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Research on flow mechanism and its sterilization application of jet
pump cavitation reactors

*
WANG Jiong, XU Shuang-jie, ZUO Dan, LONG Xin-ping

(Hubei Key Laboratory of Waterjet Theory and New Technology, Wuhan 430072, Email: xplong@whu.edu.cn

School of Power and Mechanical Engineering, Wuhan University, Wuhan 430072, China)

Abstract: As a new type of cavitation reactor based on the working principle of jet pump, the jet
pump cavitation reactor combines the cavitation characteristics of orifice plate and venturi tube,
which the high-speed jet sucks low-speed fluid and induces severe vortex cavitation in
low-pressure environment. In this paper, researches were conducted to investigate the external
parameters, internal cavitation characteristics and its relationships in jet pump cavitation reactor
under the whole flow conditions. Also, the experiments on the treatment of E. coli cells by jet
pump cavitation reactor were carried out. According to the cavitation mechanism and operating
conditions, the cavitation stage of jet pump cavitation reactors can be divided into two categories,
namely, large flow ratio cavitation stage, low and negative flow ratio cavitation stage. In large
flow ratio cavitation stage, cavitation occurs in the shear layer of the nozzle jet and develops
further downstream with the mainstream. As the outlet pressure decreases, inception cavitation
stage, developing cavitation stage, unstable limited cavitation stage and stable limited cavitation
stage appear successively. In unstable limited cavitation stage, the cavitation cloud keeps on
oscillating back and forth in the throat. In stable limited cavitation stage, the cavitation cloud
develops to the diffuser and keeps stable. In low and negative flow ratio cavitation stage, as the
flow ratio decreases and outlet pressure increases, the cavitation development is severely
restricted. The cavitation region moves upstream from the throat gradually, then the backflow
stagnation cavitation stage and the reverse transport cavitation stage appear successively. The
area ratio is crucial for the occurrence and development of cavitation. Particularly, when the area
ratio is large enough, cavitation can only develop to backflow stagnation cavitation stage. The
results of cavitation sterilization show that the cavitation flow of jet pump cavitation reactor has a
good killing effect on e. coli cells. With the increase of the outlet pressure, the bactericidal rate is
also gradually enhanced. The bactericidal rate increases slowly at first, then rapidly and finally
gradually with the treatment time, indicating that the cumulative damage effect of e. coli cells
accounts for a major role in cavitation treatment by jet pump cavitation reactor. In addition, the
change of bactericidal rate at different initial concentrations is basically similar. The lower the
initial concentration, the shorter the relative treatment time, and the better the sterilization effect.
This study has significant reference for hydraulic cavitation characteristics and application of jet

pump.
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