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ABSTRACT \
v SR
1S ABETE, the Wurieal avalustion Tad Eobmulatet; £or
computing the liin_eal;ized distyrbance velocity of a steady, ° .
sholasta frew suttass oeavitl Yiow past o 4Aip WULL. THE BGLLSE & %

represented by a system of soyce panels with uniformly ‘distributed

strengths on.the afe. The .imp of the Tesults on

the boundaries, i.e. free )urface and’holl, ‘surface, by Guilloton's .«

. method is investigated. ' Based on Guillotcm s method, thin-ship—

panel approximation and cubic.spline curve.fitting,. a scheme has

been developed for 'setting up a computer program to Tompute the.

ship wave-making resistance, flow around the ship hull and wave

3 T
elevation along: the ship side. The results of sample calculations 1

60 have shown gouﬂ agreement with the experimental resu].ts for

Froude numbers between 0.25 and 0 35 which are just in the speed

range of the convem:ional msrchant ships. : L
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Re = = 'Real part of complex function.
T
“Im = nilugi.na:y part of complex function, o
G & P T = xﬁu'grurnq paths in complex plane.

L © " ., NOMENCLATURE

Linearized lpag:a(l_.s) = The domin (x » ¥Yor 2,) of the linearized
Bolution

Real space (RS) = The domain (x, y, z) of the Guilloton's
sdlution ]
£(X,2), t"(xo,zcx = smp hull functions in as and LS,
. ) resppc:ively. .

: 1} v P
Ly) . 20x),y,) = Wave elevaeiona in RS and LS respectively.
elte’ 7 , i Y
\ 5

"R Ry O w.?ve-making reaistnncesv in RS afd s,
\
\ respectively. :
o B | " e ,
g . \" «="Gravitational acceleration. 7
: \ Gray 1
d0x,y,2) | = (w¥w, Disturbgice velocity vector.
| i '
€ e = Perturbation parameter.

.G(x,y,2:x",0, 2°) * = Greea's.function of linearized problem.

m(x”,z") = strength of source distzlbutlon on the
R centerplane. .
” 2 =

s uzce panel (i,j) on the. céntaxplua.

uij' vij' wij . - E, ement.velocity components xnducad by a.

\

Ry, 3 = Elamem: vava-mnking renisf_ance induced
K by a aource panel (i,j) on the centerplane.

A

cL‘j - = Elamant wave-elevation induced by a
. (i,3) on the centerplane. ‘
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Res(a) - Residue of complex function, £(k), at
;pole k = a
Ssigu - = “lforw<0, 1forw>0
4" X - I
H(x = x7) - = = Heaviside "unit step. function",
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P
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called rgomplex exponential integral.
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n 32 ETA —= Nondimensional wave elevation.
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a.p. = After perpendicular of a.ship (1)
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CHAPTER 1

INTRODUCTION

since Michell [1] developed the thin ship 'theory to 4

‘solve the linearized problem of the waves produced by'a

ship of given form moving with uniformvelocity in the free -
surface of unbounded water which is consxde:ed to be inviscid,

many reaearchers have tried to modif,y the ‘thin'* ship theury ‘ e
;q obtain more /reasonable results by including the nonlinear
alflfac:s: Prom a practical point'of viewvone of the notabla °
methods wasitdeveloped by Guilloton [2]' based on geometrical and = "
intpitivd pnysmﬁ reasoning and was formulated in mathematical

form by Gadd [10].: As a matter of gac:, Guilloton's basic igea

is the sameé as that of the well-known "strained coordinates .
;mthod' which was develpped by Poincaré and aucce‘uf\illy uséd

in some singular perturbation problems [3]. The main idea of this

" kifid of method is-that the linearized solution of the nonlinear

3

problem may have the right form, but not quite at the right
: 3

* place, sothat the remedy is to slightly strain the coordinates

or set ip.a transformation between the "linearized ‘space" and

the "real space”. Following the method of strained coordinates,
a perturbation analysTacan,be carried out to rationalize
Guilloton's method, such as in (4] and [5]. They have shown that
Guillutcn s solution is essentially equivnlent to an inconsistent

ucond order approximation, in which the field equation is satisfied

‘to first order and the boundary conditions are satisfied to-second

order. )




From the computational point of view, Guilloton's method
incTudes the following three sub-procedures:
1.. Find the "linearized hull" corresponding to a givenw'real

"hulI" for a given E‘roude number by an "inverse Guillcton s

transfqrmatia This is an iterative process.

2. Caleulate the £low. quantities dround the "linearized hull"
by the thin ship.theory. i " . .

| o . *: . R T

3. Transform the calculated flow quanfities to.that around

" the "real hﬁl;l" by Guilloton's transformation.

Based on thesé subs dures, gram has been

R developed to analyse the flow and isobar aroind the ship hull,

' the_wave elevation along the ship sided _and_the ship \wave-making
res;stance. In mathemahxcal principle, Guilloton' s Solutioh is’
stfll only of first-order accuracy. But from the results of '’
numerical experimerits, “the prediction of the. ship flow with '
Guilloton's method is much better than that with the' thiin ‘ship.

theory for Froude numbers of about 0.25 t6 0.35; The use of .

Guilloton's method" for preliminary aés:\.qn of convennonal

ships]

a good potential. '




- -and that the f].ow is i rocatlonal. Let Oxyz be ‘a movinq

. Wt e CHAPTER 2 +
THEORETICAL BACKGROUND AND NUMERICAL FDRMULMION

2.1 Exact and liriearized steady ship-flow problen ‘s

/ Tt is assumed that: fluid is 1nccmpress.1b1p and inviscid

coordinate system, fixed’ on the, ship, wich velociey §- -g 0,0) . %
Lwith respect. to the op‘vmus mérciax frame aid the origin o is

.a\:.mdsmp. ’l‘he oxy plane is taken to :aincme with the undxsturbed"

+ free.surface and the z-axis is positlve upwards as in Figure 1.

" The effects of gdnkage and trim are not ccnsidered. The hull .

Y)Yy

- dguation i3 y =t f(x,z) for ~L & x < L,.-b(x)°%z <

where 2L is the length' of the ship, z = & (x,y) denntes the

e evation of the distutbed free’ suriace and | ot —b(x) is the equatxon

of the keel lxne. Now, thPI problem qf evaluating’ the ship flow . - =

Ls reduced to rmine the'd: r hce i,elocity‘ Stential, sayf

8 (x,y,z), which satisfies Laplace s equatum, ¢ =0, in the

N £low: field with the, followinq exatt buundary cond:u:ions as giyen
: 2
in (6] S o o

()" Thel kinematic houndary ccndition un the hull suzface.

X ¢x(x.+f(x,z) z) z (x,2) F éy + ¢zf“ s A (1f1)
() The kinematic boundary condition on the free surface: * .
B i R D) g ) + B gty T By cx e )
() The dynamic boundary condition on the free. surface: ,

o Cervie ey k172685 + 8] ¢ 8D + g toon =0 0.3




sty TN ! §
o~ < - ;
GG : |
e P : 1
(d) Theg kinematic boundary condition_on thé ocean bottom, ;
(i€"is assuped to-be infinite): ; '
8, 00,y,2) = 0 as. T 2o - = 5 (1:4) : i
: i ¢ ’ ' ,
‘(&)  The racua:mn condition spemfymg that -waves' are not .

prcpagatéﬂ upstream 1from the ship but only downsé:eam.

' If tne disturl;aqce veldeity potentxal #'can'be found, then :

the dxsburbance velocity, q (x,y,z) 7 the wave—makmg rensf.ance, .

R, ‘and the wave elevation, ;(x,y) , can be ca).culéced as fcllow

|
I E

P 05 T R i b ey T @.s
- v R=J/ pocos(niX) ds = 2 JS plx,£(x,2) ) E,(x,2)dxdz .
hull . . © >
| B - S .
e = -2 é'f, (05, (x, £ (x,2) ,2): + 1/2(8% + 42 + #2) + 921 €] (x, 2)dxaz
15 o - . ) .
L i L o ’ “(1.6) S
e and, C(xiy) = i (U8, G,y t(x,y)) + 1/2(82 + g2 + g2))
e ? . Land,. ) = -5 (XY T (Y oy D)

where s is-the

' centerplane and

. " 'rhe formula for

ik right hand ‘side
' 14
] Py -
. A B
Tl -, g

. X (1.7)

projection of the wetted surface on the .
p is the pressure on the ship hill.’

the wave elevation*is an implicit, form since the

of (1.7) is alsg a function of wave elevation.




The difficulty of this "exact”.problem stems from the

fact that the position of the free surface and Lhe extent of the
Twetted area’ offthe hull-surface are initially unknown and are o
be-deternined as part of the solution; adso the boundary
-.conditions are no::lxnea:-. One of t_he procedures for

1

izing the problem begins by writing the equation of the

‘ship hull in the forn y =+e£(x,2) where ¢ is a beam-length ratio.

v It ds aasunad that the diseu:bance velocity potential, wave
.

elevation and wava-makinq xre :.Bg.ancc can ba expanded in pDh’e:

senes of € as\ tollown-'

ﬂ(x.Y,z £)7 :ﬁu) 1x,y,l) + szd(z) @ ) b\
c(x,yie) = e;u) (x,y.2) +‘ € _;(2’ + (1.8)
R(e) = ) e:R(Z) s T

. Ly d

> 'l'he expannons (1.8) are now l\lbsﬁtutéd into (1.1) to

(1 4). Aﬂ:er o’havs bean expanded as a pmr series in €,

.t is found that the velocity Potential [ of the ,ﬂrst grder
1
npproxi.mtion must nadsfy !.apll\,ce 's aquat&on togei’.her with tha
following linhearized boundary cundm\ann . g
) . d . N ¢

,ﬁn,z),{th (x,2)

{b) #z;(g{:yyq)--ucx Xe¥) v oar L

~

!




_where

N ’ . s
. . . '
(@)  g,(x,y,2) =0 as z —> - (1.12)
(e) 'The radiation condition mentisned before.
The wave-making.resistance is changed from (1.6) to the
following form .' s ’ N
R =.-20U [f @ (x,0,2)£, (x,2) dxdz (1.13)
s, * % .
o . .
. . wn o ; :
" where S, is the ship centerplane for -L <X L'-, and
§ v o S~y

-b(x) < z < 0. The free-surface, boundary conditions {1.10)

and (1.11), are combined to give --

By (Xr¥10) + Ko ¢’z = 0-. where .

zed shij

2.2 solution o: low roblem “

ea:

The linearized ship flow pxoblem is a mthemaucal BoURgREYD.

vame problem whmn can be solved by the Greenlﬁ function method

(7], .. representing the body by a distribution of ingularities.

- -
The. 1inearized. di velocity potential can be

in the form;

"

Bx,3,2) = 17 e ) . Gty zix*,0,2 ) dx"az” - (2.1)
o Oy
!

Gk, Z1K%,0,27) is Green's function or the unit source function




of the linearized problem.

£,-(x7,2°) is the longitudinal slope of ship hull. The "prime’
system also denotes coordinates on the body. ) '

In this lihearized solution, equation (2.1) shows that the,
sources are distributed on the ship: centerplane and the
source stfength is only dependent on the longitudinal slope of the
ship hull. ‘We defink the source strength m(x’,z") = 2Uf . (x",2")

and equation (2.1). becomes

d(x,y,2) = [S m(x",2°) G(x,y,2;%x",0,27) dx”dz" ° (2.2)
s, ¢ v
% .0 . e

‘Green's function of the linearized problem developed by

Havelock, (8] with the image method is given in the following

form ¢ 2
4nG(x,¥,2:x7,0,27) = - -+ L
T T2
ARG 0 om ' w oKl (z+27) +iu] .
+ —2re('s sec? 0d0 ST E——u—aKkl" (2.3)
LT - . . ? K-—Kosec ] e
where . .
o= Leex)? 4 y? 4 (22 212
= leex) ey (ze) 22 I

w = (x-x") cos 8 +y sin ® 5

2
and K, = gq/u




5 s

The double integral of Green's function cannot be

deternined without a nt on the of
around the singularity, K = K, sec 2. That is to say that a
way (as in [9]) should be chosen such that the free

waves only trail behind the ship. The radiation condition

mentioned above makes the solution to this mathematical

problem unigue.

Let
-
Kl (z427)+iw)

m T
T=R, { / sec? odo S ax)
= o l(-'K sec (]

& /2 K[ (z+z ) +iw]
=R S aecadﬁ[le—dk
-1/2

o
o
‘C1’ ey

+ 1 RKl(zz") -iu]

2
K-K_sec”®

v ® (2.4)

The integration paths, c'1 and C,, have to be chosen as follows:

1 . _f\!.—.
: = : 2 @

0 R . ) o K Koaec (-]
o

Y A ;

N K[ (z+27) 0] o s
no=f e w ana 1, = g eKlzrE-tel
1 xex sece . . Cz KK sec?s

(2.5)

K]}




5 and 1, can be treated by contour integration in.the

complex plane to obtain a nonosciltatory integrand.
(1) Wwhen w > 0

(d) Integral I,

2

B=Kusecs

Il *= 2ni Res(a) -, Is (;ﬁ,mn Ip= 0) ~ (2.6)
Koiec B(z+27)
27niRes(a) = 2w{e

Zsin(K sec?0-u)+i cos (X sec?s.u)l}

Kizbz) + 0] (2.7)
1, = Y——— ax
S $' K-K_sec?o (2.8)

|
The path S can be chosen so as to make the axg?}nent of the
exponential real along the path and hence el.il?matx.nq the

oscillatory behaviour of the integrand in 1g:| so '
In {K[(z+2%) + 0]} = 0, and K =1k + ik, (2.9)
Ky = -wk/(zbz’) , K=k [zkzf)-tel/(eez’) | (2.10)




Substituting (2.10) into (2.8) -

2 oLz 20?) K/ (2427)
& = - .
Uz+z)20a?] k)7 (2427) - K sec?0((z+27) +iu] .

