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Modelling of ice parameters in transit simulations
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4. This forms a research gap that
we try to address in this study.




Algorithm to estimate the properties of ice
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INPUT VARIABLES

(2) Thermal

PHYSICAL PROPERTIES

L Ice
(1) Input data »  conductivity ® L
parameters temperature
S Toie Viisa i Mg i A @ air_sn T;
(7) Ice Pl (6) Density of |, (5) Salt L @) Ice
density ice components [~ concentration salinity
pi Pio Ps Pss S, kK C S;

Relative volumes
of ice components

Vo Vg

S — sea salinity
T 4ir — air temperature
Vywina — Wind speed snow

h; — ice thickness \
hy,, — snow cover thickness

Tair

h’S n

Basic snow cover by Shalina & Sandven (2018):
hs, = 0.069 - h; + 0.02

Linear change of ice temperature:

Ti(2) = Ti up + (Tito — Tiup) - 2/l

Ice salinity according to Ryvlin (1974):
1-b

exp(a- o) + b

Ice density by Cox & Weeks (1983):

pi = (1 =vq) - pio

Si=Sw'

Flexural strength by Timco & O'Brien (1994):

Elastic modulus by ISO 19906 (2011):

A; — thermal conductivity of ice

A — thermal conductivity of snow
cover

Qgir sn — coefficient of heat

ice

=

Ti_up

exchange between air and snow o —
pi — sea ice density
v, — relative volume of air in sea ice
Pio — density of air-free sea ice

water —
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Ti_lo =Ty,
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Poisson's ratio by Weeks & Assur (1967):




Impact of various parameters on flexural strength of ice
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Internal
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Parameter Unit Basic value :
Min Max Step
Seawater salinity S,, %o (ppt) 20 5 35 5
Air temperature Ty, °C -15 -30 o} 5
Wind speed V,yina m/s 9 o) 18 3
Ratio A;/As, - 7 5.5 8.5 0.5
Parameter a in Ryvlin’s formula - 0.5 0.35 0.65 0.05
Position of a design section z/h; - 0.5 0.1 0.7 0.1




Data on sea salinity and air temperature in the Arctic
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Estimation of ship performance in level ice

1. Attainable speed is estimated by equating a net thrust T, , to the ice resistance R;:

v v 2 Rl(vl hl)
R;i(hi, v) = Tpe (v), Thet = Tpun (1 —(1-a) - a( > ) T
Vow Vow pull

2. Lindqvist’s method is used as a basic approach to estimate ice resistance

v v
+R[1+94—
v ghz> ( v 9L>
3. We used scaling to obtain a strict correspondence between bollard pull 7, and

ice resistance at 2 knots and ice thickness equal to the nominal icebreaking
capability of a ship h,,. Scale factor k. was estimated as:

Thet (V)

R, = (R, + Ry) <1 414

Tpull Ice resistance in nominal conditions: Ice resistance in given ice
keo = R ~__— hi = hyym, v=2knots, gy =500kPa, R;(h;,v) = ks - R; conditions:
p; =0.9t/m3, E;=2.0GPa, u; =0.35 hi,v,00,p0i,Ei, i

4. 1B Arktika (1972 built) was used as a sample ship

Length x Breadth x Draught 136.0x 28.0 x11.0m
Displacement 23460t

Total shaft power 48970 kW
Maximum open water speed v,,, 21.6 kn

Nominal icebreaking capability at 2 kn hy;,,, 2.3m

Icebreaking capability in winter-spring 1.9m

Icebreaking capability in summer-autumn 2.6m

Bollard pull Ty 4700 kN




Ice performance curve of a ship and properties of ice
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5.

Full-scale icebreaking capability
ranges from 1.9 to 2.6 m, while our
calculations give values from 2.05
to 2.6 m. This significantly deviates
from the nominal value (2.3 m)

Calculated value of flexural
strength of 1.5 m thick ice in the
spring period is 580 - 770 kPa, while
in the autumn it is 320 - 390 kPa

There is a systematic influence of
seasonal and regional factors on
ice performance of a ship.

Seawater salinity and air
temperature can be used as main
predictors of seasonal and regional
variability of ship performance in
ice.

The algorithm could be applied to
consider the global trends of Arctic
climate change
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