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KELVIN: AN INTERACTIVE COMPUTER CODE
FOR THE KELVIN SPECTRUM WITH VISCOUS CORRECTIONS

1. INTRODUCTION

The calcuiation of the wave pattern created by a ship moving at constant speed on the ocean sur-
face (commonly called the Kelvin waves) and the associated resistance due to these waves is an impor-
tant area of study in naval architecture. The elevation and slopes of the waves may be of interest in
ocean surface imaging applications. Wave resistance is one of the major components of total ship resis-

tance.

The principal difference beitween the probiem of a ship moving on the free surface and that of a
body moving in infinite fluid is that in the first problem there is the need to satisfy the condition of
constant pressure on the free surface. which is perturbed by the motion of the ship and hence not
known a priori. This additional condition greatly complicates the solution of the problem. As a result.
a wide variety of methods have been proposed. Many of these methods are discussed in two recent
workshops on wave resistance in 1979 {1] and 1983 {2]. A brief survey of representative methods is
also given by Wang [3]. The various methods essentially use potential flow approaches to satisfy the
kinematic boundary condition of no flow through the ship hull and the dynamic pressure condition on
the unknown free surface to varying degrees of accuracy. Some also attempt to account for the effect
of viscosity. The complexity of the methods has ranged widely. from those which may be programmed

on a minicomputer to those which require many hours on the most advanced supercomputers.

This report presents a description of the computer implementation and numerical results for a
relatively simple method. Since it is described in detail by Wang [3,4]. only a brief outline of the major
features of the method is presented here. The method essentially uses the direct thin and slender ship
theories to solve for the potential flow around the ship and uses axisymmetric integral momentum
boundary layer methods to obtain the viscous corrections. A somewhat longer description is given of
the uses which may be made of the complex wave amplitude spectrum. the principal output of the pro-
gram. These include the generation of the weil known wave resistance. the generation of the wave
elevation and the wave slopes, and the extension of the spectrum from the monohull to a twinhull case.
The computational model has been impiemented in a computer program called KELVIN. A detailed

description is given of the general structure of the program, its input options and output values.

Manuseript approved May 15, 1986.
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Graphical representations are given for the various spectra, with and without viscous corrections, for a
300-ft long Series 60, Cg = 0.60 ship. This is a ship model which has been extensively used in previ-

ous wave resistance studies. The report concludes with a summary of the major points.
2. OUTLINE OF THEORETICAL METHOD

The method consists of two major parts: the potential flow calculations and the corrections due to
viscosity. The potential flow part consists of finding a potential ¢ which simultaneously satisfies
Laplace’s equation, the dynamic condition of constant pressure on the perturbed free surface, the radia-
tion condition of no ship waves far upstream, and the kinematic condition of no flow through the ship
hull. In the commonly used Green's function approach, the ship hull surface is divided into a series of
panels, on each of which is placed a source of unknown strength, which satisfies Lapiace’s equation, the
radiation condition, and approximately the troublesome f(ree surface condition. The kinematic condi-
tion on the hull surface is then used to obtain the strengths of the singularities. This invoives the cai-
culation of the complex near-fieid terms of the Green’s function to find the mutual influence of the
sources. For many cases where the beam-to-length ratio of the ship is of moderate vaiue, it is of suffi-
cient accuracy to neglect the mutual influence of the sources, and directly obtain the source strength o

from the Shlp geomelly
= ———p (l)
X

where U is the ship speed and n, is the longitudinal component of the normal to the hull. This leads
10 zeroth order slender ship theory. If the beam-to-length ratio is still smaller, it is permissible to use
thin ship theory, whereby the sources are placed on the vertical centerplane, and n, is approximated by
the longitudinal derivative of ship width

=1/ of
v 47 9dx @

where f is the local haif-width of the ship.

Generaily. potential flow soiutions tend to predict wave resistances and elevations which are
higher than those obtained from measurement. One reason is that the effect of viscosity tends to damp
the wave elevations. A relatively simple, yet reasonably accurate, method for accounting for viscosity is
to add the boundary layer dispiacement thickness to the hull. The net effect is to decrease the magni-
tude of o in the stern region, where the boundary layer thicknesses are significant. In the present
method, the hull is approximated by axisymmetric bodies which are equivalent in volume or wetted
area to a double model of the actual huil. An axisymmetric momentum integral method is used to cal-

culate the boundary layer flow over these bodies. [t is shown by Wang [3.4] that for typical hull
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shapes. this approximate correction using the equivalent volume model usually brings the calculated
wave resistances into reasonable agreement with experimental values. For cases where the huil is of
the form of a strut, i.e., with a large draft-to-beam ratio, a two-dimensional boundary layer approach
may be preferable [4].