L(z+27) 240?) %y

(z+27)

(2.11)

since z+z” < 0 - '

chnging variable let —K = [(z+2)2 + u?] k}/1‘.z+z’)

L -K
o mif L ax (2.12)

© (k#Kysec0 v (z+z”)i+i (K sec?8.u)

-
Substituting (2.7) and (2.12) irto (2.6) and taking the real part.

- (k-fxo'uczs - (z+z9)]1e™®

Re(n;} = 7 a
© (x+K sec?s + (z+27)12+(x secs.u) >
e 5
W K sec0- (z+z7) 2
-2re . sin(K sec’6.u) (2.13)
M~
(b) Integral I, . ¥ . & .

a = ksec?o




’ .
i o 1
. I, = -2ri Res(a) - Ig . in T = 0) —
: K sec?s. (z+z7) 2 2
-2miRes(a) = 2m{e [-sin (K sec®8.u)-i cos (K sec”0.ul}
-
(2.18) 1~
K[(z+2”) -iu] . o S \
I, = f e ax (2.16)
- 8 K-K_sec?s £
o
similarly, .
I, (KlGm+z7) ]} =0 and- K=k + ik (2.17) -
= - - o - ’
ky = wky/(z42) , K=k [(z+2°)+ {)/(2+2") (2.18)

Substituting (2.18) -nto (2.16). g

&
¢ o o glzrz) 2rllk /(z4z?) -
IS = [ — .
£l ’ 3
[(z+2)) 20?1k, /(2427) - K_sec?0[(z+2")-1u]
.
"2, 2
B 1 (2.19)
(z+2°) - . fie .
since z+z” < 0 '
: changing.variable let - K = [(z+g’)2+uzlk1/(:+z.‘)
| . ' s
- X
. g ==/ —ak  (2.20)

0+ [K+K sec. (z42°) 11 (K sec?0+u)

¥ ot neesinesasinad.




|
|
i
|

Substituting (2.15) and (2.20) into (2.14) and taking the

real part 2 & ¥

L+ e [xeK sec?e . (z+z7)]e TN
Re {I,} = Jf dK

2 o o 2 24,02

. [K+K sec®®. (z+2”)) “+ (K sec®8-w)
2 N & F
K_sec“f. (z+z”) 2. .
2 -2r .e® . sin(K sec“6+u) (2721)

Substituting (2.13) and (2.21) into (2.4), the integral I for

w > 0-is S :
g Zh -K.

. /2 2 © [K+K_sec®8. (z+27) ]e )
1= 2 J  sec®ede / © - aK
\ T2 T 0 (rek sec?s. (z+27) ] 2+ (K sec0.w) 2

-~ : 3
=, A
/2 5 KsecTor(z+z?) |\
- 4n ;7 sec?see UL sin(K sec®6-w)de  (2.22)
-1/2 B

(2) wWhenw < 0

similarly, the contour integrations are chosen as

(a) .
ik,

S



The following result for w < 0,can be obtained

(kK sec?o. (z+27)1e™F
ax

262

F w/2 2 »
1= 2 J sec?eds [
/2 ° [K+K°sec28‘ (z+z')]2+(l(osec

e

(2.23)

Lo
B Substituting (2.22) and (2.23) in{:o (2.3). Green's function
becomes  * * | : .

456 (x,y,25x7,0,27) :

2K /2
+ 22 ;"7 gec?ean f
T -1/2

[K+xosecze, (z4z")1e7¥
° [xek sec?e. (z+2)] %+ (K sec?0rw) 2

dK

2 .
2 . K _sec2e. (z+z°)
~aK, 1 (A¥elau) goc2p.e © sin(K_sec26-u)do
o
Zu/2 ;
. (2.24)
whgre
i * i
sigw= ("L Eorw <o .
1foruw >0 ¢ . i .

Since most of the quantities é:;:::cn interests, such
» !

as wave-making resistance, wave elevation along thé ship hull and
flow around the ship hull can be obtained from flow variables

evaluated at the centerplane, the linearized disturbance velocity




potential on the centerplane, ¢ (x,0,z), associated with
a given source distribution m(x’,z”), is the most important

quantity to be defined in the computational procedure: _

# (x,0,2) - = J/ m(x",2") . G(x,0,2;x",0,2%) dx"dz”" (2.25)
-5,
with s
1%°,0,27) = -1 4+ 1
le(x,O.ztx 0,27 = - 5 * g :
‘ B ‘ il
®, w2, o [k sec?0. (z7) Je T .
+ =2 s sec’eas S . - aK - '
9 © [rek sec?s. (z427) 12+ (x sec?s-w) 2 ’

. .
|
Kk sec?q. (z+27)

X "

6.8 . sin(x_ sec?8-w)do

/2>
~H(x-x") 8K,/ sec
o

/ : (2.26)

where

5 o= [aex) (29212 -

£, = Loexn)2e(ze2) 212

) \

w = (x-x7) cos8
and H(x-x") is the Hdaviside "unit step function" which is
. defined as i 3

., 0 for x < x” -
Hz=x): o if 1.for x > x” .

[ 4




Substituting (2.25) and (2.26) into the resistance
formula (1.13), only the last integral in thé expression for
G leads to a nonzero term. This gives the well-known Michell's
integral of ship wave-making resistance:
2
v PR oW/2 L
RY O 2o + 0(0)?] sec’sas (2.27)

Knseczs.z'
with P(8) = J/ m(x",z")e
o

- cos (K secO+x”)dx"dz"

R . Kesecze-z'
and Q(8) = J/ m(x",z7)e . sin(Koaece-x‘)dx‘dz‘
- .
similarly, substituting (2.25) and (2.26) into the wave
elevation forxmula (1.11), the wave elevation along the ship

hull can be written as Yoo

i
g

(2.28)

i
o(x,0) = - I m(x‘,z')Gx(x,O,D;X',D,z’)dx‘dz'
S,

)

The disturbance velocity tomponents around. the ship hull

can also be obtained in térms of Green's function and source

distribution: .
Wx,0,2) = B (060,2) = [ mlx®, 270G, (x,0,25%7,0,27)dx"Az”
“ o '
(2.29)
V0,2 = UE(xz) = = n(x2) “ o 2.30)

W 02) = B, (x,0,2) =SS m(x"2°)G, (x,0,25%",0,2")dx Az

. 70 .

/ (2.31)




2.3 Thin-ship-panel approximation

In order to evaluate the numerical value of wave-making

X .
resistance (2.27), wave elevation along the ship hull (2,28) .

*and ai velocity around the ship hull (2.29),.
(2.30) and (2.31), the ship centerplane is difcretized into'a
system of source panels with associated strengths, J;ij,

Lo 1,2, 5 = 1,2,...N. It is ‘assumed that the

strenyth is u’ni‘fm:miy astiitited ovesasoh. so0cce paReL ) ab”
that the strength in the above equations can be taken'cut of the
integral sign for each source panel. Furthermore, Green's

function (2.26) can be separated into tBree parts as

G(x,0,2;x",0,2°) = Gl(x,O,Z:x“,O,z') * Gz(x,l],

ix7,0,27) +
65(x,0,2i%7,0,27)," (3.1)
where ;
6y (x,0,25%%,0,27) = == (= {I 4 —% ) (3.2) *

Gy (x,0,235x7,0,27)

g s
e [k sec?s: (z+27)]e”

KO /“/2 2 &
= —5 1 sec’san - . (3.3)
b D[(l/(+xoaec28'(z+z‘)]2+(l(nsec28~m)2 <

B Jiin
Gy (x,0,25%,0,27) acelg.a OW 0T 1EER)

o

- sintsec?ooras ' ' [ERTRAN

"
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for 91: contribution of the radical term

' - -
contribution of the double integral term

Gy: contributich of the single-iftegral term 5
<. = &

Let us first assume there is a_single source panel (i, j)

© with umt ltranqth below the undxsturbed free surface in a
F

uniform stream of velocity U in the direction of the posits.ve
x-axis and the coordinates of-four corner points of thi:

source panel are (xi,zi),‘ (x{43025)s (x{410254) andix{,250)
respectively. fThen the elemental quanitities induced by this

source panel are as follows: . . .

: 3 N 5 L
(1) The élemental diuturbanchelacity components, ujs, v;s and

w;., on the centerplane.

ij .
From linearized boundpry condition (1.9), once ‘the, source

-stzenqu{ is given, the v—componant velocity on the cent.erplane-.

is * .Only and calponant velocities

shoula|be Red. W velocity co into

three Barts corrésponding to the three parts of Green's

functidm as in (3.1): r B T e g w
) » - -
“U"“?'” = uy (x,0,2) + uy(x,0,2) + uy(x,0,2) ¥ (3.5_)
: B
Wy (%,0,2)0= Wy (X,0,2) + Wy (%,0,2) 48y (%,0,2) (3.6)
»
- . & _’ . -
56 . 2

b . . ~




e Rilogl 1k sec?er (2427) )PA(E,

iR ”
2g:w)?10aK " (3:10)




[ .

5 ' .
18
/. g a
(d4) The contribution of the radical term Gy
) - w1 e
uy (%,0,2) = i‘ [x‘ ai ax*dz” .
23 i

(x “ox) 24 g2’ -2)’

=L (ogtarae/] 2 1- log [(z"42)+
A

: 1} i+; 23
xrex) B (2742 2 g ol :
. oty Mg lEgas .
it ; 3 ..4.
g 8 - _xwl# z;|+1 3G, - ;
Sy (x,0,2) = 7 —7 dz’dx” 8 .
3 3 % i
é i 2
- N s wa g

(x7=x) “+(27-2)

= —1‘—" {1°9[(X‘-x)+/— 2> 210+ log [{x”-x). +

=

“u, (%,0,2) = 1
i) W

L
d ~ zj+1 *i+1 ‘
xi-x)2+(z 422 ML e

&

g R e Y e .
The gontnbution of the double, integgal ‘term [

2ie . *iad asz LI e
I B L ax” dz
X3 X

(3.8)




Suhstit\ltil:xg (3.11) and (3.12) into (3.9)

u,(x,0,2) =
2 "2

1.

20

. /2 -
L 777 (2 105k sec?e)+ 1ol (z+z) 24u?]
T
T j+1 H
+2 ReleE (M1} aK (3:13)
X 7 f tj’ L. .

= s
L ‘o

U, (x,0,2) —-5;1..J“
. X z) =
AR an? o

/2
I
Q

" Similarly, let i

/50 it can bé eliminated. , Equation (3.1

/2 &Ry,
Clogl {242 Z+a®1+

ol
N

K

2541 Prien

The first term of the integral is independent of x” and z”,

3) becomes ¢

2 Reles; (M1}

(3.14)

sec?6-w )

secd6 I e é(tan_l ———2-—]}

K+K sec”8- (z427)

< ax .
23 gt (3.15)
o e ) 1. Kaec 0w,
o Mean™ pP—mp ) &K * (3.16)
. > x+x sec“8:(z+z7) C
" .-
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Since z+z” < 0, there is a discontinuity at K = -K_sec®8:
.- (z+z°) in the integrand, the integral (3.16) has to be separated

into two parts:

. B _y KgsecZern
I, = é’ e " . tan tan (=57 dx
L O (3.17)
. ) r 8
where a = -K sec”8: (z+2°)
Integrating by parts -
; -
K sec“0+ (z+z")
5 o -l w
I, = (sigw) 7 . e + tan (z'+T’) J
o (Kgsec?orwe™ ..
+ dK | (3.18)

I
o [KH(osech-(z+z‘)}2+(l(°sec26-m)2
v

-1 for w < 0
1 for w > 0 5

where sig w = {

The integral part of I, can also be written in the complex
form as =
)
=K

®
m{ / = 7—— dk}
o [K+K sec®0: (z+z”) ]+ i (K sec”0.u)

© =K
= mie /' - ax)
A

=me’e,0) (319"

where

A = KosecZel(z+z”) Hul




Substituting (3.18) and (3.19) into (3.15)

2 -
o w2 K sec?e(z+z’)
W x,0,2) = Ly 177 secol(siguir.e ©
2 o

z 1

3 ja {41 .
+ tan"t iz + miete () 1) as (3.20)
25 i

(c) The contribution of the single integral term G,

i I s I
uy(x,0,2) = ﬁ‘ I 52 axar
3 x5 4 L 2

1/2 K _sec?- (z+27)
e o

= Haex) . 2= g . sinlR seco- (x%")]
: °
{41 Pia
» de (3.2n)
3 124

*a1 %4 ac,
wy(x,0,2) = / —2 ax’dz’ .
x5 z3 »
3
: N
2 /2 K sec B (2427)
e

= -H(x=x"). =— [
.0

e . cos[K,secf.(x-x")] . sec e‘

[#ia1 P31
a8 (3.22)

X7 2]

-~
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(2) The elemental wave-making registance Rj
A 1

2 |

oK, /2
-8 2 2 3
Riy = ——* £ (P55 (8) + Qf; (8)) seceas
where ’ R
241 s K sec?e.z”
P..(8) = [ e . cos(K_ sec8+x”)dx"dz”
ij - ge Xz )
5] i
i « Kjsec?0.2i,y K sec%0s
= 5= {le -e
Kysec”0 v

- isin(K secOrx,)) - si.n(Koseas;xi)]}
' D)

2j41  *i+l K _sec?e-z”
e o

Q, . (8)
43 25 x{
i 25, ,- 2.0
= ((al(osec oezgy exonec e-:j)
Kgsecza
- feos(K sec8x{ ) - cos(K sec8:x";)]}
Let '

