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EVALUATION OF ICE DEFLECTORS ON THE
USCG ICEBREAKER POLAR STARR (WAGB-10)

by

George P. Vance

INTRODUCTION

The U.S. Coast Guard's newest and most powerful icebrezker, 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 strexm has caused damage to the pitch control mechanisms.
In order to eliminate or ar 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.

Al 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 1b with no ballast and required over
2000 1b 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 immediately 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.




Figure 1. Ice

v e e -

deflectors before installation.




a. Stern view

b. Starboard quarter view

Figure 2. Bossing fins.




a. Bow view

b. Starboard quarter view

Figure 3. Large bilge keels.




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, 1In 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 1l-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 (l.l4 in.) was greater than that from run l-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).




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 encept 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




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 rﬁn 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.




RUN 11-1

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 rum 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 placé. 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. 1Ice 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

v e v ev———————— gy e—
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1. 208 1. 2000
REAL l o ]
4
. . - . - - , . ' . .
[ ¥} SEC 3. as €L 0.
DATE 4-18-79 DATE 4-18-79
RUN NO. 2 1 RUN NO. 2 1
CHAN 10, 1 __Port RPeM canwo. _ 2 & omem
IETH. 104 dn _22.9 fnlfs) IETH. 114 in(ms) 22.9 tn(fs)
SCALE ORD. 1 volt = 400 RPM SCALE ORD, _1 volt = 400 RPM
SCALE ABS. _Time in Seconds SCALE Ags. _Ttre in Seconds
SPEED 2.4 fps(ms) 6.1 kts(fs) SPEED 2.4 fps{ms) 6.1 kts(fs)
CONFIG, Bare Hull CONFIG. Bare Hull
Xeg 8 4% 30. 908 Y:1802.02 = AV:602.90 « X:eRLO 4Xs 48, 008 es AV 1. 2008
TI AVG 2 (] 1 &PAD TI AVG 2 L] i EXPAND
L4008 1.2008
REAL REAL T
4
- . _— r . s . . r —
as [ 5o 3. 909 s SEC 48. 00
DATE 4-18-79 DATE 4-18-79
RUN N0, 2 )] RUN NO. 2 1
CHAN NO. 4 STBD RPM CHAN NO. 5 Speed
ICE TH. 1.14 in{ms}_22.9 in{fs) ICE TH. 1.1 in{ms) _Zﬁ(_ngs)
SCALE ORD. 1 volt = 400 RPM SCALE ORD. 1 volt = 5 fps(ms)n13 kts(fs)
SCALE ABS. Time in Seconds SCALE AS8S. Time in Seconds
SPEED 2.4 fos(ms) 6.1 kts(fs) SPEED 2.4 fps{ms) 6.1 kts(fs)
CONFIG. Bare Hul} CONFIG. Bare Hull
17
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NE O 1% B4, S Yo 400,08 = AV 20008 m  XeB.8 A% 84, 008 Y 400.08 = 2Y:200.80 »
T1AVG 1 [T - ] 1AV 2 W™ 1 DPNG
[ ¥ ) oue. 08
- L]
B -
4 -
- 4
REAL REAL
d J
L 4
-.m —r r T T v T .o — v —_ v v
(Y] € o o (Y] SEC oo
DATE 4-18-79 DATE 4-18-79
RUN NO. 2 2 RUN NO. 2 2
CHAN MO, 1 _Port RPN cnno. 2 & e
ICE TH, 1,14 fn(ms)_22.9 in(fs) ICE TH,  1.14 in(ms) 22.9 in(fs)
SCALE ORD. _I volf = _400 RPM SCALE ORD. ) volt = 400 RPM
SCALE ABS. _ Time in Seconds SCALE ABS. _ Time in Seconds
SPEED 1.14 fps(ms) 2.9 kts(fs) SPEED 1.14 fps(ms) 2.9 kts(fs) -
CONFIG. Bare Hull CONFIG, Bare Hull
nED dXe 69, 900 Y1 400.20 = dVs 408.08 =« xR0 4% 0. 000 (g X ] AV 000. 00 =
1 AVG 2 e 1 1 AVG 2 N 1 BPND
LX) ..
- »
- 4
REAL ] REAL T
- - ——— + v T L I, . v : . T
e SEC 8. fos “s SEC on. 008
DATE 4-18-79 DATE 4-18-79
Rmwwo. 2 2 RN NO. 2 2
CHAN NO. L) STBD RPW CHAN NO. 5 Speed
ICETH, 114 fn(ms) 22.9 in(fs) ICE TH. 1,14 dn(ms)_22.9 in(fs)
SCALE ORD. _ 1 volt = 400 RPM SCALE ORD. _1-volt = 5 fps{ms) ~13 kts(fs)
SCALE ABS. _ Time in Seconds SCALE ABS. ___Time in Seconds
SPEED 1.14 fps(ms) 2.9 kts(fs) SPEED 1.04 fps(ms) 2.9 kes(fs)
CONFIG. Bare Wyll CONF16. Bare Hull
18
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.,

