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Abstract With the advantages of simple structure, reliable performance and lower cost, phase-
change temperature control is widely used in all kinds of equipment temperature control, especially

electronic equipment. In this paper, a new idea of phase-change temperature control based on phase

transition temperature gradient arrangement is proposed to optimize the temperature control and
then the phase change heat transfer process is studied numerically by COMSOL software. It is
proved that the new idea has the potential to optimize the temperature control, and the gradient
temperature difference is not the greater or smaller the better. In this paper, the result is best
when the gradient temperature difference is 6 K. Compared with the optimal condition without
temperature gradient arrangement, the working time of the chip can be extended by 188 s, and the

time can be extended by 10.7%.
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Fig. 1 Geometric model diagram of temperature control unit
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Fig. 2 Schematic diagram of computational domain
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Fig. 3 The liquid fraction comparison between experiment
and simulation
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Fig. 4 The liquid fraction comparison between literature [11]
and simulation
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Table 2 Detailed description of simulation group
1 (The gradient temperature difference is 10 K)
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Fig. 5 The variation of temperature with different simulation

group, (a)~(e) the gradient temperature difference is 10 K, 8
K, 6 K, 4 K, 2 K respectively
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Fig. 6 Relative extension time variation with gradient
temperature difference
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Fig. 7 Distribution of liquid phase under different working
conditions at different heated time (a) Case 1 (gradient
arrangement); (b) Case 3

25 B VIR R IR R, AR AR IR
FEATE . PRESIAIRAL E A F A R A 0 2 LB R =
BT RS RO BN 2% . R B s AR AR
B AT B T DA IR PR IR, T R i it <
JE SR R L A AN 51, P DA BRAT BAR AR, S
LA R LR AP A AL, BESEAE 1) 78 70 A1 HTAH
ARV INERA AR AR AR RERT T, BRARE

TR, A% G B — AR AR B AR AN RE S ILIR] 25
WEf, BIRREHIGE T AR ER], (BAFAE
TR RCRIN () 22, Pl AR v B T AR AR 4%

& 3 IRED S DA B -RR RIS L 45 R A B X bb 3k
Table 3 Comparison of time of inflection point
of temperature and the melting end time

T I 1] /s
T 3-5— R s s Ak 45 SR [a) 1242
LB 358 —ANIRLEE T3 5 HH B (] 1238
T 3-35 R s e Ak 45 SR [a) 1600
T 3-35 AN a5 UL ) 1602
LB 3-58 = R IR A 45 SR (] 2040
T 3-35 =N 25 UL ) 2038

6K LB A - [F) A A 4 TR ) 1938

6K LB A BT 5E 45 H BIL [A] 1905

4 4 w
ASCFIFH COMSOL A H B AR AR A2 A& #hid

T2, UEBH T AHAR IR BERA AT B T DA IR A, IRA

TR IR ZE X EEACR R, EEgRWT:

1) FEIR Y 5 oo Hoph AT B A [F) A A2 iR R A
AMEL, HERAE LSRR E, EK RS
TAE[A];

2) A BEAT B AT DG AR T A% 1 A 5T R R )
FIA,  SEHL AR A B OB 2 SR 3% B n BT A A
AR EHEALE D

3) BhRE IR ZE RIS SR BOR, Bh R %
KRB NERAF T A iR 3% 550

4) AWEBE =T, HERZEN 6 K iR
R, AT B AR RTO FEAT B B T n] 4
KU IEH TAERF IR 188 s, B [EIAHRT ZEK: 10.7% o

2 % X M

(1] A, KI5, FBE. AR IR B & LR BTt e
[J]. H-T#4F, 2007, 30(1): 344-348
ZHOU Wei, ZHANG Fang, WANG Xiaoqun. Prospect of
Thermal Control Phase Change in Electronic Devices [J].
Chinese Journal of Electron Devices, 30(1): 344-348

[2] Del Castillo L, Thrivikraman T, Hoffman J P, et al. Ro-
bust, Reworkable Thermal Electronic Packaging: Applica-
tions in High Power TR Modules for Space [C]//Aerospace
Conference, 2013 IEEE. IEEE, 2013: 1-10

[3] Alshaer W G, Rady M A, Nada S A, et al. An Experimen-
tal Investigation of Using Carbon Foam-PCM-MWCNTs
Composite Materials for Thermal Management of Elec-
tronic Devices Under Pulsed Power Modes [J]. Heat and
Mass Transfer, 2017, 53(2): 569-579

[4] Price D C. Thermal Management of Military Fighter
Aircraft Electro-Optics Pod: An Invited Paper
[C]//Semiconductor Thermal Measurement and Manage-
ment Symposium, 2003. Ninteenth Annual IEEE. IEEE,



1630 T B 3% ¥ B ¥ i) 43 %
2003: 341-350 (8] Z3E. AR B AL R S I IRIEAERT AT [D]. R EE T
[5] b5 AR R AR I EE MR HT AT (D). K5, 2012
BIEEH AR, 2016 LI Delun. Research on the Heat Transfer and Thermal
XIE Biao. Theoretical and Experimental Study on En- Control Performance of Paraffin Phase Change Material
ergy Storage and Thermal Control with Composite Phase [D]. South China University of Technology, 2012
Chang Materials [D]. University of Science and Technology [9] Zou D, Liu X, He R, et al. Preparation of a Novel Com-
of China, 2016 posite Phase Change Material (PCM) and Its Locally
[6] 5. ARSI BB AR B 5236 F 5T [D]. MR TE Enhanced Heat Transfer for Power Battery Module [J].
Tk, 2019 Energy Conversion and Management, 2019, 180: 1196—
WANG Yong. Research on Measurement Technology 1202
and Experiment of Thermophysical Properties of Phase [10] Ping P, Peng R, Kong D, et al. Investigation on Ther-
Change Materials for Temperature Control [D], Harbin In- mal Management Performance of PCM-fin Structure for
stitute of Technology, 2019 Li-ion Battery Module in High-Temperature Environment
[7] BEOhOD. TH FOARAS LS BB BE 2 7L 4 R AP RL S B R 8t (D). [J]. Energy Conversion and Management, 2018, 176: 131-
R TR, 2017 146
KANG Shuaishuai. Design of Gradient Cellular Material [11] Changda Nie, Shengxiang Deng, Hua Guo, et al. Effects of

as Thermal Conductivity Enhancer for PCM-Base Tem-
perature Control [D]. Dalian University of Technology,
2017

Partially Thermally Active Walls on Simulaneous Charg-
ing and Discharging of Paraffin Wax in a Square Cavity [J].
Energy Conversion and Management, 2019, 202: 112201