" A |
Pi5(0) = ——=——F,(0) amd Q;(6) -r Q,5(8)
_ij— Kgsec [} 4 1 naacae 13

The elemental wave;mking resistance becomes

/2 3
. 2 2 3
Ry ::;Lz g [B{4(8) + 0j;(8)1cos ede
o - .

o s

* sin(K sec8-x")dx"dz”

(3.24)




where
=2 - 2 - . - .
» K_sec” 8-z K_sec“6-z;
s " o e O 3 3 o
B0 ) (e e ) [sin(K sec8-x{ ;)
= sin(l(osace'xi)l
2 . 2 -
. K_sec”8+z K_sec“f+z
9 - (& © ML _ o 3 x:
.Dijle) = (e e ) [cos (K seco x ;)

- cos (K sec6:x{)]

(3) The elemental wave elevation ty5(x,0,00

L —_—
’ 341 Xiel
_ .U [
g55(x:0,0) 5 ij- /xl £ axa

The total quantities induced by a system of source panels
(i,3) i=1,2,...M, J=1,2,...N, associated with a system of
strength nij' i=1,2,...M, j=1,2,...N are the summation of
. the elemental quantities induced by each source panel as
" follows: y
(a) ‘The disturbance velocity components u(x,0,z), v(x,0,2z)

and w(x,0,z)

N M
u(x,0,z) = jil 131 LTRE (x,o,z)‘ 2 (3.26)

S




. (b)

(c)

25
v(ix,0,2z) = fo(x,x) = m(x,2)/2 (3.27)
" .
+0, = 3 ;4 (x,0, - 28
w(x,0,2) j§1 121 \'nlj Hu(x 0,z) (&3 )

1

The wave-making resistance R

/2
R = 2 77 52(5) + T2(0)) coseas (3.29)
‘"K° o
where .
cssu oo NTOM 5
FO) = b E ey B0
- N M _ )
LUBE SRR PN e

The wave elevation ¢ (x,0,0)

u ¥ u
X --u I m 5 =-L . o
T(x,0,0) 5 j:l (Ey iy Uiy 00,0) g u(x:0,0)
(3.30)

> 2
Defining the nondimensional wave elevation/ n=, :/(UE): then
b . '

nx,0,0) = -2'Rxe0,0) 4 (3.31)
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2.4 Guilloton's Transformation:

since in the thin ship theory, flow conditions on the

hull surface, _for example at a.point P, in Fig. 2, are actually
evaluated at P; on the centerplane, Guilloton argues that if
atransformation is to be applied to the y -direction in
this way, similar transformations may-be applied to the x - and

—dxrections. It is assumed that the, time taken by a fluid
parncle to traverse the isobar from the forvard perpendicular
(F.P.) to a point P(x,y,z) on the ship hull in the real ‘space
(RS) is approximately equal to x /U, the linearized estimate
of flow time frovm F.P. to the corresponding point P, (x 10,2 )
in the linearized space (LS), whe:e the flow velocity evaluated

at the point P should apply at the point P(as in Pig. 2)[10].

So
dac = de/U in LS
dt = ds/(U + u(x,y,2z)) =ds/(0 + uolxo,!),zo)) in'RS

2 1/2 ~

for @s = 1 + ( ax T (1+ a?/2)ax

+ 3]

where a = s is the distance along the isobar. "
Hence, the transformation'in' ths x,-direction is

Xy o (%0002 )/U - o /1 "
x =%y 4/ dx, “(4.1)

oo O
F.P. 1 + a/2 o

The transfomtion in the y -direcu.on is the same as that

in the thinship theorys
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x, mix_,z )
+ 1% = ax  (y, =0 (4.2)
F.P.

since the fluid particle should be on the sisobar, the trans-

formation in th;'a z,-direction (refer to (1.11)) is
q .

g oam L

z =2y - = ug(xg,0i2,) (4.3)
N

From the geometrical point of view, the mapping function

(4.1) maps a horizontal straight line on the centerplare

in LS onto a space curve, the isobar along the ship hull,

in RS. The same mapping relation will transform the prescribed 4
valles of velocity components, u, v, and v, (not velocity /
potential as’'in conformal mapping), along.the straight line

to corresponding values at points along the isobar.

so k
ulx,y,z) = ug(xg,0,2) (4.4) i
vix,y,z) = v (x, 0,2 (4.5)

P
wix,y,r2) = W (X ,0,2,) (4.6) &
The wave elevations, ¢(x,y) and §°(xo,y°), are defined !

on the undisturbed free surfaces, z=0 and z =0, in RS and LS ' ,

redBectively. So a mapping function for these two undisturbed

free surfaces has only two components, x = x(x,,¥,) and

¥y = ¥(X,1¥,). The wave elevation in RS can be written as

txy) = Elx(xg v )iy (xg,y)] = ey (4.7) “
o ’
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That means the wave elevation at the point (x,y) in RS is the

same as that at the corresponding point (x_,y ) in LS.
similarly, the hull functions, f(x,2) and £°(x ,2,),

are defined on the centerplanes, y=0 and ¥=0, in RS and LS

respectively. The hull function in RS can be written as

£(x,2) = Elx(x,,2,), 2(x5,2)] = £°(x:2,) (4.8)

‘That means the breadth of the ship hull at point«(x,z) in

RS is the same as that at the corresponding point ~(xo,zo) .

in LS.
.In fact, we can prove that this kind of transformation

may make the solution in LS satisfy the exact kinematic

boundary conditions, (1.1) and (1.2), in ES. .
The exact and linearized kinematic boundary conditions . e

on the free surface, (1.2) and (1.10J, can be written as

; S
[+ BEYEY)y 3T, vy, Bl y)) dg XY EGY)
U * h U 153 ]
(4.9)
and
= (4.10)

Since the mapping function between the two undisturbed free

surfaces is x = x(xo,yq) and y = y(%,,y,) and the vave .
elevations at the corresponding points, (x,y) and (xo.yQ) ' .
§ .
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are the same, equation (4.10) can be written as \

@ ] i /
ax_ 3t 3y 3z . Yo'¥or /
EE-EEy T e

/ 0
Comparing (4.11) and (4.9), we may take

ulx,y,tix,y)) = u (x,,v,,0)

VXY n(xy)) = v (x.v,,0)

v(x.y..;(x,y)) = vo(xc,yo,o)' (4.14)
3 . 3
and equation, (4.9) will become

o+ (4.15)

uolxc,yo.ﬂ)‘ %5_ " Vo (X51¥500) Vo (X50¥5,0)
T = 3x T Gl

Then the mapping function between the two undisturbed free

|

surfaces may be written as 7

dx (4.16)

dx, (4.17) i

If the transformation of the velocity components, (4.12) -

to '(4.14), is idered the on in the z-direction

can be found from (4.10) as




o ¥ ~
or (2o = 0) (4.18) -

From (1.11), (4.12) ard (4.18), the dynamic boundary
condition on the free surface in RS satisfied by this

? transformation is

tx,y) = - %u(x,yyc(x,y)) ) ' (4.‘19‘y
i :
Althouqh{ equation (4:19) is not the exact dynamic)boundary L
condition (see (1.7)),. it is a great improvement.
Sinilarly, ,in order to make the linearized solution
.satisfy the exact kinematic’ boundary condition on the hull
Ysurface in RS, the other set of transformations can be found

as

| x =% (4.20)
Y =¥, (4.21)
[}
) A T (4.22)
wa N

| ulx, £(x,2),2) = ug(x,,0,2,) (4.23)
¢ . vxiE(x,2),2) = v (x,0,20) . (4.24)
] .
{ wix,£lx,2),2) = W, (x,,0,2p) (4.25) '




Comparing 44.20) to (4.25) with {4112) to (4.18), it

can be shown that these two sets of transformation are -
- BES

consistent.” The’ transformation for the whole flow field

can be written as - T
Xy Uy (XY 002,)
I o o 0 o' o d

-~ f

X, u(x,y,Z)
Y=y, A L2 2.0 9. ax,

Xo WG (X01¥oi24)
f\/ooo A

2z, /

z

ulx,y,z) = u,(x,,¥5rz,)
vixyz) = v (X YorZg)

wix,y,2) = Yor2g) .

and c S
o
Llx,y) = 07 (x50¥,) e

£0,2) = 20x,,2))

Since only the ship hull in RS is kn

/xcoo " s

Ly

(4.26)
(4.27) n

‘.
(4.28)
.
(4.29)
(4.30)

.
. (4.31)

4.32
( )'

(4.33)

, the transformation

(4 26) to (4:33), can be i}?tetpreted as a kind of inverse

straamline tracing method which forces the sh‘p hull in RS °

. to be 4 stream surface. But obviously, the velocity componenca

cannot satisfy the conr.inuity equation in RS. (tefe: to,conclusipn)




Now, we assume that only the points.on the centerplane
in IS are considered; ‘that the streamlines can be replaced

by the isobars along the ship hull (recall:the drift-length

,ratio of the ship is small ‘that-the longitudinal shift

Cark be calculated from ‘the F. e and that“the longxtudxnal

»slope of the ship hull is small. Theﬂ the transformatx.on

is found to ‘be, /identical £o that of Guilloton's method, By
(4:1) tol(-PB) e

in our pxoblem, since'. the ship bhull in RS and a specified

J‘*mude unber are given, the "linearizéd hull" cannot.be

found chrectly. However, from ‘the formulas of Guilloton's
i
method the source strength m(x_,z,) in L8 can  be gxpressed
ip temms of the slopes, 4= and ﬁ of the givén "resl hull"
% 3z 4
as . -
mixgizg) | L (x,

o e B

1+6%/2

: ( . T, [
Therefore, the "linearized hull" can be found by the following
itezapive process:- b o, S A :
(1) Assume ‘a, trial value of the source strength for each .
source panel. The' longitudinal local s16pe of the "real
hull” corresponding m__éne centroid of each panel may be
taken as the initial value of the guantity, m/2U, i.e.
initially, the "lincarized hull" is assumed to be the -

same as the given "real hull".
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. . . "ol
(2) calculate the, u,-component velocity (3.26) along aadr—
longt\tudxna,’l straight line on the centerplane in LS.

13) Substitute the calcu.lated u

component velocity into

(4.1) and"(4.3) to find the profile Zi(x,y) of each isobar

in RS correspording co the straight line in LS.

af and, f,\o}che “real hull®

(4) - Calculac

he. 'si'opes i

cnrresponding to the pomts.oh each. isobaz and substit\n:e

them lntO 4. 36)‘ to f:md the ‘hey strength of each ‘panel.*

5y 18 cﬁe new screngch«of each source ganel is the sdme,

. .as the' trlal value, the' alculauon stops.\ o:nemise, “the N

new at};ength of ‘eath gource ‘panel will be taken as the

‘new. trial value and' the calculation repeated.

After the "linearized hull" is' found,’ the flow quantitiés

can be calculated by thé thin ship theory and transformed

to that in RS. The, wave-makmg'ieéi\stance i RS actually
should be calculated by :mf.eq;‘atxng the pressure around the

real hull as (1.6), but 1f we neqlect tﬂe hiqher order tex(

- (as\ below), the wave-) makiyig. resistance of the "lmeanzed '

hull® can be taken as-that of the "real'hull". B oy
. The trdhsgommation of the points on the centerplane’ in
S can by yf;it;en as -

" 2
s ¥o uy(x,,0,2,) /U-a®/2

) =Xo *J\(x ;2 Y :‘. A(xc',lo) =é ——’1—+—uz,‘T—— ﬂx° (4.35)
I
. E
i N il SR NCNLEN (4.36)-




and equation (4.23) to (4.25)

. s " s
According to Bernoulli's equation, the pressure 4t the point
s O
on the real huil is

P(x,£(x,2),2) = - plUu(x, £(x,2),2) + 11— (u24v?4u?) +gz]

Substituting the corresponding linearized quantities into

RHS of (4.37).

P(x,£(x;2),2) = =p{U uj(x,,0,z,) + -é— (ugwgw:)*'g[zc«\(:(xn,zo)]} e

: (4.38)
Expanding the longitudinal slope of the "real hull", £,(x,2),

with respect to the linearized quantities, we can obtain:

g o _¢© - £°
£,(R,2) = £, KorZh+ DA R R (4.39)

axdz = |x, z, -x, z_ |dx dz
o %y 00

T aj14c, +A A C, -C A Paxdz (4.40)
5 2o Xy g 2o Ko 2 0O

S\ghstitutin‘g (4.38), (4.39) and (4.40) into (1.6), the wave-

3 muking'xssintnnae. ©f the real hull can be written as

: 4 +
_— y o
R = -2pU éf “p(xo’o’z_d)fxo(xo’ o) ol

. "
o .

_ . O _o .40
2p é: {U:Ilo(xo,O,ZQ);"QC‘(XU.IOP](Cl‘cfxo Cxofzc)dxodzo (4.41)

+ tesrrsentcricadens

4.37) ’




The first term of (4.41) is the wave-making res‘istance, RO,

of the linearized hull (see (1.13)), and since C(x,,z;) =

e Tuo(xo’z ), we find the second term is zero. Then the
difference in the wave-making resistance’ between the "linearized

hull" and the "real hull" is of the fourth order, i.e.
.

o o 4
R= <200 J1 g0 0,20) £ g0 2g)dxgdz, + O(eh) Aaa2)

For certain nonlinear problems, we may find a
transformation and then transform the linearized solution
£rom the "linearized space" to the "real space”. In this
way; ‘we may obtain a "better” solution. At least the
solution satisfies the field equation and boundary conditions
to the same order. But th’is is not the case for the three-
dimensional steady ship-flow problem. Therefore the solution
obtained from Guilloton's method ¢an only be justified by

comparing the‘cemputed results-with the experimental results.

