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ABSTRACT 
Rotating cavitation in inducers is known as one type of cavitation instability, in which an uneven cavity pattern 

propagates in the same direction as the rotor with a propagating speed ratio of 1.0 - 1.2. On the other hand, cavitation in 
cryogenic fluids has a thermodynamic effect because of the thermal imbalance around the cavity. To investigate the 
influence of the thermodynamic effect on rotating cavitation, we conducted experiments in which liquid nitrogen was set 
at different temperatures (74 K, 78 K and 83 K) with a focus on the cavity length. At higher cavitation numbers, 
super-synchronous rotating cavitation occurred at the critical cavity length of Lc/h � 0.5 with a weak thermodynamic 
effect in terms of the fluctuation of cavity length. In contrast, synchronous rotating cavitation occurred at the critical 
cavity length of Lc/h ��0.9 - 1.0 with a strong thermodynamic effect in terms of the unevenness of cavity length. 
Furthermore, we confirmed that the amplitude of the shaft vibration depended on the degree of the unevenness of the 
cavity length through the thermodynamic effect.  
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 h 8 ý�������� 

 L 8 j
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Table 1 Temperatures at triple point and critical point in hydrogen, oxygen, nitrogen and water (K) 
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Fig. 1 Cryogenic Inducer Test Facility (CITF) in JAXA

Fig. 2 Illustration of the test section and installed 
pressure sensors to estimate the cavitation region 

Fig. 3 Development view of the inducer showing 
location of pressure sensors along the inducer blade
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Fig. 4 (b) Estimated cavity region under synchronous 
rotating cavitation 
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Fig. 5 Variations of the thermodynamic function �, 
including points of experimental conditions in nitrogen 
(74 K, 78 K, 83 K) and water at 293 K 
 

Fig. 4 (a) Estimated cavity region under suer-synchronous 
rotating cavitation 
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Fig. 6 Cavitation performances and cavity length of each channel 
(top), and variations of dominant frequency of shaft vibration 
(bottom) 

This document is provided by JAXA.



�� � � � � � � � � � � � � � � � � � � � � � � � � � � ��<=+8!">?+8!"@A� ()*)BCDBEFBEEG�
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

&��� +,����-./0�12*� !"#$�

� ê Æ 	 74 KH 83 KJ�Q�R��������

��bêa±�³cH�R����������bê Æ±Ç³c

�����óØ��È\��£¬ò¢de�[Û�Û�

·� É ÈP��JÊUVË"���u½ ½r½ ° J���


Q�R����������W*^f"����ó

Ø��ãS��ô÷��W����������#	

«L��
xHWKü�y�[f�f"Q�R���

������������óØ��£¬��l´m�

���	C{C 74 K»�83 K�Êop	lhi¿Ì¸f

�"������CQ�R�����������


�P�����óØ��ãS��|Vß��	C{	

�¿À9:dèéih�hxHWv�
[�

��"êa±Ç³	e� Û�Û�·� ² ��J��R��

��������d¤
H"����óØ�CãS�

8d\à�ÂÂ¿Ì�²�ù[H�àih
xHWN

O�y
~Â�"����óØ��.Z�	l�
ã

S�8d¤
H 83 KC 74 K��	��ãS�8�|

VW4�h[�ài"x�´��Y��������

{J
��
´���R�����������kl

C"������	´ài�R����������


�Å�Øh����ó�¹ØWÍ(�y"��ãS

�8d4��fih
­�Hûéih
[�

 

Fig. 8 (a) Fluctuations of cavity lengths for each channel in the case of super-synchronous rotating 
cavitation (left: 74 K, right: 83 K) 

Fig. 8 (b) Fluctuations of cavity lengths for each channel in the case of synchronous rotating cavitation 
(left: 74 K, right: 83 K) 
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Fig. 10 (a) Variations of cavity length (top), fluid force 
(top) and shaft vibration (bottom) for 74 K 

Fig. 10 (b) Variations of cavity length (top), fluid force 
(top) and shaft vibration (bottom) for 83 K 
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Fig. 11(a) Vector orbits of fluid force under super
synchronous rotating cavitation at 74 K and 83 K 

Fig. 11 (b) Vector orbits of fluid force under 
synchronous rotating cavitation at 74 K and 83 K 
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