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Numerical simulation of ducted rotor’s aerodynamic characteristics

LI Xiaohua, GUO Zheng, CHEN Qingyang
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; Taking a ducted fan rotor as the study object, the reasons why open rotor and ducted rotor produce different lift were researched

through the momentum theory. At the same time, the three-dimensional Navier-Stokes equations and SST k- turbulence model were used to

simulate the complex flow around the open and ducted rotor, which was based on the sliding mesh method. It also analyzed their differences in lift

coefficient, power coefficient and efficiency at different rotating speed. The duct restrains tip vortexes and reduces energy wastage markedly, which

make the lift coefficient increase 23% and the radio of lift and power coefficient augment 40% . Efficiency is obviously improved and the required

power coefficient is slightly increased to 0.05. The results coincide with the theoretical analysis.
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Fig.1 Three-dimensional diagram of ducted rotor
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Fig.2 Two-dimensional profile diagram of ducted rotor
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Fig.3 Variations in pressure of open and ducted rotors

in the hover condition, at the same thrust coefficient
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Fig.4 Diagram of the whole computational domain
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Fig.5 Topological structure of rotor mesh
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Fig.6 Three-dimensional diagram of a 2 — blade rotor
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Tab. 1 Lift coefficient comparison of a 2 — blade
rotor between simulation and experiment
L3 Z 3/ %
= N e = 4
A E SR
3100 0.176 0.176 0
4150 0.176 0.168 4.76
5000 0.177 0.182 2.75
6200 0.178 0.184 3.26
7010 0.176 0.183 3.83
8100 0.176 0.182 3.30
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Fig.7 The lift coefficient of ducted and open rotor
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Fig. 8 Power coefficient of ducted and open rotor

1.7
1.6

1.5+ - " Jo=crf
R o DY
----------

141+

¢, e,

1.3} —_—— TRERRER
Lk me— Ay 3

1.1

..............................................

1F

1 1 1 il il
3000 4000 5000 6000 7000 8000
Rotate Speed/ (rad/min)

K9 iiE SR AN AL RS €,/ fH

Fig.9 C,/C, value of ducted and open rotor
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Fig. 10 Streamline and pressure cloud

picture of ducted rotor
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Fig. 11 Velocity vector in open rotor tip

/
6.0E+001

3.0E+001

K12 IR IR AR i Bl
Fig. 12 Flow in ducted rotor tip
HRAEL, 23 Ar 1 R A S R ke 2 R 1 MR e 2 1) <3l
Rtk
AR HEa AT, AR, I R IE LS g
AT R5CHS B MR T 28, i/ IN A ) T 214 50
i1, 07 12 S T TR I, El TR N RE AR
TE— & SR A B L, A R 1 R e 2 2 4k [l
T, A BE R o EAH R, E R e A
IEIWA = S TVIES (I E S g MR (V&S
T E S . 9 T TS, X LA R A
AT T —E AL, 2 SR e R P DR IX P S
WOE A ERCR E . R ERGE LUS , 2300k
T A S &, I ITE SO B h /G B2
LA

5 2 3k ( References)

(1] iy, =BHERe LM [M]. Jeat. et s
AR i At ,2006.

LIU Peiqing. The propeller theory and application [ M ].
Beijing: Beihang University Press, 2006. (in Chinese)

[2]  Spangler M. Theoretical study of ducted fan performance-
NASA technical[ R]. USA: NASA, 1970.

[3]  Mendenhall M R, Kriebel A R, Spangler S B. Theoretical
study of ducted propeller blade loading, ducted stall and
interference[ R]. Washington D. C. , USA, 1966.

[4]  Akturk A, Camci C. Tip clearance investigation of a ducted
fan used in VTOL unmanned aerial vehicles—part Il novel
treatments via computational design and their experimental
verification[ J]. Journal of Turbomachinery, 2014, 136(2) .
021005.

[5]  Akturk A, Camci C. Tip clearance investigation of a ducted
fan used in VTOL unmanned aerial vehicles—part I baseline
experiments and computational validation [ J ]. Journal of
Turbomachinery, 2014, 136(1) . 021004.

[6] Akturk A, Camci C.
assessment of a ducted-fan rotor flow model [ J]. Journal of
Aircraft, 2012, 49(3) ; 885 —897.

[7]  Akturk A, Shavalikul A, Camci C. PIV measurements and
computational study of a 5 —inch ducted fan for VSTOL UAV
applications[ Z]. Orlando, Florida, 2009.

[8] Wang Z J, Chen L, Guo S J. Numerical analysis of

aerodynamic characteristics for the design of a small ducted

Experimental and computational

fan aircraft [ J]. Journal of Aerospace Engineering, 2012,
227(10) ; 1556 - 1570.
[9]  Oweis G F, Fry D, Chesnakas C J, et al. Development of a

tip-leakage flow — part 1: the flow over a range of reynolds
numbers[ J]. Journal of Fluids Engineering, 2006, 128(4) .
751 -764.

[10] Oweis G F, Fry D, Chesnakas C J, et al. Development of a
tip-leakage flow—part 2 ; comparison between the ducted and
un-ducted rotor [ J]. Journal of Fluids Engineering, 2006,
128 765 - 773.

[11] Pereira J L. Hover and wind-tunnel testing of shrouded rotors
for improved micro air vehicle design[ D]. USA; University of
Maryland, 2008.

[12] SREER. TFERAEDFHEREIM]. 2 . U SSHFE
AL, 2011.

ZHANG Deliang. A course in computational fluid dynamics[ M].
2nd ed. Beijing: Higher Education Press, 2011. ( in
Chinese)

[13] Menter. Two-equation eddy-viscosity turbulence models for
engineering applications[ J]. AIAA Journal, 1994, 32(8) .
1589 - 1605.



