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* RESEARCH MEMQWNDUM

SUMMARY OF SOME EFFECTIVE AERODYNAMIC

COEFFICIENTS OF VARIOUS WING-CONTROL

TWISTING-MOMENT

CONFIGURATIONS

AT MACH NUMEERS FROM 0.6 TO 1.7 AS DETERMINED

FROM RCCKET-FOWERED MOlll?J23

By H. Kurt Strass

SUMMARY

A summary is presented of some effective aerodynamic twisting-mon@nt
coefficients of various wing-cotirol configurateions for use at Mach
numbers from 0.6 to 1.7 as determined by the Langley Pilotless Aircraf%
Research Division by the use of r@et~propelled models. The values thus
obtained were determined by the combined use of the experimentally deter-
mined free-flight data and subsonic aerodynamic theory.

The results indicate that, with+n the framework of the necessary
assumptions, the value of the effective twisting-moment coefficient
decreases as the sweepback of the aileron hinge axis is increased.

Large changes in the value of the effective twisting-moment coef-
ficient were obtained in the Mach number r6gion from M * 0.8 to M RI1.2
with changes in aileron span and location upon the same wing plan form.
Above M x 1.2 the values tended to agree much more closely. This factor - “-
limits the use of these data to wing-control,configurateions similar to
those tested.

Comparative tests of an outboard O.s-span, O.25-chord aileron and a
midspan spoiler of approximately the same span length indicate that the
twisting moment of the spoiler is about one-third that of the aileron
for equal values of rolling effeetiveness.

INTRODUCTION

The problem of determining the proper aircraft structural stiffness
is the problem of aahieving the maximum stiffness for the minimum weight.
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One particular phase of this problem is the determination of the effects
*

of wing twiwting upon lateral control effectiveness. .-
.

A method for evaluating the wing “stiff~ss requirements for specified
lateral control effectiveness for>unswept wings at subsonic speeds below _
the critical Mach number is described in reference 1. This method makes
use of the E)ectiontwisting-moment coefficient for constant lift, the
wing torsional stiffness at the mid-aileron location, and a nondimensional
aeroelastic weighing factor to determine the ,1OSSin rolling effectiveness
due to wing twisting. This method, while very successful for unswept
wings at subsonic speeds, is not directly applicable at the preseti time
to swept wings at transonic and supersonic speeds because of the lack ot’

-—

information regarding the section twisting mo@ent in these speed ranges —.

and the questionable merit of using values.o? the aerOe~8tiC, WeighiW
factor which were derived based upon subsonic lifting-line theory for
swept wings at transonlc and supersonic speeds.

In order to circumvent these difficulties, the technique of refer-
ence 2 was initiated whereby experi.nentallydetermined values of the loss
in control effectiveness due to wing twisting are used h an.adaptation ___
of reference 1 to obtain effective aerodynamic twisting moments for some
straight and swept wings for Mach numbers frojn0.6 to 1.7 which can be

.-

used to est~mate the loss in control effectiveness throughout the tran-
sonic region and up to a Mach number of 1.7. Because these values-of
the effective twisting-moment coefficient are based upon subsonic aero- - .-
dynamic theory, the use of these values shouldbe restrictedto wing-
control configurations very similar to those for which data are available.

The purpose of this investigation is to summarize Ltheeffective . . _
twisting-moment coefficients recently obtained for various wing-control
configuratic.nsand previously reported in references 2 to 5. All the
data in the present paper were calculated usi& new valtis of the aero-

— u
“

elastic weighing factor which were based upon.subsonic lifting-surface
theory which should be more realistic for swept wings and wings of low

—

aspect ratio than lifting-line theory. All the data were obtained in
free flight from rocket-propelled test vehicles which permits evaluation
of the rolling power of wing-control co@igur&.ions continuously over a

___

Mach nuniberrange of approximately 0.6 to 1.7.

