Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

ERMHEDS AR TER

FR FI K B SR PR AR

Progress of room temperature magnetic refrigeration technology

Li Zhen-Xing LiKe ShenJun Dai Wei Gao Xin-Qiang Guo Xiao-Hui Gong Mao-Qiong
5| 18 & Citation: Acta Physica Sinica, 66, 110701 (2017) DOI: 10.7498/aps.66.110701

1E 28151 View online:  http://dx.doi.org/10.7498/aps.66.110701
AP 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/111

AT RE RSB E A L&
Articles you may be interested in

T AR AR I LRI AIT 9 1
Research progress in magnetocaloric effect materials
PP 22 H%.2016, 65(21): 217502  http://dx.doi.org/10.7498/aps.65.217502

Dy3Al5Oqo MR BT 5T
Study on the magnetic and magnetocaloric effects of Dy3AlI;045
YH A 4.2015, 64(17): 177502  http://dx.doi.org/10.7498/aps.64.177502

PrNiy ARG P RERE 7T
Investigation on the magnetic and magnetocaloric properties of PrNi;
VP 2E4%.2014, 63(22): 227501  http://dx.doi.org/10.7498/aps.63.227501

LaFey1.5Siy 5 thEWEMRE R A P 7T
Study on the hydrogenation properties and stability of LaFe;; 5Si; 5 compound
PP 2EH%.2014, 63(19): 197501 http://dx.doi.org/10.7498/aps.63.197501

Co B2 4 MngSny _,Co, Cy 1 (A WIHIBENE 5T AR AR DL A B 5L AR 52l

Effects of Co doping on the magnetic properties, entropy change, and magnetocaloric
effect in Mn3Sn;_,Co,C, ; compounds

YH 23,2014, 63(16): 167502  http://dx.doi.org/10.7498/aps.63.167502


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.110701
http://dx.doi.org/10.7498/aps.66.110701
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I11
http://wulixb.iphy.ac.cn/CN/abstract/abstract68651.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract68651.shtml
http://dx.doi.org/10.7498/aps.65.217502
http://wulixb.iphy.ac.cn/CN/abstract/abstract65128.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65128.shtml
http://dx.doi.org/10.7498/aps.64.177502
http://wulixb.iphy.ac.cn/CN/abstract/abstract61862.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61862.shtml
http://dx.doi.org/10.7498/aps.63.227501
http://wulixb.iphy.ac.cn/CN/abstract/abstract61149.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61149.shtml
http://dx.doi.org/10.7498/aps.63.197501
http://wulixb.iphy.ac.cn/CN/abstract/abstract60647.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60647.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60647.shtml
http://dx.doi.org/10.7498/aps.63.167502

) I8 ¥ 48  Acta Phys. Sin.

Vol. 66, No. 11 (2017) 110701

AN
ik
{;';

=R BRI R AR

FRAVD FFY HHEUI RHEVD HHED
FAED AR
1) (hER BEEASOR BT, (R TR E AL, b 100190)

2) (P EREERERY, b

100049)

(2017 4£ 1 A 20 HIgE; 2017 £ 4 A 5 By BB 56 )

R A FA SR IR R B R AL R SRR S A D0 R, A B B S IR A A s ) — e B i
B OARSCE SRR T AN SE R AW, IR TR A I AR, H A A e S A A A B R A AR
DB LSRR R A LSRR & AR (B v B0 T shRE A 0E3A 55 BB e flid T = IR Rt A
(7] 245 P BB (R o, e TR PP G AN 22 T2 S Sl 1T i AR 2 A B T 23k Uy X R A A
T RGUERE MR, AR iR RGOS s AE 3 AR, K =R B A LA N ISR R 48, B I

A R AR 2 AT A D e s X R T AR R g B [l s 5

LA RN SRt e, i T AR R =R &

GNGE ) AT AITERE SRR, BT, B T BIRMIHA BRI AR R SR G

KRR FULMAHIS, BEIAELN, T2, BUE I K

PACS: 07.20.Mc, 75.30.Sg, 05.70.Ce, 02.60.Cb

AR, N2 (K AT RF 825 % 4 250K
Ji 48 30 A BORTEFRGR . RERCSE DT I FE Y T S
BOR, REIREL AT 715 BE e R 2L ) ¥4 R R
N R R T Bz — U4 Al G 8 IR R 4
KA TR, ZIRBEHNA BORZ — RT3 R
P (RO ) ] A5 174 T 20 21 SR K S 3R
AR Bk, B % GWP(global warming
potential). & ODP(ozone depletion potential). P
SRR IR SRRSO R an, AR
N AT AR RR

