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Abstract 
In this study, a viscous-inviscid method based on velocity decomposition is 
presented. The velocity of the flow field is decomposed into viscous velocity 
and inviscid velocity, the inviscid velocity is applied for the whole domain, 
which includes the damping area, and the remaining viscous velocity is just 
acting on a small domain around the ship hull according to the boundary 
layer theory. The remaining viscous velocity is computed by a modified N-S 
equation which coupled the inviscid part, after the inviscid velocity is ob-
tained by solving Euler equation. The simulation of Wigley hull advancing in 
calm water is accomplished with present method also the decomposed veloci-
ty has been studied. The result shows the present method is robust and can be 
a practical method for partial viscous correction.  
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1. Introduction 

For the simulation of ship advancing in the calm water, the shape of free surface 
and the wave making force can be obtained accurately with the assumption of 
potential flow [1] [2] [3], and the viscous effect can be corrected with empirical 
formula estimation. Because according to Prandtl’s boundary layer theory, the 
viscous just effects around the body surface and the far field can be treated as 
potential flow. Based on this point, calculating the shape of free surface and far 
field with the inviscid assumption and do the viscous correction around the ship 
hull shall be a wise choice. 

Thus far, there has been many researches in coupling viscous and inviscid 
flow [4] [5] [6], and the viscous/inviscid method have been widely applied for 
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many hydrodynamic problems. This method always accomplished by decom-
posing the flow domain and iterating on the interface of viscous and inviscid 
domain, however these methods are not able to do the partial viscous correction, 
that the inviscid field has obtained already and need to correct the areas with 
significant viscous effects. 

The main purpose of our present work is to develop a practical and efficient 
solver for viscous correction and ship hydrodynamic problems simulation. In 
this work, a velocity decomposition [7] method for simulating the Wigley hull 
advancing in the calm water is presented in detail. The present method is pro-
grammed on the platform of OpenFOAM and the solver is applicable for simu-
lating the cases with free surfaces. The simulation of Wigley hull advancing in 
calm water has been completed with both velocity decomposition method and 
the traditional CFD method, the result agreed well with the experiment data, 
which shows the present method is suitable for viscous correction and ship hy-
drodynamic simulation. 

2. Theory of the Viscous/Inviscid Method 

The simulation of ship advancing in the calm water is a popular case in the area 
of ship hydrodynamic, and the govern equations can be written as follow, 
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where iu  is the velocity of the flow field; p is pressure; ν is viscosity; α  is wa-
ter phase fraction; ρ  express as ( )1 21ρ αρ α ρ= + − , 1ρ  is water density and 

2ρ  is air density; S is a source term including the gravity source, free surface 
tension source and damping source. 

Generally, the viscous has little contribute to the shape of free surface, because 
the wave making resistance and free surface shape can be obtained by potential 
theory exactly. Here we ignore the viscous and free surface tensor, the govern 
equation of inviscid velocity can be written as 
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where 0U  is the coming flow velocity, 0θ  is a damping coefficient, x0 and x1 
are the horizontal coordinates of the damping zone boundary.  

As to the area around the ship hull, the viscous effect cannot be ignored. 
Mostly, the ITTC equation is supposed to be used for the drag force correction, 
while it is not accurate enough in many situations. To obtain a better viscous 
correction, here we decompose the total velocity into inviscid velocity eu  and 
viscous velocity u∗ . 

i ei iu u u∗= +                            (4) 

For the calculating of the viscous velocity, a much smaller domain size can be 
used according to boundary layer theory as shown in Figure 1, so the damping 
zone is not include in the viscous zone obviously, and the source term can be 
omitted. 

The free surface of ship advancing can be treated as quasi steady state, so the 
phase need not to be calculated again, and the density can be treated as constant. 
With these assumption, substituting (4) into govern Equation (1), we can get the 
modified NS equation for the viscous velocity iu∗  as bellow. 
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Equation (5) is the govern equation for the viscous velocity, which coupled the 
inviscid velocity. The Equation (5) keeps the form of NS equation, but much 
simple than the original form, so it is supposed to be a fast and accurate way for 
the viscous correction. 

