CIRCULATING COPY MIT-T-85-001 C3

§pa front Nocitany

"LOAN CCPY ONLY

CENTER ror
FISHERIES ENGINEERING
RESEARCH

==

NATIONAL SFA GRANT DEPGSITORY
PELL LIBRARY BUILLING
URI, NARRAGANSEIT Pay LAMPUS

A Project' of the NARRAGAHSETT, RY (2ve

MIT Sea Grant Program

/O




"LOAN COPY ONLY

CIRCULATING COPY
Sea Grant Depository

Report No, 9

TOR TANK RESULTS OF BULBCUS BOR RETROFITS
ON NEXW ENGLAND TRARLER EHULLS

by
Angelos D. Heliotis
and
Clifford A, Goudey

20 September 1985

NAYIC ! L a0 0 L2POSITORY
Peil 1w el DING

URIL MNARGAG ST BAY CAMPUS
NARRAGANSETT, R 02882

Center for Fisheries Engineering Research
MIT Sea Grant Program
Building E38-376, 292 Main Street
Cambridge, MA 02139

MIT3G 85-7



Figure
1

W -] W E W

11
12
13
14
15
16
17
18
19
20
20

Table

= W

Table of Contents
Section
Nomenclature
Abstract
Model Canstruction
Test Facility
Test Procedure
Calm-Rater Results
Regular Rave Results
Added Resistance Results
Effect of Bulb Height
Porer Requirement Calculations
Discussion
Conclusions
Acknowrledgements
References
Appendices

List of Figures

Section drawing of the 76' trarler

Section draring of the 119" trawsler

Profile view of the 76' design with bulb retrofits
Profile view of the 119" design with bulb retrofits
The 76’ design with a 20% bulb and 1.0D ring

The above model during calm-water tests

The 119" descign wmith a 20X bulb and 1,0D ring

The above model during seakeeping tests

Rigging for the seakeeping tests at trawling speeds
EHF versus bulb diameter, 7b6' design

EHPF versus bulb diameter, 119' design

EHF versus speed, 76' design

EHF versus speed, 119’ design

EEP versus bulb length, 76" design

EEF versus bulb length, 119" design

Pitch versus wave length, 76' design, 9 kts

Pitch versus wave length, 119' design, 12 kts

Bom accelerations versus wave length, 76' design
Bow accelerations versus wave length, 11%" design
Added resistance versus mave length, 76' design
Added resistance versus wave length, 119' design

List of Tables

Specification of bulbs tested, 76’ traxler
Specification of bulbs tested, 119' trawler
Porer calculations, 76' design

Power calculations, 119' design

Page

Page

L= B B I — g — g (V]

11
11
12
12
13
13
15
15
16
16
17
17

Page

20
21



Cy
Cp
Cyr
Cy

ERF

-2 TR B

LHL

Nomenclature

acceleration amplitude in units of g
beam, Raterline

block coefficient

frictional resistance coefficient
prismatic coefficient

residuary resistance coefficieat
total registance coefficient
diameter of bulb or propeller
effective horsepomer

acceleration of gravity
metacentric height

half-angle of entrance at LAL (degrees)

propeller advance coefficient, V¥, /nD
rave number, 2+ /A

thrust coefficient, T/pn®D*

length overall

wave length

length water line

propellser revolutions per second
propeller pitch

recsigstance

Raynolds number

propeller revolutions per minute, 60n
Wetted surface

shaft horsepower

thrust deduction

molded draft or propeller thrust
spead of advance, propeller (ft/sec)
velocity, model (ft/sec)

velocity, full scale (ft/sec)

wake fraction

displacement in tons

hull efficiency, (1-t)/(1-m)

open water propeller efficiency
relative rotative efficiency

shaft & transmission efficiency
propulsive efficiency

angle of pitch

kKinematic viscosity

mass density of water

added resistance ceofficient

wave aaplitude
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TOR TANK RESULTS OF BULBOUS BOR RETROFITS
ON NER ENGLAND TRAWLER HOLLS

by

Angelos D. Heliotis [}
HIT Deptartment of Ocean Engineering
and
Clifford A. Goudey
MIT Sea Grant Program

Abstract:

This report describes the research conducted at MIT on bulbous
box retrofits applied to two New England type trawler hulls of 76 and
119 foot overall length. It is based, in part, on a Master's thesis
by Heliotis (1), The mork was initiated and sponsored by the MIT Sea
Grant Center For Fisheries Engineering Research. Tests were
conducted in the MIT Department of Ocean Engineering ship model
towing tank. Related tests on a 164" round-bilged vessel have been
reported separately (2).

The lines drawings of the two hulls were provided by John H.
Gilbert Associates of Boston, Massachusetts, together wmith
information on the propulsion and cperation of the vessels in their
present fisheries. & 4,5' modal of each hull was constructed and a
series of twelve cylindrical-type bulbous bow retrofits were prepared
for each,

Calm nater model resistance tests were conducted on the bare hull
and then »ith each retrofitted bulb, All tests were done at constant
draft, i.e., the bulb configurations were of heavier displacement
than the original hull. The calm water results were compared at
steaming speeds and a "best” bulb was selected for seakeeping tests.
The bare and bulbous models were then tested in regular maves aver a
range of wave lengths at both steaming and trawling speeds. Piteh,
heave, bow accelerations, and resistance were measured.

In the tests, all bulbs were fitted to the maximum limits of the
formard draft and rRere aligned parallel te the waterlines.
Variatiens in bulb diameter and length were studied. The results
presented shor the effect of these parameters on hull performance.
Propeller calculations are presented to predict the effect on
horseporer requirements based on the performance of the best bulb.

(1] HMr. Heliotis is currently emploved by Maritech, Inc. of
Arlington, Massachusetts



Model Construction:

The section drawings and principal dimensions of the 76’ and 119"
trasler hulls are presented in Figures t and 2,

Srre LOA 76.6 ft
LAL 70.0 ft
B 21.1 ft
i T 6.0 ft
A 112, 3 tons
s 1390 ft?
C . 451
c . b25
i 25.5 degreeas
\ 10 L/B 3. 32
3 3 B/T 3.52
) ‘“Hhﬁhix::: 2 Vs 9.0 kts
3.6 : ¥t 3.0 kts

Figure 1%. Section draming of the 76" traxler,
SHeep

LOA 119. 4 ft
LAL 110.0 ft

B 28.0 ft

T 10.0 ft

A 436.3 tons
3 3391 ft?

c . 812

c . 624

i 21.0 degrees
L/B 3.93
B/T 2.80

Vs 12. 0 kts=s
¥t 3.5 kts

Figure 2. Section dramning of the 119" trawler,
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From the section and lines drawings, glass-fiber laminated models
nere constructed to overall lengths of 4.5 feet. The scale ratio for
the 76' hull was 17.03 to 1 and for the 119" hull it was 26.53 to 1.

The bulb retrofits studied mere cylindrical wmith hemispherical
caps. This geometry was selected due to its potential economy of
full-size fabrication and reports of some success with this type of
bulb on the U.35. HRest Coast (§). The parameters varied rere diameter
and length., All bulbs were positioned with their lower edge even
with the intersection of the forrard perpendicular and an extension
of the bottom of the keel. See Figures 3 and 4.

Three bulb diameters were used to cover a range of possible sizes
from approximately 10 to 30 percent of the midship section area. The
game model bulb retrofits were used on both hulls, These were 2. 4",
3.5", and 4.5" in diameter. For the 7b6' design, these sizes
represented midship section percentages of 10,01, 21.29, and 35.19,
respectively, For the 119" design, they represented percentages of
9.63, 20.48, and 33.86, respectively. 1In most cases throughout this
report, they are referred to simply as 10, 20, and 30 percent bulbs

The hemispherical caps were machined on a numerically controlled
lathe from PVC round bar. Lengthening rings of 0.5, 1.0, and 1.5
diameters xere prepared to allow for variation of bulb length.
Fairing pieces were constructed from PVC tubing to attach the caps to
the hull, These fairings extended back until they intersected writh
the hulls.

Each retrofit component was designed to be a press-fit with its
neighbor and all bulbs, lengthening rings, and fairings were aligned
with the horizontal baseline, The transition pieces wWere accurately
fitted to the hull and a thin application of silicone caulk at each
joint was all that was needed to keep the bulbs in place and
matertight.

A description of each bulb is presented in Tables 1 and 2,
Figuras 5 through 8 are photos of some retrofitted models during the
testing.

Test Facility:

The MIT Ship Model Towing Tank is 108" long, B'-7" wide, with a
normal water depth of 4 (&), The toming carriage is instrumented
for resistance and motions measurements, One end of the tank is
fitted mith a wave generator while the other end has a wave absorbing
"beach”. Regular waves and various sea spectra can be developed,
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Figure 3. Profile view of the 76' design with bulb retrofits

WHAMLEBACE DECK

WAl DECK

Figure 4. Profile view of the 119" design with bulb retrofits.
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Bulb
Degscription

10% - 0.5D

10% - 1.0D

10% - 1.5D
20%

20% - 0.5D

20% - 1.0D

20% - 1.5D
30%

30% - 0.5D

30% - 1.0D

TR ML A A e R R R e W A e e W A

30% - 1.5D

Table 1.

Teat Procedure:
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Specifications of bulbs tested, 76" tramler.
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1
1
1
1
1

u1.
61.
82.
30.
&0.
90,
120.
38.
76.
114,

153.

{inches) |

------ et PR
5 H -24. 0 I
H :
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5 I -24. 0 )
1 ]
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0 i -24, 0 '
' |

] ' -4.0 H
] []

i ]
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To insure a proper transition from laminar to turbulent flow, a
rouw of turbulence stimulators was attached to the hull 4% of the LAL
These were made up of 0, 125" diameter by O, 062"

behind the stem.

long studs spaced 0. 25" apanrt.

Rhen the bulbs wmere attached,

the rowx

of studs was continued in a vertical line around the transition

piece.

The bare hulls wers

their design water lines,

the ballasted med

al,

floated in the tow tank and ballasted to

Lead billets were used and fixed in place
with clay. The correct displacement was then verified by weighing

The towing carriage force block was attached to the imside of

each hull at the center of flotation,

on the centerline,

and in a

vertical position such that the force applied to the model wsould be

approximately in line with the location of the propeller shaft. The
force block is designed to pivot about the pitch axis and is attached
to heave reods to allow for vertical motions
and surge relative to the carriage.

from roll, sray,

yanw,

_5_
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Bulb

10% - 0.5D
10% - 1.0D

10% - 1.5D

5D

20% - 1.0D

20% - 1.5D
30%

30% - 0.5D

30% - 1.0D

n
Q
»
1
=

30% - 1.5D

Table 2.

Percent ,

of

20.

20,

20,
33.
33,
33.
33.

Specifications of bulbs tasted,

]
1
b
]
3
b
\
i
1
L}
L}
L
1
1
1
1
1
1
|
1
}
1
t
J
i 20,
1
I
]
1
\
1
]
]
1
]
t
]
i
i
1
i
1
1
1
I
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.63

.63

48
48
48
48
86
86
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63,

63.

