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Numer ical Smulationsfor the Flowf ield of Helicopter
Rotor s.in Hover.ing Based on High-Order Upwind
Flux-D ifference Splitting Schane
ZHAO Qi-jun, XU Guo-hua
(N ational Key L aboratory of Rotorcraft A erom echanics,
N anjing U niversity of A eronautics and A stronautics, Nanjing 210016, China)
Abstract:™ In order to reduce effectively the numerical dissipation of the rotor wake
vorticity induced by Janeson’'s second-order cell-centered finite volume approach, with the
combination of the third-order upw ind scheme (MU SCL ) and flux-difference litting scheme,
a numerical method based upon the wlution of three-dimensional Reynolds-average N -S
eguations has been developed to simulate the flowfield around a lifting rotor in hovering To
incorporate the mportant effects of the rotor wake, the far-field boundary condition derived
from the rotor momentum theory and the cyclic boundary condition have been used The
enbedded grids methodology was adopted 0 as to weaken the numerical dissipation of the
w ake and be easy to gpply the abovementioned boundary conditions Several casesof the blade
surface pressure distribution have been calculated using the present method and the second-
order center difference The calculated results were validated by comparing with available
expermental data Then flowfield smulations under rotor hovering conditionsw ere perform ed
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for three different blade tip planforms The numerical results demonstrate that the svept tips
can suppress supercritical flow. A dditionally, the vorticity contoursw ere computed and the
characteristics of distorted rotor wakew ere analyzed It is shown that the present method can
effectively reduce the numerical dissipation of the rotor w ake

Key words aerogace propulsion system; rotor; helicopter; upw ind schaneg
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Fig 6 Predicted vorticity magnitude contourson
the plane located below the tip-plane
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