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ABSTRACT

Several computer programs for the analysis of longitudinal wave cuts

which were developed at the University of Michigan under the direction of

S.D. Sharma have been converted at the David V. Taylor Naval Ship Research

and Development Center (DTNSRDC) for use on the CDC 6000 Computer Series .

The computer programs that are documented in this report perform the fol—

loving tasks : convert digital wave cut data for use In a wave analysis

program which determines free—wave spectra for a number of transverse wave

numbers and calculates the wave resistance; plot the free wave spectra;

determine and plot the contours of bulb influence factors. The programs

have been tested at DTNSRDC on a sample of wave cut da ta measured at the

University of Michigan.
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INTRODUCT ION

The Naval Ship Engineering Center (NAVSEC ) requested that the David W.

Taylor Naval Ship ~(esearch and Development Center (DTNSRDC) convert several
computer programs for use on the CDC 6000 computer series and develop the

necessary documentation to use and ‘nainta in these programs. These computer

programs were developed at The University of Michigan under the direction of

S. D. Sharma.

Collectively, these programs are used for the analysis of longitudinal

wave cuts. Individually, the programs perform the following tasks: the

first program NONDIM converts digital wave cut information for use by the wave
analysis progran; the Wave Analysis Program (WA VECT) performs wave analysis to

determine the free-wave spectra for a number of transverse wave numbers* with

an optional truncation correction for height data and also calculates the

wave resistance; the Free-Wave Spectra Plotting Program (SPCTRA) is used to plot

the free wave spectra derived by the WAVECT program; the Bulb ConP~’ur Printer
Program (BtIBOPT) uses the free-wave spectra provided by the WAVECT program to
determine the contours of the bulb influence factor for use by the Bulb Contour
Plotter program (BUBPLT); the BUBPLT program plots the contours of the constant

bulb influence factor (ETA).

The above programs have been converted and tested on the CDC 6000 Computer

Series at the David >J . Taylor Naval Ship Research and Development Center. The

testing used data reported in Sharma and Naegle (l970))

*The nondimensiona l transverse wave number is defined as: u = Sec e Tan 8,
where the angle 8 defines the direction of wave propagation.

L
References are listed on page 76.
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For many years there has been continuing interest in the reduction of

resistance into components attributable to specific causes such as friction,

w ind, and wave breaking. In recent years the development of theory and

experimental techniques have made it possible to assess more realistically

the contribution of wave making phenomena to the total resistance of ships.

Specif ically, the use of the longitudinal wave cut technique with theory to
determine the wave making characteristics of ship hulls from model experiments
has been advanced by a number of investigations.2

In 1968 S. D. Sharma directed a project at the University of Michigan

with the objective of optimizing bulbous bows for ships. The approa ch was

to use experimental methods to determine the profiles of wave patterns for

specific hull and bulb configurations and then use theoretical methods to

predict the effects of changes in bulb size and location on the wave patterns

nnd, consequently, on the component of resistance due to wave making. Wave

prof ile measurements were obtained for three bulbs fit ted to a common hull
model. The investigators concluded that the technique was promising as a

design tool for optimizing bulb size and location using a minimum of model

experiments.

Since the methods developed by Sharma appear to have promise in
optimizing hull designs, the programs have been adapted for use by the

U.S. Navy as described herein. These programs have also been used In

modif ied form by other investigators.3

COMPUTER PROGRAM DESCRIPTIONS (USER ’S GUIDE )

This section of the report provides a user’s guide for the five computer

programs which collectively will be used for the analysis of longitudinal wave
cuts. The program operating instructions are for the CDC 6000 computer series.

The descriptions provided summarize the purpose , input requirements/format and

output for each of the computer programs .

NONDIMENSIONAL WAVE CUT PROGRAM (NONDIM)

The program NOND IM converts digital wave cut information from analog

units (i.e., millivolts/inch) to feet , and then nondimensionalizes the wave
cut information for use in the Wave Analysis Program (WAVECT) .

• 3
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• The input variables for program NONDIM are defined as follows:

LABEL — A vector containing the 80 charac ter title

MMU — A control character indicating whether height data or
slope data is to be read in:

IIMU < 0; Height data

MMII > 0; Slope data

MAX — The number of points in the wave profile, ZETA — MAX
must be less than or equal to 1000

MEAN — The number of points in the wave profile which should be
averaged and subtracted from all of the points of the wave
prof ile in order to obtain a zero line

DT — The time interval between successive input points in the
profile in seconds

YFT — The transverse distance from the center line of the model
to the center wire of the wave probe in feet

VPPS — The model speed in feet per second

ZSCA — Scale fac tor for use in converting the input data into
either inches or slope — ZSCA is the number of input units

• per inch of wave height , or per radian of slope as indicated
by MMU.

XSHUT — Distance from the origin on the model to the trip in feet,
with positive measured forward — See Figure 1

XLAG — Distance from center wire of the wave probe to the center
of the photo cell in feet with positive upstream See
Figure 1

.JMARI( — The number of time intervals (fractions allowed) from
the trip to where the input begins, with positive measured
forward — See Figure 2

ZETA - A vector containing the MAX input point s for the
longitudinal wave profile.

4
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i 4 XSHUT
I— Wave Probe Photo Cel l

D1r

noi iave

~~~~~~~~~~~~~~~

TriP \ 
XIIAG

Figure 1 — Longitudinal Section of Testing Tank for
Longitudinal Wave Analysis

Note: XLAG and XS}1UT are measured positive in the direction of the arrows

drawn on the figure.
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Mark on Wave Record

JMA R I(
Time ~~

.

..._— Start of Wave Record
—

Calibration Curve

Figure 2 - Sample Wave Record from Longitudinal Wave Cut

/

Note : JMARX is measured positive in the direction of the arrow drawn
on the figure.
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The input cards for the NONDIM program are read from logical device

Number 5 and should be prepared in the following manner:

CARD VARIABLES FORMAT

1 LABEL 8A10

2 MMU, MAX, MEAN 315

3 DT, YFT, VFPS 3FlO.3

4 ZSCA , XSHUT, XLAG, 4FlO.3

~~~RK

5 IFMT 8AlO

6 ZETA (As many cards I!MT

4 
as necessary)

Below is a list of input values used to complete one successful run
• of the NONDIM program. Because of the size of ZETA, the specific input

values for ZETA are omitted from the list but are provided in Table 1.

• ~- LABEL — Model 1094 (CV) RUN NO.4 AUG. 6, 1978 V — 5.360 FT/SEC

MMU — 0

MAX — 451

MEAN —50

DT — 0.03

YFT — 4.125

VFPS — 5.360

ZSCA — —3.972

XSHUT — 3.0833

XLAG — 1.1667

JMARIC 118.25

IFIIT — (l5P5.2 , 5X)

Table 1 provides a listing of the above sample input in the format

required by the progran NONDIM.
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The output from the NONDIM program consists of two types; formatted
t

printer output and unformatted file output. The formatted output consists

of the longitudinal step size (DX) which is the distance between input
points in the wave profiles (DX should be negative); the distance of the

f irst input point forward from the origin on the model (XONE) ; the distance
from the centerline of the model to the center of the wave wire (Y); and

the number of points in the wave profile (MAX). This is followed by the

points of the wave prof ile (ZETA) , which have been adjusted to zero by
averaging a number of points from the wave prof ile (this number is determined
by the input variable MEAN). Both dimensional and nondimensional forms

are printed. Table 2 provides a sample listing of the dimensional output ;

Table 3 provides a sample listing of the nondimensional output. The non—

dimensionalized data is also written unformatted on a f ile for use by the
Wave Analysis Program (WAVECT) and the Free—Wave Spectra Plotting Program

(SPCTRA). The lenqth information is nondimensionalized by the fundamental

wave—number [g/u2j .

The NONDIN program uses device numbers 4, 5, and 6 for its input and

output. Device number 5 should be assigned to the card reader for the

input, device number 6 should be assigned to the line printer for the
formatted output, and device number 4 should be assigend to a permanent

file (disk or magnetic tape) which needs to be requested and catalogued.

