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LICHT-TEST MEASUREMENTS3 OF AILERON
CONTROL~SURFACE BEHAVIOUR AT
SUPERCRITICAL MACH NUMBERS

By Harvey H. Brown,
George a. Rathert, ey
and Lawrence a, GClousing,

The behaviour at supereritical laech numbers of the
allerons of a jet-propelled fighter has been messured up
to 0.866 Mech number. The considerable amount of alleron
uplfloat occurring at these Mach numbers was feund to be
due to a large loss in precssure reccocvery on the upper surface
al't of the shock wave which caused very large increases in
the alleron hinge moments. Data obtasined from pressure—
distrioution measurements are rresented to show the very
critical effect of kach number on the magnitude of these
hinge maments,

alleron osclllistions were szlso encountered, ranging in
severlity from a spasmodic low-amplitude "buzz® to a motion
8o violent the aileron was deformed. The comparatlvely mild
buzz should be considered s preliminary warning of the
ebpearance of the more severe zand dengcrous oscillations.
The flight condition boundary defining the first anpecarance
o the buzz 1s presented in teris of linch number and both
the airnleone 1ift coefficient and %k average scetion normel-—
force coefficient over the aileron., This flight~test boundary
is in excellcnt agrcement with wind—tunnel tests of a pertial-~
span full-scale wing with the aileron free. Typical aileron
angle anc pressure-distribution rccords arc also prescanted to
illustratec some of the characteristics of the oscillations.,
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INTRODUGTION

In the past few years, experience during high-speed
flight has indicated serious chenges in the behaviour of the
eileron control surfaces at speeds above the critical Mach
numpers of the airfoil sections now in use. Such chenges
have been evidenced by large amounts cf aileron upfloat,
indicating large chenges in the megnitude of the alr loads and
hinge mo$ents, and the appearance of aileron oscillations.

in the: sourse of wi‘g pressurc—~distribution measurements
and verious other tests of a turbojet-propeclled fighter examples
of this behaviour at supercritical lMach numbers have been

encountered several times, During the highest speed dive, in
which a lach number of 0,866 was reached, the qevvrlty of the
alleron oscillatisns increesed quite rapidly snd the motion
became so vliolent that one alleron was deformed. ©So far as

is known, this is the only time the more violent and dangerous
oscillatien has been encountered in flight.

This report presents & summary of all the data on alleron
behaviour at supercriticcl Mach number which have been obtained
incidental to these scheduled tests.

DESCRIPTION OF THE s»IRPLaANE alND THE INSTRUMENTATION

The tests were conducted on the turbojet—propelled

fighter airplane shown in the three-view drawing. (See fig., 1.)
Figures 2 and 3 are side-view and plan-form ovhotogrephs,
respectively, of the airplane as instrumented for flight tests.

The dimensions of the wing and sileron are listed in
table I. Table II contains the ordinates for the theoretical

wing contour . (N&ACA 6571-213 (8 2o E)). The deviations of the
actual wing scetions from the theoretical contour are presented
in figure L for e=sch of the four pressure—distribution—orifice

¥
atatlons.

The alleron control systecm of this type of alrplane was
unuevally rigid as compared with other pnresent-dsy Tighter
airplanes and employed a power boost in operating the allerons.
The ailerons were eoculpped with pisno-type hinges located on
the upoer surface of the wing end were approximetely statically
end dynamically mass—balenced but had no aerodynamic balance.
Throughout the test program the aileron cable tension was

~

rigged at 300 pounds at 70° F.
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Standard NACA instruments were used to record the
alleron engle, normal acceleration fector, pressuyre eltitude,
indicated eairspeed, snd wing-pressure distribution.

£0CURACY OF RESULTS

The static preessures used in computing the values of
Mach number and oressure coefficient were obtained by
correcting the static pressure at tho free—swivelling airspeed
head mounted on the right-wing tip (fig. 2)for position error
as determined from g low-altituds fligcht calibration. 1In
addition, the error inherent in the airspeed head itself due
to compressibility was determined from e calibration made in
the Ames 16-foot high-speed wind tunnel ang corrcctions were
made, The alrspeed rccorder, altimeter, and all other pres—
sure cells were calibrated at scveral temperatures to permat
removal of temperature effects from the data. The accuracy
of the data is as follows:

= £0.005
P = 810/0
da = £0,2°

The symbols used throughout the report are presented in the
appendix.

