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Velocity Domain Determination of a Waterline Plane
Using Continuous Sources

A calculation algorithm of velocity domain using continuous sources
method was developed from successive deduction of complex potential
and current function for "n” continuous sources. This paper presents
the applicability of this method to a ship waterline. For the waterline
curve are known the widths, and the continuous sources are placed in
the longitudinal plane of the ship. Result by calculations, the velocity
components helps to determine the velocity module along the curve.
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1. Introduction

It consider a continuous sources disposed on the Ox axis between the abscise
points x,.; and x, (see fig. 1).
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Figure 1. Continuous source.

Be qgy=constant, the source specific flow (i.e. the flow provided by a source
segment of length equal to unity). An elementary continuous source extended be-
tween the abscise points x and x+dx (x€[xx.1,X¢]) will be treated as a point source

of flow Q=gk - dx and particle center x, so it will have the elementary potential:
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:% _ :qk[dx _
dW, 2”In(z Z) o In(z-X) (1)

The source complex potential of finite length l,=x,-x-; is obtained by integra-
tion:

W, (2) = thk_ldw = Lx:_lg—; In(z— x)dx ()
Noting z-x=t, it results:

W (2) =IZZ__XX:_1—2—'7‘TIntmt = o
=%T[(z-xk-l)tﬂn(z-xk-l)-(z-xk)tﬂn(z-xk)-lk]

Giving up the term independent by z (so, constant) from relation (3) the con-
tinuous source complex potential become:

W (@) = 2 [(2= %) Iz 1) - (- x)mn(z-%) @)

2. The complex potential of a system with “n” continuous
sources.

Be “n" continuous sources system of specify constants flows gk, k=1,...,n dis-
posed on the Ox axes; the source by rank k is delimited by the abscise points x.;
and x,; k=1,...,n. The complex potential of resultant motion will be:

W(z) = Zn_:Wk (2 (5)

where W,(z) has the expression (4).
Results:

W(z) = Zlirélqk[(z —X1)On(z= %) - (z=x)On(z=x%])]  (6)

3. The resultant complex potential of an axial current and a “n”
continuous sources system

For an axial current of velocity vy conducted on the positive direction and way
of x axes, the complex potential has the expression:

Wo(2) =vo (2 @

Superposing this current over the “n” continuous sources system, results a
motion described by complex potential [1]:
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WH(2) =Wy(2) +W(2) =

=2+ - S aclle-xea)inz-xeo)-(a-xdmz-x)]

4. Equation determining the “zero” current line

The current function w* included in the complex potential W*(z) from relation
(8) is determining performing the replacements below:
W*(2) =¢g* +HiW*
z2=x+iy

X~ Xk-1

(X - Xk—l)2 + y2

Z= X1 = x—xk_1+iy:\/(x—xk_1)2+yzt\/

= 1y (cos_, +isinG,_;) = r_,e' %1

k-1 = (X_ Xk—l)2 + y2

cosf,_, = Al ©)
k-1
sng_, =
rk—l
Z= X = X=X +iy = (x=x P +y? _( X_;(: 2 |~
X=X )ty

=1, (cosé +ising,) = r e

o=l P ey?

X=X

cosf, = b
rk

sng, =Y

r'k

The relation (8) become:
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, : 1.0
W +HW = y(x +iy)+— O
ox+1y) 271Dkz=lqk (10)

{1y 1 (B4 (€06 1 + 1 It 4 N6 1)~ (1 B [eosE, + 1 nri B4 )]
Results:

1. 0 .
W= vg 0y + - O, A lrc—g By (60564 + 1y 14 N6 ) - 11
21T =1 (11)

~ (ry B (oSG + 1, Onr, Ein6, )|
The “zero” current line is obtained by imposing the condition w*=0:

1 n
=y g0
Vo B’ 277 Dkzzzlqk (12)

[ﬂrk_l(ﬁk_l [eosf, 1 +Inr_ &in 9k—1) = (Hk [eosg, +Inr [$in Gk)] =0
It is symmetric about the Ox axis, because replacing y with —y and 6; with —6;
the equation (12) is verified.
The “zero” current line is a closed curve if the condition is valid:

n
>0 =0 (13)
k=1

5. Velocity determination in the motion plan

To obtain the velocity components v, and v,, the complex velocity is used:

o =Vy —ivy
dw” 10
= =vp+== Y q[In(z=%c1) +1-In(z-x )| =
dz 2m=1 (14)
10 Z—X .
=V +— In=—2KL =y —iv
0 27Tkz::1qk Z— X, X y
Using relations (9), results [2]:
. 8 Ok |y Tk=1 o A6-1-6
V, —ivy =Vp+ > 5| InX= +e%k-17% 15
X y 0 I(Z::]_Z]T I‘k ( )
n (I
Vy = Vg + Z_—E;In ‘; 1.
) k=1 k (16)
_ < Y%
v, = > =6, -6,._
y I<Z=:127T( k 1)



6. Velocity determination in the waterline plane

Velocity domain of a waterline plane is represented by the relations group
(16), assuming that the “zero” current line has the equation (12), satisfies the rela-
tion (12) and is confused with the waterline on.

In particular, the coordinates of the waterline distinct points must verify the
equation (12). Considering the equation (12) it is obtained a linear system of “n”
equations with gy (k=1,...n) unknown. By solving this system it is obtain the gy
(k=1,...n) unknown specific flows, with different algebraic signs, and the velocity
domain of the waterline is determinate by relations (16).

7. Conclusions

In a ship case v, represents the regime speed expressed in m/s.

The Ox axis from figure 1 represents the symmetry axis of the waterline.

The axis system origin presented from figure 1, belong to the stem of abscise
xo=0; this point belong to the “zero” current line (relation (12)).results:

x=y=0

fo=Xo=0, r1=Xy, =Xa,..., [=Xn;

0,=6,=... 8,=n, cosB,=cosB,=...=cosB,; sinB;= sinB;=...=sinb,.

Performing these replacements, results:

T n
o (% =%-1) =0
Or, (17)
1 n
— ol =0
2 ka1
The axis point Ox of abscise x, belong to the stern and like the origin this
point belong to the “zero” current line.

In figure 2 is represented the mid-waterline corresponding to positive coordi-
nates.

Y )y1< i - )
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