93.

93.

93.

93.

119

119

119

119

Diamater
(inches)

0

. 8

"

.4

.4

95.

127.

46,

93.

139.

186.

59.

119,

179,

239,

Length Fnd.
of Stem{in)

0

Submergence
{inches) |
]

-21.0
+6. 0
+b. O
+6. 0

+6, 0

119" trawler.

The 76' model was tested over a range of ship speeds up to 11

knots, The 119'

model was tested up to 13 knots,

The order of speed

gelection was randomized and five minutes elapsed before commencing
the next run, or until all waves from the previous run dissipated.
The actual speeds of each run are tabularized in Appendix A.

The procedure was repeated for each bulb retrofit.
added to the bow to counteract the buoyancy of the bulb,

Ballast nas
In some

cases, the overall ballast arrangement Would have to be adjusted due

to the forward location of the bulbs.

As noted in Tables 1 and 2,

the top surface of the 30X bulbs were

above the atill waterline due to their size relative to the forward

drafts.

At all test speeds these bulbs became submerged.

The seakeeping tests were done in a similar manner except that
the placement of the ballast in the model was done to yield a
longitudinal radius of gyration of 0.25 of the model length.

_b_



Figure 5, The 7&' design with a 20X bulb and 1. 0D ring.

Figure &. The above model during calm-water tests
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Figure 7. The 119" design with a 20% bulb and 1.0D ring,

Figure 8. The above model during seakeeping tests
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Seakeeping runs were made at both steaming and trasling speeds.
For the 76' design these speeds were 9.0 and 3.0 knots. For the 119
design the speeds were 12.0 and 3.5 knots. Fave lengths from 0,7 to
3.0 times LAL wWere generated. WNave heights were maintained at a

constant 5% of the LWL.

Since the pitch and heave response of a trawmler is clearly
affected by the presence of the trawl gear during tramling, this
effect wmas simulated during the seakeeping tests. A parachute-type
drogue with drag characteristies appropriate for each vessel was
attached to a point on the transom centerline at the main deck. This
was kept submerged by a weight at the junction of the tor wire and
the dreogue. The Reight used ras equivalent to the weight of twro
appropriately sized trawl doors and produced a vertical warp angle of
approximatety 20 degrees., The set-up is diagrammed in Figure 9,

Piteh motions, heave motions, bhow accelerations, and mave height
mere raeccrded during each run, The accelarometer was locataed on the

foredeck at station 10 1/2.

-o—— TOW CARRIAGE

s

AIR BEARINGS

HEAVE |RODS

ACCELEROMETER

THRUST BLOCK AND PITCH INDICATOR INSIDE HULL

e

TOW CABLE

WETGHT TG SIMULATE TRAWL DOORS

DROGUE TO SIMULATE WET RESISTANCE

Figure 9. Rigging for the seakeeping tests at trawling speeds,
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Calm-Rater Results:

The model drag at each calm—water speed is presented in the
tables of Appendix 1 together with the nondimensionalized drag values
and the scaled-up results. These results are presented graphically
in Appendix 2 where comparisons among the various bulb lengths are
included.

Figure 10 is based on this data and shows the effect of bulb size
on 76' effective horsepower (EHP) for speeds of 8, 9, and 10 knots.
Figure 11 is a similar comparison of 119" EHP versus bulb size fer
speeds of 11, 12, and 13 knots, In these graphs, the bulb length
producing the least total resistance has been used. The importance
of bulb diameter is shown, especially on the 76" design.

To demonstrate more clearly the importance of operating speed on
optimum bulb selection, the EHP changes for the three bulb diameters
are presented versus speed in Figures 12 and 13.

For the 7b' design, the 20X bulb is clearly superior, offering
substantial EHP reductions at steaming speeds. At speeds below 7.5
knots this bulb becomes detrimental. The 10% buld has little effect
The 30% bulb provides some advantage at higher speeds, howrever it is
of considerable detriment at slow and moderate speeds.

For the 119' design, the 20X bulb again apears most promising at
the normal steaming speed of 12 knots. The 10% bulb also offers
substancial advantages with less detrimental effect at slower speeds
than the 20X size. The 30% is clearly oversized offering no
resistance benefits until a speed of 11 knots has been reached.

In Figures 12 and 13, the best length bulb for each diameter is
used in the comparisons, It can be seen in Appendix 2 that the
effect of length variations is more important with the 20 and 30
percent bulbs. FHRe should recall howaver that the length increments
are based on diameter and the actual length variations of these
larger bulbs sere quite extreme {see Tables 1 and 2.

To bettar visualize the effects of length, the next two figures
show the results of the different length 20% bulbs in terms of EHP
changes relative to the bare hull. From Figure 14 you can see that
on the 76' design, the 1.0 diameter ring presents the greatest
potential benefit over the speed range of interest. Only the
shortest version offers no benefits over the speed range covered.

In Figure 15, the 119' design is also benefitted most by the 1.0
diameter extension, At slower speeds, however, the shorter bulbs
have a less detrimental effect.

=-10~-



EHP

EHP

150

140 !
130 -
120 -—//—\
110 - . -
\\ T
100 \\\\
90 7 \\\.
20 A
70 . //‘?l
e ﬁ\‘./ p
50 —
40 B
30 —
zo —
10
o ; T 1 Y T T 7
1] 10 20 30
Bulb Stze (X of Am)
O B knots + 9 knota ¢ 10 knotw
figure 10. EHP versus bulb diameter, 76" design.
800
+
500 —“\-.\‘_\‘
400 -
300
200 -
100 -
o T T ! T T T I
o 10 20 30
Bulb Size (X of Am)
O 17 knots + 12 knots ¢ 13 knots
Figure 11. EHRP versus bulb diameter, 119' design.
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Best bullr for soch domelar

10
3
0 =
!
|
-
-G -
-8 -
-20 -
—28
..--m._.
=33 T 1 T T Jl
5 7
Spead {lavets)
0 10% bub + 20X bbb ¢ 30X buldb
Figure 12. EHP versus speed, 76' design.
Best bul for sach diameter
70
80 -
50
“-
30 -~
20
= _,___\
o P\ﬂ'
20 o b
-30 -
4 -
By -
-850 -
~70 - ;
=80 -~
-0 T T T T T T
& ) 10 12
Spead (knots)
O 10X bulb + 20X bulb <  30% bulbk

Figure 13. EHP versus speed, 119' design.
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-10

-30

-38

) NSV [N PO

/

+ 0N Drng ° 1nrln3 &4 15Drng

Figure 14, EBP versus bulb length, 76' design.

EEEEEEEEEEEEY

o No ring

T T T T T T
] a 10 12
Speed (knots)
+ 050D ring o 1D ring A 1.5Drng

Figure 15, EHP versus bulb length, 119" design.
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Regular Have Results:

From the recorded data the average pitch and acceleration
responses nere determined for each regular wave length. For the
steaming speed, the non-dimensgionalized pitch results are shown in
Figures 16 and 17.

For both vessels, the 20X bulbs appear effective at reducing
pitch motions at wave lengths less than 2,0 LRL, Above this paint
the bulb has little effect.

Figure 18 and 19 are similar presentations of bow accelerations
Here, the advantage of the bulb is evan more evident since the higher
frequencies aseociated with the shorter wavelengths are important
Rith respect to accelerations and crew comfort.

As would be expected, the pitch response levels off at the longer
navelengths as the vessel begins to simply follom the slope of the
Rave surface. The lowWer frequencies in this region cause the
accelerations to diminish and little difference is found with the
bulb.

The results at trawling speeds can be found in the thesis by
Heliotis (1). TYhe presence of the trawml-simulating drogue causes the
motions to become more complicated thar xith the trawler alone. Re
Rere unable to determine any effect from the bulb. Frequent
coincidence of bare and bulb data suggested an unusual system
response which is not affected by wminor changes in the hull form.

Added Resistance Results:

Since vessel motions affect powering requirements, resistance
measurements were taken during the seakeeping tests. The results are
presented in Figures 24 through 27 in terms of non-dimensionalized
resistance Pw, defined by:

Pr = B Heals

gB2/L $a

Figure 20 shors that in spite of the reduced motions, the
resistance of the 76' design with the 20X bulb is more affected by
head seas than the bare hull. By contrast, the results for the 119’
design show a reduction in added resistance for the retrofitted hull.

At the trawmling speed the results were again uninterpretable due
to the complex response caused by the drogue/vessel system,

_1 "'-



1.9 -~
L I

k-;ﬂ. 1.6 —
1.5 =~

1.4 —
1.3
1.2 =
Pitch ' T
0.8 -
0.2
0.7 +
o6 —-
o8 -
04 -
0.3 -
0.2 =
1 -

4+ = Bare hull
8 - 20% - 1.0D bulb +

Figure 16.

Nondimensionalized pitch versus wave length
for the 76" design at 9 kts,

.26

1.8
1.5 —
1.4 -

Pitch
1.2 =~

0.5
0.6 -
64 -

0.2 -

+ = Bare hull
g - 202 - 1.0D bulb

o

Figure 17.

¢/t

Nondimensionalized pitch versus wave length
for the 119' design at 12 kts.
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Bow accelerations

s

20

15

10

Figure

aL

Ta

Bow accelerations
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1

Figure
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— +
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- o
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* o
a ]
7 b
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+
- a o ]
* 4
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9
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18. MNormalized bow acceleration versus wave length
for the 76 design at 9 kts.
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o
a
*
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19. Normalized bom acceleration versus mave length

for the 119°

design at 12 kts.
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Effect of Bulb Height:

Limitations of time and funds prevented us from exploring
experimentally the effects of variationms in the vertical location of
the bulbs, All bulbs were located with their lower surface at the
intersection of the keel line extension and the Forryard edge of the
fairing piece,

This decigion was based on the practical constraints of
minimizing potential damage during grounding and dry-docking. You
should note, howmever, that the bulbs with extensicon pieces do violate
the extended line of the keel since they are aligned horizontally,
rather than mith the keel.

To gain some insight into the possible advantage of vertical
locations other than those tested, a regression model ras used. The
model is based on a compilation of test results from the Netherlands
Ship Model Basin by Holtrop (3} which has been implemented in BASIC
by Sedat {U4) of Rebb Institute. The model includes bulb area and
centroid height above the baseline as parameters. Re doubt that it
was intended for use on trawler-type hulls. The trends are revealing
but must be used xith caution.

The results of a limited saries of computer rumns, with and
"ithout bulbs, are presented in the thesis by Heliotis (1).
Reasonable agreement was found between the regression model, which is
based on the hull description, and our experimental predictions writh
the 10% buibs.

The regression found the 20% and 30X bulbs to be detrimental at
the steaming speed of each vessel. The important parameter of
longitudinal location is not included in this regression model. As
shoRn in Appendix 2, certain lengths of the larger-diameter bulbs
tested were also detrimental.

