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Experiment on the thermal management performance of

phase change material under vibration environment

LUO Yegang, XING Yuming, ZHAO Liang, LIU Xin

(School of Aeronautic Science and Engineering,

Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: In order to study the thermal management performance of phase change mate-
rial based heat sinks under vibration environment, two heat sinks based on pure stearic acid
and stearic acid/foam copper phase change materials were prepared and experimentalized un-
der static and vibrational environments. The experimental results showed that the presence
of copper foam can effectively enhance the thermal performance of phase change material
based heat sinks. When the heat flux was 5000 W/m?*, the equilibrium temperature decreased
by 19 °C after adding copper foam, and the effective thermal control time was extended by
19.4%. Under the vibration environment, the equilibrium temperature of pure stearic acid
test specimen was reduced by 9.5 °C, the effective thermal control time was extended by
13. 2%, and the effective thermal control time of the stearic acid/foam copper test specimen
was extended by 10.5%. Hence forced convection caused by vibration can enhance the ther-
mal performance of phase change material based heat sinks. With respect to the vibration
frequency. the amplitude variation had less influence on the result, and in a vibration fre-

quency range, the influence of vibration became larger with the increase of frequency. This
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study can provide a reference for the application of phase change materials thermal control

technology for airborne electronic equipment.
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vibration environment; stearic acid; phase change materials;

copper foam; thermal management performance
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phase change material based heat sinks
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FHEd Xt k. BB 5 Har LU IR s IR X
2l RS IR TR AF 8 2 47 ) A o AR A ) S T S

e 1 BB i 1k R 3 FR 5 T 19 TR M 25
A UEWIR 20 76 3% B B X 21 4 0 B8 M e T
WA A B, R A i B B B IR PR A
A U6 Fl Ak B i IR K A Ry A L BR 3l 21 45 X [ 2
T i 2 A AL 2 IF R 23 7 A 5

7E 1B B Ak FAR ) FR5 T 1 T 2
MR 2. T A B B 3000, 5000
W/m*F1 7000 W/m* B, 9 it 24 55 ry AH 728 2 14 4
PRAL T 22 B KA F] T 8.2.9.5°CHM 7.9°C., X

Wt B IR 30 P18 10 5% e 2 A 25 1Y L AR U5 9 1k AH AR A
I B % A o (751 7 2 T B BT IR

TE B B, X b B3k 110 °C i 22 1 (8 1 1s Ja]
AJAS SRR B AR W LR PR R P R AL )
T 16 {EL A B JE] 43500 2 2762.,1502s FT 1080, 1 R
ShER S b B 35 I I (E A B R4 00 R 3 068,
1701 s 1156 s, AH W H 2E K T 1196, 13. 2% Al
7% o TR B K F [V i A O 285 8 ) AU T

NP7 3 P8 RS 06 AR P I () Ok B L IR Bl IR B
il B i T A A 21 A2 o AP P i B R T
WEE . ORIk 3h 1 FEAE 22 R SR X I, 5
B b 5L T B AR A AR S AR B A 3 X S
KPR, B THEAEN SRR
T8 K Al A R L E A R v T RE R 23 AV S
1% 18 HLIE AL % 2h 51k T O [ R T i 2 1 5%
Bl ISR TR A X L AL T A
2. 2.2 i SOGHRE IR R / 960 A R A AR 2 4 B

P HE 1Y 5 1

X Al R Y S A R UG R TR
AT R G ) AR /D Bl Al L il 22 1 2
5250 R A WY R &2 A A A MR BIE 5 Bk
B X 22 AU oL 5L 52 A AH AR BRI 52 0 B HLAT B 5
. T 6Ca) ~ & 6 () AN [l H B i T B i
R/ 0 VA ) M 728 A AR Ak 5 1 RN IR Bh R R Y
THE ML L.

XPLGEL 5 AN 6 7] LUF . 5 4l b AR I 5 g
PRA B S 4R Bl 20 358 X 5 96 VR A S 56 1 4 B BE
Mg/, fE T BB, i AT A, IR
B X S0 1) AR R BRI A PR AR S, i AE T
B B 4R 30 00 52 0 T 0 12 47 2 B0 OR LR Bh R BE T
(4 TG H RN T R IR0 . 423 0 HE B A R
(EMEOTES 1 P St L <07 Y o N o 3 2 B |
{8 A IS 1) 4358024 3393.1783s I 1265 s, i 47 s 3
BT S0 3K U5 B IR A B ) 43 53] R 3883.1971 s Al