Sample control cards used to run program NONDIM on the CDC 6000 Series
Computers are as follows :

CHRENON ,CM60000,T100,P3.

CHARGE, CHRE , XXXXXXXXXX.

REQUEST ,TAPE4 ,*PF.

FTN(T)

LGO.

CATALOG, TAPE4 , PERMFILE4 , ID—CHRE.

7/8/9 END OF RECORD CARD
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Source Deck

7/8/9 END OF RECORb CARD

Data Cards

6/7/8/9 END OF FILE CARD

Note: PERMFILE4 is the name of the permanent file (disk) on which the
unformatted output is to be stored.

WAVE ANALYSIS PROGRAM (WAVECT)

The program WAVECT determines the free—wave spectra , wave resistance,

and side force on a body from a wave profile measured along a line parallel
to the path of the model (longitudinal wave cut). The method used is that

developed by Sharina.2 WAVECT uses the nondimensionalized data from the
program NONDIM and does the actual wave analysis with an optional truncation

correction which can be applied to height data.

The input variables for the WAVECT program are defined as follows:

MU — Control character indicating whether height or slope data is
to be read and whether or not the truncation correction is to
be made in the case of height data:

MU < 0; height data without truncation correction

MU = 0; height data with truncation correction

MU > 0; slope data

N — The number of elementary waves to be analyzed during the wave
aralysis .

DU — The size of the increment for the transverse wave number which
is used to determine the N elementary waves which are to be
analyzed

M — The number of points which are to be read from the wave prof ile

NP — The number of the points on the wave profile at which the analysis
for determining the asymptotic behavior of the wave prof ile should
begin — This is used in making the truncation correction and is
not read unless MU — 0.

12

‘.5

~ —-— —5----.—5.- - -~------- -• -. -‘-5.- - -5.-- ----—5.—’--— — - .—-.-.-- .—--- -5- ._.44__s_ -~~~~~~--‘-~~‘ .. - . . -



C3 — -A nondimensional distance indicating where, in relation to the
origin on the model , is the origin for use in determining the
beginning of the asymptotic behavior of the wave — This
variable is not read unless MU — 0.

LABEL — A vector which contains the 80 character title

DX — Distance between the input points in the wave prof ile

XONE — The distance of the first input point forward of the origin
on the model

Y — The distance from the centerline of the model to the center
of the wave wire

MAX — The number of points in the wave profile

MMU — A control character indicating whether height or slope data
is to be read in:

MMU < 0; Height data

MMU > 0; Slope data

ZETA — A vector containing the MAX input points for the longitudinal
wave profile.

The input variables LABEL, DX, XONE, Y, MAX, MMII, and ZETA are the
unformatted output of Program NONDIM and are read by Program WAVECT from
device number 4. The input variables MU, N, DU, M, NP, and C3 are user

inputs read by WAVECT from device number 5 and should be prepared as

follows :

CARD VARIABLES FORMAT

1 MU IS

2 N , DU 15, Fl0.3

3(if MU#0) M 15
3(if MU — 0) N, NP , C3 215, FlO.3

Listed below are sample input values used to complete a successful run

of the WAVECT program.

— 13
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MU — 0

N — 100

D U — 0 . l

M — 451
— M P — 4 1 6

C3 — 0.0

Table 4 provides a listing of the above sample input in the format

required by program WAVECT.

The output of the Wave Analysis Program consists of a number of error
statements, one of two forms of printed output on device number 6, and

the free—wave spectra written on device number 3 which is a disk file,

for use by the Bulb Contour Printer program. The first form of the printed

output is that generated for either slope data or height data without the
P truncation correction, the second output form is generated when the cal-

culations on height data are made with the truncation correction.

The error statements are printed to indicate that there is an error

in the input, or that the user input is inconsistent with the input which

is read from the Nondimensionalization Program (NONDIM) output. Error

statements are output by pro gram WAVECT if any of the following conditions
exist:

1) If either N or DU is less than or equal to zero

2) If MU indicates a differen t type of data than NMU from the
Nondimensionalization program (i.g., if MU = +1 and MMU = 0 ,
the Wave Analysis Program expects slope data while the Non—
dimensionalization program is giving height data)

3) If M is not between one and MAX

4) If NP is not between one and M (this applies only for height data
with truncation correction).

Execution of the program is terminated af ter any of the above errors have
been detected.

14
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If no error s have been found , the program then proceeds to calculate the

free-wave spectra, transverse force, and wave res istance, and to print the
output. The printer output on device number 6 consists of the title, the

number of elementary waves to be analyzed , the transverse wave number step
size , the longitud inal distance between the points in the wave prof ile ,

and the number of points in the wave profile. If the truncation correction

is to be made (height data only) the point in the wave profile where the
P 

asymptotic behavior of the wave is assumed to begin is printed along with

the three constants describing the asymptotic behavior of the wave. This

is then followed by the definition of all terms given in the heading of the
output columns. These headings and their definitions for the output with

slope data and height data without the truncation correction are as follows:

ND - The number of the elementary wave being analyzed

UNU - The transverse wave number - Sec e . Tan 0

SNU - The longitudinal wave number - Sec 0

ThU - Tan g

SNU* - The sine component of the Fourier transform of the wave profile —

CNU* - The cosine component of the Fourier transform of the wave profile

F - The sine component of the free-wave spectra calculated

G - The cosine component of the free-wave spectra calculated

E - The square root of the sum of the squares of F and G

T - The nondimensional transverse force~~

R - The nondimensional wave resistance.

‘The wave pattern on each side of the ship exert s a transverse forc e on the
ship. If the ship is symmetric, it generates a symmetric wave pattern, and
therefore antisyninetric transverse forces. If, however , the ship is asym-
metric, it generates an asymmetric wave pattern, which exerts an asymmetric
transverse force on the ship. The net transverse force on an asymmetric ship
due to wave making can be determined by taking the difference between the
side forces calculated from the wave pattern measured on each side of the
ship. The longitudinal force on an asymmetric ship is the average of the
wave resistance computed from the wave pattern on each side of the ship.

16 
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The variables T and R, printed with each step, are the integrals of the
.5 free-wave spectra through that elementary number.

When the wave analysis is applied to height data with truncation

correction, the output on device number 6 is as follows:

NU - The number of the elementary wave being analyzed

UNU - The transverse wave number - Sec 0 • Tan B

SNU - The longitudinal wave number - Sec B

TNU - Tan 9

SNU* - The sine component of the Fourier transform applied to the
wave prof ile without the truncation correction

SNU*T - The sine component of the Fourier transform of the wave profile
with the truncation correction

CN1J* - The cosine component of the Fourier transform of the wave
profile witlx ut the truncation correction

CNU~T - The cosine component of the Fourier transform of the wave
profile with the truncation correction

F - The sine component of the free-wave spectra calculated with
the truncation correction

C - The cosine component of the free-wave spectra calculated with
the trunca tion correction

E - The square root of the sum of the squares of F and C

T - The nondimensional transverse force calculated without the
truncation correct ion*

TT - The nondimensional transverse force calculated with the
truncation correct ion*

R - The nondimensional wave resistance calculated without the
truncation correction

RT - The nondimensional wave resistance calculated using the
truncation correction.

The wave resistance and side force are nondimensionalized by multiplication

by l/Pg”2V
6
.

A sample output listing showing the output of program WAVECT is

provided in Table 5.

*See the footnote on page 16.
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The input and output of the WAVECT program Is done using devices

number 3, 4, 5, and 6. Device 5 should be assigned to the card reader

for the user input, device 6 should be assigned to the line printer for
the printed output, device 4 should be assigned to permanent f ile
containing the unformatted nondimensional output of program NONDIM to
be used as input, and device 3 should be assigned to a permanent file
which is requested and catalogued for the free—wave spectra output of

WAVECT. The file containing the free—wave spectra output is used by the

Bulb Contour Printer Program (BUBOPT) and the Bulb Contour Plotter Program

(BUBPLT) .

Sample control cards used to run program WAVECT on the CDC 6000
Series Computers are shown below :

CHREFWS ,CM46000,T100,P3.

