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Abstract  Supersonic jet technology using high pressures has been popularly utilized in diverse industrial and
engineering areas related to working fluids. In this study, to consider the effects of a shock wave caused by supersonic
jet flow from a high pressure pipe, the SST turbulent flow model provided in the ANSYS FLUENT v.16 was applied
and the flow characteristics of the pressure ratio and Mach number were analyzed in accordance with the working
fluids (air, oxygen, and hydrogen). Before carrying out CFD (Computational Fluid Dynamics) analysis, it was
presumed that the inlet gas temperature was 300 K and pressure ratio was 5 : 1 as the boundary conditions. The
density function was derived from the ideal gas law and the viscosity function was derived from Sutherland viscosity
law. The pressure ratio along the ejection distance decreased more in the lower density working fluids. In the case
of the higher density working fluids, however, the Mach number was lower. This shows that the density of the
working fluids has a considerable effect on the shock wave. Therefore, the reliability of the analysis results were
improved by experiments and CFD analysis showed that supersonic jet flow affects the shock wave by changing shape

and diameter of the jet, pressure ratio, etc. according to working fluids.
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Fig. 1. Geometry of the pipe configuration and analysis
domain
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Table 1. Configuration of pipe

Contents Size
Nozzle diameter, D 10 cm
analysis scale (50D+50D)*50D
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Fig. 2. Mesh System

Table 2. Quality of mesh

Type Quad only
Initial cells 500,000
Orthogonal Quality 1 (min)
Skewness 0 (Max.)
Aspect Ratio 1 (Max.)
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Table 3. Detail conditions for analysis

Type Conditions Detailed setting
Solver FLUENT Density-based
Tlggldﬂeclm 2 Equation SST k—w
Time Unsteady stae 1x10°6
Space Symmetry -
Temperature 300 K Default
Pressure ratio 5:1 -

Table 4. Physical Properties of working fluids

Gas
Air 0, H,
Item
Molecular
weight [kg/kmol] 28.97 31.999 2.016
Critical temperature [K] 133.0 154.6 33.1
Critical pressure [Mpa] - 5.04 1.297
Density at 300 K
3 1.1774 1.3007 0.08185
[kg/m” ]
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