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- NATIONAL ADVISORY COivfi'41T1'EE FOR AERONAUTICS 
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Bureau of Aeronautics, Navy Department 

WIND—TUNNEL INVESTIGATION OF TEE EFFECTS OF SPOILERS ON 

TEE CHARACTERISTICS OF 'A LOW—DRAG AIRFOIL EQUIPPED 

WITH A 0.27—CHORD SL(YITED FLAP 

By Ralph W. Holtzclaw 

SUMMARY 

An investigation was made to determine the effects of circular--- 
arc spoilers on the section characteristics of an NACA 66,2-216 
(a = 0.6) airfoil equipped with a 0.2:5--chord slotted flap. Spoilers 
were tested on the upper surface of the airfoil at 0.727 chord, on 
the lower surface at 0.6666 chord, and on both surfaces simultane-
ously. 

The upper—surface spoiler was unsatisfactory as a lateral—control 
device because of its tendency to nroduce rolling moments in the 
wrong direction for small spoiler deflections with the flar'deflected. 
and the nonlinear variation of effectiveness with spoiler deflection. 
Sealing the flar slot eliminated tiao' reversal but caused a con-
siderable loss in flap effectiveness and spo i ler effectiveness with 
the flaps deflected. The lower—surface spoiler was also unsatis-
factory because of the unfavorable variation of spoiler effective--
ness with flap deflection. A combination of small derlections 
of the lower—surface spoiler with small deflections of the upper—
surface spoiler,' though rather complicated, gave quite satisfactory 
results. Although there was still a nonlinear variation of spoiler 
effectiveness with deflection, it was shown to be improved considerably 
by the use of the proper variation of spoiler deflection with control 
travel. 

Calculations of the characteristics of three hypothetical 
airplanes equipped with spoiler control systems indicated: that
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satisfactory lateral control could bo obtained.. 

INTRODUCTION 

With ailerons of the convcntionel type covering a considerable 
portion of the wing trailing edge, it is generally iossible to use 
orL'Ly -partial—span flaps. The need for the g'oater effectiveness 
afforded by full—span flaps is increasing as airplane wing loadings 
increase. As a reult, the NACA is conducting research to develop 
lateral—control do-vices that wall permit the use of full—span flaps. 
mc most promising of these devices re drooped—aileron and spoiler--

typo lateral controls. 

The results of references 1, 2, and 3 have indicated that 

circular—arc spoilers may po rvide satisfactory lateral control. The 

T 	 investgat1on was conducted to cetorniine the characteristics 
of a spoiler control on a low—drag airfoil. The effects of spoilers, 
on either the upper or lower surface or in combination, on the 
characteristics of a low—drag airfoil euuiped with a 0.25—chord 
slottcd flap were determined. Tae results were appUed to the 
estimation of the lateral—control characteristics of three hyu 
thotical airplanes equip;ed with spoiler controls. 

The tests were conducted in the Ames 7— by 10—foot wind tunnel 

No.- 1.	 - 

-	 COEFFICIENTS AlE) CORPECTIONS 

The coefficients used throughout this report are as follows: 

c l	 section lift coefficient 

Lc7	 increment of section lift coefficient 

cdo	 section profile drag coefficient 

ncrenent of section profile drag coefficient 

CIBI	
section pitchinoniont coefficient about quarter chord of 

section with flap' in neutral position 

Also referred to as retractabJ-e ailerons when used on the rearward 
portion of -an airfoil. 	 ____
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rolling—moment coefficient (L/qSb) 

C 7s	 the rolling—moment coefficient due to spoiler deflection 

CZ	 the rolling—moment coefficient due to rolling Iacz/ (- 

L•0	 lateral stability coefficient derivative! 	 b2 Ci .aY \ 
P lx i 

where 

L	 rolling moment, foot—pounds 

q	 dynamic pressure (pv2 ), rounds per square foot 

the mass density of air, slugs per cubic foot 

wing span, feet 

Ix	 moment of inertia about the X—axis, slugfeet square 

S	 the wing area, square feet 

V	 velocity, feet per second 

1n addition, the following symbols are employed: 

angle of attack for infinite aspect ratio, degrees 

Spoiler deflection from upper surface, deees 

SL	 spoiler deflection from lower surface, deee 

• flap deflection, degrees 

pb/2V helix angle generated by wing tip in roll, radians 

angle of bank, degrees 

angle of sideslip, positive when right wing is forward, degrees 

angle of yaw, positive when left wing is forward, degrees 

t	 time, seconds 

0	 fraction of control travel
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The lift, profile--drag, and pitching-moment coefficients have 
been corrected for tunnel-wall offocs.. All the results have boon. 
correctedfor the end-plate effects described in reference . 

