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The accidental oil spill is one of the most critical disasters in coastal areas and can cause serious damage to the ecosystem
and society. Oil spill spreading is a complex process involving the highly nonlinear interaction of two fluids with very different
properties. In this study, the Consistent Particle Method (CPM) is enhanced by incorporating the continuum surface force
model and applied to simulate oil spill spreading. Firstly, based on a circular ring case, the advantage of CPM in computing
the curvature of an interface (key in simulating the interfacial tension force) is demonstrated, and the influence of the
smoothing length in curvature calculation is tested as well. Secondly, the capability of the CPM model in capturing the
interfacial tension force is validated by the case of two-dimensional droplet deformation. Finally, the benchmark examples,
namely, oil slick spreading in a reservoir and oil spill from a damaged tank, are studied by the enhanced CPM model. The
influence of adding the surface tension model in the simulation is examined. The morphological and kinematic properties of
the oil spill process are discussed.

INTRODUCTION

The accidental oil spill is concerning in coastal management
and ocean protection because such an event can cause serious
water pollution and ecosystem damage. To harness oil spills and
hence minimize the damaging effects, a reliable prediction of the
speed and extent of oil spill spreading is of great significance.
With the development of computer hardware and numerical algo-
rithms, numerical modeling has become a promising tool in pre-
dicting the oil spill feature; yet, some challenges still exist due
to density/viscosity discontinuities and large deformations of the
water-oil interface.

In the last two decades, the so-called particle methods have been
gaining significant developments and have been demonstrated to
handle the large deformation of fluid interface well (Gotoh et al.,
2021; Luo et al., 2021; Vacondio et al., 2020; Zhang, Zhu, Wu, and
Hu, 2022). Based on the strategy of solving fluid pressure, particle
methods can be grouped into weakly-compressible and projection-
based methods. The most commonly used weakly-compressible
method is the Smoothed Particle Hydrodynamics (SPH) (Bui and
Nguyen, 2021; Guo et al., 2022; Kazemi and Luo, 2022; Lyu
et al., 2022; Vacondio et al., 2020; Zhang, Zhu, Yu, et al., 2022).
The projection-based methods include the Moving Particle Semi-
implicit (MPS) method (Khayyer et al., 2019; Wen et al., 2022;
Zhang, Zha, et al., 2022), Incompressible SPH (Chow et al., 2022),
and Consistent Particle Method (CPM) (Koh et al., 2012; Luo et al.,
2019).
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Both categories of methods have been applied to oil spill
problems. Using weakly-compressible SPH, Violeau et al. (2007)
investigated the leakage mechanism of several kinds of oils in an
open channel and a wave flume with a floating boom. The same
problem was simulated by Yang and Liu (2013). The influences of
the oil type, moving velocity, skirt angle of the boom, and water
wave on oil leakage from containment booms were investigated.
Shi, Li, Chen, et al. (2018) developed an SPH model by incorpo-
rating a Large-eddy-simulation (LES) turbulence model and the
interfacial surface tension for simulating oil spill spreading prob-
lems. The accuracy of the SPH model was validated by the exper-
imental cases of Duan et al. (2017). Based on a multiphase SPH
model, Shi, Li, Peng, et al. (2018) investigated the oil spill pro-
cess under current-only and combined wave-current conditions in
a domain with a flexible floating boom. Examined were the char-
acteristics of oil slick and the associated vorticity distributions.

For projection-based particle methods, Jeong et al. (2013) pre-
dicted the oil height in a damaged tank with holes on the side/
bottom wall and compared the results with analytical solutions.
Duan et al. (2017) extended their multiphase MPS method for oil
spill spreading of thick oil slicks and continuous oil spills from
a damaged tank. The performance of the model was verified by
experimental data. Shimizu et al. (2020) presented an enhanced
multiphase ISPH method for simulating oil spill spreading. A
Sub-Particle-Scale (SPS) turbulence model and a surface tension
model were adopted to capture more realistic physics. Recently,
Vieira-e-Silva et al. (2021) conducted simulations of oil leaking
from a damaged tank by using an MPS method with GPU paral-
lelization.

A key step of particle-based simulations is the numerical dis-
cretization of the first- and second-order spatial derivatives in
governing equations. A prevailing strategy is to adopt a kernel
or weighting function and use the concept of weighting average
to compute spatial derivatives. Another strategy is to simultane-
ously solve the spatial derivatives to a specified order based on the
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