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As Arctic sea ice continues to recede due to global warming, interest in the Northern Sea Route (NSR) is increasing, While vessel

speed and power in open water can be reliably estimated using established methods, predicting the performance of an ice breaking

vessel in ice covered waters remains a challenge, This paper investigates the prediction of net thrust for an ice breaking vessel

using Computational Fluid Dynamics (CFD) simulations, Predicting the attainable speed in ice conditions is critical for design and

operational safety, This study examines various factors affecting net thrust, focusing on a POD propulsion system and appendages

such as skegs, Specifically, the impact of geometric design modifications including the pitch ratio and expanded area ratio of the

propeller are analyzed, Furthermore, the influence of skeg configuration, such as position and quantity, is evaluated, Finally, the

study addresses numerical methodologies, particularly the treatment of propeller rotation in simulations, to enhance the accuracy

of performance predictions,

Keywords : Net thrust(0ds 32), Ice Breaking Vessel(4{21A), POD propulsor(IE FX17]), CFD(TASK|SESH
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Fig. 1 Schematics of ice resistance curves (Blue) and net
thrust curve (Red)
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Table 1 Numerical set-up

ltems Methods
Code STAR-CCM+ Ver. 15.06
Governing Equation RANS
Turbulence model Reynolds stress model
Pressure—Velocity Coupling SIMPLE
Propeller Rotation Bodysfigirss m:;?d &

Table 2 Main particulars of the target vessel

ltems Unit Description

LOA m Approx. 300.0

Beam m 48.8

Td m 1.7
Propulsion Type - Triple (3) PODs
Propulsion Power - 16MW x 3EA
Propeller Diameter m 6.0

Scale Ratio - 33.333

(In looking upstream)
Center & PORT Side POD :
Clockwise Rotation
STBD Side POD :
Counterclockwise Rotation

Propeller Rotation -

Twin skeg in front of Wing

Appendages - POD (PORT & STBD)

S

g,
o 9

Fig. 2 Geometry of target vessel
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Fig. 3 Computational domain and boundary condition

Fig. 4 Grid system of target vessel
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Fig. 5 The positions of the inflow plane

Table 3 The simulation cases with various inflow plane

positions
Ship Speed RPS Operation Inflow Plane
(Knots) mode Distance
20% of Prop Dia.
40% of Prop Dia.
3,6,9 |6, 10, 12| Ahead 80% of Prop Dia.
100% of Prop Dia.
160% of Prop Dia.
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90% —#—Inflow plane 40%

85% —a—Inflow plane 80%

~a— Inflow plane 100%

80%
—8— Inflow plane 160%

75%
70%

65%

Maximum Net Thrust (%)

: T
55%

50%

3 4 5 6 7 8 9
Ship speed (Knots)

Fig. 6 Comparison of normalized net thrust with respect
to ship speed

Table 4 The comparison of normalized net thrust ratio
from numerical simulation and model test

x/Dia.
0.2 0.4 0.8 1.0 1.6
Ship | 3 |88.19%93.87% |96.89% |97.71% |98.72%
Speed | 6 [87.67%|93.43%|96.23% |97.16% |98.22%
(Knots) 92.10%|98.52% | 101.3% | 102.5% |103.7%
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Table 5 Numerical simulation conditions

Ship
Speed 0.1 3 6 9

(Knots)

RPS 4,6, 8, 10, 11, 12, 13

200%

180%

160% . "

///

140% =
g =
= 120%
[1] Body Force Method (@0.1Knots)
g 100% ~Body Force Method (@3.0Knots)
= Body Force Method (@6.0Knots)
5 8%
[-% —Body Force Method (@9.0Knots)
T o sModel test (@0.1Knots)
N
= sModel test (@3.0Knots)
g =Model test (@6.0Knots)
2 % mhModel test (@9.0Knots)

o% Power
O 5% 50% 75% 100%  125%  1S0%  175%  200%  22b%
-20%

Normalized Power [%]
g. 7 The comparison of normalized net thrust from CFD
simulation and model test in four different ship
speed conditions

Fi

Table 6 Comparison of net thrust from CFD and model
test in ahead condition

Ship Maximum Net Maximum Net Diff
Speed Thrust by CFD Thrust by Model (‘7).
(Knots) | (Body Force Method) test :

0.1 98.7% 100.0% 1.3%

87.6% 90.9% 3.3%
75.1% 78.7% 3.6%
62.2% 62.2% 0.0%
120%
100% @
& IR S
% 80% \""'“'4:7—1'-1'.‘::;32_.,.,_,__
2 o —®
g 40%
2
—0-Ahead Condition - Model test
20%
~#-Ahead Condition - CFD (Body Force Method)
0%
0 1 2 3 4 5 6 7 8 9

Ship Speed (knots)
Fig. 8 The relation between normalized net thrust and ship
speed in ahead condition
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60%

40%

Normalized Net Thrust (%)

