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ABSTRACT

A computer program was written for the problem of determining
the hull form produced by a given singularity distribution defined on
the longitudinal center plane,

The program is based on the Runge-Kutta fourth order method
in solving the differential equations of the stream lines. Results indi-
cate the number of subdivisions required to meet & specified degree of
accuracy. The program admits rather general forms of the singularity
distribution functions,

A computer program was also written for the purpose of deter-
mining the two-dimensional singularity distribution for a given shape
of the waterline. Appiied to a Series-60 set of lines the three-dimen-

sional effect of truncation has been investigated and found to be sub-

stantial.
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Introduction

The linear wave-resistance theory, developed by Michell<l) and
Havelock,(E) has until recently found very little direct application in
the design of ships. Although it was demonstrated many years ago by
Wigley(3> and Weinblum(h) among others that the theory would accurately
predict the effect on the wave-resistance of small changes in ship form,
and also the location of humps and hollows of the wave-resistance
curve, it was soon realized that it would not predict the magnitude of
the resistance with sufficient accuracy. Introduction of corrections
for viscous effects were helpful but not sufficient, mainly because they
did not remove the limitations imposed on the theory by the linearized
boundary conditions.

The boundaries of concern are the free surface of the sea and
the surface of the ship. In regard to the free surface the effect of

(5)

linearization 1s probably not too great since it can be shown that the
linear velocity potential is exact to within a second order term. The
hull surface is a different matter, however. When Michell formulated his
wave-resistance theory in 1898 he made the assumption that approximate
conditions on the hull surface were to be satisfied on the longitudinal
plane of symmetry of the ship. The theory proposed was therefore exact
only for a ship of zero beam. For geosim ship forms of finite beam it
predicted the wave-resistance to be proportional to the square of the
beamn.

When Havelock introduced the concept of representing ship forms

by means of a distribution of singularities over the hull surface he did,

at least in principle, provide us with an integral expression for the






velocity potential that would, for a given form,satisfy the hull boundary
conditions exactly. The evaluation of these integrals, being defined on
a rather complex surface, were impractical, if not impossible to solve.
By locating the singularities on the longitudinal plane of symmetry and
assuming that the strength of the source distribution was proportional

to the product of the velocity of the ship and the slope of the hull sur-
face with respect to the direction of motion, Havelock arrived at an ex-
pression that was shown to be identical to that of Michell. It appeared
therefore, that he had not, in reality, been able to remove any of the
limitations of the linearized boundary conditions.

For many yéars one very important feature of Havelock's ex-
pression for the velocity potential seems to have been overloocked until
Inui<6) discussed and made full use of 1t in much of his extremely im-
portant work on wave-resistance. FIully realizing that a source distri-
bution on the center plane did not represent a form as assumed by Havelock,
he proceeded to trace the closing streamlineé for a given distribution
assuming the free surface to be rigid. This assumption can be shown to
be not too serious.

The resulting hull forms differed considerably from those of
Havelock's thecry, especially in regard to the bottom configuration. The
waterlines near the free surface were also appreciably different in
particular towards the ends. It is important to recognize that the hull
forms produced from the streamline traces satisfy the hull boundary condi-
tions to a high order of approximation.

The relationship between singularity distribution and hull form

is one to one, i.e. for a given distribution there exists a unique closing






stream surface. In the past it has been customary to determine the
singularity distribution from the hull form, whereas, in tracing the
streamlines, we are determining the hull form from a given singularity
distribution. We shall therefore refer the latter procedure as the in-
verse method.

The problem of determining the source distribution on the center
plane for a given hull form,that would satisfy the hull boundary condi-
tions to the same order of approximation as that obtained by the inverse
method, is extremely difficult. It may indeed be impossible to solve be-
cause of the beam draft ratios normally used for conventional ship forms.
The conditions to be met are further complicated by the presence of flat
bottoms. Since fhe part of the hull close to the free surface gives rise
to the greater portion of the wave-making resistance there is general be-
lief, however, that the boundary conditions being violated near the bot-

(7,8)

tom of a ship is not too serious. Experimental results’ have veri-
fied that this 1is indeed so. It has been brought to our attention -that
Dr. Pien of D.T.M.B. is currently working on a method by which he is lo-
cating the singularity distribution on four vertical planes forming a
rhdmbus in the plane view. In this way he is apparently able to repre-
sent more coventional forms. The publication of his results is expected
to bring to light a great many important findings. Other avenues of
approach may also be available° Inui has, for instance, proposed an addi-
tional line sink source distribution along the keel line.

