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TECHNICAL NOTE 2283

METHOD FOR CALCULATING LIFT DISTRIBUTIONS FOR UNSWEPT
WINGS WITH FLAPS OR AILERONS BY USE OF
NONLINEAR SECTION LIFT.DATA

By James C. Sivells and Gertrude C. Westrick
SUMMARY

A method is presented which allows the use of nonlinear section
lift data in the calculation of the spanwise 1ift distribution of
unswept wings with flaps or ailerons. This method is based upon lifting-
line theory and is an extension to the method described in NACA Rep. 865.
The mathematical treatment of the discontinuity in absolute angle of
attack at the end of the flap or aileron involves the use of a correction
factor which accounts for the inability of a limited trigonometric series
to represent adequately the spanwise 1lift distribution. ‘A treatment of
the apparent discontinuity in maximum section 1ift coefficient is also
described. In order to minimize the computing time and to illustrate
the procedures involved, simplified computing forms containing detailed
examples are given for both symmetrical and asymmetrical 1lift distribu-
tions. A few comparisons of calculated characteristics with those
obtained 'experimentally are also presented.

INTRODUCTION

Unswept-wing characteristics calculated by the method of refer-
ence 1, in which nonlinear section 1lift data are used, have been found
to agree much closer with experimental data in the region of maximum
lift coefficient than those calculated by methods in which linear section
lift curves -are used. It appears feasible that the similar use of non-
linear section data would yield improved results for unswept wings with
_ flaps or ailerons. The deflection of a partial-span flap or aileron,
however, causes discontinuities in the spanwise distribution of the
absolute angle of attack. If such discontinuities exist, an excessively
large number of spanwise stations must be considered in order to obtain
a solution by the method of reference 1 or by any other method in which
the 1ift distribution is approximated by a trigonometric series. A
different method of treatment of the discontinuity is therefore desirable.
Developed herein is a new method of treatment involving the use of a ’
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correction factor which accounts for the inability of a limited trigo-
nometric series to represent adequately the spanwise 1lift distribution
of a wing with partial-span flaps or ailerons deflected. This correc-
tion factor is obtained with the aid of reference 2 and is used in con-
Junction with the system of multipliers of reference 1 to obtain the
induced angle of attack from the spanwise 1ift distribution. The sub- |
sequent calculation of the 1ift distribution by means of successive
approximations 1s similar to that of reference 1.

The mathematical treatment of the discontinuity in the spanwise
distribution of absolute angle of attack is only part of the problem
involved in calculations for wings with flaps or ailerons. The direct
use of two-dimensional 1ift data would indicate a discontinuity in the
spanwise distribution of maximum section 1ift coefficient. Obviously,
the flow about the wing sections near the end of a flap or aileron is
not two-dimensional. - A rational method of obtaining three-dimensional
section data from the two-dimensional data has therefore been devised
and is presented herein. This method is substantiated by experimental
pressure distributions. ,

In addition to the presentation of the method of making the calcu-
lations, simplified computing forms are given and their use is 1llus-
trated by detailed examples for both symmetrical and asymmetrical dis-
tributions. A few comparisons of calculated results with experimental
data are also. given.

This paper and reference 1 are intended to supplement each other.

The reader is therefore expected . to be reasonably familiar with
reference 1.

SYMBOLS

As used herein, the term "sectioh" designates the characteristic
of a section in three-dimensional. flow. ' :

A aspect ratio.

Ap coefficients of trigonometric series for lift distribution
Cpy * induced drag coefficient’

CL, wing 1ift coefficient’

Cy rolling-moment coefficient

"Cp. - induced yawing-moment coefficient
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E. edge-velocity factor for symmetrical part of lift distribution
E! edge-velocity factor for antisymmetrical part of 1lift
; distribution : .
F . factor used in altering two-dimensional 1ift curves
R Reynolds number
S _ pressure coefficient <Total p?essg;zaéigogiiszti:icApressure\
a, section lift-curve slope per degree ‘
b span of wing
c local chord of wing
Cg root chord
3 » mean geometric chord (b/A)
Cdi ‘ section induced-drag coefficient.
cy section 1ift coefficient
Ocy stall margin
Clmax -maximum section 1ift coefficient

(CZ axl maximum two-dimensional 1ift coefficient
m . : . :

