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CALCULATION OF THE AERODYNAMIC CHARACTERISTICS OF TAPERED
WINGS WITH PARTIAL-SPAN FLAPS

By Henry A. Prarson and Ravuono F. ANDERsON

SUMMARY

Factors derived from wing theory are presented. By
means of these factors, the angle of zero lift, the lift-curve
slope, the pifching moment, the aerodynamic-center posi-
tion, and the induced drag of tapered wings with partial-
span flaps may be caleulated. The factors are given for
wings of aspect ratios 6 and 10, of taper ratios from 0.25
to 1.00, and with flaps of various lengths.

An example i8 presented of the method of application of
the factors. Fair agreement with experimental results is
shown for two wings of different taper ratio having plain
flaps of various spans.

INTRODUCTION

Because of the widespread use of tapered wings
equipped with partial-span flaps, it is desirable to have
means for computing their aerodynamic characteristics.
Previous reports (references 1, 2, and 3) have presented
theoretical factors for use in computing the aerodynamic
characteristics of wings with linear and with erbitrary
twist and for use in finding the load distribution of
wings with partial-span flaps.

This report presents factors, based on airfoil theory,
for use in calculating the induced drag, the angle of
zero lift, the pitching moment, and the aerodynamic
center of tapered wings with partial-span flaps of con-
stent flap-chord ratio. The factors, when used with
adequate section data, should apply to various types of
flap and various amounts of fiap deflection.

THEORETICAL RESULTS

The particular wing chord distributions for which the
theoretical computations were specifically made are
given in figure 1 where the wing quarter-chord line is
shown as straight. Two aspect ratios (A=6 and 10)
and four taper ratios (A=1.00, 0.75, 0.50, and 0.25)
were used. A list of the symbols used herein is given
in appendix A. Inasmuch as the various characteris-
tics for elliptical wings with partial-span flaps could be
obtained relatively easily, they were sometimes com-
puted in order to aid in defermining the shape of the
various computed curves for the tapered wings.

The span load distributions from which the aero-
dynamic characteristics were obtained are given in ref-

FIGUBE 1.—Wing chord distributions.

erence 2 where a slope of the section lift curve equal to
5.67 per radian was used. The computations apply
only to those cases in which no aerodynamic twist is
present before the flaps are deflected.

Although the ordinary lifting-line theory is applica-
ble only to wings without sweepback, experimental evi-
dence indicates thdt small amounts of sweepback
have no appreciable effect on the span loading. The
computations may thus be applied to wings with moder-
ate sweepback as long as the chord distributions are
similar to those indicated in figure 1.

The computed aerodynamic characteristics are given
in terms of factors such as J, H, and @. The method of
calculating the factors is omitted because of its length,
but the formulas for the factors are presented in ap-
pendix B. The physical significance of the factors and
of the serodynamic characteristics they represent, how-
ever, is explained in the following sections.

Angle of zero lift,—The change in the angle of zero
lift of a finite wing accompanying & flap deflection de-
pends upon severel variables, such as flap span, flap
deflection, flap chord, and filap type. The effect of the
last three variables can be conveniently represented
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by the section characteristic A¢;, the increment of
section lift coefficient obtained by deflecting the flap.

By this grouping of variables, the change in the angle
of zero lift (in degrees) for a wing with partial-span
flaps can be expressed by the equation

Aa,‘L_o)=_—JAG; (1)

In order to obtain the angle of zero lift for.the wing,
this increment must be added to the initial angle of
zero lift, i. e., the angle before the flap is deflected.
If this initial angle is measured from the chord of the
root section, &s is usually the case, the angle of zero
lift for the wing is given by

@)
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F16URE 2.—Factor of angle of zero Lift, J.
a'(l.-o)-a'c,_ 4
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The computed variation of the factor J with flap span
is shown in figure 2 for various aspect ratios and taper
ratios.

