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SUMMARY

Tests wore made at Mach numbers from 0.61 toc 1.05 by the
NACA wing-flow method to dstermines the varilation with Mach number
of the control effectivensss of a spoiler an the trailing edge of
& swept-back airfoil. A trailing-edge spoiler om a swept airfoll
is of interest as a possible control device for gulded missiles.
The airfoil had & sweepback of 459, an NACA 65(71;5)-010, a = 1.0
eirfoil section normal to the lesading edgs, a.ng. an aspact ratio
of k.0. The spoiler was normal to the chord of the airfoil and
in its nsutral position projected 1.75 percent chord above and
below the trailing edge. The tests consisted in measuring the
floating angle of the model gbout an axls well forward of the
serodynemic center, Meeasuremesnis of floating angle were made withoub
& spoiler, with a spoiler along the entire ppan of the model In a
neutral or undisplaced position, with & spoiler along the entire spen
of the model displaced 0.88 percent chord, and with & spoiler along
the middle third of the model span displaced 0.88 percent chord,

The results of the tests indicated that the effectiveness of
the tralling-edge spoiler decreased a&bout 10 percent when ths
Mach number was Increased from O0.70 to 0.90. With further increase
in Mach number the effectivensss decreesed more rapidly and at a
Mach number of 1.00 it was about 55 percent of the value obtained

at a Mach mumber of 0.70. The %‘— -gpan spoller was appraximately
half &s effective as the full-span spoller.
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TNTRODUCTION .

In connection with the development of u pilotless ulrcraft
for usc as'a gulded missile, an aerodynamic control device was
required for use on a ewept-back wing., The princival reguirements
vere simpliclity of construction and instellation, small hinge
moments, und no serious loss in effectiveness av any spsed up Lo and
ineoludine speeds in the transonis ranre., A rircular arc s-oiler on
the trailing edge of the wing of the tyvns devised by ¥agner in
connection with the development of German gulded missiles (no
published referencess available) wis considsred as ‘ons voesibility
because it fulfilled the first two requiremerts. No information,
however, wes available on the effestiveness of this control at
trangonic spceds and tests wore thurefore undertaken in which the
NACA wing-flow method of reference 1 was uscds The model tested
wag a constant-chord airfoil ewept bacw L5° with a 3.5-percent-chord
spoiler mounted on the treiling cdge. The testa oconsistscd in the
measurement of the floating angle of attack of th: model about a
piwot well forward of the aerodynaimnio center. The change in floatlng .
englc with spoller deflection was taken to be 2 measure of the
offectivencss of the ocontrol. The tests were discontisued when another
typs of control deviece was adopted for the guided missils and the
soors is therefore limited. y

Meapgurements of the floanting angle of the medel wers made b
Mech numbers from Q.61 to 1.05 without a spoiler, with a spoiler
along the entire svan of the model in a neutral or undlsvlaced
position, with a spoiler along the entire spen of the modsl
displaced 0.88 pereent chord, and with & speiler azlong the middle
third of the model span displaced 0.88 percent chord.

SYMROLS
ay engle of model with respcet %o angle -of refeoreace vane
a angle of attack of model for zeroc pitching moment about
rivot axis
Aa change in a due to deflection of control
by gpan of trailing-edge spoller
b span of medel
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he displecement of trailing-edge-spoiler center line
from model chord

c chord of model; taken perallel to strseam direction

M effective Mach number

R Reynolds number based on chord of model
APPARATUS, ¥ETH DS, AXD TESTS

The tests were made by the NACA wing-flow method of reference 1,
in which the model is mounted in the region of high-speed flow
over the wing of an airplane. A P-510 airplane was used for the
tasts. ’

The semispan todel was mounted over ithe awmunitlon-compartment
door of the airplane, e&s shown in firures 1 and 2. Ths medsl,
cut from steel, had a semispean of 5.69 inches, a chord of 2.83 inches,
an area of 16.0 square inches, and was swent back 5% The aspect
ratla, if the airnlane wing surfarce is-considered as a reflection
vlane, was 4.C. The airfoil section in the »lanes norual to
the leading edge was NACA €5 112%_-010, e = 1.0. An ellintical
end plate having & major axis of 2.803 inches and & minor axis
of 2,00 inches was attached to the model at the root, The mcdel
was supported on a shank which passed through a slot in the
amuni tioh-coupartment door and was_mounted on a pall-beer.ng pivot
sccured to the interior of the smmumition~compartment door. It
was thercfore free to float at the angle of attack for zero
pitching moment about the pivot axlis. The angular position of the
model during the tests was determined by recording photographically
the deflection of a light beam from & mirror mountsd on the shaft
of the pivot.

The trailing-edge spoiler was made from e flat plate 0.1 inch
wide and 1/32 inch thick snd hed edges bevelod Lj5°. (See figs. 2 and 3.)
The spoller wns soldered to the trailing edge of the airfoil. This
spoiler arrangement differed somewhat from the de=sign configursation
which required that the front and rear faccs of the spoiler
heve circular sr: sections concentric with the hinge axis
(located forvard in the airfoil) in order to give little or
no hinge moment. The design configuration also required a small
clearance gap between the trailing edge of the model and the
spoiler to allow for its movement. The foregoing differsnces
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between the actual model and the design canfipuration would te
expeoted to have little efPect on the effectiveness of the
oontrol.