MODEL AND APPARATUS 

The airfoil was constructed. of laminated mahogany to the NACA 
66,2-216 (a = 0.6) profile of 4--foot chord. This was the same mhdel 
as that used for the tests of reference 1. It was equipped with a 
0 . 25-chord slotted flap constructed to the profile of the normal 
section; the slot entry was designed to reduce the gap with the 
flap retracted to the practical minimum (flap and slot B of 
reference ). The airfoil ordinates are given in table I, and the 
flap ordinates are given in table II. The details of the slot are 
shown in figure 1. Tests wore also made with the slot sealed as 
shown in figure 2. 

The spoilers used for this investigation consisted of perfo-
rated metal plates shaped to a radius of 0.12 chord and were 
rigidly attached to the airfoil. Details of the spoiler construc-
tion and installation are shown in figures 1 and 3 . As it is - 
usually assumed that circular-arc spoilers have negligible hinge 
moments, no attempt was made to measure their hinge moments on the 
toot installation. Althoughit was realized that the flanges used 
on the larger spoilers (fig. 3) would contribute hinge moment, 
they were used only to give increased rigidity and were assumed 
not to exist on an actual installation. The spoilers were perf o-
rated to minimize buffeting. The spoiler on the upper surface 
of the airfoil was 0.725 of the chord from the airfoil loading edge, 
while that an the lower surface was 0.6660 of the chord from the 
leading edge. These locations were dictated by the model structure 
and do not necessarily represent an optimum aerodynamic arrange- 
ment. However, an attempt was made to locate the spoilers as far 
aft as possible in order to reduce the time lag (reference 5). 

The model, equipped with the 5° spoiler on the upper surface, 
is shown mounted vertically in the ifliOS 7— by 10-foot wind tunnel 
No. 1 in figure 4.

TESTS 

The toots were conducted at a dynamic pressure of 50 pounds 
per square foot, corresponding to a Reynolds number of approxi-
mrttcly 5,100,000 and a Wtch number of approx i mately 0.19. Lift,, 
drag, and pitching-moment measurements wore made throughout the 
useful ang1e-of-attack range for constant spoiler and flap dofloc-
tions. The flap bath, shown in in figuro 5, corresponded to the path 
selected (reference 4) for the flap slot tested.
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The upper- and lower .--surface spoilers were each tested with flap 
deflections of 0 0 , 100 , 200, 30°, 4O°, and 4-7° with spoiler de flec-

tions of 00, 250, 5, 100, 150 , 30°, 45, and 600 . The effects of 
sealing the flap slot, were measured for flap deflections of 0 0 , 200, 

and 14.0° for the upper-surface-spoiler deflections(exceptin 600) 
previously listed. The interaction of simultaneous deflect i ons of 
upper- and lower-surface spoilers was also measured for small 
deflections of the lower-surface spoiler (limited, to 100), flap 

deflections of 00 , 20°, and. 1 -0°, and. for a limited range of upper- 

surface-spoiler deflections. 

RESULTS AND DISCUSSION 

The characteristics of the airfoil for the range of flap deflec- 
tions investigated are resented in figure 6. These data have bean 

presented. previously in figure 13 of reference 4. 

The results of the tests with deflected spoilers are presented 
in the form of section 1tching-moment coefficients and increments 
of section lift and profile drag coefficients duo .to spoiler deflec-
tion plotted against the spoiler def1ecton for a constant flap 
deflection and angle of attack. The data are presented-for corrected 
angles of attack of _1l°, O ,	 So, and 12°. It shouJ..d. be noted 

that the actual experimental data were obtained for a constant 
spoiler deflection as a function of the ,uncorrected. angle of attack. 

After the corrections were applie d. , the data were plotted for the 
corrected angle of attack before the final dross-plotting against 
'spoiler defloction.

