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reducing the pitching motion of the MAR INER hull in a seaway. The ant ip ltch-
ing fin used in the MARINER experimental I nvestigation was a flat plate wIth
a geometric aspect ratio equal to that of the fiat plate fin used in earlier
work by Ochi. The effect of foil shaped struts of different lengths , to
Increase the vertical separation between the fin and the keel of the model at
the bow, was experimentally evaluated in regular waves . Visual observations
(video coverage) of the experimental InvestigatIon Indicated : (1) the reduction
in size and number of wave surface profile deforfr .’ ons for some of the wave
conditions investigated ,’ and (2) the obv i ous reduction of fin emergences , with
Increasing strut length. ~The reduction in the pitching mot i on resulting from
the addition of the bow fin to the MARINER hull , as Is Indicated by the
analytical investigation , is not considered significant as the motion is not
excess lye wIthout the ant Ipitch ing fin.
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ABSTRACT

The presence of an ant p itching fin attached at the hull

baseline is known to cause severe hull vibrations. Two conditions

thought to contribute to this problem are the collapse of the de-

formed wave surface profile above the fi n and by fin re-en try after

a bow fin emergence . An experimental investigation was conducted

to determ ine the effect of increased strut length in reducing these

conditions on a MAR I NER model equipped with an antip itching bow

fin. Analytica l prediction s were also made to determine the

effectiveness of a bow fin in reducing the pitching mot i on of the

MAR I NER hull in a seaway. The ant i pitching fin used in the MARINER

exper imental investigat ion was a f la t  plate w i th  a geometric aspect
rat io equal to that of the f la t  plate f in  used in ear l ie r  work by
Ochi. The effect of foIl shaped struts of different lengths , to

in crease the ver t ica l separat ion between the fin and the keel of

the mode l at the bow, was experimental ly evaluated n regular waves.

V isual observations (video coverage) of the experimenta l invest I-

gation ind icated : (1) the reduction in s ize  and number of wave
surface profile deformations for some of the wave condit ions in-

vestigated , and (2) the obvious reduction of fin emergences , with

increas ing strut length. The reduction in the pi tching motion
resulting from the addition of the bow fin to the MARINER hull ,

as Is ind i cated by the analytica l investigation , is not cons i dered

s Ign i f i cant as the mot ion is not excessive without the ant i -
pitching fin.

A DMINISTR ATIVE  I NFORMATION

This work was funded by the Nava l Sh ip Engineering Center (NAVSEC) Project
Order Numbers N65l9776 P060234 dated 30 June 1976 for the experimental work

and N65 l9776 WR66 398 dated 24 September 1 976 for the ana ly t i ca l  study and was
iden t ified as Work Unit Numbe r 1- 1568-859 . The anal y t i ca l invest igat ion was
also partially supported unde r the Conventional Ship Seakeep ing Research and

Development P rogram , ident i fied  as Work Unit Number 1-1504- 100.
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I NTRODUCTION

As part of a program to eva l uate the effectiveness of increased strut

length in reducing an t ip itching fin-induced hull vibrations , an ex pe r i men tal
inve stigat ion was conducted using an ex istin g MARINER model. To de termine
the effect iveness of a bow f in  in reducing the pitching motion , an ana l ytica l

invest igation was made for the MARINER hull form in various long-crested

i rregu lar head waves with and w,thout the fin for comparison .

The experimental Investigation was conducted in the Maneuvering and Sea-

keeping Fac i li ty at the David W . Taylor Nava l Ship R&D Center (DTNSRDC) with an

ex,st~ng 21 84-ft (6.66 m) MAR INER model equipped with an ant ip itch ing fin at

t he bow. Previous inves t iga t ion s ind i cated a decrea se in p i tch ing mot ion w i t h

the p resence of an an t ip i tch i ng f i n; however , a severe problem of fin— i nduced

hull v ib ra t ion  was a ls o ex per i enced . 1 The two p r inc i pal ca uses of the hull
vibra t.on are thought to be an i mpact force applied to the f in upon re-entering

the wa ter af ter f in  eme rgence , and second , the collapse of the deformed wave

surface profile on the top surface of the fin and on the side of the ship ’s

hu ll . This experimental investigation was to determine the effectiveness of

reducin g fin impacts by adding a strut between the sh ip s keel and the fin thus

l oweri ng the fin in the water.