For the 76' design at § knots, the regression model found the
vertical location of the 10% bulb we tested nearly optimal. The 20%
regression model results suggested that some improvement msight be
found by lowering the bulb from its tested location. Similar trends
Were seen With the 119" design.

Obviously, more information is needed to determine an optimum
vertical location for bulbs on this type of vessel. Additional
improvements may be possible, particularly if the forwxard-draft
limitation is waived for larger diameter bulbs,

...18_



Power Requirement Calculations:

The net effect of EHP on shaft horsepower {SHP) is dependent on a
variety of efficiencies and conditions related to the hull shape,
propeller characteristics, and the porRer unit. 3Some of these factors
would not be affected by the installation of a bulbous bow. Others
would change and may have an important effect on the value of a
retrofit.

In the following analysis, Re have assumed that the steaming
speed will remain unchanged Rith the retrofitted bulb. This may be a
naive assumption based on some fishermen's tendency to operate at
full throttle when ever possible., Based on our experimental
predictions, higher steaming speeds could be achieved using an
assumption of constant power, and may offer operational advantages to
some pperators,

Tables 3 and 4 shor the sequence of calculations reguired to
estimate SHP from EHP. 1In Table 3, the 76' design is considered ®with
a propeller at a fixed pitch of 0.72, which is a compromise betreen
the steaming and trawling condition. It is 66" in diameter, four
bladed, and has an area ratio of 0. 55.

Table 4 shows similar calculations for the 119' Jesign, which is
fitted with a controlable-pitch propeller in a nozzle, The propeller
diameter is 78", it is four bladed, the maximum piteh is 1,0, and the
blade area ratio is 0.55. Rith the bulb fitted we have considered
tWo cases, one Rhere the RPM remains the same and one where the pitch
remains maximum,

In our analysis we have not considered the implications of
cavitation, however the reduced thrust requirements cof the
retrofitted hull should be an improvement in this regard. There may
also be some changes in fuel comsumption per horsepower, due to the
altered engine loading.

Discussion:

The bulb shapes we have considered in this test series are
purposely simple and should be aconomical te fabricate and install on
an existing vessel. The predicted benefits in reduced resistance and
motions are substancial and we have no reason to suspect that any of
the configurations tested are truly optimal.

Other diameters within the range tested deserve consideration.
The importance of vertical location has not been properly explored,
particularly the implications of lowering the larger diameter bulbs
away from the waterline. The effect of fillet fairings at the
intersection of the cylinder and hull neaeds to be determined.
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! Parameter | Bare Hull ! FRith 20% - 1.0D Bulb |
i et N ettt T !
! EHP i b8, 2 | 53.6 d
] ] i 1
i [] | 1
' v ' 15.2 ft/sec | 15.2 ft/sec :
' : | :
' ¥ (7 .25 X .25 )
' d : H
' 't =0 958 | . 238 ' .238 '
1 1 [] []
I 1 \ ]
i = -11_—5- i 1. 016 E 1.018 :
1 1 i ]
| Ms (7 | 0. 98 H 0. 98 :
1 1 ] 1
i 1 i ]
H Nr (7 | 1. 02 ' 1.02 !
] ] ] i
I 1 I 1
P Y =(1-0)Y7 | 11.39 ft/sec ' 11. 39 ft/sec !
1 1 [} 1
1 1 i []
t D (9 | 5.5 ft ' 5.5 ft '
i 1 ] [}
i 1 1 (]
' R ! 2, 470 1bf ' 1,942 1bf :
1 [] ] ]
] [] ] [}
! T = R/C1I-t) ) 3,240 1bf ! 2,550 1bf !
1 [} I 1
1 1 ] )
' P : 1.993 slugs/ft | 1.993 slugs/ft
] i ] [}
] i 1 1
N (YA L ! 0. 414 : 0. 326 '
1 1 ] 1
1 1 i 1
! P/D (9) | 0. 72 ! 0.72 :
| ' . i
! J J 0.539 i 0.572 :
H d i !
! RPM ! 231 ! 217 '
i H ' '
\ No (&) ! 0. 605 ! 0, 622 !
\ 1 1 1
I 1 i 1
! Np ' 0.614 ! 0.63% !
i | ; !
! SHP ! 111 ! 85 '
S it L dommm e e et ;

Table 3. Power Calculations, 76' design.

It is important to note that for all diameter bulbs tested, the
shortest ones performed the worst. In the limited application bulbs
have had on fishing vessels to date, they have generally been of
minimal length. Rhile the pitch damping of these short bulbs may be
present, it is doubtful that major benefits in hull efficiency have
been realized.
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el bt frmmmm e — e —m— == F———mmmm e — - —— e —— :
!  Pparameter | Bare Hull ' Hith 20% - 1.0D Bulb |
I fmm e — e — e — '
! EHP ' 400 ' 317 !
H i i l
; v H 20. 25 ft/sec 20.25 ft/sec |
] ] [} 1
1 1 1 ]
! (9 .10 i .10 :
1 ] L] 3
] 1 I 1
E t = 0.95% | . 095 d . 095 )
1 ] 1
] ] ] 1
| = 1-¢ b 1 1
: o= 1. 006 : 1. 006 |
i ] i ]
{ Ns (m ! 0. 98 ! 0. 98 '
I ] ] 1
] [} ] 1
: Nr(n | 1.02 ! 1.02 :
[] [} ] 1
] 1 ] 1
' ¥ = (1-0V | 18. 23 ft/sec ! 18.33 ft/sec :
1 1 ] ]
1 1 ] 1
! D (9 | 6.5 ft g 6.5 ft :
] ] ] ]
] - ] 1 ]
H R ! 10, 861 1bf : 8, 600 1bf H
[] 1 1 |
i B i ]
YT o= RACI-E) 12,000 1bf ' 9,500 1bf :
] ] 1 1
1 1 1 |
! P : 1.993 slugs/ft | 1.993 slugs/ft
i [} 1 ]
I ] I 1
TR L : 0. 429 : 0. 340 !
' H { == $omm—mm e ;
' RPN 1 396 : 396 , 370 '
H d | o o m o :
t J ! 0. 425 ' 0.425 0. 455 |
] 1 ] i 1
1 i [} 1 4
H p/D(9) | 1.0 : 0.9 ' 1.0 '
E ] 1 3 1
] ] [} [] 1
) Mo (10) | 0.525 d 0.535 | 0.547 |
[] | 1 1 []
i | 1 ) 1
H Mo : 0. 528 ! 0.538 | 0.550 |
| ' g H \
' SHP d 758 ‘ 589 : 576 ;
IR Fommmmm e —mm e —— O fomm e '

Table 4. PowWer Calculations, 119" design.

The fact that both hulls benefitted most from the 20% -1.0D bulb
suggests that proper bulb selection may not be as design-specific as
we had expected. Even though both designs were from the board of
naval architect John Gilbert, the hull forms are quite different with
respect to length/beam ratio, beam/draft ratio, and materline
entrance angle. ¥e should note, however, that both vessels have
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sufficient draft forward to accomodate the 20% bulbs well belaw the
design waterline,

Operating speed is an important factor in the proper size bulb
and the potential benefits of an installation, Figure 14 indicates
that if the 76' design had a steaming speed of 10 knots, the bulb
would become even more effective. Figure 15 suggests that if the
119* design operated at 13 knots, the advantage of the 20% bulb might
be diminished. If it w®ere to operate at 10 or 11 knots, a smaller
bulb might be more appropriate.

If low-speed cruising is a significant portion of the vessels
operating profile, and the seakeeping advantage is not important,
then there is less to be gained from a retrofit.

The reduction in vessel motions wmith the retrofitted bulbs is due
to its damping effect during bow rise and fall, These reductions
accured over the full range of wave lengths tested mith the greatest
effect in the region of natural pitch resonance With wave encounter
frequency.

He doubt that a retrofitted bulb xould have much effect on the
roll response of the vessel unless it altered the GM. This could
happen if the bulb was installed as an empty void, Rithout proper
means of ballasting. The retrofitted bulb would probably reduce
somewhat the mapneuverability of the vessel, however, course-keeping
at sea would probably be improved.

The mized results regarding the added resistance of the two
retrofitted designs are puzzling. Even though both experienced less
motions than the bare hulls, the head-sea resistance of the 76" hull
was more, particularly at wave lengths over 1.7 times the waterline
length. We offer no explanatiosn,

The complex behavior of the vessel-drogue system indicates the
important effect of the trawl gear on vessel motions, This is no
surprise to anyone rho has been dragging in heavy weather, but we are
unaware of any previous tow tank research in which this interaction
has been included for trawler seakeeping tests,

The encouraging results of the shaft horsepower calculations are
to be expected since trawler propellers are typically under-pitched
for steaming. The reduced thrust required with the bulb presents
less of a mismatch in pitch than with the original bare hull.

Our decision to test the retrofitted hulls at the design
Raterline resulted inm an increase in displacement equal to the added
volume of the bulb, The 20% - 1.0D bulbs added nine percent to the
displacement of each vessel. Reanalyzing our results on the basis of
resistance/displacement would further favor the bulbs, however, this
#as not done since it is uncertain whether the bulb volume represents
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useful payload capacity. If the vessel can safely use the bulb for
tankage, without severly affecting the stability wxhen empty, then the
benefits with regards to endurance could be significant

The use of the bulb as a trim—-adjusting ballast tank seems to
have merit., Trim may be particularly important to bulb effectiveness
however the scope of our tests did not include any variations in
forsard draft

The ultimate value of a bulbous bow retrofit in terms of reduced
fuel costs or increased performance due to improved habitability or
passagemaking, will depend on the details of the trawling operation
and the cost of retrofit. Huch remaing to be learaned from actual
installations, in this regard, and even then, the appropristeness of
a bulb will vary from one boat to another. For this reason, vessel
ovners should enlist the services of a naval architect to properely
evaluate their particular vessel and the potential value of a bulb
retrofit, The implications of a bulb retrofit on stability, trim,
and structural and watertight integrity should be determined before
proceeding.

Conclusions:
Based on our towW tank experiments, ®e can conclude the following:

1. Simple bulb shapes made up of a cylinder and a hemispherical end-
cap are effective at reducing the hull resistance at steaming
speeds for the type of trawler hull tested.

2. Diameter and longitudinal location both have a major impact on
the effectiveness of a bulb at reducing resistance.

3. Of the sizes tested, the 20% bulb, extended one diameter ahead of
the stem provided the best performance on both hull designs.

4. At lower speeds all bulbs were found detrimental due to the
increase in swetted surface and becauge the retrofitted hulls were
of heavier displacement than the bare hulls.

5. At a steaming speed of 9 knots, the 76' design with the 20% -
1.0D bulb had 21.3% less resistance than the bare hull. 4t 12
knots, the 119’ design wmith the 20% - 1.0D bulb had 20.7% less
resistance than the bare hull.

