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wrpose of Lhls couputer progran is to coapute the dyramic presc.ra

distrisution and relzted quantities of interest due to the diffraction of sin-
usoidal head waves. The nethod of computation is based on slender-body theory.
The theoretlcal analysis is based on the assumption that the ship is slerder.
In adiition, it is assumed that the incident waves are of small amplitude and
their wavelength is short relative to the ship length. In the next section
we snhal:l 7jive a brief summary of the thecretical analysis in order to farili-
tate oo understanding of the computer program. Letalls of ihe theoretical

nalrsls may be found in Reck (1979). In the follcwing sections, details of

a
tre rvoerical techpique and the computer program will te discussed.

TEECE. 50w ANALYSIS

he coordinate syster is shown in Figure 1. The origin is at the bow

with =he x-axis pointing aft. The z-axis is vertical upward and the x- lanc
yp

Figure 1. Coordinate System

‘ § 1s coincident with the caln-water plane. In this coordinate system, the
incident wave potential is given by

=

wet (1)
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= acceleration gravity

G

= wave amplitude
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= wave number

= wi /g
U = forward speed

w, = absolute wave frequency
Wy T frequency of encounter
2
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The diffraction potential is written as
lwat
¢D(XIle)e Ve (2)

To find ¢p we must solve both the near-field and far-field problems. In the
far-field, the solution is represented by a line distribution of pulsating

sources, the strength of which is given by

i {wgt~vx)

ag(x)e

The source strength, o(x), is found by solving the Volterra integral equaticr
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Bo(x) = near field source strensth.

The near-field source strength is found by solving the near field problem and
may be assumed known when solvirg equation (3).

In the near-field, the diffraction potentiatl is written as

Ty, - ;»(x,y,z)enl\)x (1)
Betl, hie first and second order near-field solutions must he determined. The
oo oxder scelution is simply the negative of ths ircident wave. The second-
c.de: solutior st satisfy the Helmhicoliz eguallion sublect to boundary cendi-

Licos on the free surface and the body suarfaca, At infiniiy, the near-field
scdupicn nust match the far-field solution.
As discussed in Beck (1979), the two-iern near-field solution can be

written as

X, 7,2) v %é-evz + A(x)[evz+Bo(x)S(Y,z) + Z Bn(x)On(Y.z)]

0 n=1
(5)
.o coefficient A(x) is determined bty matching witr the far-field solution ard
viz Tind

o(x)

A(x) = - B (%) (6)

The terms inside the square brackets represent Ursell's (1968a) solution
to the Helmholiz equation subject to the free surface and body boundary condi-
tions. S(y,z) is a source-like term and Op are wave-free potentials. The coef-
ficients Bp, Bp are determined by satisfying the body boundary condition, which,
ir this case, 1s obtained by setting the normal derivatives of the terms in
square brackets equal to zero on the body surface.1

The determination of the coefficients Bp, B, for arbitrary body shapes
is often very difficult. Troesch (1976) has avoided this prodlem by using an

integral-equation technique. Troesch's technique and computer program were

1. T .s type of solution is often called a multi-pole expansion.




actually developed for the solution of the oblique seas case, but they can be

modified for use in the present problem. We first write Ursell's solution in
the form

+
v{y.z;x) = e V2 d(y,z;:x)
(7)
The potential ¢(y,z,x) must satisfy the Helrmholtz equation
32« 2
ay; +-g—z%—~ v2 =0
(8)

subject to boundary conditions on the free surface and the body. At infinity,
the behavior of ¥ must match the far-field solution. The free-surface boundary

condition is

a—qs-\)<l>=0 on z=0
9z

On the body, the boundary condition is

9 | vz ) _
N [e + ¢(z,y,x):| =0

= - on h(y,z:;x) =0

o (9)
where

h(y,z,x) = equation of body surface in y-x plane
N

]

two-dimensional unit normal to body surface in the y-z plane .
= (Kz,¥3) {

The positive sense of N is into the body.
The problem for the potential ¢ is now equivalent to the boundary value

problem solved by Troesch. He writes the solution as a distribution over the

body surface of two-dimensional sources. Thus, we have

Ply,z;x) = I dl v(n,C)G({y,z:n,t)

