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Water entry problems are critical in hydrodynamics because of strong impact pressure and complex structural motions
in such phenomena. This paper is dedicated to presenting a fully 3-D smoothed particle hydrodynamics (SPH) model for the
water entry problems of complex structures. First, the adopted SPH model is briefly introduced. Subsequently, two water
entry benchmarks are performed to validate the accuracy and stability of the utilized SPH model. Furthermore, one typical
engineering application related to aircraft ditching is performed. The present SPH model is clearly demonstrated to possess
satisfactory accuracy and stability for simulating water entry problems.

INTRODUCTION

Water entry problems of complex structures are one of the
most important topics in hydrodynamics because such phenomena
involve extensive complex physical processes (e.g., hydroelastic-
ity, turbulence, cavitation, multiphase effects, and fluid–structure
interaction (FSI)) (Truscott et al., 2014). For such complex FSI
processes, experimental methods are one of the most reliable
strategies to investigate water entry problems. Notwithstanding,
two limitations block the wide use of this method in practical
applications. One is that scaling effects from model tests are
inevitably encountered when transforming the model measure-
ments into full-scale data (Lugni et al., 2021). The second is that
physical tests are always expensive, and many extreme case con-
ditions are hard to reproduce in a laboratory. Therefore, the tech-
nique of computational fluid dynamics (CFD) can be a more fea-
sible strategy in engineering designs.

In terms of CFD, traditional Eulerian mesh-based methods (e.g.,
finite volume (FV)) have been widely adopted to simulate the
water entry problems for different simple objects such as cylin-
ders (Hou et al., 2018), wedges (K Wang et al., 2021), and spheres
(Shen et al., 2022). However, applying them for complex struc-
tures with complex geometrical surfaces is relatively rare. In fact,
several researchers have explored this topic by using some mature
commercial packages (e.g., STAR-CCM+) (Tregde and Nestegård,
2014; Tregde, 2015; Huang et al., 2021), finding that some violent
and nonlinear water surface behaviors (e.g., splashing and break-
ing) are hard to accurately capture because of the inherent mass
nonconservation property of the FV method. Besides, although
the so-called overset mesh (OM) technique can be used to realize
the six-degrees-of-freedom (6DoF) motion of rigid objects in the
FV framework, it is well-known that serious field discontinuities
exist at the overset–background interface where flow information
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is exchanged between these two regions. Such a characteristic
could somewhat reduce the accuracy of the FV results.

To resolve the aforementioned issues, the Lagrangian particle-
based method can be a more suitable tool for water entry prob-
lems. At present, there are various meshless methods, includ-
ing smoothed particle hydrodynamics (SPH) (Monaghan, 2005),
the moving particle semi-implicit (MPS) method (Khayyer et al.,
2019), and the generalized finite difference method (GFDM)
(Huang et al., 2020), etc. These methods have been signifi-
cantly improved for solving real engineering problems in the past
decades, as a result of the fast development of the computer indus-
try. Among them, the SPH method is one of the most promising
truly meshless methods and has received a lot of attention from
the engineering community. Despite the fact that the SPH method
is now being widely applied to extensive industrial problems, such
as coastal and ocean engineering (Liang et al., 2017; Gotoh and
Khayyer, 2018; Kazemi et al., 2020; Gotoh et al., 2021; Luo et al.,
2021; P Wang et al., 2021; N Zhang et al., 2021; Fang et al.,
2022; Khayyer et al., 2022; Luo et al., 2022; Lyu and Sun, 2022),
it seems that the water entry problems of fully 3-D complex struc-
tures (e.g., lifeboats or aircrafts) have received limited attention
in the past years.

In this paper, we aim at presenting a fully 3-D SPH model for
the water entry problems of complex structures. In NUMERICAL
METHODS, the adopted SPH model is briefly introduced with a
multi-resolution consideration. In MODEL VALIDATION, a rig-
orous benchmark regarding the water entry dynamics of a cylinder
is first performed to validate the accuracy and stability of the uti-
lized SPH solver. In the next two sections, two typical industrial
problems (i.e., lifeboat launching and aircraft ditching) are inves-
tigated using the present SPH solver. Finally, concluding remarks
and future prospects are provided in the last section.

NUMERICAL METHODS

Governing Equations

In this paper, the well-known �-SPH model (Marrone et al.,
2011) is adopted for all SPH simulations, which is written as
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