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Abstract

Three flight conditions from the UH-60A Airloads
Program are examined where dynamic stall occurs on the
rotor: a symmetric pull-up that includes non-zero angular
rates and accelerations; a high-speed, diving turn that
includes non-zero angular rates, but nominally zero angular
accelerations; and a level flight case with zero angular rates
and accelerations. The two maneuver conditions result in
severe pitch-link loads and represent design conditions for
this military aircraft. Dynamic stall characteristics are
identified in the section lift, the section pitching moment,
and the trailing edge pressure and are used to create rotor
disk maps that show the Jocation and behavior of dynamic
stall for this rotor. The measured blade pressures are
to examine the dynamic stall process itself and airfoil
maps are developed that show the behavior of the dynamic
stall vortex on the blade and its interaction with areas of
supercritical flow. It is shown that the torsional dynamics
of the rotor control where dynamic stall may occur, while
the flight condition and the resulting aerodynamic inflow
determine whether it will occur.

Notation
a speed of sound, ft/sec
b number of blades
CL 1ift coefficient
CLmax maximurn static lift coefficient
M moment coefficient
Cylo = o) gross weight coefficient
nopQ R

c blade chord, ft
GW aircraft gross weight, 1bs
g acceleration due to gravity
L section normal force, 1bs/in
M local Mach number

2L section normal force

2 -
M Cp =

P 2 coefficient
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vic = M section pitching moment
= - £ira
M 0 azc 2 coefficient
2 2(p,, ~ Poo) upper surface pressure
MC.,= —5— .
pu P ac coefficient

M sect. pitching moment, in-b/in

nz 1oad factor, g

Pllosc oscillatory pitch-link force (half
peak-to-peak), Ibs

p surface pressure, Tbs/in?

Peo static pressure, Ibsfin?

q pitch rate, deg/sec

R blade radius, ft

T radial coordinate, ft

X chordwise coordinate, ft

o angle of attack, deg

¢ induced flow angle, deg

i advance ratio

econt blade control angle, deg

Belas blade torsional deformation, deg

P air density, shug/ft3

] rotor solidity, be/iR

Q rotor rotational speed, rad/sec

v rotor azimuth, deg

Yo.5¢ rotor azimuth where dynamic
stall vortex crosses 50% chord,
deg

Introduction

Dynamic stall on a helicopter rotor in high-speed or
maneuvering flight causes large blade torsional moments
and control system loads and, in some cases, will size
control system components for a new aircraft design. The
ability of present analyses to predict rotor loads under
dynamic  stall conditions is largely unsatisfactory.
Analytical approaches 10 this problem have, as a first step,
examined the modeling of dynamic stall on a two-
dimensional (2D) basis. Much has been learned about the
basic phenomenon from 2D wind tunnel testing (Ref. 1)
and numerous empirical models have teen developed that
can be incorporated into conventional lifting-line analyses.
In addition, recent calculations using a Navier-Stokes flow
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