6. Assuming constant steaming speeds, slightly improved propulsion
coefficients result in shaft horsepower requirements for the 20%
-~ 1.0D bulb to be 24% less for the 119’ design and 23.4 % less
for the 76° design.
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7. For both vessels at steaming speeds, pitch moticons in regular
head seas were found to be less with the retrofitted bulbs for
wave lengths up to three vessel lengths,

8. Under the same conditions, the vertical accelerations measured at
the bor were less wWith the retrofitted bulbs,

9. Under trarling conditions, the complex interaction of the hull
apd the trawl-simulating drogue produced irregular pitch and
acceleration responses with no meaningful difference between the
bare and retrofitted hulls.

10. The inecreased resistance due to motiors in regular head seas was
found to be less for the retrofitted 119' design but more for the
retrofitted 76' design. These predictions do not take into
account the possible improvements in propeller efficiency due to
the reduced motions of both retrofitted vessels.
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Appendix 1

Tabulated Towing Tank Results



FULL SCALE CAIM WATFR RESISTANCE FOR THE 76" TRAWLER

T=72"F Pfa] 9358 Jbs*aec’ P v ful 0245E-5 ft* Jeec (Lul)m=4.11 ft Smeb. 791 £t
3:9-1.9935 lbs¥sec” /E4 ol  2PNBE-5 ft°, foec {LWl)s=70 ft Sea]399.43 fr*
No Vin Re,m Cr,m Bn,m Cf,m Cr Vs Vs Ra,s f,s x,s Fr,s e
(knots)  (lbs) (¥100) (Y10E-6) (*1000) (#1000} (¥nots) (Ftfsec) (MICE-6) (*I000) (¥1000} (lbs)
1 1.0 0.9 B8  L.l4  4.553 3,635 6.9% 11772 64427 2,223 5838 1122.6 .08
z 227 07% 10714 1,362 4276 6,438 9,397 15861 BOB0S 2,127 B.565 29%9.8  85.93
3 1879  0.%2 B.403  1.272 4452 3951 7% 13.089 TLER 2188 6.1 la%.4 3.6
4 1,932 0.455 9.226 LB 4.425 4800 7973 13458 73.652 2179 6979 17478 277
5 2,317 078! ILOID 1569 4,261 6.7 9562 16040 8830 2120 8.871 31%5.6 978
6 2,5% 1,06 185 177 4177 7688 10,53 17,763 97,212 2,092 9,740 4249,7 13725
7 0902 0072 6686 06l 5235 1465 372 6283 3K.3H6 2447 3912 A6 2.4
8 1,512 0.249 B.243 1,024 4,666 3,580 6,240 10,503 S7.641 2260 5.8 8958 17,15
g 1320 0,189 8.9 0900 4797 32 5486 9.258 50.665 2.5 5.607 6855 11,18
10 2.4 099 1149 168 4,19 7,000 10,2% 12317 %6772 2,100 940 ¥B.0 122,73
11 208 0.53%  9.450 1400 4363 5.088 B.5% 14406 TB.B37 2,157 .24 M9 5445
12 2504 1,149 1223 L757  4.063  8.%61 10.X5 18070 08880  2.087 10.847 4897.8  160.91
13 1,12 0041 8,507 0,758 4982 3,525 4,622 782 42697 236 5891 458 1.0
14 049 008 11,56 0337 6.0% 5571 205 3460 18085 2602 8262 1375 0.87
15 2,046 0.63 10,353 1453 4329 6024 B.AS6 14949 81811 2145 B0 25246 68.62
16 2,318 0738 1035 150 4,260 6135 9.566 16,147 88,38 2,121 8.2% 2076 819
10% Bulb, No Rings
T=73'F £-1.9355 lbesec’ /ft” ¥ £=1,01132E-5 £t /sec {Lldm=h. 11 fr Sm=4. 935 ft!
A m=51.3 1b ?sﬂ.% 1bs*sec *2/ft" v s=1.27908E-5 ft” /sec (Lwl)s=70 fr Sew1431,25 fr*
No Vi Rt,m Cr,;m n,m Cf,m Cr Vs Vs Rn,s f,s Cx,s HR,s P
(Knots)  (1bs) (%1000} (*0E-6) (*1000) (*1000) (Xnots) (ft/sec) (HCE-GY (#1000} (¥IOM0) (1hs)
1 2,086 0,655 11,062 1.431 4.3%3  6.719 B.608 14531 79,523 2.1 8,873 2668.7 70.51
2 1571 0426 8.900  1.284 4443 4457 T2 13083 71327 2,189 6.646 1608.2 B/
3 2,430 1,072 12086 1,714 438 7.82 10,39 17,401 95,270 2.098  9.9%0 4291.6 135.78
4 2.260 0771 11.005 1557 4268  6.737  9.%4 15.806 86.500 2128 B.865 1.7 90.66
5 2314 0,79 10,897 1,587 4.2 6.646 9,59 16,119 8.215 212 8768 32452 9511
6 2,51 1161 13,214 1,743 4068 9.045 10486 172,700 96,869 2.093 11.138 4970.6 1%6.57
7 248 1,06 12,248 1,74 4,08 8,06 10,39 17401 95,20 2.098 10.162 4383.0 18.67
8 1682  0.408 10624 1,15 4,55 6.0 6.9 11717 64122 2.2 B30 1686 BN
9 2,265  0.762 10.915 1,5% 4,260 6.666 9.347 15778 8.%7 2,18 877 31113 80.2%
10 1.66  0.257 B8.860 102 4.686 4.7 6005 10170 55659  2.212 6446 9497 17.56
11 2,531 1068 12,252 1,7% 4173 8.00 10445 17.63L 96,488 2,0% 10,173 4504,5 144.40
12 16682 0.%8 9560 1.5 455 504 6%l 1LN7 64122 2,224 7.28  1415.3 .15
102 Bulb, 0.5 Ring
Te73'F  Pfa1.9355 Ibetsec’ /ft” Y f=1 0113265 ft’ fsec (L =i 11 £t Smele, 92 f7
Ame51.4 1b ¢ 5=1.9%5 lbs*sec” /fc" ol Z708E-5 £t faec (Lsil)o=70 £t Seml4i7. 78 ft
Mo Y Rt,m C,m Bn,m CE,m Cr Vs Vs Rn,s Cf,s Ct,s R,s joji
{Knots)  {1bs)  (¥1000) (¥ICE-6) (*LO00) (¥1000) (Knots) (ft/sec) (*1CE-6) (¥1000) (*1000) (lbs)
1 2,086 0.657 10.%9 1.431 4.%3 6.626 B8.608 14,531 M523  2.1% 8780 %12 057
2 1,871 0.4 9.463 1,284 4443 5020 7,720 13,033 7137 2,189 7,209 17664 4181
3 2.27 0743 10475 1.557 4267 6.2B  9.3%8 15813 86,58 218 8,335 ;{1 8%
4 2,315  0.810 11.102 1.588 4,250 6.852 9,553 16,126 B8.253 2,122 B8.97 3¥2L5 B.H
5 2537 1.073 12,111 L1740 4170 7.940 10470 17.673 96,716 2,003 10.03 4515.4  145.09
6 2498 1.009 11.980 1.714 4.8 .79 1039 17,400 95.230 2.0  9.894 4316.7 136.57
7 .46 0267 910 1.0 4686 4414 6.025 10,170 55,659 2.272 6,686 964 1B.43
8 1.682 0360 0475 1.1 4545 493 691 N7 6,122 2224 7.1% 14152 3015
9 2,315 0795 10777 1.588 &4.2%0 6527  9.553 16126 88,253 2,12 B8 320.6 501
10 1.221 0179 8,72 0.88 4,873 389 5.0 8505 46,57 2.335 618 646 5.97



FULL SCALE CAIM WATER RFSISTANCE FIR THE 76" TRAMLER
10 Bulb, 1.0D Ring

TTVF £=).9055 Ihshsec’ /Rt £=1.0L132ES f* /sec (Lwl Yo 11 £t Sme=5.049 1’
AmeS1.47 1 s=1.9905 lbs*sec? /fC7. sm] ZPO0RE-5 fr” [eec (Ll )e=0 fr Somlbbh, 32 fr
No Vin Rt,m Ct,m Rn,m Cf,m G Vs Vs Rn,s Cf,s x,s k.5 P

(kncts)  (ls) (*I000) (RI0E-6) (¥1000} (*1000) (¥nots) (ft/sec) (LCE-6) (*1000} (*1000) (ibs)

