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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
TECHNICAL NOTE NO, 1604

STANDARD SYMBOLS FOR HELICOPTERS

By Alfred Gessow
SUMMARY

A list of standard symbols for rotating-wing alircraft is presented.
The list of symbols is subdivided for ready reference under appropriate
headings, the symbols being restricted to those most generally used in
studies of helicopter eerodynamics.

INTRODUCTION

Great interest has been shown by manufacturers of helicopters and
by various govermment agencies charged with the design, evaluation, and
procurement of hellcopters in the standardization of symbols 'for use in
their work. A survey was therefore conducted among members of the
armed services, industry, certain educational Iinstitutions, and various
government agencies In order to obtain an indication of their prefer-
ences. This survey was made by the Helicopter Commlttee of the Society
of Automotive Engineers in cooperation with the NACA Subcommittee on
Helicopters. The results of the survey indicated a definite preference
for those symbols that had been most widely used in the past. Accord-
ingly, a list of symbols that have appeared in many papers on rotating-
wing aircraft has been prepared and correlated. This-1list, which is
presented herein, was epproved as standard by the members of the
NACA Subcommittee on Helicopters at a meeting held on December 3, 1947.
The membership of this Subcommittee is considered representative of the
various groups contacted during the aforementioned survey.

The symbols listed have been limited for the present to those most
generally used 1n helicopter aerodynamic studies. Specialized symbols
necessary in vibration, stress, and stability work remain to be devel-
oped and standardized as these studies mature with time and use.

SYMBOLS

The units given in the definition of the symbols pertaining to
velocity and angles were chosen to meke the equations compatible and
the coefficients of the correct magnitude. The units given are not
intended to preclude the use of alternate units that might be more
convenient for use in plots or tables, in which case the alternate
unit should be specified.
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An attempt was made to keep the symbols as general as possible in
order not to restrict their use. For example, no specific formulas were
given for the symbols representing induced velocities or performance
Parameters in order to allow the same symbols to represent these quanti-
tles, regardless of the exactness of the formlas used in evaluating
them. For similer reasons, the choice of axes to go with the symbols
for rotor rolling, pitching, and yawing moments was left open.

The list of symbols 1s subdivided for ready reference under appro-
priate headings.
Physical Quantities

The symbols representing the physical characteristics of the
helicopter and of the medium in which it operates are as follows:

w o gross welght of helicopter, pounds

b number of blades per rotor

R blade radius, feet

r ‘radial distance to blade element, feet

x ratio of blade-element radius to rotor-blade radius (r/R)
c blade-section chord, feet

/chrzd:r\
0
R
Jf r* ar
0

6 blade-section pitch angle; angle between line of zero 1lift
of blade sectlon and plans perpendicular to axis of no
feathering, radians (See section "Air flow relative to
rotor" for definition of axis of no feathering.)

equivalent blade chord (on thrust basis), feet

c rotor solidity <'bce/rrR>

e blade pitch angle at hub, radians

61 difference between hub and tip pitch angles; positive when
tip angle is larger, radians

e distance from drag hinge (vertical pin) to axis of rotation,
feet
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m mass of blade per foot of radiﬁs, glugs per foot

I, mass moment gf inertia of blade about flapping hinge,
slug-feet

4 mess constant of rotor blade; expresses ratio of air forces

to centrifugel forces (Cp&R%/Il) (Sqe section '"Blade-
element aerodynamic characteristics” for definition of a)

p mags demsity of air, slugs per cublc foot

Alr-Flow Parameters

Alr flow relative to rotor.- Before-the symbols associated with
alr flow relative to the rotor are listed, 1t is considered advisable
to define an axis that is used as a reference for this system. This
reference axis is called "the axis of no feathering" and is defined as
the axis about which there is no first harmonic feathering or cyclic-
pitch variation. The plane perpendicular to this axis has been termed
the 'rotor disk" in many papers on rotating-wing aircraft. Inasmch as
the axis of no feathering is basic to an understanding of many of the
symbols included herein, its use and significance 1s discussed in detail
in the appendix.