Upper-Surface Spoiler 

The results of the tests with the spoiler on the upper surface 

are presented in figure 7 for flap deflections from 09 to 
inclusive. The variation of the increment of section lift coefficient 

àls 
with spoiler doflectiOn showed an abrupt d.ecrasc of 

at a spoiler deflection of about 7.5° (fig. ). For flap deflections 

of 300 or eater, there was also a reversal in sign of the lift 

increment for small spoiler deflecti ons, the magnitude of the 
reversal increasing with flap deflection. Either of these offects 
would be objectionable in a late ral-control device. The maximum 
available ljft_coofflcloflt increments occurred. with 30 0 and400 flap 

deflections .	 /
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Thevarition of the pitching-moment coefficient and the 
increment of profile drag coefficient, due to spoiler deflection, 
showgd irregularities corresponding to those shown by the variation 
of the lift--coefficient in'cre-men'ts ( fig. 7). 

Urer--$urface Spoiler with Sealed Flap Slot 

In an effort to eliminate the reversal in the lift-coefficient 
increments and the abrupt change in AC /Sij, the flap slot was 
sealed as shown in figure 2. Results are urosented in figure 8 for 
this condition for flap d.cfloctions of 0 0, 20°, and 400 and for 
spoiler deflections from O to	 inclusive. A comparison of 
figures 7 and S 'shors that the seal almost entirely eliminated the 
reversal (a slight reversal still existed for an angle of attack of 

0	 0 0 "for a flap deflection of 20 and. an angle of attack of l for a 
flap deflection of lj.O°), but the seal did not alleviate the abrupt 
change intCi/s . As illustrated by figure 9 (spoiler 
d.afloction = 450 ), the seal had practically no effect on the available 
section lift-coefficient incremeni; due to spoiler deflection with the 
flap retracted. Eowover, with the flap deflected., the seal seriously 
decreased the incremental lift, the reduction increasing with angl' 
CI attack. 

The characteristics of the airfoil with the flap slot sealed 
(spoiler und.ofle.cted) are shown in figure 10 for flap defections of 

O , 200 , and 430 . A comparison of this figure with figure 6 shows 
that the seal reduced the maximum section lift coefficient with 400 
flap deflection from 2.82 to 2.2L The increment of section lift 
coefficient due to flap deflection is shown in figure 11 for the slot 
sealed and in figure 12 for the slob unsealed. As shown by these 
figures, the amount that the seal decreased the flap effectiveness 
increased with angle of attack. It should be noted that 'the poor 
characteristics with the slot sealed may have been partly due' to the 
method of scaling the slot. (See fig. 2.) No provision had been 
made in the model for a conventional internal seal, so the tyDe used 
was resorted to in an effort to obtain an aporoximatiön of the affect 
of sealing the slot. Since it was difficult to maintain an adoq,uate 

• seal with only oriu surface sealed at the dynamic pressure requirod, 
• both upper and lower surfaces were sealed. 

Lowor-Sur.ace Spoiler 

The results of the tests with the spoiler on the lower surface 
are presented in figure 13 for flap deflections from 00 to 1.5°,
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inclusive These data indicate that the lower—surface spoiler alone 
world be unsatisfactory as a lateral--control device due to the 
unfavorable variation of cj.S with flap deflection. For small flap 
deflections the action of the spoiler is similar to that of a flap; 
that i's, it produces positive lift increments. However, as the flap 
deflection is increased the increments are reduced until, at a flap 
-'  deflection	 fQ a0n O.	 , the increments are all negative. There was also a 
reversal in the sign of the lift increments for flap deflections of 

O and 100. As the flap deflection was increased the effect was 
reduced and it disapp€ared with a flap deflection of 300. 

Combined Upper— and Lower—Surface Spoilers 

Observations of the independent action of the upper and lower—
surface spoilers suggested the combination of the upper—surface 
spoiler with small deflections of the lower—surface spoiler. A 
limited number of tests:est of various combinations were made. The results 
are presented in figures lL-, 15, and 16 for lower—surface spoiler 
deflections of 2.50, 50, and 10 0 , respectively. From these results, 
an upuer— and lower—surface spoiler combination has been selected. 
Data for this confoination are presented in figure 17. For this 
arrangement the upper— and lower—surface spoilers deflect cirnulta--
neously with, 3sT =25SL until a deflection of 5 0 of the upper— 
surface spoiler and a deflection of 2.5 of the lower—surface spoiler 
have been reached At this point the lower—surface spoiler starts 
to retract at half the rate the upper—surface spoiler deflects until, 
at an upper—surface--spoiler deflection of 100, the lower—surface 
spoiler is fully retracted. As the deflection of the upper--surface 
spoiler is increased, the lower—surface .spoi-er remains retracted. 

