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ABSTRACT: The azimuth thruster is mainly installed on a vessel that requires a dynamic positioning (DP) function for special purposes. When
the azimuth thruster on a vessel operates for DP, the thrust loss is induced by the thruster-hull interaction. This study examined the influence
of boundary conditions in numerical simulations for predicting thrust loss. Wind turbine installation vessels (WIIV) and floating production storage
and offloading (FPSO) were chosen as a target vessels. In this study, two types of boundaries were defined. The first consideration is that the
boundary condition was assigned with consideration of the azimuth angle of the thruster, whereas it is fixed regardless azimuth angle of the thruster.
The predicted thrust loss according to these boundary conditions showed a difference. This observation originated from the current load of the
vessel. Therefore, the boundary conditions for which the current load is not induced need to be designated to obtain a realistic thrust loss in
a numerical simulation.
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Fig. 1 Example of thruster-thruster interaction
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A2 = A 9+5} 9 oF. Nienhuis (1992)= A1 4] 31310l 9] 2|3k Azimuth thruster®] $ 77} A 2 H 202 52w A= ZEo ue} &
Jo] A2 A ‘:}E}X] A AE A 02 A3 T Cozijn et al. (2010)’1:‘ PIV Al g1 & ©]-8-3}, Nienhuis (1992) 2} F-AFSH -
1, /5 AL AS, £4 0}93&} gHA, 20001 ] o] A A A Q] WS o] 83 AT = Es] ZPE Qe
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2hEdteE 8] = 40% 74 A S = vk =3 A A DP= E*Px—i © 2 Rl 2 Sdute] BAR e ol A 331719 2HE
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Table 1 Numerical setup

Item Description

Code STAR-CCM+ V.13
Turbulence model Realizable k- ¢ model
Convection term 2nd order upwind

Grid type Unstructured grid (Trimmer)

Pressure-Velocity coupling Semi-implicit method for pressure linked equations

2.2 off A cHak FHof

£ Aol A= WIIVEFFPSOZE T/ 0.2 112 5|9l o1 o] 52| A -2 Table 201 LEF ATE. Table 20141 & <= Q) 50] T At 11
o] HA o] 2B E A4 E Aol & BRlth 53] Z/&2 v(B/T)7t 2 2ol & Rol=H], WIIVE Zof| Hlg)] o8 o2 E471 2
7] W&ol B/T7}11.8 o]2h= 3hg Kol & Hhd, FPSOE4.842 At 2 o 2 22 k-8 71Kt} &, FPS02] 74 $-oll= WTIVell vl ke] 24
Z o2 Z47) Ath= AL 2v]jith Fig. 200 Al & 7H2 A8k T



Designation of the Boundary Conditions for Estimating the Thrust Loss due to Thruster-Hull Interactions

Table 2 Main particulars of target vessels (WTIV and FPSO)

Vessel WTIIV (A) FPSO (B) Ratio (=A/B)
Length, L (m) 126 294.6 04
Breath, B (m) 52 62 1.8
Design draft, T (m) 44 12.8 0.3
L/B 242 4.75 0.5
B/ T 11.8 4.84 24
Scale ratio 259 325 -
E

(a) (b)