3. Numerical Implantation Method 
3.1. Domain Decomposition 

Before solving the modified N-S equation, the inviscid velocity in the viscous 
zone should be obtained first according to (5). Generally, the inviscid zone 
and the viscous zone uses different set of meshes, and to obtain the inviscid 
velocity, the interpolation cannot be avoided. However, the velocity interpo-
lation including the boundary surface and the interior zone shall take much 
time, and the computation efficient can be effected, so the domain decompo-
sition is also adopted here. 
 

 
Figure 1. Sketch of viscous and inviscid domain. 
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The domain decompose method is showed in Figure 2. When solving the 
inviscid velocity, zone 1 and zone 2 are combined. Then the inviscid velocity 
in viscous zone can be obtained by mapping without interpolation. At last the 
viscous velocity can be solved in zone 2 with its boundary condition showed 
below. 

3.2. Boundary Condition 

The viscous velocity is obtained by solving modified N-S equation after the in-
viscid velocity is obtained, and the solving process is nearly the same with the 
traditional CFD method while the boundary condition have some obvious dif-
ferences (Table 1). 

Where the OpenFOAM solvers LTSinterFoam is adopt as CFD method for 
solving turbulence and laminar flow respectively. For the velocity boundary, the 
biggest difference locates at the body B.C. and the inlet B.C. For the truncated 
boundary, the viscous velocity is used zero value B.C. instead of fixed value of U 
for the assumption that the flow at the truncated position can be treated as po-
tential flow. The body B.C. is derived from the no-slip boundary condition, so 
the sum of potential velocity and non-potential velocity should be zero. 

For the outlet boundary, the boundary condition should be the same as the 
inlet B.C. according to the velocity decomposition theory, while it will cause 
continuity errors during the solution. Besides the outlet boundary contains a 
part of wake zone, where the viscous effect cannot be ignored, so the flow at the 
outlet boundary cannot be treated as potential flow and a zero gradient B.C. is 
used. 
 

 
Figure 2. Sketch of domain decompose method. 

 
Table 1. Boundary condition. 

 Inlet Outlet Body surface 

u 
Velocity decomposition u* = 0 u* = 0 u* = -ue 

CFD method u = U u▽  = 0 u = 0 

Pressure p = 0 p = 0 p▽  = 0 

k Inlet Outlet: C1 k▽  = 0 kqRWallFunction 

ω Inlet Outlet: C2 ω▽  = 0 omegaWallFunction 

νt Calculated: 0 Calculated nutkWallFunction 
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The k and omega boundary value are calculated with the formula below: 

( )23
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l
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−
=                     (6) 

where U is the flow velocity, I is Turbulence intensity, l is Turbulence length 
scale. It is worth to mention that when the pressure decomposed, the pressure 
B.C for the body should be changed to negative potential pressure gradient. 

4. Results 

The simulation of Wigely hull advance in the calm water is famous in the ship 
hydrodynamic area, and there is enough experiment data and simulation result 
for comparison, so it is good to be chosen to test the velocity decomposition 
theory. The shape of the Wigley hull can be express as: 

2 221 1 , 0
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       (7) 

where L = 1 m is the length of the hull, B = 0.1 m is the hull width, T = 0.0625 m 
is the draft. As the computation domain is decomposed as mentioned before, the 
range of the inviscid domain and the viscous domain are showed in Table 2 and 
Figure 3. 

The k-omega SST model is adopted in the computing of the viscous velocity, 
so the mesh in the viscous zone should be dense enough for the simulation. The 
average y+ is chosen 100, the mesh of the inviscid and viscous domain are shown 
as follow Figure 4 and Figure 5. 
 