The symbols for the velocities, velocity parameters, and angles
that are used in defining the alr flow relative to the rotor follow: .

v true airspeed of helicopter along flight path, feet per second

Vi horizontal component of true alrspeed of helicopter, feet per
second

Vv vertical coﬁponent of true airspeed of hellicopter, feet per
second

0 rotor angular velocity, radians per second

a rotor angle of attack; angle between projection in plane of

symetry of axis of no feathering end line perpendicular to
flight path, positive when axis is pointing rearward,
radians

v induced inflow velocity at rotor (always.positive), feet per
second. -

s tipepee ravto (Lo2)



http://www.abbottaerospace.com/technical-library

N ' NACA TN No. 1604

A nflow ratio (L8R G- )
QR
v resultant veloclity at rotor; vector sum of translational and

induced velocities, feet per second

¥ blade azimth angle measured from downwind position in
direction of rotation, radians

Alr flow relative to blade element.- The velocities and angles
defining the air flow relative to the rotor-blade elements are 1llus-
trated on fligure 1. The symbols for these quantities are listed as
follows:

Up camponent at blade element of resultant velocity perpendicular
to blade-span axis and to axis of no feathering, feet per
second :

Up component at blade element of resultant velocity perpendicular

both to blade-span axis and TUp, feet per second

Ug component at blade element of resultant velocity parallel to
blade-span axis and perpendicular to TUp, feet per second

U resultant velocity perpemndicular to blade-span axls at blade
element, feet per second

¢ inflow angle at blade element in plane perpendicular to blade-

1 Up
gpan axls, radians | tan T
T

ar blade -element angle of attack, measured from line of zero 1lift,
radians (6 + §)
“(x)( ) blade-element angle of attack at any radiel position and at any
¥ blade azimuth angle, degrees; for example m(l O)(270°) is

blade~-element angle of attack at tip of retreating blade
at 270° azimth position

Asrodynamic Characteristics

Blade -element aerodynamic characteristics.- The symbols for the
two-dimensional asrodynamic characteristics of the airfoil sectlions
comrrising the rotor blade-elements are listed as follows:

cy section 1ift coefficient
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Cdo

80, 81, B2

Rotor aerodynamic characteristics.- The symbols for the quantities

gsection profile-drag coefficient

coefficlents in power series expressing oz éas a function
) (o]

of o (cao =%y + By + 52%2> |

slope of curve of section 1lift coefficlient against sectlion

angle of attack (radien measure)

that define the asrodynamic

follows:

L

H =2 B W O © W B Y

Q
(m

1ift, pounds

drag, pounds

rotor thrust, pounds

lateral force, pounds

rotor-shaft torque, pound-feet
rotor-shaft power, pound -feet per second.
rolling moment, pound-feet

pit_ching moment, pound-feet

yawing moment, pound-feet

1ift coefficient 1__1___
é-pV?'erz
dreg coefficient 1_1_23___
é-pv nRQ

thrust coefficient T 5
AREp(OR)

lateral-~force coefficlent —1—2—- \
==

rotor-shaft torque coefficient ( -——9-:-—2—)
7R2p(OR)“R

characterigstics of the rotor are listed as



http://www.abbottaerospace.com/technical-library

NACA TN No. 1604

rotor-shaft power coefficient <—TP_'—>

7R-p (OR)3
rolling-moment coefficient l-—_I-‘-'——
é-pvzrtR2R
M
pitching-moment coefficient ——-—-—-\
%pVQr[RQR, /

yawing-moment coefficient / i—L
\ §pV2:tR2R

tip-loss factor; blade elements outboard of radius BR are
assumsd to have profile drag but no 1ift
3/2
O
%q

included to make the maximm (ideal) figure of merit equal
to unity

rotor figure of merit | 0.707 3 the factor 0.707 is

Rotor-Blade Motion

Flapping motion.- Blade flapping motion may be described as the

variation with azimmth angle of the blade flapping angle, the flapping
angle belng defined as the angle between the hlade-span axis and the
plane perpendlicular to the axis of no feathering. This motion may be
expressed as a function of the azimuth angle by the Fourier series

