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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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Table 1 General characteristics of the propeller [21]
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Fig. 1 General view of the propeller geometry [21]
[21] wlg s asin 51 5 slos T JsCis

1 Cyclic-AMI (Arbitrary Mesh Interface)
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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)

(0h) Wiy ety 5 o035 4l 5 (V) Jo aals 5 IS sl 2 S

09y b b dmalie )0 (s Gal )0 0ol adgi Al e el Sl
oboslel e & zmen 28l walss gpSedn GRalS Jslae sl
2815 el S8 51 e Ko g, A5 SVl ok 5 0
ools Lt 2 = 0 amio 0 g ailgn Slxbo g, a5 M3 KB o 04
el 00

@ (Sly poe (o) 2 398 Slagsiludd 53 s 350 5 (S
Al Casdts 65580 s @aSis bla slaws Sioldl b ol aSs 4
> cibasls il s o oloj 5 el 42238 %8 Sl U
4 by mls anglio b olod b o 408 adllae yols 3o
ond plnl walids aSLh ez (69, = 125 o ,5lesS 5 il calpe
SEES ys 5 0250 iy Sl ol 5 eym Cesly cays ol
g Sl Colpo BB woye 2 Jauz o el oals )35 0.0725
4 yobplen Culond ools (Las 4Lt (i, @S b amlie o jglas
Olpds S0 @ S )y o 5 ) 40 @l 0gd oo osalive
g by AlSs gwyp (Baind cpl Baw oS Lol el ailas g0k
Sz ool 6l @ = 5000 amio (g Lad ,els 4 SE" o ol pux
el 00y oy (glabasd & jgody 4SS

7 =0 axio ) gl iy ylaie jls "5 JSB" 50 (pizren
Slass JEol38l b e iy )0 00 &8l a8 2l 850 40 el 0ol @il )
odalie @l )3 (cwguome ;oS Gy slees @ ) Sl sle
ayp Gl S el Grizen g S8s i jolaie 4 by 398 el
slas ol ons oolaul iy aSiud Sl bagilwans plo lp ( Slowlrs

alides slo aSis jo ,gliS g sl oo Ol 1 )90

Table 2 Thrust and torque variation at various grids

oo glbx oy gl o S slass A
(1) yolues ) caslyy g Sl Sledl
2.292 1.72 0.069  0.246 329196 iy
1.493 0.432 0.068 0.243 1031452 Ligie
1.045 0.207 0.067 0.242 1761871 s

— — 0.067 0242 3431520 ,, ...,

9 o pleibs 17 095 1396 ,3T (I3 SHlle (S


https://dorl.net/dor/20.1001.1.10275940.1396.17.9.27.3
https://mme.modares.ac.ir/article-15-6697-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-20 ]

[ DOR: 20.1001.1.10275940.1396.17.9.27.3 ]

KUV E S ICSV-H FRVE DY URANS Jaw jl 03Ul b 5l &ilg s 3 Aliis Olapa @il jut 338 g )jlwdaud

P
-1.400e+02 95 -50 -5 4.000e+01

Medium

Fig. 4 Q=5000 isosurfaces at J=1.25 in different grids olored by pressure field
JLid e b oads 5, Cilises sl aSis 45 I=1.25 10 Q=5000 amio 4 JSis
rmagVorticity
0.000e+00 25 50 75 1.000e+02

IIII\IIIII|IIIW

SR

Very Fine

Fine

Fig. 5 Instantaneous vorticity contour at J=1.25 and z=0 surface in different grids
dilizee sloaSis ;0 J=1.25 4770 amio jo (gl abasd aiand )y jlade ,gulS 3 Sl

%52 9 %18 plp @ilopes S y5 9 W5 3 %27 plp ols S 0 alpd )5 (Seeludg e o Shos (Sovie Sjgo 4 (L2 Sileand @l
bl @loyed g @ils Sl Sl o 4 USS 88 uging wilice ol plewily 5 jslitS ol calps WL 1T ST 5o Gl 9,80
@ arg bl wils J> 5l i e wSbpe J> gley a5 Ll Joe jleslainl b @iloye g pils Clls g0 jo 0 mlbi cwloads ools
@ oSl e giluans plxil (e g0y 0 odel Cavody @bl (Siop odalin a5 jeblen Cslodsl Cevny iy 3o el lS Lalizel
SV Glabre anie @ g b oSles g gl e (093 S8 5l 028 @S b asalie ;5 60 Shes o3k S 50 mmls 3pd e

e yso B 4 (55958 8 PEle] i b 5laS 5 conly ol o BB Lo sl 0,55

9 o)laids 17 0995 1396 )3T (jurde Silse wdiie 180


https://dorl.net/dor/20.1001.1.10275940.1396.17.9.27.3
https://mme.modares.ac.ir/article-15-6697-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-20 ]