T FA LN (magnetocaloric effect, MCE) #& —
M AR T WA R P BE R AR AR A T =

« [ERERBIEE S (IS 51322605, 51676198) ¥ BIKRE.

t B E1E#. E-mail: jshen@mail.ipc.ac.cn
1 #E/E#H. E-mail: cryodw@mail.ipc.ac.cn

© 2017 FEYIEF S Chinese Physical Society

DOTI: 10.7498/aps.66.110701

B IR, R R A, MR R
$ahn, WRSRN, WREE BT, M A SO R R
I, WLV BHEAE G 7 B b, mERE R, RN
R, EH AN AR, 1881 4, Warburg [ £ 42 )&
B ORI T IX LR, B )5 Giauque B 34T T
YINE RN BT, HT 1927 F3RG/ DT 1 KW
fIGHR. 1976 4F Z iR MEHI A HoR I T R fE,
% [E NASA [¥) Brown 1) SR #6148 4L (Gd)
7B =R FEL, TN RS, R
7 T TR T 3RS 47 K gk, 15
AR AFR ARG ML 10 1982 4 Barclay 5
Steyert M 3B 8L H T EBNRE R AR EEE (active
magnetic regenerator, AMR), & H 3= 3l 1 il
RAE, N H T4 R 2 BUE R PR, 4
T2 SR E A B R CAE R B R S AR T

http://wulizb.iphy.ac.cn

110701-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.110701
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 11 (2017) 110701

o] Fh % 4% T2, R B2 D28 5 T3R8 7R
INEIHER . 1997 4 Gschneidner F1 Gschneidner '
KILT GdSiGe F:# BL B RE AR, B 5 1 R
B4 LR BT b Gd 28 $R AR 5K LA # B
) LaFeSi &M £l 282 AMR H AR 2 A T il 4
T BE ) 75 SR INF, i o6 2 0 5 R 5 24w DUV T A
P J BLIR B i 09160 S %2 2 AMR 1 B FH 24 5
TRRE A DTS T skt ] T A 8T R S B
I R R A I LA, 2015 AE S TS
&, H 1976 4 LR C A A 1 =i BN R LA 21 48
& 19200 Foh i A RS 90 28 B 43%,
XA bR 5 5 R R BOR BN T PR R R
B B 16,19]

AR R, FEHEHATE IR BB B 5 FE LSS
JrH, B HEAEARCHI T AR E: T
% 5230 18 I AT 554 AR TG ) VA A0 PR AT B
Fo P30l SR T R A ARG VA 1 PR PO2TT RS A
[l VA P 2 SR VA G IR 2 B =3 M T
TV 2 S A B RV S Wl 3 AR SE 2 AN
I MRA, B0 AR R E 4k, tEiE P
F2 H AN [ 4 FE f 5 AR AR (35— 431, i 3 ot da A7 LB
PR AR RN, 25 5 1) VA R B TR 3 AE A 7 7
A 1641160 foil Gy g % [ B8 /R R R G855, P HIA
SO SR TEA AN R = TR TR,
IR 5 I 2 IR ) v BB A AU ) O 8, A A% e
HA RGN KO, SEE MRS T=
TR A BRI R S .

