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Figure 1 Conceptual model of electrocaloric

cooling device
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Figure 2 Schematic diagram of refrigeration process

and electric field waveform of cooling unit
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Figure 3 Two dimensional geometric model of

electrocaloric refrigeration unit
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Figure 4 Comparison of experimental and fitted
values of temperature span of EC module
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Figure 5 Comparison diagram of model data verification
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Figure 7 CPD versus EC module moving speed

MR AT o J2 5 5 L (6) , i 3 v k4R
5 CPD 32 3 F PR B J5L R 4 BR i, DR I A BE TG BR
P EC BIBRE R I cPD, B (10),
B e A B ) JEE AT LR CPD (A I TR
JER)E SCRF, 2 o Sk, R A5 (6) , 2 A
o 15 V5 HE W/ IR 4B T 22 Y I R] ok 52 B 58 4y
AR, EIZAIE 5T, v FA P S 8 AR Y JRE R
BOE N EEM 0.2 mm, B CPD 5 v Z [0 I A 2
FERE IR

PR, 70 552 BR Y 25 8 B T vp i 5 2 DR IE H A
B 110 V2 J5E A T It Jin s 3l T JEE o 1) A 5 3 R JRE
FEL P, X A A0 O L IR B 5 3 e 2 ) RE 8 4T
FEOF I IS e 5 FLUR, T AR IE BE 8 58 3 He A Y Al
bR EER BRI o LRI RTDILRY CPD .,
3.3 BERERKENIT

Bl 8 7" 7 4 0.17.T, 2 294.15 K. H35
SRIE N 160 MV/m I, B P i K JEE L, X3 E
CPD W, mi &l 8 nl W, CPD BEAF Ly, (5 b
B, NIBEE Ly, B9340, —J7 i, H P B
A B PR BRI, I B T v i AR A B A

CPD/(W-




102

LN s | S QU )

2023 4F

ORE N SN 5 D) — O T, A B 5 v Bl g
2Z 1) A RS B ] 3, P AR B B 0 Bl B AR
Z IR 7R 4 B R A 4 B0 CPD SN, X & R
TE 7 — & I, PASE ok B v A A 39 in B8 3 A A
B IE] A3 M 2s B0 AT, s, RPE(10),CPD
U B 2 A T 3G

TESS BT b | Y V% i & AR P B — € I, 78
T DR AT B A B Ao R 1 25 A T, SR A R AR B
KR 0 CPD R, Bt 7R HA S5 A AN A2 B, 7R
B S B R B R HL BB e DL 1S AR
i CPD,
3.4 REEENZN

T J3E 5 R B V2 v 0 R o ) 0 IR B 25 R R
TV PEREAY — D E B R, 78 B 0 S0 B [ Ry

o
o

CPD/(W-em™2)
%) (98] (9%} - - W W
o o W o W

N
o

0.‘4 O.‘6 O.‘8 ].‘0 ].‘2 l.‘4 l.‘6
LR HK B /mm
E8 CPD EHAERKENXR
Figure 8 CPD versus length of EC module
301.15 K.v B 6 mm/s BA5 O T, B 3750 B 43 51k
B 120,140 F1 160 MV/m,ﬁE%EX’JL CPD . .COP
1 COP/COPc 2 ANIE 9 IR,

20 045
7t —=— 160 MV/m st —=— 160 MV/m 040k
ol —e— 140 MV/m 6l —e— 140 MV/m :
—+— 120 MV/m —+— 120 MV/m 0.35f ;i
o 5T ol 22 0.30F g
L 12} & 9
24 & 10} S 025t , ;
= 3 N
g3t < 8t S) 0.20F /
E 2f or ~015F ¢
Tt 4r o.10} —o—160 MV/m
1 2t 140 MV/m
ot ot 0.05r . ——120MV/m
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16 02 4 6 8 10 12 14 16
R /K 5 R s /K EEES K
(a) AN[EIRBEB FE R CPD (b) NRIBEBE Ftcor (c) RRIEEBETFRCOPICOP.

9 CPD.COP# COP/COP, 5 BREEENTLXR
Figure 9 CPD, COP and COP/COP, versus temperature span

MNIEL 9 rml DLk B bl 2 T B 5 R A 1S i, CPD
LR RE, RH A B0 B RN, CPD MR,
PA] Ay B AR B Y e 4 A TR R AR Ak SR ol H 37 0 R ke
FE LR, M hn i HE 3 0 BE SR F) 120 MV/m B,
AN T e R A ROR S 2 9 K, #
OB NI L = R O S RV TN G e o ) 1)
L3790 35 2] 140 MV/m 1 160 MV/m , it K ik B
PERE B 13 K Fl 15 K,

4 g

BRI 5T 3R W1 45 14 1) 1 ¥ 1k BE A LL A
MLV R B A W WA . FEESRWT,

(1) B2/ r PR B 3 B B | 38 o el BROBE B
JEE Il LA AF I (8 F AR B T DR R R T R, (E
FELE RGBT i 5 B ORI R AR B 1Y JRE A T it
T 2l T2 X N Y R 2F 37 TR R S BN, DR O A
B 55 3 A Z (R BE A% HF 17 78 4 i PR #k

