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EFFECT OF RETRACTABLE-~SPOILER LOCATION ON ROLLING-

AND YAWING-~-MOMENT COEFFICIENTS
By J. 4. Shortal

SUMMARY

In this report are presented the results of wind-
tunnel tests of retracteble spoilers on the upper surface
of a Clark ¥ wing, which have besn mads as part of an in~-
vestigation of lateral control devices being conducted dy
the National Advisory Committes for Aeronautics., Spoilors
with chords up to 15,0 percent of the wing chord wore tost-
ed in several locations on a plain rectangular wing and in
two locations on the same wing equipped with a 20,0 por-
cont chord split flap down 60

Charts are givon for four representative anglos of at~
tack from which values of rolling~ and yawlng-moment coef-
ficionts may be obtained for spoilers up to 15,0 percont
chord located on tho upper surface of a Clark Y. wing.

The tests showed that at low angles of attack prac—
tically the same rolling moments can be obtained with a
glven spoller at any location back of 30,0 percent of the
wing chord, while at high angles of attack there is & def~-
inite advantage in locating the spoiler at least as far
forward as 30.0 percent of the chord. The yawlng moments
accompanying & given rolling moment increase positively as
the spoiler location is moved forward from the trailing
edge of the wing. It is concluded that the 30,0 percent
chord locetion is probably the optimum provided that in-
stantaneous response of the airplane %o a control movoment
can be obtained, T

INTRODUCTION

The Netional Advisory Committee for Aeronautics has
undertaken an investigation of the effectiveness of vari-
ous lateral’ control devices, particularly at high angles
of attack (reference 1)« As a part of the investigation
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a hingedwplate spoiler located 20 percent of the wing

chord (e) from the leading edge was tested in the wind .
tunnel (reference 2) and in flight (roference 3). The

f1light test showed that this type of spoller had the obw
jectionable characteristic of delayed response of the alr-

plane to a movement of the spoiler, In an effort to overe

come this lag, a retractable spoiler consisting of e

curved plate hinged at the center of curvature was tested

which presented a sharp-edged projection to the alr flow

well forward on the wing (15,0 percent ¢ location) and

which, it was hoped, would give instantaneous response, .
Flight tests with thie devlice, however, gshowed longer lag '
than with the hinged-plate spoiler, Since ordinary alle~

rons have no_noticeable lag, it was belleved that moving

the location of .the spoliler rearward along the wing chord

might materially reduce the lag. With this idea in mind,

the present investigation was made to determine the effect

on the rolling and yawing moments of moving the spoilor
rearward., The retractable type of spoiler was used beo-

ceuse it may be arranged to transmit no appreciable aero~
dynamic moment to the control stleke. Since the retracta~-

ble spoiler could be used with fullespan flap, the tests

were repeated with a split flap deflected and with the

spoiler in two different locations, e e . <

The tests were made in the same tﬁﬁ;?lﬁ;ﬁﬁ,under ﬁﬁﬁ'
same conditions of test as those in the. regula® lateral
control series, _ ‘ g '

£ei .

APPARATUS i

‘¥ind tunnel.~ The N.A.C.A, 7 by 10 foqt wind tunnel,
which is being used throughout the entire investigation,
has an open jet and a single closed return passages The
tunnel, together with the regular balance and associated

apparatus, is described in detell in referencs 4y

Prvw2Modelgew The wing models used in the present investi-
‘gatfon were ones that had been previously used .in an in-
vestigation of ordinary ailerons and were constructed of
laminated mshogany to within *0,005 inch of the specified
Clark Y ordinates. Both wings were re¢tangular in plan
form with a chord of 10 4inches and a span of 60 inches
(espedét ratio 6)¢ 4 20 percent ¢ aplit flap was mads of
thin steel plate and screvwed to the lower surface of one
of-ﬁhe wings, The spoilens were also made of steel plate
formed with the proper radius and screwed to the upper
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gurface of the wing. Figure 1 shows the locations of the
deflected split flap and of all the spoilers tested. The
radius of curvature, or length of control srm, was 17.0
percent ¢ for all the spoilers except the most forward one
for which the radius was limited %o 12.8 percent ¢ by
structural considerations. Tho axes of rotation for the
spoilers were selected so that tho spoiler could be rotract-
ed into the wing on the arc of a circle,

TESTS AND RESULTS

All the tests were made at a dynamic pressure of 16 37
pounds per square foot, corresponding %9 an air speed of
80 miles por hour in standard air, whigh makes the Roynolds
Number 609,000 based on the lO—inqh_ghor&.v_ .