Fig. 2 Target vessel: (a) WIIV and (b) FPSO

2.3 Azimuth thruster?| CHSAE MSH| o

7] AF e Adutol= 25 Azimuth thruster”} 7= T A A 2 285 11, AA| ol A dA sk F2171- A G 5314d ol o 5 ¢
E4AE Ul H SEAH oA AESte 39 & WA FREta glojof drk whEkA B - AE FRIM S Fal d59 Azimuth
thruster®] ©5 4350l thste] =3tz gitt. RPN S 913l A 2E 23 Azimuth thruster®] A 9-2 Table 39 YEFH AT Azimuth
thruster®] -2 Fej & B 02 3| Al 71| 4 849 o2 HoHr). &, 227t A&t 8 (K, S EVHAFES= F
(Kpp), 18] 3L Y R] G144 8 A~E(Housing, Leg, 2 Support) 52 AgH(R)S =F &3k 3k°] Azimuth thruster2] A F8(Kp) o2 A 2]
H T} Azimuth thruster®] @573 8] X3 A A2 FE] 4HE2E WA gho] RFAP Y ASX| thH] 3% o] Afol& Bo| =5 4
AAE T AL A HEE A3 B e 22935 2 H 317 = 2 F 3] 7 H(Sliding Mesh)= AF-8-51¢] 3]
A& Tt on, ¥3rE AMstaA B A Tk Az 2719 YR 5022 S TE AA AR oF 1.59 R
olH, X34 & 913 THE 2 E2 Table 13} 2T} G54 A4S Fal8l7] 981, Al4hd 92 Fig 33 2o] =24 272 7]
FO & 7D x 4D x 4D & A 9| H 1L, £ 5= Y E(Velocity Inlet) 271 7 2 -Z(Pressure outlet) &1, ™% 74 Al 27 (Symmetry) o] 212} §-

Table 3 Specifications of model azimuth thruster

Item Description
Duct 19A
Propeller SP463
Model propeller diameter (mm) 140
Revolution of propeller 20

™~ Symmetry -
/‘ ‘ | Pressure Outlet

4D

Velocity Inlet
7D

Fig. 3 Computational domain and boundary condition for the Propeller Open Water of an azimuth thruster
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Fig. 4 Model test for the Propeller Open Water of an azimuth thruster and geometry, grid system

ZE A THSong et al., 2013). =& HZIB|(J)= 0.15E 0.57F4] LB H AT oA AA}ol] X" 23 Azimuth thrustere} X3 A& 2131
A o9 4 9 Azimuth thruster 9 2] ZAAA| 52 Fig. 4] EAI8HATE ©5 A2 7o} so2] 8l A o] A A= th-3-7} 2o Fig. 59} Table
49 YERH A tHSong et al., 2013).
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7~8% A=2] o) E YAFA BAT) B AF2] EA-L Azimuth thruster®] 3 3} 3+ o] B2 o2 H FHAFE EOZ Azimuth
thruster TG el ol ) $F x84 -2 21 & A& 8113 vt dst ok

o] AFEHE Hz218], 71 0%] -, F, Bollard 210 XS] FEATE FAD = YL AA F217]-4A4) 119] T E94=2 Q1E
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Fig. 5 Comparison of the Propeller Open Water on azimuth thruster from the model test and CFD simulation: (a) Total thrust coefficient
(Krp); (b) Torque coefficient (10Ky)

Table 4 Comparison of K7y and 10Ky results from CFD and Mode test

J CFD (A) Model Test (B) Difference [1-(A)/(B)]
(Advance ratio) Kir 10Ky Krr 10K, Krr 10Ky
0.1 0.399 0.482 0.397 0.453 0.65% 6.34%
0.2 0.352 0.473 0.342 0.441 2.88% 7.15%
0.3 0.304 0.458 0.295 0.427 2.90% 7.40%
0.4 0.252 0.432 0.246 0.400 2.38% 7.89%
0.5 0.200 0.400 0.195 0.371 2.56% 7.70%
Average - - - - 2.28% 7.30%

FR7AAA 2] I EHE Q1% %Q@iﬁé— |34 0 & A7 918t Fig 637} 32o] AlLtd H-& A otk tidid el Zelw)s
71Z0 2 At E S o] 2718 Aolsla X, Y, Z Wk = ZF7F3.0L, 3.0L, 1.2L2] =715 7 t(Song et al., 2013; Song et al., 2022). ¥ -7+l
H A2 AL EA] 34, ARke] FA Sk o2 sl A Y o2 A of st mERk Al & 9] A Top) ™ 2 S1H7(Bottom) H ol = T
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1.2L
Fig. 6 Computational domain for target vessel
2.4.1 OI7¢A 1: WTIV
WTIVE] ¢, F7]-AA A EAZ I FE 04 RIS F6 }{33% H} 9o, Fig 70ll= REAE S 9180 Azt
H 2P A& =A8HATH(Song et al., 2013). 1 Adutoll= A v F-2) 2 3} g-d ol 2442} 1714 F27]2] Azimuth thruster7} 22T}, 2%
ol 4] —71‘—75_ I- /L l I 4 Eﬁri AF FH e Adute] ARG *JEH °ﬂ A Azimuth thruster7} 2t 253 FH 25 E9]) HE S 4

