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ABSTRACT

‘The three-dimensicnal singulurity diacrxhutxon or
boundary integral method has been demonstrated by many

investigators. Yo be' Gin ment verastiie sl seilnhie technique
; >

for the calculation of harmonic oscillation of a”truly three-

: : }
dimensional floating marine structure in potential, flow
e B

field. -
) 2
/

In the present .work, .a numerical scheme is

ahd a program has been developed based on

"the three-dimersional singularity distribution theory.' The

program calculates the first order,wave exciting forces and

moments )}ydrodynamie co-efficients and motion responses in

ix degrees of fyeedom of any floating marine structure of
arbitrary geometry for different angles of heading.
Calculations are performed for a floating Teetangular box, a
vertical circular cylinder and a 130, 000 ton dwt tanker: ’l'he
results are compared with avanabxe published results based
on the same theoretical model. In generall a good a?(emenc

is found between the results. .
~

o 4
To demonstrate the versatility and effectiveness -of
the program, calculations are also performed for a semi-
submersible and the results are presented.
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' CHAPTER 1

INTRODUCTION

} -

It is essential to have knowledge of motion .
hydrodynanic loads of floating marine structures, such as
semisubmersible platforms, drilling ships in their early
. stage of design. - Such structures, as’a matter of course,

require structural analysis in order to’ ensure sifety,
reliability' and economic fesibility. Structural malyéea

; require & dorrect. prediction. of dynamic wave ioads, and‘an,

-estimation of wave loads preuuppcses a knawledge of mct.ion,,

, ' response in’wayes:

In potential flow theory, the flow.is assumed to b

inviscid, irrotationai, incompre

ible and atyclic so that
v, 7 the flow:field can be characterized by a single: valued
" 'Velocity potential: A further assumption is that the e
< height and ra-'ponse;'éf the body are small compared to the

“wave lengt‘h, ‘water depch and typical body dimensiohs. Hence

the free surface bqundaxy conditions can be linearised with
relpect to me height (wmch implies small amplitude
‘oéc‘lllatinr} of the body).,. This ‘allows the use of Denis-
Pieracn typothesis and consequently. the usual; spectral
Cachniqué ean be. used to iﬁt'emfne the force and motion

‘Fesponses in an, irregular, sea from the résults obtained for

v —



regular waves. Standard frequency domain methods may be used

to determine shcrt and long term predictions. Another

limitation of t'he potential flow theory auses due to the
assumption of the £luid being ideal, which neglacts the
effects of viscosity. At high Reynolds.number, viscous
effects result in flow separation and wake formation fox
bodies such &s slender circular cylinders. For ships,
. damping effects are known to be important for roll:
motion. The exact mature of viscois effects are highly
. complex and depend on various factors such as the size and
the' shape of the body; amplitude of fluid motion relative o
the size of the body, Reynolds number etc. The effects of
viscosity will be more pronounced if equations such as
Morrison's aqua:t\lonu are used. Morrison's equations assume
' that the body is small relative to the incoming wave length G
such that the incident flow remains almost unaltered in the
vicinity of the body. For large bddies such as ghips and
semi-submersibles, this assumption is not strictly valid due
to diffraction effects. Furqﬁermore, for such large bodies,
separation of flow is usually not important [14] As a ;
result, linearised potential flow theory can be applied in
the formulation ahd solution of the problem to obtain results .
within acceptable-range of accuracy. This approach forms the

basis of present day prediction methods for large: ‘marine

objects.:




_The three-dimensional singularity distribution
method is now believed to be the most versatile /technique for
calculating harmonic oscillatory motion in a pctenti‘al £low
field for a three-dimensional floating body of arbitrary
‘g‘ecmetry. -Theoretical development for this method was first
established by Kin [1], and was later extended and applied to
various floating ;cructu:es by Garrison [2] and Faltinsen
[3]. since then, the effectiveness and ulxabxnty of this
\ A method have been demonstrated by many 1nvgst:|,gatdrs [4,5, 6]

' Conventiondl mdthods such as the 'strip' method for inips

(. [7],'Hooft's method for semisubmersibles [8] are\:baﬁgi;:.on
\ two-dimensional approximatipns and are not adequate for
| Predicting mny of the.hyarodynamic characteristics of such .
(‘ * ° floating 'bodles to the‘required degree of accuracy. The ' oo
: popularity of these two-dimensional methods is due to the
belief that they provide quick results at a much Towsr '
computing cost when compared to the three-dimensional
singularity distribution method. However, in view of the
large and fast computers available today, use of the three:
dimensional singularity distribution technique should be made
o more popular considering its accuracy, reliability and :

versatility.




4n this thesis work, a computer program has been
developed based on the singularity distribution method .or
Gr%een'a gfuncgion method for evaluating wave loads and motion
response in six,degrees of freedom for floating marine’.
structures of arbitrary shape. Calculations are_‘prelented
for a rectangular floating box, a vertical circular cylinder,
a 130,000.ton dwt. tanker and a semisubmersible platform.

Computations have been checked with available published

ults. " .
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/ \ CHAPTER 2

% THEORETICAL BACKGROUND

\
\
2.1 Formulation of |the problem
5 T T
g Consider a rigid body oscillating sinusoidally/
about a state of rest in response to excitation by a long

crested regular ‘wav An inertial, Cartesian and right- *

handed system of co-ordinate Ox,X,x, is defined,with positive
vertically upwards through the centre of gravity of the body

and the origin in th¢ ‘Plane of thé undisturbed free surface.

The waterdepth d is finite and constant, and the free surface

is ‘assumed to be infinite in all directions (Figure 1).

The problem posed-here deals with the fluid motion
and the forces induced by the m).l: amplitude oscillation of
the object in its six degrees of freedom as well as the fluid
motion associated with the interaction of the object with a
train of regular waves. The oscillatory motion of the object
is described by, . 4

(2.1)

Here, G 1s *the complex. smplituds of metion in the
%™'mode and'w the circular frequency. The motion variables
§)s §, and;£, dendte the three translations along x,,x, ana’
X3 axes (surge, sway and heave) while E4r :5 and £ nénnnt
S i, k

t




. > se .0

angular .oscillations about Oil' Ox, and Ox; axes ‘(roll, pitch
. -and yaw) respectively. 2
. Cel

The £luid is assumed to be ideal 'and the flow

irrotational, acyclic and harmonic. Therefore, the problem
can be formulated in terms .of potential flow tHeory. - The
flow field can be characterized by a first order complex
velocity potential, . =

¢ Uxpxgixgr €)= pelExp,xg) 6 THE (2.2)
The. potential function ¥ can be separated into'
contributions from all modes of motion and from the incideént
" ana aiffraction vave fields, - o
- .
c

Cov o= dugg vy ;,"; - 1.:21 "t (2.3)
Here ¥, denotes the'normalised velocity potential associated
. with the motion induced by oscillations in the six degrees of

freedon, ¥, denotes.the velocity potential of ‘the incident
wave in the absence of the objéct and ¥, denotes.the velocity
potential of the scattered wave due to the presence of the

- rigid body. ¢y is the incident wave amplitude.

