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EVALUATION OF ICE DEFLECTORS ON THE

USCG ICEBREAKER POLAR STARR (WAGE-10)

by

George P. Vance

INTRODUCTION

The U.S. Coast Guard's newest and most powerful icebrerker, the
Polar Star (WAGB-10), has had considerable problems with ice ingested
into the propeller slip stream. The Polar Star has a unique triple
screw controllable pitch propeller system and the ice that is Ingested
into the slip strre~t has caused damage to the pitch control mechanisms.
In order to eliminate or at- least mitigate this problem, the Coast
Guard was interested in evaluating devices that would keep the ice
out of the propeller slip stream.

After lengthy discussions with CRREL personnel, several candidate
devices were selected and a model test program to evaluate these
devices was established. The tests were carried out in the refrigerated
test basin of the Ice Engineering Facility.

BACKGROUND

The decision to use the CRREL test basin for the model tests of
the Polar Star ice deflectors was based upon the following:

1. The test would be mainly qualitative and depend largely
on visual observations.

2. Movies were desired of the side and bottom of the model
during ice breaking.

3. A large model, i.e. small scale ratio, was desired.

4. The tests were to be conducted in real ice in a refrigerated
facility.

The new CRREL facility could meet all these objectives.

A 1 to 19.1 wooden model of the Polar Star was built by the David
Taylor Navy Ship Research and Development Center and outfitted with
three properly scaled stock three-bladed propellers, three 1.5-hp drive
motors and shafting, three single-phase motor controllers, three mag-
netic RPM pickups and a frequency to voltage converter for the RPM
pickups.



The model was shipped to CRREL and the tests were conducted from
13 April to 7 May 1979. The model was 21 ft long, 4.5 ft wide and
2 ft deep. It weighed 1200 lb with no ballast and required over
2000 lb of lead ballast to float at the correct draft.

DESCRIPTION OF TESTS AND EQUIPMENT

Tests were run on each type of deflection device shown in Figures
1-4, and on the bare hull. Each device was evaluated at two ice
thicknesses and two speeds. The bilge keels were evaluated at two
widths: 40 in. at full scale and 10 in. at full scale.

The RPM of each shaft and the speed of the model were recorded
on a Gould recorder, a Honeywell high-sensitivity recorder and on
magnetic tape on a Hewlett-Packard tape deck. The speed was measured
using a Kustom Signal HR-4 radar system. The Doppler radar was only
capable of detecting speeds down to about 1 ft/sec.

In addition to the RPM and vessel speed measurements, high-speed
movies were taken from directly beneath the model and from the side of
the model.

The model was free-running and controlled with an umbilical cord.
A saline ice sheet of specified thickness was prepared and the RPM
of the propellers was preset before each run. The model then proceeded
down the tank and over the movie cameras. Each run used one half of
the ice sheet. After each run, the RPM was reset to another level
and the camera and control equipment were shifted so that a second
run could be undertaken.

The movies and oscillograph records were imediately turned over
to the Coast Guard for their use.

TEST RUNS

In all, 25 test runs were conducted. The results of these runs
are presented in this report in the form of the RPM recordings for
each shaft and speed recordings for each run (App. A).

Due to the extreme environment, difficulties with the sensors
occurred during some runs and data signals were partially or totally
lost. Any difficulties encountered during a run are explained in the
preface to the run.

The speed records may appear to be erratic; however, the pitching
and rolling motion of the model caused erratic signal reflection from
the reflector installed on the model.
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Figure 1. Ice deflectors before installation.
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a. Stern view

b. Starboard quarter view

Figure 2. Bossing fins.
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a. Bow view

b. Starboard quarter view

Figure 3. Large bilge keels.
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a. Stern view

b. Starboard quarter view

Figure 4. Bird cages.
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RUN 0-1

Run 0-1 was conducted on 13 April 1979. In actuality it was a
calibration run to check the system's performance. No movies were
taken during this run. The ice thickness was relatively thin at 0.5 in.
model scale (ms) or 9.55 in. full scale (fs). Even though there were
no deflector devices, there were relatively few impacts with the pro-
pellers, as can be seen from the RPM records. Model speed was 3.4 ft/sec
(8.8 knots fs).

RUN 0-2

Run 0-2 was conducted under similar conditions as 0-1; however,
the speed was reduced to 0.9 ft/sec (2.4 knots fs). There were vir-
tually no impacts with the propeller.

RUN 1-1

There were no deflection devices installed in this run. The ice

thickness was about 0.55 in. (10 in. fs) and the model speed was
3.2 ft/sec. (8.2 knots fs). One can detect several impacts on the
port shaft.

RUN 1-2

Conditions were similar to run 1-1 with a speed of 1 ft/sec
(2.5 knots fs). Again there are impacts noted on the port propeller.

RUN 2-1

No deflectors were installed on this run; however, the ice thick-
ness (1.14 in.) was greater than that from run 1-1 and the model speed
(2.4 ft/sec) was slightly faster than for 1-1 and 1-2. Considerable
impacts with all three propellers can be detected. The port shaft
was stopped during part of the run due to a malfunction of the motor
controller.

RUN 2-2

Conditions were similar to run 2-1; however, the model speed was
much slower (1.14 ft/sec) and fewer impacts can be detected.

RUN 3-1

The bossing fins were installed during the run and a considerable
number of impacts can be noted. The radar recorder malfunctioned during
this run; however, visual observations were made on the radar unit
itself. The average speed was 3 ft/sec (7.7 knots fs) and the ice
thickness was 1.02 in. (20.4 in. fs).
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RUN 3-2

This run was almost identical to 3-1 with the radar in operation.

RUN 4-1

In this run the rotation of the outboard propellers was reversed;
i.e. the port propeller turned clockwise and the starboard propeller
turned counterclockwise viewed from astern. Considerable impacts can
be detected. The model speed was 4.6 ft/sec and the ice was 1.02 in.
thick.