Although, as stated above, the inverse method cannot be expected

to represent conventional ship forms when applied to a center plane






distribution of singularities, it does provide us with an accurate tool
by which we can iﬁvestigate many wave-making resistance phenomena. Theo-
retical calculations coupled with experimental results will also make it
possible to investigate effects of viscosity and eddies in a rational man-
ner. This must be kept in mind when considering the great amount of work
going into the study of hull forms far removed from those of final inter-
est, namely ship form of more conventional dimensions.

In the world only very few forms have so far been traced. Most
of these are shown in the Appendix II. There are two good reasons for
this, Firstly, the numerical work of the streamline calculations are
lengthy and very involved. Only the very high speed,large computers can
bring the cost of calculations down to a reasonable figure. Until the
University of Michigan started to trace streamlines using an IBM 7090
digital computer, similar work had, as far as we know, previously been per-
formed on much smaller computers only in Germany and Japan. To emphasize
the importance of high speed computers it should be pointed out that the
determination of the streamlines.for the so~called cosine hull form took
two hburs in Japan, whereas the same calculations can be performed in
three minutes on the IBM 7090. In addition to reducing the required com-
puting time a greater accuracy of results has also been obtained. Figure
1 shows the maximum beam of traced hull form as a function of the number
of station used in the calculations. On the basis of this figure we are
now using 100 stations (for L/2) for our stream line calculations. The
details of the computer program is given in the Appendix I.

Secondly, at present, the calculation of the wave-making resis-

tance from the linear theory is complex even for simple singularity
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distributions. Much work is being done on the simplifications of these
calculations and we hope results will be forthcoming soon. In the mean-
time fundamental research on the simple hull forms should be continued.
The fact that such research is extremely fruitful is readily shown by

the experimentally verified concept of wave interference effects of

large bulbs. In developing the waveless hull form from theory Inuil has
lead the way to a new approach to the study of ship resistance character-
istics. The horse has been put before the carriage so that theoretical
predictions are made before they are experimentally verified, thus making
it possible to perform hull form studies in a rational manner.

In the following sections we are reporting on research dealing
with the determination of streamlines of hull forms for simple singularity
distributions on the center plane completed at the U of M to date. Much
of this is still only in the form of equations which remains to be com-
puted. The computer program has been run for the cosine hull forms, how-
ever, and 1s checked against results of calculations made in Japan. The
existing program will admit very general singularity distributions and
- additional forms will be determined as they become part of our overall study
of wave-making resistance characteristic of ship hulls.

A, The Velocity Potential and Velocity Components due to a given Singul-
arity Distribution.

For a given hull form the linear wave-resistance theory assumes
that the hull can be represented by a distribution of singularities.

This distribution can be divided into three parts.

(i) A distribution of sources in the plane of symmetry of the

ship of strength given by the slope of the hull surface.






(ii) An image system, with respect to the static free surface,
of source distribution as given by (i).

(iii) A distribution of singularities distributed above the free-
surface to satisfy the free-surface conditions.

The systems (i) and (iii) combined represent the double model
of the given hull form moving in an infinite fluid region.

The assumption of the linear theory that the source strength
at a point in the plane of symmetry of the ship is given by the slope of
hull form at that point is dnly exact in the 1imit as the beam approaches
zZero.

For a hypothetical wall sided model of infinite draft the pro-
blem of determining the closed stream lines of the source distribution
representing the hull, neglecting the free surface effects, is reduced
to a two-dimensional case. It can be solved either by the method of con-
formal mapping or by solving a first degree integral equation.(6) In the
case of finite draft, i.e., a three dimensional hull form, the direct pro-
blem of obtaining the singularity distribution which represents a given
hull form becomes extremely difficult even if the free surface effects are
neglected. Its solution involves integral equations of the second order.

