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1 BACKGROUND

The formulation of the model scale laws about a hundred years ago

led to dramatic advances in the modelling of ship movement in open

water. The first attempts to elucidate the problems of navigation

in ice-covered waters were made at about the same time, but, since

navigation in ice was necessary only in limited areas, the need

for ship model testing in ice was not particularly urgent.

Today, the world-wide shortage of energy and raw materials has
increased the importance of the oil, ore, etc. stored near the
polar regions of the earth, and the necessity of transporting
these materials through icy waters has created a new demand for

ice-going ships.

The greater number of ships required for ice-covered waters will

obviously increase the need for model testingj; the technical
problems connected with navigation in different types of ice
fields cannot be solved by full-scale tests alone, since this

would be far too expensive and time-consuming.

The first succesful attempt to simulate natural sea ice in a lab-

oratory for ship model tests was made at the Arctic and Antarctic

Scientific Research Institute (here abbreviated as AAT) in the
U.S.S.R. in the fifties of this century. The Russian scientists

employed so called "high salinity'" model ice for scaling the
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properties of sea ice., Attempts to simulate sea ice with wax or

other artificial materials have so far been unsuccessful.

Since the pioneering work at AAT, three more laboratories have Lbeen
built for testing the behaviour of ships and other semisubmersib.le
icebreaking structures in various ice conditions. The laboratories

and their dimensions are shown in fig. 1.

Some other institutes have occasionally performed ship model tests
in ice but only the laboratories which have concentrated upon ship

research are included here.

This paper will deal with model tests performed in laboratory ice
in general, and in particular with the testing and analysing
methods and the progress made at the research institute repre-
sented by the author, the Wartsild Icebreaking Model Basin (WIME)
of the Wirtsilid Helsinki Shipyard, Finland.

Attention will be restricted to the mobility of ships in ice-
covered waters, i.e. to the resistance offered to ships by wvaricus
ice formations. The present work at WIMB does not include the in-

vestigation of the effect of ice loads on ship structures.

2 SCOPE OF THE TASK

The aim of the tests is to investigate the performance of all kinads
of ice-going ships in all ice conditions permitting navigation. In
addition to natural ice conditions, some "artificial" conditions
must be considered, such as a channel broken by an icebreaker etc.
The work can be divided into three parts, which can be performec

independently of each other.

2.1 Definition of ice conditions

#

There are countless different types of ice cover and also count-
less different parameters determining the prevailing conditions.
The definition of ice conditions is not usually made by naval

architects but by geophysicists, who are interested in ice as a

material but not in its effect on ships, so that ice formations
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are seldom considered from the point of wview of ship-ice interac-
tion. Ice conditions are also often difficult to observe, as in
most ice formations the most interesting part lies below the sur-

face of the water.

The Soviet scientists (ref. 3) define ice conditions that are dif-
ficult to determine by a "ball scale“.'This is justifiable as a
first attempt to assess the conditions in some way but it does not
give a quantitative determination. The next step will be to define
the conditions by means of certain physical variables as exactly

as in the case of level ice.

An example of a certain kind of ice cover is shown in fig. 2, in
which ridges are photographed above the water level. This ice
looks "rather smooth'" and easy to penetrate above the water level,
but blocks of ice may extend to a depth of 20-30 m below the ice
surface, pressing together to form a very serious obstacle to nav-

igation.

2.2 Modelling the ice conditions

The lack of satisfactory definitions of ice conditions in nature
makes it impossible to model them completely. It is also difficult
to simulate exactly certain situatiomns existing in mnature. For
example level ice with a snow cover, which is certainly one of the
simplest conditions, cannot be simulated completely, and even
greater difficulties are encountered in modelling more complicated
conditions. A further problem is the choice of parameters, which
should give as accurate a description as possible of the ice con-
ditions involved, and also be satisfactory from the point of wview
of the influence exerted on the progress of the ship. Fig. 3 shows

an underwater picture of a simulated ridge.

2.3 Modelling of ship-ice interaction

The final task, after the desired ice conditions have been satis-
factorily defined and simulated in the laboratory is to model the
ship and simulate its movement in such a way that the desired

measurements can be made, and that they can be scaled reliably

up to ship size.

3 117



The complete modelling .of ship behaviour in open water.("open
water" = ice-free water) has not been achieved, and the wvarious
components of resistance must be determined in different ways, by
tests (residuary resistance) or calculations (frictional resist-

al‘lce) .

Since complete scaling is not possible for ships in open water it
is improbable that it can be accomplished for ships in different

types of ice, where the conditions are much more complicated.

