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Simulation of Hydrofoil Cavitating Flow based on
Adaptive Mesh Refinement

ABSTRACT

As a complex two-phase flow with phase transition, the numerical simulation of
hydrofoil cavitating flow requires high grid accuracy. In order to ensure the accuracy of
numerical simulation, the whole cavitation region near the hydrofoil should be set as
the grid refinement region for the traditional static grid. However, for non-attached
cavitation such as cloud cavitation and tip vortex cavitation, the cavitating region can
be extended to a long distance downstream of the hydrofoil, and the corresponding grid
amount will be very large; moreover, with the improvement of the refinement level, the
total grid amount increases rapidly, which is particularly significant for
three-dimensional problems. The adaptive mesh overcomes the defect of static mesh.
By dynamically capturing the phase interface of the cavity and adaptively encrypting
the mesh near the phase interface, the adaptive mesh ensures that the cavitation area has
a higher mesh resolution at each moment, thus ensuring high-precision numerical
simulation without setting the refinement area. Moreover, every time the level of
encryption is increased, the amount of grid will not increase significantly. Therefore,
the adaptive mesh refinement has a significant advantage over the traditional static grid
in solving cavitating flow.

Based on the interPhaseChangeDyMFoam dynamic mesh solver of OpenFOAM
platform, the numerical simulation of clark-y hydrofoil cavitation, NACA0009
hydrofoil tip vortex cavitation and TWIST-11N hydrofoil cavitation are carried out. The
results of adaptive mesh are compared with the experimental results and static mesh
calculation results, and the application of adaptive mesh refinement in solving
hydrofoil cavitation flow is preliminarily verified.

For the numerical simulation of Clark-Y hydrofoil cavitation flow, in the
development and shedding process of sheet cavitation, the adaptive grid can capture a
clearer cavitation interface. Compared with the velocity distribution on the hydrofoil
surface, the higher the level of adaptive encryption, the more obvious the backjet effect
that causes sheet cavitation shedding; in the cloud cavitation stage, the adaptive grid
can capture more, smaller, and more bubbles. The deformation process of the cloud
cavity from leaving the hydrofoil surface to collapsing is tracked.

For the numerical simulation of NACAO0009 hydrofoil tip vortex cavitation,
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Sauer-Schnerr cavitation model is selected by comparing the results of different
cavitation models, and then the simulation results of RANS and LES turbulence
methods are compared. RANS method can better reflect the time average
characteristics of tip vortex cavitation, such as vortex center position, time average
cavitation trajectory, etc.; LES method can better reflect the pulsating characteristics of
tip vortex, and its velocity is higher. The distribution and transient cavity trajectory are
more consistent with the experimental results. Then, LES simulation is used to compare
the results of adaptive grid and static grid. By comparing the Q-criterion vorticity
contour graph, the results of adaptive grid are better than static grid in simulating tip
vortex and guide vortex, which can reflect more details. Finally, the simulation results
of different tip clearances are compared, and the cavitation shape and velocity
distribution calculated by the adaptive grid are in good agreement with the
experimental results.

For the numerical simulation of twist hydrofoil cavitating flow in TWIST-11N, the
cavitation shape of adaptive grid and static grid in a complete cycle is compared. The
adaptive grid can capture the shedding of small cavitation clusters, and the cavitation
shape details before the shedding of cavitation bubbles are very consistent with the
experimental photos, while the static grid cannot capture these details due to the lack of
grid resolution. By comparing the lift coefficient curves, it can be seen that the lift
coefficient curves of static grids in different periods are similar, and the wave crest and
wave trough values are consistent; while the lift coefficient of adaptive grids is more
unstable and uneven in several continuous periods, which is related to the different grid

amount of adaptive mesh in each period.

KEY WORDS: hydrofoil, cavitating flow, adaptive mesh refinement,
OpenFOAM, tip vortex cavitation
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Fig.3-8 velocity vector of sheet cavitation
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Fig.3-10 cloud cavitation pattern in a cycle (static mesh)
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Fig.3-12 Dynamic capture of cavity interface with AMR
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Fig.4-10 Vortex center positions on x-z plane
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Fig. 5-2 TWIST-11N hydrofoil model
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Fig. 5-4 mesh around TWIST-11N
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a) tl

f) t6
B 5-5 TWIST-11N K3 8 i€z M A& 2 1R 4
Fig. 5-5 cavitation cycle of TWIST-11N foil using AMR
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a)tl
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f) t6
& 5-6 TWIST-11N /K345 4 F 44 2 L8 41 B
Fig. 5-6 cavitation cycle of TWIST-11N foil using static mesh
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Fig.5-7 TWIST-11N Cavitation
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Fig.5-8 TWIST-11N lift coefficient curve (AMR)
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Fig.5-9 TWIST-11N lift coefficient curve (static mesh)
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Fig.5-10 alphaWater
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