No simple method of correcting for the.finite beam exists. In
an attempt to satisfy the hull boundary conditions exactly, Inui<6) and
Eggers(g) considered therefore the inverse problem, namely, the deter-
mination of the hull form produced by a given singularity distribution.

The complete inverse problem, which includes the contribution

from the singularity system (iii), becomes a very difficult one to solve.






The secondary effect of system (iii) is relatively small at small Froude
numbers, however, and only the singularity distribution representing a
double model moving at constant speed in an infinite fluid needs to be
considered.

Let the singularity distribution to be of the simple form

m(g, ) = £1(&) . £5(L) (1)

where m(&,t) 1is the strength of a distributed source (flow per unit
area per unit time) divided by the ship's speed V. Because a double

model has to be considered, the region of source distribution is given

by
-1<e<1, -t <<t (2)
where
x! z!
I 'C_QL ’

the length of the ship being equal to 2L and the draft of the ship at
bow and stern, Ty = tL/2.
Since it is required that the hull form be closed, the total

source strength must be equal to zero, thus

t 1
//m(s;é) dg 4f = 0
£ -1

Due to symmetry with respect to the L.W.L. it follows that

m(é;'C) = m(g;C)

For fore-and-aft symmetry,

m(€, t) = -m(§, ¢)






For a source distribution of this type, the location of stagnation points

at bow and stern gf and Ea become:
Ep=1+c¢

-1 - ¢

Ea

Ship length is in reality 2 + 2¢, but e 1is normally small and is
neglected. Drafts at bow and stern becomes t + €' by similar analogy,
but e; can also be neglected.

The velocity potential due to a source distribution m(¢,¢)

in a uniform flow is

¢ 1
wv.g) oo L m(&,t)de dt -
Plx,y,2) = - = _/fl Y 2

+y° 4 (z

and by definition the velocity components become

+t 1
m = + %—g = + i; :{FZZ m<§;ﬁé3( x - &) agay + 1
+F 1
AR A= M St
+ -1
+t 1
W=+ %—g %;.\ZZ\ZZ m(E;é;éz - ¢ dedy

where R (x - 5)2 + y2 + (z - C)g

1}

The velocity components can be substituted into the differential

equation for the streamlines given by






-10-

and a stream line may thus be obtained by means of successive integration
using the Runge-Kutta method. Four or five suitably chosen streamlines
will normally define a hull form with sufficient accuracy. As for the
initial values of the integral, u(l + e, 0, 0) = O gives the stagnation
point at the bow. The value of € 1s determined by equating u to zero.
It is preferable to start at x = 1, and since the flow around the bow is
essentially two-dimensional the initial value of y may be determined
from the two-dimensional case as outlined later. The initial value of =z
is optional within the depth of the singularity distribution. Actually
the streamlines converge closely toward the midship and a slight error in
the starting value of y makes little difference in the tracing of the
streamlines.

When the singularity distribution is uniform draftwise,

£,(0) =1 (-t < ¢ <)

the velocity components become

t 1
- bu = by - fffl(é) (X. - &) dt at

R3
-t -1
1
£1(e) (x - &) z-t z+t
ﬁf(x-§)2+y§<rt -I'_t)dé
-1

- Ynv

Il

C (€) ¢
) fi(8) y dg d
ERR
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1
£1(8) v z -t z+t
) ‘{: (x - €)%+ y= [ ry Ty bat 4
£ - dt a
- hgw = \/f\/f l (2 - ) ¢
-t -1
1
1 1
. fl £ (oA @
where
w9242 (202175
R (O L S L A

For two dimensional flow, the streamline is given by

1
= é; /; £ (¢) tan™t (% ) at (5)