Although the values of J given in figure 2 apply
specifically to wings in which the flap-chord ratio, or
Acy, is constant slong the portion with flaps and in
which the flaps begin either at the center or at the tips,
the results may be used to predict the angle of zero lift
for any starting point of the flaps and for any Ae,
distribution as long as they are symmetrical about the
wing center. For example, if flaps of uniform flap-
chord ratio extend from 0.30 to 0.7b, the proper
value of the factor oJ is the difference between the values
for 0.3b and 0.7b as shown by AJ in figure 2. Tho
extension to the case of & nonuniform symmetrical dis-
tribution of Ae; consists simply in considering the
resulting Ac; distribution to be caused by a series of
elemental flaps of various lengths and performing either
a numerical or a graphical integration for the value of J.
(See procedure given in reference 3.3 In cases whero
the variation of Ae; along the span is slight, however,
the use of an average value of Ac; is justified.

Lift~curve slope.—The wing lift-curve slope, @, per
degree may be found from the equation

D)
=] —= (3)
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f, & theoretical factor given in figure 3. This factor
has been plotted from results given in reference 1.

‘@, the weighted average of the section lift-curve
slopes.

An average slope, weighted according to chord length,
must be used because the slope of the sections with flaps
may be considerably different from the slope of the
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sections without flaps. If the section lift-curve slopes
are constant across the spans of the flapped and the
unflapped parts of the wing, then ¢, may be found in
terms of the fraction of the area of the wing equipped

with flaps:
to=gao+(1-F)ao
where

a, is the lift-curve slope of section without flaps, per
degree.

@y, lift-curve slope of section with flaps, per degree.

S, area of wing.

Sy, area of part of wing equipped with flaps.
If ay and @,, are not constant across the two parts of
the wing, then g, may be found by integration.

4)
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namic centers is unaltered by deflecting the flaps, the
z position of the wing aerodynamic center would be
the same with the flaps either deflected or neutral.

If the aerodynamie center of the root section is taken
as a reference point and the aerodynamic centers of all
the wing sections are assumed to lie on a straight line
making an angle A with the lateral axis (see fig. 4),
then the z location of the load center is given by

Ta.c. =Hb t&n .A (5)

From equation (5), the aerodynamic-center position
may also be related to the mean chord S/b and to the
aspect ratio A by the equation

””“/-‘-=HA tan A (6)

V' ~~Resuttant of
/’ downward loads

“dditional span foad
distribution

N,
S

FIGURE 4.—Typical wing-flap combination showing basic and additions] distribations.

Aerodynamic-center location.—The saerodynamic
center of a wing is defined as the point about which
the pitching moment is constant up to high lift coeffi-
cients; and, since the resultant lift must act through
this point, the z position of the wing aerodynamic cen-
ter is, in effect, nothing more than the fore-and-aft
location of the centroid of the load distribution.

The load distribution of a wing with flaps is consid-
ered in this report to consist of the two components
that are shown in figure 4. The basic load distribution
‘s the span loading for zero lift with the flaps deflected;
its ordinates are proportional to the value of A¢c;. The
additional load distribution is that for the wing with
flaps neutral; the total lift, however, is the same as
that for the wing with flaps deflected. Since the basic
load distribution contributes no lift, it does not enter
into the determination of the aerodynamic center.
Thus, if the chordwise position of the section serody-

For a wing with sweepforward, A is negative and the
aerodynamic center of the wing is ahead of the aero-
dynamic center of the root section.

Vealues of H are shown in figure 5.
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Pitching moment.—As shown in figure 4, the upward
and the downward parts of the basic load form a couple
having a magnitude that increases directly with the
semispan length, the angle of sweepback, and the flap
deflection, i. e., Ac;. An equation for the pitching
moment due to the basic load distribution can thus
be written:

M;,,=?c%Ac, tan A ¢S

where k accounts for variations with wing taper, aspect
ratio, and flap span. Because.the basic load distribu-
tion is zerc with no flap and is also zero with a full-
span flap, the factor ¥ would have a maximum value
at an intermediate flap span.

Transforming the preceding equation into the co-
efficient form gives : -

Ony=Ghe, A tan A )]

where values of @ are given in figure 6. For a wing
with sweepback (A positive), the sign of the pitching-
moment coefficient due to the basic lift is positive if
the flap deflection introduces an effective washout
toward the tip (e. g., flaps at the center deflected down-
ward or flaps at the tip deflected upward). For a
wing with sweepforward, the sign of O"‘Ia is negative
for the same flap deflections.
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F1eURE 6.—Factor of basio lift pitching moment, G.
C’-,.= GAciA tan A
In case the aerodynamic centers do not lie on a
straight line so that the angle of sweepback is not con-
stant along the span, G, 1, T8 be graphically obtained
from the equation