RUN 4-2

The model speed in the run was reduced to 2.3 ft/sec; however,
considerable impacts can be detected. Ice thickness was the same as
in run 4-1.

RUN 5-1

The bird cage deflectors were installed in this run. Impacts can
be detected on all shafts; however, the port shaft's erratic behavior
is due to the malfunction of the motor controller. The model speed
was 2.5 ft/sec and the ice was 2 in. thick.

RUN 5-2

This run was conducted under conditions similar to those of run
5-1 e~citpL that a much slower model speed (1.7 ft/sec) was used.
Again the port controller malfunctioned. Most impacts were encountered
by the center shaft. The radar recorder also malfunctioned in this run.

RUN 6-1

The large bilge keels were in place for these tests. Relatively
few impacts can be detected in this run. The model speed was 2 ft/sec
and the ice was 1.5 in. thick.

RUN 6-2

The same conditions existed in this run as in run 6-1; however,
the model speed was reduced to 1.5 ft/sec. Almost no impacts can be
detected.

RUN 7-1

The large bilge keels were installed and the ice thickness was
reduced (compared to run 6) to 1.3 in. In this run the model speed was
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2.73 ft/sec. The RPM pickup on the center shaft malfunctioned at the
middle of the first run and no signals could be obtained for the rest
of the day. The port shaft RPM controller changed the RPM of the
shaft in the middle of the run. Relatively few impacts could be detected.

RUN 7-2

The same condition as in run 7-1 existed; however, the model speed
was much lower (1 ft/sec). The center RPM pickup was still inoperative,
and relatively few impacts were experienced.

RUN 8-1

This run was conducted in 1.2 in. of ice (2 ft at fs) with bird
cages at 1.36 ft/sec (3.5 knots at fs). The centerline RPM indicator
malfunctioned.

RUN 8-2

This run was conducted at a faster speed (3.0 ft/sec) than run
8-1. The centerline RPM indicator was functioning. There appeared to
be fewer impacts during the run.

RUN 9-1

This run was with a bare hull and very thick ice, i.e. 61.2 in.
full scale (3.06 in. ms), and a considerable number of impacts occurred.
Model speed was 3.6 ft/sec (9.4 knots fs).

RUN 9-2

This run was similar to run 9-1; however, the model speed was
reduced to 1.6 ft/sec. There still appeared to be a considerable number
of impacts. The centerline indicator malfunctioned.

RUN 10-1

This run was conducted with bossing fins in place at a model
speed of 1.8 ft/sec (4.7 knots fs) and an ice thickness of 1.8 in.
(37.2 in. fs). Although many impacts occurred, there were not as many
as with a bare hull.

RUN 10-2

This run was similar to 10-1 with the speed of the model reduced
to 1.36 ft/sec. The fins appear to have had very little effect on
impact and, in fact, increased the number of impacts on the centerline
propeller.

9



RUN i1-I

The model was fitted with bilge keels (10 in. fs). They appeared
to diminish the frequency of impacts; however, they did not appear to
be as effective as the larger bilge keels (40 in. fs). The centerline
RPM pickup malfunctioned. The model speed was 1.82 ft/sec (4.7 knots
fs) and the ice thickness was 1.57 in. (30.1 in. fs).

RUN 11-2

This run is similar to run 11-1, but at a lower model speed
(1.63 ft/sec). The centerline RPM indicator was in operation.

RUN 12-1

This run was a demonstration run for Coast Guard representatives.
No protection devices were employed and a significant number of impacts
could be observed on all shafts. The model speed was. 1.63 ft/sec (4.23
knots fs) and the ice thickness was 2.28 in. (43.6 in. fs).

CONCLUSIONS AND RECOMMENDATIONS

The tests conducted and described in this report were very success-
ful and indicated the feasibility of an ice deflecting device for the
Polar Star. From initial analysis of the data presented in this report
and the oscillograph records and the high-speed photographs, it appears
that bilge keels are the most successful deflectors and that bird
cages are adequate but would need further design improvement. The
bossing fins did not appear to be effective, and under certain circum-
stances evidenced more ice impacts than the bare hull. Table 1 is a
summary of the estimated impacts for each run.

It is recommended that the project be pursued further by evaluating
the candidate devices in open water to determine their effect on the
open water resistance of the vessel with the devices in place. The
structural feasibility of the devices should also be investigated to
ensure that the devices could withstand the stresses imposed by the ice
sheet as it impacted on the deflector.

In order to avoid the malfunctions experienced in the series of
tests, it is recommended that future tests be conducted after the self-
propelled towing carriage is installed at CRREL. The carriage's in-
strumentation cab will provide a protected environment for the motor
controllers and some of the other instrumentation, thereby providing
more reliability during the testing.

Figures 5 and 6 show a comparison of a test with and without a
deflecter device. A significant difference i .he number and magnitude
of the impacts can be seen between the model with and without the small
bilge keels under such ice and velocity conditions.
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Table 1. Ice deflector data

Full-scale
ice thick. Impacts Total

(in.) RPM P S impacts

Bare hull 1-1 10 200
1-2 400
2-2 23 200 0 0 1 1
2-1 400 15 8 45 68
9-1 61 550 102 121 122 345
9-2 600 110 - 106 +216

Reverse 4-2 20 400 33 17 14 64
rotation 4-1 500 27 23 16 66

Fins 3-1 20 400 39 15 40 94
3-2 500 59 30 57 146

10-1 36 500 45 35 45 125
10-2 550 45 33 25 103

Bird cage 8-1 24 300 13 - 2 ~+15
8-2 400 28 27 10 65
5-1 40 500 - 20 14 P +34
5-2 400 - 22 22 P +44

Large bilge 7-2 27 400 12 0 - S + 12
keel 7-1 500 3 8 6 17

6-1 36 400 4 23 15 42
6-2 500 0 14 18 32

Small 11-1 33 400 10 3 12 25
bilge keel 11-2 500 1 5 9 15

Ice thickness

Summary 20-27 in. 33-40 in.