A y N
L =2
-1 |
x§
0 T
Tm
m(£, L)
| - -——
e —

Figure 2. Uniform draftwise distribution.
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For non-uniform draftwise rectangular source distribution the

velocity compconents for two special cases become

i. Triangular draftwise distribution

m(E,¢) = my (&) . mo(l)
¢
where = mpo(£) = 1 - l;]
+1
u=-1+4 Ziz-\j[ m, (£) Lé—igél (rp + vy - 2r.) dg
-1
+1
v = L-%;-JE \[ ml(é) -j,Lé (I’t + I'_t - Ero) dé (6)
-1
+1 )
1 (z + rg)
= 1 d
v byt \jf-l m(£) loge (z -t +ry) (24t +1r_g) :
2 2 2 2
where ry = (x - &) +y +z2
2 2
e (x-8) ey
r2 = (x - £)% + 57

ii. Parabolic draftwise distribution

m(E,¢) = my(&) . mp(t)
2
where my(¢) = 1 - (%)
+1
u=-1+ 4;;2 \/Pl my (&) = ;2 Lz t) Lrp - (2 - t)r_ae
+1
1 n < - s Z - L+ rg
+ Lt L/_l L(E)( ) loge z +t 4T, o
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Figure 3.
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Triangular draftwise source distribution.

Figure k.

Parabolic draftwise source distribution.
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+1
1 [ z -t + 1

+ =5 / my (&) v logg 2o g

hat= ) z + b+ r_g

+1
1 Z +t + r.t
W = 2m ry = r + z 1o —_— ) d

. ; 1(8) (ry -t & T 1 1 T ) dg

In an attempt to reduce the draft of the mathematical hull forms amidships
it was decided to investigate the effect of a variation of depth of singu-
larity distribution over the length of the hull. The distribution was

again assumed to be of the simple form

m(g,t) = £1(8) . £5(¢)
with

£1(2) = ay]g] + apt® + age®le] + ape’ + aget|e (8)
and

£a(t) = 1 - (H)°
By definition

m(g,¢) =0 [g] >1

=0 [t > t(¢)

In general h will also be a function of £. For source distribution
given in general by Equation 8, the velocity component can be expressed

in the following form.
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1

r

w=-les [ S me) (x - &) log 2=8) * 76

-1

z + t(E) + r_g

2 - 102) (g -
i) m® (- (o) (2 - )

z + % (22 - hg)(z +t) (z -t) ] 4

r I‘t

2
rer_y

vV = -1 + — —'ml(g)legZ

-t + rg
L 1 h? z +t+ r_t

r

€
-t

dg

1 1 2 . ni(z -t
* 4 k/F > m (&)y [Z 5 (2 )

r

T

z+t (22 -109)(z+1t) z-t ] ae

Ty re r_g

+1

W o= f; \/il ﬁ% mp(g) [r¢ - r-t + z log

+1
2
1 m () [1 - (&) ] (L
+ » k/il 1 (h)

rot

Tt

Z +t + rog
z -1t +r ¢

L] oae

T+

ag

] ag

(9)






-16-

Three special cases of singularity distribution are as follows:

¢ a
) oo 46 m{;;)

Figure 5

i) h=t 48

(Cc) b = CONSTANT

Figure 7
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A computer program for the determination of streamlines due to
a singularity distribution as given by Equations (8) has been completed.
Trial runs of the program did not produce usable streamline traces, how-
ever, since too small initial vlaues lead to difficulties caused by the

logarithmic singularity of the integrands of Equations (9). Results will

become available as this work 1s being continued.
Singularity distributions other than those mentioned above will
also be tried. The purpose of the complete streamline study is twofold:
1. To provides a rational basis on which to investigate effects
of hull form changes and the effect of large appendages
such as bulbs.
2. To determine singularity distributions which represent hull
forms of conventional proportions.
The development of singularity distributions must be closely
related to our ability to evaluate the wave-resistance from theory. It
is for this reason impractical at present to consider distributions that
are not defined in a rectangular region on the centerline plane. An ad-
ditional limitation is intorduced when it is assumed that the distribution
function m(¢,¢) is given by Equation (1). This assumption puts a very
serious restriction on the admissible form of m(&,{). A distribution
as shown in Figure 8, which may produce a flat bottomed hull cannot
be represented by the simple relationship of Equation (1). Because of
progress being made at the University of Michigan on the problem of wave-
resistance evaluation from theory,(lo) we hope that we shall be able to

consider the distribution, as shown in Figure 8, in the near future.

