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Influence of Thermodynamic Effect on Sub-synchronous Rotating Cavitation*
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ABSTRACT

To investigate the influence of the thermodynamic effect on the sub-synchronous rotating cavitation, we

conducted experiments in which liquid nitrogen was set at different temperatures (74 K, 78 K and 83 K ) with

focusing on the fluctuation of the cavity length. Sub-synchronous rotating cavitation appeared at lower cavi-

tation numbers in liquid nitrogen at 74 K, which was the same as that in cold water. In contrast, in liquid nitro-

gen at 83 K, the occurrence of sub-synchronous rotating cavitation was suppressed on the increase of thermo-

dynamic effect due to the rising temperature. Furthermore, the unevenness of cavity length under the syn-

chronous rotating cavitation was also decreased by the thermodynamic effect. However, surge mode oscilla-

tion occurred simultaneously under the condition of weakened synchronous rotating cavitation. Cavity lengths

on the blades oscillated with the same phase maintained the uneven cavity pattern. It was estimated that the

thermodynamic effect weakened the peripheral cavitation instability, i.e., synchronous rotating cavitation, but

axial cavitation instability, i.e., surge mode oscillation, was induced easily because of the synchronization of

the cavity fluctuation with an acoustic resonance in the present inlet-pipe system.

Keywords: Sub-synchronous Rotataing Cavitation, Thermodynamic Effect, Surge Mode Oscillation,

Acoustic Resonance
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Fig. 1 FFT analyses of unsteady pressure fluctuation at 74 K

( mm : Estimated cavity region)

Rot. 1 e e e

RNQE%EdEEEEﬁ-g==ﬁ=!==‘H

Blade 1 Blade 2 Blade3d
(a) Super-synchronous rotating cavitation

Blade 1 Blade 2 Blade 3
(b) Synchronous rotating cavitation

Rot. 1 m
Rot. 2
Rot. 3 &
Rot. 4
Rot. 5 :

ROL 6 it ™ e ™ e
Rot. 7 ==
Rot. 8
Rot. 9
Rot. 10 =

——— -——-_"F-—'_-."ﬂ——

Blade Blade 2 Blade 3
(c) Sub-synchronous rotating cavitation

Fig. 2 Indirect observations of rotating cavitations at 74 K
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Fig. 4 Influence of the non-dimensional thermodynamic
parameter on rotating cavitations

Table. 1 Comparison of the non-dimensional thermodynamic
parameter =* in nitrogen

Temperature T (K) | Rotation N (rpm) Z (m/s%2) I*=% (C/U3)1”2
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78 18300 3.3E+04 10.2
83 18300 8.6E+04 26.6
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Fig.5 FFT analyses of unsteady pressure fluctuation at 83 K
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Fig. 8 Cavitation performances and cavity length of each channel and aver-

aged cavity length (top), pressure fluctuations (bottom) for 74 K
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