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1. INTRODUCTION

The accurate estimation of load acting on a ship structure is an

important aspect of ship design. with current trends in ships now

oriented towards longer and wider ships in the case of oil tankers and

bulk carriers, and to longer ships for the container and LNG trade,

local strength is an important structural consideration that must be

adequately accounted for.

To evaluate and refine theoretical methods for calculating local

loads on a ship hull, a study was initiated to compare calculated

hydrodynamic pressures with pressures obtained by experimental testing

on a scaled-down model of a ship, and with full - scale

pressure measurements. Two vessels were chosen for this purpose - the

SL-7 class containership, and the Great Lakes self-unloader

STEWART J. CORT. These vessels represent nearly opposite combinations

of hull form characteristics and speed.

The experimental pressure measurements were obtained on models of

the two ships at the University of Michigan Towing Tank. Full-scale

measurements were conducted on the S. J. COR!l!by the DWT Naval Ship

Research and Development Center (DWTNSRDC). Both the model test and

full-scale measurements of hydrodynamic pressure were sponsored by

the Ship Structure Committee (SSC). !Cheoreticalpressure calculation

and comparison with measured pressure data were carried out by the

American Bureau of Shipping (ABS).

This

Comparison

quality of

report presents the comparison study described above.

plots are shown and conclusions are drawn regarding the

correlation between measured (model test and full-scale)

-1-
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and theoretically calculated pressure. However, it is not the

intention of this report to either identify factors in the theory

which are responsible for the discrepancies in correlation, nor to

suggest what direction further research must take.

In the subsequent chapters~model test and full-scale measured

results are first discussed followed by a summary of

mathematical formulations employed in the computer program

ABS/SHIPMOTION for hydrodynamic pressure calculation. It should be

noted that this program is one of several available in the industry to

calculate the hydrodynamic pressures. Theories used in different

programs are not identical, due to different assumptions embodied in

their formulations. Therefore, the correlation of measured data with

calculated results from the program AT3S/SHIPMOTIONprovides only a

qualitative indication as to the adequacy of the generally available

theories for predicting the hydrodynamic pressures.

-2-
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II. SUMMARY OF MODEL TEST A.NDFULL-SCALE MEASUREMENT RESULTS

11.1 Model Tests

Experimental 11’I~aSUreIIIeII~Sof hydrodynamic pressure acting on

the model hulls of the SL-7 class containership and the S. J. CORT was

conducted at the University of Michigan Towing Tank in Ann Arbor/

Michigan.

Model testing procedures are described in detail in

Reference [i]. The hydrodynamic pressure, which is comprised of

pressure due to the incident and diffracted waves and that due to the

ship motions, is measured by running the model in waves, free to heave

and pitch. The pressure component due to the incident and diffracted

waves is measured by restraining the model in both heave and pitch

while operating in waves. Such a test is referred to as the

“diffraction” or “scattering” experiment. The pressure component

arising from ship motions is measured by forcibly oscillating the model

in either heave or pitch while running at a steady forward speed in

the absence of incident waves. This test is usually referred to as a

“forced oscillation”, or a “shaker test”. The summation of pressure

components due to the incident and diffracted waves and that due to

ship motions, taking the phase angles into account, should equal the

hydrodynamic pressure.

The SL-7 model was tested in the full load condition in head seas

at Froude numbers 0.15~ 0.23 and 0.32 over a range of ship length/wave

length ratios from 0.65 to 1.65. Particulars of the ship and model for

the full load condition are given in Table 11-l(a), and pressure tap

locations are given in Table 11-l(b) and Figure 11-1. For the SL-7,

in addition to the hydrodynamic pressure, the components of the dynamic

-3-



pressures due to ship motions and wave excitation (incident and

diffracted waves) were also measured at Froude number 0.23.

The S.J. CORT model was tested in the full load and in the

ballast condition at Froude numbers 0.1 and 0.132 in head seas.

Particulars of the ship and model for both loading conditions are given

in Table II-1(c). The model was tested over a range of ship

length/wave ratios from 1.00 to 6.54. The pressure tap

given in Table 11-l(d) and in Figure 11-2. In testing

model, only the hydrodynamic pressure was measured.

The model tests results of motions and pressures

graphically in Reference :1 in non-dimensional

non-dimensional responses in Reference 1 , as well as

report, are defined as follows:

(i)

(ii)

(iii)

(iv)

(v)

Heaving motion:

Non-dimensional heave =

Pitching motion:

Non-dimensional

Non-dimensional
and pitch:

Non-dimensional
total pressure

pitch =

Heave amplitude
Wave amplitude

locations are

the S.J. CORT

are presented

form. The

in the present

(amplitudeof pitch in radians) x (LBP/2)
Wave amplitude

pressure for model in waves, free to heave

Pressure amplitude
= (water density) x (gravitationconstant)

x

Pressure for the model
non–dimensional pressure
in (iii).