All the individual potentials must satisfy Laplace
equation in the fluid domain, )

om0, k=001, 2, ial? ’ (2.4)
It is now necessary to impose the boundary

conditions for the geometry specified. These are, -




!
|

On the sea-floor

Here,

(), % . R
The kinematic boundary condition on the sea-floor is,
M = 0 .on Xy = (2559
oy | S
. : |
; . ) iR
(b) On the Free ‘shrface L
: On the mean frge.surface, both kinematic and dynamig
.
conditions are applied. This results in the foll ng
- well known linearizedifree surface condition @or
small amplihde oscillations,
My - Wet= 0 on x;= 0, k=0,1,2...7 (2.6)
Sxa .
Here g = acceleration due to.gravity
(c)- On the Body Surface ' $
* Boundary conditions applied on the average- position of
n d body-surface are of the following forms,
b
W = n, k=1,2....6 (2.7a)
[ x
[ L) (2.70)
an’ . . "
is the normal derivative in the direction of the
f

outward normal f to the body surface. n, through ng are

the generalized direction cosines given by,

-




’ | & . n
/ » B
| / 4 : . t
" n = com (n,xl)). i o ) :
B \ < =
rz = cos (n,x;) \ ’ "
4 . \ i
" ny = cos (mxy) .| : e
. : ¢ 1 . Xy
7 - %n, = xmngcoxgm, ‘,‘ e )
. Tng = xgmy -y \\ B - o
g ™ KRy =20y | . (2.8)
| ; . =

(d) On Far-field i = - "
~ i = o
‘In order to ensure thdt the velocity potential has the i
correct behaviour in the fa‘r' £ield, the following | i
radiation condition is imgosed,

(£ 80xg) =m0 /2 oMK AN] AkEplg og £oee (2.9) L -
o % = 1, Biaesnsod
‘. i ’
= polar cc-qrdinatu‘n - s N
5 7
(2‘12"32)1/2. . [‘ .

, where,

= tan (x,/x))

H(8) _= unknown complex function
X = wave number

2.2 Solution of potentials® : " ‘
’ Equations (2.4) through (2.9) complete the

formulation of the ynamic

value problem, to be




L)
~

! solved for obtaining the’ unknown potentxal functions 'l' &

| "

0; i 2 o
B J e ;
From the linear wave theory, the incident wave . = - '

: < ‘potential ¥) is given by, e -

‘J bo =1 CosnIkls+d)] iX(xycon s +x, in 8) (2.10)

¢ v T cosh (xd)

where, 8 = angle of incidence of the i.ncoming wave
’ (8=0 means. waves along pcs).t.lve xj dizectxon) 5 : N
' / ko= wave 'number - : . ’
; " AT wave length ) x
vik w¥/q. T € 3

The wave number k is refated to the wave frequency

w by means of the well known dispersion relation in linear

/o wave theory, )
/ . v o= /g =%k taph(kd) J (2ily
- . . " g
. The potentfal function ¥ k =1,2,...7 can be i

. represented by a continuous distribation of sources on .the

wetted vy’ aurfaue s,

IR ERED [Foxtay azia)0 0k nsrayiay 00088 (212)

4 |
- S

where, E # . :
ajra 8y = a point on the body surface §
i vk[_ul;az,a‘.,) = unknown complex source strength i
function :

G(xl'XZ'x:i' ay a8, ) = the Green's function of a source,

singular in (a,.a;,a,) h




the sea f].oor',.

. N

The above representation has been obtained by Lamb

[9] for an.infinite fluld case. It is here extended to the
case of a fluid of finite depth with free surface [10].
: : ) .

. s
‘For equation (2.12) to'be valid, this particular

Qeen'! function which is for a wave source at the body

surface must-gatisty Laplace equation, boundary ‘conditions ori.

B free surface and at the infinity. Wehausen

and Laitone [11] have provided the expression for' G ”

appropriate to this particular boundary value problem i the

following two £orms, s
(a) The Integral E‘dhv_|

= 2(utv)e ¥ couh[u(a +d)Jcoshly (x4 +d)]
W cinh(\ld) -V coah(ud)

/
10

coshlk(a;+d) 1co§hckix3+d)1ao(m
v

N % (2.13)
, = ]
(b) The Series. Form . ~
o & 2_'(L%1£_) coshlk (a3#) Jeoshll (x,+a) It (ier)-13 (k)]
k d- /&l . - 2
- w2+

M’j&l mus[uj(x3+d)]co'l[uj(a3+d)]K0(ujr) (5.14)
3 ) P i

i §

In the above equations, '

R o= eDlxgy - ap e (= apte (ny - ap2t2
“ -
LR AR LB SR PN

Pom Llxy S ap?e (6 - a2

£}




i

J, = Bessel function of the first kind bt otder zero  *

Y, = Bessel fanction of o second kind of order zero
. K, = Modified Bessel function of ‘the second kind of order
) zero '
BV = Cagchy principsl value of the integral .
“ K . a

= &

The quantities®y; are the positive solutions of the

fououng equation,
N

; -
uy tan (ujd) + v= 0 (2.15)

The above equation follows from tha derivation :dr A
G as given-in [i13 ana’ 18 ot to be.. 11nksd wxb. r_\\n

dispersion relation (2. 11, - o 5, i

>
The unknown source strength # nctions oy in

equation (2.12) are to be détermined such that the kinematic

boundary conditions on the mean’ :'mtted ﬂurfacu (equationa

r2, 7'.-,, 2.7b) “are falf{lled. This results in the followind twe'

ainensional Fredholm integral equition’ of the second kind,

- 2 -5, ("1"‘2'“ )+ 4“ IIu hl,az,n_.’ an("x'xz"‘a’ al,az.a jas

. ¢
- for k=1,
. [ '
» g 3o i e
,o = -p fork = 1 - :

«asiib E (2.16)

N 2 T ‘ & 1 .
where %% Fepresents the derivative of the Green's'function,
in the direction of the outward normal vector'n ‘and can bé

expressed as, w E .




-/ oy, ™ o~

! R
X ' v .
N - 4 T 12
- % A«
. e -7 : .
ac ac 36 ;@ " 7 > - )
m T o Mt o s Bt o - N3 o (2a7)
: B2 5 3 ; - s

. @ where.n,, ny, ny are the three components of‘f.he unit normal

. - § = G G
vagtor as defined in equation (z.a)quD.,—x—-, € _canpe W
. : i / 1 2 3 .
. - (// . .
from strai 3 ax:ginl tation of G givéen in ° 2

equations (2.13) apd\(2.14). The expressions for these o

. Ee)
\ derivatives are given below, .- ' N 5 Y

J

« " w (a) Derivatives of G serles form . . /
' 26 : R (x/-a;) oo xgmag) L \
o a x5 =A colh[k(.xa."’d,)](-k e Yy (kr) + dk—p—==7, fkr)) -

ol el tx-2y) . . -
- L, oy ety g e e T

" > ) = - - e 4
o e 3 -a colh[k(x:,*d)](-)t’:rL)) ¥ k) + 222 ik
. - (xy-a,) g
e L ney) oty v 'Kx(ujr) (2.100)-
N . .
%‘i—,' X sinhlk(x3+)]{¥g (kr) = 1 To (kr)}
5 atug) oy etit, s gt H Sy -
I Bl wy sinfu, (x33 Ky(u, x. 2.
= T PREEEET : ¢
o 4 "
1
.
" { -

