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Influence of Thermodynamic Effect on Synchronous Rotating Cavitation’
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Abstract

Synchronous rotating cavitation is one type of cavitation instability, causing synchronous shaft
vibration or head loss. On the other hand, cavitation in cryogenic fluids has a thermodynamic effect on
cavitating inducers because of thermal imbalance around the cavity. To investigate the influence of the
thermodynamic effect on synchronous rotating cavitation, we conducted experiments in which liquid
nitrogen was set at different temperatures (74 K, 78 K and 83 K). We clarified the thermodynamic ef-
fect on synchronous rotating cavitation in terms of cavity length, fluid force, and liquid temperature.
Synchronous rotating cavitation occurs at the critical cavity length of Le/h = 0.8, and the onset cavita-
tion number shifts to a lower level due to the suppression of cavity growth by the thermodynamic ef-
fect, the influence of which becomes more significant with rising liquid temperature. Furthermore, we
confirmed that the fluid force acting on the inducer increases markedly under conditions of synchron-

ous rotating cavitation.
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Fig. 2 Development view of the inducer showing location of pressure sensors along the inducer blade
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Fig. 3 Waveforms of the pressure fluctuation under synchronous rotating cavitation and normal state at Pos. 4
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(a) Just before synchronous rotating cavitation
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(b) Under synchronous rotating cavitation
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(c) Just after synchronous rotating cavitation
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Fig. 4 Figures of estimated cavity region near synchronous rotating cavitation
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Fig. 5 Photographs of synchronous rotating cavitation which

show the unequal cavity length of each blade ¥
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Fig. 6 Variations of the thermodynamic function X,
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F ig. 7 Cavitation performances and cavity length of each channel for three temperatures (74 K, 78 K, and 83 K),
showing unequal cavity length under synchronous rotating cavitation
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Fig. 8 Transition of cavitating state, including the specific unstable region of the inducer
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Fig. 11 (a) Vector orbits of fluid force and (b) Shaft vibration, indicating similar phase change
in vector orbit under conditions of synchronous rotating cavitation

7. &

72 DIRE DORIKRERZ O TEREITY, [
ERIF v EF—va VICERL TR Y ET A BE%
PN EBEEED TR, UTFOmEEE:-.

(D) FRPERF Yy ET—va i, FrvEToES
WIKTF L CRET D, ZORERKOFT v ET
4RSI L/h=08THD.

Q) ¥ b7 4 EIEFEIIENFITEFL, RIE
EFRIBENEVEZ ORI S S,

3) (1), @&V, Fx b7 —3a HTHREFEME
[ ¥ B — 3 3 OFAE R RICIZET ) 1)
RN BND.

@ 2L, KERCEEIN-HREOX Yy VT —
Va VETCHRAT D EWIER Y v BT — g v
FHAERFOX v T 4 BIOARE—MITIE, #)
LR ROFBI S IZ EHE TR ho Tz

(5) EBRIZHAWA VT 2 — VP ORZEEIRITF v
ET A RETO08<Le/h<15THY, Z O
TEEX Y ET A BEIBRARY 2250, FET
¥ RETRMICS Yy BT s MBET S,

(6) VEARMIAREIEVIXRIIFER ¥ ¥ &7 — > = V%
AERFIZE LML, BR8N E 0 b
HRER OB HEENC R L 52 5.

#t 33

AT 2D DT T — ZFEHTIC B )i
Wiz () THI1 OFHENFERICEHE L .

This document is provided by JAXA.



N

A Fh BN RIMER T — a5 2 D 9

BEXH

(1) Rosenmann, W., “Experimental Investigations of
Hydrodynamically Induced Shaft Forces with a
Three—bladed Inducer,” Symposium on Cavita-
tion in Fluid Machinery, (1965), pp. 172—195.

(2) Brennen, C. E., “The Dynamic Behavior and
Compliance of a Stream of Cavitating Babbles,”
Journal of Fluids Engineering, Vol. 95, (1973),
pp-533 —541.

(3) Franc J. P. et al., “An Experimental Investigation
of Thermal Effects in a Cavitating Inducer,”
Journal of Fluids Engineering, Vol. 126, (2004),
pp.716—723

(4) Cervone A. et al., “Thermal Effects on Cavitation
Instabilities in Helical Inducers,” Journal of
Propulsion and Power, Vol. 21, (2005), No.5,
pp-893—899.

(5) Yoshihara, K. et al., “A Study on the Internal
Flow of a Sheet Cavity,” Journal of the Sciety of
Naval Architect of Japan, Vol. 162, (1987), pp.61
—70.

(6) Watanabe, S. et al., “Analysis of Partial Cavita-
tion on Cascade Blades Considering Thermody-
namic Effect,” Transactions of the Japan Society
of Mechanical Engineers, Series B, Vol. 71,
No.701, (2005), pp.133 —139.

(7) Yoshida, Y., et al., “Cryogenic Inducer Test Fa-
cility in JAXA,” Turbomachinery, Vol. 33, No.8§,
(2005), pp.468 —475.

(8) Kobayashi, S., “Effects of Shaft Vibration on the
Occurrence of the Asymmetric Cavitation in an
Inducer,” Transactions of the Japan Society of
Mechanical Engineers, Series B, Vol. 71, No.709,
(2005), pp.2303 —2308.

(9) Yoshida, Y. et al., “Thermodynamic Effect on a
Cavitating Inducer in Liquid Nitrogen,” Journal
of Fluids Engineering, Vol. 129, (2007), pp.273
—278.

(10) Mackawa, Y., “Experimental Study of Unsteady
Cavitation on an Inducer,” Master’s thesis, Osaka

University, (1996).

(11) Ruggeri, R. S. et al., “Method for Prediction of
Pump Cavitation Performance for Various Liq-
uids Liquid Temperatures, and Rotative
Speeds,” NASA TN D —5292, (1969)

This document is provided by JAXA.



This document is provided by JAXA.



FHMZEMERFEBEAEHRARSE JAXA—RR—07—003

¥ 17 H 2007 £ 9 B 28 H

fRee- 1T FEZ RS
T182-8522 BFRIRHBFATh iR AT BRHT 7-44-1
URL : http://www. jaxa. jp/

FI - A r—T4 T ATERE S

AERUVARITOVTOEHLELEE, TRRlcBRELL-LET .
FEMMZEERSEE R R T LS HERFERE2—
T305-8505 FHIR O IETHFE 2-1-1
TEL:029-868-2079 FAX:029-868-2956

© 2007 SEEHEANZEHZERASEEE
MABD—ERE (N A RINES il BFIEAFICINTI T 5255 0FE T,

ggg 00 R R SERD O E A AL TS,

This document is provided by JAXA.



FHAMZERRFERE

Japan Aerospace Exploration Agency

== =
ZERARIOCORBEEERELTVET

This document is provided by JAXA.




 
 
    
   HistoryItem_V1
   InsertBlanks
        
     場所: 現在のページの後
     ページ番号: 1
     現在と同じ
      

        
     1
     1
     1
     402
     287
    
            
       CurrentAVDoc
          

     SameAsCur
     AfterCur
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.1a
     QI+ 2
     1
      

   1
  

 HistoryList_V1
 qi2base