120
100 +
o
S 80t
=]
2
2 60f
E
2
40
! —=— Without vibration
20 .! e With vibration |
0 1000 2000 3000 4000

Time/s
(a) g=3000 W/m’



B R 45 - 4 2l R 58 00 A AL 21 4 B S D A S 5 597

%30
120
100
o 80r
g !
g_ 60 F 1
5 i
o .
= a0 [ _
' ! —a— Without vibration
20 . | = With vjbralion
0 500 1000 1500 2000
Timefs
(b) g=5000 W/m*
120 - - ,
[t NTTOX P
100 i
£ 1 i
E 80
'::%: L
2 60
=
5 L
40

—=— Without vibration |
; —a— Wilth vibration
0 500 1000 1500
Time/s
(c) g=7000 W/m?

20

&6 3l AH AR 20 4 P P e Y 52 el CREJE R /36 TR 4D
Fig. 6 Influence of vibration on the performance of
phase change material based heat sinks

(copper foam/stearic acid)

1316s, MM ZERK T 14.4% .10. 5% F1 4 % , 3 H 3E
K b (][] A5 B o R B 1 58P T ik 20>

H IR 3k o 30 42 0 PR Sy 7 B IR R o 4 s AT
TR A R R A 1 — > /N T, OF BB AR TE
RELAS 155G [] AH A2 B4 ORE 0 0 2l i 1) T — A 2% 4
YER 45 B 4R 2 51 R i s X AR 55 . 76 1 L 11
MrBeANRe ™ R B W52 . 78 [ B B, AH 2 A1k
SERIEAIT B TSR R 0 2 BN T IE S
I YRR A FEUA T 38 0 96 K i 58 4 1R 0 A A R R
WA DA A5 AR T 2 X AR F i 9% 3l 21 5
5 Ak A TR e S BET Ok

X AN () 00 %5 2 25 38 AT DL S A
JEE R W 3 P 45 A Ok 9 5 T A . X R R AE
B A BE T IR 2 o 1Y o8 X AL R 5 i
TR A () A% A8 L BT o 03 AAR /)N 3 8 A 5% el
2.3 AFERFEIETHGRIEEREN

AT TN 2 DA IR B A T B AR L AE
AHAS 20 4 19 52 B i v 2 38 381 25 P OAS [R) 09 9 3
I8 A BAR Al AH A X I AT . AT

A Ml X 0 B o S50 T FH PR B R G — e O
5000 W/m?,
20301 R X A AR 28 1 PR 8 A R
RO A8 2y 30 Hz, #& MR 43 51 2 0. 5 mm #
0. 9mmQGi2 H:30 Hz-0. 5mm .30 Hz-0. 9 mm) {4
TR 2l 30 B8 R A7 S0 56, 45 R XS e &l 7 (a) ~ 1 7
(b FrzR . W7 A7 LA Y 7EA A4 i 2510 T 10
THR LA E S o X BERT 7 [ R T R0 1Y
75 Ak %t 4l A R R N A R IR / 9 TR A R 2 B AR
PERE 52 0 A K. 3 T BE 2 PR Ry A R TR AR B 114K
JEE R O 85K 4 s A2 Ak % T 5 38 6 R AR A BRI
A R 185 e R BEAS HE R
120 AP S

100+

80+

Temperature/C
(=]
=

—e— Without vibration |
30 Hz-0.5 mm
—— 3() Hz-0.9 mm

0 200 400 600 800 10001200 14001600 1800

Time/s
(a) BERERSRE
120 T T ! T ‘_II loli-: 1 T T T T
_____ Fm-—= 43
100+ I .

80+

60

Temperature/°C.

0 —e— Without vibration
—— 30 Hz-0.5 mm

20 —4— 30 Hz-0.9 mm

200 600 1000 1400 1800 2200
Time/s

(b) RERG AR/
7 R R X A 7 2 1 LA B 1 B
Fig. 7 Influence of amplitude on the performance of

phase change material based heat sinks

2.3.2 BN AH AR 2 A AR P RE 1 5

1 4R 3l M RE 1 BR 6 I AS B ik 30 5 4R iR
AR BT o E B A 0 A 0 5 e 5 /N B 430
#E47 20Hz-1. 5mm .30 Hz-0. 9mm .40 Hz-0. 3mm
150 Hz-0. 1 mm PO R 2 A58 T A 4R 20 52 55 L 52
I 45 R ANE 8(a) ~ & 8(b) I,