As shown b y figure 17, the selected combined spoiler arrangement 
did eliminate the reversal although it did not eliminate the abrupt 
change in	 Cl/1S	 (particularly with the flap deflected). In an 
act	 t ual ihstallation this defect might be alleviated to some extent, 
by the use of a properly chosen re1ationhip between the control 
deflection and the spoiler deflection as illustrated later In this 
report. 

As'niight be expected, it was found that the effects of an upper— 
surface spoiler and a lower—surface spoiler were not directly additive 
when used in combination. This fact is illustrated by figure 18 
which shows that the sum of the individual effects does not closely 
approximate the measured result.
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Estimation of the Characteristics of 
Airplanes Equipped. with Spoiler Installations 

In o1dnr to detcrmine if the spoilrs tested would meet the 
requirements for a satisfactory 1ateral --- control device, an estimate 
was made of the lateral-control characteristics of three hypothetical 
airplanes arsming filL .-span-fla and spoiler installations. The 
estimated charatorietics were then compared with the characteristics 
required for a satisfactor:; control. The airplanes chosen for 
analysis are types which might profitably use a full-span-flap 
installation. Their aseumed general characteristics are given in 
table III. Airplane A is a large, four-engine, bug-range bomber; 
airplane B is a large-two-engine, patrol bcniber; and airplane C is 
a carrier-based., slngle- .engirio scout somber. 

Computations have been made of rudder-locked rolls 'for each of 

the three airplanes for the high-speed flight condition and for the 
landing approach with the flaps extended. The section lift and 
profile-drag coefficients were first converted to roli . ing- and 
yawing-moment coefficients by the method of refa'encos 6, 7 and 
8. These values wore than used for the calculation of pb/2V 
and the angles of hank, sidoslip, and yaw as a function of time by 
the method of references 9 and 10. (The results of these cabeula-- 
tions are later referred to as thu time historiec of the roll.) 

Assumptions.- In estniating the characteristics of the airplanes 
with spoiler controls, the follOW4ing assumptions have been mate: 

1. The combined sroiler arrangement of figure 17 has been 
assumed for all three arp1.anes. 

2. The spoiler span has been assumed to be the sale as the span 
of the ailerons of the particular airplane. 

3. Slotted flaps of 0.25 wing chord have been assumed to 
reulaco the ailerons of the particular airplane. 

4. It has been assumed that the 'spoilers did not cause a 
change in the stability derivatives of the wings. I is roclizad. 
that this assumption is not correct (reference 11); however, the 
results are believed to be indicative of the characteristics with 
the spoiler installations. 

5. Pigid wings have beenassumed throughout the calculations.
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6. No allowance has been made In the calculations for Mach 
number effects. 

7. The values of pb/2V computed for the landing approach have 
been assumed applicable to the landing condition. 

8. The variation of spoiler deflection with control travel shoni 
in figure 19 has-been assumed for all three -airplanes. This assump- 
tion was made in an Offort to make the maxim mm rolling velocity 
approximately proportional to control deflection. 

9 .The hinge moments of the circular-arc spoilers have been 
assumed to be negligible, and it has been further assumed that the 
necessary control forces would be provided by artificial means. 

10. For the landing approach, the outboard flaps have been 
assumed to be deflected sufficiently to give an increment of section 
lift coefficient of 0.8. (This amounts to a deflection of about 170 
for all three airplanes.) The estimated reduction in landing speeds 
duo to deflection of the outboard flaps and the landing approach 'speeds 
of the three airplanes used in the calculations are shown in the 
following table:

Reduction in landing speed Landing apiroach 
•	 Airplane	 - due to outboard flaps, mph	 speed, nph 

.1-

•	
A	 7.4	 98 

B	 •.	 7.1.	 107 

	

3.8	 86 

Greater reductions could be had with increased flap deflections. 
However, experiments (reference l) have indicated, a deterioration 
in stalling characteristics and. lateral stability near and at the 
stall of airplanes with full-span flaps when the wing was too heavily 
loaded at the tip. For that : reason, a small deflection was chosen 

to be conservative.  

