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Fig. 1. (a) Operation mechanism of Peltier element as thermal diode; (b) the operation mechanism of &y element as thermal diode;

(¢) the operation mechanism of HTCM element.
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Fig. 2. (a) Schematic diagram of the full solid state MR model based on a thermal diode®); (b) comparison of maximum SCP and

exergy efficiency between MR system with thermal diode and parallel-plate AMR at different temperature spans and different

frequencies/20,
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Fig. 3. (a) Schematic diagram of the full solid state MR system model®; (b) temperature distribution over the length of the

device2sl,
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Fig. 4. (a) Schematic diagram of a full solid state MR model based on thermal switch®; (b) operating principle®; (c) variation of
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Fig. 6. (a) A full solid state magnetic refrigeration model based on kj element and magnetic Brayton cycle?; (b) variation of SCP

with operating frequency at different operating temperatures®?; (c) maximum SCP and COP as a function of temperaturel
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Fig. 7. (a) Working mechanism of the cascaded full solid state magnetic refrigeration system®; (b) variation of temperature span

with operating temperature for different MCM components®; (c) dependence of the temperature span on the operating frequency

for different thermal conductivities of the MCMB4,
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lattices/?!.

217501-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 68, No. 21 (2019) 217501

AL TR0 . 554, iR . SCP Al COP Xt
BN E ARG, T G S R AS 2 1
SO 90N 3 [ A AR I A [ A MR B
R B3 58 TAE—2, A PERESHURMEIR 3] — 2,
MTF S22 F RSB 5.

Lu 55 BUBFSE 1 A [l AL A5 A Al 7 200 Jk
T Cu B2 [ MR REEAT R MPERERY M, I
FLAE T Cu B[R A Peltier 7G4 AR
IR TERE (IR 1A FE AU FH AR B e A
B, FAMEALZER T 3645 1 B K SCP A3 474
Y Gd B & T 2052438 32% #1 391%. 51
it FE A e [ BAGHA EL, AR Peltier TG4 R [l BT
I K SCP #4i1 82%—149%. #xit, Utaka %5 B7 %
T T — R 5 S R R AR O [ S e A o i 2
A [ MR. A& B, #E-R ooy R X R 40
dpcilh TAEMRAT B2, I HL, 3 2434 $oThy
B ] DUA SO 5 s R ARERE. 7T LR
HTCM JTff#1 Peltier #4HL T TE 4 [ 2% MR h
PIRA RAFRN IS T, Horp, Peltier T 7R 5
KAEH. R, RS2 ES MR R4t
I AR K i A A

£1 3 VHET, wAMIN MRAWH

Peltier JEfF) MR iRk SCP A BY
Table 1. Maximum SCP comparison between MR
with copper blocks and MR with Peltier elements

under a 3 V supply voltagel*!.

s /K H

e el Wi Peltierinfe FAATEH/%
67.6 133.8 98

AT
26.1 64.9 149

ML 5 88.5 160.9 82

fesitly 10 35.7 79.8 124

3 2FEA MR EA 5%45 AMR #A
IS¥

A MR RGE TAEBRE R, SCP #K, %
THE R 505, I AT LAHEBR AT A B 27 R A ol
W, TERC I AL A B IR TEN . AT S S5
XFHMT T ARl MR B S 1458 AMR ALY
BEPEREFIRT RIS, 2550 2 0[21.23.24.27.2830-33.4252),
BIR RGN S I E I R SAAAE 2E 57, AR

MES G — I bR i, (BT VR, 5%
AMR AR, 425 MR R30S MERE.

2 LR B, &EA MR &4 TAEMR
A[35 100 Hz DA I 2130320 i 55 AMR T AR R
HETE 10 Hz 2247 129, AR08, HT1E45% AMR
B X A BB A, B T AR R SRR R G5
ORI R B HTCM Je AR R AR, i
NG FEBHITF M AT B HTOM o 2 4%
P, FHAL T IR AL I, [ AT o 2
P B b, BEE TAEMRI N, 2F& MR &4t
f) SCP 1] LI 42 T+ 3] 10000 W /kg LA | 2127 TijfE
4t AMR 1Y SCP &z WI7E 100 W /kg A2 47 493X
R T MR iz A AR BOLET T Dok T %
BT — S E . FEE, SCP XN & —
A EAE TARMR, TAEMSAN R IR GT, M52
AL ], Bk T R B HTCM JofF A
MCM HEBEE I BE 1 & MCM A B £ 4GE 7. it
A, L COP J2PEHr il v HLI: B i P K i 24
Pr. 2 [E 2 MR B ()R 85 0] DL I 50 KR40
COP fx i Al ik 9 LU b B3 f&48 AMR i 5 7] DL
i 30 KPU COP WIAT LIk 12 DAL . R s 2
BUkF MCM 4554, AMR 4[5 MR &4t
1) 5L 247 T L3 ot 4 o S ek B A A T A
e T, B—2 18 COP fHI, A MR &4
IR R B A5 R T R A AL AL Y )R
RRPE, 785 E R AR 218 3] 5 AR AL AR B Y
[, 42 MR LT ER JC 1 R I 2k 3 T AR A
R SCP. JiREs e COP. L% B4 kRS
B, TP OT R, SR, BT E S RHLE Y
S MR AR A58 38 4b T4 45 B B, HiaE i
FRARVECEAT IR, RGEHEREA A B KB THE 1,

