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1 Introduction
Cavitation appears when local static pressure drops below the water vapor pressure and causes significant impacts
on marine propeller blades. For efficiency reasons, marine propellers usually operate under cavitating conditions and
may suffer blade surface erosion, noise, vibration and performance breakdown [1]. As hydrofoil is the radial section
of propeller blades, an accurate prediction of cavitating flows around a hydrofoil is essential in the design of marine
propellers.
The Transport Equation-based Model (TEM) has been extensively employed in the numerical study of cavitating flows
[1]. In the TEM model, the interface between liquid and vapor is captured by the Volume of Fluid (VOF) method and a
source term regarding the mass transfer is added to the standard homogeneous VOF equation. Four important elements
are considered in the TEM model: computational domain discretization, numerical algorithm for the VOF equation, mass
transfer rate evaluation for phase change and the turbulent modeling of cavitating flows.
The use of stationary meshes is restrained to unmoving parts in the computational domain. Also, a common difficulty
in simulating complex fluid flows is that some geometries cannot be well-represented by using a single mesh [2].
Representing distinct geometries by different mesh parts is a better choice in general. It is also complicated and timeconsuming to prepare a single stationary mesh with complex geometries. Dynamic overset mesh [3] can be especially
useful in applications involving component motion and is supported in the latest version of OpenFOAM. However, overset
mesh cannot be used in the standard cavitation solver, interPhaseChangeFoam, in OpenFOAM.
Furthermore, interPhaseChangeFoam employs an algebraic method, the Multidimensional Universal Limiter with
Explicit Solution (MULES) scheme [4], to solve the VOF equation which suffers from numerical diffusion at interface
cells [5]. Piecewise Linear Interface Calculation (PLIC) method [6] can keep the interface sharp while maintaining mass
conservation at the expense of an extra reconstruction step and has been employed in the study of cavitation [7].
The mass transfer rate between the liquid and gas phases is evaluated by cavitation models. A detailed developing
history of the cavitation models can be found in [8]. Schnerr and Sauer [9] presented the first model without any empirical
constants and is employed in the present study.
Most of the applications on cavitation are based on the Reynolds-Averaged Navier-Stokes (RANS) equations [9–13].
In the present study, the Spalart-Allmaras (SA) one-equation model is employed for the sake of computational efficiency.
Several studies [11, 13] have already confirmed that the SA turbulence model can ensure accuracy for the cavitating flow
simulations.
The cavitation solver overInterPlicPhaseChangeDyMFoam, recently developed by the authors, implements the
dynamic overset mesh technique in conjunction with an analytical PLIC interface reconstruction algorithm to perform
interface flow simulations. The present study focuses on the applications of the solver on an overset mesh along with the
RANS equation, SA turbulent and SchnerrSauer cavitation models in cavitating flow simulations over a hydrofoil.

2 Methodology
The VOF equation phase-change is given by:

 1
1 
  U     m
(1)
 1 2 
where ρ1 and ρ2 are the density of the liquid and vapor phases, respectively, m the mass transfer rate due to phase
change and α the VOF function. Both the liquid and vapor phases are considered incompressible and share the same
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mixture velocity field U . Also, the mass transfer rate m is solved by the SchnerrSauer cavitation models built in the
OpenFOAM.
On a general unstructured mesh, Eq.(1) is discretized as
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where t is the time, t the time step,  the cell volume, NF the number of cell faces,  f the volumetric flux through cell face f
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PLIC-VOF method. As shown in Figure 1, the reconstructed interface is given by:
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where n   
 is the unit outward normal vector of the interface, X the position vector of the interface and
 

D0 the signed distance from the origin. D0 is calculated by an analytical algorithm developed by the authors recently.

The interface moved from D0n to a new position D0n 1 in the time interval t , t  t  with interface normal velocity U 0
and D0n 1  D0n  U 0 t . In the PLIC-VOF method, the liquid fraction flux L f is evaluated by using the trapezoidal rule,
i.e.
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where A f and Al , f are the area of face f and the area below the interface, respectively

Figure 1: Illustration of the interface line in a mixed cell

The overset interpolation of the VOF function α as well as the other variables are implemented by using the inverse
distance scheme.

3 Preliminary Results
The numerical simulations are performed on an overset mesh as shown in Figure 2. The numerical models, based
on the combination of the PLIC-VOF method in overset mesh, SchnerrSauer cavitation model, RANS solver and
× SA
turbulent model, are verified by comparing the numerical results in cavitating conditions with the experimental data [14]
and other numerical results available in the literature [15]. All of the simulations are performed at AOA = 6◦ and Re =
7.5 105 with different cavitation numbers. The time-averaged cp distribution on the suction side of the hydrofoil and
water volume fraction contours at σ = 1.622, 1.541 and 1.495 are shown in Figures 3 - 5. The present numerical results
for cp are in good agreement with the experimental values. Compared with the numerical results in [15], the cp
distributions in the present study are closer to the experimental data, especially near the cavity closure region. This
suggests that the overset mesh and numerical models employed in the present study could adequately simulate the fluid
dynamics of cavitating flows around a hydrofoil.
The influence of various parameters on the dynamics of the hydrofoil is currently being studied. The results will be
reported in the conference.
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(a) Overset around the hydrofoil

(b) Close-up view of mesh near the leading edge

(c) Close-up view of mesh near the trailing edge

Figure 2: Employed overset mesh with 30665 cells at AOA = 6◦.
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Figure 3: Time-averaged cp distribution and water volume fraction contours at σ = 1.622.
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Figure 4: Time-averaged cp distribution and water volume fraction contours at σ = 1.544.
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Figure 5: Time-averaged cp distribution and water volume fraction contours at σ = 1.495.
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