2.5 Cubic spline curve fitting(ll]

oOrdinarily, the shape of the ship hull is defined by
the hull offsets. In order to find the slopes, Tx and g—g s
of the ship hull, we should £ind the equations of the smooth
ship lines i.e. waterlines and framelines, passing through '
the given ship-offsets. )
, et us consider a single-valued curve with continuous
first and second derivatives passing through the given
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4
points, say (x;,y;), i=1,2,...N. This curve can be divided
into (N-1) segments corresponding to the given (N-1) intervals.

It is assumed that the eguation of each segment is a three-

degree polynomial, for example: the equation of ith segment is:
bt 2 - Y
£, = Ag(x=x)? + 8y (x-x) % ¥ ey (xxy) + Dy (5.1)

¢ ;
lience, there are 4(N-1) unknowns, A, B;, C; and D, 4 i=1,2,...
N-1.- We can find 4(N-1) equation§ from the following conditions
to solve for these 4 (j-1) unknowns:

(a) The curve\shopfd pass—through N given points (N equations)

£ (x;) = y,{,/\ i=1,2,...N-1 . (5.2)
-1 xg) =¥y (5.3)

(b) The curve is continuous, (N-2 equations)
£y (%540 = fi*l(xi+1) i=1,2,...N-2 + (5.4)
(¢) The first derivative of the curve is continuous
(N-2 equations)

£ i=1,2,...N-2 + (5.5)

1 ) = g xg)

(@ The secofd de»ative of the curve is continuous
(N-2 equat/fons) -

{7 (xg40) = £13) (%y4q) 1-1,2:,...N—2 (5.6)

(e) Assume second derivatives of the ends are zero
(2 equations) ¢

ii‘(xl) =0 “ (5.7



£Qlileg) =0 \ (5.8)
i |
¥ " Solving this system of simultaneous equations is very
tedious, after some manipulations, we can obtain the following
formulas:
1 gss .s
ik Win T YiD :
1
S S . '
. By = 5 v¥{ (5.9)
_ My 1 .- »
G % om T e Wit w0
Dy = vy 5
and .
Zlaxy + 0xy)  Bxy <y
Ax, 2(8xy + bx5) dxq Y3
. w -
s by 28xy + bxg) by vi
S, 2(Bxy_o+Axyg ) Yy-.
1 <
|
! " -
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—S(Ayz/sz - 8y /%)) - bk yi
s(Ay3/ij - by,/bx,)

6(dy,/0x, = byy/Bxy)

3 ° (5.10)

| 6 (4¥n-1/B%yoy = B¥yp/y_p) = Axyoy”

where
brg o= kg omxg by = oy oty

¥i© o= £{l(xy) P ¥inq =

" and y'1 = £ (x;)

A special featdre of equation (5.9) is that four
coefficients of arbitrary segment i only_depend on the two
gi‘ven points, (xi‘yi) and (xiﬁl'yi&l)' and the two second
derivatives, y{” and y{{), at given points. Hence, once
equation (5.10) has been solved, the whole curve can be
specified and the slope at any point of the' curve can easily

be calculated.
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CHAPTER 3

COMPUTATIONAL METHOD AND RESULTS

We would like efficient computation and accurate results
not only for wave-making resistance but also for flow

< quantities around the "real hull". , The major differences in

- the computational scheme used frcl}l’ that of others were firstly
using the source strength as the %onverqenée criterion for
dinding the "linearized hull" and secondly using ‘the.cubic
spline function for fitting the given ship-offsets. The
computer programs were set up, ~taking into consideration
the symmetric and antisymmetric properties of the element
aisturbance velocity components induced by the source panels.
The whole computational scheme can be separated into two parts. =
One is to compute the dxstutbancﬂ velocity components, ug(x.,0,z,)
and wo(x ,z ). xnduced by the source panels with umt"
strength, and the other is to find the source strength in LS ‘
ax mentioned dn section 3.4

For the technigues used in computing the f’irst part, we
assume that the area of the centerplane of the "linearized
hull" is the same as that of the "real hull". The centerplane

is divided into 200 rectangular source panels (twenty-one stations

including F.P. and A.P., and eleven waterlines including the
base line and design waterline). The centroid of each panel
is chosen as the control point (field point), so that there

are 40,000 ,elemental disturbance velocities to be calculated,




’

i.e. the ®lemental disturbance velocity of each source panel
with respect to each control point. It is a very tedious work.
But as mentioned before, we can take advantage of symmetric
and antisymmetric properties and the Heaviside function in the
formulas of the elemental disturbance velocity components to
reduce the laborious work considerably. For example: there
are four source panels, A,B,C, and D in longitudinal direction

such as

The corresponding control points are 1,2,3 and 4 respectively.
There are 16 elemental disturbance velocibies to be calculated.
From (3.5), (3.7), (3.14) and (3.21), we know the elemental
disturbance velocity of u-component includes two parts, one

is the symmetric part, u, = uj + u,, and the other is the free wave

part, ug = uj. So in this example, the 16 elemental disturbance

velocities of u-components can be written as:

. 3
u(I,J) = ug(I,J) + ugl1,d) -I=A,B,C, and D, J=1,2,3 and 4

since u, is symmetric and the area of each source panel is

the same, we have:

ug (A1) = u (B,2) = ug(C,3) = u (D,4)

us(A,2) - us(BJl = u (C,4) = us(B'1) L us(G,Z) - US(D,3)
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ug(A,3) = ug(B,d) = ug(C,1) = ug (D,2)

and u (A 4) = u (D,1) ®
-
<y )

us(D,M 111 be

Hence, only us(A,4), uslB,U: ug(C,4) and
e source

calculated. If the control point is in front o

panel, the free wave part, ug, has mo contribution. We also

have :
ug(B,1) = ug(C,2) = ug(D,3) = ug(C,1) = ug(p,2) = ug(D,1) = 0

i

and similarly ' . N

uf(l\,l) = uf(B,Zl - uflC,S) = uf-(D,li)

uf(A,Z) = uf(B,Ji = uf(C,Q)

uf(A,]) - uf(B,M

7 o

only uf(g,n), ug(B,4), ug(C,4) and ug(D,4) will be calculated!
From (3.6), (3.8) and (3.20), w, + w, has the antisymmetric -
property, and the same technique can be used to calculate the
elemental disturbance velocity of w-component. Thus only the -
elemental disturbance velocities of each panel:with respect
to the last control point have to be calculated. In the case .

3 \ °
of 200 panels with 200 control points, the number of calculations

will be reduced from 40,000 to 2,000.




In the second part of the computational scheme, we first
‘find the second derivatives, 1212 and a_z% at each intersecting
point of waterlines and —_— thusathe Goefficients of each
segmeit function can be calculated. Then the y-coordinate and
the first derivatives, Y ana 3, at any point on the ship
hull can be obtained by interpolation. If the ship hull is
smooth, we can generate the ship lines very accurately with
this method. The mumber of iterations for finding the
"Linearized hyll" depends on the value of the Froude mumber ana
the shape ‘of th‘e ship hull. To save computer time, we can
use the "linearized hull® of a Yower Froude number as the trial
value for a higher Froude number. Generally, the number of.
iterations is between 40 and 60 for the conveggence criterion
1x 1070 i

Two models have been selected for computation: Wigley model
3012, a mathematical hull form, and Series 60 block 60, a
conventional merciant ‘ehitp fuils The geouatride of the modeis
are given as follows: ’

(1) Wigley model 3012
B/L =-0.1, H/L = 0.0625, Cy = 0.444, Cpp = 0.667

Cx = 0.667, Cg = 0.661 and L/LPP = 1.000 (where L=LWL)

The hull surface'is defined by
-

2x,2 z_,2
-4 a-Eh
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. .
(2) series 60 block 60 . v
B/Lpp = 0.1333, H/Lpp = 0.0533, Cp= 0.600, Cpp = 0.614
C, = 0.977, C_=0.710 and L/Ly = 1.0167 (vhere L = LiL)

he ship=ofisets are i table 1, -tisiBov ud: starn, coneours

and lines are shown in Fig. 3 and Fig. 4.

~, The computed results of the wave-making resistance, wave
profile, isobars and flow directions along the ship hull

are shown in Fig. 5 to Fig. 2. The wave resistance and wave
profile curves are plotted over the.experimental curvés from
reference [12] §or comparison.

Generally speaking, Guilloton's method gives very good
results which are close to the experimental results for qué
number from 0.25 to 0.35 approximately. Especially) in the
wave rasistanc‘e curves, there are no large humps and'h‘z?uous
which usually exist in Michell's resistance curve (see Fig. 5
and Fig. 12). . Unfortunately, there are no experimental
results to compare with the caléulated iscbars and flow
directions, but from the te:xdency of the isobars and flow

directions, it appelrs in the correct sense because at the

free surface the streamline and isobar coincide, below the free

surface, the stréamlines have a stronger tendency to go down
near the bow and come up near'the stern as in -[13].. Comparing .

with series’60 block 60, Wigley model 3012 has smaller "breadth"

ol \




Ny & *

and simpler qaumetrical shape, the variattion of its isobars

and flow directions are smaller, especially around the
In the last two figures, Fig. 22 and Fig. 23, the
wave—making resistance of Wigley hull and Series 60 by

o}
method are compared with the results obtained by other

v
stern.
calculated

Guilloton's

reseaxchers.

Te computational method developed in this thesis has demonstrated

its effectiveness and the computed resul

with that of others, even showing some i

[:s are. quite &onsistent

provement! The
i

s |
deviations may be due to different numerical techniques’ for
,

computation, such as the mmber'of source panéls, the method

of durve fitting, the convergence criteribn, etc.’

e VS USROS




CHAPTER 4

DISCUSSION AND CONCLUDING REMARKS
. ~ .

The main purpose of this thesis is to account for some
nonlinear $ffects of steady ship-flow problem by Guilloton's
transformation. Although there is no rigorously thebretical
backg}ound for Guilloton's method, the computed results have
shown that the prediction of the ship flow for a certain Froude
number range is very good. In the range of Froud’e\;mmbers,
xouqm}- between 0.25 and 0.35, we may infer that just,
considering the flow in the vicinity of the ship hull, it
could be more important to satisfy the hull and free
surface "boundary Gonivttons tHan e field equation. The
nonlinear effects included in GuilloPon's method are to reduce,
the oscillatory behaviour of the wave resistancé curve based
on the thin ship theory and to shift the phase of the wave
elevation along the ship hull as that of gther higher order
theories. [14]. From the definition of the fluid domain in the
steady ship-flow problem, Guilloton's method seems more reasonable

. than the thin ship theory, since the domain is defined below
the'"disturbed” free surface and out of the interior region
of the ship. Another feature of Guilloton's method is, to .

correct the paradox of the thin ship theory which unpues ‘that .

the wave resistance’ is the same no matter which direction the
ship ‘moves, bow or stern ahead. But due to the results of the

tr ion, the king resi for these two cases,

will be different. * { ! Y
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The reasons why the calculated results do not match the
experimental results at high Froude number may be due to:

(a)" The sinkage and trim are not considered by Guilloton's

method. ; ' E

(b) The isobars calculited by equatxm (4.3) are no longer
correct. v

(c) The thin ship theory may not apply to the linearized hull
. : g

gsince’the distortion of hull geometry is too excessive.

(d) . It cdn be erroneous for the linearized solution to satisfy

the field equation in R$.

For a ship with a flat bottom, such ag Séries 60'block 60,

the bottom part of thes hun can not be des&ribed by the hull

. equa*;lOn, y =tf (x,z] . so that the .calculated flow hear the

bor,;cm can not. exactly correspond ‘to the real flow, even

though good resnlts for wave—making fresis:snce are obtained.

The calculated flow pased on the tAn ship theory or ﬁullloton s

method .may not be good enough tc form the starting pmnt of the,

boundary layer' calculation for ship ! hulls.
It appears that Guilloton's fethod for solving ‘the stgady’

ship-flow probldm has m}my disadvénta’éesa ' The difficulties of -

the flow p:eblemi still can not-totally be resolved. However,

comparing with bther sophisticated methods, for example:

higher order choezy, finite elen\ant netliod and finite difference

method, we may say thnt Guilloton's method is one of the simplest

Y
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COORDINATE SYSTEM

FP. AP.
XN Wz Translating coordinate system with x in the opposit€ direction tothe ship’s for-
‘ward motion, z vertically upward, and the origin.at the intersection of the planes
of the undisturbed free-surface and the midship section.®

y,2  Coordinate sysiem fixed in ship and coinciding with the x-y-z system.

*Midship section is, by definition, a1 the midpoint between perpendiculars.