Calculated characteristics.- Roll time histories (assuming 

instantaneous control deflection) are presented in figures 20, 21, and 

22 for airplanes A, B, and C, respectively. For comparison w ,- - 'L-,h the 
peak value determined for the rudder-locked condition, pb/2V was 
also computed for maximum control travel (on the basis that zero
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sideslip was maintained) using the following eression: 

= -!- (e' 	 - 1):. (See reference 10.) 
2V 02D 

When the time is large this equation reduces to 

	

pb	 .Cs 

	

2V	 ',C2 

The variation of niaxiniuni pb/2V with control travel for each of the 
three airplanes is shown in figure 23. 

Control effectiveness.— For a satisfactory lateral—control 
device, the variation of rolling acceleration with time ismiediately 
following.an abrupt control deflection should always be in the 
correct directio-ri and without perceptible lag. Inspection of 
figures 20, 21, and. 22 i ndicates- that the rolling acceleration is 
in the correct direction for all three airplanes as evidenced, by 
the positive gradient of the variation of .pb/2V with tme. 

In the past, time lag has been one of the main objections to 
spoiler—type controls. It has been shown (reference 5) that, for 
conventional airfoils, 'spoilers located aft of 0.80 chord have 
negligible lag. rliht. :tes..s of a.0.17—chord—radius spoiler located. 
at 0.765 of the chord showed- a lag' of 0.1 second. - (See reference 1.) 
The pilots did not consider this amount . of lag objectionable. How-
ever, it has been, concluded (reference 13) that lag much in excess 
of 01 second would be objectionable; a lag of 0.25 second would not 
be acceptable. .(Sep reference l u -.)	 . 

The data of references 5 and 15 on the lag of spoilers at 
various chordwise positions have been plotted on a nondimensional' 
basis by dividing the lag by c/V where c is the mean chord at 
the spoiler and V is the velocity of the airplane. The mean curve 
so determined is shown in figure 24. Using this curve as a basis, 
the lag (in seconds) for the three exemplary airplanes is. estimated 
to be as follows:	 '	 .
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High	 Landing 
Airplane Speed tApproach 

A 0.035	 0.lO4 
B .o'o	 .087 
C .029	 .089

Assuming a criteria of a maximum lag of 0.1 second, the lag would 
probably not be objectionable for any of the airplanes. 

At any speed, the maximum roiling velocity obtained by abrupt 
deflection of the lateral control with the rudder locked in its 
trim positionshould vary smoothly with and be approximately 
proportional to the control deflection. As shown by figure 23, 
the rate of roll is not exactly proportional to control movement - 
particularly for the landing approach. This condition, however, 
is Drobably not seriousenough to render the controls unsatis-
factory. 

The lateral control should be of sufficient power to produce 
a wing—tip helix angle pb/2V equal to or greater than 0.09 for 
airplanes such as fighters, dive bombers; and torpedo bombers, and 
0.07 for horizontal bombers, cargo, transport and. primary training 
airplanes in the high—speed !-light condition with the rudder locked 
in its trim position. The required values are somewhat lower for 
speeds in excess of 300 miles per hour. The lateral control should 
also be capable of producing a pb/2V of 0.07 for all airplans in 
the landing condition with the rudder locked in its trim position. 
As shown by figure 23, airplanes A and B attain a pb/2V well in 
excess of . 0.07 thus satisfying this requirement. The maximum 
pb/2V for airplane C in the high—speed condition is only 0. 084 
compared:to the value of 0.09 required. It should be noted that 
the spoiler span assumed for this airplane is only 29 percent wing 
span. Airplane C could meet this requirement with a slight increase 
in the spoiier.span. 

As shown by figures 20 to 22, the maximum values of pb/2V 
computed for the high—speed flight condition rudder locked are 

• larger than those computed for zero sideslip for all three 
airplanes. The rudderlocked values are higher because the 
slightly favorable yaw developed by the spoilers aids the roll. 
For the approach condition, the values computed for zero Sideslip 

• are greater, than those with the. rudder locked for airplanes A and C. 
For this condition (rudder, locked), the favorable yawing moment 
due to the profile drag of the spoilers is more than offset by the 
yawing moment due to the incremental induced drag which opposes the 
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roll. For airplane B the values of pb/2V rudder locked are about 
the some as th3 values for zero sideslip. It should be noted that, 
for airplane B in the anroach .cond41ion, a relatively high static 
directional stability and low static latelstability combine to 
make the airpJ,ane ô.yncrnically upstable. This is the source of the 
high values of ph/2V shown in figures 21(b) , and 23. 