Acy increment in maximum 1ift coefficient due to flap deflection

max (two-dimensional data)
c* section 1ift coefficient at either end of flap or ailleron
cll section 1lift coefficient for part of 1lift distribution

involving no discontinuity in angle of attack

section 1lift coefficient for part of 1ift distribution due to
discontinuity in angle of attack

section lift coefficient for additional 1lift distribution

Cn section normal-force coefficient
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wing-tip helix angle generated by rolling wing
intervals used in integration

airfoil thickness-chord ratio

spanwise coordinate

spanwise coordinate at either end of flap or aileron
angle of attack, degrees

correction for induced angle of attack, degfees
effective angle of attack, degrees

correction for effective anéle of attack, degrees

induced angle of attack, degrees

induced angle of attack for part of 1lift distribution

involving no discontinuilty in angle of attack, degrees
induced angle of attack containing discontinuity, degrees
angle of attack for zero 1lift, degrees

angle of attack for two-dimensional 1lift curves, degrees K

~angle of attack of root section, degrees

uncorrected induced angle of attack, degrees

multiplier for induced angle of attack for asymmetrical
distributions

multiplier for induced angle of attack for antlsymmetrical
distributions

magnitude of discontinuity, in absolute and induced angles of
attack, degrees

angle of twist, negative if washout, degrees

angle of twist at wing tip, degrees
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™)

average angle of twist

€3 faired angle of twist due to flap deflection
Ea average angle of twist due to flap deflection
1 ratio of actual two- dimensional lift-curve slope to ‘
theoretical value of =« /90
M area multiplier for asymmetricai distributions
s area multiplier for syﬁmetrical distfibutions
8 = cos™t &
b

6% = cos™1 ar*

b

taper ratio (Ti chord )

Root chord

" .multiplier for induced angle of attack for symmetrical

distributions
1ﬁ£erpolation multiplier
moment multiplierlfor asymmetrical distributions
momeﬁt mﬁltiplier for antisymmetrical distributions

used as superscript to denote value at end of flap or aileron

DEVELOFPMENT OF METHOD

- Lift Distribution

The method involving the use of multipliers to obtain the induced

angle of attack from the spanwise 1ift distribution was presented in
reference 1. In this development, the lift distrlbution was approximated
by a finite trigonometric series

c,C - . :
(b - Ap sin n = W)

n=1

AN
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-

where cos %? = %¥ and m=1,2,3,...r - 1. From the values

of czc/b for each value of m, the induced angle of attack could then
be obtained at the points kn/r by the relation

: r=d e c | .
" aiy = Z( ) o (2)

where k=1,2,3, .. .r -1 and By derotes the multipliers for
-asymmetrical distributions. The corresponding multipliers, Ak
and 7Y, are used for symmetrical and antisymmetrical distributions,

respectively. These multipliers are tabulated in reference 1 for r-= 20.
The method can be used directly so long ¢s there is no discontinuity in
the spanwise distribution of absolute angle of attack caused by the
deflection of a partial-span flap or aileron. '

-Lifting-line theory requires that a discontinuity in. the distribu-
tion of absolute angle of attack must be accompanied by an identical.
discontinuity in the distribution of induced angle of attack in order to
avoid a discontinuity in the spanwise lift distribution. An analytic
expression for the 1ift distribution associated with a discontinuity in
induced angle of attack is presented in reference 2. The complete 1lift
distribution can thus be expressed as the sum of two distributions

eS¢ [ee) |
» - o *° & (3)

s

where C1,C /bS is the distribution due to a unit discontinulty in the

“induced angle of attack and czlc/b 1s the remainder of the 1lift dis-

tribution. These distributions are illustrated in figure 1. Since no
discontinuity is associated with the distribution Czl%/b the corre-

sponding induced angle of attack can be obtained by means of the
multipliers

m=1

r—l CZ C -
=) (2 (%)
Gilk ) b /m Pk '
By definition, over the flap span

g, = 5 - : (5a)
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and over the unflapped span

The total induced angle of attack is
ai, = Q +a (6)
i~ M1 7 Mgy

If, however, the multipiiers were used with the total distribution

r-1" /c, c
132) )
Bk * ) Sl=—=—) By

and aiek were added to both sides of this equation, the result would be

r-1 , r-1/c,.¢
) ) m (
1 m=1

m=

r-1 c r-1 cy.C : r-1 cy.C

1¢ 1 2
Z(b)ﬁmk"“iek: (b)ﬁmk+“12k+zs<ba)ﬁmk
m=1 o m=1 n m=1 n

[}
Q
[
b
+
[\/]'1
]
[u
(o4
(2]
O] o~
(o4
O
e
g

Rearranging this expression gives

r'l(czc) @iek r-1 czec
m=1 m m=1 n

A comparison of equation (7), for a wing with a flap or alleron, with
equation (2), for a wing without flap or aileron, shows the addition of
a term which is proportional to the magnitude of the discontinuity and
acts as a correction factor to account for the inability of a limited
trigonometric series to represent adequately the spanwise 1ift distribu-
tion of a wing with partial-span flaps or ailerons deflected. For
simplicity, equation (7) may be written as

