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NATIONAL ADVISORY COM41TTKE FOR AERONAUTICS

RESEARCH MEMORANDUM

FREE-ELIG3T INVESTIGATION OT THE ROILING EWT2WTlYEKlES AT

HIGH SUBSONIC, TRANSONIC, AND SUPERSONIC ~ OF,

IXAD12iG-ElX2EAND TRAILING-3XGZ AILERONS IN

CONJUNCTION WI’lXTA2ERED AND

UNTAEERED PI&!7FORIS

By H. Kurt Strass

Several rectangular and tapered wing configurations having leading-
edge and trailtng-edge ailerons have leen tested as part of a general
tivestigatlon of aerodynamic control at supersmic speeds which is being
conducted by the Pilotless “AircraftResearch Division of the Langley
Ialoratory utilizing rocket-propelled test vehicles.

The results show that use of the leading-edge aileron a~one waa
ineffective or caused negative control until a high Mach number (M% 1.4)
was attained. Above this Mach number the leading-edge aileron showed
increasing effectiveness up to theihighest Mach number reached (M% 1.75).

The leading-edge and trailing-edge ailerons in conjunction with the
tapered plan form maintained good control over the enttie Mach number

range tested, tith the rolling effectiveness ~=. always exceeding
5a

50 percent of the value at M = 0.8. the effect of taper in plan fomu
&d-thickness distribution being to”minimize
variation of rolding effectiveness with Mach

lXTRODUCTION

any abrup; chang& in the
numiber.

As part of a general investigation of whg-aileron roll=
effectiveness being conducted by the 2ilotless Aircraft Research
Division utilizing rocket-propelled test vehicles in free flight at
transonic and supersonic speeds, several wing configurations having
leading-edge and trailing-edge ailerons have been tested.

*“Tl&s arrangement may “’-~q&&$lv+q$4$es. At present it is being
<used to provide high 13ft at “ow~orwaf~ spe ds ly droopiag both the
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leadtng-edge and traili~ -edge ailerons: Also, it may be possille by
meem of a suitable linkage of the leading-ewe and trailing-edge
ailerons to partly balance their respective hinge moments. The third
possible advantage is that the bitching,mo?gent~generated by the }eading-
edge and trailing-edge ailerons may he partly counteracted, thus keeping
the wing twist to a minimum. Recent ~publishpd information lmsed on
tests conducted in the Lemgley 9- _by12-inch supersonic blow down tunnel
at M= 1.9 on a wing of similar configuration to the tapered one
discussed in this reyort indicates that-the pomihility of counter-”
balancing more than a small frmtion of’the t@al hiue.~ment iS re~te:..
Ebwever, the pitchi.n&moments generated by the two ailei%ns nullify each
other to a large extent.

.-

.

.—

The main purpose of the present tests was,to determine the rolling-
effectiveness characteristics of such m arr%ement over a -e of
transonic and supersonic speeds. The IM-5 tec~ique- used is described
fully in references 1, 2, and 3. ~ the present tests, two w@!’l?~
forms were employed: one wing waa untapered and Unsweptj the other WELS
highly tapered and unswept at the ~-percent-chord line.. In conjunction
with _bothplan forms, plain full-syan leading-@ge and ~railing-edge
ailerons were tested individually and in couibinationwith each other. —

—

.

pll/2v wing-tip helix amgle, radians ~

P rolling velocity,madians per second:

-b diameter of circle swept by wing tips, feet (with regard to
rolling characteristics, this diameter i.sconsidered to be
the effective span of the three-fin EM-5 mdels)

*

flight-path velocity, feet per secondT

CD .—drag coefficient %ased on total em?oped W- vea of
1.563 squexe feet —:

-1
—

.-

M Mach mmiber

dismeter of circle swept by wing tips minus fuselage dismeter

,,‘1 area of two wing panels .- ..----
—
—-

4

()l)faspect ratio
y

exposedA
*

.—
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c average exposed wing chord parallel to

t maximum wi~ thickness

model center line

5E aileron deflection measured in plane perpendicular to chord
plane szidparalbl to model center line

lK)DEISAND TESTS

Models

The general arrangement of the FM-5 test vehicles used in the
present investigateion is shown in figure 1. A photograph of a test “
vehicle with booster on the launcher is shown in figure 2.. .

