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ABSTRACT

In this study, a CFD analysis was conducted using a compressor to reduce the drag of a Hypertube capsule train, which

is a subsonic capsule train system operating inside a vacuum tube. For this purpose, a conceptual design of a compressor that

is suitable for a capsule train was determined, and a compressor performance analysis module was developed by applying the

nondimensionalized compressor performance curve. Subsequently, three-dimensional steady-state CFD analysis was performed

using the developed compressor performance analysis module

by using the compressor inlet mass flow rate and discharge

pressure as the CFD boundary conditions. Finally, the improvements in the flow performances around the capsule train with

and without the compressor were compared.
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Fig. 1 Overall shape of capsule train vehicle
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Fig. 2 Shapes of Compressor inlet and nozzle

Internal region near train

Quter tube region

Fig. 3 Combination of inner and outer CFD computation domains

(b) Surface grid at nozzle

Fig. 4 Three—dimensional shape and surface grid of the
vehicle with the compressor

(a) Surface grid at compressor inlet
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Fig. 5 Boundary conditions for CFD analysis
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Table 1 Design conditions for compressor

Design condition Value Note
Inlet pressure(Pa) 99 Refer to Hyperloop Alpha
Inlet temperature(K) 292 Refer to Hyperloop Alpha
Inlet air density(kg/m’) 0.00113 Calculated result
Inlet velocity(nys) 31048 Velocity of vehicle
Inlet mass flowrate(kg/s) 0.49 Max. designed result
Discharge pressure(kPa) 2.1 Refer to Hyperloop Alpha
Effective inlet area 0.9328m’ Applicable max. value
Max. radil;lzt:rf I stage 0.5449m Design constraints
sEFHIIASE ==& 223, Mi3g, 2019
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Fig. 6 Sectional shapes from the conceptual
design of the compressor
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Fig. 7 Reduction of the effective cross—sectional
area of the rotor shaft and hub
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Fig. 8 Nondimensionalized compressor performance curve
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Table 2 Final inlet flow conditions of the compressor

(o]

Inlet flow conditions of the compressor
Mewae p 2y | P LK) | rkes)
04 90.7 110.5 301.6 0.184
0.5 99.5 120.8 309.4 0.199
0.6 112.9 1354 319.8 0.220
0.7 123.2 154.8 333.8 0.246
0.8 151.6 180.9 3513 0.280
0.9 175.0 208.0 368.2 0314
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Table 3 Comparison of Cp according to Mach number

Compressor-On
Cp Drag(N)

Compressor-Off
Cp Drag(N)

Mapsule

0.4 4.117 64.96 1.813 28.61

0.5 4.336 106.92 1.869 46.08

0.6 4.869 172.88 2.095 74.40

0.7 5.022 242.73 2.330 112.58

0.8 4.735 298.89 1.953 123.27

0.9 4.390 350.73 1.674 133.77
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