4ND DISCUSSION
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Alleron Upfloat

The effect of Msch nunber on the pflosting angle of the
allerons is shown for various values o alrplane 1lift
coeffdicient 9n dEdomee s 8 AP HoR

ro

reasurements of the right eiler jon enly, during.a
seéries of very high-speced dives. Sub gucnt meesurements of
the meen deflection of both ai erons, indicated in figure 5
by symbols, substantiated the 14 s the data obtained
from the right aileron alone.

u
£

urves were obtalned from
G
e
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Since the alleron control system was quite rigid, the
large upfloating angles obtained indicated that very large
hinge moments were being encountered. The magnitudes of the
hinge moments at zero ailecron engle were determined by using
the pressure distributions over the aft b percent of the
wing inboard of the ailerons o o iy cempute the moment
coefficicnts sbout the 75-percent—chord line. These data are
prescnted in figure 6 and show that for zero alleron deflection

COLFIDENTIAL
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the hinge moments become extremely large ab supercritical Mach
numbers. It 1s further apparent that in this spesed range the
hinge moments are a sensitive function of Mach number.

The reason for these large hinge moments 1s illustrated
by figure 7. In this figure a chordwlse pressure distribution
at a subecritical Mech number is contrasted with another at the
same airplane 1ifc coefficient but at a lach number considerably
above the crifical. In comparison, the supercritical Mach
number distribution shows a very large loss in pressure recovery
aft of the shock wave which is responsible for the increase in
hinge moment. This lgrge lo88 in pressure recovery is
presumrbly due to sheck induced separation on the upper
surface.

A

The effect of aileron deflectlon on the critical lach
number of the thuoretiozl al rf01* ue0uion, calculated by the
method of reference 1 for the range of upfloating angles
encountered, 218 present0u in figur & & few cxperimental
values from the flight--test pressurc distributions arce included.
A comparison indicates the flight—test critical liach number to
be from 0,015 to 0,325 lowecr than the theoretical.

alleron Osclllatlons
a low-amplitude aileron oscillsation known as "buzz" was
cncountcred several times during the flight tests. This buzz
was spasmodic when first encountered but as the speed increased
pecame a susteined oscilletion with ¢ frequency of spproximately
28 cycles per second and a ranb OL movement of about 2°.
Typical alleron-angle records during buzz at verious Mach
numbers are reproduced in figure 9. Figure 10(a) is a photograph
of the left alleron taken during the buzz, showing the blurred
mage of the trailing edge. The c“qW between the converging
1uﬁ?“s of the upper edge of the bleck stripe across the aileron
indicates the small amplitude of the motion.

At a Mach number of about 0.85 during a high-speed dive
the buzz developed into a much h¢¢nor amplitude oscillation of
sufficient vielence to cause the trailing edge of the left
clleron to buckle. Figure 11 is a time history of a portion
of this dive and pull-out showing the record of the right aileron
position. The records indicated that the alleron oscillated
about an uo—p081tlon over a range of about 6°, but the frequency
could not be determined. “be photogreph of the left aileron
during the flutter (fig. 10(b)) shows the considerable increase
in the angle formed by the 1mabos of the cdge of the black
stripe. The double image of the star insignia indicates the
amount of general buffeting accompanying the aileron osclllations,

CONFIDE sl
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Figure 12 is a photogrsph of the aileron taken after the
flight to show the buckle in the Ttrailing edge caused by the
flutter, Y A,

s Flight-test boundery defining the first aprearance of
spasmodic buzz in terms of Mach number and alrplane 1lift
coefficient is presented as the solid line in figure 1%,
Corresponding values of the average section normal-force
coefficient cf the wing section through the aileron are
spotted on the curve for convenient referance.

at higher Mach numbers the buzz becamc = steady and
sustalned motion, as indicated on figure 13 by the square
symbols., Further increases in Mach number resulted in
transition to the more violent and severe flutter indicated
by the circles. It is probable, however, that the location
of this transition can te shifted by changes in the amount of
cable tension or ailercn restraint. For this reason the
speciflic increment in Mach nurber indicated in figure 13
obetwecn the buzz and the more dengerous oscillation should
not be interpreted as a genecrally applicable factor of safety.

