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NUMERICAL ANALYSIS OF CAVITATION WITH COMPRESSIBILITY EFFECTS
AROUND HEMISPHERICAL HEAD-FORM BODY
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Cavitation on an axi-symmetric hemispherical head-form body was studied using an Reynolds-averaged
Navier-Stokes equations solver based on a cell-centered finite volume method. To consider compressibility effects on
the vapor phase and cavity interface, a pressure-based compressible flow CFD code was developed. To validate the
developed CFD code, cavitating flow around the hemispherical head-form body was simulated using pressure-based
incompressible and compressible CFD codes and validated against existing experimental data in the three-way
comparison. The cavity shedding behavior, length of re-entrant jet, drag history, and Strouhal number of the
hemispherical head-form body were compared between two CFD codes. The results, in this paper, suggested that the
computations of cavitating flow with compressibility effects improve the description of cavity dynamics.
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Fig. 1 Problem description of axi-symmetric hemispherical
head-form body
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Fig. 2 Influence of cavitation number with incompressible flow
CFD code
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Fig. 4 Volume fraction contours once cavity fully developed
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Fig. 5 Volume fraction contours with intermediate length
of re-entrant jet
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(a) Cavity develops to downstream
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(b) Re-entrant jet develops to upstream
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(c) Detached cavity rolls-up and convects to downstream
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Fig. 7 Schematic view of cavity shedding mechanism
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Note

This paper is a revised version of a paper presented at the
KSCFE 2011 Autumn Annual meeting, Yeungnam University,
Daegu, November 11, 2011.

References

[1] 1998, Merkle, CL., Feng, J. and Buelow, P.EO,
"Computational Modeling of the Dynamics of Sheet
Cavitation," Proceedings of 3rd International Symposium on
Cavitation, Grenable, France.

[2] 1999, Kunz, RF., Stinebring, D.R., Chyczewski, T.S., Boger,
D.A. and Gibeling, H.J., "Multi-Phase CFD Analysis of
Natural and Ventilated Cavitation about Submerged Bodies,"”
Proceeding of 3rd ASME/JSME Joints Fluid Engineering
Conference - ASME Paper FEDSM 99-7364.

[3] 2001, Schnerr, G.H. and Sauer, J., "Physical and Numerical
Modeling of Unsteady Cavitation Dynamics," Proceedings of
4th International Conference on Multiphase Flow, New
Orleans, USA.

[4] 2002, Singhal, AK., Athavale, M.M,, Li, H. and Jiang, Y.,
"Mathematical Basis and Validation of the Full Cavitation
Model," Journal of Fluids Engineering, Vol.124, pp.617-624.

[5] 2004, Shin, B.R.,, Yamamoto, S. and Yuan, X., "Application
of preconditioning method to gas-liquid two-phase flow
computations,” Journal of Fluids Engineering, Vol.126,
pp.605-612.

[6] 2001, Dittakavi, N., Chunekar, A. and Frankel, S., "Large
eddy simulation of turbulent-cavitation interactions in a
Venturi nozzle,* Journal of Fluids Engineering, Vol.132,
pp.121301-11.



16 / J. Comput. Fluids Eng.

S. Park - SH. Rhee - BR. Shin

[7] 1997, Rincon, J. and Elder, R, "A high-resolution
pressure-based method for compressible flows," Computers
& Fluids, Vol.26, No.3, pp.217-231.

[8] 1998, Issa, R.I. and Javareshkian, M.H. ‘Pressure-based
compressible calculation method utilizing total variation
diminishing  schemes,” AIAA  Journal, Vol.36, No.9,
pp.1652-1657.

[9] 2008, Darbandi, M., Roohi, E. and Mokarizadeh, V.,
"Conceptual linearization of Euler governing equations to
solve high speed compressible flow using a pressure-based
method,” Numerical Methods for Partial Differential
Equations, Vol.24, pp.583-604.

[10] 2008, Javadi, K, Darbandi, M. and Taeibi-Rahni, M.,
"Three-dimensional ~ compressible-incompressible  turbulent
flow simulation using a pressure-based algorithm,”
Computers & Fluids, Vol.37, pp.747-766.

[11] 2008, Kadioglu, S.Y. and Sussman, M., “"Adaptive solution
techniques for simulating underwater explosions and
implosions,” Journal of Computational Physics, Vol.227,
pp.2083-2104.

[12] 2002, Venkateswaran, S., Lindau, JW. Kunz, RF. and
Merkle, C.L., "Computation of multiphase mixture flows
with  compressibility effects,” Journal of Computational
Physics, Vol.180, pp.54-77.

[13] 2010, Goncalves, E., Champagnac, M. and Patella, R.F.,
"Comparison of numerical solvers for cavitating flows,"
International Journal of Computational Fluid Dynamics,
Vol.24, No.6, pp.201-216.

[14] 2011, Park, S. and Rhee, S.H. "Numerical Analysis of

Super-cavitating ~ flow  around  two-dimensional  and
axisymmetric bodies,” Journal of the Korean Society of
Computational Fluids Engineering, Vol.16, No.1, pp.14-21.

[15] 1972, Launder, B.E. and Spalding, D.B., "Lectures in
Mathematical Models of Turbulence,” Academic Press,
London, UK.

[16] 2010, Kissling, K., Springer, J., Jasak, H., Schutz, S,
Urban, K. and Piesche, M., "A coupled pressure based
solution algorithm based on the volume-of-fluid approach for
two or more immiscible fluids,” Proceedings of the 5th
European Conference on Computational Fluid Dynamics,
Lisbon, Portuga.

[17] 2011, Park, S. and Rhee, S.H., "Numerical investigation of
unsteady cavitating flow on a three-dimensional twisted
hydrofoil" Journal of the Korean Society of Computational
Fluids Engineering, Vol.16, No.3, pp.37-46.

[18] 1985, Issa, R.I., "Solution of Implicitly Discretized Fluid
Flow Equations by Operator Splitting,” Journal of
Computational Physics, Vol.62, pp.40-65.

[19] 1979, van Leer, B. "Towards the Ultimate Conservative
Difference Scheme,” Journal of Computational Physics,
Vol.32, No.1, pp.101-136.

[20] 1948, Rouse, H. and McNown, JS. "Cavitation and
Pressure Distribution in  Engineering,” Bulletin 32 (State
University of lowa).

[21] 1983, Stinebring, D.R., Billet, M.L. and Holl, JW. "An
Investigation of cavity cycling for ventilated and natural
cavities,” TM 83-13, Pennsylvania State University Pressure,
University Park, PA.



