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Evaluation of Performance Limitations for
Ships Navigating to and from Voisey’s Bay Part 2;
Effect of Draft on Bulk Carrier Resistance and Propulsion

1. Introduction

In March and April 1997, the Canadian Coast Guard {CCG) sponsored an expedition into the
approaches of the proposed site for a shipping terminal for the Voisey's Bay nickel mine. The
voyage provided essential data on the ice conditions and the performance of the ship
‘C.C.G.S. Henry Larsen’. However, whilst this single voyage was useful in providing
benchmark data for ships operating in these conditions, it did not give sufficient information
for evaluating the same ship in other ice conditions or other ships in the same conditions.

In May 1997, the Institute for Marine Dynamics {IMD} proposed a series of scale model
experiments with two major objectives. The first was to correlate the observed performance
of the ship with a model in the scaled conditions equivalent to those found on the probe. This
would give confidence to the techniques used for modeling the ice conditions. The second
objective was to use model experiments to predict the performance of a typical bulk carrier in
the same ice conditions.

To meet the project objectives a series of physical model tests was carried out to predict the
performance of the bulk carrier in the ice conditions found on the 1997 probe into Voisey's
Bay. The observed conditions were pack ice, with significant amounts of rafting, ridging and
rubble content. It is important to recognize that there has been very little research into the
performance of ships in pack ice and rubble, compared to level, uniform ice. For this study,
IMD has taken a relatively simple approach to modeling the rubble based on geometric scaling
and global measurements of rubble ice properties.

The experiments described in this report were conducted to predict the powering
requirements of a bulk carrier in pack ice and rubble at two different drafts. IMD used an
existing model of the M.V. Arctic for this phase of the project. The objective was to estimate
the limiting ice conditions for the ship, based on a typical variation in the draft of the bulk
carrier between a full load condition and a ballast condition. For this study, the ballast draft
was taken as being typical of bulk carriers operating in open water. It should be noted that
for operation in ice, the M.V. Arctic operates at a draft very close to its normal load
condition.

The results of experiments comparing the performance of the bulk carrier with an icebreaker
are given in Reference 1. Data given in this report for the full load condition are taken from
this reference.

2. Summary of lce Probe Data

Rubble dimensions used in this report were based on the approximate geometric scaling of
piece size and total thickness measured during the Voisey's Bay probe of March & April
1997. Based on these data, pack ice thicknesses varied between 1.2 and 1.5 m. These
correspond well with other historical data for the Nain/Hopedale area. Flexural strength
averaged approximately 420 kPa. Two target thicknesses of 1.0 and 1.5 metres, were
modeled in the ice tank to cover the range of observed data.



Rafted and rubble ice was between 3 and 5 metres thick. These observations suggest the
rubble ice was between two and three ice thicknesses deep.

References 2 and 3 give a summary of the ice data encountered on the Voisey’s Bay probe
and the associated ship performance.

3. Test Plan

In order to obtain the basic resistance and propulsion data for the two drafts, the following
test program was carried out. For comparison purposes, all of the data were obtained from a
wide rubble field.

All of the experiments were carried out at one nominal thickness, equivalent to 1.5 m of level
ice.

Data were collected for

10/10 pack ice {resistance and propulsion)
20/10 rubble (resistance and propulsion)
30/10 rubble {resistance and propulsion)

In addition, for the ballast draft, level ice resistance data were also collected, since it was not
available from IMD’s data base.

A detailed summary of the test plan is given in Reference 4.

4. Description of Models and Experiment Methods

4.1 Ice conditions
4.1.1 Pack Ice

The EGADS (CD) model ice prepared in the ice tank at IMD has been developed to
provide the kinematic and mechanical characteristics required to model the ship-ice
interaction correctly. The ice is grown at finely controlled temperature in a mild
EGADS solution [5], resulting in uniform thickness, with standard deviation normally
less than 3%. Fine bubbles are selectively incorporated into the ice to produce the
required ice density and plate stiffness {6]. The ice is tempered for a period of time
before the test, until the required flexural strength is achieved. Shear strength and
compressive failure stresses are established as functions of the flexural strength,
similar to the full scale relationships.

