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RESEARCE MEMORANDUM

MEASUREMENTS OF AERODYNAMIC CHARACTERISTICS OF
A 35° SWEPTBACK NACA 65-009 ATRFOIL MODEL

WI'ZIIE[%-CHORD HORN-BALANCED FLAP BY

THE NACA WING-FLOW METHOD

By Harold I. Johnson and B. Porter Brown
SUMMARY

This investigation is the sscond of a serles concerned wlth the deter-
mination of the fundsmental characteristics of trailling-edge controls at
transonic speeds. A typlcal sweptback alrfoll model of low aspect
ratio (A = 3.04) and zero taper which represents either a wing or a tail

surface 1s belng fitted with varlous %—chord. Pull-span flaps dlffering only

In type of asrodynemic balence. The first series of tests were run with a
plain flap, that is, a flap representing the case of zerc asrodynemic balance.
Results from those tests heve been reported previcusly. The present tests
were made wlth a flap that Incorporated a relatively large horn balence.

Some of the important results from these tests are sumearized below.

The 1ift charecteristics of the horn-balanced-flap model were similar
to those of the plain-flap model; however, the lift-curve slope was, on an
average, 12 percent less throughout the Mach mumber range tested (M = 0.55
to 1.15) and the Plap effectiveness was somewhat lower at subsonic speeds.
The horn balence eliminated approximately three-querters of the unbalanced
bhinge moment due to deflection below a Mach number of 0.90. In thls aspeed
renge the horn-balanced flap had & strong positlive floating tendency.

The horn balsnce did not, however, show promise as an effective asrodynamic
balance at supersonic speeds because at M = 1.05, the hinge moments due

to deflection were only 13 percent less than those measured on an equivalent
unbalanced flap.

INTRODUCTION

A typilcal sweptback airfoll-flap combination which represents elther
a wing or tail surface 1is being tested with varlous ]];—chord. full-span

flaps differing only in type of aerodynamlc balance. Although the 1ift
end pitching momente of the model with flep fixed are belng measured also,

"OONFT DENTTAT UNCLASSIF]FD
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the primery obJectives of this investigation are to study flap effective-
ness and methods of balancing control surfaces at transonic speeds. The
characteristice of a plain flap have been determined and were reported in
reference 1. The present investigatlon, the second of a series, covers teats
of & flap having & horn balance that was designed to give a high degree of
aerodynamic balance at low speeds.

The tests conslisted of measurements of the 1ift, pitching moments, and
hinge moments acting on a semispan alrfoll-flap model having a sweepback
angle of 35°, en aspect ratio of 3.0k, a taper ratio of 1.0, an NACA 65-009
alrfoll section in planes perpendiculer to the leading edge, and a full-

span, %—chord. horn-balarced flap with uneealed gep. Forces énd moments

Were measured over an angle-of-attack range from -5° to 15° for flap
settings of 0° and 5° and for a flap d.eflection ra,nge from about -25°

to 20° for angle-of-attack settings of-0° and 5°. Data were obtained for
Mach numbers from 0.55 to 1.15 and for Reynolds nuwbers from about 500,000
to 1,400,000« Inasmuch as the tests were run wilthin two wildely separated
altitude ranges, it was possible to ascertaln some effects of Reynolds
nunber even though the highest Reynolds number encountered was still
relatively very small in comparison with anticipated full-scale Reynolds
numbers.

SIMBOLS

average Mach number over model

MA alrplane free-streem Mach number
R Reynolds number
an alrplane free-stream dynemic pressure
q " avVerage dynamic pressure over model
Airplane 1i1ft
Cr, alrplene 1ift coefficient )
A CYCTY
Model 1ift
c model 1lift coefficlent (| ——z—
L aS
Cp model pltching-moment coefficlent (measured about axls

18.7 percent M.A.C. shead of leading edge of M.A.C.)
Model pitching moment)

qbd2
L



NACA RM No. I9B23a C 3

SeCe

CePe

&g or B

model hinge-moment coefficient el hingezmoment
| abgCy

variation of model lift cosfficilent with angle of attack,

&
per degree

variation of model 1ift coefficlient with flap deflectlon,

er degree <BCL>
by r Bﬁf

veriation of model pitching-moment coefficient wilth angle of

attack, per degree <§i}>

variation of model pliching-moment coefficlient with flap
deflectlion, per degree :—z—m

aerodynsmic center

center of pressure of load caused by flap deflection

variation of flap hinge-moment coefficient with model angie of

attack, per degree (;Th)

variation of flap hinge-moment coefficlent with flap deflection,

Ch
per degree (—a-a—f)