The ex per i ments were conducted at two forward speeds in head regular waves

at three primary wave l engths and four wave steepnesses. Regular waves with

wav&ength to ship length ratios of approx i mately 0.75, p .O , and 1.25 with

wave steepnesses of about 1/50 to 1/24 were invest igated. Four configurations - -

of the MARINER model w i th an ti p itc h~ng fin were considered : no strut (fin

onl y); 8—ft strut (2 44 m), 12—ft strut (3.66 m); and 16—ft strut (4.88 m) .

I~~ addit ion to the model motions , pressures on the hu l l , strut and fin were

measured and visua l records of the model’s bow Section were made on video tape .

1 Och I , Kazuo M. , “Hydroelastic Study of a Ship Equipped with an Ar it ip i tching
Fin ,” Dav id Taylor Mode l Basin Report 1455 (Oct 1 962).
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The anal ytical investigation was done using an existing computer program2’3

desi gned to predict the motions of a ship in waves. This program also allows

for the incorporation of a bow fin in making these predict ions. This investi-

gation was carried out in head seas only at sh ip speed s of 12.5 and 20.0

knots in seaways having significant wave heights of 3.5, 5 . 5,  and 7.5 metres.

For each seaway a range of modal periods of from 8 to 20 seconds was invest l’-

gated using the Bretschneider representation of the seaways.

SHIP AND MODEL PARTICULARS

The MARINER is 528 feet (160.9 m) between perpendiculars. The wooden

model used for the ant ipitch i ng fin investigation was built to a scale ratio

of 24.175 and designated Model Number 4414. Table 1 presents the principa l

charac teristics of the sh ip and model. The 21.84-ft (6.66 m) model was

ba l las ted to a scaled equivalen t dis p lace men t of 21 ,093 lon g tons (21 ,440

tonnes) at an even keel draft of 29.75 feet (9.07 m). Since investigations

were l imi ted to head seas , the principa l dynamic characterist ic of the mode l

was the longitud i nal radius of gyration (gyradius) wh i ch was obtained by

the Bifilar pendulum method and set equa l to 24 percent of the length between

perpend Iculars. As indicated in Table 2, a wooden rectangular shaped fin

(fla t plate) was fixed to the bow of the model w i t h  the midchord located 3.8

percent of the length between perpendiculars aft of the forward perpend icular

(Station 0.76). The fin was attached directly to the model ’s kee l or s pac ed
at full-scale equivalent increments of 4 feet (1,22 m) bel ow the kee’ by a

NACA 0020 foIl shaped strut with a chord length equal to the chord of the f i n

2McCre lgh t , K. K. and C M .  Lee , “Manual for Monohu ll or Twinhull Ship Mot ion
Prediction Computer Program ,” DTNSRDC Repor t SPD-686-02 (1976) .

3Lee , C.M. , “Theoretical Pred i ct i on of Mot i on of Sma11-Waterplane-Area ,
Twin Hull (SWATH) Shi ps in Waves ,” DTNSRDC Report 76-0046 (Dec 1976).

3
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EXPER iMEN TAL PROCEDURE

The MARINER mode 1 an tl p tch fin exper.ments w ee conducted in head regular

waves at two Froude sca!ed speeds equivalent to i2,5 and 2DM knots. The
regula- waves were limited to wavelengtn to ship length ‘at’os of 0.75, 1.00,

and 1 ,25 at four wave steepnesses ranging from about 1/50 to 1/24 The wave

conditions nvest;gated were considered severe and representative of extreme

cond i n ions

The model was equipped as a free -running, s’~if—prope ’1ed model , nstru-

rnented to measu’e p it cn , heav e, r oll , surge , sway , yaw , absolute mot ion at