(incidentwave amplitude)

fixed in incident waves: The
is the same as that described

Pressure for the model in forced heave:

Non-dimensional pressure
due to heave Pressure amplitude

= (water density) x (gravitationconstant)

-4-
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(vi) Pressure for model in forced pitch:

Non-dimensional pressure
due to pitch

Pressure amplitude
= (water density) x (gravitationconstant)

x (verticaldisplacement)

(vii) Froude Number:

Fn=,
Ship speed

kBP x gravitation constant

The vertical displacement in (vi) is the vertical amplitude of

motion of the particular pressure tap in question when the model is

forced to pitch. It is equal to the pitch rotation in radians

multiplied by the longitudinal distance from the pressure tap to

midship in the forced pitch test. Alsor in the above non-dimensional

response expressions heave is defined as the vertical displacement of

the model measured at midship, and pitch as the angular rotation about

an axis located at the intersection of the water plane and midship

section.

11.2 Full-Scale Measurement

In addition to model testing at the University of Michigan, full-

scale pressure measurements were conducted on the S. J. CORT by the

DWT Naval Ship Research and Development Center. Data.were collected

from mid October through mid December 1979 as the CORT made round trip

transits between Burns Harbor, lndiana and Burlington Ore

Docks-Superior, Wisconsin, via Lakes Michigan and Superior. A

description of the measurement procedure is presented in

-5-
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Reduced data, in the form of pressure power spectra and wave

spectra, were supplied to ABS by DTNSRDC. Thes% kdata ‘wgre used to.—

calculate the transfer functions of the hydrodynamic pressure. The

transfer function of pressure is simply the pressure power spectra

divided by the wave spectra and then square rooted.

The pressure correlation was performed for eight conditions.

Each condition represents a different combination of loading

condition, ship speed, ship–wave angle and wave height. The

conditions under consideration are given in Table Ii-2(a). The

pressure tap locations are given in Table II-2(b).

-6-



III. SUMMARY OF MATHEMATICAL FORMULATION FOR HYDROD~AMIC PRESSURE
CALCULATION

Theoretical calculation of pressure transfer function has been

performed by using the program ABS/SHIPMOTION. The theory employed in

this program is summarized subsequently.

111.1 General Formula of Dynamic Pressure Calculation

The dynamic pressure acting on ship’s surface below the mean

water line is approximated by the equation as follows (see

Reference ““..-:

v aPT
~. [pT_— —] exp(imet) + Pgz’ exp (i~et)

(111-1)

iw a;
e

ti
Z* = z+~r)-;e (111-2)

where

two-dimensionalhydrodynamic pressure,

vertical displacement of the vessel,

coordinates of the point under consideration.

See Figure III-1.

density of water,

gravitational acceleration,

ship speed,

frequency of encounter,

time,

imaginary unit.

-7-
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The hydrodynamic

underwater surface of a

PI: pressure due

P :
2

pressure due

P3: pressure due

pressure, PT in equation (111-1), on the

ship consists of the following additive terms:

to the ship motions in

to reflection of waves

to incident waves.

still water;

from the restrained body;

Furthermore, PI may be decomposed into three components:

Pl =PV+PL+PR
(111-3)

where

‘v
= pressure due to vertical motion;

‘L = pressure due to lateral motion;

‘R = pressure due to rolling motion.

The term P is associated with the action of waves on a
2

restrained body and,therefore, has the components due to the orbital

velocity and acceleration of wave particles. Thus, P and P
2

may be
3

combined into one term, P
w’

the pressure due to wave actions.

-8-



Therefore}the hydrodynamic pressure acting on a point (if ~) of a

ship section at a distance ~ from the center of gravity can be

expressed as:

PT = PV+PL+P+P R W

where

..

‘v = (%’’$)Pav z + (Pg/u&v;

..

PL = (P9\~:)PaLy + (Pg/me)PdL;

..

PR = (Pg\LIJ:)PaR $ + (pcJ/we)PdR $

‘w = (P9/~:)(Pav iv + paL Q

+ (P9/~J(pdv tv + PdL Q + P9C

H
‘aV = two-dimensionalpressure

{ 1

vertical
P~~ lateral acceleration

rolling

Pa~

FPdVl = two-dimensionalpres.ure

!pdL~h::::;’]velocity due to the damping effect.

