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Abstract: This study aims to analyze the variation in aerodynamic resistance of high-speed trains
under the combined effect of train movement and unfavorable tunnel conditions. An EMU C(electric
multiple units) is chosen as the calculation model to investigate the aerodynamic effects using
sliding grid technology and computational dynamics theory (CFD). The ke two-equation tur-
bulence model is employed to simulate the aerodynamic behavior of eight different train configurations
crossing and intersecting within the most unfavorable tunnel. The proposed calculation method is

validated by comparing it with the measured data of the Eryan tunnel on Suiyu line. The findings
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reveal several important insights: (D The aerodynamic resistance experienced by the train is di-
rectly influenced by the pressure difference between the train’s head and tail. Changes in this
pressure difference will cause corresponding variations in resistance. @During single-train cross-
ings and double-train intersections at 300 km/h in the tunnel, the maximum aerodynamic resist-
ance occurs at 3.1 s and 2. 8 s after the train enters the tunnel respectively. The resistance coeffi-
cients reach 1. 37 and 1. 49, and the head train contributes the largest proportion of resistance,
accounting for 34. 67 % and 36.57% respectively. @In head-head and head-tail intersections, the
resistance exerted by the tail of train is the highest, comprising 56. 79% and 37. 33% s respective-
ly. Conversely, in tail-tail intersections, the head of the train experiences the most significant re-
sistance (44, 62%), while the tail’s resistance ratio is close to 0. @ As the train’s speed increa-
ses, the aerodynamic resistance rises rapidly. For instance, when the train speed increases from
250 km/h to 400 km/h, the average aerodynamic resistance for single-train crossings and double-
train intersections increases by 132% and 150%, respectively. These research outcomes offer valuable
insights for the design and engineering considerations involved in train-tunnel configurations.

Keywords: high-speed train; most unfavorable tunnel; aerodynamic resistance; train intersecting
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train in the tunnel
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Fig. 1 Cross-sectional view of the train through the tunnel
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Table 1 Comparison between the numerical calculation and test results of transient pressure peak-peak values on train body and

tunnel surface

¥ B 3R 0 % 1E 2 1
S 2 % 3% 4% 6 m 20 m 60 m 120m  250m  500m
SO E F A /Pa 2 812 2 630 2587 2689 1443 2424 2674 3882 4005 4111
HETE S s /Pa 2803 2789 2 740 2 740 1566 2 446 2667 3712 4147 4221
AN 2/ % —0.32 6.05 5.91 1. 90 8.52 0.91 —0.26 —4.38 3.55 2.68
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Fig. 11 Pressure-resistance time history curve of the inter-

section of double-train in the most unfavorable tunnel
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Fig. 13 Aerodynamic resistance-time history curves for trains

running at different speeds

14 J 7 S 5 42 <2l BE 3 10 R A {1 Bl 2 1Y)
AL G R, Horb BH T 0 e R de K BH O 5 /b
BHHMEZ 22, MWEIH o] LLE 1, B & 51 4 0
250 km #2 & 5] 400 km , 81 % 44K 3% R B B 7 1E 1
{HAEBAAE ARR T N M 51, 1 kN #4hn % 133, 3 kN,
BROR A 161%; £ 38 43 T80 ™ M 55. 5 kN 34 jin 2
160. 9 kN, K IE 2 189 %, BH Iy e 0 {H 7F 5 45 A B
THUF M 19,4 kN BE & 43, 2 kN, #KkiE Sk 184 %5
TS T T 32,2 kN B4 & 80. 6 kN, ik iiE Fy
284 % . BHIIVFIMEAE 5 45 A B T80T M 32. 9 kN
HINZE 76, 4 kNLHKE R 132%; FEZ S T T M
32.2 kN 4 % 80. 6 kN, Wk iE Jy 150% . itk Al
WL, 2451 A 47 gkt B 4R B R Z B R B L &
R

http: // zkxb. xjtu. edu. cn

TS LA 7 2 5 e S A B 30 LD B0 4 b 175
150
—a— ki
120F = WA

—e— P4

SEIRE /KN

30
0 1 L K d
250 300 350 400 450
JEATH)E/(km « h™)
(a) BB 3 4o o 3
180
—u— K
150 F  —m—iig

—— Tl
120

KBS /KN
8

“ l/
0 1 1 1 1
250 300 350 400 450

J&AT )% /(km « h™)
(b)BRIE NPT %384

& 14 S8 PR AT A Rl B 402 A7 o R AR fh A A
Fig. 14 The law of aerodynamic resistance characteristic

value changing with train running speed
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