i
i
i




where, T ' ¥
PR TS M
: x%a - via* v 3
a2 + D) . ' 3

Blag) = —gli—rt coslulag+dl]
ped+ vid -
' Loy
Jl = B.Ilal fungtion nf the first ki.nd of order one
" Xpm pessel function of ‘the second kind Of order one

a Kl = Modifled’ﬂ.llal function of the h_econd kind of

s order one

“(b) Derivitives of G, Integral For , . .
(x,-a,) (x;-8,) + = 2
:_:T : Wik ._1_3_‘_ - {)qllu}bo-h[u(:s;#d);u(z}-al)._
. . ; 2 . 3 A2
Yo Iy (er) 9 3, (kx) % :
L—r,—d 1.D coshlk(xy+a)] (x,-a N e (2.19a)
9—3;:31 Gt o Z g1(w)coshLu (xy+d) Tn(xy-ay):
I, (ur) DR 1 (kr) .
T au - 1 D colh[k(x +d)] (x, -nz) k——— _._19»)
] £
s\

o 2 - = L
;&3— wl '(—‘_:331 - (_x:%:?)‘ BV & g(8)'w lhfm[n(xaéd)L .
e 1 7 -
To(ur)du + 1 D X sinhlk(x,+d)17,(kr) o By (2.19¢)
i \ . . 4 ] 3w
*In the above, =
T 2 @ “‘w[u(-,un ' Ty
Ql(ﬂ)..-l T eInn(pd) = v cosh(vdl

¥ x * 0 5




" by 0.5u.

x%a - via+ v

‘When r = 0, J

i
’.

1

(vr)/x tern in (2.192) ana (219b) are. replaced

;
§
.
: ik
7 & Ny 5 g .
P
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CHAPTER 3

NUMERICAL FORMULATION [

3.1 Humerical solution of .potential
‘

* In order to obtain the unknown source strength '
‘func::ions L‘7k.’it is now necessary to solve equation '(5.16).
The. solution is obtéined numerically, using a discrétized
solution séheme. The wetted body surface S is approximated
b}‘a s éﬂcienciy large number of -plane quadrilateral surface

..panels or slerents of area 45, 3= 1, N(N = total number of

" surface elernents).v Theoretically, the continuous formulation

nE equation (2.16) indicates tnat this equation is to be
satisfiid at all pcnn(s on the wetted body surface. However,
o pbtain a practical numerical solution, this requirement is
,felaxed and the: squation is satisfied only at N points which
are termed as control points. The control points; in
principle, can be cha;an arbitrarily. Here the centroid of
the elements are chosen as control Points €6 the reason of

convenience.

In mé following numerical formulation, suffix x*
for the 6 n\odes of 'motion and diffzaction potential has been
omitted. It is to be underatood that these equations apply

to all k, k=1, 2, o7

‘Due ‘o discretization, eguation (2.16) now gets




transformed to a set of N linear équations,

n

] oso mby,,  4ml 2 e (3.1)
s M3 TP
in which the coefficients a,; and b are respectively given =
by,
a5 = - 38 (x],0%pq0%qy1 a,,az)ds  (3.2)
i3 an (F1ieXair X3yl 91082023 .
and,’
b = 2n,  for k=il @y won
% vy ' ;
=2 (xyguxggxgy) fr k=7 (3.3

In the above, n; for k =:1,2,...6 are the

generalized direction cosines as defined in equation (2.8)

\ W,
for the control point f. —C can be obtained by straight- -

forward differentiation of ¥, given in equation (2.10),

3 X coshlk(xy+d

. i(%ﬂ,i""lw" * %28108) (0, conp + nyeinal}
L sinhlk(x,+a)i

V" T cosh(ka)

+ ny eik(x cos8 + x,sins) (3.4)

¥ . -

* In equation (3.2), S” is the Kronecker delta
function, 85 = 0 for 1 # j, &, = 1 and (x)47%,50%3;) is the
centroid or the control point of the i'" clement. In physical
terms, a  reprasents the velocity induced at the 1™ control

point in the direction normal to the surface by a source



distribution of unit strength distributed uniformly over the

4t element. Wher i = 3, 654 = 1 and this tern takés care

of the velocity at the control point due to a uniform source
distribution of that element, and the last term in equation

(3.2) should be neglected.

To carry out the integration in the second term of

equation (3.2) numeffically, further assumption is necessary.’

This 1 oscillates ely with the wave 1er;5th
A which in practice is generally large, at least comparable

to the characteristic dimension of the immersed surface.
:'SF for i # j thus vary slowly over 45 and can b¢ assumed to

be constant over an element with the value equal to the value

£ at the centroid. This yields the following approximation of -

iyt "
48, G 4 "
3 36
19 * T an (Xpar¥ageXayl ap1408540834) (2:8)
where (a,,,a,,,a,;) s the 3™ control point
13°%23%33 ¢ X P s
- Thus, it is now possible 'to evaluate the matrix

[a;4] and the, column vector (b;}. The unknown source
distribution function oy is now easily determined using a
complex matrix inversion procedure.

By a similar method of discretization, eguation
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"2.12) can-be written as,

N
WXy goxy0%y5) =ji=1 Byy 9y : (3.6)
here, .
1By = 4: 1 G.("n"zi"‘n’ 3)r35,3,5)d8 {3-7)
i [N .

To evaluate. the above integration numerically, a
imilar assumption is made regarding the value of G over an

lement as was made for 9G/dn, for the same reasor. Thus,

dssuming G constant over the element with if's value same as

t the centrold, the following approximation of 8, is
Sptained,

s .
g” -‘—ﬁi Glx) g oXyqrXgys a”.azj,-“) . (3.8)

When i = j, this particular case must now be

carefully considered, since in this case a singularity of

£

orm —k-, R = 0 occurs in G. Clearly, the above approx-

mation of 8, cam not be used fop evaluating 8y4- The

ingular term in G is more dominant than the regular term in
.
[

for i = j, and hence this singular term alone is considered
or the case i=j. Thus, .
T a K '
/ By = —— [ —2as (3.9
WS a4 TR . Lo ‘Y
1 ' 3
For evaluating the above -integral, the formulation

given by Faltinsen and Michelsen [3] is used. For a plane
! :

the '
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quadrilateral element, firstly tie integral is written in

tarms OF tha local co-ordinates X,¥,Z and £,n, where X,¥ and

E,n axes are in the plane of thé quadrilateral element

- /
(Figure 2). This integral for a general point P in sgace

having local co-ordinates (x,y.z) is,

4t an

1 ‘=
e

85 [x-607+ (y -m> +22]

'”i (3.10)

This integration can be performed analytically yielding the

following,

. [ P - - - - - & -
(L as = - [P any - Dyl - )7 (DB’

1

-

g S 5 - - -
- [ %E ity - nyy v L(mny07 ¢ (0%
G o

3 -

T
where,
- ng = n
ngg oo+ it (
A
. .

\

€y - - et s == - -
- 268 iy -y + Dlymngy)? + (=017

£ - o 4 et - =
-1 14t iy - ngy *+ [(y-nu)2 +(x-0% 23

1/2)

vy

=y

1/2)
(3.11)



t

. & (W, E) co-ordinates of the corner -points
of the element :
All the integrals in equation (3.11) are performed
numerically. Since this is evaluated only for Biy in
equation (3.9), point P in this case is at the centroid of
the panel, thus z = 0. A singularity in the integrands occur
when E = x and y - ;’11 €0, A sushia oawe, lntegiscien
about the immediate. neighbourhood of the singular point
(x - &) and {x + ¢) is avoided. For computer evaluation, &
Tiad ‘Baen dicasssiveiy vediced ntl) BN IHtagEal cogeEges 6

a given limit.

