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Unsteady numerical simulation of the viscous flow fields

of the propeller
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Abstract: The\viscous flow fields of a propeller with six blades have been numerically
simulated with unsteady N-S equations based on structured sliding grids of multiple blocks.
The rotational subzone“containing the propeller and the stationary subzone was constructed
separately based“on MFR (multiple frames of reference), proving this is an effective ap-
proach to resolve the problems involving relative rotation of the propeller. The data of the
calculation and the experiment agreed very well and proved that the method had good accura-
cy to simulate the fluids of a propeller. Then the complicated flow fields behind the propeller
with advanced ratio of 0. 90 and 0. 75 were analyzed, and the static and dynamic features of
the propeller trailing vortex the same as the phenomenon in the test were achieved: two oppo-
site layers were incorporated into the propeller trailing vortex. The rules influenced by the
propeller on the axial velocity were obtained: the increase of the income flow velocity in the
area of 45% and 70% of the radius of the blade after the propeller is larger than the area of
90% of the radius; with the decrease of the advance ratio, the axial velocity still increases,

and the area of the 90% of the radius almost keep unchanged.
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Table 1 Propeller conditions of calculation

Ak A AEKRREE V/(m/s) #5#E n/(r/min)
0. 90 35 3500
0.75 35 4200
0.70 35 4500
0.63 35 5000
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Table 2 Thrust coefficient of single blade comparison

between calculation and experiment

ke “ /%
A S JHAE

0. 90 0.1156 0.1102 TR/, 4.7

0.75 0.1861 0.1829 /N1 7

0.70 0.2203 0.2186 PR /IN,0. 7

0.63 0.2818 0.2838 K ,0. 7
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Table 3 Torque coefficient of single blade comparison

between calculation and experiment
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Fig. 6 Cross-section velocity contour of blade-black

at A=0.75
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along circumference at A=0. 90

AR N, AE 2/ R=0..36\ &b, %l 1i) 8 5 L7
B AR 75 b, 1 B3 S Tl ) 3R 24 Rk -1 5
. 2/ R=1. 08 &bl ) 3 JZ JL-F- AR FHA kL ey 2
Ji il ) R ) Sk ok 89 1. 6 A%, N9 (o) N 1/ R=
0. 90 4 1y % 1) 74 B2 43 A AE o/ R='0-12 F 8 1
el R AR AN [ AR Ao AR T A SR O S
115 52 1.5 2807 o/ R=0. 24 i 8
el ) R AR AN ) AR A2 AR Ak S R A Ok O ek B
M) 1. 25 F5 % 1.6 f5 2 8], o/ R=1. 08 4k, i [a] 3
JE LT A T AH 67 A2 A, A0S B 38 20 1) i %
111 A8 Ak, I B 262 5 Al 1) 380 B 24 R R i i 1. 2 £

B 10 ART#EEE A=0. 75 BER[E AR A7 & VA
[vi) A8 AT T 40 Bl 1 3 A R 1) 43 AL DA ]
PLAZBURTHE F A=0. 75 BTG 1 40 5 1 5 ) 4 A
HHTHE A=0. 90 BFAYZERL, HEEH LA A
[, A=0. 75 Bf,45% 42 4k, B2 a2 J5 04 il 1 2 3
LY Nk B 1.8 %5570 %0 AR Ab L BRE S Y il
T 0 JEE 4 o S U0 S BB 1) 1. 85 %55 90 % AR Ak, Fa
E e 1 B 1 R AR Sk A RE T 1. 2 £

M9 TR 10, FRATT AT LA 3 35° 3% it £y 12
JHE 2 )R8 Wt 3 v il 1) B B 1 0 A R - 6 AH (R 7 B
Fof A AT L VAR )l ) R D I B 3
s LB FTHE LG BB AR R R 1L 68 2R

“Z - XIR=036 —e— x/R=168
. VR=0T2

lspz VRO

]
S

'V

| i) P I TP TIPS S TP
0 10 20 30 40 50 60
0/(%)
(a) r/R=0.45
2.0
1.9} -
- P

ulV,

- —e— x/R=0.12

—e—x/R=024 x/R=1.08
1L4F - - - x/R=0.36 e x/R=144
5 —e x/R=0.72 A Y/R-1.68
0 10, 20 30 40 50 60

6/(°)
{b) #/R=0:70

20— YR=1.08
L9 —e—x(R=0.24 —x/R=1.44
18} - - - x/R=0.36 —a—x/R=1.68
| 74 —e—=AIR=072

.16}

S5t
1.4) |
1.3}
]-2 P——
L1t
1.0 L L . , .

0 10 20 30 40 50 60
/(%)
(¢) /R=0.90

B 10 A=0. 75 B} JC &t 4% o 3 2 VS i ) A
Fig. 10  Dimensionless axial velocity distribution

along circumference at A=0. 75

T AL 45 26 R 70 Y0 A Ak, il ) 2 52 W 4G
90 Y0 - A3 A, i ) TR T /1 o R R
S (18 Bl 1] B 2 A B T U8/ 5 45 06 R 70 9% 2
TR Ak BB 2 X 3 J ) 3 RE B A 50 % LA b
HLBE R w0 o il e 5 BE 50, 90 V6 2E AR AL, R
it 2 % 5 i Bl 1) 3 B LR 20 06, L BE T LY U
NP A,

4 & g

AR SCHE T 22 B 4 i R T A o i
VEAT T Al 5 3 B (B XoF L T R [T L
TR B 7 2 BRI AR 2 B I X e 4 1 R
TG HEAT T BT, 3018 T LT 4536



2654 it =

Eitd o528 %

D) WA A% AT LA R0 b Ak 2 BB S N 3% g
22 V) P R G i A ) R, S SR S SRR S5 R A
B 0 B AR S 3 X T B A 288 A X B )
F1%) 1F Hiff e