Stat on 0 76 and e g ht pressu res on the mode N s hu ll , strut and fin. Resu lts

a’e presented for the measurements of pitch, heave , absol ute mot~on at Station

0 76, an~ fou -’ of the pressu re gauges The reduct~on n the number of

p essu’e gauges presented is the resu lt of transducer fa ilure early in the

exper imenta l program. The locat ions of the four pressure gauges are shown in

Fi gure 1 and are described as follows : pressure gauge A was located or’ the

uppe r surface of the fin 75 percent of one—half the span to starboard of the

centerline (16.2 ft (4 94 m) to starboard); pressure gauge B was located on

the port surface of the strut 6.85 ft (2.09 m) above the top surface of the

fin and was not ,nsta 1 led for the no strut configurat ion ; pressure gauge C

was located on the starboard surface of the strut 6.85 f t  (2,09 m) above the

top surface of the f i n and for the no strut configurat Ion was posit ioned

6 85 ft (2 09 m) above the kee l on the starboard su~face of the hull; pressure

gauge 0 was located on the port side of the hul l 6.85 f t  (2- 09 m) above the

keel . A l’ the pressure gauges were )ong tud .na ’i l y locat ed at Station 0 76 ,

a dittance of one-halt of th e chord length aft of the l eading edge of the fin.

The mot or’ data , aon g w i th some of the press~~es , were recorded on

magnetic tape and v sua ii y d i splayed on st r i p charts. in add it on , the mot i on

data signals were ‘nput to an lnterdata computer on the ca r ri ag e from wh ich

al 1 regular wave results we’e obtained , During the model exper ments , video

Coverage of the fin location was made in an effort to observe the wave surface

prof ile deformat on as the strut length was increased

4
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ANALYT I CAL PROCEDURE

The analytical Investigation was carried out , using the same MARINER

hull form as in the experiments , with an existing computer program 2’3 which

predicts the motions of a ship in waves. The analytica l predictions were made

for the MARINER with and without the antip itch bow fin. Ship speeds of 12.5

and 20.0 knots were investigated analyticall y in long-crested head waves

represented by Bretschnelder theoretica l seaways having significant wave

heights of 3.5, 5.5, and 7.5 metres. In each case a range of modal period s of

the wa~.e spectra of from 8 to 20 seconds was investigated .

The computer program utilized incorporates a linear s.trip theory to

predict the hydrodynamic coefficients of a predominately nonviscous nature ,

i.e., added mass and wavemaking damp ing. The effects of fixed stabilizing

fins are included in the linear response reg ion of a ship In waves. This

program predicts the mot i on responses of a ship in regular long-crested waves

based on the linea r strip theory as indicated. These motions are then input

to a computer prog ram which utilizes the principles of linear superpos ition

along with the Bretschne ider theoretical formulation of seaway spectra to

predicte the root mean square motions of the ship.

RESULTS AND DISCUSS I ON

Previous experimental Investi gations have been carried out for the MARINER

w ith an antlp itchi ng fin attached at the baseline . Recults of Ochi 1 are

shown in Figure 2. Seen here are the experimental results obtained in reduc ing

• p i tch ing mot ion on a MARINER model with a rectangular ant ipi t ch i ng f i n (flat

plate) as recorded by Ochi in regular waves with a wavelength to ship length

ratio of 1.0 and a wave steepness of 1/20. Results of the present experiments

under similar wave conditions (wave steepness of 1/24) at two speed s are also

IndIcated . These results were obtained with an equiva l ent size and shape fi n

and various strut lengths. As seen , agreement is quite good Indicating that

the l owering of the fin on a strut has negligible effects on the ship ’s

pitching motion . Presented in Figure 3 are the nond i mens lonal transfe r

functions for pitch , heave, and acceleration (absolute motion) at Station 076

5
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for ship speed s of 12.5 and 20.0 knots. Results are g i ve n f or each of the mod el
configurations investigated for wave steepnesses rang i ng from 1/50 to 1/24 at

wavelengths to ship length ratios of 0.75, 1.00, and 1.25. As indicated in

Figure 2 and in FIgure 3, va riations in l ength of strut had negligible effect

on the measured ship mot i ons. Figure 4 presents the MARINER model pitch , heave ,

and acceleration single amplitude values at Station 0.76 as a function of wave

height for a ship speed of 12.5 knots. For each configuration , res ponses a re

~nd t cated as be i ng quite linear with wave height at a wavelength to ship length

ratio of 1.0 wIth some nonlinearity occurring at the longer wavelength. Figure

5 presents simi l ar results for a ship speed of 20 knots.

