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Fig 1 Flow patterns of tilt-rotor aircraft in hovering state
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Fig 2 Configuration of tri tilt-rotor (TTR) unmanned

aerial vehicle

1 TTR
Table 1 Major parameters of TTR unmanned aerial vehicle
Parameter Value
Mass/ kg 2.8

Centre of gravity position/m (0.38, 0, 0.04)

I1,=0.313,1,=0.402,1.=0. 69

Inertia moment/(kgsm?) I=—0.045.1, = I,, =0

Wing area/m? 0.43
Wing span/m 1. 85
Wing chord/m 0.23
1 TTR
s 0.5 TTR
1.3
b N o
1.5 mX1.0 m, 1.7 m,
3m/s, 30 m/s,

e<<0.07%, Re=14.7X10°,
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. ®l4 2 Table 4 Distributions of rotor chord and twist
r/R Chord/mm Twist/ (%)
0.2 11.50 9.82
2 @14
0.4 13.57 14. 20
Table 2 Static calibration results of ®14 rod balance
/ / ) 0.6 14. 49 13.50
M, M, M.
Parameter X/N Y/N Z/N (Nem)  (Nem) (Nem) 0.8 12,25 7.92
Load capacities 15.7 58.8 21.6 2.1 1.4 3.7 1.0 9. 60 1.72

Precision/ % 0.49 0.10 0.48 0. 40 0. 46 0.13

Accuracy/ % 0.08 0.03 0.06  0.02 0.01  0.08
Vlite-200 PIV(Particle Image
Velocimetry) .
Nd:Yag , 15 Hz,
200 m]J, 8 ns, CCD(Charge Coupled
Device) 2 048 X2 048 , 14
/s,
120 ns, (2-
) ,
s N o Vlite-200
PIV 3 o
3 Vlite-200
Table 3 Parameters of Vlite-200 laser
Parameter Value
Output energy/m] 20-200
Work frequency/Hz 1-15
Spot diameter/mm 6
Divergence angle(10™ *rad) 2.5

Laser mode Super multimode

Pulse duration/ns 6-8
Jitter time/ns 2
2 TTR 0.5
o114
TTR )
o 14
0.15 m, 4

’ r ;R °

1.7 mX1.3 m, TTR

0.1m’,
1.0D.1.25D.1.5D.2. 0D,
3.0D 4.0D, D .
30°,
3 m/s,
o 3
, 4 o

3

Fig 3 Hovering test table in low-speed wind tunnel

Fig 4 Tiltrotor system
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Fig 6 Shooting scenes of particle image velocimetry (PIV) Fig 7 Changes of body loads at different heights and rotor
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Fig 8 Changes of body pitching moments at different

heights and rotor powers
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Fig 9 PIV images of hovering state in cross section 1
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Ground effect test of tri tilt-rotor aircraft in wind tunnel

CHEN Kun, SHI Zhiwei* , SUN Jialiang
College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics s Nanjing 210016, China

Abstract: Tiltrotor aircraft has an obvious ground effect in hover or low-speed forward flight near ground, which has a
strong effect on the aircraft aerodynamic loads. According to the ground effect problems of tri tilt-rotor (TTR) aircraft. a
0.5-scale TTR aircraft model is used in tests. a movable plat is designed to simulate the height of TTR vehicle above the
ground in low-speed opening wind tunnel, a rod balance is used to measure the loads on the body and particle image veloci-
metry (PIV) is applied to the shot of dynamic flow field underneath the body. The test results show that with the influence of
ground effect, the maximum upload on the body is about 4% of the thrust of total rotors when the TTR aircraft hovers height
is less than 1.25 times of the rotor diameter, and the vortex fountain flow phenomenon is observed; in low-speed forward
flight, with the influence of rotor wake flow and forward flow, the upload on the body significantly reduces with respect to the
hover state, and the fountain flow center shifts afterward. The test results provide a reference for the TTR unmanned aerial
vehicle power system selection, design of control systems and improvement of carrying capacity by using the advantage of

ground effect.
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