oo
Bty =

ues 2% 32, 000 Yo 408. 02 - AV 8000. 00 =  XaRD AXe 32. D20 Y1488, 00 » AY:580.08 »
TLAVG ) e 1 EXPAND TI AVG 2 e i EXPAND
L2008 1.2008
REAL ] Real 1 I!
|
‘ - |
4 -
{
-n — - i
e SEC EX 58 3 2. 000
DATE 4-19-79 DATE 4-19-79
RUN NO. 3 1 RUN NO. 3 1
CHAN NO. 1 Port RPM CHAN NO. 2 [
1CE TH, 1.02 in{ms) _20.4 in(fs) ICE TH. 1.02 in(ms) 20.4 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 ) s) SPEED 3 fps(ms) 7.7 kts{fs) -
3 fos{ms}_ 2.7 kts(f: 1.7 kts
CONFIG. _  Fins CONFIG. Fins
.Xn&‘ﬂ AXs 32, 208 VHN-M:- 1Y:800.20 »  XeR O 4 32. 008 8.8 AYs §. 0000
i AVG 2 L] i EXPAND Tlx AVG 2 e 1 EPAD
B ) +
4
n < p
REAL REAL
§ i
i
i B
A i
l 4
¥ i J
- ) T " "“L“ Ls T T - v T
[ 4 ] SEC E -3 L &) SEC 3N
DATE o _%-19-79 DATE 4-19.79
RUN NO. 3 | RUN NO. 3 1
CHAN NO. 4 ST8D ReM CHAN NO. 5 speed

ICE TH. 1.02 in{ms) 20.4 in{fs)
SCALE ORD. 1 volt = 400 RPM
SCALE ABS. Time tn Seconds

SPEED 3 fos(ms) 7.7 kts(fs)

CONFI6. Fins .

ICETH. 1,02 in(ms)_20.8 in(fs)
SCALE ORD. 1 yolt = § fos(ms)nl3 kts(fs)
SCALE ABS. Time in Seconds

SPEED 3 fps(ms: _7.7 kts(fs)
CONFIG. Fins




¥1800. 00 N630.08 «  NB.B 8% 28, 088 Y808, 28 = Y4600, 80 =
11 MG 1 [ EXPAND T AVG 2 w1 EPAND
x.m,; - T L
|
= 1
i
|
A
20 SEC 28. 000
DATE 4-19-79 DATE 4-19-79
RUN NG. 3 2 RUN NO. 3 2
CHAN NO. 1 Port RPYM CHAN NO. 2 § Rem
ICE TH. 1,02 in{ms)_20.4 in(fs) ICE TH. 1.02_jn{ms) 20.4 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 3 fos{ms) 7.5 kts(fs) SPEED 3 fos{ms) 7.5 kts{fs)
CONFIG. Fins CONFIG. Fins
1808, 80 = 2160028 » X80 A% 25, 228 Y88 oY 1. 2880
11 AVG 2 7 EXPAKD TI AVG 2 A 1 BPAD
Leea . . R , L2000
[ 7
i -
\
| :
i
1 as ™ T T v
24 089 (4] SEC 25. 08
DATE 3-19-79
RUN NO. 3 2 RUN NO. 3 2
CHANNO. 4 STBO RPM CHAN NO. 5 Speed
ICE TH.  1.02 in{ms) 20.4 inifs) ICE TH. .02 in{ms) 20.4 in(fs)
SCALE ORD. _1 volt = 400 RPM SCALE ORD. _1 volt = 5 fps(ms)13 kts(fs)
SCALE ABS. __Time in Seconds SCALE ABS. __ Time in Seconds
SPEED 3 fes(ms) 7.5 kts(fs) SPEED 3 fos(ms) 2.5 Kis(fs)
CONFIG. Fins CONFIG. Fins
20
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pIY- L% 20, 628 Y282, 02 » LYal, 4088 N &¥e 28, P28 "1288.88 » &Y 1, 4008

TIAG L e 1 EXPAND TL AVG 2 " 1 EXPAND
1. 6008 1. 6200 .
. ]
REAL REAL
1 1
4 -
2.8 ——— | e |
0.8 SEC 22 o0 ae SEC 20. pag
0ATE PR 1L S ATE 4-20-79
RUN NO. 4 1 RUN NO. 4 ]
CHAN NO. ) Port RPM CHAN NO. 2 & ReM
ICE TH, 1,02 in{ms) _20.4 in(fs) ICE TH. 1.02 in(ms) 20.4 in_(fs)
SCALE ORD. 1 volt =_400 RPH SCALE ORD. 1 volt = 400 RPM
SCALE ABS. Time in Seconds SCALE ABS. Time in Seconds
SPEED 4.6_fps(ms) 2.6 kts(fs) SPEED 4.6 fps{ms) 7.6 kts(fs)
CONFIG., Reverse Rotation CONFI6. Reverse Rotation
na3 %522, 222 Vi 8 LN 16038 %R 2% 20. 088 nee Y 1. 6000
TIAVG 2 e H EXPAND TI AYG 2 ! '

i
ReAL T REAL
4
ae o e — ey Toag
4] SEC 28. 3¢
DATE 4-20-79 DAYE 4-20-79
RUN ND, 4 1 RUN NO. 4 1
CHAN NO. 4 __STBD RPM CHAN NO. 5 Soeed
ICE TH.  1.02 in(ms) 20.4 fn{fs) ICE TH.  1.02 in{ms) 20.4 in(fs)
SCALE ORD. 1 1t = 40 R
D. 1 volt = 400 RPM SCALE ORD. _) yolt = 5 fns{ms}al3 kts(fs)
Time i
SCALE ABS. ime_in Seconds SCALE ABS. __ Time in Seconds
SPEED
4.6 fps{ms) 7.6 kts(fs) SPEED 4,6 fps{ms) 7.6 kts(fs)
CONFIG. __._Reverse Rotation CONFIG. Reyerse Rotation

