






Abstract 

Although a full simulation of the flow field generated around helicopter rotor 
blades in forward flight requires consideration of many complex interacting flow 
phenomena, such as fluctuations in the velocity and incidence of the oncoming flow, 
three dimensional effects, moving shock waves, shock induced separation and 
dynamic stall, considerable physical insight may be obtained by removing the 
influence of many of these phenomena and studying the simplified flows which result. 

In the present work the problems of moving shock waves and shock induced 
separation commonly encountered on the advancing side of helicopter rotor blades 
during forward flight are addressed by examining the behaviour of the flow field 
around aerofoils undergoing inplane oscillations, of the form M, = M,( l+psin(ot)), at 
constant angles of incidence. 

In this paper a method for the solution of the thin layer Navier-Stokes 
equations for aerofoils undergoing inplane oscillations is presented. The sensitivity of 
the method to a number of the main control parameters is investigated and the results 
of preliminary calculations and validation with experimental data are presented. 
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1. Introduction 

Although a full simulation of the flow field generated around helicopter rotor 
blades in forward flight requires consideration of many complex interacting flow 
phenomena, such as fluctuations in the velocity and incidence of the oncoming flow, 
three dimensional effects, moving shock waves, shock induced separation and 
dynamic stall, considerable physical insight may be obtained by removing the 
influence of many of these phenomena and studying the simplified flows which result. 

In the present work the problems of moving shock waves and shock induced 
separation commonly encountered on the advancing side of helicopter rotor blades 
during forward flight are addressed by examining the behaviour of the flow field 
around aerofoils undergoing inplane oscillations, of the form M, = Ml( l+psin(ot)), at 
constant angles of incidence. 

The behaviour of aerofoils undergoing pure inplane o~cillations”~’~ and 
combined translatio~dpitch~~~ oscillations has been investigated by Favier and Maresca 
at low free stream velocities. It was found that the flow field could be considered to be 
essentially quasi-steady for angles of incidence below that of static stall. For 
incidences through and beyond that at which static stall occurred large increases in 
lift, drag and pitching moment coefficients were observed together with a phase delay 
in the occurrence of maximum lift coefficient. The resulting flow field was found to 
be strongly dependent upon the reduced frequency (k=co/2V,) and the reduced 
amplitude (AoN,). Instantaneous data and flow visualisation’ show that the 
boundary layer becomes reattached, following separation, while the aerofoil is 
accelerating forwards. Such a reattachment leads to the formation of a large separation 
bubble over the forward part of the aerofoil similar to that observed during the 
dynamic stall of aerofoils oscillating in pitch. 

A wide range of analytical approaches are available for calculating unsteady, 
inviscid, incompressible flow. Van der Waal and Leischmann4 have applied a number 
of these models to the problem of inplane oscillations with some success and have 
been able to demonstrate excellent agreement with results obtained from an Euler 
code operating at low free stream Mach number. 

At the present time no experimental results are available for aerofoils 
undergoing inplane oscillations at transonic Mach numbers. Consequently the 
validation of current computational methods is unsatisfactory and is performed by 
appealing to the underlying flow physics, comparison with existing computational 
approaches and comparison with three dimensional test data. 

Current computational approaches are restricted to the solution of the unsteady 
Euler equations. In Reference (5) Habibie et a1 transform the governing equations 
onto a non-inertial frame of reference. This approach is however restricted to inplane 
oscillations and a more general approach is adopted by Lerat and Sides6 and Lin and 
Pahlke7 who solve the Euler equations in general moving co-ordinates and are able to 
obtain very good agreement with the published three dimensional experimental data 
of Phillipe and Chattot’. 
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