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Thermodynamic Effects on Cavitation Performance

and Instabilities in an Inducer *

Yoshiki YOSHIDA =1, Kengo KIKUTA * 2, Mitsuo WATANABE * 1,
Tomoyuki HASHIMOTO * 1, Katsuji NAGAURA * 3, and Katsuhide OHIRA * 4

ABSTRACT
In the present study, we focused on the length of the tip cavitation as a cavitation parameter for

experimental investigations of the thermodynamic effect on a cavitating inducer. Comparison of the
length of tip cavity in liquid nitrogen (76 K and 80 K) with that in cold water (296 K) allowed us to
estimate the strength of the thermodynamic effect. In addition, unstable cavitation phenomena occur
when the cavity length develops over the throat. Sub-synchronous rotating cavitation appears both in

liquid nitrogen and in cold water. In contrast, cavitation surge appears only in cold water at a lower

cavitation number. From these experimental results, thermodynamic effects on cavitation performance

and instabilities were discussed.
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Fig. 1 Saturation propeties of nitrogen as a function of temperature,
O: Triple point (63.1K), @: Experiment conditions (76K, 80K)
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Fig. 2 The thermodynamic function ¥ (m/sec3/2) for
hydrogen, nitrogen, oxygen, and water (O : at
latm, @: Experiment conditions of nitrogen (76K,
80K) and water (296K))
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Fig. 4 Example of the cavitation, (a) Unsteady pressure distribution showing the estimated
cavity region in nitrogen, (b) Visualization of the cavitating inducer in water
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Fig. 5 (a) Cavitation performance ¥/ W o, cavity length Le/h, pressure
amplitude of the unsteady cavitation in water (296K)
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Fig. 5 (b) Cavitation performance ¥ / ¥ o, cavity length Le/h, torque property t / © o,
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Fig. 6 Comparison of FFT analyses of unsteady pressure
on the casing wall in water with that in nitrogen
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SMO : Surge mode oscillation
Sub-RC : Sub-synchronous rotating cavitation
CS : Cavitation surge
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Fig. 8 Range of unsteady cavitations in water (296K) and
in nitrogen (76K, 80K)
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Fig. 9 Comparison of cavity length in nitrogen (80K, @/
Q+=1.00 and 1.05) with that in water (296K, @/
©4=1.00 and 1.06)
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Fig. 10 Photograph under the cavitation surge (CS) in water (296K),

showing the fluctuation both of back flow vortex cavitation
and tip leakage vortex cavitation
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