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With the increasing use of azimuth thrusters in LNG bunkering vessels, concerns have arisen regarding the influence of duct side
area variation on manoeuvring performance, In practice, simplified stock azimuth thruster models without geometric similarity are
widely adopted in model tests, yet the resulting uncertainties in the assessed manoeuvrability remain unclear, and free—running
model test results are often accepted without any validation procedure, In this study, free—running CFD simulations were
performed using STAR-CCM+ by varying the duct side area from 5% to +15% relative to that of the original azimuth thruster,
Because a one—-to—one comparison of the time histories with the model test was not feasible, the CFD results were compared
with the model test in terms of the zig—zag overshoot angles to examine the usefulness of the CFD approach, The results show
that the duct side area significantly affects the manoeuvrability of the vessel: a smaller duct side area increased the overshoot
angle, whereas a larger area generated greater lateral force during thruster vectoring, resulting in a faster yaw response and
reduced overshoot angles by up to approximately 25.9%, These findings indicate that even small variations in duct side area can
lead to noticeable differences in manoeuvrability, and that free—running CFD analysis can serve as a useful tool for validating
simplified stock azimuth thruster models,
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OX|RA FXI7|5 Rkt Mulol| Cf$t CFD 7|Hle] =FM& sllAof| 2kt A7
B 7122 MAEeEZM M MAH Muk =F Ms2| 2|4 7o) 2715310, AEM Qs M5 o5 fliMe FR0|e HIF
E2RIE MSst RUct o Lopt IMO= Explanatory NotesE am Jof| M2 75 SA2 45| gi¥st siM nEo| Hi=
2510 AlE 79| MAM|Sl AMIE DEAE 7| AR Al F=Hi=|ofof BiC
2y g A g0l 2 g § ARl X|Eg Elkee SIX|2F OfX|FA FEV(Qf 22 HEE FZI7|9| AP Mufo|
2N Zote| ABMIL HENES XEHoZ MIsi Qo THECR En, ZT2UE-YSIEIS AESH Mafol Mo}
ZAloll ITTC (International Towing Tank Conference) EESt = CIEA| Z2de] 2 HEo| gAt Mskh= 35K b= A
PMM (Planar Motion Mechanism) Al&lZ} XFeets AlE(Free- 0| HtMolct, ol 0| FEIVIE THLsI HEshs AH|EA|
ruming test) 2 83l =F FA2 o[Al+E U ESske oM XAl it & JHS &sif olo| Ms =Xt 0|F0]
HAE A Hofl 2H MElsl fich So] 220l Fx61A 7| Mokn D=7 mf2olct maiM ofX|RA FEDVIE FErSE M
9| TS0l w2l URANS (Unsteady Reynolds—Averaged Hlo| AR J7IME Zo|M AIES OIESHE FXI7|E MEASIT T
Navier-Stokes) 7|dte| CFD sli&g 0|88t =FMS o= 7| RBICHH =|A5to| BT 1gisp| mf2o, MES Jitste &
0] H|2Mo =z s0{%ten{(Yang et al., 2022; Lee and Yang, oM = ORX|RA FZRI7(9| KA Mzt 2HHE Alek2 Wiz
2025), ITTC= olofl Z5¥==0] —’F7'<I3H’H Aoks X|EHo=z Y Met Ms MAE sk =ot
Aleto odTte| A& =0|1 Uct J2{u o[2{sH IMOLHITTC £3| Mufe| =FME oM = ol2{st AlEo| HE E25
of Al 7|E & AIek2 2F EXN5H 3&E TH| siofl 5=0f X|l=dl, ol= 7|& 7|ME A0IER= M2tk mhzof MEol =X
