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The present study aims to identify the effects of the oblique inflow and vertical acceleration on a marine propeller's
hydrodynamic force and moment, Computational Fluid Dynamics analysis is performed for a rotating propeller in open water
conditions with heave motion after performing validation against experiment in straightforward conditions, The oblique inflow
results in a linear increase of the off—axial component of the hydrodynamic force and moment rather than the axial one, Pitch
and yaw moments due to the hull motion are dominated by the heave force and the moment arm of the propeller location,
Additionally, the vertical acceleration leads to a linear augmentation of off—axial hydrodynamic force and moment, implying the
added mass and moment of inertia, Notably, it is found that the off—axial hydrodynamic force and moment are dominated by the
oblique inflow velocity rather than the acceleration,
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ME-F27| &S| WIS FIIKE 2Xlol Histo] 2l
oF S} (Sigmund and el Moctar, 2017; Eom et al., 2021a).
TR 2olollA= HAH XRle| Heks sl AX| Eldske &
7| Al FEV|2 oleh Fukg vidshs dAlo| sfjAo| £t
=2 470f| ME=7| T SIFGC (Lee et al., 2021; Zhang et al.,
2021; Lee et al., 2022b). O|EH HIZoM= FEV|o| FHE =
HoLS Hidoly| W20l CIE RAE 240 Jee FAIECE
SIX|2F Seo et al. (2023)2] AFoIM= FEI7|2
ot & MA2su 0|2 ISt F7iKE0| E2lXle
=lsIenz, Mr FEV| chal FHEts Xk
1 Sialo| HefMol| sHAPDL US AWz 2ol
2 Sohs M| FEDoll= EEoZ RYUFe| &
&lo| H5ITA FHreko| 3 Qo CHE dhako| RF|={0]| Ll
=1 ol CHEH o712, FEV[e| EtE ZZolA He
Aekof| CHEH o7 (Eom et al., 2021b)2t Atet & FAll=I2] ofiA]
A7} At (Dubbioso et al., 2013; Dubbioso et al., 2014;
Yao, 2015; Hou and Hu, 2019). Afgt =Zdof| =21 FZI7|of|A
= F7| PH 22te] oE HElef, Areh mE2l &=l vlzst
of FAIHI ZHEI}L Wsk= Ago| Eu=[Qict J2|1 3
7|e] sutEk olo| R ZHE HE2 =F 25 32 H|of
2 slEel XM od7tE HiP| At (Dubbioso et al., 2017;
Muscari et al., 2017).
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gt =F AFollM= ol2{Et RAlEo| =F A 2
X|X| 2eks 22l v} Ut (Kinaci and Ozturk, 2023).
A3 24 computational fluid dynamics, CFD)
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Eoi7A-(Korea Research Institute of Ships and Ocea
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AAEICE (Kim et al., 2001). FX17|9] X|§(D)2 aMES
225 AFE FI510] MYSIFCE (Kim et al., 2021a; Kim et
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Fig. 1 Design of KP505 propeller blade

Table 1 Principal particulars of KP505

Description Symbol Value
Scale Ratio A 1/85.19
Diameter [mm] D 93
Number of blades N 5
Pitch/diameter mean P/D 0.997
Expanded area ratio A,/A, 0.800
Hub ratio Dy 0.180
Section - NACAG6
Revolution rate in
) n 20
self-propulsion [rps]
Longitudinal location _
from midship [m] tr 1.30