3Gy, /98¢
flap relative effectiveness <§CETB?.->

angle of attack; angle between model chord plene and directlion
of relative wind

flap deflection; angle between flap chord line and airfoil
chord line measured in plene perpendlculer to hinge line

sweepback angle

taper ratio
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A aspect ratio _ _
b model sPén normel to wind direction (corresponds .to semispan ¥
of a complete wing)
c model chord parallel to wind directlon
¢ model mean serodynsmic chord (M.A.C.)
S total area of model (corresponds to one~half the Afea of a
complete wing)
by flap span along hinge line (corresponds to one-half the span
of & full-span flep on & complete wing)
Cp flap root-meen-square chord perpendicular to the hinge line
ce flap chord parallel to wind direction o _
Sp flap area rear of hinge line
eg horn root-mean-squere-chord perpendicular to hings line -
Sy horn area forward of hinge line
B horn balance coefficient< EE-EE—
: Sele
Sp airplane wing area
¢ included trailing-edge angle of flap
APPARATUS

-

In general the recording equipment wes the same as that described in
reference 1. The modsl was mounted on the upper surface of the right wing
of an F~51D alrplane as shown in figure 1. Soms typical variations of
local veloclty near the wing surface in =2 fore and aft direction through
the model location are shown in figure 2. The diminution of veloclty
with increasing vertical distence from the F-51D wing surface 1s shown
in figure 3. Model force and moment coefficlents were calculated by
using an average dynemic pressure corresponding to the average Mach number
over the model ares, taking Into account both the chordwise and speanwise 3
_variatlions of local Mach number over the model. As Indicated by filgure 3,
no allowance wes made for the wing boundary layer in calculating the
average Mach number over the model; however, measurements on other
F-51 alrplanes indicate that the total thickness of the boundary layer at
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the model test location 1s only gbout %—mch 8o that the effect of the

boundary layer on the veloclty distribution over the model is believed to
have been negligible. The effects of model flextdbillity were small end
therefore consldered negligible. These effects are discussed more
thoroughly in reference 1.

A drawing of the horm-bslanced model, including a list of pertinent
dimensions is given in figure 4. The model was solld dursl and a thin
circuler end-plane was attached at the root, of dlameter equal to the
model chord. The gap at the flap leading edge which amounted to about

%‘-—percen‘b alrfoll chord was not sesled. The inboard edge of the horn

had relatively sharp cormers (chamfer approx. 0.0l in.) which were
pregented obliquely to the aly stream in any flap-deflected condition.

The 1if%t, pitching moment, and hinge moment acting on the model were
measured by a straln-gage balance and recorded continuounsly by a recording
galvanometer. Since the tests of reference 1, a varisble engle-of-attack
mechanlsm was added to the balaence so that flights could be made with the
entire model osclllating through sn engle-of-attack range wlth fixed flap
deflection as well as with the flap oscillating through a deflection range
with a fixed angle-of-attack setting of the model. The positlon of the
model with respect to the longltudinal sxis of the F-51D alrplsne and the
position of the flap with respect to the chord line of the model were
measured by slide-wlre potentiometers and recorded continuously by the
same galvanometer that recorded the forces and moments acting on the model.

All the foregoing records were synchronized by a lél)-o second timer.

The angle of flow at the model test statlion was messured by & calibrated .
freely floating vane located 22-:25 inches oubtboard from the model test
station. (See fig. 1.)

Standard NACA recording instruments were used to measure the airspeed,

altitude, normal acceleration, end lateral acceleration of the alrplene and
the free-alr temperature. These quantities were synchronized with the

model records by e -%é—second. timer common to all the instruments.
TESTS

The date presented herein were obtained largely from four flights. In
two of these flights the flap was fixed at deflections of 0° and 5° succes-
slvely and the entire model was oscillated through an sngle-of~attack renge
of -5° to 15°. In the other two flights the engle of attack was fixed

S
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at 0° and 5° successively and the fla.p was osclllated through a d.eflection
range of approximately -25° to 20°. In sll cases the rate of oscillation
was slightly greater than one cycle per secondj this rate of oscillation
was found to be very satisfectory because 1t allowed the acquisition of
data throughout the entire angular ranges at approximately constant Mach
number without introducing eny difficulty ascribable to aerodynamic lage.

Each flight was made up of two test runs referred to hereinafter as
the "high-dive" run and the "level-flight" run. The high-dive run was
mede by diving the sirplane from 28,000 feet and an indicated ailrspeed
of 220 miles per hour to an airplane Mach number of 0.73 at approximately
18,000 feet. During this run useble data were obtalned for average Mach
mumbers over the model ranging from 0.65 to 1.15 at relatively lower
Reynolds numbers. The level flight run was made by gradually slowing the
airplene from 450 miles per hour to 300 miles per hour at 5,000 feet
altitude following a dive and pull-out from about 15,000 feet altitude.
During this run ussble data were obtained for average Mach numbers over
the model ranging from 0.55 to 0.95 (sometimes 1.0) at relatively higher
Reynolds numbers. Typical varlations of Reynolds number with Mach number
for the two types of test runs are given in figure 5.

