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Abstract— Perforated V-pin fin array with various fin 

spacing, perforation angle, and perforation diameter, pitch 

of perforation and heater inputs. The variables for this 

natural convection cooling with the help of finned surfaces 

are orientation and geometry. All the electronic components 

release heat during their operation which must be transferred 

tothe surrounding for the its proper and intended operation 

and to avoid the damage of the equipment. The main aim of 

extended surfaces is to limit the maximum temperature in 

the metallic walls. Hence increase the possibility of using 

the least refractory material and minimizing the material and 

processing cost. Generally, the extended surfaces (fins) are 

made up of the materials having high conductivity like 

aluminum. The heat transfer will depend on the geometry of 

the fin like length thickness, cross sectional area, width, 

spacing between the fins and the operating parameters such 

as heat supplied to the device, material of the fin, orientation 

of the fins, temperature difference between the fin and 

surrounding, number of fins, fin array orientation etc .as the 

electronic devices and engines developed, heat  generated 

from them increases and while the surface area of the 

electronic equipment decreases continuously. 

Key words: Fins, Biot Number, Relative Humidity, 
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I. INTRODUCTION 

The fins are commonly used for increasing the heat transfer 

rates from the surfaces whenever it is not possible to 

increase the rate of heat transfer either by increasing the heat 

transfer coefficient on the surface or by increasing the 

temperature difference between the surface and surrounding 

fluids. The fins are commonly use on small power 

developing machines as engines use for scooters and motor 

cycles as well as small capacity compressor. They are also 

used in many refrigerating systems for increasing the heat 

transfer rates.  

An extended surface configuration is generally 

classed as a straight fin, an angular fin or spine .The term 

straight fin is applied to the extended surface attached to a 

wall which is otherwise plane whereas angular fin is one, 

attached circumferntiaiiy, to a cylindrical surface. A spine or 

pin fin is an extended surface of cylindrical or conical shape. 

II. FUTURE SCOPE 

1) To improve the thermal performance of fin with the 

increase in the relative humidity of the ambient air and 

also with the biot number. 

2) To decrease flow blockage experienced in the base 

region in the presence of the fins, which in 

turndecreases the heat transfer coefficient, mean 

velocity and fluctuating velocity. 

3) Effect of the fin spacing, fin pitch, array and fin 

dimension (height & width) on the rate of the heat 

transfer in case of the perforated fins. 

4) For getting more practical temperature distribution, fin 

performance and optimum heat transfer rate we must 

get the actual variation of the heat transfer coefficient 

and the thermal conductivity. 

5) Investigation of the serrated fin with the elliptical holes. 

6) Inverse design of the fin based on the requirement. This 

reduces the number of iteration for the design of a fin 

for a given requirement. 

7) Cost reduction analysis with variable parameter. 

8) Optimize the rate of heat transfer of air cooled cylinder 

engine with magnesium fins. 

9) Dimples shape can be varied to get the maximum rate of 

heat transfer also their pitch, and surface texture 

(rough/smooth) can be varied at the expense of the 

pressure drop. 

10) The correlation can be derived for the friction factor (f) 

and nusselt number with respect to the Reynolds 

number and geometric parameter for fin with dimples. 

III. NEED OF STUDY 

The development of high performance thermal system has 

stimulated interests in the methods to enhance the heat 

transfer.  But the enhancement techniques are frequently 

accompanied by increase in cost, weight and complicated 

manufacturing techniques and material.  Hence the designer 

should also evaluate the performance of the enhancement 

technique in terms of applicable design constrains. 

A. The Objectives of our study are:- 

 To test the various V-fins array models, with variations 

in the included angle with the help of computational 

fluid dynamics and find the angle giving maximum heat 

transfer coefficient among the models chosen. 

 To validate the results obtained for the optimum angle 

by the application of computational fluid dynamics with 

standard paper. 

IV. METHODOLOGY 

A. CFD Process 

1) Modeling: 

In the previous section, we have seen details and 

methodology of Computational Fluid Dynamics. The 

computational analysis in this project is carried with the help 

of the software ANSYS 15.0. But the required models are 

first made in PRO/ENGINEER Software and then imported 

in the CFX-Pre Processor. 

In this project is to finding the optimum various 

included angle for V-fins. Therefore various models are 

created with included angles 0°, 60°, 90°, 120°, 180°.  

This study assumes the following design considerations: 

 Each fin is of uniform width, height and 

rectangular cross-section. 

 There is no slip at the base plate and the fin 

surface. 
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 Plates are immersed in extensive, quiescent fluid 

(air). 