. The rogular force tests wore made at angles of attack

from 0° to 40° &t zero yaw. - PRI

Coefficientse~ The results are given in the form of
absolute coefficlents of 1ift and drag and of rolling,
yvawing, and pitching moments.

= Lift A L
T g LT
= G4rag . . . ==
Cp = oy _
o cyt = rolling moment -
q'bS : R R, -
. Lt = vawing moment _ o ) )
. n q_bs - - v v e mrm e o e e LT
c { — ©Ppitching moment ,
L/ = p— — - -t L=
< aes --

where S is the total area, b is the wing span, ¢ 1is

the wing chord, and q is the dynamic pressure. The cosffi~
cients as given are not corrected for tunnel-wall effect,
They are obtained diroctly from the balance ‘and refer to

the wind aXoa,
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Preliminary tests with a spoiller 'in the mogt forward
location.~ The first of the series of retractable spoilers
teosted was, ‘arraenged so that the spoiler ‘emerged from the
upper’ %urface of the wing 15,0 percent o from the leadlng
edge’, &s shown in figure 1l.. The hinge axis of the spoller
was located gn the center of curvature of the spoiler so
that when the spoiler was deflected the entire surface
"'moved on the same arc., In the wind-tunnel tests, spoilers
of different chords were used corresponding to different
doflections of the control, The spoiler tested at the above
location was 40.0 percent. b/2 long and was located 10.0
percent b/2 inboard from the end of the wilng. Chordwise
slots were cut through the spoiler at intervals correspond-
ing to the rib spacing on the fulle=scale airplane on which
2 'gimilar spoiler was to be tested later. The results of
these tests are given in table I and plotted against spoll-
er chord in figure 2(a)e One tost was made with the fully
deflectod spoiler before the slots were cut, to determine
the effect of the slots. The resulte of this test aro also
given in tablo I, and showed that the slots had no notice-
able effect on the moment coefficlonts, A noteworibhy char-
acteristic of the rolling~moment coefficlents obtainod with -
this first uniform-chord spoiler is that, at 16° and 20°
angles of attack (fig,. 2(&%, approximately three fifths of
tho maxzimum rolling mdément was obtained with only one fifth o
of the maximum deflection. In order to obtain a better
graduation of rolling action with the same total spollar
deflection thres different shapes of spoilers having the
same radili were tested, These spollers, together with a
cross-plot of the results obtained with them, are shown in
figures 2(b), 2(c), and 2(d). The spoiler shown in figure
2(d) gave tho best results, ' '

In order to measure the control force required for
this type of spoiler an installation was made in a half-
spar wing of 33-~inch chord and the-hinge moments on the
retractable spoiler were measured. Within the acecuracy of
the measurements the control force (aserodynamic moment)
wasg Z6ro. A

Tests of retractable spoilers back of the maximum or-
dinate.~ In a later series of testg a 15,0 perceant ¢ unil-
form—-chord spoiler, 50.0 percent b/z long, oxtending to the
wing tlp, was tested located siuiccessively at the 30.0,
45,0, 60,0, 83.3, and 95.0 percent c statlons, This spoil~
er was then cut down to 10,0 and 5,0 percent ¢ to simulate
retraction into the wing and the tests were repeated. A
20,0 percent ¢ split flap was then attached to the lower
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surface and the 5,0 and 15,0 percent ¢ gspoilers were teste
ed at the 30.0 and 83,3 percent ¢ stations. The rolling-
and yawing-moment coefficionts obtained are given in ta-
ble II and the pitdhing—momont coeffic1onts are given in
tablo III.