CHARGE, CHRE , XXXXXXXXXX ~
REQUEST , TAPE 3, *PF

ATTACH, TAPE4 , PERNP ILE4 , ID=CHRE.

FTN(T)

-
~~ I LGO.

CATALOG, TAPE3 , PERMFILE3, ID=CHRE.
— 

7/ 8/9 END OF RECORD CARD

Source Deck

7/8/9 END OF RECORD CARD

Data Cards

6/7/8/9 END OF FILE CARD

Note: PERMFILE4 Is the name of the permanent file which contains the

unformatted nondimensional output of program NONDIM, PERMFILE3 is

the name of the permanent file on which the free—wave spectra

output of program WAVECT is to reside. -

21 1
00*~~~ 

- - 
~~~~~~~~~~~~~~ 

, 
~~~~~~~~~~~~~~~~ • —- -

_ _ _ _ _ _ _ _  ±11 _ _ _ _ _ _ _ _ _ _ _ _



_ ___ _ _
~~~

- _i -’_ _- _ -_ _ _ ___
~

_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

FREE WAVE SPECTRA PLOTTING PROG RAM (SPCTRA )

The SPCTRA program plots the sine component of the free—wave spectra

(F), the cosine component of the free—wave spectra (C), and the amplitude
(E),

The input variables for the SPCTRA program are def ined as follows :

N — The number of free—wave spectra.

DU — The transverse wave number step size.

LABEL — An 80 character title for the output.

F — The sine component of the free—wave spectra.

C — The cosine component of the free—wave spectra.

The user Inputs (N, DU, and LABEL) are read from device number 5 and
should be prepared as follows :

____ 
VARIABLES FORMAT

1 N , DO 15, FlO.5

2 LABEL 8A10

The variables F and G are outputs of the Wave Analysis Program (WAVECT)
and are read by SPCTRA from device number 4.

The values of user input shown below were used to complete a

successful run on the CDC 6000 Series Computer.

N — 100

DU 0.1

LABEL — MODEL 1094 (CV) RUN NO . 4 AUG. 6, 1968 V — 5.360 FT/SEC

Table 6 provides a listing of the above sample input in the format

required by the program SPCTRA . 
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The output for the SPCTRA program consists of plots of the sine
component of the free—wave spectra (F) versus speed (S) and versus

heading (U) , the cosine component of the free—wave_spectra (C) versus
S and versus U, and for the amplitude (E + C2) versus S and versus U.

F, C, and E are plotted along the vertical axis while U and S vary along
the horizontal axis, The plot file is automatically written on a magnetic

tape which has to be requested in the control cards. The tape is then

mounted on the CalComp Plotter which does the actual plotting. Figure 3

Is a sample of the plotted output of program SPCTRA using the CalComp

plotter.

The input and output of the SPCTRA program is done via devices numbers
4, 5, 6, and 7. Device number 5 should be assigned to a card reader for
user inputs. The printed output is printed on logical device number 6.

Device number 4 should be assigned to the permanent f ile written by the
Wave Analysis Program (WAVECT) to be used as Input and device number 7

should be assigned to a 7—track magnetic tape on which the commands are

written which drive the CalComp plotter.

Sample control cards used to run SPCTRA on the CDC 6000 Series -

Computers are:

CHREFWS,cM50000,MT1,T100,P3.

CHARGE ,CHRE,XXXXXXXXXX.

FTN(T) 
-

ATTACH, TAPE4PERMFILE4 , ID— CHRE.

VSN ,TAPE 7—RAEO1—SLOT 32.

REQUEST ,TAPE7 ,HI ,RING, (SLOT32 ,RAEO1)

ATTACH,CALC936.

LDSET , (LIB—CALC936)

tOO.

RETURN ,TAPE7.

7/8/9 END OF RECORD CARD

Source Deck
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7/8/9 END OF RECORD CARD

Data Cards

6/7/8/9 END OF FILE CARD

Note: PERMPILE4 is the name of the permanent file on which the free—wave

spec tra output of program WAVECT resides , RAEO1 is the name of the

7—track magnetic tape being used which must be provided by the user.

BULB CONTOUR PRINTER PROGRAM (BUBOPT)

The pro gram BUBOPT determines the coarse contours of the bulb infl uence
factor. This program is primarily intended for determining the range of

variables to use as input to the BUBPLT (Plotter) program.

The input var iables used in the BUBOPT program are def ined as follow s:

LABEL — An 80 character title for the output

DU — The transverse wave number step s ize

L - The nondimensional length

LAMBDA — A control character indicating the type of data to be read :

LAMBDA = 0; hull—bulb spectra is given and the bulb spectra
must be separated from this

LAMBDA ~ 0; bulb spec tra given

N — The number of free—wave spectra

NCONT — A control character controlling the calculation of contour
points:

NCONT = 0; calculate and print the points for plotting
contour s of NU — cons tant

NCONT ~ 0; do not calculate points for the contours

QMIN — Starting location of bulb as a fraction of ship length*

QMAX — Ending location of bulb as a fraction of ship length*

DQ — The step size for Q

*posjtjve locations mean the new bulb is forward of the location of the
current bulb , and negative locations are aft.
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ETANIN — The minimum eta for which contours are wanted (must be
zero or larger) — Eta is defined as

R
= 

WOPT
R

W BH

ETANAX — The maximum eta for which contours are wanted

DETA — The distance between contours

FH — Sine component of the free—wave spectra without bulb output
by pr ogram WAVECT

GH — Cosine component of the free—wave spectra without bulb
output by program WAVECT

FBO — Sine component of the free—wave spectra with bulb output by
progr am WAVECT

GBO — Cosine component of the free—wave spectra with bulb
output by program WAVECT.

The user input variables LABEL, DU, . . ., DETA for the BUBOPT progr am
are read from device 5 and should be prepared as follows:

- 

- CARD VARIABLES FORMAT

1 LABEL 8A10

2 DU, L, LAMBDA, 2FlO.5, 315
N, NCONT

3 QMIN , QMAX , DQ, 6F10.5
ETAMIN , ETANAX ,
DETA

Values of user input data that wer e used to perform a sample run of

BUBOPT on the CDC 6000 Series Computer are provided below:

LABEL — FROM MODELS 1O94CV AND 1094—B2 AT V — 5.360 FT/SEC (AUG. 1968)

DU — 0.1

L — 14.01

LAMBDA-O

N — 100
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NCONT - O

QMIN - -.08

QMAX — 0.08

DQ — 0.01

ETANIN — 0.6

ETANAX — 2.0

DETA — 0.1

Table 7 provides a listing of the above sample input in the format

required by program BUBOPT.

The input var iables FH and CH are read from device number 3 and should
be the free—wave spectra output of program WAVECT without a bulb. Input

var iables FBO and GBO are read from device number 4 and should be the
free—wave spectra output of program WAVECT with a bulb.

The output of the BUBOPT (Printer) program consists of the following:

Q — The longitudinal location of the bulb

P(MIN) — P location of ETA(MIN) for a given Q

A , B, C — For a given Q; ETA is quadratic in P

ETA -AP 2 + B P + C

P(l) — The bulb volume for eta — 1

For eta = constant, a given Q gives P1 and P2 for plotting contours.

It obtains P1 and P2 from the sol ution to AP2 + BP + (C — ETA)

— 0, for eta constant. P1 and P2 _B±,44B2 — 4A (C — ETA)
2A

P — Bulb volume — current bulb is (P—i) — As fraction of bulbvolume

Table 8 is a sample of the output and output f ormat that is generated
by program BUBOPT.

The input and output of program BUBOPT is done via devices 3 , 4 1 5 ,

and 6. Device number 5 should be assigned to the card reader for the user
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inputs, device 6 should be assigned to the line printer for the printed

output, device 3 should be assigned to the permanent file containing the

free—wave spectra output of Program WAVECT without a bulb , and device 4

should be ass igned to the permanent file containing the free—wave spectra
output of program WAVECT with a bulb.

Sample control cards to run the program BUBOPT on the CDC 6000 Series

Computers are shown below:

CHREOPT ,CM60000,T120 ,P3.

CHARGE,CHRE ,XXXXXXXXXX.

ATTACH , TAPE 3, PERNFILE3 , ID~CHRE.

ATTACH , TAPE4 , PERMFILE4 , ID=CHRE.

FTh C

LGO .

7/8/9 END OF RECORD CARD

Program Cards

7/ 8/9 END OF RECORD CARD

Data Cards

6/7/8/9 END OF FILE CARD

Note: PERNFILE3 and PERMFILE4 are, respectively, the names of the permanent
files containing the free—wave spectra output of program WAVECT with
and without a bulb.

BULB CONTOUR PLOTTER PROGRAM (BUBPLT)

The program BUBPLT determines and plots the contours of the constant

bulb influence factor (ETA) in the P—Q space.

The input variables for the BIJBPLT program are defined as follows:

33
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LABEL — A title for the output , up to 80 characters

-“ NCHAR — The number of characters in the title

N — The number of free—wave spectra

LAMBDA — A control character indicating the type of data to be read in:

LAMBDA 0; the hull—bulb spectra is given , and the bulb
spectra must be separated from this

LAMBDA # 0; bulb spec tra given

DU - The transverse wave number step size

L — The nondimensional leng th

QMIN — Starting location of bulb as a fraction of ship length

QMAX — Ending location of bulb as a fraction of ship length

DQ1 — The step size for Q

ETANIN — The minimum eta for which contours are wanted

ETAI4AX — The maximum eta for which contours are wanted

DETA1 — The distance between contours

DETA2 — The distance between contours

FH — Sine component of free—wave spectra without bulb output by
program WAVECT

GH — Cosine component of free—wave spectra without bulb output
by program WAVECT

FBO — Sine component of free—wave spectra with bulb output by
program WAVECT

GBO — Cosine component of free—wave spectra with bulb output
by pr ogram WAVECT

The user input var iables LABEL, NCHAR , . • ., DETA2 for the BUBPLT

program are read from device 5 and should be prepared as shown below:
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CARD VARIABLES FORMAT

- 
1 LABEL 8A10

2 NCHAR , N , LAMBDA, 315, 2F10.5
DU, L

- 3 QMIN , QMAX , DQ1, 7F10.2
ETANIN , ETAMAX ,
DETA1, DETA2