For all airplanes the product of.thc rolling velocity and: 
the wing spar should be at least 10 feet per second for the landing 
dondiion when the airplane is rolled with abrupt full aileron 
deflection with the rudder locked in it trim position. The product 
of the rolling . velocity and the wing span is shown in the following 
table for each of. the three airplanes. 

•	 Product of ro1lin 
Airplane	 velocity and 

wing span 

I	 A	 25.2 
B	 18.9 
C	 51.0 

As shown by the above table all three airplanes satisfy this 
requirement. 

The angles of sideslip for the airplanes in the high—speed 
condition., though quite mali are e;nera1ly negative. (For normal 
ai leron control, the sideolip angles are usually positive.) For 
the approach condition, the eidslip angles are positive for all 
three airplanes and in no case become excessive. 

The angles of yaw are generally small although positive for 
high speed and slightly negative for approach speeds. This 
characteristic, coupled with the sid.eelip characteristics, would. 
probably require some familiarization.' flights for pilots to become 
accustomed to the spoiler controls. Pilots accustomed to airplanes 
with conventional controls would- probably tend to overcontrol, 
particulary in landing. 

Control forces.— As previously mentioned, it has been assumed 
that control forces would be provided artificially so that all 
control—force requirements are assumed to be atisf ied.
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Theoretically, * circular-arc spoilers have no hinge moments. 
Attempts have been made to develop such spoilers that would provide 
their own hinge moments (for example, reference 2) by providing them 
with .vented flat tops. The hinge--moment characteristics were unsatis-
factory, howevei .partioularly i4ith the flaps down. It appears that 
further development is required before these spoilers can be 
considered satisfactory. 

It might be noted that difficulties in flight with the hinge.--
moment characteristics of plain, circular-arc spoilers have been 
ncountered due to the large frictional and inertia forces involved 
in the particular operational systems and the fact that the arcs of 
the spoilers were not truly ,circular. 

One solution to the problem of obtaining satisfactory control-
force characteristics, which has been used in a few cases, is the 
use of very-short-span (i to-15-percent span), conventional, 
unbalanced ailerons at the wing tip (feeler ailerons). Flaps cover 
the remainder of the pan; and the spoilers, which provide the 
control, are located ahead of the flaps. This system necessarily 
gives less available total lift than can be had-with full-span flaps. 
However, the reduction may not be serious. For example, decreasing 
the flap span on a wing of 2:1 taper from full span to 8-percent 
span reduces the lift increment due to flap deflection less than 
10 percent. (See reference 8.) The pOssible deterioration of 
lateral stability near the stall of wings with the tips too heavily 
loaded is an objection to the use of full-span flaps. The use of 
short-span (10 to 15 percent) feelerailerons would tend to 
minimize this difficulty.. Feeler ailerbns also tend to mask any 
lag present in the control system. 

Flight tests of a high-speed airplane ecuipped with 15--percent---
span feeler ailerons and 31--percent--span circular-arc spoilers have 
given quite satisfactory results. Some lag was noticed with the 
flaps down although not of sufficient magnitud

e to be considered 
objectionable by the pilots. Also, the inertia forces of the 
particular system were considered somewhat objectionable.. However, 
the pilots, in general, were quite -satisfied with the control; the 
effectiveness was sufficient and the force variations were con-
sidered satisfactory. No difficulties were encountered in per-
forming smooth, accurate maneuvers after the pilots had flown the 
airplane a very short time to become familiar with the control. 

From the foregoing discussion it appears that sppilers can be 
used successfully as a lateral-contro l device. Although somewhat 
complicated, spoiler controls permit the use of full-span or nearly



14	 MR No. A5G23 

full-span flaps. One of the main disadvantages to their use is that 
the prover f'orce characteristics must be provided artificially or 
by the use of fee1er ailerons. 

Spoilers on thin wings.- All the data presented in this report 
were obtained from tents of a l-percent-thick airfoil at low Mach 
numbers. Preliminary design considerations of spoilers on thir! - 
wings for use on very high-speed airplanes indicate that a satis- 
factory installation w:ill be considerably complicated because of 
the extreme thinness of the aft portion of the airfoil. 