Gharts have been prepared From tﬁe F_—f data of rEii-
ing- and yawing—moment coefficients with no flap in fig-
ures 3 and 4, The lines 0n the charts represent egual
values of rolling~ or yawing-moment coefficients.  The re=-
sults of the tests with the spoiler at the 15.0 percent ¢
statlion, which 5p01ler was four fifths the length of the
-others, have been corrected fo tho longer length so that
~the values on the chart are directly comparable, Ths
charts have been prep pared for four representative angles
of attacks: Q= 0~ . represents the normal high~gpeed atti=-
‘dude; o = 10° represents about the highest angle of at=
tack at whzch ordinary ailerons glve good controly a=
15° represents t%e angle of maximum 1ift, 1anding condi~
tiony @nd. o = 20 is well above the stall on a ClaTk Y
wing and represents probably the most unsteady condition.

| DIchs‘sx'pN'f

—_— = —— . o R

Rolling moment .- With, the flap neutral %ﬁg‘iéiiiﬂgt

;. méments are given. on the charts in figure 3 for the four

representative angles of attacks The shortest chord spoil=-
er that will give the desired rolling moment EXY probably
the most desirables At 0° angle of attack a location

near mid chord is gpparently the best, although the varia-~
tion from the 3040 percent ¢ station back to the 95,0 per~
cent c .stetion is not great. With a spoiler ahead of the
300 percent e statioh6 however, the rolling moments are
definitely lowse 4t 10~ angle of attack, the effect 0f lo-
cation becomes more noticeadble, the .rolling moment-obtained
with a 15,0 percent ¢ spoiler at the 95,0 percent c éstation
being equaled at the 30,0 percent c station by a spoiler
only one fourth as highe At the stall (15° angle of attack),
the momonts at the rear positions continue %o :decrease
while the moments at the forward locations reach their
highest values. ' At 20° angle of attack the forward posi-
tions are still good, while the rear pOSitions are defi-
nitely bads .. The disadvantage of a uniformechord spoilsr

at the most, forward locatiqn is showa at: ﬁpgles of attack
of 15° and 20°, where & small porcentage of the maxXimum de-
flegtion g&ives a large percentage of the total rolling mo=-
menv,
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Witk the flap dowh)* the spoilers .were tested 1n only
two locations, 30,0 percent ¢ and 83.3 percent t. The re~
sults given in table II, ‘show that at 0 anglb of attack,
the rolling moments obtained at.the rear lécation were
slightly higher than thoge obtained at the forward loca-
tion. ' At the lO° end 15° angles of attack, however, the
fogward ‘location gave definitely better .rosults., At the

angle of attack a spoilor in eilther location wag in-
“affective in producing a rolling moment of any conge=
Quoncﬁ. . . e )
i ) - - Y

_ﬂing_moments.- W%th the flap neutral the charts in
figure 4 ghow that at O angle of attack, the yawing mo-
ment with all the spoilers tested ig positlve, the for-
"ward locations giving slightly higher values, As the an-
‘gle'of attack is incressed the yawing moments becomeneg-
‘ative for the rearmost position, the line of zero moment
moving forward as the angle is further increased until at
"20° angle of attack, even the spoiler at the 30.0 percent
¢ location gives nogative momsents at low deflections.
‘With' the most forward location (15,0 parcentoc) the yawing
momonts have high positive values even at 20  angle of at-
tack,

With the flap down, the yawing-moment coefficlents
were about the same as those obtained with the flap neu-
tral except that at the rear positiona they became nega-

.'tive at & lower angle of attack.