Figure 14 is a boundary for the first appearance of
eileron oscillations which is expressed in terms of the aver—
ege sectlon normal-force coefficient of the wing section
through the ailcron rether than the sirplane 1ift coefflclent.
The flight-test boundary fells only 0.007 lach number below
the data®! from tests in the Ames 16-foot h gh—speed wind *
tunnel of o partial-span installation of an identical full-
scale wlng with a free aileron: Thig closc agreement betwcen
testes conducted with high cadble tension snd with no resiraint
et all demonstrates the velidity of using the buzz coundary
as a signal of vossible dangerous flutter ot some higher lech
number, depending upon the amount of restraint and damping in
the aileron control system.

The scction critical Mach numbers, dctermined both from
flight tests and from theory, are also nresented in figure 1
to show that the buzz sctually occurs at = oractically con-
stant lncrement of lMach number above the section critical
Mach number, regardless of the value of the section normal—
force coefficient or the airplane 1lift coefficient.

The cause of the aileron oscillctions has been determined
from the wind-tunnel tcsts of the vartial-span installations
of a full-scale wing. . Shadowgraph nictures taken during these

— -

iUnpublished data on file at this labor:ctory
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tests demonstrate that there is a coupling between the aileron
moticn and shock-induced separation originating forward of the
aileron. In view of this explanation an examination of the
pressure measurements 1ln the regilon of the aileron, obtained
durling the oscillations, is of interest.

Figures 15 and 16 present pressure distributions both for
a wing station over the sileron (station 152) and inboard of
the aileron (station 105.25) during the buzz at M = C.859 and
the more violent oscillations or flutter at M = 0.866, respec—
tively. The pressure-distribution records for the orifices on
the eileron indicate severe flow separation on the upper surface
of the wing during the vilolent flutter. During the buzz,
pressurcs on both the upper and lower surfaces of the aileron
remained steady, largely due to the small amplitude of the
motlon. During the more violent flutter, however, as noted in
figure 16, the vressures on the lower surfscc showed the extreme
fluctuations which would be expected with a rapid motion over
a range of 6°. The upper—-surface pressures, however, were
quite steady, which is presumed to indicate that the orifices
were always in a region of severe flow separation. Two pressure-
¢ell reccords from station 152 which are typical of all pressurc
records on the aileron are presented in figure 17 and illustrate
this. difference in behaviour.

Flight-test measurements of the chordwise location of the
shock at the supercritical Mach numbers at which aileron
oscillations occurrcd (0.80 to 0.86) arc shown in figure 18
for both the upper and lower surfaces. The location of the
shock wes defined as the chordwise location at which a sharp
break in the pressure distribution occurred. It is interest—
ing to note that in this Mach number range the location of the
upper-surface shock has stopped moving aft with increasing lach
numbeér and has become fixed; whereas the lower surface shock is
st1ll moving aft. These results indicate the wide variety in
flow conditions under which oscillations of the aileron may occur.

COICLUSIONS

~ An analysis of the behaviour at supercritical Mach numbers
of the allerons of a typical turbojet-propelled fighter has led
to the following:

1. The considerable loss in pressure recovery on the
upper surfece aft of the shock wave produced large incrcases
in the aileron air loads and hinge moments, resulting in
large aileron upfloating angles. The increases in loading
impoeed on the aileron structure and the control system
warrant eerious consideration in the design of high-speed
aircraft.

CONFIDENTIAL
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2. The rirst appearance of aileron cscillations in
flight was esteblished in terms of & boundary defined by the
Mach number and both the alrplane 1ift ccefflolent and the
average sectlonal normal~f)rﬁe coefficient of the wing section
through the aileron. The oscilletions always apoeared at a
practically constant increment of Mach number above the

section critical Mach nurber.

3. The severity of the aileron cscillations increased

rapidly to the highest test Mach number, and the motion

became so violent one aileron was ceforned Good . agrecment
between buzz boundaries cstablished by flight tests of g
restrained aileron snd wind-tunnel tes ts of a free aileron
indicated that the buzz boundary :is a useful signal of the
possible apnearsnce of more viclent and dangerous oscillations
at some higher Mach n@moer, depending on the amount of
restraint and damping in the silercn control system.