1I k“’’ingJ

pdR

The two-dimensional pressure

accelerations and velocities are

two-dimensional boundary value problem

-9-
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component in phase with the

due to the added mass effect

component in phase with the

components in phase with

determined by solving a

of a cylinder of a constant

.48~-332 @



ship-shaped section heaving, swaying and rolling in

of the fluid.

.
In equation (111–4), ~, Z, ~, y, @ and ~ are

velocities and accelerations of vertical, lateral and

the free surface

respectively the

rolling motions.

For an arbitrary section at a distance ~ from the center of gravity

of the ship, C.G., the displacement, velocity and acceleration in

complex notation of the vertical motion are

2=2 - =6,
2

l=Z+V6-ZS=itie(z -~e)+ve,
-.

.. *
z=z+2v6-;e=-M: (Z-;e) - 2i01eV6.

(III-5)

for the lateral motion,

— —
y=y+x~- OG+,

+ 2iMev$.

and for the rolling motion,

.

..

-1o-
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. . .
The coordinate systems xyz and xyz, as well as the rotational

—..

motions, 0, $ and $ of a ship, are defined in Figures 111-l(a) and

111-l(b). Furthermore,

Z=z o sin(met + &z) , heave

o = 60 sin(~et + ~6) , pitch

Y = Y. sin(~et + ~ ) , sway
Y

t = 00 sin(met + &$) , yaw

0= 00 sin(~et + &@) , roll

(111-8)

where Zo, 6or . . . . are the

ZZ1 ~6t . . . . are the

amplitudes of the respective motions;

phase angles of the respective motions.

and

due

The wave elevation, <, vertical and lateral orbital accelerations

velocities of a waver iv, ~L, !V and ~L, involved in the pressure

to wave action, PW, can be determined by considering a traveling

simple wave in deep water. The surface profile

< = ~M sin(-kx cos~ + ky sin~ + met)

where

~U = wave amplitude,

k = wave number

= 21T/A= Ll12/g= g/c2,

6 = heading angle,

–l1-

of such a wave is

(111-9)
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~ = wave length,

9 = gravitational acceleration,

c = wave celerity,

M = wave circular frequency,

We . wave encounter frequency

=m- kv Cos 6,

v = ship speed.

The wave velocity potential for the simple deep-water wave given

in equation (111–9) is

$U = -C.;~ e-k(z - ‘)cos(-kx cos B + ky sin B + wet) (111-10)

where ~ is the vertical distance of ship’s C.G. from static

waterline. ~ should be negative for L,G. below waterlifie”.=~h.ewave

elevation for the subsurface of the deep water wave is

~ = ~ e-k(z -~)
w sin(-kx cos ~ i-ky sin @ + wet) (111-11)

The vertical orbital velocity and acceleration of the wave are

z . h)~u e
-k(z -~)

v cos(-kx cos B + ky sin ~ + wet) = iw~,

(111-12)

..

G -W2~ue
-k(z -= R)

v
sin (-kx cos ~ + ky sin ~ + Wet) = -L02C,
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and the lateral orbital velocity

111.2

and

and acceleration of the wave are

sin(-kx cos ~ -1-ky sin 13+ met)

(111-13)

..

CL =
-k(z -=)

-Mzgu sin ~ e cos(–kx cos (3+ ky sin ~ + wet)

= im2 sin (B)q= ~

Two-Dimensional Pressure Components

The two-dimensional pressure Components, PaV, Pdv, PaL# PdL, PaR

PdR, tO be used for computing Pv, I?L PR and PW by equation

(111-4), can be determined using two different methods: conformal

mapping technique and Frank’s close-fit method.

The conformal mapping technique involves the representations of a

ship’s section by a Fourier-1ike series whose coefficients are called

mapping coefficients. Once the mapping coefficients are known, it is

a relatively straight–forward procedure to obtain the hydrodynamic

quantities; therefore,

section. Most normal

mapping coefficients,

submerged sections

sections where the

method is used.

the basic problem is the mapping of the ship’s

ship sections can be adequately described by

but certain sections, such as completely

and bulbous bows, cannot be mapped. For such

mapping technique cannot be applied, the close–fit

-13-



In the close-fit technique the ship’s sectional contour is

represented by a number of straight line segments. The

two-dimensional hydrodynamic pressure is then determined using a

method of distributing source singularities over the submerged portion

of the hull. Most sections can be handled using this analysis, but a

drawback does exist.

“irregular” frequencies

ratio becomes large,

operating frequencies

results.