" ‘Rolling’ criterion (Rc‘l,- When the angla of attack ig
Iincreased or the split flap 4is deflected at angles of ant-
““tack below the stall, an increase in lift coefficient is
".obtained that allows a lower flight-path veloclty., Thils

. *educed velocity for a given rolling~moment coefficlent
‘means lower actual rolling moments and resulting aceeler—

~%.ations in roll, The effect of angle of attack and partic-

“~ularly the effect of split flaps upon the rolling acosler-
ations experienced in flight with a glyen tontrol. deflec~-
tion are shown by a rolling c¢riterion RC', ' which is pro-
portional tc the tangential acceleration of the wing tip.
Thils RC' 1s the game as the RC - discussed in detail in
‘reference 1 except that it refers to motion about thg.wind

- axig instead of about the body axis, TFor &. rectangular

"awding it ip.equal to the rolling—moment coefficient divided
“by the 1if%t coefficient, ' ¥alues of RC! have been com=~

puted for a 15,0 percent ¢ by 50.0 percent b/2 retracta-
ble spoiler located at two different positions, 30.0 pore
cont ¢ and 83,3 porcent ¢, both with &nd without a split

*
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flap. (Sce fig., 5,) In flight tosts of one particular
airplane (reference 5), & value of RC! of at least’
0.045 was found to be desirablos The spoiler at the 30.0
percent ¢ location gives values of RC! greater than
0,045 at all 1ift coefficients up to the maximum with or
without a split flap in oporation., With the spoiler at
the 83,3 percent ¢ location, the values of RC! fall be=-
low 0,045 at the upper end of the range of 1ift cooffi—
cients obtained with or without a split flap. - =

Pitching-moment coefficlients.~ The_pitching-moment
coefficients about the quarter~chord point of the wing
are given in table III for the more recent tests with the
spoilers located back of the maximum ordinate on a wing
with and without a split flap. Either with or withoub
the flap in use, deflecting a retracitadle spoiler located
near the trailing edge of the wing produces an approcla-
ble stalling moment wvhich for a sustained spoiler deflec=-
tion must be balanced by a tail movement if a change in
angle of attack is to be avoided, Moving the spoiler lo~
cation forward from the trailing cdgeé reducos this stalle-
ing moment until at the 30,0 percent ¢ location, no change
in pitching-moment coefficient acecompanies the spoiler de-
flection,

Practicael applicetion,- The results given herein are
concernsd with rolling and yawing moments as affected by
spoiler location without reference t0o lag in the resgponse
of the airplane, Lag, of course, stanls as & serious draw-
back in the application of this type of lateral control to
airplanes and at the presont time it is the sudbject of an
investigation, On the basis of results obtained to date
in the lag investigation, it may be stated that the lag
decreases progressively as the spoiler locatiom is moved
toward the trailing edge, a practical value belng reached
at about the 80,0 percent ¢ locations Furthermore, some
promisaing results have besn obtained in an effort fto olime
inate the lag in the region of the optimum location (30,0
percont ¢) as determined in this report. The results of
the investigation of lag will bo the subject of a subse-~
quent report, At the presont time, however, the practical
epplication of spoilers, unless used in combination with
ailerons, seems t0o bo limited %o locations near the traile
ing edge of tho wing,.
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CORCLUSIONS

~le A retractable spoiler 15,0 percent ¢ by 50,0 per-
cont b/2 located 30,0 percent ¢ bvack of the leading edge
of the wing will give reasonably sstisfactory values of a -
rolling criterion with or without a split flap, throughout
the normal flight range, accompanied by posltive yawlng L
moments and no appreciable aerodynamic hinge moments. SRE
This location is probably the optimum, provided that in- -
stantansous .response of the airplane to tho movement of
the spoller can be obtained.

2« Moving the location of a spoiler reerward from
tho 3040 percent ¢ station reduces the rolling~moment
coefflcients at high angles of attack, and reduces the
ratio of yawing moment to rolling moment.