ACCURACY

The accuracy of the major vardiasbles in this lInvestligation was estimated
to be within the following limite:

MEICh n'l.mfber . ¢ a @ ¢ & ¢ & s ¢ 5 2 s e s & s & e s s s v 0 s . "‘O-Ol
An.gle of &t’ba.ck, G.egree ¢ & 6 6 6 ¢ & &5 e ¢ 6 & & + & & & & & @ @ 10-3
Fl&p E.'n.gle, d.eg'ee ® 4 & ¢ 4 s @ s 8 e B v e e s s e e e s e s s *O.3
ILift coefficient e & e 8 8 ® a 8 6 & 6 8 w e & s & 6 & 8 s & & & 10-03
Pitching-moment coefficlent « ¢« ¢« « o o ¢ o « o o ¢ ¢ o o ¢ o o« o F0.015
Hinge-moment coefficient €« s o e o o s 8 o o s 8 o s s s « s o » H.003

Accuracies of the last three variables listed above are given for
the lowest test speed; at the highest test speed, these accuracles should
be approximately four times better. A large part of the losse In accuracy
was attributable to shifts In Instrument zeros that occurred gradually
Guring a flight. Hence, the errors in the data appear for the most part
as errors In angles of zerc lift, angles of zero pitching moment, and
angles of zero hinge moment. Because the data at any glven Mach number
were obtained within a very short period of time (less then one sec) the
flopes of the varlous force and moment coefficient curves should be
accurate to a degree spprosching the instrument capabllitles, which, in
the present case, add up to about 2 percent at intermediate test speeds.

o
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PRESENTATION OF RESULTS

A1l force and moment coefficlents are presented in accordsnce with
standard NACA conventlons regarding definitions and signs. Piltching
moments were measured sbout an axls located 18.7 percent mean serodynamic
chord forward of the leadling edge of the mean asrodynamic chord.

The basic data ere all presented without showing test points. This
procedure hes bsen adopted in the iInterests of clarity. Date obtained from
the balance showed some hysteresls which was traced to unequal demping of
the different electrical cilrcults connected with the strain geges and
potentiometers. There appear to be two ways to circumvent the difficulties
caused by lag due to unequal demping: one way is to eliminate the lag
completely by trial-and-error adjustment of the damping of the electrical
circuits; the other way 1s to obtaln data for both Increasing and decreasing
angle of attack (or flap deflection) and use these two sets of data to
egtablish a single curve that represents statlic conditions. The latter
course was followed in obtainling the basic datae shown in this investigaetion.
Elther method, of course, should lead to the same result providing the lag
is not large. In the present tests the lag was relatively small and 1t 1is
believed that any errors incurred from this lag are negligible.
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An outline glving the order of treatment of the results and a key to
the figures contalning the data presented follows:

BASIC DATA
Item Content Flgure
C;, against o (8 = O°) 6
Lift C1, against a (8p = 59) 7
characteristice CL against By (a = 0°) 8
Cr, against B8y (a.% 5°) 9 )
Cm against o (6f = 0°) 10 ~
. PAtching-moment Cn &galnst a (8¢ = 5°) 1
characteristics Cp agalnst B (o o 0°) 12
Cp against B (a s 5°) 13
Cp eagalnst a (5p = 0°) 14
Hinge-moment Ch agalnst o (Sf = 50) 15
characteristics Cp against Bp (o ms 0°) 16
Cp against 87 (a s 5°) 17
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SUMMARY DATA
Ttem Content Filgure
C el M ( 3 O 0) 8
T ? CIG’ 5 against a0 Op = 1
Lift £ £ B
characteristics HEffect o £ CI'a, 19(=)
Effect of o on Crg 19(p)
Cnh," Cna’ BeCo 9 C«P. due to
8¢ agalnst M (x m0, By = 0) 20
Cma,, Cms, BeCo» s Co P due to
8 against M (o 0, p = O
Pitching-moment (fla.igafla. ) ( s OF ) o
characteristics blain P
Effect of By on Cmm 22(a)
Effect of @ on Cp 22(b)
Effect of . & on a.c. position
T 22(c)
Effect of « on c.p. due to B¢
Op s> Cny &deinst M (o 093 & = 0°) 23
Hinge-moment Effect of 8p on Cp_ 2k (a)
characteristics .
Effect of o omn Cpg 2k(b)
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DISCUSSION OF RESULTS

BASIC DATA

Lift Cherscteristics

Lift due to angle of attack.- The variations of 1ift coefficilent
with angle of attack are shown for a flap angle of 0° in figure 6 and
for a flap angle of 5° in figure 7. Curves are given, in general, for
Mach number increments of 0.05 throughout the Mach number range tested..
Data from the high-dive runs are given in part (a) of the figures, and
for the level-fiight runs in part (b) of the figures.

