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TECHNICAL NOTE 2486

THEEORETICAL CHARACTERISTICS OF TWO-DIMENSIONAL
SUPERSONIC CONTROL SURFACES'

By Robert R. Morrissette and Lester F. Oborny

m—" PERMANENT

RBEVURD

The 'Busemann second-order-aspproximation theory" for the pressure
distribution over & two-dimsnsional alrfoil in supersonic flow was used
to determine some of the aerodynamic characteristics of uncambered
symmetrical parabolic and double-wedge alrfoils with leading-edge and
treiling-edge flaps. The investigation was originally intended for
application to alleron studies but, since the analysls 1s based on two-
dimensional flow, the results are a.pplica.'ble to all types of control
surfeces. The use of the term "aileron" may consequently be replaced in
the present paper by the term '"control surface." The characteristics
presented and discussed are: alleron effectiveness factor, rate of
change of hinge-moment coefficient with alleron deflection, rate of
change .of the pitching-moment coefficlent ebout the midchord with aileron
deflection, and the location of the center of pressure of the airfoll-
aileron combination. In supersonlc flow leading-edge ailerons were found
to be much more effective then trailing-edge allerons. Nelther aileron,
however, 1s as effective in supersonic flow as the trailing-edge aileron
in subsonic flow. The calculations show that, for a given thickness
ratio, tralling-edge allerons are more effective on wedge airfoils than
on parabolic alrfoils; whereas leading-edge allerons are more effective
on parsbolic alrfoils thean on wedge airfolls. The magnitude of the
values of the rate of change of the hinge-moment coefficient with alleron
deflection and the rate of change of pltching-moment coefficient about
the midchord with alleron deflection is greater for leading-edge allerons
than for tralling-edge alilerons.

INTRODUCTION

In investigations of the aerodynamic characteristics of allerons,
the influence of certain factors is not found in the predictions based .
on & linearized solution. Higher-order solutions are therefore neces-
sary and consequently the enalysis must be made for a two-dimensional
wing. The results are applicable not only to ailerons but to all types
of control surfaces.

Several methods are ln use at thils time for calculating the pressurs
distribution over thin alrfoils in & supersonic air stream. The
preveiling methods are: the graphical method of references 1 and 2, the

Isupersedes the recently declassified NACA RM 18G12, "Theoretical
Characteristics of Two-Dimensional Supersonic Control Surfaces" by
Robert R. Morrissette and Lester F. Oborny, 1948.
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Ackeret thin-airfoil theory, the Busemann second-order approximation
used in reference 3, and the power series of references 2 and 4. None
of these methods are exact as they do nobt—consider the effect of the
boundary layer on the airfoil. '

In this paper the Busemann second-order approximation is used as
the best compromise because thls approximation glves expresslons which
are slmple enocugh to be used in design work and which are probably as
accurate as could be expected of any method that neglects the boundary-
layer thickness. The Busemann approximation uses only the first two
terms of the power series found in references 2 and 4. TFigures 2, 12,
and 13 of reference 2 show that the first two terms of the power series
glve results that are close approximations to the results obtained by
uge of the obligue-shock equations and the lsentropic-expansion and com-
pression equations. The method used herein is a closer epproximation
than the Ackeret theory as the Busemann approximstion takes into account
the effects of Mach number, airfoil thickness, and airfoll shape.

The second-order approximation.is limited to small angles and thin
alrfoils. Reference 2 states that the theory used is not vomsldered
accurate for Mach numbers less than approximately 1.3. This lower. limit
has been used arbitrarily in thls analysis. Also, the theory is not
good for Mach numbers below that at which the shock wave detaches.
Reference 2 glves values for the minimum Mach number for the existence of
an attached shock as a function of the flow-deflection angle.

The factors varied in this analysis are airfoil thickness ratio,
Mech number, airfoil shape, ratio of alleron ¢hord to wing chord, and
location of alleron. The characteristics investigated included alleron
effectiveness factor, rate of change of hinge-moment—coefficient with
alleron deflection, rate of change of pltching-moment coefficient with
alleron deflection, and locatlon of center of pressure of the airfoil-
alleron combination. The equations used herein and e sample derivation
are found in the section entitled "ANALYSIS."

