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Analysis on the Propeller Slipstream Interference with Autorotating

Rotor Aerodynamic Characteristics

WU Weiwei, MA Cunwang, SUN Kaijun
(Caihong UAV Technology Co. , Ltd. , China Academy of Aerospace Aerodynamics, Beijing 100074, China)

Abstract: The propeller slipstream passed through the rotor plane when the autogyro is flying forward, will pro-
duce the unsteady aerodynamic interference on the autorotating rotor. Based on the RANS equations(Reynolds
averaged Navier-Stokes), a computational analysis method for the aerodynamic interference flow field of autoro-
tating rotor-propeller is established by using the moving embedded grids method, and the model is simulated.
The unsteady aerodynamic characteristics and flow field characteristics of the isolated and combined autorotating
rotor at low speed are analyzed. The effects of different velocities and propeller positions on the aerodynamic
characteristics of the spinning rotor are studied. The results show that the propeller slipstream affects the lift-
drag characteristics of the autorotating rotor at all azimuths, and causes the distortion of the rotor wake near 0°
azimuth. Under the same rotor thrust, the larger the inflow velocity, the smaller the rotor tilt angle, and the
smaller the influence of propeller slipstream on the autorotating rotor. Increasing the pitch between the propeller
and the autorotating rotor can reduce the aerodynamic interference of the propeller slipstream on the rotor.
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Table 1 Rotor tilt angle versus speed
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Fig. 7 Rotor thrust coefficient and drag

coefficient versus azimuth angle at 15 m/s
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coifficient versus azimuth angle at 25 m/s
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coifficient versus azimuth angle at 30 m/s

2.4 MWERMNETHHIN
2.4.1 TR E A LR W

EHEE A EH 1.5 m(AAERE D TEE

L7 mCAGRE 1.9 m(HERE 3 4 it
B15 m/s #BE T A ] I [ 437 MR E 2 e B B
WEF MY R, A&l 14 TR, o LU - Bl & IR e 5
BB T, BRI 2 X 1 T B 1Y) 5 i) 34 U K 55 A
BISEAE 0°/180° 5 i F 2247 10°Y0 [l 78 HoAth 77 137 £
WEUHE S X [ E 3R A B e B A R AR AL

10

9

C,/10°

0 90 180 270 360
Titi sy

Ca) 7 J7 Z BBETT 50 A1 28 AL X L



182 s TR

811

40
LIRS
—" f—— éﬁ T )’U /(\\1
35T éﬁ |1’U\ =2
AAIRA3
9 3.0
on Gy » '
O \ “
25 P
2.0
90 180 270 360
REVALI®)

(b) BH 3 2 BB J5 o 5 25 F X L

P14 WRRESRA [ 2 ] o7 1 G e 3 B R X 1L
Fig. 14 Comparison of aerodynamic characteristics of
autorotating rotor versus different vertical

positions of propeller

2.4.2 YA E AR W

W2 2 T 1) A B AR 1.7 m AR, YN L
i 0.8 m(ch,u DOFTEZE 0.6 mCRA 5 M 0.4 m
CIRA 6). 15 m/s BT A6 9N ] £ B B0 e 2 o
mﬂfﬁﬁf JE 3L B 52 Qi & 15 iR,

9

— 1‘}[(4«{)\**
4

0 90 180 270 360
Tiifan")

(EVENPIES UipE v R AN

4.0

— A
- — = Aiikd
35 Y12k As
41 £rikA6

=
= 30F
S

2'5\\/'/—\

2.0

180 270 360
REVALI®)

(b) BA J Z= BB 7 4 £y A8 Ak X L

& 15
Fig. 15

R E 2 S TR G 1) o7 B 19 %% e 3 SO B R PR X e
Comparison of aerodynamic characteristics of
autorotating rotor versus different longitudinal

positions of propelle

M 15 AT U i« Bl e 26 7 B i A% IR e

SR e S 82w v 5 RS 5 RS 6 A L,
W B Xk 1 ke 3R 1Y 2 i A A A B ] R e 2
i) {37 5 C A B A M) T DN R E SRR 1 e
E kSRR AUPEIERE DS R S A U
A/ Al BE S ol TR A — i s R B A R A T
il R 3 e T A Y ST

3 & it

(1) BEHEXE W 00 5% Wi [ % TE 35 7F 4% A O o7 A
(8 T BE 0 e e AR S L [ T 3 B ) 5 AE 0°/
18075 o7 £ B 30T+ B0 5 1 5 ¢ v 3 B L 4 5 RS
e 38 T B 1 7845 A O A i B/ T RS RS L e 3
S T) R BORBE 1 RBUEATE 3% AN,

(2) ZURFER W WA, A e il 7E 07 )5
N7 £ B30 e A W A i) I A

(3) HHFEPL S RECF . ﬂéu R K e 3 b
Fr /DN MR 2 T A X 1 T e L T DN O T
ST BH T3 98/ )N

(4) BERIRTEI 5 A % i 3 2 ) oL 20 ) [
F ] LAy 5 MR E A v o A R R AR sh Tk

S % ik

[1] WHEATLEY J B, HOOD M ]J. Full-scale wind-tunnel
tests of a PCA-2 autogiro rotor;: NACA Report 515[ R].
USA: NACA, 1936.

[2] HARRIS F D. Introduction to autogyros, helicopters, and
other V/STOL aircraft volume I: overview and autogyros
[M]. US: NASA Center for Aerospace Information, 2011.

[3] COTON F N, SMRCEK L. Aerodynamic characteristics of
a gyroplane configuration[J]. Journal of Aircraft, 1998, 35
(2): 274-279.