Bare hull 68
Reverse rot. 64/66
Fins 94/146 125/ 103
Bird cage 65 66/50
Large bilge keel 24/17 42/32
Small bilge keel - 25/15
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CHO NO. I Pot RPM CHAN NO. 2 t RM

ICE TH. jm in( ) .J-nifsr) ICE TH. 1.14 In(ms) 22.9 in(fs)

SCALE ORD.. v..L.-. 400 RP SCALE ORD. 1 volt - 400 RPM

SCALE ABS. Time in Seconds SCALE ABS. Time in Seconds

SPEED 1.14 fLsj-sjo 29ktSjfs) SPEED 1.14 fps(em) 2.9 kts(fs)

CONFIG. Bare Hull CONFIG. Bare Hull

MLO 04M.M Y.48L 1 dY 40. • US.u A .L Y.LO AY.own
TI AVG2 fAm 1 EO IT AVG 2 91l I DPW
mu.l mu i

REAL REAL

L 6 OLI LE Iri

DATE 4-18-79 DATE 4-18-79

RUN NO. 2 2 RUN NO. 2 2

CHAU NO. 4 STBD RPM CRIAR NO. . Sped

ICE TH. 1.14 in(ms) 22.9 in(fs) ICE TH. 1.14 in( ) 22.9 jn(fs)

SCALE ORD. 1 volt • 400 " M SCALE ORD. 1 volt - 5 fslms) s 13 kts(fs)

SCALE ABS. Time In Seconds SCALE ASS. Time in Seconds

SPEED 1.14 fps~fns) 2.9 kts(fs) SPEED 1.14 fps(s) 2.9 kts(fs)

COlNFIG. Bare Hull CONFIG. Bare Hull

18



Y.L 8 &Y 32 on Y. 4UL aO AY. SOL 0 Y. L AX. W- M Y, 411L W Ay. m=.
TI AVI A% I EXPAD TI AV 2 EXPAND

Li ,~ _____________________ D, ___________

LL

MEAL RA

U.S SE 3m L9 SE 3m

DATE 4-19-79 DATE 4-19-79

RUN NO. 3 1 RUN NO. 3 1

CHAN NO. 1 Port RPM CHAN NO. 2 t RPM

ICE TH. 1.02 in(ms) 204 i ncfs) ICE TH. 1.02 in(ms) 20.4 in(fs)

SCALE ORD. 1 olt = 400 RPM SCALE ORD. 1 volt - 400 RPM

SCALE ABS. Tim in Seconds SCALE ABS. Time in Seconds

SPEED j_ j ( 7 s) SPEED 3 fps(s) 7.7 kts(fs)

CORFIG. Fins CONFIG. Fins

1 D A> 32UO Y, 40.IE 80Y.W M X.L 0 A>. W.U y0.9L Ay. .
AVG 2 0& i EXPAND TI AVG 2 PA. 1 EIPAN

REAL REAL

-~ I

LI 6 ECam L I SE am

DATE 4-19-79 DATE 4-19-79

RUN NO. 3 1 RUN NO. 3 1

CHAN NO. 4 STD RPM CAN NO. 5 Speed

ICE TH. 1.02 in(.s) 20.4 in(fs) ICE TH. 1.02 in( ) . 4 . nffs)

SCALE ORD. 1 volt - 400 RPM SCALE ORD. .v"olt- fpsfs.13 kts(fs)

SCALE ABS. Tim in Seconds SCALE ABS. Tim in Seconds

SPEED 3 fps(ms) 7.7 kts(fs) SPEED 3 fpsbns' 7.7 kts~fs)

CONFIG. Fins CaRFIG. Fins
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amn Cc.
r  

Ly emY W* X111.6 " . .am Y. Wi~L 8 AYa~. NO

TI AVG I PA. I EXPANDO TI AVG 2 O A EXP'AND

IMU

LA SEC am LI SEC Llm

DATE 4-19-79 DATE 4-19-79

RUN NC. 3 2 RUN NO. 3 2

CHAN NO. 1 Port RPM CHAN NO. 2

ICE TH. 1.02 inLos) 20.4 in(fs) ICE TH. 1.02 in(ms) 20.4 SnIfs)

SCALE ORD. I volt = 400 RPM SCALE ORD. 1 volt - 4oo izp(4

SCALE ABS. Time in Seconds SCALE ABS. Time in Seconds

SPEED 3 fos(.s) 7.5 kts(fs) SPEED 3 fps(0 7.5 kts(f)

CONFIG. Fins ZONF[G. Fins

Y , a m bY. .U * as X.8 La25. am Y.LI AY 1.
TA AVG 2 #A. I EXPAND0 TI AVG 2 ph EXPAND

IAI

all~
m  

-- -- .I

E. a

LB SEC 1Lm L I in 5. Nm

DATE 4-19-79 DATE 4-19-79

eUN NO. 3 2 RUN NO. 3 2

CHAN NO. 4 STBD RMP CHAN NO. 5 Sed

ICE TH. 1.02 in(ns) 20.4 in(fs) ICE TH. 1.02 in(s) 20,4 In( s)

SCALE ORD. 1 volt - 400 RPM SCALE ORD. I volt - S ftsfms) 13 kts(fs)

SCALE ASS. Time in Seconds SCALE ABS. Time in Seconds

SPEED 3 fps(ms) 7.5 kts(fs) SPEEO 3 fpstms) -7.5 ksf)

CONFIG. Fins CONFIG. Fins

20
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MtX. 2ZLMU Ya20L * tY. 1.4
M
3 41L 4Y, 2L Y. 21L W Ay, 1.4M

T2 AVG I #A. I EXPA TI AVG 2 M. I RYPAM
1. __________________________

RALA REAL

- 2.

LB SEC a... Lf SEC a..