3. CALCULATION OF WAVE SPECTRA

The principal output of the computer program is the complex wave amplitude spectrum. Using
the values of o given in Egs. (1) and (2), the wave amplitude spectrum A is obtained by using the for-

mulation outlined by Eggers, Sharma. and Ward (51, resuiting in

k, Vv 2
A) = =2 [(Gu) +i Fu)) = 2L S0l o)) @3)
v V1 + 4u?
k, k .
where 4y = —— = — s5in @ = sec § tan @ (4a)
kg ko
k.
s(u)-—'-—k-coso-seco-\ﬁ(l+\/1+4u‘) (4b)
ko ko 2
wiu) = X =sec? 9= vValts (4¢)
ko
ko- dugl- (4d)
J(u, s(u)) = 47 fs alx, y, 2) exp kg (isx + iuy + wz)] 4S. (%)

The angle 9 is measured between the longitudinal x-axis and the direction of propagation of a com-
ponent wave, U is the ship speed, g is the gravity constant = 32.2 ft/sec, and S is the surface of
integration. It is equal to the actual hull surface plus a contour integral at the free surface in the case
of slender ship theory, and is equal to the ship vertical centerplane in the case of thin ship theory. The
above formulation is given for a coordinate system, Figure 1, which is fixed to the ship with origin at
the forward perpendicular, x positive from stern 10 bow. y positive to port. and = positive upwards.
The quantities « and s are respectively the dimensioniess wave numbers in the lateral y and longitudi-
nal x directions, w is the resultant dimensioniess wave number. and k, is the dimensional fundamental
wave number. The complex function J(u, s(u)) is called the Kochin function and represents an
integral over the hull surface of the source strength muitiplied by an exponential wave function. The

use of Eq. (4b) converts J(u, s(u)) from a function of two wavenumbers to a function of only one
variable, J(u).
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It is of interest to note that the total Kochin function Jr(u) for a twin hull ship with a vertical

plane of symmetry is conveniently obtained from the Kochin function J for one hull. If the y-value of

AV T &

every point on the surface of the second hull. y’, is 2Y greater than the corresponding point on the first

hull, i.e..

y =y +2Y

then it is easy to see from Eq. (5) that the corresponding Kochin function for the second huil, J'. 1s

related to J by

J'(u) = &g fs olx,y,z) exp lky (isx + iy + u2Y + w2)} dS

DU SN

= exp QiuY) J(u). N

From Eq. (3). the total wave amplitude function Gy + iFr for the twin hull ship is then simply given

by

201 + V1 + 447
V1 + ay?

Gr(u) + iFy(u) = [+ 7= 70+ exp Qry)

= (G + iF) [1 + exp Q)]

The most direct use of the amplitude spectra is to use the inverse Fourier transform to obtain the

wave elevation n(x, y), the longitudinal slope 0, (x, y). and the lateral slope 7, (x, y), as follows

n{x, y) = Re 2‘; f_: A(u) exp [—iky (sx + uy)] du

. ae N
- melx,») = Re o= [ 4, (u) exp =ik (sx + u)] du (10) R
(x,y) = Re—l— f- A, (u) exp [~ikg(sx + uy)) du . an ::

Ty 2 4y J-= Y 0 H

v 2
»

£ K
5 where 4 (u) = -é' [G(u) + iF(w)), A (u) = ~ikg s(u) A(u), A,(u) = —ikq u A(u), and Re denotes

the real part of the compiex integral. . 8

While the above are the most direct applications of the wave spectra, the most commonly used

application is to obtain the wave resistance. In this case, the wave amplitude 4(u4) is most con-

E It il iy |

veniently given in terms of the wave direction 9 and is also weighted by the term cos’ 9 to express the
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fact that the major contribution t0 the wave resistance is due to those waves whose directions ~* sropa-
gation are nearly aligned with the x-axis, as shown by Newman [6]. Using the relations between « and
9 given in Egs. (4) and the relation between A (u) and A (8) given in [S], which expresses the fact that
n(x.y) is the same, regardless of the independent variable, the following expression is obtained for the

wave resistance spectrum A°(8) cos® 9 in terms of 4%(u) and u

du’

3
20 cos” 8

A2(8) cos® 9 = 4%(u) [

2
I +sin’ @

. R d
= A-(u) cos’ 9 |— (sec 9 tan 9) =
[do cos’ 9

-Au) [(2 — cos? 0)1]

cos’ 9

- A2w) |25%() = 2 s(u) + —— (12)
s(u)

Similar transformations may be made to obtain the squared spectra 42(9). 42(8), and 4,'(8) in terms

of u.

4. STRUCTURE OF PROGRAM KELVIN

This program calculates the Kelvin wave spectral function using either triangular or quadrilaterai
panels. Then, it computes the wave and viscous resistance with the effects of the boundary layer

correction parameters for thin ship or slender ship approximation.

The KELVIN program is broken into five major parts: the main program and four modules.
Refer to the diagram (1.0) below. The main program directs the logical flow of the program to perform
the specified function within each module. Module SHIP_GEOMETRY directs the program to read
and generate the input data. Module KELVIN_WAVE modifies the ship geometry for either thin or
slender ship approximation with the effects of boundary layer correction factors. Then. module
WAVE_SPECTRA calculates the wave and viscous resistance. Finally, moduie RESULTS coatrols the

output options.