1 2086 0.625 10,317 1,431 4343 597 8608 14530 7058  2.15% 6128 20l 66.08
2 LElL 037 7.0 1286 4443 2,676 7721 13003 71327 2,180 4866 1XN.S5 28,5
3 227 0917 9.9% 1557 4267 577 9368 15813 8.5 2.128  7.855 29623 .2
4 2,315 Q.73 9.87 1,58 4.2% 5,57 0.53 16.12% 88,253 2,12 7.0 2021.7  85.66
5 2537 104 16606 1740 A7 7.435 1040 17.673 %6716 2.003 9.5 4372 19M.%
6 248 1.0% 11,95 1,716 4,18 7741 10309 17401 95,20 2098 9.8 4.9 13077
7 146 0253 855 102 4686 389 605 1010 5.6%9 2,27 6111 9.2 170
8 1682 037 956 11% 455 500 6561 1717 612 2.2 7.105 14455 10,79
9 Len 0375 7.6%  1.284 4443 3251 72 13403 737 2,188 5440 1367 3191
10 248 1L0% 1195 L7 418 741 1039 17401 95.20 2.0 989 4%1.9 137.37
1 2316 0,79 10064 1,589 4,230 5.9 9.58 16133 8.291 2,171 8.0 3.0 8.4l
12 2,537 15 11662 L0 4170 7.491 10470 17.673 95716 20903 9585 4%2.6 140.18
13 L&2  0.%  B.6R 115 455 4087 6%l 1LM7 612 2.22% 6311 1%2.6 6.9
10Z Fulb, 1.5D Ring
T=73F  ('£«1.9355 Tbe*sec’ /ft“ v =l OL13ZE-5 £t° fmec (Ll 11 ft Sme5.107 fr*
AmS1.5%6 1 Qs=l.9905 lbghoec’ Jee VJ gl JPEE-5 £t° foec (Lel)s=20 ft Se=1481.14 ft’
No VYm Rt.m Crom Ro,m f,m G Vs Vs Rn,s Cf.s s ks P
(¥nots)  (Its) (#1000) (%ICE-6) (*1000) (MO0} (Knots) (ft/sec) (M1CE-6) (*1000) (*I0C0) {lbs}
1 2086 0.648 10575 1431 433 6.Z2 B608 14531 79523 IS4 8.6 K102 68.%6
2 1871 0452 960 1B 4443 475 772 13083 71327 2180 6515 174 4.8
3 227 0729 10.046 1.557 4.267 578 9.%8 15813 8,538 2128 7907 N3 0.9
4 2315 0773 10,262 1,58 4,20 598 953 161% 88.253 212 B.114 3110.5 9.2
5 537 1,84 A8 LMD 4171 1.737 10470 17673 9%.716 2.0 9.3 4295.8 1B
f 24% 0975 1.0 L7448 6912 10309 17401 95230 2,008 9.010 AR5 127.05
7 146 0266 8.5 102 4686 4109 6405 10 5569 2272 638 972.9 1.9
8 1.682 28 7.8 115 4545 2483 6,541 11717 6412 2.2 L.M7 OS5 20.29
95 2086 0,5% 8.7 1431 43 4406 BEB 14531 7957 2.1% 6558 AUL3 53.93
10 2581 Q.97 1080 1.7% 4,173 6658 10.445 17,631 96,488 2086  B.72 4010.2 12B.55
11 2498 0.9%6 11.33% L7164 418 7051 10009 17,401 9520 2.098  9.249 4128.2  1%0.61
12 1682 037 9438 1.5 4545 482 6%l 1L7I7 612 224 7017 1K0.2 .68
13 2086 0.608 9.860 1431 4343 5.497 8.6 14531 79523 2.5 7.652 2.6 62.92
% Bulb, 0.0D Ring
T=73F  Pfel 9355 lbo¥oec’ /6t VEalOLLIES fr’ /oec (Lt omets 11 f£ Sme5.105 fr’
Ao=53.37 1 po=1.9%5 bs*sec’ . /Et" ¥ s=1, 2700865 ft” /sec (Lwl)s=70 ft Se=1480.6 £t
Mo Vo Ry Cm Ban cr Vs Vs Rn,s Cf,s tt,s B8 BP
(Knots)  (lbs)  (1000) (W10B-6) (M000) (#1000} (Nnots) (ft/sec) (¥I(E-6) (#1000} (*1000} (lts
1 2086 0587 958 1431 433 5260 8608 14531 0.5 2.0% 7.4 2A0.7  60.78
2 1LB/3 0.2 BSS 1,285 4442 4083 79 13,047 708 2,186 6272 15732 IR
3 248 1.0% 11,772 1.7 4,18 7.58 1099 17401 95,20 2,08 9.6 4¥.7 1%.73
& 2.316 .86 11.3%0  1.588 4,250 7.140 9,558 16.133 88.201 2121 9.262 35522 104.20
5 .62 0344 8.6  11% 4545 4008 6.1 11717 6412 224 637 1278 .72
6 2535 141 12271 L7¥ 4,171 B.099 10461 17.659 96.640  2.096 10,193 46637 150.38
7 27 0776 1068 1557 4267 6.431  9.38 15.813 86538 2,128 8558 3AB.4 0.6
8 1.46 0,28 9,531 102 4,68 485 6,05 10,10 5569 2772 717 08B 0.6
9 2265 0.7255 10.09  1.55% 429 570 9347 15778 86.%7 2,128 .88 28973 .12
10 2311 0.7 10455 1.585  4.251 6.8 9537 16.008 8801 2122 B.3% 3179.4  93.06
1 2,267 DT 10.3%  1.555 4268 6.057 9355 1572 86.423 218 BI85 X7 86.%



FULL SCALE CAIM WATER RESISTANCE FOR THE 76' TRAWLER
2% Buib, 0.5 Ring

TT3F  {4=1.9355 lbMsec’/fr" V=1 OLLI2E-5 ftfsec (L=t 11 £t &m=5.239 ft’
Yme56,45 1 4 5=1.9905 lbs¥ser’/fL" Vo=l Z7908E-5 ft ' /sec (Ll)s=70 £t Sa=1519.42 ft’
No ¥m Re,m Ce,m fn,m Um Cr Vs Vs Bn,s (f,s Ct,s  FRrs FHP
(Knots)  (lbs) (*1000) (¥ICE-6) (*1000) (*1000) (Knots) (Ft/mec) (¥I0E-6) (¥1000) (*1000) (lbe)
1 2086 0512 8045 1431 4,343 3.8 B.6B 14531 79.53  2.1% 5956 19018 0.5
2 1.873 0.426 8406 1,285 4442 3963  7.7% 13,047 71,408 2189 6,152 1837 7.7
3 2498 093 10350 L7448 6166 105 17.401 95230 2.0  B.26% 37841 119.72
é 2316 0.64 8259 1589 4.25%0 40100 9,558 16,133 88,291 2,121 6,131 2413.2 7079
5 1682  0.373 912 115 4565 4581 6941 11717 64122 2,226 6.805 14128 30.10
6 2,535 096 10406 1.7 4071 6234 10461 17.659 96.640 2.08 8.8 39270 12608
7 2,27 0.653  B.772 1557 4267 4505 9.8 15813 86538 2,128 6,633 2507.8 7210
8 146 0.279 9060 1002 4686 4.3% 6005 1017 5568 2272 6.646 1039.6 19.22
9 2315 0.7 9.2 1,588 4,250 4972 9.583 16,126 88,28 212 1.0 27897 8l.%
10 L8N 0.3 7712 184 4,443 3,268 7,721 13083 7137 2,180 5458 1019 .2
1 2498 0897 9951 1,714 4.8 5.767 10309 17.601 95,230 2068 T.865 012 113.%%
12 L4 0278 908 1,002 46686 432 605 10170 5565 2272 6614 10%.5 1913
2R Bulb, 1 D Ring
Ta?3'F £ £=1.9355 lbe¥sec? /it v £21 .01IRE-5 £t /sec (T3l yomts 11 £1 SmeS, 373 £
} me54.85 1 p =1.9%05 ibstsec” /£t W 5=1.27608E 5 fr.' /oec (L )s=T0 £t Se=1558.17 £t'
No Vm Rt,m G,m n,m Cf,m Cr Vs Vs En,s Cf,s Ct,s Ru.s P
(Knots)  {lbs) (®1000) (MCE-6) (¥O00) (*O0D) (Knots) (ft/sec) (WICE-6) (¥1000) (*1000) (lbs)
1 2086 0488 759 1431 4343 3.227 8608 14531 7952 21% 5.\ 1%L9  46.55
2 LEB73 030 7.000 L85 4462 2,657 7729 13047 7LAC3 2180 4.8 12792 035
3 2,48 0875  9.465 1.714 418 5.281 10,309 17.401 65.230 2.008 7.3/ 4.8 109.62
4 2316 0,5 7475 LS5 429 3,225 9,58 16.13 8.291 2.1 5.3 258.0 63.%0
5 162 032 B8.1%  1L15% 455 3616 6.9 11.717 64322 2.224  5.88 1242.9 2%.48
6 2,535 0015  9.610 1.7® 4171 5.4 10461 17.6%8 96.640 2,094  7.533 36427 116,95
7 2,27 0.643  8.422 1,557 4267 4155 9.38 15813 858 218 623 %2 0K
8 L4 039 978 1002 468 508 605 10170 55659 2.272 V.30 182 2186
9 2311 0.5% 6.7l  1.585 4251 2510 9.537 16.08 88100 212 4632 18615 54,49
10 1.871 90 7520 L2 4443 3006 7720 13,083 71327 2,189 5.2%65 13B7.0  32.87
it 248 087 9.X2 L7 418 5519 1039 17401 9520 2,08 7.6l7 35%.5 113.15
12 1.46 0278 B8B 100 4686 4117 6.025 10170 55.65%9 2272 6.33 10248 18.95
XX Butb, 1.5 D Ring
Ta?3F Pf-l 9355 Ibe*sec /ft Vil OL2E-5 ft/aec (LwL)mms 11 £t 5mw5.506 ft°
y m55,13 1 f):;l%lbs*sec gt ve=l.Z70RE-5 ft*/oec {1 )e=70 ft Som1596.,92 fr
3] o Rt.m Ceom Fn,m CE,m Cr Vs Vs Rn,s Cf,s Ct,s Ri,s P
(Yoots)  (lbs) (¥1000) (¥1CE-6) 1000y (MO0} (Knots) (Ft/sec) (KE-6) (FIND) (¥1000) (lbs)
1 2.086  0.52 8204 1431 4,%% 3861 8608 14531 .53 2,1% 6,015 W86 3.1
2 L83 0425 7.970 1985 4442 35% 7729 13,047 YLAG 218 5.7%6 1591 %75
3 2408 086 9458 L7 4,18 527 10,309 17401 95.230 2,088 7372 3576 11224
4 2,265 0,64 8268 155 4260 3999  9.%7 15778 8.7 2128 6,127 242427 €05
5 L6822 043 10,104 1.1% 4,55 559 6% 11717 6412 2,2 7,783 1681 %.18
6 2535 003 9532 179 417 5361 10461 17.659 96.640 2.0%4  T.454  ¥RA4 118,61
7 227 068 8.6027 1.557 4.267 4,405 9.38 15813 86,538 2128  6.552 26039 486
8 1.46 005 9426 1002 4686 478 605 10170 55.6% 2272 1010 11524 203
9 231 0.629 7.757 1,585 4.251 3.6 9,537 16,08 88,101 2,122 568 23180 67.85
10 1.682 0417 9708 1.15 435 5163 6.9 1L.717 .12 224 1387 16118 WM
11 2,316 0.644 7.908 1.580 4,250 3,658 0.558 16,133 88,201 2121 5780 2309 70.13