The lift-curve slope was practically independent of Mach number
(f1gs. 6 and 7)~ A slight increass in lift-curve slope with increasing
Mach number occurred at subsonic speeds in accordance with theory. A%
meny of the Mach numbera for which data are presented, the lift-curve .
slope increased very slightly with increasing engle of attack. This
Phenomene is a charecteristic of sweptback alrfolls of low aspect ratio
and has been found previously in low-speed wind-tunnel tests. Although w
it appesrs that maximm 1i1ft was never reached in the present tests, a
preliminary stall 1s shown to occur at angles of attack as low as 10° for
Mach numbers between 0.85 and 1.05. A comparison between figures 6 and 7
shows that there was very little effect of a 5° flap deflection on the _
over-all trends of the 1ift due to angle of attack. The preliminary stall
in general occurred at a higher angle of attack with 5C flap deflection
than with 0° flap deflection. Such a trend is opposite to that generally
found st low speeds on conventional airfoll-flap combilnations.

Tests of the plain flap (reference 1) dld not reveal the existence
of a preliminary stall in the 1ift curves; however, In that case the
angle-of ~attack data were of insufficlent scope to define the phenomena
even 1f it had been present.

The data of figures 8 and 9 indicate that the flap was always effective
in producing 1ift at any speed or deflection tested. From figure 9 it is
geen that with positive angle of attack the flap suffered a loss in effec-
tivenesa at amall negative engles which was counterbalanced by an increase
In effectiveness at large negative angles. Thls effect was most pronounced
at a Mach number of 0.95. A close Inspection of figures 8 and 9 shows that
the flap effectlveness messured at zero flap sngle changed noticeably with
Mach number, Reynolds number, end angle of attack. These chenges are
glven in quantitative form in a subsequent section of this Investigation.

Pitching-Moment Characteristics

Pitching moment due to angle of attack.- The varlations of pitching-
moment coefficient wilth angle of attack are presented in figure 10
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for 0° flaep engle and in figure 11 for 5° flap angle. In general, the
pltching-moment curves were smooth and showed no unusual varlations.
Because the pitching moments were measured about an axls approximately
kO percent mean asrodynamic chord shead of the usual asrodynamic-center
position, small changes in aerodynemic-center positlion did not cause
apprecisble changes in the shape of the pltching-moment curves.

Pitching momont due to flap deflection.- The pitching-moment coeffi-
clents resulting from flap deflection are shown for epproximastely o® angle
of attack in figure 12 and for approximately 50 angle of atteck in
flgure 13+ Ase 1n the case of the pltching moment and 1ift veriations with
angle of attack, the plitching moment asgalnst flap-deflection curves were
similar to the 1lift sgalnst flsp-deflectlon curve end showed no unusual
variations. Here, also, as noted previously, chenges In the locatlion of
the center of pressure due to flap deflectlon caused only small changss 1n
the pitching-moment curves because of the far forward poslition of the axis
about which pitching moments were measured. Close comparison of figures 8
and 9 with figures 12 and 13 shows that the piltching-moment coefficlent due
to flap deflectlion dropped off faster with increasing flap deflection than
the 1ift coefficient did. Such & trend means that the center of pressure
due to flap deflectlion moves forward at large flap deflections; this effect
appeared to be largely independent of Mach number.

Hinge-Moment Characteristics

Einge moment due to angle of attack.- Hings-moment coefficient
variations with angle of attack are shown in figure 14 for a flap engle
of 0° and in figure 15 for a flep angle of 5°. At speeds below a Mach
number of gbout 0.95 with zero flap angle (figs. 14(a) end 14(b)) the
slopes of the hinge-moment curves at 0° angle of attack were always
positive indicating e tendency of the flap to float against the relative
wind. Such & result is not surprising in view of the fact that the plain
flap of reference 1 showed no floating tendency at 0° angle of attack
over the same Mach number range. Above M = 0.95 the horn-balanced
flap always tended to float with the relative wind. The chengs in floating
tendency in a negative directlon as the speed increasses from subsonic to
supersonlic 18 belleved to be a feature common to all trallling-edge
controls on conventional wings because the centers of pressure of super-
gonic 1ift distributions are, as a rule, farther rearwerd then those of
subsonic 1ift distributions. Comparison between figures 14(a) and 14(b)
indicates slight changes were caused by changes in Reynolds number but
the Important characteristics are dupliceted in the data from both the
high-dive and level-flight runs. It may be noted that the hinge moment
wae not zero when both the angle of attack and the flap deflection were
zero. This is attributed to a very slight lateral misalinement of the
flap behind the fixed portion of the models The flap hings line was
s8lightly toward the model upper surface in the spanwise reglon of the tip.

ennssuil
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When the flap was deflected 5° (figs. 15(a) and 15(b)) the floating
tendency at low speeds at 0° angle of atbtack was spproximately zero. The
change from the zero flap-angle case may heve been caused by flow separation \Y
on the protruding horn. In thls configuration also, a strong negative
floating tendency appeared as sonlc speed was exceeded.