Ames Aeronautical Laboratory,
National Adviscry Committez for Aeronautics,

v
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airplane normal acceleration factor (Z /1)

wing section chord, ft
section hinge-moment coefficient

1.00

£ N
1.jp pu-pL) | % - 0.75 Jal%
smm(L g b w)

airplane 1ift coefficilent, computed by the formula

A7zW /g9

scction normal-force coefficient

1.0

/
j? (P1~Py) a\§>

e
(P = Do )

pressure cocfficient \p ’O,)
a

pressurc coefrficient on upper

~n

pressurc cocfficient on lower surface
stotic orifice pressure, 1lb/sd £t

free—stream stotic pressure, 1b/
2

v

wing area, sq It

chordirice location from leading

airplane gross weight, 1b

surfeace

lynamic pressure (pV ), 1b/sq £%

liach number, ratio of airspecd to spced of sgound

edge, Tt

aerodynemic normal force on airnlane, 1b
J 2o 2

aileron control-surface deflection, deg
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TABLE I.- BASIC DIMENSIONAL DATA OF THE TEST AIRPLANE,

Wing

Vhop D WREE Lo B o SRR B

eoacoooeococ.ooo.oaoenooao¢257

o
o
a
.
o

BB D S s b S ek D N R b ek ek T T
e g R IR T NEPRE . Sl SR R A (<
e s I e e i s B st s Sary o« aibn woatnh & movw s BB
HBam foet COYam D JONO & Ty su s on tbsssines snnanosnesnsebeh

Dihedral of trailing edge
of Vvir].g’ deg'ﬁ”'OGQODOQOEQQODOGCIOIIDOQDG..OOCOGOUBIBGGB

T nlderico” Pont o0lgrd, Geg. v ikeneneieisenseikohessle00
Geometric twist, degeessseesels50 washout from root to tip
ROOL sectlon..cesesivvocercencseeeass s NACA 65,-213 (2=0.5)
Tip section.iceceeruccecsecsasnananae  HACA 6571-213 (a=0.5)

»t...c.oe'..o'cQooool..co0000000005200

Percent line, straig

Area af't of hinge line,
Sqft (botll Sides)00.GQUOI0.0.QDO'".QO.‘..'...G'B‘.]—?.l)—L

Fixed surface affected by
movable surface, sq ft
<bOAt1’l Sidcs).eﬂotﬁ..o0..00......009‘0.‘000.h..’OonGO.é?Ol

gp&l’l, ft (OIIO Sid»o)coooooo.o-ooou.o.-ooo.ocoolcoon.0¢|7021

4

Mo aeredynamle HOrd, Thiussensnnnswassainewessivessioold

Hinge-line location,
PEBCENE ONOTUsswrsansissvscssvnoacasessscnscsscnssvsss [Hel

Type of aileron..sss....N0 aecrodynamic balance, piano hinge
on upper surface, power-boost
control system, approximately

statically and dynamically
mass-balanced

Travelo.o-oocuo.no.euooooan.oo..o-.o-ao.oeoc..o.'..u.lﬁoo

R R s s bR vk s v a s i st im tab O lalt allepror

1Tncidence measured with respect to thrust line.
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TABLE 1I.- ORDINATES OF NACA 651-213 (a = 0.5) AIRFOIL
[All stations and ordinates in percent chord )