2b (o2
C’,,.,b=§, . zepedy (8)

where, at any point along the span,
z is the moment arm measured from the aerodynamic

center of the root section and parallel to the root
chord (positive, rearward; negative, forward).
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¢i,; the section lift coefficient for the basic loading.
¢, the chord.
In order to obtain the total piiching-moment
coefficient, that due to the sections must also be added.
This pitching-moment coefficient is given by

% (o2,
0,,,B=§ ) Ot dy (9>
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For wings with flaps, however, the value of the section
pitching-moment coefficient ¢,, , may be assumed to

consist of two parts: One denoted by ¢m;, the section

coefficient with flaps neutral; and the other denoted by
Acyn, the increase in the section coefficient above ¢y,

due to the flaps. If ¢n, is constant across the span and

Ae., 1s constant across the flap span (i. e., the flap-chord
ratio is constant), then the pitching-moment coeflicient
due to the sections can be given by

Cng=Etn+E Aoy (10)
Values of E and E’ for these conditions are given in

figure 7 for the tapered wings. These values have been
determined from the relations

B (Vg

2b (o2
B = &d:
), °Y

If neither ¢., nor Ac, were constant across the span,

then it-would be necessary to use equation (9) and to
evaluate Cp, by an integration, as will be illustrated
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later. The total wing pitching-moment coefficient is

given by
0m¢_¢_=0m3+ Cymlb (1 1)

The coefficient Cf, , is defined by the equation
M=0n, ,¢5 (12)

where M is the total pitching moment.

Induced drag.—For any wing with a twist that is
gymmetrical about the wing center line, the induced-
drag coefficient may be given by the equation

2
Co= 2 1-Gycm-+Aciw (13)
The factors u, », and w for wings with pertial-span
flaps, i. e., for the case of an abrupt twist, are given in
figure 8.

The first term on the right-hand side of equation (13)
is the usual induced-drag coefficient of an untwisted
wing and the other two terms result from the aerody-
nemic wing twist introduced by deflecting the flaps.
It can be seen from figure 8 that, for ceriain taper
ratios, the v and the w factors are of opposite sign and
their contributions counteract eachother. In fact,under
certain conditions, the sum of the last two terms may
be slightly negative; and, as a result, the elliptical
wing induced-drag coefficient may be approached.
This tendency exists when the flaps are so placed and
deflected that an elliptical loading is approximated.

EXPERIMENTAL RESULTS
APPARATUS AND TESTS

In order to provide a chéck on the reliability of the
theoretical factors that have been presented, two
tapered wings with partial-span flaps were tested. In
addition, tests were made of three rectangular wings
with full-span flaps to provide section data for use in
calculating the characteristics of the tapered wings.
The wings were made of aluminum alloy and had an
area of 150 square inches.

A list of the tapered wings and the different flap
lengths used is given in table I, together with the
taper ratio, the aspect ratio, and the airfoil sections
of the root and the construction tip (the extreme tip).
The tips were rounded as shown in figure 1. The
N. A. C. A. 23012 tapered wing had a moderate sweep-
back (line through quarter-chord points) but the N. A.
C. A. 5-10-16 tapered wing had no sweepback. In the
construction of the wings, straight-line elements were
used between corresponding points of the root and the
construction tip sections. For the N. A. C. A. 23012
wing, the chords of all sections along the span were in
one plane; whereas, for the N. A, C. A, 5-10-16 wing,
the highest points of the upper surface of each section
were in one plane. The ordinates of the N. A. C. A.
5-10-16 wing are given in reference 4.
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The rectangular wings had N. A. C. A. 23009, 23012,
and 23015 sections and were included to provide airfoil
section characteristics to aid in caleulating the charac-
teristics of the tapered wings.

Plain 0.2¢ flaps deflected downward 20° were built
nto all the wings and were made to simulate flaps
pivoted about the midpoint of the thickness at 0.8c.
Fillets of small radii were used to join the flap to the
wing and to seal the gap, as indicated at the top of
figure 9.

All the wings were tested in the variable-density
wind tunnel at a pressure of 20 atmospheres. The lift,
the drag, and the pitching moment were measured at
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Om(z.00, 8TO given about the serodynamic-center posi-
tion with the flap neutral.