Ice flexural strength was measured by sets of cantilever beam tests at different times
and locations in the tank. For each ice sheet, flexural strength-time curves were
developed, and strength was interpolated to test time and location. Ice density, shear
strength, and compressive failure stress were determined from flexural strength
relations, calibrated by measurements in each ice sheet.

Pack ice was created by breaking the ice with the paddles on the ice tank service
carriage. First, the ice was broken into a series of approximately paraltel fractures
across the tank. Then it was broken by hand so that floe shapes were approximately
square.



A summary of all the ice properties, and the data reports for each ice sheet are given
in Reference 4.

4.1.2 Wide Rubble Field

After completion of the pack ice experiments, the ice was made into a wide rubble field. The
pack ice was compressed, again using the paddles on the service carriage. This resulted in
rafting of the ice, in a process not unlike that observed in nature, when ice floes move over
one another under the action of wind and current. The nominal ice thickness was based on
the volume of ice, but this did not take into account the porosity which results from uneven
stacking of the ice floes. Actual rubble thickness as a function of position in the tank was
measured by an array of underwater acoustic sensors.

The notation used for the rubble ice coverage is given in Table 1.

Notation Description Average Coverage
Depth
{# Floes deep}
10/10 Pack ice 1 95%
20/10 Rubble 2 100%
30/10 Rubble 3 100%

Table 1
Summary of notation used for ice description

Note that the porosity based on the actual measured thickness was approximately 25%, so
measured thicknesses were approximately 25% thicker than the nominal values.

4.2 M.V. Arctic Model

Model 326 was taken from IMD’s stock of models. This model corresponded to a 1:30 scale
model of the M.V. Arctic, prior to having its bow replaced in 1986. For these experiments,
the corresponding model and ship conditions are given in Tables 2 and 3, for the load and
ballast conditions respectively. The model was ballasted to the correct displacement, trim and
vertical centre of gravity for each condition.

The M.V. Arctic deviates slightly from the design of the model tested for this project. The
model was fitted with IMD stock propeller 106L, which was left hand turning when viewed
from astern. This ship is fitted with a variable pitch ducted propeller. Details of the stock
propellers and the corresponding details for the actual propellers are given in Table 4.

Photographs of the model and propeller, taken prior to the testing are given in Figures 1 and
2.



Model Ship
Lwl, m 6.694 200.82
Lbp, m 6.553 196.59
Beam, m 0.762 22.86
Draft at midships, m 0.366 10.98
Trim, m 0 0
Displacement, kg, fw 1379.7
Displacement, tonnes, sw 38183
Cb 0.756 0.756
WSA, m*2 7.89 7101
Longitudinal centre of gravity, m, fwd AP 3.395 101.85
Vertical centre of gravity, m, above keel 0.267 8.01
Table 2,
M.V. Arctic, Full load Condition
Model Ship
Lwl, m
Lbp, m 6.553 196.59
Beam, m 0.762 22.86
Draft at midships, m 6.582
Trim, m
Displacement, kg, fw 827.82
Displacement, tonnes, sw 22910
Cb
WSA, m”2 631 5679
Longitudinal centre of gravity, m, fwd AP 0
Vertical centre of gravity, m, above keel 0

Table 3

M.V, Arctic, Ballast Condition




Model Ship
Propeller 106 L
Z )
BAR 0.590
Diameter, m (0.186 3.728
P/ID 0.974
Table 4,

Propelier 106L, Basic Data

Measurements of the hull-ice friction coefficient for this model, taken from [1], gave an
average value of 0.065.

4 .4 Resistance Tests

For resistance tests, the fully appended model was fitted with a dummy propeller hub
and the rudder. No turbulence stimulators were fitted. The model was fixed to the
tow carriage, free in pitch, heave, and roll.

The model was towed at constant speed for each test. Towing forces were
measured, together with carriage speed, pitch angle and heave. Most tests were
recorded with two underwater video cameras, one directed at the bow and one at the
stern, as well as two video cameras at the surface, also looking at the bow and the
stern. A hand held camera was also used to document some aspects of the ship
performance inice.