 Air is an ideal gas 

 The atmospheric pressure is 1.01325 bar (1 atm.) at 

the location and the standard properties are taken at 

this 1 atm. 

 Flow is steady and laminar. 

 Radiation heat transfer is negligible. 

 The fluid domain assumed is 1.5 feet above the 

model and 1 foot on the remaining sides and the 

boundaries of the fluid domain have atmospheric 

temperature. 

V. CALCULATIONS OF OPTIMUM FIN SPACING 

That often arises in the selection of a heat sink is where to 

select one with closely packed fins or widely spaced fins for 

a given base area (Figure.1) 

 
Fig. 1: Heat Sinks with (a) Widely Spaced and (b) Closely 

Packed Fins 

A heat absorb with closely attached fins will 

having more surface area get for heat transfer but a lower 

heat transfer coefficient of plate because of the extra 

resistance the additional v-fins introduce to fluid flow 

through the inter-fin space. A heat sink with closely spaced 

fins, on the other side, will have a more heat transfer 

coefficient but a smaller surface area. Because, there must 

be an optimum spacing that maximizes the natural 

convection heat transfer from the heat sink for a given base 

area WL, where W and L are the width and height of the 

base of the heat absorb, respectively, as shown in Figure.2. 

S is the optimum fin spacing and t is the thickness of the 

fins. 

 
Fig. 2: Various Dimensions of the Finned Surface Oriented 

Vertically 

For calculating the optimum fin spacing, let us 

consider the experiment taken up by M.J. Sable et al.for 

vertical fins. [13] The model considered is of base plate 250 

mm x 250 mm with vertical fins having fin height 20 mm 

and fin thickness 3 mm. The heater input is 100 W.  

Mean temperature of heat sink found experimentally, 

Ts = 115° 

Temperature of air, Ta = 27° 

Therefore the properties of air are calculated at the 

film temperature of 

Tf =
Ts + Ta

2
=

(115 + 27)

2
= 71°C 

From the standard tables, properties of air at mean 

film temperature of 71°C and 1atm pressure are, 

Thermal conductivity = 0.02888 W/m-K 

Prandtl number = 0.71747 

Kinematic Viscosity = 2.0868 x 10-5 m2/s 

We take the characteristic length to be the length of 

fins in the vertical direction since we do not know the fin 

spacing. Then the Rayleigh number becomes, 

Ra =
g ∗ β ∗ (Ts − Ta) ∗ L3 ∗ Pr

ϑ2
 

Ra =
9.81 ∗ (

1

344
) ∗ (115 − 27) ∗ 0.253 ∗ 0.71747

(2.0868 ∗ 10−5)2
 

Ra = 6.4603 × 107 

As determined by Bar-Cohen &Rohsenow, 

optimum fin spacing for vertical heat sink is 

Sopt = 2.714 ∗ (
L

Ra0.25
) 

Sopt = 2.714 ∗ (
0.25

(6.4603 ∗ 107)0.25
) 

Sopt = 7.5681 × 10−3m = 7.5681 mm 
Therefore number of fins 

n =
W

Sopt + t
 

n =
0.25

0.0075681 + 0.003
= 23.6561 ≅ 24 

Bar-Cohen and Rohsenow showed that when the 

fin spacing is optimum, the Nusselt number is a constant and 

its value is 1.307. 

Nu =
h ∗ Sopt

k
 

1.307 =
h ∗ 0.0075681

0.02888
 

h = 4.9875 W/m2K 

Now we know by Newton’s Law of Cooling, 

Q = h ∗ As ∗ (Ts − Ta) 

Q = h ∗ (2nLH) ∗ (Ts − Ta) 

In the above equation all the terms, except n and h, 

are constant. But even for n and h, they can be varied only 

such that their product remains same for the constant heat 

flow. The product of n and h in the above case is 24 x 0.02 = 

0.48.  

Manufacturing of this model with 24 numbers of 

fins is difficult. So changing the fin height to 38 mm as 

investigated by M.J. Sable et al., the number of vertical fins 

reduces to 13 to keep the product constant.  

Therefore the fin length for this model is 250 * 13 

= 3250 mm. This value is kept constant for all models with 

various included angles for V-fins, and then the pitch is 

calculated. Thus it should be noted that the base plate area 

and the thickness of the fins are neglected, dimensions being 

determined by keeping only the length of fins constant. 



