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ARTICLE INFORMATION ABSTRACT
Original Research Paper Simulation of the flow around propeller is a complex fluid flow problem, especially when the propeller
Received 01 November2015 is close to free surface. In this study, the effect of immersion depth, advance velocity and the ventilation
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henomenon on the performance of a B-Wageningen series propeller close to surface of water have
Available Online 16 January 2016 P P g g prop

been numerically investigated. For this purpose the ANSYS-FLUENT commercial software has been
used to solve the viscous, incompressible and two phase flow field. The rotation of the propeller has

Keywords: . . . s

prgpe”er been implemented using the rotating reference frame model for steady flow and the sliding mesh for
Thrust unsteady flow. For turbulent flow modeling and free surface simulation, the k-o SST model and the
Ventilation volume of fluid method have been used, respectively. For validation of numerical results due to lack of

Volume of Fluid Method

access to experimental results of propeller close to surface, numerical solution in open water condition
Propeller Performance

has been performed and performance coefficients have been calculated. Comparing the numerical
results with the experiment ones shows good agreement and confirms the results of numerical
simulation. Results of the numerical solution show that the submergence ratio and ventilation
phenomenon affect the performance of propeller so that by reducing submergence ratio from 2.2 to 1.4
in advance ratio J=0.4, ratio of thrust and torsional moment coefficients to open water performance
coefficients reduced to 7.7% and 6%, respectively.
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5- Rotating Reference Frame
6- Sliding Mesh

7- Turbulence Kinetic Energy
8- Specific dissipation rate

1 o)l 16 09> 1395 RIS ()30 Sulo Swdise

Slocs o) 60, Shae Glocy o i ilgp bl g b o col
A e Soop 0 0SS Ll o ((cdomy psliaS 5 ok
Agds 438,85

009 otz e @ ST Ol Lyl o ailyyy SLEL b2 (g5l Jas
Sl OY¥oles o loy o9 SYeb 5 Jo ainls o 4l avin
algyy SLbl 0by> Giledae Sjpe )3 adlse (Yl vy il
S ol i 53 Jao 55 5 o) @ s b g Sasji e
Sedin 10,55 n St (S ) Ol Ol

Sygeo dilg Sbl by il Joe bakaly 1o (slos S Slibss
feasgls = el l8le 5 51 eslitud U [1] az ey [2,1] codl a3
Oselingls A 3 Glop a9 slon Yz 2bys dlon 50 o> 0L~
9 u.>|9.&.: Ql")'> )3.'4:.“1 LJ"‘ 6‘)" el 00l Lg)l.ww ‘)Af 9 smlo
g ond S L o Slabee anls 599y5 Olyie 4 Sy bz
4 by 5l S wedee plis (928 @l b amlie o Sl @l
gl o Ol 8, gilwancd @l (lgee ez o (nl yo oal A8 SIS
Sged ool laaslg 5

2PNy e G Wy Wiged S 008 ko [2] gz e o
0515 31 piman g odd 00lo 0 Cald f58le 5 alwgas ol3T O Lyl
locgyo S8 5,y gose S pipsSl g (SaS] Jae gy oS
Oldse (gauaSils csoae gilwans o Glei oo cpm e ol jo cals il
Sges ool ladily,  Sian] Jow ol (b ,>

gl Seo5 5o dllsp 9,55 e 50 Wil e &S plmenssy Sl (S
ooy Ol alioe il Lansgi lsm (Se 51 (L5 Ty g8 0yay T 092y
0aisS Juaie 0y olbul b g jhees! b ailyy sboass mlaw wled 1 50
-0 Sl maw S5 o Wl o SIS 31y dilyy 4 e YL 5l e
NRle Gl Jo (S aml 0 5 2lKen oy Gl 585 052
5 DMhotn Gom 0 GLSU Slss 5 olwly poe cde 4 izmen
Gz ol el S50 e p GLST il Az 0 g phomy glesS
Db sP9e Szl g (Sl Dlak

Sy |y aily w0 dged oduy (g0l lade | ans wix (o
Cz 5o Oladod ol Cdelaslosls )8 cw) 090 (goe Sl 5 oy
loailpy o, Soe oy (pl 230 (myp 5 G Pl e CSLD
w55 Sl Jols zls 1981 Jls yo [3] oy JB ol 054 35 ot
G S R glaS g Gh i o ol biwgie 59, p Allgn
.»)9.4).; du‘)‘ ‘) C‘j.o‘ K9y » b).il.o.c

5 i ol g, 3 eolicd L 2004 JLu s [4] oliaS 5 SO
Jlo j0 S gl = gl OYoleo 65 lawgio 5 eolawl b [5] gusipls
hogs goaly s Jlasl Seoliys sl by dnsle § Jol> gl 2003
01 3,5 )3 ialesl 5,50 1996 JLo 13 [6] gmdll Lags 45 Bg e
oo lis o mli b Slaubw mls alie wisges al)l 1) o4
il e 2,20 b Slawlxe slrosls g il