4.5 Propulsion Tests

The model, fitted with a working propeller, was fixed to the carriage in the same
manner as for the resistance tests. Each self propelled test was run at constant model
speed for a single propeller speed to obtain a steady state measurement of tow force,
shaft torque, thrust, and speed. Rates of rotation were estimated prior 10 the testing,
based on estimates of resistance and available tow force. Shaft friction torque and
thrust were checked on each shaft every day, and the reported resuits have the
friction effects removed.

The prime purpose of the overload experiments in ice was to determine the degree of
propetler ice interaction and the subsequent degradation in propulsive efficiency. For this
reason it was not necessary to obtain the exact self-propulsion point. The propulsion point is
estimated prior to the start of the experiments, and measurements were made of the mean
values of carriage speed, model tow force, propeller thrust, torque and rate of rotation. The
values measured in ice were compared with the open water values at the same carriage
speeds and shaft revolutions. The ratios of thrust and torque in ice relative to thrust and
torque in open water were used to correct the open water data {including tow force) and the
corrected open water data were used for developing ship predictions.

Open water overload tests were also conducted. The model was run at zero speed
(bollard test) and at icebreaking speeds over the range of propeller speeds required to
produce icebreaking thrust values.



Figure 1,
M. V. Arctic model,
Bow view

Figure 2,
M. V. Arctic model,
Stern view



5. Results
5.1 Resistance in Pack Ice

Model 326 was tested in pack ice equivalent to nominal thickness of 1.5 metre ice, for
speeds up to the equivalent of 9 knots. The mean measured values of model speed and
resistance are given in Table 5 below. Also given is the value of FD, which is the required
tow force correction for scaling model data to ship dimensions, calculated on the basis of the
ITTC 1957 model ship correlation line. The model resistance data for both drafts are plotted
in Figure 3.

Ballast FD, Load FD,
V, mfs |R, 10/10, N N R, 10/10, N N
0.282 47.4 0.7 38.6 0.8
0.564 70.6 22 52.9 28
0.846 799 4.5 733 5.7
0.020 35.6 0.0 26.1 0.0
Table 5
Results of Resistance Experiments in Pack lce,
M.V. Arctic

M.V. Arctic, model resistance in broken ice

Hi=0.05 m
90.0
80.0 + 1 - » e BalastR 10/10, N
| 70.0 1 1 e/a!'%
| 60.0 1~
: - L ® LoadR, 10110, N
z 500 B
€ 400 LT ] Linear (Ballast R, 10/10,
‘/'
30.0 + ! , | ! N
20.0 | —— Foly. (Load R, 10110, N)
10.0 ¢
0.0 t :
| 0.000 0200 0400 0600 0800 1.000
l V., m/s
Figure 3

Results of Resistance Experiments in Pack Ice,
M.V. Arctic
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Figure 4,
M.V. Arctic, Pack Ice, Load Draft

