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Fig.5 The test results of longitudinal aerodynamic

characteristics of the whole fuselage
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Fig.12 Aerodynamic characteristics of vertical tail

AR IR 1 36 A 2 A L B s Bl , S e 3l g
BRI T 3h IR N T L RAT Sy 2 XA
[l & A7 BE T A WL AR E PEREA T 20 M, S5 R AN 13 R,
P LSRR, SO LA M. ATRUR B, ZEANTA]
FTIUE N EIHHLE AR EVE SR AM/AY >0, WA FRE
FHCAM . IA«<0, L 15 i AS 2 T8 AM, /AB >0, 85 1] i A 2
FHCAM, /AB<0, Ui I ML B e A RS E LA
R 1] AR E

4 g

ASCHFIE T 342 300kg 5 A5 4 BR3P HILIL
S R RIS | 28 53 AT AR5 L R 4596

(D HLE LA BT R TUSME L B 288 4 )
T BZAS R B TS K

(2) EFFHURE CA T AL BE R LI AT 4241624 27%
T 7, B0 A WA B 0 5 AL R XU 2 T 3
AT RIS , WA SR I eSS A

(3) AW [ URE T MR ok B AT, 1 R FE e
St L PHLAT G I A R R R S FAST]

TR E M A (rad (s m))
o

0 60 120 180 240
TRATHUE/ (km/h)
(a) SHLIEJE SR s v S Ak
021
gy
¥
2 -02
o
H
B 04|
i
E -06 |
g
—0,8 1 1 1 J
0 60 120 180 240
TRATHEEE/(km/h)
(b) 2L e T 8
0.6
E
g 0.4 |
H 02}
1
a‘k_ﬁg
E 0.0
=
702 1 1 1 J
0 60 120 180 240
TRATHUE/ (km/h)

() ML) e V4L

0.0

-0.1

o o) AR M 4 (rad (s m)
|

60 120 180 240
TKATHE/ (km/h)
(d) A HLAE o AR Tk 4
E13 LR T

Fig.13  Static stability derivative of whole helicopter

(=]



68 =% B F#1 High-Speed Helicopter
SEHE [10] SKWHR 7 ik, 2 5, 55 e 3 [ o 38 40 5 U s 6
(1] XESHE. HEIHIEAR K R 5B 0]. s Bk, 2021, 32 AT ST 0], fias 24312, 2016,37(1): 179-192.

(1):10-16.
Deng Jinghui. Development and prospect of helicopter
technology[J]. Aeronautical Science & Technology, 2021,32(1):
10-16. (in Chinese)

S BT SRR S S X SR )], F A R
TR, 2015,47(2):173-179.

Wu Ximing. Current status, development trend and counter-
measure for high-speed rotorcraft[J]. Journal of Nanjing Uni-
versity of Aeronautics & Astronautics, 2015,47(2):173-179.(in
Chinese)

e FAXETHILEA KRS [1]. B A K R
2F41%,2016,48(2):149-158.

Li Jianbo. Progress of compound helicopter technology[J].
Journal of Nanjing University of Aeronautics & Astronautics,
2016,48(2): 149-158. (in Chinese)

e BERR AT I R R e S T BT LR SRS
[z Bl R, 2021, 32(1):47-52.

Li Chunhua,Fan Feng, Xu Ming. The development overview of
coaxial rigid rotor helicopter[J]. Aeronautical Science &
Technology, 2021,32(1):47-52. (in Chinese)

Tanabe Y, Aayama T, Kobiki N, et al. A conceptual study of high-
speed rotorcraft[C]. The 40th European Rotorcraft Forum, 2014.
WL R AT, 4 o FURE S B 2 A e BT AL
S AU K R RO D). 0028 3l 12741, 2021, 36(6): 1156-
1168.

Huang Mingqi, Xu Dongxia, He Long, et al. Evelopment
overview and key technologies of high speed hybrid helicopter
with single main rotor[J]. Journal of Aerospace Power, 2021, 36
(6):1156-1168. (in Chinese)

Colucci F. Paying for speed: Faster vertical lift comes at a
price, but high-speed rotorcraft have to pay off with greater
productivity[J]. Vertiflite, 2014, 60(3):44-48.

Edi P, Yusoff N, Yazid A . New design approach of compound
helicopter[J]. Wseas Transactions on Applied & Theoretical
Mechanics, 2008, 3(9):799-808.