It can be shown that a set of discrete

fails to give a solution. As the beam/draft

these irregular frequencies approach the

and seriously affect the accuracy of the

111.2.a Conformal Mapping Technique

A more detailed

two-dimensional pressure

formulations of pressure

description of conforrnal mapping in the

calculation is given by Reference 4. The

components are summarized as followed:

1? = ~e(M3B3 +N3AJ/(A:+B;)aV

6 (M3A3
‘dv = e

- N3B3)/(A~ + B:)

P = ‘e(~)(M2B2 + N2A2)/(A: + B:)aL

d (@)(M~
‘dL= e b 2 2 - N2B#(A~ + B:)

PaR= deb(< - 1)(M4B4 + N4Ak)/(A~ + B~)
b2

6 b(~
‘dR = e b2

- l)(MqA4 - N4B4)/(Af + B:)

-14-
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where

&

d

b

‘i

Ni

Ai

‘i

~2b/g, non-dimensional frequency of encounter

draft of the section

half-beam of the section

sine
7

component of an oscillating
velocity potential at a point

cosine) (~, Z) on

in phase with motion

90°

Mi, Nil Ai and Bi

mapping which maps the

onto a circle.

out of phase from

the section contour.

) the conjugate stream

J function value
motion

are functions of coefficients of

cross-section of the ship under

the conformal

consideration

Subscripts 2, 3 and 4 are for sway, heave and roll, respectively. For

a given

function

ship section with a draft d and half-beam b, the mapping

can be written as follows:

Y= Y(e) = a. sin8_ ? a2m-1
sin(2m-1)6

m.1

(111-15)

z = z(6) = a. COS6+ ~
a2m-1

cos(2m–1)e
m=l
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where ao, a
1, ““”a2N-1 are the maPPing coefficients; 0 is the angle in

the plane of the circle, with 0° corresponding to the centerline

bottom of the ship section and T/2 located at the waterline on the

section side. The coordinate system oyz is such that the origin O is

on the waterline at centerline of the section, oy lies on the

waterline, and oz on the centerline positive downward. As can be seen

from equation (111-15), since the unknowns a.~ al~ ...~ a2N-1 and 6

can not be solved analytically for N > 2 an iterative approach must be

used .

With the mapping function given in equation (111-15), the

following expressions for heaving motion can be derived:

(111-16)

N
3

= @cH(e) + y P2m $2m(e)
rn.~
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The cosine component of the multiple potential P
2mH and sine

component q2~ are found by a least square fit involving the solution

of the following matrix equation:

‘2mH
=[X] ‘1 Y1

-[x] -1Y2q2m –

where

x =x =
ij ~ ‘iH(0) ‘ j~(e)

0

Y1 =Ylj = ~ DjH(e) [I$H(Q) - (;) ~CH(;)]

0

Y2 =Y2j= ~
‘j~(e) ‘$~~(6)

- (;) U&J;] 1

6

‘iH(e) = (~)~iH ($) - ~i~(6)

(111-17)

The remaining terms in equation (111-16)are as follows:

Stream Functions:

$CH(9) = @-kz sin(ky) (111-19)

+SH(0) = mkz cos(ky) + ~~e -~y[k COS (Bz) + Bsin (i3z)~ d~

62+ k2

N k(2n-3) a
2n-3

cos(2m + 2n - 3) 6
~m(6) = cos(2m@) - I 2m+2n-3n=1
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Velocity Potentials:

@cH(e) = ne-M”.cos-(ky)

@~H(6) = llekzsin(ky) – ~~e -By ~6cos(13z) - k sin(~z)l ~B

~2+ k2

(111-20)
k(2n -

1
3, a2n-3 sin(2m + 2n – 3)0

@2~(0) = sin(2m6) +
2m+2n–3n=1

In the above equation, the term k is the wave number given in

equation (III-9),and a2n_3 are the mapping coefficients.

For swaying and rolling motions, equations similar to

(111-20)can also be obtained, and can be found in Reference

111.2.b Close-Fit Method

(111-16) -

4.

The close-fit method for calculating two-dimensional pressure is

described in detail in Reference 5.

