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Numerical simulation study on aerodynamic characteristics of hyperloop trains

LIU Bin"?, ZHANG Lei’, LI Tian’, ZHANG Weihua®

(1. School of Mechanical Engineering, Southwest Jiaotong University, Chengdu, Sichuan 610031, China;
2. CRRC Tangshan Co., Ltd., Tangshan, Hebei 064000, China;
3. State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University, Chengdu, Sichuan 610031, China)

Abstract: This study addresses key challenges for hyperloop trains, such as high surface temperatures and pressures on the car-
body; shock wave effects and airflow choking inside the tubes. Based on the three-dimensional compressible Navier-Stokes equations
coupled with the SST k-w turbulence model, and employing the Roe spatial discretization scheme along with hybrid meshing techniques,
a numerical computational model for aerodynamics of hyperloop trains was established to systematically investigate the evolution of
flow fields, aerodynamic forces and aerothermal characteristics on the carbody surface and inside the tubes, under operating speeds rang-
ing from 400 km/h to 2 500 km/h and in-tube pressures from 1 atm (101 325 Pa) down to 0.005 atm (506.625 Pa). Results show that the
largest positive pressure zones on the carbody surface occur at the nose tip and the leading edge of the bottom mover plate of the head
car; the mover region experiences strong compression, resulting in local pressure increases of 12% to 17% compared to the stagnation
point on the head car. At a fixed blockage ratio of 0.057 42, a clear Kantrowitz limit appears when the Mach number ranges from 0.793
to 1.370 (corresponding to train speeds of approximately 971 km/h to 1 677 km/h), potentially triggering airflow choking and causing
nonlinear jumps in the aerodynamic drag coefficient. Furthermore, increasing the vacuum level in the tubes significantly reduces shock
wave intensity and aerothermal loads; at extremely low pressures between 0.05 atm (5 066.25 Pa) and 0.005 atm (506.625 Pa), aerody-
namic drag falls to 5% - 0.5% of that under atmospheric conditions. Therefore, a high-acceleration operating strategy is recommended to
rapidly traverse choking speed ranges, and targeted thermal protection for the underside of the head car is emphasized for the design.
These findings provide theoretical support for selecting optimal vacuum levels, optimizing vehicle contours, and ensuring safe operation
of Hyperloop systems.

Keywords: evacuated tube; aerodynamics; numerical simulation; airflow choking; shock wave effect; acrodynamic drag
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