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Abstract

This paper is based on three-dimensional simulation software, using the aerodynamic model of
CR450 locomotive head and tunnel to numerically simulate the turbulent flow field of a train en-
tering a tunnel without hood and a tunnel buffer structure on the Beijing-Shanghai line. The train
enters the tunnel at a speed of 400 km/h. Most of the air in front of the train is squeezed and
propagates into the tunnel along the train’s travelling direction, and part of the air escapes out of
the tunnel through the annular space or the opening of the hood. When the nose of the train ar-
rives at the entrance of the tunnel, the initial compression wave starts to form, and as the curved
section of the train’s head enters the tunnel, the pressure of the compression wave increases dra-
matically. When the curved section of the train completely enters the tunnel, the pressure in-
crease in front of the train becomes flat, at which time the initial compression wave is completely
formed. In the range of 15 m in front of the train, the compression wave is affected by the
near-field pressure of the train, showing obvious three-dimensional characteristics. When the
compression wave propagates beyond the range of 15 m in front of the train, the effect of the train
near-field pressure almost disappears, and the compression wave shows obvious one-dimensional
characteristics, at this time, it has evolved from a three-dimensional wave to a one-dimensional
wave. The pressure gradient of the initial compression wave increases first and then decreases,
showing obvious single-peak characteristics. The hood can reduce the pressure growth rate of the
initial compression wave in the formation process, but the reduction effect on the pressure am-
plitude is also related to other factors such as the head shape.
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Figure 1. Tunnel model section parameters and measurement point arrangement
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Figure 2. CR450 train set aerodynamic geometry model and calculation model grouping
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Figure 3. Schematic of the calculation area
3 HERXREREE

DOI: 10.12677/ijm.2024.132008 77 VAEZT T


https://doi.org/10.12677/ijm.2024.132008

FOEF, BRI

22. WHEZE

B @ R IE 51 R R 2 AR sl = 4E T IE48 3R 2 W AL MRS . KA Rans imii A, &
M4 K H SIMPLE 50vk, BEMHCSR MK y+EEIACEE, B 1A) SR A BBl Xt R B 30 XUk X B i,
Y HCR PO 2 0¥ 2B . ] R 48 AR 1) 2 AR $2 1) T RN -

(1) ZEL M TTHE:

%pw-(pv):o )

R, p WESHE, VORI TEERR, VOIS EET .
(2) BT,
o(pV)
ot
Ak, @WHBWTIM, p WEEE, VORATHTEERE, VRREEE T, f, IR TS
B AR R B (RN R ) 1, PRI
(3) HEfITE:

+V(pV V)=V -P+f, 2

pT%?zdiv(kgradT)+¢) )

Kb, p NTREE, TAWRBEE, K ARMRKRE, o NI,
2.3. FFEMNE

DNIAIE AR SCHUE v 57 R A BV AN TR SRS B2, SR A H AR SIS S 6 1) 25 SR AT B0 IE[15] o SIS Ay
5SEBRECE A 1:30. 383 — AR RG0S F 24T IR, K R GEH — A E M —AS 10 m R E MR,
I A R SR HES) B . BE S 25 35 m IR B, 58S R B IR R . 7R BE B BRI
A 38 m AbAi & PL AT

AT E T STAR CCM+ECEER I Trim W%, SR 7 SRS A I H2 0 BE T 1 i3 Al 7ER% i BE
MHif# Prism f#% 5 )2, 95— ZMEERE N 1.4 mm, SBJEEH 275 mm; EXEAELERMH T 5 2 Prism
W% 5 5, H—EMAKJEE N 1.08 mm, &R 17.6 mm. IR RS W 4 s

kbl
£

[T gverset

Tt AE

(a) EBMIE (b) PR

Figure 4. Overset mesh and body mesh display
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Figure 5. Comparison of calculated results with test results
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Figure 6. Pressure and pressure gradient time histories at tunnel inlet points
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Figure 7. Pressure distribution near train and tunnel inlets
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Figure 8. Pressure distribution in the vicinity of trains and hoods
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Figure 9. Pressure and pressure gradient time histories at tunnel portal measurement points
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