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A study was made of the effects of spoilers having fixed heights 
equal to 2-l/2 and 4 percent of the airfoil chord, on the aerodynamic 
lift and moment flutter derivatives of two-dimensional airfoils oscillated 
in pitch aboutthe quarter-chord axis with a mean angle of attack of 2" 
and an amplitude of *lo. The reduced frequency varied from 0.045 to 
0.45 at 0.5 Mach number and from 0.025 to 0.25 at 0.9 Mach number. The 
spoilers were affixed at the TO-percent-chord station on the upper sur- 
face of airfoils with NAcA 65~012, 65AoO8, 2-008, and 877~108 profiles. 
The spoilers increased the magnitude of the lift and for some cases the 
moment derivatives-at the higher Mach numbers, particularly at the 
lower reduced frequencies. The effects on the phase angle of the lift 
derivative were small, but large changes in the phase angle of the 
moment derivative occurred. .The airfoils tith spoilers had negative 
aerodynamic damping at supercritical speeds, except for the NACA 8nAOO8 
airfoil, and the addition of spoilers decreased the Mach number at which 
a single-degree-of-freedom type of flutter in the torsional mode became 
a possibility. A comparison of the data for the three models of equal 
thickness shows, for a given spoiler height, a decrease in the Mach number 
for torsional instability as the location of the maximum ordinate of the 
airfoil was moved toward the leading edge. Changing the thickness of the 
NACA 65kserfes afrfoil from 8 to 12 percent of the chord significantly 
reduced the Mach number at which 1nstabFlity occurred for each spoiler 
height. 

INTRODUCTION 

The importance of continuing research to determine the dynamic L 
effects of spoilers has been emphasized by the instances of spoiler- 
induced destructive flutter at sonic speeds-reported in reference 1.. 

. . 
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The effectiveness of spoilers as lateral-control devices has been the 
subject of numerous research investigations. A number of these have 
been reported in the papers listed in a bibliography in reference 2. 
The authors, however, have knowledge of only two investigations other 
than that reported in reference 1 which were concerned with the dynamic 
aspects of spoiler-type controls. The first of theee investigations was 
reported in references 3 and 4, and was concerned with the determination 
of flutter speeds and frequencies of a combination of a cusp-type 
spoiler, mounted on a three-dimensional wing. .The spoiler was free to 
oscillate into and out of the air stream. The ting.was mounted to pro- 
vide for either pitching or rolUng motion or flutter. The second 
investigation, reported in reference 5, Qas concerned with the determi- 
nation of the oscillatory forces and moments due to the effects of sn 
oscillatfng spoiler, acting on a two7aimensional wing fixed at zero 
angle of attack. In contrast and complementary to these tivestigations, 
the assumption was made for the purpose of this report that a mechanical 
solution to spoiler osclllationwas possible in order to simplify and 
lim5.t the aerodynamic problem to the effects of fixed spoilers on the 
flutter derivatives of oscillating airfoils. This report is therefore 
concerned with a study of the effects of spoilers of fixed deflection 
on the aerodynamic lfft and moment flutter derivatives of two-dimension81 
airfoils osci.Uted in pitch. 

SYMBOIS 

a 

b 

cm 

M 

Fla 

velocity of sound in undisturbed air, ft/sec 

wing semichord, ft 

dynamic section lift coefficient 

dynamic section moment coefficient about qusrter point of 
chord ~ - -- 

frequency of oscillatfon, cps 

a 

reduced frequency, y 

V Mach number, z 
I 

oscillatory aerodynamic section moment on w%ng about axis 
of rotation, positive nith leading edge up 

oscillatory aerodynamic section lift on wing, positive upwards 
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v 

a 

cp 

W 

dcz 

I I da 

I I dcrn da 

free-stream dynamic pressure, lb/sq ft 

free-stream velocity, ft/sec 

oscillatory angular displacement (pitch) about axis of 
rotation, positive with leading edge up, radians 

mean angle of attack about whfch oscfllation takes place, aeg 

phase angle between oscillatory moment an& position a, 
positive for moment leading a, deg 

phase angle between oscillatory lift and position u, 
positive for lift leading a, deg 

circular frequency, 21cf, raaians/sec 

Pa” 
-19 

magnitude of dynamic lift-curve elope, 
2bqa 

, per radian 

-i% 
magnitude of dynamic moment-curve slope, I I 

%e 
4b2w 

, per radian 

APPAFWFUSANDMETHOD 

Tunnel and Model Drive System 

A aownstream view of the two-dimensional channel in the Ames 
16-foot high-speed wind tunnel in which the models were oscillated 
and a diagrammatic sketch of the model drive eystem are shown in 
figure 1. The channel was 20 feet long and 16 feet high. The drive 
rods, cables, and. sector arm attached to the model were contained 
within one of the walls. 