~—m— Ahead Condition - CFD (Body Force Method)
20%

- M- Astern Condition - CFD (Body Force Method)

0%

0 1 2 3 4 5 6 7 8 9
ship Speed (knots)
Fig. 9 The relation between net thrust and ship speed in
ahead condition and astern condition from numerical
simulation

Table 7 Comparison of net thrust at specific condition in
both directions

Ship Ahegq Aste.r.n A;stem Eondition
Speed COﬂdItIOE (Z)ndltloz (=8 2% 5.7%” /
(Knots) (M7 28 | (22 28| Ahead andmon

=) =) (MA 28 =H)

0.1 100.0% 85.8% 85.8%

3 88.7% 75.4% 85.0%
76.0% 64.3% 84.6%
63.0% 51.0% 81.1%
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simulation

Table 8 Numerical simulation conditions with sliding mesh

method
Ship Speed (Knots) 3 6 9
RPS 6, 10, 12

180%
160% a « = "
_ 140% :)./.,/’-
5 120% = o —
@ ~sliding Mesh Method {@3.0Knots)
§ 100% Sliding Mesh Method {@6.0Knots)
§ 80% =Sliding Mesh Method (@9.0Knots)
% so% sModel test (@0.1Knots)
ki shodel test (@3.0Knots)
g 0% =Model test (@6.0Knots)
2 20% model test (@9.0Knots)
o% Power
0f 25% 50% 75% 100% 125% 150% 175% 200% 225%
-20%
-
-40%
Normalized Power [%]
Fig. 11 The comparison of available net thrust from CFD

and model test in three different ship speed cases
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Fig. 12 The relation between normalized net thrust and
ship speed with sliding mesh method in ahead
condition

Table 9 Comparison of net thrust from CFD and model
test in ahead condition with sliding mesh method

Ship Maximum Net Maximum Net
Speed Thrust by CFD Thrust by |Diff. (%)
(Knots) |(Sliding Mesh Method)| Model test
3 90.8% 90.9% 0.2%
6 78.1% 78.7% 0.6%
9 63.6% 62.2% -1.4%
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Fig. 14 Geometry of center skeg (Case 2)

Table 10 Simulation conditions for analyzing the effects of

skeg
Ship Speed RPS Operation Sklelg Remark
(Knots) mode position
1.2D
Closer
1.6D
3,69 |6 10 12| A o0 Base
Condition
2.4D
Further
2.8D

Table 11 Comparison of net thrust results based on skeg
position at wing skeg

Ship Speed Skeg position
(Knots) 1.2D 1.6D [2.0D| 2.4D 2.8D
3 0.22% | 0.06% |Base|-0.02% | -0.02%
6 0.47% | 0.13% |Base|-0.07% | -0.08%
9 1.02% | 0.25% |Base| 0.15% | 0.04%
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1.2D

Table 12 Comparison of net thrust results based on skeg
position at center skeg

Ship Skeg position

Speed (Knots)| 1.2D 1.6D | 2.0D | 2.4D | 2.8D
3 0.00% | 0.00% | Base |0.02%| 0.01%
6 0.36% | 0.19% | Base |0.10%| 0.05%
9 1.05% | 0.66% | Base |0.60%| 0.54%

1.2D

G v
np o 1

1 05 05 1 05

15 2

Fig. 15 Pressure field (Left) and velocity field (Right)

according to the wing skeg position at 3Knot &
10rps
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2 et o7 Fof

Ox|= Heks BASIIAL SIFCE 0| flof Z2HeE 2| A e

p uy
o 1
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1 05

Fig. 16 Pressure field (Left) and velocity field (Right)
according to the center skeg position at 3Knot
& 10rps
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Table 13 Computational conditions for propeller parameter

variation
Sh(ilrinilt)se)ed RPS Propeller particulars Remark
Case 1-1 Pj\f,fj”:o%go Piht/lcehani
3 i Case 1-2 PAE)/MA‘E:H:OC,);%O Pi,\t/lcehanT
[ Lo i
Case 2-1 PASMA‘E:H:O%%B EAR |
Case 2-2 PAS“::”:OC_)%? EAR 1

AEMol degho| 2
on{ 7 2| LIHX| =2
e AANHTER 25 YK FXISICE XA MA
0|85t $l=A, Zt Cia Z2HB{9| th=
130l= Z=28E{e| M@l Halo|

S| Melsiict et Z2HR(Base)E 7|ERE
HAEAF|HL B2 HSE Case 1-13} Case 122

mxHIE 4
YYD, HAHHKEIE H2AF|IAL STk EFE Case

A
—11} Case 2—22 HHFIHCH
FX7|9] M Hsjol| w2 o FHe| Wsk= Fig. 173}
Table 140 HMA|sICt WRmxH|= Z2EY FX Mso 2
Weks o|x|l= A MAHS F S22 HAT|R|H|7F 22 Case
H
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