The general arrangement of the wing-aileron configuration tested is
shown h figures 3 and 4. For the untapered wings tested the airfoil
section, which was of 0.049 thiclmess ratio, consisted of a flat-sided
central section with fore and aft sections consisting of circular arcs
which were tangent to the upper and lower surfaces at the 0.13 chord and
0.80 chord points, respectively, smd which intersected at the leading
edge and trailing edge. The leading-edge and trailing-edge”ailerons
were formed by deflecting the chord line at the 0.13 and the 0.80 chord
potits, respectively. The ailerons aerodynamically simulated sealed
unbalanced ailerons. For the tapered wings tested (which were tapered
in plan fomn and thickness distribution) the airfoil section at the
center of the exposed semispan and parallel to the model center line was
identical to the section used in the untapered wlmgs. The ailerons were
of constant chord equal to chords of the
For
the

all coru?igurati&s, the exposed wing
aapect ratio A was 1.75.

&ilerons on the untapered wings.
area was 1.563 sqwe feet ad

Tests

The launchimz of the test vehicles is accomplished at the Wallops
Island test facifitY. The test vehicles are pro~elled by a two-stage
rocket propulsion system to a Mach number of ~bo;t 1.8. ‘wing a
I-O-secondperiod of coasting flight following rocket-motor burnout, time
histories of the rolling velocity sre obtained with special radio
equipment end the flight-path velocity obtained by the use of Ibppler
radar. These data, h con@nctionwith atmospheric data o%tained with
radioscmdes, permit the evaluation of the aileron rolling effectiveness

pb/2v
in terms of the parameter ~ as a function of Mach number. In

a



4 NACA.RM No. L8E~

addition, the variation of drag coefficient wi$h Mach nunjberIs obtained
by a method involving the differentiation of the curve of--flight-path
velocity against”time for power-off flight. The variation in Reyrhl-ds
nuniberwith Wch nwnber for the range of climatic condit@s encountered
during the tests is ~resented in figure 5* A.x@re complete discussion
of the testing technique is contained In references 1, 2, and 3.

The experimental accuracy is estimated ta %e within the foll~wing
limlts, although duplicate models tested during this invqstigaticn
showed much better agreement:

pb/2V
—

(due to model constructional accumcy)-~ . . . . ~ . . . . hl.001
C&

●

. pb/’ZV
- (due to ltiitatione on the
Ea

CD (at

cl) (at

M...

subsonic speeds). . . . .

supersonic speeds). . . .

. . . . . . . . . . . . .

instrumentation)O . . . . . . .*O.0005

. . . . . . . . . . . . . . . . +0.003

. . . . . . . . ..*. ● ** . +0.002

. . . . . . . . . . ..**. . .+0.01

Inertia effects on the experimental v~ue~ are believed to be
negligible everywhere except & the regions whqre there are large changes
in rolling velocity which generally occur between M = 0:85 and
M = 1.0. In the region where the greatest char@es In rouing velocity
are experienced, the measured value may be in error by as much as 20 per-
cent, ~ut on either side of this
3 percent. (See reference 1.)