Models and h8t- tation 

Profiles of the NACA 65~012, 2-008, 65~008, ana 18nAO08 airfoils 
are illustrate& In figure 2. A tabulation is also included whfch 
indicates the 15 chora stations at tiich electrfcal preslrmre cells 

%I NACA 847AllO afrfoil w-as modified to a symmetrical section by 
using the lower surface coordinates for both upper and lower surfaces 
and then reducing the thickness ratio to 8 percent. 
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were mounted flush with the upper and low&r surfaces along the midspan -- ;': 
of each model. A pressure orifice adjacent to each pressure cell was 
used to provide an internal reference pressure for each cell through 
about 50 feet of l/16-inch tubing. The pressure orifices were also i 

us&l in conjunction with a multiple-tube mercury manometer to determine 
steady-state chordwise distributions of pressure. Each model had a L- 

chord of 24 inches and a spaa of 18-l/4 inches, with the gaps at the 
tunnel walls sealed with felt pads or brass strips which moved with the 
model. 

The 8ame models =a associated mechanical aa electronic equipment 
were used in investigations reported in references 6 and 7, where more 
detailed descriptions may be found. Reference 7 cbntains~the results .. 
for the same group ofddels wit~out.spoiiers,-.uhich will be refer&d 
to herein as results for spoilers of zero height. The two spoilers used 
were mounted with the spoiler leading edge at the TO-percent-chord 
station. They were ma& from right-angle aluminum extrusions with one 
side machined down to either 2-l/2 or 4 percent of the wing chord. A 
4-percent spoiler mounted on the RACA~65AOl2 model is illustrated in 
figure 3. 

Methoa 

Data were obtained at from 4 to 40 cps for an amplitude of oscilla- 

tion of *lo. The airfoils were tiscillated in pitch about the quarter- 
chord axis with a mean angle of attack of 2O and at Mach numbers from 
0.5 to 0.9. The reduced frequency varied Ifrom 0.045 to 0.45 at 0.5 
Mach number, and from 0.025 to 0.25 at- 0.9 Mach number. The Reynolds 
number vwied from 5 million to 8 million. The principal data consisted 
of oscillograms recorded on 14-channel oscillographs. Sample oscillograms 
for one of the airfoils are shown in figure 4. Traces were recorded 
representing the differences in pressure between the upper and lower 
surface at each chord station, the lift on the airfoil from a summation 
of the electrical output of all cells, and the model angle of attack by 
means of an NACA slide-tire transducer. The lift derivatives and phase 
angles were evaluated from the fundamental components of X&point har- 
monic analyses of each of three consecutive cycles of the sum traces. 
The pitching moments were evaluated by l2-point harmonic analyses of 
the individual traces for one cycle. ' 

Because of the effects of wind-tunnel resonance, data taken within 
10 percent of the tunnel resonant frequencies have been omitted. (See 
refs. 8, 9, and 10.) Although the use of such a procedure does not 
mean tunnel-wall effects have been completely eliminated over the entire 
frequency range, it is- felt that any r-&%itilng tunnel-Aii effects are 
but a small factor in the treXdB of the data (see ref. 7). 

. 
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RESULTS 

Before presenting the results, it is desired to eu@aBize the fact 
that the flutter dwiVB,tiVeB contained herein are representative of the 
slope of the lift and moment curves, rather than of the absolute values 
of lift and moment. This is illustrated in figure 5, which shows the 
lift characteristics at zero and low frequencies for the NACA 65~008 
airfoil with and without spoilers at 0.3 Mach number. k this figure, 
the SymbOled points represent data aerivea from steady-state pressure 
distributions measured by means of the pressure orifices and multiple- 
tube mercury manometer. The dashed lines represent the variation in 
lift for a frequency of oscillation of about 2 cps. It is obvious from 
this figure that even though the slopes of all the curves are nesrly 
the same, spoiler deflection resulted fn large reductions in the abso- 
lute magnitude of the W-t forces acting on the wing. Such a reduction 
occurred on all models over the entire speed range of the fnvestigatlon. 