KELVIN
I

| I
v v

SHIP_GEOMETRY KELVIN_WAVE WAVE _SPECTRA RESULTS

Diagram 1.0
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Diagram (1.a) illustrates the general data flow of the KELVIN program. Reading either the
HULLGEN file or the program generated data file for the ship geometry parameters, the
BOUNDARY_LAYER routine defines the boundary layer correction parameters. The calculation phase
begins by specifying the ship type approximation and the calcuiating option of the KELVIN_WAVE
routine. Then, WAVE SPECTRA calculates the wave and viscous resistanc=. After the
KELVIN_WAVE and WAVE_SPECTRA routines have been compieted once. the user has the option
1o go back and change the ship velocity, calling routine NEW_VELOCITY f{or the same thin or slender
ship 2pproximation. Between each case run. the RESULTS routine directs the output to either a line

printer or a spectral output file.

| KELVIN— | LINE
HULLGEN-—{| } _WAVE { | PRINTER
l
or | — BOUNDARY — | or | = WAVE_—| or
| _LAYER | | SPECTRA |
DATA_INPUT—| |  NEW_—| | OUTPUT
| VELOCITY | | FILE

Diagram 1.a

4.1 Data Input

The SHIP_GEOMETRY module cails 2 menu, GEOMETRY_MENU, to select the source for the
inputs. The user has the option to read from a HULLGEN file or to read the program generated dimen-
sionless hull coordinates. If the user had chosen to read from the HULLGEN file, then the program is
directed to the HULLGEN routine which will request for the name of the HULLGEN file. If the user
had chosen to let the program generate the input data, then the program is directed to the
DATA_INPUT routine which will request for the name of a ship geometry input file. A message on the
screen will indicate to the user what type of ship huil he/she is working with. In both cases, if the pro-
gram has probiems opening the given file an error message will be displayed on the screen and it will

repeat the request for correction.

SHIP_GEOMETRY Module

( HULLGEN )
( )
GEOMETRY_MENU —— ( or ) ——=BOUNDARY_LAYER
( )
( DATA_INPUT )
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The next task in the SHIP_GEOMETRY module is to define the boundary iayer correction
parameters in the BOUNDARY_LAYER routine. The program will display the current parameter
values on the screen and the user is given the opportunity to change any one of the parameter values
using the interactive mode. Once the user is satisfied with the parameter values, he/she continues to

the calculations phase.
4.2 Calculations

The calculations phase defines the case for calculating the wave resistance along the hull of the
ship. The SHIP_MENU appears on the screen for the user to specifv the type of approximation to be
used. Then, the CALCULATIONS_MENU appears on the screen so the user can select the desired
calculation process. The first time through the case, the user would select routine KELVIN_WAVE to

do the compiete modifications. Then, during the next runs he/she may select the NEW_VELOCITY

routine to rerun the same case assigning a new vaiue for the ship velocity.

Modules KELVIN_WAVE and WAVE_SPECTRA

( KEVIN_WAVE ) i

( ) |

SHIP_MENU — CALCULATIONS_MENU — ( or ) — WAVE SPECTRA |
( )

[ ( NEW_VELOCITY ) |

Once the KELVIN_WAVE or the NEW_VELOCITY routines have been completed, the program
calls the WAVE_SPECTRA module to calculate the Kelvin wave spectral function due to line panel
sources. Next, it calculates the wave and viscous resistance for the thin ship or slender ship approxima-

tion. Then, the p.ogram menu will appear on the screen so the user can direct his/her output to the
module RESULTS.

4.3 Data Qutput

This phase routes the output resuits to the line printer or to a file to be used for KELSEA input.
The OUTPUT_MENU lists the output options for the user to select from. At this point, the line printer
and the spectral file are the only options.
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: RESULTS Module by
. .
) 1
( PRINTER ) ‘
( )
RESULTS ———= OUTPUT_MENU ( or )| .
3 { Y, &
) ( SPECTRA_OUT _FILE ) ~_.
Y H
k! .
‘ Once the case is completed, the user has the option to run another case changing the approxima- "4
3 tion. NOTE : the user will have to re-enter the input data to get back the default values. The user .
'.'; guide example shows how the KELVIN program works. -
x 5. EXPLANATION OF MENUS AND INQUIRIES
KELVIN is programmed to determine the viscous effects on ship wave resistance, applying the j'.'
‘_ boundary layer correction factor. The main module directs the flow of the program to perform the .
major functional tasks to compute the viscous and wave resistance for either thin ship or siender ship
: approximation. Every time the program is loaded, the main program menu will appear on the screen as \
“»
; shown below. ~
o '
FITTIZI TR R PRRE R PYIERR RS R SRR RS 2222 2 0 2 0 0 14 4
2 . - FUNCTION MENU - . :
\ * (1) DATA INPUT - Generates Ship Geo- * :
) . metry and Boundary Layer Correction * x
* parameters. * h
L] L]
5 * (2) CALCULATIONS - Defines the case * “
: * for calculating the wave resistance * .
- * along the hull of the ship. * ’
. * (3) DATA OUTPUT - Routes output to ~ *
. * the line printer or file for KELSEA * i
; * input. * -
\ * (4) QUIT - Exit the program . ﬁ':
. PSS EPNNSANEE ST NI PR NPNEUI NG ROV VAL RANESEIRRIREQGARES
3 ENTER the number code of desired function: \-




; 5.1 Data Input :
L/ o
g .
] For each and every new case analysis. the first function above. "DATA_INPUT", must be pro- "
f cessed to define the ship geometry as well as the boundary layer correction parameters. Enter the
4 appropriate function number. -
N ENTER the number code of desired function: |
. The INPUT OPTIONS menu is displayed on the screen so the user can make his/her input source e
2 selection. Follow the user’s guide example and enter the code number below. K
SRS ASSSILVICES RS AN INSOEVNNS SIS AP INES T OEINEES i
N . - INPUT OPTIONS MENU - y T
. * (1) READ hull coordinates from . K
) * the HULLGEN file. . Y
¢ * (2) READ program-generated . :
* dimensionless hull coordinates. * g
TSRS ENSEIEBI NN RASIEPSRANYE SN CEDANIOSRBEESARES S ‘t:
ENTER the number code of desired option: 2 ’
1 :‘:
Having selected option #2, the DATA_INPUT routine will request the name of a ship geometry ':
data file. Enter the filename, "KELVIN.DAT" to the inquiry below. If the user had entered a slash. the ¢
program would have continued to the next routine to define the boundary layer values.
bl Specify the name of the data file from which s o
X i this program will read the input data for the i p
****  ship geometry (Enter / to exit). aese
. sees File name: kelvin.dat -
. “:‘
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The following message on the screen is to inform the user which ship hulil type was read from the
data file. Enter a slash to continue to the BOUNDARY_LAYER routine.