SYMBOLS

~.

b

aspect ratio ( /)b2 S

diameter of circle swept by wing tips (with regard to rolling
characteristics, this diameter is considered to be effective
span of three-fin models), feet

.

i“
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NACA RM L51K20 3,

wing chord, parallel to free stream, feet

bending stiffness in planes perpendicular to kO-percent-chord
line, pound-inches2

torsional stiffness in planes perpendicular to l+O-perceti-
chord

spoiler

area of

line, pound-inches2

height, fraction of local free-stream chord

two wings measured to fuselage cercterline, square feet

concentrated couple, applied near wing tip in a plane parallel
to free stream and normal to wing-chord plane, foot-pounds

dynsmic pressure, pounds per square foot

rolling velocity, radians per second

flight-path velocity, feet per second

wing-tip helix angle, radians

rate of change of section pitching-moment coefficient with
aileron angle at constant lift, per radian

rate of change of wing angle of attack with aileron angle as
obtained for constant lift at section

effective section twisting-moment coefficient for constant lift

nondimensional semispan station
(+)b2

ratio of

angle of

angle of

tip chord to root chord at mo,delcenter line

sweep of quarter-chord line, degrees

twist, yroduced by m, at any section along wing span
In a plane parallel to free stream and normal to wing-chord
plane, radians

wing-torsional-stiffness parameter, measured parallel to model
center line, radians per foot-pound

derived aeroelastic weighing factor
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h

fraction of rigid-wing rolling effectiveness~etai~d -by
.-

.- -. .—
flexible wing

Subscripts:

a ailLeron

i inboard end of.aileron

o outboard end of aileron ,-

r reference station (middle of exposed

MODELS AND TECHNIQUE

z—

— --- -.-—
,, ..: =

.. =..— —

-—
—

..

control span)
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A typical test vehicle of.tbe type used.in this investigation is
illustrated in the photograph presetied as figure 1 and-in the sketch
of figure 2. The test wings are described in table 1. _.Severaltest
models of different degrees of wing stiffness were flowq for each wing-
control conflguration in order to detezne the 10Ss in.rolling effec-
tiveness due to aeroelasticity. The resuits from these individual
flights as well as complete descriptions of the various types of construe-
tion used in the individual models were previou@y re~@ed in refer-
ences 2 to 5. The models had approximately zero yaw and pitch.

The fligjhttests were made at the Langley Pilotless Aircraft
Research Station at Wallops Island, Va. The test vehicles were propelled
by a two-stage rocket-propulsion system up to “aMach number .ofabout 1.7.
During a period of a~roxtiately 10 seconds of coasting flight following
the sustainer rocket-motor bundut, time histories of the rolling velocity
were obtained with special radio equipment, the flight-path velocity was
Obtained by the use of C!WDoppler rads&, and the space coordinates were
obtalned by means of SCR 584 radar. These data, in conjunction with
atmospheTicclata obtained with radiosondes, permit evaluation of the
rolling effectiveness in terms of the parameter pb/2V as a function of
Mach number. The Reynolds n~ber for the tests yaried from a~roximately
3 x 106 at M =0.6 t07x106at M = 1.7 (based on mea wing chord).

RESULTS AND DISCU&31~N
.,

Rdsund and Background

Normally, the problem is t.odetermine the
wing must have in order to prevent the rolling
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k

below a specified value, or, if the stiffness is specified, to determine
the loss in rolling effectiveness to be expected. Either of these cases

* presupposes that the magnitude of the twisting-moment coefficient
d~~d~

m
is known. However, section twisting-moment measurements in the

transonic and supersonic speed ranges have not been available and this
has prevented the use of this technique at these speeds. To overcome
this lack of data, a method was presented in reference 2 whereby the
experimentally determined loss in rolling effectiveness as obtained by
rocket-powered models can be used to determine effective values of the
section twisting-moment coefficient throughout a Mach number range of
approximate~ 0.7 to 1.6. The values of the effective aerodynamic

dc~db
twisting-moment coefficients

m
(hereafie~ referredto as cq/%

for stiplicity) presented were determined~y the use of equation (1) of
reference 1 which is presented in a more useful form as follows:

.

For any given wing of

cm zM21-A-+=yemrrb q
(1)

.

aspect ratio A and sDan b. the torsional
stiffness parameter (e/m)r &nbe obtainedby d-tiect&easwement. The

value T, which can be calculated, is a nondimensional weighing factor
which takes into account the spantise variation of torsional stiffness,
the plan form of the wing, and the location of the aileron upon the wing
and which is also proportional to the loss in rolling effective~ss per
unit twist at the reference station. The loss in rolling effectiveness
(1 - d) at a given dynamic pressm q can be obtained from experimental
data. By substituting these quantities into the basic eqfition, the only
unknown factor remaining is the section twisting-moment coefficient for
which the equation can then be solved.