- - 4 “

FIGURE 1 . ‘
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GEOMETRY OF* GUILLOTON’S TRANSFORMATION

v
A ~
WATERLINE OF LINEARIZED HULL Zs R
Yo
Xeo
\
|
|
. v %
'WAVE ELEVATION OR ISOBAR ALONG REAL HULL s
; \’\ CSPACE £URVE> z " : H
° . v
. >/
4 1
X
i
‘ / i
. FP . d:j ) i
: i
Alxy,z0) o
80z ¢ Displacements of Guilloton's transformation i
‘ -] in X5=r Yoo and E direction, respectively.
L C(x 'z)

FIGURE 2




51 ° - i
TABLE ! — TABLE OF OFFSETS

SERIES 60, Cp = 0.60
(FROM TODD, 1953)

Half breadths of waterline given us fraction of maximum beam on each waterline

Model = 4210W

W.L. 1.00,is the designed load waterline

Sta. Tan.
FP 0.000
% 0.003
1 0013’
1% 0.019
2 7 0024
3 7 005 -
4 0.134
5 0.275
6 0.469
7 0.666
8 0.831
L] 084

10 1.000

n 0.985

12 0.882

13 0.767

4 0.62

15 0.453

16 -+ -0.308

7 0.168

18 0.085

8% 0.0%

19 0.014

18% 0.010
AP 0.000

Mex half’ 0710
eam®

Forebody prismatic eoefficient = 0.581
Afterbody prismatic toefficient = 0.646
Total prismatic cosfficient = 0.614

Area as
fraction

0.075

0.000
0.02
0.084
0.085
0.1z
0.1%5
0314
0.455
0.630
0.778
0.898
0.954
1.000
0.882
0522
0.825
0701
0.550
0.413
0287
0as2
0.102
0.058
0.020
0.000
0.865

of max.
- ares to
025 050 075 100 125 150/ LOOW.L
0000 40000 0000 0000 - 0.020 0.042  0.000
0042 0041 0043 0051 0076 0320  0.042
0082 0087 0030 0102 033 0.9  0.085
0125 0141 0148 060 0185 0.278 033
0178 0204 0213 0228 0270 0380 0182 -
0294 034 0358 0391 0.490 0531 033
0.436 0.502 0.525 0.562 0.607 0.583 0475
0589 0660 0691 0718 0754 0.804 0530
073 0.802 0.824 0.841 0.862 0.888 o
0.854 0.905 0.817 0.828 0.835 0.546 0.880
0.935 0.871 0.877 0.978 0.381 0.s82 0.855
0.973 ,0.298 1.000 1.000 1.000 1.000 0.230
1000  1.000- 1000 1000 1000 1.000  1.000
05% T000 1000 1000  1.000 ' 1.000 .85
0958 099 1000 1000 1.000 .00 0877
0832 0982 0987 0994 0297 1000 0338
0781 0884 0343 0375 030 0.9 0883
0638 0754 0857 0337 0877 0.2%¢ --0750
0.483 0.582 0.728 0.e57 0.833 0.875 0.609
0.330 0.413 0.541 0.725 0.844 0.824 0.445
013 023 0321 os3% o7 o0E% o0z
\.130 0.156 0.216 0.425 0.626 _0.759 0.137.
)076 0085 © 0116 0308 0530 0.685 0,108
0.020 0.022 0.033 0.183 0.478 0.573 0.040.
0000 0000 0000 0082 0270 0420 0.004
0985 1000 1000 1000 1.000 1.000 !

(1
*As fraction of maximum load waterline beam.

' .
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§ . T APPENDIX + COMPUTER PROGWAM

A TILE OF THE THESIS + . - £ :
ANALYSIS OF SHIP FLOW mmmmm{ﬂnﬁmﬂ“'!
METHOD AND SPLINE FUNCT! ¥

FUNCTION: THIS PROBRAM wnnurmlwmuuﬂmﬂ -
VAVE PROFILES FROM uvmwmamn: FROWE . * . 3.
MIBERS BY THIN SHIP THERY AND SUTLLOTON'S METHOD. @ =

-~
NAVE_RESISTANCE COEF rxﬁn 0. EHRHOWUNUNNS)
IORDTHENSTOAL WAVE ELEviTIon 19 Eu-zu/awzuu) . .
ETAC29,ETA1 (203, FIL 1(4),SMC28, 123, SM1(20, 18)
. “coMON /A7 O ol NK2. N K2 NZ2, X, T, X2, 21 0, ¥Eeam ety g
o 1,XK, WS, X3, XE \
COMMON /807 NFN, FN(20> " &
COMON /8C/ DFY(22,203, XA(22D , ZAC20), YX2€22, 20, Y22C22,20) . O

enoonnenaano

14 . m: », /ENTER OUTPUT DAWLE RAKEY - * 3 >
i “1,FILY . .
' e F&m‘rum . B 4 .
. "CALL ASSIGNC2, FIL1) £ iy

CALL INPUT . Ca
CALL POINT . . u

c TYPE ®, ‘POINT, FINISHED/ B - i i ¢
CALL CURFITCSMD -

:uunuf T, T, Bm‘.B,’ o= W81
/mmmlﬂmmm' T

n%ns: * \-

\mrrm.-) cnd,.» 1,18 ! T

> e YU a  w

ae

' s $2(TX, JI=SHCTT, W

i CALL RATONCSNI) R
CALL. KICHCSM, CW.» i

ALL. KICHCSM1, CVID P

ALL WAVECSM, 81, ETA,ETAID
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wmh-r:‘:u.w.m,m.m:
>

2, "
m(!,l) ;me: smnkm BY SUILLOTON METHOD. FER FN=/,FR

« WRTTEC2,
50 3 It~

2w .
WRITEC2,w) ‘O 1 WAVE

BY T
m(‘.”"ﬂ\ﬂ 1.NAVE mrmz um BY

vu'm,

FORMAT : N
uu'mz,-: “MAVE PROFILE FOR ﬂ’-’.!‘l

™) ¢ ¢
bouu-nou

WRITEC2,%)  /

" WRITEC2,w) ‘ETA MAVE PROFILE IV“MDI SHIP THOERY’
WRITEC2, %) ‘ETAl 1 WAVE PROFILE BY GUILLOTON METHOD/ v.

" ’X/L".XC(\D,

‘FR-’.FR.’( no-' o,

m‘? l) C8MICIT, D, J=1, N21>

CHI-’ CVI

ErA—'.nA(u'z) ‘

ETA1=!, ETA1CD
s 2

[ 4

PN

18 CONTINUE

2 .u—m~..“_‘

. XKD, W8, XS, XE

i T XL/ Q=15
SIAT/CE=1>
DO 18 T=1,RX

XCDIm—1 , 48N CE-1
IFCI.E0.NK> 60 1010 o .
XCCII=-| +8%Xn(T-3.5)

20 I=1,NZ
Z¢D=-T- (~1)
IFCI.EQ

204

cx)—i.qn;-zfsﬁ :

2o o
T A ' SUBROUTDNE: DPUT iy

_w

o COMMON_/A/ Nx.nxi N2, NZ, N2 NZ2. n.,‘r.i(zn.mn.mm).m

e

FUNCTION: THIS SUBROUTINE.READS INPUT DATA ﬂllm DATAFILE

* 1,XX8,W8, X8, XE

78\ NN, |
788/

Wgﬂ‘.i!’.lﬂ'(ﬁ) *
3 N

DIMENGTON FILEC4) % S .
W&M,ml:mh,ﬂl.m;”,x(!l 2,Z¢11),XeC20),7¢C18)
S, = .




3 & .

READCI, %3 NFI s

READC1, > (rm.n o1, NEND® . B
READG1,#> XLL,B, TD, W81 =
EeXLL/2. : €

WS=US1/CSCALENSCALED P

T=TDw2./4.L

READC1, w> NST > * +

DO 18 I=1,NST . i
Rﬂb(l.!) W’XCD,W(? . B

N1=NOF CI.

Do 28 o-l H1 ‘ A
READCI, %) OFZCI, W, WY(I 2 a
OFZCT, J)=COFZCT, JO~TDIN2. /XLL .
OFYCI, JD=OFY(T, Jdw2. /XLL .~

CONTINUE i .

CONTIMUE |
CALL CLOSECI) * » #
RETURN . b .

SUBROUTINE CURFITCSH)
DIMENSTON 8(29, 18) s &
FILECO. X280, YC28), Y2025 .
YXX(25, YX(22, 20, OFY<2E,
COMONGA N, (2N . T T k21,2611, XC€28),2CC10)
1
ST, 0XC26, 02¢28, 28, 0YC26, 203, NC26), CC26)
COMHON OFY V22, 985, XACD), A2, PX2Ci2, 29, YE2c22, 200 W
uzz-n:; -
oCehoE N R
NZZoZ2 ;
AfmXL . o
TisT
cALL mrou. 1N, N>

XXCH=IZCL > - C s
YYCH=OYCT, 0> ) »

. CONTINE -
& wucml,xx.w Y2) !
L mmrcn..m ZA N1 XK, YY, Y2, Y500

DO 68 U=1, s .
OFYCI,. u>-vxxm .
CONTINUE

coNTIvE: !

CALL CUBTCICHST. OX, Y. Y23

“CALL 'INTRPCID, N2, XA, NST, OX, YY, Y2, VX0 5

DO 69 Tel,N¥2 i/
OFYYCTL oKD

CONTINUE




CONTINUE -
CALL CUBICHCNX2, XK, YY, Y2) - 2 3
ID=2

CALL INTRPEID, NX2, XX, NX2, XX, YY, Y2, Y)XK)
DO 118 Jat, N2
VX, DOOXCU .
= 118 CONTINE : 5
%) SME ‘ E

y - 00 130 Jui,iZ2

IFC. l:.mm.a LE 6> 80 70 138 o 2
i . IFCJ.E0.7) 60 T 3
Tz % 10 150 1

it D
MC!I,JJ)-&.-YXU.J)
CONTINUE .

|, Nz2 ! .
XXCD=ZA . ®

‘SUBROUTINE INTRPCID, N2, ZA, N1, XX, YY, Y2, 0UT.
DIMENSION ZAO!)JOKHD.W(NIS Yﬂml, MW}
IMENSION H(C26),HY(20), AC20),B(26),CC20),D¢28)  * f

% HOZDRKCIT#12-) ;
Y et ¢

DO 70 II=1,N , :

‘ A(m-tvzmon-vmm/cs DS P

. . *BCII>=0, BaY2CTT) ,’ #

\ DA LI MEEI>-HCITINCY2CH e 1392, WYECTTYS/S)
. DUD=YYID

\ 79, CONTIMUE '
| Bo ety -
| lp 7. TG
! \» | 52 o, iet
il I0CEL. 9.0 MO TZILE.X0KCUe13) 0 TO 30

. CONTINUE




L

DELwZZ- XX
IFCID.EQ. I) M
IFCID. ?2.7 OUTCIICCS. BACUIIMDEL +2, BB CUDIDELHCCU) -

sl.lnwm: mm.,v.m
COHHON /8C/ orwm.m.)«m.zm; YX2(22,20), Y22€22,28)

3
82«1/ (NZ2-18) @
DO 18 Tmi, N2 . 5
-1 . P
IFCI.EQ. 1) ¥CDD=1.8
IFCT.EQ.NX2) XCId=1.8
IFCINE.1.AND.T.NE.NK2) XCID=-1,48Xw(U-8.5)
CONTINUE g
ZC1om-T »

SUBROUTINE GULTONCEHI> ’

oo

FUNCTION: THIS SUBROUTINE COMPUTES NEW SOURCE STRENGTH BY
QULLOTON‘S METHOD,

bEMO! FLLECE, 8112, 103
COMMON /A/ NX, NX| 2 NZ1NZ2, X0, T, XC213,2C11), XCC20), ZCC1R)
1,Xx8, W8, X8, XE

COMiON /27 UTC20, u,m.u.m. .1 ¥ . »
COMON 78/ 8038, 1a5:81 €50, S350, 18, U1C20, 185

COMMON /8C/ m‘!ﬂ,!.’.”‘m ZAC2O), YX2(22, 20), YZ2(22, 280

COMHON /, !Fl.
l.ﬂ\'.” X2

: N n&a xy(imn.z&n.:p:w.mnu .

PP




i
|
1
{
1

B . ]

unim 7T/ UTC23, 18, 180, ULC28, 18, 18D

IFQI.LE. QD UCTT, J=UTCISL, W, I ’
IFCIIL.! D=L T8, WL I

| . . JUTCJ, XX, IUCTE, AINSH CIT, )
- CONTINE

CONTINE
0o
SUBROUTINE TRANCIR, ID. /
DINENSION Y280, :mm;.vutzu_mu ww.mms mm)
DIMENSION YZ1(28), X! 120, 2%¢28, | =4
CIRGEN 7A/ H 0 21N T RC215, 26TTS; xbE0>, zec10)
' 1,XK8, 1‘,#,!

/8/ 8(28, 18,8128, 18>,82¢28, 18), UIC29, 1!
s FICAL, C1DC1.#A1)/BARTCICINCE)
=)

- CONTINE i l
50 48 J=1, N1 ‘
Yo} €, 1372, D
/%8 =
s 2040, T " -
: canme

JHCALCIDX, Y,
uu. mm.em ﬂl X, 20
<, X)

W--hl

CALL XHCAL CIDX, Y, UPY v
DO 69 U=, NX)

Yo,
81¢, D)
CONTIME
¢« DO 78 el NI
YOD=82¢0, 1

1 CUD=UPCUIRYZ T CUD/KR)

ot



118
100

COMMON /A/ X, NX1, N2, NZ, N2 NZ2,

CXmABECS2CU, 1/61€J, 331 .3
IFCCX. 0T EMAXY EMAX=CX
IFCCX.OT. 1, E=4) IR=1

820, 1D=81¢J, 1>

CONTINUE

TYPE o, /ERRHAR= , EMAX
IFCIR.EQ. 1) 60 TO 188 .° -
WRITEC2,#) * ¢ . ] §

(~COOR. *
'nmcz.-: oonu,n,.m uxl:

cz,-: *Z~COOR. . LN
m&.-)mw,n,-x-l N1

X€21),2€11,XCC20), 7C¢18>
1,XX0, U8, X8, XE
/8C/

0FYC22,20), XX(22), ZZC20), YX2(22, 200, Y22(22, 280
DG 38 Tm1,NXI.
XI0MC)

Y12%2C38), 03
HYeY2- A
mgmm\ ity
a«mn-m-mzon WY12)/8, - "
n‘l!tmtwumxmw

& CUBICI 2, T2, YT, YT2) o
E el mn 3 i
T MO TLLE TN w0 1. \\




Mmdﬁ!u‘»l“ LD

a—mnm-wuanoe wYT2CT803/8.

