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Abstract The rapid development of the electronic industry has led to a sharp increase in the heat flux of electronic equipment. The
search for efficient cooling methods can significantly reduce the operating temperature of devices, improve their performance, and extend
their lifespan. To further reduce the maximum operating temperature of chips, this study proposes a thermal control method for an
electronic chip using the elastocaloric effect in shape memory alloys. The cold energy generated during unloading was transferred through
the fluid to the microchannel heat sink thermal control system of the electronic chip with good heat dissipation performance. The
temperature variation characteristics of the system under three-dimensional conditions were analyzed using FLUENT software. The results
showed that the heat transfer fluid after refrigeration could reduce the highest temperature of the chip by 5.5 K, and the performance of the
microchannel heat sink was improved by approximately 10. 7%. Parametric analysis shows that an increase in the cycle frequency and
accumulated flow rate of cooling liquid can significantly improve the cooling capacity of the refrigeration system, with cycle frequencies of
0.25 Hz and 0. 33 Hz improving the cooling power by 68% and 92% , respectively.

Keywords heat dissipation; elastocaloric effect; microchannel heat sink; refrigerating system; cooling power
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Fig.2 The 3D simulation model of thermal control system
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Fig.3 Comparison of simulation and experimental data
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Fig.4 Grid independence test of SMA bed

HERES

3.1 REMRETH
TETIVE RGIGIAINRER 0. 25 Hz, W HIWR A 1A
BUREN 0.4 L/min, FUE R REE R 100 W/ em®
b, PO B AR T, A I ER IR T, BT A
AR B 5 s, &R G 4 3 00 W Ih R 2 4 oy
298. 15 K, fERGH MRz 7)a, T, Hig BF, T, s
T, MRGIBTELAS0s,T, AT, aTHERE,
UERF, T, 7E 292.6 ~292.8 K Y 5h, i T, WIFE 304 ~
304.2 K3, HW¥ ARG HEZ 11.4 K RS
Tt , BB i AR nT SR 5. 6 K ATRFE, ST HHAE
TR S BB, T, A T, 76 Zead AR ) A0 340 8 015
RERERAS
306
304+
302F

300}
=
= 208(

2961
294}
292

0 10 20 30 40 50 60
t/s

5 R IRBRABR MR BRARNEES T
Fig.5 Temperature variation of hot side heat exchanger

and cold side heat exchanger

Kl 6 FT7m A HGRAARTE 2 R TRIIEE T 8 A Y
RO, SRR L, 25 Y
e PR A T F 0 A 8 e e il BE IR 2 5. 6 K B

B 1 v ELAT AR A R BE A AR AL
K
355.00

342.00

329.00

316.00

303.00

290.00

y
x\L,Z

(a) HURIARLE R T B AR
RE/K
355.00
342.00
329.00
316.00

303.00 »
290.00 Nz

(b) &I AAAE T oth A B AR
6 AMBEE TEREBRESH

Fig.6 Chip temperature distribution at two temperatures

B 7 B o H -t i BT P R T P 4 A
R AR T, BERS R A5 1k, FEPR AW iR B,
T 7, Ak 548, S 300 T8 Y AY I AR TR IR
1D DNyl O = T L Tl S T = W s 1
349.65 K f1331.46 K, FfiERG61T, T, &l N,
SRR Z FEAC, R 7 nran, T, ik B R R
B HOEERR A K 292.6 K, i85 A i -1

IR BE AT IR 45 H A 344. 21 K M1 326. 01 K,
MR TF R IR NI PEAR L) 5.4 Ko Mohb b7 IR
3601
349.65
W 3
340}
331.46
330p 326.01
g PO 32001
= :
S A B
S R — SRR
oty bBEkm
00p28L 292.63
290 . it Ma— !
0 10 20 30 40 50 60

7 &R AL IR AR R E R E L
Fig.7 Chip and cold end heat exchanger temperatures

over time



FasE F4 4
2024 4 8 A

il v 2 4

Vol. 45,No. 4
August, 2024

ML TE LS T, 284 B0 AT [ 204, 360 n] e i
IR RPEEREAR T, (14975 3 OR S B ik T i fe /M
PR, ASBIFSE b LASR s v i 22 O H
3.2 IR REH IS ENRIMEER

LL il ¥2 BE 77 SCP ( specific cooling power) FJ H T
itk SMA {9 L7 it 8 D) A 1 s (1)
.

