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NATIONAL ADVISORY COMMITIEE FOR AERONAUTICS

RESFARCH MEMORANDUM

FREE-FLIGET INVESTIGATION OF CONTROL EFFECTIVENESS OF FULL-
SPAN, 0.2-CHORD PIAIN ATIERONS AT HIGH SUBSONIO, TRANSONIC,
AND SUPFRSONIC SPEEDS TO TETERMINE SOME EFFECIS OF
WING SWEEPPACK, TAPER, ASPECT RATIO, AND
SECTION~THICKNESS RATIO

By Carl A. Sendehl
SRMARY

An aerodynamic~control~effoctlveness investigatlion using
free-flight rocket=propelled RM=%5 test wvehicles 1s being conducted
by the Pilotless Alrcraft Research Division of the Iangley Memorial
Aeronautical Iaboratory. Results have been obtained recently which
Indicate some of the effects of wing taper ratio, sectlon-thickness
retio, wing aspect ratio, and sweepback en the rolling effective-
ness of plain full-gpan 0.2-chord eealed ellerons. The alloron
control characteristics of untapered, 45° swoptback wings of aspect
ratio 3.0 were found to be generally the same for ‘the NACA 65-006
and NACA 65-009 airfoll sections, neither configuration exhibiting
abrupt ohanges In effectivenass in the Mach number range investigeted.
The tapersd 1}5 sweptback wings of aspect ratio 3.0 and NACA 65-009
alrfoll scotion oxhiblited a small ebrupt change in rolling effec-
tiveness in the Mach nunber renge from .92 to 1,00 which was not
characteristic of untapered wings tested having the same sweep,
agpect ratio, and section. A reduction in aspect ratlo from 3.0
to 1.75 for unswept, untapesred wings resulted in an appreciable
increase of rolling effectlveness. Both aspect=ratio configura-
tions exhibited undesirable con'l:ccol chavacteristics at transonic
speeds.

INTRODUCTION

At the present time the Pllotless Alroraft Resesrch Division
of the lLangley Memorisl Aeronsuticel Isboratory is engaged in an
experimentel investlgation of aerodynamic control effectiveness at
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2 s T NACA RM No. LTF30

high subsonic, transonic, and supersonic speeds using rocket-
propelled free-flight test vehicles. The exploratory phase of
this progrem is being conducted with the RM-5 test vehlcle which
ig described in reference 1. Also included in reference 1 1s a
description of the RM-5 instrumentgtion and measurements, a
discussion of the . capebilitiss and limitations of the testing
technique, end a presentation of first results obtained using the
EM-5 technique. These first results indicated some of the effects
of wing sweepback and section-thickness retio on the rolling
effectivensss of plain flap-type sealed ailerons over the Mach
number renge from about 0.75 to 1.40. o -

The present report includes results of recent RM-5 launchings
which indicate some of the effects of wing aspect ratlio, taper
ratio, section-thiclmess ratio, and wing sweepback on the rolling
effectiveness of plain full-span O.2-chord ailerons. Also included
in the present report are results which indicate the lnflusnce of
the finite torslonal rigidity of the RM-5 wingse on the effectiveness
of the allerons. Certain data from reference 1 are reproduced in
the present report for comparison.

o o S¥MBOLS' _
g; wing-tip helix angle, redians g )
P roli;né_velocity, radigns ?er sgcond ) ' .
f diémetgr of éircle-swapt by'wipgftibs, feot
v 5flight-pa£h.ve10city, feet per second
CD drag coefficient based on the total exposed wing area of

1:563 square faet

2

Mach number . Co -
A wing sweepback of 50-percent-chord line

A aspect ratio (?le/si)l

by diemeter of cirole swept by wing tips minus fuselage diemeter
S, exposed area of two wing panels B
A wing taper ratio (cy/c;.)

SONTTREEN



NACA RM No.. LTF30 L 3

'wing root chord at glde of fuselage
Cg wing-tip chord
8, control deflection measured in free-stream direction

moment of inertia sbout longltudinal axis

Ix
mg  wing torsionel stiffness parameter (Ei)
m concentrated touple applied at wing tip in plane parallel to

model center line end normal to wing chord plane, inch-pounds

2] angle of twist produced by m at any section along wing span
in plane parallel to model center line, radians

DESCRIPTION OF TEST VEHICLES AND TESTS

Test Vehicles

The general arrangement of the RM-5 test vehicles uged in the
present investigation is shown in the drawing of figure 1 and ‘the
photographs of figure 2. .The models are constructed mainly of wood
for esase of comstruction and lightness. The body is of balsa
except at-the wing attachment where spruce is used. The wings are
constructed of leminated spruce with metal stiffeners inlaid into
the upper and lower wing surfaces to provide the required torsional
rigidity.