The measured lift and moment flutter derivatives and their phase 
angles for fixed epoiler heights of 2-l/2 and 4 percent of the wing 
chord are presented in tables I, II, Irr, ana IV, for the NACA 2-008, 
65Aoo8, 877AOo8, =a 65~012 airfoils, respectively. AS previously 
indicated, correspondFng values are tabulated in reference 7 for the 
airfoils without spoilers. 

In figures 6 ma 7 are presented the magnitudes and phase angles 
of the lift and moment dedVatfVe0, respectively, for the NACA 65~008 
airfoil for two Mach numbers. The derivatives are plotted as functions 
of reduced frequency to show typical effects of this parameter. 

Figures- 8, 9, 10, ma ll contain cross plots of the lift derivative 
and phase angle for fZxed spoiler deflections as a function of Mach 
number for three representative reduced frequencies for the NACA 2-OO8, 
63008, 877Aoo8, and 6~01~2 airfoils, respectively. 

Figures 12, 13, 14, aa 15 contain cross plots of the moment ash-h 
tive and phase angle presented in the same order aa the lift derivatives. 
This order of presentation was chosen to correspond to the r .nachange 
in the location of maximum thickness for the XACA 2-008, 65~008, an& 
8n~008 airfoils which have maxinezm ordinates at about 16, 42, and 63 
percent of the chord, respectively. Since the NACA 65AoO8 airfoil ie 
intermediate, it is considered the reference airfoil. The investigation 
included only two models of tifferent thiclmess-to-chord ratios, the 
NACA 65~012 and 65~oo8 airfoils. The derivatives for the NACA 65~012 
atifoil provide some indication of the effects of increasing the thick- 
ness of the reference airfoil. 

Figures 16 and 17 contain aerodynamic 
boundaries for various spoiler deflections 

torsional instability 
for the tbree.modele which 
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differed in thickness distribution and for the two models which differed 
in thickness, respectively. 

DISCUSSIOIST - 

Typical Effects of Spoiler Deflection 

In figures 6 and 7, the lift and moment flutter derivatives and 
phase angles are presented as functions of reduced frequency for 
the reference airfoil, the NACA 69008. ticluded in each figure are 
results for supercritical Mach numbers of 0.68 and 0.84. The critical 
Mach number for the plain airfoiL at an angle of attack of 2' was 0.59, 
which was calculated from the pressure distributions measured by means 
of the pressure orifices and multiple-tube mercury manometer. 

Included in fig&es 6 and 7 and in subsequent figures are curvea 
derived from thin-airfoil theory. Theoretical values at Mach numbers 
of 0.5, 0.6, and 0.7 were obtained from the work of Dietze (refe. 11 
ad 121, at Mach number of 0.8 fr&n Idiihinhlcik [ref. 13), and at Mach 
number of 1.0 from Relson and Berman (ref.. 14). 

In figure 6 it is perhaps not surprising, in view of the data already 
presented in figure 5, to see the relatively small effects at 0.68 Mach 
number of spoilers of fixed heights on the lfft derfvative and phase angle. 
At 0.84 Mach number, the largest effects appear to occur at the lower and 
higher extremes of reduced frequency, although the trends with reduced 
frequency are similar. 

In figure 7 the large variation from theory of the moment derivative 
phase angle at 0.68 &~ch number can be at-Qibut@to a cen&er-of-pressure 
location nearer the leading edge than theory predicts. (See ref. 15.) 
An increase in &ch number to 0.84 resulted in a greater effect of spoiler 
deflection on the moment derivative and phase angle than was the case for 
the lift derfvative and phase angIe in figure 6. The large shift in the-. 
phase angle of the moment derivatrve is of'particular importance in that 
at reduced frequencies of 0.016 and 0.053,:the phase angle shifted from 
a lagging to a leading phase angle; 
that O°CG < 180°. 

+&a-L is, the phase angle shifted so 
For these instances, the sign of the moment damping 

component became positive, which means that the aerodynamic damping forces 
acting on the wing were negative tith the possibility of a single-degree- 
of-freedom type of flutter. It thus appears that the spoiler resulted in 
a shift from a stable to an unstable condition. 

. 



NACA RM A54I22 

Effects of Ma&h Number 

Figurea 6 end 7 indicate that reduced frequency and Mach number 
each have important effects on the flutter derivatives, Figures 7 
through 14 have been prepared to show the salient effects of these 
parameters. The lift and moment flutter derivatives are presented as 
functions of Mach number for three reduced frequencies. 