Torsional Stiffness Parameter, (e/m)r

The torsional stiffness parameters of all the test wings were

obtained by applying a known couple near the wing tip and measuring the
resulting twist along the span. It may be of interst to note that the
wing torsional stiffness was obtained in the same manner for both straight
and swept wings. That is, the couple was applied and the twist was
measured in planes parallel to the model center line and normal to the

* wing-chord plane. The reason for measuring the torsional stiffness in
this manner is’based upon previous work (reference 6) which indicated that
the steady-state rolling effectiveness (pb/2V) due to differential wing.
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S-TIC).
incidence is Independent of the angle of sweepback
incidence is measured in the direction of flight.

NACARM L51X20

when the angle of

Loss in Rolling Effectiveness,- (1 - ~)

The loss in rolling effectiveness due to wing twist should also be
independent of wing sweep if the twist is measured In the direction of
flight. Therefore, only the mo~”nts which cause angulti cha,ngesin the
direction of flight need be considered. Fromthese considerations, for
steady-state rolling effectiveness, it is possible to conclude that the”
ratio of wing flexural stiffness to wing torsional stiffness (EI/~),
normally of great importance, should be relatively unimportant providing”
that the wing torsional siiffness is determined in,the manner previously
described. This is borne out by the fact that, within the experimental
accuracy, a cross plot of pb/2V, the rollin& effectiveness parameter,
against (8/m)r, the torsional.stiffness pardheter, is linear although

the ratio of the stiffness in torsion to the stiffness in bending for
the individual models may vary by as much as MO percent. This is
illustrated in figure 3 which presents some typical examples. In
figure 3(c) the very lsrge amount of wing sweep incorporated in this
plan form (610) normally makes the determination of the loss due to
flexibility much more difffcult and d-”nstrates the relative simplicity
of this method. The linearity of the variation of pb/2V with” (e/m)r
also indicates that the effects of wing bending due to the differences
in-wing loading which exist at steady-state roll are also relatively
unlmportarrt. Therefore, the loss in the stea~-state r“ollingeffectiveness
due to wing flexibility for a given wing-control configuration Is due
primarily to the twisting moment in the direction of flight caused by
the control and corresponds to previous experience with unswe~ wings.
It should therefore be possible to utilize the observed.losses in rolling
performance and the known structural properties of the test wings to
determine the aerodynamic twisting

Theoretical Nondimensional

The effective twisting-moment

moments upon which the losses deynd. ““”

Aeroelastic Weighing Factor, T

coefficients presented in references 2
and 3 were c.btainedUsing values of T prese+rtedin reference 1. These
values of T are strictly applicable only to unswept wings of aspect
ratio 5 or larger owing to the method of derivation which was based on
lifting-line theory (reference 7). However, hew values”of T have been
computed using the equations presented in reference .1and based upon
lifting-surf’acetheory (reference 8) in order’to include wings of low
aspect ratio and high sweep, linearly tapered wi~s varying from taper
ratios of O to 1.0, and for controls of any spanwise location. These new
values are presented in tabular form (table II) to permit easy, accurate

—

--
i —

—
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estimation of T for aspect ratios of 2 to 8. In order to illustrate
the very large changes in the values of T which acconr>ny movement of
an aileron of given span inboard, a typical set of values from table II
is presented in figure 4. All the values of the effective twisting-
moment coefficient c%/a~, presented in this paper, were computed using

the new values of T given in table II.
.

.

The
mentally
The data

Presentation of Results

data presented in figure 5 were obtained by usfng the experi-
determined values of (1 - @) and the T values from table II.
show the general effect of sweepback upon the variation of

%@ with Mach number and indicate that the rate of reduction in

cw/% at a constant Mach number due to sweepback becomes greater as

the angle of sweep is increased. The relationship between the curves
is not clearly understood at this time; however, it appears that the
sweep of the aileron hinge axis is a major controlling factor. It
should be noted that the values of c~/ub given for the mwefi w-

represent the average obtained from the results presented in reference 2
for a 3-percent-thick and a g-perceti-thick airfoil section.