& 2 3 3
MR ol

995008V ELOLES SISV I SNVS SO EEESNE V0SS S OSSP NISESESRESOONEOEN

v ****  THE CURRENT SHIP HULL TYPc IS: soue i
s snsw sssn t
S SHIP_TYPE = #1 ~ WIGLEY. '
: ::::. ] ..‘.“...‘O“...."‘““.

. PLEASE Type < / > to Continue: /

8

The next display will list the current boundary layer correction parameters. The user has the )

option to change any one of the values. Just answer yes as "Y" or "y", to the inquiry and then enter the

item number of the boundary layer parameter vailue to be modified.

tene PARAMETERS FOR BOUNDARY LAYER CALCULATIONS R

- sens THE PRESENT PARAMETER VALUES ARE: sees

?{ sone (1) SHIP VELOCITY IN FT/SEC = 8.385 soes

- avee anes

= sone (2) TYPE BODY FOR BL CALCULATIONS =0 sone

. i .LE.0 ~~ VOLUME BODY il X

g .GE.1 ~~ WETTED AREA BODY sees

. Tane (3) SKIN FRICTION FORMULA =0 tuee

5 g .LE.0 ~~ COMPLEX GRANVILLE FORMULA tans

-3 sese .GE.] ~~ SIMPLER LUDWIEG-TILLMANN tese

) suae s N
' seus (4) BOUNDARY LAYER THICKNESS = | sees

;-: sene (5) NUMBER OF ITERATIONS OF BOUNDARY LAYER bt

X rons CALCULATION = 4 i

-‘ ELEL ] [ 21 1]

rese Would you like to change any of the above boundary layer suee

S ****  parameters? (Y/N): y ,
) rone ENTER THE ITEM NUMBER: 1

=

Since the user has elected to change the value for the first item. the ship velocity, the following )
inquiry is given. Enter the new value or a slash for the default value which would be the current value

7: shown. For the first time through the program, enter a slash for the default value.
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i‘ IR L LA R TP X R TR PP PSP e P PR R PR 2 A R A R 2 a2 22 2 R 222 2 22 2 R 2 22222 223
1y **** CURRENT VALUE OF SHIP VEL. IS: 8.85 FI/SEC wans :
: sSese sses f
. **** PLEASE ENTER NEW VALUE FOR SHIP VELOCITY IN ****
**** FT/SEC -OR- ENTER (/) FOR DEFAULT VALUE: /
L) v 3
X Below are the inquiries corresponding to the other boundary layer parameters. As was done above, J
» the values were defaulted by entering a slash to each inquiry. s
2 sove ENTER THE ITEM NUMBER: 2 X
3 P TPV R YRS E LR RS ER R SRR R 22 L2 PR s a2 0 28 113 :
- It
g **** SPECIFY WHETHER YOU WANT TO USE YVOLUME BODY nene J
**** OR WETTED AREA BODY FOR BOUNDARY LAYER CALCS. **** '
- *888 WHEN. s899
o sone IREL.LE.0 —~ USE EQUIVALENT VOLUME BODY sene X
y it FOR BOUNDARY LAYER CALCS. R .
- s IREL.GE.1 —~ USE EQUIVALENT WETTED AREA s :
', rome BODY FOR BOUNDARY LAYER. sone .
**** CURRENT VALUEIIS: 0 sene =
:: **** PLEASE ENTER NEW VALUE FOR IREL -OR- sese I
v *s** ENTER (/) FOR DEFAULT VALUE: /
.‘;' K
‘J .
**** ENTER THE ITEM NUMBER: 3
- SESNISV ST REENEES OSSN NSS SR IENSISORSVINRONS S *
. **** SPECIFY WHICH SKIN FRICTION FORMULA YOU WANT sene N
: **** TO USE: ssee ’
sane ICF.LE.O ~ USE MORE COMPLEX GRANVILLE pone
] seee SKIN FRICTION FORMULA. sues N
. S90S 988 )
:: soae ICF.GE.1 ~ USE SIMPLER LUDWIEG-TILLMANN sone
sone SKIN FRICTION FORMULA. sone
**** CURRENT VALUEISSETTO: 0 i
, ***¢ PLEASE ENTER NEW VALUE FOR ICF -OR- sone :
.. **** ENTER (/) FOR DEFAULT VALUE: / seee
: X
3 [
) f
X
~




