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Abstract: As the main lifting system of ducted coaxial multi rotor aircraft, the ducted coaxial propeller
has the advantages of compact structure, high aerodynamic efficiency, low aerodynamic noise, safety
and reliability, etc. To further improve its power load and wind resistance, the numerical simulation
method is used to calculate and analyze aerodynamic characteristics of coaxial ducted propeller in hover,
axial and oblique flow states. The main lifting system configuration of air leakage ducted propeller is
proposed, and its aerodynamic characteristics are discussed. Compared with the ducted coaxial propel-
ler, the superiority of the air leakage ducted propeller is given.
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Fig. 1 Ducted coaxial multi rotor aircraft
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Space snap shot of overlapped grids of coaxial

Fig. 2
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Fig. 21 Streamline of air leakage ducted coaxial propeller

in axial flow state(5 m/s)
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29 REACRAS TS IF 1 RE 26 8 MR 5 22 1 e = &1 (0°)
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axial propeller in oblique flow state(0°)
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Tab.1 Performance comparison

Flight Flight Flight speed/

Name
time/s mass/g (me+s ")
Ducted 1 810 29 600 19.5
Air leakage ducted 2 019 32 500 21.1
Increase rate/ % 11.5 9.8 8.3
3. &

AR SCAE X A T S B 2 e 3R AT A BT RS
SBEREOL L 42 T O 1 BE 2 E U i R AR
T N-S TR CFD (e #4807 1% 2547 1 AN Y
TR b IR 1T 0 BESRGE 2 S AT
PEAT SEBR AT IR, LIS TR % 7 5 19 A Rk L 15 2
TLIF &8

(DAEBAFRS T I 11 BE 2T 3 1B e 20 )
AT R T IR T Ll XU S . A X AT AR AR T
T HRE SR GE 22 e 38 AT 4 A9 AT I ] A B R
AT HAT R T S 2 e 3 AT AR

(OTERIARZS TS I 11 5 2000 0 2 5 2% o) 32
AR L T TR 1 B U e 5 LR o BN
TERAFIRZET o AAXT RATARA R 55 . JF 11 BE 58
B 2 e F AT A8 00 O RATPERE AL TR E S 2
Jle 3 AT % .

OTERMRRAS T I 1 BE 28 8 R 58 2 7 2E
A HE 0 010 T 18R I il SRR K . AR X TR AT A A

1 E s I HEE SR TE 2 e 3 AT 4r 19 RAT B AT
PR BE A T 10 18 S g 2 e 38 AT 4% .

S & k-

(1] HESEETY, BRIOCR. WiEILh 2 e Tt
B RATE R AE I [C1/ /2014 G55 T jm) o [ 6 A HL
R CHE. Jbat: hETE ¥ 2, 2014: 598-604.
DU Siliang, TANG Zhengfei, CHEN Renliang.
Study on the bypass coaxial multi-rotor aircraft flying
model and control [ C]//China UAV Conference 2014
(Fifth). Beijing: CSAA, 2014. 598-604.

(2] fE&0T, SEMSME, S5HFo0. DUE s AT A IRt

PID a4 4 [T ). b 5t 28 it K K224 4. 2011,
37(9): 1054-1058.
SU Jingya, FAN Penghui, CAI Kaiyuan. Attitude
control of quadrotor aircraft via nonlinear pid[J].
Journal of Beijing University of Aeronautics and As-
tronautics, 2011, 37(9) . 1054-1058 .

(3] #imfli, B4, PrEX, 5. DNEEE XE ALY

Wroe kL) ] WA /R IE Tl K224, 2010, 43(5) .
700-704.
LI Yuanwei, XI Bogi, YI Guoxing, et al. Recent re-
searches on small ducted fan UAV []J]. Journal of
Harbin Institute of Technology. 2010, 43(5) . 700-
704 .

[4] Jrims, RARZK. WE XU R RAT & 1 0F R o
Fridd. HUBCTRES Aghfe, 2014 (D) . 215-217
FANG Rujin, WU Fuyjia. Research and analysis of
ducted fan MAV[]]. Mechanical Engineering & Au-
tomation, 2014 (1) . 215-217 .

(5] SRcHi. WIE R M AT H Rt 55
R HTID]. FIR: BEALE AR K%, 2012
SONG Wenrui. Aerodynamics layout design and per-
formance analysis for ducted fan UAV[D]. Nanjing:
Nanjing University of Aeronautics & Astronautics,
2012 .

[6] ROBERT J P. Static tests of a shrouded and an un-
shrouded propeller[ R]. No. L7H25. USA: NACA,
1948.

[7] ROBERT T T. Experimental investigation of the
effects of some shroud design variables on the static
thrust characteristics of a small-scale shrouded pro-
peller submerged in a wing[ R]. No. TN4128. USA:
NACA, 1958.

[8] KRIEBEL A R, SACKS A H, NIELSEN J N. The-
oretical investigation of dynamic stability derivatives
of ducted propellers [R]. No. AD-403-146. USA.
NASA, 1963.

[9] KRIEBEL A R. Predicted and measured performance
of two full-scale ducted propellers[ R]. No. CR578.
USA: NASA. 1966.



