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Abstract
In the present paper, the three-dimensional Computational Fluid Dynamics (CFD) simulation of heat transfer and fluid
flow in two types of heat sinks are presented. The plate fin and circular pin fin heat sinks are simulated for different air
velocity inlet. Thermal and hydraulic performances of plate fin and circular pin fin heat sinks are obtained. Numerical
predictions of thermal resistance and pressure drop in the heat sinks are compared with experimental results from the
literature and an excellent agreement is found. The results also show that the circular pin fin heat sink has better performance
than the plate fin heat sink. For the plate fin heat sink, the thermal resistance varied from 2.92 oC/W to 0.99 oC/W, whereas
the pin fin heat sink varied from 2.69 oC/W to 0.89 oC/W.
© 2016 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved
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Nomenclatures

Greek symbols

Cp

specific heat

E

energy

Gb

( J kg 1K 1 )

J 

generation of turbulence kinetic energy due to
buoyancy

Gk

generation of turbulence kinetic energy due to
mean velocity gradients

k
k

( J kg 1 )
1 1
thermal conductivity (W m K )
2 2
turbulence energy (m s )

Pin

inlet pressure (Pa)

Pout

outlet pressure (Pa)

Q

heat dissipation rate

h

Rth

sensible enthalpy

W 
o

thermal resistance ( C/W )

Sk , S

source terms in Equations 8 and 9, respectively

T

temperature

u ,v ,w

velocity components

V

velocity



C



(m s 1 )

(m s 1 )
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k , 

turbulent Prandtl numbers for
respectively

k

and

m s 




dissipation in Equations 8 and 9
dynamic viscosity

(kg m1s 1 )

t


turbulent viscosity

(kg m1s 1 )



,

2 3

(kg m3 )
2
stress tensor ( N m )
density

1. Introduction
Air cooled heat sink is the most widely used type of
cooling device because of their many advantages, such as
easy fabrication, low cost, and easy maintenance. Using
heat sinks to transfer thermal energy has received
considerable attention from researchers.
Tuckerman and Pease [1] made a micro-channel heat
sink which capable of dissipating a heat flux of 790W/cm2.
Wesberg et al. [2] solved numerically a two-dimensional
conjugate heat transfer problem which consists of
calculation of heat conduction in the solid and convective
heat transfer in the fluid. Temperature distributions, heat
flux and Nusselt number along a micro-channel heat sink
cross-section were obtained. Teertstra et al. [3] developed

100

© 2016 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved - Volume 10, Number 2 (ISSN 1995-6665)

an analytical model to predict the average heat transfer rate
for forced convection plate fin heat sinks for electronics
applications. Jonsson and Moshfegh [4] conducted
experiments in a wind tunnel with seven types of heat
sinks including plate fin, strip fin, and pin fin heat sinks.
They developed an empirical correlation for different fin
designs and predicted the Nusselt number and the
dimensionless pressure drop. Duan and Muzychka [5]
presented a simple semi-empirical model for predicting the
heat transfer coefficient of plate-fin heat sinks. Yang and
Peng [6] presented a numerical computations of the platecircular pin-fin heat sink and examined the thermal and
hydraulic performance of the heat sink. Their results show
that the performance of the in-line design is better than the
staggered design. Betz and Attinger [7] designed a
polycarbonate heat sink consisting of an array of seven
parallel microchannels each with a square cross-section of
500 m wide. They found that the segmented flow
increases the Nusselt number of laminar flow by more than
100%.
Mohammed et al. [8, 9] presented numerical
simulations to compare the zigzag, curvy, and step heat
sinks and concluded that the zigzag design has the best
thermal performance. For the wavy heat sink the
temperature was always lower than that of plate-fin heat
sink. Numerical and experimental study for thermal
performances of plate fin heat sinks for various fin spacing
were investigated by Chen et al. [10]. Yang et al. [11]
investigated numerically the turbulent fluid flow and heat
transfer characteristics of air jet impingement onto the
rotating and stationary heat sink.
Hatami and Ganji [12] studied the heat transfer of a fin
shaped heat sink cooled by Cu- water. Temperature
distributions in the solid section and fluid section were
obtained numerically by using the least square method.
Jeng et al. [13] Experimentally discussed the fluid flow
and heat transfer characteristic of square pin fin heat sink
filled with packed brass beads. Zhai et al. [14] conducted
simulations to investigate flow and heat transfer
performance of de-ionized water flowing through different
micro heat sinks with complex structure under a uniform
heat flux.
The present article aims at examining the thermal and
hydraulic performances of plate fin and circular pin fin
heat sinks by implementing CFD simulation. Numerical
solutions are obtained for wide velocity ranges and are
compared with the experimental data of Jonsson and
Moshfegh [4].