Figure b,
M.V. Arctic, Pack Ice, Ballast Draft



TEST NUMBER
VB5P_002
VB5P_002
VB5P_002

VB5P_002
VB5P_002
VB5P_002

VB5P20_004
VB5P20_004

VBSP20_004
VBSP20_004

VBSP30_004

VB5P30_004
VB5P30_004

TEST DESCRIPTION
10/10 PROPULSION
10/10 PROPULSION
10/10 PROPULSION

10/10 PROPULSION
10/10 PROPULSION
10/10 PROPULSION

20/10 PROPULSION
20/10 PROPULSION

20/10 PROPULSION
20/10 PROPULSION

30/10 PROPULSION

30/10 PROPULSION
30/10 PROPULSION

Friction
N-m

0.177
0.134
0.131

0.131
0.131
0.132

0.179
0.131

0.131
0.132

0.170

0.131
0.134

V, m/s

0.000
0.000
0.000

0.281
0.563
0.844

-0.001
-0.001

0.186
0.280

-0.001

0.046
0.002

Table 6

M.V. Arctic, Load Draft,
Model Propulsion Data in Ice

N, rps

0.188
7.964
9.979

9.080
11.001
13.051

-0.025
11.995

11.995
13.028

1.022

11.968
14.027

FD, N

-0.271
-37.509
-58.894

-37.123
-14.554
-11.234

-0.305
-86.192

-31.997
-34.539

-0.737

2.040
7.480

0.584
38.449
60.417

55.745
62.248
82.274

0.611
87.771

83.672
94.366

1.389

86.518
108.815

Thrust, N Torque, N-m

-0.089
1.067
1.677

1.561
1.769
2.391

-0.286
2.429

2.350
2.877

-0.043

2.371
3.625



TEST NUMBER

shdraft_sp_004
shdraft_sp_004
shdraft_sp_004

shdraft_sp_006
shdraft_sp_006
shdraft_sp_006

shdraft_sp_010
shdraft_sp_010
shdraft_sp_010

TEST DESCRIPTION

10/10 pack ice sp @ 0.282,0.564,0.848 m/s
10/10 pack ice sp @ 0.282,0.564,0.846 m/s
10/10 pack ice sp @ 0.282,0.564,0.846 m/s

20/10 rubble sp @ 0.188,0.282 m/s
20/10 rubble sp @ 0.188,0.282 m/s
20/10 rubble sp @ 0.188,0.282 m/s

30/10 rubble sp @ 0.094,0.047 m/s
30/10 rubble sp @ 0.094,0.047 m/s
30/10 rubble sp @ 0.094,0.047 m/s

Friction
N-m

-0.226
-0.218
-0.218

-0.221
-0.221
-0.218

-0.218
-0.218
-0.218

V, m/s

0.282
0.564
0.846

0.001
0.188
0.282

0.054
0.084
0.046

Table 7

M.V. Arctic, Ballast Draft,
Model Propulsion Data in Ice

N, rps

9.962
11.994
13.964

10.951
10.960
11.920

13.994
13.994
13.995

FO, N

-26.398
-20.170
-27.751

-80.080
14.091
33.204

40.320
57.516
28.412

53.049
71.436
82.022

70.156
60.998
53.686

116.413
55.517
66.161

Thrust, N Torgue, N-m

1.467
2.086
2.708

1.910
2.023
2.569

3.136
3.064
2.555



5.2 Propulsion in Pack Ice and Rubble Ice

Overload experiments were carried out in pack ice. Mean measured values in ice are given in
Table 6 and 7. Figures 4 and 5 show a view of the M.V. Arctic model in pack ice, for the
load and ballast conditions respectively.

5.3 Resistance in Rubble

Data for the resistance of the model in the wide rubble field are given in Table 8 for the load
draft and Table 9 for the ballast draft.

Resistance
Rubble Depth N

m 0018 m/s  0.092 m/s 0.186 m/s 0.280 mys
0.164 458
0.212 80.0
0.236 105.6
0.281 157.3
0.210 98.2
0.343 141.2
0.084 41.8
0.182 80.8
0.253 143.6
0.313 179.3
0.135 73.1

Table 8

Resistance variation with rubble depth,
MV Arctic model, load draft

Rubble depth, Resistance, N
m

0.018 m/s 10.092 m/s ]10.186 m/s ]0.280 m/s
0.084 120.0
0.044 46.2

0.215 169.8

0.195 114.7
0.180 84.0

0.165 82.2

Table 9,
Resistance variation with rubble depth,
MV Arctic model, ballast draft



These data are plotted for each speed in Figures 6 to 9.

Model resistance in rubble ice,

V=0.019 m/s
200 :
/
150 7 !
7/ |
z | i
& 100 / | i
50 ] L 3 ’|r
0 e 4 .
1] 0.1 0.2 0.3
Hi,m
Figure 6
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Resistance as a Function of Rubble Depth,
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5.2 Propulsion in Pack Ice and Rubble Ice

Overload experiments were carried out in pack ice. Mean measured values in ice are given in
Table 6 and 7. Figures 4 and 5 show a view of the M.V. Arctic model in pack ice, for the
load and ballast conditions respectively.