Langley Memorial Aeoronautical Laboratory,
National Advisory Committee for Aeronsutics,
Langley Fleld, Va., May 22, 1934.
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TABLE I. FORCE TESTS. 10 by 60 Inch Clark Y Wing with a Retractable Spoiler

15 percent ¢ from L.E. of Wingl) on the Upper Surface
R.N. = 609,000. Air speed = 80 m.p.h. Yaw = 0°

a,deg. o-. ] 10 | 14 16 18 20 22 25 | B0 | 40
i r' Spoiler retracted
Cp |0.375-] 1.075 | 1.253 | 1.272 | 1.220 | 1.172 | 1.200 | 0.822 0,860{ 0.803
CD 0021 ¢ .’\)89 . 0131 .1& -200 0244 0356 .416 .546 -713
Spoiler &1
chord, Spoiler deflected .
percent ¢ F
Cy' | 0.003 | 0,011 | 0.028 | 0.033 | 0.083 | 0,018 | 0,017 | -0.003 | -0.001| 0.001 ;:
1.1 Cot | w001 | .002 | .oo7 | .o07 | .005! .003 | .o01 |- .002 |- .001]| O B
2 2 ci*| 004 | 030} .052 | .os2 | .048| .044¢ | .039 | - .005 | O 0 o
‘ Cp' | .003 | .009 { .009 | .00B | .005} .002 | O .001 .002| 0 0,
s, |C'| 006 | c0m | 054 | 059 | .051| .048 | .0sa |- 005 |~ .00l o0 e
. Cpt | 006 | .020 | .020| .009 | .006| .004| .00L | O .001{ 0 ®
] . - [
. Cpt | .00 | L0123 | .03 | .01 | .009 | .008 | .006 | - .OO1 L0001} 0 o
. c;t| .03 | .064 | .08 | .074 | .06L | .056 | .054 .009 | ~ .003| O N
' Cpt| 012 | .014 | .015| .014 | .02 | .01l | .008 | - .00L | - .001| O =
CZ ! 0025 0069 0080 o083 0071 '0066 -0& 0017 .005 "‘.001 IP
0.0 Cp'| .012 | .015 | .06 .o16| .014| .o12| .o09 | .003 | .002]0 0
With no chordwise saw cuts
10.0 Cy' | 0.026 | 0.069 | 0.081 | 0.083 | 0.072 | 0.067 | 0.061 | 0.018 | 0.004{~0.002
. Cp'| 012 | .06 | 016 .016 | .0M4| .012 | .009 003 .002 |- .001

Drnis spoiler was 40 percent b/2 and inset 10 percent b/2 from the end of the wing.
The chord was varied. Chordwise saw cuts 1/16 inch were made every 2 inches.on the 12-inch
spoiler except for the test noted. 5
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10 b

60 inok Olark Y Wi
80 percent of the Eemiagnn wit

‘%

TABLE II.

FORCE TESTS

with a 30 percenteSplit Flap
Several Ohords at Different Looatlo
Alr gpeed = 80 m.p.h.