-' .{r.q‘1- -t

**** ENTER THE ITEM NUMBER: 4

SSSSESEERELSELECEVALASARSEIREPRNLSSALENL S SRS ECARASAS SIS S A ELRICSHENIDSESEESEIED

**** SPECIFY WHETHER OR NOT YOU NEED TO ADD suee
**¢* BOUNDARY LAYER THICKNESS TO SHIP HULL: seee
rees I[BL.LE.O ~ DO NOT ADD BOUNDARY LAYER o
asee THICKNESS TO SHIP HULL. R
e IBL.GE.] ~ DO ADD BOUNDARY LAYER THICK- wmas
e NESS TO THE SHIP HULL. aeee
“*** CURRENT VALUEISSETTO: 1 aees
**** PLEASE ENTER NEW VALUE FOR IBL -OR- e
“*** ENTER (/) FOR DEFAULT VALUE: / sone

**** ENTER THE ITEM NUMBER: §

SESASELINIS VSRS AL S LR VA ERGIES VSV SIS ISRV FSSS IS SRS SR ELURIEESINSISSSBEASES

**** SPECIFY THE NUMBER OF ITERATIONS FOR THE suse
**** BOUNDARY LAYER CALCULATION. ke
**** CURRENT VALUE FOR BOUNDARY LAYER ITERATIONS, asee
see* (IBLIT), IS: 4 s
**** PLEASE ENTER NEW VALUE FOR IBLIT -OR- seee
**** ENTER (/) FOR DEFAULT VALUE: / soee

Between each inquiry, the boundary layer parameters are displayed as below to show the current
or new values. However, in this case, the defaults were selected and the values remain as before. Once
the user is satisfied with the values, he/she is to answer no to the inquiry asking if there are any
changes to be made to the boundary layer correction parameters. Enter no as "N" or "n", and the pro-

gram will return to the main menu.

****  PARAMETERS FOR BOUNDARY LAYER CALCULATIONS  ****
oo THE PRESENT PARAMETER VALUES ARE: b
808 s
**** (1) SHIP VELOCITY IN FT/SEC = 8.85 soes
L2 ] Ll E L]
****  (2) TYPE BODY FOR BL CALCULATIONS = 0 e
oo .LE.0 ~~ VOLUME BODY soas
e .GE.l ~~ WETTED AREA BODY weee
****  (3) SKIN FRICTION FORMULA = 0 aees
saee .LE.0 ~~ COMPLEX GRANVILLE FORMULA s
:::: .GE.1 ~~ SIMPLER LUDWIEG-TILLMANN ‘:::
****  (4) BOUNDARY LAYER THICKNESS = | soer
s***  (5) NUMBER OF ITERATIONS OF BOUNDARY LAYER b
eune CALCULATION = 4 seee

SOSVSPEVSOSNIVISS IS LSNPS ARAS S VRS ANAERPANSSIORABENAPESPAE RS SN IRERENEEAITRIENIORDS

Would you like to change any of the above boundary layer weee
parameters? (Y/N): n

L1 L]
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5.2 Calculations and Results

For each individual case, the KELVIN_WAVE routine must be processed first to complete the
modifications for the ship hull surface with the effects of the boundary layer parameters. Then. the user
can re-run the same approximation case changing only the ship velocity using the NEW_VELOCITY
routine. Therefore, either KELVIN_WAVE or NEW_VELOCITY is processed before the
WAVE _SPECTRA routine caliculates the wave and viscous resistance.

To begin the calculations process enter the appropriate function number to the inquiry following
the main menu below.

AZ LR AL LIZA I IS LRSI ISR YLy

- FUNCTION MENU -

(1) DATA INPUT - Generates Ship Geo-
metry and Boundary Layer Correction
parameters.

{2) CALCULATIONS - Defines the case
for calculating the wave resistance
along the hull of the ship.

(3) DATA OUTPUT - Routes output to
the line printer or file for KELSEA
input.

® & & & ¥ & & b 2 2B B 0 B & »

4 & & & & & 8 B & & B & & & & @

(4) QUIT - Exit the program

ENTER the number code of desired function: 2

The first request of the calculation function is to specify the ship approximation type. Enter the
option for the thin ship given below.

PR RS LRSS LA LIRSt ER LRI PR AT AR LSt it td] ]

- SHIP MENU -

Specify the type of approximation to be used
in this case study:

(1) Thin ship approximation.

(2) Slender ship approximation.

a 4 & 4 # & & 2+ » 8
® & & » & & & & » 8

LTI I TSI AL IR I RS TSR L LR RREC P T Y}

ENTER the number code of desired option: |
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Ok

Then, the next menu below requests the calculation method. Since this is the first run through
the thin ship approximation case. enter option 1 to process the complete modifications in the
KELVIN_WAVE routine and to continue to the WAVE_SPECTRA routine.

’ - )
L 2 M 0¥

SESENNIDINESS IR ISRV IISS VLS ASVES VSRS VR EESSSRESES £

WAVE RESISTANCE
- CALCULATION OPTIONS MENU -

L

o~
P—
hrd

Calculate the ship geometry and wave
resistance with boundary layer
effects.

(2) Repeat calculation for a new value of
the ship velocity.

(3) Exit to the function menu.

® & & & & & 8 & & & & & &
® ® *» & & * 2 8 & & & 2 »
-

'.

SR00ES L L VO NCAN SISOV EESSIISRD IS0 ESASVASSIVESINIERS

-ﬁ

e s B

ENTER the number code of desired option: 1

The screen will clear and display the message stating the type of ship approximation and another

el

message stating that the calculating process is taking place.

ss#s _ THIN SHIP APPROXIMATION - ****
**** Calculating wave resistance...