SYMBOLS
c chord of eirfoil (taken as = 1.0 herein)
Cq chord of alleron, fraction of airfoil chord

C; eand Co constants used 1n first and second terms of Busemsnn
approximation for pressure coefficient in supersonlc
flow

cha alleron section hinge-moment coefficient (ha/éoc;2>
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“mo.5

pfa

dcza/daa
dcz/dm

airfoil section 1lift coefficient

airfoll section pitching-moment coefficient about
midchord (10'5/h002>

center of pressure measured from leading edge, fraction
of chord

alleron sectlon hinge moment
alrfoll section pitching moment about midchord

free-strsam Mach number

1 2
v.?)
§po 0

maximm thickness of alrfoll section

free-stream dynamic pressure (

free-stream velocity

distance behind leading edge, fraction of chord

ordinate from chord line to any point on surface of
alrfoll, fraction of chord

pressure coefficient
aileron effectiveness factor

elrfoil angle of attack

deflection of aileron relative to chord line (considered
positive when it gives alleron a positive angle
of attack)

geomotric parameter used in determining center-of -pressure
location

local angle between any polnt on surface of airfoil and
free-stream dirsection

free-stream density

ratio of specific heats (1.k4)
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Subscripts:

a ailleron

h alleron hinge-line position <except when used in q@a)
L lower surface of alrfoll

U upper surface of airfoll

ANATYSIS -

The analysis used in this paper 1s based on the Busemann second-
order epproximation for the pressure coefficlent- %? in supersonic

flow. This coefficient 1s expressed in reference 3 in the following
form: '

2 _ ¢yo + 0o
g _
where
Cy = —2 )
2 -1
. 7MOlL + (M02 2)2

The procedure used In deriving the equations for the paremeters
considered is illustrated by the followlng derivation of the aileron
effectiveness factor of a parabolic airfoll with a tralling-edge aileron.
The other paramsters are obtained by a gimllar analysis.

P
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Alleron Effectiveness Factor
Parabolic airfoll with treiling-edge alleron.- The equation for the

upper surface of a parabolic alrfoll with the leading edge at the origin
and the trailing edge at x = 1.0 1is

t( 2>
= 22 - X
y'U c

The slope at any point on the upper surface of the airfoil is
dy t
<E>U = 23(1 - 2x)

The local angle 6 between any point on the surface of the airfoil
and the free-stream direction, therefore, is

dy
U

jo)
il

"

1

Q
+
N
jct
~~
‘—l

]
E

and

Il

Q

+
n

ol

—~
|.J

[
B

It follows then that

(%)

U

2
C16y + Coby

Cl[-cr, ¥ 2’5(1 - 2x):[ + Cp [:-a, + 221 - 2x)]2
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q
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The pressure coefficient for the alrfoll then 1s
50 _ <é£> i <_P>
q q I q U

or

2 ooz + 02[80%21 - 2x{|

The lift-coefficlent of the airfoll is

1.0
CZ = A_P dx
q
0
1.0
= 2q [:cl+402c3_(1-2x)]d.x
0]
1.0
= ml}lx + hCQP.(x - xzil
© 0
= 2aCl

' Y, t

2x):,2

NACA TN 2486

The rate of change of lift—coefficient with angle of attack therefore is

dcz
—— ECl
da

I»
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The 1ift coefficient of the aileron 1, due to some aileron
deflection ®g can be found in a similar manner.

Because of the linear nature of the equations for pressure coef-
flclent, the pressure coefficient at a point on the airfoll can be found
by adding the pressure coefficient for the wing at angle of attack a
with undeflected allerons to the pressure coefficient for the wing at
zero angle of attack with the alleron at angle of attack B+ The

contribution of the alleron defines the control force on the wing and for
that reason may be treated as a separate alleron pressurs coefficient.