The close-fit technique involves the determination of the

two-dimensional hydrodynamic pressure due to vertical, lateral or

rolling motion on a section’s contour using a method of distributing

source singularities over the submerged portion of the hull. Each of

the sources has a density which can be determined from the kinematic

boundary condition. The hydrodynamic pressure at point

the section’s contour

potential, described by

Bernoulli equation.

is obtained by substituting

these piece-wise sources, into

-18-
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the velocity

the linearized



~ (m)
(Yi/zi~w;t) = P@~

(m)
(yi,zi,Wft)

or

(111-21)

~ (m)
‘Yilzi,M)= P ‘m)a (yi,zi,m)COS~~ + p ‘m) (yi,zi,w)sinmt

v

(111-22)

where the superscript m denotes the mode of motion. When m=2, 3 or 4,

it represents the swaying, heaving or rolling motion. In equation

(III-22), pa(m) is the hydrodynamic pressure in phase with the

displacement, and is 180 degrees out-of-phase with the acceleration.

The term Pv(m) is the hydrodynamic pressure in phase with velocity.

In using the close-fit method, each ship’s sections is described

by N + 1 offset pairs (~if ~i) whose midpoint (Yi,zi) can be

determined from plane geometry.

In order to determine the pressure, the velocity potential @(m)

is defined

$
(m)

(Y/z;t) = Re ~C Q(s) G(z,<)e-iwtds
o

or as shown.in:Refe-rence5 for point i:—— ..——
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[

IN
(III-24)

+ = j~l ‘N+jRe {Glij}

1“+f QjRe {G2ij} s~~~-t
j=l

where Qj is the density of the pulsating source at point j, Gij is the

point potential at i due to point j.

The density of the source potential is determined by applying the

kinematic boundary condition which can be summarized as follows:

(111-25)

where Iij(m) is the influence coefficient in phase with displacement

of the ith midpoint due to the jth segment in the mth mode of

oscillation; .,(m) is the same as lij
Jq (nl) but in phase with velocity;

ni(m) is the direction cosine of the normal velocity at ith midpoint

for the mth mode of oscillation; Qj(d is the source strength in

phase with displacement along jth segment for the mth mode of

oscillation; Qj+N(m) is the same as Qj(m) but in phase with velocity;

and A(m) is the oscillation of amplitude in the mth mode.
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The influence coefficients are defined in Appendix B of Reference

5. Equation (III-25) can be solved for source density, Qjt by

solving the two simultaneous equations.
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Iv. CORRELATION OF MOTIONS AND HYDRODYNAMIC PRESSURES

Theoretically determined transfer functions of the motion and

hydrodynamic pressure are obtained from the program ABS/SHIPMOTION.

Theory pertaining to the pressure calculation is given in Chapter 111.

In correlating the theoretical motions and pressures with model

test data, the same non-dimensional responses defined in Chapter 11

are used. For comparing the full-scale measured pressure, a

dimensional form in terms of PSI per unit wave amplitude (RAO) is

used.

Two sets

speed effect

of pressure calculation have been made. In one set, the

term on pressure is not included. In this case, the

second term in the square bracket of equation (111-1) is excluded.

Pressures obtained in this manner are two–dimensional results, and are

labelled as “Shipmotion results” in the graphs where the comparison of

the calculated and measured pressures are shown.

The second set of pressure is calculated in accordance with

equation (111-1), where the speed effect term on pressure is

included. Results of this set are labelled as “speed corrected

pressures” in the graphs of comparison.

In contrast to the pressure calculations in which two cases are

considered, the motions are calculated only for the case where the

speed effects are included.

The correlations of motions and pressures for the SL-7 model test

are shown in Appendix A in graphical form. All the responses in the

comparison are in the non-dimensional form previously described. The
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correlations include plots of heave motion in Figures A–1 and A–2;

pitch motion in Figures A-3 and A-4; pressure due to forced heave in

Figures A-5 to A-15; pressure due to forced pitch in Figures A-16 to

A-27; pressure due to incident wave in Figures A–28 to A-40; pressure

for I?n= 0.15 in Figures A-41 to A-66; pressure for Fn = 0.23 in

Figures A–67 to A-92; and pressure for Fn = 0.32 in Figures A-93 to

A-118.

Appendix B contains the correlation

model-test measurements. These include

plots for the S. J. CORT

plots of pressure in fully

loaded condition, Fn = 0.1, in Figures B-1 to B-24; pressure in fully

loaded condition, Fn = 0.13, Figures B–25 to B-48; pressure in ballast

condition Fn = 0.1, in Figures B-49 to B-58; and pressure in ballast

condition Fn = 0.13, in Figures B-59 to B-68. Pressure values in

Appendix B are in non-dimensional form as defined in Chapter 11.

