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Parametric Study on the Aerodynamic Drag of Ultra High-speed
Train in Evacuated Tube - Part 1
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Hyeok-bin Kwon - Bu-byoung Kang - Byeong-Yun Kim - Du-hwan Lee - Hyun-Ju Jung

stract  This study is devoted to understand the basic characteristics of the flowfield around a train in evacuated
tube and to suggest an efficient numerical method to calculate the flowfield. To get steady-state solution jn minimum
calculation domain, various boundary condition have been tried for steady calculation and have been compared to the
solution of unsteady calculation. At the train velocity of 300kmy/h, the aerodynamic drag results of both calculation
method agreed very well. The drag ratio between on the open filed and in the tube from the calculation result by
the suggested numerical method lied in the same fitting curve with that from the filed test of high-speed trains running
in the line.

Keywords : Tube-Vehicle System, Ultra High-speed Train, Evacuated Tube, Aerodynamic Drag, Computational Fluid

Dynamics
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Table 1. Aerodynamic model for numerical simulation

Nose shape Tangent Ogive

Nose Length (m) 10

Total Length (m) 100

Train Diameter (m) 3

Tunnel Diameter (m) 6
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Fig. 1. Tangent Ogive
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Table 2. ZT]& Tangent Ogive 2@ 9] B|AA}F 34 A

Sol Unsteady
Sel(:: c‘?i?én Axisymmetry, Density based, Implicit
Absolute Velocity Formulation
Turbulence | k-omega(2eq) SST, Compressibility Effect

Table 3. 293 Tangent Ogive RH2] v]YA 3|4 AA 24

Operating Pressure = 0 Pa
Gauge Pressure = 101325 Pa
Turbulence Intensity = 0.5%
Turbulence Viscosity Ratio = 1

Outside | Pressure-outlet

Train wall Moving Wall .
(300 knvh, 700 km/h)
Tunnel wall No slip wall
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Steady

Sgl(c)e lgfg(rm Axisymmetry, Density based, Implicit
Absolute Velocity Formulation

Turbulence | k-omega(2eq) SST, Compressibility Effect

Table 5. &% Tangent Ogive RE 9] FAF g4 AA 24

Fluid fluid Moving Zone (300 km/h, 700 km/h)
Operating Pressure = 0 Pa
Gauge Pressure = 101325 Pa
Forward | Pressure-

Mach Number = 0

Turbulence Intensity = 0.5%
Turbulence Viscosity Ratio = 1
Gauge Pressure = 101325 Pa
Turbulence Intensity = 0.5%

Train far-field

Backward | Pressure

Train -outlet ) . ]

Turbulence Viscosity Ratio = 1
Train wall Moving Wall (300 km/h, 700 km/h)
Tunnel wall Slip wall
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Tabel 6. Aerodynamic drag in unsteady and steady calculation

Train

velocity 300 km/h

700 km/h

Drag(kN) | Pressure | Viscous | Total | Pressure| Viscous | Total
Unsteady | 6.13 10.60 |16.73 191.93 | 51.87 |243.80
Steady 6.14 | 1048 [16.62| 152,70 | 53.07 |205.77
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