For a rectangular element of aspect ratio b, an
analytical expression has been derived by Garrison [10] when
P is at the centroid-of the element. This expression given
below is used when the element is rectangular. .

1 AS \1/2 2. 1/2 ) b241)2/2
[[ —% as = 2(28 12 (anlor(5241) /2] + penn By
AS
- 7 . [ (3a2)
After evaluati h 1a1 o )
tér evaluating [Bij]' the potential function W(xll'xZi.'XJJ.
is easily determined from equation (3.6).

3.2 Numérical evaluation of Green's function

Although the two forms of the s{s}n"a function
given in¥equation (2713) and (2.1%) are e;Juivnlant. one. of

7

e



.
“the two fOrms may have preference for numerical computation,
%

dependind, on the vdlue of the variables. In general, the
series form converges rapidly due to Ko(uyr) term. However,'
when kr + 0, the Bessel function Kn(ujr) + = and so the
series form cannot be used for very small values of kr. Here
the series form is used /ska > 0.01 and the more time

consuming integral form is psed for kr < 0.01.
Equation (2.15) has been solved using Newton-
Raphson iteration method which converges fast. The

evaluation of Green's function and it's- derivatives through

| the seriea form is rather straightforward and no major  °

numerical difficulties are encountered. A convergence
criterior is used to terminate thé series when required

convergence is-reached.

The integral form is evaluated after brgaking down

the infinite upper limit of the integral into two parts, 0 to

.2k and 2k to =. The integral over the interval 0 to 2k can

be further broken down and written in the follo\dng form,

2x 2k,
F(u)du- Fu k) ,
[ Seamtears = § e )_"" * F“‘” _it_j_"un ayear (3413a)

The ‘first integral in the right hand side of the

above equation .is now finite at all points within the

interval and can be numerically integrated. The second

integral can be divided into the following intervals,

‘n')



v
IZk' du
o vEann(ud)

+e

5 au S LT
o utanh Hﬂ)'\‘ k‘zutanhlud -y wtanh(ud)=-v

Kte

(3.13p)
All the integrals are evaluated using numerical
integration procedure except for the integral within the
Limit (k=¢) .to (k+e), which contains a singularity of the
form 1/(u-k): The integrand is expanded in the power of

(u-x) and only terms upto first order are considered,
. 6.8
Lo = =1 < -
e =5 = (ox) * Co *F CuduTR) 4 eeeenen.n

Each, term is now integrated giving the following result,

- k+e 2
. ‘—‘('!fl _ _ sech®(kd)[1-kd tanh(kd)] 3
{(; TR A S B e T (Be)eole™)

e [tanh(xd) + kd sech®(xd)]

CL Gas

; v
For ‘the purpose of computation, a_value’of‘z = 0.1k
isychosen as suggested by Garrison [101.

’ To wuf:c'e\ehe\incegral within the interval 2k to
=, trapezoidalstule is used arfl™the integration is terminated
when the” contribution to the integral becomes sufficiently
‘small. A convergence criterior is used for this purpose.
When u is large, the integrand decays as explu(x, + aj)l. o
take ‘advantage of this sitdation, a progressively larger
stepsize is used for higher values of ., thus~saving-valuable

CPU time. A stepsize of 0.lu or 0.3/r, whichever is less is
N .
i




chosen. This is sufficient to represent the denominator

[w sinh(ud) - v cosh(ud)] and J,(ur) accurately [12].

)
3.3 Wave forces, moments and motion response \

’ ]
Once all the potentials ¥, k = 1, 2, .....7 dre

determined, the first order wave exciting forces and moments
= s
can be readily determined thrpugh a use of linearized

Bernoulli's equation. They ¢an be written as, ~

. £ = - ou? gy o0t Ié (4 + ¥7) meedS, X= 12,0006 (3.15)

where, f, = first order wave exciting forces/moments for k"

mode

'

p = mass density of water

. The exciting forces and moments can also be
expressed in ;:anns of the incident, and radiation potentials

and their normal derivatives by means of the Haskind

~
S
<™ relation. In the method of computation presented in this
thesis, the matrices [a; ] and [8,,] coritaining 36/on and G
torms respectively are tq be calculated, and the inversion of i
(I:uu] !.e to be carried out in order to compute the radiation .
potentials. Thesel are the most complex and time consuming !
parts of the calculation.- Computation of the diffraction
5 poteiitial involves only a sifple matrix miltiplication. Thus
it was felt more convenient to use the above ‘expression for
A computing exciting forces and moments instead of using
i Haskind relation which requires calculation of the normal "

* derivatives of the radiation potentials.




The oscillatory hydrodynamic forces (k = 1,2,3,)

and moments (k = 4,5,6,) in,the k™ mode are given by,

LPY g
= —pw i
X P o t5

~iut
e él ¥ as (3.15a)

The added mass and damping coefficients are

expressed in their usual forms,

‘aj,k,-—p Re jg * ny 98 =
s bjk{‘- -pw Im I£ ¥ ny a8 ., - (3.16)
¢ ; A ¢
where, ¢ X
" ay = oaded mass coefficient in 5P fiode due to
tion in k 'mode " o
c by = damping coefficient,in 3 mode aue to
; motion in X mode
Re ='real part of the integrdl
/ 2 Im = imagihary part of the integral
/ : e

By applying Green's theorem to the expression for
added mass and damping coefficients given above, it can be
easily seen that the cgefficients are symmetric; that is:
N B T
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The well known equations of motion are now used to

determine the motion response to the first order excitation

in frequency domain, .

6. - . .
j);llt(ukj +oapEy * Bk +ogEl = £, ko= 1,2,. 6. (3.17)

substituting £ = ¢y e

followil
6\
<1
j=1
where,

Ig, |

k

wiw

t ~iot
and £ = |f, |e .

ng set of linear equations; :

_“2("13 +ayg) - duby g+ c'kj] '.;j = [

-

i we get the

= amplitude’ of wave exciting forces/moments in the

k™ mode

= inertia matrix

= hydrostatic restoring coefficiént matrix

&
given by,

m . 0 o o me, 0
.0 n 0 om0 )
o .0 Sm. 0 0 )
9 "’“"35" 0 Taa RITEN
MJG o [ —154 155 . =I
0. ‘0 to R D T

46
56
66

€3.19)



LR 4 ' -
where,’ 4 /
m = mass of the body o
g " X = . N
Ijk = moment of inertia with }—egpgct to the AL
co-ordinate systen Ox x,x; shown in_Bigyre'l-
Xjg = X3 co-ordinate of centre.of gravity »
The moment of inertia terms are defined as,
- . L § ¥ . . o,
T 'J“ Xy g%y Gm . J = 4,560 k= 4,56 ! (3.200 4
\For a b‘ody‘symnistrie about x{x, plane, ‘.145 7.154 =3
155 = XGS =0 . N 3 B . 3 ., - A
The non-zero Eerms of the hydrostatic restoring’:
matrix’[ey] for.a general shape are, . - o -
€33 = rg Awp s ) E - LR .
= ,g'” x, ds . o . % (-
G = I . s :
;o Mp o 5 1
" - : s oA i =
% = paV (X35 - xy5T + 0y ff
. e s
C357C%3 = <9 {I %) 48 . . L »
wp . o %
+e4gmCg, = =99 {j x,%, ds . "\ B .
i wp . _—
. . g :
B : v C y
j * v . v i . P
3 . P . .
St , 2
B ) o ot 4 s |
2 w5 s = g .|
I




