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Numerical study on condensation of moist jet in Laval nozzle
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Abstract: The Eulerian dispersed phase method combining the flow governing equations, nucleation
model and droplet growth model was adopted to clarify the influence of condensation on the flow field,
and the influence of nozzle geometry and gas humidity on the condensation state. The models with nozzle
radius ratio of 2, 3, 4, 5 and gas humidities of 10%, 30%, 50%, 70%, 90%, 100% were numerically
simulated. The results showed that the influences of condensation effect no the flow field were obvious
and the temperature of condensation flow field was higher than non-condensation condition because of the
latent heat released by vapor condensation. With the increase of the nozzle radius ratio, the droplet radius
at the exit of nozzle axis increased. The droplet appeared closer to the throat and the droplet radius at the
exit of axis was larger with the increase of nozzle half angle. The relationship between gas humidity and

droplet size was nonlinear, and the droplets appeared closer to throat with higher gas humidity.
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the Eulerian dispersed phase model; water vapor condensation
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Table 1 Initial parameters of nozzle inlet
RERIGS 7y,/mm n x;,/mm r/mm Xop/MM 6/(°) W% T/K piw/MPa
50 2 50 20 113.43 10 50 500 3
50 3 50 20 226.85 10 50 500 3
a 50 4 50 20 340.28 10 50 500 3
50 5 50 20 453.70 10 50 500 3
50 2 50 20 226.85 5 50 500 3
b 50 3 50 20 226.85 10 50 500 3
50 4 50 20 226.85 14.8 50 500 3
50 5 50 20 226.85 19.4 50 500 3
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Fig. 10  Pressure, temperature, droplet radius, and number density at nozzle axis of different humidity
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Table 3 Pressure, temperature, water vapor content and droplet radius at the outlet
h/% pJ/Pa T/K Pa/Pa h/% r/um
10 40800.43 282.78 1196.91 2.34 1.135
20 42 929.58 310.86 6527.35 11.49 1.310
30 59 895.79 352.14 45461.3 21.64 1.422
40 79 429.08 373.38 102 126.5 32.20 1.505
50 56972.7 351.07 435153 43.14 1.777
60 56 821.61 354.23 49473.6 54.12 1.845
70 56 868.73 357.96 57373.3 65.34 1.740
80 67 629.17 371.90 96 857.2 76.66 1.701
90 56401.84 361.59 66 048.7 88.26 1.697
100 66114.21 375.41 109 738.7 100 1.747
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