Once the first run has been successfully compieted, the main menu will appear on the screen.

o
.

_).._.‘(u .

Normally, the user will want to proceed to the RESULTS module to save the results. Enter "3" in

response to the main menu inquiry.

SAVVSANISLISS SO S EIEIURENNGASEP SRR A IS SOV G SRINABUS

- FUNCTION MENU -

(1) DATA INPUT - Generates Ship Geo-
metry and Boundary Layer Correction
parameters.

(2) CALCULATIONS - Defines the case
for calculating the wave resistance
along the hull of the ship.

(3) DATA OUTPUT - Routes output to
the line printer or file for KELSEA
input.

(4) QUIT - Exit the program

* & 8 & & & & 4 & & & & B & 6 s
® & & » & # & & 2 @& 0 B 0 & 2 B

v v

S80S NN ISRISIE RO SN EENPNIRIPIIE RRTSRDURESRANRENS

ENTER the number code of desired function: 3
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The OUTPUT OPTION menu will appear on the screen so the user may select his/her choice.
X Follow the user's guide and enter the option number as below.

PEENIVEE LRI SNBSS SCGEABINPI SV R AERERNNS RS VIS SESRRES

. - OUTPUT OPTION MENU - *
} . . e
: * (1) Output to line printer. . o
b . (2) Output file for KELSEA. . )
\J » . i

SRSV VIPNSSIV AL STV SE RV VRSV IERENCAVES IS SWSIB SIS P

\ ENTER the number code of desired choice: 1 N
A
o,
»
LA Shown below are the resuits of a thin ship approximation using the program generated ship hull
coordinates and defauited boundary layer correction parameters.

2 >>>> THIN SHIP APPROXIMATION <<<< :
: >S>>> VELOCITY = 8.85 <<<< X
; 3
' WIGLEY HULL,NSTA =25 NGRTHW =15, TEST FILE
AN r

NXSTATION = 25, NZSTATION = 15 )
- E 1 11 xxs EE LT
. -1.0000 -9500 -9000 -—-.8500 -—-.38000 -.7000 -.6000 -.5000
S -4000 -3000 -.2000 -.1000 0.0000 .1000 .2000 .3600
N .4000 5000 .6000 .7000 .8000 .8500 .9000 .9500 A
5 1.0000 :
., (21 1] ZZS Pl ] )
-1.0000 ~9290 -—.38570 -—.7860 -—.7140 -—.6430 -—-.5710 -—.5000
. —-.4290 -—-3570 -—-.2860 -—.2140 -—-.1430 -.0710 0.0000
: . Length at Waterline = 20.0000 5
p Wetted Surface Area = 595567 .
) Twice Projected Area = 30.0000 -
) Displacement (L Tons) = 6380 b

Total Number of Panels = 336

\ Norm. Source Strength = .141086E +00 K
] LYy
+ »
) \
. N
Y N
9 ¥
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Fo

g

- WA w

A -

LA

0 %A A

b AP

BEAM B = 2.0000, DRAFT H = 1.1895

[ XSTATION
1 -20.0000
2 -19.5000
3 —19.0000
4 —18.5000
§ —18.0000
6 —17.0000
7 —16.0000
8 —-15.0000
9 —14.0000
10 —13.0000
11 —12.0000
12 —11.0000
13 —10.0000
14 -9.0000
15 -3.0000
16 -=17.0000
17 —6.0000
18 —5.0000
19 —4.0000
20 -3.0000
21 —-2.0000
22 -1.5000
23 -1.0000
24 -.5000
25 0.0000

RS
.7958
.7991
.8081
8217
.8387
.3784
9204
9605
.9959

1.0247
1.0459
1.0589
1.0631
1.0586
1.0454
1.0238
9946
9591
9189
8771
.8379
8212
.8079
.7990
.7958

WIGLEY HULL ,NSTA =25 NGRTHW =135, TEST FILE

sssssess AT §5.2 KNOTS

WAVE RESISTANCE
CWYV * 1000
Cws * 1000

FROUDE NUMBER

DENSITY = 1.99000
RVH = 0.00000
DISP(LT) = 417850

10.9585
1.10163
.348330

5.10727 (POUNDS)

RV
6117
5375
5304
.5963
6363
7610
8422
.9059
9551
9918
1.0170
1.0317
1.0363
1.0309
1.0150
9879
.9490
.8968
.8286
.7401
6229
.5470
.4526
3246
0.0000

KINEMATIC VISCOSITY = .]4600E-04

RVS = 36.1197
,  CB(FT) = —10.2968,

16

, RT = 41.2270

NORM S§ = 282172

B s B 8

« ) ¥ 7 7




The main program menu will appear on the screen. To re-run the same approximation changing
only the ship velocity, follow the steps below. First, enter the code number for the calcuiations func-

tion given here.

¢ - FUNCTION MENU -

(1) DATA INPUT - Generates Ship Geo-
metr and Boundary Layer Correction
parameters.

CALCULATIONS - Defines the case
for calculating the wave resistance
along the hull of the ship.

DATA OUTPUT - Routes output to
the line printer or file for KELSEA
input.

(4) QUIT - Exit the program

® & @ L ] * .« # & @ -

ST PR AL LT LR LLES e E2 20T RSl st Y]

ENTER the number code of desired function: 2

Since the user does not wish to change the approximation, enter a slash to the following inquiry.