: 5 .
: . DR ) -
. s = haV.lxgy - xg) + 63 [f ‘xPas (3.21)
¢ LA ! .
. " g .
4 / 3 ; .
‘ ) “In the above, }
v . Ap = area of the vaterplane ,
i . - :
H v = immersed volume of the body &
T : x = x, co-ordinate of ‘centre of bupyancy .
: 3 3 DL cduEEs of | TN
N 1£'x %, is a.plane. of symmetry”for: the body; L .
¥ e e SR s g o
gt b 4 34" %3 " % =94 " O 0
T b ¥ . 3 i = e #a A
H 2 ) > »n: = E
i» . From equation (3.18), the complex motion amplitides : ..
8 3 ' ) 2 ;
& > <y tor-au six modes of motion are now easily determined = 2
" using a’ complex matrix inversion procedure. AT ~
) ¢ B, = This completes the numerical Formulaticn of the . 2
. p:cgn. -The integrations fin equation’.(3.15), (3: =
" (3.16) jare performed numerically, a +
v ok be constant over eagh element. ' : A :
b ’ - < o |
¥ 5 O W . {
| ) : T
PHARN. ,. .
: - : . : S
T 4 G 4 4 ) .
. /o
» B g : '
\ A .
1 B - & & » N
B s :



CHAPTER 4

v a COMPUTED RESULTS

A computer program has been written based on the
‘theoretical and numerical formulation givén above.  The input
information required’ are the geometry-of the body, mass and s
. . various radii of gyntionﬂ (mu, pitch, yaw) run-pu.ch,
roll-yaw and yaw-pxtch). Vvertical go-ordinate of the centre
of gravity (x3G), water depth (d)/ heading angles (B) an

incoming wave lengths (A). 'The Program does not cale

o the hydrostatic restogpifg coefficients which deper{\; ‘e’ntirely . o
' o the Beometry of the body and are rather straightforward to
. caleulate. These are to be given as input data. Subdivision
of the immersed body surface into plane quadrilateral

elements is to beldone by the user and the co-ordinates.of

S the element vertices ate to be given as input data. The S 8
program is in two parts. The first part calculates the ¢
L, ¥ element centroid, the componénts of the outward normal, the .
.

-~ area of the element, and the integral as given by equation
(3.11).  The output'.of the first part of the program is the

. N .
3 major input for the second which is the major aspect of the

| proszam. The £lnal xefilte obtained are the wave exciting Yo
forces, the mpmepts and motion response in six degrees of
v £reedon of a f'xoanng marine structure of an arbitrary
L shape. Listing og.both the prugumu are given in Appendix A.
v /’\ 4 The input data' is in a free floating format form. Appendix B

§ - .



v
\mwa a typical ‘input data for the second part of the

program for the semisubmersible. The values are in a non- -

dimensional fofl\ and the non-dimensionalizing factors used

are.as follows. i
.

—~ .

a) Surge, sway and heave added mass co-efficients,

CIALLL, 1a221, 1A33 1) = (a);.a,,,a5,)/eV

b) Roll, pitch and yaw added mass co-efficients,
2
(I1nd4], |assl, |ae6|) = v(a‘“,ass,ase)/n‘.ll,

"¢) Surge, sway ‘and heave damping co-efficients,
(lB11 1, 22 |, IB33]) -r(b“-,bn,b“)/gv/(g'/x.)

‘d) Roll, pitch and yaw damping co-efficients

(I8hal, 18551, 18661) = (byqrbysbgg)/ovi?Y (s/5)

e) Surge, sway and heave exciting force amplitudes,

(!Pll..IPZI, I1F3l9 = gl 15,1, 1£5 D /pguey/L

)
£) _Roll, pitch and yaw exciting moment amplftudes,

C(Iral, Iesl, B6 D) = (lg,1, Ieg 1 Igg1)/oavey

g) Surge, sway and heave motion amplitudes,
Cing b Ing e Iyl = (5 Ty 3)/e,
h) Roll, pitch and yaw motion amplitudes,
Cngly Ingly Ing 1) = (g4 %50 3g)/ o/
i) Non-dimensional frequency, , S .
w = w/(L/g) . -
n "

"

L in the above is the characteristic dimensijon of the body.




~
i Computations are performed for various floating

objects. Here the following results are presénted. J 1y

Rectangular Box
3
. Computations for a floating box of length 90 m, breadth

90 m and draft 20 m floating in water of depth 200 m are

performed. The geometrical properties of the box are, .
: Centre of gravity co-ordinatee‘ (cG) = 0,0, 8.82 m
g Roll radius of gyration, r = 37.32m
Pitch radius of gyfati}n ¥ = 37.30 m
Yaw radius of qyrauonc.;xa/ " = 40.08.m
K . Two sets of calculations are performed using a

‘&

9 total of 48 and 108 elements to represent the bBox. L =90 m’
is used for non-dimensionalization. The non-dimensional
- added mass and damping co-efficients, exciting ‘force and
" moment amplitudes and phase angles, mm:ion amplitudes and
phase angles for heading angla §= 0 deg. "are presented in
» Figures 3 through 14. This partxcular example is chosen to
present the comparison of the resilts with those available in

3.

B. Vertical Circular Cylinder %

Calculations are pArformed for a short vertical circular

cylinder of radius a'= 10 m and draft T = 0.5a =5 m. The

following geometrical properties are used for the purpose of #
: v

computation, 5
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.

e ©G =0, 0, 0 m (at the origin of the co-ordinate system)
-

=0,707a = 7.07 m

A total of 60 surface elementS are used to idealize
the body. Calculations are made for three &ifferent water
. depths, 4 = 10, 15 and 50 . Forinon-dimensitnalization, the
diameter of the cylinder is taken as characteristic dimension
Of the body, which means 2a = 20 m is used. The results
, of computation Are\ﬁAad in Figures 15 through 22.° This

example is chosen since some of the results computed by

Garrison based on the same theory are available in [10].
Figure 23 shows Garrison's computations for surge mode.
e ‘

C. Tanker b ot

Wave exciting forces, momerlts and motion tespo;m
ot 130,000 tons awt tanker moored in water of depth 500 ft !
(152.4 m) are computed. The geometry of the tanker is shown
in Figure 24. Two different conditions of loading are
.+ considered, ballast and fully loaded: The geometrical .

properties of the tarker are given in Table 1.

A total Gr°196 elements for ballast conditior’ and

—_— 208 elements for loaded conditlon are used+— are

performed for three different heading angles, B ="

v 90 deg. Length between perpendiculars is used as




characteristic dimension of the tanker.

also perforried using two-dimensional strip theory for

» o
45,

in [13] and are shown in Figures 46 through 49 for. the

arison. The results are presented in Figures 25 through

Reauln of motion response for this tanker for both
1onded and ballast conditions using DnV program are available

purpose of comparison.

