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ABSTRACT 
 

This paper focuses on a development of a heat sink with slender square fins for the application of relay circuit cooling wherein 

the device shall be used to cool inline snatch relays that are used as circuit breakers in PLC boards. The geometrical layout 

and thermal analysis of the heat sink are discussed in this paper. The relay circuits need effective heat sinks in order to 

dissipate the hot side heat from the chip to the atmosphere. This encourages designing a heat sink in which heat transfer 

enhancement is carried out by designing of slender square fins with plain and skewed profile fins that have a three-layer 

concentric triangular layout. With this geometrical layout, the thermal analysis and heat transfer enhancement from plain and 

skewed profile fins configuration are carried out. Thus the study is focused on design development and testing of the heat sink 

with slender square fins that have a generic progressive transverse layout of fins. The surface area enhancement and cross 

flow heat dissipation is planned through the use of through skew in the direction normal to of air flow. The geometrical layout 

and thermal analysis of these fins are discussed in the paper. Fins to dissipate approximately 35 to 40 watt of energy to get a 

desired to bring about the cooling of the relay circuits. 
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1. INTRODUCTION 
Heat sinks are devices that enhance heat dissipation from a hot surface, usually the case of a heat generating component, to a 

cooler ambient, usually air. For the following discussions, air is assumed to be the cooling fluid. In most situations, heat transfer 

across the interface between the solid surface and the coolant air is the lead efficient within the system, and the solid-air interface 

represents the greatest barrier for heat dissipation. A heat sink lowers this barrier mainly by increasing the surface area that is in 

direct contact with the coolant. This allows more heat to be dissipated and/or lowers the device operating temperature. The 

primary purpose of a heat sink is to maintain the device temperature below the maximum allowable temperature specified by the 

device manufacturer. The present model study is to be conducted for application of heat sink in relay circuit cooling wherein the 

device shall be used to cool in line snatch relays that are used as circuit breakers in PLC boards. The size of the device is 

constraint due to the fact that the device is to be used as an in a control panel hence has to be compact. Project work is to include 

determination of heat load for application specific, selection of sink, design, and fabrication of sink as to surface area and a 

number of fins, steady-state thermal analysis using Ansys workbench 16.0. Test rig will be fabricated and testing will be done by 

varying flow rate of air. The heat transfer rate, Heat transfer coefficient will be determined for individual cases and then later 

compared. 

 

2. PROJECT OVERVIEW 
Electronic devices like relay circuits generate excess heat during their operation and thus require thermal management to improve 

reliability and prevent premature failure of the device. The amount of heat generated from electronic devices is almost equal to the 

amount of power input if there are no energy interactions. The relay circuits with very high current capability may need to 

dissipate as much as 80 to 100 watts. To dissipate such a high amount of heat it becomes necessary to design heat sink with 

enhanced heat transfer rate from the device. Thus, the electronic devices which dissipate large heat can be equipped with the 

proper heat sink so as to maintain the device temperature. Heat sink with different fin geometry – straight and skewed 

configuration fins will be studied and comparative analysis of them will be outlined in this paper.  

 

These will be given an objectives: 

 Analysis of Heat Sink Set-ups of the Straight fin, Skewed fin with variable density 

 Design and development of test rig to evaluate the performance of individual heat sink setups 

 Thermal analysis of heat sink structures using ANSYS 
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 Comparative experimental study and validation of various heat sink setups as to the   following parameters: 

 The overall heat transfer coefficient 

 Temperature Gradient  

 Obstruction to air channel flow (mm of water column) 

 Plot comparative graphs of above parameters under various air flow conditions. 

 

3. ANALYSIS OF FIN GEOMETRY USING ANSYS 

 
Fig. 1: Concentric triangular layout of fins (straight fins) 

 

The figure shows the model of the heat sink. Basically, considering the aspect of size of relay circuit in control panel it has been 

considered that the circular base plate of 90 mm in diameter and pin fin arrays are uniformly distributed on this metal frame of 

aluminium from the flow passage, the aluminium block used to form the test model has high conductivity (K = 201W/mK). This 

block is milled on one side forming an array of small pin fins and the empty space between the square pin fins becomes the flow 

path.  

 

Meshing was done using Ansys free mesher and the parameters were defined as above. We can use two different methods to 

generate our model: solid modelling and direct generation. With solid modeling, you describe the geometric boundaries of our 

model, establish controls over the size and desired shape of our elements, and then instruct the ANSYS program to generate all the 

nodes and elements automatically. By contrast, with the direct generation method, we determine the location of every node and 

the size, shape, and connectivity of every element prior to defining these entities in our ANSYS model. Although some automatic 

data generation is possible, the direct generation method is essentially a hands-on, "manual" method that requires you to keep 

track of all your node numbers as we develop your finite element mesh. This detailed bookkeeping can become tedious for large 

models, contributing to the potential for modelling errors. Solid modelling is usually more powerful and versatile than a direct 

generation and is commonly the preferred method for generating your model. 

 

In spite of the many advantages of solid modeling, you might occasionally encounter circumstances where direct generation will 

be more useful. We can easily switch back and forth between direct generation and solid modeling, using the different techniques 

as appropriate to define different parts of our model. 

