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On Cavitation Number /Angle of Attgck
of Tip Leakage Vortex Cavitation
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Fig. 1 Visualization of inducer inlet with PIV showing tip leakage vortex from [1]
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Fig. 2 Visualization of inducer inlet with CFD showing tip leakage vortex from [2]
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Fig. 3 Time histories of void fraction, velocity divergence, and angle of attack
upstream of the leading edge from [2]
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Fig. 4 Onset region of various cavitation instabilities basically
depended on o1/2a from [3]
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Fig. 5 Cavitation form of tip leakage vortex cavitation from [5]
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Fig. 6 Cavitation map of (a) tip leakage vortex cavitation and
(b) cavity length of leading-edge blade cavitation from [5]
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Fig. 7 Comparison of tip leakage vortex cavitation at various conditions
of cavitation number o/ angle of attack a from [6]
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(a) in water (T=293K, C=90mm, «=6deg.)

(b) in liquid nitrogen (T=89K, C=48mm, o =10deg.)

Fig. 8 Comparison of tip leakage vortex cavitation between
(a) in water and (b) in liquid nitrogen from [7]
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Fig. 9 Correspondence of 3D steady flow with tip leakage vortex
to 2D unsteady cross-flow on plane A~D from [9]
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Fig. 10 Shed vortex from tip clearance and rolled-up vortex core

on cross-plane at several angles of attack from [6]
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Fig. 11 Relation of area of vortex core to angle of attack
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Fig. 12 Comparison of tip leakage vortex on cross-plane between
(a) visualization with PIV and (b) calculation result from [12]
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Dotted line: after cavitating (model)

Streamwise vorticity

(b) Distribution shift by cavitation

Fig. 13 Distribution shift by cavitation (a) velocity vector and
(b) circumferential velocity and streamwise vorticity from [11]
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Fig. 14 Relation of cavitation number o, vs. C,>*Re®* in tip vortex cavitation
from [14]

S5

Shimagaki, T., Watanabe, M., Hashimoto, T., Hasegawa, S., Yoshida, Y., and Nagaura, K., 2007, “Observation of
Rocket Engine Turbopump Inducer Internal Flow with PIV,” The 7™ PIV International Symposium PIV2007, Rome,
Italy, September 11-14.

Tani, N., Yamanishi, N., and Tsujimoto, Y., 2012, “Influence of Flow Coefficient and Flow Structure on Rotational
Cavitation in Inducer,” ASME J. of Fluids Engineering, Vol. 134, pp.021302-1-021302-13.

Watanabe, S., Sato, K., Tsujimoto, Y., and Kamijo, K., 1999, “Analysis of Rotating Cavitation in a Finite Pitch
Cascade Using a Closed Cavity Model and a Singularity Method,” ASME J. of Fluids Engineering, Vol. 121,
pp.834-840.

Geurst, J. A., 1959, “Linearized Theory for Partial Cavitated Hydrofoils,” Int. Shipbuildings Progress, Vol. 6, No. 60,
pp. 369-384.

Higashi, S., Yoshida, Y., and Tsujimoto, Y., 2002, “Tip Leakage Vortex Cavitation from the Tip Clearance of a Single
Hydrofoil,” JSME International Journal, Series B, Vol. 45, No. 3, pp. 662-671.

R IIHESL, 2000, “HRENVE O R ImRNARNICAELLF Y ET — ar OBFE”, KIRKZFARENTE, £
Murayama, M., Yoshida, Y., and Tsujimoto, Y., 2006, “Unsteady Tip Leakage Vortex Cavitation Originating From
the Tip Clearance of an Oscillating Hydrofoil,” ASME J. of Fluids Engineering, Vol. 128, pp.421-429.

FbL—at, BRI MG MR, SE Mk, R R, B ST, 2010, “BNGRIRAUCAECSRFvET —
Tar OBIIERIIR”, 5 88 W B AR 2 U IR Lo YRR 2 S0, No.10-16, No.1213, pp.351-352,
2010.10.30-31, iR

Watanabe, S., Furukawa, A., Yoshida, Y., and Tsujimoto, Y., 2009, “Analytical Investigations of Thermodynamic
Effect Cavitation Characteristics of Sheet and Tip Leakage Vortex Cavitation,” Proceedings of the 7 International

Symposium on Cavitation, CAV2009, Paper No.40, Aug. 17-22, 2009, Ann Arbor, Michigan, USA.

This document is provided by JAXA.



10 FHM AT TE PR SEMEAE DT JE B S8 EBE TAXA-RM-13-021

[9] Chen, G T., Greitzer, E. M., Tan, C. S., and Marbel F. E., 1991, “Similarity Analysis of Compressor Tip Clearance
Flow Structure,” ASME J. of Turbomachinery, Vol. 113, pp. 260-271.

[10] Watanabe, S., Seki, H., Higashi, S., Yokota, K., and Tsujimoto, Y., 2001, “Modeling of 2-D Leakage Jet Cavitation
as a Basic Study of Tip Leakage Vortex Cavitation,” ASME J. of Fluids Engineering, Vol. 123, pp. 50-56.

[11] FbRA IR, KA &L, HRETEKR, 2008, “Fvb T —ar SELTIROME EIER”, BT OMERS, pp. 1-8.

[12] BTG 5T, 2003, EWRHUTHE T D/ nAT7 0 =04 — A V=g MIEAET DF 0T — ar OBED, KIKRFHHE
EE 5

[13] McCormick, B. W., 1962, “On Cavitation Produced by a Vortex Trailing From a Lifting Surface,” ASME J. Basic
Engineering, September, pp. 369-379.

[14] Maines B. H., Arndt R. E. A., 1997, “Tip Vortex Formation and Cavitation,” ASME J. of Fluids Engineering, Vol.
119, pp. 413-419.

This document is provided by JAXA.



BRI v BT - a v OX Y BT — v a VE/ A A ARGEIC DN T 11
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Fig. A-1 Cavitation map of inducer cavitation instabilities from [A-1]
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Fig. A-2 FFT analyses of unsteady pressure at inducer inlet for
(a) lower flow rate and (b) higher flow rate from [A-1]
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Fig. A-3 Propagation of super-synchronous rotating cavitation for
(a) lower flow rate (ys=0.160, ¢=0.065, 0=0.05, w/Q=1.19) and
(b) higher flow rate (ys=0.080, ¢ =0.088, 0=0.04, w/Q=1.13)from [A-2]
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