5.3 Resistance in Rubble

Data for the resistance of the model in the wide rubble field are given in Table 8 for the load
draft and Table 9 for the ballast draft.

Resistance
Rubble Depth N

m 0018 m/s  0.092 m/s 0.186 m/s 0.280 m/s
0.164 45.8
0.212 80.0
0.236 105.6
0.281 157.3
0.210 98.2
0.343 141.2
0.084 41.8
0.182 80.8
0.253 143.6
0.313 179.3
0.135 73.1

Table 8

Resistance variation with rubble depth,
MV Arctic model, load draft

Rubble depth, Resistance, N
m

0.018 m/s |0.092 m/s |0.186 m/s 10.280 m/s
0.084 120.0
0.044 46.2

0.216 169.8

0.185 114.7
0.180 84.0

0.165 82.2

Table 9,
Resistance variation with rubble depth,
MV Arctic model, ballast draft



These data are plotted for each speed in Figures 6 to 9.
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Figure 10,
M.V. Arctic, Wide Rubble Field, Load Draft

Figure 11,
M.V. Arctic, Wide Rubble Field, Ballast Draft



The resulting equations derived from these data are as follows;

Equation for Resistance as a
Speed Function of Rubble Depth
0.018 mfs R = 2467*hi*2 - 135.28™hi
0.092 m/s R = 426.97*hi

0.186 mis R = 617.22*hi - 17.054

0.280 m/s R =617.22*hi - 10.1852

Table 10
Equations for the MV Arctic Model,
Wide Rubble, load draft

Equation for Resistance as a
Speed Function of Rubble Depth
0.018 mis R = 1344.3%hi

0.092 mfs R =789.6*hi

0.186 m/s R = 617.22*hi - 17.054
10.280 m/s R =617.22*hi - 10.1852

Table 11
Equations for the MV Arctic Model,
Wide Rubble, ballast draft

A view of the M.V. Arctic model in the wide rubble is given in Figures 10 and 11 for the load
and ballast conditions respectively.

5.4 Open Water QOverload Data

Open water overload data from previous experiments was not available for M.V. Arctic with
propeller 106L. These data were measured during a series of experiments carried out on
completion of all the experiments in ice. The test matrix used for the open water overload
experiments is given in Table 12.

V, knots V, mis n, rps
0.5 0.046 6 8 10 12 14
1.0 0.092 6 8 10 12 14
2.0 0.186 6 8 10 12 14
3.0 0.281 6 8 10 12 14
6.0 0.563 6 8 10 12 14
9.0 0.844 6 8 10 12 14
Table 12

Open Water Overload Experiments
M.V. Arctic



Second order polynomials were fitted through tow force, thrust and torque as a function of
shaft rotation, for each carriage speed. The carriage speeds in open water were chosen to be
coincident with those used in the ice testing.

The resulting polynomial coefficients, as functions of shaft speed are given in Tables 13 and
14 below.

FD, N T,N Q, N-m

V, mis 0.045

a 0.236 0.821 0.008
b*n 0.358 -0.161 0.001
c'nh2 -0.619 0.616 0.017

V, mis 0.092

a 0.742 1.456 0.032
b*n 0.382 0.331 -0.007
c'nf2 -0.612 0.617 0.017

V, mis 0.186

a -1.5564 1.846 0.059
b*n 1.185 0.566 -0.017
c'n2 -0.639 0.622 0.017

V, m/s 0.281

a 1.535 1.281 0.057
b*n 0.888 -0.606 -0.022
c'n"2 -0.611 0.616 0.017

V, mis 0.563

a 2.863 1.668 0.075
b*n 1.877 -1.209 -0.037
c'n™2 -0.616 0.619 0.017

V, mfs 0.844

a 8.222 0.561 0
b*n 2.42 -1.548 -0.035
c*'n™2 -0.608 0.611 0.017
Table 13

Polynomial Coefficients for Open Water Overloads,
M.V. Arctic, Load draft



Polynomial Coefficients for Open Water Overloads,
M.V. Arctic, Ballast draft

5.5 Propeller-lce Interaction

Thrust and torgue in open water were calculated using the polynomial coefficients in Tables
13 and 14 above and compared to the measured values of thrust and torque in ice, given in
Tables 6 and 7. The resulting ratios of Ti/To and Qi/Qo are given in Tables 15 and 16. These

