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Thermodynamic Effect on Rotating Cavitation in an Inducer*

Yoshiki YOSHIDA ™', Yoshifumi SASAO™, Mitsuo WATANABE ",
Tomoyuki HASHIMOTO!, Yuka IGA™ and Toshiaki IKOHAGI

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/kh = 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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Table 1 Temperatures at triple point and critical point in hydrogen, oxygen, nitrogen and water (K)

Tt (Triple point) T T*=(T-T)/(Tgr=Tt) | Tor (Critical point)
Hydrogen 140 203 (py = 0.33 33.2
Oxygen 54.4 90 (py= 0.36 154.6
Nitrogen 63.1 77 (py = 1atm) 0.22 126.2
Water 2732 2932 (T=20 °C) 0.05 647.3
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Fig. 2 lllustration of the test section and installed
pressure sensors to estimate the cavitation region
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Fig. 3 Development view of the inducer showing
location of pressure sensors along the inducer blade
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Fig. 4 (a) Estimated cavity region under suer-synchronous

rotating cavitation
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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
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Fig. 10 (b) Variations of cavity length (top), fluid force
(top) and shaft vibration (bottom) for 83 K

This document is provided by JAXA.



AT 2 — I BRERF ¥ BT — 3 2 L OB R 9

L EDOMEAORIEHEND ¥ v BT 4 B EIRE 21 v
T o — PIIRIE R R EIE V) & R S TR E 4 8 K
SEHFEEERH->TNDZ LRGN BHI0 LasLans,
10 (a), () DM SMD L Hic, £zaid Lz
Eog, BRWKERS vy ET -2 a VORAEL TS
FTiI v ©7 4 IRE)OIRIEL LOVEE I & 1.1-12x o
/QOEHEE ORI 74 K & 83 K TIF L A EEN LN
2, FHERS Y BT =3 a K DFESE 1.0 x o/
Q OBHEMRICITERIREIC LY RERBEVRDH Y, B
FHINRN T v ET 4 R —ORLE &8 L CHiES) O X
EEICHLHBELTVDZENSND.

WA HAR ) % BRI R s B B 7207 hVESR L
b0&EM1ILIRY. K11 ik, BEEEx v T
—vary FoRENRLOTHY, WEDOFZQT
[fE 5 EEREE A TR Co —QTA T a—HY LR
BICEELE L TWER, Fx BT 4 RE—NE) 5 B8
BT 255 IR0 28 mn H 20T, i

74K
(c/5,=0.72 - 0.69)

EHOR7 MV OMBNIS X 9 EIE=AEEHIK L5 7k
BAbE LTS Z & DS BRGE .

—J7, X 11 () (X FHIFER % ¥ ©F — 2 3 » DOFEAR]
2B IHIE% £ TOM OS] % R 5 L7 d S i &
FL—AL72bDTHY, WMA/MERITIRERAICSHN
FEWIERIF ¥ B 7 — > 2 COFAE N T, —HRICHE K
LANRLROMNMELEZDOT, TOWMBNIEMZH#
CEOIBEMER->TND.

UL EEREB OB D, ¥ BT — v a v OB
HRFFYET - a N NEVWHEE (FyET 4 E
Z Le/h>1.0) THHETHY, F¥ b7 —vaEIEM
#3"5 thermal damping O REDOH/2 5T, F¥ T —
IVAREEELELTOXF Y ET 4 RERE—%/hs< L&
SETHHIRLHY, THICko THEESNLHIEIN
INEL BT EEBLT, WHEEOEIEZ/NE LT 54
BRHDZEnnnD.

83K
(6/6,=0.65 - 0.60)

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

74K
(c/G,=0.54 - 0.46)

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

83K
(6/6,=20.49-0.40)

This document is provided by JAXA.



10

FHIMZE e B BRI EBRFE B B JAXA-RM-08-004

1. # £

FEREIF v BT —3 3 i ﬂ?é#YET Ta OB

VAESSEE )2 - T Ea Y o)
FERHWTEREITL,
% itk

(M

)

4

)

(6)

, B0 BIRE OWRIRE
#vt74§éméﬁbf%$
O TLLF O R & 157
BRERX v EF — 2 a v, BIOFEBIER > ¢
BT - a VORERRS Y BT 4 B3I, IR
A Y E Ry 7 - W AN
ENFVFERN R ORI TR EBERE S S OVERERE 2R
D, ¥ T EIOREFMAI SIS, LML
ZOREITHERMER Yy €7 —2a VAT S
&9 BT vy T — g VA RE VR TIT
MEL, AR Yy BT - a UBRBAETDH LD
RHERER ¥ BT — 23 VEY N S OWHEIBE TIRR &
V.
BRMERF ¥ E7 —2 3 DX ¥ © 7 ¢ OEER
&, BEEE NI TR IR E OB TR & < B
V. L LR D, REBRTIERIBER X v £ —
ar T TOREADX Y VT 4 R — DFEEE 21T EL
EHFEORBERKE BN,
FyYbETF4RERY ko TA T a—F
T HAREE VTR TITHE R L,
DOIFEHEF AT 5.
LU s, @OFFEICE 0V IFEIBEN& N E X
YET = a Vv OBIIERRNRF Y BT 4 BEIAR
B)—OREEZMETHZ LTk D, REEWTIED

WZAEM
AU Ko THIHREE)

S LIMRBIHRIEZ /N S< T 5L, n—¥
FAF Iy 7 ATHLTROESEE LI,
# 5
KRFFEZAED 12T D T — S RIS TH T 720

T RALK S0 B RAGN

(A = S

M

2

3

“

(&)

(6)

O]

®)

)

(10) Rosenmann, W.,

X Ak
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.
Cervone, A. et al., “Thermal Effects on Cavitation
Journal of
Propulsion and Power, Vol. 21, No. 5, (2005), pp.
893-899.
Watanabe, S. et al.,
Effects on Cavitation Instabilities,” Journal of
Fluids Engineering, Vol. 129, No. 9, (2007), pp.
1123-1130.
Yoshida, Y. et al.,
Effect
Journal of Fluids Engineering, Vol. 129, No. 7,
(2007), pp. 871-876.
Yoshida, Y. et al.,
Cavitating Inducer in Liquid Nitrogen,” Journal of
Fluids Engineering, Vol. 129, No. 3, (2007), pp.
273-278.

Brennen, C. E.,

Instabilities in Helical Inducers,”

“Analysis of Thermodynamic

“Influence of Thermodynamic

on Synchronous Rotating Cavitation,”

“Thermodynamic Effect on a

“The Dynamic Behavior and
Compliance of a Stream of Cavitating Bubbles,”
Journal of Fluids Engineering, Vol. 95, (1973), pp.
533-541.
Kato, H.,

Development

“Therodynamic Effect on Incipient and
of Sheet ASME,
International Symposium on Cavitation, FED-Vol.
16, (1984), pp.127-136.

Stepanoff, A. J., “Cavitation Properties of Liquids,”

Cavitation,”

Journal of Engineering for Power, Vol. 86, (1964),
pp-195-200.

Watanabe, S.
Thermodynamic Effects on Cavitation in Cryogenic
The 12"

International Symposium on Transport Phenomena

et al., “Theoretical Analysis of

Inducer using Singularity Method,”

and Dynamics of Rotating Machinery, Honolulu,
Hawaii, (2008), ISROMAC12-2008-20251.
“Experimental Investigations of
Hydrodynamically Induced Shaft Forces with a
Three-bladed Inducer,”
Cavitation
172-195.

ASME  Symposium on

in  Fluid Machinery, (1965), pp.

This document is provided by JAXA.