Taw =

and Retractable Spoilers
ns on ths Upper Surface

| -101-5?-47-3Lo | 5 |10 |14.115]1s |18 [20 {33 a5 |30 |40

o, deg.
Spoiler retracted - Flasp nsuiral
0y, |-0.237].013].084[.164[0.567[0.730[1,067]1.348|1.288 1,386 1,368 (1.178 |1.100|0.888 0. 863| 0. 783
op | .0@a|.017]0183|.017| .023] .048| .081] .133| .148] .185| .2300| .243| .383| .203| .548| .708
8po1l-[ohora-]
or wige
chord, {looa~ Epoiler deflected ~ Flap noutral
FQ: tion ) J
cont ¢| per
oent ¢ 1/ / ‘/ ~
o | z0.0 %" 0.060 0,087 0,094 0.088)0,072|0.088 0,013 0.007|0
16. .
. 0y .03 .033 .08 .017| .018| .011| ,004| .003|-.002
0! L0868 .081 .078 088! .oe7| .037[0 .005(0
16.0 | 60.0 :
o' .00 .013 .008 .005(0  |=~,008| .003|-,008|-.001
9! .085 084 .o84| | .o43| .ozs| .03z|0 .003{0
16.0 | 83,3 _
) On! .017 .008 .008 .001|~,008|-,001{0 .001)-,001
0, .08 .08} .040 .oz1| .o13| .016[-.003| .003|0
16.0 | 95.0
0! .008 0 -.003 -,003~,005]=,003j0  |-,001}0
ot .048 .078 .088 .o80| .0es| .os3} .ocox| .001]o
10,0 | 30.0 :
op! .07 .oLe .018 .0x0| .008| .008| .001| .001|0
0y . 0BG .081 L0838 048] .ose| .0a7| .o02] .0as]o
10.0 | 80,0
R .013 .007 .003 0 |-.008{-.005|0 L0030
0! .0B0 .0d8 .035 .0%0| .013| .01B|0 .002| .001
10.0 | 83.3
o .010 .003 0 -.003-,003 |-, 008 |-, 005 |-.001 |-, 001
0,1 .044 .035 .03 .018| .co7}| .008| .001| .001]0
10.0 | 96.0
oy .003 -.003 -.003 -.003|-,008|-,008[0  [-,004]-,001
oo | s0.0 1% V.02 v ogs .08% .083| .048) .037| .001| .003}0
) " Loyt .oun .010 .008 .005/0  |-,00%|-,008|-,001|~,002
5.0 | so.0 % .0%7 .039 .033 .039( .o19] .01¢| .00a] .ooz|o
‘ T ogt .007 .003 0 -.008]-,003|-,003|-,001 |-. 001} -.001
5o | a5 | L032 L0353 .018 .015] .cos| .ocefo .003|0
) " egt 003 -.001 -.008 -.003(-.001|-,002(0  |-,001{-,001
eo | am0 %% .088 .o1a| .01l .008] ,004| ,003| .001| .co3| .ooL
‘ T ogt .001 -.003 -.003 -.003[~,008(-,002[0  [-.001(-.001
Spoller retracted - Flap down 80°
oy, | 0.8500[.897 1,258 |1.688[1.800(7,.140]a,180 1.410[1.180]1.115[1.080 [0.950] 0,800
op | .180|.23m .871| ,338| .417| .483| (492 .683| .889| .734| 770 | .844]| .08
Spoller deflegted - Flap down 60°
15.0 | 20.0 | %' 0,088 0.104 0.1%8 o.071(0.015/0.013[0.010l0 [0
’ " iag! .083 .019 016 .0L7] .013| 005 0010 .00
5.0 | a3 |%" o078 .o74/0,088| .083 .028| ,008| ,007) .002| .001|0
' "7 oyt .010 =001 (=,008|=, 001 o |6 }-.003|-.008|-,002}~.002
50| s0.01°" .033 .o74| .cee| .ces .0z8l0 .c0a| .oozl-.co1l0
T ey .010 .008(0 .001 .o01f0  [~.008|~.001|=,001|~,001
5.0 | sa.3 | .08 .034 .033 . .007] .c02]-.008] .00ifc o
' oyt -.001 -.008 -.008 -.008|=,00L|-,002|0  |-,001]|~,002
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TABLE III. PITCHING-MOMENT COEFFICIENTS (QUARTER-CHORD POINT)
10 by 60 Inch Clark Y Wing with a 20 percent$Split.Flap

and 50 percent Semispan Retractable Spoilers of Various Chords in
Several Locations on the Upper Surface