Enhancement of Heat Transfer Rate using V-Pin Fins by CFD Analysis 

 (IJSRD/Vol. 6/Issue 02/2018/297) 

 

 All rights reserved by www.ijsrd.com 1100 

Total Included 

Angle θi° 

Half 

Angle 

θh° 

No. of fins n 

n

=
250 ∗ 13

125

sin θh
∗ 2

 

Vertical 

Pitch 

p =
250

n
 

(mm) 

0 0 15 16.2308 

60 30 7.5 33.4615 

90 45 11.1924 22.3464 

120 60 13.2583 18.8558 

180 90 15 16.2308 

Table1: Calculation for Pitch for Various Included Angles in 

V-Fins 

VI. CREATION OF MODELS IN PRO/E 

A. Using Pro/E for construction of Models 

The types of fins with proper orientation and spacing can be 

modeled on different CAD software available in the market. 

For the current modeling, Pro|ENGINEER WILDFIRE 5.0 

has been used. The models so formed are along with the 

fluid domain wherein the effects of the heat flow have to be 

analyzed. 

The models can also be made in the Ansys software 

itself where the CFD analysis is done, but the procedure is 

slower since it is basically analysis software and not meant 

for convenient drawing.  

Pro/ENGINEER is a feature-based, parametric 

solid modeling system with many extended design and 

manufacturing applications. As a comprehended 

CAD/CAE/CAM system, covering many aspects of 

mechanical design, analysis and manufacturing, 

Pro/|ENGINEER represents the leading edge of 

CAD/CAE/CAM technology. 

The parametric modeling approach uses 

parameters, dimensions, features, and relationships to 

capture intended product behavior and create a recipe which 

enables design automation and the optimization of design 

and product development processes. Pro/E provides a 

complete set of design, analysis and manufacturing 

capabilities on one, integral, scalable platform. The required 

capable to contain Solid Modeling, Surfacing, Data 

Interoperability, Routed Systems Design, Simulation, 

Tolerance Analysis, and NC and Tooling Design. 

The temperature variations for various fin angles 

were found by CFX analysis. The angle at which the 

temperature difference was smaller i.e. convection rate of 

heat transfer coefficient was larger, is the angle of interest 

for actual experimentation. The experimental setup was then 

constructed and tested in the laboratory for various heat 

inputs and the observations and conclusions were made. 

 

Fig. 3: (a) Horizontal Fins Highlighting the Fin Thickness 

and Base Plate Thickness (b) V-fins with Included Angle of 

60o 

 
Fig. 4: (c).V-fins with Included Angle of 90o(d).V-fins with 

included Angle of 120 

The velocity vector flow further clarifies the flow 

direction of air 

 
Fig. 5: Velocity Vector Profile near Base Plate and Fins 

 
Fig. 6: Velocity Vector Profile for the Entire Model 

VII. RESULTS OF CFX ANALYSIS FOR VARYING INCLUDED 

V-FIN ANGLES WITH CONSTANT HEATER INPUT 

The base plate area and the total area are obtained directly 

from Pro/E. The temperature difference is as indicated by 

the CFX results for various angles and the heat transfer 

coefficient is calculated thus. From the above table, it is 

clear that the heat transfer coefficient is maximum when the 

included angle of the V-fins is 90o. The value of the heat 

transfer coefficient goes on increasing, reaches a maximum 

value at and slowly decreases. 

Included 

Angle (°) 

Temperature 

Difference (K) 

Heat Transfer 

Coefficient (W/m2K) 

http://en.wikipedia.org/wiki/Parametric_feature_based_modeler
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0 88 3.1449 

60 88 3.7570 

90 88 5.5598 

120 88 3.1037 

180 88 2.4163 

Table 2: Results 

A. Advantages: 

1) It reduces the weight than other pin fin arrangement. 

2) It provide faster cooling rate. 

3) It provide adequate flow rate of air for cooling. 

4) It increases the efficiency of system. 

5) The contacting time between fin surface and air is more. 

B. Application of fins: 

1) Engine. 

2) Electronics equipment. 

3) Electrical Motor. 

4) Compressor. 

VIII. CONCLUSION 

While concluding this report, we feel quite fulfill in having 

completed the project assignment well on time, we had 

enormous practical experience on fulfillment of the 

manufacturing schedules of the working project model. We 

are therefore, happy to state that the in calculation of 

mechanical aptitude proved to be a very useful purpose 

although the design criterions imposed challenging 

problems which, however were overcome by us due to 

availability of good reference books. The selection of choice 

raw materials. Thus from the above computational analysis 

for V-shaped fins with various included angles we come to 

following conclusions: 

It is clear that as compared to vertical fin array, V-

fin array of 90o included angle with same surface area gives 

more heat transfer coefficient. 

As the included angle of the V-fins increases, the 

heat transfer coefficient increases. It reaches maximum at 

90o included angle. Thereafter, the heat transfer coefficient 

decreases. 
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