21
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S Y8 &% 38, 085 Y1680, 83 « L1838.08 »
2 NG L e 1 EXPAND Ti AVG 2 " 1 EPAD
‘.4m_r~_ U . [ 1 1.4

- : B

as SEC 3. 03
DATE __420-19 0 DATE 4-20-79
RUN NO. 4 2 RUN NO. 4 2
CHAN NO. 2 Port RPM CHAN NO. 2 & aem
ICE TH.  1.02 in{ms) 20.4 in{fs) ICE TH.  1.02 in(ms)_20.4 in(fs)
SCALE ORD. ) volt = 400 RPM SCALE ORD. 1 volt = 400 RPM
SCALE ABS. Time in_Seconds SCALE ABS. Time in Seconds
SPEED 2.3 fps{ms) 5.9 kts{fs) SPEED 2.3 fps(ms) 5.9 kts(fs)
CONFIG. Reverse Rotation CONFIG. Reverse Rotation
B3 21 32. 888 Y+ 898.88 = £Y:6800.00 » NGO 4% 38, o YR 8 AYy 1, D828
TI MG 2 LT EXPAND TLAG 2 M1 EXPAND
1. 4000 1. 828
p
4
REAL ﬁ REAL
4
i 4
m;_n L - — T T T I'Y] H T T T T T
(Y] SEC 0. 006 a9 SEC 30. 888
DATE 4-20-79 DATE 4-20-79
RUN NO, 4 2 RUN NO. 4 2
CHAN NO. 4 _SIBD RPM CHAN NO. v Speed
ICE TH, 1,02 fn{ms) _20.4 in{fs} 1CE TH. 1.02 in(ms) 20.4 in{fs)
SCALE ORD. _1 volt = 400 RPM SCALE ORD. _1 volt = fps{ms)v13 kts(fs)
SCALE ABS. Time in_Seconds SCALE ABS. Time in Seconds
SPEED 2,3 fps(ms) 5.9 kts(fs) SPEED 2.3 fps(ms) 5.9 kts{fs)
CONFIG. Reverse Rotation CONFIG. Reverse Rotation
22
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AXe 5€. 000 wie 4% §. 0008
AN

T Y __.'__.__.r~_,__L
SEC 56. 809

we _ emm
RUN NO. 5 1
CHAN NO. 2 & s
ICE TH, 2 in{ms} 40 in(fs)
SCALE ORD, 1 volt = 400 RPM
SCALE ABS. Time in Seconds
SPEED 2.5 fps(ms) 6.5 kts(fs) ’
CONFIG, Bird Cages
AXe S0 B2 2.9 AYs 1, D003

Py i EXPAND

b8 A% S8, 083 Y00 AYs 1. 0088 (1.9 ]
T1 AVG L o} EXPAND TIAVG 2
1. 0088 LoD .
ReAL ) peaL 1
9 -
[ Y - T T ™ L )
Ll SEC sa. 2e8 L¥]
DATE 4-23-79
RUN NO. 5 1
CUNNO. 1 Port RPM
ICETH. 2 in{ns) 40 tn(fs)
SCALE ORD. 1 volt =400 RPM
SCALE ABS. Time in_Seconds
SPEED 2.5 fps(ns)_6.5 kts(fs)
CONFIG. Bird Cages
Xd e A% 50. 832 8.8 AV 1,6008 %48
A2 "ol EXPANY 1 AVG 2
i 58060 o
Rese ReA.
8] T ’ T T ™ T T s L ap 7
Y SEC 54, 8Cp -]
OATE 4-23-79
RUN NO. 5 1
CHAN NO. [} STBD RPM
ICETH, 2 fnlms) 40 in(fs)
SCALE ORD. ) volt = 400 RPM
SCALE ABS. Time in_Seconds
SPEED 2.5 fos(ms) 6.5 kts(fs)
CONFIG. Bird Cages
23
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T T v T T

seC 8. 800

DATE 4-23-79

RUN NO. 5 1

CHAN NO. 3 Speed
TCE TH. 2 in (ms) 40 in_(fs)