Values of user input data used to comple te a successful run of the
BUBPLT program on the CDC 6000 Ser ies Computer are prov ided below :

LABEL = FROM MODELS 1094CV AND 1094 — B2 AT V—5.360 FT/SEC (AUG. 1968)

NCHAR = 72

N — 100

LAMBDA O

DU = 0.1

L = 14 .01

QMIN = — .08

QMAX = C08

DQ1 = .Ol

ETAMIN = .60

ETANAX = 2.0

DETA1 = C05

DETA2 - .20

Table 9 prov ides a listing of this sample input data in the format
required by program BUBPLT C

The input variables FR and GH are read from device number 3 and should

be the free—wave spectra output of program WAVECT without a bulb. Input

variables FBO and GBO are read from device number 4 and should be the free—

wave spectra output of program WAVE CT with a bulb.
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The BUBPLT program has printed output consisting of the maximum and
- minimum of the P and Q values , as well as, eta plus plotter commands output

to a magnetic tape which will drive the CalComp plotter. A sample of the

CalComp plots for program BUBPLT is shown in Figure 4.

The input and output of pr ogram BUPPLT is performed via devices number
3, 4 , 5, 6 , and 7. Device number 5 should be assigned to the card reader
for the user inputs , device 6 to the line printer for the printed output,
device 7 to a 7—track magnetic tape for the CalComp plotter commands , and
device numbers 3 and 4 should be ass igned , respec tively, to the permanent
file containing the free—wave spectra output of program WAVECT run with

and without a bulb.

Sample control cards to complete a successful r un of the BUBPLT
progr am on the CDC 6000 Ser ies Computers are listed below :

CHREPLOT ,cM60000,T120,MT1,P2.

CHARGE ,CHRE ,XXXXXXXXXX.

FTN(T)

ATTACH,TAPE3 ,PERMFILE3 , ID=CHRE.

ATTACH , TAPE4 , PERMP ILE4 , ID—CHRE.

VSN ,TAPE7=SLOT33—R,AEO3 .
I

REQTJEST,TAPE7 ,HI ,RING. (SLOT33 ,RAE O3)

ATTACH CALC936 .

ATTACH, CALCFN .

LDSET , LIB—CALC936 .

LDSET , LIB=CALCFN.

LGO.

RETURN ,TAPE7.

7/ 8/9 END OF RECORD CARD

- - 
‘ Source Deck

— 7/8/9 END OF RECORD CARD
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C Data Cards

6/7/8/9 END OF FILE CARD

Note : PERMFILE3 AND PERNFILE4 are , respectively , the names of the permanent
files containing the free—wave spectra output of program WAVECT with
and without a bulb.

COMPUTER PROGRAM DOCUMENTATION

This sec tion of the repor t contains the calling sequences and ex ternal
references of the f ive computer programs and related subroutines which
collectively will be used for the analysis of longitudinal wave cuts , The

documentation in this sec tion descr ibes the programs as used on the CDC 6000

series computers at DTNSRDC. This section is designed to assist in the

program maintenance function.

A summary of the external references is outlined below. Following

the summary, documentation for programs and non—system functions and sub-
routines is provided.

NONDIM (no referenc es)
(

WA1ECT

~ - a I ICONST TRAN S TRUNC FRES FANDG RESIST SQRTI I
I I 4 1 1

COS ‘ SIN SQRT CEXP CSQRT
I 1 I

COS SIN COS SIN
- I I 1

FRES COS SIN SQRT
t

CEXP CSQR~

-H
~~- - - C .S-~ 1.l~ I I  C C ~~~~ t.C’ ’~~~t C l~~~~~~~~P. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - , 

—- - - ~~- 
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SPECTRA Cl

Cl 

NE~MIN A]IIS PU TS LI!~E PJ!OT SCALE SYM~OL SQ1RT

B OPT

CO}ITOR S~N SIN ScIRT

SdRT

-
I

BUBPLT

I I I I I IVOL PLTST PLOT SflM INFLEX XINTBP COS SIN SQRT

gQRT

I I I 1 1 f IPLOTS PLOT SYMBOL AXIS LINE NUMBER DASHL LINE 1 INFLEX
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NAME : PROGRAM NONDIM

PURPOSE: To conver t wave cut information from analog units
to feet, and then nondimensionalize the information
for the wave analysis program

CALLING SEQUENCE : MAIN PROGRAM

ARGUMENTS : TAPE5 — Card Reader

— TAPE6 — Line Printer

TAPE4 — Disk File (Nondimensional Data)

SUBROUTINES CALLED: None

COMMENTS : None
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NAME : PROGRAM WAVECT -

PURPOSE : To perform wave analysis using the four ier C

transform method with an optional truncation
method which can be applied to height data

CALLING SEQUENCE: MAIN PROGRAM -

ARGUMENTS : TAPE5 — Card Reader

TAPE6 - Line Printer -

TAPE3 — Disk File (Free Wave Spectra Without Bulb)

TAPE4 — Disk File (Nondimensional Data) 
-

SUBROUTINES CALLED: CONST , TRCANS, TRUN C , FRE S, FANDG, RESIST

FUN CTIONS CALLED: SQRT

COMMENTS: None

‘
C, 

-

I-

Cl

’

-
~~ 

- -  
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NAME: SUBROUTINE CONST

PURPOSE: By using least square analysis, CONST determines
the asymptotic behavior of the waves behind the
ship : ZETA — (Cl*Cos (X) + C2 *Sin (X) )/ (C3 — X ) ,
as X approaches (—) infinity.

CALLING SEQUENCE : CALL CONST (ZETA , M, NP , XONE , DX, Cl, C2 , C3)

ARGUMENTS: ZETA — The vector of length MAX containing the input
points for the longitudinal wave prof ile

M — An integer indicating the number of points
which are to be analyzed from the wave profile

MP - An integer which indicates at which point on
the wave profile the analysis for determining
the asymptotic beh..vior of the wave profile
should begin — NP is not read unless MU 0.

XONE — The distance of the first input point forward
of the origin on the model

DX — The distance between the input in the wave
profile —

Cl — The real part of the complex amplitude of the
asymptotic wave behavior

C2 — The imaginary part of the complex amplitude
— of the asymptotic wave behavior

C3 — A nondimensional distance indicating where the
asymptotic behavior of the wave begin in
relation to the origin on the model — C3 is
read only if MU = 0.

SUBROUTINES CALLED: None.

FUNCTIONS CALLED: COS , SIN , SQRT

COMMENTS: None
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NAME: SUBROUTINE TRANS

PURPOSE: To compute the sine and cosine components of the
Fourier Transform at transverse wave—number SNU

CALLING SEQUENCE: CALL TRAN S (ZETA , MU , M, DX, XM, SNU , TNIJ , CNUSTR,
SNUSTR)

ARGUMENTS: ZETA — The vector of length MAX containing the
input points for the longitudinal wave
prof ile

MU — An integer control charac ter indicating
whether slope or height data is to be
read and whether or not the truncation
correction is to be made in the case of
height data

MU < 0, height data without truncation
correction

MU — 0, height data with truncation
correction

MU > 0, slope data

M — An integer indicating the number of points
which are to be analyzed in the wave profile

DX — The distance between the input points in the
wave prof ile

XM — The point at which the asymptotic behavior
of the wave is assumed to start — point
from which the truncation correction is
made

SNU — The longitudinal wave number — Sec 0
TNU - Tan O

CNUSTR — The cosine component of the Fourier Transform
of the wave prof ile without the truncation
correct ion

SNUSTR — The sine component of the Fourier Transform
applied to the wave profile without the
truncat ion correction

SUBROUTINES CALLED : None

44
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FUNCTIONS CALLED: COS , SIN

COMMENTS : None
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NAME: SUBROUTINE TRUNC

PURPOSE: To determine the truncation correction to the free—
wave spectra due to finite length of record

CALLING SEQUENCE: CALL TRUNC (XM , SNU , Cl , C2 , C3 , DCSTR , DSSTR)

ARGUMENTS: XM — The point at which the asymptotic behavior
of the wave is assumed to start — point
from which the truncation correction is made

SNU — The longitudinal wave number — Sec 0

Cl — The real part of the complex amplitude of the
asymptotic wave behavior

C2 — The imaginary part of the complex amplitude
of the asymptotic wave behavior

C3 — A nondimensional distance indicating where
the origin for use determining where the
asymptotic behavior of the wave begin In
relation to the origin on the model

DCSTR — The truncation correction for the cosine
componen t of the Fourier Transform of the
wave profile without the truncation correction

DSSTR — The truncation correction of the sine
component of the Fourier Transform which
applies to the wave profile without the
truncation correction

SUBROUTINE S CALLED : FRES

FUNCTIONS CALLED : COS , SIN , SQRT

COMMENTS : None

- -  
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NAME: SUBROUTINES FRES

- - PURPOSE : To calculate the value of the Fresne integral from
zero to Z and return the real (CT) and imaginary (~ T)

- parts using the method developed by Boersma (1960)

CALLING SEQUENCE : CALL FRCES (Z , CT, ST)

ARGUMENTS : Z — The upper limit of the Fresnel integral

CT — The real part of the Fresnel integral from
zero to Z

ST — The imaginary part of the Fresnel integral
from zero to Z

SUBROUTINES CALLED: None

- 
- FUNCTION S CALLED: CEXP , CSQRT

COMMENTS : None

/
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NAME: SUBROUTINE FANDG f
PURPOSE: To compute the “true” free—wave spectra, F and C.

CALLING SEQUENCE : CALL FANDG (MU , Y , UNU , VNU , CNUSTR , SNUSTR , F , C)

ARGUMENTS : MU is an Integer control character

MU < 0; Height data without truncation correction

MU — 0; Height data with truncation correction
I MU > 0; Slope data

Y — The distance from the center line of the
model to the center of the wave wire

- 
UNU — The transverse wave number — Sec O C  Tan 0

VNU — The function of wave number used in
I evaluating various Integrands — VNU —

+ 4 Sec 0 Tan 0)

CNUSTR — The cosine component of the Fourier transform
I 

of the wave profile without the truncation
correction

SNUSTR — The sine component of the Fourier transform
applied to the wave profile without the
truncation correction

F — The sine component of the free—wave spectra
/

C — The cosine component of the free—wave spectra

SUBROUTINES CALLED: None

FUNCTIONS CALLED : COS , SIN

COMMENTS : None

