
• *0 A034 115 DAV IQ W TAYLOR NAVAL SHIP KtSEARCH AND DtVCLOPNflfl CE—ETC FIG f l / to 
—

~~~~~ 1P DYNAMIC WAT ERLINC SCAKCFPINC PREDICTIONS FOR A FISHING VESSCL.Iu)
AN. 16 R N WAT K INS. N K BAL LS DOT—CS—Soon—B

UNCLASSIFIED S 0—e*3—O1 USCS—O—SS—1o it

- 
_ - 1

I



10 2 5

~ 2 2

I . I 
— 

~~

.25 1l111~•~ ~DD~
•6



Us~~rt N.. cG-D-85-76

DVNPMIC WATERLII( SE~~EP!~3 PfEDICTIONS
L~
.

F O RAF !~1I~~VESS~

I

R. M. WATKINS
K

FINAL ~~ RT

JLY 1976

Doct snt is available to the public through the 
~
‘ ‘ID ID C

National Technica l Information Service,
Springfield, VirgInia 22151

DEC 21 1916

Prep.r.d fsr ‘ 

A
DEPA I TMEIT SF TIANSPO ITATIS I

UNITES STATES COAST SNAIl
Off Ii. .0 I. .rck ..d D.v.S.p. .,t

W.sh$..t.., D.C. 2O1~~

I



NOTICE

This document is disseminated under the sponsorship of the U.S. Department

of Transportation in the interest of information exchange. The United

States Government assumes no liability for the contents or use thereof.

The work reported herein was accomplished for the U.S. Coast Guard ’s

Off ice of Research and Development, Marine Safety Technology Division,
as part of its program in vessel safety technology. The contents of

this report reflect the views of R. M. Watkins and N. K. Bales of the

David W. Taylor Naval Ship Research and Development Center, who are

responsible for the facts and accuracy of the data presented herein.

The contents do not necessarily reflect the off icial views of policy

of the Coast Guard . This report does not constitute a standard, specifi-

cation, or regulation.
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This report continues the work reported in report CG—D—5—76 titled “Validity of a
Strip Theory — Linear Superpo~ition Approach to Predicting Probabilities of Deck
Wetness for a Fishing Vessel,A dated November 1975. -

~This report examines the use of a dynamic waterline for strip theory motion
computations for a full—hull fishing vessel. This vessel exhibited considerable
trim , sinkage , and bow wave at high speed. Because of this, it was thought that
the use of an exper imen tally de termined high speed waterl ine could improve
prediction accuracy. It is shown, however , that no improvement was obtained.
It was concluded tha t computational errors introduced by the dynamic waterl ine
were negligible compared to errors introduced by the full—hulled vessel’s
violation of strip theory assumptions.
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- NOTATION

BA Single amplitude of pitch in degrees

Maximum wave slope in degrees

Wavel ength in metres

ZA Single amplitude of heave In metres

Single amplitude of wave in metres

L Ship length between perpendiculars in metres

Soc Pi tch-to-wave phase angle in degrees

c
c Heave-to-wave phase angle In degrees

rA Single amplitud e of ship-to—wave relative motion in metres
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ABSTRACT

This report examines the use of a dynamic waterline for strip theory

mot i on computations for a full-hull fishing vessel . This vessel exhibited

considerable trim , sinkage , and bow wave at high speed. Because of this , it
was thought that the use of an experimentally determined high speed waterlin e

could Improve prediction accuracy . It is shown , however , that no improvement
was obtained . It was concl uded that computational errors introduced by the

dynamic waterline were neglig ible compared to errors Introduced by the full -

hulled vessel’ s violation of strip theory assumptions .

ADMINI STRAT I VE INFORMATION

The work reported herein was sponsored by the United States Coast Guard

(USCG). Amendment No. 2 to Military Interdepartmental Purchase Request

Z70O9’g~~-50646 was the fund i ng document. At the David W. Taylor Nava l Ship

Research and frevelopment Center (DTNSRDC) the work was Identified by Work Unit