A summary of the characteristics of the configurations for
which results are presented in this report is given in the following
table:



TVIINECTANOD

. . Average :
Model Aspect Taper Sweepback, NACA | ailleron Iy o :
number | ratio ratio A airfoll | deflection, (slug-ft=) Source
A A (deg). section . By
: - (dag)-.
50(a) 3.0 1.0 0 65-009 L.k 0.1095 Reference 1
50(D) 3.0 1.0 ] 65-C09 k.o .1110 Referenge 1
53(a) 3.0 1.0 15 " 65-D09 5.6 1110 Reférence X
su(a) | 3.0 1.0 ks 65-006 5.0 0862 Present
tests
55(a) 3.0 5 b5 65-009 6.0 L0911 ‘ Present
' : taats
56(a) 3.0 5 L5 65-009 | 6.0 L0770 Present
) tests
57(a) 1.75 1.0 0 65-009 5.0 0901 Present
tegta
57(D) 1.75 1.0 ) ' 65-009 5.0 Ho1Y Prelsent
' T tests
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In all tests, the body-shape, the exposed wing area (225 sq in.)
and the control (0.2c full-spen sealed plain flap, &, 5°) were

constant. The eirfoll sections and control deflections were always
measured. "in the free-stream direction. The alleron wae formsd by.
deflecting the section chord line at the 0.8¢ point.

Test Method !

A complete discussion of the RM-5 testing technique, dcouracy
of measurements, reduction of date, and the evaluation of results
is glven In réference 1; however, & brief description of the testing
method follows.,

The RM~5 test vehicle conslsts of & pointed cylindribal body
at the rear of which are attached three wings having preset, fixed
alleron controls. The modelse are propelled by a rocket motor which-
produces a thrust of about 1600 pounds for ebout 1 second. The .
models are launched at an elevation angle of T5° from a rail-type
launcher. At the end of the 1-second rocket-burning period, the
flight velocity 1s of the order of 1500 feet per second. In flight,
the rolling veloclty produced by the allerons i1s mesasured by :
means of gpecial radio equipment designated “spinsende.” The
rolling velocity msasurements, in conjunction with Doppler radar
flight-path veloclty measurements and atmospheric data obtained with
rediosondes, permit the evaluation of the ‘aileron control effec-
tiveness in terms of the paremeter pb/2V as a function of Mach
number. The above-desciibed measurements are obtained in s
12-gecond period follewing rocket burnout during which period the
flight path is essentially straight. - It should be noted that,
since the testes described in reference 1, the range of the Doppler
radar has been extended, thereby increasing the useful part of
the flight from 5 seconds to, the aforementioned 12 seconds.

Typlcal curves of Reynolds number versug Mach number for the
Present tests are given in figure 3. The Reynolds number is_based
on the avergge exposed wing chord in the flight direction.f'

Effect of Wing Torsional Stiffness

It wae recognized at the outset of the present investigation
that the lose of aileron, rolling power due to wing twisting would
have to be reduced to & satisfactory minimm." Using available
methode of.calculation,, (reference 2), it was poseible to design
the unswept wings so that the lose in rollihg power due to wing -
twisting did not exceed &bout 20 percent_at & -Mach number of 0. 8.

CONFIDENTIAL
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Furthermore, approximate calculations for unswept wings at a Mach
mumber of 1.k indicated that the loss of rolling power would te
of the ‘sams order 'as at a Mach number of 0.8. It was posseible,
therefore, to design rationally the ungwept wings sc that the.loss
in aileron effectiveness would not be excessive.

' The design of the swept wings was necessarily arbitrary because
no rational procedure was available. It was therefore decided to
test two swept-wing configurations which would be identical except
for the degree of wing torsional stiffness. . Theae wings were
sweptback 45° and were of aspect, ratio 3.0, taper ratioc 0.5, and-
NACA 65-009 airfoil secticn. Im ome configuration (model 55=a),
0.20-steel 1inlay stiffeners were employed; this comstruction ia
generally used in this investigation. (See fig. 1.) In the other
configuration (model 56a), 0.20-aluminum inlaey stiffeners were
employed., (See fig. 1.) The wing-stiffness curves of .figure 4
indicate that the wings of model 55a were approximately twice as .
gtiff as the wings of model 56s except for the part of the wing
span outboard of the end of the metal inlays. Desplte the .
difference in wing stiffness, the curves of ,pb/2V versus Mach
number for the two models, figure-5, agres well within the order
of accuracy,"as Indicated by tests of supposedly. identical models.
Thie agreement indicates that the wing torsional stiffness for
both models was sufficlent to keep the loss.of ailleron rolling
power due. to wing twisting to'a minimm satisfactory for the.
purposes of the present tests. . urthermore, for all of the wings
used in this control investigation of the same order of stiffness;
or stiffer then the aforementioned iings, 1t may be, concluded that °
the effects of wing twisting are small over the range of Mach numbers
inveetigated in these tests. . o . - e

v

RESULTS AND DISCUSSION

o' [ —
— -...._ 002 © . -

The results-of the present inveetigation ars. preeenmed in:
figure 5 as curves of wing-tip helix angle and drag coefficilent
versus Mach number using the method of date reduction described
in reference 1. These results ars compared with some . of the results
from reference 1 in figures 6 and 7.

