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ARTICLE INFORMATION ABSTRACT

Original Research Paper The flow field investigation around marine propellers is of great importance, due to its applications in
Received 07 June 2017 vessels identification and hydrodynamic noise prediction. In the present research, the steady and
Accepted 07 August 2017

unsteady wake flow field was simulated using the RANS equations with the open-source OpenFOAM

Available Online 08 September 2017 software and the simple-Foam and Pimple-DyMFoam solvers. The obtained characteristic chart and

Keywords: near propeller wake flow results were validated against available experimental data, and were shown to

Marine propeller be in a very good agreement. The grid study results in the wake region prove that unlike global
Wake simulation quantities, the employed wake grid strongly affects the wake parameters. The results obtained from the
Vortex visualization present research show that employing the RANS models is suitable for the hydrodynamic coefficients

unsteady simulation

Flow pattern calculation and these models predict the results with a low computational cost against the Unsteady

RANS approach. On the other hand, an accurate investigation of the flow fluctuations and the vortex
flow instabilities can only be accrued performing unsteady simulations with an appropriate refined grid.
In this research, the effect of advance coefficient is also investigated on the vortex flow pattern in the
wake region. Qualitative comparison of the obtained results and similar available data of the more
accurate DES turbulence model shows that the URANS method has great capabilities in wake flow
simulation provided that a suitable grid is applied. This method significantly decreases the required cells
number and run time while maintaining the results accuracy.
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Fig. 1 General view of‘ the propeller geometry [21]
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Fig. 3 Propeller surface grid (top) and wake grid at z = 0 surface
(bottom)
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Fig. 2 General overview of the solution domain (top) and near & wake
region of the propeller (bottom)
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Fig. 6 The y*contour on the propeller at the fine grid at ] = 1.06
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Fig. 7 Comparison of the steady and unsteady results with the
experimental data

Gmli&.iuﬂ 2l b Wl ,ud 5 ol Jo bl anglia 5 S

oL @I Alds (o liel -2-6
T/R= ghie 1] =125 ;0 omel cawsas gli Gisy ol 4o
2 el 0 dumlia [21] g pe 2Bkl @l L0.7,x/D = 0.1
Sy Sy dilse d iz p by @ LSS lp S @0 ol
b 13) wYsleo b (M) (olad ey s W) (qoloe gy (W)

sl 0 @1, (15)

w=1-% 12
W=l 13)
w =% (14)

Sledilse o3 SAVL Vg 33T Glya eV (15) b (13) Ly, o
olie bl ohe oly oo e slajzall 8 USE" o

9 opleibs 17 095 1396 ,3T (I3 SHlle (Swiue



VoD 9 (545 Lo ) Soxo

URANS Jw )l 0 3liiawl b (5513 ailg 33 3 A gl pa @8l e 338 s )lwdad

nut
0.000e+00 0.0005 0.001 00015 2.000e-0

Fig. 11 Turbulent viscosity contour at z=0, J=1.25. Top: steady state
simulation, bottom: instantaneous unsteady simulation

Gilwands J=125 § 770 amio o oslasel anjeSiny Glase Heuls 11 JSC&

(o) sl alimd (315 8 55l s (VL) s >

@ Syl g0 e o LSlanel 4l iy plase sl el oads ool
Sade sl (gjlwapd ()b als S 4 by ‘5>|55 5o Ll ooy w2
el 03,5 Gt @ld Sl gl i ) alanel 4 jeSas
o 4 ol Wl giludnd oS wes e las "11 JSJ;" RTINS
L ohae crl 5l lamgte (981 o5 5 00923 allss 4l 0 by Slleg

s o ol

Sy o p 51 (i 32 ~2-3-6
alds amb 0 bz sl p g9pien capd sl Pl ow)p jekaie @
M2 S 0] = 0.26,0.53,1.06 10 mli ity ol 55 e Cud
"9 S 0] =125 cdls alie] = 1.06 50 mls .l ond )|
S bl oS e g0 nl Sy ol LlSle 5 eos
o 4 oz Sy isilr il S5y b G215 | 95 e osalie
S Sl IS4 Y loe serg 4 laals T GaB SH oy g 03,93
5 28l e 31 5,0l o obed ) oy ) (12 e @l b
P2 0)ls bLsyl aly s g9yt yd 5 0 olasi 4 o] g8y S Condse
P al S Goil )Ll sl YL (69 da cuyd g oS oy Slasl ax
Sl [12] gy o Jlie sl w9800 )INLL Jlars (55590 alols
Gagme by o alo S Hald (S eny ] =075 o oy oz alyy
wh oy B idu jo a5 sbiles el eal 555 x = 12.65R o
a8 gl sl S35 ,50 Gas a4 dlds 4l mls p aSs ol
ol 0 05 Allypy Sty Bl (S0l p g0 alold o LS AL ol B
Sy walyS oaalie BB osgaze cnl ;0 LS ey (ol 58y cnlple
mala)F GBSy Saxdy 0 09 e osaline 12 KB o a5 5k les
Jo5is 4 bles g 03,5 pis Goil Sl jlon Seals S S da
ol o ol als)S 050 )0 rizmen o S5 4 ] 50 baals ) 058
S M e )b 4 bl pdies bl dlss 4l (LS,

el

9 ol 17 095 1396 ,3T (e Sle (Swiye

=]

-1.400e+02 25 4.000e+01

-50 B
I

Fig. 9 Instantaneous vortex field visualization at Q=5000 with pressure
contour
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Fig. 12 Pressure contour on the instantaneous vortex field at Q=5000
and different advance coefficients
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