 
Figure 3. Sketch of viscous and inviscid domain. 

 

 
Figure 4. Mesh of the inviscid domain. 

 

 
Figure 5. Mesh of the viscous domain. 

https://doi.org/10.4236/wjet.2017.54B005


J. Zhao et al. 
 

 

DOI: 10.4236/wjet.2017.54B005 47 World Journal of Engineering and Technology 
 

Table 2. Domain size. 

 
x/m y/m z/m 

star end star end star end 

Inviscid domain −3.5 1.5 −1 1 −0.6 0.2 

Viscous domain −1.5 1 −0.5 0.5 0.3 0.1 

 
According to the velocity decomposition theory, the final velocity field is the 

summation of inviscid velocity field and the viscous velocity field. So, it is ne-
cessary to export these flow fields for further study. 

Figures 6-9 give the velocity count by traditional CFD method u, the velocity 
result by velocity decomposition method ut, the inviscid velocity by velocity de-
composition method up, the viscous velocity by viscous/inviscid method u* re-
spectively.  

In the viscous velocity counter of Figure 7, the velocity in the far field except 
the wake zone and some area of free surface is almost zero which means the 
computation domain can be reduced and the present velocity decomposition 
method can capture the area of viscous effects. Also the viscous velocity on the 
free surface is zero in most area means the viscous contributes little to the free 
surface. 

Figure 10 gives the wave height along the Wigley hull, from this figure it is 
clear that there exist some difference in the front and after of the Wigley hull, 
where the viscous effect is obvious. However, the wave height calculated with in-
viscid assumption correspond with experiment data [8] very well, which means 
it is reasonable to compute the free surface with the assumption of inviscid. 

It is clear that the drag force cannot be computed correctly if the viscous been 
ignored, so the result of drag force shall be a good criterion to judge the velocity 
decomposition method. 

The drag force and its component at Fr = 0.32 are shown in Table 3, and the 
results are agreed well with the experiment data. From the table, it is obvious 
that the velocity decomposition method is even turned to be a little better than 
the CFD method, which means that the present method is robust and accurate 
for viscous correction. 

5. Conclusions 

To accomplish the simulation of the ship advance in the calm water, a velocity 
decomposition method is presented in this work. In this method, the fluid is 
treated inviscid in a large domain which include the damping zone and the 
viscous is considered in a small domain with some reasonable assumption. The 
simulation of ship advancing in calm water is completed by present method. 
Through analyzing the result of cases, it can be concluded as follow. 

Firstly, the present velocity decomposition method is suitable for simulating 
the ship advancing in calm water. The drag force result calculated by present 
method agrees with the experiment data very well, which proves that the present  
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Figure 6. Velocity count of ue by present method. 

 

 
Figure 7. Velocity count of u* by present method. 

 

 
Figure 8. Velocity count of ut by present method. 

 

 
Figure 9. Velocity count of u by traditional CFD method. 
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Figure 10. The comparison of wave profile on the hull at Fr = 0.32. 

 
Table 3. Force coefficient at Fr = 0.32. 

 Ct Cf Cp 

Sangseon (1983) [9] 0.00509 0.00358 0.00151 

LTSinterFoam 0.00493 0.00326 0.00167 

Velocity Decomposition 0.00512 0.00362 0.0015 

 
method is robust and the assumption in this work is reasonable. 

Secondly, the present velocity decomposition method is efficient in viscous 
correction and numerical simulation. In the present, if the inviscid flow field is 
obtained advance, the result that considered viscous can be obtained fast by 
solving the modified N-S equation in a small domain easily, so it is a good me-
thod for partial viscous correction. Also, this method can be treated as a visc-
ous-inviscid coupling method for simulation. 

Last, the present velocity decomposition method can reflect the viscous effect 
in the flow domain. In the viscous velocity count, the viscous effect is positive 
correlation with magnitude of viscous velocity, and which result is helpful to 
study the viscous effect. 
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