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Comparative Analysis of Flow Characteristics Using Reflected Pressure Wave at
Crossing of Subway Trains in Straight Tunnel
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Abstract In this study, CFD is used to compare and analyze the flow characteristics using reflected pressure wave
during the intersection of two trains in straight tunnel. Two tunnels of different lengths; 600 m and 3,400 m were
designed and numerical analysis of the flow characteristics of two tunnels carried out by setting the crossing state
of the two trains at a constant velocity of 27 m/s form the center of the tunnel. The simulation model was designed
using the actual tunnel and subway dimensions The train motion was achieved by using the moving mesh method.
For the numerical analysis, k-@ standard turbulence model and an ideal gas were used to set the flow conditions of
three-dimensional, compressible and unsteady state. In the analysis results, it was observed that the inside of the long
tunnel without interference of the reflected pressure wave was maintained at a pressure lower than the atmospheric
pressure and that the flow direction was determined by the pressure gradient and shear flow. On the other hand, the
flow velocity in the short tunnel was faster and the pressure fluctuation was noted to have increased due to the reflected
pressure wave, with more vortices formed. In addition, the flow velocity was noted to have changed more irregularly.
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Fig. 1 Schematics of simulation model with boundary condition and analysis points.
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Table 1 Simulation methods and conditions Table 2 Meshing information and analysis time step

Analysis method CFD-AnsyS Fluent Short tunnel Long tunnel
Turbulence model K- Standard model

- - . . min. : 0.075 [m] min. : 0.075 [m]

f
Working fluid Ideal gas Size of grids max. : 025 [m] max. : 125 [m]
Flow condition 3-dimensional, Compressible, Transient flow
Dynamic mesh Layering method, Sliding mesh . node : 3719660 node : 3809750
Number of grids

Initial condition in the tunnel T = 300 [K], P = 0 [Pa] (gauge) clements : 3420176 elements : 3484176
Train operating speed 27 [mis] Shape of grids hexahedron
Initial position of trains Distance between trains = 100 [m] -

P Distance between train and tunnel = 0.75 [m] Time step 0.004 [sec]

124 (© SAREK



AAE eI A AsHE ARl WAED A WA HHel e §F 54 wwA

6 T T T
Numerical analysis
O Experiment

4 L 4

2+ 4
o
O

ot

2L

-4 1 1 1

0 5 10 15 20

Time(sec)

Fig. 2 Validation.
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(a) Approaching

(b) Overlap

(c) Fully passed
Fig. 3 Swirl strength by velocity contour(left : short tunnel, right : long tunnel).
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Fig. 4 Pressure and u-velocity distributions according to time at analysis points(left : short tunnel, right : long tunnel).
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(b) u-velocity distribution
Fig. 5 Pressure and u-velocity distributions according to time at analysis points(left : short tunnel, right : long tunnel).
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Fig. 6 Distributions of pressure and streamlines according to cross status(left : short tunnel, right : long tunnel).
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