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Table 1 Effect of grid size on length of vortex band

Mesh Elements  Layersoftip  Length of TLV/mm
1 3026 646 50 122.88
2 5236 746 70 196.93
3 7100 526 80 219.50
4 9 929 562 90 219.55
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Table 2 Schemes of phase-transition coefficient in numerical simulation

Scheme Condensation coefficient (F ) Evaporation coefficient (F,)

0 0.01 50

1-1 0.03 50

1-2 0.003 50

1-3 0.001 50

1-4 107 50

1-5 F.=0.05x[0.1 = 0.1 x tanh[11.57 x (2 - 0.711)]] 50

2-1 0.01 300

2-2 0.01 100

2-3 0.01 75

2-4 0.01 10

2-5 0.01 F, =25 X tanh[7.482 x (2 - 0.52) ] + 75
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A self-adaptive cavitation model based on Omega vortex
identification theory

QU Nianchong', XU Kaifu', XIANG Le', LIN Ronghao’, DANG Xiaorui'

(1. Xi’an Aerospace Propulsion Institute, Xi’an 710100, China;
2. Science and Technology on Liquid Rocket Engine Laboratory, Xi’an Aerospace Propulsion Institute,

Xi’an 710100, China)

Abstract: There are many complex types of cavitation in the turbopump of liquid rocket engine, and the oc-
currence mechanism is different. The existing cavitation numerical calculation methods usually use a set of mod-
els to predict all types of cavitation, which has certain deficiencies in the prediction accuracy of cavitation. To im-
prove the calculation accuracy of complex cavitation flow, a self-adaptive cavitation model was proposed. Based
on the advanced Omega vortex identification theory and ZGB cavitation model, a self-adaptive adjustment meth-
od for phase—transition coefficient was established. Two types of typical cavitation (attached cavitation and leak-
age vortex cavitation) in turbopumps were taken as the research objects, and the simulation method was verified
by hydrofoil experiment data. Firstly, the differences of several vortex identification methods were compared. The
result suggests Omega method is not sensitive to threshold and has clear physical meaning, which can be used as
the value basis of the phase—transition coefficient. The effect of phase transition coefficient on attached cavitation
and leakage vortex cavitation and mechanism of these two cavitations were analysed. The results show that com-
pared with the ZGB model, the prediction accuracy of the self-adaptive model for leakage vortex cavitation is im-
proved by 181% in the case of large clearance and 27% in the case of small clearance. The prediction of attached
cavitation is closer to the experimental results. Attached cavitation is the reason of vortex shedding on suction sur-
face. The vortex band and the shear layer cavitation of tip leakage flowfield are formed by the interaction of tip
leakage vortex and separation vortex.

Key words: Cavitation model; Omega vortex identification; Phase—transition coefficient; Attached cavi-

tation; Tip leakage vortex cavitation
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