Atleron Control Charé.cteriéti co

Effect of section-thickness ratlio.~- The effect of section-
thickness ratic on efleron effectivensss for L5C. sweptback, untapersd’
wings i1s shown in Pigure 6., In general the aileron characteristics
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for the two section-thickness ratios {0.06 and 0.09) investigated
are in agreement except at the higher Masch numbers where the lower
effectivencss of the thinner sectlon 1s attributed to greater wing
twisting. For both configurations the rolling effectlveness
decreased wlth increasing Mach number for the Mach number range
investligated.

Effect of taper ratio.~ The effect of taper ratlo on the
rolling power of plain allercns of 45° sweptback wings of aspect
ratio 3 and NACA 65-009 alrfoill section is shown by the comparison
of the result for models 53a and 55a, figure 6. Whereas the
variation of pb/2V over the Mach number range investigated is
substantially smooth for the untapered wings, & small abrupt loss
in effectivensss ls measured for the tapered wings in the Mach
number range from about 0.92 to 1.00. Above Mach number 1.0, thse
rolling effectiveness decreases with Increasing Mach number over
the Mach number range investigated.

Effect. of asvect ratlio.~ The effect of aspect ratlioc on the
rolling effectiveness of the allerons tested on unswept, untapered
wings of NACA 65-009 airfoil section is shown in figure 7. The
alleron-effectiveness characteristice as & function of Mach number
are, In general, the same for the two aspect ratlos investigated
with the exception that, for the lower aspect ratio wings, the
break In the effectlveness curves occurs at a slightly hlgher Mach
number. The alleron effectiveness for the low-aspect-ratio con-
flgurations 1s markedly greater over the entlre Mach number range
Investigated. At Mach numbers above 1.0 the lowsr aspect ratio
wing retalins a larger part of the subsonic rolling effectiveness
than does the higher aspect ratio wing. Above Mach number 1.0,
the rolling effectlveness for hoth conflguratlions decreased with
Increasing Mach nmmber. Both configurations exhiblted undesirsble
control charascteristice at transonic speeds. In examining the
Pb/eV date in the Mach number range from 0.9 to 1.0, figurs 7,
1t should be noted, as pointed out In reference 1, that the effects
of finite rolling moment of inertis on thé instantaneous values
of Pb/2V can be relatively large, of the order of 20 percent,
for abrupt changes in pb/2V. For gradusl chenges in pb/2V the
effect of finlte moment of inertia 1s negligible., Part of the
differences in the rolling power of models 50a and 50b and models 57a
and 57b 1s dvue to inedvertent differences in alleron deflections.
The average alleron deflections for models 50sa, 50b, 57a, and 57b
were approximately 4.4°, 4,00, and 5.0°, respectively. No attempt
has been made to correct the pb/2V date to & common aileron
deflection because the verlation of the alleron effectiveness with
deflection is uwncertain.

-y
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W Drag Measurements

The drag-ocefficient data obtained in the preseni Investiga-
tion are included as & matter of interest and to 1llustrate the
relation between transonic drag rise and control effectiveness, In
examining these data, consideration shonld be made of the section
angle-of-attack distribution along the wing span caused by model
rotation. The trends of the resulte, however, are in agreement with
" the results of the free-flight rocket-propelled drag investigation
desoribed in reference 3. It 1s interesting to note that the con-
figurations which exhibited abrupt changes in control effectiveneas
at transonic speeds also exhibited the largest drag increases at
transonic and supersonic speeds.

CONCLUSIONS

The following conclusions relating to the asrodynamic control
effectiveness of plain, 0.2-chord, full-span sealed allerons are
indicated by the tests reported herein. .

1. The control characteristics of untapered, 45° gweptback
wings of aspect ratio 3.0 were generally the ssme for both the
NACA 65-006 and NACA 65-009 airfoil sections, neither configuration
exhibiting abrupt changes in effeotiveness in the ‘Mach number range
~ Investigated. _

. 2. The tapered, 45° sweptback'wings of aspect ratio 3.0 and
NACA 65-009 airfoil. pection exhibited a small abrupt change in
rolling effectivensss in the Mach number range from 0,92 to 1.00
which was not characteristic of untapered wings tested having the
seme sweep, aspect ratio, and sectlon.

3. A reduction in "aspect ratioc from 3.0 to 1.75 for wnswept,
‘untapered wings resulted in a marked increase of rolling effectivensss.
Both aspect~ratio configurations exhibited undesirdble ccntrol
. characteristice at transonlc speeds

Tangley Memorlal Aeronantlcal Iaboratory
National Advisory Camittes for Aeronautioa

Langley: Field Va¢

"
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(a) Configuration 54, (b) Configuration 55. (c) Configuration 57,

Figure 2,- Model configurations tested.
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