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Abstract. The paper presents an algorithm for the computation of the electric field around a
seagoing ship. :

1. GENERAL ASPECTS.

It is well-known that the study of the electric field is performed taking into account some state
variables. They can be scalar. vectorial etc. and they locally describe the state of the considered
field.

Therefore, in order to establish the nature, the spatial distribution and the variation in time of
such a field. onc has to define:

e the flux of the state vector field and the flux density;

e the circulation of the state vector field:

e the spatial variations of some state scalars (for the case of scalar fields);

e the variation in time of the non-steady fields (locally described by the substantial derivates),

e the discontinuity of some fields.

For all these cases, the mathematic models are based on equations with partial derivates of
various type. most of these equations being of second order. In order to determine the strength
of an electric field on three spatial directions, we first introduce a mathematical model and then,
an algorithim is developed.

2. THEORETICAL BACKROUND

The intensity of the electric field in a point can be computed by means of the gradient of the
electric potential function on that point. This assume that by measurements and computation, the
electric potential values are known on all the points concerned. What we do not know is the

potential variation law.
To find the potential faw, we consider a rectangular section of area S = a x b, uniformly loaded

with electric charge, and surtace density ps. (fig. 1)
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Fig.1 The rectangular section uniformly loaded with electric charge

The potential in noint M (0,0, zy) is:

Vi = pg/47t8fst/r= p3/4nsfdyfdx/(x2+y2+znz)”2 (N
By solving (1), with respect to x, one has:

Vi = ps /4rme] {In[a+ (a2 + y2 + z(,z)m] -1n( y2 + zoz)"'z}d y 2)

By integration with respect to y [7], the arcsin is expressed in function of arctg and a constant 1s
added, namely arctg (zq / a). Thus:

L= In [a + @+y +z)? Jdy=yhm[a+@+y +2z)?]+aln[n]y+ @ +y +
+ 2")"? ) -y +zoarctgy/ zo+ zo arctg a zy / [y, + zFy @ +y+ 29" 3)

Then:

Va=ps/4dnefaln(b+ MC)/MB +bIn(a+ MC)/MD - z, arctg a-b /z(,']\‘/_l—(’,] 4)
From (4), if Vpyis known, ps can be determined and then, from (1) it follows:

ps=4m 8 Va/[aln(b+MC)/MB +bln(a+MC)/ MD - zp-arctg a'b /z(,‘I\-/TC] (5)

18



The electric field vector in M is given by:

Ey = - grad V=i By + j-Ey + k-E, (6)

The strength of the electric field in M is:

Ev=VE + E,+E,*° (7)
3. THE ALGORITHM |

The discrete grid we use for the computation of the electric field is shown in fig.2
(a part of the immersed bull of the ship).
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Fig.2 The cubic network for the computation of the electric field

The resolution of the grid on ox, oy and oz directions is of | meter. The domain to be considered
in the sequel (for x = -1+3 and y= 3+8 - the area (x0y), -o., x =-1+3 and y =0 3 - area
(xoy), - 1 respectively) is thus divided in squares (h = 1 m). Each square has virtually'a uniform
charge distribution which can be determined with (5) for a = b = h. The electric field strength
can be computed on oz direction for each square (fig. 1), at k h distance, for k = (1 ...6) m. Thus:

z=kh. k=1.6 (8)
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Since direct computation is tedious, we simplify it as follows: taking into account that the
potential gradient in a point is determined Ly the difference of the potentials of two points in its
neighbourhood (-M(x, y, z) and M(x + AX.y. 2); M(x, y. z) and M(x, y + Ay , z) or M(X, y,
zyand M(x,y, z+A z), withAx=Ay=Az= h=1m-fig.3).
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Fig.3 The potentials distribution on the three axis nearby M(Vy1)

AV (x)= V- Vi (9a)
AV (y)= Vai- Vynr (9b)
AV (z) = Vn- Vo (%)
which can be approximated by:

AV (%) =(OV / Ox) Ax = By AX (10a)
AV (y) = (AV /ay) Ay = Eyp - Ay (10b)
AV (2)=(V/3z)Az=E,n Az (10¢)

The components on point M of the clectric ficld on the three directions are:

E\»M =AV(X)/AX:(VM -V_\M)/ A X:(VM - me)/h (l 121)
Eqv=AV(y)/ Ay =(Var- Vi) / Ay = (V- Vo) /b (11b)
E,q=AV(2)/Az=MNVu-Van/! Az=(Vyu-V,)/h (11¢)

From 11 (a. b, ¢) it appears that the three components of the electric field on point M depend
only of the potential difference in M and the points at h =1 m in its neighbourhood, on the three

directions.
The electric field strength on M is:

Ex=VEc’+ Egn’+ Eon® (12)

As above. the electric field strength on all the points of the cubic network can be determined.
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4. CONCLUSIONS

The strength of the electric field generated by a ship (trade or naval) at a certain depth or a
certain distance from the ship, is of considerable importance (e.g. for active anticorrosive
protection of the ship).

The strength of the electric field is of great importance in the case of a military conflict: if the
marine unconnecting mines’explosion are known, the appropriate measures in order to minimise
the electric field of the ship can be taken.

A model for the computation of the electric field has been presented. The derived algorithm is
simply enough to be implemented on an IBM PC computer.
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