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Abstract:

This paper deals with the study of temperature distribution on a heat sink used in
transformer. The modern laptop or transformer needs to be placed in a limited space.
Extended surfaces of fins are used on electronic components raging from power
supplies to transformers. The heat dissipation is important for normal functioning of
the devices. The heat that is generated by the resistance encountered by electric
current. Unless proper cooling arrangement is designed the operating temperature
exceeds the permissible limit. For purpose of thickness, base height, fin pitch as 6.2
cm ,5cm,6mm and fin pitch of 8mm.The simulation is carried by using ANSYS
Software for a heat generation of 78125 W/m?® at the bottom of the fin at a
temperature of 333 K.The modeling and the analysis were carried using the ANSYS
APDL software. The convection is applied on all the surfaces of the fin at a
temperature of 293 K.The contour plot ,Temperature gradient and temperature heat
flux are obtained.
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1. Introduction:

Heat sinks are the most common thermal management hardware used in electronics.
They improve the thermal control of electronic components, assemblies and modules
by enhancing their surface area through the use of pin fins. Applications utilizing pin
fin heat sinks for cooling of electronics have increased significantly during the last
few decades due to an increase in heat flux densities and product miniaturization.
Today’s cutting edge electronic circuits dissipate substantially heavier loads of heat
than ever before. At the same time, the premium associated with miniaturized
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applications has never been greater and space allocated for cooling purposes is on the
decline. These factors have forced design engineers to seek more efficient heat sink
technologies. One of the more powerful cooling technologies.

Objective of Work:

To simulate the heat sink for 78125 W/m? of heat generation.

To predict the temperature distribution.

To predict the temperature gradient vector.

To predict the temperature flux vector.

Comparative study of temperature distribution for 8mm and 6mm pitch

g EDN

3. Literature Survey

According to the Kelvin Planck and Clausius statement of second law of
thermodynamics heat always flow from a region of higher potential to the lower
potential. This study involves the prediction of heat flow and temperature distribution
on the fin used in the transformer optimum value of the pitch of the fin , in order to
dissipate maximum heat to the sink. The modes of heat transfer involves conduction
where heat flow within the material or same medium and convection where the heat
flows from one medium to that of the other. Free convection takes place naturally and
the forced convection occurs with the aid of external means. As experimented by
Nagarani [1], an extended surface or a fin is provided to facilitate the heat transfer.
There are various types of extended surfaces like infinitely long, short type, insulated
type, connected fins etc.

This work was structured as a sequence of fundamental problems built on
simple models that capture the most basic characteristics of the temperature
distribution in a structure [2]. Heat transfer coefficient value is fixed to 15

The fin is modeled and analyses using the ANSYS APDL and the results and
compared. Finite element approach provides the solution at every node of
consideration [3]. This paper deals with the comparative Study of heat sinkhaving fins
of various profiles [4].This work analysis the rectangular heat sink of variable pin
pitch using Ansys Work Bench[5].

4. METHODOLOGY

In the present study the governing equations of heat transfer between the elements are
applied. Below equation (1) represents the heat transfer which takes place during
conduction derived by the Fourier, and equation (2) represents the heat transfer during
conduction which is by Newton’s law of cooling [5]. The heat transfer from different
heat sources that is different temperature [6] points is represented using equation (3).
Temperature at any point in the element is determined by the equation (4).
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Fourier’s Law of conduction

0 = —KA dT
dx (1)

Newton’s Law of cooling

Q" = hAs (Ts — Ta) @)

Heat transfer from different temperature sources
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5. MODELLING AND ANALYIS:
The finite element analysis was based on the following common assumptions:
a) Steady-state heat flow,
b) The materials are homogeneous and isotropic,
C) There is a heat generation at the bottom of the fin,
d) The convection heat transfer co-efficient is same all over the surface,
e) The temperature of the surrounding fluid is uniform,
f) The thermal conductivity of the material is constant.