2. 2. Mathematical Model and Simulation
2.1. Geometrical Parameters of Heat Sinks
The plate fin and circular pin fin heat sinks are shown
schematically in Figure 1. The geometrical parameters of
the models in this paper are based on Jonsson and
Moshfegh [4], and shown in Table 1.

Figure 1. Schematic diagrams of heat sinks: (a) plate fin heat sink
and (b) circular pin-fin heat sink
Table 1. Geometrical parameters of heat sink
Parameters
Height of the base Hb
Height of the fin H
Length of the fin L
Fin spacing Sf
Fin thickness t
Fin number N
Diameter of the pin fin D

Dimensions (mm)
3
10
52.8
5
1.5
9
1.5

2.2. The Governing Equations
The system is assumed to be a steady state,
incompressible and turbulent flow. The mass continuity
equation is [15]:


u    v    w  0
x
y
z
where  is the density and u ,v ,w

(1)

are the velocity
components.
The following equations represent the conservation of
momentum [15]:
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z
where P is the static pressure, and  is

the overall dissipation rate.
(4)

T
x

k

the stress

(5)

represent the energy transfer due to

conduction. The cases simulated in this paper contain only
one species and no source terms are used. In Equation 5:

v2
E h 
 2
P

C 1

are constants.

 k and   are the turbulent Prandtl
k and  , respectively. S k and S  are user

define source terms.


uE    vE    wE  
x
y
z

where

and

The quantities
numbers for

tensor .
The conservation equation of energy is [15]:

  T    T    T 
  k
k
  k

x  x  y  y  z  z 

C2

(6)

where h is the sensible enthalpy and can be
expressed as:

2.3. Computational Domain and Boundary Conditions
The geometry of the plate fin and circular pin fin heat
sink models and the boundary conditions are illustrated in
Figures 2 and 3. Since the fin geometry is periodic in the
spanwise direction, a single passage of the heat sink is
selected to be the computational domain.
The velocity boundary condition and a constant
temperature are set at the inlet. The velocity at the inlet
increases from 2 m/s to 12 m/s and the inlet temperature is
294K. At the outlet of the computational domain, a
pressure boundary condition is employed. The interface
between the solid and the fluid is a no-slip wall with no
thermal resistance. A constant heat flux thermal boundary
condition is used on the base of heat sink, and the total
heat applied on the fin base is 10 W. Adiabatic wall
conditions are provided on all the other walls. Properties of
the working fluid are the same as those of ambient air at
294 K, and the material of heat sinks is aluminium with
thermal conductivity of 202 W/ (m.K).
Pressure outlet

T

C

h 

p

dT

Adiabatic walls

(7)

T ref

Periodic

where T ref is 298.73 K.
The governing equations for the realizable turbulent
kinetic energy k and the dissipation rate  are [16]
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x j
x j 
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Constant heat flux
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Figure 1. Computational domain and boundary conditions for
plate fin heat sink
Pressure
outlet

2
k  

Velocity
inlet

Constant heat flux on the base

C 3 Gb  S 

In these equations,

Gk

represents the generation of

turbulent kinetic energy due to the mean velocity
gradients.