-

~~~
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NAME: SUBROUTINE RESIST

- - PURPOSE : To compute the incremental increase in wave resistance
and side force due to a single step in wave number

CALLING SEQUENCE: CALL RESIST (DU, VNU , SNU , UNU , CNUSTR SNUSTR , DR ,
DT)

ARGUMENTS: DU — The size of the increment for the transverse
wave number which is used to determine the
N elementary waves which are to be analyzed

VNU — The function of wave number qsed in evaluating
various integrands. VNU - ~~(l + 4 SecO TanO)

SNIJ — The longitudinal wave number — SecO

UNU — The transverse wave number — SecO . Tan O

L 

CNIJSTR — The cosine component of the Fourier transform
of the wave profile without the truncation
correction

SNUSTR — The sine component of the Fourier transform
applied to the wave profile without the
truncation correction

DR — The incremental increase in wave resistance
due to a single step in wave number

DT — The incremental increase in side force due
to a single step in wave number

/
SUBROUTINES CALLED: None

COMMENTS : None
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NAME: PROGRAM SPCTRA

L PURPOSE: To plot the sine and cosine component of the free— C

- - 
wave spectra

CALLING SEQUENCE: MAIN PROGRAM

ARGUMENTS: TAPE4 — Disk File (Free—Wave Spectra)

TAPE5 — Card Reader

TAPE6 — Line Printer

TAPE7 — 7—Track Magnetic Tape

SUBROUTINES CALLED: NEWMIN , AXIS , PLOTS , LINE , PLOT , SCALE , SYMBOL

FUNCTION S CALLED: SQRT

COMMENTS : None

/
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NAME: SUBROUTINE N EWMIN

C PURPOSE : To determine the scaling to be used when plotting
— the free—wave spectra

CALLING SEQUENCE : CALL NEWMJ’3 (ANIN , AX, DV, AORG )

ARGUMENTS : ANIN — The vertical range in which the spectra is
to be plotted

AX — The maximum value of the spectra arrays F,
C, and E

DV - The number of data units per inch of axis

AORG — A shifting factor for the spectra arrays

SUBROUTINES CALLED: None 
C

COMMENTS : None

5~
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I
NA14E: PROGRAM BUBOPT (PRINTER)

PURPOSE : To determine coarse contours of the bulb influence 
C

factor

CALLING SEQUENCE: MAIN PROGRAM

ARGUMENTS : TAPE3 — Disk File (Free—Wave Spectra Without Bulb)

TAPE4 — Disk File (Free—Wave Spectra With Bulb)

TAPES — Card Reader

TAPE6 — Line Printer

SUBROUTINES CALLED : CONTOR

FUNCTIONS CALLED: SUM , SIN , COS , SQRT 
C

COMMENTS : None

/
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NAME: SUBROUTINE CONTOR

- - PURPOSE: To determine the contours of constant ETA in the
P—Q space and print them

CALLING SEQUENCE : CALL CONTOR (QMIN , QMAX, DQ, ETANIN , ETANAX , DETA ,
A, B , C, I)

ARGUMENTS : QMIN — The starting value of Q

QMAX — The ending value of Q

DQ — The transverse size for Q

ETAMIN - The minimum ETA for which contours are wanted

ETAMAX - The maximum ETA for which contours are wanted C

• 
DETA — The ETA distance between contours

A ,B ,C — For a given Q, ETA is quadratic in P

I — A counter used to dimension the argument
B in the subroutine CONTOR

C 

SUBROUTINES CALLED: None

FUNCTION S CALLED : SQRT

COMMENTS : None

/
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N AME : FUNCTION SUM

PURPOSE: To determine the interference wave resistance of a
- 

- hull bulb combination — This is used to evaluate the
B term in the quadratic expression (in bulb volume)
for wave resistance at a given longitudinal position.