1- Ansys-Fluent
2- Wake

3- B-Wageningen
4- Ventilation

292


http://mme.modares.ac.ir/article-15-2229-fa.html

Downloaded from mme.modares.ac.ir at 11:15 IRST on Wednesday November 13th 2019

Obhled 9 g gulie

ST Zoaw <3335 )3 dilg pg 3 Shec $33e Jubxs

el 00 00ls L5 gl 38l 5 o plal Lol cleglas

S350 Lol 58 9 ki Silaasein -3
ol oolawl KTy —o o lusliwl gy 5l Slalyn Jaw | bz opl 4o
el 00 00,912 Jgaz 0 o] cwdin Slasuine 4

Sl Slawls Al slal lal ailg y Slybl L 1> (goas > sl
ol slogye 5Ll LS o 45 ad LBl ok slbal ol o
g S e 4l 9o 5l Slawls aels Lol alls 6 eSS Slawbwe b
5 yy sl Aels oled 1 S 4o el oo S5 oSl
Ll 00 00ls ylis (650 sl pioren 9 (D) algp

Locesd 6550 Ll ol e o008 Jelowi loide Gt 5 S
Slize Cwond 95 5l o 4l (6399 50 Sl 9j90 Al Ll 4 a2
a Wload a5 Al b a4y a5 Coul ond LS5 Tga 9 ©f (6399
O 95 4 55l domio Ay 4 (5355 Ao bl lea I Lo (e
18099 (sl i 5 18 (999,9 s95l Ao (YL ik 0sds s
NGV P RWAPVEJU N T

U CSeiSy Sy byl (6399 530 )3 A 99 (nl Sipe L sl
sl sl 0 50 o e pus) G330 pas byt 95 5 b 4k e (s
wd)S Sl )0 (29, JLaS i byl (293 s 0 5 S Soe b S

o' bwlxo diold (S 4l -4
solitul *LS I3l 5 5l algp cwdid Jow oy gl ol dalllae o
00 plowl *aS Il basg Joo (53 p 60T e 5 00l
3 Slwbe aisls S ymie 4l (o ailyy awais Sazen Jdo 4ol
sooa Jhaels ez Jkr sl boadls olojle gomasd

Cubgls Jl58le 5 4o soliiul 0,50 Lol Blenlas 1 Jgus
Table 1 Basic settings used in Fluent software

S b, Oy
lieo S S b
7J—~“~*‘ JLid mleps Glowe JyoS
SSTk— w e Vsys8 Joe
Jhw o S5 55 s,
Sl AT

AU PRTXVI CP e
ped 4 yo sVl Ll

Jsl 4 5o sVl eas] i g5

Table 2 Geometric characteristics of propeller
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Table 5 Comparison of torsional moment coefficient for numerical
methods with experimental results
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Table 3 Ratio of computed performance coefficients to experimental in
terms of the number of cells
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Table 7 Ratio of Propeller performance to open water performance

coefficients in terms of submergence ratio
Ko Kr h

KQO KTo R
0.920 0.873 14
0.950 0.910 1.6
0.962 0.930 1.8
0.969 0.939 2.0
0.980 0.950 2.2
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Fig. 5 Ratio of Propeller performance coefficients changes to open
water performance coefficients in terms of submergence ratio
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Table 8 percent of coefficient viscosity to performance coefficients in
terms of propeller submergence ratio

%KQV %KTU E
K, Kr R
8.8 16 14
8.7 15 16
8.5 14 18
8.4 14 2.0
8.1 14 2.2
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Table 6 Comparison of the efficiency for numerical methods with
experimental results

hA 7

A oo oKiws 77 s J
e ol asey ST T T e e
o= o= [16]
4.36 0.1273 8.77 0.1327 0.1220 0.1
3.60 0.2410 2.93 0.2573 0.2500 0.2
3.93 0.3506 1.70 0.3712 0.3650 0.3
0.95 0.4655 0.50 0.4723 04700 04
1.38 0.5637 0.28 0.5544 05560 0.5
3.63 0.6446 2.16 0.6085 0.6220 0.6
6.10 0.6536 3.15 0.5966 0.6160 0.7

6.40 0.5384 14.44 0.4329 0.5060 0.8
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Fig. 4 Comparison of performance and efficiency curves of propeller in
open water condition
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Fig. 8 Comparison of Performance coefficients in submergence ratio
1.4 and open water condition

Sl3l Ol Ll 5 14 (g jgabge s 0 5 Slos (sloy po anmlio 8 SIS

0.50 —a— Open Water Condition

0.45 — ® — Submergence Ratio 1.4
0.40 F
0.35
0.30 F
=025 |
0.20 F
0.15 F
0.10 [
0.05 F

000 -||||||||||||||||||||||||||||||||||||||||
0 005 01 015 02 025 03 0.35 04
J

Fig. 9 Comparison of Computational efficiency in submergence ratio
1.4 and open water condition
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Fig. 6 Ratio of Propeller efficiency to open water efficiency in
terms of submergence ratio
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Fig. 10 volume fraction countors (water) around the propeller in lateral
cross section in terms of propeller rotational speed (J=0.1)
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Table 9 Propeller performance coefficients in terms of the propeller
rotational speed (J=0.1)

Ko Kt n (rad/s)
0.0349 0.28 60
0.0334 0.267 87.5
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