The results of the tests of the tapered wings are
presented in the usual manner in figures 12 to 17. In
addition to the wusual characteristics, the lift-curve
peaks are given for two values of the effective Reyn-
olds Number to indicate the scale effect on Cp_,..
The Reynolds Number is based on the mean chord S/b.
On the right side of the figures, effective profile-drag
coefficients are given. This coefficient is the total drag
coefficient with the induced-drag coefficient for ellip-
tical span loading deducted, that is, Cp,=Cp—Cr¥/xA.
The values of Cp, have been corrected to effective
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FiaurEs 8.—The N. A. C. A. 23000 airfofl with 0.3 plain flap down 20°.

the usual high Reynolds Number and, in addition, the
maximum lift was measured at a lower Reynolds Num-
ber to indicate the scale effect on C;,,,. The method
of making and correcting the tests and e description
of the tunnel are given in reference 5.

The results of the tests are presented in the usual
form as figures 9 to 17. The results of the tests of
rectangular wings, plotted on the left side of figures
9 to 11, have been carrected to aspect ratio 6; whereas
the results given on the right-side have been corrected
to airfoil section characteristics by the method explained

in reference 6. The pitching-moment coefficients

Reynolds Number R, by subfracting an inerement
(0.0011) to allow for the reduction in skin-friction drag
when extrapolating from test to effective Reynolds
Number (reference 6). The pitching-moment coefli-
cients given are based on the mean chord S/b so that
Ca=M/[qS(S/b)=Mb[qS?. The coefficients for each
wing-and-flap combination are given about an axis
through the aerodynamic center determined by the
method given in the appendix of reference 4. The
location of the aerodynamic center given in the upper
part of the right-side of the figures is measured from
the quarter-chord point of the root chord and is in
terms of S/b.
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F1oURE 18.—The tapered N. A. G, A. 23012 airfoll with 0.36 plain flap down 20°,
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CALCULATED CHARACTERISTICS OF THE WINGS

The factors previously presented were applied to the
calculation of the characteristics of the wings used in
the tests and the results are summarized in table I.
The calculations will be illustrated for the tapered
N. A. C. A. 23012 wing with the 0.5 flap.

Angle of zero lift and lift-curve slope.—The angle of
zero lift by equation (2) is:

Crpaty =™ —1.2— (6.07 XO,QO) = —@.7°

The value of Ae; (0.90) was measured from figure 10 at
approximately the average lift coefficient of the basic
¢y, distribution of the flapped portion of the wing.
The average lift coefficient was estimated from column
15 of table II.

The lift-curve slope was calculated from equation
(3), the value of f being taken from figure 3:

0.091
T, 573X0.091
==

a=0.999 =0.071

The velue of @, (equation (4)), values of a, and o,
having been taken from figures 18 and 19, is

80.6

— 89.6

)X0.099=0.091
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Fiaure 19.—Varlation of section data with thickness. The N. A, C. A. 230 serles
alrfolls with 0.2¢ plain flap down 20°; effective Reynolds Number, 8,200,000.
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Aerodynamic cenfer and pitching moment.—The
z position was found directly from equation (6):

%'/—‘5=HA tan A=0.214 X 6X0.1703=0.219

The appropriate values of A and H (fig. 5) were used
and the aerodynamic centers of the wing sections were
considered to be at the quarter-chord points.

The pitching-moment coefficient Cny due to the
moments of the airfoil sections (equation (9)) was
obtained, as shown in figure 20, from the area above the
Cm, . 0° curve. Figure 20 illustrates the general method
that may be applied to eny plan form and any distri-
bution of ¢m,, across the span. The values of the
necessary pitching-moment coefficients were taken from
ficures 18 and 19 and are for a value of ¢; of zero, in
which case Cmg o, = Cm(g.q5y" It Cmig e varies appreciably

with ¢;, it should be taken at the average value of ¢; over
the portion of the wing with flaps. In this example, Cng
could also have been calculated from the values of E
and E’ given in figure 7 because the increment, as well
as the initial value of the pitching-moment coefficient,
was substantially constant across both the flapped and
the unflapped parts of the span.

