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Fig. 1. Schematic diagram of room-temperature magnetic refrigeration system.
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Fig. 2. Physical photograph of the experimental system.
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Fig. 3. Magnetic field distribution curvel'?.

H T o IR AR WY, AE Y PEZS (R A )R
I, AMR # [ 78 %% FE 2 s B RUZ AL Hal-
bach A4 {4 B AR IE H e il H AL T 0 52
A RE B . AMR % ERIE 4 B 4L (BT R
182 g, Kift 0.25—0.50 mm) 1E M#E T 5, HHN
PGSR S SN R 4 s, TR SR T
IR g S i R 2 s Hhr VR il o A %) ok
YE P HEA Tl BRA, B R FLIRIRZ . 7RIS T
YEBLE 7T, AMR AMUAE RV, [R]85 4
AR [E #1428, Y Halbach BERIERE 2 1537 IX B
SLITORE PR RGN, e 4, U AR 28 R 20 A
2 P A UG IATERE AR X, ELASURE
IR AR, S 1) B0 TR A R 22 ¥ 00 i U ) 2 i

110805-3


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

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 11 (2026) 110805

. 3 % P BREHE RS A AE BRI IR 78 0444
AR TRTASS, BEASRE WL/ I 4 B 20 Rl PRI A T 1) A7 20 2R
R, AT I WL T V2 5

128

4 AMR SR
Fig. 4. Physical photograph of the active magnetic rege-

nerator.

2.3 MRERYG

S 6 YA AR ] % SR FH B A PR R T, e B A
£ AMR 5 | #4258 2 A1 R4 B 58 4 10 28 A5 3t
gfy. Hodp, PO a8 o 5 IR KR GERE R G i
NIRRTy TEE, ¥R S A2 I FH T4 8 i
BUEHEINR AR, N TIER— S8 5 b S
ARG 5 2R G0 0 FE IR, A (] e 4
T 6 R (VI—V6) 55 5[] [ 21 4 1 i i
BT B RS

SRR R G T o, 10T V1, V6 PR
B, HARBETTOCH. YR RBYEL, B AMR ™ H 9
W AR B2l V1 BRI )8 i AR HRIK
MrB, SMBIIARZEH V6 il # H %R ] AMR. 7EI
SERHACE T, B R e e, B
TR SR AT

TERE G AN E R m e ik R G, VI
V6 WY, 2R 58] FH 5 ) f] 0 BRL ) 558 AR, S
T BIGIARN A S S8R, RS, R
WY BE (SR 1 ik LR EEAR), - AMR R
PRI IR ZE V3 il B e A MR E B, &
i) R R WA 5 AR AR A 1Y RR S, AR &
HH V2 3l B R g . [, TR B (%
R 1 AT (o LR BRAR ), SER D 8 H IR AR TE
BN RAREI T, ZH V4 B it ASMNBE
o, ML —Br BEAE iR RV Be Xt HAaE A T 108, T
BIGR IR R & 2 Vo g EA AMR. X ]
HHLH AR T AR i sl i R 4 R L
IEH AR TR 2 A 1, AR PR B o

BT RERY = BUM A5 B I A A 5 A

TERfSL IR R MR L, REGERBEIRIZ
FrI R0 AMR JEPRI 5 : TEREVR s 2007
KRR A SR R AR R TR AR S AR
A S REARAL T 5 7 s AR OB B B B, A
RIS LIRS G IR B T A

T BRI AR B 5 R T SA Z 1] Y DT
BLR AR, SR A R U IO RIS,
HE SORZ: AMR B AR IAE 5 T RURJZ A
Z I

77'1fo

U= ¥, (1)

K, e MR R (g/s); me M T IA T
e (g); o5 el MRS TRt &
(J/(kg'K)); 7t FmRIW /PRI (s).

2.4 SMBERBEHENMSHE

AN E VS AR AT T DAL OAZ L AR A,
PLERBR AT BT AMR ¥ uin 5 1 5 106 PR % 22 18]
A E B TR RS 2 MIREE R | 208 sk
R B, WALy — A BERH TS rh ity
0 DXl HG T R AD 52 R H e o 3 DI 5 4 o
VE, Wasi il it SR 0 1 5 ORI % B4 (n
&l 5 JR).

msCs

K5 SRR ARSI
Fig. 5. Physical photograph of the external regenerator.
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Fig. 6. Cooling curves under typical operating conditions:

(a) Basic system cooling curve; (b) improved system cool-

ing curve.
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Fig. 8. Applied thermal load versus temperature span curve.
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Abstract

The dead volume in the external pipelines of room-temperature magnetic refrigeration (RTMR) systems
inevitably induces severe thermal mixing and cold energy leakage, significantly degrading the thermodynamic
performance. To address this persistent challenge, this study proposes a novel flow-path optimization strategy
by introducing an external regenerator (ER) to act as a physical thermal buffer. A highly compact rotary
RTMR experimental platform is built, wherein the active magnetic regenerator (AMR) is packed with 0.25-
0.50 mm spherical gadolinium particles, and the proposed ER is filled with 2.0 mm high-thermal-conductivity
copper particles. The core innovation lies in the ER's ability to reconstruct the thermal boundary conditions at
the AMR cold end by effectively absorbing temperature fluctuations during flow reversal, thereby suppressing
the thermodynamic losses induced by the dead volume. A large number of experiments validate the effectiveness
of this configuration. Under a hot-end temperature of 293 K, the system coupled with the external regenerator
achieves a maximum no-load temperature span of 17.76 K at the optimal operating frequency of 0.2 Hz and
utilization factor of 0.95, which is 34.65% higher than the 13.19 K of the original system without coupling the
external regenerator. Furthermore, the ability of the system to resist external thermal loads is significantly
enhanced; under optimal conditions, the maximum load-bearing capacity of this system surges from 19.4 W to
50 W, an increase of over 150%. Notably, the optimized system exhibits excellent adaptability across a broad
hot-end temperature range from 293 K to 307 K, still maintaining a high temperature span of 18.87 K even
when the hot-end temperature is 307 K. In conclusion, incorporating an external regenerator into the magnetic
refrigeration loop provides a simple yet highly effective pathway to mitigate thermodynamic losses, offering a

practical engineering solution for the development of high-performance and compact magnetic cooling devices.

Keywords: magnetic refrigeration, active magnetic regenerator, external regenerator, dead volume, flow path

optimization
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