CALLING SEQUENCE : S — SUM (MN , DU , FA, FB , GA, GB, W)

ARGUMENTS: NN — The number of free—wave spectra

DU — The transverse wave number step size

FA — The sine component of the free—wave spectra
for the hull

FB — The sine component of the free—wave spectra
for the bulb -

CA — The cosine component of the free—wave spectra
for the hull

GB — The cosine component of the free—wave spectra
for the bulb

V — Denominator of the Integrand

w —  ~~(l + 4U2) / (l+~~ l+4U2)

SUBROUTINES CALLED: None

COMMENTS : None

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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— NAME: PROGRAM BUBPLT

PURPOSE: To determine and plot the contours of the constant
bulb influence factor (ETA)

C CALLING SEQUENCE : MAIN PROGRAM

ARGUMENTS : TAPE3 — Disk File (Free—Wave Spectra Without Bulb)

TAPE4 — Disk File (Free—Wave Spectra With Bulb)

TAPE5 — Card Reader

TAPE6 — Line Printer

TAPE7 — 7—Track Magnetic Tape

SUBROUTINES CALLED: VOL , PLTST , PLOT C

FUNCTIONS CALLED: SUM, INFLEX , XINTRP , COS , SIN , SQRT

COMMENTS : None

‘
-I
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NAME : SUBROUTINE VOL

- - PURPOSE: To solve the quadratic equation, ETA — AP2 + BP + C,
for the bulb volumes which yield a given value of ETA

CALLING SEQUENCE: CALL VOL (ETA, A , B, C, PA, PB, T)

ARGUMENTS: ETA — The given value of bulb influence factor for
which contours are designed

A — Coeff icient on quadratic term in bulb volume

B — Coefficient on linear term in bulb volume

C — Coefficient on constant term

PA — The lower bulb volume for the contour

PB — The upper bulb volume for the contour

T — Used as a switch on the number of values of P

SUBROUTINES CALLED: None

FUNCTIONS CALLED: SQRT

COMMENTS: None

H /
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NAME: SUBROUTINE PLTST

PURPOSE: To perform the actual calcomp plotting of the contours
of the constant bulb influence factor

CALLING SEQUENCE: CALL PLTST (N, A , AX , B, BX, BMIN, K , L , ETA , LABEL,
NC1~AR, IENTRY)

N — The number of points on a given contour to
be plotted

A — The Q values to plot on a contour

AX — The scaling constant for the Q plot

B — The P values corresponding to Q

BX — The scaling constant for the P plot

BMIN — The minimum value of P

K — A switch used to denote open or closed contours

L — A switch used to denote solid or dashed lines

C ETA — The value of the bulb influence factor being
plotted

LABEL — A title for the output

N CUAR — The number of characters in the title

IENTRY — A switch used to denote scale set—up , plot
contours or dashed lines

SUBROUTINES CALLED: PLOTS, PLOT, SYMBOL, AXIS , LINE , NUMBER , DASHL , LINE1

- 

- 

FUNCTIONS CALLED: INFLEX

COMMENTS : None
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NAME: FUNCTION SUM

PURPOSE : To determine the interference wave resistance
of a hull bulb combination — This is used to evaluate
the B term in the quadratic expression (in bulb
volume) for wave resistance at a given longitudinal C

position .

CALLING SEQUENCE: S — SUM (MN, DU, FA, FB, GA, GB, W)

ARGUMENTS : MN — The number of free—wave spectra

DU — The transverse wave number step size

FA — The sine component of the free—wave spectra
for the hull

FB — The sine component of the free—wave spectra
for the bulb

• GA — The cosine component of the free—wave spectra
for the hull

GB — The cosine component of the free—wave spectra
for the bulb

W — Denominator of the Integrand:

W -~~1l+4U
2 / l +~~~i~~~4U2

SUBROUTINES CALLED: None

7 COMMENTS : None
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NAME : FUNCTION INFLEX
- PURPOSE : To determine the inflection point in a given set of

data — the vector A

C CALLING SEQUENCE : I — INFLEX (A , N)

ARGUMENTS : A — A vector of values which has a maximum or minimum

N — The number of elements in the vector A

SUBROUTINES CALLED: None

COMMENTS: None

/
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NAME : FUNCTION XINTRP

PURPOSE: To interpolate a set of data Y for a value of 1 — X
using quadratic interpolation

CALLING SEQUENCE: XX — XINTRP (X , Y , N , Z)

ARGUMENTS : X — The vector of X values in which to interpolate
Cl 

- Y — The vector of Y values in which to interpolate

N — The number of elements in vectors X and Y

Z — The value of X at which a value of Y is desired

SUBROUTINES CALLED : None

COMMENTS : A value of 100.0 is returned to denote interpolation
fails

/
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- APPENDIX A - NONDIMENSIONAL SCHEME

In order that the results of the Wave Analysis would be independent

of the size of the model or ship from which the data was obtained , it was

decided that nond imenaional quantities would be used in the actual wave

analysis. For use in the d imensional analysis , a set of basic units of

density (p) , gravity (i)
~ 

and velocity (V) were chosen , for use in repre—

Cl I 
senting all data in a nondimensional form.

We can now form nondimensional quantities as follows ; let ~ be any

dimensional quantity such that:

— IM
a
LbT

C
I

Then, letting Q be the correspond ing nondimensional quantity, we have :
- e

Cl 

- _________

With tie following relationships between!, ~~~ , 
p and M, L , T:

Cl General (English) (Metric)

[!) L/T (f t/sec) (mis)

Cl 

[.g,] L/T 2 (f t/sec2) (m/82)

(.2.] M/L 3 (slug/f t3 = Lb sec2/ f t ”) (Kg/m~)

we can obtain the following equation relating a , b , c and a, 8, y

MaLbTc 
— (~~~ 3)

cx(LT~
.2
)B(LT_ 1

)Y

which yields the following relationships :

a —  a

b - -3ct + 8 + y
c — — 2 8 — y

a — a

8 — —3a — b — c
y— 6 a + 2 b + c
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APPENDI X B - MATHEMATICAL DEVELOPMENT*

According to theoretical hydrodynamics the potential for a source

distribution over some region (D) in the lower half plane (z < 0) can be

descr ibed by the following integral

4 (x ,y, z) a(x ’ ,y ’ ,z ’)G(x ,y, z ,x ’ ,y ’ ,z ’)dD . (1.)

-~~~~ D

where cl(x’,y ’,z’) is the local source strength for a point (x ’,y ’,z ’) ;

and the Green ’s function G(x ,y, z ,x ’ ,y ’ , z ’) is the potential of a source

of unit strength located at a point with coordina tes (x ’ , y ’ , z ’) .