An error message would occur if the user tries to use the NEW_VELOCITY routine before reading or

re-reading the data input to set back the defauit values or before completing the KELVIN_WAVE rou-

tine first.

The current type of ship approximation is: i

- THIN SHIP APPROXIMATION - b
Enter </> for no change in specified sene
approximation -OR.- sees
Press any key for the SHIP MENU. / Bt

13

&

.-:.-_ . _.: ‘_.-_ -"SJ',.-"%I R ‘ “-l‘\( ‘d‘*-r\.r..('.f_.f RN «:\u— LS PR RN
",'s.-.- ot 4 LS Y 1o \" ""fq"
DE AW W O ), Y SO R RN SR ™ B N o>




B D

s T s YL

a b A_A_ 8

aVa®a¥a’20"s

etaam &

This time enter the code number for repeating the calculation process using a new value for the

ship velocity.

CASHITSIS SIS SHAIISENIESIC U PSS ES VP UENITENSSIERIS S

L] * ® @

WAVE RESISTANCE *

- CALCULATION OPTIONS MENU - *
(1) Calculate the ship geometry and wave *
resistance with boundary layer *
effects. .

(2) Repeat calculation for a new value of
the ship velocity.

(3) Exit to the function menu.

-
-
.
L]
[ ]

USSP LSOO CONPIVOVIBEIVIREEVIOSANSERSPEIEBIERENS

ENTER the number code of desired option: 2

The NEW_VELOCITY routine presents the current velocity value and requests the "new" ship

velocity in feet per second. Enter the value of the new velocity below.

SESRSNSUSEPRUTSAI LGOI SNESIVIIBENSI LTI N ESFRGIVSSNASOSIEVEVSENRNED

seee

Specify the New ship velocity in ft/sec. wene
Current ship velocity is: 8.85 ft/sec. seee
Please enter the New velocity for the ship in seee
ft/sec.: 8.0

Once again the screen will clear and display the message stating the type of ship approximation

and another message stating that the calculating process is taking place. Note, only WAVE_SPECTRA

is being processed.

**#* . THIN SHIP APPROXIMATION - ****
**** Calculating wave resistance...

18
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be The main menu will appear on the screen after successfuilly completing the calculations process. ‘
. Enter the code number for the RESULTS module.
¢
’,

. L pA
j * - FUNCTION MENU - . e
" * X
4 * (1) DATA INPUT - Generates Ship Geo- *
) * metry and Boundary Layer Correction * !
‘ ) * parameters. *
2 * (2) CALCULATIONS - Defines the case *
. for calculating the wave resistance *
\ * along the hull of the ship. *
' * (3) DATA OUTPUT - Routes output to ~ *
* the line printer or file for KELSEA *
« * input. *
. . - '..
[ * (4) QUIT - Exit the program . "
> » .
3 SELCESERNI LS ERLPES LRI FAENEREPRE S LRSS UISAVEROEES RN
- ENTER the number code of desired function: 3 iy
5 ;
-, R
X Again, the OUTPUT OPTION menu appears on the screen. Follow the user's guide and enter the b
option aumber befow.
-: SosasASEN LA LI LA T PR AT RT ) :
' . . .
’ . - OUTPUT OPTION MENU - . X
- L ]
’ . (1) OQutput to line printer. . .
: E ] ] \
< * (2) Output file for KELSEA. . :
L] . L] .
: X2 A RS E R R L L P PR PP L R PR Py P YY1y 5
ENTER the number code of desired choice: 1 -
. . , 3
; Shown below are the results of a thin ship approximation using the program generated hull coor- g
]
dinates and the defauited boundary layer correction parameters. including the new ship velocity. )
3 :
N LS
Y ‘o
. \
¥
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>>>> THIN SHIP APPROXIMATION <<<<
>>>> VELOCITY = 8.00 <<<<

WIGLEY HULL.NSTA=25 NGRTHW =15, TEST FILE

_
:l
N
¢
X
(]

NXSTATION = 25, NZSTATION = 15§

agee xxs sSeR

-1.0000 -9500 -9000 -.8500 -—.38000 -—-.7000 -.6000 -—.5000
—.4000 -3000 -2000 -.1000 0.0000 .1000 .2000 .3000

AL

e .4000 .5000 .6000 .7000 .8000 .8500 .9000 .9500
AY 1.0000
| \:
-
" 2eee ZZS eses
~1.0000 -.9290 -.8570 -.7860 ~-.7140 -—.6430 -.5710 -.5000
» -4290 -.3570 -.2860 -—.2140 -.1430 -.0710 0.0000
o
s
N Length at Waterline = 20.0000
Wetted Surface Area = 595567
Twice Projected Area =  50.0000
Displacement (L Tons) = .6580
Total Number of Panels = 336
Norm. Source Strength = .141086E+00
» BEAM B = 2.0000, DRAFT H = 1.1895
N
" I XSTATION RS RV
1 =20.0000 .7958  .6117
* 2 —=19.5000 7991 5375
> 3 =19.0000 .8081  .5304
o 4  —18.5000 8217 5963
. 5  —18.0000 8387 6563
W 6 —17.0000 8784 7610
7 —16.0000 9204 8422
8 —15.0000 9605  .9059
9  -14.0000 9959 9551
- 10 -13.0000 1.0247 9918
L 11 -12.0000 1.0459 1.0170
N 12 -=11.0000 1.0539 1.0317
>, 13 -10.0000 1.0631 1.0363
; 14 ~9.0000 1.0586 1.0309
15 —8.0000  1.0454 1.0150
b 16 -7.0000 1.0238 9879
: 17 —~6.0000 9946 9490
. 18 —5.0000 9591  .8968
19 —4.0000 9189  .8286
o 20 -3.0000 .8771  .7401 ‘
21 ~2.0000 8379 6229
) 3 22 —-1.5000 8212 5470 1
f ]
]
' 20

N R I A i N A S L I R S A U D R L AT U U A . -----J
I S A ' AR SR AR SRR RN e e
"~ \ . . )

A\ LT S A OSSR
' l, $* . \ \.{ ) LY
LMY A X A T 2y 0 N N MY '5.‘




..........

