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A Design of Third-generation Airfoils for Helicopter Rotor Blades Using Navier-Stokes
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Fuji Heavy Industries, Ltd.

ABSTRACT

Recent progress in the performance of helicopters has been so remarkable that
maximur speed of over 200 knot is not uncommon among experimental helicopters.

Such high performance owes much to the progress in rotor aerodynamics including ad-
vanced airfoils. Also remarkable has been the recent progress in computational
fluid-dynamics(CFD) and super computers, which makes it possible to predict airfoil
performance accurately up to and beyond maximum 1ift where viscous and vortical ef-
fects prevail.

In this context, & study on the design of advanced airfoils has been carried
out at Fuji Heavy Industries as part of company funded research. A compressible
two dimensional Navier-Stokes code was fully coupled in the design procedure,
which rade effective as well as accurate prediction of maximum lift possible.

First of all, a practical design target was settled, that is to obtain air-
foil shapes with comparable performance to that of Boeing Helicopter’s third-
generation airfoils VR-12 through VR-15. Prior to the design a parametric study
on leading edge thickness and camber was carried out upon the fact that maximum
lift of airfoils depends much upon leading edge shape., In practical design an op-
timal combination of leading edge thickness and camber was selected upon the para-
metric study. Then, the shape especially around the leading edge was successively
refined by relaxing leading edge pressure peak to realize much higher maximum lift
without spoiling other performance. Last of all off-design and overall character-
istics were checked up to transonic Mach numbers.

The airfoil thus designed, which is designated U898H, has thickness over
chord ratio of 0.10 and has symmetric section shape except for the optimized camber
around the leading edge. Wind tunnel results of the airfoil showed high maximua
lift and high drag divergence Mach number as expected and enough to be among third-

generation airfoils.
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