Hinge moment due to flap deflection.- Measured variations of hinge-
moment coefficient with flap deflection are shown for approximately 0° angle
of attack in figure 16 and for spproximstely 5° angle of attack in figure 1iT.
Below & Mach number of 0.90, at approximately 0° angle of attack (fig. 16),
the horn provided nearly uniform balancing for flap deflections of +10°.
Above a Mach number of 0.90, hinge moments due to deflection increased in
megnitude very rapidly. Ths effect of increasing the angle of attack
to 5° (fig. 17) was to shift the reglon of high balance at low speeds so
that 1t was centered around a negative flap deflection of 5° - the
deflection at which the horn was lined up with the reletive wind. It
1s thought that the balancing effectiveness of the horn might be extended
to higher flap deflections if the inboard edges of the horn were rounded
instead of belng squared off as in the present tests. Low-speed tests -
(reference 2} indicate such rounding off would also change the balancing
effectiveness at small deflections. Comperison between the parts (a)
and (b} of figures 16 and 17 indicates Reynolds number had some sffecte on ,
the hinge-moment characteristices but these effects were of & minor nature.

SUMMARY DATA

Lift Characterlstics

Lift-curve slope.- The varistions of CI'a. with Mach number are

shown in figure 18. Although there was a small increase in lift-curve

glope with lncreasing Mach number at subsonic speeds as would be expected

from theory, for all practical purposes the lift-curve slope was independent

of Mach number. The small varlations in lift-curve slope with Mach number

thet d1d exist nearly duplicated the trends found in previous tests of a

plain flap; however, the nmumerical values of 1lift-curve slope were, on an

average, 12 percent less for the model with horn-balanced flap. This loss

In 1ift-producing ability is attributed largely to the inJurious effect of

pressure equalization through the gep at the inboard edge of the horn

balance. Because it 1s exceedingly difficult to seal this gep, the horn-

type balance may prove to be undesirable in cases where the maximmm 1ift

due to angle of attack 1s required. Reynolds number hed & more Ppronounced

effect on the lift-curve slopes of the horn-balsnced model than of the —
plain flap model. Figure 18 indicates the lift-curve slopes for the high-

dive and level flight rune differed by from 2 to 10 percent; however, L1
some of thls scatter might have been caused by experimental error particu-

larly et the lower speeds. '

GO ‘
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The effect of flap deflection on the lift-curve slopes at o° angle of
attack is shown in figure 19(a). The lift-curve slope was nearly always
less with the flap deflected 5~ than with the flap in neutral. This trend
mignt have been caused by f£low separation over the horn resulting in loss
of 1ift in the flap-deflected conditlon.

Flap effectiveness.~ Absolute flap effectliveness CLS mesasured at o

approximately 0°, & = 0° 18 plotted as a function of Mach number in figure 18.
These data show that the flap lost effectiveness as the speed was increased
to M =0.95; dbove M = 1.0 there was slight recovery in ahsclute effec-
tiveness. The effectiveness of the horn-balanced flesp wes nearly ldentical
to that of the plaln flap of reference 1 at Mach numbers above 1.0; at
Mach numbers below 1.0 the horn-balanced flap always showed lower effec-
tlveness than the plain flap. Furthermore, the effectlveness of the horn-
balanced fliap definttely was dependent on Reynolds number whereas this wes
not the case with the plain flep. When the angle of attack was raised

to 5° (fig. 19(b)), the absolute effectiveness of the horn-balanced flap
increased very noticeably, was mach less dependent on Reynolds number, and,
was nearly ldentical at all test speeds to the effectiveness of the plain
flep measured algo for o = 5 .

Relative flap effectiveness BL'L/B& is slso shown 1n figure 18. Below
a Mach number of 0.90 the relative flap effectiveness of the horn-balanced
flap was the same as that of the plain flap even though both the 1lift-
curve slope and the gbsolute fiap effecilveness were less. Above & Mach
number of 1.0 the reletive flap effectiveness of the horn-balanced flap was
8lightly greater than that of the plain flap, largely because the 1ift-
curve slope was lower. Such trends as these indicate why the
perameter da/38 may be very misleading if 1t 1s interpreted too literally
as "flap effectiveness” in cases where no informa.tion regarding actual 1lift
ia availsble.