The pressure coefficient for the aileron <Aq—P) s ‘therefore, is the
a

same as that found for the airfoil except that the aileron deflection Bg
1s used in place of the angle of attack «. Thus,

<‘%°-> = esaE:l + bopE(1 - exil

=%

Then, the 1lift coefficlent for the alleron due to some deflection is

1.0
Cz = (A—P> dx
a q
8,
I
1.0
= 23q [}:l o+ hceg(l - 2x:):| dx
I
1.0
£ ve)
= 26 C - -
a[lx + )"'CEC (x X ):] .
Iy

284 (1 - ) <cl - hcggxh>
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and, therefore, the rate of change of 1lift coefficlent of alleron with
alleron deflection is

dcz "
- ] et
o - 2(1 xh)<cl ucecxh>

The alleron effectiveness factor for a parabolic airfoil with trailing-
edge alleron thus is _ .

oy, 4% 2(1 - xh)<Cl - hcg’gxh)
dcz/dm - ec,

C

(l - xh><% - hﬁ% gx%>

Parabolic airfoll with leading-edge aileron.- The alleron éffective-
ness factor for a parabolic airfoll with a leading-edge alleron is

dcl d8 oL
"—f—[ 25 - n)

Wedge alrfoll with tralling-edge alleron.- The alleron effective-
ness factor for a wedge airfoil with = trailing-edge aileron when

xh205o is

de, /d&a c
'as:—/'aa"(l-xh)(l-%—i%)

mnd when Xy < 0.50,

de ad

7‘a/ & Co ¢
——————— l-xh l+20__
dcz/dm 1¢
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Wedge alrfoil with leading-edge aileron.- The ailleron effectiveness

factor for a wedge alrfoil with a leading-edge aileron when xy Pg 0.5%0
is

doy_[a,

C
_d_cz—/?ia,_=xh+2c_2£§(l-xh)

end when x; £ 0.50,

dec dad

15/%% Co 4
___._—_xh 1+ 5——
de, /da 1¢

Rate of Change of Aileron Hinge-Moment Coefficient with Aileron

Deflection

Pargbolic airfoll with tralling-edge alleron.- The equatlon for the
rate of change of alleron hinge-moment coefficient with alleron deflec-
tion of a parabolic airfoll having & tralling-edge ailleron is given as

dc
he Lt
asa = -Cl + ‘3‘020 (l + Exh)

Parsbolic airfoil with leading-edge alleron.- The rate of change of
alleron hinge-moment coefficient with aileron deflection of a parabolic
airfoll with a leading-edge alleron 1is

-ac—hi—c +l-"013-3-2x)
asa—l 32c( h

Wedge airfoil with tralling-edge aileron.- The rate of change of '
ailleron hinge-moment coefficient with alleron deflection of a wedge alr-

foil with a trailing-edge alleron whem X 2 0.50. is
ach
2 =-Cl + 2C2.'t""
®, L%
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end when X, S 0.50,

2

Che +cz<_l_'____ 2, )
B, L 20( 2
l-xh)

Wedge airfoil with leading-edge aileron.- The rate of change of
alleron hinge-moment coefficlent with alleron deflectlon of a wedge air-

foil having & leading-edge aileron vhen x 20.50 1s

2
acha t (l - )-I-X.h + 2xh )
= Cl - 02_
3B, c 2
Xn

end when X, £ 0.50,

acha
5.

= Cl + 202%

Rate of Change of Pltching-Moment Coefficlent about Midchord with
Alleron Deflection
Parabolic alrfoil with trailing-edge alleron.- The rate of change

of pitching-moment coefficlent-aboutmidchord with alleron deflection
of-a parsbolic alrfoll having & tralling-edge aileron is given as

g 5 2 4.t | 2
aaa = Cl<xh - .'X'.h> + 502;(‘43[113 + 6xh - 3xh + l)

Paraebolic airfoil with leading-edge aileron.- The rate of change
of piltching-moment coefficlent about mldchord with alleron deflection
of & parabolic alrfoill with a leading-edge aileron is

