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ABSTRACT
Whenever electric current flow through a resistive element say electric chip, heat is generated under
natural convection conditions. Electric chips are facing thermal challenges to remove the heat.
Effectively that causes rising temperature and failure. For better performance and condition
operation additional care must be taken in to account for chip cooling system. One of the effective
ways is attaching a heat sink over the chips which removes the heat more effectively and keep the chip
at lesser temperature. Heat sink performance will vary with respect to the orientation. Recent study
shows that the denser fin arrays or more sensitive to orientations. So in this study similar fin arrays
with 0ᵒ,45ᵒ, 90ᵒ, orientation are consider for the numerical simulation under certain condition fins
with slots can work better than the plane .different slots shape studied to find the better one of the
rectangular fin heat sink.
Keywords: Natural Convection, Cooling, Electronic Component, Numerical Simulation
I. INTRODUCTION
All electronic equipment relies on the flow of and control of electrical current to perform a variety of functions.
Whenever electrical current flows through a resistive element heat is generated. Regarding the appropriate
operation of the electronics heat dissipation is one of the most critical aspects to be considered when designing
an electronic enclosure. Heat generation is an irreversible process and heat must be removed in order to
maintain the continuous operation. Pure conduction, natural convection or radiation cool the components to
some extend where as today electronic devices need more powerful and complicated systems to cope with heat.
Therefore new heat sinks with larger extended surfaces highly conductive materials and more coolant flow are
keys to reduce the hot spots. The current study is for optimizing the electronic cooling by using CFD. The
objective of the present study is to obtain a consistent set of correlations for all orientations of plate-fin heat
sinks. At the end of the study our efforts converge to a single correlation covering a wide range of angles
between vertical and horizontal and inclined orientations of the heat sink. In the year 2001, Chang, J e [1]
Conducted CFD analysis of a 30-W socketed CPU of a desktop computer with minimum air flow rate and
minimum heat sink size. They this using only the fan in the power supplies for all air movement in the chassis.
A duct was employed to direct the air flow over the CPU and then to the inlet air vents of the power supply.
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They allowed the use of this duct more than 10°C reduction of the CPU case temperature relative to an unducted
design. The CFD analysis results were confirmed by experiment and the predicted CPU case temperatures
agreed within 62.9°C of the experimental values for the ducted cases. Here they have described the
methodology of CFD analysis for the heat sink design and described experimental procedures to validate the
predictions. Dhiman [2] worked on the flow and heat transfer characteristics of an isolated square cylinder in
cross flow placed symmetrically in a planar slit for a range of conditions. They obtained the heat transfer
correlations in the steady flow regime for the constant temperature and constant heat flux boundary conditions
on the solid square cylinder in cross flow. In addition, variation of the local Nusselt number on each face of the
obstacle and representative isotherm plots are presented to elucidate the role of Prandtl number and blockage
ratio on drag coefficient and heat transfer.

II. CLASSIFICATION OF COOLING TECHNIQUES
In general thermal management is categorized into active cooling techniques and passive cooling techniques.
Mechanically assisted cooling sub systems provide active cooling. Active cooling technique offer high cooling
capacity. They allow temperature control that can cool below ambient temperatures. In most cases active
cooling techniques eliminate the use of cooling fans or they require less cooling. Air or liquid jet impingement
forced liquid convection, spray cooling thermoelectric coolers and refrigeration systems are the examples of
active cooling techniques. The passive cooling sub systems are not assisted by mechanical equipments. The
conventional passive cooling techniques include applying effective heat spreaders and heat sinks to the
electronic package. For a module with spatial limitation, passive cooling technique is often more practical than
active cooling. But it is limited to what it can achieve. Therefore recent technologies include the use of thermal
energy storage with phase change materials and integration of the heat pipes to the electronic packages that are
commonly used to achieve high cooling capacity.

III. OBJECTIVE AND SCOPE OF THE WORK
1.

To increase the convective heat transfer rate from the solid surface to the surrounding thus cooling the
system.