The direction of local air flow was determined by means of

a freg-floating veane of wedgec~shape cross section located 22.5 inchcs

ouvtboerd of the model. {See fiz. 1.} The method of mouating the
vane end of recording its angular nogition was similar to that
‘used for the model. The dirsoction of the flow at the model
location relative to the dirsction of flow at th:s vene location
wos detsrmined in a test of the model without the trailing-

edge spoiler. The angle of attack for zero pitching moment sbout
the pivot axis for a given spoller configurabtion and Mach numbhér was
then tuken as the difference in the angle of the model relative to
the vane angle for that configuration and for the spoiler-off
condition. The spacing of the vans and the model was such tlat
the mutual interferenca is believed to have besn negligible.

(See refersnce 2.}

The method of determining the effective Mach number at the
model station from static-pressurs measurements at the wing
surface was slmiler fo the method described in referencs 2.

A correction factor of 0.28, btasrd cn the rasult of an lncomplete
investigpation of the variation of static rressure with dlisbtance
from the wing surface, lLowever, wae.applied to tak: account,
approximately, of the decresse in velocity with distance from the
wing surface.

The tests of each model counfiguration were made in two higzgh-
speed dives. One dive covered an altitude range from 28,000 to
22,000 feet in which Maoch numters at the model from N.561 to 1.05
end Reynolds numbsrs from 0.3 x 106 o 0.69 x 195 were ottained.
The other dive was from an altitude of 18,000 feet to 12,000 feek,
and ¥ach gumbers from 0.61 to D.91 and Reynolds numbers from
0,60 x 100 to G.90 x 106 were obtained. The averare relation be-
twesn Reymolds nuwber and Mach number is shovm in figure L. The
Reynolds number corresponding to a given Mach number in e given
nominal altitude range wvarisd, somewhat between different tests, but
the variation probably did not exceed 3 or I} percent. Messurements
of the floating sngles of th: model were made for ths following
configurations: without a trailing-cdge spoiler, with a spoiler
along “he entire span of the model in a neutral or undisrnlaced
position, with & spoiler along the cntire spen of the model dis=-
placed 0,88 percemt chord, and with a spoiler along the middle
third of the modcl span displuced 0.88 porcont chord. (See fig. 3.)

L

e ™
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RESULTS AND DISCUSSION

Under certain test conditlons, the model exhiblted a severe
high-frequenoy oscillation for all configuratious. These condlitions
are indjcated in figure 5 in which time histories of Mach number M
and aengle of the model with respect to the reference vane ay are
plotted for all tests. Apparently the oscillations were not due
meinly to disturbances created by the spoiler inasmuch as they
also appeared in tests with the spoiler off. For the conditions in
which the oscillations wers of moderate amplitude (#2.5°) the
mesen value of the model angle was used in the determination of a.

The veriation with Wach numbsr of the angle of attack for
zero pitching moment a for the spoiler arrangements tested is
shown in figure 6. The data for the apoiler-neutral condition
provide en indjication of the probable acguracy with which the
spoiler could be set. The change in a resulting from dis-
nlecsments of the spoiler is influenced by drag moment about the
pivot and by change in pitching moment ebout the asrodynamic
center of the model. The predominnting effect, however, is that
dus to the chenge in angle of actask of zero 1ift. Variation in
a can therefore be considered as indicative of variations in
effectiveness of the spoiler in changing the angle of zero 1lift.
The effectiveness of the spoller appearcd to be consistently greater
at high altitude tlan at low altitude, probably because of the
differencs in Reynolds number which was greater at the low
altitude. The trends, however, are generally similar over the
range of Mach number for which results were obtsined at each
altitude.

®ith a full-span spoller displaced 0.88 peroent chord ths
effectiveness of the spoiler for the high-altitude test decreased
aprroximately 10 percent as the ¥ach number inercased from
De’f0 to 0,20, With further increase in Nech number the effective-
noss decreased more rapidly, and at a Vach number of 1.00 1t weas
approximately 55 percent of the yalue obitained 2t a Kaczh number of
0«70« The effectiveness of the %.—span spoiler displaced 0.88 per-

cent chord appeared to be approximately haelf that of the full-
span spoiler and showed a2 similar variation with Mach numbsr.

A comvarison is shown in figure 7 of the variation with
Mach number of the control effectiveness of the trailing-edge
speller on & swept-back airfoil and of three other control
arrangements tested by the NACA wing-flow method. (See references 1
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and 3.} The results are presented ag plots of Aa/haM__U v

against Mach number, where AaM"O 7 is the walue of Aa

at e Maoch number of 0.7. The comparison indicates that large

differances may be exngcted in the effect of compressibllity on
the effectivencss of different contrel configuraticns at transonio .
soveedge

CONCUIDING REMARKS

The results of the tests of a treiling-edge snoiler on a
swept-back airfoil indicated that the control effectivencss
dsoroased about 10 perocnt when the ¥ach number was inercased
from 0.70 to 0.00. W®ith further inorcare in hach number the
effectiveness decreased more rapidly and at e lach number of 1.0
it was ahout 55 percent of ths value obtained at a rach number
of 04¢70s The T =snan spoiler was approximately half as sffective
t.s the full-snan svoller. -

Langley Memorial Aeronauticil Laboratory -
Metionu:l Advisory Committee Ior Asron&utlcs
Leneley Field, Va.,
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Figure 1.- Model mounted on wing of P-51D airplane. Spoiler along
entire span; spoiler deflected 0.88 percent chord; reference vane
in background.
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Flgure 3.- Spoller configurationa teated.
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Figure 5.- Time historles of Mach number and of angle of model relatlve to angle of reference
vane. Shaded areas lndlcate amplitude of hlgh-frequency oscillation of model.
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