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The Influence of Different Vacuum Tube Structures on Aerothermal Characteristics of Trains
Wang Zhanhao Bi Haiquan Zhou Yuanlong Bi Yunfeng
( School of Mechanical Engineering, Southwest Jiaotong University, Chengdu, 610031 )

[ Abstract ] When the maglev train runs at high speed in a vacuum tube, the aerothermal effect will cause a significant
deterioration of the thermal environment inside the tube, posing a threat to the safe operation of the train. Therefore, scholars at
home and abroad have conducted systematic research on the aerothermal effect of the vacuum tube, aiming to propose effective
measures to mitigate the aerothermal effect. Based on a certain in-progress vacuum tube test platform, this paper established
two-dimensional axisymmetric numerical calculation models for the vacuum tube with a single-tube structure, a porous medium
structure, and a strip-shaped hole structure. Through numerical simulation, the aerothermal effect of the train during acceleration,
uniform, and deceleration processes was analyzed, revealing the influence laws of different tube structures on the thermal
environment. The research results show that in the acceleration process, compared with the single-tube structure, the vacuum tube
of the porous medium structure and the strip-shaped hole structure reduced the maximum surface temperature of the train by 22°C
and 11°C respectively, and the highest temperature inside the tube decreased by 6°C and 2°C respectively. During the uniform
process, both the two new types of tube structures effectively reduced the range and temperature intensity of the high-temperature
region in front of the train and the low-temperature region at the tail of the train. During the deceleration process, the vacuum tube
of the porous medium structure and the strip-shaped hole structure could effectively reduce the intensity and temperature of the
reflected compression waves.
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Fig.1 Geometric structure diagram of vacuum tube train
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Fig.2 Illustration of different tube structures
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Table 1 Comprehensive comparison of calculation results

under different mesh sizes
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Fig.6 Pressure and temperature changes at the
measuring point of the nose of the train in the acceleration
process
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Fig.10 Pressure changes and temperature changes at the
measuring point of the nose of the train at uniform process

METL () ATRAE Y, HRELMMLL, £
FLA 5 5 K 0 56 T LR 45 4 23 30 4567 T A ) R
IRBERRAR T 29 7°CRI 2°C, T T N I B AR IR 4
SR T4 6.5°CHI23°C. XK, AFEELEH
X B AR TE P9 A KR EE R RE A ) (EAE SR THENE
PN SR AR 5 T I D ) 22 S ko AU 11 ()
LA Y, AHE A S5, AL BRESHIAN 2 TEAL
{7 45 ¥ 57 2 2 i e KR P 73 ) B AR T 24 26.5°C AT
11.5°C, #1430 s il B 20 0l Th iy 1 29 8°C Al
16.5°C. MBI 12 H1 5.4s I ZIAN[R] 45 K9 1) 42 JA B
FEET LA, X2l TEESH A RGHES
MR GG R I AE R = R 22 57, ML B 2
Ky, IRAETLZE 2 FLA BREE R AN 2% T ALIR S5 R i 32
BB PERH ARG B 7 52 [ S J= S R Eh , <
UIE FEAE N BE T AL 52 BIHURE , FEIRA 4 SR AL I S5



« 44 . il ¥4

251 2026 4

PRl )N o I3 WIS [ PR 45 0 0 41 2 3 T A K UL P
Al /Il FEAT S5 25 52

200 L
:
150 L
—m IR R
oo AR EE R NRE -
A O e e e e ey T
O =
s 110,
50 b ]10258
g 100f -+ === e-- 100.55
o 0 s 95.44
538 539 5.40
-35.96
S0 . 15277
S e s -59.24
-100 : .
4.8 4.9 0 5.1 52 5.4
HF ] (t)
(a) BN R EE A
— VR IR ‘
150" AR B 423 ki il P
SO A HIF R R KR
== ZALARFI R M RN EE
== FIALIRBI SR MR
100 -~ FIBALIFFI R R/NRIE 1
8 85.95
&/ ................................................... —.44
M 77 S 15931
b=
OF
U S— --.-3-29.35
[ s e s s T e ] 37.8
B 1-45.92

