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Design and simulation of a low-cost PCM heat sink

FANG Jinhui, LIU Hao, LIN Jia, YU Hongkun
(The 29th Research Institute of China Electronics Technology Group Corporation, Chengdu 610036, China)

Abstract: Due to the high cost of composite phase change heat sink in existing electronic devices, a low-
cost and light-weight phase change materials (PCM) heat sink design was proposed, in which the thermal beads
were only arranged in the main heat conduction direction, and the specific surface area was increased by drilling
holes. For the PCM heat sink of an electronic device module, the influence of the thickness, arrangement along
the heat transfer path, the perforation diameter and porosity of the thermal beads, on the heat transfer were
designed and simulated. Compared with the 8% expanded graphite-high-carbon alcohol composite PCM heat
sink, the proposed PCM heat sink has little effect on the chip temperature in the noncritical junction temperature
state in that the temperature difference does not exceed 3.2 C, and the mass increases by only 5%. In addition,
the cost is only one-third of the composite phase change heat sink. The research may provide a way for the PCM
heat sinks to reduce their cost and popularize their use.
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Fig. 1 Schematic diagram of the module structure
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Fig. 2 Layout of power devices in two modules
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Table 1 Heat consumption statistics of power devices

BT | RIRINAE/W | VSR C
1-1 16.0 120
1-2 6.0
1-3 52.0 135
2-1 0.5
2-2 33
2-3 1.2
2-4 2.2
2-5 1.0 125
2-6 13
2-7 4.0
2-8 0.2
2-9 30.0 150
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Fig.3 Temperature nephogram of the module when
aluminum alloy box acted as a heat sink
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Table 2 Thermo-physical parameters of high-carbon alcohol

and composite PCM made of 8% expanded graphite
& high-carbon alcohol
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Fig. 4 Temperature nephograms of modules with PCM heat
sink and PCM heat sink itself
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Fig.5 Key point temperature rise curves of before/after
adding PCM heat sink
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Fig. 6 Schematic of the arrangement and the heat transfer
path of thermal beads
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Fig.7 Temperature rise curves of key points under various
thermal bead arrangement
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Table 3 Chip temperatures and thermal bead masses under
various thermal bead arrangement
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Fig. 8 Temperature rise curves of key points under various
thicknesses of thermal beads
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bead thlcknc?sses ‘ (© A EIFE 20 mm
SH | PCBIRAC | PCBORMIC | St B9 ANIF S A A EL B B POM AR 5 P
JPEmm | BH 154018 fiy | Pl Fig. 9 PCM heat sink temperature nephograms under various
0.5 103.0 122.4 110.6 131.5 6.12 densities of thermal bead arrangement
1.0 102.5 122.0 | 110.0 | 131.0 12.40 ol
ZAA +0.5 | +04 | +0.6 | +05 | -6.28 ool
&)
S A AT B LR B AR A A BR AN 2 0k
PCM 5 S 4 5 10 M AT, (01 S8 4 ) A L 2 2 S
537, 5 N N 0+ — IR ‘E .5 mm
) B 28 % R POM A B B . 43 UL g e
Sﬁmﬁﬁlﬁjﬂﬁﬁ\%U% 7.5 mm. 15 mm *ﬂ 20 mm &E (; 5.0 1(;0 1;0 2(.)0 2;0 3(‘)0
3 Rl A R, 477 LA B R T A R @ S
EWER 5 P, PCM AGLIIREE 73 A7 i B 9 From, .
N N — 2 it
FBE R T AN A 10 oo MR A At ] ot P
o e
DA Y, B 5408 2 BE 14 0, PCML A5 1L A = -
T 90 f
SO TR 145 ) 503, AT I P ARG = /
o A SISE 7.5 mm

HAMA AR 5T, R I 5 2 ) BB L SR 15 mm

—— AT EFE 20 mm

60} -
x5 TRISHHHEBETHCHEERSAHRE 0 30 100 150 200 250 300
Table 5 Chip temperatures and bead masses under various E#I‘Eﬂ/sA_E
bead densities (b) PCBI f i
sS4y | PCBLERJE/C PCB2IRIE/C | G o e
[l /mm | g B B m | Wi o] “Mﬁ:ﬂﬁg..,-
75 1000 | 1204 | 1080 | 1290 | 62 :’% ol M,w"w
{l]
15 103.0 122.4 110.6 131.5 34 ”ﬁlf 90 ‘_,/
g »r e G 7.5
20 104.2 123.2 111.6 132.5 2.5 = o0k S 15‘2‘:
60+ | —— SIS 20 mm
I{g?;(ig Ffi =D M e 50 10 130 200 250 300
9 A

(c) PCB2 f it &
K10 AR SRR A B % BT S B iR T i 2

Fig. 10 Temperature rise curves of key points under various
densities of thermal bead arrangement
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Table 6 Chip temperatures, thermal bead masses, and specific
surface areas under various bead perforation
apertures

$T9L | PCBLRE/'C | PCB2IRFE/C | Shs | Le T AY

Lmm| g | B | B | Ee | P %

1 100.2 | 120.4 | 108.1 | 129.0 | 5.9 100.0
2 100.6 | 120.2 | 108.4 | 129.2 | 5.1 91.2
3 102.1 | 121.8 | 109.8 | 130.7 | 3.7 72.5
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Fig. 12 Temperature rise curves of key points under various
perforation apertures of thermal beads
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Table 7 Chip temperatures, bead masses, and specific surface
areas under two porosities
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