B. An Approximate Singularity Distribution for Series-60 Water Lines.

From the discussion above it is clear that with the restrictions

imposed by Equation (1), it is impossible to find a particular distribution
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function that will produce streamlines which correspond closely to a par-

ticular set of Series-60 lines. To arrive at an estimate of the size and

Figure 8

location of optimum bow bulbs, however, it is important to know which
distribution function might possibly preoduce a L.W.L approximately equal
to that of the Series-60 hull form. It was therefore decided to try to
obtain the best possible fit to the load waterlines of a Series-60 set of
lines of block coefficient CB =.60 using a fifth degree polynomial for
fl(é) of Equation (1). Appendix IV shows a computer program written for
this purpose. Inui(6) has tabulated the integral of the velocity compo-
nents for the two-dimensional case. Inul only considered symmetric dis-
tribution functions. It was believed sufficient to do so also for the
Series~-60 lines, the reason being that the shape of the fore-body would
be of primary importance as far as bow bulbs were concerned. In regard

to the draft-wise distribution of singularities only the uniform case,

with the distribution terminated at various depths, have been evaluated
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at the University of Michigan to date.

As the depth of singularity distribution is decreased, so is,
as a result, the beam of the L.W.L. If the L.W.L shape is to be preserved,
the strength of the singularities of the two-dimensional case for that
waterline configuration must therefore be increased as the depth of singu-
larity distribution is reduced to a finite dimension. Based on results
published by Inui(6) this increase in strength was estimated to be approxi-
mately equal to 20 per cent at the midship for the case of the Series-60
lines. Calculations revealed that this amount was not large enough. A
number of depths of singularity distributions were then run on the com-
puter to determine the relationship between depth and L.W.L. beam. The
results are shown in Appendix III.

It is noted that theivariation of maximum beam with respect to
depth of singularity distribution is rather large. This leads us to be-
lieve that early investigations(g) of the effect of draft on the wave-
making resistance resulted in erroneous conclusions. Such investigations
were based on the Michell approximation of the hull boundary conditions
and significant variations in beam could therefore not be avoided, as
shown by the results of streamline calculations published in this report.

It is also observed that the draft amidships is approximately
twice that at the fore-foot. Since we do not as yet have a program which
‘will produce a flat bottom streamlines it was of interest to determine
experimentally the effect on wave-making resistance of removing of the
major portion of the hull form below the depth of the singularity dis-
tribution. In.general it.can be said that the changes in the wave-making
resistance were found to be small. Details of results will be presented

8)

in a seperate report,(
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APPENDIX I
COMPUTER PROGRAM FOR THE DETERMINATION OF STREAMLINES
DUE TO A PRESCRIBED SINGULARITY DISTRIBUTION
ON THE CENTER PLANE
The program is written for the IBM 7090 digital computer in

the language of MAD (Michigan Algorithm Decoder). It traces the stream-

lines, defined by the system of differential equations

dx dy dz

wey,z)  v(xy,a)  wlxy,E)
by means of the Runge-Kutta fourth order method.

As mentioned in Section A of this report the starting point
selected in tracing a particular streamline is taken at x = 1.0. The
starting value of =z 1is arbitrary as long as it is less or equal to the
draft at the fore foot plus some small gquantity €. To insure that the
straced streamline belong to the hull surface or is located in the region
slightly outside the hull surface the starting value of y is éstimated
under the assumption that the flow near the bow is not very much different
as that described by the twd-dimensional case., For two dimensional flow

the streamline is given by Equation (5) i.e.
1 .

1 an -1 y(x)
y(x) == f £1(8) ¢ dé

t Y.l X - ¢
The y coordinate at x = 1 can be evaluated approximately by assuming
that f1(¢) = £1(1) = ¢; o <x <1 Thus
1 1
by

Eiy(l)=fcot‘ll'§ ae =/ cot "L E ae
c A ¥ . y

-P] -
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- -1 y 1
= tan y + 5 log (1 + 2 )