SCP =Q./m, (11)
Abom, ABHASERPE G, g0, WRLEH
e i, W, T R (12) 715
PV (T = To0)

f c,out
1

f

Q.= =cp V(T = Toi)

c,out

(12)
Ao, VO IAR B AR B, L/ mins £ R HNR RS
PEFRARIAE Hezs T, R T, A3 5 o ) AR A E
K,

SYHTIEL T AT O I e e L A2 A A AR T
SEMAEOR TR R G HVe i SIE R i
e SMA K BEAER R A 5 PR R AR 3
BERLIR R G TV 22 , AR SO EE AT IX 2 AR
XFRGERIS RS, o3l B E R R 4 s AN
3 s, EERIR ST WM 0. 25 .0. 33 Hz, FEAFFEA FAFR
TN SMA ByHIATERE

FEVS P RS DU [ 9 25440 AR 2R [ i i
THUR IR T, 5% gg T IR 2 T,
(Ty=T,-T.) & 8 iz~ , Z5H o, 7r 2 R g Bt
T, R EMAFIR R KE T RES, X5
F MR RGP G, YRR A B
J& , SMA P s 775 B . ) 0 BE A 8 A U i /N
TS SMA it = A 1 v ity AR IR o, TR

120 (3 ES
L3N -a- 0.25Hz
> —e— (.33 Hz
11.5
11.0
<
~105 ™.
10.0
9.5 ;

0.3 0.4 0.5 0.6
V/(L/min)

SAEBRRETT, 5T NiEE
Fig.8 Temperature difference between T, and T

at different volume flow rate

Uit P A YA e B A A AV s A o PR
T, TR, BEH R, 2% Bk AR, 35
Ui B T SRR AR T SMA PN AR 22, A
8 I T, G FRAT R /N I 2 B K ) TR AR AL 25 0
TEB/IMTERT | B B ATl AR 5 SMA (]
B ge oy, R S B0R 25 /N T AR 6 1o 1R 2%
9 TR ARG RS ¥2 e bR i BT
AR, FE 9(a) A%, MRRUR M 0.3 L/min,
PEFRAFA 0. 33 Hz B, T, K FIGFAHR N 0. 25 Hz
G, TRl B R R R B (B 9(b) ~ (d)) L i
TRHE SMA A PN 9 38 A, HE I3 R T A A% |
HSMA IR IR 2208/, 7E 0. 25 Hz 4% T 5 3
RERSE, HEeEA I BT, SRR

299 4
(RN RS
298P — 0.33 Hz

297}
296}

T/K

295F
2941

293}

292
0

10 20 30 40 50 60
t/s
(a) V=0.3 L/min

299 - ,
(EEIYIES
208 —— 0.33 Hz

297}
296}

/K

295
294 -

293+

292

010 20 30 40 50 60
/s
(b) V=0.4 L/min

299 )
(RN ES
298 —0.33 Hz

297 -\,
296 |

T/K

295 ¢
294
293

292

0 10 20 30 40 50 60
t/s
(c) V=0.5 L/min



$ 455 5 4 )

R, 45 L0 P v AU R G B E R

Vol. 45, No. 4

2024 4 8 H August, 2024
299 R SR, 0 R B e e T B R B 2 AR AIG X 6 A 3 T
298 il g AR AL R RE R A R (B Fon S BOE KAk 0

297}
206

T/K

295 -
294

293 |

292

0 10 20 30 40 50 60
t/s
(d) ¥=0.6 L/min
E 9 REEIRNET S uhiaitREEARENTX
Fig.9 Temperature variation of cold side heat exchanger

at different frequency

0.6 L/min B, fF FR 400 A 0. 33 Hz B R L BE L
0.25 Hz AR EARZ) 0.5 K, Meah, %F e Hy
0.25 Hz F10. 33 Hz i ¥ sy 45 P 114 Uk B2 7228 A & 30,
TEA TN 2R 0. 33 Hz SRR IR BE (9% S i B
MJE/NT0.25 Hz (15N,

K10 irn A SCP BB & AR 1k, Bl 1k
UL AL (3G K, SCP 76 1 BRI SR 0% T ¥ 2 T+
POM AL R ARKR R N 0.3 L/min 3 2
0.6 L/min i}, SCP 43 5| 34 /il 68% ( f=0.25 Hz) Fl
92%(f=0.33 Hz) , HAR/N  SCP L@k, J5H
AL AZE AR /N R 26 B R ) V8 SRV, A% SR p ]
H SMA 7 A I8 500 AR N P2 B RS &