C(x) (10)




T

T 8 e e a1 e B A At o B S 2

where the line integral is *zken along the bod. contour. y(n,;) ié the two~
dimensional source streng-h, which is determinei by satisfying the body boundary
condition. G(y,z;n,C) is =h= Green function, wi ich satisfies the Helmholtz
equation and the free surZzcs boundary condition (for details see Ursell
(1968b)). By matching the limiting values of bo-h the multipole solution and

the Green fvnction soluticn for large values of y, it can be shown that

>
2>

B (x) = 2 f al y(n,gle”
C(x)
(11)

Equation {11) allows the dz“ernination of the nenr-field source strength, Bo(x),
by using the integral-equztion solution technique without developing the multi-
pole expansion.

The pressure acting cn the body is found using the linearized Bernoulli
equation, which may be wriiien as

p = Peiwet

1wt

] 3
-0 (lwe + U ax) (yI+Y-D)e (12)
Substituting the expressi:rs for ¢7 and ¢p into equation (12) and retaining
only the lowest-order ter-s (see Beck (1979)), we find the following expression

for the nondimensional prsssure amplitude:

*
P* = ooa

. _O*(x) x

-iv
= 1TTB°(x) ‘P(Y'z;x)e

(13)

where
o (x)mo
ga

o* (x)

1]

v
e Z s d(y,z:x)

viy,z;x)




Likewise, we find the linearized wave amplitude in the near field is given

by the expression

L(x,y) _ . o*(x) . -ivx
A = i By (%) Y(y,O;x)e

(1%)

The exciting forces and moments are found by integrating the pressure over
the body surface. As shown in Beck (1979), the vertical, sectional exciting

force can be written as

f3(x)e—lvx = [ipwo nBZE:; Jdﬁw(y,z;x)Né] o VX
C(x)

(135)

The total heave exciting force and pitch moment about midship are giver

by the following integrals along the ship length:

Fy = Jde f3(x) e—i\)x
° (16)
L
FS = J dx (L/2-X) f3(x)e—ivx
0 (17)
vwhere

F3 = total heave exciting force
F5 = total pitch exciting moment
L = shin length
The wave induced bending moment is found by twice integrating the vertical
exciting force up to the desired station. Setting the shear at the bow equal

to zero and integrating by parts once, we arrive at

X
_ f i
BM (x) = —J AE(E-x) £5(E)e
0

£

In the computer progran, the value of x, the station at which the bending

nmonent is evaluated, is specified by the user.




e, noar Tield problor v Lolvea an o Liyeen o oun

For any =tallon whict, is iuplicate ot the previous stu'icn (..e jparalle. =7 :=
body), tr.: results of iac vrevious station are copled rcatnnm Lhan resolvings ne
near-fi=td problern .2 ncar-Tield proble~ is solved usii. the mothod of
Troesch (1979). Becavua. Grcesch's method has been dcounented celscwhere (Trc=sch
(19772). roescen (2077700 14 -111 not be discussed here. His compubter prsvan
has nee: ~oilriad to rin in head seas by eliminating the isaginary pari ol o

Sreen functicn and setting k=v. Many of Troesch's subroutines have boen usec

v and othersneeded only slight modification. It shouldd wve roted th2z
Troe. o'y s v L rititen in double precision, so the' cone awiichiue of

des in the present program ang the veviaeles in treo

Troo. svivnubtines is nscessary. This switching occurs in SUZRGIE 0w SE VT
Y £

and SUZROUTTI W TWDATA.