Pitching-Moment Characterlistics

Pitching-moment coefficlent per degree amgle of attack.- The pltching-
moment slopes Cmm at zero 1ift (@ ® 0; 8p = 0) are plotted against Mach

nurber at the top of figure 20. TFor purposes of camparison, the plein-
flap pltching-moment deta sre presented in figure 21. The slopes of the
pitching-moment curves for the horn-balanced flap (fig. 20) did not change
appreciably with change in Mach number and, like the l1ift-curve slopes, were
relatively insensitive to the changes in Reynolds number encountered. The
effect of flap deflection on the pitching-moment veriation with angle of
attack is shown in figure 22(a). Only emall changes in Cpm, resulted from

deflecting the flap 5° and these changes were apparently dependent on
Reynolds number at speeds below M = 0.90. Above M = 0.90, there was a
definite tendency for Gmm to incresse with increasing flap deflection.



14 L +w - NACA RM No. L9B23a

Pitching moment per degree flap deflection.- Curves of Cpgy measured
at approximately zero 1ift (o ® 00; 8 = 00) are also shown near the top of
figure 20. The pitching moment per degree flap angle did not change
appreciebly with Mach number over the range tested. However, like the 1lift
per degrese Flap deflection CLS the pitching moment per degree deflectlon

was definitely dependent on Reynolds number at zero 1lift. When the angls of
attack was raised to about 5° (fig. 22(b)) the parameter Cmg ~increased

appreciably and became less dependent on Reynolds number in much the same
manner as the paremeter CLB' Such simlilarity, of course, should be

expected because 1n the present tests, the pltching moment was a reflection
of the 1lift so long as the center of pressure did not move appreciably.

Aerodynamic-center location.~ The positione of the aerodynamic center
at o & 0%, 3p = 0° are plotted as a function of Mech number in figure 20.

The asrodynemic center was at approximately 23 percent mean aerodynemic chord
at speeds below M = 0.95. Starting at M = 0.95, the asrodynsmic center
moved rearward gradually from 23 percent to 31 percent meen aerodynemic
chord at M = 1.10. Above M = 1.10 +the data indicate the asrodynamic
center tended to shift forward again. Comparison between figures 20 and 21
ghowe that the aerodynemic center of the horn-balanced flap model was
Ffarther reasrward then that of the plasin flap model at Mach numbers

below 0.90. At Mach numbers sbove 0.95, the aerodynesmlic centers of the

two models were almost identical. The different aerodynemic-center
positions found for the horn~balsnced model at low speeds are evidently
attributable to the exlstence of the gap at the inboard edge of the horn
since this gap constitutes the only physical difference dbetween the two
models that could reasonably affect the 1ift characteristics. The effect
of flap deflection on serodynamic-center location (fig. 22(c)) generally
was to move the serodynamic center farther rearward particularly at speeds
above M = 0.90.

Center of pressure due to flap deflection.- Figure 20 shows also the
position of the center of pressure due to flap deflection corxresponding

to zero 1lift conditions (o = O°; &p = 0°). The center of presgure moved
resrward more or less gradually from about 60 to 100 percent mean aerody-
nemic chord over the test Mach mumber range (M = 0.55 bto M = 1.10). Such
a large rearward movemsnt suggests an outboard shift in the spanwise center
of pressure due to flap deflection as well as a rearward shift of the
gectlon center of pressure with increasing Mach number. When the angle

of atteck was raised from 0° to 5° (fig. 22(c)), the position of the center
of pressure due to flap deflectlon was not affected appreclebly.
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Hinge-Moment Charscteristics

Flep floating tendency Cp,-- The rate of change of hinge-moment
coefficient with engle of attack for zero 1lift conditions (@ s 0°; Sp = 00)

1a shown by the top two curves of figure 23. The horn~balanced flap had a
relatively strong positive {agalnst the relative wind) floating tendency at
low speeds which changed to & strong negative floating tendency at supersonic
speeds. The effect of Reynolds number 1s seen to be large - the higher

test Reynolds nurmbers gave the gresater posltive floating tendencles. At a
flap angle of 5° (fig. 24(a)) the parameter Cn, ves very little affected

by Reynolds number and in this condition the floating tendency was approxi-
mately zero at low speeds; at high speeds the floatlng tendency was consld-
erably greater in & negative direction than 1t was for zero flap angle,
The peculiar bump in the curve of Cp, &ageinst M at M= 1.0 d4id not

result from experlmental error; this bump is the result of the pecunliar
manner in which the baslic hinge-moment curves change from typlcal subsonic
variations to typical supersonic variations. (See figs. 1% and 15.) In
this connection too much emphasis should not be placed on the values of
hinge-moment slopes measured at zero 11ft when, as in the present case, the
hinge-moment curves sre decidedly nonlinear. Whereas these slopes are of
great value 1n assessing the degree of balance obtained by use of a given
size of serodynemic balance, it is generally deslrable to refer to the
complete hinge-moment data whenever possible in deslign work.