H~velock (l932)~ gives the following expression for the Green ’s function : -
C

G(x ,y, z ,x ’ ,y ’ , z ’) = 

r
1
:2

+ ~~ 
I fde f dk sec 2 e exp{k(z + z’ + i~ )} (2)

—ii k sec 2 0 + ip sec 0

where r = [(x — x ’) 2 + (y — y ’) 2 + (z — z ’) 2 ]

r = [(x — x ’) 2 + (y — y ’) 2 ÷ (z + z ’) 2 ] , and (3)

= (x — x ’) cos 0 + (y — y’) sin 0

Defining the steady state free surface deformation as:

z = ~(x ,y)

we can , by the assumption of small amplitude , define this free surface

deformation in terms of the potentia l function as:

z ~(x ,y) — 4 ( x ,y, O) (4)

If we define the Kochin functions H(k ,8) and J(u ,s) as follows :

H(k ,0) = 4iTf c~(x ’,y ’,z’)exp(kz’ + ik(x cos 0 + y ’ sin 0)]dD and (5)

D

*For a more detailed ana lysis see Sharma (1966) 6.
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Cl

J(u ,s) — 41TCl
,, [ 

a(x’,y ’,z’)exp[z ’ ~~u
2 + ~~2 

+ i(sx ’ + uy ’)]dD . (6)

Thqn we can obta in the follow ing rela tionsh ips between H and J: C

H(k ,8) — J(k sin 0 , k cos 0) end

J(u ,s) H~~ u2 + ~~2
, tan 1 1!) . (7)

Using the Kochin functions, we can now obtain the free surface

deformation as:

~(x ,y) - Re u r n  ~~ J dOj dk ii(k,0)k sec 0
- - 

~4~~O 4fl 2 
~ 

k — sec2 0 + ~~ sec 0

exp[ik (x cos 0 + y sin 0)] , (8)

where ii~(k ,0) is the complex conjugate of H(k ,0)

Defining the wave resistance Rw by the following equation,

Rw — +4 Tr
f a(x ,y, z)~~~(x ,y, z)dD , (9)

7 and substituting for $~
(x ,y , z) ,  we obtain

If

R
w 

— 

~~ 
f  H(sec 2 0 ,0) ~ii(sec2 0 ,8)sec 3 0 dO . (10)

From the above equation for the wave resistance it can be observed

that the Kochin function has degenerated from a function of two variables
(k ,0) to what is essentially a function of one variable (0) . From this

it can be seen that k must be defined as follows:

k — s e c 2 0 . (11)

63k
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• Outside the region near the source distribution, the surface
deformation is caused pred ominantly by those waves f or which k = sec2 0.
These are the so-c4lled free-waves.

It can be shown that, for any y, as x -9- 
~ the surface deformation

becomes :

~(x ,y) — Re 1 f  ~ (u ,s)exp[i(uy + sx)J

~j l + 4 u2

(1 + S/i + 4u2 )du , (12)

and that , for any x , as Y ~

t ( x ,y) = ‘m 
1 f  i(— is ’Jl _ s  ,s) 

Cl

expt isx - s ~i- s2 y]52 ds

+ Re .

~~~ 

f  ~~ 5~~ 8 exp(i(sx + s S1s2 
— l ,y)]s 2 ds , (13)

where a is related to u by the following relationship :

7 ( 1 +~1i + 4u 
)

1/2 

> 1 . (14)

From this it can be seen that the various forms of the Kochin function

are related as follows :

H(sec 2 0,0) — J( u,s) J (9~~~~6
2 — 1, Is I)  . (15)

From this , it can be seen that the variables u , a , and 0 are related as

followø :
u = S e cO T an O ,

s = S e c  0, end
u s 1

~~ s2 _ l  . (1,6)
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(16)

Using these variables we can define a “free~wave spectra” in terms of

the two rea l functions , F and G , of the var iable u ,

G(u) + iF(u) 2(1 + ~~l + 4u 2 ) J(u ,s) , (17)
111 + 4u2

and the wave elevation as x -‘- ~ can be found by the Fourier integra l ,

~(x ,y) [F(u) sin (sx + uy) + G(u) cos (ax + uy)]du . (18)

Cl 

Taking a longitudinal wave cut (y held constant), the following
Fourier transform can be applied to the wave prof ile:

C(s ,y) + iS(s ,y) =f ~(x ,y)e i5X 
dx  . (19)

If the value of y has been chosen such that it is great enough that
the waves are free waves , we can apply the Fourier inversion theorem to

equation (19), and for 1 < s <~~ obtain the following relationships:

Re(J(s~Js 2 
— 1,s)exp {is~~ s2 

— 1 y }J _
~~~~~~ 2 

2 

1 C(s ,y) and
S (20)

Im [~i(s 4s2 — l,s)exp{_is~ f 2  — 1 y}] ~J~2; 
1 S(s ,y)

From these equations we can easily solve for the free—wave spectra,

in terms of the Fourier transform of equation (19):

F(u) — 
4 4 2  — 1 [C(s ,y) sin (uy ) + S(s ,y) cos (uy) ] and

4~~~ : 
(21)

0(u) — (C(s ,y) cos (uy) + S(s ,y) sin (uy) ] .
(28 2 _ l
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These equations (21) are true for height data ; however , there can

be significant errors from using these equations with only a finite

length of wave cut . To avoid these error s, it is possible to instead
measure the transverse wave slope h which would yield the following
equations for the free—wave spectra.

4F(u) — [C (s ,y) cos (uy ) — S~ (s ,y) sin (uy) ]
s(2s 2 — 1) Y

G(u) — [C (s ,y) sin (uy) + S (s ,y) cos (uy) ]
8(28 2 _ i )  y y

A method which might possibly be used to correct for the use of a

finite length of longitudinal cut, with height data, would be to assume

Cl 

that at a large distance from the origin, the waves decay asymptotically,
Cl 

- and that they may be f i t  by an equation such as follows , for x -9- —~~:

(C c o s x+C  sin x)
~(x ,y) — 

— 

‘ (23)

where the unknown constants C , C
2 , and C might be determined by a

least—squares fit.

In order to determine the error due to truncation let’s def ine a
modif ied Fourier transform,

~*(s ,y) + i~ *(s ,y) 
f

~Js 2 — l  ~(s,y)ei5~C dx . (24)

Then , if we define the point x.~ as the point at which the wave prof ile
has been truncated , the error becomes :

XM _ _

~C*(x ,y) + i~ S*(s ,y) =f ~~~~~~~ — 1 C(x ,y)ei5
~

C dx , (25)

where the values of c(x ,y) are defined by using equation (23) . Using

equations (25) and (23) we can obtain the values of ~C* and ~5* by

using the following equations:
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t~C* — 1~~~~~ [d CF ( z )  + d SF( z )  + d C ~ ( z )  + d S ~(z )]  and

(26)

— [ d C F (z+) — d SF( z )  + d C F( z )  — d S F(z ) ]

where

d — ~~1T— l [C- cos C ( s  + 1) + C sin C ( s  + 1)]

d — ~~ 1T— l[C sin C (s 4- 1) — C cos C (a + 1)]

— ~~11+ l[C: cos C:(s — 1) — C
: 

sin C
:
(s — 1)] , and 

(27)

Cl d — ~~7T+ l[C sin C ( s  — 1) + C cos C ( s  — 1)]

CF and SF are the real and imagina ry parts of the Fresnel integral ,

CF
(z) + i SF (z) .‘f e 2 dt , (28) 

C

and 
/ 2 ( C _ x M) (s + l) \~i~

z ± — ~~ 
— 

) 
. (29)

: 1  7

Using the real and imaginary components of the modified Fourier

transform (24) we can now define the wave resistance and transverse
forces as

R = ~ f
(C*) + (S*) 2 

du and (30)w 
8

2
(25

2 _ l )

T — 
i 
( 

(C*) 2 + (S*)
2 

du • (31)
~~~~~ 

83 (25 2 
— 1)
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APPENDIX C - NUMERICAL ANALYSIS AND ThE
• DEVELOPMENT OF THE ALGORITHM

We will use the following definitions in our evaluation of the

equations in Appendix B:

v — 0,l ,2 , . . . N  the number of an elementary wave with angle O\)

— V t~u ( sec ~~ tan

— (1 + 4u
~

) 1/2 (1. + 2 tan 2

S — {(l + V ) / 2 }h / 2  (sec 
~~~V (32)

T
~ 

— uv/sv ( tan 
~~~

- 
- 

c — 1/2 j — j  and jj  mm max
• — l  

~~~~~min
1’”’~max

- t~x the spacing between points in the wave profile, and

M — the number of the most negative x-location in the wave profile.
C Taking the truncated Fourier transform integral:

C*(s) + iS*(s) = — if c(x ,y)ei8
~ dx , (33)

we can separate the real and imaginary parts and integrate by the trapi—

zoidal rule obtaining the equations:

5 *  - T
~~ I~~~X I ~~~~~~ ~ sin (X

jS~
)
~j 

and

(34)

Cv* Tv I~ x I ~~~ cos (Xj S~
)E j

j — l

Using these results with equation (21) we can obtain the free—wave

spectra:

I

L. 
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T i

— ~~~%* sin (U
~Y) + S~ * cos (U

~
Y) } , (35a)

