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Magneto-Electric-Liquid-Thermal Coupling Characteristics of
Permanent Magnet-Driven Liquid Metal

LEI Xianliang, GUO Wencang, LI Zhining

(State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In response to the current scarcity of reliable and cost-effective liquid metal driving
methods, a finite element simulation method for the multi-physics field coupling calculation of
magneto-electric-liquid-thermal coupling is proposed. The approach leverages the Lorentz force
between the magnetic field of the rotating permanent magnet and the induced magnetic field in the
conductive fluid to propel the liquid metal. A coupled analysis model of the U-shaped channel is
constructed to investigate the effects of parameters, such as gap distance, number of magnets,
residual magnetic flux density, and disk rotation speed, on the magnetic field, induced currents,
flow, and heat transfer within the U-shaped liquid metal channel. Simulation results show that
when the gap distance increases from 6 mm to 14 mm, the axial torque significantly decreases by
7.5 times; with a doubling of the number of permanent magnets from 4 to 8, the torque stabilizes

after fluctuation, and due to the reduced time of action of the circumferential single magnet on the

ek B . 2024-06-28, EFEF A HHR Q84— B fl# & WA T, RETBH. BERARPFLEHE
BhI H (U20B2035)
2% Wy RS TR] . 2024-10-21 W 2% AR B AL . https: // link. enki. net/urlid/61. 1069. T. 20241018, 1308. 004



68 W % oz M

PN

EE ¢

%59 %

liquid metal, the peak induced current decreases by 2.5 times and the average axial torque

decreases by 5. 2 times; under high residual magnetic flux density conditions, the output torque

nonlinearly increases, with the torque generated at 2. 0 T being 4. 67 times that at 1. 0 T; when

the disk rotation speed increases from 200 r/min to 800 r/min, the generated torque can be

increased by 2. 52 times. These research findings can provide reference for the development of

efficient and stable permanent magnet-driven devices.

Keywords: permanent magnet drive; liquid metal; multiphysics fields; Lorentz force

WS 4 2 — O R A T HA R i
SRS M AT AR Y MR Bl ML AR W A A
R TR A B ) N WV o A | o
JOT W RS 4 Ja A Sy U AR B A T e B R B
i T I WV R B AT Wi A% G2 v AV HOR 1Y M BE R
B A B E B AT R BB R G X R T
WA SF AU e 200 S IS B R e o R AR
F o 58 DA F AR v 08 D HE R ¥ TR HE 43 31
RS S BMNSME S S WSS B0 A
MR EFN . m AR B AL R RS 4
Ja& EAT B 5 4 5 AR AL AR 1 A% 3 T R R RS
SEAE B R E RS & RA R VR
nag

ST P A 4R S R R IR B R T IR B A
e A2 B AR & e R i T R G IR sh AR . B
T FL 9K 20 24 T o R 5 1o F A8 A HL 3 R G 4 58
AR AT B 965 48 %% T D8 BIK B, 461 Gn gk R HL AL | L G R
G R B AR S &R P AR
2 T LUK R 5 5K 3l 24 8 43 Sy 1% 5 X H 1 2 Tk
N R G L A% S 2 H R T A L F R
VA B . WA 4 BB 00 v AR 8 A L
FESN AR 2 3% B, BIAE T 4l B A 9 38 ™ AR
BARZET] Fo WS & @ W% AR 2% 11 R J5 m i 3l
SHEA L KT T IR MR 50, b F1E
S P A T SR P P MR L i O O A RE
PR A U9 A7 25 2 T T I 5l B ol & PR K Y
[ETF-518

K B 3R B A e i LK Bl i DR R A 1
FIE 7% o 45 24 P8 TR 7 X fEL T K 5l 5T AN [) i) S £ Pl JR
i X FEL B 2 SR T Dl T 4 VL 7 HE AT 8 T 3 i K G SR
2y W SR FH e 27 1) A R 8 7 AR AT D R . K RE IR Bl 4
P TRT B AR ) F o 4 L AR AR, 2 — B AR A
SERWEEE ., WK 1 PR R B 4
A 118 2 500 0T A BE T i B 2 AN TR K R 5 . AR
H Hr ¢ T S 5K gl 26 B i o E A R 0 I

zkxb. xjtu. edu. cn

)

(a) P K WG 5
o P
l’l' )‘l ‘l ." T
| 4 q
71\ \j'/‘

m  m)
(b) BT 7K W 5

B 1 gl ROmE 2 0B =K 2 9K Bl JR R &
Fig. 1 Drum-style permanent magnet pump and disc-style

permanent magnet pump drive schematics
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Fig. 2 Computational model of disc-style permanent

magnet pump
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Fig. 4 Modelling validation of disc-style permanent

magnet pump
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Fig. 5 Magneto-electric-thermal-flow multiphysics coupling

results
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Fig. 6 Variation of magnetic flux density and current density

with time at the monitoring location
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