SCALE ORD. __ 1 volt = 5_fos(me)n2 kts(fs)
SCALE ABS. Time in_Seconds

SPEED 2.5 fps(ms) 6.5 kts(fs)
CONFIG. 8ird Cages




Y-8
RO ATIN

1. A58

Xie
1 MG 2
1. 4808

&% 50. 838 Yoa8 Y4 1. 2808 0.8 2% 158, 88 Yo 000 08 » 4Y:008.00 =
1 EXPAND 11 AVG ¢ [
1. 4000
REAC
. l 000, 00
v - r v v P + r T v v —
o SEC 35, €50 0.8 SEC 4. 08
DATE 4-23-79 DATE 4-23-79
RUN NO. 5 2 RUN NO. 5 2
CHAN NO. ! Port RPM CHAN NO. 2 & rew
1CE TH, 2 in(ms) 40 in(fs) ICE TH. 2 in{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 1.7 fps(ms) 4.5 kts(fs) SPEED 1.7 fps(ms) 4.5 kts(fs)
CONFIG. Bird Cages CONFIG. Bird Cages
4% 158 89 Y1800.08 » Mo e X0 4% 58, 208 vas AYe 1. 2008
[ EXPAND TP MG 2 "ol EAPAND
3.2096.
REAL ]
-+~ T T T v T - J—‘ ag * v T v + v T —y v
'Y SEC 148.88 &8 SEC S0, 008
DATE 4-23-79 DATE 4-23-79
— 5 2 RUK NO. 5 2
CHAN NO. 4 STBD RPM CHAN N0, 5 Speed
ICE TH. 2 in{ms) 40 {in(fs) ICE TH. ——z in(ws) __CO "‘(ﬂ.
SCALE ORD. __) volt = 400 RPM SCALE ORD. _1 volt = 5 fps(ms)v13 kts(fs)
SCALE ABS. ___ Time fn Seconds SCALE ABS. ___Time in Seconds
SPEED 1.7 fpsims) 4.5 kes(fs) SPEED 1.7 fosms) 4.5 kes(fs)
CONFIG. Bird Cages CONFLG. 81ird Cages
24
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b1 Y ] 2% S8, 998 Yo 1. 0200 av:008.08 m B8 4% 58. 8C0 s 1. 0003 AV 000.08 =
TTAG L w1 1 AV 2 N 1
1. 0008 1. o0
- 4
REAL ] REAL ]
J 4
1. 0008 . . . ; ' r 1000 v v v r '
(Y] SEC 6.8 L] SEC LY ]
BATE 4-25-79 DATE 4-25-79
RUN NO. & 1 RUN NO. 6 1
CHAN NO. | Port RPM CHAN NO. 2 & rPM
ICE TH. 1.5 in{ms) _36 in(fs) 1CE TH. 1.0 in(ms) 36 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 2.0 fps{ms) 5 kts({f: SPEED 2 fps{ms) 5 kts(fs)
CONFIG. Large Bilge keels CONF1G. Large Bilge Keels
Yol B 4% SB. 8688 Ye 1. 0880 MO0 P8« XaB.B A% 58, 868 Y.8.8 AYs 1. 0088
T AYG 1 [ ! TI AVG 2 " o1 BPND
10000 1.0008
-
J
4 .
REAL REAL
4
h -+
1. 0000 T T T T * -r ~— as T T T T Y T T Y
as SEC .. s SEC .0,
OATE 4-25-79 DATE 4-25-79
RUN NO. 6 1 RNNO, 6 1
CWANNO. 4  STED RPM ChaN N, 5 Soeed
ICE TH. 1.8 in{ms) 36 tn(fs) 1ICE TH, 1.8 in{ms) 36 in(fs)
SCALE ORD. ) volt = _400 RPM SCALE ORD. 1 volt = 5 fps(ms)n13 kts(fs)
SCALE ABS, _ Time in Seconds SCALE ABS, _ Time in Seconds
SPEED 2 fps(ms) 5 kts(fs) SPEED 2 fps{ms) 5 kts(fs)
CONFIG.  _Large Bilge Keels CONFlg.  _Large Bilge keels
25