FULL SCALE CALM WATER RESISTAMCE FR THE 7' TRAWLER

AM Balb, No Ring
T=73F  ff=1.9355 lbe*sec’/ft" Vv ful 0113265 £t /sec (Ll dmes 11 fr SmeS, 2833 £t}
A mm53,75.0 P o=1.9906 1bs*sec e v o=l ZM0EE-5 ft® fmec (L1 )ou?0 ft Som1532.18 ft”
No Vm Rt,m Cx,m Cr Vs Fn,s Cf,s Ct,s Bt,s 331
(Rocts) (1bs)  (¥1000) (*1CE.-6) (*1000) {*1000) (lc.m) (Ftfsec) (MIO6-6) (*000) (¥1000) (lbe)
1 1.872  0.63 12341 1.28 4,443 7.8  7.725 13040 71,365 2180 10.087 2615.6 62,01
2 265 0.87% 11685 1.5 420 7425 9.3%7 15778 86.%7 2,128 Q5% 36267 10404
3 2,311 0863 11092 1585 425 6.8 9,537 16.008 88,100 212 B.93 32,0 MB.67
4 2,086  0.79 1248 1431 4%3  AI120 8608 14531 79523 21% 10274 3X68.0 B0
5 2.5% 108 12615 178 4172  8.443 10457 17.652 96.602 2.0%% 10,537 S06.5 160.68
6 2498 1123 12.3% 174 418 8070 10309 17401 95.20 2.008 10268 4711 150.00
7 1.46 0361 11626 102 4686 6.0 6005 1007 55.6% 2272 0212 K9 268
8 1.682 0440 10700 1156 4565 6155 684 11717 6412 2,224 B,3M 17%] 3737
9 2068 0.7 12031 LAB 6360 7751 8452 14,26 78,075 2160 9511 W61 MW
10 180G 0564 11475 1.238 4478 6.997 7445 12,567 SBT3 2201 9198 2149 50.61
1 2316 087 11.I¥ 158 420 685 958 1613 &2 2121 9006 3574 10685
12 1,682 0.4% 1196 10% 4545 74460 6.941 11,717 64,122 2226 9.665 W33 43,10
13 L62 0442 1075 1.5 4565 6,179 6,94 11,717 64,122 2.224 8404 /P2 37.48
14 2,087 0.628 G688 143 443 555 B.613 14538 79.561 2]0% 7,700 24BLS 65,67
15 1.682 0425 10312 115 4545 5.7%7 6,961 11,717 66122 2224 7.991 16129  35.66
» AW Rilb, 0.5 Ring
Ta73 F p=1.9355 1bs*sec’/ft" V ful 0113285 ft*/oec { Ll o, 11 £ S5, 4680 f
N om54.45 1 p 9=1.9%05 1bs¥aec/ftH v o=l 270865 fr’/sec (Ll yom70 £t Se=1%91.92 ft’
No Vo Rt,m Cc,m Cf,m O Vs Vs kn,s s s R,s BP
(Foots)  (lbs) {*1000) ('lCE—6) (F1000) (*1000) (Knots) (ft/sec) (FICE-6) (00} (¥1000) (lbe)
1 1.872 0.6 BA9 1285 4443 3966 175 1300 7165 20890 6,155 1682 .31
2 2.265 0.73 9401 1.5% 429 503 9.%7 1578 8.%7 2128 1.0 X636 82,15
3 231 073 9100 1585 4252 4849 9533 16001 88,063 212 6,971 289.7 83.67
4 208 0588 8928 1431 433 4585 B.68 14,51 M5B 2.1%  67¥ 2S5 9.5
5 2,531 0966 9963 1.7% 4173 5790 10.645 17.631 96483 2,0% 7.885 3883.1 124.48
6 2498 1007 10662 1714 AR 6478 10,309 17401 95.20 2.0  B.5% 4llas 13017
7 1.46 0331 10.2% 1.0 4686 S.573 6005 10,170 55.659 2,272 .85 125.7 2B.77
8 L6 0406 9.435 115 A5 480 6.9 11,717 4,12 2.2 1AM 172 R.9%
g 2498 098 10567 1714 618 6,33 1039 17401 95030 2.0 8481 40687 128,72
10 2,557 1.004 1006 L0 4171 6.135 104 17673 96,716 2,08 8,29 40719 1W0.84
11 2,27 0.8  0.847  1.557 4267 5580 038 15,813 86,538 2,128 7.8 WL 8L
12 2716 079 9275 159 420 5006 9.558 16133 88.291 2121 1147 272 86.45
13 1622 0442 1032 1,15 4545 5777 6.9k 1L.77 61X 224 B00l 10,3 3707
K 2087 0628 956 1432 433 518 8,613 1458 7.561 21% 738 570 64,95
15 1.682 0425 9925 1.15% 4545 5.3 6.1 11,717 64,122 2,224 7.60% 1653.9 .23
3% Bulb, 1.0 Ring
Ta73'F  Pfa].9355 lbe*sec’ /Et°. Vful,O1132E-5 £t° /oec (Ll )mei 11 f£ Som5.695 ft’
Ams5.07 1 le.ms lbg¥mec? /ft't v oml 2700865 fr? /e (1wl }=?0 ft Semlf51.67 ft'
o Vo RBe,m C,m Bo,m Ct,m Cr Vs Vs s f,s Ct,s R,s B
(Fnots)  (1te) (%Q00) (MI0E6) (MO0) (¥000) (Knots) (Ft/sec) (FICE-6) (¥1000) (*1000) (lbs)
1 2,086 0672 9.8% 1.431 4343 5491 8,608 14,531 79,583 2,154 7.645 265837 0.l
2 1.871 0.508 9261 1.8 4443 4797 7721 13.083 7L 2180 6987 19509  46.21
3 2,266 0,721 892 158 4266 4,673 9351 15.785 86,385 2128 6801 255 9.9
4 2.315 0777 9.2 LS8 4250 4903 9.553 16,126 88,25 2,12 7104 A%9 &%
5 2,537 102 10012 170 4171 592 1040 17.673 9,716 2,093 8,014 41146 132.7%
6 2,4% 0965 988 1714 418 5664 1039 17.401 95.20 2,008 7.762 3035 122.23
7 .46 0341 10,187 102 4.686 5500 6.025 1017 55.65% 2272 17T IWN6 a4
8 1.682 0445 10.016 1154 4.545 5471 6.9 11,717 64122 2,24 .65 17%.6 %W
9 208 058 8472 L4015 A0 4112 8452 14,26 TB.OTS 2,160 6.777 20MB4 5443
10 .21 023 9910 088 483 S50 509 855 &5 235 .37 8BS 1.%
1 2.8 1453 11.972 1,007 400 7.8 1147 19.%5 105.980 2.066 9.%S 6104 215.85
12 2008 058 007 1405 A0 4710 BAS2 14266 78075 2160 6809 20LE 6.0



FULL SCALE. CAIM WATER RESISTANCE FOR THE 76' TRAWLER
XK Bulb, 1,50 Ring

T-?S‘F [—’f=1 9355 lbs¥sec’/ft" ¥ f=] 0113265 ft°/sec (Lwl ey 11 £t Sre5.901 £’
§ m55.37 1h po=L.9%05 Lbs¥sec/f1M ¥ sul.27906E-5 fr’/oec {L)e=70 fr Se=1711.4 ft°
No Vm Rt,m Gt,m En,m fm * Vs Vs Bn.s f,s Ct,s Fr,s B

(fnots)  (1bs)  (¥1000) (¥10E-6) (*1000) (*1033) (Knots) (frfeec) (MOE-6) (RI000) (¥10U0) (lbs)

1 2.086 0762 10,762 1.431 6,343 6419 B.608 14531 79523 2.0% 8573 ALY BLAG
2 1.81 0.6 1L411 1284 4443 6968 7721 13093 TLL327 2189 9,157 404 62.78
3 2,266 0.772 9240 1,55 4260 4971 9,351 15785 86,385 2,128 7,09 012.8  86.47
4 2,315 0.8, 9633 1.5 420 5383 9,553 16,126 88,253 2,12 7.5 33239 97,46
5 2,537 102 978 170 4171 5360 10470 17.673 96,716 2,093 7.652 A0 13097
& 249 0968 953 1714 418 S350 10309 17401 95.20  2.08 7448 W42 121,53
7 146 0,395 11388  1.002 4686 672 6,005 10,10 5565 2272 5,97 1581 29.%
g .62 0471 10,231 1,15 4545 5.686 6.9 11,717 64.12 2,226 7,910 1849.7 3.40
9 1.87  0.653 15476 1.283 4444 7,082 7,717 13.026 71289 2,189 9,22 265.2 6317
10 2652 1.293 10.95 1.847 4,020 6845 11.100 18,752 1(2.625 2,076 8.9 53429 182.17
1 2,086 0,796 11,242 1431 4343 6,899 8608 14531 79.523 2,15 G083 1%6.0 8.2
12 .21 0233 9.8l 088 483 4938 5009 855 4,57 2,335 2,272 8%l 13.8
13 2.27 0.7 93% 1,557 4267 5107 9.%8 15813 86538 2128 7.235 4l.2  88.58
W 0.675 0008 9172 0463 5582 350 2.7 42 5,73 2% 6152 2317 1.%8



FULL SCALE CALM WATFR RESISTANCE RR THE 119" TRAWLER .

T=&0 F { £=1.9336 lbs*sec” /it V (=0 9261E-5 ft” /eec (Lol Yot 171 £t Smeds 818 ft'2
Pa-:l.ems Thetsec® /f0 J =1,27008E-5 fi.' Jfoec (Ll )s=110.667Ft Se=T301, 26612
No Vm Rc,m Ct,m kn,m Ci.m Cr Vs Vs Bn.s Cf,s Ce,s Ri,s 333

(Knots)  (lbs) (¥100) (ME-6) (¥1000) (*1000) (Knots) (ftfsec) (*I0E-5) (*1000) (¥1000) (1bs)

1 1353 0.8 7573 109 469 2914 699 1.7 10079 207 4992 207 49.87
2 1,916 0463 9.8 1.457 427 5.7 9.869 16.69 16413t 197 7.8 697 2.9
3 0.457  0.033 11005 O0.%7 508 5023 2.35% 3.973 I 2447 830 60 3.2
4 1682 0.3% 8.98 1279 4447 4501 B.664 14624 126,508 2014 6.516 470.0 125.05
5 202 0,91 9.8 1615 4.235 5635 10,00 18.467 19778 L9 7.58 8792 293.08
6 0.76 0.061 6.653 0.5 500 138 3.915 6.68 50171 2.%3 3615 S2.8  6.40
7 112 0.119 7.48 085 48% 2292 S8 978 84252 2.1% 448 1472 25.09
8 227 0.6 9.466 1726 4178 5.8 11602 19.7% 10760 1.9 719 942 P62
9 179 039 9.3 132 4416 5007 895 151D 10816 2005 7.81 %253 14914
10 0.59 0.1 9.8% 0425 5.607 4189 2.809 480 42.060 2371 650 SB.0 462
1 2315 0.73% 10319 1360 4161 6,158 11.924 2.1 17%.166 192 8.08 1033 40450
12 1522 0211 683 1157 4532 2.0 788 13233 11643 2.043 4.6k 2500  62.05
13 0915 0.0 8.9 0.9 5080 3.89 4713 7.95 6.8 2.201 6.080 128.  18.63
14 146 0228 B8.065 1110 453 3476 7.0 1269 10928 2.05 551 082 6.4
15 L8N 0% T.M@ 142 48 340 0.637 16267 1406 1986 5.3k 4486 142,22
16 0.915 0.0 T.469 0.9 500 239 4713 7.95 68.831 2.200 450 905 1418
17 208 047 8443 1,557 4,267 4475 10,549 17.806 156061 L9599  6.13% 65646 212,53
18 1887 0.8 9268 1435 434 497 0719 16406 14L.®0 190 699 &766 18023
19 1,870 0.%4  T.8% 1422 438 348 0637 16267 140.76 L9 5.4M 48855 14450
1% Bulb, No Rings
]
Ta72'F  Pial 0358 lbetsec’/ft ~ £a1 O2ASE-5 £t'foec (Lwlyoets 171 £t Smed, 818 1
£\ =53.091b ps=1.9905 Ibrstoec /£t V1, 2706E-5 £t /sec (L1 )s=110.667f¢ Se=3P1. 266t

No Rr,m Ce,m Rn,m Cf,m Cr Vs Vs Rn,s Cf,s Ct,s  Rt,s BHP

¥m
(Enots)  (1bs) (®1000) (MICE-6} (*1000) (1000) (Knots) (ft/sec) (X10E-6) (*1000) (*1000) (lbs)