l
EL.J

ZM & g Utk R A F ol A= 2 Azimuth thruster2] ¥
W/ww & ASIATE FAA S F31 714 314
a2 ?_ffl %ﬁ s EJ}E ] A] Ho= %} F e 7711,1 W2 Z73(0°, 45°,90°, 135°, 180°, 225° 18] 32.270°) o)l A 4738 5}+9] . Table
5o0l= 7133 9 2 Azimuth thruster®] 2HE 891 S YERAAT =3 RPN P L7 2d00A A& Fastaat 2o
Azimuth thruster2- 25 293 3k A e ol A 23 Azimuth thruster2] W12 v 71 d)1 42 4385t
TR S A3 ARARE A A5 3 Azimuth thruster®] TS/ E] 31141 A A8 W 58| A ATE T4 A AR E <
St FETAE T4 0 2= Azimuth thruster?] $/-7F F9H} G 3KCoanda effect) ol 230 44| 2] A 0 H2IwHA A 4| ] npzbA o] S
ZHEAY, A 9] dxtel REIS|HA XA 9] tgo] F7lE]o] At whElbA, Azimuth thruster2] -7 A} Z 838102 Fig 83} 220] o]
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Table 5 Specifications of the coordinate system and simulation
cases with respect to azimuthing angle on the port side

Geometry
- ' U U
L " & ¥
Coordinate system 0°
Fig. 7 Ship and azimuth thruster for model test
U U U U
y v < v
45° 90°
U U U U
& \I ’ \I
135° 180°
U U U U
‘ ¥ ’ ¥

Fig. 8 Grid system for CFD on target vessel, WITV

225° 270°
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37/ 3 AAAE ZH8HA| T SHATh =), A o] A HHPH S A 8-5H, AY = SHA = sk R ALFAIR o] 2.2 A/
o] AT Song et al. (2013)2 224 3135 BARSH= R o2 E‘—”}-"\—él AFE ¥ E v A, O ATE ZAR B ATl
= Moving reference framne (MRF) ®H-2 -85t} 2712 Azimuth thruster2} =4 SHE-2] A4 &t o2 Aol d A ARMA = k3.5
©|tiSong et al., 2022).

b

= orl

242t/ 2 : FPSO

FPSO2| 73-$-, Fig, 20l UER Lo} 7ho] A u] o] 37 2] 7 X] K (2]3}, Head box)7} &4 5+ 2L Z} Head box Holl 44 Azimuth 7} 9] %]
Fk B o dael A Mme] RYAEe S E R kT A4 H Q) WE 0 F17]- A M &l o3 58 4L AhEs)
Atk o] & 2130, Table 601l VFERH B}9} 2o H-&(Port Side) 28 5% (Center)2] Head box ol Azimuth thruster”} 2tz @50 2 A X]H
ol A 571 B9 ZH0°, 45°, 60°, 75°, 115°)& A4 2] 3T

FPSO© %2H5]= Azimuth thruster2 S T/ 1 WITVell X H A A3} 42 FLsht &35 th=2ar, ol 1te) 2A|dn = o=
T} FPSO°]| “8215)3= B8 Azimuth thruster©] 2742 120mm= A o= 1oL A8 4 A3 F22 2418 0] 73-9-9} 55 T8k 204 Al
= k47ROl
Table 6 Simulation cases with respect to the azimuth angle

Azimuth thruster on Azimuth thruster on

the port side the center
v v v V
- -

OO OO
I I { {
= »