UCkE ZEHQIl SHAIE X|Hct &, 7[&e| =EMs "ot AA SHEl OfX|RA FAV|E MASKK| Zall REAIY CHHOIM AF
= O E o =28 3 o 2 X8 EFC=2 M¥s| (stock) OFX|FA FZRIT|E ARESHA| =7| IHZO[CE Ol AFEHA|
0f 3l ZHO| FAME|0] Rtend, SR FAs| ==L U= o Al AF ZZEPE ASsts Mdnt RAS F2e2 B £
SHHIME FZI A|AHIS SAHEN EMS £FE9| HI¥sK| & ULl =ENS BEUM AE OK|FA FHT|Q| AR N
321 2lck IMO Explanatory Notesoll M O[2{3t SHAIS HAIX AB0l| 20| Cit 2FE LHAIZ £ Qlch F, AA F_F71|01|H
o2 X|H5lH, ofk|FA FR7|(Azimuth thruster)Lt ZE 7 HEE AF| ofx|FAR} RHAIH| ALRE AE OfX|RAL| 7|
7|(POD thruster) 2t Z+2 A|AHI0]| CHsliM= 7|& 7|&=8 FH|H SIE AMAE SHEX| k2 AEfoM ZEAES s ER =
Moz MEsP| oL FIIEQl 4T Ho| Zeig Zxs| ZNSS I E= A "okt ofX|7} UCh AE ofX|RAL|
T UcKKim et al., 2006; Kim et al., 2013). E0Mo| AH ZEE oX|FA FRV[el EHAMECH ol H|
o =M-6l A2 ol3fst MEN TIEe HHE tE of=40| o £2 FZXI7|E AR8sh= o] =0 Mule| EElMsS
Hojee Wt 713 Solct LHEAMOZE oX|RA FEI|= & AR ECH R4 Holele 2FE Hop =Hot HHHE AF
Al 7|51t Z=E} 7|52 shlel fYez EdeH HIE{R(Vectoring) OX[RAL| ZEHA0| AXMECH AlCtH 2EMSS Hotepi "ot
grAlS RHERSID QAT 360° M WEk 3|H0| Jkstt 0] AlAEE S0z, SHHORE EpXOoR MESHIIE et 202 & &
MEolMe] HUsH =FR2 =22 He=E 2, MuF F XM 74 RA0{ 7l o4X|E TIRICE
(Dynamic Positioning) S0lliA 7|& B A|ABlc2= ZEE Ol2fst oA siof & od7t= AN ZEHE ofX|FA FEIV||
£ Qle EHSh AssS WR(SIc) ol2fst FESZ 2ls LNG E0HM d5 AT THOM ARBE AF ofX|FAS| HE EH
Y Meh ofl2IM(Tug boat), E2I4, HOIE F4M & 1E° & xfolol| 7|lsto] WSk Mute]l =EME(EEME) RIOIE
=T oFMo| == MEBOIM OfX|REA FEIT|Q| AE4EO HYHo=Z fYsh= W2 FHQR sit 0|8 flsiA= SHA
2243| 715t 9ok 53| NG HAHEMe| A, & 1A & Hslof| w2 oX|FA HE, AEH 3 5keFe| 37| 50| =X
Slof| w2 NG BN U2 JUiel A= &2 ot L du O M7=|ojo} SIX|TF M QiZ S HIRL 20| Olol| CHet AE
gt 28 z==lo| Moo= &2 Twin-azimuth 7|8He] X HAS = OX|RA HZHAe| Podo|22 &2 odqofM= AN &t of
EdSH= Melo| 715k FM0ICHLee et al., 2013; Baek et XFAE 7|Z02 EHH WA oM EY FHsozo| &
al., 2015). CH/E4 H|88ks MEsIQIct S cieksh da 24 oMz
J2{Lt oX|RA FRV|9] RE SM2 MEMQl Z2He-2 5 AR Lo J1E ZIEAo| 1 X|uiAMol WEkS n]xl= o
o =gt S2|8ez molsict £5| 2719 ofX|fA FEI7|7t Eo| X Hisjof| F=oIUCE FHHEE HES| ZHA #
ZRE Mufo| 49 & FAD| 712] 45 7K F1pt LSty sl Mete| x|ax|1 Ms(10°/10° 2 20°/20°)0l| o|xl= H&t
Ol M| Folo S Fa&tnt Zelslo] =BMs oFe| 2 CFD 7|8le| x[siME Saff HUs| 2MsIQict Rk HE
O|EE H|2MoZ MSAIZICE HE LiRo| t2d Ex Hs) A E0No[2ls CiY A @40 HATCERE =F JHO| iz
EXR FRe} HEE A LYstke FES a2 FEV[e £, Sl HESSICIH, ol &AM FEDV|et Mo[SH AE OX|REAE
2= ¢ S|FRHES v|MEMOoZ MSZICt 0|23 S5 ARBste A RF7E =B S sl dZldg TA Ml ¢
ol SA2 AbRar Al X/ SEel F7|4 M3 Meol| Uz RRAAS AABICE 2 A= ol2{$h HE EHA #spt
™ol dakg ok =ich wl2bM ofX|FA FRD| | Mut ZEME X|Eol| 0|xl= TR a5 TX|E HARCZAM, &
o HE2 7|&Ee| i B 7|8t =F REZ = HUsSH HHO| T DAY 9 CFD 7[dt =FM S "ot oldollM AF ofX|F
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Table 1 Principal particulars