 

3.1 Convective heat load and temperature distribution in straight fins 
 

   
Fig. 2: Meshing and temperature variation contour 
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Temperature variation contour is obtained when given boundary condition are applied to the problem. The results obtained from 

ANSYS software simulation for temperature contour is shown in the figure. An inner portion of fin holder displays, therefore, 

elevated temperature from temperature contour diagram it can be said that temperature goes on decreasing as we go away from 

center of heat exchanger towards the tip of the fins.  
 

 
Fig. 3: Heat flux in straight fins 

 

Heat flux or thermal flux is the rate of heat energy transfer through a given surface per unit time. The results obtained from 

ANSYS software simulation for heat flux contour is shown in figure  From the figure we can say that heat flux is maximum at an 

inner portion of FINS because heat is at the center. It is also observed that heat flux is maximum at the outer periphery of the fins 

because this portion comes in contact with air. 
 

 
Fig. 4: Concentric triangular layouts of fins (Skewed fins) 

 

3.2 Analysis of skewed fin profile 

 
Fig. 5: (a) Meshing 

 
Fig 5: (b) Temperature Contour 

https://www.ijarnd.com/
https://en.wikipedia.org/wiki/Energy


Unde Vikrant Chandrakant et al.; International Journal of Advance Research and Development 

© 2018, www.IJARND.com All Rights Reserved                                                                                                  Page | 4 

 
Fig. 6: (a) Steady-State thermal convection 

 
Fig. 6: (b) Temperature variation contour 

 

3.3 Heat flux contour for skewed fins 

Heat flux or thermal flux is the rate of heat energy transfer through a given surface per unit time. The results obtained from 

ANSYS software simulation for heat flux contour is shown in figure  From the figure we can say that heat flux is maximum at an 

inner portion of FINS because heat is at the center. It is also observed that heat flux is maximum at the outer periphery of the fins 

because this portion comes in contact with air. 

 

 
Fig. 7: Heat flux contour 

 

The results obtained from ANSYS software simulation for heat flux contour is shown in the figure. Heat flux or thermal flux is the 

rate of heat energy transfer through a given surface per unit time. From the figure, we can say that heat flux is maximum at an 

inner portion of FINS because heat is at the center. It is also observed that heat flux is maximum at the outer periphery of the fins 

because this portion comes in contact with air. 

 

4. EXPERIMENTAL SETUP 

 
Fig. 8: Schematic diagram of the experimental setup 
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The experimental set-up consists of the u-tube manometer, axial blower, duct, fin pattern or test model and heater assembly. Heat 

sink thermal performance and pressure drop experiments were conducted at a wind-tunnel system as shown in the figure.  The 

experimental setup above shows the rectangular duct air flow chamber which is developed for the enhanced directed flow of air 

over the test fin structure, also the u-tube manometer arrangement will get the desired pressure drop across the fin structure, which 

can be used to determine the nature of airflow above the fin structure. Axial blower with variable speed is used to regulate the air 

flow inside the chamber. Temperature measurement will be done using J-type thermocouples with the multi-channel display. A 

Bakelite sheet with thermal conductivity K=0.233W/mK which acts as an insulator is placed to cover the back of the heater which 

allows the heat to travel only in the fin array direction. Measurement of the temperature on the fin array and the surrounding is 

taken by the thermocouple.  

 

4.1 Experimental procedure 

The experimental procedure of trial for straight and skewed fins profile will be followed as per below steps, 

1. Start the heater by switching on the power. 

2. Start the blower and adjust and maintain speed at level-1. 

(a) Take manometer reading (h1) mm of water using this reading it is possible to find pressure drop across the test model. 

(b) Take manometer reading (h2) mm of water using this reading it is possible to find the velocity of air and discharge at 

level-1 of the speed of the blower. 

3. Note down thermocouple temperature reading (Tf) 

Gradient of temperature (ΔT) = (Tf- Tambient) 

4. Repeat the same set of reading for different levels of manometer readings i.e. level-2. level-3, level-4, level-5, and level-6. 

 

4.2 Pressure drop across plain and skewed fins 

After conversion of air flow for different speeds of the blower, we can obtain the pressure drops across the fin profiles for the 

mass flow rate as every instance or the speed, we used a calculator for converting air discharge to speed. 

The pressure drop for plain and skewed fins is observed as in given bellow table, 

 

Table 1: Pressure drop for straight and skewed fins 

S. no. 

Straight fins Skewed fins 

Manometer 

Reading (h1) (mm) 

Manometer 

Reading (h2) (mm) 

H 

(mm) 

Manometer 

Reading (h1) (mm) 

Manometer 

Reading (h2) (mm) 

H 

(mm) 

1. 50 50 0 50 50 0 

2. 50 50 0 50 50 0 

3. 50 50 0 50 50 0 

4. 49 50 1 49 50 1 

5. 48 51 3 49 50 1 

6. 48 52 4 48 50 2 

 

δp = (h1)- (h2) mm of water 

 

The pressure drop across fins vs. flow rate of air ----Skewed fins 

The readings are taken for the pressure drop for both plain and skewed profile, and the graphs are plotted as per same and 

compared to observe across which profile the pressure drop is less. 

