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1. Introduction

Rankine panel method is an effective tool for computing potential flow about arbitrary three-dimensional
bodies. It has been developed from first order panel method to high order panel method. Concerning the high
order panel method, Hess (1979), Johnson (1980) and Kehr (1994) used quadratic curve panel and linear source
density distribution, Hsin (1994) used the so-called hyperboloidal panel and constant source density. Although
all the above methods can increase accuracy, the body surface need to be discretized into a large number of
panels, and the derivative continuity at the boundaries between panels can not be ensured. Hsin (1993) and
Maniar (1995) presented a B-spline based panel method. The body surface is divided into a number of patches,
where the potential and geometry on each patch is a parametric representation of B-spline, and some degree of
continuity is retained everywhere on the patch. But it doesn’t ensure derivative continuity at the boundary
between patches, and is unable to deal with conic and quadric shapes in an exact way.

Non-uniform rational B-spline (NURBS) retain not only all B-spline properties, but also can represent
conic and quadric shapes exactly. It has been established as an industrial standard in CAD system. This paper
adopts the NURBS to represent body surface and source density for potential computation. It doesn’t need to
divide the body surface into different panels or patches and can ensure some degree of continuity. Moreover, it
can become a bridge linking CFD and CAD systems.

2. Basic Formulation

Let ;(u, v) = [x(u, V), ¥(u, V), 2(u, v)] be the parametric equation of a closed body surface, x, y and z
denote the Cartesian coordinates, u and v denote the two parameters for surface definition, o(%,v) denote the
source density of a point on the body. The ;(u, v)and o(u,v)can be written as:
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Where B, ;and S, are the control net, W, and W, are the weights, N, *and N, , are the B-spline

basis functions of order k and 1, defined by the Cox-de Boor recursive expressions.

The negative x-axis is in the direction of uniform flow U. The velocity potential at a point §,
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represented by ¢(g), due to a source distribution over point P(%,v) on the surface with a density o(p)

can be written as:
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Where r(p,gq) = lﬁ - Zj! denote the distance between gand p.

2.1 Non-lifting Potential Flow Problem
For this problem, the velocity potential on the body surface satisfies the integral equation [1]:
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where 7 denotes the surface unit normal directed out of the body. Since § lies also on the body surface, p and

g can be represented by different u, v, 7(p,§) can be written as:
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where pP(u,v)denotes §, P(u,,Vv,)denotes p. Inserting formulation (1) and (2) into equation (4),

equation (4) becomes:
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(6) is a linear equation system for S;;control net of source density. S,jare to be solved by given

(m +1)x (n+1) collocation points at the direction uand v.

2.2 Wave-making problem
The body surface and the source density on body surface are represented by NURBS in this work. In order

to satisfy the radiation condition, the collocation point shift method is adopted. Furthermore, the free-surface
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boundary conditions are linearized in a first order Taylor Series expansion [3]. Thus the source density control

net of body and free surface can be obtained by solving a linear equation system. It can be written as:
On the body
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On the free surface

szb:sbllg‘l (u V) +izsfuf: (u,v)=‘Cf(u,v) (10)
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3. Numerical Results
3.1 Potential Flow around a Sphere without Free Surface
Fig.1 shows a spherical surface generated by NURBS, where m, =4, n,=4,k=2,l=2. The
collocation point normal vectors are also showed. Tab.1 shows the resuits for different number of collocation
_points on :i—spherical §Maw. It can be seen that fhe results are very accurate.
3.2 Potential Flow around an Ellipsoid with Free Surface
Fig.2 and Fig.3 show the calculated wave patterns for an ellipsoid with axis-lengths /_ :/ , i, =2:1:1

at F,=04and F, =0.7.

3.3 Potential Flow around a Wigley Hull with Free Surface

Fig.4 shows the wave pattern for a Wigley hull at F, =0.348

4. Concluding Remarks

A numerical method for calculating potential flow around arbitrary three-dimensional bodies with or
without free surface is proposed. Non-uniform rational B-spline (NURBS) is used to represented the boundary
surface and the Rankine source density on the boundary surface. The boundary surface does not need to be
divided into different panels or patches, and some degree of continuity can be ensured. Numerical results show
that the potential flow can be calculated accurately by using this method.
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