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Computation of Waves Generated by a Ship Using an NS Solver

Based on B-Spline Solid
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ABSTRACT: A method has been discussed for obtaining the free surface turbulent flow solutions
around an advancing ship, in which the pseudo-compressibility is used. The geometry grid
systems are generated by the B-spline solid. The velocity and pressure are also represented by B-
spline solid. The wave surface is shown for Wigley hull at Froude number 348.0=rF   and

Reynolds number 61021.3 ×=eR  in the paper.

1. INTRODUCTION
Some methods have been developed for wavemaking and seakeeping problem based on B-spline
and NURBS surface[2][3][4][8][9][13], and some good results have been obtained. It is worth to
noted that many efforts have been made in the simulation of the flow around a ship with free
surface by resolving the NS equations[1][5][7][11][12]. The finite volume method and pseudo-
compressibility method are adopted for solving NS equation, and the k ε , one equation and  BL
turbulence model are used respectively in their works. The above numerical methods are based on
the difference formulation.
The objective of this work is to develop a discreting method based a B-spline solid. The pseudo-
compressibility and BL turbulence model are adopted for present work, and the free surface
turbulence flows around a Wigley hull is computed

2. FORMULATION
The governing equations with pseudo-compressibility form in the non-dimensional form can be
written as
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The parameter β  is a positive constant , and =β 0.25. rF  is the Froude number. eR is the
Reynolds number. tν  is the eddy viscosity.
The governing equations are integrated in the control volume moving with time, and the Reynolds
transport theorem and the Gauss integral theorem are adopted. The governing equation in each
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control volume become the following formulations
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where ur  is velocity vector,and Twvuu ),,(=
r . T

zyx nnnn ),,(=
r is a unit outward normal of the

control volume.The geometry shape can be represented by B-spline solid. The expression
formulation is
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where xr  is the locate vector, and Tzyxx ),,(=
r . T

ijkijkijkijk ZYXX ),,(=
r

 are the B-spline control

nets representing the geometry shape. mjli NN ,, , and nkN ,  are the B-spline basis function of 

order ml,  and n , defined by the Cox-de Boor recursive expressions.
The velocity and pressure can also be expressed by B-spline solid in follow formulation.
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where T
ijkijkijkijk WVUU ),,(=

r
 and ijkP are the B-spline control nets representing the velocity and

pressure. The integral equation(2) transformed to the parameter coordinate system can be written
as
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The similar formulation can be obtained for 222 ,, GFE  and 333 ,, GFE . ξx
r  , ξu

r  can be calculated

by following formulation
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The similar formulation can be obtained for ηx
r , ζx

r  and ζη uu
rv , . zyx uuu

rrr
,,  can be represented in

following
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The formulation (6) is calculated by adopting the iteration formulaton(13).
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The similar formulation can be obtained for formulation(7),(8),(9). The integrations items in the
above formulation are calculated by applying Gaussian quadrature. The linear equation systems
can be constructed by satisfing the integral equation in each control volume and the boundary

conditions, thus T
ijkijkijkijk WVUU ),,(=

r
 and ijkP can be obtained by solving the linear equation

systems. The velocity ur  and pressure p  can be obtained by appling the De Boor algorithm. The
stress condition is adopted for the free surface boundary condition. It can be see in ref.[7]. The
other boundary conditions are listed in Table 1.

Table 1 Boundary Condition
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The new grid systems can be reconstructed by the following formulation approximately,  and

                        utXX n
ijk

n
ijk

rrr
⋅∆+=+1                             (14)

the new velocity and pressure are smoothed by B-spline solid for next time calculation. It
will take wave filter effect. The goal is for the numerical stability.
3. RESULT OF WIGLEY HULL
The Wigley hull is selected for turbulent flow computation. The Froude number  and Reynolds

number are 61021.3,348.0 ×== eRFr . The grid system is shown in Fig.1. The wave surface is shown
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in Fig.2 . The range of grid system is heightwavezyx ≤≤−≤≤≤≤− 5.1,5.10,15.1 .

                 Fig.1.Grid System                      Fig.2. Wave Surface
4.  CONCLUSION
Although this is a initial and incomplete work, it is feasible that the turbulence flow is calculated
by adopting B-spline solid. The detail work need to do in the following several monthes.
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