(4] FEMEE, WIE. AFRENTRHmMBEFEELT] Hizs
24k, 2001, 22(4); 337-339.

WANG Huanjin, GAO Zheng. Aerodynamic virtue and

\

steady rotary speed of autorotating rotor[]J]. Acta Aero-

nautica et Astronautica Sinica, 2001, 22(4): 337-339. (in
Chinese)

[5] ERME, Wels, Zdur, . T A h DI kM A%
AR ERTFELT]. MUz 240 2015, 36(11) : 3540-3548.
WANG Junchao, TAN Jianfeng, LI Jianbo, et al. Investi-
gation of autorotating rotor aerodynamic characteristics
based on free wake methods[]J]. Acta Aeronautica et Astro-
nautica Sinica, 2015, 36(11): 3540-3548. (in Chinese)

[6] Zkigfe, 2yl (o6, . AR REES T Ll
Wty SERW AT . 2008, 22(3): 17
ZHU Qinghua, LI Jianbo, NI Xianping, et al. Analysis and



5 2

ARG A - IR R W X A e e 3 S e vk R W 23 B 183

[7]

(8]

9]

[10]

[11]

[12]

experimental study on aerodynamic characteristics of auto-
rotating rotor[ J]. Journal of Experiments in Fluid Mechan-
ics, 2008, 22(3): 1-7. (in Chinese)

O, HAHUIERE N B3R % < sh #fr iy ma[]].
2554k . 2015, 36(10): 3328-3240.

TAN Jianfeng. Influence of helicopter rotor on tail rotor
unsteady aerodynamic loads[J]. Acta Aeronautica et Astro-
nautica Sinica, 2015, 36(10): 3328-3240. (in Chinese)
BERRL, TREAE, B ER. T CFD Pk A HLESR /B %
AR TYIELT]. Mias 2h 24, 2014, 29C1D)
2633-2642.

FAN Feng, XU Guohua, SHI Yongjie. Calculations of un-
steady aerodynamic interaction between main-rotor and tail-
rotor of helicopters based on CFD method[ ]J]. Journal of
Aerospace Power, 2014, 29(11): 2633-2642. (in Chinese)
REZ A, PSR, Bak e, AR E AL E TR Z A3 T
P XA S BB FE [T ], ias 4% . 2003, 24(1): 10-14.
DENG Yanmin, TAO Ran, HU Jizhong. Experimental in-
vestigation of the aerodynamic interaction between upper
and lower rotors of a coaxial helicopter[ J]. Acta Aeronauti-
ca et Astronautica Sinica, 2003, 24(1), 10-14. (in Chinese)
COLEMAN C P. A survey of theoretical and experimental
coaxial rotor aerodynamic research: NASA Technical Paper
3675[R]. USA: NASA, 1997.

A, BB, A, S ZHUR R B3 TR EUE R
W52 [J]. B B0 28 A K R 22 24 4ik. 2018, 50 (2):
173-178.

NIU Song, TIAN Xu, XU Baoshi, et al. Numerical simu-
lation of aerodynamic interactions between multiple rotors
during take-off and landing[J]. Journal of Nanjing Univer-
sity of Aeronautics & Astronautics, 2018, 50 (2): 173-
178. (in Chinese)

HOKMR, R A, REAE. PR R B R S K E T
FESECE WAL 2 A8 1R, 2011, 29(2):
155-162.

HUANG Shuilin, ZHAO Qijun, XU Guohua. Parametric
effect investigations on aerodynamic interaction characteris-
tics for tandem rotors in hover[J]. Acta Aerodynamica Sin-

ca, 2011, 29(2): 155-162. (in Chinese)

[13]

[14]

[16]

[17]

ML R, REAE. SRS R E PR Y B TR LIE S /AL
BHEi S B EA )] A= 3 J1 %M, 2009, 24(4)
903-910.

YE Liang, ZHAO Qijun, XU Guohua. Numerical simula-
tion of flowfield of helicopter rotor and fuselage in forward
flight based on unstructured embedded grid technique[]].
Journal of Aerospace Power, 2009, 24 (4): 903-910. (in
Chinese)

VERIE, MRS, S BT AR 254 0 A% 1 e 3L — AL
SBTHm B E A BLI]. 7L Tk K ¥ %, 2010, 28
(6), 814-817.

XU Heyong, YE Zhengyin, SHI Aiming. An effective
method for numerically simulating helicopter rotor-fuselage
aerodynamic interference using unstructured overset grids
[l
2010, 28(6): 814-817. (in Chinese)

WEIEE, i3 EIHHURES /LB R W S T 4
Wil 28 SBhJ122F 4. 2014, 32(3) . 320-327.

TAN Jianfeng, WANG Haowen. Numerical analysis of hel-

Journal of Northwestern Polytechnical University,

icopter rotor/fuselage unsteady aerodynamic interaction[ ] ].
Acta Aerodynamica Sinica, 2014, 32(3): 320-327. (in Chi-
nese)

BIAVA M, BINDOLINO G, VIGEVANO L. Single blade
computations of helicopter rotors in forward flight[C] /
41st Aerospace Sciences Meeting and Exhibit. Nevada:
ATAA, 2003 52.

JOHNSON W. Helicopter theory[ M]. Princeton: Prince-

ton University Press, 1980.

EE®EIT:

REFA987—) B, WL, TR, EZOFIE 7. AT A

it

SEECI77) B EE SR TR, FEHE A AT

BT,

VL (1986 —), B L, TR, FEHRET . LITHA

A B BRI

(%45 . D HF)