H & oa] DU Y 40 58 A4 b X B g 2 Fn A g
T2 /0 A ) 9 o A 7 AR 9 1 B 5 i Y e #—



598 i o= 3

no iR % 34 %

120 L R ) 57 =P e e A, [ T

1107
e Tt T
100 | 4
£ 80 g 1
2 !
g 60 ! .
2 |
g | —s=— Without vibration
e 40 i 20 Hz-1.5mm |
i —a— 3() Hz-0.9 mm
20 . —— 40 Hz-03 mm |
. ! —+— 50 Hz-0.1 mm
0 200 400 600 800 1000 1200 14001600 1800
Time/s
(a) AL GRS
120
100
o
3 80
=
'@ |
60
é : —=— Without vibration |
2 45 | I 20 Hz-1.5 mm
i —+— 30 Hz-0.9 mm
! —— 40 Hz-0.3 mm
20T I —— 50 Hz-0.1 mm
200 600 1000 1400 1800 2200
Time/s
(b) B A R PR
B8 AR 2 %ok A AR 21 A4 #0111 5 T
Fig. 8 Influence of frequency on the performance of

phase change material based heat sinks

. B 8Ca) a3 b AT A% B Ry 20 Hz B . 248 i
i A 7% 20 A - 4 B 4 i BE = T 30, 40 Hz Fi 50
Hz, FI| 3k i (B3 110 °C Ay BF R /N T 53 b = Fh
AR, T AR R 50,40 Hz Ml 30 Hz A B #4
PEVERERT LI WL 03 50 Hz B A4 3P 1 i B
75,30 Hz B g # s e e fe df .

i 18 8(b) Al LA Hy, xoF T 6 J§ A% / 30 VK 4 A
7S PR 2H BB 20 Hz I AR 7S 20 428 1 A4 54
25 W2 30,40 Hz Ml 50 Hz = fh 4514 F 4
THE M2 58 4 5 A B = Fi A [ 4R 2) 45 R R 58 T
MM AR . 2B DL 25 R A 7E— 2 S L
I 20 P 355 0] R A 21 A2 R M R 1 S i i AR 11
KM AR I FFAE— A e KRE M AR, ) AR 51
5 FIT AT 5% 11 A s 7 A 5 S 1/ 94 T A A AR 2 1
XiF AR P BE 5 ) Jie R I R SR Ry 30 Hz,

3 & it
AR S Tt B G B G R /96 A R PR T
T3 R B S 06 F I HEAT TR IR R B R IR

i RIA [R] 331 5 1) IR 31 592 36 o 5 X R 52 06 2 R i
Fr7oatrihie. EEZEMT .

1) YR B 5 0 T LA 280 ol 35 A 8 21 1
AR A M RE A 1 Al L R A L I (E 110 °C
I 1] LR ARG A R B
2) iR Bl ol R R FH AL LR 9 R ma BOR L O
S AT A5 L 2 BOA SR AL T A R 2R B R
PERE . ik 30 (9 47 75 A 1L RE % a8 A% ~F- 7 o 14 B2
i AT A SIE i B (L 4 B I . T X R A R /9
DR AR A L 4 3 4 55 10 1 ] 2 BLAE RE 8 4 1<
F) 35 ik JBE R (L P PR ] 5 AN B I A0 P 4687 F ) L 32
3) Y MR 22 P Xk i AeF ) 1 S i 7R /9 TR A AT
8 AR AV RE B RE MR R o TR A A A A AR
PERE 1 8K L I HAE — & N [ L 000 R0 i AL
A B S5 0 T AR U B i P R A A LR R
MR A 30 He,

S 3L :

[1] YEH L T. Review of heat transfer technologies in elec-
tronic equipment [ J ]. Journal of Electronic Packaging,
1995,117(4) :333-339.

L2 ] Paege, 2605, iR &% b il M. b st B4 At
1998.320-357.

[31 W3CWI, LRI, ok BEAS. HH AR TR 45 B AR 78 T R $ gz S v
19 I I ERAR B e B2 LT 1. MRS . 2013,27(23) 1 113-119.
PAN Aigang, WANG Junbiao, ZHANG Xianjie. A review
on development and applications of metel phase change
technology in thermal control for aeronautics[ J]. Materials
Review,2013,27(23) :113-119. (in Chinese)

L4 k5, B/ bt AR IR 45 7 f 7 1% 45 b R JH B 5

L] BT 8814,2007,30(5) :1939-1942.
ZHANG Fang, WANG Xiaoqun, DU Shanyi. Investigation
on application of phase change thermal control in electronic
devices[J]. Chinese Journal of Electron Devices, 2007, 30
(5):1939-1942. (in Chinese)

[ 5] HUSSAIN A,TSO C Y,CHRISTOPHER Y H,et al. Ex-

w

perimental investigation of a passive thermal management
system for high-powered lithium ion batteries using nickel
foam-paraffin composite[ J]. Energy,2016,115:209-218.