1 2284 Q.672 9564 1,50 420 5308 11764 19.858 17184 1.929 7.233 97584 3.3
2 2.514  0.888 10431 178 4177 6.25 12,949 21,858 189.115 1.90¢ 8.158 1T 5299
3 2,068 057 9.0 1490 4307 4744 11,167 18,80 163,088  1.943  6.687 81296 278.61
4 1,512 0,247 8.021 1.089 4849 3373 7788 1346 113740 2,085 5418 3AB3 0 6.5
5 2285 0.668 9513 1.5 4260 5.253 11,768 19.867 171.880 1.929 7.182 9608.4 I350.%2
6 1BSS 0389 B,18 1.295 4,435 3603 9.9 1639 141,70 1082 5675 S5215.2 155.40
7 2,19% 0636 9.7 1.500  4.295  5.49 11311 19.003 165.194  1.940  7.436 92745 :21.%
8 2,321 0,718 9,895 1595 4266 5649 11,955 20,180 174,597 1,925 7.5% 105526 387.18
¥E Bulb, 0.5 dism. Rings
T2 F (f=1.938 Ibstsec /1™ ful Q24555 £t /sec (Lol Jmets, 171 £ St 43 £17
8 #53.141b Poml 9505 hs*uec ™/t Vo=l 270665 £t /oec (Lwl )e=l10.667ft Seu3479.1 ft
No m Rt.m Ce,m Fn,m Cf,m Cr Vs Vs Rn,s Cf,s C,s Rt,s B
(Knots)  (1bs)  (*1000) (YICE-6) (*1000) (¥1000) (Knots) (ft/sec) (MOE-6) (¥1000) (*1000} (lbs)
1 2,285 0.661 9,287 150 42600 5477 11769 19.867 171.8%9 1.9% 6.9% 93063 343,38
2 1.88, 0385 7.957 1.25 4,435 3.521 9704 16380 141,726 1982 5.5 51130 15228
3 2.515 0.8 10078  1.728 4177 S5.02 12.954 21866 189191 1906 7.8 129223 513,05
4 2,17 0560 B84 L1401 4306 455 11177 18,867 163.2% 1.3 6501 ANI3.0  274.88
5 1,512 0248 T.990 1.0% 4,609 3.4 7.8 13146 113740 2,045 538 2RI 7B
) 2321 0.687 9355 1,95 4,266 5.0 11,955 20,180 176,57 1925 7.08% %179 363.89
7 2985 0.675 9.483 150 4.%0 524 1176 19,867 174.8% 1.929 7153 97750 333,09
8 .39 0.9 7.8 0913 4781 3,110 6.8465 11,555 90976 2.083 51937 24009 0.4
9 1.886 0.393 8.122  1.295 443 3.687 9.7 16,380 141726 1,982 S5.660 5X6.7 156.85
10 1L.695 0,36 B.B3%  1.165 4.5 4.208 8.7 14,737 127506 2.0i2 6,310 47453 127.15



FULL SCALE CAIM WATFR RESISTANCE FOR THE 119* TRAWLER
1 Balb, 1 diam, Ring

T=72 F Pfa1,93%8 lbs*sec’/fr.ﬂ Vi=l .0245E-5 ft’/sec {Lw] oty 171 £t Sme5,000 £t ’?
A =53.181b 95-1.9905 bstaec V/EL" ¥ =1 2K08E-5 £t /sec (Lwl yo=110.667E0 Se=3519.2 fr
No Vm Rt,m Cc,m Ra,m oom G Vs Vs Rn,s Cf,s Ct,s Rt,s B

(Knots)  (lbs) (™M0Q00) (¥ICE-6) (HOO0) (MO0) (Knots) {ft/sec) (¥I0E-6) (¥100D) (¥1000) (lbs)

1 229 0.671 9279 1,57 4258  5.021 1.7 19.910 172,265 1,929 6.950 96493 9.3
2 1887  0.383  7.80 1.297 443 3367 9719 16.406 1ALWO 1,982 538 S062.0 150.40
3 2,516 0865 9.909 1,720 4,1% 5733 12.9% 20.875 180.266 LUB  7.637 1204 500.07
4 2076 0.466 7.841 1427 4346 3,49 10,603 18.050 16,167 1,955  5.451 6210.6 204,11
5 1512 0246 7.803 103 4649 3,155 7788 13146 113,760 2,045 5,200 374 75.23
6 235 0673 9029 158 4245 478 11975 2,215 17,88 1.92% 6.9 %0L.3 352,89
7 2095 0.2 8911 158 4295 4.615 11,306 19,08 165.119 L0 655 8%1.9 290.15
8 1208 0.157 7,867 0.827 4857 290 61% 10.4% 20.4% 2,114 500 195L7 37,12
9 L38 0197 7.63% 090 4751 2883 7066 11.896 1R.XB 2075 498 U%.5 53,12
10 2286 0,825 B.67 1571 429 44K ILTS 19.875 171966 1.9% 6.3 87759 3Ll
11 2% 0.5%6 8512 1,500 4295 4.216 11,311 19.093 165.1% 1.0 6.1 7803 272.87
102 Bulb, 1,5 diam, Ring
T72F  P£=1.9358 Ibetsec’/ft. Vf ful OUSE-5 fr'/sec (Lwl)m=. 171 ft Sm=5.057 ft’
A =53,241b P5=1.9905 Ibstoec’ /e’ V=1, 2790065 £t /oec (Lil)s=110,667ft Se=25%0.3 fr’
Ne o Rt,m Ct,m Btm f.m Cr Vs Vs Bn,s f,s t,s PRi,s BY
(Knots)  (lbs) (#1000) (*1OE-6) (*1000) (¥1000) (Knots) (ft/sec) (X10E-6) (#1000) (#1000) (1ts)
1 2285 0.661  9.077 1.5 4260 4818 11769 19.867 171899 1929 6,747 %2.8 0.2
2 188 0.412 8383 1,295 4435 3888 9.4 16,380 141,724 1982 S.80 S5SB.8 166,15
3 2512 0.8 9397 L6 4178 5220 12.9%9 2180 188.9%65 1,904 7.124 120369 477.98
4 2,0% 053 8551  L4D 4347 4X5 10,683 1802 1%.016 1.95 6160 06.5 23263
5 1512 0.247 7747 LO09  4.649  3.08  7.788 13146 11370 2,045 5143 31486 7526
6 2,321 0695 9.251 1595 4266 5.006 11.955 20,180 174,97 1925 6.929 95.9 ¥6.75
7 2164 053  81% 1487 4308 388 1114 18815 162,787 1,94 5812 7288.1 249.3
8 1.39 A9 7713 0913 4,781 2.9% 685 11,55 99.97% 2.083 5015 23721 9.8
9 2,514 0.8% 9518 178 4177 5.2 12.%9 21858 189115 1904 7.245 122620 487.31
10 1.606 0325 B0l  1.066 4535 356 8.7% 14746 127.581 2,012 5578 42%6.3 11519
11 2.235 £5 930 15% 4279 5050 11512 19432 168128 1.935 6,986 9M44 3015
XM Bulb, wirh no Rings
&
T-7F  P£=1,9399 lbskoec’/ft' V £=0,9375E-5 £ fsec (Ll et 171 £1. 5,146 £
B =55.381b Ps=1.9905 Ibesec /¢t v s=1,27908E-5 £t /sec (s )s=110,667£t Sem322 1t
No Vi Rt.m :,m Bn,m f,m Cr Vs Vs Bn,s Cf,s t,s  Reys B
(Knots)  (1bs)  (*X1000) (XUCE-6) (X1000) (*O00) (Knots) (ft/sec) (FICE-6) (¥1000) (*1000) (lbs)
1 1.93 0.5 9428 1452 4329 509 9.962 16815 145.485 1.975 7.0% TXD.7 20,42
2 1512 0,26 8.2 1.1% 4.56F 3461 7788 13,146 13,70 2,065 5506 %299 81,98
3 2513 0.8% 978 1.887 4002 5.681 12,944 Z1.849 189,00 1.9  7.585 1I53.1 SIB.54
4 22 0726 9487 L2 4070 5318 11650 00171 17452  1.925 7.243 1062.8 9.9
5 207 050 B.576 155 4260 4307 10,662 17.997 155715 1.9% 6.263 732.9 29X
6 1B 0438  B.74  LAl2 435 4985 9.683 16.36 141423 198  6.%8 611 182,27
7 1119 0062 9125 0.8 480 4255 5764 979 84177 2,1% 6352 2809 38,58
8 218 0592 9% 1583 4253 5046 10.8% 18.38 18.5% 1951 7.065 8508 26.28
9 2,147 0.606 9.272  1.612 4237 5.0% 11.050 18,667 161,508 1.4 6.982 8KH.7 7.6



RULL SCALE CALM WATFR RESISTANCE FR THE, 119" TRAWMLER
XE Bulb, 0.5 dism. Ring

T=%F P=1,9339 lbssec /Er VE=0,9375E-5 fi*fsec (Ll o=k 171 £t Sme5.279 ft'
A =55,601b po=1.9505 1bs¥sec i v om]  7908E5 fr’feec (Ll )oml 10,6675 Soa3715.6t"
No Vi Rtm Ctm Rn.m Om o Vs Vs Bn,s Cf,s t,s R,s5 BP

(Knots}  (lbs) (*1000) (*ICE-6) (1000} (¥1000) (Knots) (fr/sec) (YICE-H) (*1000) (*1000) (lhe)