VZI‘I)-“S MAYRDELZ+2 . sBOMDELZeC
NZ2-1

a: W ZZGUD . AND, ZLLE. Z2(Us12) 80 TO li.
CONTINUE
rm ST ZZ0@2)) ez
(NZ2)) DEL2#72 (NZ2)-T2(NZ2-1>
) YXICI=1 . E~10

€1
nrm LT.ZZC13) 80 TO 38
162 DELZZI-TZCY> .

.28 i . . '

mdfzcr!v-zzam
Y2=OrYC, TELD
VIMW.BD

YeeYZ2¢J, IE |
V!II'YRGJ,III!
HY=Y2-Y} :
ARCY22-Y125/¢0.WH1D
B0, 5|
:«ml-m-m.mzm.

3 .
YT (U CCARDELZI+BIRDEL Z+CIwDELZ+D ']

I

OHY/H-HeCYTZCTES V2. WYT2CTR03/8. 3

DAYTCI8)

VX CIInCCE, WAIROELY0R , NOONDELYC
CONTINGE .

()
{
Y
. /' LI
. -
-
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oo

o
‘SUBROUTINE XMCALCIDX,Y, XM
DDENSTIN HE20>, ooy, YCo03, 26203, 021>
NX,N1,N2,NZ, NZI,N22, XL, T, X1€212,Z1C11),XC2@), 2C18) ¥
=3
'
.
3

HCII=XCT13-X€D) ¢

RYCD=YCTI-YCD /

INE 7
CALL CUBICICN
sl-HV(I)/Hu:—N(I)-:Vzcz)oe wY201)/8.
DHeXC1 X§ ® .
DH1=XC 1 I#XC1)~XS!
IFCIDX.NE.@) m(n-m-om/z +CYCI-S1uXC12InDH
o0 20 T2.Ni

A-‘YZ(II—I)—VZ(II))/(C *HCI12)

B=d,5#Y2CT1>

CW(!U/N(IiH(II)-CVZ(I]oI)02 wY2(I112/8.

HI'H(II) 2 2

IFCIDX.E0.8) XNCI1I=C

IFCIDX.NE. 8 XNCI)=XMCI1)+CCCCA/4. )lﬂl‘l/! JeH1+C/2, dnHl
1+0)wHl
CONTINUE

OHE- XXM

1A DH+2 . B wDH+C .

IF(IDX £0.9) n«m)-sz
DH1I=XEwXE=XCN1 D

WXCNI
IFCIDX. NE.O) m:»l:-}m(m»sz-wvz +CYCNI)-S2wXN1 D28DH
RETURN

SUBROUTINE INOU2

COMMON. /Al NX, NX1,NX2,NZ,NZI NZ2, XL, T, X(ZD.Z(H),XC‘&) 219> .
1,XK9, WS, X8, XE

COMMON. /I:/ UY(M.W.IB) UL(28, 18, 18>

)/ VI€29, 10),V2(28, 193, V3¢20, 10)

00 38 IIni,NXI
ULCIT, W, LDaVICIX, Jud+¥2CTT, WD N |
VTG, W, LO-LCIT, W, LI*VACTL, &) . .
CONTINUE .
CONTINGE %
RETUR - i
* ’
ern: NICHCSS, CU> -

a0

mm:m-mmmwmmunmmnuwr, i

DIMENSION 8829, 18)
COMMON /A/ NX, NX

NZNZI,NZ2, XL, T, XC21), €115, X0¢20),26¢1@> ¢ :
Ky 3 s




RT=CREWPE+QS0S)wF | gF | oF

1,XKB, WS, XS, XE
COMMON /SM/ SMC28, 18)
EXTERNAL RT
DO 1 Tef,NX
0o 1

1 «
St

M(I,J)-GS(I.J)

ST=8.8 N

m-u‘usus 14167180,

CALL SINPSNCST,EN,RT,VAL)

COm2, /CUSH3. 141 BHXKBHXKE)
CW=VALWCC
RETURN

FUN
1,XK8, N8, XS,
COMMON /5M/ smaa, 18
F1=COSCTHET,
BeXKB/F1
D=EXP/
DO 18 I=1,NZL
KeZ{+1-T
" TmAWZCK)
DI=EXPCT)
ZHCKI=D-DI
D=D{

CONTINUE
X=X CNXO B
D=SIN

el NX ¥ o
m»mm-mcx:
0905+ TENPCTIWYHCID

00 v

SUBROUTINE WAVECSM, SM| I,z!TA,EI'Al)
DINENSION, Uc28, 19D,

, COMMON /A7 N,

RTCTHETAY v
XH(28), YHC28), ZHC10), TEMPC20)
COMMON /A/ m(.le 1088, M2 N1 22 . T RORLY, 201 13, XECRMD, 2003

.28, €28, 19),
NZ,|

A Alla);."m 9.
.m.u..r,mu z(m.xcm ZC<H
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1,XK8, WS,

XS,
/D/ Vl(23. 18),v2¢28, 12>, V3(20, 102

CALL SUI KX, YY, 22>

SU2CXX, YY, 22)
cALL SUSCXX, YY, 22>
0o 12 I-I HXI

DO 18 U=

VKI..J)WKL D+V2CT, 93
'VSCT, Jd=V1 €L, JI+VSCT, U) .

38 el NZI
TFCITLE.J) UCIT, BD=V3CIS1, )
TECIT.OT.J) UCTT, Jd=-V1CIS2, b

CONTINUE
0o u n-l ml

EI‘AN)-EI'A(J»(K!I JUINSHCIT, Ji>

DO 5@ Imi,

NXE
- ETACTY=2. sETACT).
CONTINUE
DO 128 Jr1,NX1

ETAICUI=0.0

© DO 138 II=1,NX1

=K 1-JoIT .
Iszeied
DO 188

IF(ZI LE J) UCII, JD=VSCISI, b))

TFCIT. 67,03 UCTT, dd=V1 €182, 3>

CONTINUE
D0 148 II=t,NX1
0o

U=1,NZ(
EYM CU=ETAT CUI+UCTT, SUIHSHI CIT, S

em«'rnu:
'DO 158" T=1

L NX1
ETAI CIIm-2. #ETAICI>
CONTINUE

RETURN

SUBROUTINE
COMMON /A/ NX,NX1.| NX2 NZ Nz NZ2, XL, T,X¢21), Z(ll) XC(20),2C<18)

SUICXX, Y,

.XKO.IO!.X!.X!

COMNON /D/
COMNON /F/.

vica, 1 . V320, 18)
Fe2l, 1 |)

=)
LFLE

CALL WI(XX.V.ZZ.XI 21, XK0,F1)>

FCIJ)eF| ot
INVE




S SR,

T T B e o MY

g e e

. §Tm@

CC=1./C4.%3.1418)

v
PoF (T, J14F (T, UD-FCLL J1D-F I, 0
Wi €T, J3mPrce

CONTINGE

RETURN

0o .

SUBROUTINE COEF1CXX,Y,2Z,X1,Z1,XK8,F1)

DOUBLE PRECISION RI,R2,F1,D1,D2,
PRE i.ci.c2

chl:l EQ.8.8) Ci=—1.E~4

IFCC2.EQ.0.8) C2m-|.E—4
XY-DXI-DX‘-V.Y
RI=SORTCXY+C1nC1d

R2=SORT (XY CZDCZ). 3
IFCXY.LE.1.E-18) F1=DLOSCABSCC2)/ABS(CID)
Di=Ci+R1

D2=C2+R2 ~
IFCXY,GT.1.E-18) F1=DLOGDI/D2)
RETURN 8

84

1

SUBROUTINE SU2(XX,Y,ZZ) b
COMMON /A/ NX, NX1,NX2, NZ,NZ1,NZ2, XL, T, XC213,Z¢11), XC¢29),2CC18)

1,XK8, WS, X5,
)/ V1€28, l) Vacze, 18, Vsc2e, 18>

», g, Imf,T
X1=XCI)
CALL COEFOXX, Y, ZZ,X1,Z1,XK0,F1>
FCT,0=F1

Com=1./C4.03. 141603, 1416
00 30 J=1.NZi
J

DO 38 Imi,NXI
Ti=Te
QuFCI1, 1D CT, DL, JIO-F T, »
V2CT, J)=0nCC

RETURN

END

GEI-'OO( Y,Z2,X1,Z1,XK8,F1>
n:mmsmw SF1C9), SF2(3)
mmm VAN XK.D)(I ¢

I:XI -XX-XI
Cl=zzez|
Y=y .
XKaXKD

1
3
i




SRRV,

70

D1=CEN-STI/NI

“ D0 18 =1 8
SF1CUO=8.8

CONTINUE

D028 I=i NIt
THETA=ST+DIWCI-1> o
CALL CONCTHETA,F)

© II-L/2w2

IFCI.EQ.1.0R.I.EQ.NI+1) ICal *
IC=2

IF(II Eﬂ I)
I.AND.X,NE.1.AND.I.NE.NI+1) ICa3
SFI(IC!*FI(IW 4

CONTINUE
FSUMI=CSF 1 C1)+4,uSF1 (2)+2 . #SF1¢3)IuD1/3.
FSUM2=FSUNT

Ireree.en:> &0 To 110
= -
KeKe1 <
SF2C1)=6F1¢1)
SF203)=8F | (2)45F 1<)
nz-m/z r
% 7e :|:-|
m»nz-cz-x—n
AL COMCTHETA,F>
rorelhe
CONTIME - %
FSUM2CSF2(1)+4, 1SF2(2)+2. 1SF2(3))002/3.
IFCESMILE0.8.0) i
CFSUMI |NE.0.8) CXF=ABSCFSUM/FSUMI-1.)
n‘zw LE.1.E-9) BQT0 118
rSmiFsae

DO 189 J=|,:
. SF1 (.J)-sﬂzcd!
CONTINUE

Ni=2, N2 3
D1=D: hd
IFCK.GT.7) 80 TO 110
80 10 45
]
RETURN
INE COMCTHETA, YF)
DIMENSION BC2) , . o
COMMON /A1/ Y, XK, DX1,C1"
T=TANCTHETAY




FSmXTwXT+YTuYT
BS=XT+8. mxruxm B2uYTRYT

IF¢ 1.40.32.67.0.> CAL aTwOm, T VAL, VALE
. IFCFSILE.1.0R:8S.LE.0.) CALL SCOMCKT, VT,VAL,VALD>
/ YFi=2. uvunwecm-cwmdsm)
YE=YF4YF
3 28 CONTINE 4
IFCIS.E0. 1) YF=2.aYF
RETRN |
- B e .
iy SIHPCTCI 81, VALR, VALT .

DIMENSION sus).secs) 31655, S5€3), Cxez2d

Ni=20

Dles. e/

. %' 1,3 .
SICI=a.8" t @ -
N SAICII=2.8 =

CONTINUE

DO 20" T=1,Ni+l
| ALPHA=DIWCI=1)
. IFCLEDNiw1> ALPHA=e0. oo6es, 1416180, j -

< T=TANG ey
ALPHAY r

P geteret
XTI =EXPC=T2/CCSMCS> %
XIR=A1XI1 3 s

KII=TBIwXT| .
XI24CA1#A1 >+CTBINTB1>
| VERKIR/XT2
i V81 =XTI/XT2
IIaI/202
i IFCI.EQ.1.0R.1.EQ.N1+1) TC={
{ IFCIT.EQ.D
; o~ IFCIT,NE.T.AND.T.NE. | . AND.T.NE.NI+1) TC=8
i © S1CICI=S1CICO! i
SAICICI=SAICTOI+VS1 &

T8I C15+4, MG1(2)42., KS1(3)IND1/3,
i VALRCOM €13k naA1 2305 A1 (3290173,
Kot

! $2¢1)=81¢1>
- 5209)=81¢2>+81¢3)
8A2C1 D"

"] : SA2¢ID=BA1 C2)+SA1(I).
Ne=N1 v

: AI=T+TCI 1
i bl -eot—7>/¢ee-m” ; .

. x:m-n g
L ) m-m-u»mu i
VE=XIR/XI2




:
i
i

i
\
i

~

] IvE 3 .
/“3'3'-::«- 304.852(2+2, #S2(2)IND2/S.
W w8A2(2:

IFCVALI.EQ.8.8) QUK Id=0..

DimD2
IFCK.6T. 12 60 TO 118
80 TO 48 .

VALR=VAL2 Y oae
VALI=VAZ

‘s1-od|.x:u.nlw m;-zl

u
1|-cm—‘»)-x|-< 25/ OMNeXN)

X1=ABSCXTY N
Vw43, 5772167-ALOGCX 1 >=X1
038 =2, 1600 )

XN=FLOATCI) s
X ICN=1 I8 | ABSCXT)/CONND
VNeVN-X1 PRPSES

ARL=REALCYND

3
,I.E.l!-‘)m)
LEESY O TO 188 1
; 4 3
\

oy




-
30

“SUBROUTINE SUS!

COMMON /A/ NX. | nou nxz,nz,vm mn,r.xan,zcu) Xecze), zect
1,XK8, NS, v
COMMON IB/ Vl(!’ Il) VZCa m,vs(a, 0" . e

\COMNON. /F/ FC21,
ummmzwxxmmn y "y . e

.

00 10 T=f,NX ¥
TYPE w, ‘8US ~ Jm?,4,*  Im’
Xy=xerd .

DX 1mXX-X1" S i -
C1=2z4z1 . ¢
IFCABSCCI.LE. 1. sdu m—l E=S .
IFCABSCY.GT.

= . i
'uo?xnou ' A +!