23 ~—1.0000 .8079 4526

24 —.5000 7950 3246 X
;n 25 0.0000 .7958 0.0000 .
¢ K
o K
‘I

WIGLEY HULL.NSTA =25 NGRTHW=15_ TEST FILE

ssssesss AT 17 KNOTS

; WAVE RESISTANCE
y CWYV * 1000
. CWS * 1000
FROUDE NUMBER

486916  (POUNDS)
12,7857
1.28531
315372 ¢

,
LI I I |

ety

DENSITY = 1.99000 KINEMATIC VISCOSITY = .14600E-04

a

RVH = 0.00000 . RVS = 29.9643 , RT = 34.8335

Y DISP(LT) = .417850 ,  CB(FT) = —10.2968, NORM SS = .282172 "

The main program menu wiil appear on the screen after the print job is compieted. Enter the

function code below to exit the program and to conclude the two cases.

¥ 0B EIRPEIEORBINI S SO ESSE SN ESONIURSINEOSAPSAREIES

- FUNCTION MENU -

(1) DATA INPUT - Generates Ship Geo-

metry and Boundary Layer Correction
parameters.

C o L S S €

(2) CALCULATIONS - Defines the case
for calculating the wave resistance
along the hull of the ship.

(3) DATA OUTPUT - Routes output to
the line printer or file for KELSEA
input.

(4) QUIT - Exit the program

e & # & & & & & & % & 8 2 ® 0 & »
e # a # » % & & & & & & & =2 s @

ws o 80"

ENTER the number code of desired function: 4

21




6. NUMERICAL RESULTS

Program KELVIN has been run to obtain the squared spectra defined in Section 3. The runs were

made for a 300-ft long model of the Series 60. Cz = 0.60 huil. which is one of the test cases for the

wave resistance workshops described in [1] and [2}. The runs were made for the ship moving at a speed

of 18.6 knots. corresponding to a Froude number Fn of 0.32, where Fn is given by

-

3)

v
-—— (1
Fn Ny

and L is the length of the ship. This hull has a beam-to-length ratio B/L equal 10 0.133. and a drafi-

to-tength ratio H/L equal to 0.053. Figure 2 shows a sketch of the section shapes at a series of longi-

tudinal stations.

A total of four runs were made:

(1) thin ship theory with no viscous correction

(2) slender ship theory with no viscous correction
(3) slender ship theory including the viscous correction

(4) slender ship theory including the viscous correction for a twin hull ship

RSN N

with the centerplane situated 80 ft (=2B) from each hull.

Figures 3, 4, 5, and 6 respectively show the squared spectra A? (9), 4%(9) cos’ 9. 472(9), and
A} (8) for each of these four cases. The spectra for the twin hull case have been divided by 2 10 make at

them comparable in magnitude with the monohull cases. The spectra are shown for values of 9 up to
72 degrees. At higher values of 8, the spectra for some cases take on large values and also oscillate

rapidly with 9. Also, the accuracy of the present potential flow approaches decreases with increasing 4,

where the wavenumber k increases (see Eq. (4¢)). i.e., wavelength decreases. To accurately model the

short wavelength region it is necessary to account for the interaction between the sources on the hull,

which is neglected in the present potential flow approaches.

The results basically show that for this huil, there is a relatively large difference between thin ship

and slender ship theories. The effect of the viscous correction is to generally lower the spectral values,

with littie phase shift. On the other hand, the effect of the twin hulil is to cause a shift in the location ) ;:

of the maximum and minimum values of the spectra, along with changes in their mognitudes. The

spectral levels for the y-slope are significantly higher than those for the x-slope. by as much as a factor

of 10. The spectra for A°. 42, and A all show the trend of increasing with 4. On the other hand. the N
¥

wave resistance spectrum .42 cos’ 9, which weights the lower values of 9, tends to have a more broad ;

band appearance.



7. SUMMARY

The present method uses the direct thin and slender ship theories to calculate the potential flow
and an axisymmetric integral momenium method to obtain the viscous corrections. It is shown that the
resultant etevation spectrum for the Kelvin waves may be conveniently transformed to give spectra for
the wave resistance. longitudinal and lateral slopes. and the influence of a second hull. A detailed
description is given of program KELVIN, which represents the computer implementation of the
theoretical model. For the case of the widely used Series 60. Cz = 0.60 hull, the results show that
there is a relatively large difference between thin ship and slender ship cases, and smaller differences
for the corrections due to viscosity, and the presence of a twin hull. The elevation and slope spectra
tend to increase with wave direction 8 while the traditional wave resistance has a more broad band

appearance.
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