DATE 4-20-79 DATE 4-20-79

RUN NO. 4 1RUN NO. 4 1

CHAN NO. I P CHAN NO. 2 I. RPM

ICE TH. 1.02 W.)10.. ( fs) ICE TH. 1.02 in(ms) 20.4 in(fs)

SCALE ORD. I volt= 4nn Rpm SCALE ORD. 1 volt • 400 RPM

SCALE ABS. ... Tim Jn S SCALE ABS. Tim in Seconds

SPEED 4 A f-f,) 7 ) SPEED 4.6 fps(ms) 7.6 kts(fs)

CONFIG. Reverse Rotation CONFIG. Reverse Rotation

Ti AVG M A. EXPAND TI AVG 2 1A I EVAND
I.WN 1. am.

LO SEC 2L On L I SEC a
DATE 4-20-79 DATE 4-20-79

RUN NO. 4 1 RUN NO, 4 1

CHAN NO. 4 STRO RPM CRAN NO. S Sneed

ICE TH. 1.02 I1.(.) 2n.4 in(fs) ICE TH. 1.02 ln( 20.4 mI(s)

SCALE ORD. 1 Iool t .400) RPM SCALE OD. _IL .. t ns(ms 13 kts(fs)

SCALE ABS. Tine in Seconds SCALE ABS. 
T
ime in Seconds

SPEED 4.6 fps~m ) 7.6 kts ) SPEED 4AL.6ifnsi 7.6 kts( s)
CUNFIG. Reverse Rotation COMFIG.

COFI. Reverse Rotation

21
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Z I A& 1 EXPAND T3AG 2 IA. I EIPANI

REAL REALj

L 0 SE.C 985L8.EC3K

DATE 4-20-79 DATE 4-20-79

RUN NO. 4 2 RUN NO. 4 2

CHAN NO. 2 Port RPM CHAN NO. 2 RPM

ICE TH. 1.02 in(.s) 20.4 in(fs) ICE TH. 1.02 in(-s) 20.4 in(fs)

SCALE DAD. I volt - 400 RPM SCALE ORD. 1 volt - 400 RPM

SCALE ABS. Time in Seconds SCALE ABS. Time in Seconds

SPEED 2.3 fps(ns) 5.9 )ts(f SPEED 2.3 fps(ms) 5.9 kts(fs)

CONFIG. Reverse Rotation CNFIG. Reverse Rotation

tIL D 38m Y.WLU I , A,Nm .U • LO "31I YoLf AY. 1. MM
T AVG 2 A. I EXPAND TI AVG 2 1 EXPAND
1.428. 1. .__

AL REAL

6 SEC 3 K L2 SEC

DATE 4-20-79 DATE 4-20-79

RUN NO. 4 2 RUN NO. 4 2

CHAN NO. 4 R CHAN NO. _ Speed

ICE TH. 1O2 in( 20)._L.nLfs) ICE TH. 1.02 in(ms) 20.4 jtnfs)

SCALE ORD. I volt - 400 RPM SCALE ORD. 1 volt - 5fps(ms) 13 kts(fs)

SCALE ABS. Time in Seconds SCALE ABS. Time in Seconds

SPEED 2.3 fs(m ) 5.9 kts(fs) SPEED 2.3 fps(ms) 5.9 kts(fs)

CNFIG. Reverse Rotation CUNFIG. Reverse Rotation

22
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X.LB Ax. 50.m YLLB AY. 1. BM XaL8 AY. 5L M YLf AV. 1. i
TI VG I BA I RSPAND T AVG 2 ph i EXPAhtI
L. 0010,

L.8 SEC 59.133 L 2 SEC SLM

DATE 4-23-79 DATE 4-23-79

RUN NO. 5 1RUN NO. 5 1

CHAN NO. 1 Port RPM CAN NO. 2 RPM

ICE TH. 2 in(ms 40 in(fs) ICE TH. 2 tn(ms) 40 in(fs)

SCALE ORD. 1 volt - 400 RPM SCALE ORD. 1 volt - 400 RPM

SCALE ABS. Time in Seconds SCALE ABS. Time in Seconds

SPEED 2.5 fps(on) 6.5 kts(fs) SPEED 2.5 fps(ms) 6.5 kts(fs)

CONFIG. Bird Cages CONFIG. Bird Cages

Xl1.6 AX.51Lm YL8 AY, 1. le.L0 Ax. W 0L YaLt AY. 1.=
21,I O A4 I W~AND TI AVG W . I DYPAND

Rci, t..

.SEC .9U LB SEC SLfW

DATE 4-23-79 DATE 4-23-79

RUN NO. 5 1 RUN NO. 5 1

CHAN NO. 4 STBD RPM CHAN NO. S Speed

ICE TH. 2 in(m) 40 in(fs) ICE TH. 2 In (us) 40 in (fs)

SCALE ORD. 1 nOlt - 400 RPM SCALE ORD. 1 volt S fos(ms) 2 kts(fs)

SCALE ABS. Time n Seconds SCALE ABS. Time In Seconds

SPEED 2.5 fos(s) 6.5 ktss) SPEED 2.5 fps(ms) B.5 kts(fs)

CO1FIG. Bird Cages CONFIG. Bird Cages
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Y.[Lo L NOU Y.IL6 Ay. . 2m X. L AX. MU. 0 AY.U
G . PA. I EXPAND oh.: .. I VPIP"

.__ 1.4MU

REA,

SEC .E5 05SEC 14L 0

DATE 4-23-79 DATE 4-23-79

RUN NO. 5 2 U NO. 5 2

CHAN NO. 1 Port RPM CHAN NO. 2 q RPM

vCE TH. 2 in(ms) 
4
0 inAf ICE TH. 2 ln(ms) 40 in(fs)

SCALE ORD. I volt - 400 RPM SCALE ORD. 1 volt = 400 RPM

SCALE ABS. Time in Seconds SCALE ABS. Time in Seconds

SPEED 1.7 fps(ms) 4.5 kts(fs) SPEED 1.7 fps(ms) 4.5 kts(fs)

CONFIG. Bird Cages CONFIG. Bird Cages

MOLI AX, 15LW Ym.EL M. AYXWouM * X. 0I AX.5
L
I

M
i Y.Im Sy. 1.