 

 

Fig. 9: Graph for comparison of pressure drop across plain and skewed fins 

 

Comparison of the fins for the pressure drop across plain and skewed fins is shown in the above graph. As per the above graph, 

the skew fin shows better performance than the straight fins as pressure drop is less thereby causing lesser restriction to flow and 

better heat transfer and less blower power consumption.  

 

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

P
re

ss
u

re
 D

ro
p

 (
m

m
)

Mass Flow Rate (kg/sec)

Pressure drop in plain
fins

Pressure drop in
skewed fins

https://www.ijarnd.com/


Unde Vikrant Chandrakant et al.; International Journal of Advance Research and Development 

© 2018, www.IJARND.com All Rights Reserved                                                                                                  Page | 6 

5. RESULT ANALYSIS 
5.1 Observation Table for Straight fins                      

Table 2: Observation Table (for straight fins) 

S. no 
Mass flow rate 

Kg/sec 

Temp gradient 

Δt 0 c 

Heat flux 

Watt 

Overall heat transfer 

coefficient (w/m2k) 

Stage-1 0.18687717 11 2065.927 46.03224 

Stage -2 0.23339593 12.5 2932.036 57.49091 

Stage -3 0.27189428 13.7 3743.576 66.97396 

Stage -4 0.32723557 15.6 5130.399 80.60582 

Stage -5 0.36894209 16.4 6080.904 90.87912 

Stage -6 0.43310591 17.2 7486.669 106.6842 

 

5.2 The graph for temperature gradient and mass flow rate 
 

 
Fig. 10: Temperature Gradient vs. Mass Flow Rate (Straight Fins) 

 

5.3 The graph for overall heat transfer coefficient and mass flow rate  
 

 
Fig. 11: Overall HTC vs. Mass Flow Rate (Straight Fins) 

 

From the above graph, it can be seen that the temperature gradient increases steeply with a flow rate of air up to a particular limit 

and then stabilizes over the range of flow.  
 

From the above graph for the overall heat transfer coefficient, it can be seen that the overall heat transfer coefficient increases 

with a mass flow rate of air.  

 

5.4 Observation Table for Skewed fins                      
 

Table 3: Observation Table (for skewed fins) 

S. no. 
Mass flow rate 

Kg/sec 

temp gradient 

Δt 0 c 

Heat flux 

Watt 

Overall heat transfer 

coefficient (w/m2k) 

Stage-1 0.18687717 13 2441.550226 50.40568 

Stage -2 0.23339593 14.5 3401.16219 62.95301 

Stage -3 0.27189428 15.7 4290.083897 73.33702 

Stage -4 0.32723557 16.6 5459.271014 88.26402 

Stage -5 0.36894209 17.4 6451.690328 99.51337 

Stage -6 0.43310591 18.2 7921.9402 116.82 
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5.5 The graph for temperature gradient and mass flow rate 
 

 
Fig. 12: Temperature Gradient and Mass Flow Rate (Skewed Fins) 

 

5.6 The graph for Overall Heat Transfer Coefficient and Mass Flow Rate  
 

 
Fig. 13: Overall HTC vs. Mass Flow Rate (Skewed Fins) 

 

From the above graph for temperature gradient, it can be seen that the temperature gradient increases steeply with a flow rate of 

air goes on increasing over the range of flow. 

From the above graph of Overall heat transfer coefficient, it can be seen that the overall heat transfer coefficient increases with a 

mass flow rate of air.  

 

5.7 Comparison Graph for Temperature Gradient 

 

 
Fig. 14: Comparison Graph for Temperature Gradient 

 

Comparison graph of temperature gradients shows that the skewed fin exhibits better results as compared to the straight fins 
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5.8 Comparison Graph for Overall Heat Transfer Coefficient   

 

 
Fig. 15: Comparison Graph for Overall HTC 

 

Comparison graph of Overall heat transfer coefficient indicates that Skew fins exhibit better performance than the straight fins. 

 

6. CONCLUSION 
As per the analysis was done using Ansys software, we achieved different parameters at different flow conditions for Straight as 

well as Skewed fins profiles, also experimental set-up was developed to validate the data obtained in analysis and the experiments 

were carried out for both the profiles. Hence, the following is the conclusion made as per results obtained. 

 The temperature gradient is seen to increase with an increase in the flow rate of air in either case of  Straight and Skew fins  

 Overall HTC is seen to increase with an increase in the flow rate of air in either case of  Straight and Skew fins  

 Skew fins show better Temperature gradient than the straight fins. (ΔT = 17⁰C at 0.43 kg/sec) 

 Skew fins show better Overall HTC Temperature gradient than the straight fins. (117 w/m2k at 0.44 kg/sec) 

 Pressure drop is seen to increase with the increase in flow rate in either case of  Straight and Skew fins 

 The skew fins show lesser pressure drop in skewed fin profile than the straight fins 

 Considering the overall performance of Temperature gradient, Overall HTC and pressure drop the Skew fins are 

recommended over the straight fins. 
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