The plots of correlation for S.J. CORT full-scale measurements

are in Appendix C. Appendix C contains plots of wave and pressure

spectra for different conditions (Figure C-1 - Figure c-23), and of

pressure transfer functions (Figure C-24 – Figure C-73). The pressure

transfer function is calculated by dividing the pressure spectral

ordinate by the wave spectrum, and then taking the square root. While

correlating the measured pressure with the theoretically calculated

pressure, it should be noted that the measured pressures are for the

vessel at headings from O to

II-2(a)),while the theoretical

only. The use of head seas

23 degrees off the bow (See Table

presures are calculated for head seas

in the calculation is to reduce the

extensive utilization of computer time. The theoretical results

obtained in the head sea condition would be able to provide

-23-



qualitative correlation with data measured at headings slightly off

from the head seas.

From the graphs of pressure and wave spectra obtained during the

full-scale trials~it is observed that for part of the frequency range

plotted the pressure spectra ordinates are very small, and the

accuracy of their measurement could be in doubt. As such, for this

frequency range the pressure transfer functions have not been

calculated. Correlation of the measured and calculated pressure

transfer functions has been confined to the frequency range in which

the wave and pressure spectrum values lie within the range of accuracy

of the measuring instruments.
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v. CONCLUDING REMARKS

From the comparisons shown in Appendices A, B and C, it can be

seen that the correlation of theoretical calculations of motion and

pressures, with both model-test and full-scale measurement, is very

encouraging. However, the degree of closeness in the correlations is

different between model-test and full–scale data. The correlation is

also different between the SL-7 containership and the S. J. CORT. In

general, the

values either

test shows a

more detailed

theoretical prediction has the same trend as measured

from model test or full-scale trial. Also, the model

better correlation than the full-scale measurement. A

discussion on the comparison follows:

V.1. SL-7 Model Test

Measured heaving

theoretical calculations

and 0.32, where the

calculations.

and pitching motions

for two ship speeds at

are compared with

Froude numbers 0.23

speed -effect terms are included in the

The measurements show the same trend as the computed results, but

have smaller values in heave motion at lower wave frequencies. At

very low wave frequencies, i.e. long waves, the non-dimensional heave

which is defined in Chapter 11 should approach unity. The measured

data of heaving motion as shown in Figures A-1 and A–2, especially at

Froude number 0.23,atie:muchsmaller than unity at low wave frequencies

and the results are)therefore,questionable.

Calculated pressure components for forced heave and forced pitch

were obtained in two different manners: by first including and then

not including the speed--effectterm. As can be seen from Figures A-5
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to A-27, the correlation

calculatedpressureswhere

is very striking, especially

the speed-effect terms are not

for the

included.

Very good agreement is also obtained between measured pressure due to

wave excitations and the calculations without taking the speed-effect

terms into account.

Shown in Figures A-41 to A-118 are correlations of the

non-dimensional pressure for Froude numbers of 0.15, 0.23 and 0.32. A

general conclusion of the comparison is that except at the bow and

stern regions of the vessel, good agreement is obtained between

measured and calculated data. However, the peak frequency of the

predicted pressure is somewhat (0.1

Within the scope of linear theory of

sum of pressure components due to

Since good correlation is obtained

rad/see) less than the measured.

ship motion, the pressure is the

the motion and wave excitation.

for the pressure components, the

discrepancy of the pressure peak frequency may be a result of the the

calculated and measured phase angles of the pressure components. The

comparison of phase angle, however, has not been carried out, due to

the lack of measured data.

As described above, the pressure correlation in bow and stern

regions is not as good as in the midlength of the vessel. The poorer

agreement in the two ends is expected, because the three-dimensional

effects and particularly the nonlinearity of waves in the bow region

cannot be fully accounted for by linear theory and the strip method.

The discrepancies of pressure in the bow region are also found by Kim

[6 ] in his correlation with model-test pressure data measured by

Japanese researchers.
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Comparisonsin AppendixA also show that the pressurescalculated

withoutthe speed-effectterm (i.e., two-dimensional pressures) have

generally better correlation than those with the speed-effect term.

This indicates that the speed-effect term used in the present study is

not as effective as expected.

V.2 M/V S. J. CORTModelTest

The model tests of

emphasis on short waves.

conditions, fully loaded

0.13, correlation with

Appendix B. In general,

subsequently discussed.

the M/V S. J. Cort were performed with the

For all the measurements in the two loading

and ballast, and two Froude numbers 0.1 and

theoretical total pressures is shown in

good agreement is shown with the exceptions

As with the SL–7 correlation, the pressure in the bow region of

the vessel has larger discrepancies

probably due to the three-dimensional

bow waves which are not accounted for

method.

than other regions. This is

effects and the nonlinearity of

by linear theory and the strip

The inclusion of the speed-effect term

pressure has a mixed effect on the correlation.

term slightly improves the correlation in some

adverse effects to the correlation in other cases.