AI VG 2 PA I UPASD T! AV; 2 #A. I EXPAND
1. 4M

REAL REAL

L2 SEC 14LW . SEC =am

DATE 4-23-79 DATE 4-23-79

RUN NO. 5 2 m NO. 5 2

C AN NO. 4 STOD RPM CHAN NO. S Speed

ICE TH. 2 in(m) 40 in(fs) ICE TN. 2 ln(ms) 40 in(fs)

SCALE ORD. 1 volt - 400 RPM SCALE ORD. 1 volt S f .M$)s13 kts(fs)

SCALE ABS. Time in Seconds SCALE ABS. Time in Seconds

SPEED 1.7 fps(ms) 4.5 kts(fs) SPEED 1.7 fps(f.. ) 4.5 kts(fs)

CONFIG. Bird Cages CONFIG. Sid Cages

24
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X.. y.S Y .10000100 X.R.3 A..i 5L 1.m
TZ AC I. h I EPAN TI AG91 2 Doue

AL REAL

L L M.in

L I SEC gLm L A SEC 3Lm

DATE 4-25-79 DATE 4-25-79

RUN4N0. 6 1 RUNNO. 61

CHAN NO. 1 Port RPM CHAN NO. 2 iRPM

ICE TH. 1.5 In(msl 36 in(fs~ ICE TH. 1.0 ifl(HY) 36 infs)

SCALE ORD. 1 volt - 400 RPMI SCALE ORD0. 1 volt -400 RPM

SCALE ABS. Time in Secoeds SCALE ABS. Time in Seconds

SPEED 2.0 fps(ms) 5 ktsifsI SPEED 2 fps(ms) 5 kts(fs)

CONFIG. Large Slime Iees C124FIG. Large Bilge Keels

XoL2 x L 13 Y,i1. ONTUBay am XLB I "SLM Y L 8 Ay. =
1AVG I ph. I XPN TI AVG 2A 1 ar
Li-

REAL REAL

LE M~ L i mcg

DATE 4-Z5-79 DATE 4-25-79

RUN NO0. 6 1 RUN N0. 6 1

CHAN N0. 4 STBO RPM CHeAN NO. S Soeed

ICE TH. 1.8 ivies)3- 2 jA(fji ICE TH. 1.8 ieamo) 36 inCfs)

SCALE ORD. 1 volt - 41.1 RPM SCALE ORD. 1 volt - 5 fps(ums)s13 ktslfs)

SCALE MBS. Time in Seconds SCALE ADS. Tim In Seconds

SPEED 2 fps(ms) 5 ktoC~s) SPEED 2 fPs(Ms) 5 kts(fs)

CONFIG. Large Bilge Keels CONFI. Large Bilge Keels
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> ILB aX.su SOLa. M YyUufu &Y M 4.L2 8. M Y.Um. *.LME
11AVG I ft. I GEPAN TZ AVC2 #A I 00uM

o. M.

HALREAL.

gLe SEC uLM Le ow SILn
DA TE 4-25-79 DATE 4-25-79

RUN NO. 6 2 RUN NO, 6 2

CHAN NO0. I Port RPMt CHAR NO. 2~ LRI..

ICE TA. 1.8 in(%) 36 in(fs) ICE TH. 1.8 ln(s) 36 in (is)

SCALE ORD. 1 volt - 400 RPM4 SCALE ORD. I volt - 400 RON

SCALE ABS. l ime in Seconds SCALE ABS. Time in Secondo

SPEED 1.5 fps(ms) 3.85 kts(fs) SPEED 1.6 fps(os) 3.85 kts(fs)

CONFIG. Large Bilge Keels CONFIG. Large Bilge Keels

).Ld1 aX. 5L14M sm.. * ATULU * i X.U &Y 31.MYL5 AY.WM~
TI AVG 1 & I DPMQ TI AVGS 2 I ~ am

KAL REAL

DATE 4-25-79 DATE 4-25-79

RUN 140. 6 2 IN NO0. J 2

CHAN NO0. 4 STDW CHA 140. 5 S.ML..
ICE TH. j 1. In jjs 3Aijg~ ICE TH. 1.8 W~s 3 2~IO
SCALE ORD. 1 volt - 400 RPDM SCALE ORD. 1 volt * B fL0mjsl3 kti(ts)

SCALE ADS. Tim in Secovids SCALE ABS. Time In Sectid

SPEED 1.1 fps (M) 3.BS ts ( B) SPEED 1.6 iBO(9) .85 .kli.?)

COFlB. Large Bilge EB"I5 CONFIB. Large Bilge Emels
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L A.3.r M I. .m X.I$ I I
IT AVG IM I DPWC T1 AVG a a I oF

MAL MEAL

LI SEC n.M LS SEC n I

DATE 4-26-79 DATE 4-26-79

RUN 4O. 7 1 RUN NO. 7 2

CHAN NO. 1 Port RPR CHAN NO. 2 1 RP4

ICE TH. 1.3 In(ms) 27 in(fs) ICE TH. 1.3 in(ms) jinjfs_

SCALE ORD. 1 volt - 400 RPM SCALE ORD. 1 volt - 400 RPM

SCALE ABS. Time In Seconds SCALE ABS. Time In Seconds

SPEED 2.73 fps(ms) 7.2 kts(fs) SPEED 2.73 fps(ms) 7.2 kts(fs)

COAFIG. Large Bilge Keels CONFIG. Larqe B1lge Keels

X.Lf AX. 4L M Y.BL b W& 0Y
e

n
-

U Y L0L AX. 41L Y.LS . 1.m
TIA A 1 O I E-SU TI AVG 2 0 1 E

REAL REAL

m.
L ISE ILnL

DATE 4-2f-T7 DATE 4-26-79

RUNNO. 7 1 RUN NO. 7 l

CHAN NO. 4 STO RPM CHAN NO. S SPed

ICE Ti. 1.3 Was 27 II.Lf ICE TH. 1.3 In(ma 27 tn(f5 )