For ancurecy, the Volterra integral egquation i: scli-ad 4t qwoe siailons
along the zhip lengih han just the input stations. The inpu suntions ore

located a* XAXIS(I). Tre stations for the integral cgua‘ion awi sibseque: -

caleulaticis are loce-od at XI(I). The increased numbe: of stations is develcped
) = Y : . . v L . , ..
in SUBRCUTTIE INSERT. .niz subroutire inserte more stellon. o that thels

spacirg is eoprosimatcl, 2 cosine distribution alony the length., The in

stations are never closer than T EPSIL to the inpui stailon. At present LFIIL

is set equal to .5% of the ship length. Figure 2 shows the two axis syster

along the length. In ihe figure, there are 7 input stouticns anri 13 XI-statlons.
The array TSNUI(I) iz ized Lo store the nunber of the XI-station =zt each inzut

station. ror example, in Figure 2 ISKUI(4)=7. The values of the various quantitiecs

input
station
nunbey =

1
12 3

X[ station
number

i i xX=L
b
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Figure 2. Numbering of the XAXIS(I) and XI{I)
axis systems




which are computed in the two-dirmensional problem at the inpul station are
determined at the XI-staziorn by cubic-spline interpolation in SUBROUTIRE
INTRPL.

The Jolterra integral eguation (equation (3)) is solved at each XI station

by a marching process siariirg at the bow. o(x) is assumed to vary linearly
over each secment. The valuz of o(x) between the £5+1 and éj station is

then given by

(E-85) (Z3471°5%)
oi) = —_Z:l_ %541 31 — 9
3 j 3 3 (19)
where
o: = value of ¢(x) at sta>ion nunber j

» = value of o(x) at station number j+l1

£.. - &

< Jtl 3

C-
Il

To develop the marching process we first rewrite the integral equation as

X

J o Tk+l
R R I I T
Yo 31 LTBogy, k=1 Ve -E
Xy j+1

(20)
where 30j+1 equals the value of 30 at station number j+l. The integral in
equation (20) can be evalua*ed analytically by substituting equation (19) as
follows

*Xk+1 5 _
1 (B=Sp) %41 + Gy178)0g
I = A dg
k Ve -t
Xk j+1
Ok+1 . _
ai il CICRLIRVLSE I LR
(21)
9% . .
- Z;'[G(’k+1"j+1’€k+1) - G(gk+l'gj+l'€k))
4z 2 JEY
where G(a,B8,v) = (2a- 5T By (22)

3
Fultiplying both sides o ectziion (20) by 21B0j+1 and substituting equation

(22) we arrive at the fcllowing expression for o in terms of all the pre-

Jrl

vious 0..
J
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(23)

In equation (23) the func-icn G(x,8,Y) is civen by equation (22),

To s.art the marchinz trozess, it is assumed inat the nezr-field and thre:o-

dimensic: sl source streng:i: :cre zero at the bow (i.e. 0,=Bo, = 0). By

tn

expaniir.; the integral eguz-lcn for c(x) around x=0 and taking the linit zs x>0,

it can be shown that

o' (x) = -1 L& B! (x) at x=0

“o (15)

where the prime denotes diZferentiation with respect to x. The linear approxi-
mation used for o(x) in tre nunerical scheme leads to exactly this same slope
at x=0.

At the stern, there =r¢ <iwo possible cases. For cruiser sterns, o(x)
and Bo(x) are set equal tc¢ zero. For transom sterns, the progra: uses the
values of By(L) and o(L) =: computed for the transon stern secticn. Thus,

o(x) and Bp(x) are not equzl %o zero at the stern section. The validity of

this result should be fur<rar investigated, but it seems to give reasonable
answers.
T3 pressure and nezr-7ield wave amplitude are computed by equations (13)

and (1" .. In computing i-:ss quantities, the quotient o(x)/mBg(x) cir not be




computed fcr points at which Bp(x)=0 (i.e. 2%t the bow and for cruiser sterns).
The proper limits for the quotient are found by expanding the integral equazliirn
for o(x) around x=0 or x=L and taking the proper limits. At the bow, we fird
lim —olx) . ga
o0 TBg (X) wg
At the stern, the linit need only be taken for cruiser type sterns. 1In this
case, the result is

L

{
o (x) g2 | 4 J ac o(£)

lim = o -
B
L TBg (x) wy Vit

0
The exciting forces and midship bending momenl are found from the evalua-
tion of equations (15), (16), (17) and (18). These equations all involved

integrals of the forrm
X

I= J g £(g)e V8

0
where £(&) is a furction which varies smoothly along the length. To evaluaze
these integrals a simple Filon-Trapezoidal rule is used (see Tuck (1967). This

integration is carried out in SUBROUTIKE TRAP.