Lift derfvative and phase angle.- Examination of figures 8 through 
I2 indicates that the spoilers had a greater effect on the magnitude of 
the lift derivative than on the phase-angle. Although there &re excep- 
tions, the effect at the higher Mach numbers was to increase the magni- 
tude of the lift derivative , particularly at the lower values of reduced 
frequency. A coulparison of figure 9 for the NACA 65~08 airfoil with 
figure IlfortheIUCA 6~0~a~rfoflind.icetesthatthe increaseinthe 
magnitude of the lift derivative with spoiler deflection was larger for 
the thicker airfoil. It is interesting to note that at 0.6 Mach nuu.&er, 
reasonable agreement was obtained for all spoiler heights with the theory 
for a wing without spoiler. 

In reference 7 it was proposed that the Mach number for lift diver- 
gence could be used as an approximate criterion for the Mach number at 
which large variations in the magnitude of the lift flutter derivative 
occurred as Mach number was increased. The approximate Mach nu&ers for 
lift divergence for the plain airfoils were 0.72, 0.77, 0.76, and 0.68 
for the NACA 2-008, 65~008, 877~008, and 65~012 profiles, respectively. 
Although the Mach number for lift divergence for an airfoil with a 
spoiler would not be the fame, it would appear from figures 8 to 11 
that this criterion is still useful, even with a deflected spoiler. 

The effect of spoiler height on the phase angle of the lift deriva- 
tive was small and a definfte trend is difficult to detect. It would 
appear that with or tithout the spoilers, at the higher Mach numbers 
an increasing lag of the phase angle of the lift derfvative occurred 
relative to the theoretical values. The change in phase anglewas suf- 
ficiently small that the theory for a wing without a spoiler ie consid- 
ered to provide a reasonable prediction for the Hft-derivative phase 
angles for the spoiler heights and location investigated, 

Moment derivative and phase angle.- It ia obvious from examination 
of figures 12 through 15 that the spoilers had significant effects on the 
phase angle as well as on the magnitude of the moment derivative. With 
regard to the magnitude of the moment derivative, it would appear that, 
again, even though there were exceptions, the spoilers increased the 
magnitude, particularly at the lower values of reduced frequency, at the 
higher Mach numbers. 
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It may be of interest to note that the phase shift in figure 12 
could be presented in such a manner as to show an ticreasing lead of 
the moment derivative in going from the stable to the unstable condi- 
tion, rather than m increasing lag. However, it is felt that the Mach 
number increments at which data were taken were not sufficiently small 
to clearly define for all cases whether the moment derivative approached 
the unstable condition by either an acreasing lag or increasing lead. 

The general effect of the spoilers on the phase angle, with an 
exception for the NACA 877AoO8 afrfoil, was to decrease the Mach number 
at which occurred the large shift of approximately 180' from a lagging 
to a leading phase angle, with a resultant change from a stable to an 
unstable condition. In figure, 12 another exception appears in that a 
reversal occurred such that instability occurred for .the 2-l/2-percent 
spoiler at Mach numbers less than those for the b-percent spoiler. Ro 
explanation for this exception can be given. 

Aerodynamic Torsional Instability Boundaries for FLxed 
Spoiler Heights as Affected by Mrfoil Profile 

In order to show the effects of airfoil-profile on the Mach numbers 
I _ 

at which instability occurred, the Mach numbers at which the moment- 
derivative phase angle became less than 180~ in figures 12 through 15 
are presented in figures 16 and 17 in terms of the flutter-speed parameter, 
V/wb, the reciprocal of reduced frequency, k. In thie manner, what is 
termed an aerodynamic torsional instability boundary was established. 
This boundary defines the Mach number for which any further increase in 
free-stream velocity results in the possibility of torsional single- 
degree-of-freedom flutter. 

a 

-- 

Figure 16 contains-the boundaries for the three 8-per&t-thick 
models. It may be noted that without a spoiler only the NACA 2-008 air- 
foil, with the maximum thickness at an extreme forward position, had a 
boundary within the limits of the investigation.. Spoiler deflection for 
this model resulted in a reduction fn Mach number at which instability 
occurred. The effect of spoilers on the NAC!A 65~008 airfoil was to 
cause torsional instability, which otherwise. did not occur. In contrast, 
the IW!A 877AOC8 airfoil was stable throughout the speed range of the 
investigation. In order to emphasize the effects of thiclmess distri- 
bution, and for this reason only, boundaries based on extrapolation are 
also included. 