[ 6] WANG Xiangqi, MUJUMDAR A S,YAP C. Effect of ori-
entation for phase change material ( PCM)-based heat
sinks for transient thermal management of electric compo-
nents[ ] ]. International Communications in Heat and Mass
Transfer,2007,34(7) :801-808.

[7] FOKSC,SHEN W b, TAN F L. Cooling of portable hand-
held electronic devices using phase change materials in
finned heat sinks[J]. International Journal of Thermal Sci-
ences,2010,49(1):109-117.

[8] ZHAO Liang, XING Yuming, WANG Ze, et al. The pas-
sive thermal management system for electronic device u-
sing low-melting-point alloy as phase change material[ J].

Applied Thermal Engineering,2017,125:317-327.



5 33

B R 45 - 4 2l R 58 00 A AL 21 4 B S D A S 5 599

L9]

[10]

[11]

[12]

[13]

[14]

[15]

ZHANG Peng, MENG Z N,ZHU H, et al. Melting heat
transfer characteristics of a composite phase change mate-
rial fabricated by paraffin and metal foam[]]. Applied En-
ergy.2017.185:1971-1983.

R LR AR SR T LR B A A S A
SRR LT . it zs 3 Jy 741 . 2012, 27(4) - 854-860.

CHI Pengtao, GAO Hongxia, YU Jianzu.et al. Heat trans-
fer enhancement of fin-copper foam composite structure
[J]. Journal of Acrospace Power, 2012, 27 (4) : 854-860.
(in Chinese)

LAFDI K, MESALHY O,SHAIKH S. Experimental study
on the influence of foam porosity and pore size on the
melting of phase change materials[J]. Journal of Applied
Physics,2007,102(8) :083549. 1-083549. 6.

LI Tingxian, LEE ] H,WANG Ruzhu.et al. Heat transfer
characteristics of phase change nanocomposite materials
for thermal energy storage application[ ] ]. International
Journal of Heat and Mass Transfer,2014,75(7) :1-11.

LI Tingxian, LEE J] H, WANG Ruzhu, et al. Enhancement
of heat transfer for thermal energy storage application u-
sing stearic acid nanocomposite with multi-walled carbon
nanotubes[ J]. Energy,2013,55(1) ;752-761.

WU S,LI T X,YAN T,et al. High performance form-sta-
ble expanded graphite/stearic acid composite phase change
material for modular thermal energy storage[ ] ]. Interna-
tional Journal of Heat and Mass Transfer,2016,102.733-
744,

ZHOU D,ZHAO C Y. Experimental investigations on heat

[16]

[17]

[18]

[19]

[20]

transfer in phase change materials (PCMs) embedded in
porous materials[J ]. Applied Thermal Engineering, 2011,
31(5):970-977.

MILLS A,FARID M,SELMAN ] R,et al. Thermal con-
ductivity enhancement of phase change materials using a
graphite matrix[ J]. Applied Thermal Engineering, 2006,
26(14/15):1652-1661.

LUO Jianfeng, YIN Hongwi, LI Wenyu, et al. Numerical
and experimental study on the heat transfer properties of
the composite paraffin/expanded graphite phase change
material [ ] ]. International Journal of Heat and Mass
Transfer,2015,84:237-244.

BINET B, LACROIX M. Numerical study of natural-con-
vection-dominated melting inside uniformly and discretely
heated rectangular cavities[ J]. Numerical Heat Transfer;
Part A Application,1998,33(2).207-224.

ZHU Feng, ZHANG Chuan, GONG Xiaolu. Numerical a-
nalysis and comparison of the thermal performance en-
hancement methods for metal foam/phase change material
composite[ ] ] Applied Thermal Engineering, 2016, 109
373-383.

TRl R AR S B ) R T IIRE A AL
R PR BE  H LT ). 25 R 2 22 4R 2016, 36 (3)
336-343.

ZHANG Jingchi, SHENG Qiang. REN Weijia, et al. Nu-
merical simulation of thermal storage device of foam com-
posite phase change material in microgravity[ J]. Chinese Jour-

nal of Space Science,2016,36(3) :336-343. (in Chinese)
(B# .24