The theoretically predicted pressure exhibits

in calculating the

As a result, this

cases and it has

a similar trend as

the measured values. However, for pressure points on the ship’s

bottom, theoretical results show a diverging tendency in the region of

high frequencies. This can be seen from Figures B-4, B-5, B-8, B–12,

B–13, B-17, B–21 etc. Reasons causing this divergency can not be

readily identified.

-27-
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V.3 M/V S. J. CORT Full-Scale Measurement

From the plots in Appendix C, it is observed that

of the pressures at Frames 30–31 is better than those

the correlation

at Frame 20–21.

Again,this may be due to the pressure of the bow waver a factor which

linear theory and strip method do not take into consideration.

As observed in the model tests correlations; , the inclusion of

the speed-effect term in the pressure calculation has a mixed effect

on the correlation.

In general, the correlation is reasonably good, except at

pressure points 6 and 14. Pressure point 6 which is located close to

the free surface between Frames 20 and 21, exhibits the largest

discrepancy between measurement and calculation, with measured values

as much as three times higher than calculated values at

speeds tested. This could be due to a defective pressure

Reference [2] has noted that gauges 6 and 14 should be

the higher

gauge, and

considered

unreliable for data analysis purposes. Therefore, the correlation of

the pressures at these two gauges is uncertain and plots of pressure

correlation at these two gauges are not included in this report.
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Table II-1(a) SL-7 Hull Particul.m

\

Length over all (LOA)

Length between Perpe-
ndiculars (LBP)

Draft at Longitudinal
Center of Flotation

Trim by Stern

Longitudinal Center
of Gravity (Aft of
Midship)

Ship

(meters)

288.500

268.400

9.940

0.043

11.700

I Model I
==’7==

946.60 2.60700

880.50 3.35500

32.60 0.12400

0.14 0.00053

38.40 0.14600

(feet) I
11.8300

11.0100

0.4080

().0018

0.4800

Ship Displacement : 48364 long tons
47500 metric tons

Model displacement : 0.0945 long tons
0.0928metric tons

Note:
For both ship and model the Pitch Radius of
Gyration = 0.21 * LBP
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Table ~-l(b) Pr-ure Tap Locations on SL-7
(DirnetiO~ we for ffl-ale)

Tap
Number

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Station

(Sta 20 = .FP)

18
17
16
15
15
15
15
14
14
13
13
13
13
12
10
10
10
10
7
7
5
5
5
5
3
3

Distance above Distance off
Base–line Center–1ine

(meter) (feet) (meter)

0.00
0.00
0.00
0.00
2.03
4.07
7.11
0.00
4.07
0.00
1.00
4.06
7.11
0.00
0.00
0.00
4.06
7.11
0.00
4.06
0.00
0.00
4.06
7.11
0.00
4.06

-31-

0.00
0.00
0.00
0.00
6.67
13.37
23.33
0.00
13”.37
0.00
3.30
13.33
23.33
0.00
0.00
0.00
13.33
23.33
0.00
13.33
0.00
0.00
13.33
23.33
0.00
13.33

8.12

8.12

(feet)

26.67

26.67



Table It-l(c)M/V S.J.Cort HullParticular

LOA m(ft)

LBP m (FT)

Displacement
MT (LT)

LCG m(ft)

Draft at ~
m(ft)

Trim m(ft)

Pitch Radius
Of Gyration

. Ship

Full Load Ballast

304.8 (10001 304.8 (1000)

301.4 (989) /301.4(989)

69500‘(68259)138981(38285)

1.49 (4.9) 12.7 (41.8)
(~or’d ofl$) (aft of*)

I
.7.85 (25.75)/4.52 (14.82)

0.00 3.5 (11.4)
(bystern)

0.249LOA 0.266 LOA

I

Note:

O is at LOA/2

-32-

Model

Full Load

4.57 (15.00]

4.52 (14.83)

.2346 (.2304)

.022 (.074)
(for’d of$@)

.118 (.386)

0.00

0.249 LOA

Ballast

4.57 (15.00)

4.52 (14.83)

.1316 (.1292)

.191 (.627)
(aftof @)

.068 (.222)

.052 (.171)
(bystern)

0.266LOA

-.