. byt 2
asa5 = thjl(l - xh) + 502;(3 - 6xh + )-l-xh >]
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Wedge airfoll with traeiling-edge alleron.- The rate of change of
pitching-moment coefficient gbout midchord with aileron deflection for

e trailing-edge alleron when x, 20.50 1is

Sems
5 o t
s~ (52 - m)ea - 20af)

end when x, §0.50,

ac'mo.'j - Cl(xhz

- 2 xh> + c{é(axhg - 2xy + l)
8&

Wedge alrfoil with leading-edge aileron.- The rate of change of
pltching-moment coefficient about midchord with aileron deflection for

& leading-edge aileron when x, => 0.50 1is

.5

g

= Cl<xh - xh2> + 02§<l - 2xh + Exha)
<
and when x, = 0.50,

cho

-5 2 t

. (o0 - = )ox + 20at)

Rate of Change of Pltching-Moment Coefficlent about Midchord

wlth Angle of Attack

Parabolic alrfoll.- The rate of change of pltching-moment coeffl-
cient ebout midchord with angle of attack for a parabolic airfoil is

.5
St

2

Wi
ot
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Wodge alrfoil.- The equation for the rate of change of pitching-
moment coefflclent ebout midchord with angle of attack for a wedge air-
foll is glven as )

%my. 5

oo,

t
= Co=
2

Thege equations were obtained from equations found in reference 3 and
are given here for the sake of completeness. .

Center of Pressure
Parabolic airfoll with tralling-edge alleron.- The center-of-

pressure equation for a parabolic alrfoll having a tralling-edge alleron
is as follows:

L Co ¢ By o 402y < 3)
l-§€i€+—E.-xh -ga-ia l+3xh -thh
C = —
4 8 c

Parsbollic airfoll with leading-edge alleron.- The following center-
of -pressure equation for a parsbollc airfoil with a leading-edge ailleron
1s expressed as:

Wedge alrfoll with tralling-edge aileron. - The center of pressure
for a wedge airfoll with & tralling-edge alleron when Xy = 20.50 is

AT
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b-'l\)
+
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S
|
N
n
'
|_l
>~

c 8, [ C T
1-_21i+_a_-1-xh2-_22(;_|_+2xh2)
Clc m_ 1 ©
% = 5. | c
2+_a2-xh<2+4_23>]
o Clc

Wedge ailrfoll wlth leadling-edge alleron.- The center of pressure for
a wedge airfoil with a leading-edge alleron when Xy 20.50 1is

e}
1-0_214. _axh2+82.21-2xh2
ClC o . ClG
2+2—|:h+ —(1 ):l

and wvhen x, < 0.50,
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RESULTS

Drawings of the parabolic and wedge alrfoll sections used in the
calculations may be seen in figurs 1. These two shapes were chosen
becauge they are frequently consldered for use in the wings of super-
gonic aircraft.

In figures 2 to 40 is shown the variation of the aerodynemic char-
acteristics of allerons with airfoil shape, location of alleron, airfoil
thickness ratio, free-stream Mach number, ratio of aileron chord to wing
chord, and the ratio of aileron deflection to the angle of attack.

Table I 1s an index of the figures.

In figure 2 (fig. 9 of reference 5 except Busemann curve) & compari-
son 18 shown of the results obtained by the method of calculation used
herein and the results obtained by both the Ackeret theory and the
method of reference 1. The method presented in this paper gives results
that approach those of the method of reference 1 much closer than the
Ackeret theory. This closer result 1s due to the fact that thickness
ratlio, Mach number, and airfoil shape are taken into comsideration in
the second-order approximation whereas these factors are neglected in
the Ackeret theory.

Figure 2 also shows that the alleron effectiveness for trailing-
edge allerons in subsonlc flow 1s much higher than the alleron effec-
tiveness of trailing-edge allerons in supersonic flow. The reason for
this result 1s that the flow ahead of the aileron 1s affected by the
alleron in subsonic flow, whereas the flow in this reglon is not
affected by the allercn in supersonic flow.

Unlike the Ackeret theory, the analysis used herein glves the
following results for an eirfoil-aileron combination in supersonic
flow:

(1) Ieading-edge allerons are more effective than trailing-edge
allerons. (See figs. 3 to 7.)

e} a Joto)
(2) The magnitude of the values of Bcha/a g 20 cho.s/ e 18

greater for leading-edge ailerons than for trailing-edge allerons.
(See figs. 13 to 17 and 22 to 26.)