[ DOR: 20.1001.1.10275940.1396.17.9.27.3 ]

VoD 9 585 Lo ) Soxo

URANS Jaw )l oslaiawl b 55k dilg ye S aJlss gl 31 pat 533e (5w daud

9 g7 adlge w50 oualin a5 sbilen Cenl oud amlie )25
Gl elets ailse 5 parsSle Ll glls 6 = —27° Jlg= 5 wlos
€889 Judoar ol cpl &5 alloe oogue (nl )3 e 5 e jSle alads
dolie ;0 ool Cowdds s il o0y S y0 wls F LSiS 5 il

s glbs 2l 5l oy Jod B cds 5l o il b

Alis 4l b 2 HUS b (o) -3-6
= B2 ol plsil 5l Bam ol ()hy 5 dsadke i yo a5 jsbles
(6t Jao b glin 55 5055, s S bogio s Joo SIS
2 el s ity Wiy Gl Gl Geed 50 ead i ool
cde @ jalsi ) 0ud 6 S bagio oolgls slo Joo a5 st oyl [15] > 5
@ ;3B 5 039 camlis (9505 culpd (Gt lp S b Plresl g5
5 dlis giludae @l onlply aitd dlds 4l )0 (b Segie
Cenle cde 4y cl oad oolainl ool las slagsl Jow a0l
@S amlie g @il Joo sl oolanul gy coty @il el 5 (252 Ol
Rl ) om0 e sad > lagssl Jue il pé @l b o
@ jgi; 0ol (6 S bawgie @il Joe 5l ooliial byl Budow 50 o,

ol 0als a2y s byl (g5leans

J= Gorim wapo Lz 50 el Casoay mls sl e
Syge e Sdy by L3, bl g sl 25l 0.26,0.53,1.06,125
oS ol o &y bgyye g (Sgyiay oy ansl 435,515 aslllao
Ll 00l dallas QT 30 228 Ao Wil dlse

J=1.25 jo Alés ylume (ow)y o -1-3-6

5 ool ooy glabod iy (e Sl ssy sle "9SS o
oo ools ylid o)1 (g9, yLid ,gulS @l g Q@ = 5000 amiw gu, L J=1.25
4 o oolaiwl oilazel Jow g aSiidh 04d oo odaline 45 job jles .ol
dlis Guizmen g allyy Sty (osle Wlis plase Sl atlly (093
S (5l o5 (s plp g Aol B ) Ol oy

1-V VAV

0.8 i I ] S N P S FEEES FRWn SRNw SRww) SRwEn SRwwl Fuww n

50 I—45 -40 -35 -30 -25 -20I ‘-15‘ ‘-10| |-5 0 5 10 15 20|
6 [deg ]
Fig. 8 Flow wake components in r/R = 0.7,x/D = 0.1and ] = 1.25
J=12547/R=07,x/D = 0.1 ,0 ,L,> dlss slo aalge 8 &

181

yPlus
0.000e+00 82,5 125 188 2,500e+02
|

Fig. 6 The y*contour on the propeller at the fine grid at ] = 1.06
] =1.06 cdl> o 5, aet b aly s,y els 4 S0
—a— KT,ss

K, 10xK,m

o o = = = [

)] w© [ 4] © -
D\\\\lllllll\\\l\\IIIIII\'\\\\IIIIIII\\\'

o
w

o

'
o
w

Fig. 7 Comparison of the steady and unsteady results with the
experimental data
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Fig. 11 Turbulent viscosity contour at z=0, J=1.25. Top: steady state
simulation, bottom: instantaneous unsteady simulation
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Fig. 9 Instantaneous vortex field visualization at Q=5000 with pressure
contour
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Fig. 13 Wake flow at J=0.71. RANS model (top), DES model (bottom)
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and different advance coefficients
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