Periodic
boundary

(9)

G b is

Figure 2. Computational domain and boundary conditions for
circular pin fin heat sink

2.4. Grid Independence

the generation of turbulence kinetic

energy due to buoyancy. Y M represents the contribution
of the fluctuating dilatation in compressible turbulence to

Different mesh sizes were performed for plate heat sink
and pin fin heat sink in order to guarantee the grid
independence of the results. Figures 4 and 5 show the
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1.900
1.800
1.700

(11)

Figures 6 and 7 show the comparison between the
numerical perditions and the experimental data of the plate
fin heat sink. As can be seen in Figures 6 and 7, when the
inlet velocity increases, larger pressure drop is acquired,
while the thermal resistance of the heat sink decreases
dramatically. It can also be seen that the predicted results
are found in excellent agreement with the experimental
data.
Experiment

1.600
0

200000 400000 600000 800000
Number of grid size

Figure 3. Thermal resistance at different grid sizes for plate fin
heat sink
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Figure 5. Thermal behavior of plate fin heat sink
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Figure 4. Thermal resistance at different grid sizes for pin fin heat
sink
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3. Results and Discussion

0
0

(10)

is the temperature difference between the
temperature on the fin base and the ambient air
temperature, and Q is heat dissipation power applied on
the fin base.
The pressure drop ( P ) from the inlet to the outlet of
the flow passage, which reflects the hydraulic performance
of the heat sink, is calculated by:

5

10

15

Velocity (m/s)
Figure 6. Hydraulic behavior of plate fin heat sink

Figures 8 and 9 provide a comparison between the
simulation results and experimental data of the circular pin
fin heat sink. The predictions of the simulation correspond
well to the experimental results.
3

Experiment

Simulation

2.5
Thermal resistance (K/W)

A Computational Fluid Dynamics (CFD) program
FLUENT has been used to predict the heat transfer and
fluid flow in the two types of heat sinks. In order to verify
the present simulation, the thermal resistance and the
pressure drop under the conditions Vin = 2 m/s to 12 m/s
and Q = 10 W are compared with the available
experimental results of literature [4]. Figures 6 to 9 show a
comparison of the experimental data and numerical
predictions for both the thermal resistance and the pressure
drop of the plate fin and circular pin fin heat sinks.
The thermal resistance of the heat sink is calculated by:

T
Q
where T

Simulation
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Pressure drop (Pa)

Thermal resistance (K/W)
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Thermal resistance (K/W)

Thermal resistance (K/W)

thermal resistance for different grid sizes. According to
these figures the results from 700,000 grid size for plate
heat sink and 500,000 grid size for pin fin heat sink can be
considered to be grid independence.
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Figure 7. Thermal behavior of circular pin fin heat sink
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Figure 9. Comparison of thermal resistance between plate fin and
circular pin fin heat sink

Figure 8. Hydraulic behavior of circular pin fin heat sink

Plate fin heat sink
100
Pressure drop (Pa)

Comparison between plate fin and circular pin fin heat
sinks are plotted in Figures 10 and 11. From Figure 10, it
is clear that the circular pin fin heat sink has a lower
thermal resistance than the plate fin heat sink, which
agrees with the experimental data of Jonsson and
Moshfegh [4]. As a result, the circular pin fin displayed
higher heat transfer rate compared to the plate fin.
However, comparisons of pressure drop are presented in
Figure 11 and it shows that the circular pin fin heat sink
has higher pressure drop than the plate fin heat sink.
The temperature distributions on plate fin and circular
pin fin heat sinks are shown in Figures 12 and 13. In these
figures, heat transfer range is identified by colour changes
on the plate and pin surfaces.

Circular pin fin heat sink

50

0
0

5
10
Inlet velocity (m/s)

15

Figure 10. Comparison of pressure drop between plate fin and
circular pin fin heat sink

Figure 11. Temperature distributions on plate heat sink
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Figure 12. Temperature distribution on circular pin fin heat sink

4. Conclusions
In the present study, the plate fin and circular pin fin
heat sinks were simulated with inlet velocity varies from 2
m/s to 12 m/s. Three dimensional computations were
implemented on a single flow passage with a periodic
boundary condition. The thermal resistance and pressure
drop of the heat sinks were predicted. The results show
that increasing the flow velocity reduces the thermal
resistance and increases the pressure drop simultaneously.
The two models of the heat sink were compared with
experimental data and excellent agreement was found. A
comparison between the two heat sinks was made and it
was found that pin fin heat sink has lower thermal
resistances than plate fin heat sink. Therefore, circular pin
fin heat sink displayed higher heat transfer rate than the
plat fin heat sink. Future work has to consider different
geometrical parameters to achieve efficient performance.
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