REQUIRED IUTUT

The required input is subdivided into two separate parts. The first rart
contains all the control information such as number of stations, wave freguencies,
ship speed, etc. The second part is the offsets which describe the ship hull.
The control information is read in on device number 5. The ship offsets are

read in on device 7.

Control Information (Read in on device 5)

Card 1: FORMAT (7I5)
NSTA - number of ship stations to be read in

ND - nunber of divisions to be used in developing cosine station
spacing used in setting up the XI(I) axis system.

NVEL - nunber of velocities at which calculations are to be made
(maximun of 8)

NFREQ -~ number of wave frequencies at which calculations are to be rzaie
(maxinun of 16)

NPRES - number of stations at which pressure information is desired
(raximun of NSTA)

...10_




TWATE - contrel conglant for wave arnlifide enloulatior
= 0 no agave aaplitude calculiatiur
=1 compute wave amplitude along ship eia:

KHID - the number of the station at which the midship bernding momert is
computed.

Card 2: FORMAT (4F10.4
RHC - water domsi‘y (slugs/ftB)
GRAY - accelerulion of gravity (ft/secz)

YLrP - ghip lengthn (%)

- incident wave rnmplitude (ft)

Carc % 70R AT (OF10.4)

FROT D) - Frovwe nurberss ot vhich calcula®iar are o oe wade Trhere snou.i
be VFL values of FROUD(1).

Cav: 1 FU-UAT (GF10.L)

AR Wavelcngth-to-ship-length ratios ai which calculations are to z=
rade. YFEQ values of WIXL{I) shculd be read in.
Card §: - 4:AT (10I5)
LU (T) - The numbers of the stations at which the pressure distributiorn

is to be completed. There should be NPRES values of NUE(I).
IOTE 1f MNPRES=IFSTA or NPRES=0 data card 5 must be omitied.

Ship Cffsz's (Read in on device 7)

There is one comp_ete set of data cards for each ship station. At leas-
one offset (up to a maxinum of 25) must be given for ezch station. Cnly one
offset should be given at the bow; ii may be either the point (0,0) or, for =
plum bow, the point (0,T) where T is the fore-fool draft. The ship may have
a cruiser {one offset point) stern or a transom (many offset points) stern.

Figure 3 1s a picture of the means by which the offsets are read in for a
given station. For accuracy in the calculations, more points should be entexed
near the waterline and in areas where the shape changes rapidly (i.e. the tuzn
of the bilge). The poinis are always entered starting at the negative wa*z2r’ine
and reading counterclockwise. Only half the section should be entered. There
must be data points at (-B/2,0) and (0,T).

For cach station, the following data cards are necessary.

Card 1: FORMAT (I5,F10.4)

NT2(ISTA) = number of offset points on the half section for the station
number ISTA.

-11-~




YAXIS(5,1),
ZAXIS(5,1)

YAXIS(5,4), ZAXIS(5,4)
IC(5,4)=1.0

YAXIS(5,8), ZAXIS(5,8)

Figure 3. 1Input offset points around a ship station

XAXIS (ISTA) = x locaticrn of the station being read in. x=0 is the bow.

Card 2: FORMAT (2F10.4,23)
YAXIS(ISTA,I)
Z+XIS(ISTA,I)

IC(ISTA,I) = if =1, the I point is considered a chine roint.

y - _ocation of the Ith point

z - _ozation of the Ith point

There should be NT2 izza cards number 2 for each station.
Note for each parallsl ridbody station, NT2(ISTA) is set equal to 999

and data card 2 is omitted., This causes the program 1o copy the results of
the previous station.

Sample input data ars shown in Appendix II.