301w
- .- 025 HZ
25} —e—0.33 Hz
oot
z
5
O 15t
1.0}
0.5

0.3 0.4 0.5 0.6
V/(L/min)
& 10 R EIT SCP B0

Fig.10 Effect of volume flow rate on SCP

TEARTR T OLT X Hts R o i T8 R A A AR 5
PRFEUIAL S R PR AT ) A0 R GE 1) P BE R ), &5 SR
B FTR, SIEFREN 0. 33 Ha, KRR 0. 4
L/min B8 B AR BRI R, 290 5.6 Ko Bl i 5 3
K, U H i T 22 e RS N, ELAE B8/ IN I A A 45
RN P RO B /NG IR 25 G I AR BE AR T
FEREE  BLAh, R G, Tl T8 P A% PR

JEFE, TSGR TR, R, T i 45 7 1 347 2%
Ge AT SRR PR R L, 70 525 R GTHR e R 0 [R]
REAS & BRP L A i T

6.01

(R ES
-+-0.25Hz
—=—0.33 Hz
550
z S
I»]E ‘q\ \\\\
5.0t o
4.5 1 1 1 1
0.3 0.4 0.5 0.6
V/(L/min)

B 11 FAEFEREETEREEERE
Fig.11 Maximum temperature difference of chip

at different flow rate
4 &g

ARSI 3 = Gk S X SMA AR IR ik i 1 i
(RS HEA TR, I B T AR AR S SMA | DL e f%
PRI 5 O T8 B RS 22 (] AL BRe . [RIRE X 3R
GAEATR 0T B HEREIEST T HFSY A 20 T 2518 .

1) 38 A X5 L ek A8 7 R A L 9 A X o 30 1
AR RZIA R AL A A TR0 R i R TR B R AIR 5. 6
K, E— 25 3 i fcil 18 HAER PR RE 10. 7%,

2) AN [] A A 451 538 R AR FRUE 2 o) A d R Gt e
SO G B R AR AL A A B R ]
Hve R G R HIVe RE J1, TEUE IR 0.25 Hz F
0.33 Hz B} (R B M 0.3 L/min 7+ & 0.6 L/min
i, SCP /] 43542 55 68%F11 92% .,

ARICZBEVE A A R B2 5 4 (2023-)C-ZD-29 , 2022)Q-
561) T H% B, (The project was supported by the Natural Sci-
ence Foundation of Shaanxi Province (No. 2023-JC-ZD-29 & No.
2022JQ-561).)

S 30k

(1] BRW, XUaF, VPHESC FIT M i B 7o F
BORHE I [T]. AL T4, 2018, 69(10) : 4231-
4238. ( LIANG Lingjiao, LIU Jinping, XU Xiongwen.
Novel flat plate evaporator of loop gravity assisted heat pipe
for high heat flux electronic cooling[ J]. CIESC Journal,
2018, 69(10) ; 4231-4238.)

(2] AL, MR, HrE, 5. mim R B HTAR L%



FasE F4 4
2024 4 8 A

il v 2 4

Vol. 45,No. 4
August, 2024

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

H[J]. TR, 2022, 50(7) . 1766-1773. (ZHOU
Li, TANG Min, QIAN Jiawei, et al. Design of heatsink
antennas for integrated systems [ J ].
Sinica, 2022, 50(7) : 1766-1773.)

TUCKERMAN D B, PEASE R F W. High-performance
heat sinking for VLSI[ J].
1981, 2(5); 126-129.

KOSE H A, YILDIZELI A, CADIRCI S. Parametric study

Acta Electronica

IEEE Electron Device Letters,

and optimization of microchannel heat sinks with various
shapes [ J . 2022,
211 118368.

RAJALINGAM A, CHAKRABORTY S. Estimation of the

thermohydraulic performance of a microchannel heat sink

Applied Thermal Engineering,

with gradual and sudden variation of the flow passage[J].
International Journal of Heat and Mass Transfer, 2022,
190; 122776.