SCALE 0ED. 1 volt - 400 RPM SCALE (MD. 1 volt • 5 fPS(m)%13 kts(fs)

SCALE MS. Time In Seconds SCALE uS. Tim in Seconds

SPEED 2.13 fos(m) 7.2 kts(s) SPEED 2.73 Pps(u) 1.2 ktslfi)

COIFIG. Lare ilge Ialt CONFIG. Large BIlge Mels
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Y L 8 kAX.1 YWmLu AY,RU.U YA AY .m WYM u. &Y.U.\.
T AVGSI N&. EX I TI fAVG 28 1 Crm

REAL RAL

Li 4i SE rn SEC Irn

DATE 4-26-79 DATE 4-26-79 .

RM NO 7 2 RUN NO. 7

CNJAJ No. 1 -Port RPM CHAN NO. 2 1RPM

ICE TH. 1.3 in(ms) 27 in(fs) ICE TM. 1.3 lo(nio) 27 in(fs)

SCALE ORD. I volt -400 RPM SCALE ORD. I olt - 400 RPM

SCALE MBS. Tim in Seconds SCALE ASS. Time in Seconds

SPEED 1 fps(ino) 2.88 kts(fs) SPEED 1 fps(ms) 2.88 kts(fs)

CONFIG. Large bilge Keels CONFI6. Large Bilge Keels

X.iLs AY. OLr Y.UINWU * y011.11 eYi . X.11.11sX 81.uM Y.i Ay. II=
TEAl AGI. WAN TQ fAG 2A 1 VIPRIS

E L N EM NSE L

RIM O. 2 RMm NO. L 2

CHAN No. 4 STSD RP ciwx NO. 5 Speed.~..

ICE TM. 1.3 ln(m) 27 ln(ft) ICE TM. 1.3 in~us) 27 ln(fs)
SCALE011. 1 volt * 400_RPM SCAE W. 1 volt S fpo(mR)%1

3 
kts(fs)

SCALE MS. Tim In SOCOft SCALE MS. Tim. in Seconds

SPEED I fps(enl 2.8U kto) s) SPEED I fps(= _LBO8 kts(fs)

CONFlG. Large Bilge Keels WIPESG. Large 1188 Keels
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XLl 02A 13L Y0s~ MIL 0 L 2.L@ x Lam n Vu AY.LMW
TI AG L M I WPM TI AVUG 2 A I WUA

KAAL

M I Iae r-

L,. .. 1, I a.

DAITE 27 Aril 1979 DATE 27 Aprl 11979

RIX NO0. A 1 RIXe No. 8.. 1...j......

CHAN NO0. I Port RPM CHAN NO0. 2 RPM.

ICE TH. 1.2 in(ms) 24 in(fs) ICE TH. 1in(~.. 24 ID(Lr.L
SCALEOD. I volt -400 RPM SCALE ORD. I volt *400 RPM

SCALE ABS. Tim In seconds SCALE MBS. Time in seconds

SPEED 1.36 fps(ms)3.5 kts(fs) SPEED 1.3 fpsms) 3.5 kts(fs)

CONFIG. Bird Caqe CONIn. Bird Cage

YX.I Ax. 2L Y.CU.M AT.l. 4.* * A&~ hX12.S T .LZ Ay. 1.
TI AVG Uso I EXPAND TZ AVG2 AUs I armS

L.I

DATE 27 April 1979 DATE 27 April 1979

RUN NO. a 1 RUN3 NO. 8 1

CHAN NO. 4 J P CHAN NO0. 5 pe

ICE TH. 1.2 le(.m) 24 in(fsI ICE TN. 1.2 in(es) 24 In(fs)

SCALE ORD. I vot-40 P SCALE ORD. .I vol. 5 fti(M)i, 3 kts(fs)

SCALE MBS. Tim n i tML SCALE ASS. Time in Seconds

SPEED 1.36 fps(ums) 3.5 kts(fl) SPEED .1,2-fL~ffm) 3.5 kts( s)

CONIG. Bird Cage CONFIG. Bird Cae
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i N WO L f w2

DATE 27 April 1979 DAT 27 Apri1 1979

0"N NO. 1 Port RPM ClAM NO. 2WI

ICE TH. 1.2 in(ms) 24 In(fs) ICE TH. U. minm) 24 inlfsJ

SCALE ORD. 1 volt - 400 RPM SCALE DID. ..... zIl - 00I

SCALE ABS. TimE in Seconds SCALE As. lineI Secnsm..

SPEED 5.0 fps(ms) 7.5 Atts) SPIED .fps(aL) 7,S kts

CONFIG. Bird Cog. CON6. Biro Cagm

4 A4 = . * *YW M .E1 643LON Y* V.1.WI
TI40 AV I £ MW TI AVG I A

L L 14-

DATE 27 April 1979 DATE 27 April 1979

Mol NO. a. 2 a NO. a 2

tEAR NO. 4 S750 ONM Wi No. 5. Spe

ICE TH. 1.2 in~as) 24 I"Iffs) ICE IN. 1.2 In* ? 24nfjL
SCALE 000. 1 volE - 400___ON SCALE 020. 1 volt - 5 fps(mhIS 13 1111

SCALE MS. Tim. In Seconds SCALE As, Tim In Secon.ds'

SPEED 3.0 fotls) S. kLSLf)SED ~ . t~

ESNFIG. Bird Cole CONlB. GirdCa
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AIA4 1. 3.ULU AY.MU 03. ALI AIQLM Y.3. 6.13
T N2 1 193 ape II AGI ti080

L710

ma MI-

DATE DAA1 TE 30 APH 1 19 79

WmA . 9___ 1 " No. 9___ 1

CHAN "a. I_____ CHA No. 2 jjm

ICE TH. 3.05 in(m) 61.2 in(fs) ICE TH. 3.06 in(in) 61.2 in(fs)

SCALE O. 1 olt -400 RPM SCALE ORD. I volt - 400 WN

SCALE MS. Tim in S.~o.ds SCALE MS. Tim in Seconds

SPEED 3.6 f..s(.S) 9.4 kts(f~ SPEED 3.6 fp%( 9 4 ktS( f~

CONFIG. Bam mullI CONFIG. 11n Hull

TALI3 A0.aM V. 1. MWA 14412 0.. V. AgI f3LM
rzz Wo 2 No 1 -P

AS

LOW

WIN go Em. 9 WA no

Cwa ma. 4 SmBO W CHAN ma.

