkably grow after the first gap and before reaching the 

second gap. Hence, in addition to the fact that the thermal 

boundary layersin the two fins outer space increases in 

thickness, the thermal boundary layers in the two fins outer 

space become completely developed, so that the formation 

of the second gap is hugely ineffective and cannot decrease 

the thermal boundary layers effectively and also, leads to a 

decrease in development effects in the space between the 

two fins. Accordingly, forming a gap on the monolith fins 

under this position arrangement is not helpful. 

From diagram (4) and (5), it is obvious that positions (4), 

(5), and (7) have a higher free convective heat transfer 

coefficient comparing to monolith fins position. Hence, 

forming gaps on monolith fins under aforementioned 

positions could lead to an increase in free convective heat 

transfer coefficient. Due to the continues and close effects 

which have on the thermal boundary layers, presence of two 

gaps on the fins length (Positions 4 and 5) could have a 

great impact on the decrease in boundary layers thickness, 

delaying their development, or decreasing their 

development effects and as a result the increase in free 

convective heat transfer coefficient. The impact could be 

highly decreased, especially if one of the gaps is formed 

before reaching the fins half-length (Position 4), for this 

prevents the excessive growth of thermal boundary layers 

thickness in fins initial length, where the thermal boundary 

layer thickness is low, and thermal boundary layers do not 

have a high thickness while reaching the second gap. As a 

result, the development of thermal boundary layers happen 

in higher longitudinal distance from the base surface initial 

edge. Ultimately, by forming three gaps in fins length, air 

properly flows between the fins and as a result by merging 

the air between the fins with free air flow in gaps places, 

the thermal boundary layers thickness decreases remarkably. 

This fact leads to a delay in thermal boundary layers 

development and also effective decrease of its impacts and 

as a result free convective heat transfer coefficient increases 

to the maximum. Hence, the best arrangement for forming 

gaps in a heat sink with triangular fins is the arrangement 

with three gaps in fins length (Position 7). Figure (2) , (3) 

and (4) , present the free convective heat transfer coefficient 

contours for monolith fins (Position 0), the worst gaps 

arrangement (Position 2) and position (6) are respectively. 

Also, Figure (5) , (6) , and (7) present the free convective 

heat transfer coefficient contours for position (4) , (5) and 

position (7) which has the best gap arrangement, 

respectively. 
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Figure 2. Contour of free convective heat transfer coefficient for monolith fin. 

 

Figure 3. Contour of free convective heat transfer coefficient for position 2. 
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Figure 4. Contour of free convective heat transfer coefficient for position 6. 

 

Figure 5. Contour of free convective heat transfer coefficient for position 4. 
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Figure 6. Contour of free convective heat transfer coefficient for position 5. 

 

Figure 7. Contour of free convective heat transfer coefficient for position 7. 

4. Conclusion 

By the increase in the distance from the base surface initial 

edge inheat sinks with vertical fins, the convective heat 

penetration in free flow increases and the thermal boundary 

layers grow. By the increase in thermal layer boundary layers 

thickness and development formation, the temperature steep 

decreases and by the decrease in the temperature steep, free 

convective heat transfer coefficient and also convective heat 

transfer ratio decrease. By forming proper gaps in heat sink 

fins, the thermal boundary layer development decreases. 
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Forming gaps in proper locations on the fins could lead the 

air to properly flow between the fins and by merging the air 

between the fins in gaps places with free air flow, the thermal 

boundary layer thickness decreases and as a result the 

boundary layer development weakens or even in some cases 

it is lost, which in turn, it increases the free convective heat 

transfer coefficient. The best arrangement for forming gaps in 

a heat sink with triangular fins is the arrangement with three 

gaps in fins length (Position 7). 
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