TAN Hui, WU Longwen, WANG Mingyang, et al. Heat
transfer improvement in microchannel heat sink by topology
design and optimization for high heat flux chip cooling[ J].
International Journal of Heat and Mass Transfer, 2019,
129 681-689.

R TIRLL, FORW. WREE AR E
FKEEHTTE[ T ], HLAK TR 224, 2019, 55(10) : 198-
206. ( LI Hao, DING Xiaohong, JING Dalei.
Experimental and numerical investigation of fluid cooling
channel layout designed by topology optimization [ J].
Journal of Mechanical Engineering, 2019, 55 (10):
198-206. )

ZHUANG Dawei, YANG Yifei, DING Guoliang, et al.
Optimization of microchannel heat sink with rhombus
electronic

fractal-like units for cooling [ J].

2020, 116;

chip

International ~ Journal of Refrigeration,

108-118.

QIAN Sihao, WANG Wei, GE Chaoliu, et al. Topology
optimization of fluid flow channel in cold plate for active
phased array antenna[ J]. Structural and Multidisciplinary
Optimization, 2018, 57(6) : 2223-2232.

HADAVAND M, YOUSEFZADEH S, ALI AKBARI O, et
al. A numerical investigation on the effects of mixed
convection of Ag-water nanofluid inside a sim-circular lid-
driven cavity on the temperature of an electronic silicon
chip [ J]. Applied Thermal 2019,
162, 114298.

MUKESH KUMAR P C, ARUN KUMAR C M. Numerical

study on heat transfer performance using Al,O,/water

Engineering,

nanofluids in six circular channel heat sink for electronic
chip[ J]. Materials Today: Proceedings, 2020, 21; 194-
201.

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

EL-KHOULY M M, EL BOUZ M A, SULTAN G L
Experimental and computational study of using nanofluid for
thermal management of electronic chips [ J]. Journal of
Energy Storage, 2021, 39: 102630.

QIAN Suxin, GENG Yunlong, WANG Yi, et al. A review
of elastocaloric cooling:

materials, cycles and system

integrations [ J |. International Journal of Refrigeration,
2016, 64. 1-19.
BRIRNT, ZEENSE, 2N, S GRS BRI & R IR
H5REE[]]. ¥, 2018, 39(1): 1-12. (QIAN
Suxin, YUAN Lifen, YAN Gang, et al. State-of-the-art
and prospects of elastocaloric cooling technology [ J ].
Journal of Refrigeration, 2018, 39(1) . 1-12.)
TUSEK J, ENGELBRECHT K, MIKKELSEN L P, et al.
Elastocaloric effect of Ni-Ti wire for application in a cooling
device [ J ]. Journal of Applied Physics, 2015, 117
(12) . 124901.
TUSEK J, ENGELBRECHT K, MILLAN-SOLSONA R, et
al. The elastocaloric effect; a way to cool efficiently[ J].
Advanced Energy Materials, 2015, 5(13) . 1500361.
TUSEK J, ENGELBRECHT K, ERIKSEN D, et al. A
regenerative elastocaloric heat pump[J]. Nature Energy,
2016, 1(10) : 16134.
ZHANG Jiongjiong, ZHU Yuxiang, CHENG Siyuan, et al.
Enhancing cooling performance of NiTi elastocaloric tube
refrigerant via internal grooving [ J |. Applied Thermal
Engineering, 2022, 213. 118657.
QIAN Suxin, YUAN Lifen, YU Jianlin, et al. Numerical
modeling of an active elastocaloric regenerator refrigerator
and the matching
Energy, 2017, 141.

with phase transformation kinetics
principle for materials selection[ J].
744-756.

MRkse, T58, 3, S8 SETHEVERT B s ARk A et
SOTEMTE[T]. %4k, 2022, 43(4): 59-68.
(CHEN Yanliang, WANG Yao, SUN Wen, et al. Design
and simulation of elastocaloric refrigerator based on Ni-Ti
plate [ J ]. Journal of Refrigeration, 2022, 43 (4):
59-68.)

BIEEEEN

W, B, B BURE, PG % T B R A PR R o B
13325474405 ,E-mail ; xjjiang@ xidian. edu. en, W57 . & HE
T

About the corresponding author

Jiang Xiangjun, male, associate professor, School of Mechanical
and Electrical Engineering, Xidian University, 86—13325474405,

E-mail ; xjjiang@ xidian. edu. cn. Research fields: smart materials

and structural design.