D.

usefulness of the

demi

Semisubmersible

-

e

Calculations are

_Finally, to demonstfate the effectiveness and

are

for a

submersible.’ Figure 50 shows the sectional views [15].

- The geometrical data of the semisubmersible are as follows,

Displacement = 20869 tonnes
Length = 9n
Beanm = 75m i
: Draft = 18.5m {
" Metacentric height, = 2.62m |
-~ transverse 3
Metacentric height, \ = 2.67n |
P longitudinal i i
r = 30.22m
1 ;
. >
Xy "
; ,
= 36.92m

¥,
%3
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A total of 244 elements are used’to represent the
semisubmersible. L = 90 m is used for non-
dimensionalization. The computed :e[suus‘ are presented in

Figures 51 :through 68. ¥

Y .

~J

Ly A S
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* Figures 3 through 14. It can be easily seen that the results‘

CHAPTER 5

DISCUSSIONS AND CONCLUDING REMARKS *
e N ,
To check the present computations, the results are

compared _with’”o’ther available results based on-the same three
dimensional singularity distribution theory. In ge,nera.'x, an
excellent agreement.is found between the results. - The
results for the rectangular box calculated by Faltinsen and

Michelsen [3] using 68 surface elements are plotted-in

are in good agreement. The only significant differences are

‘ observed in heave exciting force amplitude at higher periods,

and pitch exciting moment at lower periods.

Results for tha' vertical circular cylinder a!"e also
/compared with 'the‘results'o!lculatad by Garrison [10] .and
again a good agreement is found. In Figure 23, present
results are plotted against Garrison's results for surge

mode. i i 3 %

To determine the effect of the' number of surface

elemex;xtu, the rectangular box calculations are performed

using both 48 and 108 elements.- The observations are, same as

in [3]1. For most of the cases, 48 panels are sufficient to

btat = —for—some:
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rotational mode calculations (k = 4, 5, 6), there are some
differences hitveen the results using 48 and 108 elements.
This is to be expetted, since the rotational mode
calculations are more sensitive to the correct representation
Of the geometry. They dependeon I X f terms whereas the :
linear mode .calculations depend on n terms (I is the position
vector of any point on the body surface). A difference in

heave damping coefficient is also noted.

Comparing the effect of the number of elements on'
the computed results of the heave fnd‘“.teh motion responses

(figures ‘13 and 14 respectively), it can be seen that the

differences are more significant for the pitch motion and B

they®extend over the entire frequency range. For the heave .
motion, the differences-are significant over the resonant
frequency region but are not so Eron’ounced‘ovcr the other
rande. The @ifferences in results at peak period (resonant
£requency) are about 1.5 times for heave motion while they
differ by more than 3 times for pitch motion. It is to be
noted that calculations in the reglon,of-the resonance

frequency are sensitive to th® nimber of elements and would

3 L
require a cafeful evaluation.’

EEN

To compare’ the results using three-dimensional

singularity distribution method and two-dimensional strdp
t‘haory. tho tanker added mass and damping coefficients :
calculated by strip theory are Flotted in Figures 25 to 40,

The agreement between the nuuin is not generally very good. -

@ 3 oy

~ o % %
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This-is again in agreement to the cbservation made in [31.

An intei‘e:ting.oblarv;tion is that the agreement between them
improves towards, lower time period or higher frequency ange.
This is expected, since strip theory is knowrf to give Better—

and more reliable results at higher frequencies. C\’

The motion response of the tanker is compared with
the results computed using DnV program based on the same

singularity distribution theory (Figures 46 through 49). The

\

_results are in y good ana have e

range of vah_xea. There does not appear to be a correlation
for ‘the pitch motion between the relultu{/computed here and
the result of DnV. , Similarly for the sway at beam sea
conditions, therg is sode disagreement between the two

results. The tanker geometry was obtained, from the small

‘scaled body plan given in [13] which was enlarged for the

purpose of dividing the hull into surface elements. This
could be a major ingut deficiency in comparing the results

and is an aspect to be examined further. - %

The computed results of the semisubgersible could

not be directly compared since there are no available data of

. the exactly same configuration, whether based on the same

theory or any other theories or experimental results.

However, it is possible to. compare the nature and trend of

the computed hydrodynamic coefficients, wave exciting forces

and moments and motion responses with similar kind of ° o



. ~
structures. For ex‘mpie, in [8] some results of a Staflo
drilling platform based on a different theory by Hooft are
available. They show a similar trend, and the range of
values of the various non-dimensional results are-quite
comparable. g . . \
A i | .
The main disadvantage of the present three-
difensional singularity distribution nethod is the enormaus

volume of computation that is required. It is possible to

achieve a reduction in the computation time Lf thé object has

one or mte’plnnes 'f symmetry. At present no. such assumption
about the geometrical symmetry is made, even though fldatiwg
' objects psually have at least one plane of symmetry. For a’
total of 45' surface .elemqnta, the CPU time is a _littl‘.less
than 2 minutes for one wave l.e‘xqth.in VAX 780/11 system.

Most of the CFU time used is for faiming the [a,;] and [8;]
matrices given in equations (3.5) and (3.8), which contain
3G/0n and G tdrms Aspectively. The total number of elements
. used to describe the body has a very significant effect i
the CPU time. For 196 elements, the CPU time for one
frequency is about 35 minutésl It is thus necessary to use
as few surface elements as possible to describe the surface’
‘suffifiently accurstely, without losing the reliability of

the ¢alculated results. Many guidelines have been proposed

|

by vaxious investigators, @ostly based on experience rather

than rigid thgoretical principle regarding the size and total
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number of elements [14]. To ensure that the body is divided
into a sufficiently fine meshy the element lengths should be

less than ;— th of the incoming wave length . This implies

that for y ofr tation at higher fr or
lower incoming wave lengths, a 'larger number of elements

- should be used. Fortunately, for large floating m‘rinl V
structpres such as semisubmersibles, the frequency range of
interest is ulul).ly not as largc and hence Lhiu problem dcee’
not %ecome too rultrictive. Also the ncighbour;ng element
sizes should not be widely different, which means that a
large element (ﬂ‘\ould not be surrounded by comparatively very
small elements. This results in compntation;l inefficiencies
as the precish‘m offered.by smaller elements is lost. Since
only plane quadrilateral elements are used, a large number of
elements should be used to describe the highly curved
regions. It is also preferable to use as squarely shaped
elements as possible. This means, for rectangular elements,
aspect ratio closer to one is preferable. The evaluation of
J—;- ds in equation (3.9) results in more numerical
inaccuracies for thin iong elements cp-p.'und to a squarely

one. It must be"r that this i 1 forms the

doninant diagonal elements in matrix [8;41. A detailed
s

parametric study on the aspect ratio requirements 'of the

. .
elements for the same geonetry ia outside the scopa of the

work presented in the thesis.

: i ”

\




39

& One more point which should be noted lere is the ,/
case of so called irregular frequensies. At these f v
esainGLaY, WatHR [ BN epuation (3.5) becomes sinqulatJ
and thus the problem cannot be ——" by using the integral“ !
formula in equation (2‘12)'. So far there has been no ‘ X
theoretical method developed to determine such irregular |
frequencies for geemeéﬂes of arbitrary ‘shape. For certain 1
regular geometrical -shapes” like vertical circular cylinder,
these frequencies can bé analytically determined [4].
Usually these frequencies cor?esplmd to wave lengths of the
order of or less than the ch\racte:iltic lbngth of the body.

