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ABSTRACT: The paper aims to study the temperature of suspension electromagnet of maglev train with vacuum degree and
ambient temperature in the evacuated tube. The influence of vacuum degree (0~80 kPa) and ambient temperature (283~323 K)
on heat dissipation performance of suspension electromagnet is studied with Fluent software. The Realizable k-¢ and RNG k-¢
turbulence models are compared. The results show that the surface temperature of the electromagnet increases with the increase
of the vacuum degree. When the vacuum degree exceeds 60 kPa, the surface temperature of the electromagnet increases rapidly.
The surface temperature of the electromagnet increases in an approximately linear relationship with the increase of the ambient
temperature. The simulation results of Realizable k-¢ and RNG k-¢ turbulence models are basically the same. The vacuum degree
and ambient temperature have a great influence on the heat dissipation performance of the suspension electromagnet. When de-
signing the evacuated tube train, the heat dissipation capacity of the electromagnet should be considered and corresponding
measures should be taken.

KEY WORDS: evacuated tube transportation; simulation; suspension electromagnet; vacuum degree; ambient temperature

Wi EH: 2021-04-23; &iTHE: 2021-05-25

Received: 2021-04-23; Revised: 2021-05-25

EER: AF (1994—), B, Mz, BB TR, £RHRH @A CAL KRBT HRAZR,

Biography: WEI Long-tao (1994-), Male, Master, Assistant engineer, Research focus: aircraft icing and anti-icing technology.

BHAEE: #s64h (1984—), B, Hit, HAIRIF, TRMAFTOARBREAHIAFFAHUN TR,

Corresponding author : HU Zhan-wei (1984-), Male, Doctor, Senior engineer, Research focus: experiment aerodynamics and flow measurement
technology.

BIx#&R: A%, Mskth, oA, F. A= FH5 528 F SR ARRAR[]]. EE&RELITA, 2022, 19(6): 141-146.

WEI Long-tao, HU Zhan-wei, YANG Sheng—ke, et al. Heat Dissipation Performance of Suspension Electromagnet in the Evacuated Tube[J].
Equipment Environmental Engineering, 2022, 19(6): 141-146.



- 142 - g K E TR

2022 4 6 A

Bl A2 ANKTIE S, AT AT 2838 T Hak
BE R BR ORI R . BT, Betry ATy e Ak R
B, BRI, RALZ KA i ™ &, Higzk i
Xt /N fEsb B E R, TR R
1, 25 SBH 106 8 A e S AN 2R 2. AT K
FWH, YF G KT 400 km/h B, 25 SBH
Ty B B GAB 17 B I 80% 0L, [Rlfst, it )
BRI FE AR T, AT 3 AR v i R S R A SR
B N, fEM KA, SRR ST
D B — AN 25 400 km/h,

HEEIEG R A B EEAEI R BR,
{3 A B2 AR P AT, NI /ING 24 7 i A vh
()25 SBE S AV shMps | i) S B 4 A6k 1) M T i
BP0 2021 4F 1 A 13 B, PURASE KRS S
TR S R T AR e 2, R = T g
KK F 600 km/ho %30 H R A, #E—248254 T
HB A E B ER T T

B G B T AR e, ARk
HUA R R 0 i Uk 2 e, (AL 1 2 8 1k
i BN, ®ETEA) A ETRH R T R, AR
ARG EE 2= R R A, TEHLRIPRBERY, E1T R
A AR 7= A Bk, (BAEIR A IR, EAT
KB BEARCR SRR L . e B E T, 51 4
iz 8 7 A 1) RSN BN BRAR AR 5 R IR OIS A % 3
JERIASE &, JFH SRR, FEEIE N6
OB 5 B VE LR AR I A, T H R I IR
M — A (ER, & P ECR RN T IR G, AT
g AR, BAREEE MR BT R T X
FLAS I 8 4 IRIRSE o JE e 20 P9 T B s A T
REL 2 JF LA % 485 18 PR 885 T  6 971 4 2 A B ) 149 5% i R
o JEIS AU X A R B A AR LA IR BT s A T A IR
Wb K S A LA R AT T ST L A )
WFIE T AS TR A0 4 A 855 305 B %o 459 38 81) 2 /< 3l AR B 1Y)
Fom sk U AR I g T A AR B B AR s AT R AT
SRR AR LA . XA v SR UM B T RE TR
SIEFNRGHRUERAR S REGN R, DR
FEEPIEXNE LIS . KM LR sk
EJE, T L AS PR B I R Rk OB I BE Y BF
EAE