2 HLH| I F R

T I A g 25 3 A B o V8 IR FA AT BRI AT,
AR TR B MR A IEIAE L L3R I R R
PR (1021291 el b ¥4 BE A5 BR AL 25 i Carnot
PEIR B Stirling T34 i Brayton /g4 « # Ericsson
T A5 =24 3 R A S ARG IR R R H A
A AR A AE IR 26271 AT S B 22 Bl i ) ¥ B A1
AR S, A SE R # R 2 —, Bl Brayton-
Ericsson fE¥5. 32 sl il v G 5= T 32 3 i [l #J5
PR, A2 H AT =R R S i E TG Y
X, 1 E 3R Brayton fEH 11, 3251 Ericsson 1§
S RN R IE AT L — B R A R
AR A 2 — P90 Britbz Ah B BT — i

F [l F A 1 E B BRI IR B34 IR
[l AR SRR BEAT R &, DAYIERTS B 4F
R BN

2.1 EAKIEIR

T 1) 4 7 0 v () DY P B A 70 BA 40 1 1 P R
fi Carnot 1§ ¥ H P9 A~ 4 #h i 72 5 A 45 iR 0T F2
IR, W 1 (a) Fras. 5 #E Carnot J& 3 A [F] B i
Stirling ¥R, &5 i F2 B 4 i S sE i 72 78
ti Carnot {1 M1 i Stirling 78 38 i Jah i ik 72 5 2
WS AR S A TR R, BEg R H —E AT
AR IR ZS, 1 Brayton 7§34 5 i Ericsson 7§
B G ) 25 ok F2 v B — i AR . KPR S, H
Bk R A ) 25 R ) )V i A R T 1
AT AR S A R B2 OK, (R I HE  T 3 5 R i
XF SR 5 B S R R RE. B L A
Al (B DY FPIEEAE IS a 55 o s A 1 E),
1% Brayton & ¥4 Hh sy iff I 5 0 i i 2 18] R 3 B2 %
FE J2 FE AR I vh B KB, H 5 40 R AT i
TN AR iR AT H i R, A7 A TR 22 4 JA K AN ] 3[R
% B Ericsson {3 1 i i v « R IR 3t 5 0 S 4
LR, AR ZE R REA TR R, A
& KT # Carnot 5 # Stirling 18348 14 &, (HEH
il ) 2 b A 1R SIS Bray ton 738 R AE.

526 UG ) VA G 20 2 b A T R i) 4 22 AR 1) 21
LGS TR, XA EA AT 2R & B — IR T AL
5 A0 R 2R & YERe, #1825 X Brayton-
Ericsson {3 2627, 42 4 2\ Brayton-Ericsson 1§
HHIH A =R E T di-d-o I, BAEGA 5N dy-
d-e-e1 Wi 5 d-a- f-e VUILTE IRTHIAR 2 K0, A
KH T by-b-ciI e, EAEHINE R by-b-c-e1-f FIEK
HZ B AR, A8 LE T R Brayton 1 24 1] ¥4 i
&, B A Wi Brayton-Ericsson 1§ /1 d-d 25 it
FE B ¥4 A0 T A 6 B S 1 37 1 2 i ) 1 (AL
Bl2). SR, v i 4 240 1 35 $e i B2 A
Lo S5 k3 B P 3 e AR FE R — @ B 3G i, =
W 1 AR E R LR R Rk, B A U
Brayton-Ericsson ¥ 75 18 B 90/ il ¥4 i 85 1R 155 O
N, Z5¢6 1 W Ericsson i P25 T #6745 3R A5 0K i)
A ERRE. 155 G A I R 1 52 bR S
X T AN R ) Tk 75 g — A 2 g n ] & 2 43 i
PR B 22 F ot AR | B TR b 451 46 DR 2%

110701-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 11 (2017) 110701

(a)

H,
H,
c b
d a
Hy > H,

Temperature T'

H,

Hy > H,

Entropy S

1 DURRREEH A AR (RCIERIEIA T o A ¢ )UIREAEEE) () B Carnot fiB34; (b) 4 Stirling 183F; (c) W

Brayton fi¥f; (d) # Ericsson {3

Fig. 1. Four basic thermodynamic cycles of magnetic refrigeration (the temperature of point a and point ¢ remains

constant in the four refrigeration cycles): (a) Magnetic Carnot refrigeration cycle; (b) magnetic Stirling refrigeration

cycle; (c) magnetic Brayton refrigeration cycle; (d) magnetic Ericsson refrigeration cycle.
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Fig. 2. Hybrid magnetic Brayton-Ericsson refrigera-

tion cycle.
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Fig. 3. Magnetic Brayton refrigeration cycle with
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Fig. 5. Room temperature magnetic refrigeration systems with reciprocating-magnet: (a) A room temperature magnetic