So far any such problam uf ineqular frequéncies has not been|

encountered in the present calculations. At this time, a

physical explanation for this ig ot obvious.
This aspect of the singularity and its interpretation thereof

in asubject for further research. ]

Finally, the computations per formed and presented

in tnfs’ theais show that the progran developed calculates - the

X EH i N ) p
first order wave exciting forces/moments and motion responses. .r

Also, t

" with other computations ‘based on the same theoretical model.
g mp! s for sokis [ble denmonstrate the

in six degrees of freedom correctly, comparing the results E
versatility and dsefulness of the progranm.. - . }
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. ‘ >
i TABLE 1 :
Main Particulars of 130,000 tons Dwt. Tanker
”~
- X : CONDITION
PARAMETER >, UNIT
~J) Ballast Loaded M
Length between per-— m 285.60 285.60
pendiculars ;
Beam . m 46.71 46.71
Depth - - m 20.35 20.35
Draft, fore m /s 13.82 -
Draft, aft m 7.04 13.82
Draft, mean m 5.94 13.82
Longitudinal centre m +2.10 +6.46
of gravity
(+ve means forward of
midship) -
Vertical Centre of m 9.73 11.03
gravity fyom baseline .
KMetacentric hi\;}‘. lom 21.50 8.97
transverse”” 2
. »
Pitch/yaw radius of m 71.40 71.40
gyration
- .
Roll Radius bf m 16.35 16.35 .
gyration ;
e il ¢
’ \ ‘ I .
‘ ~
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™ . - ' e .
Do ot ' L
ke » b .
c’ - | * K
c .o, CSPART b ’ vt
e A S
Pl § -
4 c ) : .
€ THIS PRORAM CRLCUATES THE AREA (SAREA), CO-ORDINATES OF THE ~ » Ca
© € CENTROID.(XCG,YCS,ZC8), THE THREE COMPONENTS OF THE OUTWARD. »
- C - NORMAL AND THE SHAPE FACTORS OF THE BODY-SURFACE PANELS »
c d . . » .
c THE SMPE FACTOR CSHFACT) IS A FACTOR RELATING THE INTEGRATION - b
c or/'n: SINGUWAR TERN IN GREEN’S FUNCTION . »
€. " I
c . - ) / 5 \‘
DIMENSION BX1C128),BY1C1263,BZ1¢128),BX2C 1284, BY2( 1283, o
g 1 BZ2¢128) BX3C128),BYSC128>, BZ3(128),BX4C128),BY4C 1263, I
2 BZ4C1285, SAREAIZ8), AANI €126, AAN2C 1283, AAN3() 283, A |
3 XCAC128),YCEC128),ZCBC128), NXYZC128), sancm?e) . s i
‘e . .
* C . READING INPUT pATA # \ :
H \
c  INeUT DATA T B READ' ARE THE CO-ORDINATES oF mé VERTICES vy
) £ or ¢ = o .
o " CALL ASSIGNCI, “MULL. DAT" # 3
: READC1, W - . s
L D0 P75 Tmt, NP E : : <
. READC1, w3 RXYZCT:
L . IFCNXYZCD .EQ. s) 60 T0 274
. - READCI, > 8X1CID,BY1CI),BZICT) ) v 4
. READC1, w) BX2CTD,BY2CT),BZ2CT) + Wa
READC1,w) BX3CI),BYSCI),BZSCT) 2
o' READCI,®) BXACT),BYACI),BZACTY . : P :

— t 90 T07276 . . ¢ 3 . ;

© 2768, READCJ,'w) BX!CID,
READC1, #) BX2CI), 2
READC1, %> lXS(I),BYSCI),BZS(I)
CONTINUE

278 %
N -, NP . T e .
. DO.533 I=1,NP ; . e .
7 TYPE w,NXYZCID N N 3
IFCNXYZCIY :EQ. 8) G0 T0 534 . -
. TYPE »,BXICI), n|<n.n|<x> : " )
TYPE #,BX2CI), BY2(I), B22: 3

. TYPE w,BXSCT>, m:x:,mcn 4 ay o
‘ TYPE w,BX4CI), BYACI);BZACI " fE L 5

;60 70 533 ;
« ', 5347 TYPE w,BXICI),BYICIS,BZICI)
TYPE w, BX2CT), BY2(I>, BZ2¢I> : i
TYPE w, BXSCI), BYSCI>, BZCI> . 2 i
CONTINUE  ~

c EM.GLA:I'ION FOR THE DIRECTION COSINES

. .
7% Do 288 I~,NP *
X1=8X1CI s :
" X2=BX2¢I L




281

IF (NOYZ .EQ. 33 GO TO 28f ,
X >

-ZZ\

ABCI: CAlmAl + BiwB1 + CinCI>
XXmA1ZABK 7 .
XY=B} /ABC1 ‘ .
XZ=Ci/ABCY *
TYPE , £20n? XX, XY!, XY, X, X2
AS=CYYZ-YYIINCZZA-ZEID = CTFA-TY1IwCZZ2-221>
B3nO4-XX1InCZZ2-ZL1) =~ OO2-XX1InCZZ4-ZL1D 3,

IEYYANYID = s W
ABCS<GORTCASWAS + BIWBS +.CSnCS> . f
ZX=AS/ABCS.. “

- ZY=B3/ABC3 ’

TYPE w, /OUT NORMAL’
TYPEw, ’Nl-' X, ! N2 2V, ! lbl'
A2=B3nC| 1#CS
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c
c
c
c

7

|
Yz=C2/) { .
STYPE # XL NX, VI, Y Y2 Y2 .
w.u.unw For THE P AREA Mg t ey

swm«m—xxunz + CWZ—W!)!DZ «nz—-zzu»z:
S=SIRTCOXNI-XN2Iwn2 + CYYS-YY2IuM2 + (773~
S-SQRT“)OS—)D(D-HZ + CYYS-YY1DWw2 + (ZZS-ZZ1)ww2)

CNNXYZ.EQ

-TI2Oww2)

00(4-)08)"! CYYA-YYSOnN2 + (ZZ‘-ZZS)MZ) ’
S4=STRTCCXX 1-KX4dW02 + ‘CW\—Y‘M)nnfv CZZ1-TZ4>WN2>

AS1=(S1+52483n.5
AS2m(S3+54+SIw

.5 3
AR!%T(ASIN(ASI-SIJ'QSI'SZ)I&ASI—‘S)) «
52-82)

CAS2-S3):

",
A%é:makz El
80O 325\ - |
AS1~(S|+82+8)4.E
'AREA=SOR

Y(AS|-<A5| sl)rusiﬁ)-usws))

. CONTINUS
TYPE », AREA-'\ AREA

\ |
mcuuum.or\ma C!N"TRQID OF THE PANELS

A )
IF ovwxYz 7EQ. 8) 60 m 250 -
XXBI~CX] X24XD/3. |
ml-(‘ﬂ*m‘l!’/’l. |
ZZO1=CZ1 422429373, |
XXB2=CX] #X39X4/3
YYS2=(Y14Y34Y43/3. |
ZZC2CZ{+Z34T4)/3. |
XB=CAR1 wXXB1 +ARZWXXB2)/AREA
YB=CARLWYYR1+ARZWYYG2)/.

