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ARTICLE INFORMATION ABSTRACT

Original Research Paper In the present research, numerical simulation of the characteristic chart and steady-state Wakefield flow
Received 22 April 2017 around a marine propeller is conducted. Solutions were performed using the open-source OpenFOAM
Accepted 07 August 2017 software and the steady incompressible simple-Foam solver. The gradients were calculated using the

Available Online 08 September 2017 linear Gauss algorithm, and the pressure equation was solved with the multi-grid method. In this

research, characteristic chart simulation of the propeller was carried out for the entire operational

Keywords:

Propeller conditions and the effect of using Realizable — k — ¢ and k — ¢ — v? — f turbulence models on the

Thrust coefficient results was investigated. The results were found to be in good agreement in all conditions except for

Characteristic chart near the bollard region. In this region, the propeller inlet angle of attack severely increased, and the two

Wake flow simulation equation model predicted the thrust coefficient with 24% error, while implementing the four equation

OpenFOAM L .
model significantly developed the results and decreased the error to 5%. The wake region parameters
were also investigated in the numerical simulations at different longitudinal and radial cross sections
behind the propeller which showed good agreement compared with the available experimental data.
Wake region investigation showed that the flow behavior in downstream cross sections is similar to the
corresponding upstream section with smaller variation ranges and for the swirling flow behind the
propeller, the maximum and minimum angular position of the wake components rotates. The obtained
results also show that the wake axial velocity component deviation is extremely large at the blade tip,
and the contribution of axial and tangential velocity components is negligible out of the tip vortex
region.
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4 CFD Ship-lowa

° Reynolds Average Navier-Stockes (RANS)
6 Detached-Eddy Simulation (DES)

" Delayed Detached-Eddy Simulation (DDES)
8 Reynolds Stress Model(RSM)

291

dodo -1

el 5ol o 5kt S ES i lp lider o Sl sk 4,
bys sbaly, (ol cpl j0 098 o0 oolainl oLy il slaeiiw
ol sl 5 s 4 o azis A, (bt a0l 0l S
Ceizs azg8 3590 Slps Sl dagl o Shes (pimie gl Fel 5 Gl o)y
2 ole dadlyy 55 cal Sl ol 8, s b sCnlodgy o35
Sed o Silw]de 3 ailyy ity Gl Alds ((Swliysgae Slasin
SlS alowy (Seeludg)oed ngs e 5 kil plulid (b o a5
S slals 5 1S ( by slaaily,y awais sazmy p,3 Lo 4y )l
4>l 0w s 852 bz s9zg oeizen 5 alyy Slo 5oy
S ol i Gl SLbLE by e siloaned iy ooty
oW g_h]L..M: k_i.s.llsae 0397 )9 oduTn JiLw.o

Sz e 3 e Loy o Cepr Vo Vg Gl o ) et
Oy 44‘5).’ ‘&)y%' o » el )LJ)PJ{ Ls.al} w...tl.-.‘> )| *d‘}ﬁ

Ored 53 b gliaS liae o o Lol a8 (0 095 1) Sl 5 (59508 i
598 ol il (S6 5 990 oS Sy 50 9hon )y Ay 4 Sl
39 50 6,5 kes Luld e g bbb Sl 4y i, Gl S e |,
29SS Ol oo eSS (S red 4 9d o0 420 JSan b g0
ol 18,55 5 Slgld Conl 5l cdle ol j0 00y
doailyy (Sealusgyn Jolod 5 (b p oSl Jool (ogas 5o
Jleel b 4] gz po 5o scaslonss plosl &l oty (b y> dlss g5lo Joe
Cesloads ax31s 5 glals 5 S (g9, Ty zolams oo 5l oolitl b waily
sile g oo B slogsg 5l ety oy Ao jladue 5 Jelow sl
Ol J> a2 iy nl 16.5] s Seolil plsise i olell s,
SYoles jo 1y oyl 31 Sbodol Jlasl b g ons ooy Ly by oly>
Volae 5 550 ploll oS5 Slogts; [l wipen 0500 S 0
sla Somn Jds a4 7] culoas @l 55 0, ool (605 bawgie
Sl 9)yge aidyin Dliad izes 5wy b badpe (So5d 5 (owin
Alss b > Low 5 69 e Slasin (55, 999w (0,0 Olllas
Sl 5l eslaial b g T by 5o Baee Slalllas ol canlonds plo! Lol
mouds el oy (g3l ST Sliegs 5 7 y5e) Aoy 4 Shls (misce s
R 059> HO ol a)uh' LSLQ‘:’%QB‘A""’ o J.:Jb 4 [10-8] el
5 odal sy (2 B9y 4 s @S ezl B s Ol s
ookl by goue iloands gy 5l Ol 4 bgpe mls
b oo gl ommions 3 e s lobs SVl Kool slaSiss
5 il 3l o 11 a2 se 50 digas (gl in)F o rslone (025 S
(elBinlej] mls b alyy o Slee oo (55lodnd mlt wioms
sboyably 5 alasdl iz 655 ws 970 S mg @ by S
Gilwands o Yb C80 4 5Ls g 0ald o)Ll 028 slausgame 4 axgi b

el Glrans o 5L 0 50 ()38l Dlpes Cd i 5 b, dlis

! Bollard Condition
2 Lifting surface
% Laser Doppler Velocimetry (LDV)
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2 Damping function
3 Wall damping