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2B A% 5. 828 Y:1688.08 = LV 000.08 « XeB.E 4% 58. 008 Y:008.00 » AVYON. U8 »
TIAVG 1 (] 1 DPAD TL AVG 2 M 1 DPAD
1. 4008 1. 4008
J 4
AL ] REAL ]
-.n — -.. ———
) [ Y] SEC S4. 008 [ Y] €L L 8
DATE 4-25-79 DATE 4-25-79
RUN NO. 6 2 RUN NO, 6 2
CHAN NO. 1 Port RPM CHAN NO. 2 § fem
ICE TH, 1.8 in(ms) 36 in(fs) ICE TH. 1.8 in{ms) 36 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 1.5 fps(ms} 3.85 kts(fs) SPEED 1.5 fps(ms) 3.85 kts(fs)
CONFIG. Large Bilge Keels CONFIG. Large Bilge Keels
ke aXs 58. 283 Y1008 88 « AHBER 2 » X8B3 A% S0 008 Vb8 a3 K
TLAvG 2 e b} > TLAVG 2 e 1
1. 0008 ’-.-
J 1
REAL ] REAL
- ——— . .
a %L %008 30
OATE 4-25-79 DATE 4-25-79
RUM 0. 5 2 RUN NO. ] 2
CHAN N0, 4 _STBD RPM CHAN NO. 5 __Speed
1CE TH. 1.8 ip(ms) _36 tn(fs) ICE TH, 1.8 in(ms) 36 in{fs)
SCALE ORD. _1 volt = 400 RPM SCALE ORD. _1 volt =5 fps(ms)n13 kts(fs)
SCALE ABS. Time in Seconds SCALE ABS. Time in Seconds
SPEED 1.5 fps{ms) 3.88 kts(fs) SPEED 1.5 fpa(ms) 3.85 kty(fs)
CONFIG. Large Bilge Keels CONFI6. Large Bilge Keels
26
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1Y) A% 35,009 Yo 1. 0008 M. N9 4% 25, 008 s 1. 000 AV 00000 «
TTAVG L M 1 TI AVG 2 [ ] 1
1. 0o 1L.0008
4 4
REAL ] REAL ]
« 1
Lo , ’ r r v 18000 r r —_ +
a0 SEC 5. Ls SEC 5. |
DATE 4-26-79 DATE 4-26-79
RUN NO. 7 ! RUN NO. 7 2
CHAN NO. 1 Port RPM CHAN NO. 2 § rew
ICETH. 1.3 in(ms) 27 in{fs) ICE TH, 1.3 in{ms) 27 in(fs)
SCALE ORD. _ 1 volt = 400 RPM SCALE ORD. _! volt = _400 RPM
SCALE ABS. Time fn Seconds SCALE ABS. _ Time in Seconds
SPEED 2.73 fps(ms) 7.2 kts(fs) SPEED 2.73 fos(ms) 7.2 kes(fs)
CONFIG. Large 8ilge Keels CONFIG. Large Bilge Keels
Xa0 2Xs 43, BOO Y008 98 o AYORR. BB @« ¥, 00 8% 48. 900 "B aY: 1. 0008
TI AVG 1 [ "I E-OND T1AVG 2 e 1
1o 1. 0000
-
AL ] REAL ]
F
4
7 1
- — r . r r ot - v r et v
[ ¥ ] L 4 0 a & “. .
DATE 4-26-79 DATE 4-26-79
RUN N0, 7 1 RUN NO. 7 1
CHAN NO. 4 STBD RPM CHAN MO, 5 Speed
ICE TH. 1.3 in(ms) 27 1n (fs) ICE TH. 1.3 in{ms) 27 in(fs)
SCALE ORD. 1 volt = 400 RPM SCALE ORD. ) volt « 5 fps(ms)a13 kts(fs)
SCALE ABS. Time in Seconds SCALE ABS. Time in Seconds
SPEED 2.73 fps(ms) 7,2 kts(fs) SPEED 2.73 fos(ms) 7.2 kts(fs)
CONFIG, Large Bilge Keels CONFIG. Large Biige Keels
27
