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Abstract  
Two grids with different internal mesh structure have been used 
to predict the incompressible free surface flow around the 
Wigley hull form at Fr = 0.2 and 0.267. The finite volume 
RANSE code Ansys CFX, which using the two-phase Eulerian-
Eulerian fluid approach has been used to perform the different 
numerical simulations. The Shear Stress Transport (SST) 
turbulence models have been used in the RANSE code. Ansys 
Meshing and ICEM CFD grid generators have been used to 
generate the two unstructured tetrahedral grids for this study. 
The results compare well with the available experimental data 
for the hull resistance at the two speeds. In addition, wave 
patterns, pressure contours and the time required for the 
numerical simulations of the grids have been compared in this 
study. 
 
 
KEY WORDS: Free Ssurface; Wigley Hull; Turbulence 
Model 
 
 
1.0 INTRODUCTION 

 
Wave making is one of the most effective resistance on the ship 
movement. It represents 20 to 50% of the total ship resistance 
depending on the ship hull geometry and ranges of Froude 
number. Hence, many researchers gave more attention on 

studying the pattern of waves generated by a ship moving 
through the water. Moreover, these waves contain energy that 
must be dissipated to the surrounding fluid. 

Michell [1] and Havelock [2] studies are the oldest and 
important work on studying waves around ships. These research 
works proposed the main features of ship waves and the 
analytical studies on the prediction of waves around simple 
bodies, or hulls of ship [3].  Hess and Smith [4] and Dawson [5] 
used the Boundary Element Method (BEM) or panel method to 
investigate wave patterns around ship hulls. Jensen and Soding, 
[6]; Larson et al. [7] , Gatchellet al. [8] and Tarafderet al. [9] 
also simulated the wave resistance problems by using other 
technique which is Rankine source method. 

The free surface flow around ship hulls can be predicted by 
Navier-Stokes Equations. Hino [10] predicted the free surface 
around ship hulls by using Navier-Stokes Equations.  Dawson 
[5] presented double model solution which succeed to 
incorporate the free surface boundary condition in the simulation 
process. Furthermore, the interface-tracking and the interface-
capturing are the most popular methods which used for RANSE 
simulations to investigate the free surface flow. In the interface-
tracking methods, the fluid governing equations are solved in 
one fluid domain (water) only. The computational grids are 
deformed so as to fit the shape of the free surface using different 
types of grid-generation techniques such as the surface fitting 
grid method [11]. In other methods, e.g. the volume of fluid 
(VOF) (Hirt and Nicholas, [12]; Maronnieret al. [13]; Yong et 
al., [14]), both air and water are considered and treated as two 
effective fluids. These methods are known as interface-capturing 
and deal with numerical grids fixed in space, predicting the 
location of the free surface by solving an additional transport 
equation.Hino and Takanori [15], Alessandrini and 
Delhommeau [16], Qiuxin and Gao [17] and Zhang et al. [18] 
carried out different numerical simulations to study free 
surface flow around different ship hull forms, by solving the 
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ship hull area (Grid2). The pressure contours on the hull surface 
at different conditions of the two grids showed good agreement 
between the results. However, still the effect of the numerical 
diffusion on the contours appears in case of Grid2 results. 
Finally, Gird2 with large number of mesh elements shows very 
good advantage in the time required for the numerical 
simulations in comparison with Grid1of less mesh elements.  
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