1 1,987 0508 8.840 1492 4305 4,541 10.734 17,2796 149,472 1.967  6.508 TIEd.2 225,63
2 2,135 0558 8,417 1603 4242 4175 10,997 18,563 160,605 1,947 6,183 7OL4A 2630
3 2.511 0.861 9.389 188 4003 528 12,983 2817 188.800 1,906 7.190 1%72.4 S5D.02
4 1.512 026 7.819 1.1% 451 3.2 1,788 13046 113740 2,045 5,04 13894 8LO)
5 2285 0606 9165 1,716 4183 492 11759 19.867 171.89 1,929 6,912 10B7.6 %38
6 1.883 0,371 7.19% 1414 4354 2840 9.6 16372 141648 192 4 B2 4779.8 142,28
7 1.8  0.12 8255 0757 498 327 5.192  B.764 75,827 2,166 5,441 1845.3 24,62
8 1.9% 0306 9.003 1460 4319 477 10075 17.006 147.1%0 1972 6.745  T242 2307
g 2,365 G.717 8,814 1.7 4,153 4,660 12,180 20,562 177,907 1.920 6,560 1088.4 384,64
10 2138 0,53 875 1621 4202 453 11115 1B 162335 1945 6.467 84192 2872
A% Bulb, 1 diam. Ring
T=12°F [t-1.9358 th*sac’/ft Viul COUSE-5 £27/5ec (Lwl)meti 171 fr Sme5.412 fr!
A\ =55, B?lbf)s-l 9HE 1bstsec’/fr” v 5=1, 20908E-5 ft."/aec {Lwl)s=110,667ft Se=3009. 26"
Mo Vm Re.m Ct.m Rn,m m Cr Vs V= Rn,s f,n C.,s R ju; o
(Knots)  {lbs) (*1000) (*10E-6) (*¥1000) (*1000) (Kncts) (ft/sec) (*ICE-6) (%1000) (¥1000) (lbs)
1 2,008 0Q.464 7.412 1407 4358 3.05% 1059 17,806 154.061 1.99 5.013 6m®5.2  195.07
2 1.8 0401 7.642 1290 4440 320 9.658 162 141047 1,983 5186 5Z24.6 15486
3 2,39 0.8 .29 1.587 4.251 3.038 11.853 X075 173.694 1,96 4,904 7985.0 Z76.86
[ 1,493 0.285 B.566 1,026  4.661 3.906 7.0 12,981 112,311 2,069 5,9% 3\B.Z 8.7
5 266 0653 7,39 1677 4205 3146 12,58 21,214 1A549 1,912 5.8 AA29.2 184
& 1,013 0,128 8357 0.606 5009 328 528 887 723 2,168 5.446 1601.5 25.65
7 2,138 0553 B.1B 1469 4319 3,786 11,012 18,580 160.831 1.947 5,783 7510,7 253,84
8 LO647 0319 7870 1,132 454 3315 848 14,320 128,895 2,020 5.3 4475 10798
9 2215 0.617 7.987 1,563 42646 373 11,718 19780 17137 1.9 5.654 &®W5.7 W1.%
10 25 0§74 8.512 1718 4,182 430 12,87 21.73% 188,082 L9 6,23 111678 &41.35
il 2.4 0% 8.9 L8 4180 4201 12,764 21,545 186,407 1,907 6,109 107300 421,10
AW Badb, 1.5 dism, Ring
T-T2F  [ex1.9358 Ibs*sec /et v £el Q4S5 ft'[sec (Ll e 171 £ w5, 545 £t
A =5.181b Ps-l 005 1be*eec >/ft* v o=1, Z7908E-5 ft"/sec {Lwil Jo=110.6676t Sem¥(02,Bft
No Vm Rt,m C,m Rn,m mn Cr Vs Vs Ro,s o,s Ct,s Re,s BP
(knots)  (lbs) (1000} (FI0E-6) (*1000) (*1000) (Fnots) (fr/sec) (*10E-6) (¥1000) (*100) (lbs)
1 202 0545 801 142 467 3.9% 10672 16,015 155866 1.95%6 5.00 74493 240
2 1882 0,418 7.717 1,293  4,4% 3.28 9.600 16,33 141,573 1.982 5.263 SA73.8  162.85
3 232 0,741 8987  1.%6  4.246 4741 11980 20,188 174.672 1.925 6.666 10553.3 3§73
4 1.511 037 8.3 LB 460 414 7783 13137 113665 2.045 6,189 41488 99.10
5 2514 0906 9.3% 178 417 5197 12,949 21,88 189.115 1,904 7.10F 131773 3B.68
6 1.085 0,175 4972 0,766 5,001 4,70 559 9,433 B1.619 2.6 686 N2 L0
7 2,284 0677 BB 150 420 426 11,766 19.858 171814 1,929 6.155 94283 340.4)
8 2492 0518 9667 1.713 418 5482 12.8% 21.667 187460 1406 7.3 1377 50N
9 2,193 0.674 9,066 1,507 4296 4868 11,296 19,067 164968 1950 £.8B 9%61s) 1N



FULL SCALF CALM WATER RESISTANCE FCR THE 119' TRAWLER

AW Bulb, No Rings
‘- 1 “ 1 F
T=72 F }f=1,9338 lbs*sec /ft“ v £l 0Z65E-S Ft foec (Ll )mwds 171 £1 Sm=5.476 f1°2
A =58.831b f)snl 9905 1bsHsec ™/ ¥e=1, 77008E-5 fr'/sec (1wl )e=110.667f¢ Se=385, 2fr”
No Vim Rt,m Ce,m R,m Cf,m o Vs Vs fn,s Ct,s s R,s EHp

(Knots)  (lbs) (¥1000) (*IQE-6) (¥1000} (*%1000) (Knots) {ft/sec} (*OE-6) (*1000) (*1C0) {lbs}

1 2.076 0618 9495 1,427 4,36 5.49 10,693 18,050 1%.167 1,955 7.4 EBUB.A XY
2 .65 08 878 1165 &5%6 422 870 1477 127,506 2012 6.23% 5194 139,16
3 2277 0753 9617 1.565 4263 5.3% 11728 10.797 1717 1930 7.8 10950.6  304.17
;4 1512 0,318 9211 1,099 4649 4562  1.788  13.146 113,740 2045 6,607 4379.7 104,68
5 2,507 0913 9619 1,723 417 5440 12,613 21.797 188.589 1904 7.%4 13362 SI0.43
6 1.967 057 9677 L% 4% 591 10.2% 17,76 19472 1967 7.258 BYR.7 261,01
7 1.8% 0516 988 1.289 443 S5.269  9.663 1631 141122 1.983  7.252 OL.O  219.48
8 2,468 0.8%  9.610 1686 4193 5.417 12712 21.4%8 1854655 199 7.3 129380 SO4.80
9 2135 Q.02 B8.5% L0544 4285 12, 20,00 175650 1923 6.8 OBl4.7 6228
A% Bulb, 0.5 diam. Ring
T=72F Pi=1.93% Ibesec’/ft'" V11, 024555 £t /sec (Lt 171 £t Sn=5.682 ft®
£ =57.751b =1 905 Tos¥vec™/£t" v sul, 27908E-5 ft"/sec (Lw )s=110,667t Se=0099. 26t
No Vim Re.m Cc,m Rnm Cf,m {r Vs Vs Rn,s Cf,s Ct,s FRo,s P
(Rrots)  (lbs) (*1000) (R1GE-6) (¥I000) (KL000) (Knots) (fr/sec) (FIOE-6) (¥1000) (¥1000) (ibs)
1 233 079 B9 1608 4242 4657 12.017 028 175500 1924 6.8l 10777.0 W46
2 1511 0351 9.811 1,08 4649  5.061 7,783 13,137 113.665 2,045 7.7 49%0.5 11825
3 1% 0661  B.747 1500 4295 4452 11311 19093 165,196 1940 6.%2 w1 LG
i 1.8 0413 9.1 1168 4.5% 4,57 8750 14772 1277807 2.0 668 S70.0 1.1
5 2.5 0.85 B.S®2 178 4177 4.406 12,99 21,85 189115 1006 6,309 11%7.7 476.81
6 2076 055 B.246 1428 435 3902 1078 18.067 15%6.317 1955 5.8% B8 240.%
7 1.884 0516 9277 L25 4435 4842 9704 16380 141,724 1,982 6.8 72875 AT
8 2318 0.8 840 153 427 4060 11.9% 20,15 17437 1,925  6.087 980.1 3H0.57
9 097 0,157 10,518 0,671 5.2 536 5007 8.48 73419 2,18 7.575 21712 W0
10 2.489 0819 84% 1711 4,185 4250 12.80 2,640 187.235 1,906  6.157 114770 451.58
11 1.987 0582 9.407 1% 4,386 5.021 10.2% 17.276 149.472 1.9%7 6.968 B0L.6 0.7
12 2.0% 0.6 BB L4 43S 4.5 11017 18.507 160.906 1.%7 6.3 §16.2 2%.72
® Bulb, 1 diam. Ring
T72F  Pfel 0358 Lbetsee /f: Via) UASE-S £t*/sec (Ll yomb. 171 £t S5, 685 £
£\ =50.721b £5~1.9%05 lbs*sec i V=] 27UBE-S ft/sec (Lwl}s=110, 667Ft Se=hlhh, 2Ft
No Vm Rt,m Ct.m Rn,m Em Cr Vs Vs Rn,s ,s &,s Rs BP
(kncts)  (lbs) (*1000) (#10E-6) (¥1000) (*1000) (Knots) (Ft/sec) (*I0E-6) (*1000) (RI00D) (Lie)
1 2,068  0.618 B8.800 1421 4349 4550 10.652 17.980 155.565 1956 6.506 8675.1 283,60
2 2312 0.709 8168 1589  4.240 3910 1198 20.1M 173.90 L¥6 585 9407 356.01
3 1.69 0461 9,90 1,161 4,539 5401 8,706 14604 127,10 2013 7.414  652.0 176,38
4 277 02 8338 1.5%5 4,263 4075 1178 19.797 171.287 L9 605 9A0T.6  39.42
5 1,353 0292 9823 093 4762 S5.061 6960 11.766 101,79 2,058 7.3 4.4 8.6
5 2.498 0.8 7.995 L1717 408 3742 12867 21.719 187.912 1905 5.648 10988.1 433D
7 1.920 0.5 8.970 1.2 4413 4557 0.0% 16772 15109 1995 6,532 7584 23109
8 2.2% 1 8441 LS4 4268 4077 1173 19789 17L.712 L9W 6107 9860 35690
) 2.01% D63 BS60  1.467 437 4.7% 1099 18.55% 160,50 1.98 6,187 87843 296,33



FULL SCALF, CAIM WATER RESISTANE FCR THF 119' TRAMLER
AW Bulb, 1.5 diam, Ring

o 3 2 H

TT2F (el 9358 Lbatsec /£C v f=1 COLSE-5 ft*/sec (1ol s, 171 £ Sey 0 £t

& =60.201b pomL. 9 Tbshoec et V) s=1 . Z790BE-5 ft./sec (L] ysal 100, 6676t Sewt 2899 A1
No Re,m C,m Ra,m c,m Vs Vs R,s s Ct,s Rt,s B

Vo 94
(knots)  (1be) (¥1000) (¥I(E-6) (¥1000) (M000) (Xnots) {ft/sec) (MUE-6) (%1000) (¥1000) (lhs)

1 2,07 065 9.6 1473 4338 4,618 10662 17997 155,715 1.9% 6.63% 91123 X014
2z 2,306 082 84S 1.7 4080 4,285 12,807 21,771 188,363 195 618 12528 495.60
3 2,000 068 9466 142 43X 5117 10.657 17989 155.640 1.9% 7.0 973 319.%
[ 1.879 0571 9.623 1%l 4438 5185 9.67 16.337 141.M8 1,983 7,168 BI6A.S 342,57
5 1353 0314 9.628 0.957 4.7 4806 7175 12111 104788 2,090 6,965 4MLS %%
6 2,27 0,761 8.1 1564 43 4478 11,73 19789 171.212 1,90 6.408 107114 385.%
7 2316 0,79 880 L2 4248 4582 1199 20.4% 1M.21 195 6507 11X3.6 412.8
8 60 0,45 9375 1161 450 4.8% 85 14604 127130 2,013 6840 6321 168.63
9 2518 0.8 8331 LTH 4181 4,158 1282 2A.762 188.288 1905 6.063 122572 484.W



Appendix 2

Graphs of EHP versus Speed
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