A SCHH Fluent 844, BFFE T o G 75 4 B 07
P 2 % T Yk I s B e AR IR R I AR A A, O
%} Realizable k-¢ il RNG k-¢ T i i A5 4 ) 314 45
AT T X

1 =R

K1 AL )e i = iR, QAR B miek | B
W KET . MOEE, WSS g BT,

HL G Bk B RS K E TR R ) Y B R 2
10 mm, HL Gk i 2R LRGBS 2H B, i 42 i 2k e v
FL I Y R/ IR A R b, 2 Bl v vl D ) P BEL P A T 3
IR R R TR T PR AR o AR D TR, R R RS
B R — A BRI IAIR , I 2200 B R B L
BRZ B TaIBeE, o i 0 e R R I AL A 8T 2 B
TEARYHIFE T, K PRSI P A TP, RO A
PEATIEE, a8 a0 A v Rk ) 3 i LR R ATF S L
ik B8 I s 3 e RS T RE R L

i 1!iiiii]

B 1 =4

Fig.1 Simulation model

K2 BRI

Fig.2 The top view of electromagnet

FE, 1 2 PP ) A TR S P BB BB RE P A Y, T
Fluent {158 7, FHZERGmE IR PR, PRI (1)
2R Ll

2

0--% (1)

X 0 HLREM AN AR AR F,; 1 HLE
HL; R NWERIBIREH; S Mo Rk B Rm A, fTEARK
WEFT e, O R B R 30 A, &35, HLE
Bk 1 2 T PIE TN 2 880 W/m?,

2 fHEHE

21 HEIRKRBOFEZG

AN, BEREHENERFEATREBENE
iy, BESEHENKE—BRLFRULT AR, RIGH
258 s 5 K R0 3 mx2 m 45k H 25
ARGz fER IR, R A
SREE, I H, fEm A B, — B4R G R
2% 25 IR N TR % 1 A i 2 A3l U0 R, AR
R E RS 35 T H2SE (0~80 kPa ) X HL A4k
TSR A e o e 51 G A e R —
AN 300 km/h, BPRERRE B H 4451681 42, B
ANED PIRE KL, BOAR SCUFT 0 5 4247 3
600 km/h, HLEEERAL T 51 438 11 R g i A B TR IR A



F19% ol

Blete, 5. HZES) 4 BIT LBk BOATERERT 5T 143 -

T HE A 2 880 W/m?,
A X AN 3 R, AR S R R e
Yy, BETEONEEREE , Jm iR ] Realizable

AT, SR AU AR IR G, AR BAZ 1700
Ti o HZSJERNFRET i AR P BAR A THI T O pE 47 3
B, W 1 R, HEEE N BEE=RfER

k-¢ Bi7Y | BETH] pRACPE ] Enhanced wall treatment., [ SRR — 46 %) R .
5 — 9 g2
10 000 mm————» <«———10000 mm
B3 A X
Fig.3 Calculation area
=1 HEITR
Tab.1 Calculation conditions
SR R e E JE I3 fE €
R /(km-h™") 600 600
B8 i /kPa 0 20 40 60 80 0
PREE IR BE/K 303 283 293 303 313 323
2.2 H=ER B AR AT R R e, IR RS EH R
o s ) . I N X, Gy, RIS, XU RO R . Ris
EFAS T, BB RN, M 0 e i e mig ot fs B b oo i it
R ER I 5 L T ] Knudsen 50350 BN G2 mEA X, HEWET, o8RRI,
) MV i N T TR ~ S, NS \
f R - BB/, A R BN, PRI R
Kn=7 @) RRESTIES .
A Kn o Knudsen %05 2 0+ F A B M A 600 km/h, FREZIEE N 303 K, EA5FEE4
L AT R . B0, 20, 40, 60, 80 kPa A}, HiRAK 3 iR