2) THEARAS T A IR TE R R W 1 — LS
BN RHE , IR e 2 R W A B IE S 2, 5 3058
2% 1) B B 4 — 2L

3) B BB E e WA L U L BRI 2 B T R AL
FIVEH 22 B0 o R O w0 0 5 8 78 R ) 3ok
B,

4) JJG AL 70 Y642 LA DY L MBLUE 3 ) of I
JE RN AL K, AR b B I /N s A= 0. 90 B, 45 %
EARAN 70 Y02 AR A Tl 1) B BE R SR WY 1.5 A%
90 Yo AR A AN SR Y 1. 2 £,

5) B AG HE IR 3 S P AR A il e R Ak 2
R HMEAE TLF ARAE , A= 0. 75 BF, 45 % K42 Fl
70 %024 b il vl B RE R SR U Y 1. 8 AL i 90 26
AL AT R 1. 2 fi5.

ZE B TR AR ST ¥R T DL A v A b 5 R
TR TE S 1 S M RE L O AT LA B8R 2 9 AR
U A0, AT AR Dy SRE 2 T AR B e TEAG
T B

SEHK:

[ 1] Chandrasekaran B: Method for calculating effects of a prop
fan on aircraft aerodynamics at subsonic speedsfR . ATAA
83-1216,1983.

Rt bk . 20 A A HESE SRR RIS LDV I & [R].
YLIR T8 E AR B 5T o B R4, 2003.
Chesnakas C, Jessup S. Experimental characterization of

propeller tip flow [ R]. Washington DC, US: USA 22nd

2]

Symposium on Naval Hydrodynamics,1998.
[ 4] Stella A,Guj G,Felice F D, et al. Propeller wake analysis
by means of LDV phase sampling techniques[]]. Experi-
ments in Fluids,2000,28(1):1-10.
Cotroni A, Felicef D,Romanog P, et al. Investigation of the
near wake of a propeller using particle image velocimetry
[J]. Experiments in Fluids, 2000 (suppl. ) :227-236.
Calcagno G, Felice F D, Felli M. Propeller wake analysis
behind a ship by stereo PIV[C] // Proceedings of the 24th
Symposium on Naval Hydrodynamics. Fukuoka, Japan: Of-
fice of Naval Research,2002.8-13.
Lee SJ,Paik BG,Yoon ] H,et al. Three component veloc-
ity field measurements of propeller wake using a stereo-
scopic PIV technique[ ] ]. Experiments in Fluids, 2004, 36
(4):575-585.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Whitfield D L,Jameson A. Three dimensional Euler equa-
tion simulation of propeller wing interaction in transonic
flow[R]. ATAA 83-0286,1983.

Zori L. A J,Rajagopalan R G. Navier-Stokes calculations of
rotor airframe interaction in forward flight[J]. Journal of
the American Helicopter Society,1995,40(2) :57-67.
Chffin M S, Berry J D. Helicopter fuselage aerodynamics
under a rotor by Navier-Stokes simulation[ ] ]. Journal of
the American Helicopter Society,1997,42(3):235-243.
2R, R VRS MRBE R B K B R B A LT ]
LV B2 R 2 AR, 2007, 41(7) :1200-1204.

LI Wei, WANG Guoqgiang, WANG Lei. The numerical
simulation of hydrodynamics characteristic in propeller
[J]. Journal of Shanghai Jiaotong University,2007,41(7) ;
1200-1204. (in Chinese)

BOELEEART L UL S0 BT ARG R IR 11 R 2 A TR I
Gy R 1. K 3 1 A 58 5 3k R L 2008, 23 (4) : 419-
425.

WEI Xizhong, HUANG.-Zhenyu, HONG Fangwen. Large
eddy simulation of'flowfield about marine propeller on un-
structured meshes[ J\. Chinese Journal of Hydrodynamics.,
2008, 23(4)+419-425. (in Chinese)

RN, IR BRI HE P A BRI . A B
58+201T,6(5) : 55-60:

ZHANG Yingchuan, MA Jun. Ntmerical simulation on
vortex shedding of pfopeller[ ]J]. Chinese Journal of Ship
Researchs;2011,6(5) :55-60. (in Chinese)

N4 B BB IRE SR R L 0 B T S gk L. ksl
ST SR, 2007,22(2) 1 188-193.

YE Jinming, XIONG Ying. Numerical computation method
of propeller wake field [ ]J]. Journal of Hydrodynamics,
2007,22(2) :188-193. (in Chinese)

BRAFH R R, R ZE. R B HLE AT 3 B 20 A A 2 R
R BT 1], A2 TR . 2010,40(1) : 63-66.
CHEN Kejia, BAI Jungiang, ZHU Jun. Research on tran-
sonic aerodynamic performence impact of the engine na-
celle[J]. Aeronautical Computing Technique,2010,40(1)
63-66. (in Chinese)

ZETTAE SR WRIE AT L AE. BT PTV AU Y B IE 2 BB IR 45
Hy 3], AR 2%,2011,15(10) : 1110-1114.

LI Guangnian.ZHANG Jun,CHEN Zhengshou,et al. Pro-
peller trailing vortex analysis based on PIV experimental
data[J]. Journal of Ship Mechanics, 2011, 15(10):1110-
1114. (in Chinese)

ZETTAE IR LB ARTE L4 PIV. LDV 78 8258 2% 2 9 3k v
By e B2 LD . 28 3l 00 2441, 2010, 25(9) : 2083-2090.
LI Guangnian,ZHANG Jun, LU Linzhang,et al. Compara-
tive study of PIV and LDV measurements in the wake of a
propeller[ ] ]. Journal of Aerospace Power,2010,25(9):
2083-2090. (in Chinese)