We can be satisfied that the scale laws have now been found out
(ref. 3), and that we have arrived at the point reached a century

ago for ship model testing in open water.

3 PARAMETERS INVOLVED

The problems encountered here will often be compared with those
experienced in modelling ships in open water because there are
certain similarities between the tests in these two different en-

vironments.

The parameters can be divided into three groups:
- ship parameters
- environmental parameters, i.e. parameters defining the
type of ice cover
- "intermediate parameters'.

31 Ship parameters

This group of parameters is essentially the same for mnavigation
in ice-covered waters as for navigation in open water. However,
the parameters, which have the greatest infiuence on resistance
are somewhat different. According to ref. 7, the following para-

meters are the most important for the resistance encountered in
level ice: .
- Ship beam, especially maximum beam at actual waterline
- Ship length, especially length of entrance and parallel
middle body
- The form of the fore body, represented by the slope of the
waterlines, buttocks (including stem), frames etc. is of

great importance.
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- Ship draught and trim. Owing to the limited amount of test
results, the influence of these parameters is not well
known.

- The dimensions and form of the afterbody have less signif-
icance in forward motion than the other parameters listed

above.

3.2 Environmental parameters

The parameters chosen are those that represent as adequately as
possible the properties of a certain type of ice formation, and
that influence the progress of the ship. For practical reasons,

it is desirable to define the ice properties with as few para-
meters as possible, only the most important being chosen from the
countless variables involved. Some of the environmental parameters
are:

- ice thickness or thickness of ice blocks
- ice strength

- dice elasticity

- ridge depth .
- depth of snow cover |
- ice coverage (for example in clogged channel).

Naturally, none of these parameters need be considered in open

water tests.

Yo 3 "Tntermediate parameters"

There is also a group of parameters with an intermediate position
between the ship and environmental parameters. This group comprises
ship speed and the friction properties between the ice and the
surface of the ship or model. Usually these properties are de-

scribed with a dynamic friction coefficient.

L THE WARTSILA ICEBREAKING MODEL BASTN |

The model basin is a department of the design drawing office of.
Wirtsild's Helsinki Shipyard. The shipyard is especially known for
the design and production of icebreakers of many different types.

The opportunity to use full-scale trials in ice with ships built
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by the shipyard as a source of feedback is a great advantage for

the research department.

4.1 Data on model basin

The model basin has been in operation about 3 1/2 years. Some
technical data on the tank and instrumentation:

- main dimensions as in fig. 1

- normal freezing cycle, one ice cover per day

- maximum ice thickness 65 mm

- windows for underwater observation

- salinity of water normally 10-20 © /oo

- the scales used range from 1:5 to 1:50. The uppexr limit

for the model beam is about 1.2 m.
About 230 ice-fields can be frozen and broken in one year.

Fig. 4 shows the general arrangement of the laboratory, which was
constructed in a formex air-raid shelter. Fig. 5 gives a general

view of the basin.

4.2 Range of possible test conditions

The following ice conditions and types of tests are possible in

WIMB today.

Tce conditions:
- level ice

- ice ridges

- broken channel

The extension of the range of ice formations would necessitate
the collection of detailed data on the corresponding conditions

in nature.

Types of tests:

- towing tests at constant speed

- towing tests at. constant force

- self-propulsion tests

- starting and backing (extraction) tests
- manoeuvring tests

_ tests of the effect of special devices, such as bow screws,

pitching systems, the Wiartsild Air Bubbling System.




4.3 Measurements and treatment of test results

During the tests measurements of the following can be recorded:

- towing force

- acceleration in longitudinal and vertical directions
- pitch in bow and stern

- model speed

- propeller revolutions .

- rudder angle

- measurements relating to the special devices.

The properties of the ice, i.e. thickness, strength, elasticity

and salinity will be measured for each ice field. Since the meas-
ured ice resistance values have a relatively large scatter, there
is no sense in treating the measured points individually, and an
average expression should be calculated. An example of the varia-

tion in the measurements of towing force is given in fig. 6.

The total ice resistance in level ice is divided into three com-
ponents: those relating to the breaking of ice and the submersion
of broken blocks, and a velocity-dependent component. All the com-
ponents include friction. The separate components must be known
for the conversion of the model values to full-scale resistance in

natural sea ice.

The results are scaled up to ship size according to the scale laws

presented in refs 1 and 3. The following points may be noted:

1. Since pure ice resistance is treated, the open-water re-
sistance measured in WIMB is subtracted from the measured

total resistance.