(3) The center of pressure of an airfoil-aileron combination
having maximm thickness at the midchord and zero alleron deflectlon
is shead of the midchord (figs. 31 to 34).

Mach number. - An increase in the free-stream Mach number gives the
following results:

(1) Above a Mach number of approximately 1.75 (depending on thick-
ness ratio), the alleron effectiveness for leading-edge allerons is
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Increased and the alleron effectiveness for trailing-edge ailerons is
decreased. (See figs. 8 to ll-)

(2} The magnitude of the values of ach /58 and acmo 5 38, is

decreased for both leading-edge and trailing-edge ailerons (figs. 18
to 21 and 27 to 30).

(3) Inm general, above a Mach number of approximately 1.7 the
center of pressure of an alrfoll-aileron combination moves forward as
shown in figures 31 to 3L4.

Thickness ratio.- The maln difference between the first-order and
second -order approximations 1s the thickness-ratio effect. The second-
order approximation shows that an increase in airfoil thickness ratio:

(1) Increases the effectivensess of leading-edge allerons and
decreases the effectiveness of trailing-edge ailerons. When the thick-
ness ratlo is zero, the effectiveness is the same for both leading-edge
and trailing-edge ailerons. (See fig. 12.)

(2) Increases the magnitude of the values of Bcha/BS& and.
acmo /Bﬁa for leading-edge allerons and decreases the magnitude for
5

trailing-edge ailerons as shown in figures 18 to 21 and 27 to 30.

(3) Moves the center of pressure of the alrfoil-aileron combina-
tlon forward (fig. L40).

Alrfoll shape.- For a given thickness ratio of the airfoills con-
sldered herein, the surface slope near both the leading and trailing
edges of the parabollic airfoil is greater than the slope at corresponding
positions on the wedge airfoil. In these reglons, therefore, the para-
bolic airfoil acts like an airfoil with a larger thickness ratio. It
then follows that:

(1) For a given value of t/c trailing-edge allerons are more
effective on wedge alrfoils than on parsbolic airfolls; whereas leading-
edge ailerons are more effective on parabolic airfoils than on wedge
airfolls. (See figs. 3 to 7.)

(2) The center of pressure is farther forward for the parabolic
alrfoil then for the wedge airfoil (figs. 31 to 39).

Ratlio of alleron chord to wing chord.- An increase in the chord of
the alleron increases the surface area of the aileron- As g result of
this increase in aileron surface:

(1) The alleron effectiveness is increased (figs. 2 to T).
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(2) The magnitude of the value of cho 5 38, 1ncreases until the

alleron chord reaches a value of half the wing chord; then 1t decreases
es the aileron chord is increased further. (See figs. 22 to 26.)

Since the pressure digtribution over the wedge airfoll is inde-
Pendent of the chordwise location as long as the surface slope is &
constant, the value of acha/asa is independent of the ratio of the

alleron chord to the wing chord. After the value of Cq/c exceeds 0.5,

however, the surface slope changes and the pregsure coefficient is no
longer independent of the chordwise location. Thus, for further increases
in cqfc beyond this value, the value of dey /86 then decreases for

leading-edge allerons and Increases negatively for trailing-edge allerons
(figs. 1k, 16, and 17).

The theory shows the pressure dlstribution over a parasbolic airfoil
to be a function of the chordwise location. As a result, when the
ratlo cyfc 1s increased, the value of Bcha/aﬁ decroases for leading-

edge allerons and increases negatively for tralling-edge allerons. (See
figs. 13, 15, and 17.)

Ratlo of alleron deflection to angle of attack.- Increasing the
ratio of the aileron deflection to the angle of attack results in a
relatively higher pressure on the alleron surfaces than on the rest of
the alrfoll. The center of pressure is thus shifted forward when
leading-edge allerons are used and backward when tralling-edge allerons
are used. (See figs. 31 to 34.)

