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The melting and heat transfer process in a rectangular heat sink with a single fin filled with phase-
change material was numerically investigated, and the effect of the position and geometric ratio of the
fin on improving the heat transfer and temperature distribution uniformity inside the phase change
material was studied. A 2D numerical solution of governing equations was obtained using ANSYS-
FLUENT software. The fin positions on all four walls of the chamber were considered, and at least three
locations on each wall were examined. The fin area was constant throughout the study, and three
geometric ratios were assumed for the fin. The results of the numerical simulations showed that the
presence of fins on the left and right walls always improved heat transfer. In addition, fins with a larger
fineness ratio caused greater uniformity in the temperature of the phase-change material and
simultaneously caused a greater reduction in the maximum temperature of the heat sink surface. In all
cases studied, the greatest improvements were observed when the fin was located on the left wall. It
was found that the presence of the fin significantly controls the combined heat transfer of free
convection and conduction, and by choosing the appropriate location and geometric ratio for the fin, the
overall heat transfer coefficient can be improved by approximately 75% compared with the case
without fins.
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Fig. 1. Geometry and physical domain of the heatsink.
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Fig. 1. Comparison of predicted liquid fraction of present study and

those of Ji et al. [16].
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Table 1. The geometrical specifications of fin used in simulations.

Case Length (mm) Thickness (mm)  Area ((mm)?)
1 48 1.25 60
2 30 2 60
3 15 4 60
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Table 2. The positions of fin on the vertical walls.

Case 1 2 3 4 5

yH™! 0.088 0.172 0.500 0.828 0.912
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Fig. 4. Melt volume fraction contours for fin (1) on the left wall at

position yH™! = 0.5 at different times.
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Table 3. The positions of fin on the horizontal walls.
Case 1 2 3
xL™t 0.2125 0.500 0.7875
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Table 4. Thermo-physical properties of materials.

Properties PCM Cupper Steel
Liquid density (kgm~3) 760 } R
Speuflc heat (]kgil) 2000 381 502
Latent heat (kJkg™?) 165 } R
Thermal conductivity

lp—1 0.2 387.6 16.27
(Wm™'K™)
Viscosity (kgm™1s™1) 0.0235 : }
Melting Point (°C) 42 R -
solidification Point (°C) 38 R -
Thermal expansion coefficient

0.0001 - -

(K™
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Fig. 9. Nusselt number over time for the chamber without fins and the

chamber with fins installed on the left wall.
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Table 5. Maximum temperature of CPU surface after 3600 seconds.

Location of fin Right-side wall Left-side wall
yH™1 =0.088 399.1 396.0
yH™1 =0.172 396.2 392.5
yH™1 = 0.500 390.4 382.8
yH™1 =0.828 391.3 381.0
yH™1 =0.912 396.4 384.2
No fin 400.5 400.5

19 °C 294> Llgis Cossl) Canss 01903 59 033 ygua> cdgdr (2l b Balkao

FS 3 ol () Coow 01923 43 s 0 Sl DS |y 0uBilay pdaw Sles
Jsb (w3l 55 Guz Gl o3l Glas (1 aibis 10 °C 294> )3 9 sl
dakad jee gl Gl Slge 925 4 Llgics o S99 W g pls OT see

.QQJS L;”j_,&]
0.01
0.009
0.008
0.007 -wwvvw——w-— -‘-“
..r"""" 4 = .
—.0.006 _ —
= i = 8= -
:éo 005 Vi /.”d :
E0.004 F iy \
)= k
0.003 7 — - y/H=0.5-Left
// — —y/H=0.828 - Left
0.002 g <o y/H = 0.5 - Right
0.001 — — —yH = 0.828 - Right
| No fin
0
0 10 20 . 30 - |
Time [min]

Fig. 8. The degree of temperature non-uniformity on the surface of the
electronic component according to the position of the fin.
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Fig. 10. Time required for complete melting of PCM in the heat sink for

all 3 fin types on the left wall compared to the heat sink without fins.
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