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%88 2% 08, 006 Y1008, 00 « 47, 803, %8 uie 4% 06. 908 ¥ 008. 08 A7
1AV 1 " 1 oowo " nae roptady AYs 000 88\
1. 14000
) ] Y
REAL ] REAL T \
-l -m \
- T T T T T T - Y T — T e ,‘
as SEC o 0 as SEC P \
DATE §-26-79 DATE 4-26-79 \\
RUN WO, 7 2 RUN MO, 7 2 \,‘
CHAN KO, 1 Port RPM CHAN O, 2 & _Rew \
ICETH. 1.3 in{ms) _ 27 in(fs) 1CE TH, 1.3 in(ms) _27 in(fs) A
SCALE ORD. _ 1 voit = 400 RPM SCALE ORD. _ 1 volt = 400 RPM K
SCALE ABS. Time in Seconds SCALE ABS. Time in Seconds '\
SPEED 1 fps(ms) _2.88 kts(fs) SPEED 1 fps(ms) 2.88 kts(fs) \\
CONFIG. Large Bilge Keels CONFIG. Large Bilge Keels %
%89 2% 60, 023 Y1800.00 » AHOPA.0E = X328 A 69, 998 Y08 aYe 1. 9808
TLAYG 1 h 1 EXPAND 1L AVG 2 " 1
1. 4009 1. 0000
d 1
]
- . P A M L/\
- v Y M v v (Y] T Al ™ ™ T v T
(Y ] ®e . o (Y] %t . 008
DATE 4-26-79 OATE 2679
NN 7 z RN MO, 7 2
CWN MO, 4 STBDRPM CHAN %0, 5 Speed
ICE TN, 1.3 in(ms) 27 in{fs) ICETH. 1.3 tn(ms) 27 tn{fs)
SCALE ORD. _L'O_‘i‘_:_mﬁ_""_ SCALE ORD. ) volt = 5 fps(ms)A13 kts(fs)
SCALE ABS. ___ Time in Seconds SCALE ABS. __ Time in Seconds
seeep ) fostms) 2,88 kea(fs) SPEED | tpsims) 2.88 kis(fs)
CONFIG.  _ Large Stlge Keels CONFIG. Large Biloe Keels
28
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j1 Y ) 1200 YeO10.00 @ MmN w NRO 120,08 nae 4Yi 1. 0008
MAGL N 1 T AYG 2 e
Lo L0008
4
WEAL i
4 NEAL
4
- :
T L T T ‘. v L d T n g
. SEC jt- ¥ ] as e 128.08
DATE 27 April 1979 DATE 27 April 1979
RN NO. 8 1 RwNo. 8 —1
CHAN 0. 1 Port RPM CHAN NO. 2 § Re
ICETH, 1.2 in(ms) 24 in(fs) ICETH. L2 in{ms) 24 in(fs)
SCALE ORD. 1 volt = 400 RPM SCALE ORD. ) volt = 400 RPM
SCALE ABS, Time in seconds SCALE ABS, Time in seconds
SPEED 1.36 fps(ms)3.5 kts(fs} SPEED 1.36 fps(ms) 3.5 kts(fs)
CONFIG, 8ird Cage CONFIG. Bird Cage
1Y 2% 12808 Y2600 06 = Aiipe.8 s X8B3 4% 128.00 Yoas AYs 1. 0008
A% 1 o 1 TLAG 2 M~ 1
1.0000 1. 9009
4
4
- E M
- . . . i I ' . , v - )
ae [ 1.0 as %0 iam
DATE 27 April 1979 DATE 27 Aprid 1979
RUN %0, -8 1 RUN NO. 8 1
CHANNO. __ 4 STBD RPM_ CHAN NO. 5 Speed
ICE ™M, 1.2 in{ms) 24 fn(fs) ICE TH, 1.2 n{ms) 24 in(fs)
SCALE ORD. _) voit « 400 RPM SCALE ORD. _I volt = 5 fps(ms}vI3 kts(fs)
SCALE ABS. __ Time in Seconds SCALE ABS. __Time in Seconds
SPEED 1.36 fps(ms) 3.5 kts(fs) SPEED 1.36 fpy(ms) 3.5 ks(fs)
CONFIG. 81rd Cage CONF18. Bird Cage
29




