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ABSTRACT

The primary objective of this study is to examine the melting rate of phase change material (PCM), the natural convection

characteristics, and the bottom temperature distributions of the PCM-based cylindrical heat sinks with horizontal fins. A

two-dimensional numerical analysis was performed, and the effect of various horizontal fin positions on the cooling performance

of the heat sink was investigated. Compared to the cases without horizontal fins, adding horizontal fins increased the surface

area for heat conduction and increased heat absorption into the PCM, resulting in a lower bottom temperature rise. Horizontal

fins impede natural convection, but the effect of reducing the rate of increase in the bottom temperature of the heat sink was

more significant due to the increased surface area. The set point temperature (SPT) arrival time increased by up to 44% in the

case with horizontal fins compared to the case without horizontal fins. Depending on the arrangement of the horizontal fins,

SPT arrival time showed a difference of up to 11%. The results showed that the position of the horizontal fins inside the

cylindrical heat sink is a significant geometrical parameter that affects the PCM melting rate and the bottom temperature of

the heat sink.
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Fig. 1 (a) Schematic of PCM—based cylindrical heat sink

Base
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and (b) cross—sectional view of heat sink unit cell
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Table 2 Location parameters of horizontal fins placed in
cylindrical heat sink

Fin location h/he h./he
Fin 1 1/7 -
Fin 2 - 2/7
Fin 3 317 -
Fin 4 - 4/7
Fin 5 517 -
Fin 6 - 6/7

Table 3 Simulation cases for various combinations of

|
. N
% q" t horizontal fins presented in Table 2
(a) (b)
. . . . Case Fin arrangement
Fig. 2 Schematic of cross—sectional view of heat
) . ) ) ) a No fin
sink unit cell (a) without horizontal fin case (Case a) -
and (b) with horizontal fin case (Case b) b Fin 1~4
c Fin 2—5
Table 1 Geometrical dimensions of cylindrical heat sink d Fin 3—6
D, h he q Fin 1,2, 5,6
Bs )| 6 (°) | 6r (°) | t (mm
) | () | @y | O O]HO W]y r Fin 1, 3, 4 6
30 2 9 3 9 2.7 04 100
Table 4 Thermophysical properties of aluminum,
Ql Ao & 7PYetrt, S|EA AL uigHoA] Y3t EF n—eicosane®?  and air® used in this study
o] FolX T 9la, FEAAY AL dAso] gtk 5 —
uminum
Z] mlo] Zo Lo = H"}sko] Zlo =53 A7
4 e ‘?—19 Z](?’L)_L |Eo} 2= ko] do|rt S83d] 2, Density (kg/m3), O 2719
= =3 .= uls 5 01 AB
ol ?ﬂ?’ S 53 2% Wl disto] dro] I3t Specific heat (kI/kg * K), cpa 0.871
A, 25 e RY At BAE = e A ERIEk Thermal conductivity
o, 3t Jeong™ H-& BIEAZE A AT B9) Ao o] (Wi K), ky 2024
RS ST F A Tl olmlg oIt g reicosane
AL Akt wetA, 2 dFolA= & 71X i Density (kg/m’), prow 838 (S.Oli.d)
g $14 Z4wo] ] Ao skl 239 S A4S Aas) 1 Cid
Dynamic viscosity 3
ol 1.73 x 10
Mq—' (kg/m * s), Lecum
: L oA O [AENE S 3 S
Fig. 2= 4= ¥o| gl 3447 e FAel dig &4 Specific heat 1.85 (Solid)
Ao} = s Uehd Tolth Fig, 2(a)= % o] §l= (kl/kg * K), cppem 2.45 (Liquid)
FHARS vebd Aol Fig. 2(b)= _/,:.cz:l) o] Q= AL Thermal conductivity 0.40 (SOIifi)
UERd Aolek, BE 7ol tjstol 5 W 477} A (Whn ) Roew oL Migid
of qith. %% W 4% SIX7} we) o] 42 wo chstol e e 308.10-31094
b, s 1]
o = 2 2 o) F710] 7Zlol=
, 3o o2 =ol2 AXE7] wiZel ZHzte] ZdolE Latent heat (ki/kg), L 247
22908 Skl F 67419 498 BASgIeh 53 B air
%’4"1 5l 2= Table 29} 30| A 2]= o] Qlet. Density (kg/n?), pur 1.061
2 AtollAl AREE PCM-2 n-—eicosane(0]3l4h 0|t} Dynamic viscosity 2001 x 10°
PCM—J A4 o]l A7 PE B Al 371¢] (kg/m * 5), Wi .
JEAJ %= NIST(National Institute of Standards and Specific heat 1,007
kJkg - K , Cp.air ’
Technology) 2] REFPROP 10,0%Y X2 7818 x}8dte] o (ke - K),
o ~ Thermal conductivity
ott Eah B|EATL ol=njgog MASYt B A Win - K), ks 0.0285
o 4] 2ol EZ o] dEAX|= Table 40| Q9F=|o] 9t}
HE Caseo| AA% PCMO| AL FHskaL, 7HH[Eel  90%= UMA] FE2 3712 A ek PCMo| HA =

7HeE] Witell 9= 32A| PCM Q] 73] Hl= Casef wet 85-
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Fig. 3 Time variations of liquid fraction of PCM for
different (a) number of cells and (b) time step size
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Fig. 4 Comparison of experimental data of the central
temperature of PCM in the container measured by
Zivkovic and Fujii® and numerical data using the

current numerical model™
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Fig. 5 Liquid fraction distributions of PCM at different specific times for (a) Case a, (b) Case b, (c) Case c, (d) Case d,
(e) Case e, and (f) Case f
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