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Abstract

As the next generation of high-speed rail transportation, the high-speed maglev train has a design
speed of 600 km/h and a Mach number of about 0.49. The complex aerodynamic effects caused by
such a high speed have a significant impact on the stability and safety of train operation. This pa-
per uses numerical simulation to study the aerodynamic drag, lift, and side force acting on differ-
ent carriages of the three-carriage maglev trains when they passing by each other at the same
speed. In this study, the sliding mesh method and the k-& turbulence model are used, and a us-
er-defined function is compiled to determine the moving speed of the maglev train. The results
show that the aerodynamic lift has very strong instability during the operation of the train, which
is the main factor affecting the stable operation of the train. Its oscillation is mainly derived from
the unstable lift at the bottom of the train, and the aerodynamic lift on the tail car is much larger
than the head car. When two cars passing by each other, the aerodynamic drag of the train does
not change synchronously with the aerodynamic lift and side force, and the influence on the lower
part of the aerodynamic lift is greater than the influence on the upper part of the aerodynamic lift.
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1. 5|8

YERFT—REPAGE TR, @RS Er S E B O A2IEF] 600 km/h, KREZAES @R PIfE.
FEETAE G SR 1] [2] (3], AR 7 TR TR 5 42 B RIS AT, SRR 4ES 9% A Al
TERRMRIE N J[4]. HE. EE. BA, sEAEEEERES R IESARE —E KR RIEE
TENVER AN ], BB 7 B AR T B4y o M R B 77 B K (electromagnetic suspension, EMS) Al HL 5l £ 77 H A
(electrodynamic suspension, EDS)PFH[5]. FUREEIFH A IS E AR FEU T J7 A B 202 ek, SRJEx)
S kT e A kAR R A, il B HLR A S RIS AT . HLAh R BOR I i 7R 4R A B
FEE ECE KR, REAEPGE EATE B . MPIEAEIE EL e AT, TR
ARG 5 B 2 P AR ELAE 2 A1) T g, #EARE S, RIGIREEE LIRS 54, Kt
HL L B B SR S HE R R FE 2 /N T R B HOR S, 11 H B8 B3R 51 42 06 Z0HE — 5E IS AT 18
&R A SR .

Wb B ZEAE T R 1 5 e (RO B PR IR B, sl A7 SR I AH 50 25 <3 1 2 el it A, iy 18 V) 7 22 i
R SEPR AR R [6]. UA RS T mdAT B, H s sl . A% 5HEA
N FAREVIRK[7]. CAEVIERMN, FIERRER SN H R8N A B, Bk
RN K B S 9> K 2 2= S8 B 3072 — (8] Htk Gt s 51 i BEAE A4k B R AN ]
[9], RIZLHI S BT )72 IR G B2 B2 R R B IR jL . Al T &B5E[1010H50 1 1o 2H m id 2%
VR T I 03 A R S s R 2%, it m DLIE S 4 1) 971 22 J 38 5 00 [R] ) O R TS S0 2 T . B
WA, FNHEAE 22 5| L B8 RN B f i 2 e AT B E KR . FESE N[ FR R, 450 44
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PREREI, i sh K AL T R i SE kb . BRI 12]40 4T TI84T %A 430 kn/h [ REET 51
AT o B W AS T 3 oy A R 0 A s FEEE B 2228 S B B 42 MO 7 B A 0 s, A id s Xt 71
ERIITTE, NEGEIF I 2 R T U . IEH BT TR E T I B 2400 T A sh N
[13][14] [15], PAKHEF3[16] [171F0FREHE[18] [1918F 9. Jilt— 2B o TG =27 4 AR s AT i R b <3
JIR A SR AE L, AR SR G 2 WA T VERIE 9T T WE A7 51 22 7E LA 600 km/h [ 33 i 255 A8 22 15 (133
TR A 1 0L -
2. BIEWHT%
2.1. J0LfriEE

ARGV ERRER F 1) R iR Fonitia 8 &2 T =4adl TRO8 MA 4. Wl 1 fim, N
R AR, RSOV ERBEE . KSR HAT 7R, VRS T EERLRIMNE. F1 45
FEN 3.9 m, fENARTHAERFHEKE H, %208 0.9 H, k% (car) R4 (car3) KN 6.9 H, 1% (car2)
K 6.2 H, FIZELMK 20 Ho Nit—L s 2380 S50, 51245554 F(upper)s T (lowen) BB 4,
Hh R (lower) L [ 25 HLiE &

0.9H
20H
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T 1
upper H=3.9m
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Figure 1. Geometrical description of maglev model

B 1. #FEINEL AR

2.2, WEE AR FH

Wi 2 Frow, PiERGERF 5 ZE DL 600 km/h B FE S AR AT B o ARSI A T V-IN-P, V-IN-N
FTOUTER =845 o H A1 V-IN-P B8 [ 51 22305 Xl IE )47 3, V-IN-N L& 51 290 Xl 67 ) /738, OUTER
SEEAINBFE R . A4 Sk VIIREE B8 B N 728 m DARIES R AR e AT A sE S ar it a5 21
TR HIKIE. OUTER #i7r/2— /MK 1124 m, 48709 25 m 094 B AL, B 795 A vty 0 R0 T P20 57 5%
15 BN Pressure-outlet. [ FIFIE 1% B 4 Wall 15+, 7£ V-IN-P 1 V-IN-N 5 OUTER HJZ S HAFAE T
FEXTIZ B AEHE 2 4, [RGB N Interface 1 54 554 . PHELIE I FEES 9 6 mo K SlidingMesh J5 4 5E X
W& 23 IF K I B 5E SR #(user-defined function, UDF)E X HEFFIAEIIIEE) . F1 7 158 B2 A 2 P18
J3 Bl 43 R AT AT B 4)