CORCLUSIONS

The 'Busemann second-order-approximation theory'" for the pressure
distribution over & two-dimensional airfoil in supersonic flow was used
to determine some of the serodynamic characteristics of uncambered
symmetrical parabolic and double-wedge alrfoils wlith leading-edge and
tralling-edge allerons. Within the limitatlions of the theory used, the
following conclusions may be drawn about the effectiveness of ailerons
in the Mach number range (1.3 to 4.0) investigated:

1. Nelther leading-edge nor tralling-edge allerons are as effective
In supersonic flow as the tralling-edge aileron in subsonic flow. :

2. For a given airfoll shape at high Mach numbers, leading-edge
allerons are much more effective then tralling-edge allerons. However,
the relative effectiveness of leading-edge and trailing-edge ailerons is
a function of thickness ratio and the difference between the two becomes
smaller with smeller thickness ratios.

ke
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3. For a given thickness ratio the aileron effectiveness is greater
for leading-edge allerons on parsbolic airfoils than for leading-edge
allerons on symmetrical wedge-shape airfolls; however, trailing-edge
allerons are more effective on symmetrical wedge -shape alrfoils than on
parabollic airfoils. :

4. An increase in alrfoll thickness tends to decrease the alleron
effectiveness when trailing-edge allerons are used, whereas it Increases
the alleron effectiveness when leadlng-edge allerons are used.

5. The magnitude of the valuses of the rate of change of the hinge-
moment coefficlent with aileron deflection and the rate of change of
piltching-moment coefficient about the midchord with alleron deflection
is greater for leading-edge allerons than for trailing-edge allerons.

Langley Aeronautical Laborstory
Netional Advisory Committee for Aeronautics
Lengley Field, Ve., April 13, 1948
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TABLE I — INDEX OF FIGURES
t
rigar rios ekl Bvrehalll IR S B VLY A
1 Drewings of alrfoll
sections wged | TTTTUTeC il Bt BERLL LSl —— amme | -
i /da& Traili
a . § 811108 0 to
2 —m- agalinat ca/o Wedge edge L.0 0.05 1.0 .
i /dae' Trailt
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3 e, /d“ egalnst ogfc | Parabolic edgs net R B -
d.o.L /d.Ba 1
a, Tral ng 1-5 3.0 -05 0 to
) W egalnst cqfo Wedge edge wo'T 10 | 1.0 -
1
d.c.L /dba
. leading 1.5,3.0 .05 0to | ___
5 dcl/dc. ageinst cg,/c | Parabolic edge 4.0’ ’ -lo, 1.0
de, /aaa
& Leading 1.5,3.0 05,1 0te | ___
6 d.o.L/d.a. agalnst cy jo Wedge odge o 1 Lo
dcl d.ﬁa
8 Parabollc | Tralling and 0 to—
7 TF-: against cpfo | o vodge | leading edges k.0 20 4 5o ———
1
de, /daa
8, Trailing 1.3 to 0,.05
8 __—dcz/da. ageinst M, Parabolic odge o Y .2 -—
d67. /daa.
8 Treiling 1.3 to 0,.05
D] Tgm N | Vet | Ve A bl B R
d‘°1 /dsa.
a Leading 1.3t |0,.05 e
10 __—dc.L/d.a. against M, Parabolic edge ¥.0 ,.10, N-]
chJdB&
Leading 1.3 to 0,.05
11 _dcl/da, against M, Wedge edge k.0 ’ _10-' .2 ———
3 /da"' Trailing and | 1
&, . «5,3.0 0 to—
12 —7— against t/c Parabollc | 1gaa o'’ .2 ——
de. [daq ing edges 0 10
1
% Trailing 1.5,2.0 05 0 to
N Y . . .
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TABIE I — INDEX OF FIGURES — Continued

T £ Location of
Flgure Plot aﬁ-;o?l E'” S_En" M, tfe | cafe| Bafa
ac’he. Trai 1.5,2.0 0.0 0 to
1k = against cafc Wedge ed]g-i-ng 1+.c5>’ ’ .ng 1.0 ——
a
Seng
Leading 1.5,2.0 .05, | 0 to
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(a) Parabolic ailrfoil.

(b) Wedge airroil.