2.

To compare the total heat transfer rate of different orientation of rectangular fin under natural convection.

3.

To compare the total heat transfer rate of rectangular fin to the experimental data.

The objective of the present study is to obtain a consistent set of correlations for all orientations of plate-fin heat
sinks including the vertical. At the end of the study our efforts converge to a single correlation covering a wide
range of angles between vertical and horizontal and inclined orientations.

IV. CFD ANALYSIS PROCESS
To perform a CFD analysis, the analyst will state the problem and use scientific Knowledge to express it
mathematically. Then the CFD software package will embody this knowledge and expresses the stated problem
in scientific terms. Finally the computer will perform the calculations dictated by CFD software and the analyst
will inspect and interpret their results. In principle, three different major tasks should be done to perform a CFD
simulation.
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I.

II.

III.

Problem identification
1.

Define the modeling goals.

2.

Identify the domain will model.

Pre-processing
1.

Create solid model geometry to represent the domain.

2.

Create the mesh (grid).

3.

Set up the physics (physical models, materials &domain properties).

4.

Set up the reference, initial &boundary conditions.

5.

Define solver settings (numerical schemes, convergence controls).

Solver execution
1.

IV.

ISSN-2319-8354(E)

Compute and monitor the solution until convergence.

Post-processing
1.

Examine the results with qualitative contour plot or quantitative XY plots.

2.

Consider revision to the model or a grid independent study.

V. CFD ANALYSIS OF THE BASE MODEL
5.1 Specification of the Base Model
The main specification of the heat sink is presented in shown in the Fig. 1. In this aluminium and air parameter
are presented. The baseboard of the aluminium size is length and width is 123x157mm. The fin thickness is
2mm. The fin height is 50mm. The aluminium base thickness is 10mm and the fin spacing is 13mm. The fluid
width and length size is 246x314mm. 11 aluminium fins are created.

Fig. 1 Symmetry View of the Base Model
Table 1 Properties of Material
Sl. no.
1

Property
Thermal conductivity W/Mk
3

aluminium
202.4

2

Density [ρ] kg/m

2719

3

Specific heat [CP] J/kg K

871

4

Emissivity

0.6
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Table 2 Properties of fluid
Sl. no.

Property

1

Thermal conductivity W/Mk
3

2

Density [ρ] kg/m

3

Specific heat [CP] J/kg K

4

Viscosity [v] kg/m-s

Air
0.0242
Incompressible ideal gas
1006.43
1.7894e-05

5.2 Mathematical Equations
With the boundary layer approximations the governing equations for convection are as follows.
Continuity Equation:
(

+

(

)=0

(1)

Momentum Equation:
(u

+v

)=g(

-

)+

(

(2)

Energy Equation:
(u

+v

)=

(

)

(3)

Rayleigh Number:
Ra =

(4)

In determining the heat transfer, aspect ratio (AR) is the most important parameter affecting the heat and fluid
flow.
The heat transfer rate inside enclosure is defined as follow:
Q = h As (Twall - Tf) = m

(5)

Where the convective heat transfer coefficient, h:
h=

(6)

where,
h = Convective heat transfer coefficient (w/m2 ).
Nu = The Nusselt number.
K = The air thermal conductivity. (w/m℃).
L = The characteristic length of the channel (m).
Prandtl Number:
Pr = =

(7)

Prandtl number is a dimensionless number used to describe the relative thickness of velocity and thermal
boundary layers in natural convection.

5.3 Boundary Condition
The boundary condition is set as pressure inlet is taken atmospheric condition. Pressure outlet boundary
conditions require the specification of a static (gauge) pressure at the outlet boundary. The value of the specified
static pressure is used only while the flow is subsonic. Should the flow become locally supersonic, the specified
pressure will no longer be used and pressure will be extrapolated from the flow in the interior. All other flow
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quantities are extrapolated from the interior. A set of “backflow” conditions is also specified should the flow
reverse direction at the pressure outlet boundary during the solution process. Convergence difficulties will be
minimized if you specify realistic values for the backflow quantities. The blue colure indicates the pressure inlet
and yellow colure indicates the symmetry wall and red colure indicates the pressure outlet and black colure
indicates the heat sink. The boundary condition as shown in Fig. 2.