Number l-l56~~O14.

INTRODUCT I ON

in November of 1975, DTNSRDC released the report “Val idity of a Strip

Theory-Linear Superposition Approach to Predicting Probabilities of Deck

Wetness for a F i shin g Vessel ,” Reference 1. This report concluded that strip

theory was not generally applicab le because of the incompatibility of the

vessel’s full hull form (see Fi gure 1) wIth state—of-the—art theory. However,

it was suggested In the report that computations performed for the fishing

vessel usin g the exper imenta l l y determined 15-knot waterline might Improve

predictions at 15 knots. This suggestion was based on the observation of a

large bow wave, and trim and sinkage at high speeds, These phenomena caused a

considerable change In the underwater body f rom that at zero knots. The

zero-knot waterline was used for the origina l computations , as is customary.

_J -- - - - — 



In the Interest of improv i ng prediction techniques , the USCG sponsored

an investigation into the effects of using a ‘dynamic ’ waterline for strip

theory computations. The investigation was conducted at DTNSRDC . This docu-

ment describes the revised computations and the results thereof.

PROCEDURE AND RESULTS

All rev i sed computations were made using the Frank Close-Fit Ship-Motion

Computer Program (YF 17, see Reference 2) so that they would be direc tly compa-

rable to the original computations In Reference 1.

Data from the Reference I exper iment defined the trim , sinkage , and bow

wave of the fishing vessel at 15 knots. These data are illustrated by Figure

2.

Two YF 17 computatIons with variations of waterline were made in an

attempt to improve predictions of ship behavior. The first computation was

made using the waterline resulting from experimentally measured va l ues of trim

and sinkage (3.5 degrees bow up arid 0.457 metres (1.5 feet) down, respectively) .

This waterline is identified In Figure 2 as revised waterline #1.

The results of the first computation were discourag ing . The quality of

the predictions was less than that of the original computations for the static

waterline. It can be seen In Figures 3, 4, and 6 through 9 that the predicted
response magnitudes increased , and that an additiona l error in predict i ng peak

frequencies was introduced . Pitch and heave phase angle predictions also

degenerated as shown in Figure 5,

The computation for revised waterline #1 gave rise to an anomaly in ship

hydrostatics . The displacement of the hull at this waterline was found to be

18 percent greater than the displacement reported in Reference 1 for the static

waterline (461 versus 390 tonnes). Such a change In displacement was diff i cult

to justify in the context of speed—related lift force.

In an attempt to resolve this anomaly, a second computation was performed

us i ng the vessel’s wave profile (from measurements in calm water at 15 knots)

as a waterline. Figure 1 identIfies this waterline as rev i sed waterline #2

.2



A displacement of 421 tonnes, representing an 8 percent increase with respect
to the static case, was computed for rev i sed waterline #2.

Response computations for rev i sed waterline #2 produced results wh ich

were, for practical purposes, identica l to those reported In Reference I for

the static waterline . The comparison is shown by Figures 3 through 9. With

respect to FIgure 9, It should be noted that the longitud i na l center of buoyan-

cy was located at Station 5,2 for the static waterline , at Station 5.6 for

rev i sed waterline #1 , and at Station 5.1 for rev i sed waterline #2. The

measurements shown apply to the static waterline longitud i na l center of

buoyancy .

CONCLUS I ONS

Neither of the two rev i sed waterlines used resulted in the hoped~for