TE P B 1 G502 ALk PRI 0 4 SR FH 25 A0 DR A 1 A B2 85 41) 2R 28000 A At FH A S5 R R DADRIE THER PR R 5
Witk N T IRUE MRS O BSTE, ASCWE T EAE 7,891,167 AN L X RS (coarse) LK AT 13,280,011
AP R 2H PR (fine) PR NS o ] 3(a) il T B AL S ZEAZ 2 i 2 B3 S I 22 5.
P HH 2R AR A A e A AR ], ANTE I 2RI Ab AT BT 22 5 BIZEA8 SR B AR I BB IR 20 0.01. Uik
Ab, s 3(b) AR, AAZEPIE BT S 4T AR AT T N

2.3. RFERE

AT b A R R N 600 kmvh, 2 SRR R AATSN . A SR EE TR 0oA% A BRAR AR IR
PR =2 5 T IR 4R T2 N-S 7 AR, R AR ] U7 kee B2, SRHAJ SIMPLE J7 25K #1571
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Figure 2. Computational domain and interface definition
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Figure 3. Computational mesh and independence verification

B 3. WEMESMIEIIE

2.4. BHHIELEE

ISR BB ARG R, SO LG 7 2R BHIKAE 2003 AEEEAT I SEER[20]. i inE 17 5 A
I R R B TROS AU RATE B 2R 55 1 A 22 N I AN R R T K /), BUEZLEE N 5.1 m, HEN 500 km/h. il
ATRAE T 2 S I0 E 1 B T8 B2 AGHAT TR . ASO b7 Hodr — AN WIS IR e, sk
1 Fi7ne AP_L s A7k Sk MIMEAE, AP_T S /i R ik IMEAE, pass_ P J& Sk fl Ik 2 [ B4 0% 77,
FLAHXT IR ZE 437129 0.016, 0.038 1 0.009, BRI, bS04 SnT LR A [ B g 248 S 1 fe v (1330 048
k.

3. ERESH
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Table 1. Comparisons of the characteristic values between experiment and numerical simulation

= 1. IRERSHELREURLL

2 AP_L (Pa) AP_T (Pa) pass_P (Pa)
A AR 4757 3955 324
A B 4834 3804 330
FixhiR 2 0.016 0.038 0.009
BN R HL
CD=F, /050028
ENTH I R
CL=F/0.50V7S
B ) R E

CS=F /050028

X, F,RSET1: F RS F RS T p=1.225 kg/m’ NZESHEE: V=600 km/h K
PN EIBATIERE; S =11.864 m* N EAEFIETR R

4 JBoR T PIEIRGETE ) 25 DL E 600 km/h 52 230, Sk Z%i(carl). % (car2)s B4 (car3) %3507
FABE AR 2R . 5 EAE R PUE P RIS AT RS, BT A0 R BRI O R, & AR R 1
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BN IIATE, SR ZE ST B B B ARG YERIAER E ME, HARG VG A 0.06~0.25, R G IR AE L4 0.2,
PRI RIZL: Th T2 BN Tk %, D REE N T 0.4, L0y BRI REUM 173, Hk%E
RE, HEFRTE BN, T RBARFRE 0.1 ML, (EU5RIH B RIRG T REF%Sshh
A%, HIHIRBL R 0.15, MiFANIRBELEH 0.6 74, Bzttt Itz

FNZELL 600 knv/h IR FEAH M AT B0, 7E 2.37 s, FUZEAHIE, 7£2.84s, FIHEES. (HZHT5) %43k
X ARG, FER R IEARBZ BT, AR SR TAEZ Ak, Wk 5a), 515l
RN . NTHLCKZENE], PRGNS 2258 2 AR FIAE &5 22 _ B3 i 14 4(a) ke
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Figure 4. Curve: aecrodynamic force on each carriage

E 4. BESTHHTHL
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Figure 5. Pressure contour around carl and car3

5. kZFE(car )FMEF (card)MHEE N =E

KRB I IE RN — ANEAE, ZJRTTIRIEN, TSk TR — B K, 2.37 s PRAEAIERS, k4
THIIAA ) 338 B e R AR, T BH 338 B d/IMEL, 7T CLHEWT 78 571) 4 1 75 78 B R 3 s 448 XSV B 208 5~10 m;
SVEAEG, WAV RE R AL, 2N, BT IR AN E A, SR 17 IR s I
AR K B 7 A 7 P BT R T R AR IR AT BRI S AT B PR 2 AR B, B 2.45 s A2 A,
G A S Ik B KA, ZJE kR I T REE . 2.59 s, IEFAT BN Sk 4 BIIA R A AT B R 4
7R ORI, LR/ ERAME, ZJEIHRIE R ST AW, A 5 A4 1 U 2k
[ FFEEIE R 2.60 s, PIFIAETHIRE R, KPS B A 15 S 35k B o KA/, THI0ik 3 s M
ZJE kB2 B R B EAEATIRE, ERATBA SRS EXKET, WiE 5b), k4
SN 7732 R B R HE OB 2RO S e B TP 2L, JIFAE 2.68 s IARIIE(E, FJRIZHIIKE R
M2 IZ T IRE
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MR A B o

3.2. SIESHAN=ES
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Figure 6. Curves: Lift coefficient of different part of each carriage
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Table 2. The amplitude of the lift coefficient of each part of the train when the train passing by each other
# 2. REEEPINERIRIANFZHLTLIRE

PADAR L k% (carl) T % (car2) J2 7 (car3)
(X3 Ly TEA Ly THEA ok THEA
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JEk 0.254 0.468 0.240 0.304 0.241 0.390
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