CONCLUSIONS 

The results of tests to evaluate the effects of spoilers on 
the characteristicsof a low-drag airfoil equipped with a 0.25-chord 
slotted flap indicated the following: 

1. Spoilers can be applied to airplanes as a satisfactory 
,lateral-control device, as illustrated by the calculations of the 
lateral-control characteristics of three hypothetical airplanes. 

2. A system of spoilers combining very small deflections of 
lower-surface spoilers with the small deflections of uppersurface 
spoilers, though quite complicated, eliminated the tendency of the 
upper-surface spoilers to produce roll in the wrong direction at 
small deflections. There was still a nonlinear variation of 
spoiler effectiveness with spoiler deflection, but this was improved 
considerably by the use of the Droper variation of spoiler deflec-
tion with control travel. 

3. Sealing the flap slot also eliminated the tendency to 
produce roll in the wrongdirection but caused a considerable loss 
in flap effectiveness and spoiler effectiveness with the flaps 
deflected. 

Ames Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Moffett Field, Calif.
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TABLE I.- NACA 66,2-216 (a =O.6) A07,
[Stations and ordinates are given in 

oercent of the airfoil chord] 

Upper surface Lower surface 

1 Ordinate Station Ordinate Station 

0 0 0 0 
• 371 1.242 .629 -1.112 
.60 1.501 .893 -1.319 

1.091 i.886 1.11.09 -1.6o8 
2.317 2.615 2.683 -2.127 
14. • 7914.	 i 3.701 5.206 -2.869 
7.2811. L563 7.716 
9.781 5.308 10.219 -3.9314 

111..788 6.500 15.212 
19.806 7.1428 20.194 -5.290 
214.832	 1 8.155 i	 25.168 -5.7141 
29.862 8.'o8 30.138 -6.080 
314.897 9.098 35.103 -6.312 
39.936 9.356 140.064 _6.11.62 
1414.973 9.1471 11.5.022 -6.523 
50.023 9.11.31 11.9.977 _6.11.83 
55.073 1	 9 224, 11	 514.927 --6.336 
60.1141 8.800 59.859 -6.011.8 
65.191 8.0811. 614.809 _5574 
70.198 7.068 69.802 -14.866 
77.181 5.889 714.819 
80. 1- 48 14.585 79.852 -3.107 
85;106 3.265 814.3914 -2.177 
90.061 1;937 89.939 -1.235 
95.02i 0.762 914.979 .11.32 

100 0 100 0

Leading-ede radius: 1.575 Trailing 	 radius: 0.0625 
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TABLE II.- ORDINATES FOR THE 0.25-CHORD SLOTTED 
FLAP ON THE NACA 66,2-216 (a o.6) AIRFOIL

[Statiois and ordinates in percent of airfoil chord] 

Station Upper surface lLower surface 

77.000 -]875 - - - 
75.521 .042 -3.062 
76.042 .895 3437 
77.083 1.93"7 -3.604 
73.125 2.6146	 l -3.1417 
79.167 .125 -3.229 
80.208 3.11.58 -3.042 
81.270 3.6146 -2.854 
82.292 3.687 -2.646 
83.333 3.625 

3.1437
-2.1437 
-2.250 84.375 

85.1417 3.208 -2.062 
87.500 2.6146 _l.667 
89.583 2.033 -1.292 
91.667 1.5)42 -.917 
93.750 1.062 -.583 
95.833 .604 -.33 
97.917 .271 -.167 

100.000 0 0 

T.E. radius:	 0.0625
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TABLE III.— CHAACThPISTICS OF HYPOThTICAL AIRPLANES 
EQUIPPED WITh S?OIL1R INSTALLATIONS 

Airplane A Airplane B Airplane C 
Characteristics	 t(heavy bomber, (large twc—enginei (carrier—based. 

four—engine) patrol bomber) scout bomber) 

Wing loading	 61.3 14.5 39.2 
(lb/sq ft) 

Aspect ratio	 11.65 10 5•4 

Taper ratio	 O.16 0.5 0.5 
Wing area (sq ft)	 17114. 1000 375 
Wing span (ft)	 141 100 
Inboard, flap span	 60 6o 6 

(percent span) 
Outboard flap span 	 37 36 29 
(percent span) 

KX Radius of	 yra 
tion about X--axis,	 21.45 14.5 5.514. 

feet 
Kz Radius of gyra-

tion about Z—ax i s 18 9.13 
feet
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