The pitching-moment coefficient due to-the basie lift
distribution is given by formula (7)

0',,.,0= GAc, A tan A=0.029X0.77X6X0.1703=0.023

The value of & was taken from figure 6 and the value of
Ac; was taken at an intermediate ¢; (e;=1.0) from
figure 10 for the N. A. C. A. 23012 airfoil with flap.
Although Ae; varies with the ¢; at which it is taken,
the exact value used does not affect the value of Op,
appreciably unless the sweepback is large. When the
quarter-chord points do not lie on a straight line so that
the angle of sweepback cannot be measured, 0""» may
be computed from formula (8). The total pitching-
moment coefficient about the axis through the aero-
dynamic center is then

Cing. . =CmgtCoy =—0.128+0.023=—0.105

Drag.—The induced drag was calculated from for-
mula (13) using values of u, #, and w from figure 8 and
a value of A¢; at an intermediate value of ¢; (;=1.0)
for the N. A. C. A, 23012 airfoil with flap (fig. 10).
Thus Cp, for any value of C;. is

o ¢,

P+ 4%0.986
Values of Cp, were calculated for a series of values of C;.

The profile-drag coefficient of the wings was calculated
by an integration of the section profile drag along the
semispan as given by

O, 5f)

+(—0.0010)0.77C;,+0.0100(0.77)?
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This integration has been graphically performed as
shown in figure 21. The value of ¢4, at any point will,
of course, depend upon the airfoil section, the lift
coefficient, and the Reynolds Number at that point.
The calculations are illustrated in table II for a C of
0.8 and follow the method of reference 4.

Reot Distance along semispon, B%' Tip
o S 2 3 4 5 6 78 .9 |0
hr A

-2
S

Ev4
O

.-6‘ —

0
Fiaurx 20.—Graphical determinationt of Cmg for the N. A, O. A, 23012 airfoll wlth
0.56 plain flap.

C..,—_%:f:c.._ . ctd( %)-—o.m

./6‘1’_ 1(—- =1
o~y
A2 ~
Q
Fos
I —
.04 ~ ]
/,
2.3 4 5 6 748 9 10
fr‘gaf Distance along semispan, b%' Tip

Froure 21,—Graphieal determination of Cpy for the N. A. C A. 23012 tapered airfol)
with 0.54 plain flap.

e sy -om

Values of e;¢ were caleulated at intervals along the
semispan using the known lift distributions. The
values of (Cmashiwr (Ca5,,),,0 Clopy 8NA ACy,,, that
appear in the various columns of table II were obtained
from figures 18, 19, and 22. Section data for other
flap deflections may be found in references 6 and 7.
The velues of ¢z, were extrapolated to the Reynolds
Number of each point along the semispan by the method
given in figure 23 of reference 4. Although the formulu
given in reference 4 was derived for sections with
moderate camber, it should apply approximately to
airfoils with flaps.

The ¢; distribution for 0;=0.8 was obtained from the
equation

cl=0Lcla1+clb
where
c‘a|= E‘% La and Czb=é§bl—SLb
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The vealues of L, and L, at b,/6=0.5 were obtfained from
reference 2 by cross-plotting against b,/b. The value of
Ac; at ¢;=1.0 for the flapped section was obtained from

figure 10.
The profile-drag coefficient is given by the equation

Cag=Ca_, TAlqy
where Acg, depends on the quantity in column 19 of
table II. Values of Acs, were obtained from figure 23
for the sections without flaps (data taken from reference

6) and from figure 24 for the N. A. C. A. 23012 section
with flap.

036

.032

B e SO

/\/

—

g

I oy

2

o i 4 5 & .7

le.- €. ope| [Ctmax— Ciope
F16URE 23.—Genernlized varlation of Acs, for alrfoll sactions with flaps neatral,
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The values of ¢se given in column 22 of table II
were plotted in figure 21 and extrapolated to the flap
end. From the area under the curve, Cp, was found to
be 0.0184. The process was repeated for other lift
coefficients and for other wing-and-flap combinations
and the results are plotted in figures 12 to 17 as effective
profile-drag coefficients ' -

Op’= Opo"{" Ont_ OLZ/WA

G

: C‘ma.!: b f ({l < ({I
= - —_— = ©Q
E4 = e % (E .
= il B9 %
2O koo ~
16 Ciras Ctiffaived) | Stalling begins ’
Lz
£ — B ? | c{ﬂ ] = )|
.8 "\
4
a 42 3 4 5 6 7,68 5 L0
Root Dista along semispan, 5’?;— 7ip

FIGURE 25,—Calculation of the CL at which the N. A. O. A. 23012 alrfoll with 0.50
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and the value of C;,,,, as indicated on figure 25. The

dashed curve faired through the flap end was used.
The solid line, which passes through calculated values of
Clmer—C1py Would have indicated stalling at the plain

section just outboard of the flap end at a low Ci,,,.