ICE TH. L1.6lom) 61.2 il~f%) ICE TH. 39js Z~(i

SCALE M$. __ Timein Seconds SCALE ASS. Tim-in seconds-

SPEED 3. 6 fpt 9.4 ktst) SPEED .pfr).d3sE)
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X.LO " Y,'UL 1. I= ).a1 AX. 7L am Y.LI1 AY.1.73

Ti AG I W TI AYS 2k ON I EOM

L~l

Lu I c 7Ln L. 8c ILMm

ORTE 30 Ari 1 199 DATE 30 April1 1919

RUN NO. 9 2R14. 9 2

CHANI No. I Port RPM CHAN No. 2 Rm

ICE THl. 3.06 in(u 61. 2 !n Lfs) ICE TH. 3.06 i( ) 2i)

SCALE O. I Olt 400 P1 SCAE ORD. Ilvolt - 400 RPM

SCALE MBS. Time in Seconds SCALE MBS. Time in Sacoonds

SPEED 1.6 fpsm) 4.2 kti(f) SPEED 1.6 fps(es) 4.2 kts(fs

CaNFIG. Bare Hull WIFIG. Bar, Hull

Ay. m Y. " I . "l * . Y.U L UM.WL
TR AG aff I lre TIE tAvg? Uk 1 9OW

LU9

LIP LIP mmmmmcv
DATE 30 April 1919 DAT 30t April'~-- _

RMN so 9I Wilno. 9 2

CHOAN N. 4.i SrIL CHMI no. 5 Speed

ICE TH. 319 in i.o(s ICE TH, 3,06 in(w) 1. nfr

S OW I -ilt - 400 PH- SCALE IMO. I "ilt _S f6%() 13 kts(fS)

V-41 AB Tift In1 S.O6 SCALE OS, TIM in Soca"05 S

SPEED 1 1p~o 42 6t1( Pi) SPEED 1.6 fp(s) _. h Ps

CoPr 4r am, ltl COBPill. 1, Hull
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TEASED Ie I Ia S ie I 0PUS
TZ AVG I I T A197 2 9aM

--. .-. 1 1 .. . .
&91 uc 11LU LIS SC lILiiM

DATE 2 May 1979DAEMy17

RN10 o IRUN NO. 10 .

CHA4 140. 1 PortR? CAN NO. 2 RPi_ M

ICE TH. 1.0 in(" 37.2 il.Lfs) ICE TH. 1.8 in( )) 37.2 in(f

SCALE OAD. 1 olt - 400 RPM SCALE ORD. 1 Olt 400 RPM

SCALE ASS. Time in Seconds
SCALE: AS. Tine in Seconds

SPEED j.8 s) 4.7 kts( s)
SPEED 1,8 fps( ) 4.7 ktsis)

cDAiFIG. Fins
CONFIG. 

Fins

.o ;:LOB CO. D z.EY .R W L 6Ll : .IL Y.LI Ay. 1. 3101
t1 AVG 2 he I CWAN a AVSe h I xpLI . L -.

SEAL MAL

L SEC 1116 I 1K- I1Ln

DATE _ Ma- 1979 DATE 2 May 1979

RUN 40. 1I 1 RU NO. 10 1

CHAR 110. 4 ST1 M PHAM 0 O. S Speed

ICE TH. . In(ml 37.2 in~) ICE TN. l ..1TH....ID~fs

SCALE ORD. I volt 480 " SCALE ORD. I volt • 5s1s(w) 3 kts(fs)

SCALE ADS. _ Tin i._S,,0p4D SCALE ABS. _IM nSp&

SPEED LJjff ) 4-7 f-i SPEED .I..110013s) 4.7 kts( s)

C FIG. Fins- - - COFIG. Fins

33
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IA__ A I IMM I 1296I2 IA. I III I

Lurn.

III AVG I AN iVWW T1 AVG 2 1 WAfND

1-4.

Li SECS n L 0 SEC LO
DATE 2 May 1979 DATE 2 May 1979
RUN NO. 10 2 RUN NO. 10 2

CHAN NO. I Port RPM CHAN NO. 2 I RPM

ICE TH. 1.8 inuts) 37.2 in(fs) ICE TH. 1.8 in(=) 37.2 infs)

SCALE ORD. 1 volt w 400 RPM SCALE ORD. 1 volt = 400 RPM

SCALE ABS. Tise in Seconds SCALE ABS. --- jj,,

SPEED 1.36_fsj f)_3.2 kts( s) SPEED 1. , msj,,5__ f5)
CONFIG. Fins CONFIG. Fin$

9L.a &X.5L NO Y. 1.2 Ay.4ALi 0 LJLB AXS. LY.L 2 AY OWN.
T1 AR I ft. I sM TI AVG 2 EXP I AIf

1.M Li

DATE __ 3 l... DATE 2 May 1979

RUN NO. J0 L_ R92 NO. 12 2

CAN No. --- S CAHA M. 5 Speed

ICE TH. 1.8 inns 37.2_ !nqs) ICE TH. 1.9 i.(ns 37.2 in(fs)

SCALE ORD. 1 volt - 400 RPM SCALE ORD. 1 volt - S fps(Rn)%13 kts(fs)

