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Cavitation, a flow phenomenon in which gaseous bubbles form in regions of low liquid pressure, can 
fundamentally affect the seakeeping performance of marine platforms.  A combination of numerical and 
physical experiments is required to effectively study cavitation and OpenFOAM already has several 
cavitation models implemented, specifically the Kunz (Kunz et al. 2000), Merkle (Merkle, Feng & Buelow 
1998) and Schnerr-Sauer (Schnerr & Sauer 2001) models.  These three models are all four parameter 
models, with the parameters listed in Table 1, and while some of the parameters are nominally physically 
based they can vary over several orders of magnitude (Erney 2008; Hanimann et al. 2016). 

Table 1 – Tunable parameters for OpenFOAM’s native cavitation models. 

Model Parameters 
Kunz U∞, t∞, Cprod, Cdest 
Merkle U∞, t∞, Cprod, Cdest 
Scherr-Sauer n, dnuc, Cprod, Cdest 

 
Our work to date has focused mainly on the Schnerr-Sauer model where we tend to fix both Cprod and Cdest 
equal to one and focus on the nucleation site count (n) and nucleation particle diameters (dnuc).  We have 
achieved mixed results as the nominally physical-based parameters still required a degree of tuning. 

As an alternative, and building on previous internal work from different studies that used the CFD-ACE+ 
solver (ESI Group 2017), we implemented and have begun to validate the Full Cavitation Model (Singhal et 
al. 2002).  We note that it appears that a number of groups have attempted this previously but they are 
either dead projects or have not published their code sources.  It is our intent, should the validation 
complete successfully, and that the community is accepting, that our sources be pushed back to the main 
tree for inclusion in the public releases. 

The initial validation case chosen here was based on the two-dimensional NACA66(MOD) experiments of 
(Brockett 1966), which has been used extensively for the validation and numerical benchmarking of solver 
codes against nominally two-dimensional sheet cavitation, for example Baloga (1982), Michael (2013) and 
Gaggero & Villa (2017).  Briefly, these physical experiments were undertaken at the GALCIT High Speed 
Water Tunnel at the California Institute of Technology, which at that time had a working section 1.27 x 



Abstract	for	the	7th	ESI	OpenFOAM	Conference	2019,	Berlin	-	Germany	

 

   
 

0.152 x 0.762 m and can accommodate speeds up to 30.5 m/s with working tunnel pressures from 689 kPa 
to vapour (Ward 1976). 

Qualitatively the results are encouraging as the pressure fields are as expected, for example Figure 1, and 
progressively as the free stream pressure is dropped the inception point is reached, Figure 2, through to a 
fully cavitating foil, Figure 3. 

 
Figure 1 – 186 kPa pressure with no cavitation 

 
Figure 2 – 120 kPa pressure near inception. 

 

 
Figure 3 – 60 kPa pressure with extensive cavitation.  

Figure 4 – Measured bubble length verses pressure. 
Quantitatively, the measured bubble lengths compare very well with the experiments and reference CFD, 
as shown in Figure 4.  There is a discrepancy in the bubble length near to the inception pressure but we 
believe this to be related to the grid used in the initial validation.  Specifically, we used a high-Re (large y+) 
turbulence model and cavitation inception is dependent on the boundary layer, which is simply not 
adequately resolved with such a turbulence model.  In contrast, the reference CFD solution from CFD-ACE+ 
did use a low-Re (small y+) model and did resolve the inception point better. 
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This abstract as outlined our initial work in coding and validating the Full Cavitation Model within 
OpenFOAM.  The initial results are encouraging with good resolution of the cavitation bubble and 
adequate, to the mesh limits, estimation of the inception point.  Development work is continuing and we 
hope to submit the code for review at a later date. 

References 

Baloga, P. 1982, Water Tunnel Tests on NACA-66 (modified) and YS-920 Foil Sections With and Without 
Surface Roughness, GALCIT HSWT Report No. 1139, Graduate Aeronautical Laboratories, California 
Institute of Technology, Pasadena, CA, U.S.A. 

Brockett, T. 1966, Minimum Pressure Envelopes for Modified NACA-66 Sections With NACA a=0.8 Camber 
and BUSHIPS Type I and Type II Sections, David Taylor Model Basin, Washington D.C., U.S.A., Report 
1780. 

Erney, R.W. 2008, 'Verification And Validation Of Single Phase And Cavitating Flows Using An Open Source 
CFD Tool', Pennsylvania State University, PA, U.S.A. 

ESI Group 2017, 'CFD-ACE+', V2017.5.39.185 P1 edn, ESI Group, Huntsville, AL, U.S.A. 
Gaggero, S. & Villa, D. 2017, 'Steady cavitating propeller performance by using OpenFOAM, StarCCM+ and 

a boundary element method', Journal of Engineering for the Maritime Environment, vol. 231, no. 
2, pp. 411-40. 

Hanimann, L., Mangani, L., Casartelli, E. & Widmer, M. 2016, 'Cavitation modeling for steady-state CFD 
simulations', IOP Conference Series: Earth and Environmental Science, vol. 49. 

Kunz, R.F., Boger, D.A., Stinebring, D.R., Chyczewski, T.S., Lindau, J.W., Gibeling, H.J., Venkateswaran, S. & 
Govindan, T.R. 2000, 'A preconditioned Navier-Stokes method for two-phase flows with 
application to cavitation prediction', Computers and Fluids, vol. 29, pp. 849-75. 

Merkle, C.L., Feng, J.Z. & Buelow, P.E.O. 1998, 'Computational modeling of the dynamics of sheet 
cavitation', 3rd International Symposium on Cavitation, Grenoble, France, pp. 47-54. 

Michael, T.J. 2013, 'Development and validation of a sharp interface cavitation model', The University of 
Iowa, Iowa, U.S.A. 

Schnerr, G., H & Sauer, J. 2001, 'Physical and Numerical Modeling of Unsteady Cavitation Dynamics', paper 
presented to the 4th International Conference on Multiphase Flow, New Orleans, U.S.A, May 27 - 
June 1 2001. 

Singhal, A.K., Athavale, M.M., Li, H. & Jiang, Y. 2002, 'Mathematical Basis and Validation of the Full 
Cavitation Model', Journal of Fluids Engineering, vol. 124, pp. 617-24. 

Ward, T.M. 1976, 'The Hydrodynamics Laboratory at the California Institute of Technology—1976', Journal 
of Fluids Engineering, vol. 98, no. 4, pp. 740-8. 

 