TableII-1(d)Praure Tap Locationson M/V S.J.COET

Tap
Number

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

I
Distance Distance above

Aft of ?ore-peak Base- 1ine

(meter)

6.1
6.1
6.1
14.6
14.6
14.6
14.6
36.6
36.6
36.6
36.6
76.2
76.2
76.2
76.2
115.8
158.5
158.5
158.5
195.1
234.7
234.7
234.7
274.3

==’t==
20.0
20.0
20.0
48.0
48.0
48.0
48.0
120.0
120.0
120.0
120.0
250.0
250.0
250.0
250.0
380.0
520.0
520.0
520.0
640.0
770.0
770.0
770.0
900.0

0.00
2.49
5.50
0.00
0.00
2.49
5.50
0.00
2.49
4.02
5.50
0.00
0.00
2.49
5.50
5.50
0.00
2.49
5.50
5.50
0.00
2.38
5.50
5.50

Distance off
Center-line

0.00
8.16
18.06
0.00
0.00
8.16
18.06
0.00
8.16
13.19
18.06
0.00
0.00
8.16
18.06
18.06
0.00
8.16
18.06
18.06
0.00
7.81
18.06
18.06

—

7.42

13,55

(feet)

24.33

44.44

I

Notes: Distances are for full scale ship.
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TABLE II - 2(a) T-t Conditiom of M/V S.J. CORT Full-e Trial

Run Condi- Speed Frdude Draft Ship–Wave Wave

No. ‘tion Number For,d Mean Aft Angle Height
(mph) (ft) (ft) (ft) (deg) (ft)

82 1 14.4 .1184 19.92 20.58 22.00 6 6
80 2 14.4 .1184 19.92 20.58 22.00 11 0
89 3 14.7 .1208 27.00 27.00 27.00 6 3
119 4 14.2 .1167 27.00 27.00 27.00 9 3
116 5 13.5 .1100 27.00 27.00 27.00 23 4
117 6 13.5 .1100 27.00 27.00 27.00 10 3
41 6a 13.5 .1100 27.00 27.00 27.00 10 8
99 7 11.6 .095 18.0 19.92 21.25 0 5
102 8 11.6 .095 19.92 20.58 22*O 20 6

-34-



TABLE Ii-2(b):LOCATION OF PQINTS FOR FULL SCALE PRESSURE
MEASUREMENT ON IM.V.S.J.CORT

4

?

988.5 ‘

=E=

*. ~A#E f==~~~ i
.

*Taps 10 and 15 are on Starboard Side

4 14’
&3’

\‘&#

ILOCATION I FR 20-21

A I 6

la==

-35-
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11 I
12

a3

14

15



I
Ld
m
I

.&ii

Notes: Station Specing = 441
*Points 16 and 22 are at a distance of 26’from ~

FIGURE Ii-1 SL-7 PRESSURE TAP LOCATIONS IN MODEL TEST



Notes: Station Spacing = 50’

I
w
4
I

*point #5 is at a distance of 24.33 ft. from ~

**Point #13 is at a distance of 44.44 ft. from Q

FIGURE II-2 M.V. S.J. COKT PRESSURE TAP LOCATIONS IN MODEL TRW
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FIGURE 111-1 (b) COQRDIIJATE SYSTEM

-39-



APPENIMX A

SL-7 MODEL TEST/THEORY CORRELATION PLO’1%

Figs. A-1 and A-2: SL-7 Non-dimensional Heave, Fn = 0.23

Figs. A-3 and A-4: SL-7 Non-dimensional Pitch, Fn .0.23

“r

L’
Figs. A-5 to A-15: SL-7 Non-dimensional Pressure due to Forced Heave, \ N-

Fn = 0.23 \

L

‘+

\

Figs. A-16 to A-27: SL-7 Non-dimensional Pressure due to Forced Pitch,
Fn = 0.23 ;

Figs. A-28 to A-40: SL-7 Non-dimensional Wave Pressurej Fn = 0.23
5
%

Figs. A-4 1 to A-66: SL-7 Non-dimensional Pressure, Fn = 0.15 )

Figs. A-67 to A-92: SL-7 Non-dimensional Pressure, Fn = 0.23

Figs. A-93 to A-118: SL-7 Non-dimensional Pressure, Fn = 0.32
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APPENDIX B

M.V. S. J. CORT

MODEL TEST/TIIEORY CORRELATION PLOIW

Figs.B-1 to B-24: S. J. CORT Non-dimensional Pressure, Full Load
Condition, Fn = 0.10.

Figs. B-25 to B-48: S. J. CORT Non-dimensional Pressure, Full Load
Condition, Fn = 0.13.

Figs.B-49toB-58: S.J.CORT Non-dimensionalPressure,BallastCondition,
Fn~O.lO.

Figs.B-59toB-68: S.J.CORT Non-dimensionalPressure,BallastCondition,
Fn = 0.13.
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