Figure 6 presents a comparison of the variation of the
twisting-moment coefficients with Mach number as determined
ailerons upon the same wing plan form.

Theoretical.., if the values of T accurately weighed

effective
for different

.

the effects
.

of wing twist, wi-& geometry, and the aerodpamics-of t% wing-control
configuration, the values of %/% for any given Mach nuriberthus

d determined would be the ssme. That is, the curves in figures 5, 6, and 7
would be coincident. The fact that the values are not the same indicates
that there are definite limitations in the applicability of the method
at the present time. In the region between M- 0.8 to M= 1.2, the’
values are quite different, but in the region between M - 1.2 to
M x 1.6, the values tend to agree more closely.

.-

*

The major factor that can cause variations in the determination of

cm#% is the inability of the basic theory used to derive the weighing

factor T to describe accurately the very complicated aerodynamic condi-
tions existing in the transonic speed range.

Another possible contributing factor is the effect of wing bending
caused by the differences in span loading due to control deflection and

. that due to damping. As was previously discussed under the subheading
entitled “R&sum& and Background,” the variation in cm5/~ due to

d
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c?ifferetilalwing bending is negligible. H@ever, for”wing-corrtrol
configurations similar to those tested, the previously discussed limita-
tions should not apply, providing that t~ torsional &if fneas criterion
(@/m)r is determined in the same manner.

.- -.>-..—
—

Figure 7 presents the variation of effective twisti.ng-moment”coef=
ficient with Mach number for an outboard 0.3-span, O.~-chord aileron -
compared with a midspan spoiler of equal rigid-wing ,rolling effectiveness
located upon the same wing at approximately the same chordwise station
as the aileron hinge axis. The T values used for t& spoiler were the ‘“““
same as for an aileron located at the”same spanwise station. It iS “--
app~ent that the twisting moment of the spqiler is much less than that
of the aileron (approximately one-thtid)j th6refore, the merit of spoilers ‘
for control is very clearly illustrated where wing twigting is a problem.

The s~oiler and aileron described were_tested separately and in
combination upon a wing which was constructer~to have the values of the
stiffness in torsion and bending scaled to t&at for a yroposed figkter”
airplane in order that the effects of wing flexibility upon rolling
effectiveness could be measured directly. The refits shown in figure 8 ‘
serve to illustrate how the rolling effectiveness of a typical fighter
airplane will be dependent upon the type of ~oll-control device selected.
It should k-enoted that the fraction of rigid-wing roiling effectivene”s-s-
retained by the spoiler is almost constant w_tthincreasing Mach number,
whereas the aileron configuration exhibited 6evere loss bf control ““-”

. ...

effectiveness with increasing Mach number. The measured variation of @
with Mach r.umberfor the configuration with,h.e spoiler and aileron-in- - -
combination is compared with that estimated from the &ta for the controls
tested separately and the comp”&rison&hows that there _wasnegligible
interference between the spoiler”andthe ailpron when operated in com-
bination in this manner, thereby indicating that the values of cw/%
obtained for the controls tested separate~could be used to predict the
loss in.rolling effectiveness for the controls in combination.

.
...-

CONCLUSIONS .—

A summary of some effective aerodynamic twisting-moment coefficients
of various wing-control configuratio~ at=WAch n~pers from 0.6 to 1.7-” ..:
as determirledby the use of rocket-propelled test vehicles indicates
that, within the framework of the foregoing Resumptions, the following
conclusions may be drawn:

—

w—
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1. The value of the effective twistiu-moment coefficient decreaSed
as the sweepback of the aileron hinge axis-~.sincreased.

i
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2. Large changes in the value of the effective twisting moment coef-
fi.sientwere obtained in the Mach nuniberregion from M * 0.8 to M x 1.2
with changes h aileron span and location upon the same wing plan form.
From M x 1.2 to M x 1.6 the values tended to agree more closely.

3. Comparative tests of an outboard O.3-span, O.25-chord aileron
and a midspan spofler of ●approximately the same span length indicate
that the twisti.ngmoment of the spoiler is about one-third that of the
aileron for equal values of rolling effestiveness.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va.
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