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Abstract: The Supersonic separator is a convergent-divergent nozzle with condensation and phase change at supersonic
speeds. In this separator, the flow is converted from subsonic to supersonic, and this change in the flow regime leads to a
sharp decrease in temperature and the formation of a liquid within the gas. Fluid flow, mass and heat transfer in supersonic
separators are poorly understood due to the complex interaction of supersonic flow and phase change. In this study,
numerical modeling of water vapor condensation has been carried out to investigate the fluid flow in the supersonic
separator. The mixture method is used to simulate the multiphase flow and the implemented turbulence model is the
standard k-&. The Lee phase change and UDF mathematical models have been used to accurately predict the spontaneous
condensation phenomenon. The problem is simulated in two-dimensional mode, the inlet and outlet pressures and the
inlet temperatures are assumed as boundary conditions, and the nozzle wall is adiabatic. The results obtained from the
numerical model are in good agreement with the experimental data. Based on the analysis, the phase change of water
from vapor to liquid and the dehumidification, which was the main objective of this research, has been successfully
achieved. Also, with an increase of 6.8% in the inlet temperature, the liquid mass fraction decreased by more than 2%.
With an increase of about 12.5% in the inlet pressure under the same conditions, the maximum liquid mass fraction
increased by more than 19%. Considering natural gas as the inlet fluid of the separator, all water vapor is converted to
liquid and the separation efficiency is very high.
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