For y < <1 it follows that
. 1
(8% - 1) 2 ' log (—E)
C ¥y
from which

21

y (1) e e Y

As a starting value of y we therefore use

) > &Y

normally y(1) = 1076 to 1074

It is not too serious if the initial value of y 1is slightly too large
since the streamlines will converge toward amidships. On the other hand
a too.small initial value of y will lead to great difficulties, pro-
bably because the streamline 1s then inside the hull surface and there-
fore turns sharply normal to the center plane. Such a sharp turn can be
described with the aid of the Runge-Kutta method only if a large number
of subdivisions are being used. Whether the initial value of y actually
used in the computations is satisfactory can most readily be judged from
a plot of the velocity components such as shown in Figure I-1,
Runge-Kutta step size must also be given. Approximately 100
stations along the half-length of the hull seem to be satisfactory as ex-
plained earlier. In the present program, the Runge-Kutta step size is

automatically refined until a predetermined accuracy is obtained.
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Since calculations have been restricted to source distributions
which are symmetric with respect to midships only the streamline traces
of the fore~body have had to be determinéd.

In the following the computational procedure is given in more

detail for the case of a singularity distribution described by

my() = aj cos (a &); mo(E) =1
The depth of distribution is given as
t =ty - by cos (a &)

Input Data
(1) 1Initial values of x,y and =z (starting point)
(2) a1 and @ in source aj cos (o &)
(3) to and by in bottom trunkation t = tg - by cos (o &)
(4) Meximum number of print out line

(5) Accuracy of y i,e. 1077

(6) sStations in x,i.e., %o - = - - ~- X, and n

At the station X, along the hull, following substations are

set up.
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Xl = =-1.0

X2 = 0.4 where yo = y(1)
x3 —Xn'“/—yo

x* = x, = by,

XS =X, - 2¥4

x6 = Xp + 2¥o

x{ = X, + 4y,

X823{0‘*‘“/,3%

In order to obtain a good accuracy of computed values of velocity compo-

nents the region O0< x <1 1is divided into two subregions, thus for

Xy < .95,
u = -1.0 - [DU.(x},x0) + DU.(x7,x2) + DU.(x?,x,)
DU, (x,x%) + DU (x©,x%) + DU. (x°,x9) ]
v = - [DV.(x},x3) + DV.(x3,x5) + DV.(x2,x0) + DV.(x5,x9)
+DV. (x5,x9) ]
w = - [DW.(x5,x2) + DW.(x3,%7) + DW.(x2,x%) + DW.(x%,x5)
4w, (x8,x9) ]
whereas for Xp > .95

u = -u' -1.0 - [DU.(x1,x?) + DU.(x%,x2) + DU.(x2,x°)

+ DU.(x°,xp) ]
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v o= vt -[DV.(x5,%7) 4 DV (x5, %0) + DV.(x0,xY) + DV.(x',x,) ]

W= v -[DV.(x5,x2) + DW.(x2,x0) + DW. (x3,x™) + DW. (x*,xn) ]
where

w' = DU. (xn,x°) + DU. (x0,%%) + DU. (x8,x9)

v' = DV.(xn,x7) + DV.(x7,x8) + Dv.(x8,x9)

DW. (xn,x() + Dw,(x7,x8) - Dw,(x8,x9)

w!

for |xy -1.0] > 107°
u'=v'=w'=0 for |xn - 1.0| <1076

The functions DU(A,B) are treated as internal functions in the com-

puter program. They are defined as follows:

9
. N a1 _ - &5) z -t
DU.(A,B) = (B - A) ZJ Iy & sin (o €4) [ R ( R1;
1=1
_Z + t)]
R+ti
2 ay Yy z - 1 z +t
DV.(A,B) = (B - A I, — si ) [— -
(4,5) = (@ -8) ) Tk s (aey vt en)
i=1
9
. fo— :]_ l
DW.(A) = (B-4) ) Ii = ein (0gg) [— - ]
Lo 8n L






X

n°

where I4

a1

€1

X)y}z

tt
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Gauss weight functions at the proper stations see
Table I-I i =1,2,- - - - - - 9

Amplitude of source strength

phase parameter o = g for ¢-101 and c-201
stations for Gauss integral formula. See Table I-I.
coordinate at which velocity is sought

to - by cos (aty) : depth of singularity distribution
with bottom trunkated by cos (o £i)

amplitude of bottom trunkation in source distribution

bl = Q for ¢-101 and c¢c-201

1
[(x - £;)2 + y?12/2

1

[ - t0)% 4y 2 (2 - 052
1

(x - t)2 + 57 + (2 + )71

The velocity components u, v and w are calculated at station

By Runge-Kutta method, values of y and =z at station xp 4+ 1 and

at an intermediate station —é—(xn - X, + 1) are calculated and compared.