2. In the calculation of the breaking resistance, which is
dependent on the strength of the ice, a correction must
be made for the difference in the properties of natural
sea ice and model ice. The elasticity of the "high salin-
ity" model ice is too low, when its strength is in scale,
so that, when scaled to ship size, the energy for breaking
the model ice is much higher than that required for break-
ing sea ice (fig. 7). The correction is made by multi-
Plying the upscaled breaking component with a constant

which takes into account the difference in ice properties.
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It is this difference in ice properties that necessitates
separate tests for determining the different ice resistance

components.

This correction is necessary only for ice conditions in

which breaking occurs.

Ref. 8 presents a new method developed by Soviet scientists
to improve the properties of model ice so that this cor-

rection becomes unnecessary.

3. The results from model tests will correlate with full-scale
measurements if the surface of the model is treated in a
certain way, giving a certain friction coefficient between
the ice and the model surface. The treatment of the sur-
faces of the models at WIMB has been chosen so that model
tests give resistance values equal to the full-scale meas-
urements for certain "calibration ships" used by the yard
in both full-scale and model tests. The friction coeffi-
cient used to obtain the correct full-scale values is found
empirically and thus the roughness of the ship sufface is

not scaled down to the model.

4.4 Test series performed at WIMB

The most significant test series performed at WIMB are those re-
lating to:

- the Esso Arctic tanker designs

- five ships for the calibration of the analysing methods

- nine hull forms of Great Lakes bulk carriers. This series
was ordered by the U.S. Maritime Administration, and was
the first ice resistance test series with systematically
varying parameters (fig. 8).

- three hulls for the German EOS study

- two hulls for Imperial 0il Ltd, Canada.

Most of the tests have been resistance tests in level, snow-free
ice, an ice cover that seldom occurs in nature. Correspondingly,
in open water research, tests are mostly performed in still water,

although the sea is seldom completely calm.

In addition to these test series, tests have been undertaken to

investigate the performance in jce of single ships or to examine
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the effect of some special device intended to improve icebreaking

performance.

5 FULL-SCALE TRIALS

Full-scale measurements made during éhip trials in ice (figs. 9
and 10) are, of course, essential for full-scale predictions based
on model tests. These empirical data are used to obtain the empir-
ical coefficients employed in the predictions. Empirical coeffi-
cients are still in use today in predictions of open water re-
sistance, and the complexity of the icebreaking process makes them

even more important for ice resistance predictions.

Today WIMB has the necessary full-scale resistance data for 6 dif-
ferent types of ships tested in the laboratory. Most of the data
are from tests in level ice but some measurements have been made

in ridges, too. If next winter (1973-74) is suitable for ice trials
in the Baltic 4 new types of vessels will be tested in level ice
and some of them will also be tried in ridges and clogged chanmnels.
In addition, some special devices and the influence of the quality
of the hull surface will be tested.

Progress in ice model testing is closely dependent on the amount

of full-scale data available. The store of full-scale measurements
can be built up only very slowly; during the winter icegoing ships
are seldom available for tests as they are generally required
throughout the season for their usual duties. There are also very
mild winters, like winter 1972-73, when it is impossible to perform

useful trials in the areas in which the ships normally run.

6 RELIABILITY OF MODEL TEST RESULTS

The wvalue of the work performed in a model basin is naturally
largely dependent on the reliability with which full-scale pre-

dictions can be made from the model-scale measurements.



6.1 Full-scale - model-scale correlation

Experience gained from comparisons between full-scale and model-
scale results shows that a value of about 0.3 should be taken as
the dynamic friction coefficient in predictions of resistance in
level ice. The friction coefficients were obtained from measure-
ments made by the standard method of WIMB (ref. 1); the testing
methods are known to influence the values obtained. The comparison
between full-scale and model-scale results was made using five
ships of different type ranging from a small tug to a large cargo

ship.
The beam of the models used for determining the friction coeffi-
cient for the full-scale prediction ranged from 0,825 to 1.18 m

and the scale factor ranged from 1:5 to 1:50.

Experience from tests with models of different size - beam 0.4 -

1.2 m - has proved that the larger model the better are the results

and the smaller the scatter. In WIMB the most suitable model beam
range is 0.8 to 1.2 m. The beam is the most important main dimen-
sion of a ship from the point of view of ice resistance and can

thus Suitably be used to determine model size and scale.

The following two examples of the model-scale - full-scale

correlation from tests in level ice may be given here:
- Icebreaker of Moskva type.

The full-scale measurements made at AAT in the U.S.S.R. (ref. 4)
and at WIMB (ref. 9) correspond well to the predictions based on
model-scale measurements (fig. 11). It should be noted that two
different ships of this type were used in the full-scale tests.
Nothing is known regarding possible differences in the quality
of their hull surfaces, but both the ships were fairly new at the
time of the tests (ref. 5).