Main Particulars Symbols and Units | Model Values
Length between the L [m] 6.57
perpendiculars e
Beam of waterline Blm] 1.56
Draft Tim] 0.464
Speed [m/s] 1.704

Fig. 1 Geometry of the Azimuth thruster
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Fig. 2 Variation of azimuth duct area
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Fig. 4 Local coordinate system of the azimuth thruster
used in CFD Analysis
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Table 2 Boundary conditions applied to the background

domain
Boundaries Condition
Inlet Velocity Inlet
Top Velocity Inlet
Bottom Velocity Inlet
Left Velocity Inlet
Right Velocity Inlet
Outlet Pressure Outlet

2 MY 18L, FU24L,  FHP 150, A5} wa 242}
19L, 2 101, o B9IE 2= MAGRIH At eete] 2

H =242 Table 20l MelsICL,

Arets siMolM= MAet & THe| ofX|FA FZD|7t =5
Mol wAl 3 5™ a2 FAsiER, T AXPY 2= 0| AL
5P| OfECh OlF 2fsl 2 70lMe Attt BYS Background
domain} Hull overset, Azipod1 overset, Azipod?2 oversete| &
Ul 7Hel dY¥ez Eelslod B8 ZAHOverset mesh) 7[HE &
3t ol2{gt AXt M E Salf AAL MY glo] M2l 6
AR 20 oX|RA FA7|9] 2™ 252 SAll et =
UEE siACE

Abrats AlSefolMo] ARZEl MA AL $= 2F 6548PH0|
0§ Background Domain 2 Overset mesh 7M1= Fig. 601l LIEF
HiAct & A0 MBE F FRAEHM = Y iR ZHR

Table 3 off F2[510f HAISIHCE.
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= ATFIME oRIFA FRT|o| M Z2HE S3o|=
A2 A DEISK| 210 STAR-CCMHOIIM HlEshke 7Hat O

o

B2l 2l S HEskct £T7] Bl BEAS AT Tap0e 3 Simulation conditions
F A OX|RA FZR7|2| AES FAZ 7|Z0Z S|IMIEE A Description
Mool =x2| npHollAM Mu 3|F2E 3 ofX|RA FEI| 3 Tool STAR CCM+ ver.16.06
T2t tloleje] A2ds AP #lt0d, F27| 22 FEA S| Freesurface treatment V.0.F (Volume of Fluid)
752 M I mmAef vl whekol MX whsto=z MolsiRl Turbulence model SST k—w
Ct 0{7|M, § = OKIRAL| SIMZEE 2fn|Slct oX|FA F Grid System Trimmer
| 2 22 Fig. dofl HEMHRICE Total Number of Grid 6,546,671
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Virtual disk |

Fig. 8 Inlet velocity plane configuration
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7| 2l5t04, =
oM 10°/10° 2 20°/20° X| 21 AFRERE oAl $35i9
Ct =& & ks 352 AAQt (& & 2R HGEZ

(overshoot angle)S 7|22 2 Fdslgon, ZE Ail= 7|=
HE A =2 tis| X0|E BluwSIAC
EE = ATl =S MARIN YA Znt= AAE
B Ho 2 olol 3|72 AlAIY fRIzel 2ol H2fol 2
?:AI%JEP CFD siAl2 AlAIE AtplollM 1EH12 &Y HlJJ_OI'7|
= Of2{Rlch olofl = AFOIIME AAIE HHE Bl WSk Thal,
AN SEHOR MBS XM FBAIES! 1%
22X} @H{AEZIIS 0|50 Al Znfet CFD siA! &
IIE d|mgte 24 CFD shAel faMe AESINHCt =St of