The usefulness of figure 16 is twofold: It indicates the effect - 
of spoilers in reducing the Mach number at which instability occurred, 
and also indfcates that thfs Mach number decreased as the location of 
the maximum ordinate of the airfoil was moved toward the leading edge. 
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c The boundaries for the NACA 65.~012 and RACA 65~008 airfoils are 
compared in figure 17. Aa in five 16, this figure illustrates the 
reduction in Kach number of the boundary due to epoiler deflection. 
It also indicates the reduction in Mach number of the boundaries when 
the thickness of the reference airfoil was increased. 

This figure should not be construed to indicate that a reduction 
of the reference airfoil thiclmess would necessarily be beneficial in 
increasing the Mach number of the boundaries. Results presented in 
reference 7 for an NACA 69004 airfoil without a spoiler indicate that 
this airfoil became abruptly unstable at 0.88 Mach number. 

CONCLUSIONS 

Within the limitations of speed range, reduced frequency, and 
spoiler height of the investigation, the following conclusions can 
be drawn: 

. 

1. The spoilers increased the magnitude of the lift and for some 
cases the moment derivatives at the higher Mach numbers, particularly 
at the lower reduced frequencies. The effects on the phase angle of 
the lift derivative were small, but large changes in the phase angle 
of the moment derivative occurred. 

2. The airfoils with spoilers had negative aerodynamic dsmping 
at supercritical speeds, except for the NACA 877AOO8 airfoil, end the 
addition of spoilers decreased the Mach number at which a single- 
degree-of-freedom type of flutter became a possibility. 

3. A comison of the data for the three models of equal thick- 
ness showed, for a given spoiler height, a decrease in the Mach number 
for torsional instability as the maximum ordinate of the airfoil was 
moved toward the leading edge. 

4. When thickness of the airfoil was increased from 8 percent to 
12 percent of the wing chord, the Mach number for instability for each 
spoiler height was significantly reduced. 

Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Moffett Field, Calif., Sept. 22, 199 
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TABLE I.- MEASURED FLUTTER DERIVATIVES FOR THE I?ACA 2-008 AmOILWIT$j 
SPOILERS AT THE 70-PERCENT-CHORD STATION ON THE UPPER SURFACE; a = 2 . - 

r 
H 

- 
3.5% 

.6% 

.72a 

.m 

.Bol 

.835 

.8g7 

.884 

- 
k 

- 
3.041 
4-s 
.111 
.154 
.P4 

:$ 
.m 

.a9 

:t$ 
~61 
.I93 
.a1 
.3a 

1% 

:Eg 
.149 
.246 
274 
.xJ3 

.@26 

.052 

.49 

.lW 

.132 

.l@ 

.217 

.249 

.275 

i5 
.w 
.186 

:E$ 
.98 

$2 
.43 
.lCQ 
.I50 
.lT7 
.202 
.231 
.24g 

:E 
.Wl 
.e? 
.142 
.170 
.lg6 

- 

Id 

28.: 
54.2 
75.S 

105.4 P 
i$:i 
232.1 
257.: 

31.5 

E:? 
106.7 
ET.4 
208.0 
237.1 
255.4 

25.3 
49.6 
75.6 

3 
177.0 

$2 
262.9 

;:; 

lo5:9 

5:: 

25816 

;:i 

l&b 
134.4 
183.2 

2-g 
256:5 

27.5 

E:Z 
101.3 
g;.; 

209:4 
232.7 
260.7 

6.43-t 
5.801 

I:% 
6.31: 

;:g 

::E 

13.928 
l2.35o 
10.372 

11.4.g9 
9.413 
8.178 
5.676 
5.192 

?-l/2 

(B 

6.7 

349.2 

gc3 
3293 
323.3 

g ::: 

g: . 

340.2 
329.0 
319.9 
319.9 
3l2.1 
330.2 

3s3.5 
P3.S 

330.6 
331-l 
325.0 

331.0 
327.7 
333.5 

z:: 

342.8 

z:z 
315.4 

333.1 

0.612 

-.;gi 

-29; 

-.&.i 

:2; 

-.2.& 

-23; 

-.$!i 

:$ 

-.L.i 

-262 
__- 
1.041 

--- 
___ 
_ - _ 
-mm 
-mm 
--_ 
-mm 
- - - 
___ 

1.014 
*9@ 

-.&i 

-.&ii 

-.a96 

_-- 
--- 
m-m 
--- 
_-- 
--_ 
--_ 
--- 
___ 

e.oQ 
1.7c% 

-:g 

-.; 

-.sw 

8 

_-_ 
-_- 
--- 
_-_ 
e-m 
__- 
__- 
--- 

319.2 

G.9 

;w.; 
m-0 
272.5 

345.1 
a.9 

;li.; 