45° 45°
{ { I I
w v

60° 60°
I I { {
< -

75° 75°
v V v V
~ a

115° 115°

2.5 AH =S| Mol

AR U= R & T8k HaliAde alA] thde] FA S 8h] A2 2 siA| U&Q# AE AR %AHMOWW}. AT
522 DP 2 A3 -2 Aduto] Y3 A &, A Z18](J) 710 Bollard 234 31171440 2] 38 48 of| S5l of k= 73, &
A3 A=A A sk Zlolth Funeno (2009)7} 53k vke} 2], Bollard 22719141 9] X342 ujl-$- & J%z%}i FEAT R BE
TR S fI8te Q1914 02 2R3 HZIRE Hosl|Fo]of sh=tl] £ ATl Al 1 3k 0.052 olstHth &3t Fig, 60l UERH nle}
o] Al4Hg S o] SIW(Top)a oFA H(Bottom) o= t2(Symmetry) 73 AlZ71 0] 8 2] € el A, Fig. 90l =AIE 4709] Sl 2442 o33 2+
L2712 Yej 2 Kt} 3t &, A A B iy S A A o) $-2HE Azimuth thruster2] ¥kl Agdglo] & A=A Ak
9] Hof| FUFZ(Velocity-Inlet) S, Au|wFgke] Hojl b8 §-E271 (Pressure-Outlet) 2 F-3sh= Z1 o]t} Y x| 5 ol =t (Symmetry) 7
A z7-& F351H, 0] Fixed BCOZ 314 th T WAl Az Fah vhH-& Aol -2 Azimuth thruster] 3] W&kt 5Us1A 5
9 f§Z 2305 SHol Fash= W olth ©]& Directional BCO]2} ™ 8I3ATE ©13]E F1LA  Table 701 4 5-3h4E th . = Table 5916
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oM AFT 9 T LH-E AR AR eIt 53], 9 2 fY2E T 749 Azimuth thruster] 18912kl sdeh=
H

Fig. 9 Computational domain for the definition of the boundary condition

Table 7 Definition of different boundary condition

Direction Fixed BC Directional BC

Velocity-Inlet 1

|

OO Velocity-Inlet Velocity-Inlet
l
Pressure-Outlet
FEETETT
0 0 0 I 0 550
Velocity-Inlet Velocity-Inlet N
Symmetry Symmetry Veln} — \
450 \y Pressure-Outlet
N
N
Pressure-Outlet N\ Pressure-Outlet
REPERYE! R R R R
T Veooyner
90° Velo?nt.y-lnle( PresstE;OutM

I
|

Velocity-Inlet

3.1 CHAMM 1 WTIV

Fig. 10°1= A & T2 AA z710] Ratd Aol A 3ol 329 23 Azimuth thruster”} 2H 9k o 2 A5 o), 31712 £33}
3 AA AA A A Xk 3(Fx Hull)3 Y3 Q(Fy Hull), 181 F(F Total)S T2 2 9] 5ol whe} 42k ©A
AT FE(F Total)S H2-2] 21 (DE 23t T

F_Total = (Fx_Hudl)* + (Fy_Hudl)’ M

TS Table 80l RHAE B FHE AAZRANA =8 FANY AH 5 e Hull™ Fy Hull®] 352 %7131, Table 901+
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£ YepSITh S84 0] A3} ke oz A)F

A Aol B 243 A S B FAH

[N]

Fx_Hull

25

30k

At} FARRE 7S Bolal ) Fig.