RESULTS

region the e-r

AND DISCUSSION

is app_mximatelY 2 or

The results of the uresent tests are shown in figures 6 and 7 as
pb/2V -

curves of —
8a

and CD against lkichnumber~ It shou&d be noted that

pb/2V “-
the quantity — .isthe ratio of pb/2V to aileron deflection for

ba —

a given aileron deflection and it is not intended to indicate the rate of
chenge of pb/2V with ba inasmuch as this relation may not be linear

for certain Mach nvmi%erremges. .!
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Untapered Configurateiops

Untapered pla form with 0.20-chord traim-edge aileron only.- The
rollina-effectiveness characteristics of the untapered wing with trailhg-
edge a;leron deflected 5° (RM-5 I@3el I-00)are sbm k ff~e 6“ ~
general, the variation of the rol-1-tieffectiveness ~th~ch n~er for
this configuration is similar to that obtained previously for rectsmgular
wings (reference 3). The configuration of the y%sent tests efiiblted a
large reduction of effectiveness In the Mach nmiber range fioma%out 0.70
to 0.93, an abrwpt increase of effectiveness ~ the Mach n~her -e -
from about 0.95 to 1.00, and a continuous reduction of effectiveness
above M = 1.0 to the maximmn llachnumiberattained (M%107)o me
effectiveness at M = 1.7 was about 27 percent of that at M . 1.0.

Untapered plan form with 0.13-chord leading-edge aileron only.- The
rolling-effectiveness characteristics of the untapered wing with the
leading-edge aileron deflected 5° (RM-5 Model lol) are shown in figure 6.
The effectivmess of this configuration was zero or slightly negative
for the subsonic region tested until M = 0.g2 when a large negative
gradient in the effectiveness curve developed which continued until a

‘b/~ ~ reached at M . 1.0. After this point,value of -0.0032 for
Ea

the trend reversed and the roldinn effectiveness gradually beosme nmre
positive until at M = 1.78 the effectiveness had a msximum value
of o.ookswith indications of a further increase of effectiveness with
Mach nrmiber. The configuration was ineffective or had opposite control
for the Mach nuniberrange from M = l.~ to the lowest value obta~ed
(M s 0.72). Reference 4 presents further tests of a stilar type air-
foil in two-dimensional flow at low speeds which showed that the leading-
edge aileron was relatively poor as a lift-generathg device when used
alone.

Untapered Plan form with 0.13-chord leading-edge aileron in
conjmction with the 0.20-chord trail-b?-edge aileron.- The results for
the 0.13-chord leading-edge aileron deflected 50 h conjunction-with the
0.20-chord trail-ing-edgeaileron deflected 5° (RM-~ Wdel 102) are also
presented in figure 6. The results for this configuration exhibit
“approxhaately the same characteristics as the sunma.tionof the results
of the leading-edge and trailing-edge controls taken separately. h the
region between M = 0.80 and M= 1=05, the effectiveness for the
combination of leading-edge and trailing-edge controls was essentially
the same as the trailing edge alone. However, in the region between
M = 1.05 and M = 1.45, the cotiination had a marked decrease in
effectiveness when compared with the traiklng-edge aileron only.
M=

Above
1.45, the leading-edge ailezmn in conjunction with the trailing-

edge aileron showed increasing effectiveness until the msximum Mach
number of 1.76 was attained with the trend tow- a stilJ higher value
of pb/2v

with increasing Mach nuniber.
ba ._:”u+%..- —*:. .. _. . . ....-
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Tapered Configqrationq

L8Elo

Confimr ation with taper of 0.2.- The effect of taper in plea form
and thickness on the rolling chamcteristics of all the configurations
tested was to reduce,the magnitude of any discontinulties existing in

.

—

the variation of
pb/2V
~

with Mach numler.

Tapered plan form with 0.20-chord trail@-edge aileron onlY.-
The variation of rolling effectiveness with Mach num%er for the
configuration with the 0.20-chord trailing-edge aileron only deflected 5°
(FM-5 Model 103) is presented im figure ~. Thfi confi~ation exhibited
a decrease of effectiveness in the Mach number range from M 2?0.93
to M X 0.9’5 which was relatively small when compared to the untapered
wing of figure 6. An abrupt increase in effectiveness is evident in the
region between M = 0.95 to M % 1.0 when a contiguous decrease in
effectiveness started which continued until the highest Mach nmber—

pb/2V
attained for the test was reached at M % 1.75. The value for —

Sa
at this point was approximately 55 percent of the value at M = 1.0.