;s;.i 

;a;.0 

'22 
--_ 
12.2 

-__ 
319.0 
- - 7 
290.3 
--- 
--- 
_-- 
--- 
_-_ 
--- 
-_- 
_-_ 
___ 

2; 
--- 
U-l.6 

123.; 
- _ _ 
228.1 

_-- 
--- 
_-_ 
_-_ 
___ 
___ 
-__ 
-__ 
__- 

150.6 
145.6 
_ _ _ 
El.9 
u4.0 

s.; 
--- 
l&.2 

T 

.69c 

.728 

.m 

.%I1 

.a35 

.@7 

.a34 

1 

k Y 

26.c 
52.3 
75.: 

1UZ.J 
126.5 
13.1 
232.7 
W-3 

:Z 
.&a 
.147 
.24o 

:z 

g:t 

l25:P 
204.6 
230.2 
m-6 

.030 

:Z$i 
.ll2T 

22 

:Z 

:Z 

i$! 
.m 
.217 
.249 
270 

2-t 
n:7 

I-03.7 

2:: 

236:2 
256.5 

.Q25 

::i 
.10-l 
.181 
.210 

:Z 

.cQ7 

:Z 
.loO 
.1x 
.m 
.197 
.230 
.251 

25.1 
P.b 
75.5 

105.8 
179.0 

g:; 
. 

Z-I 
76:o 

la?.4 
155.1 
lQ.1 
201.4 
235.3 
256.5 

rg 
.lm 
.14g 
.I.67 
.I97 
.2.22 
.247 

:-% 
61539 

lO.lu3 

8.648 

:?E 
91945 

.6.l% 
s.a22 
.0&-S 
7 .-Ku 
4.872 
2.2 

7:912 

%% 
7:&l 
5.mol 
5.245 

B 

3%-O 

E-Z . 

;S:$ 

z2i:: 
350-l 

351.9 
345.6 
3bb.9 

335.9 
gI:f 

3.: 
3S.S 

357.7 
3g.9 
$2:; 

c 

7 

$2 
_-_ 

-.n; 

;.oa; 

204 
.397 

-.&ii 

-.s; 
--- 
1.310 

1.211 
.787 

--- 
.372 

-mm 

-.I; 
--- 
l-150 

::*%2 
--- 
1.032 
-mm 

.126 

-.;yi 

2.626 
e.E-7 

i.il; 
-99 

-.;5; 

-.96; 
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TABLE II.- MEAsUREDFL~DERIVAT~FORTHENACA6~~A~O~WrrH 
SPOIlXFiS AT THE 70-PERClQlT-CHORD STATION ON THE UPPER SURFACE; k = 2O 

r 
-r 

b --- --- --- ___ --- --- --- _-- --- 
‘:g3 
I&- _-- Au2 
.9;4- 

:E 

:5i3- 
--_ 
.m --- 

1-m 

2 

:7i4- 
--- 

-x6- 
--- 

1.4n 

--m 
--- 
_-- 
--- 
--- 
--- 
-mm 
m-m 
-_- 

-341 
.ls7 _-- 

:Z 
--- 
t-m --- 
1.776 
--- 
--- 
-em 
--_ 
--- 
--- 
-mm 
--- 
m-m 

I% -_- 
L.&a 
-103 
--- 
.QbP 
:4&J- 

E-E _. 
--- 

:&?- 

Is&- 

:4%- 

Y 

- 
* 

- --- --- --- ___ --- - -- --- -__ -_- 

--- 
--- 
-__ 
_-- 
_-_ 
--- 
--- 
--- 
--- 

ZC: 

i3i.P 
W.0 
aas.; 

296.; 

_-- 
w-m 
--_ 
_-_ 
___ 
--- 
_-_ 
--- 
--- 

z: 
--- 

P" 1.1 
_ -- 
m-9 
40.; 

2.: 
--- 

99.; 
_-- 
150.7 

-&ii; 
- 

- 
It% - -_- -__ _-- __- ___ --- _-_ --_ --_ 
_-_ 
O.Db 
-__ 

.39e 

-.$i 

:.a99 

:E 

-.iG 

-.z 

-&i 

:$Z 

-.iG 
-_- 

-.G 

;I; 

.Ea 
_-- 

-.ici 
___ 

-.ses 

-.&Ii 

:2i: 

-2 
--_ 

-.m 

-iPi 

L-655 
--_ 

..44 
2.39 

-Gil 

-ii&i 

1.94 

;:ii? 