If

Values of x,y and

r

IYyZ(

Z

‘y’Z(Xn+l)

- yyz%(x

<
Xn+1) n =~ Xn+l) ' —

and u,v, and w at x,,q1 are printed out.

) y’Z%(Xn—Xn+l)\ Z
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y and z at %(xp - xpt+1) are calculated and the process is repeated
until the absolute values of difference in y and 2z are smaller than
a preset value & , designated "YERR" in the program.

Print-out includes x,y,z,u,v,w, and the absolute value of
differences in y or z (whichever is larger) when the above limiting
condition is satisfied.

The computer programs for the cosirne and the polynominal hull
forms are shown below, printed in the MAD language. Print out for the
L.W.L of the cosine hull form has also been included. It is noted that
coordinates are given only for x < .9. The reason for this is that for
the particular run recorded here the initial value of y was that ob-
tained at x = .9 from a seperate calculation.

It should be emphasized that the stream line program can be
used to trace any streamline in the fluid region outside the hull and also
for the determination of velocity components. The magnitude of the po-

tential wake can therefore be readily evaluated.

TABLE I-I

STATIONS AND WEIGHT FUNCTIONS FOR GAUSS
INTEGRAL FORMULA (When A is at -1.0 and B is at +1.0)

i A 9 8 7 6 5 L 3 2 1 B
Station -1.0 -.968l6 -.8%3603 -.61337 -.324k25 .32h25 61337 .8337  .968l6  +1.0
Weight

.08127 .18065 .26061 .31235 33024 31235 26061 .18065 .08127
Functions
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APPENDIX II

HULL FORMS OBTAINED FROM STREAM LINE TRACES

Very few hull forms have so far been obtained from the traces
of streamlines for given singularity distributions. For convenience we
have included the particulars of forms produced elsewhere in Table II-1,
and in Figures II-1(a) through II-1(i).

It is noted that all hull forms have a singularity distribution

of the seperable type, i.e.

m(E,t) =m(¢) . mp(l)

Except for hull G-L4-V, where mp(¢) is a linear function of §. All hulls

have a uniform distribution of singularities with respect to depth i.e.

my(€) = 1

The depth of the singularity distribution is the same as the draft at the

F.P. The function mj(¢) dis shown as a chain line in each figure.
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(b) s-102

Figure II-1






-48-

(c) S-201

(d) 8-202

Figure II-1 (Continued)
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(e) G-2

(g) G-k-v

Figure II-1 (Continued)
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APPENDIX IIT

EFFECT OF DEPTHS OF SINGULARITY DISTRIBUTIONS ON TRACED
HULLS (SERIES-60, POLYNOMIAL DISTRIBUTION)

To investigate the effect of the depth of source distribution on

the hull lines, the following six hulls' streamlines (four streamlines

each) were traced. The result indicates that the hulls obtained by the

uniformly distributed sources at the centerplane have maximum draft ap-

proximately twice the depth of the distribution. Therefore, if the bottom

has to be cut off for the draft consideration, it 1s recommended that the

effect of this extremely large cut off be first investigated.

Fig. III - 1
Table IIT - 1
Fig. III - 2
Fig. IIT - 3
Fig. III - &4

shows the source distribution used above.

shows the depth of singularity distributiocn and
starting points for Models A-1-1~6. Four stream-
lines are traced for each hull.

shows the body plans of the hulls, A-1-1, A-1-2,
A-1-5, A-1-6 and Series-60.

shows the load waterlines. The changes in load
waterlines due to the changes in source distribution
is the maximum at the midship and they taper off
parabolically toward the tip. All waterlines ap-
pear to have similar shapes.

shows the keel lines. Again all keel lines appear
to have the same shapes and the changes in shapes
due to those in depth of distribution may for all

practical purposes be neglected.
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Fig. III - 5

Fig. III - 6

-50-

cross-plots of Fig. III - 2.

