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1. Introduction

One of the most important challenges in designing
electronic systems with high processing power is their
thermal management and keeping them at an allowed
operating temperature to prevent damages to the
equipment. The heatsink is metal equipment with high
thermal conductivity such as copper and aluminum, used
to cool parts that need to lose a large amount of heat flux.
Studies in this field may be classified analytically,
numerically, and experimentally. The main purpose of
most studies have been to investigate design methods
based on changing the geometry of heatsinks to achieve
maximum efficiency in their thermal management.

2. Description of the model and boundary conditions
Figure 1 illustrates the geometry of the desired heatsink. In
this geometry, a microtube is added between the two
channels.
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Figure 1. The problem geometry and boundary conditions
It is assumed that the heatsink is located on a CPU and only
a heat flux of 50 W/cm?enters the system from the bottom
surface.

3. Properties of nanofluids

Pne = (1 = d)ppe + dpp )
PniCpnf = (1 = ®)puiCopr + PPpCop (2
Hnf = Hpe(1 + 2.5¢) 3)
Ky = ki[0.981 + 0.00114T(°C) )

+ 30.661¢(vol%)]

4. Governing equations

V.(pped) =0 Continuity equation  (5)
V. (ppeutl) Momentum equation: (6)

= —Vp + V. (jip V1)

Energy equation for the

V. (pnUCpneT)
o fluid region: )

= V. (kyVT)
V.(k;VT) =0 Energy equation for rigid
part: (8)

The total heat transfer coefficient of the heatsink (h) and
the PEC parameter are expressed as follows:

b= q )
TCPU,Mean - Tin
PEC = hpe/hye
Apne/Appe (10)

Table 1. Dimensional parameters of
the heatsink

Value | Parameter
10 mm Lx
350 um Ly
15 mm Lz
120 ym Wi
80 um We
70 um D
100 pm Hs
250 ym Hc
175 um Hp

5. Numerical method, grid study, and validation

The grid with 6,000,000 cells is selected. By comparing
the experimental results of Azizi et al. and the numerical
results shown in Figure 2, one can see that the maximum
error of the present study is approximately 6%.

6. Results

According to Figure 3, it is clear that the channel wall is
hotter than its central part. At high Reynolds numbers, the
temperature changes of the fluid along the microchannel
and tube are less than those at lower Reynolds numbers. In
Figure 4, the heat transfer coefficient for the two states
with and without microtubes shows that the increase of
nanoparticles and the addition of microtubes cause a
significant increment in the overall heat transfer
coefficient of the system. Figure 5 reveals that the increase
in nanoparticles leads to an enhancement in system
efficiency. At all nanofluid concentrations, the PEC is
greater than one.

Manuscript received: Februray, 15, 2021; Revised, April, 20, 2022, Accepted, April, 26, 2022.
I, P.h.D. Student Faculty of Engineering, Shahrekord University, Shahrekord, Iran.
2 Corresponding author. Associated Professor, Faculty of Engineering, Shahrekord University, Shahrekord, Iran.

Email: ahmadi@sku.ac.ir

3 Associated Professor, Faculty of Engineering, Shahrekord University, Shahrekord, Iran.



https://dx.doi.org/10.22067/jacsm.2022.75344.1100
https://mechanic-ferdowsi.um.ac.ir/?lang=en

Akram Jahanbakhshi, Afshin Ahmadi Nodooshan' Morteza Bayareh 22

9 1.4
HERe=300 MRe=500
aT ] 1 A Experimental BRe=1000 WRe=1500
71 ® Simulation 1.3 1
6 . )
71 o £ 12
4 4
[ ]
< A
3 1 1.1
2 4
1 4
1.0 4
0 T T 0.1 0.5 1
230 430 630 830 .
| Re Flgure 5, PEC g
Figure 2. Validation 1gure >. lagram
7. Conclusion
outet outlt The addition of microtubes to the system improves its
” '1 thermal performance. The convective heat transfer
Tem;;:r:ture Temgze;:mre ‘ coefficient for nanofluids with a volume fraction of 1% at
e 4200 Re = 300 for a system with microtubes is approximately
3245 3185 50.52% higher than that for the one without microtubes.
o= [ The enhancement for Re = 1500 is 48.87%. Moreover, the
L 565 & ' 3140 . pumplng power consumption of the system is significantly
3165 3 g | 312 g g increased.
35 E g 3110 £ g
3125 Z g 3005 g Z
3105 308.0
308.5 306.5
306.5 305.0
3045 3035
2025 : 3020
3005 3005
K [ 8] inlet K inlet
Re=300 Re=700

©0=1%
Figure 3. Temperature distribution along the
microtube and microchannel
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Figure 4. Comparison of overall heat transfer
coefficient of heatsink
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