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Blade tip vortex characteristics of rotor under hovering status

HUANG Mingqi, WU Jie, HE Long, LAN Bo

(Low Speed Aerodynamics Institute, China Aerodynamics Research & Development Center, Mianyang 621000, Sichuan, China)

Abstract: Research on characteristics of helicopter rotor blade tip vortex is one of the key elements for helicopter
rotor aerodynamic characteristics research. To improve the understanding of the blade tip vortex characteristics under
hovering status and grasp the flow mechanism accurately, the Bo-105 rotor model hover test of tip Mach number
similarity is conducted in open test section of @5 m vertical wind tunnel. In the same time, the hovering rotor flow
filed of different collective pitches is measured elaborately with the TR-PIV measurement system, and then the
detailed flow field (32 frames/circle) of this rotor is obtained. Based on the reasonable methods of the judgment of
vortex center, extraction of vortex core flow parameter and fit of the vortex core model, the test results is processed
and analyzed elaborately, and the evolution and development of blade tip vortex under hovering status is uncovered.
The research shows that TR-PIV can catch the vortex characteristics correctly, and it will contribute to the elaborate
study of rotor flow filed; using the weighted average of vorticity to calculate vortex center, it can avoid influence of
shift speed on position of vortex core, and position of the vortex core accurately; using the circulation-based method,
it can calculate size of vortex core and max induced velocity more reliably, and the results show that vortex core
radius increases slowly and vortex core max induced velocity slowly decreases with increasing wake age; during the
evolution of tip vortex, different development stages have different n parameters.
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Fig.1  Test picture

2t 3
sent4
=T j jdyan|
2
T Ktz
KRS sent 1
|
HAHL

B2 EHESEMRREFLBTE(MER)
Fig.2  Schematic diagram of blade number and acquisition

triggering azimuth (top view)
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Fig.3 Sketch map of viewing field relative to the rotor
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Fig.4  Vorticity contours and velocity vector picture of different blades azimuth angel at hovering status
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Fig.5 The difference between rotation center position and

vorticity center position of the vortex under translational

velocity
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Fig.6 Blade tip vortex position result under different blades and
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same thrust coefficient
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Fig.9 The relationship between vorticity, circulation and

induced velocity extracted from 11.25° wake age
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Fig.13  Fitting curves at 11.25° wake age status
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