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Design and Aerodynamic Authority Analysis of Continuous

Trailing-edge Flap for Helicopter Blade

Li Yun, Dong Linghua, Zhou Jinlong, Yang Weidong
(National Key Laboratory of Rotorcraft Aeromechanics, Nanjing University of

Aeronautics and Astronautics. Nanjing 210016, China)

Abstract: Continuous trailing-edge flap has many advantages over conventional discrete flap in helicopter rotor
vibration reduction applications, such as light weight, compact structure and stable airflow. Macro fiber com-
posite is chosen as the actuating material. A blade section with a continuous trailing-edge flap is designed based
on NACA23012 airfoil, and its materials are selected and analyzed. The influence of continuous trailing-edge
flap on airfoil aerodynamic characteristics is analyzed by fluid-solid coupling method. Results show that continu-
ous trailing-edge flap can output sufficient deflection under the working conditions of helicopter blade, including
angle of attack as well as Mach number, and improve aerodynamic lift and moment of the blade profile signifi-
cantly, which demonstrates the potential value of continuous trailing-edge flap in rotor vibration reduction appli-
cations.
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Fig.1 Schematic structure of MFC
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Fig. 2 Piezoelectric deformation experiment of

cantilever beam with MFC
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Table 1 Parameters of MFC and cantilever beam
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Fig.3 Validation and correction of the

thermo-elastic analogy method
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Table 2 Materials and Elastic modulus of
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Table 3 Tip deflection of CTEF under different
interlayers and skins at the voltage of +1 500 V/—500 V
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Table 4 Materials and main parameters of each part of the CTEF

A S #ooH HHE(p)/ (kg s m ) 1 [ i (E) /MPa TR HE ()

PN Tk 2T 4 1540 E; =121 000,E; =8 600,E;=8 600 w2 =p13=0. 27, pz3=0. 4
WK PMI i 3k 60 70 0.3

B3I R E R 2 000 E1=45 000,E, =10 000.E; =10 000 12 =p13=0. 325 =0. 4

e 2 1455 80 E;=1.E,=1.E;=255 112 =0. 494 p15 = 225 =0. 001
Tk 52 ek 1 100 283 0.4

CTEF i # 1 & 72 M 0. 75 %5 i 3 2 42
U, AL B IR A R, AL ok Ak
0.5 Ma, KW #EE N 0.5 Ma B}, +1 500 V/
—500 VHLEIKEN T, J5 A0 8 Fif 20 £ 09 742 £ 17 B0

ME 7 Fros, /] LUE . & A3 K, 5% AL
BB /AN, MAHR 6%, 4+1500 V/—500 V HE
KB T 5 A0 B Bl Sk i R 0 AR A6 A B n 7
(b)Y FF7R , AT LA - B B o Ol B 1S KL 5 i B



%2 M

R BTPILIR I LR SIS 5 U e o B

235

U N = I i 1| T S A il T £ D
CTEF f ffi 5 M 22/,

0 -

a1k
g
Eof
B
&
i&é\[’ 3T n
i rl././.-/

A

_5 1 1 1 1 1 1 1 J

0 2 4 6 8 10 12 14 16
W)
(a) Ma=0.5

0 -

a1k
2 /
e _
i 5

T /

.
s
0.1 02 03 04 05 0.6 07 08 0.9
Ma
(b) a=6°

P75 SR AN R B3 A T I b £

Fig. 7 Changes of trailing-edge deflection with

angle of attack and Ma
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Fig. 8 Pressure countours of the airfoil with/without

trailing-edge deformation(Ma=0.5,a=0°)
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Fig. 9 Pressure countours of the airfoil with/without

trailing-edge deformation(Ma=0.5,a=6°)
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Fig. 11 Aerodynamic characteristics of blade profile under

different actuating voltages(Ma=0.5)
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