. zo-:m-maomznzzm/

XD-(XI vxzﬂﬂ)l!
< YOmCYi+Y24Y3)/S.
ZO=CZ)+Z2+23)/3.

CONTINGE =
TYPE W, 7X0=", X8, /¥

P,
CFmRmeARPAN!L
TO CALCULATE ncmrcms:

IF (NNXYZ .EQ. 85 GO

4RE. RECTANGULAR
AN, ANALYTICAL mssmnxsusm

* DIAGI=GORTCCXI-XSuw2 4 t\‘l-Y!S-nz + €21-793Ww2)
¢ + <z

¥
TYPE w,/DIAGI=/,DIAGH, /DIAGZ=",DIAG2
. IF CABS(DTAGI-DIAG2) .LT. ,008R1) GO T0 S2@

vmzummmmmwmm

XeXR-X1 )
YuYe-Y1 3
“ze28-21




E1=0taxfl + XY9YY] * XZuzZ1e -
FISYXWXI + YYWYYL + YZn2Z1
GI=ZXuXX) « ZYWYY1 + ZZWZZ1
E2=X0(nXX2 + XYWYY2 4 xz-nze\
F2=YXWOR2 + YYWYY2 +
B2=ZXWR2 + ZYSYY2 1v
ES=XXuXXS + XYWYYS + Xfwz23
F3=YXuXXS + YYWYYS + YinzZ3
G3=TUWXXS + ZYw ZZezz8
E4mXXNXX4_+ XYNYY4 3 XZWTZA.
Fd=YX0XX4 & YYWYY4 + YZNZZA
Q4RZXWXXA + ZYNYYA + ZZnZZA
XN=OKNX + XYNY + XZNZ
YN-YXUX + YYNY + YZ6Z
ZN-DXX + ZYNY + ZZ8Z .+
TYPE w, ‘LOCAL COORDINATES’
PE. », 8

CONTIMGE
. 80 TOGE,8,7,85, INOEX
~RH=E1 .

FI2-F2
FTI=F1 \/
80 70 18 .

ETe=ES |

mee
s h

80 TO 18

IF GNNXYZ .EQ. 3> B0 TO 338
ETe~E4

ETI-ES

]

oa m 10

m-m

e - N
R L ——
ET2eEi

ETi~E4

FT2=F1

FTi=f4

CONTINUE.

SUH=a.0

IK=l
STEP=CET2-ETII/HN




3B

S ise

dd

80 TO 78
© SUM4=SUM

ET12=ABSCET2-ET1)

IFCETIZ ,LE. .mun G0 T0 22

IF CABSCSTEP) .LE. .wl) 80 T0 76
IFCSTEP .LT. 93 IX=-

1
IF(MS(EZI—XN) .LE. .00a1>
MI'CH‘Z-FTI)&(&!—ETI)/(ETE*EH)

"u\u.mmmznzzm,nz
- FzieFz

EZ2-E71+6TEP

IF CEz2-x) LLE. .D001> &0 T0 81
: .EQ, 1) 60 T0 15~

A LT ET2) 60 T0 20

[

IFC .tr. £72) G0 10 28

CONTINUE g

F»-rn—crrz-m SucEz2-£TI )/CEI’Z—ET! 3"

EZmEz2

CALL SUBCXN, YW, ZN; EZ,FN,F2)

SRS SuCFZ1+F 223w CEz2 21>

23 3 s =

CONTINUE
80 T0¢7@,71,72, 73, NDEX
SUM1=SUN
80 TO 76
SUr2=SUN
60 10 76

INDEX=INDEX+1
IFCINOEX .GT. NNXYZ> GO'TO 82, )
80 T0 58,

" FSUMmSUM1 +SUMR+SUNS+SUM4
IFCITER .EQ. 1) GO TO 182

F: SUM

CONV=ABSCCFSUMR—FSUN1 D/FSUM>

IFCCONV .LE. ".326) §0 TO 102
ERe

ITER=IT!
Fsum-rm
TYPE
80 TO ¢
FEUMI=FSUH

TYPE », ZSUN1=/ J"SUNI
ITER=ITER+! o

», 'um-/.rsu«z. m‘%?’.rm«, /CONV=/,CONV
81 o~ . )




122

320
c
c

FSUMeFSUM2 ) )
SFACT= . SwSQRTC1 . /CAREARS, 14158266 dwFSur I
80 70 420 .
CONTINE g
SIDEA=SQRTCCX2-X1Jww2 +CY2-Y{dwn2 + ‘(Z2-Z1Iwn2)
SIDEB=SQRTCEXA-XIduu2 +C¥4~Y1duu2 ¢ (Zd~Z1dwn2) n
ASPECT=SIDEA/SIDEB - -~ >
IF CASPECT LT, 1> ASPECT=1./ASPECT ) B .
BBBI=SORTCASPECTWNZ + 1
BBB2=ALOSCASPECT+BBB1)
BBBS=ASPECTWALOBCC 1 +BBB1/ASP! s
SFACT=CSBBZsBBB3>/CSERTCS. 14188205

XCBCID-X8
YCBCId~Y3
2C0CT>=78
ABNY CTOnZX, ]
AdecDnzy e g
SAREACT) =AREA i

SHFACTCII=SFACT .

m u:mn«us v

1008
1

)

450
1801

vm(: 12890
ramrcsx,:ixl:u,m srm:e 7X, SHZCS, €, 2tnee, 68X, 2HNy, 8X, 2Hitx,

ﬂ;me»u.m .
DO 48D I=i, NP "
~TYPE -,LXDI‘K) 'YCBCI), ZCECT),. MNI(IJ AANZ(D M)U(Z). ]
SAREACT! \CTCId
\lRlTE(Z IBUIJI.XGI) YCBCID, ZCBCID, AANI CID,, AANZCI) MN!!X).
8AR!ACI3 SFAI:TCIQ

CONTINUI
PORHAY(IS SFl‘ 4,3?! 4,F10.4,F10. 5)

SUBROUTINE SUBCKN,JN,ZN,EZFN,FZ> o
-fv'n-(m-r¥:-: HCXN-EZI W2 + ZNwo2 T k »
13 5 .
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. pirknszon n(250) P
+  DIMENSION: n(zsn) »mzm,x:(zm 11(250) . Anxu 0) ,u:(zm‘ 5 %
=i < (6 6 THAR (616 RESECE 6 B i
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S N - JTAKEICI0) TAkPAL30) PARPEC307, Pk 30 R
TN s HeRo0); 0), PPRA(30), 7PR3 (30), 2PE6( 30. i hensigf B
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. 3 EXP(X)=DEXH(X) .
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. 2. ABS(X)=DABS(X) ; . -
) * ALOG(X)=DLOG(X) 4 . Y .
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. : . :
. € . READING INPUT DATA
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g e e Sl e
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uuuu znu) T

16 conTI . .
2019 FOrRAT(3110)

MAIN PROGI

00 1301 Myi-t, nusTr § = .

nuvL
WL IR
\mu-m.-/-nn(-n)
WHP(NN3)

ucn..m . s ;
-

sioed o T :

g . N

L -nunnounnr .uu anu)

X7 (1050t co 1036
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