$ olFsls BE AV ZoolA 22Dt BRE 22 oA
eat s 1|°t0§ THEOZ MAISH| 2m Za
o
=

IF EABINES & HiECt
EZH=0|| Ti510{ MARIN 2&A[S Z1e} 7|
FRV|E HESECFD AFEE slilA ZulE 2gA|
e 7|E(VI=EL 022 S At 2KIZ H|Wsio] LIERH Z0]
C}. bl Znf 10°/10° X222 E 1At Y 2% LHHEZ
Ol ZAIY Cie| 242t 2F 15.4%, 27.3% FH LIE2n,
20°/20° X|ax{z2e] 23% 1At QUHGEZRZ oF 4.2% T, 2t
SHFEZRR 2F22.1% | LIERSTE W THe| X|E & 20°/20°
X|xH38| 1At 2 E7*0| ok 42%2 DA JHE 2

Sh g Hol g, LIHX| X|ZoMe AthMoz 2 24Pt &
Ql=|Qdet
OIE1°F 'lt MARIN 2&A|8l0 ALREl OX|ZA ZZI7||

X sAl0| BIdE|X| 251D, THOR XBE $|
ORX|RA FZI7|E CFD siiAofl XEglof w2t

| St
2 HHChElCE Bt 2 EZe| HofE{el xjo|7} of

Table 4 Relative comparison of the overshoot angles
between model test results and CFD results
(4 : model test, B : CFD results, diff.

(B—A)/A X100
1st O.A. 2nd O.A.
diff.[%] diff.[%]
10°/10° MARIN 0 0
zig-zag CFD +15.4 +27.3
20°/20° MARIN 0 0
zig-zag CFD +4.2 -22.1
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ORRIRA X7|E F&feh Mulol| st CFD 7|8he] =EMs ofAfof 26t o7
F
g
g
—e—Original 2 —e—Original
5% Invenses. B[S e
= e ==
0 5 10 15 20 0 5 10 15 20
Time/(L/U) [-] Time/(L/U) [-]
Fig. 9 Time history of heading angle during 10°/10° zig— Fig. 10 Time history of heading angle during 20°/20° zig—
zag motion for different duct areas zag motion for different duct areas
Table 5 Overshoot angle differences relative to the original Table 6 Overshoot angle difference relative to the original
duct area during 10°/10° zig—zag motion duct area during 20°/20° zig—zag motion
(A : original, B : modified, diff. : (B—A4)/4x100 (A : original, B : modified, diff. © (B—4)/4x100
150 Q.A. diff.[%] | 2™ O.A. diff.[%] 1L O.A. diff.[%] | 2" O.A. diff.[%]
5% decreased +5.45 +1.47 5% decreased +5.45 +1.47
original 0 0 original 0 0
5% increased -4.89 -2.69 5% increased -4.89 -2.69
10% increased -12.8 -3.65 10% increased -12.8 -3.65
15% increased -19.09 -5.25 15% increased -19.09 -5.25
L2} &t HIE2 MAISKL U0, 7IEEGE X7 22 49 Alth HAEZIo| WAMSH HIH, Z0iMo| BV I8 5|52 S7pt et
AP AMECE ci 3| 2ols SHE EASct of2{st H DhsX|o] 2HAHEZ0| UAsH ZESE LS HE == 4
2 AotetH, 2 79| CFD silM2 @HGEZS| Hiigs & s =ol=dct
gHoz Mels| ofEske dlole eI oL, HE FHA Table 62 20°/20° X|2M1 8 Al 7|& HE SHA =
Hslof w2 =EMse AHE Hal deks ojokste MMA &2 Cid] 2 EZIS| Xj0|E Helet Zo|ct HE EHAo| 5% =
M EFEE 7ol EekEct 2E AR AL Y 2% QUAEZEZ J|FE | 22t 5.45%,
Fig. 9= HE =0iX esjof| w2 10°/10° XL 538 A| 1.47% S7F5ICt 2 HE ZEHXZS 5%, 10%, 15% 37|
3|F2e| AAZES LIEKA A olct Fig. 92FE &oleh o= = 71 A 1Rt LUHAGEZZ 242t 4.89%, 12.8%, 19.09% Z4-5}
Hiet Zo| SEo| HX{0| ZtAgol| w2t MUt QHGEZR F oy, 2x LHHEZE AA| 282t 2.69%, 3.65%, 5.25% &
7tstn HEo| HMo| ZItelo]| w2} RHAEZRR dAske 4 SICE Mo =40l STl 2} ofX|FA FET| HERY A
&2 20|11 U0| Aol AF S HIRf 20| HES| ZHA WASH= 2=dnt 5|F BHETL 715104, 10°/10° X[2A 1 Cf
Spt Mufel HE 3 HEME 25 242 g5 ASS H| EHA Halof e =5 SEC| M F0| TS I/ LiEkt
20|11 QIct. Table 5= 7|F oXIFAE ZERGH A4ko| X| A Aoz mhElC
1 &sthd] 2t =48 X|O/0 HsS H|ush A olck Table 5
ERE Z AF0IM o= 5 CHAMe| AR J|E HE9| £ 3.2 HE FH Qi3 Ex 3 g EM
MA | 5% 2| Z2 7|&E hH| 1xf 32X} 2H{EZLO
2424 9.9% ! 6.5% S7I5IR2M 5% S7te| 2% 7|F thH| 1 oF HMoj|A Elolst Hi} Zo| HE ZmimMo| Hsl= XX
AL 2k} QEIFEZIO| 242 8.1% B 3.6% LASINCE ESL XE A| QUAEZI| Ei5t Xj0|2 SMIAZCE of2{EF E
HE ZHN B3Pt 5~10% S7WKle MExe= 1xt Y 2%t Stto| xjo|7} WS ole AHET| 25i], =ERE =
LUHGEZO| ZASHKIEE 10~15% S7I=H HA S710| Rt e zuio| o/ Exol HEq|| XR51= 3 EMS EyHo
Okt Fof=ls a2 20|22 Qlck o= 10~15%2 HE 5H =2 w|wsigict o|s HES W0 st olsi2 57| 9 & o
A 5} A| WMSh= S E oHH gAlo| Bt 10l & SHHIE At TolM HEsID Q= B8 FE2 Fig. 110l LERKHSICE Fig.
2ECE ool tisiMs SEet AErE WRE HO2 BHELL 112 2 7o HESID s AMS Mol Alsursto
Fig. 102 HE WA Halof e 20°/20° XA e Al 2 HE[E 242 LIED ok Fig. 11255 2 4= 9J=0| M
SF2e| AAlEE ClEKA Zolch MBI SE EHels alofl= 27|9] OFK|BA =AI7|7} BEHE|0] 9100 0| OFK|EA
10°/10° XM Ziot FABICL SE SEM0| 5% SR8 Zx7|p} wAplE ZBHoRIE 22t Ty 2 Ducy2 EAlsH
ZHOM= 352 B7I80| ASsinf Z|E = OiH| 2 2 HCh 047|A, Ty = ORK|2A =xIy|o| TREE{7} LHIAIZ|=