OUTPUT

A sample output lis*irgz is shown in Appendix III. The sample is for the
input shown in Appendix ZZ.

The first set of ou-zu: is a listing of the input control constants. In
addition, the computed vzlues for the area of the waterplane (AYL) and the full
beam (BEAMWL) at the NMIZ szation are listed. These values are used in the
nondinensionalization at = later point in the program. It should be noted
that the table of offsets read in on device number 7 is not reprinted as output.

This was done in order i: szorten the output.

-12-




The cseond et o cutdi iw L Liooowr of s mallie s o ':',(\,(’ S) eng e
shiz lergih, Since BO(.‘/) docs not o Wik Fosars nunles, the value.

only printed once for each frequency.

The next sei is the three-dimensional source strength (0{x)) disiribuiion
alons the ship length. The magritude of o(x) is printed in the column labeled
MAG(SIGHA). The regnitude of ine nondimensional uigma and itc real and

itng tnary parts are printed In ihe suboecionl ihrec columns.  ‘The rondinensicnal
e

o (x)uwg
R
Gga

ne precgure dislribution orver eoch stziion oshked ar ir ihe input follows
the source distribution listing. f HERES=0, no preussure Gistcibutions are
priniza. The pressure disiribution car only be oblained at the ship siations
giv:e in the input. The y,2 coordinates and angle up from the keel are prinzad

in hwe first three colurms. Tre twe columns under the heading "2-D POTINTIAL™
correspond to the two ierms of ecuation (7). FPREL =quals e™™V% and PHR: gives
ihe values of ¥y,z;x). The magnitude and phase angle of the nondimersiornsl
prez ire are printed in the las® two columns. The pressure 1s conputed by
eguation {13). The thase angles are all relativs ¢ o wave rode at the bow.

If NWAVE=1, the wave amplitude along the ship lungth is conputed and
printed out. The nondimensional wave amplitude is counputed by equaticr {14)
and includes both the incident plius diffracted wive. As with the pressure,
the phase angle is relative to a wave node at the how,

The sectional exciting force distribution is print out under the reuding
EXCITING FORCE DISTRIBUTICN. The sectional exciting force (13(x)) is con-
putel using the expression inside the square brackets of equation (15). Note
that the e 1VX 15 not included *n the expression for f3(x). In the print out,
the sectional exciting force is nondimensionalized in the following ranner

Py = —3%)

3 ga B(x)/2
where B(x)/2 is the LOCAL half beam. The use of the local half beam facili-
tates conparisons between F3 arc purely two-dimensicaal calculations.
Finally, the total heave force, pitch moment . >ut midship and the bending

nonent at statlion number ZIID are printed out. The results are computed using

h




equations (1¢), (17), and (18). The printed results are nondimensionalized in

the following manner:

where
L
B
BM

ship length
full beam at the waterline of the NMID station.
bending moment at NMID station.

n

n

The phase angles are all relative to a wave node at the bow.

LIMITATIONS OF THE PROGRAI

As presently written, the program has several limitations of which the
user should be aware. The limitations of the subprograms which calculate the
two-dimensional solution are discussed by Troesch (1976b). When the hull
section shape is very thin or has areas of high curvature more input points
are needed. As the number of input points is increased, the run time of the
prograr will be greatly increased. Furthermore, there are eigen frequencies
at which the solution blows up as described by Troesch (1976b). this is a
result of the use of an integral-equation technique to solve the two-dirensional
problem. It only occurs at high frequencies and for normal ship operating
ranges should be no problem. It should be noted that at springing frequencies
the effects of the eigen frequencies may become apparent.

The second major limitation has to do with end effects. As with any
slender-body theory, the results near the ends are of questionable accuracy.
The proper means of handling large bulbous bows and transon sterns is not
obvious. At the bow, the program can not handle bulb sections which proirude
underwater forward of the fore-perpendicular. The progran can handle normal
buldb sections which intersect the free surface. Thus, the user nust "fair

out”" the protruding section of the bow. In the stern region, it is importar:

-14-~




that vhe inpuel data, including the last station, b fale v the longltucing:
direction. In particular, for cruiser sterns, -“ore *he Cizr=tsy of e oo
station are (0.0, 0.0),it has been observed that the predicted wave ampliiude
sometimes shows a marked change from the previous station. This type of
result al the stern section should be viewed with caution.