Flap restoring tendency Chﬁ'- The rate of change of hinge-moment

coefficlent with flap deflection Ffor zero 1ift conditions (a sz 0°; dp = 0°)
is shown by the middle two curves of figure 20. Two sets of data are given
for the high-dive runs. Also included are date taken from reference 1
showing the characteristics of a flap having no asrodynamic balence. The
horn balance eliminated about three-quarters of the urnbalanced hinge momsnt
due to deflection at speeds below M = 0.90. Above M = 0.90 +the horn
lost most of its balancing capebillities so that at M = 1.05 the hinge
moments of the horn-balsnced flap were only 13 percent less than those of
the plain flap. Hence, it appears the horn balance as tested wlll not be
particularly useful for flight at supersonic speeds although it apparently
does offer satlisfactory balancing characteristics at any speed up to a
Mach number of approximetely 0.95. Filgure 23 shows that the hinge moments
of the horn-balanced flap were affected by Reynolds number to a moderate
degree wheresas the hings moments of the plain flap were lnsensltlve to
changes 1n Reynolds number.

The effect of angle of attack on the parameter cha is showvn in
Pigure 24(b). Below a Mach number of 0.90 the rate of change of hinge-
moment coefficient with flap deflection was essentially unaffected by
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changing the angle of attack from 0° to 5°. At Mach numbers from 0.90
to 1.15, an Increased angle of attack caused a slzable loss 1n balance,
that 18, an increase in the negative values of the parameter Chas

An spproximete snalyslis was made to determine the effects of torsional
flexibility of the flap on the messured hinge-moment characteristics. This
enalysis indicated that the errors incurred by neglecting flap twlst were
small end therefore no corrsctlons were applied to the measured hinge-moment
parameters. The anelysis indicated, however, that for torsiocnal stiffnesses
mich less than that provided by the solid durael flep tested the effects of
seroelastic dlstortion might be apprecleable.

CORCLUSIONS . : T

On the basis of wing-flow tests of & horn-balanced flesp on & typlcal
low-aspect raetlo sweptback alrfoll model the followling concluslons were
drasm. Where possible these conclusions are related to results obtalned
previously from tests of a comparable plain~flap model.

1. The 1ift characteristics of the horn-balanced-flap model were ©
similar to those of the plain-flap model; however, the lift-curve slope
was, on an gverage, 12 percent less throughout the Mach number range
tested (M = 0.55 to 1.15), and the flap effectiveness was sumewhat lcwar
at subsonic speeds. :

2. The horn balance eliminated approximetely threse-quarters of the
unbalsnced hinge moment due to deflection below M = 0.90; however, the
horn spparently lost most of its balancing cepebilitles in passing through
the speed of sound beceuse at M = 1.05 the hinge moment due to deflection
was only 13 percent less then that experlenced by the plain flap.

3. The horn-type balance as tested appeared to offer satisfactory
balancing characterlatics at all apeeds up to M = 0.95 provided that the
atrong posltive floating tendency could be tolerated; however, the horn
balance did not show promise za an effective aerodynamic balance at
supersonlic speeds.

Langley Aeronautical Laboratory
Natlonal Advisory Committee for Aeronautics L - ' .
Langley Air Force Base, Va. _ , R
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wving of F-51D airplene. Rectengular vane on right used for measuring angle of attack. Sweptback
vene on lef't used for measuring downwash.

6T







& 140 S— r—

$ >

3 Y

o (20— Ma . r——-; °.083

< 01— oG]

¥ o7 & O o ==t 2 077

< 736 g — o127 \-T_ T

@ (00— 716 = : 5,135

g et — O 5 - ]

£ 80 Bol o o= = 9 O H/

3 / N B B e ¥
548 04— o LT - oA 120l

3 496 O— O— - \CL——/ - 7«6—-@*"‘"’“——’_‘” '

S 60 I 7 /

§ / // /

Q ~FAE

0 g 4 6 8 10 e 14 16 18
Distance back from leading edge of wing door, mn,

Flgure 2.— Typical variatlons of local Mach mumber near wing surface with chordwise distance along
wing surfece for varlous airplsne Maoh mumbers and 1ift coefficlents as messured with model
removed. Model locaetlion indlicated by sketch.

BE2EST O WH YOVN



TR g8 8RE )

10 > F——C .
A m A
e maaniaE '
Fo
: r - .
L
g JTJV |
o S A

40 60 80 100 120 A

Local Mach number

Figure 3.— Typical variations of local Mach mmber with verticel distance sbove wing surface as
measured at chordwise station AA with model removed. Messurements mads cn left wing which
had same contowr as right wing. ¥No allowance made for wing boundary layer.

