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Regularity of two-phase flow with vaporization produced by injecting

water to the high temperature airflow for nozzle

ZHANG Jianghua, SHI Qiongyan

(College of Mechanical Engineering, Changzhou Vocational Institute of Mechatronic
Technology, Changzhou Jiangsu 213164, China)

Abstract: In order to research the gas-liquid two-phase flow problem considering vapori-
zation phenomenon for the rocket engine, the vaporization mechanism of liquid water was
studied. The vaporization model for water was established according to the saturation tem-
perature of water at different pressures. A program to solve the vaporization phase change
process for liquid water was written on the basis of vaporization model, and the vaporization
phase change calculation results were added to the multi-phase flow field equations as vapori-
zation component source term and heat source term, so the three-dimensional multiphase
flow field numerical solution considering the liquid water vaporization phase change was real-
ized. Combining with the classical example, the errors of the temperature calculating values
and experimental values of the two-phase flow field for the feature points were controlled
within 8. 5%, verifying the reliability of the three-dimensional calculation of the program.
The mass conversion rate curves of two-phase from the different distance of the rocket nozzle
showed that the mass conversion rate of two-phase rose from the lowest value to the highest
value and then decreased to the lowest value, the transformation mechanism of the liquid and

gas phases was revealed. The method can provide direct reference for the vaporization and
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cooling of the water chamber in the launching stage of launch platform for launch vehicle.

Key words:

nozzle; gas-liquid two-phase flow; vaporization phase change;

evolution mechanism; mass conversion rate
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Table 1 List of vaporization phase change of liquid water

EJ1/ MR R ET . A AR RS/ A R B/ R IR
MPa wE/K  kJ/kg) | MPa  JRE/K  (kJ/kg) | MPa JRE/K  (k]J/kg) MPa wmE/K  (k]/kg)
0.001 279.98 2484.5 ||0.080 366.51 2274.3 |1.000 452.88 2014.4 | 5.000  536.33 1638.2
0.002  290.51 2459.8 [10.090 369.71 2265.9 |1.100 457.06 1999.3 | 6.000  548.56 1569.4
0.003  297.98 2444.2 ||0.100 372.63 2258.2 |1.200 460.96 1985.0 | 7.000  558.80 1503.7
0.009  316.79 2397.5 (|0.250 400.43 2181.8 |1.800 480.10 1910.5 |13.000 603.81 1129.4
0.010  318.83 2392.6 (|0.300 406. 54 2164.1 |[1.900 482.79 1899.6 |{[14.000 609.63 1065.5
0.015  327.00 2372.9 ||0.350 411.88 2148.2 |2.000 485.37 1888.8 |[15.000 615.12 990. 4
0.050  354.35 2305.4 (|0.700 437.96 2065.8 |[3.000 506.84 1793.5 {/20.000 638.71 585.0
0.060  358.95 2293.7 (|0.800 443.42 2047.5 |3.500 515,54 1751.5 |[21.000 642.79 448.0
0.070  362.96 2283.4 (0.900 448.36 2030.4 |4.000 523.33 1711.9 |[22.000 646.68 184.8
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Fig. 6 Comparison of flow field parameters between calculations and experiments after water injection
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