SCALE ASS. Ti-e in Seconds SCALE ARBS. Tim In Seconds

SPEED 1.36 sLs) 3.5 kts( s) SPEED 1.36 fps(fs) 3.5 kts(Fs)

CONFIG. Fins CONFIG. Fins
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X.12S AX 41m Y, SOL 29 AY 52LU0 X. DL 04L YB.I AY.U 
T? AVG L A% L XPN TI AVG 2 0& 1 EIWV

F" REAL

LA SEC I. L SEC L

DATE 4 May 1979
DATE 4 Mao 1979

RUN NO. ~ 1RUN NO. ... j..... 1
RU O 1 1CHAN NO. 2 1.RPM

CHAN NO. I Port RPM
ICE TN. 1.57 in(ns 30.1 injfs

ICE H. .57in(s) 0.1_!afs)SCALE ORD. I volt 400 RPM
SCALE ORD. 1 volt - 400 RPM

SCALE ABS. Tine in Seconds

SCAE SS Tff i ScodsSPEED 1.02 fps(n ) 4.7 kts(fs)
SPEED 1.02 fPs(ns) 4.7 kts(fs)

CONFIG. Seall Bilge Keel OFG alBiqKe-

>.G X, 42. W8 Y.Rm0 0, ~ S500. 00 A. X. a41 ON Y.B. IL8Y.70L U.
TI AVG 1 . I EVAND TI1AVG2 oh. I EYAND

REAL REAL

L AL SCjL

P O 1 1RUN NO. 11 1___

CqMN. 4 SIDRMCHAN ND. 5 Speed

ICETH. 1.7 1( ) 3.1Lj~s)ICE TH. 1.57 in(ns) 30.1_in(fs)

SCL R. I volt -400 RPM SCALE OD. I volt -5 fyslns1)l kts(fs)

SCL 8. Tim in Seconds SCALE ABS. Tim~ in Seconds

SPE .in( )!.j-).7 ktslfs SPEED LWSZ.Ai~Is..4.7A.Dsifs)

CONFIG. Seall Bilge Keel CtAIFIG. Sm...Ial BlgeKe..eDl
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L.B mGL.Os&2 s y,: is w .5.0 AX, SOL M Y.95LU N Ay15LU 0
TI1, S AVG 2oh EXPND UAVI Ia i
L. igm ______________________ D ..

REAL REAL

a.n SE O.M LI SECt .l
DATE 4 May 1979 DATE 4 May 1979

RUN NO. fl 2 RUN NO. 11 2

CHAN NO. I Port RPM CMAd NO. 2 1 RPM

ICE TH. 1.5 in() 30Lin(fs) ICE TH. 1.57 in(ms) 30.1 in(fs)

SCALE ORD. 1 volt = 400 RPM SCALE ORD. 1 volt - 400 RPM

SCALE ADS. Time in Seconds SCALE ABS. Time in Seconds

SPEED 1.5 fps(ms) 3.8 kts(fs) SPEED 1.5 fps(ms) 3.8 kts(fs)

CONFIG. Small Bilge Keel CODFIG. Sall 8ilge Keel

9• ,BD. 2 Y.g 0K 0. yY,176L 0U X, ILA. 8 5.5a.m Y. L AY. as
AVG I I EXPAND T AVG 2 IA. 1 IPAND

REAL
REAL

I L I ,, ',

L. no SEC Oi L NSC OLM
DATE - 4 May 1979 DATE 4 May 1979

RUN NO. 11 2 RUN NO. 11 2

CHAN NO. 4 STBD RPM CHAN NO. 5 Speed

ICE TH. 1.57 in(m) 30.1 ln(fs) ICE TH. 1.57 in.ms 302 in(_fs)

SCALE ORD. I volt = 400 RPM SCALE ORD. 1 volt - 5ps(ms)'13 kts(fs)

SCALE ABS. Tine in Seconds SCALE ABS. Tim in Seconds

SPEED 1.5 fps( ) 3.8 A s(fs) SPEED 1.5 fps(ms) 3.8 kts(fs)

--11 Bilqe Kel C.FIG. Small Bilge Keel

36

I --



X.L.2 Ax.W.s Y. 1.3U 5TELE N X.LI, Y. 1.3K AY SIL
T AvM 2 1% 1 0 I0 T AVG I g I om

A REAL

1.M LOW..
LO SEC SmLW LI KEc OL

DATE 7 May 1979
DATE 7 May 1979

RUN NO. 12 1
RON NO. 12 1

CHA NO. 2 RPM
CHAN NO. 1 Port RPM

ICE TH. 2.28 in()_3._ § in(fs)
ICE TH. ?.2 in(s) 43.6 int) SCALE ORD. 1 volt = 400 RPM
SCALE O00. 1 volt 40d0 RPM SCALE ABS. Tim in Seconds
SCALE ABS. Tim in Seconds

SPEED .3 fsLs) 4.23 ktss)S 
425 ktsfs)

CONFIG. Bare Hull
CONFIG. Bare Hull

X.IB. AX.S.L NO Y,.32L20 a 0Y,92 . X.L.S 0A. 5.52. Y.L 0 AY.78L IS
TIA AGI .f I EV6 T1 AVG 2UN 1 EI D

L . SLOW L SEC 31. US
DATE 7 May 1979 DATE 7 Ma 1979

UN O. 12 1 RUN NO. 12 1
C H A N O . 4 s T D o R P M C H A N O . . 5 S p e d

ICE TH. 2,28jn ) 4 3.j inLf) ICE TH. 2.28 in( ) 43.6 ln _fs)

SCALE 00D. 1 volt 400 RPM SCALE OD. 1 volt - 5 fps(mo)l3 kts(fs)

SCALE ABS. Time In Seconds SCALE ARS. Tim In Seconds

SPEED 1.63 inm)4.23 kt Es) SPEED 1.63 fps(es) 4.23 kts(f$)
CONFIG. Bare Hull

CUNFIG. Bare Hil
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