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Abstract

This paper describes a new method for computing the
flowfield and acoustic signature of arbitrary rotors in for-
ward flight. The overall scheme uses a finite-difference
Navier-Stokes solver to compute the derodynamic flowfield
near the rotor blades. The equations are solved on a sys-
tem of overset grids that allow for prescribed cyclic and
flapping blade motions and capture the interactions
between the rotor blades and wake. The far-field noise is
computed with a Kirchhoff integration over a sutface that
completely encloses the rotor blades. Flowfield data are
interpolated onto this Kirchhoff surface using the same
overset-grid techniques that are used for the flowfield
solution. As a demonstration of the overall prediction
scheme, we compare computed and experimental far-field
noise results in cases with high-speed impulsive (HSI) and
blade-vortex interaction (BVI) noise. Computed HSI
results show better agreement with experiment than BVI
results and it is clear that the Navier-Stokes flow selver
requires improved grid resolution in the rotor wake to cap-
ture the details of BVI noise. Overall, the overset-grid
CFD scheme provides a powerful new framework for the
prediction of rotorcraft noise

Introduction

Modern helicopter designs aim for low noise and this is
particularly true for civilian helicopters that operate near
heavily populated arcas. There are two main types of noise
that cause problems for helicopters, The first is called
high-speed impulsive (HSI) noise and consists of a strong
acoustic disturbance occurring over a short period of time.
Impulsive noise is generally associated with high tip
speeds and advancing-lip Mach numbers greater than 0.9.
The second type of noise comes from the interaction of the
rotor blades with their vortical wake systems. This type of
noise is called blade-vortex interaction (BVI) noise and it
is particularly important when the helicopter is descending
for landings.

'This paper is declared a work of the U.S. Government
and is not subject Lo copyright protection in the United
States.

Presented at the 22nd European Rotorcraft Forum,
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Accurate prediction of both types of rotor noise is
heavily dependent on the accurate prediction of the aero-
dynamic flowfield around the rotor blades. Tip vortices in
the rotor wake dominate the flowfield and produce a
highly unsieady and nonuniform induced velocity field at
the rotor disk. The rotor wake is very difficult to modet but
holds the key to accurate acoustic predictions.

Flowfield models based on computational fluid dynam-
ics (CFD) hold a great deal of promise for simulating the
aerodynamics of helicopter rotors and their wake systems.
The rotor wake can be captured directly without ad-hoc
models and the nonlinear flowfield close to the rotor
blades is modeled accurately. Overset grid schemes allow
for efficient placement of grids around complicaied geom-
etries and also provide a framework for solution adaption
and future improvements in the resolution of the wake sys-
tem.

The CFD solutions in this paper use the oversel grid
method for helicopter aerodynamics that was developed
by Ahmad and Duque]1]. The method includes a user-pre-
scribed motion of the blade that models the effects of
cyclic pitch conirol and rotor blade flapping. The interac-
tions between the rotor blades and their wake systems are
captured as an inlegral part of the CFD solution. Refer-
ences [2-4) provide additional examples of overset-grid
CFD methods for helicopter aerodynamics.

Even if the flowfield near the rotor blade is computed
accurately with a CFD model, it is not practical to extend
this CFD solution to compute the helicopter acoustics in
the far field. Away from the rotor blades, more efficient
Kirchhoff methods for acoustic propagation can be used
that are based on linear theory. This type of combined
solution method is a good compromise between efficiency
and accuracy. The CFD equations model the nonlinear
effects near the rotor blade surfaces and the linear Kirch-
hoff methods propaga 2 the acoustic signal to the far field
in a computationally-efficient manner.

The KirchhollT method computes the acoustic pressure
in the far ficld from a numerical integration over a surface
that completely encloses the rotor blades. Aerodynamic
and acoustic solutions in the near field are computed with
an appropriate CFD method and interpolated onto the
Kirchhoff surface using overset-grid interpolation tools
and then stored for acoustic postprocessing. The Kirchhofl
acoustics prediction scheme from Strawn et al. [5-7] is
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