Fournier D. Airbus helicopter X3 flight tests: Overview of X3
flight test phase and perspectives for the RACER airbus

demonstrator[C]. The 43rd European Rotorcraft Forum, 2017.

[13]

Zhang Xiaochi, Wan Zhiqiang, Zhang Yiying, et al. Conceptual
design of rotary wing and fixed wing compound VTOL aircraft
[J]. Acta Aeronautica et Astronautica Sinica, 2016, 37(1): 179-
192. (in Chinese)

oA S S U PO IV E WAL Y & (R R S W R
THOUBESL MR HER TV 73 BT (1. FE mO 2 KR 27224
2017,49(2):154-164.

Zhao Yinyu, Li Xin, Shi Yongjie, et al. Analysis on rotor-
propellers interaction flowfield for compound double-thust-
propeller high-speed helicopters[J]. Journal of Nanjing
University of Aeronautics & Astronautics, 2017, 49(2): 154-
164. (in Chinese)

e Fh AR b vl e, 45 . BT RUB e 2 At i & A X E T
BURATPERE]. %S ) )24 , 2020, 35(4):815-822.

He Xiaoping, Han Dong, Yang Kelong, et al. Flight
performance of compound helicopter with twin propeller[J].
Journal of Aerospace Power, 2020, 35(4):815-822.(in Chinese)
HURIE RN AR AR IR, 55 i s B THURESE B e/ L5 T
PRI 2 TR, 2020, 11(1):46-55.

Shen Suiyuan, Zhu Qinghua, Zhu Zhenhua, et al. Analysis of
rotor/propeller/fuselage interaction characteristics of high-
speed helicopter[J]. Advances in Aeronautical Science and
Engineering, 2020,11(1):46-55.(in Chinese)

Blacha M, Fink A, Eglin P, et al. Clean sky 2: Exploring new
rotorcraft high speed configurations[C].43rd European Rotor-
craft Forum, 2017.

Brouwers E, Fillman M, Deresz R.Advanced AH-64 compound
wind tunnel testing overview[C]. VFS 75th Annual Forum &
Technology Display, 2019.

Bowles P O, Matalanis C, Battisti M, et al. Full-configuration
CFD analysis of the S-97 RAIDER TM][C]. VFS 75th Annual
Forum & Technology Display, 2019.

JEHRE , AT OGS AR i 2 R DG 23
Pr[I]. BEFHLEAR ,2020(3):8-12,18.

Long Haibin, Wu Yuping. Correlation analysis of CFD
calculation and wind tunnel test of fuselage aerodynamic

characteristics[J]. Helicopter Technique, 2020(3): 8-12, 18. (in
Chinese)



EEEH# High-Speed Helicopter 69

Research on Fuselage Aerodynamic Configuration Wind Tunnel Test of Hybrid
High-speed Helicopter with Single Main Rotor

He Long'?, Yang Shipeng?®, Zhang Weiguo?, Zhao Yu?, Wang Liangquan?

1. Beihang University, Beijing 100191, China

2. China Aerodynamics Research and Development Center, Mianyang 621000, China

Abstract: Hybrid high-speed helicopter is one of developed configurations of high-speed helicopter. In this paper, the
fuselage aerodynamic configuration of the 300kg hybrid high-speed helicopter was introduced firstly. The 1:1.5 wind
tunnel test model of fuselage was designed and manufactured, and the wind tunnel test of aerodynamic characteristics
of fuselage was carried out in 4mx3m wind tunnel. By comparing the aerodynamic force and aerodynamic derivatives of
different fuselage conditions under different angles of attack and sideslip angles, the aerodynamic performance of the
whole fuselage and its parts is obtained. According to the wind tunnel test results, combined with the rotor aerodynamic
model and propeller aerodynamic model, the flight mechanics model of the whole aircraft was established and the static
stability of the whole helicopter at different flight speeds was analyzed. The rationality of fuselage aerodynamic
configuration of the hybrid high-speed helicopter is verified. The research results can provide reference for the further
development of hybrid high-speed helicopter with single main rotor.

Key Words: hybrid high-speed helicopter; fuselage aerodynamic configuration; aerodynamic characteristic; wind
tunnel test; static stability of the whole helicopter
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