366

CHBIRMSS| =2 X! X| 633 H[55 2026 10¥



N
4

Fig. 11 Force components for the manoeuvring motion
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Fig. 12 Comparison of pressure contour between the original
and 15% increased duct areas during 10°/10°
zig—zag motion (angle of azimuth thruster : 10°)
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Fig. 13 Comparison of the axial velocity component
contour between the original and 15% increased
duct areas during 10°/10° zig—zag motion (angle
of azimuth thruster : 10°)
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Fig. 14 Time histories of the heading angles during
10°/10° zig—zag motion

¢ e

—e—Original 30
—¥—15% Increased
——Azimuth angle(Criginal) (4 20

—¥—15% Increased

——Azimuth angle(15% Inc.) (]
= =10 P
Z o b=
A -20 10 "
| 1 10,8
1 1 1
-40 | 1 20
1 1 -30
60 1 1L
a I 15 10 15 20
! ! Time/L/U) [-]
w0 ! 1
! ! —e—Original 30
—¥—15% Increased
1 —— Azimuth angle(Original) | 20
5F 1 ——Azimuth angle(15% Inc.) —
! =———— ¥
= =
S oo ) H 0 3
- H
\ \ -10 'ﬂsﬂ
S ' . F— o -20
| 1 M
| 1 -30
10 1 [ 1
| 15 10 15 20
! ! Time/A(L/U) [-]
so ! !
| : —e—Original 130
X 1

——Azimuth angle(Original) |{
—— Azimuth angle{15% Inc.)

~Gazmuth [deg.]

5 10 15 20
Time/(L/U) [-]

Fig. 15 Time histories of the lateral forces acting on the
duct only (Duct,), the lateral component of thrust
(7,) and the net force(Duct, + T,) during the
10°/10° zig—zag motion
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