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Validation of open-source CFD toolbox for
cavitating flow around an axisymmetric
sharp-edged circular orifice

Sukkeun Yi, June-ho Bae, and Seung-Keun Park

Abstract—This study verifies the accuracy of OpenFOAM, which is widely used as an open-source
computational fluid dynamics (CFD) toolbox, for multiphase flow through the cavitation problem.
OpenFOAM is a set of C++ libraries to build CFD solvers and utilities that can be easily added and modified
by users. The cavitation problem is a representative example of multiphase flow. Cavitating flow around a
sharp-edged circular orifice is simulated by implementing an extended cavitation model, and the simulation
result is compared with experimental one. The analysis is performed by volume of fluid (VOF) method using
the incompressible two-phase flow analysis solver, named ‘interPhaseChangeFoam’. The result of the
analysis by OpenFOAM yields about 0.5% error compared to the experimental result.
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1 INTRODUCTION

The development of computer performance and
parallel analysis has activated researches on com-
putational fluid dynamics (CFD). Researches on
CFD is mainly divided into modeling and simula-
tion (M&S) field for engineering product design
and theoretical field such as numerical schemes
and code development. For the M&S field, various
commercial CFD software such as Fluent, CFX and
STAR-CCM+ have been widely used in the product
design stage. The commercial software is easy to
learn how to perform fluid flow analysis through
user training and user manuals. However, it is im-
possible to perform the analysis by modifying the
source code as needed, and there is also a cost
problem of license. On the other hand, in the theo-
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retical field, it is common to develop the in-house
codes of the laboratory and carry out the research
using these codes. Although it is possible to modify
the codes and perform the test, it is often limited to
a specific field such as only for compressible flow
with structured grid or combustion problem. Fur-
thermore, these codes are not easy to use for ap-
plying into M&S field and necessary to verify the
accuracy for general use. In recent years, Open-
FOAM has become a leading open source CFD solv-
er [1] by various studies and community activities
using OpenFOAM. This study verifies the accuracy
of OpenFOAM by simulation of a cavitation prob-
lem, which is classified as a representative exam-
ple of multiphase flow.

2 VALIDATION OF THE MODEL

2.1 Simulation method and OpenFOAM solver

OpenFOAM provides various flow analysis solvers
used for general CFD analysis as well as various
libraries for developing flow analysis codes. In this
study, 'interPhaseChangeFoam' was used to ana-
lyze the flow around a sharp-edged circular orifice.
The ‘interPhaseChangeFoam’ is an incompressible
two-phase flow solver using the volume of fluid
(VOF) method and has three basic cavitation mod-
els. Table 1 shows the spatial and time dis-
cretization methods used in the analysis. In order
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Fig. 1. Geometry of the sharp-edged orifice
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Fig. 3. Problem definition for two dimensional section of
the sharp-edged orifice

to obtain the steady-state solution quickly, the ini-
tial calculation was performed by the 1st order up-
wind scheme and the steady-state solution was
obtained by using the discretization technique as
table 1. Generally, it can be easily converged when
the 1st order upwind scheme is used, but the accu-
racy of the results may not be guaranteed. To im-
prove the results of the accuracy, the linear up-
wind & Van Leer scheme [2] is employed in this

paper.

2.2 Geometry and initial/boundary conditions

The original shape of the sharp-edged circular ori-
fice is shown at Fig. 1. In order to reduce the calcu-
lation cost, an axisymmetric model is used. The
model is created by revolving 5° along x-axis of the
two-dimensional structured grid model as shown
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Table 1. Spatial and time discretization method

Spatial discretization Time discretization

Linear upwind & Van Leer Implicit Euler

Table 2. Material properties and boundary conditions

. Boundary
Properties Geometry .
conditions
Liquid: water

Density : 1000 kg/m? Li=16cm P;, =250 MPa
Viscosity : 0.001 kg/m's L,=32cm Py =95 KPa

Gas : Water-Vapor H=1.15cm T=300K
Density : 0.02558 kg/m? h=04cm P = 3.54 KPa

Viscosity : 0.001 kg/m's

Table 3. Comparison of discharge coefficient between
OpenFOAM and experiment

Nurick[7] OpenFOAM Error(%)

C, 0.620 0.617 0.484

in Fig. 2. The wedge boundary condition in Open-
FOAM is applied for axisymmetric condition. The
lengths, radius of inlet and outlet are shown at ta-
ble 2. Material properties and boundary conditions
are also shown at the table 2. Initial velocity fields
are set to 0 m/s and pressure fields are set to 95
KPa for entire field except boundaries. The overall
schematic of the problem is shown in Fig. 3.

2.3 Cavitation around sharp-edged circular orifice

OpenFOAM provides homogeneous model for two
phase flow of Merkle et al [3], Kunz et al [4], and
Schenerr and Sauer [5] in the ‘interPhaseChange-
Foam’ solver to consider cavitation. In this study,
the cavitation model of Zwart et al [6] was applied
by changing the source term of the transport equa-
tion. The Zwart model accounts for the interaction
of the cavitation bubbles through the nucleation
site density that decreases as the vapor volume
fraction increases. The discharge coefficient value
calculated from the simulation results was com-
pared with that measured by Nurick [7]. The Zwart
model was implemented in the OpenFOAM library,
especially in ‘phaseChangeTwoPhaseMixtures’.

Fig. 4 shows the results of the cavitating flow in
the sharp-edged circular orifice visualized by the
open source post-process tool, ParaView. It can be
seen that a cavitation is formed on the upper side
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Fig. 4. Volume fraction in the sharp-edged orifice

as it passes through the orifice. Discharge coeffi-
cient equation is following as
il

KN Yy W

where A, P and " are area of inlet, density of
the fluid and the mass flow inlet, respectively.

Table 3 compares the discharge coefficient cal-
culated from the simulation result with Nurick's
experimental result, and it is very close to the sim-
ulation result of OpenFOAM with about 0.5% error.

3 CONCLUSIONS

The accuracy of the open-source CFD software
OpenFOAM for cavitating flow in a sharp-edged
circular orifice was verified. Compared with the
experimental data, the simulation result with
OpenFOAM agrees well with that obtained from
the experiment. In this study, it can be concluded
that the internal flow analysis and cavitation anal-
ysis through OpenFOAM have reliable accuracy. In
addition, by implementing an extended cavitation
model, it is able to verify the extensibility and flex-
ibility of OpenFOAM. In future research, it will be
necessary to evaluate the accuracy of the compli-
cated shape in the pipe flow or the other method
instead of VOF. Through using other solvers or
improving existing solvers the accuracy of Open-
FOAM will be also validated. Furthermore, it will
be extended to the CFD simulation for engineering
M&S fields by applying those codes.
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