Note that the changes

amidship are the greatest. This graph may be used

for estimating the three-dimensional effect from

two-dimensional case and vise versa.

is cross-plots of Fig. III - 3.

This may be used

to estimate the maximum draft for the changes of

source distribution.

TABLE IIT - I

LIST OF MODELS

Source Distribution: m(¢) = 9.88 ]g|2 - 17.58 |g|3 + 5.96 |g|LL + 1.98 [g|5
Depth of
Source Initial Values of
Hull No. Distribution Streamlines
UM. Hull to X Y 2/3 to 5/2 to to
A-1-1 L0775 1.0 1.69 x 10~%  .05167 .06458 .O7751
A-1-2 .1067 1.0 " uo7i13 .08892 .10671
A-1-3 .070 1.0 " .0Lk667  .05833 .07001
A -1 -k .060 1.0 " .04000  .05000 .06001
A-1-5 .050 1.0 " .03333  .0L4166 .05001
A-1-6 1.000 1.0 " .6667 .83333 1.0001
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APPENDIX IV
COMPUTER PROGRAM FOR FINDING THE SOURCE DISTRIBUTION FOR
A GIVEN LOAD WATERLINE SHAPE FOR TWO-DIMENSIONAL CASE
The method of finding a general source distribution representing
a given hull form is not yet available. For a two-dimensional case, how-
ever, the integral equation can be reduced to a set of simultaneous equa-
tions, which can be readily solved.
Assume a two-dimensional source distribution at the longitudinal

centerplane in power series form:

N
n(e) =V ) ey &', 0<tc<l
n ; 0
(1v-1)
AN
n(z) =V ) (1) e, 1<e<o
n <o

where

Y
I

coefficients to be determined

n
m(¢) = source strength
V = uniform velocity

N = number of terms in polynomials.

The coordinate systems is defined as in Figure IV - 1. The
stream function for the singularity distribution defined by Equations

(IV - 1) can be written as of those due to the individual terms as:

Wx,y) = Z' In(x,7)
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-/0 . 10
LWL
Figure IV-1
where 1
Va, 0
Uy = - _—_'\/P 8 (x,y; &) £7de for n = odd
7
-1
1
Vay, n 1
Uy = - Eon [‘/O o (x,y; &) & at (IV-2)

o

- o (x,y; &) £7de] for n = even

I
l_l

with © defined as shown in Figure IV-2.
From the condition that the dividing streamline at the centerline
forms on the hull surface, it follows that

1.0

— m(t) 0 (x,y; €) dt - Vy(x) =0 (Iv-3)
27
-1.0
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I1 = (67 - 65) - (x2 - ¥9) (67 - 82) -2y [1 + x (In ry - 1n rp)]
2 2

I, = (87 - 65) - x(x” - 3y7) (69 + 6, - 28,)

-y [1+ (3x2 - yg) (Inry +Inrp - z 1In 14)]
6P

I3=(91-92)-( xy +'.Y)(@1-@2)
-2y[1/3 + (3x2 - y2) + 2x(x2— y2) (In r; - 1In rp)]

1), = (81 - 82) - x(x* - 10x3y2 + 5y%) (61 + 62 - 200)
¥I1/2 + (352 - ¥P) + (5x* - 10x%52 + y¥)

(Inry +1nrp - 21n 1rg)]
Is = (61 - 8p) - (x% - ¥°) (x* - 1x%y2 + ¥*) (o1 - op)
2 2
_2y[1/5 + 3X_3~_Y._l v (5x* - 10x32 4+ yh
(3x - 10%°y + 3y ) (Inmy - 1n )]
with
8, = tan - [rad]
- tap 1Y

@l = tan X - 1

0n = t -1 J

2 o x + 1

Ty =\/X2 + y2

r, I x - 1)F

vy =Ny ¥ (x D)5

For x = x5, X1,

——————— sXp, the corresponding values of y, are
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known from the LWL, and ap are found by solving n simultaneous equa-

tions.

The desired solution is found by substituting a, into Equa-
tion (1).

The computer program 1s written for n = 5. It solves for a,
in

(1] [c] = [Y] and

>
I

Cp 2n (n + 1)

and punches out Ane
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