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Cavitation and vortex interaction mechanism and nonlinear flow characteristics
of liquid hydrogen ball valves
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Abstract: The ball valve is a key component in the liquid hydrogen delivery system. When the liquid hydrogen
flows through the throttle area of the valve core, the local pressure drop will lead to the vaporization of the liquid
hydrogen. The generated cavitation will not only cause cavitation when it collapses, but also directly threaten the
system safety and valve life. Aiming at the ultra~low temperature thermal effect of liquid hydrogen and the
sensitivity of its saturated vapor pressure to temperature change, based on the original Schnerr—Sauer cavitation
model, combined with gas—liquid energy balance and Clausius—Clapeyron equation, a cavitation model more
suitable for liquid hydrogen medium is proposed, and the accuracy of the cavitation model is verified by
experimental results. The dynamic evolution law of cavitation generation, development and collapse during the
opening and closing process was observed and discussed in detail. The coupling relationship between cavitation
phenomenon and vortex structure was revealed. The influence of different inlet pressures on cavitation was

discussed, and the influence of spool speed on vortex evolution was further quantified. The results show that the flow
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process has significant path dependence and nonlinear characteristics. Higher inlet pressure will significantly

Keywords: ball valve; liquid hydrogen; cavitation; flow characteristics; vortex

enhance the cavitation intensity and extend the
downstream cavitation flow area, while the spool speed
mainly affects the evolution rate of the downstream

vortex structure.
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Fig.2 Cavitation model verification
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Fig.3 Ball valve structure and fluid field mode
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