13 8 4Xs 38, 008 ML 08 - A0 85 FEEEAY] A 35, 008 (Y ¥ ng 3 ¥
a2 ~»~ 1 oAt L
L L e
1
AL AL ]
J
-s - y — — - - - - — v v
ae e nee (Y] [ ] um
DATE 27 April 1979 DATE ril
RUN NO. 8 2 RUN 40, 8 2
CHAN %0, 1 Port RPM CHAN NO. H 1 o
ICETH, 1.2 in(ms) 24 in(fs) ICETH. 1.2 tn{ms) 24 tn{fs)
SCALE ORD. _ 1 volt = 400 RPM SCALE ORD. __) yoiy - 400 BOM
SCALE ABS. Ttme in Seconds SCALE ABS. ___ Timg n_Sgconds
SPEED 5.0 fps{ms) 7.5 kts(fs) SPEED 2.0 fos(me) 7.5 Ksalfs)
CONFIG.  ____ Bird Cage CONFIG. ___ BirdCage
a0 2% 48. 008 Y1000, 98 o B ¥ YY) X 90, 008 nas aYe 1. OR0S
1A 1 “w 1 A8 2 P
1.2008 Lae
1
AL -]
1
4
?. - r T r T “s Lrumpe \d > r T v -
[ ¥ ] e @ m as e [ ¥ ]
DATE 27 Apri) 1979 DATE 27 Apriy 1979
RN %O, —_5 2 RUN NO. 8. __2
CHAN N0, A _STSD Mem CHAN O, 5 Speed
ICE TH. 1.2 tn(ms) 24 in(fs) 1CE TH. 1.2 tnime) 24_n(fs]
SCALE OrD. _ ! volt = 400 RPM SCALE ORD. _) volt = § fps(m )13 kes(fs)
SCALE ABS. Time_in Seconds SCALE ASS. Time in Seconds”
SPEED 3.0 fps(ws) 2.5 kts(fs) SPEED 3.0 fps(ms) 7.5 kts(fs)
CONFIG, Bird Coge oA, 8ird Coge
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uls 612008 Yo 008. 00 o NI % Ty 12808 "wee Ve 1. 7008
M2 “~” 1 Oewo a1 o 1
L7008
Lo |
bl j AL
-4 L
’. Y ng T — v~ ‘. v \ g v v l
s " 1. e = 12000
DATE 30 Aoril 1979 DATE 30 Apri) 1979
RUN 0. 9 1 RUN NO. 9 1
CHAR MO, 1 Port RPM CHAN 0. 2 § wem
TCE TH. .06 in(ms) 61,2 in(fs) ICE TH.  3.06 in(ms) 61.2 tn(fs)
SCALE ORD. 1 volt = 400 RPM SCALE ORD, | volt « 400 RPM
SCALE ABS. Time_in Seconds SCALE ABS. Time tn Seconds
SPEED 3.6 fpe(ms) 9.4 kts(fs) SPEED 3.6 fpr(es) 9.4 kts(fs)
CONFlG. Bare Hull CONFIG. Bare Hult
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oATE 3 Apri} 1979
Al B oAt 0 per1) 1979
N NO. 9 1 . w0, e
CHAR %0, 4 STRD WM on w0, speed
ICE TN, 1.06 in{ss) 61.2 in{fy) ICE TH. 3,06 infws) 61.2 tn(fs)
SCALE ORD. _! volt - 400 RPW SCALE ORD. | volt * 5 fpa(ss):id kes(fs)
SCMLE ASS. _ Time in Seconds SCALE ABS.  Time tn Seconds
SPEED 1.6 fps{me) 9.4 kts(m) SPEED 3.6_fpa(ms) 9.4 kes(fs)
CONFIG.  _ Bare Wull CONFIG, ___Bere Wull
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DATE _ %0 Apri) 1879 DATE 30 April 1978
RUM 4O, 9 2 mwN. S 2
CHAN NO. ) Port RPM CHAN NO. 2 [
ICE TH.  3.06 in(ms) 61.2 in(fs) ICE TR, 3.06 in{ms) 61.2 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 1.6 fpsims) 4.2 kts{fs) SPEED 1.6 _fps(ms) 4.2 kts(fs)
CONFIG. __ Bare Wull CONFIG. Bare Hull
iy 4% 5. 808 R Y TERTY 2% 78, 008 nes AV1800.00 =
11 A% 1 1 OPNOD I MG 2 ™ 1
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OATE 30 Aprit 1979 DATE 30 Aprit 1979
muwo. 9 2 RN MO, 9 2
CAMN RO, 4 SIBD WPM CHAN 0. 5 Speed
ICE TH. 3,06 in{ms) 61.2 tn(fs}) ICE M. 3.06 in{m) 61.2 in(fs)
SCME ORD. ! wolt - 400 WM SCALE ORD. 1 volt » 5 fps(me)~13 kes(fs)
SCALE Ass. Time in teconds SCALE ApS. _Time in Secomds
SPEED 1.3 fps(m) 4.2 kta(fs) SPEED 1.6 fpsims) 4.2 kts(fs)
RIS, _Sare will CONFIG. bare
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REAL REAL
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as (=3 UL (%) SEC 11809
DATE May 197
DATE 2wy , s L —
RUN NO.
LU N [ S N —Je 1
CHAN KO. 2 § _geM
CHAN M. ) _ Port RPM ' )
1CE TH. 1.8 in{ms) 37.2 in{fs)
ICE TH. 1.8 inlms) 37.2 in(fs)
SCALE ORD. 1 volt = 400 RPM
SCALE ORD. _1 voit =_400 RPW —_—
SCALE ABS. Time in_Seconds
SCALE ABS. Time in Seconds - T
- SPEED 1.8 fps{ms} 4.7 kts(fs)
SPEED 1.8 fpsims) 4,7 kts{fs)
CONFIG, Fing
CONFIG. Fins
k13-4 &) ..8.08 Y1608, 0C = S 000,08 m 2.0 anliB 08 vwas 4% 1. EO0DO
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DATE o RAMay )9 DATE o 2May 1979
mNNO. 10 1 RUN NO. 10 1
CHAN NO. 4 STBO RPM_ CHAN NO. 5 Speed
ICE TH. 1.8 in{ms) 37.2 tn{fs) TCE TH. 1.8 in(ms) L2 folfs)
SCALE ORD. _ 1 volt » 400 RPM SCALE ORD. ) volt = 5 fps{ms)~13 kts(fs)
SCALE ABS. __ Time fn_Seconds SCALE ABS. Iime in Seconds
SPEED LA faa(ms) 4.7 kes(fs) SPEED 1.8 tps(ms) 4.7 kts(fs)
CONFIG. o Ftes CONFIG. Fing
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DATE 2 May 1979
RUN NO. L] 2