FD, N T, N Q, N-m
V, mis 0.045
a 0.581 -3.3687 0.1293
b*n 0.0705 0.5418 0.0266
c'n™2 -0.6852 0.577 0.0145
V, m/s 0.092
a -5.1491 -1.641 -0.1021
b*n 1.459 0.0733 0.0201
c'nr2 -0.649 0.5958 0.0146
V, mis 0.186
a 1.7717 -3.3859 | -0.0212
b*n 0.2921 0.4257 -0.0042
c'nt2 -0.5788 0.5648 0.0158
V, m/s 0.281
a 5.1349 -4.2278 | -0.0416
b*n -0.0809 05134 -0.003
c*nt2 -0.5508 0.5531 0.0156
V, m/s 0.563
a 6.2651 -4.0867 -0.019
b*n 1.0248 0.0196 -0.019
c*'n2 -0.564 0.5471 0.0158
V, m/s 0.844
a 11.025 -2.6093 | -0.0967
b*n 1.8234 -0.88 -0.0134
c*n2 -0.5737 0.5716 0.0149
Table 14

data cover all measured propulsion data {pack ice and rubble).




Ice condition Nominal V,m/s n,rps TifTo QifQo
Hi, m
10/10, wide channel 0.05 0.281 9.98 0.985 1.02
10/10, wide channel 0.05 0.563 11 0.984 1.025
10/10, wide channel 0.05 0.844 13.05 0.974 0.98
20/10, wide channel 01 0.186 12 0.853 1.021
20/10, wide channel 0.1 0.28 13.03 0.964 1.083
30/10, wide channel 0.15 0.046 11.97 0.993 0.966
30/10, wide channel 0.15 0.092 14.03 0.853 1.106
Table 15

Propeller-ice Interaction
M.V. Arctic, load draft

Ice condition Nominal | V,m/s n,Ips TifTo QilQo
Hi, m
10110, wide channel 0.05 0.281 9.96 0.948 0.988

10/10, wide channel 0.05 0.563 11.99 0.955 1.039
10/10, wide channel 0.05 0.844 13.96 0.943 1.017

20/10, wide channel 0.1 0.186 10.95 0.796 1,210
20/10, wide channel 0.1 0.28 11.92 0.662 1.198

30/10, wide channel 0.15 0.046 13.99 0.476 1.000
30/10, wide channel 0.15 0.092 13.99 0.562 0.823

Table 16
Propeller-Ice Interaction
M.V. Arctic, ballast draft

For the ballast draft, the ratio of Qi/Qo at the highest speed in the thickest rubble is very low.
This data point was studied carefully and no errors were found. The most likely cause of the
very low value is the propeller ventilating, due to the high loading condition and its proximity
to the water surface. A more realistic value for this ratio, based on the other data would be
approximately 1.2.

5.6 Resistance in level ice

Although it was strictly outside the scope of this project, it is also interesting to compare the
results of resistance in level ice for the load and ballast draft. As mentioned in the



introduction, level ice resistance experiments in the ballast condition were carried out prior to
the experiments in pack ice. These results were corrected for strength, thickness and density,
and were compared with the results of earlier model experiments on the same model, at the
load draft. These results are compared in Figure 12.

These earlier experiments had a hull-ice friction coefficient of 0.09, rather than 0.065
obtained for the ballast draft. If the earlier experiments had been carried out with a friction
coefficient of 0.065, the resistance in the load draft would be reduced by approximately 15
percent, relative to the values given in Figure 12,

MV Arctic, Effect of Draft on Resistance in Level Ice,
1.5m, 810 kPa
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Figure 12

Comparison of resistance in level ice

From these experiments it can be seen that the resistance of the ship in the ballast draft is
considerably higher than the resistance in the full load condition. When the resistance
components were analyzed, it was found that the majority of the increase in resistance came
from an increase in the breaking component. This probably results from the change in shape
of the hull caused by the reduced draft, which made it less efficient as an icebreaker. This is
consistent with the observations that the ship does not operate at a light draft in ice.

