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PIV Measurements of Model-Scale Coaxial Rotors Flow Features
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Abstract . Experimental investigations of model-scale coaxial rotors in hover and in forward flight are car-
ried out in water tunnel by particle image velocimetry (PIV) technique. The distributions of instantane-
ous vorticity and velocity of the rotor flow field are obtained. At the same time, the trajectory of the tip-
vortex, the wake contractions in hover and in forward flight, and the radial distribution of induced ve-
locity are measured. The wake geometries and aerodynamic interaction characteristics of coaxial-rotor
flow field are also investigated. Upwash happens at the outboard edge of the blade tip of the lower ro-
tor, while no such phenomenon happens near the upper rotor blade tip. From comparisons with the pri-
or performance experiments, it can also be found that mutual interferences are playing a positive role in
the coaxial rotor configuration when hovering. Furthermore, the tip vortex trajectories of the single ro-
tor and coaxial rotor are achieved during the experiment, in hover and at different forward flight ratios,
respectively.
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Fig. 1 Schematic of water tunnel
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Fig. 2 View of small-scale coaxial-rotor system
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Fig. 3 Local view of gear box and encoding board
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Fig. 5 Schematic of experimental setup

J5 2Ok FMIE R S X 7R B R 1Y iz 3l . 5 R ] PIV
B AR TAEM 32 10 He, M 3 /9 5% 3 120 1/
min, 7 DLOKF 4 65 2% — J8 5 28 43, BRI 28 M 7 47 A
W, =0 U . BB 72°C0. 1 s) Rk 4y PIV — 4 Jik
Mk A5 . A BE TAERECA SR E T ik
K BB GEAT 100 W1, B WIKERT 1 000 ps, 38 32 X [+
— A 3 5 14 W ' A 1 B0 PSR R AT A G AR
100 i % T LAFS 2] 50 A ) 2 45 5 » 22 Yl BOF-
PIE . ZIR IR AL 1 25 R AT QRS Y e 3 3t
Gy £, 7K o AR A B ZE 00 CULIEL 5) LB RS o ]
A YA e B I B )y AR BT RARAS
1.3 SRR FNEE

AR R E T T RBERMEMR . 2.y
WAL T T BE R ERE T N L Al 1) w=0"F w=
2707, = Bl e 3 il 4 1) b A0l 6 P

I H R

& 6 PIV 7552505 it 2 dok
Fig. 6 Representative PIV measurement regions on

model-scale coaxial rotor
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Fig. 7 Tip vortex displacements of two-bladed rotor

operating in hover

-0.8 -0.6
x/R
(@) ¥R

0.3
-1.1 -1.0-0.9 -0.8-0.7 —0.6 —0.5-0.4
x/R
(b) JHIXUEE

B8 g e it v L i

Fig. 8 Blade tip vortex trajectory in hover
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Fig. 14  Horizontal (radial) and vertical (axial) dis-

placements of tip vortices with =180° in for-

ward flight
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