F——— —&— M/T_SSMB

10(c)°l A

1, FE(F Total)®) 735, 2k 75000 A 240° ALo] o A= 371 7] A 7be] 7 B2 Q18ho] S8 o] £a0] MAUFS U 5
-2 o)) wh2 2}o| & B &) BA, Fixed BCO A AF&% 2 (F Total)©| Directional BCO| A 4F2% A 3o v] 5] 2.8
30F 30
5F
20F 25
ST LS 3
ﬁ'( l&\d ok 9\®\c xof
\%& z of 7 R | 2 goop pofoecooy
5 £ 1sf o
Q&\ g 5 fQ% “/9‘ :] I ww
10F XQ}O 10 -
u&&sq gl :(&ee!eé i
4 20 M/T_SSMB ﬁ 5 —O— M/T_SSMB T
W CFD_Fixed_BC | B CFD_Fixed_BC [ B CFD_Fixed_BC
W CFD_Directional_BC 25 B CFD_Directional_BC B CFD_Directional_BC
I NURET FRSET TEVES SNRNS THRNE TRNEN NN SNREE RRTE N ! SEEY REVEN NRRNT FRRNY My BNWiN RN FENWS FRNEN FENA N PRI W RS RUUEN Bws Suss NRSas A Suwis Sunnn snsun au gy}
0 3|o elo 90 120 150 180 210 240 270 350 330 360 30550 elo 9|o 120 1éo u;o 2%0 2z|10 2;0 3[‘)0 3:|ao 360 %930 60 90 720 150 160 210 240 270 300 330 360
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(@) (b) (©

Fig. 10 Comparison of Fy Hull (a), Fy Hull (b) and F Total (c) with respect to azimuthing angle from CFD and model test

Table 8 Comparison of Fy Hull, Fy Hull from M/T and CFD

CFD
Method M/T
Fixed BC Directional BC
Angle Fy Hull (N) Fy Hull (N) Fy Hull (N) Fy Hull (N) Fy Hull (N) Fy Hull (N)
0° -18.1 0.1 -17.6 0.0 -17.6 0.0
45° -12.0 -13.5 -11.6 -12.7 -12.1 -12.5
90° 1.2 -13.7 0.8 -13.6 0.2 -12.6
135° 11.6 -8.8 10.9 -8.7 10.1 -7.9
180° 13.6 23 13.9 2.1 12.9 -2.5
225° 11.9 9.5 13.8 8.6 12.6 6.7
270° -1.2 184 0.7 183 0.2 17.2
Table 9 Comparison of F' Total from M/T and CFD
CFD
Method M/T
Fixed BC Directional BC
Angle F Total (N) % F Total (N) % F Total (N) %
0° 18.1 100.0 17.6 97.5 17.6 97.5
45° 18.0 100.0 17.2 95.5 17.4 96.4
90° 13.8 100.0 13.6 99.1 12.6 91.9
135° 14.6 100.0 14.0 95.7 12.8 87.8
180° 13.8 100.0 14.0 101.9 13.1 95.2
225° 152 100.0 16.3 107.2 14.3 94.0
270° 18.5 100.0 184 99.5 17.2 93.0
Fig 112 &3} #& Azimuth thruster2] 2Hs 9] Zholl wj2} 217 17, Table 1091 = 74 &

FAE

J)r Z‘i‘?};ﬁ. o= A
BCE A £3} A3to]| B3] 23 A|E Azl o] 2A8kY T} =3 Directional BCE 2] 83+ 7

Ae

19ASE FARE TS Bolx Lo, 00°5} 225°F

WA o 2 O FA A Sshs B Y

Fe YIS % % ek

A9 % i

17)- A4 P 2 Q8 58 £42 S 59
Uer At =A@ A7 90°9) 180001 A T ZE 30%, 20% A =0 28 22210] Zz WhAl 31 98-
W12kl A Fixed BC

=]
=
5 7

9+ Fixed BCE A

& 4= ok AE A A2
23} A3}7} Directional

3 750 ]

8 FE&
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0 Table 10 Comparison of normalized total thrust on the azimuth
' angle from M/T and CFD
Azimuth angle M/T Fixed BC

