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Tunnel Micro-pressure Wave Simulations of Limited Express and High-speed Train
with Landforms and Houses
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A micro-pressure wave is one of the main issues for the development of limited express as well as high-speed train. In
order to evaluate the magnitude of the micro-pressure wave, high-fidelity three-dimensional CFD simulations are
performed for a train entering a tunnel with considering real landforms and houses using an unstructured Navier-Stokes
flow solver, Cflow, which has been developed at Kawasaki Heavy Industries (KHI). The effect of landforms and
houses on the prediction of the micro-pressure wave is discussed in this paper. As for the limited express, computations
including three consecutive tunnels are conducted and the results of two types of train nose shape are compared.
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Table1 Numerical schemes of Cflow.

Goveming equation  Three-dimensional compressible Navier-Stokes

Time integration MFGS implicit method"®

Cell-centered finite volume method
Spatial discretization MUSCL with modified Green-Gauss + SLAU"”
2" order central difference (viscous term)

Spalart-Allmaras (S-A)

Turbulence model Detached-Eddy Simulation (DES)
Delayed DES (DDES)®
Parallelization Domain decomposition method with MPI
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Table2 Computational cases.

Case No. Landforms Houses
1 Without Without
2 With Without
3 With With

Table 3 Number of cells.

Case No. Total Train Tunnel
1 75 million 16 million 59 million
2 65 million 16 million 49 million
3 70 million 16 million 54 million

Fig.1 efSET® (environmentally friendly Super Express Train).
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Fig.2 Computational region (Case 3).
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Fig.3 Computational model of tunnel exit.
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(a) Tunnel entrance
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(b) Tunnel exit
Fig.5 Grid cross section.
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Fig.6 Time history of pressure at far-field observation point.

Copyright © 2019 by JSFM



% B EMERAENZL ORI L
EEES B06-5

9(b)?> 50m HLERE 9(c)D 100m HLS TORERERD L, F
20Pa QSRR BROFBAZT, Case? & Cased OBGEROAE SIZiEL s
o5,
BIZIE, X 9b)D 50m HE TD =45 JFOFERIT, Case2
L Case3 TREMRE IVEL TS, ZOMEIIFERERDOT RIT
THY, Case3 DFEH VD CIHHEKERIKE L o TWNA,
9(c)? 100m HIA TD =45 FHOFERBFERRD Z ERNE X D0,
SORNZ 0=45° J5IAI0FERIT Case3 DFIMREIERIT IS L 2o
TW5., ZOHSIIFROERFHIZHD Z Ehn, FROPELZ
ORI ORE ST D 2 LTz,

- @ Casel 100
-+-Case2 (+ Landforms)
-#-Case3 (+ Houses) %0
80
©
a I —
= —
? T
y 50|
;lé /'/ Ao \\
= 30
1K 20
&

o

-105-90 -75 -60 -45 -30 -15 %515 30 45 60 75 90 105

o
(a) 25 m distance from tunnel exit
- @ Casel 100
-+-Case2 (+ Landforms)
-#-Case3 (+ Houses) %0
@
? 0 L i i i i
u 50
8 | | . \A
- H ~—
(c) Case 3: with Landforms and Houses ® 2
Fig. 7 Instantaneous surface pressure fluctuation. & ok
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Fig.9 Peak values of micro-pressure wave at measuring points.

Fig.8 Measuring points on the ground.
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Fig. 10 Computational model.

(a) A-type bluff-nose train

(b) B-type bluff-nose train
Fig. 11  Train nose geometry.
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Fig. 12 Surface mesh.

Fig. 13 Grid cross section.
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Fig. 14 Time history of pressure in the 1st tunnel.
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Fig. 16 Instantaneous surface pressure fluctuation.
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