On Aerodynamic Modelling for Rotorcraft Flight Dynamics™

Bruce I}, Kothmann

Jeffrey D). Keller

H. C. Curtiss, Jr.

Princeton University
Princeton, New Jersey USA

Abstract

It has been known for some time that the predic-
tion of rotor forces and moments for Aight dynamics
applications is sensitive to the specific assumptions
employed in modelling aerodynamics. This paper re-
views several critical aspects of the most widely used
maodels and the sugpested extensions to them, with
an emphasis on the prediction of helicopter contrel
[espOnSEe.

1 Nomenclature

28 fixed wing aspect ratio

B tip loss factor {0.497)

| 4 lift deficiency function

aerodynamic roll moment coefficient
rerodynamic pitch moment coefficient
Or thrust coefficient

[ normalized wing chord

£a normalized blade inner radiua

[ inflow momentum flux matrix

K. (x) wake skew function

K. K. in edgewise flow [ f.(907))

Kz wake translational deformation parameter
Kz wake rotational deformation parameter
Ha normalized hub spring

[M]  inflow ndded mass matrix

N wake rigidity factor
V normalized flight speed

Vi Glaunert mass flow parameter
Vinass generalized mass flow parameter
e dise engle of sttack, positive for remrward tilt
g geometric engle of rttack

s net 2D angle of attack

ain 2D induced angle of attack

oiap 3D induced angle of attack

r bound circulation

Iy k-th aerodynamic integral

i Pitt model prrameter

A inflow ratio, Vein e — u,

m advance ratio, Voo o
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B normalized inflow velocity
u=v,+u.éain1,ir+v:icqsﬂl

T rotor solidity

T inflow time constant

X wike skew angle

it normalized frequency

2 Introduction

This paper considers the influence of various aero-
dynamic modelling assumptions on the prediction of
the control response of single-rotor helicopters. In
contrast to aerodynamic models for performance cal-
culations, flight dynamics models are not penerally
expected to accurately capture all of the details of the
complex How of a lifting rotor. Flight dynamics ap-
plications, which by nature invelve unsteady fuselage
maotion and non-periodie rotor dynamics, continue to
present an unmanagable challenpe to the most so-
phisticated numerical analyses. Therefore, we will
be satisfied with models which offer a compelling an-
alytical basis, and may be expected to provide an
accurate representation of a physical phenomenon.
In addition, there should be as few adjustable pa-
rameters as possible, with a clear understanding of
the factors which influence their values, to provide a
guantitative deseription of the integrated effect of the
phenomenon.

Classically, there are two distinet and equally im-
portant aspects to the aerodynamic modelling for
flight dynamics: (i} computing the airload at a par-
ticular blade station as a fonction of the local air
velacity and blade motion; and (ii) computing the
flow induced by a rotor which is generating aerody-
namic forces and moments. In most flight dynamics
analyses, linear, quasi-steady strip theory comprises
the former, while momentum theory and for dynamic
inflow comprise the latter, The dominant physical
characteristica of the rofor response are well repre-
sented by these theories and their simplicity provides
valuable insight. However, the completeness of these
theories has been called into question by the need for
unrealistic parameter values to match experimental
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