4 Viscous damping
5 Buffer layer

9 ol 17 095 1396 ,3T (e Sl (Swie

>l &5 (25 slaplz l dge anix Gt 50 Bheis
oo JU 55 bz 5 4k ooz wsle wls los i B (b
Gl dolee 50 loJow a4 Cons Baiod cpl mls Cusloads als y -l
@ode Siludnd 5 028 @S 4 g Al wxy JB S 29790
o bz 6jleand [19] a1 3 cnlonds o035l | e
3 o iman 5 S 0 S ) oolisd gl oy (55, Jloo
Cewloads ploxl GBh g0 55 yslias S (glddoles Jlpz Joo Jawgs culeld
695 2 Ol Sl smn s a5l Gagk,z Spin (koS Gl Shol Boe
ol s caslosgs Heiliwl oy 90w okl beelgs o)l il
Sldoles Jloz Jow Lawgs oalplol slo coyivn 45 00 oo LS Gudss
6.)‘— )91.»5 CJI 6LQJ..\A LS w...\ 6)..9‘; &5"92'“'“ Gl)m @Lu La
Y 9 wsls )|)$l F)" 5 | oolaiwl la LSJL-MSJ Lu).tu C"L"’ O Cewlazils
ol o] Cawds 0l oslaiwl

sdas a5 MJ‘SA UL...J G:L)Q LSL%AJ‘B).: 039> )0 d¢>g0 oYl xR
95, dilyy o Slae Jovine zlinl diw) jo eud plxl Slalas
5 Ll cwsleazs 5158 leedl> ple lpy mmls 5 0g b cdl>
el den Vsoms (il piaw S glis Bly 5,51 Ll
Lylys sble 4y 0¥ clo gy ole ol 5o 0 oo aym 1) (60 ,Sles
1 ol l‘))}?).s prl? w..o.m‘ ‘ ‘od)b )9L—AA5 )Jaa 5l S9>g90 wl}
dacdl aon jo ailyy Slbl L > 3, ¢ 0,Slee govie S o)y
&l 0 ol s ilo ad ogat 0 o0 a4 (65902
3 5 Cemlodd st b,z Wlis 3l S sl euls @)l & s [13,12]
ol 85 g0 el (05 adllas a0l

o3b JS o o fles gouin glgial ol gaass L Buas cplplo
5o ez ol cde )50 cpl 0 ol diged obyo Ay SO g0 Slee
odgae )3 5 b oyt ulpd 0 GglAS 5wl ulps eesS
b B g 69— yslans IS gldolae oz olizel Joo (pgas opl jo
Ao e y0 Cewload a3 3 G pd 3R elewlS ladolae g0 Jow
Sloslawl b alg yy cuty elad ¢ Job calizes ablio ;o b, allss wwy
Jelo g amlie 09290 (025 @S b (o5 Sjgo a4 ldlolae 93 Joe
Cewloas ploxil padipgl 5U ke 13800 5 5l eolaznl b o jlwands .clons

Jo 49 9 > Yl -2
aS 039y S gik gl g p iy sl SYoles (Jlww bz p @S SYslee
oo Slaee oliws sliwly o g Kby OV¥oles j0 1, J gy Ngd

sk
o1,
—=0,i=123 1)
0x;
o(wiw) op a [ 9y
0x; o ax] Hax, 0x; Py ),0j =123 @

09 | g 10 8 g e s Jasgite ol 5 A Uy, Xy 598 Yolas yo

il o s ISy ot oy bagte i 5 BOM 5
93 Joe 5l g, A5 4 gy alex il ae ln Grizmen s o0
~59- S5 Opke U ldolas Sz Joe g ndy 3855 ol slalolee

* Direct Numerical Simulation (DNS)
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Fig. 1 General view of the propeller geometry [26]
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Fig. 2 Propeller connection to the shaft and towing tank carriage [26]
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Table 1 Attack, pitch and hydrodynamic pitch angles at different
advance coefficient

a @ B J
36.55 36.55 0.00 0.00
33.09 36.55 3.46 0.13
29.62 36.55 6.92 0.27
26.24 36.55 10.31 0.40
22.90 36.55 13.65 0.53
19.65 36.55 16.90 0.67
16.60 36.55 19.95 0.80
13.60 36.55 22.95 0.93
10.81 36.55 25.74 1.06
7.93 36.55 28.62 1.20
5.38 36.55 31.17 1.33
3.15 36.55 33.40 1.45
0.54 36.55 36.01 1.60
0.78 36.55 37.33 1.68
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