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Wind tunnel test of aerodynamic characteristics and

parametric variation for rotor in vortex ring state

HUANG Mingqi, 'WANG Liangquan, HE ILLong, YUE Tingrui

(Low Speed Aerodynamics Institute,

China Aerodynamics Research and Development Center, Mianyang Sichuan 621000, China)

Abstract: In order to investigate the flowfield and aerodynamic characteristics of rotor in
descent and vortex ring state, a BO-105 model rotor with tip Mach number similarity was
tested in @5 m vertical wind tunnel of China Aerodynamics Research and Development Cen-
ter. Flowfields around blade tip in hover and descent flight were captured, and variations of
rotor thrust and torque were obtained. The process of vorticity accumulation with the in-
crease of rotor descent rate was observed through application of high speed PIV (particle im-
age velocimetry) camera. When vertical descent rate was 0. 9, rotor thrust and torque were
at the lowest level, and the value was only 60% and 80% , respectively, of that in hovering
state, The formation and break down of large scale vortex structure were observed in deep
vortex ring state. Violent fluctuation of rotor thrust and torque in vortex ring state was
caused by this phenomenon. Oblique descent had less thrust and torque loss than vertical de-
scent. Aerodynamic characteristics of parabolic blade tip were similar with those of conven-

tional rectangular blade tip in vertical descent.
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Fig. 6 PIV flowfield in hover with different collective pitches
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Fig. 7 Thrust time history of rotor in hover with

different collective pitches
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Fig. 8 Torque time history of rotor in hover with

different collective pitches
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Fig. 10 PIV flowfield in vertical descent flight with different descent rates
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Fig. 13 Formation and evolution of large scale vortex around the rotor
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Fig. 14 Performance variation of rotor in descent flight

with different collective pitches
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