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Numerical simulation and comparison of ‘aerodynamic'characteristics
between ducted and isolated propellers
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Abstract: The complicated flows around the ducted and isolated propellers were numeri-
cally simulated by solving\the unsteady Euler equations based on unstructured dynamic over-
set grids, and the aerodynamic characteristics between them were compared. For the effec-
tive treatment of the-complicated flow field involving relative motion between the propeller
and duct, the computational domain was decomposed into two subzones, namely, rotation-
al subzone and stationary subzone. The rotational subzone contained the propeller and the
stationary subzone contained the duct. The good agreement between the present calculation
result and experimental data demonstrates that the present method has good accuracy to sim-
ulate ducted-propeller problems. The lower-pressure area at the leading duct leads to the
generation of additional thrust on the duct. Compared to the isolated propeller, the exist-
ence of duct changes the flow characteristic around the blade tip, and decreases the tip-loss.
For the same rotational speed of the propeller, the ducted-propeller can generate greater
thrust with less power, resulting in the conclusion that the ducted-propeller system has a

better aerodynamic efficiency.
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Fig. 1 Surface mesh of ducted propeller
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Fig. 2 Surface mesh of isolated propeller
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Fig. 3 Spatial slice meshes of the two'\configurations
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Fig. 5 Velocity contour on the mid-plane
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Fig. 6 Streamlines on the mid-plane

TESRARG T Bt B 1 B o o J3E A9 30 36 L B2k T
HEZR R shiE. I 6 a) ik /] DL H R E 1A
R 2% S8 Ui -5 3 Y 58 30 28 AU R B IR 1Y B T
DX, BT 7 A= 7 AT U B4 6 3 B 4z g

4 & it

AR SCR AR 2548 3 25 ik B A% 5 i 0 i
W8 5 LA % I S R e 2 0 o 6 10 7 B A5 BR 2T 1Y
JEEF WA AT T Euler J5 T KUE BTN B BF
FAFH AT 4518

D) ARZEHa 7 45 WA T LA A%t A R e 5
IR T8 A b 2 480 22 (8] B AR X ke 5% 128 gy [l gt L 355
S50 5 SR N A A — B B AR SO AR T
THIE e 2 IR R4 A AR 1

2) MRIE A HRTSIE B BOR ) U IX 7
AT BRI A A R R B A A [ B B T
55 RSE SRR S LE AT LS AR BOR R 7, i EL
s FY A D) R B

3) /R B AT AR O T IR e R A L
3 R A R E R e R HL A B R

23 LB R AR SO vk AT LA o A b 5 TR
HEE A LA S I SR A vy R s e O BT LAAR
AR 3 Fi] Rl AR R 8 I 3 A0 Y Ay TR R e 5 LA
T IS B 2 i B At T 5807 k.

S 3k

[1] Grunwald K J.Goodson K W. Aerodynamic loads on an i-
solated shrouded-propeller configuration for angles of at-
tack from —10° to 10°[R]. NASA TN D-995,1962.

[2] Dyer K G. Aerodynamic study of a small ducted VTOL
aerial vehicle[ D]. Cambridge, UK : Department of Aero-
nautics and Astronautics, Massachusetts Institute of Tech-
nology,2002.

[3] Pereira J L, Chopra I. Hover test of micro aerial vehicle-
scale shrouded rotors Part 1. performance characteristics
[J]. Journal of the American Helicopter Society, 2009, 54
(1):012001(28 pages).

Ca] ZRade, miE, B IE K, 55 B KUs T ) & 46 09 71 B 4 1k

SCHBE S [T, M R 25 0 R K 2 25 4l 2004, 36 (2)
164-168.
LI Jianbo, GAO Zheng, TANG Zhengfei, et al. Experimen-
tal investigation on lift and drag of ducted fan system[]].
Journal of Nanjing University of Aeronautics and Astro-
nautics,2004,36(2) :164-168. (in Chinese)

[ 5] Kriebel A R. Theoretical investigation of static coeffi-
cients, stability derivatives, and interference for ducted

propellers[R]. [S. 1. J:[s.n. ], AD-602269,1964.



5512

VBT 45 < TR R A 15 ST W 2 Bl R M ) B (B ADRT L

2825

[6]

(7]

(8]

(9]

O A, SRV TR R TCAIL I T b T Oy KU Al AT AL 4y
FrlJ]. €47 51%,2010,28(3):21-23.

ZHENG Zhicheng, ZHOU Zhou. Analysis on the estima-
tion model of lift fan when design VTOL[] ]. Flight Dy-
namics,2010,28(3) :21-23. (in Chinese)

REAE. HAPLIE RS I B3 0 S 3 e X HE 5
(1], %8R8 J1 5541 . 1995, 13(4) :420-426.

XU Guohua. Comparison and analysis of aerodynamic
characteristics between helicopter shrouded and isolated
tail rotors[ J]. Acta Aerodynamic Sinica,1995,13(4):420-
426. (in Chinese)

TP AR WE R CFD BRI S 8IELT]. M2 3
J1%:4%,2006,21(1) :19-24,

YU Ziwen,CAO Yihua. CFD simulation and validation of
ducted tail rotor[J]. Journal of Aerospace Power,2006,21
(1):19-24. (in Chinese)

Goodson K W,Grunwald K J. Aerodynamic characteristics
of a powered semispan tilting-shrouded-propeller VTOL
model in hovering and transition flight[R]. NASA TN D-
981.,1962.

[10]

[11]

[12]

[13]

[14]

VEAIGE ,  1E B Sl 25 4 8 % 2l 25 4k 2 I A BR B JFC R
(0. b Tl R 22440, 2011,29(2) - 171-175.

XU Heyong, YE Zhengyin. Research,development and ap-
plication of technique of unstructured rotational dynamic
overset grids[ J]. Journal of Northwestern Polytechnical
University,2011,29(2) :171-175. (in Chinese)

Jameson A. Time dependent calculations using multi-grid.
with applications to unsteady flows past airfoils and wings
[R]. AIAA-1991-1596,1991.

Jameson A, Schmidt W, Turkel E. Numerical solutions of
the Euler equations by finite folume methods using Runge-
Kutta time stepping scheme[ R]. ATAA-1981-1259.1981.
VERIEE . BT 3045 5 A% 19 JF 2 8 Ui sh BB A L LD .
P52 PE L Tl K2, 2009.

XU Heyong. Numerical simulation of unsteady flow fields
based on dynamic overset grids[ D]. Xi'an; Northwestern
Polytechnical University,2009. (in Chinese)

XU . 2 SRE S B KL T TM . bt - b 5t i =5 i
KRR 2 At 2006.