CHAN NO. 1 Part RPM

DATE

RUN NO. 10 2

CHAN RO. 2

ICE TH. 1.8 in(ms) 37.2 in(fs) ICETH.  1.8in(ms) 37.2 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 1.36 fps(ms) 3.5 kts(fs) SPEED 1.36 fosims) 3,5 kts(fs) .
CONFIG. Fins CONFIG, Fins
208 % 5. 328 Ya 1. 2888 AVed20.08 « XB.8 4% 58, 080 “we.s AY)600.00 «
TLAVG L ~ 1 PPND T AVG 2 w1 BrMD
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as %€ 5. 008 (1) %C %0
DATE 2 May 1929 DATE 2 May 1979 '
RUN NO. 10 2 RUN NO. 10 2
CHAN WO, 4 STBD RPN CHAN WO, 5 Speed
ICE TH. 1.8 in(ms) 37.2 in(fs) ICE TH. 1.8 in{ms) 372.2 tn{fs)
SCALE ORD. _1 valt = 400 RPM SCALE ORD. _1 volt » 5 fps{ms)+13 kts(fs)
SCALE A8S. Time in Seconds SCALE ABS. Time 1n Seconds
SPEED 1.36 fps(ms) 3.5 kis{fs) SPEED 1.36 fps(ms) 3.5 kts(fs)
CONFIG. Fins CONFIG. Fins
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%a9 2 40, 908 ¥)982.90 » 50800 . N80 e 42. 028 nee Y1 500. 08 =
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. SEC o m .s Sec .00
DATE 4 May 1979
DATE 4 May 1979 N
RUN NO.
RUN NO. 1 ] —— Q]
CHAN NO. 2 RPM
CHAN NO. ) Port RPM TR
ICE TH.  1.57 in{ms) 30.1 in{fs)
ICE TH.  1.57 in(ms)_30.1 in(fs) 127 tnlas) 2.1 nlh
T SCALE ORD. _ 1 volt = 400 RPM
SCALE ORD. 1 volt = 400 RPM - T
. SCALE ABS. Time in_Seconds
SCALE ABS. Time in Seconds e ——
SPEED 1.82 fps(ms) 4.7 kts(fs)
SPEED 1.82 fps{ms) 4.7 kts(fs) - T
CONFIG. small Bilge Keel
CONFIG. Small Bilge Keel —_—
Y08 &% 42, 088 Y1988, 28 m LN SR80 m X B.B A% 48. 008 Y88 AY2 708. 88 =
T AVG L [Tt EXPAND TI AVG 2 [ T EXPAND
1. 4008 75008
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REAL REAL
.. - r v v v s S T T — v v
(Y] SEC Y] as 9EC . m
DATE 4 May 1979 PATE 4 May 1979
P4 NO. " [ RUNNO. 11 1
CraN KO, 4 STBD RPM CHAN NO. 5 Speed
ICE TH. 1.57 in{ms)_30.1 in(fs) 1CE TH.  1.57 in(ms) 30.1 in(fs)
SCALE ORD. ) volt = 400 RPM SCALE ORD. ) yolt = § fps(ms)r13 kts(fs)
SCALE A8S. Time in Seconds SCALE ABS. _ Time in Seconds
SPEED 1.82 in(ms) 8.7 kts(fs SPEED L62 fostos). 4.7 kts(fs)
CONFIG. } Small Bilge Keel CONFIG. _ .._Smal) Bilge keel
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as SEC oo Ao [ SEC o8, o0
DATE __GMy 1978 DATE 4 May 1979
RUN NO. 11 2 RUN NO. 1 2
CHAN NO. ! Port RPM CHAN NO. 2 § RPM
ICE TH.  1.57 in{ms}) 30.1 in(fs) ICE TH,  1.57 in(ms) 30.1 in(fs)
SCALE ORD. 1 volt = 400 RPM SCALE ORD. | volt = 400 RPM
SCALE ABS. Time in Seconds SCALE ABS. Time in Seconds
SPEED 1.5 fps(ms) 3.8 kts(fs) SPEED 1.5 fpsims) 3.8 kts(fs)
CONFIG. Small Bilge Keel CONFIG. Smail Bilge Kee)
8.8 22 8B, 008 Ye952.08 = 1TA B8 m  XeBB 4% 60, 080 YeR 8 A7e000.02 u
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[ ¥ ] 9L [ Y ] [ N ] 9EC ol
4 May 1979 M
DATE 4 May 1979 PATE . 1979
RUN ND. 2
Nz RUN NO. i 2
N O, 4 STBD APM
Chawho. 8 STRD AP CHAN 0. s Speed
TH, 1.57 tnims} 30.1 in(fs)
1ce 1.57 intms) 30.1 in(* ICE TH,  1.57 in.(ms) 30.1 in(fs)
= 400 RPM
SCALE ORO. _1 volt = " U7 SCALE ORD. _1 volt = S fps{ms)n13 kts(fs)
SCALE ABS. Time_in_Seconds SCALE ABS. Time in Seconds
. f
SPEED 1.5 fps(ms) 3.8 kts(fs) SPEED 1.5 fps(ms) 3.8 kts(fs)
Small Bilge Keel CONFIG. Small Bilge Keel
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DATE 7 May 1979
DATE 7 May 1979
RUN NO. 12 v
RUN NO. 12 i - T
CHAN NO. 2 § ReM
CHAK NO. 1 Port RPM
ICE TH.  2.28 in(ms)_43.6 in(fs)
ICE TH.  2.28 in(ms) 43.6 in(fs) —
i SCALE ORD. _ 1 volt = 400 RPM
SCALE ORD. _ 1 volt = 400 RPM
SCALE ABS. Time in_Seconds
SCALE ABS. ___ Time in Seconds —_—
SPEED 1.63 fpsims) 4.25 kgs(fs)
SPEED  1.63 fps(ms) .23 kts{fs)
CONFIG. Bare Hull
CONFIG. Bare Hull
X8 A% 52 388 Y, 908,08 = 90008 @ B2 4% 50, 088 A3 1] AY:780. 08 =
TIAVG 1 % | DPND TIAVG 2 “™ 1 BPAD
1.000 me
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. o —— . — Y v (Y] T T T 1 T \ T
a0 oL 8. 009 Ll SEC a0
T T May 1979 7. 7
DATE L IMayl979 PATE 1
RUN NO. 12
B I S S RUN NO. 12 1
CHAN NO.
4 _STBDRPM CHAN O, ; .
ICE TH. 2,28 in{ms) 43.6_in{fs
-In{fs) ICE TH.  2.28 in(ms) 43.6 in(fs)
SCALE ORD. _1 volt = _400 RPM
—— SCALE ORD. 1_volt « 5 fps(ms)ri3 kts(fs)
SCALE ABS. Time in Seconds
—_— SCALE ABS, _Time in Seconds
SPEED 1,63 in{ms) 4.23 kts{fs . T
163 Infes) 4.23 kts(fs) SPEED 1.63 fos(ms) 4.23 kts(fs)
CONFIG. Bare Hull —_—
CONFIG, Bare Hull
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