-.ass 

-.z 

- 

7 
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TABLF: III.- MEASURED FLUTTER DERIVATIVES FDR THE NACA 877A008 AIRFOIL WITH 
SPOILERS AT THE 70-PERCENT-CHORD STATION ON THE UPPER SURFACE; w = 2' 

r Spoiler height 2- 

H 

I.596 

.693 

.745 

.798 

A60 

h 

0:04; 

.I20 

.15a 

.194 

.21g 

.262 

:$E 

.034 

.o6g 

.loo 

.132 

.163 

2 

:g 

:Zi 
.093 
.I22 
.152 
.241 

:Eg 

-028 

:EZ; 
.113 
.142 
-195 
.n7 

:Z$ 

-021 
.055 
.083 
-105 
-152 
.I.80 
.203 
.237 
261 

w 
g-z 
82:2 

108.3 
132.8 
149.6 
179.0 
250.3 
264.0 

27.4 

E 
x5:8 
130.4 
151.0 
208.7 
239.8 
e9.6 

23-3 

FEZ; 
105.6 
19.0 
209.4 
242.6 
258.6 

26.1 

z;*: . 
106.1 

1zE . 
212.2 
241.6 
265.1 

Ll 2 
7.03: 
6.645 
5.682 

3.79 
4.626 
g.481 

Q 

6.2 

$E:S 
353.0 

349.8 
342.0 
336.2 

2 percent T 

Ll 
2 

- - - 

- - - 

- - - 

-me 

- - - 

- - - 

- - - 

- - - 

- - - 

0.434 
.463 

-.4gi 

-.;oe 
-357 

-.sn 

.396 

.347 

-.;o; 

'.i.oi 

-.&y 

-340 
.434 

-266; 
--- 

-.360 

-.&i 

::; 
* - - 
-5g2 
-356 

-.;4; 

-.;o; 

e 

324.4 
339.8 
m-m 
314.1 
- - - 
293.2 
293.6 
-em 
m.9 

~~:*: . 
- - - 
275.7 

;cz.; 

;56.6 

322.0 
320.1 

;1;.; 
-mm 

;49.: 
- - - 
280.9 

;E . 
em- 
295.1 
216.9 
m-D 
275.9 

Ygi.4 

M 

0.596 

,693 

,745 

-799 

.a60 

k 

3.044 
x& 
.I22 
.164 
-204 
.zx 
.2& 

.04C 

.072 

.16 

.142 

.165 

.192 

-032 
.c& 
.W7 
.I27 
.16c 

.031 

:z 
.116 
.151 
.2oc 

.WS 

.081 

.106 

0 Q 

30.e 6.24-c 

E 
6.187 35::; 