The material property plays a very important role in determining the

temperature distribution and the thermal stresses induced. The properties of the
aluminum used in the present analysis are given K=180 W/m2k
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1. The representative models of the finned-tube considered in the present study
are shown in Figure 1 and Figure 2

2. The boundary conditions applied to the finite element model is as follows.

3. A heat generation of 78125 W/m? at the bottom of the fin at a temperature of
333K

4. The fin surfaces subjected to fluid bulk temperature of 293 K and convective

heat transfer coefficient of 50W/m K.
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Figure 1.8 mm Pitch model

B ANSYS

ELEMENTS R145

FEB 26 2015
19:37:10




Temperature Distribution Of A Heat Sink Used In Transformer 16689

B ANSYS

ELEMENTS R145

FEB 26 2015
19:03:35

Figure 1. 6mm Pitch model

Table 1 Geometric Parameters:

Model | Fin Height | Fin Thickness | Base Height | Fin Pitch
1 5mm 2mm 50 mm 8 mm
2 5 mm 2mm 50 mm 6 mm
6. Result and Discussion
Table 2
Model | Fin Pitch | Maximum Temperature
1 8 mm 331.065
2 6 mm 330.584

6.1  Temperature distribution along the length of the fin with different Pitch
A thermal analysis was carried out with different fin pitch of 8mm and 6mm .The
temperature contour are shown if figure 3 and figure 4. The above table indicates that
the value of temperature distribution decreases as the fin pitch is reduced.



16690

V.Thiruvengadam et al

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

TEMP (AVG)
R5Y5=0

SMN =331.065
SMX =333

331.065 331.495
331

331.71

332.

14

332.355

332.

37

ANSYS

R14.5]

FEB 26 2015
19:52:42

332.785
333

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

TEMP [AVG)
RSY5=0

SM =330.584
SMX =333

330.584
330.853

331.1z21

331.826

332.195

332.463

332.732

ANSYS

R14.5]

FEB 26 2015
19:15:46

333




Temperature Distribution Of A Heat Sink Used In Transformer

MIN=.68294
MRX=60.5634

|
.68294 13.989 27.2965 40.603 53.9101

1 ANSYS

R14.5

FEB 26 2015
19:54:39

7.33633 20.6431 33.94499 47.2567 60.5634

VECTCR

SUB =1
TIME=1

TG
ELEM=4534
MIN=10.45%6
MRX=69.0284

I
10.45%96 23.474 36.4902 48.505 62.5208
16.9672 29.9825 42.98978 56.0131 ©9.0284

1 ANSYS

R14.5

STEP-1 FEB 26 2015
19:18:55

7. Conclusion
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The current analysis has presented the study of the temperature distribution for the
different pitch of the fin. It has been seen that the maximum temperature in the fin is
reduced when the fin pitch is reduced .Also the vector plot of the heat gradient are
plotted. The same analysis can be done by using computational fluid dynamics by
passing air at particular speed so that the heat dissipation can be reduced to a

considerable level.



16692 V.Thiruvengadam et al

References:

[1] N.Nagarani, “Experimental heat transfer analysis on annular circular and
elliptical fins” International Journal of Engineering Science and Technology,
2010, Vol. 2(7), PP: 2839-2845.

[2] Amol B. Dhumne, Hemant S. Farkade, “Heat Transfer Analysis of Cylindrical
Perforated Fins in Staggered Arrangement®International Journal of Innovative
Technology and Exploring Engineering (IJITEE), 2013, Vol 2, PP: 225-230 .

[3] Esmail M.A. Mokheimer, “Performance of annular fins with different profiles
subject to variable heat transfer coefficient” International Journal of Heat and
Mass Transfer, 2002, PP: 3631-3642 .

[4] Ambeprasad S.Kushwaha,DhirajK. Patil “Thermal Analysis Of Heat Sink
Variable Pitch Fin pitch” International Journal OF pure and Applied Research
In Engineering and Technology”. 2012

[5] AmbeprasadSKushwaha, DhirajK. Patil “CFD Analysis Of Rectangular Heat
Sink Of the (Variable Shield Profile) used in Electronic Cooling using CFD
analysis International Journal Of Pure and Applied Research In Engineering
And Technology.

[6] Heat and Mass Transfer A practical Approach,Yunus A.Cenegal, Tata

McGraw Hill Private Limited ,NewDelhi,2007