Observations of the action of tufts, however, indicate
that stalling does not necessarily begin at this point.
It appears to be preferable to fair ¢;,,,—¢;, through the
flap end, as shown. The calculated Cz,,,, value is then
higher and in better agreement with the test value.
Tuft observations of the wings with 0.30 and 0.7
fleps indicated that stalling began at a point other than
the predicted point so that the method can be expected
to give only a rough indication of Cy,,,.

COMPARISON OF THE CALCULATED AND THE
EXPERIMENTAL RESULTS

The calculated and the experimental results are
compared in table I. The angles of zero lift and the
lift-curve slopes are in good agreement. The x positions
of the aerodynamic center are in fair agreement although
the experimenfal serodynamic-center positions move
more and more ahead of the calculated position as the
flap length is increased, probably owing to the forward
movement of the position of the aerodynamic center

plein flap begina to stall.
g ¥ -6 A=10
3 47 :
& A
Q%
3§ 40 )
Ny A
g 25 4 | ™~
LR 20—~ =0 7 \\
q) .
%"E / \\ \\ / / ] \\\
§ L1 100 T e i N | LooT %
& (—
= o 2 4 .6 ] o -2 .6 8 Lo
Flop spon/wing spar, be/b
FIGURE 26.~—Increase in induced drag due to the addition of faps of various lengths. Ct, 1.0; Acy, 1.0.
Maximum lift coefficient.—The lift coefficients at | of the sections with small flap deflections. The pitehing-

which the wings should begin to stall were estimated by
the method used in reference 1 except that, instead of
plotting ¢, for a series of values of Cy, the point at which
which a section lLift coefficient reaches ¢, (¢; curve
becomes tengent to the ¢,,,, curve) was found more
conveniently by first deducting ¢, from ¢,,, as in
figure 25. (See coluran 23, table II.) The point at
which the ¢, curve (¢;, for C,=1.0) would become
tangent if expanded to other lift coefficients then deter-
mines the point where stalling is predicted to start.

€ ,.—C

This point is most easily found by calculating Zmaz "
g1

at several points along the semispan. The minimum

value gives the location of the predicted stalling point

moment coefficients are in good agreement except for
the N. A. C. A. 5-10-16 wing with 0.55 flap.
The C5p, curves given in figures 13 to 17 are in best

agreement in the region of O,,,m. The divergence

for higher and lower lift coefficients is more for these
wings than for wings without flaps (reference 4).

Two values of Cp, are listed in table I, O"tm. and
Cp, at C;=0.7. Tt is interesting to note that, for the
N. A. C. A. 23012 wing, Cp, increases with flap length
up to b,/b=0.5 but is then substantially the same at
byf6=0.7 as it is at 0.5. The reason for this variatiion
is that the increase in profile drag with flap length is

compensated by the reduction in induced drag beyond
b,/b=0.5. If plain flaps at a moderate angle are used
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Percentage change given by

for take-off, as long a flap span es possible is therefore
indicated to obtain the lowest drag. The decrease in
induced drag with flap length beyond b,/6 equal to
about 0.36 is illustrated in figure 26. The curves are
given for various taper ratios, two values of A4, and for
C: and Ac¢; both equel to 1.0. A value of Ac;=1.0
corresponds to an airfoil of moderate thickness with a
0.2¢ flap at an angle o little larger than 20°. The
change of induced drag with lift coefficient is illustrated
in figure 27 for a wing with half-span flap of aspect
ratio 6 and for two values of Ae;

The calculated and the experimental O, , values

given in table I are in as good agreement as can be
expected in view of the difficulty of determining

¢1,,+ The agreement of the Oy, values is fair.

