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ABSTRACT 

 
A high speed surface craft is mostly supported by hydrodynamic lift force rather than by 
buoyancy force. The lift force directly influences the running attitude of the surface craft such 
as trim and sinkage. The pressure distribution is caused by a solution of free-surface flow 
around the surface craft. To deal with the free-surface flow, volume-of-fluid (VOF) method 
has been widely used even with its disadvantages including interface smearing. In the present 
study, a new dynamic interface compression method is introduced to reduce interface 
smearing and to avoid unphysical solutions. The method was validated by the volume fraction 
advection test and prismatic body problem. Finally, the method was applied to simulate the 
running attitude and resistance of several high speed planing vessels. 
 

DYNAMIC INTERFACE COMPRESSION METHOD 
 
In the present study, a dynamic compression method, which improves the Rusche’s method 
[1], is introduced to reduce interface smearing and to avoid unphysical solutions near the free-
surface. The dynamic compression method consists of a function for flow velocity and the 
free-surface shape. The concept behind the dynamic interface compression method is based on 
the characteristic of the interface capturing method such as CICSAM [2] and HRIC [3]. They 
used a blending function to mix upwind and downwind schemes to maintain numerical 
stability and to preserve interface sharpness. 
 

FLOW AROUND A HIGH-SPEED SURFACE CRAFT 
 
The method was applied to estimate the running attitude and resistance of a high speed surface 
craft. The hull has a V-type bottom and was designed by Seoul National University. The 
running attitude of the watercraft is changed by the force and moment acting on the hull 
during sailing. To express the change in the running attitude, the computational domain is 
divided by moving the subdomain with the stationary grid and surrounding subdomain with 
the stretching grid. The Froude numbers based on the beam of the watercraft FnB are 1.71, 
2.28, 2.85 and 3.42, respectively. The results were compared to the experiments that were 
performed at Seoul National University with a high speed towing carriage shown in Figure 1.  
When the advancing speed increased, the trim and sinkage of the hull also increased. The trim 
is governed by the moment acting on the hull while the sinkage is governed by the lift force. It 
seems that the present study can estimate the pressure on the hull very well. 



 

 
Figure 1. Comparisons of the trim (left) and sinkage (right) of the surface craft 

 
Figure 2 shows the pressure distribution on the bottom of the watercraft. The stagnation point 
moved toward the midship section of the hull when the advancing speed increased. The 
movement of the pressure center made the pitch moment act on the hull as the trim of the 
watercraft increased. The pressure distribution shows a sharp interface near the free-surface 
because the numerical smearing is effectively suppressed by the dynamic interface 
compression method. 
 

 
Figure 2. Pressure coefficient on the bottom of the surface craft. 

 
CONCLUSION 

 
In the present study, a dynamic interface compression method was introduced to reduce the 
interface smearing and to avoid unphysical solutions based on the interface compression 
method. The dynamic interface compression coefficient consists of the flow direction and the 
interface shape. The method was validated and applied to estimate the running attitude and 
resistance of the high speed surface craft and showed good agreement with the experimental 
results. 
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