Figure l.~ Airfoil sections used in caloulations.
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Rate of change of pitching-moment coefficlent about midchord with aileron deflection, cho 5/bb‘

-2 \

e \

- .08 . e S \

.08‘ ™~ \
.16

L
2k .2 A .6 .8 1.0

Alleron chord/wing chord, c4/c
(a) g = 0,05,

Figure 23.~ Rate of change of pitching-moment coeffiocient

about midechord with aileron deflection as »

funetion of the ratio of alleron chord to wing chord
for an uncambered wedge airfolil having maximum
thiockness at midchord and trailing-edge alleron.

23



1.0

NACA TN 2486

<0

= 0,10,

L0

)

b

(

Aileron chord/wing chord, op/c
Figure 23.-« Uoncluded,

RN

(o]
2 2 A & - 8 ° g - &
[} 1 ) ] ] ]
e /9°0n .
2Q, 0Q fUOTI08TJIP UOJSTTH YITA PIOYODPIW Jnoqw JULTOoTII000 Jusmow-Suyyozid Jo eBusyo Jo 8wy

Sk



NACA TN 2486

Rate of change of pltching-moment coefficient about midohord with alleron deflection, bcmo 08,
5

1.0

9

o7

.6

5

oA

.3.

.2

.1

TN

L o]\

.2 b 6 g 1.0
Aileron ‘chord/wing chord, cp/c

(a) ¥z 0,05,
e
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funotion of the ratio of alleron chord to wing chord
for an uncambered wedge airfoil having maximum thickness
at midchord and leading-edge alleron.
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stream Mach number for an uncambered parabolic airfolil having
maximum thicknese at midchord and tralling-edge alleron.
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Rate of change of pltchling-moment doefficient about midchord with aileron deflection, acmo 5/653
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Figure 28.- Rate of change of pitohing-moment coefficient
about midchord with alleron deflection as a
funotion of free-stream Mach number for an uncambered
wedge alrfoll having maximum thiockness at midchord

and trailing-edge aileron. %‘3 = 0.2.
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Rate of change of pitching-moment coefficlent about midchord with alleron deflection, bomo boa
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Filgure 29.- Rate of change of pitching-moment coefficient
about midchord with aileron defleotion as a function
of free-stream Mach number for an uncambered parabolic
airfoll having maximum thickness 4t midohord and leading-

edge alleron.
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30.- Rate of change of pitching-moment coefficlent about

midchord with alleron deflection as a function of free-
stream Mach number for an uncambered wedge airfoil having
paximum thickness at midchord and leading-edge aileron.
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Looation of center of pressure, Cp
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Figure 31.- Loocation of center of pressure as & function of
free-stream Mach number for an uncambered parabolic air-
roll having maximum thickness at midchord and tralling-

edge alleron, -055 = 0.2; -E = 0,10,



NACA TN 2486

1.0
6a/a
s 100
.
10
c? // L ——]
un‘ \\
@ o ——]
R v —
;- .,4 /’l‘ \\\\
° ] \
<3 I / .\\ \
g —
-]
3
o]
1.0 7.5 2.0 2.5 3.0 3.5 4.0

Free-stream Mach number, Mg,

Figure 32.- Loocatlion of center of pressure as a function of
free-stream Mach number for an uncambered we
having maximum thicknese at midchord and trailing-edge

alleron, %f S 0.2; § = 0,10,
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Figure 33.- Locatlon of center of pressure as a funotion of
free-stream Mach number for an uncambered parabolic air-
foil having maximum thickness at midchord and leading-

edge aileron, 8= 0.2; ¥z o,10,
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Location of center of pressure, Op
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Figure 34.- Locatlion of center of pressure as a function of
free-stream Mach number for an uncambered wedge alrfoil
having maximum thickness at midchord and leading-edge

Sa = . Y=
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Figure 36.- Location of center of pressure as a funoctlon
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uncambered parabolic airfoll having meximum thickness

at midchord and leading-edge aileron. M, = 4.0; ?F = 1.0,
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Location of center of pressure, Op
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Figure 40.- Locatlon of center of pressure as a function
of the thickness ratio for an uncambered parabolic
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