— f.{C~* cos (U
~

Y) — S,~* sin (UvY) )  , and (35b)

Cl 

E
~ 

{(F
~
)2 + (G~ )2 ) h/ 2  . (35c)

Then by integrating equations (30) and (31) by the trapizoidal rule we
can obtain the wave resistance and transverse force :

V

R
~ 

— 
~~~~~~~ ~ ((C~*) 2 + (S~ *) 2} 

V (1 V ) and (36)
j aO j  :1

T — ~~~~ ~~~ {(C~*) 2 + (S~ *) 2} 
~~~~j  —0

Cl 

When being used with a slope cut the equations develop as follows: 
C

C*(s) + i S*(~ ) = 

~ 
f  l~~(x ,y)e i5Xdx . (38)

This equat ion then separates into the sums :

Cl S~~* a tAx i 
E ~ 

sin (Xj S
~

)c
1 

and

i—i
(39)

— i
~:

I 
~~~ 

cos (X
jS~

)cj .

i—i j

The free wave spectra are given by the following equations:
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F~ — 
v?~ ~Y cos (U

~
Y) — sin (U

~
Y) } and

(40)

G,~ — ~~ {~~ * sin (U
~

Y) + cos (U
~

Y) }

The values of EV , Rv , and TV are then calculated as in equations

(35c) , (36) , and (37) respectively.

The evaluation of Cv* and S~ * can be much simplified if it is noted

that the summations of equations (34) and (39) are simply Chebyshev

polynomials to which the following recursive formulas apply:

U -U -0 
Cl

?*1 144- 2

and

U = 

~n + 2 cos (S
~

Ax) U +i — U +2 (41)

where
— 

~n”2 for n — 0,14

This equation is iterated from M to zero , and 5~* and C~ * are calculated

from the following equations:

S~ * = T~~AX~U sin (S
~

AX) and

(42)
Cl ‘U - U

Cv* = T
~IA XI(~ 

0 2

2

The truncation corrections AC~* and AS~ * are calculated and added

to C~* and SV* from equation (34) to obtain Cv* and SV*, and then the

free—wave spectra , transverse force and wave resistance are calculated

using equations (35) , (36) , and (37) . The truncation corrections ACV*

AS~ * are calculated using equations (26) and (27),  where the values of

the constants C , C , and C are determined as follows: C is chosen
1 2 3 3

as the nondimensional distance from the origin on the model to the origin
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T C l T~~~

I

I
of the most significant waves on the hull. The constants C 1 and Ca

are calculated by least squares .

The error is calculated such that

C coa x + C  siu x
~~~~~~— 

_ 1 1 2 .1 (43)

Then the sum of the squared errors , Q, is calculated ,

Q ( ô ) 2 
. 

(44)

Cl 

j-M 
C

C It is desired to find C and C such that Q is a minimum; and
1 2

Q is a minimum when

Cl _~~~~~.~k1% ( c cos x1 + c 2
smn x

1\ 
coa X ~~

DC 
~~~~~ , \-~ 

- x~ J~J r -  x~

and when (45)

‘
/

Cl 

_
~~~~~~ ~~ 

( C cos Xj + C s i f l Xj \  
sin X~~ — 0

DC ~~~~~~~ ‘ Ic i IJc — x
2 j aM \

From this we obtain :

C
l 

~~~ 
+ 

~~~~~ 

sin X
1

cos 
~~ _ _ _ _ _ _  and

j aM’ ~ j M ’  j aM’ — X
i

(a) (b) (c) •
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cos s
1 

;ln X
1 + 

~~~~ 
~~ 

~~~~~~~ 
(46)

(d) (e) (f)

Hence we find that C and C can be defined as follows :
Cl 

1 ‘ 2

— 
(e) (c) — (b) (f)

j (a) (e) — (b) (b)

(47)
— 

(a) ( f )  — 
(b)  (ci  

Cl

2 (a) (e) — (b) (b)

C In equations (44) , (45), and (46); M ’ corresponds to the point at which

the wave profile is assumed to begin its a symptotic behavior. Both M

and M’ should be chosen so that (X.,,~ — X.~,) is either one or else one—

half of one fundamental wave length.

- The Fresnel integrals of equation (28) are evaluated by using the

method developed by J. Boersma (l96O) .~~

7

H k
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APPENDIX D — BULB OPTIMIZAT ION SCHEME

If we are given a main hull spectrum FV~~~ 
and CV~

1
~ 

and a hull—bulb

spectrum F~~
thb0) and G~

thb0)FOR 
~ 

= 0,1 - . ., N for some definite bulb

size and location, along with the transverse wave number step size AU, and

the nondimensional hull “length: L ~~ / V2 — l/F~
2
. we can predict the

new hull—bulb spectra (F 
(hb) AND c (hb)) for various bulb sizes (P) and

Longitudinal positions (Q); and calculate a pred icted Rw
(hb) and bulb

influence factor (n) for these spectra,

Rw
(hb)

R~~
’
~

If we generate these values of 
~ 

for a number of positions and sizes ,
one can even plot contours of efficiency. These contours might look as

shown in Figure D—l:

P 
~~l.4 Present Bulb

1 

Optimum Bulb

±
Figure D—l — Bulb Contours of Efficiency for Various

Bulb sizes versus Longitudinal ~~aitioa
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It can also be shown in a linear sense that these efficiencies are

a quadratic function of P for a given Q. That is fl — aP2 + bP + C, a(Q) ,

- - 
b — b(Q) , c — c(Q). You will see later that “a” is actually a constant

Cl depending on the given hull and bulb , and that “c” is always equal to one.

To develop the necessary equations one assumes tha t:

F 
(bo) 

— F (hbo) 
— F 

(h)
V V V

and V — 0, 1, . - . ,  N

c (bo) 
~ 

(hbo) 
— c (h)

V V V

If we shift the bulb spectra by a distance x~ we get :

~~~~~ — F
V
(l)0)cos(S

VXS
) + G~

th0)smn(S~X~)
Cl and

Cl 0V 
— G,¼,~~

°
~

cos(SVXS) — FV~
1
~
°
~
smn(SVXS) ,

where S a [(1 +~Jl 
+ 4UV

2)/2] h/2 and U~ — v•AU. The effect of changing

the bulb size by a given factor P yields :

F 
(b) 

— PF (bi)
V V and

(b) 
— PG (bi)

V V

The wave resistance can be calculated using the following trapezoidal

integratic formula:

R
w

_
~~~~E (i + ’Ji+4U ) 

{F V

2
+ G

V
2 },

with — 
1/2 for ‘v—o and N

V 1 otherwise

-We would use the principle of linear superposition to obtain the F~ 
and

and follows:

F
V 

- F~
th) + PF

V~
’1
~ and

— G~
(h) 

+ ~0
(bi)
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By the analysis shown, one can f ind the constants of the quadra tic
equation. The important thing to note is that in the equation for “a”:

a — 

R~
(h) ~~~~ + 1 + 4 U 2 ~~~~~~~~~~ + (G

V
(1
~
m)
)2}

we are calculating a sum which is simply the wave resistance of the bulb

with a phase shift and because a simple phase shift will not change the

wave resistance, the coeff icient “a” is a constant.

Once the coefficients of the quadratic equation are known, one can
find the value of P for an optimum bulb at any Q and the line Ti — 1.

P is the relative bulb size. That is, the original bulb has size P — 1
and no bulb has size P — 0. The longitudinal position Q is the decimal
shift in length of the bulb relative to the length of the hull.

/
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINA TING DEPARTMENT .

2. DEPARTMENTA L REPORTS, A SEMIFORMAL SERIES , CONTAIN INFORMATION OF A PRELIM-
I NARY . TEMPORARY , OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICA L MEMORANDA , AN IN FOR MAL SERI ES, CONTA I N TECHNICA L DOCUMENTA T ION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-

7 TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
N U M E R I C AL CODE OF THE ORIGI NATI NG D EPARTM ENT. ANY DISTRIBUTIO N OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING D EPARTMENT ON A CASEClBYCCASE
BASIS.
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