The final limitation deals with the foruard speed results. The theoreti-
cal analysis (see equation (3)) was carried oui for the two speed ranges 1=C
and 1>».25. The range between these two extremes has not been formally
analyzec. The program as presently written has a switch in it at 1=.25.

For t:.75, the zero speed value of C is used, and for t>.25, C is set equal
te the Jarge T value. This cwiteh can lead to 2 discontinuity in the results
at v,

should be pointed out that the theoretical analysis assumes high fre-
cuenvics (cr short wavelengths). The program appears to give reasonable
resulis over the entire frequency range. However, in deriving the expressicn

Tor the pressure (equation (13)) certain forward speed terms were neglected

zzcause of the high frequency assumption. Under certain combinations of forward

speed anc wave frequency these terms may become important.
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LIST OF SUBROUTINES

BESINT - initializes <zbles of I Bessel functions for use in determining

the Green's Zurction for the Helmholtz problem.
BESx - computes ths X Ressel function for a given argument and order.

BIX - is a single or=cision subroutine that evaluates the integral of

; Ko(t) for t rerginz from zero to X.

BK1'0D - computes the Hl(X) Bessel function minus its 1/X singularity

for a given arzument.

A inbil gt b s AREband

DR3 - solves a systien of simultaneous equations using back substitution.
The L-U deccnrosition of the coefficient matrix is computed by
DLUD.

DEI, NATSEI, FCNMON, =Z=2TA - are subroutines that evaluate the real
exponential Ir-egral. They are part of z mathematics package

from Argonrs llaticral Laboratory.

DEZCCH - calculates zhs cormzlex exponentizl integral.

DLUD - computes ths L1-U decomposition of the coefficient mairix by

Gaussian elinination with partial pivoting.

DQLY, DQL8, DQL12 - eveluate the integral exp(-X) times some function
of X for X rarzing from zero to infinity by a four, eight and
twelve poin: Laguerre gquadrature formula respectively. These

subroutines are from the IBM-SSP listing.

FNT1, FNT2, FNT3 - are 211 Tunction subroutines that are called by the

DQL routinesz.

G - function used In computing the integral fo//x—g dg
GRFUN ~ evaluates tns complex Green's funciion that satisfies the

Helmholtz ezua<ior in the fluid domain and the linear free

surface bouriary conditions.

~-16-




e - finds e 071 perareters needed by e ralv progric, These

inelude e qovmel, the curvature, and sre teno th for ond

point in suesiion. The parameters av: deloruined fler z

Cireular are is fitted through ibesce polints.

O - insel. s stations alony shiwn lepgts o0 Lhat a cosine stalion

spacirg results.

TPl - interpoliates values along ship length usirg plecewise cubic

fit.
N - determines the rormal to a line drawn beiween tuu points.
e 5 corpucae ~he pressure distribution arcund a ship siation.
CALD - evaluates the sire and cosine integrals.

SIDRA - raats ship offsets from device 7 zad compntessarious peonetrls

quantities.

- . s < . - i g
1 - a cormplex Iunctiion which computes the integxal %wo(;)/vX". a:

i ol

SXY - finds a series that helps define the scurce potential in GRFUN.

. L. . -ivx
TRAY - computes ine integral ff(x)e dx

TWRATA - computes the 2-D potentiel,exciting forces and Ro(x; using

resulte fror, TWCDIM.

v

TwOL .1« - computes *the solution to the “-1 wroblem using iroesch's

method.

WAVE - finds the wave anplitude along the ship length.

-17-~
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APPENDIX I

Program Listing of Diffracted Forces Program
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APPENDIX II

Input Listing for Ore Carrier 5.J. Cort
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APPENDIX III

Output Listing for Ore Carrier S.J. Cort
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