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Numerical Study on the Super Sonic Phenomenon of Compressed Air
according to the Flow Path Conditions
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Abstract The braking force for a train is generally provided by compressed air. The pressure valve system that is
used to apply appropriate braking forces to trains has a complex flow circuit. It is possible to make a channel shape
that can increase the flow efficiency by 3D printing. There are restrictions on the flow shape design when using
general machining. Therefore, in this study, the compressed air flow was analyzed in a pressure valve system by
comparing flow paths made with conventional manufacturing methods and 3D printing. An analysis was done to
examine the curvature magnitude of the flow path, the diameter of the flow path, the magnitude of the inlet and
reservoir pressure, and the initial temperature of the compressed air when the flow direction changes. The
minimization of pressure loss and the uniformity of the flow characteristics influenced the braking efficiency. The
curvilinear flow path made through 3D printing was advantageous for improving the braking efficiency compared to
the rectangular shape manufactured by general machining.

Keywords : 3D printing, Brake valve system, Flow path, Numerical analysis, Pressure loss
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Fig. 2. Shape of flow path fabricated by typical
machining(left) and 3D printing(right)
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Table 1. Design Cases for Simulation

Curvature (mm) | RO - Orthogonal R25 RS0
Case [EIEFEEEH EEEEEE EEEAE
Temp. {celcius) | -23 25 60 25 25 1] -25 25 60
Inlet / Reservolr | o 3 gy gst|ey1 847 8/1fast 8r1 e
Pressure (bar)
Diameter (mm) ] 8 [ 8 5 g 8 8 8
Case C14 12 cis|c4 22 casfo4 o o3
Ternp, (celciusy | 25 25 25 25 25 25 25 25 25
Inlet / Reservolr "
Pitesive o 471 BS1 874477 BSY B/aj4/ B B/4
Diameter {mm} 8 8 B 8 a8 B 8 8 8
Case ct6 12 c7|cae c22 e27|ca6 c3 CIT
Temp. {celciusy | 25 25 25 25 25 25 25 25 25
Inet / Reservoir | 0y eyt s/t |81 8/t es1|ast g1 sst
Pressure (bar)
Diameter (mm) 4 8 12 4 8 12 4 8 12
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Fig. 5. Data Acquisition Time for Comparison (3 Cases
: C12 at RO, C22 at R25, C32 at R50)
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Fig. 6. Typical Pressure Contour according to time :
C12 Case, (b) C22 Case, (c) C32 Case
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