209142—40-—381

Cracw+Acitw

Citfrdn < 100

CONCLUDING REMARKS

Although test results and the comparison with
calculated results have been given only for the case of a
plain flap deflected 20°, other test results were available
for the N. A. C. A. 23012 wing with a split flap 45°
down and with the same flap spans as those used herein.
Comparison of the test and the calculated resulis for
the split flap showed agreement similar to that obtained
for the plain flap deflected 20°. It thus appears that
fair estimates of the characteristics of tepered wings
with partial-span flaps deflected various emounts can
be obtained from the factors and the method given.

Lanerey MEMORIAL AERONAUTICAL: LLABORATORY,
NaTioNan ApvisoRY COMMITTEE FOR AERONAUTICS,
Lanaewey Fievp, Va., January 23, 1939.
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APPENDIKX A

SYMBOLS USED IN TEXT

section lift coefficient.

increment of section lift coefficient due to
flap deflection.

section basic lift coefficient (Cr=0).

section additional lift coefficient.

section additional lift coefficient for C,=1.0.

section profile-drag coefficient.

wing angle of attack for zero lift, measured
from the root chord.

angle of zero lift of root section.

wing span.

total flap span.

areg of wing.

area of part of wing equipped with flaps.

wing aspect ratio, b%/S.

taper ratio, ¢./e,.

dynamic pressure.

chord at any section along the span.

tip chord (for rounded tips, ¢;is the fictitious
chord obtained by extending the leading
and the trailing edges to the extreme
tip).

chord at root of wing or plane of symmetry.

angle of sweepback measured between the
lateral axis and a line through the aero-
dynamic centers (approximately the
quarter-chord points) of the wing see-
tions.

flap angle.

wing lift coefficient.

wing drag coefficient.

wing profile-drag coefficient.

effective wing profile-drag coefficient.

wing induced-drag coefficient.

cﬂ'a.a.’

cm('.c-)o’

¥

section pitching-moment coefficient about
section aerodynamic center.
section pitching-moment coefficient about

serodynamic-center position with flap
neutral.

section pitching-moment coefficient with
flaps neutral.

increase in section pitching-moment coefli-
cient above ¢n, due to flap deflection.

total wing pitching moment.

wing pitching moment due to basic-lift
forces.

wing pitching-moment coefficient due to
basic-lift forces.

wing pitching-moment coefficient due to the
pitching moments of the wing sections.

total wing pitching-moment coefficient about
gerodynamic center.

wing lift-eurve slope.

lift-curve slope of section without flap.

lift-curve slope of section with flap.

moment arm measured from the quarter-
chord point of the root chord and parallel
to it (positive rearward).

lateral distance.

Y, lateral distance to inboard end of flap.

La.e.

R,

Lo,

. Ly,

J,

H,

G,

S

E and E/,
U, v, W,

coordinste of wing aerodynamiec center,
effective Reynolds Number.

additional load parameter.

basic load parameter.,

factor of angle of zero lift.

factor of wing aerodynamic center,
factor of basic-lift pitching moment.
factor of wing lift-curve slope.

factors of section pitching moment.
factors of induced drag.



APPENDIX B

AERODYNAMIC FACTORS IN TERMS OF THE FOURIER COEFFICIENTS

The various aerodynamic factors were obtained from
a Fourier analysis in which the circulation I' was
expressed (see reference 2) by

I‘=E'ﬂ2"—'VEA,, sin nf

where
¢, is the chord at plane of symmetry.
m,, slope of the section lift curve at the plane of

symmeftry, per radian.

T, wind velocity.

cos e_b /2

If the Fourier coefficients of the plain wing at an
angle of attack of one radian are denoted by A, and if
the Fourier coefficients for the same wings with a
constant angle of attack extending over only the
center of the span are denoted by a,, the various
aerodynamic factors (in terms of the Fourier coeflicients)
can be found from the following equations:

J=-1
Aimg
in which mg is the slope of the lift curve at any section,
per radian.

oty Ay by
5 21"‘45 7 )

o-fl(e-e5 - 4ot )]