(2)TEAM RN N, R P E N 3 K H M
JEH 160 MV/m B, 3% & % o R 3k 8 i KR E
6.61 W/cm; L3798 & 120,140,160 MV/m I, 5%

KURFERS FE 43 90 9 K 13 K 15 K, {H 1 i i 1 ¥
1R 05, COP Wil B 95 B (4 38 Jin 1hi 34K A 7] e 3
BT, COP/COPc 1) WEAE JT XF I 1Y I B2 B B Ry
6 K9 K. 12K,

SR

(1] BHR, Erp s BKRI 40, 55, PR 4 il v & 400 o 35 2k

KR xd 77 BHEGE [ )], FRIN K 22 4l (L2 hR) L, 2015,
36(3) :68-72.
WEI X L, WANG Z H, GENG L H, et al. Study on the
throttling losses in CRS and solutions [ J ]. Journal of
Zhengzhou University ( Engineering Science ), 2015, 36
(3):68-72.

[2] SUN Z M, WANG Q M, SLAUGHTER W S. A solid-
state refrigeration based on electrocaloric effect: device
and its analytical model[ J]. Journal of Applied Physics,
2018, 124(6) : 064503.

[3] GUODZ, GAOJS, YUY J, et al. Design and model-
ing of a fluid-based micro-scale electrocaloric refrigeration
system [ J ]. International Journal of Heat And Mass

Transfer, 2014, 72 559-564.



5% 2 W TR S AR T R IO A DR o v A A B AL 5 103

[4] MA RJ, ZHANG Z Y, TONG K, et al. Highly efficient Journal of Heat Transfer, 2013, 135(11): 111003.
electrocaloric cooling with electrostatic actuation[ J]. Sci- [10] LIX Y, QIAN X S, LU S G, et al. Tunable temperature
ence, 2017, 357(6356) : 1130-1134. dependence of electrocaloric effect in ferroelectric relaxor

[5] WANG Y D, ZHANG Z Y, USUI T, et al. A high-per- poly ( vinylidene fluoride-trifluoroethylene-chlorofluoroeth-
formance solid-state electrocaloric cooling system [ J]. ylene terpolymer[ J]. Applied Physics Letters, 2011, 99
Science, 2020, 370(6512) ; 129-133. (5): 052907.

(6] ZEUFH, 45, W/, & FETIIF A % w2 [11] SHIJY, LIQ, GAOTY, et al. Numerical evaluation of
P B BB R T ], ARIE TR, 2016(5) ;. 51-56. a kilowatt-level rotary electrocaloric refrigeration system
LI H B, JIANG Q, XU X N, et al. A new structure of [J]. International Journal of Refrigeration, 2021, 121.
electrocaloric effect refrigeration based on thermal switch 279-288.

and numerical calculation [ J ]. Cryogenics, 2016 [12] APREA C, GRECO A, MAIORINO A, et al. A comparison

(5): 51-56. between different materials in an active electrocaloric regen-
[7] GU H M, CRAVEN B, QIAN X S, et al. Simulation of erative cycle with a 2D numerical model [ J]. International

chip-size electrocaloric refrigerator with high cooling-pow- Journal of Refrigeration, 2016, 69: 369-382.

er density [ J]. Applied Physics Letters, 2013, 102 [13] CHEN Q, CHU BJ, ZHOU X, et al. Effect of metal-pol-

(11): 112901. ymer interface on the breakdown electric field of poly( vi-
[8] HOLMAN J P. Heat transfer, tenth edition[ M ]. New nylidene fluoride-trifluoroethylene-chlorofluoroethylene )

York: McGraw-Hill Companies, Inc. , 2010. terpolymer [ J ]. Applied Physics Letters, 2007, 91
[97 GUODZ, GAOJS, MCGAUGHEY A J H, et al. Design (6): 062907.

and evaluation of a MEMS-based stirling microcooler[ J].

Simulation Study of Belt Refrigeration Structure Based on Electrocaloric Effect

MENG Xiangrui, ZHAO Yijie, MA Xinling, GONG Pengzhen, WANG Shougang

(School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract. Based on the electrocaloric effect, a novelty refrigeration device with a ribbon electrocaloric module
made of electrocaloric material P( VDF-TrFE-CFE) ternary polymer was proposed. In the device, the ribbon elec-
trocaloric module was driven by a driving wheel and moved sequentially pass through electrodes, hot end, and cold
end. In this way, the EC module would undergo four stages of electrocaloric effect. Continuous cooling could be a-
chieved at the cold end. A numerical simulation study of a cooling unit of the structure was carried out, and the
effects of the polarization time, length, movement speed, temperature span and applied electric field strength of the
electrocaloric module on the cooling performance were investigated. The results showed that the polarization time of
the electrocaloric module was essential to obtain a stable cooling power density( CPD). The CPD increased with the
increase of the length of the electrocaloric module and its motion speed, decreased with the increase of the tempera-
ture span at both ends. It also showed a strong positive correlation with the electric field strength. The optimal
COP/COPc values existed for different electric field strengths. The cooling power density of a cooling unit reached
6.61 W/cm at a temperature span of 3 K and an electric field strength of 160 MV/m.

Keywords: solid-state refrigeration; electrocaloric effect; numerical simulation; cooling power density (CPD) ; P

(VDF-TrFE-CFE) terpolymer