~
Q

e ———
e TR

__________,._--——

|

Ordinate,

|
|

3

20 4 60 80 100
Stration , percent chord

o

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

Upper surface Lower surface

S8tation | Ordinate Station| Ordinate

0 0 0 0
.38 1.06 .62 -.92
{ .62 1.29 g8 | -1.10
1.10 i 1.40 -1,35
2,34 2.28 2.66 -1.76
4. 81 2.26 5.19 -2.38
| 7.31 .02 7.69 | -2.84
3'80 4. 67 10. 20 -3.22
14, 81 el 15.19 —3.82
19.83 6.51 20.17 -4.26
2L 86 7.12 25.14 -4.59
29,89 7.56 30,11 -4.82
34,92 7.85 Eg.os -4.96
| 39.96 | 1.98 ok | -5.01
5.01 7.94% by 99 | -b,95
50.07 7.71 42.93 -4.77
55.11 7.26 54 .89 -4 47
60.1 6.63 2&.87 -4,07
| 65.1 5.8 .86 -3.60
70.13 E.O 62.87 -3.06
&a | 3B | p%| 1
85.06 3.2 sz.su -1.29
90,04 1.33 89.97 -.72
95.01 53 94%.99 -.24
100.00 0 100, 00 0
‘ L. E. radius: 1.174. Slope of radius
through L. E,: 0,084

CONFIDENTIAL




NACA RM No. ATAl5 CONFIDENTIAL

;l_l | = =

Ry

)//;; /105 [52 207
Or/foce sra?rors

As/eror AwQﬂ?Ahe
of 75 % chora

NATIONAL ADVISORY COMMITTEE

FOR AERONAUTICS Al alsmensions

I inches

I

i LE7

Ll <;:Zj—7;f<:/<==i§£;;;55>
B /4 >~

)C&nae-rwanfcxhznnégr.af'A%e res’

aplane.
CONFIDENTIAL

Frgure /.

Fig. 1




TYILNEAIJINOD

TYILNIQIANOD

‘ON Mo VOVN

STVLY

g ‘314



TVILNEQIINOD

TYILNIAIINOD

STVLY "ON MH VOVN

¢ *31g



NACA RM No. A7Al5 Fig. 4
CONFIDENTIAL
+Q2
L
4/—”’J—47 h~\\\\ —
2SS S—[2O 30 <0 50 60 70 80 g0,” 700
> s ik CHhorawrse stalron, percesr chura i
3 B i e
O  -o02 = e
+ (d)h//ny station 65 (c =746 feet)
S
{E upper ( Z ) actual — ( %) theoretical
%’\ —— —— Jower - (%’) actval +(§) theoretical
Q'\ +0.2
Q
5 ~ /TN
.Q — / ~
i 5 /\ N /‘\/ ‘\ b \‘
2 ¢ OF SIS 30 | 40 S0 60 70 8o 907 700
N =~ ‘1l~~—-4l_«——+~ =T~
—02 Chordwise station, percent chord
&) Wing station /0525 (c=6.40 feet)
NATIONAL ADVISORY COMMITTEE
g FOR AERONAUTICS
+02
A "
= o b W e 7’\ —*
A RS O o N I a0 9 o N T e
¢ 0 >~ |~ 30 40 A 60 70 R P e 700
R N St | o r ke
N i L ) T = -
< CHovcerse srRrr7, perTen’ chor N~
O -02 1 L L ! | ) 1 L : )
S
g «©) I/t//'n_y station 152 (=518 Feet)
(S
A
<
P
o +0.2 1 = -
(\) /// \\~ _‘___4// N oy B
R 7 - - = v
'g o B’ | Z
o ) \ /0 20 30 40 50 60 70 8o g0 /00
N L CHoranrse srazrror, /ce/a-ﬂr‘—cﬁafz/
O Y S
Nl

() bt//'nj station 207 (c =3.73 feef)

F'/"jure 4 — Deviation in percent chord of actval wing contour from
the theoretical airfoil at various spanwis€ Jocations.

CONFIDENTIAL




NACA RM No., A7Al5

CONFIDENTIAL

Figs. 5,6
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Figure 9.- Typical records of right aileron position during
pull-ups at various Mach numbers showing

oscillations.
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Fig. 10

(b) During flutter, M = 0.865, Cr, = 0.35

Figure 10.- Photographs of the left aileron
during aileron oscillations.
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Figure 11.- Records of right aileron upfloat and oscillations
during dive recovery at Mach number and airplane
1lift coefficient shown.
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NACA RM No. A7AlS - Pig. 12

CONFIDENTIAL

Figure 12.- Photograph of left aileron taken on ground
after dive recovery showing buckled trailing edge
caused by severe flutter,
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NACA RM No. A7AlS CONFIDENTIAL Fig.
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Figure 17.- Typical records of pressure orifices on upper
and lower surfaces of aileron at wing station

152 during aileron flutter.
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