JSNAK, Vol. 61, No. 4, August 2024

237



HMRHAS SAS ot T2HR| ABER 25 F R S4 oF

']yy = JyyH+ Jny + x;mzP @)
Dl M7} Mstset B5Q 25 sictd Milel Asts
2 20| et FIREZ(m, )0 FIREEHE(], ol o
5o F27|2| MetERo| FIFE(m, ») 2 ESR9| F7H
2HE(],, p)7h g Zdolct A (1)o] fHol F dEo s
M, M| sl & FY=El= Mol FR7|2ECt €S8 3
g 7| th2o) FaDle) BopNZe PRl 4E0s M2}
zeolgz Al (2)9] J, , E8H ], 0l BIE 252 ofd Ho
* BEsiiC)
g Al (Q)oME FXIZ7(7F FHSAIM 7 H fIx(Ql M
He| Silof Ix[52A me PO HH J o g =
Fig. 2 Ship—fixed coordinate system ol Zioz Hot mEiM Ao AlER HAl 2502
QIEH 7ISE 2 go| MAel B8R 230l olxle FES A
2.2 FEA ol watoR oM ZUg SIS
2 0d710| CFD siAol|l MHMIS ZEISIRIE URURITE Mutol F7|2| BE =S WX KZ(U,), BBR(n), 272
o= sAlo| o2 TS0l AHEA THl| Mxol TmE 0l THE SWEel 25 SE(W), &2 Yol JKRE(1)
J102 Mlolch Wl =x7|e| SRS wRl BEAT sIFE o Ul 7= 7MECE ool F VK= FXI17| Hsmt 2dstod
X QHEC) Fig. 2= ZEAlS] TAOICh 2 sjAle| HEAls LMoz AEE|= MZIH|(advance ratio, J, )2 FXtIStsH
SE(0)0] MFS| Zolyst BAL ALks saMn F7p| 5 O A (3220l HERRIE,
of izl WMo fixlst @2 2w EHEH(O— ryz)olch o
z, y, 259 Uo| urske 22t FJ|o| £ wE} AR g = 5 (3
& Foll +AIol 23 whsk ofef ghskoz Holsiqict. FrU|=
rES BNCR sHsl] o ;e R MASITS sict We Afsiztale] i Tefstod Al (4)QF Zo| U, B 24
F| hel fAg)E el TIEUR 2 H0| OIFE AT oimisi04 17 2 LIEWQICH 2 odTlolA] CF2 Al3] EZOIALS
2, v 52 A= sk 3 2k MollM FelEch Ment & W74 Ax| o) W W s =X7| Akt 7o iz skt
Mur 252 Tefsick 252 MAS TP 5 55, MHER oy
of HEks Y = e yE2 20| 8= ez £
Uct w2 2 =RollME 2 U 258 TE A" x7iez W "
Holaict U,
2.3 5l =A wel| SxielstE els W= _é $ Xl71e] Rxl2Ho] of 2F
AlS HAUX|E HA Tafsiof Stk F27|= 22do] X|ujEo|=2
Al Mutol Moit B 2852 1 — 2 EH MoM HESR, Sx|2dol| sl EAle| odsto| b2 _u.=|0| | 2o, a4 x74o|
MolER, SSR2E O|FTIct FAV|e| 25 & 3._ ol Ml 20| MEO|ME HIMAN SE2 7idE 4 ot o2l iz
SRHeR Uste Ao JIHEIC, SiXiel 2] SSU Ol ppmop siae diste we MR s U, Wolls Rt
M 71| 239l £Eet 7KEEe| S5 daks A= ofsh
splc ofele goloz, siol SgE 25 Awe Fof gy o VO MR Ao ofuisiol, U2l 271 HAol e
= ciesfst Lo} 9ok el n, DS olgall 4| (5)2F Zo| W' 22 2xsksINCt,
IS Eelbt oA x7ig Fskedl U0 Park et al. .
(2020)2] o478 Bmslof SRl oz Al Hae jir= ®
IFsIgich A maiMel SR J|E B2 PR, )3} 5 ek nD
2HE(],, )= 242 A (1) ()2 Zo| HEM 5= Ut 0{7]M Table 20f &z A =S Helsl0] LIERKQICE AlES &
xpe MA| Zo| Wak BaoM 2 FET|9| g dkeF fIx|o]ct. % Z|X(straightforward), M<% Alsksteady dift), & 7%

ZMSS|=2F M 613 M4s 20245 8&

N
w
(0]
R
3



2 Tdo| Al BluASS 2ol cifet J, =4

KP5052| Alsl 252} 7[5 T F217|9| R=F Medol
Mot & 271=2{of thet CFD siAM Z2iE ol 5 1
TSIt (Kim et al., 2021a). ThEH HE ORIl AMF|Qf

|
x|
EBSIES CFD oA 71| HelE Fsiict.

B4 Al £219] siA0] 4

MS 2HSIIC) Al Z249] J, = B i} 2D KiE

ursk mel=RE et el Agle 73D, o

KC!

H-

=R

=)

[==|
o

r
Hoap 1o

W' el z|tizt2 0.382, 0|

£ Aoz shisiH 20.8°0[ck H Are Z=749| oM A

th 7ol Chall 25, 50, 75, 100% Z=ZiolA =aisiRict

s

~
Fig. 32 Mokel 5 et 7k 252 M3 AAE &,
TksEel ofAlolct, TKsE E7ie| 32 chgel A2 S

Qe M J, = 0.535 =M FXIV|E &S Oz
Alg =722 MalFl 0.026, 0.0522] W' £ &g30f W ol
0.60] = myx| $& st 5= ZIMZICEL 01F — ' E
a3l ol k| 2SS siol 25 37| (7)=0t 5ht
ol W EHol sl + W, — W2l T 7K JEE x4
[ HelE &olgh 4= oot
Table 2 Test conditions
Jy w W
. 0.1, 0.2, 0.4,
ngfv'vga?; 0.6, 0.7, 0.75, - -
0.8, 0.9
Steady 0, 0.095, 0.19, _
Drift 0.535 0.29, 0.38
Vertical +0.026,
<
Acceleration 0.535 0.60 +0.052
0.8 0.08
0.4 //\ 0.04
___________ |
5 0 ! 0 X
|
0.4 Tl —w [ om
_———w
0.8 -0.08
0 0.25 0.5 0.75 1

4

Fig. 3 Time history of Wand W in periodic vertical

motion ( W'=40.026)
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