WV R ) R T A T A MR B2 A LS 30 s A5 A
TR BT IR

=& 2 g, MR MR I#E T 5 3222 Gd,
HHA B 2 0GR AR A e ) a5 1. i — e
KB, BA BRSOV AR Gds(Si,Ge, )4
Ak A W 532, La(Fe,  Si,) 15 %1k & 9 557,
MnFeP, ,As, b &9 P8 Sl oy 2, 32
KM BE S TR HLEERE. AT, MR AHRHE &
FHE S BR NE FH 2 107 0 007 558 o ek B S PR L
SRS R B RE R B, BRER ARG H S MR L
BRI 5E T . [l La(Fe, ,Si,) s LAY
TP B INI 5 AON | AR R 2R A R RE A B
AR 709 HAT R ) g FH 5

217501-10


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 21 (2019)

217501

# 2 ARE MR BEAISES AMR BRI FEERE LA
Table 2.  Comparison of main performances between full solid state MR model and traditional AMR model.
5 TR BN TAEBIE/Hz  BE/K  SCP/Wkg! COoP  BHIR
#HE2D A [E MR Gd Peltierscff 0—225 515 1 x 104 — [21]
2[FEZEMR Gd Peltier G 10 50 1.5 x 10* 2.8 [27]
2D 2 [HZEMR Gd Peltier G 20 — — 5.3—6.5 [28]
2[FHEMR Gd Peltier G/ 20—200 60 — 4.0 (30]
£FABEMR 1D EAMR Gd Peltier G — 5 — 0.96—9.21 [23]
2D 2 [H MR Gd Peltier G/ — 10 79.8 — [31]
1D [EZEMR Gd ko 0—500 2.5 — 1.5 [32]
1ID4: MR Gd ket — 11.5 — 4.0 [33]
2D FEMR Gd Cudl — 5-50.9 2.6—105.8  1.5—4.2 [24]
1D AMR Gd K — 15 — 149527  [42]
2D AMR Gd K — 3 — 5.4 [43]
1D AMR Gd K 0.125 6 — 12.16 [44]
AMR /T IR Gd K+ 0-10 <18.9 — — [45]
2D AMR Gd K+ B 0.75 10.2 60.59 3.1 [46]
f£8 AMR 2D AMR Gd K 1.5 14.5 — ~2 [47]
AMR /T IR Gd K+2 0.8 7.1 — 0.54 [48]
1D AMR Gd K+ B 0.3—10 20 100 7.6—11.2 [49]
2D AMR Gds(Si, Ge1—z)a K 1.25 -10—16 -5 [50]
AMR/FATHUR MnFePi_,As;  K+Z 0.8 32 — — [51]
1D AMR LaFeSiMnHy K+ g 0.15 19.8 12.4 — [52]
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Abstract

Magnetic refrigeration is a kind of energy-saving, environment-friendly and intrinsically-high-efficient
refrigeration technology, which has a wide application prospect. At present, the magnetic refrigeration systems
based on active magnetic regenerator cycle have been widely studied and many prototypes of refrigerators have
been developed. However, fluids and gases are mainly applied to heat exchange in these systems, which brings
some problems such as low operating frequency, large regenerative loss, and complicated sub-component design.
These problems increase the cost and reduce the efficiency of magnetic refrigerators. In view of the above
problems and challenges, researchers try to introduce the solid-state heat transfer enhancement mechanism, and
to design and optimize the full-solid-state magnetic refrigeration system model. In this paper, the development
process of magnetic refrigeration technology at room temperature is briefly introduced at first. And the reasons
for the low operating frequency and efficiency of the magnetic refrigerator, caused by using fluids for heat
exchange, are analyzed. Then, two types of solid-state heat exchange media are briefly described, which are
thermal diodes (i.e., electric-field-controlled thermal diode and magnetic-field-controlled thermal diode) and high
thermal-conductivity material elements. In this paper we review the research progress of the full-solid-state
magnetic refrigeration model based on thermal diodes and high thermal-conductivity material elements. Some
key items for these models are described in detail, such as the architectural design concept, physical mechanism
and working principle, the main performance simulation results of these systems and their physical change rules.
Then, the main performances (i.e. operating frequency, specific cooling power, temperature span, and coefficient
of performance) of the full-solid-state magnetic refrigeration model and the AMR model are summarized and
comparatively analyzed. It shows that the full-solid-state magnetic refrigeration system can work at high
frequency and has greater specific-cooling-power. Meanwhile the design of full-solid-state magnetic refrigeration
system is more compact and simpler. The characteristics and problems of the two types of solid heat exchange
media are also analyzed. Due to the strong thermal transport capability, easy access and integration of
thermoelectric elements, the full-solid-state magnetic refrigeration technology based on thermoelectric thermal
diodes has greater application potential. Finally, the main research directions and key scientific problems for

further studying the full-solid-state magnetic refrigeration field are discussed and analyzed.

Keywords: full solid state magnetic refrigeration, physical model, thermal diode, high thermal conductivity

material element
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