improvement in prediction quality. it can be said , therefore , that the dynamic
waterline had a negligible influence on prediction capabilities wham compared

to other basic strip theory assumptions that were violated . Current strip

theory assumes a slender hull form with its subsequent small ef feet on en-

countered wave patterns and slow rate of change of hydrodynamiG phenomena in

the longItud i na l direction . The fishing vessel with a length to beam ratio of

3.3, hI gh draf t , and high Froude numb.r operating range must consequently

await state—of—the-art advances in theory before Its p.rforms~ce in a seaway

can be accurately predicted without recourse to experiments.
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ZERO SPEED WATER LINE

— — — REVISED WATER LINE #1 (INCORPORATES TRIM AND
SIN KAGE)

— . — REVISED WATER LINE #2 (INCORPORATES TRIM , SI NKAGE
AND WAV E PROFILE)

NOTE: VERTICAL SCALE EXAGGERATED

Figuie 2 — Cairn Water Trim Sinkage and Wave Profile
at 15 Knots

6



__________  — r

ZERO SPEEDWATER LINE 1 STRIPTHEORV

REVISED WATERLINE #1 COMPUTATIONS

(FROM RE FERENCE 1) 
(YF.17)

REVISE D WA T E R L I N E  #2

I
] 

EXPERI MENT
(FROM REFERENCE 1)
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Figure 3 — Pitch at IS Knots
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ZERO SPEE D WATERLI NE 

~ STRIP THEORY(FROM REFE RENCE 1)
(YF-17)

REVISED WATERLINE #1
REVIS ED WATE R L I N E  #2 ~ COMPUTATIONS
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EXPERI MENT
(FROM REFE RENCE 1)

4.0
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Figure 4 — Heave at 15 Knots
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AlL

Figure 5 — Pitch-to-Wave and Heave-to-Wave Phases at 15 Knots
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Z ERO SPEED WATERLIN E 
~ O VECTOR SUM OF

(FROM REFERENCE 1) I STRIP THEORY MEASUR ED PI TCH— — — RE V ISE D WAT ER L I N E  #1 ~ (YF 17) HEAV E AND WAV E
COMPUTATI ONS (FROM REFERENCE 1)—. — REVIS ED WAT ERLINE #2

~ EXPERIMENT
I ~ (FROM REFERENCE1)• -J I ~

6.0 - __________ I I __________

15 KNOTS
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I
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\
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‘\

2.0 
J ~~~~

_

1.0 0—

0~~
0.0 ___________ ___________ ___________ ___________

0.0 1.0 2.0 3.0 4.0
A/L

Figure 6 — StatIon 0.0 Relative Motion at 15 Knots
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ZERO $PEED WATERLJN E )
(FROM REFERENCE1) STRIP THEORY 

MEASURED P;TCH
COMPUTATIONS HEAVE AND WAVE

REVISED WATERLINE #2 J (FROM REFERENCE 1)
T J EXPERI MENT
I (FROM REFERENCE 1)

6.0
15 KNOTS
STA.1

a 

5.0 —h-—i-—
A l I

4.0 -1’4-’

_ _ _  _ _ _  

A l ’
_ _ _3.0 _ _ _  _ _ _ _  _ _ _

• L ’  \ ‘
~2.0 — 0__ ( )

O

Figure 7 —  Station 1.0 RelatIve Motion at 15 Knots

11

_ _ _ _ _  - r- . -

- - - . ~~ S . - -



ZERO SPEED WATERLINE 
~ O VECTOR SUM OF

(FROM REFERENCE 1 I STRIP THEORY MEASURED PITCH— — — REVISED WATERLINE #1 (Y F-17) HEAVE AND WAVE
— REVISED WA TERLIN E #2 COMPUTATIONS (FROM REFERENCE 1)
~l EXPERIMENT

II ~

15 KNOTS
STA 2.5

a

5.0

4.0 I

I
_ __ _  I\ 

_ _3.0
/

/

2.0 Q~•Y1I
1.0 0

I~~~~~~~
o

~~~~~

0.0 ___________ ___________ ___________ ___________

0.0 1.0 2.0 3.0 4.0
A/L

Figure 8 — Station 2.5 Relative Motion at 15 Knots
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ZERO SPEED WATE RL INE ) 0 VECTOR SUM OF
(FROM REFERENCE 1) j STRIP THEORY MEASURED PITCH— — — REVISED WATERLINE #1 ? (YF17) HEAVE AND WAVE
REVISED WATERLINE #2 cOMPUTATIONS (FROM REFERENCE 1)

I ~ EXPERIMENT

• 3 (FROM REFERENCE 1)

a 6.0
15 KNOTS

LCB

5.0

4.0

~~~~3.0 A

_

~~~~

L0 4.0
X,’L

Figure 9 — Longitudinal Center of Buoyancy Relative Motion
at IS Knots
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