182

Moa Mo M

PN

PN

¥ oF

549 B

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

LEE T, LEISHMAN ], OMRI R. Design and tes-
ting of a ducted coaxial rotor system for application to
a micro aerial vehicle[ C]//66th Annual Forum of the
American Helicopter Society (2010). [S. 1. ]: AHS
International .2010.

ROBIN B G. Vortex modeling for rotor aerodynam-
ics—The 1991 Alexander A. Nikolsky Lecture[]J].
Journal of the American Helicopter Society,1992,37
(1):3-14.

GUERRERO I, LONDENBERG W K, GELHAUS-
EN P, et al. A Powered lift aerodynamic analysis for
the design of ducted fan UAVs[C]// ATAA "Un-
manned Unlimited" Systems, Technologies, and Op-
erations. San Diego, California: ATAA,2006.
EAE, A WIS Ee Cl/ /58 T
Je A TEOLAE i SR BRVE . P E A 2R
1994. 18-24.

XU Guohua, WANG Shicun. Ducted propeller slip-
stream theory[ C]//The Tenth National Annual Con-
ference of Helicopters. Shanxi: CSAA, 1994. 18-
24.

2, m . JHIETC SE I XU F O RGN
BRI B B 5E LT . P At A0 25 00 R R 2 24l 2004,
36(2): 164-168.

LI Jianbo, GAO Zheng, TANG Zhengfei, et al. Ex-
perimental investigation on lift and drag of ducted fan
system [ J]. Journal of Nanjing University of Aero-
nautics & Astronautics, 2004, 36(2): 164-168.
AP, E. WRE XU A B T R s AT LT
B S L R R 2 2F i, 2005, 37(6) : 680-684.

LI Jianbo, GAO Zheng. Aerodynamic characteristics
analysis of ducted fan[J]. Journal of Nanjing Univer-
sity of Aeronautics &. Astronautics, 2005, 37 (6):
680-684.

FLTLL, BRAT R, BEdd/3E/ XUm ) REn <8l
FEPELT ], B B2 i K K 2% 27 i, 2008, 40(5) .
571-575.

KONG Weihong, CHEN Renliang.

characteristics of rotor/duct/fan system in forward

Aerodynamic

flight[J]. Journal of Nanjing University of Aeronau-
tics & Astronautics, 2008, 40(5); 571-575 .

BeF, T, RO, WRE AT AR R A R Rk
WFoE )], BE 5 S 244k, 2009, 29(4) . 174-178.
XU Jia, FAN Ningjun, ZHAO Shu. The study on
aerodynamic characteristics of duct body of ducted

fan aircraft[ J]. Journal of Projectiles, Rockets, Mis-

siles and Guidance, 2009, 29(4): 174-178.

(18] ¥FAngs . whiE S, %18 B8 e 3K 5 90 S W8 e 3K < g 4

[19]

[20]

[21]

[22]

[23]

[24]

[2s

]

PEMECE B XS L], A% 8 s % 4k, 2011, 26
(12) . 2820-2825.

XU Heyong, YE Zhengyin. Numerical simulation
and comparison of aerodynamic characteristics be-
tween ducted and isolated propellers[J]. Journal of
Aerospace Power, 2011, 26(12). 2820-2825.

Ihis E, MPIEE, VRT3 [A] BRI B ] HE X i
EIRBER S ERE R R L] i 3 124k, 2014,
29(6): 1468-1475.

SU Yunde, YE Zhengyin, XU Heyong. Influence of
tip clearance and propeller separation space on aero-
dynamic performance of ducted propeller[J]. Journal
of Aerospace Power, 2014, 29(6) . 1468-1475.
Ezm. IMME, BRI, 45 s i i 0OE 3 T 4
WAVBEBRLT]. MBS KEFEFERARB
&), 2012, 26(3) : 11-15.

WANG Yun, CONG Wei, XU Jiangfeng, et al. Nu-
merical simulation of interaction unsteady flows
around ducted co-axial rotors in hover[ J]. Journal of
Nanchang Hangkong University ( Natural Sciences) ,
2012, 26(3): 11-15.

ER. WIE R E AN S R B EAEBLD] K
v EBF R R, 2008,

WANG Qiang. A numerical analysis of the aerody-
namic performance of the ducted-fan UAV [ D].
Changsha: National University of Defense Technolo-
gy. 2008,

ANDERSON] D. Computational fluid dynamics[ M.
New York: McGraw-Hill, 1955.

TR IMI. 530 A4 0y 24 S H v ——CFD #f4 i Jst
BSMAIM]. R AR R 2 AL, 1998
24-217.

ZHANG Shishi. Computational fluid dynamics and
Its application-the principle and application of CFD
software [M]. Wuhan: Huazhong University of Sci-
ence and Technology Press, 2005.

TU. ANSYSICEM CFD WA TTEIRE @M. dbxt:
T AR AT, 2013,

DING Yuan. ANSYS ICEM CFD from entry to mas-
terl M]. Beijing: Tsinghua University Press, 2013.
JEZM. Fluent 14, 0 8% 2 FHIMI. Jbat. AR
MR H, E R AL . 2013,

TANG Jiapeng. Fluent 14. 0 super learning manual
[M]. Beijing: Post & Telecom Press, 2013.



Hel

b KB L 4 T 1 RE R T8 R 32 3 R 1 (A

183