6. Predictions of Full Scale Performance
6.1 Pack Ice

The delivered power as a function of speed was estimated for each draft using the following
method. The total resistance in pack ice was estimated from the measured value and a
correction for the hydrodynamic resistance using the ITTC 1957 viscous correction factor.
The corrected model resistance was scaled to ship dimensicns using the scale cubed. The



open water overload data (including the correction for propeller-ice interaction) was then
interpolated at the tow force equal to the estimated resistance. No other correlation
allowances were included.

The delivered power predictions for the two drafts are given in Table 17 and shown plotted in

Figure 13.
V, knots R, kN R, kN PD, kW [PD, kW
Load Ballast L.oad Ballast
1.0 1022 9136
20 1127 10794
3.0 1262 13388
6.0 1847 27267
9.0 2035 37220
3.0 1020 9666
6.0 1353| 16862
9.0 1826 29344
Table 17
Estimate of Performance in Pack Ice
M.V. Arctic
M. V. Arctic,
Effect of draft on speed in pack ice
25000 T——
20000 T
Z 15000 —PD, kW Load
:' PD, kw Ballast
& 10000 i
5000
0 ' - }
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Figure 13
Delivered power in pack ice,
M.V. Arctic

Although the only speeds tested for self-propulsion in pack ice were 3, 6 and 9 knots, lower
values were required to establish the self-propulsion point in ballast with 10MW delivered
power. Resistance values were interpolated from the measured data, and self-propulsion data
was obtained from the open water overload data at 1 and 2 knots and assuming an average
values for thrust and torque corrections due to ice interaction.



From these data it can be seen that there is a significant performance disadvantage to
operating the ship at the ballast draft in pack ice.

6.2 Rubble Ice

For predictions of the ship in rubble ice, a technique similar to the analysis of the pack ice
was used. Using the equations for resistance in rubble against speed, the average resistance
of the ship was determined as a function of speed and rubble depth. The open water overload
data (including the correction for propeller-ice interaction} was interpolated at the estimated
tow force, and the delivered power calculated. In the case of the experiments in rubble ice,
the results were scaled directly using the cube power of the scale, since the open water
components were small in relation to the observed scatter in the resistance against rubble
thickness relationships.

The data is plotted in Figures 14 and 15, which show resistance in rubble against ship speed,
for contours of rubble ice thickness. Also shown is the estimated tow force, FD, with and
without propeller ice interaction at 1TOMW. This value was picked since it corresponded to
approximately 90% of the installed power in the M.V. Arctic.

These figures can be used to estimate the limiting thickness of rubble ice for steady progress
{at a total power of 10MW) as a function of speed for each draft.

7. Conclusions & Recommendations

This is a preliminary report and so it may be prermature to draw substantive conclusions at
this time. However some interesting observations have been found which can be
summarized.

Based on the results of the experiments carried out as part of this project, there appears to be
a significant performance penalty when operating the M.V. Arctic in a light ballast condition.
In all ice conditions tested, the ballast draft required more power for a given speed and ice
condition than the load draft. This was caused by an increase in resistance in all ice
conditions, combined with an increase in the amount of propeller-ice interaction, which
reduced the propulsive efficiency, relative to the ioad condition.

Since the speed of the ship in ice will have a direct influence on the safety of the vessel in
the approaches to Voisey's Bay, it is recommended that the bulk carrier should operate at the
deepest draft that is practical. Lighter drafts will result in an increased power requirement, or
a reduced speed.

It is important to note that the data for the resistance in rubble ice is relatively scarce. The
total number of ice thicknesses at any one speed is never more than four and in some cases
it is only one. We recommend that more data be collected on the resistance of the M.V.
Arctic model in rubble ice.
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Ship Propulsive Performance in Rubble Ice
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