
Accepted Manuscript

A Hybrid Stabilization Technique for Simulating Water Wave – Structure In-
teraction by Incompressible Smoothed Particle Hydrodynamics (ISPH) Method

Ningbo Zhang, Xing Zheng, Qingwei Ma, Wenyang Duan, Abbas Khayyer,
Xipeng Lv, Songdong Shao

PII: S1570-6443(16)30373-2
DOI: https://doi.org/10.1016/j.jher.2017.11.003
Reference: JHER 418

To appear in: Journal of Hydro-environment Research

Received Date: 24 November 2016
Revised Date: 31 October 2017
Accepted Date: 6 November 2017

Please cite this article as: N. Zhang, X. Zheng, Q. Ma, W. Duan, A. Khayyer, X. Lv, S. Shao, A Hybrid Stabilization
Technique for Simulating Water Wave – Structure Interaction by Incompressible Smoothed Particle Hydrodynamics
(ISPH) Method, Journal of Hydro-environment Research (2017), doi: https://doi.org/10.1016/j.jher.2017.11.003

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jher.2017.11.003
https://doi.org/10.1016/j.jher.2017.11.003


  

 

1 

 

A Hybrid Stabilization Technique for Simulating Water Wave – Structure 

Interaction by Incompressible Smoothed Particle Hydrodynamics (ISPH) 

Method 

 

Ningbo Zhang
a
, Xing Zheng

a,*
, Qingwei Ma

a,b
 ,Wenyang Duan

a
, Abbas Khayyer

c
, 

Xipeng Lva, Songdong Shaoa,d 

 

a College of Shipbuilding Engineering, Harbin Engineering University, Harbin 150001, 

China 
b 
School of Mathematics, Computer Science & Engineering, City, University of 

London, London EC1V 0HB, UK 
c 
Department of Civil and Earth Resources Engineering, Kyoto University, Kyoto 

615-8540, Japan 
d Department of Civil and Structural Engineering, University of Sheffield, Sheffield 

S1 3JD, UK 

* Corresponding author. E-mail address: zhengxing@hrbeu.edu.cn 

 

 

ABSTRCT 

The Smoothed Particle Hydrodynamics (SPH) method is emerging as a potential tool 

for studying water wave related problems, especially for violent free surface flow and 

large deformation problems. The incompressible SPH (ISPH) computations have been 

found not to be able to maintain the stability in certain situations and there exist some 

spurious oscillations in the pressure time history, which is similar to the weakly 

compressible SPH (WCSPH). One main cause of this problem is related to the 

non-uniform and clustered distribution of the moving particles. In order to improve 

the model performance, the paper proposed an efficient hybrid numerical technique 

aiming to correct the ill particle distributions. The correction approach is realized 

through the combination of particle shifting and pressure gradient improvement. The 

advantages of the proposed hybrid technique in improving ISPH calculations are 

demonstrated through several applications that include solitary wave impact on a 

slope or overtopping a seawall, and regular wave slamming on the subface of 

open-piled structure.  
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