H=2(4+%

I

u .—_—_——-—
2
1+A{ %nA
___Cs 2 @
v—szl SinAlf a. A,
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TABLE I
COMPARISON QF CALCULATED. AND EXPERIMENTAL CHARACTERISTICS
[Wings with 0.2¢ plain flaps 20° down]} -
Oonsfrue Zas,
. o
Fla tion tip (dg.? e 8/
leng M= | pgnact | Rootsac | section Eg:cekp- LY ®
Wing (frac- | cifes ratio tion (extreme
ton N. A. C. A. tipé (deg))
span) N.A.C. A Expori- | Caleu- | Experi-{ Caleu- | Expert- | Caleu-
mental { lated | mental | lated | mental { lated
' MEIE IEIEIE
Tapered N. 4. 0, A 20012..F -3 |t 0.5 8 23012 23012 vor |} a8 | 8% By O ey A
A A A
Tapered N. A, C. A.5-10-16.[{ O, 2 10 23016 23000 0 "y oty 3 B A Y - e B 4
Cu_, Coe_ Ci,, Cliyes Cp, 8t Cr=0.7
Wing
Baperl | Caloulated | BXPEL | catculated | EXDEL |catomated] EXPE |catoulates| EXBUL | Caleulated
—0.014 | —0.008 0.0076 0.6071 0.13 0.00 17 Ler | 0.0106 0.0100
Tapered N. A. 0. A.23012...}] —.088 —.008 0185 |- 0188 .20 —.03 1.88 17 .0182 . 0209
—. 106 —105. ~o178 .0170 20 08 1.9 1.81 <0208 -0298
@ | ossl oae| 8| k| oim ) @
Tapered N. A. 0. A. 8101611 135 s ~0180 L0178 —12 - L L7 | lose .

1 Measured from the quarter<chord point of the root chord, positive toward the tralling edge.
TABLEII . . —
CALCULATION OF Cp, FOR Cr=0.8
[N. A. C. A, 23012 tapered wing with 0.56 flap deflected downward 20°; R, (based on S/b)=8,200,000]

1 2 3 4 & [:] 7 8 ] 10 1 12
Distance .
from thickness Effective (cey Load
center, (; o) e
fraction | obord - Ch:rd Bﬁﬁ%lg: ( "‘;;) wd (g‘sf.z.z.) (;)l-'l‘-‘(% s |z ;aafm; ‘000 i | Gl | Cmar— et parameter
sem]span, . - = «
] tfe ) 1 ifipns) |Re=8200,000 B (ceferenco )
77
0.00 0.12 6.82 1. 18 2,06 0.02 2.08 0.0128 0.0125 Q.10 1.8 L2901
.18 .12 6.8 10, 35 2.08 .02 2.08 13 .0128 10 1.08 263
.30 .12 5. 80 9.581 2.08 0 2.07 L0128 L0127 .10 L&t 1.191
.45 J2 5.28 8.46 2.06 0 2.08 0128 .0128 10 196 1,107
.60 12 477 7.82 L76 —.01 L74 0071 . 10 L4 006
70 Jd2 4.48 7.26 178 ~.02 LT 0071 0073 10 163 908
.80 Jd2 4.09 a7 1.7 -.03 L72 0071 L0072 .10 La2 .789
.90 .12 3. 50 8.74 176 —. 06 1.60 0071 L0074 10 L& . 607
.95 12 2,86 4,36 L7 — 10 166 .0071 0076 Jd0 1,56 447
1 13 14 15 18 17 18 18 20 21 22 23
Load
¥ By parameter | ACS, - a-e1 lﬁ‘:fi’i‘_l. Ac cé e4y¢ Clyus—0l,
177, phe=o, o ) » b Lv=ci; | CrXei e, ¢l a3t Gty dy )20y % taas™Ch
‘erence
0,00 0.0468 0, 289 0.183 Q. 757 0.920 0.820 0.414 0.0117 (0. 0242 0. 1650 1.92
15 1001 276 188 801 .969 . 860 4 .0 . 0283 . 1506 181
.30 1,027 . 286 158 .822 .978 .Sg 0129 . 0258 . 1485 Lo1
45 1.048 . 030 . 022 .838 .860 < T 388 . 0106 0234 .1238 .04
00 1.043 —. 190 —-. 168 .83 .681 .581 354 .0023 . 0085 . 1.80
70 1,025 —. 252 - 219 820 601 R\ 807 . 0018 . 0090 . 0380 1.98
.80 J64 —. 268 —. 250 .7 . 521 L4231 260 .0013 . 0085 . .97
.90 867 —.224 — 246 . 604 448 .48 .219 L0010 . 0084 . 0204 1.04
L5 . 840 —:133 —. 248 872 420 .320 212 <0009 .00856 0 1.89