e

l BESHHT "ON WM VOV




NACA R’M No. LgB23s 23

A =35° b =588m. g =.85m,
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Figure 4.— Plan form and cross section of 35° sweptback NACA 65009 airfoill
with 25 percent chord unsealed, horn—balanced flap.
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Flgure T.— Varlation of 1lift coefficlent with angle of attack throughout
Mach number renge tested. for &p = 5°. NACA 65009 alrfoil; A = 3.04;
A = 359; ¢ = 0.25¢c; gap unsealed; horn-belenced flap. Note shift in
axis of or te scale for different Mach numbers.
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Flgure 10.~ Varlation of pliching-moment coefficient with angle of attack
throughout Mach mmﬂaer range tested for Bp = O NACA 65-009 airfoil;
A = 3,0k A = 35°; cp = 0.25c; gep unsesled; horn—'ba.lanced £lap.
Moment coefficient given about axis located 18.7 percent mean aero—
dynamic chord shead of leading edge of mean aerod.y:namic chord. Note
shift in axis of ordinmte scale for different Mach numbers.
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Flgure 1l.— Varlation of plitching-moment coefflcient with angle of attack
throughout Mach mumber range tested for &p = 5°. NACA 65-009 alrfoil;
A= 3.0k; A= 350; cp = 0.25¢; gap unsealed; horn~balsnced flap.
Moment coefficient given about exis located 18.7 percent mean sero—
dynamic chord shead of leading edge of mean aerodynamic chord. Note
ghlft In axls of ordinste scale for d.iff?ren'b Mach numbers.
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Moment coefficient given about axis located 18_."{ percent mean sero—
dynemic chord ashead of leeding edge of mesan serodynamic chord.

ghift 1n axis of ordinste scale for different Mach numbers.
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NACA 65009 alrfoil;

Moment coefficient given about sxis located 18.7 percent mean aero—
dynamic chord ahead of leading edge of mean asrodynamic chord.
ghlft In axls of ordilnate scale for different Mach numbers.

Note
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Figure 15.— Vaeriatlon of hinge—moment coeffilclent with angle of attack
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(b) Level—flight runs.

Figure 15.— Concluded.
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FPigure 16.— Variation of hinge—moment coefficilent with f£lap deflectiom
* throughout Mach mumber range tested for o & 0°., NACA 65-009 sirfoil;
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Flgure 17.— Variation of hinge-moment coeffliclent with flep deflection’
throughout Mach number range tested for o 5°, NACA 65009 airfoll;
A = 3.04; A = 35°%; cp = 0.25¢; gep unsealed; horn—balanced flap. Note
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Figure 19.— Effect of flap deflection and angle of attack on airfoll and
flap 1ift effectiveness. NACA 65009 alrfoil; A = 3.0k; A = 35°;
cp = 0.25c; gap unsealed; horm—balanced flap. -
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Figure 19.— Concluded.
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Figure 20.— Variation of airfoll and flep pitching-moment cheracterlstics
with Mach number for o m 0°; 8p = 0°. NACA 65-009 airfoil; A = 3.0h;
A = 35°%; cg = 0.25c; gep unsesled; horn-balanced flap. Pitching
moments measured about axis located 18.7 percent mean aserodynamic chord
forwvard of leading edges of mean asrodynamic chord.
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Figure 21.— Variation of airfoll and flap pltching-moment characteristics
with Mach number for a =m 0°; 8 = 0°, NACA 65-009 airfoll; A = 3.0k;
A = 35°% cp = 0.25c; gep unsealed; plain flap. Pitching moments
measured about axls located 16 percent mesn aerodynemic chord forwerd
of leading edge of mean aerodynamic chord.
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(a) Effect of flap deflection on airfoil )
pitching moments at o = 0%,

Flgure 22.— Effect of flap deflection and angle of attack on airfoll and
flap pitching-moment characteristics. NACA 65-009 airfoil; A = 3.0_’+; o
A= 35% cp = 0.25c; gep unsealed; horn—balanced flap., Pitching e
moments meesured about axis located 18.7 percent mean asrodynsmic '
chord forward of leading edge of mean serodynamic chord. _ _ _
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(b) Effect -of angle of attack on flap pitching moments at 8p = 0°,

Figure 22.— Continued.
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(c) Effect of angle of attack on cemter of pressure due to flap
deflectlon and effect of flap deflection on smerodynamic-center
location.

Filgure 22.~ Concluded.
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Figure 23.— Variation with Mach nmumber of rate of change of hinge—moment
coefficient with change in flap deflection end with change In angle
of attack measured st a =z 0°, 8p = 0°, KNACA 65009 airfoil; A = 3.04;
A = 35%; cp = 0.25c; gap unsealed; horn—balanced flap. Plain—lap
data from reference 1 includedefor comperison,
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(a) Effect of flap deflection an rate of change of hj_nge—moment coofficient
with angle of attack measured at o = O :

Figure 24.— Effect of flap deflection end angle of attack on hinge mamnent
due to ‘engle of attack and flap d.eflection, respectively.
NACA 65009 airfoil; A = 3.0k; A = 35°; cp = 0.25c; gap unsealed;

horn-balanced flap. —
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(b) Effect of angle of atback on rate of change of hinge-moment coeffilcient
with flap deflectlon measured at Bp = 0°.

. Figure 24.— Concluded.