L

R.N. = 609,000, Air speed = 80 m.p.h. Yaw = O
deg. | 5 ] o | 10 ] 15 ] 18 ] 20 | 238 | 25 | 20 | 40
Spoiler retracted -~ Flap neutral )
-0.079] ~0.074]~0.072]~0.067] ~0.083-0.106] ~0.119| ~0.142]~0.167] ~0.191
Spoiler | Chordwise
chord, | location Spoiler deflected - Flap neutral
percent ¢} percent ¢ v s iy o
15.0 30.0 ~0.0751-0.070|~0.068{ ~0,091|-0.107| ~0.124|-0,139|-0.165{-0.195
15-0 60.0 Ad 0054 hd .050 bl '052 - 0072 - .088 - 0106 bl 0136 - 1172 - .190
15.0 83.8 [ -025 - 0027 - .034 - 0059 b .076 ind 0095 - .133 had .169 had .193
15.0 95,0 - - 006{- +013{~ .0R4|~ +050|~ ,070]{= +090]|~ ¢136|~ .178|~ ,192
10.0 3000 - c081 hend 0073 bl 0070 bl 0086 - .102 bt 0115 - .136 had 0161 had 0192
10.0 60.0 ~ +056|~ 4054~ 054}~ 071}~ ,08%|~ 105}~ .134|~ ,167|~ ,192
10.0 %.3 Land -039 bl 0041 b 004.5 - 0063 - 0081 had .104: bad 0145 - 1169 - -192
10.0 -95.0 = o030~ 033~ 042]~ 065)= 085}« o108j~ .139{~ ,171|~ 193
5.0 30.0 ~ 0B6|= J076{~ 075~ 085}~ J102|~ J112{- ,143|~ 170~ .192
5.0 60.0 = 066]|= 0631~ 063}~ J078|~ 098]~ ,112]|~ .138|~ 166{~ ,190
5.0 83,3 — ~ 082 |~ J0BB3|~ .055|~ ,O71l|~ .096{= +116{~ 4140~ .168|~ .194
5.0 95,0 = 080 ]= +05Li~ 055|=~ 075}~ 4096{= o114|~ 140|~ 169]|~ ,192
Spoiler retracted - Flap down 60
]-0.261]-0.268{-0.280|~0.293| 0,252 |~0,800{-0.294|0.387 |-0.286|~0.286
Spoiler deflected ~ Flap down 60°
15.0 30,0 ~0.263 [~0.263]-0.264|~0.267 |~0,273 |~0.282|-~0.282 |~0.280|-~0.283
15-0 83.3 - .208 - .228 b 0222 - -232 bl 0273 b u285 bl .284 b .282 - 02%
5,0 30.0 = RT8]=~ 271]w .254]= 259 = 2B0|~ +288j~ 2BD|= 283|~ 283
5.0 83.3 ~ o240 1= 2355~ R66|~ o247 |- 280|~ 288}~ .,288|~ .28l|~ .283

66¥% °*ON ©90N TBOTIUYOSTL °"V'O°V'XN

g1



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

Control arm, /\g, Control deflected
Hinge axis %

o /’/\
e —0.14c / —. al . 0.7 c-vi —0.915¢
’ —:lifp//o.ﬂc"\. Ve _¢< \ 4 — - _-|
= :/\\ T T 0~17C ! TKO —-,I \
/ A 0.172¢ 0.172¢ \7‘ 25 o
i P 7 0.172¢ c\/ s
0.03c. : , :
£ J Comirol S - 0.182¢ >,
0.065:!— // ~--neutral /’1, | | RS )
1 3 il 1 1 el .1 L -7 D
0 10 20 30 40 50 60 70 80\ J 90 100
Stations,percent chord : ‘<0°
\

Figure 1. - Section of Clark Y wing showing locations of retractable spoilers and a
20 percent ¢ split flap.
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Figure 2(a,b,c,d) .-Rolling-and yawing-moment coefficients due to a 40

c location.

percent semispan retractable spoiler at 15 percent
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N.A.C.A. Technical Noie No. 453 Fig. 3

Figure 3(a,b,c,d ). - Lines of equal rolling-moment coefficients due
to a 50 percent semispan retracteble spoiler at various
locations on a Clark Y wing.
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Fig. 4

chnical Note No. 488

Figure 4(

a,b,c,d ). - Lines of equal yawing-moment coefficienis due
to a 50 percent semispan retraciable spoiler at various
locations on a Clark Y wing.
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Figure 5.~ Effect of spoiler location on rolling criterion with and without a 20

percent c split flap.
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