Pressure gauge data for wave l ength to ship length rat ios of 1.0 and 1 .25

are presented in Tables 3 and 4, respect ively. As seen , the maximum and

average pressu re recorded , number of impacts , numbe r of events and rate of

im pacts are presented for each of the four pressure gauge locat ions. The

number of i mpacts and number of events di ffer in that an even t is considered

any lar ge pressure d is turba nce seen by the pressure gau ge eve n thou gh an im pac t

d~d not occur , and in all instances the numbe r of events is greater than or

equa l to the number of impacts. The pressure gauge results are valid only to

lnd~cate trends and are not intended to be used as statistical predictions due

to the short duration of run time and limited number of wave encounters The

trends shown by the pressure gauge data indicate an improvement in the rate

— of i mpacts w ith the presence of the foil shape strut. No conclusive results

we~e obtained indicat i ng which strut length was best; however , in all but a few

‘‘-stances the rate of impacts decreased for the long strut lengths The magni-

tude of the pressures recorded appeared to be unaffected by the strut , and the

maximum and average values tabulated show no trend to decrease w i th Increasing

strut length.

Presented in Figure 6 are sketches of the deformed wave surface p~of i1r

above the fin for each of the strut configurat ions investigated . The wave

tu rface profiles were observed from video tape coverage of the bow of the

model. The sketches shown are representative of experiments conducted at a

wavelength-to-ship length ratio of 1.0 and a wave steepness of 1/30 at a

s peed of l2~ 5 knots. As illustrated , the degree of deformation is greatl y

6
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reduced as the strut length is increased . Observations of wave deformation

unde r mor e sever e wave co nd it ions , e.g., wavelength to ship length ratio of

1 ,0 and wave steepness of 1/24 indicated larger and more pronounced effects

for all strut lengths considered . This deformation is probably due to

flow dis turbance as the fin nears the water surface.

The results of the analytica l investigation are presented in Figure 7.
Given here is a comparison of the root mean square single amplitude pitch

for the MARINER with and without the bow fin. The comparison is shown for

shi p speeds of 12.5 and 20.0 knots In seaways of 3.5, 5.5, and 7.5 metres

si gnificant height for a range of modal periods from 8 to 20 seconds. It

may be seen in this figure that the addition of the bow fin results in a

modest reduction in the pitch mot i on of up to approx i mately 30 percent; howeve r ,

the motion is mild init i ally.

CONCLUDING REMARK -S

Since there is no possibility of performin g the ex per i men t correc t l y
scaled for the occurrence of cavitation and ventilation , a flat plate was

used to represent the fin. Essential ly, fin/strut cavitation and cavitation

induced ventilation wi l l occur at much smaller ship speed s and fin submergence

depths than ind i cated by this type of model experiment. Also , the benefits

of fin submergence for reducing cav itat ion are underest imated by the model

experiment .

The su~ face wave deformation , shown in Figure 6, is considered to be

pe rtinent to full-sca le , in the absence of cavitation- i nduced vent ilation ,

and ind i cates one effect of shallow submergence.

The reduction of pitch ing mot i on indicated by Figures 2 and 7 is not

considered to be sign ificant as pitching is not excessive for the MARINER

without the bow fin.

7
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TABLE 1 — MARINER SHIP AND MODEL PART ICU LARS
Scale Ratio — 24.175

Ship Model

Length Between Perpendiculars ,
feet (metre) 528 (160.9) 21.84 (6.66)

Beam , feet (metre) 76 (23.16) 3.14 (.957)

Draft , feet ( m e t r e )  29.75 (9.07) 1.23 (.375)

Displacement , long tons (tonnes) 2l ,O93~~ (21 ,44C) l.455~~ (1.479)

Longitud inal Cyradius , percent
length between perpendiculars .24 .24

TABLE 2 - MARINER ANTIPITCHING PIN PART ICULARS

Scale Ratio = 24 . 175

Ship Model

Loca t ion , percent of length between
perpe n d i c u l a r s  a f t  of forward
pe rpendicula r 3.8 3.8

Span , feet  (met re) 43 .2  (13.17) 1.787 ( . 545 )

Cho r d , f ee t  (metre)  20 .0  (6.10) .828 ( . 2 5 2 )

Aspect Ratio 2.16 2 . 1 6

Thickness , feet  (metre)  1.51 ( .460)  .063 ( . O 1 Q )
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