4.8 49 5.0 52 53 5.4

5.l
i8] (s)
(b) F1I 423 ] e fEL L JEE 70 A
B 1l SFBREENMNEROSEREN
Fig. 11 Distribution of the maximum temperature inside

the tube and on the surface of the train at uniform process

[
)
— x
| ——— : —
[
[ 8
=
. =
-
Y
E 4
= =
{ - - | —

—— ;
QEH [°C]
 —

88 105

Temperature

-65 -48 -31 -14 3 20 37 54 T

E 12 5.4s HRAEEESEHIERAERERE
Fig.12 Temperature cloud picture around trains with
different tube structures at 5.4s

W 13 Ji7R, 5.4s AR TSR T 5125
FEL R I Al R I B 2 2 e o IR = B P R R

W 2R 2B TE IR 1 AE o AN rher DB R
A EIESHR A RS 1514 R A
IR X 2 2B AR . BRI &, AE =R IE 45
W, SR H 4 R ERIE X K K, 2
LA AR5 RS XK R . S5
I, EIE LR 0 22 5700 2 O 1 AR IR X
FERGRSE, AT S SR, ZA AR TE
FLIF G54 220 A0 AR 17 2 e X P 9 R A i B8
il

EZ{W1ys

HIBALIR

1200 —— 545missy

M (°C)

) wg————%ﬁ{hiw~?~— e ]
-100 = f B 1
900 925 950 970 1000 1025 1050 1075 1100
B (m)

13 5.4s RS EREIRE S HHLEEME
Fig.13 Superimposed diagram of temperature
distribution curves around the train at 5.4s
3.3 B

£ 5.4s Ji, HIZEHENBOEBL, 40 i i 2 28
DCIZMRTS 2k SR I AR B TF 46 38 0 %
. SR, HI T ATl P ], 4 e 4 i il
EE I e 2 R A IR ROT R kSRR . 2
B AP A T 5 2 53k, Bk BRI R
IR 2 T . W 14 SRR, R
AR R RN R E . RS, A58
T 35 ) P AN [R5 45 S S5 1 4 43 b 2 S 3R i ) If
WA RS WE 14 () FHEFUR, MRS
1, 2L RS ALIR SRR, SO a5
i i 4 Sk B R 3 R R 9 B O 0 R R T
1356Pa 1 1073Pa. JX 3 St I 4 i 5 A4 Ff 2
T2 BTSSR, Hae Bl 2 AL ek
TEALTRIZ T 17 e = A A AR A RIS, Qi 14 (b)
JIHERR, AR S50, AN TREFI K TEAL
TRSHT B At o 4 Sk S AR 3 R IR E
SRR T 4 61°CHRI44°C o XKW, £l
S0 IR G5 AL RN 2% Y LR 45 ) RE W A7 281 55 S S T 4
BEHIBRIE, OUALBI AR TT B AR .



TS, 55 AR TEG RN B A B R - 45-

B40EE 11
2500 T - T
—— B
20005 A AR\
1500k AL
2
~ 1000 F
R
14

-500 -

-1000 L | L 1 1 1 1 1
55 60 65 70 75 80 85 90

) (1)
(a) FNZEZESL B &% 1784k

T T T T T

lmf——3$E%Mer
120 -~ ‘gﬂﬁfm‘ Sh W
L FHALH |\
— 80} 7
O
< 60}
i
% 40+
201
0 L
20 +
_40 _I 1 1 1 1 1 1 1
55 60 65 70 75 80 85 90
INFA] (t)
(b) FIEZFL BRI iR AR,
14 BREFNEERNSEHFEETL
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measuring point of the nose tip of the train in deceleration
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Fig.15 Distribution of the maximum temperature inside

the tube and on the surface of the train
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