- Two small cutters.

These tests gave a very interesting illustration of the influence

of the quality of the hull surface on ice resistance (fig. 12).
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Ship No. 1 was in service for its first winter; a friction coeffi.-
cient slightly above 0.3 gives good correlation between its resulss
and those of the model tests. The main dimensions and body form of
ship No. 2 were the same as those of ship No. 1, with a few small,
insignificant exceptions, but it was nine years old when tested.
The ice resistance of the older ship is almost double that of the

newer one (ref. 6).

Other results also indicate the importance of surface smoothness.
Fig. 13 shows the level-ice resistance encountered by a small ice-
breaking tug with a) a normal ship steel surface and b) the fore
body covered with stainless steel plates. The difference is large
and increases with decreasing speed. Since friction, and thus the
ship age, seem to be wvery significant, the quality of the hull and

the model surface are wvariables that must be taken into account.

In open water, there is no economic reason for attempting to reduce
resistance by using a material smoother than normal painted ship
steel. In ice the friction seems to be of such importance that it
might be economically sound to cover the ship hull with a partic-
ularly smooth, hard-wearing material, or to manufacture the whole
hull from a material with a smoother surface than normal ship steel

has.

The importance of friction is illustrated by fig. 14, which shows
its influence in model tests. Fig. 15 presents photos of the sur-

faces of some ships, all taken of the ice belt in the fore body.
Comprehensive investigations are in progress at WIMB in respect of
the influence of friction and materials suitable for improving the

surfaces of existing ships and newbuildings.

6.2 Scatter in model test results

The relatively large scatter in model test results is mainly due

to the nature of the icebreaking process. This process is not
stationary, as is the case in open water; the breaking of the ice
blocks occurs discontinuously and irregularly, owing to the hetero-
geneity of the ice. If absolute homogeneity could be achieved,
which is impossible, even in the laboratory, the process would

still not be stationary although periodical and thus regular.
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An example of the scatter of the test results is shown in fig. 16
In this case the scatter increases with increasing speed. The mag-

nitude of the total scatter is * 10 %.

Owing to the scatter, replicate tests are necessary.

7 SUMMARY

The number of model basins for testing ships in ice has increased

sharply within the last four years.

Owing to the global shortage of raw materials, access must be ob-
tained to areas lying beyond ice-covered waters, and navigation in
ice may be expected to increase rapidly. Model tests are necessary
for investigating the icebreaking properties of the ships, dis-
covering the optimum hull form and developing special devices for

reducing ice resistance.

s ey

Many difficulties are encountered in the simulation of ice condi-

tions, and it is not yet possible to simulate all the existing

types of ice cover. These limitations must be kept in mind when

a test series is planned.

Owing to the great quantity of parameters involved, and the rela-

S et e ol i

tively large scatter of the test results, the advances made in the

field of ice resistance research cannot yet be considered compa-

BarS s sl

rable to those in open water research. Progress in ice model tes-
ting is slowed down by the time needed for freezing and the limited

opportﬁnities for checking the results with full-scale tests. )

At present, ice resistance in level ice can be predicted satis-

factorily by means of model tests, whereas prediction under othexr
ice conditions is hampered by the lack of full-scale measurements.
The greater the number of full-scale trials, the more reliable will

be predictions based on model tests.
It is now time to begin systematic tests, instead of studying

particular cases, e.g. a certain ship in a certain type of ice

cover. The first attempt at this was made when nine icebreaking
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ore carrier hulls were tested in WIMB for the U.S. Maritime Admin-

istration (ref. 2).

Testing in ice is expensive compared with corresponding testing
work in open water, although simpler and cheaper testing methods
will be developed.

Today there is no regular communication between the laboratories
listed in fig. 1. It would be desirable for persons engaged in
ship-ice research to have opportunities to get together at smaller,
more intimate, meetings than those arranged by POAC. Which of the
possible organizations listed below would be able to take charge

of the item "Ship Model Testing in Ice"?

POAC Port and Ocean Engineering under Arctic Conditions
TAHR International Association for Hydraulic Research

ITTC International Towing Tank Conference

T Y International Conference for Ship Model Testing in Ice,

a new organization
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Fig. 5. A general view of the Wirtsild Icebreaking

Model Basin (WIMB).
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Fig.

9.

Ro-ro-ferry FINNCARRIER in ice trial.

Fig.

10.

VLADIVOSTOK, a polar icebreaker of Moskva

type, in ice trial.
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1. Polar icebreaker after two seasons in service.
2., A small cutter after one season in service.

3. A small nine-year-old cutter immediately after

Example of differences in hull surface quality.

Fig. 15.
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