0° 100% 96%
45° 97% 95%

90 270
90° 68% 78%
135° 79% 80%
180° 76% 80%

o s 150" 225° 84% 93%

| CFD_Fixed_BC

n CFD_Directional_BC 180
270° 96% 99%

Fig. 11 Normalized total thrust on the azimuth angle

3.2 CHAMM 2: FPSO

2 odd e A folle A Ao ThEA RPAIE glo]l B8 ALl A XA RE = Tt £ o dutel = 3709 Azimuth
thruster”} ¥-2F=] 21, Table 69| YFEFA Bl9} Z-o] & 9l =71l $1X]3F Azimuth thrusterS T 0.2 F217]-A1 4] 74 G 7)ol 2]3F ¢
&Aoo tiste] A& AT o] wf 2719 Azimuth thruster’F 5 12 = G WTIVE] 74 9-2f= o2, & ﬂ]*&ﬁ«l 735~ Table 6
o] LR nF9} 2ol 1719] Azimuth thruster7}F #H8 W T30l 2 @50 &2 A F o] e 430 &2 HolstAnh Egk FX|8)4 Al 2L
2 ¥ Azimuth thruster2] 2Hg ¥ 22 5 571 = 0°, 45°, 60°, 75°, 110°°] T},

Fig. 12 Fig. 107} %f\}%}ﬂl Hi O Az FaE e oA 8  Fdol 4 5Y5H 02 /X3¢ 23 Azimuth thruster7t
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Fig. 12 Comparison of Fx Hull (a), Fy Hull (b) and F Total (c) with respect to azimuth angle from CFD
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Table 11 Comparison of Fy Hull, Fy Hull from CFD

CFD
Method
Fixed BC Directional BC
Azimith thruster ~ Azimuth angle Fy Hull (N) Fy Hull (N) F Total (N) Fy Hull (N) Fy Hull (N) F Total (N)
0° -16.5 -0.9 16.5 -16.5 -0.9 16.5
45° -9.8 -134 16.6 -10.3 94 13.9
Center 60° -5.7 -16.0 16.9 -6.7 -10.6 12.5
75° -0.8 -17.7 17.7 24 -8.5 8.8
110° 10.0 -14.2 17.4 8.0 -3.6 8.8
0° -16.6 -1.0 16.7 -16.6 -1.0 16.7
45° -9.6 -13.9 16.9 -10.6 9.5 14.2
Port side 60° -5.1 -17.2 18.0 -6.4 9.1 11.1
75° -1.2 -18.0 18.0 24 -6.2 6.7
110° 9.1 -14.8 17.4 7.5 -5.1 9.1

CFD_Fixed_BC (Center Azi.)
CFD_Directional BC (Center Azi) | ,
CFD_Fixed_BC (Port Azi)
CFD_Directional_BC (Port Azi.)

OOEm

Fig. 13 Normalized total thrust on the azimuth angle

Table 12 Comparison of normalized total thrust on the azimuth angle from CFD

Method CFD

?hZ;un;gl Azimuth angle Fixed BC Directional BC
0° 91.7% 91.7%
45° 92.3% 77.2%

Center 60° 94.2% 69.5%
75° 98.4% 49.1%
110° 96.8% 48.8%
0° 92.6% 92.6%
45° 94.0% 79.1%

Port side 60° 99.9% 61.7%
75° 100.0% 37.2%
110° 96.6% 50.3%
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Table 13 Current load with respect to azimuthing angle on WTIV
Angle CX (N) CY (N) CTmal (N) [%]

0° 0.064 0.000 0.064 100
45° 0.056 0.149 0.159 250
90° 0.003 0.241 0.241 378
135° -0.061 0.152 0.164 258
180° -0.069 0.000 0.069 109
225° -0.060 -0.152 0.163 256
270° 0.003 -0.241 0.241 380

Table 14 Current load with respect to the azimuth angle on FPSO
Angle CX (N) CY (N) CTmal (N) (%)

0° 0.532 0.000 0.532 100
45° 0.396 4.959 4.975 935
60° -0.119 8.207 8.208 1,543
75° -0.862 10.673 10.708 2,013
110° 0.329 9.760 9.765 1,836
2500
i —— WTIV
i ——e— FPSO
2000 ra \
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- i
o |
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Fig. 14 Comparison of the normalized current load with respect to the azimuth angle on WTITV and FPSO
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