Fig. 2 Boundary Condition
VI. OPTIMIZATION OF THE BASE MODEL
The rectangular fin heat sink placed under an atmospheric condition in a laminar flow different orientation like
as horizontal, inclined and vertical to reduce the fin temperature applying the input as 20w.Optimizing the
model to find the lesser temperature in different orientation as shown in the Fig. 3.

Fig. (a) With circular slot

Fig. (b) With square slot

Fig. (c) With triangle slot

Fig. (d) Without slot

Fig. 3 Optimization of the Different Model
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Table 3 Optimization Model Dimensions
Geometry

dimensions

Horizontal

Vertical

Offset

dimensions

dimensions

dimensions

Circular slot

5mm

6.15

25

12.5

Square slot

5mm

6.15

25

12.5

Triangle slot

5mm

6.15

25

12.5

VII. RESULT AND DISCUSSION

Fig. (a)

Fig. (b)

Fig. (c)

Fig. (d)

Fig. (e)
Fig. 4 Excess Temperature of Rectangular Fin in Different Orientation of the Model
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Table 4 Numerical Analysis of the Temperature Result
Geometry

Number of fins

Heat input (w)

Lowest maximum

Lowest maximum

temperature

temperature

experimental

numerical

value(k)

value(k)

Without slot

11

20 w

312.54 k

311.8913 k

With circular slot

11

20 w

312.51 k

311.8679 k

With square slot

11

20 w

312 k

311.8277 k

With triangle slot

11

20 w

312 k

311. 7735 k

model

The orientation of rectangular fin heat sink with different slot studied compare with experimental value there is
accept triangle slot all the slot rising temperature obtained. But in the triangle slot maintained less temperature
for the chip then the remaining slot as shown in Fig. 4.

7.1 Flow Field Analysis
The heat dissipation performance of a rectangular heat sink is directly related to the flow patterns induced by
thermal buoyancy. The flow field using 11 fin heat sink under 20 w load the flow cross section using y-z
direction at different orientation slot finally the triangular slot maintaining lesser temperature in the remaining
slot as shown in Fig. 5 at different contour temperature.

Fig. (a) With Slot Triangle Inclined

Fig. (c) With Slot Triangle Horizontal

Fig. (b) With Slot Triangle135o

Fig. (d) With Slot Vertical

Fig. 5 Different Contour Temperature of Triangle Slot
VIII. CONCLUSION
Fins with and without slot are studied at different orientation to find the rising temperature of the chip. From the
simulation result fin with slot is working similar and even better under some orientations, when compare with
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plane fin. Different slot shape study shows that the fin wth triangle slot is maintaining less rising temperatures
for the chip then the remaining slots.
8.1 Future Work
Present study shows that rectangular slot is working better than the remaining slots. In future study the slots at
different location can be studies for the furthers operation.
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Nomenclature
A

Surface area, m2

H

Fin height, mm

h

tf
p
-2

-1

Convective heat transfer coefficient, w m k
-2

-1

K

Thermal conductivity, w m k

L

Fin length, mm

W

Width of the fin array, mm

tb

Base thickness

Pressure, pa

Q

Rate of heat transfer, w

s

Fin spacing, mm
Temperature difference, k
T

Greek Symbols

Temperature, k

Subscripts

Thermal diffusivity
Coefficient of thermal expansion of air, k
Cp

Fin thickness

-1

-1

CFD

Computational fluid dynamics

CPU

Central processing unit

-1

Heat capacity, J kg k

Emissivity, dimensionless
Angle defined
Kinematic viscosity, m2 s-1
Dynamic viscosity, pa s
Density, kg m-3
Finning factor, dimensionless
Stefan Boltzmann constant, 5.67x 10-8 wm-2k-4
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