Tapered plan form with 0.13-chord leading-edge ailezwn only.- The
rolling-effectivenesscharacteristics of the configuration with the
0.13-chord leading-edge ailemm (EM-5 MXiel 104) only is presented in
figure 7. This configuration exhibited little or zero effectiveness
in the Mach nuniberregion from M%O.7 to M—= 0.92 when a sudden—

pbpv ‘ -
change in the variation of — with Mach number resulted in the

ba

effectiveness curve reaching a value of -0.0013 at M =.1.0. There was
little change in rolling effectiveness until ~ = 1.2 when the values
of pb/2V

with Mach nmnber began to become inqreasinglypositive until
Ea

at the highest Mach number attained (M = 1.675) the value of ‘= was
6a

—.

——

—

.—

—

0.0019 ● This configurationwas similar to the.untapered case in that
it had opposite contzwl in ths region f~m M% 0.92 to=l.35.

Tapered plan fomntith 0.13-cho?%ileading-e@?e aileron ti co~~tion
with the 0.20-chord trailing-edge aileran.- The results for the 0.13-chord
leading-edge aileron deflected”5° in con@nctiqn with the 0.20-chord
trailing-edge aileron deflected 5° (RM-~ Modeli105) are also presented in
figure 7. As with the untapered case, this corifiguratio?ihad approxi-
mately the same rolling characteristics as the ;summation.ofthe le~--.
edge and trailing-edge controls taken separately. In the Mach number
region between M.% 0.80 snd M% 1.30. the leading-edge aileron in con-
Junction with the trailing-edge a+leron,exhibi~d simil.@ chsracteristicg
to the trailing edge taken alone. Howe7er, at M %1.3 the conibinatioI_

—

.
—

—
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of leading-edge snd trailing-edge contrcds gained k effactivenesswith
increasing Mach nuniberup to the highest value obtained, M X 1.75,
with indications of a continuing Increase wtth Mach rnmiber. The rolllng
effectiveness never drop~ed below ~ percent of the value at M = O.&.

.

Drag Measurements

The drag-coefficient data oltained in the present investigation are
included as a matter of interest and to illustrate the relation between
transonic dreg rise snd control effectiveness. ~e~ these data,
consideration should be made of the section angle-of-attack distribution
along the wing sysm caused by model rotation. An interesting point to
consider is the fact that within the accuracy of measurement the
variation of drag coefficient with Mach ntier exhibited little change
with ailercm configuration on a given wing plan form.

CONCLUSIONS

The following conclusions are indicatedby the results of flight
tests of shnilated plain, sealed, fuJJ-sp=j 0.13-chord leading-edge and
0.20-chord trailing-edge ailerons on whgs of untapered and tapered
plan forms:

1. The leading-edge ailerm @_one eihibited little or negative con-
trol until a high lfachnuoiber(M X1.4) was reached when the rolling
effectiveness became positive snd exhibited a tendency to increase with
l&chnmiberup to the highest Mach nunibertested (M Z1.75).

2. The variation of effectiveness with Mach nuuiler
edge afleron alone was t~icel for this type of control
flight tests.

for the trailing-
based onpevious

3. The effect of taper tiplan form and thictiss was to reduce the
discontinuities in the variation of rolling effectiveness with lfach
number.

4. The leading-edge and trailing-edge combination in conjunction
tith the tapered plan fomn maintained good control over the entire Mach
number range tested. The rolling effectiveness never dropped below
~ percent of the value at M= 0.80=

.

Lamgley Aeronautical Leloratory
National Advisory Ccmmittee for Aeronautics

Lsmgley Field, Va.
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Figure 2.- Typical RM-5 test vehicle prior to launching.
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(a) Untapered. (b) Tapered.

F@ure 4.- General arrangement of testvehicles. I
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