. B =g -alcos11f~blsinﬁlf-a2c052q;-‘b28in2¢- o o e
where
B blade flapping angle at particular azimuth position
ag constant term in Fourier series that expresses B (radians);
hence, the rotor coning angle
a, coefficient of cos nV¥ in expression for 8
b coefficient of sin n¥ In expression for 8
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Feathering motion. - Feathering motion may be described as the
variation with azimith angle of the blade pitch angle at a representative
radius, usually taken at 0.75 radius. This motion may be expressed as
a function of the azimuth angle by the Fourler series

0 =Ay ~Ajcosy -By sin¥ - Ay cos 2% -~ Bp 8in 2V - . .

where

] blade pitch angle at particular azimuth position

A constant term in Fourier series that expresses 6 (radians);
hence, the mean blade pitch angle at the representative ’
radius :

Ay coefficient of cos ny In expression for 6

B, coefficient of s8in ny in expression for 6

In-plahe motion.- The blade drag angle is defined as the angle
between the blade-span axis and the line drawn through the rotor center
of rotation and the drag hinge, the angle being positive in the direction
of rotation. Changes in the blade drag angle are termed the "in-plane
motion" of the rotor blades. This motion may be expressed as a function
of the azimuth angle by the Fourier series

t=FEy + Ej cos ¥+ Fy sin ¥ + Ep cos 2 + Fp sin 2¢ + .

where

¢ . blade drag angle at particular azimuth position

o constant term in Fourier series that expresses & (ra;dia.ns);
hence, the mean blade drag angle

B, coefficient of cos oy I1n expression for §

F coefficient of sin n¥ in expression for ¢
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Performance

Parameters useful for expressing helicopter performance arc as
Tfollows:

rotor profile drag-1lift ratio

e
o\/

rotor induced drag-lift ratio

-

parasite drag of helicopter components other than 1lifting
rotors divided by rotor 1ift

OB
,d\.l/|

dreg-1ift ratio representing angle of climb, positive in
1Vy
u

Hig
Q\/

climb_ tan

rotor drag-1ift ratio; ratio of equivalent drag of rotor to

o (80

component of rotor resultant force along flight path (that is,
useful component of rotor resultant force) divided by

wee () (0)

shaft power parameter, where P 1is equal to rotor-shaft power
divided by velocity along flight path and is therefore also
equal to drag force that could be overcome by the shaft

power at flight velocity ( <%> + <%> >
r u

f equivalent -flat-plate area representing parasite drag, based on

unit drag coefficlient, square feet (?blicopterlpagasite drag
\Y

OO
OGO

B

5°

Langley Memorial Aeronautical Laboratory
Watlional Advisory Committee for Aeronautics
Langley Field, Va., March 16, 1948
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APPENDTX

EXPLANATTION OF MEANING AND SIGNIFICANCE

OF AXTS OF NO FEATHERING

At the tlme that the basic theoretical treatments of rotating-wing
alrcraft were made, the typical rotor arrangements Involved the use of
hinges to permit flapping but provided no mechanism by means of which
both flapping and feathering could be introduced relative to the rotor
shaft. The desired orientation of the rotor was achieved by tilting
the rotor shaft. Since that time, the mechamnical arrangement in most
designs has been altered so that the rotor attitude is controlled by
Teathering. A controllable amount of first-harmonic blade-pitch change
is thus Introduced relative to the axis of the rotor shaft. The two
systems are aerodynamically equal; the blades follow the same path
relative to space axes, as regards both pitch angle and flapping angle,
for any given flight condition regardless of the mechanical means used
for achleving it. This fact may be conflrmed by Inspection and can also
be demonstrated mathematically.