M Kn<0.001 B, Jahih FEZAFIX, REHEC
Rk [T DRI[2 1] A 2 06 20 238 430 PP B W 3R 25 3 7 7T
B, AEAS SCHIRSE 0 B2 B R 6B PR P, AL T i
CEPORAS . RV B S A P R AT AR Oy
T B TR RSP R 3 AN AR SR E R
Sy

g§+6%30+0%;0+8%g®:o ?3)

X p MIRRERE; u. v, wir BN HEELE x|
vz Jr R A

oU, , U, dU,_ 1dp (U, U, o,

“ax Y oy W T p@xH{ ox? - oy* " 0z* ]

- 4)

A p HETT; o HEBMFE; UR i T
R

ot ot ot 02t ©o* 0

u4+wf+mf:{aﬂ67+§g (5)
K o MY BEEG ¢ MIREEE

3 HEREHMH

3.1 EZEHRN
P 50 A AE R s AT I, B B T R

EAmME 4 iR (zsFA LW T RAOES D)7
W ). FE 4 ATRLE N, 25 3 B 4 Beipgek 2 a)
WELT — R iR X, XA T A 8450, <
IR SR S VA ala o s =07 U VD 2% NS 3 = I 1 e
AT DA X AT 5E , H% T Rk
T AR AR, Z0E T BB A B B SR, AT A
P % T Jy 0 00 88 e v, R b X H R R T Y
SEYRRE VAT P 4 A R TR A X AR
Gy AR, EERER A M W s A, A R
TATLE o AR SGEEUY S 255 1 Brpiik, i
Ja, EAT RO 2 BAIG, I TS % BER B i
Tl PR Bk A

P Ak 2 T T 47 38R R i v L i L s Y AR
feigenid 5 s, hiE sa alm, EESEMR 0.
20. 40, 60, 80 kPa i, HL Rk % 1M 1) ~F- X4 43 531
h343.2, 348.4. 356.6. 372.4. 416.5 K, HZJ¥H
HEM 20 kPa B, HURE R RT3 R 43 MU 3G n
T 52,82, 158, 44.1 K, FEEEZS RN, H
0 TR (%) 1 T 8 A, R R M B s R T
60 kPa i, FLREZRFE 1 V- 349 0R 8 i i 40 K.
M & Sb AT LA Y, FE R % T e v ek ) 344 i e 4
5 A 3 TP 4 TR B S Ik A AR — 3. BRI,



- 144 - H A& W E TR 2022 4E 6 H

Temperature/K Temperature/K Temperature/K Temperature/K Temperature/K
8.00e+02 8.00e+02 8.00e+02 8.00e+02 8.00e+02
7.47e+02 7.47e+02 7.47e+02 747e+02 7.47e+02
6.94e+02 6.94¢+02 6.94¢+02 6.94e+02 6.94e+02
6.41e+02 6.41e+02 6.41e+02 6.41e+02 6.41e+02
5.88e+02 5.88¢+02 5.88¢+02 5.88e+02 5.88e+02
5.35¢+02 5.35e+02 5.35¢+02 5.35e+02 5.35e+02
4.82¢+02 4.82e+02 4.82e+02 4.82e+02 4.82e+02
4.29¢+02 4.29¢+02 4.29e+02 4.29e+02 4.29¢+02
3.76e+02 3.76e+02 3.76e+02 3.76¢+02 3.76e+02
3.23e+02 3.23¢+02 3.23¢+02 3.23e+02 3.23e+02
2.70e+02 2.70e+02 2.70e+02 2.70e+02 2.70e+02

a0 kPa b 20 kPa c40kPa d 60 kPa e 80 kPa

Pl 4 AN[R) EC2S ETR FE BR TH 0 A = [

Fig.4 Surface temperature distribution of electromagnet under different vacuum degrees
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Fig.5 Curve of average (a) and maximum (b) surface temperature of electromagnet with vacuum degree
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Fig.6 Surface temperature distribution of electromagnet under different ambient temperature
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