PeFCII,. Jl)«x .n-ﬂL.m—rul o N 2
vaa, .

SUBROUTINE DTk 1>

AL Y, XBDX1, C1LIT -

LN =t : -
IF

I "
chm.me) @
¢8,0T.1) 80 TO 1@ * .
TH2e/

" IFCTH2.GT.9,1416/2,) THo=3. 141872
i wvtu THL“Q.,‘FU , VAL

6 xrcmz-:;muz;mmu
AR < TN




o P (SR,

> CX=ABSCSUMI/SWN-1. 5 I
n-‘«x u e e T 2 :

\ T

1 CONTINGE
ANG=TH2/3. 1416w189.
FlaSle2,

INTICFD) .
DIMENSION TC18)
COMMON_/A1/ Y. XXB,DX1,C1, IT
FCXO=Xn180./3. 1418
8GCA, B, THETA) =ARCOSCTHETAY-B~TANCTHETAY S
PI=3.1416 N
3 7Y : 5
R=SQRT(DX1wDX1+YnY).
LPHA=ACOS (DX1/R)
\=F CTHIY
T
Fi=o.8

M =—-PI/2. +ALPHA B
IFCTHI.GT.8.8> G0 TO 20 .
TT=FCTHID
SUN1=0.8

IFCABSCTHETA/TH2-1.) LE. | .E-2) TS=CTHETA+TH2)/2.
IFCABSCTHETAZTHZ-1.) LE. | .E-2) CALL mat.ts,n
IFCABSCTHETA/TH2-1.3.LE.1.E~2) &0 TO 1€ -

THET, THETAY/2.
IFCTHETALLT.8.@ GO TO §
Neti-1

IFCALLT.THID AL=THI - .
IFCN.ED. 1> AL=THI
CALL SIMPSNCAL, AU, FUI, VALY

L CX-AN«“"/"-I b
Irtcx LE 1.E-4) 60 TQ 20

SUMI~FI
AL P
CONTINUE

» IFCTHILLT.0.8) THI=G.8 &
* XL=TH1 s

z XU=89.00#3. 1416/188.
BB=FLOATCN)

?




E————ELe

-

v -

_TFCABSCXU-XL) .LE. 1. E-8) THR=CL+XUD/2.

TFCABSCXUSXL).LE. 1.E-6) GO T0 38 .. U
60 T0 25 * .
TFCTR2:LT. THID 80 T0 60
ICTHE, TH2, FUL VALY
AL=FCTHI
FI=F1sVAL <
IFCTHI .6T.FC82) . AND. ABSCVALD .LE. 1.E-20) 60 TO 70 »
TFCFL ) 60 1058 - .
CXABSCEMI/FI-1.> 2

Netiet
Xe=THI . : \ .
IFCN.LE. 1809 80 TO 23 E . .

STACKCN, TS, T> .

DIMENSION TC

IFCN.LE. 18> 60 TO 18 %

DO 28 I=1,8 &
Ii=Is1
TCD=TCI)

TC1@)=TS

60 TO %8 G
TCNO=TS

RETURN

SUBROUTINE SDMPSNCA,B,F, VALY ¥

DIMENSION $1(3),82(3) 4

Ni=i

D1=CB-AX/NI . ) .

Kel

00 10 I=1,3 ' -
$1C1>=0.8 «

D020 Ini, Niel .
ALPHAmA+D1 #CI~1> . .
VE=FCALPHAY . ¢ Ny ' N
I .

IFCI.EQ.1.OR. T.EQ.NI+1) IC=f .

IFCII.EQ.I> IC=2 .

AND.T.NE.Ni+1) TC=8 B

IFCIINE.I.AND.I.NE.
S1CICI=S|CICI+VS |
VALI=CB1C1344, 081 (2042, 081COMRI/3. E i
Ko+l

$2¢1)=81¢1>
$2(3)=61(2)+51¢3)
N2=N{




‘ §_n
s

9(2)'9 8_
D 78 IR . -
ALPHA=A+D2n (2uT~1)

VS=F¢
$2(2)=52C2>4V8

VAL2=(S2C1+4. 852€2)+2. #52(3))8D2/3.
Eﬂ X

DimD2 .«
IFCK.GT.18) 60 TO 118
0TO4 - -
VAL=VAL2

RETURN

FUNCTION FUCTHETA)

DOUBLE x:l,n Fz,nl B2,A
COMHON /7A1/ v,m.mﬂ
F1=COSCTHETAY

A=XKO/CFInF1)
XTI=EXPCANC! )
B1=XKBRDX 1 /F 1

FU=XT{#SINCB1
- RETURN

FUICTHETAY
m /AI/ v.m.nx! c1,I
F1=COSCTHETAY

F2=SINCTHETAY
A=XKQ/CFIwF1>

Bi=An(DX1wF1+YaF2)
FUt=XT|wSINCB1>
RETURN

SUBROUTINE CUBICIN, X, Y., Y2)
DIMENSION XCND,YCND, Y2CND, FC30),8¢32)
Y2¢1)=8.8

Y2CN>=0.8

H2=XCJ2)=X K
-R2=CYCU2)-YCKII/H2
.13 80 TO 1
l-| 1(2 -(Nl“ﬂ)-ﬂhﬂdl»
(K=t

n-u -ulz—k

IFCK.EQ.2) Het-HInY2C1D
N1 2




CONTINUE
Y2CN1D=FCNID
| TFONILLE.2

03 Ji=2,N2 .
KmN-Ji
Y2CKI=F (K)-GCKINY2CKA1),
CONTINUE
RETURN
8o E:
s
: ;8
& .
&
Y
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PROGRAM VLCTY ' !

THIS PROSRAM CALCULATES'THE NORDIMENSIONAL VELOCITY COMPONENTS
ALONG THE TSOBARS WHICH ARE IN THE OUTPUT DATA OF PROSRAM ‘T
DPUTDATA .
. €1 FROUDE DRAFT AYD LBP OF THE SITP g &

z>mmnmmnnrummmnmmummﬂcmw g
N PATA OF PROSRA *THNGUC . e

ocoonanconnono

+ ) Woeheron-FILECH), Wcze Liuzn. 192, WNC2), SHC20,1) FIL1C4) B
- © COMMON /A/ NX,NXI,NX2, NZ,NZI NZ2, X0, 7, X!Z 3,211, XCC28), ZC‘I‘I! o .

.0 LFRVEL, N

L : oomm m/mcza.ao.a) vaczo, | 1,3, vs:éu 10,9 ¥
! . -

NXI
READC2,#) CSHCT, U2, J=I,NZ1>

CONT: .

CALL CLOSE(2) . . . -

Tu2, WTD/XLL . a

WRITECH, 3 /FN = *.FR [ o !
POINT

.
%
g
g

1€T0, 330¥2CT, 0,9) . N4
.J,S)'VI(I J, 30+V3(I, U, 3

TR {

TFCIT.LE.JD UCTE, JD=VCISI, 0, 1) " . i
IFCIT.OT.JD UCII, Jd=-VICIS2,, 13 - . .




4@
28

CONTINVE
DO 4@ “II=1,NX1 -
DO 48 JJ=1,NZ1 o
WUCUD=UUCUI+UCTT, JUIMSHCIT, JUY
INGE

CONTINUE
DO 58 Jmi,NX1
WVCUI=8.8

DO 88 IX=i, NX{
©. ISi=NXi~JeII
msz-nxxw—n
DO 68
If(n I.E J) UCTT, JUDSV3CIST , B, 9) ‘
+ IFCIT.6T,d) UCTT, JUd=V1<IS2, W, 9)

CONTINME

D0.78 II=1, le
D0 70 et

W(J)%N(J)OU(II JJ)-GKZI S

WRITECS, %) "¢ ¢

WRITECt,w) ¢ ¢ ' © :
WRITEC1,w) “ISOBAR Ne. ‘..
WRITECt,w) ¢ ¢ ° 7
WRITEC1,#) *NONDIMENSIONAL
MRITECH 0 CUUCT), Tmt s X1
WeTEC, !

WRITEC1 DISTURBANCE VELOCITY w/U*
WRITECH A J < WCTS, It NOK1) ¢ #
WRITECH,

STOP

]

1,Fi

SX=XL/CNX-12
SI'TIENZ-| > .

1,NX
x:x:—| LASXWCI-1
IFCY.EQ.. N}O@TO 18 " p
XC(I?—I'GX-GJ 5 .

iy m I=i,NZ L

zzn-—mﬂ-cx 1) :
IFCI.EQ.NZ) 60 0 28
ZOCT)=—T+SZuCT-0.53

RETURN yow T

‘SUBROUTINE ﬂP!Oﬂ.V,ZZ,IW)

COMMON_/A/ NX,NX1,NX2, NZ,NZ1,NZ2,. XI.,Y.X(!I) Z¢ D, xc(zn: ICHG)\

1,FR, VEL, XS,
CONMON /D/ Vi1€20,10,9, VE(”.ID.S) Vs¢29,10,3)
COMMON /F/ F(21, II S) FIC
DOUBLE PREC: FLLF
DO 18 J=1,NZ
21=2¢d)
DO 18 Imi,NX
“Xi=XCI)
CALL COEF1CXX,Y, ZZ,XI,Z1,XK8,F1,ICP)
TYPE w,F1

DISTURBANCE VELOCITY w/U’

SUBROUTINE POINT
GUHW N ?O(.NX! NM,NZ.NZI NZ2, XL, T, XC21),! Zﬂl) +XCC28>,7C¢18)
XS, XE, XKi




40
32

. Cimz1-Z2 > :

. comm /F/ FC21,11,3),F1C3)

3

DO 28 IIwi,ICP !

FCILJ, II0+F 1 CI1D .

. CONTINUE R » :

CONTINUE o -

CC=1./C4.#3. 1418> *

DO 39 Jai,NZI .
Jimge!

1,10
PeFCII, J| TID4FCL, J, TD-FCT, 1, ID-FCI,J, 113
VICT, J, II) PuCC v
CONTINUE

INE COEF1CXX,Y,ZZ,X1,21, xm F1,ICP) LA 0
nggusmu N 4

ON RI,R2,Fi,DI nz,xv,vz . P
DOLBLE mzcxum nxl ci.cz i 5 .
DX{=X1~XX .

C2=Z1+2Z . B N ¢
IFCCI.E0.8.8) Cl=—1.E—4 . . . a
IFCC2.EQ.0.8)~C2=-1.E~4 " I

XYsDX{ wDX 1 #YwY J

R|'@DRT(XV¢C|.CI )

IF(m(v) LE 1. E-m) FI2-0.8

ABSCY> ‘6T, 1 [E~18> FI C2=ATANCCOXI nC12/CYRID)
x-ATm«Dxx-cz)/cY-Rz)
IFCXY.LE. .E-18) F1C1>=DLOGCABSCC2)/ABS(CI) .
Di=Cl+R| RS
D2=C2+]

IFCXY. ﬂl' 1.E-10> FI(|>-0LDBQ)DIM> - ’
YZeYm

IFCYZ. LE 1.E~10) F1(3)=-2.#DLOGCABSCDX 1))
Di=DX{+R1
D2=DX1+R2
rc‘ﬂ er 1.E-18) F1¢30=0L0BCD1802>
E0.1D FIC2)-0.8
IF(ICP.EE‘D Fic=0.8 E ¢
moum: SUP2(XX,Y, ZZ,ICP) ¥
COMMON -/A/ N‘X.in X2, NZ, Nz NZZ, XL, T, X€212, 2€113, XCC20), 26¢18> \

LR VEL. X5, XE . /
N7/ V1<, 18,95, V2020, 10,93,V3¢20,10,8> . ;

Tel X .

Tetowrgie i Ter,z . .
1=XCI) .

Ty comxxv Z2,%1,24, X0, F1, ICP)

F(LJ,H)-FI D, '
CONTINI

CONTINUE
CO-I./((.OS.M!U-!.HIG)
DO 39 Jui,NZ1 }

FICYE




[ USSR

oo

00 38 Tet,Nx1 -
Ii=Tel.

0 48 II=1,ICP c 35 1 >
QeFCI1, 01, I L, 3, ID-6CL, I, ID-FCD), Y, ID 2
J, TI)=0nCe.

V2(LY,
IFCIT.EQ.9) V2CT, J, D=2, 8V2CT, J,ID) -« -
CONTINE

X1,21,%¢8,F1,10P) : '
THCAY .

50 18 I=1,X | i -
IFOCD.LEXCI12) (80 10 18 o
TEPXCD .

| .

XCD=XCTo12 !