. 5.897 352.2 
1lO.C 
136.~ ;g-; 
151.7 344:5 
179.c 3.199 331.0 

30.5 1.4 

~~~; 
353.3 

111:6 
351.4 

133.4 
154.0 z-:zif . 

27.6 352.0 

z-2 
108:1 i:%i 

;;Et 
331:9 

136.6 5.324 331.7 

28.5 

E-t 
g2 

. 343:1 
107.2 
138.7 2-z 
a3.7 345:1 

Z?:I 
6.227 342.3 

336.1 
la6.5 333.3 
152.5 336.4 
186.4 5.327 339.4 

Bpoiler height 4 percent 

D.707 
.651 

-.;s; 

-.;17 

:2Z 
. - - 

.373 
m - - 

.670 

-.;6; 
251 

m - - 

-I 
B 

343.3 
333.2 
- - m 
313.9 

$2 

321.6 
-mm 
z64.7 
~76.7 
. - - 

I 

. 
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TABLE Iv.- MEKSUREDFLUTTER DWIVATNES FOR TEE NACA @A012 AIRFOIL WITH 
SPOIIJBS AT THE 'TO-PEEKXNT-CHORD STATION ON TEU3 UFPW SURFACE; am = 2' 

.7% 

.&x 

.&A -. 

.m 

k 
0.043 

.a73 

.u3 

.U3 

.res 

.231 

:g 

:zl% 
.loo 

:E 
.wr 
2% 
-330 

:gi 
.083 
.ll7 
-146 
-231 

:Zg 

! percsnt 

dc17 
!-I z 
_-_ 
_-- 
--- 
--- 
_-_ 
--_ 
--_ 
--- 
o-323 

-391 

-.5oe 

-.ss; 

-i-pi 

:E 

-.53; 

-.aoe 

-.&I; 

_-- 
__- 
--- 
--- 
--- 
--- 
_-- 
--- 

2Ab3 
2.234 
mm- 
2.026 

-2; 

m.iyi 

aA5 
.w 

-:ii.c 

-2; 
_-- 
L.C& 

0 
m-m --- --- --- --- --- --- --- 

g:4 --- 
291.4 

ii.&; 
--- 
276.4 

--- 
--- 
_-- 
--- 
--- 
--- 
--- 
--- 

246.0 
w-3 
--- 
220.1 
--- 

260.; 
--- 
233.2 
lps.0 
l-CL.8 

g.; 
--- 

GL2.e 

i-gG.; 

2l.t:: 

-G.i 

i&i 
--- 
199.5 

i:g 

i.l-fg 
i.040 
i.335 

I:;:: 

B.-r?3 
!:Z 
'-0-a 
i.479 
i.W 
i.y42- 
i.py 

Me 
t :g 
'.W 
i-545 
i.cKe 
i.ly 

- 

1 
e - 

. - - 

. - - 

.-- 
_-- 
.-- 
.-- 
_-- 
. - - 

B1.8 
.*.1 

:pi.; 
.-- 
!3838.8 

z2.e 

77.5 
a.1 

ii.; 
. - - 
. - - 
u-6 

it&i 

.4r.3 
M-7 
.-- 
l2.1 
.-- 
. - - 
KJ%O 

- 
7 
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N ACA 6SAO I2 

--- 

NACA 2-006 NACA 65A008 NACA 677AOOS 

MODEL PRESSURE-CELL LOCATIONS 
IJn percent of model chord] 

Cell no. 
upper and 

lower 
surf ace 

7 
8 
9 

10 
11 
12 
13 
14 
15 

65~012 

tgdm 
1.25 
3.75 
7.5 

15 
22.5 
27.5 
35 

g-5 

22; 
67:5 

‘8; 
I 95 

2-008 
and 

877Am 

1.25 
3.75 
7.5 

15 
22.5 
27-5 
35 
45 
52.5 
57.5 
62.5 
67.5 

g 
90 

Figure 2.- Section.profiles tid pressure-cell locations of models. 
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Figure 3.- NACA 65~01.2 afrfoll with spofler mounted at the TO-percent- 
chord atatfon. 
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Figure 4.- Sompls Oscillogroms for the NACA 2-008 oirfoll. 
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Figure!%- Effect of spoiler deflection on the aerodynamic 
lift characteristics of the NACA 65A008 airfoili 
M = 0.59. 
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Figure 6.- Lift flutter drrivative and phase angle as a function of reduced frequency for two Mach 
numbers for the NACA 6SA008 oirfoil; am =2*. 
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Figure 7.- Moment flutter derivative ond phow ongle OS o function of reduced frequency for two Moth 
numbers for the NACA 65A008 airfoil; am n 2’. 
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Figure 8; Effect of fixed spoiler deflections on the lift flutter derivative 
2-008 airfoil; Crm =2? 
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Figure 9.- Effect of fixed spoiler deflections on the lift flutter derivative 
65A008 olrfotl~ am ~29 
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FigurelO.- Effect of fixed spoiler deflections on the lift flutter derivative and phase anglefor the NACA 
877A,OO8 airfoili dm = 2’. 
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Figure Il.- Effect of fixed spoiler deflections on the lift flutter derivative and phase angle for the NACA 
65AOl2 airfoil; am = 2T 
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Figure 12: Effect of fixed spoiler deflections on the moment flutter derivative and phase angle for the 
NA CA 2-008 airfoil; am - 29 
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Figure 13; Effect of fixed spoiler deflectfans on the moment flutter derlvatlve and phase angle for the 
NACA GSA008 airfoll~ am -29 



3 

l%F12 
I 

- --~ 
oh21*-b+ b+-T-T 1 - __ _- _ 

360 

320 

980 

240 

aw 
e 

160 

120 

60 

40 

k 9.05 
0 

.4 .I5 .6 .7 .6 .9 
w 

Spailmr hdghl, Xc 

.4 .5 .6 I .6 .9 .4 .I .6 .? .6 .S 
Y n 
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Figure l5.- Effect of fixed spoiler deflections ‘on the moment flutter derivative and phase angle for the 
NACA 66AOl2 airfoll; Qm *29 
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Figure 16: Aerodynamic torsional instability boundaries OS 
affected by airfoil thickness distribution; Qm = 2*. 
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Figure 17~ Aerodynamic torsional instability boundaries OS 
affected by airfoil thickness; Qm * 23 
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