In practice, the present rotor systems involve both flapping and
feathering, and, for comparison with theory based on either the assump-
tion of no feathering or no flapping, a conversion would ‘be necessary.
Since most of the available treatments assume no feathering, it is
expedient to convert to this condition.

The conversion Involved 1s simply a change of referemce axes,
which can be more easily understood by reference to figure 2.
Figure 2(a) shows a longitudinal cross-section of the rotor come for
a system without feathering (that 1s, a pure flapping system) and the
longitudinal tilt of the rotor shaft required to oriemt the rotor to
correspond. to some particular flight condition. In figure 2(b) the
flight condition 1s assumed to be the same and, hence, the tilt of the
rotor cone with respect to the flight path is the sams, but the tilt is
achieved by a combination of shaft tilt and blade feathering relative
to this shaft For clarity, the feathering 1s assumed to be achieved
by a "swash" (or control) plate linked in such a manner that a )
1° longitudinal tilt of the plate produces 1° of feathering in the blades
when the blades are 1n the lateral position and no feathering when the
blades are alined longitudinally. The blades do not change pitch with
reference to the plans of the swash plate, as they revolve, no matter
how the swash plate is tilted. In figure 2(a) the blades do not change
pitch as referred to the shaft axis whille revolving. The axis of the
swash plate in figure 2(b) is thus equivalent to the shaft axis In
figure 2(a) insofar as periodic pitch-angle variation is concerned.
Since the swash plate need not be rigged as assumed in this figure and
since the true significance of its axis is that no feathering is intro-
duced relative to it, this axis 1s termed the axis of no feathering

’
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rather than the swash-plate axis. It corresponds to the shaft axis-for
an equivalent (or pure flapping) system incorporating no means for
feathering.

A lateral cross-section of the rotor cone similar to figure 2 may
be drawn which would show the relatlonshlps between flepping and
feathering in that plans. :

Flapping and feathering angles referred to the rotor shaft can be
converted to flapping about the axis of no feathering by means of simple
relationships. In the expressions that follow, the subscript 's”
indicates that the quantity is referenced to the rotor shaft. The
measured flapping relative to the shaft is expressed as

BS:a‘Os"als cos V¥ -bls gin ¥ -825 cos 2V -bas gin 2¢ . .« -
The measured pltch angle relative to the shaft is expressed as

8s = #Ag

- A -B sin - cos 2¢ - B gin 2V .
8 ~lsc°s\b' 15 ¥ AQH ¥ 28 -‘lf

Flapping with respect to the axis of no Peathering is expressed as

B =ay - ay cos \]f-'blsinxlr-a.ecos&y—bzsin&y. -

Pitch angle with respect to the axis of no feathering is expressed as

0 = Ay - Ay cos 2V - By sin 2V .

The first harmonic terms become zero by definition. Themn, the equations
for tramnsferring from the shaft axis to the axis of no feathering are:

&O=&Os

. fo = o
aL1=“1s”33lEj
by =Py -4
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All harmonics greater than the first are unaffected by the transfer of
axes .

If the angle between the perpendicular to the rotor shaft and the
air stream is defined as Ay, the rotor angle of attack « 1is glven by

cx,=<:t.,s,-'.51s
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Line of zero 1ift

Figure 1.-

/— Rotor disk

Air flow relative to a blade element.

I /— Axis of no feathering

H09T *ON NI VOVN
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Rotor-shaft axis
and axis of no
feathering

Perpendicular to
flight path

(2) Pure flapping system.

7
~,
7
— /~/l:/
Swash plate e -
.
Perpgndicular to By~
fight path——— 8 Axis of swash plate
2y | and axis of no
s feathering
g
Rotor-shaft axls———— |
(b) Combined flapping and feathering system. ‘

Figure 2.- ILongitudinal cross sections of the rotor cone, showing the
equivalence of a system involving both flapping and feathering

(referred to the shaft axis) to a pure flapping system (referred to
the axis of no feathering).
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