refrigerator designed by Tusek et al. [102] jp Slovenia; (b) a room temperature magnetic refrigerator built by Legait et al. (105]

in France; (c) a room temperature magnetic refrigerator presented by Veldzquez et al. (112] jp Spain.
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Fig. 6. Room temperature magnetic refrigeration systems with reciprocating-regenerator: (a) Yao et al.’s (871

magnetic refrigerator presented in China; (b) Gomez et al.’s

et al.’s 1161 magnetic refrigerator constucted in Japan.
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Fig. 7. Room temperature magnetic refrigeration systems with rotary-magnet: (a) Rotary-magnet magnetic refrig-

erator presented by Arnold et al. (104] i Canada; (b) rotary-magnet magnetic refrigerator constructed by Eriksen

et al.[198] in Denmark; (c) rotary-magnet magnetic refrigerator built by Ghahremani et al. 114] i Ttaly.
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Fig. 8. Room temperature magnetic refrigeration systems with rotary regenerator: (a) Bahl et al’s (101]

magnetic refrigerator with rotary regenerators constructed in Denmark; (c¢) Zimm et al’s (90] magnetic

refrigerator with rotary regenerators designed in USA; (c¢) Chen et al’s (117 magnetic refrigerator with

rotary regenerators designed in China.
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Table 3. Comparison of different categories of room temperature magnetic refrigeration devices.
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Abstract

Magnetic refrigeration is an environmental friendly, intrinsically highly efficient, low noisy and low vibratory refrig-
eration technology. It has been considered as one of promising alternatives to traditional vapor compression refrigeration
technology. Magnetic refrigeration, in which solid magnetic materials instead of gaseous refrigerants are used, is based
on the magnetocaloric effect. When magnetocaloric material moves in or out of magnetic field, it releases heat due to
magnetization or absorbs heat due to demagnetization, respectively. In this paper, magnetocaloric effects (MCEs) and
basic thermodynamic cycles are briefly described at first. Some typical magnetic refrigeration cycles are introduced from
the viewpoint of thermodynamics, which include hybrid cycle, cycle based on the active magnetic regenerator and cycle
based on the active magnetic regenerator coupled with gas regenerative refrigeration. Specifically, magnetic refrigeration
cycle based on the active magnetic regenerator (AMR) coupled with gas regenerative refrigeration is a novel idea that
combines the magnetocaloric effect with the regenerative gas expansion refrigeration. And it has been under the way to
try to achieve greater refrigeration performance of the coupled refrigerator in the research institutions. Thereafter, the
paper reviews the existing different numerical models of AMR refrigerator. Analyzing and optimizing an AMR magnetic
refrigerator are typical complicated multi-physics problems, which include heat transfer, fluid dynamics and magnetics.
The majority of models published are based on one-dimensional simplification, which requires shorter computation time
and lower computation resources. Because a one-dimensional model idealizes many factors important for the system
performance, two- or three- dimensional numerical models have been setup. Besides, some key items for the model are
described in detail, such as magnetocaloric effect, thermal conduction, thermal losses, demagnetizing effect and mag-
netic hysteresis. Considering the accuracy, convergence and computation time, it is quite vital for numerical models to
choose some influential factors reasonably. Then, the recent typical room magnetic refrigeration systems are listed and
grouped into four types, i.e., reciprocating-magnet type, reciprocating-regenerator type, rotary-magnet type, and rotary-
regenerators type. Different characteristics of these four types are compared. Reciprocating magnetic refrigerators have
the advantages of simple construction and max magnetic field intensity difference. Rotary magnetic refrigerator due to
compact construction, higher operational frequency and better performance is deemed as a more promising type, in the
progress of magnetic refrigeration technology. Meanwhile there are still some key challenges in the practical implemen-
tation of magnetic refrigeration technology, such as the development and preparation technologies of high-performance
MCE materials, powerful magnetic circuit system and flowing condition. Finally, possible applications are discussed and
the tendency of future development is given.

Keywords: room temperature magnetic refrigeration, magnetocaloric effect, thermodynamic cycle,

numerical simulation model
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