XCIe1)=TEP i
CONTINE L
TEPE w,X
RETURN
a0 1
SUBROUTE TTSCTRETAY |

DIMENSION B(2) |
~COMMON /A1/ Y, XKB,DX1,C1 |
1418/

o THETel0. w8 410100, | -
/




38
TOP-.
- 00 48 I-1.2
YT=BCIwA
FS=XTuXT+YTHYT .
GS=XT+3. B2wXTWXT+@. B20YTHYT
IFCFS.6T.1. ADDJ! 4783 CALL SHPOTIT WAL ALI), |+
IFCFS.LE. | ALL SCOMCXT, YT, VAL, VALY | «
3 Yw-mroum«stnlcl :-vu.x /T .
40, CONT: |
A1 =ALOGCTEMPY/CY |
. CXI=ABSCAI/A-1.) | ¢
L mmwu:—owu

A2=XKB/AL
IFCABSCA2).GT.|,> THETASTHEND
JLE.1.) THETS

'I.heono:xzn’r|z-um'mnl

N
INTCNI, ST, EN, YF, ICP, ICC)

» DIMENSTON YF(3),F(3),8F1(3,3),SF2¢3, 33, FSUNIC3), rmu) oF

. COMMON /A1/ Y,XK8,DX1,C1

WRITEC4,®) *

D1=CEN-STO/NI '

00 18, I=1,ICP

00,18 J=1.3
SFICLD=8.8

00 28 I=1,Ni+i i
THETA=ST+DwCI-1> &
ANG=THETA|89./3. 1418

CALL CONCTHETA,F, ICP)

c WRITEC4, %) ANG,F

II=I/202

IFCI.EQ.1.OR.I.
IFCII.EQ.ID IC=2
gs(a NE.I. NE.1.AND.I.NE.NI+1) IC~3

SF1 <J, xc)-s!'l €U, 4P CY)

Ni#1) IC=i

CONTIME ~_ ° g
DO 48 I= A .
: Fstmcn-arlc.lm. €1,2)42. WEF1ET, 32040173,

mﬂl
TYPE's,

24




THETARSToD20 (211> L .
v; CALL COMCTHETA,F, ICP) 4
. 00 88 -1, = .
. SF2U, 22D . 3
CONTIME + il
"TReg
< 0 90 I=t,I0P

{ FSURCII=CSF2CT, 144 8SF2CT, 2242, ASF2CT, 000273, =
} ~ IFCFSUNICI) .£0.8.8) OF(1)=0.8 *

1

i

H L) CONTIME

!i " 0 70 I=1,K2
'

§

IFGFSUNI (D NE.8.8) CF C=ABSCFSNRCD)/FSUNICD-1 )
TFCCXF (DT, 1.E-3) TRe1

TYPE P2

IFCIR.E0.8) 60 0 118
00 188 e, TP

CI)=FSRRAT . -
00 188 U=i,3
SF1CT, DD=5F2CT, 0
CONTINE

2.2

1m02 -

TFCK.GT.7) 60 T0 110
RO

c .

e 00128 de1,1cP
YFCDFSURCD

RETURN *

) &

CONCTHETA, YF, I0P).

DIMENSION .5
COMMON /A1/ Y, XKB,DX1,CH
TTANCTHETAY .

’




{

d
&

XTuXT+2. B2nFTaYT
IF¢ mesmnmsnrm YT, VAL, VAL1>
IFCFS.LE. 1.0R. 68, 3> CALL SCOMCXT, YT, VAL, VALI>

YFI=2. -m.m.nom-cmu»su»
YFC1)=YFC1): 9
IFCICR.EQ. I) IJ T0 28 :
lr(:s EQ.2.AND.I.EQ. 1) YFC)mYFT
.2 MD LEQ.2) YFCQ=YFCD-YFI -

YFCD=2 WYFCD - . ]
CONTINGE )

SUBROUTINE SIMPCTCE, T8l VALR, VALT)
DIMENSION S$1¢3),52(3),: SM(I) SA2(3), ouz)

Ni=28 .
Di=3. 1416/2.%N1> ¥
=i
0O 18 I=1,3 T
Si<D=-0.8
SA1CI=0.8
CONTINUE
DO 28 Imi Ni¢l . ;
ALPHA=DICI=1> : <
xr(x EQ. NI'ID ALPHAS89.005w3. 1 416/188. .
T=TANCALPHA:
ns-ms(n.rm
1=T+TC
XII-W(-'D/(GSES)

m-m .
lnlmuﬂl)

L1/2w2
XF(ImID!!EBN|0I3n>l

E0.ID ICw2-
zrmuan:l»oxr:monxec
$1CICI=S1CICI+VS
SAICICI=SAT CIC+VST
INVE

VALI=(S1C1)e4, wE1(2)+2.w81(3)DuD1/3.
/A=CSA1 13441 SA1 2342, WSAIC32DWD1 /3. .
oK | .

15=81¢1)

3A2C 1 =8A1 C1 9
u.omlwowa) 4 -
D20l /2.
.8 s "
SA2(2)=0.2 "
00 78 I-i,K2 3 . ¥ o 28
a %




ALPHARDZ® (2011 B
TuTANCALPHAY 4
SCALPHAY

Al=TeTCH %

XIEXPC-T2/CCoNES) .

XIR#A1WXT) X 1

XIT=TB1XT i

m’“l“l)‘mlﬂ’l”’ L * .

“var : | =

2 : - "

SA2(2384: ' :
mq»g.-nm.ummA .

(242, 882D IMD2/3.

S
Di=02
TFCK.OT,18 60 T0 18 . S -
Ly Yo
VALRVALZ . R
VALI~vA2 s g
RETURN B
350 %0 16
]
V-0, 57721 57-CHPLXCALOBCR), THO-21 .
04,28 12, 1680 S
i ! 2
21001021 HC-23/C0MN0 < v
Wzt g
& .
ABSCBRL. £5) hemerd
Tassan) e NS same e B .
. 5 S s




s 7 ; - N P
. . ]
e Y ; ’ 4 i
b . " ° 181,
\ “ i
Y . i
i . VNI=) * 1
.28 . CONT: s - L i
VNsVNWEXPCZ) £ e » 1.
) URTTECE, o3 UNCONVERBENCE 2,2 . > . b
. ~ i
. 19 xx-uscxr . - . . €
. VN ST72167-ALBCKIIK - $
. . DosaIe, 920 . y 3 .o
» o KL= >bXI-AH<XT21_(XN-m:‘-\ B} P ,
A VXt ' 3 v ur = i
T . RN - i
J . . " . . i
! 0t N . : i
| 3 . . - |
. (AND.ABSCEIMD .LE.1-E~8) VNWVNWEXPCZY « + , - |
Iromscars. LE.'| {E-3.AND.ABSCBIMDLE. 1 .E-9> 60 T0 129 "
e VNR=ARL . . o2 v
54 : VNI=ATH 0 e 5 v s ; P
{ CONTINUE . e ? 3 .
. S e -,'umnvmm:: x-~ X s
4 . 3
v k . .
188 wu-nw. S o .
[ L vn.x-mua(vu) . N
s N . . .o .
v i . v .
2| ° " Sexoorne SUPSCRX, ¥, 72,109 - .
(2 R COMMON /A/ NX,NXISNX2,NZ, NZ1 22, XL, T, X212, 2¢110,%6¢28), zcc18> N
| 1,FR, VEL, X8, XE, XK@ ¢ -
£ oo 0/ VIC (8. 3. R BB, B 10, L -
widls - COMMON 7F/ F<21,11,35,F1(S; E
s COMNON 7A1/ Y1,XK,DX1, 1, 3 . ; . 3
. Yi=Y . iR
; 8 y=1 NZ s
£ ziezedd © 2
19 I=1,NX . .
* [ TYPE »,/SUS  Jmt,J, ! Iw :
X1=XCID .
3 . mu-)o(-xl . - . 5
| . E N n'uumcn LE.1.E-0) Clei £
! 'y w > CALL INTICF{,ICP>
geE T eABSCYLEL I Eth CaLL INT2CF1.3CP) - o»
S D0 20, I1=1,ICP . .
e FeI, o, IDe D) v
. e < CONTINUE s z 2
¢ * 18 : CONTIMGE $
CC=1./3.1418 -
, DO 38 J=i,NZt . S o \
L dimet ~ ‘ .- R . .
‘70030 It
i " TieTel . .
0 40 IT=1,, .
CpeEext, JI n»rcx,a m-nr.ul,-rn-rm Jm — ;
7 . VSCL, . IT5eP . 2 . ¢
k] CONTINUE . R . . ’ e it
4, 2 commwe - i . Bl & o
7 RETURN ] N - CoL
. SUBROUTINE INT2(F1, ICPD ct . . N,
¢ " ... DIMENSION Fic% . , et "
0 ks - ¥ 3 . .
¥ pal E . i
oy ) s v




BN

e

COMMON /A1/ v,m.mu.cl,n . &
DI R

0§ . ‘
mbxt i 8.8 £1aD-0, “
TFCOMTLE. 2.8 60 T0 & % .
mg oz FicHoa.0 GRS .

.EQ.2) 60 T0 &
IFCDX1.LE.2.0) DX1=0.0" -

TFCTH2, 8.3, 141872, THo=3. 141672

Gi=THi»188./3.1416

62=TH2w160./3.1416 . e
MN('D" L TH2, FU, VALY -

IFCSUN.NE.B.8) CXmABSCSUMI/SWH-1,)
FCX.LE1E4 S0 TO20 .
SUN1=SUM p
THI=THZ
ANG=TH2/3: | 418w188. - . B
FHIII=SUMN2. ) 2 S .
CONTINGE ¢ - - .
INTICF), ICPY Ny o ;
D; FiC®,Telnd . Vo g ey
COMMON /A1/ Y,XKO,DX1,E1,IX | - L4
o 0% LN
JFRXO=X189./8. 141 i
GGCA,B, THET -8-TANCTHETAY .
PI=S.1416 g § . 2
“BeDXI/Y 5 . .
mmm-oxhv-n . 5 € * o N

.m‘mu—mnw:rm L”
TFUBSCTHETA/TIR-1.) LE. 1 rbm:u-m)é




k(4

-

IFCABSCTHETA/TH2-1.>.LE. | .E~2) CALL STACKCN,TS,T).

mus(m:rumzq ).LE.1.E-2) 60 TO 18
A=CTH2¢THETAD/2.

IFmETA LT.8.8) 60 T0 §

~

'WPE , /THE NUMBER OF ZERO POINT N=,N
IFCN.EQ.8) Nai

IFCN.GT.18) NN=18

IFCN.LE. 18> NN=N

AL=TENID, * v
TFOLALT T ALTHE
| FQLEDD) ALTH)
SIMPSNCAL, AU, FUI, VALY
A|-F:Ana ) 2t .
AZ-FCAL) e
- “AU! ,Al,'M.-‘,Az, VAL=* VAL

rxm:-ﬂcmw &

TYPE »,

CABSCAL-THI LE t E—-O) 60 Tﬂ@ %

“F1CII=*, F1CIT:

<

IF
IFCFICIIY.EQ.0;0)

IFCFICIT) . NE.0,8) CX-ABS(SUNI/FKII)—I >
:r‘<cx LE 1y E~4> 60 T0 20

CONTINUE s
IFCTHILLT.0.0> THi=.8
XL=THY
XU~B9..8943. 14167189, Y
YL=B8CA,B, XL

BB=FLOATCND

YU=GBCA, B, "
YH=GGCA,BLXMD LT
TWPE R L, ML

TYPE" -, XM, XN, .VH

TYPE l,'XU-' Xu. ’Vlb"
IFCYNWYL.GE.D.8) KL=
IFCYHWYL.LT.6.0) Xu=H

TH=FOXL).

XHaCXLeXUD/2.

2 CXU)
IFCABSCXU~XL) . LE, | [E<B) TH2=CXLeXUD/2.
IF‘AH(XU—)G.) LE.1.E-8) 80 T0 30

IF(TPE LT, HI) 60 70 50

IF(ABsch-mu LE. 1.E~0). THzw80. o9ea: 1410188,
CALL SIMPSNCTHI, YM,FIH VALY,

M-F(T"I)

"!VPE n.’YNI-' Al ’ﬂﬂ-'.lz WAL= VAL

F1CII>=F | CII)+V) A

!F(YM IIY FC8e) .. Am AES(VAL) LE 13 !-:-zo 67 T0 1ee
1CTIm

mFlcm £Q.0. n> bo 'ro L
mncm NE.9,6) o(-Aasmmumm—| )

FCCX. LE l E-l) 60 TO 'Y
SIRioF I

THI=THE




B )

XL=THI
IFCN.LE. 108> 60 T0.23
CONTINUE -
RETURN
0]
SUBROUTINE STACKCN,TS,T>

SUBROUTINE SIMPSNCA, B, F, VALY
Dm S1(), 82
i 7
N-(A—A!/NI
Dﬂ |I I=1,3
511308
DO 20 Imi, NI+l
ALPHA=A+D1 #CI-1)> N
VE=F CALPHAY
U2 X
™ IFCI.ED.1.0R.I.EQ.Ni+1) IC=i
IFCII.EQ.I) IC=2

IFCIT.NE. T, AND. 1. NE. | ND.T.NE.N1+1) O3

$1CICI=81CICI+VS
. vu.i-(sm»L-elc_z)—z‘nmzs»-m/s.

&( l J=81¢1>
!2(!)6| 2+81¢

Da-ol/z
S2¢2)=0.

DO 78 I=1,N2 *
ALPHA=A+D2w(20T~1)
VS=FCALPHA o+
S202>62C23 WS |

CONTINUE
VAL2=(S2(1)+4, w82(2)+2,w52(30I%02/3.
IFCVAL1.EQ.8.8) CX=8,

D0 100 J=1,8 '
81 CUd=82¢U)
CONTINUE

N(-Zﬂﬂ
Di=D2
!‘F(K GT 19> eo T0 118

VAL=VAL2
RETURN

- ' Al




U ——

IFCI.EQ. 1) FUI=XIIsSINCBI)

mcrmu FUCTHETAY
DOUBLE PRECISION XII,F1,F2,81,82,A
u‘nnl IRE
('n:l’
‘-m/(?lﬂ‘l}
1=EXPCARC] )
BI=XKBROX1/F |
:rcx Q.10 FU=XIInEINCSI) L
.2) FU=XT| nCOSCB1InF2/F 1

17(1 £0.3) FU=-XI1#(COSCB1)~1.0/F1
IFCI.EQ.8) FU=-XI18COSCBI)/F1
RETURN

FUNCTION FUICTHETAY
COMMON /A1/ Y,XX8,DX1,C1,X
DSCTHETAY

F2=SINCTHETA)
KR CF1F 1
)

IFCI.EQ.2) FUI=XI|GINCBIInF2/FI . N
.8) FUL=-XT1#<COSCB1 -1 .)/F1
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