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Abstract. The purpose of the paper is to present an algorithm, based on the Finite Differences
Method (FINDI), for the computation of the electric potential on the three spatial directions

around a seagoing ship.
1. INTRODUCTION

The electric field of a sea-going ship assumes a slow rate variation in time, if energy conversions
are negligible. The equations with partial derivates which describe the main magnitudes are of
elliptical type. Thus, the study of the field phenomena is processed in the framework of the
scalar potential theory.

A potential field having the divergence of the state vector equally zero in all the points P, in a

domain Q, namely:
(divE) =0, V PeQ (1)

is called a “Laplace” field in the domain €2.
The potential function V (defined by E= - gradV) verifies in Q the equation:

AV =0, called Laplace equation. 2)

In order to solve equation (2), the boundary conditions of the problem have to be find. There are
many mcthods specialised to solve this kind of problems. For its simplicity and efficiency, “The
Finite Differences Method” suits very well to such a problem. Besides, there is available a huge
amount of computer code to solve it.

The “Finite Differences Method” replaces the equations with partial derivates (describing a
problems with boundary conditions) by equations with finite differences. The result of this
method consists of a series of digital data, representing the potential values in the nodes of a
network (applied to a chosen domain). These digital data are obtained by solving a linear
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algebraic system, the discrete counterpart of the equations with partial derivates inh the nodes of
the network. '
The accuracy. of the method depends of:

- the discrete network;

- the type of discretization for the equations with partial derivates;

- the precision of approximation for the boundary conditions;

- the computation techniques (methods and equipment).

In order to approximate a Laplace equation by the “Finite Differences Method” we choose a
discrete model in a three-orthogonal Cartesian coordinates system formed by cubic network.

2. THE ELECTRIC POTENTIAL FOR BOUNDARY CONDITIONS OF FIRST
TYPE (DIRICHLET)

The physical measurements were picked-up on a seagoing ship of small dimensions, having the
immersed bull with the configuration shown in fig.1. The potential measurements, on the
boundary and inside the chosen domain, were performed offshore of the Black Sea; in the region
of Mangalia city. These determinations were necessary in order to get the potential values and to
use them as boundary conditions in a Dirichlet problem.

It can be notice that the studied domain stretches between the frames C39 and C47, having the
dimensions from fig. 1. The cross plane of the ship, determined by the plane yoz and the hull is

approximated by a rectangle 3 x | m.
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Fig.1 The immersed bull of the ship and the measure domain Qh
The index of any point A in fig. | indicates the coordinates of A in the 3D space. The values of -

the potential V(x,y,z), inside the chosen domain, was determined by solving the differential
equation (2). For this, we have used an approximation with seven inner nodes in the 3D space.
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These nodes are distributed as shown in fig.2, i.e., a discrete cubic network with a characteristic

structure R7.
In fig.2b it can be seen that the node Ay (x.y,z) is surrounded by the nodes A; ... Ag .The same
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notation is preserved for any inner node.
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Fig. 2 The discrete cubic network :
a) the discretization of the chosen domain
b) the characteristic structure R7

In the case of first type boundary conditions the nodes Ao will be located only inside the chosen
domain . If we develop the potential V (x.y.z) after Taylor formula, around Ay (x,y,z), the result

1S:

\/'(X()'*'h, _\/()‘Hl, Z()‘H]) = V(X(), Yo, Zn) + Z 1/m!- [(aV/aX)A()h"‘(aV/a}’),\()h‘*'((‘)\’/OX)/\()'h +
+ (EVIOX)ah]™ = Vo + (QV/Ex+OV/dy+aVI0z)ah + 12UPVIOXHDVIdy+EVIOZ a0 b +
b 220 (VIR HVIOXOZ VY z)pe - P+ L3UFVIOKHOVIOY +TVIOZ Yo - I+
+ 3NVIORY +FVIOxOZHTVIEX Dy +PVIOCz+ VIO oY+ VIdY D2 Yo+ . (3)

From a practical point of view, the accuracy of the computation is satisfactory, even without
taking into account the terms of above second degree. In particular, the following equations
with partial derivates are successively obtained:

e for the node A (xo, Yo - h, Zo):
\/| = V() - ((-)V/(wy)'\nh + 1/2!‘((?ZV/ay2)A(_l‘h2 - ... (4)




o for the node A (Xu, Yoth, zo):

Vo= Vi + (OVIy)aoch + 1721(0PVIoy )ah® + .. (5)
e for the node As (Xo, Yo, zo -h):

V=V, - (OV/0z)arh + 17214 V/0Z ) a0h® - .. (6)
o for the node Ay (Xo, Yo, zo + h):

Vi = Vo + (OVIa)arh + 1721(PVI02 ) arh? + .. (7)
e for the node As (xo - h, vo. 20):

. Vs = Vo - (OVIOx)aoch + 121(FPVIOX ) agh? - .. (8)
e for the node A, (xo *+ h, Yo, Zo):

V(, = V() + ((')V/(‘)X),\n"h + 1/2!'(02\//(’,}?\'2),:\0‘!12 + .. (9)
From relations 5 + 10 we have:
V) + Vy +Va +V, +Vs +Vg = 6 Vi + (PVIOHPVIOY+PVIOZ )l = 6 Vo + AV (11)
Taking into account equation (2) for a Laplace field, we have:
Vi+ Vy +Vi+V, +Vs+Ve -6 Ve =0 (12)
Similarly (for any point of the network) the following relation holds:
V.\:n. vo-1.z0 +\,x0. vo. 70 - 1 'J‘-Vxn. YO, 70 +Vxn. yo, 70 + 1 +V.\() - loyo, 70 +qu S NS A zo'6 on. y0. 20 = O ( 1 3)
These two expressions (12 & 13) are an approximation with finite differences of the Laplace’s
cquation (AV = 0), in seven nodes of the 3D space; the order of the error magnitude is of zero.
Equation (13) is turther iterated for each inner node of the chosen domain. In particular, for the
domain shown in fig.2 a system of 96 linear algebraic equations with 96 unknown variables was

found out. By solving the system the digital approximation of the electric potential function V(x,
y, 2), X, y, z €Y 1s obtained.

3. CONCLUSIONS
The computation of the potential values on the entire immersed hull of a sea-going ship or in a
volume around it, is a problem of considerable concern (e.g. to obtain information about .the

electrochemical corrosion gradient).
The proposed method has two stages as following:
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e an experimental stage - the measured of the potential values, which will form the boundary
conditions of Dirichlet type problem for the following computation stage, and will validate

the computation as well
e acomputation stage - to determine the potential values inside the considered volume
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