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Analysis of Aerodynamic Effect of the Combined Cushion Structure with Step Openings

WA, AL

(L TR BT AR =BE, HHEHE 056038 )

W OE: WS AR T, B - BRSO AN W], Bl B I AR i e L,
KRB ZEPEH O G R BT 20K, b de th—Fh 415 R nh 45— B BT LR A B G2 np &y, BT =
gk w4 ARER N-S TR, s BUERE I, MOTALEEE] . JFALAR . JRLBGE . 5142 5 U ATy i ik
FEOE5E, XA R 00T M0 TR B A B TR PEEA T 20 A o &R G ETITFLREL & G vh 4ty HIT LI
B 14 m, JEALRN 24 % . THALECR AL FI AR D 300 kb XS T Ty b RE IO SR ARASCR IR LT, 3831 57.2% .

KRR : kR ABITALG P Es e ISR BUERE: URRK

HESES: U451 +.3 MHERIRERG: A XEHS: 1005-8249 (2025) 04-0123-07

DOI:10.19860/].cnki.issn1005 - 8249.2025.04.023

YANG Binbin, YAN Yaguang
(School of Civil Engineering, Hebei University of Engineering, Handan 056038, China)

Abstract: With the continuous increase in high — speed train velocities, the train — tunnel aerodynamic effects intensify, and
the micro — pressure wave problem becomes increasingly severe. Single — type buffer structures can no longer meet design
requirements. Therefore, a combined buffer structure — a stepped vent combined buffer structure — is proposed. Based on the
three — dimensional , compressible, unsteady Navier — Stokes equations, numerical simulations were employed to investigate four
key parameters: vent distance, ventilation rate, number of vents, and train speed. The waveform characteristics of the initial
compression wave under varying working conditions were analyzed. The results show that for the stepped vent combined buffer
structure, the optimal mitigation effect on pressure gradient (reaching 57.2% ) is achieved under the following conditions; vent
distance 14 m, ventilation rate 24% , number of vents is single vent, train speed 300 km/h.

Key words: high — speed railway; step opening buffer structure; pressure gradient; numerical simulation; micro — pressure wave
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Fig. 1 Schematic diagram of hood
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Table 1 Parameter table of step opening buffer structure

T iﬂﬁ LR WAL LI
B/ /% / (mxm) /m
1 24 4x6 X=3, A=6, B=4
1 24 4x6 X=7, A=6, B=4
¢l 1 24 4 x6 X=14, A=6, B=4
1 24 4x6 X=20, A=6, B=4
1 16 4 x4 X=14, A=4 B=4
1 24 4x6 X=14, A=6, B=4
2 1 32 4x8 X=14, A=8,k B=4
1 40 4 x10 X=14, A=10, B=4
1 24 4x6 X=14, A=6, B=4
G3 2 24 4x3 X=14, A=3, B=4, C=2
24 4x1.5 X=14, A=15 B=4 C=2
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Fig.2 Diagram of computation domain of unhood
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Fig.3 Comparison of test results and calculated results
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Fig.4 Pressure and pressure gradient curves of measuring point 100 m at different opening distances
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Table 2 The peak pressure and pressure gradient of each measuring point at different opening distance
JEJ1/Pa JEJiRBIE/ (Pa/s)
FFFLEF 25/ m —
50 m 100 m 150 m 250 m 350 m 50 m 100 m 150 m 250 m 350 m
3 1 962.93 1 959. 83 1 946. 35 1 924.98 1863.08 5730.46 5344.53 5064.04 4 684.83 4352.37
7 1982.73 1.976.72 1 966. 58 1 946. 06 1876.62  5178.90 4873.05 4668.34  4389.07 4 184. 40
14 2 021.01 2015.45 2 006.95 1 988.29 1930.88  4632.04 4309.20 4162.52  3930.08 3 788.28
20 2 070. 81 2065.42 2057.41 2 036.71 1977.68  6211.37 5736.72 5346.88 4 771.49 4319.93
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Fig.5 Pressure and pressure gradient curves of measuring
point 100 m at different opening rate
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Table 3 The peak pressure and pressure gradient of each measuring point under different opening rate

LR % [ 11/ Pa JEJJ BB/ (Pass)
50 m 100 m 150 m 250 m 350 m 50 m 100 m 150 m 250 m 350 m
16 2 000. 47 1994.75 1 986. 34 1 967. 36 1 909. 02 5 072. 66 4 647. 68 4367.19 4 037.50 3 968. 38
24 2 021.01 2 015.45 2 006. 95 1 988.29 1 930. 88 4632.04 4309.20 4162.52 3 930. 08 3 788.28
32 2 040. 26 2 034.76 2 026. 44 2 007. 89 1951.54 5 466. 88 5093.75 4 825.41 4 .448. 44 4 150. 37
40 2 052. 19 2 046.92 2 038. 56 2 020. 40 1 964. 98 6 147.27 5 698. 05 5 357.45 4 863. 29 4 474.59
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Fig. 6 Pressure and pressure gradient curves of measuring point
100 m under different number of openings
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Table 4 The peak pressure and pressure gradient of each measuring point under different number of holes

FHLECR [ 11/ Pa JEJ BB/ (Pass)
7 (4) 50 m 100 m 150 m 250 m 350 m 50 m 100 m 150 m 250 m 350 m
1 2 021.01 2 015.45 2 006. 95 1 988.29 1 930. 88 4632.04 4309.20 4162.52 3 930. 08 3 788.28
2 2 036. 09 2 031.55 2 023.88 2 005.72 1.949. 42 5 005. 86 4717.97 4 498. 46 4 198. 83 3973.83
4 2 057.74 2 053.95 2047.72 2 030. 48 1975.78 5671.49 5 309. 38 5019.17 4 604. 69 4 287.87
2.4 F\EiR)E H 7 FER S TR R T 15
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Fig.7 Pressure and pressure gradient curves of
measuring point 100 m at different speed
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Table 5 The peak pressure and pressure gradient of each measuring point at different speed

Ll JEJ)/Pa JEJJ BB/ (Pa/s)

/ (km/h) 50 m 100 m 150 m 250 m 350 m 50 m 100 m 150 m 250 m 350 m
200 660. 93 658. 32 651. 80 637. 80 617. 63 1 013.67 959. 38 914. 46 810. 55 751. 56
250 1027.22 1 022. 85 1 018. 63 997.71 924. 48 1 862. 10 1 740. 62 1 651.95 1 527.74 1442.19
300 1477.42 1471.61 1467.38 1451.23 1391.70 3 005. 47 2 821.89 2 696. 11 2 531.24 2 347. 66
350 2 021.01 2 015.45 2 006. 95 1 988.29 1 930. 88 4 632.04 4 309. 20 4162.52 3 930. 08 3 788. 28
400 2 660. 62 2 656. 33 2 644.10 2 614. 88 2 559.57 6 837.90 6 337.35 6 152.38 5985.55 5 964. 06
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