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Abstract: This paper is based on the panel method from three-dimensional potential flow theory, 
sources-sinks are distributed on surface panel to meet the boundary conditions. Additional mass can 
be obtained by solving the velocity potential. Ellipsoids under different scales are as example to 
study influence of grid generation on additional mass through various longitudinal and vertical grid 
numbers. By comparing the calculated values with the theoretical values, the way of grid generation 
and the number of panel that most satisfy the accuracy requirements can be obtained. 

Introduction 

Potential flow theory in fluid mechanics is a direct way to solve forces from fluid to object. By 
solving the Laplace equation the velocity potential of flow field could be obtained, and fluid force 
on object could be obtained through the Bernoulli equation[1,2]. As a very effective method of 
hydrodynamic analysis, the source-sink distribution method[3,4], also called constant panel method, 
is used to solve this problem. In order to obtain the velocity potential, the object plane and the free 
surface (or other boundary) must be divided to discrete grids[5,6,7,8]. Typically the object plane is 
divided to triangular or quadrilateral grid and the free surface to quadrilateral grid. with the increase 
in the number of the original surface, the geometric similarity and hydrodynamic similarity will be 
greatly improved through high-quality grid and sufficient grid numbers. Although the increase in 
the number of surface panel is good for accuracy, there will not be a great improvement in the 
accuracy while the number of surface panel is to a certain extent. Furthermore, the number of 
surface panel should be within a certain range as its disadvantages of long time-consuming in 
numerical calculation. In this paper the ellipsoids under different scales ratio are chosen as the 
object, influence of their grid generation on additional mass through various longitudinal and 
vertical grid numbers will be studied. 

Principle and Mathematical Model 

The establishment of the coordinate system 
Coordinate system meets the Right-hand Rule, as shown in Fig.1, coordinate system origin o is 

located in the center of the ellipsoid volume, axis X points to the head-end along major axis of 
ellipsoid, axis Y points to the left of the ellipsoid, axis Z is perpendicular to the plane xoy and points 
upward. 

Equations and boundary conditions 
Assuming that flow is incompressible, inviscid and irrotational and the object is in the plane 
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with a steady linear motion, the perturbation velocity potential represents as ∑
=

=
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u1~u6 correspond respectively to the speed under six degrees of freedom; φi corresponds to 
perturbation velocity potential under object modal i motion with unit speed. The definite conditions 
is as follows:  
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Where, n is unit normal vector on the object surface (pointing to inboard ). 
Then the additional mass can be calculated by formula, as follows: 
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Where Sb is surface area of object; ρ is fluid density. 
The influence of free surface wave is not taken account into the establishment of the velocity 

potential conditions and the calculation of the additional mass, so the additional mass is not related 
to the speed. And the study that the influence of different object surface grid on the additional mass 
is major task in this paper, the impact of the free surface is not considered temporarily. 

Equation solution method 
Supposing that q is the source point on object surface, p is one point in the flow field, r(p,q) 

represents the distance between q and p, σ(q) represents the source density of distribution on the 
surface, then perturbation velocity potential of any point p in the flow field , it is as follows： 
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Eq.3 is combined with the second equation of Eq.1, it is as follows： 
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Where Sq represents body-surface panel at point q, ε represents a surface panel near control point p. 
The integral term is usually converted into a linear algebraic sum. Object surface Sb can be 

divided into N discrete pieces, ∑
=

=
N

j
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Then small curved surface △Sj will be replaced approximately with triangular or quadrangular 
plane △Qj, Specifically as follows: in case of the piece j, arithmetic mean of four vertex 
coordinates is coordinate of the center point pj. The cross product of two diagonal vectors can be 
calculated, this cross product can be regarded as the normal vector nj in piece j. And a vertical plane 
can be obtained from the normal vector nj and the center point pj, four projected points can be 
obtained after the four vertices are projected to this plane. quadrangular plane△Qj, combined with 
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four projected points, is needed[9]. If division of the surface panel is not be too rough,distributed 
source density σ(q) on surface panel △ Qj can be regarded as a constant. So integral on the full 
surface Sb can be replaced by Sum of N integrals on quadrangular plane (or triangle plane) △ Qj, it 
is as follows: 
 
Eq.5 

is combined with Eq.4, σj N-order linear equations can be obtained: 

 

 
( )Niba

N

j
ijij ,,2,1

1
L==∑

=

σ  (6) 

 Where aij is regarded as influence coefficient, 
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Algorithm analysis 

The ellipsoid is considered as an example, a is the long half axis, b is short half axis and c is 
the vertical short half axis. The influence of the grid division on the added mass was studied at four 
scale ratios of a:b:c=1:1:1, a:b:c=2:1:1, a:b:c=5:1:1, and a:b:c=10:1:1. K1 indicates the number of 
longitudinal gird, and K2 is the vertical grid number. This research on the added mass of surge m11 
was undertaken, finally compared the calculated value with the theoretical value [10] and analyzed 
the results. 

The ellipsoid becomes a sphere when the scale ratio is a:b:c=1:1:1 (Fig.1). Fig.2 shows the 
calculation error of m11 with the variable number of the longitudinal and vertical grid. The vertical 
mesh number has a great impact on m11 and the longitudinal grid number denotes the opposite 
effect. 

When the scale ratio is a:b:c=2:1:1, from Fig.3, it show the same variable trend of m11 as Fig.2. 
The vertical grid number has a great impact on m11 and the longitudinal grid number denotes the 
opposite effect when length-width ratio of grid is not large. 
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     Fig.1  Sphere (a:b:c=1:1:1)            Fig.2   Calculation errors (a:b:c=1:1:1) 

  

Fig.3  Calculation errors (a:b:c=2:1:1)      Fig.4  Calculation errors (a:b:c=5:1:1) 

 

Fig.5 Calculation errors (a:b:c=10:1:1)        Fig.6  Calculation errors (K1:K2=1) 

When the scale ratio of a:b:c=5:1:1, from Fig.4, the beneficial increase in the number of 
longitudinal grid slightly reduce calculation errors of m11; with the increase in the number of the 
vertical grid, the calculation accuracy of m11 shows a large degree of improvement. With the 
increase in the total number of panels, the error between m11 calculated and theoretical values is 
getting smaller which is in line with the actual situation. 

The ellipsoid becomes a slender body when the scale ratio of a:b:c=10: 1: 1, from Fig.5, it and 
Fig.4 is roughly the same as the number of the longitudinal grid increase the accuracy of m11 with 
little improvement, but the increasing of vertical grid number is benefit to reduce the error of m11. 
The error between m11 calculated and theoretical values is reduced with the increase in the total 
panel number. 
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Conclusions 

The conclusions obtained from the above analysis are as follows: 
(1) The calculation accuracy of additional mass increases with the number of panels(Fig.6). 
(2) When the aspect ratio of object is not too large, m11 is greatly influenced by the longitudinal 

division and slightly influenced by the vertical division; When the aspect ratio becomes larger, the 
vertical division greatly influences m11 and the longitudinal division influences m11 on the contrary. 

(3) Grid generation should be adapt to the scale of the object, an appropriate longitudinal and 
vertical mesh division can improve the calculation accuracy and reduce the computational time. 
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