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Abstract: In order to investigate in depth the two-phase condensation flow during low-tempera-
ture gas expansion at supersonic speeds, a unified numerical model was developed using the Eul-
er-Euler two-fluid model. Specifically, the phase transition model adopted the classical nucleation
theory considering non isothermal effects and the Gyarmathy droplet growth theory which is ca-
pable of predicting both homogeneous and heterogeneous condensation of nitrogen gas. The nu-
merical simulation of cryogenic nitrogen gas expansion and condensation in a Laval nozzle was car-
ried out using Ansys Fluent, and the effects of different inlet temperatures and heterogeneous
core parameters on the condensation behavior were analyzed. The simulation results show that

with decreasing inlet temperature, the location of condensation gradually shifts towards the
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throat, and the liquid mass fraction and droplet size at the exit also increase; compared with hom-

ogeneous nucleation, the presence of heterogeneous cores reduces the free energy barrier of nucle-

ation, allowing nitrogen to condense at relatively low degrees of supercooling; when the radius of

the heterogeneous core is within a certain range, as the number of heterogeneous cores increases,

heterogeneous condensation gradually becomes the dominant process in the growth of the liquid

mass fraction until complete heterogeneous nucleation is achieved.

Keywords: cryogenic nitrogen; supersonic expansion; homogeneous nucleation; heterogeneous

nucleation
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Fig. 1 Nozzle structure parameters, mesh generation and

boundary conditions
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centerline of the flow channel between numerical

simulation results and experimental results
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Table 1 Numerical calculation condition

T #H SRR OEURE,  RRELER/
gis WE/K 10%kg ! nm
1 93 0 0
2 95 0 0
3 97 0 0
4 120 0 0
5 93 1 1.0
6 93 10 1.0
7 93 50 1 000.0
8 93 50 100.0
9 93 50 10.0
10 93 50 1.0
11 93 50 0.1
12 93 100 1.0
13 93 500 1.0
14 93 1000 1.0
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