o3y
CLik = CI.uk + O —8— (8)
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where the uncorrected induced angle of attack is expressed as

r-1 C,C
gy = E (-g-)mﬁmk (9)
m=1
and the correction factor per unit discontinuity is given by the equation
ac, 2 = (cz c) ‘
k k 2
—_— = = - — 10)
5 5 o5 ) Pmk (
m=1 n

The aistribution. Clgﬁ/b5 given in reference 2 may be expressed in

the form
CZC . ) "'* .* :
_E%_ =-%3 (cos 6 - cos 6%) log, 1 - cos(6 + 6*) + ne_sén 9 (11)
9 . 1l - cos(8 - 6) 9
ai * ICLi . *
for T2=1’ 0° <8<86; for —S?-=o, 6 <o <180°; and. 6°

and & are in degrees. This distribution is dependent on only the
spanwise position of the discontinuity and is independent of aspect
ratio and taper ratio. The correction factor per unit discontinuity
QCk/S given by equation (10) is therefore a function of only the span-

wise position of the discontinuity. The distribution of @12/5, for

“which equation (11) applies, is illustrated in figure 2(a). Values of
c12c/b6 corresponding to this type of distribution are presented in

table I for various values of 2y/b and 2y*/b. These valueg are
plotted against 2y/b' in figure 3 for even increments in 2y /b and

against 2y /b in figure L for even increments in 6 = cos™t %g. In

table II are glven values of aC/S corresponding to the values of
czec/bS of table I.

The distribution of aj, /5 illustrated in figure 2(a) would be

applicable only for a wing with one outboard flap or aileron deflected.
For a wing with symmetrical inboard flaps, the distribution would be
obtained as illustrated in figure 2(b) and the values of ac/d would
be obtained in like manner. For example, for a wing with flaps
extending from _g%; = 0.6 to g%— = -0.6, the values of og/® to_be

used would be obtained by subtracting the values of ac/S for 2%_ = 0.6
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%

from those for 2%_ = -0.6. Since the resulting distribution would be

symmetrical, the values of ac/d would also be symmetrical. Similarly,
an antisymmetrical distribution of aig/B and the corresponding values

of a¢/® would be obtained as illustrated in figure 2(c).

It should be noted that two values of ac/® exist at the end of
*

the flap, one corresponding to 2%_ + 0 (flap side of 2y*/b) and one

*
corresponding to 2%_ - 0 (unflapped side). Only the values corre-

sponding to —XF + O are given in table II. For the unflapped side,

(S"s)* <@_)* 1
6gL-vO E’i+0
b ‘ b

These values have no practical significance unless the diséontinuity

occurs at one of the stations %g = cOs %?. At these stations, either

of the two values may be used so long as the value is used with the
proper section 1lift curve.

In the calculation of the induced angle of attack by equation (8),
the values of QCk/6 must be multiplied by the magnitude of the discon-

tinuity ©. The value of & to be used is obtained from the section 1lift

curves at the 1ift coefficient c¢j; . If the discontinuity occurs at one
of the spanwise stations %% = Ccos %¥, the value of (czc/b)* is obtained as

one of the values of czc/b computed. If the discontinuity occurs at
some other position, the value of (c c/b) must be interpolated. This
interpolation may be accomplished in the following manner. Even though
the spanwise 1ift distribution is continuous through this point, the

point is singular. Its singularity is due to the singularity of the
corresponding point of the distribution of czeq/bb which has an infinite

slope but zero radius of curvature. At this point, from equation (11),

cy.c\¥* * *
( 2 ) - 18 sin 6 (12)

bd 6100

Since both the distribution of cic/b and the distribution of czec/bé con-

tain the same type of singularity, a curve with czc/b as the dependent
variable and clec/bﬁ as the independent varisble would have no singular
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point and could be approximated by a polynomial for which Lagrange's
interpolation formula (reference 3) is applicable. From Lagrange's

formula
* .
cic cic '
(_b—) = g('r)mvm (13)

where.

Vg = —= = (1)

—

The number (n + 1) of terms retained determines the degree (n) of the
polynomial used in the approximation. It has been found that using
four terms (two on each side of the desired point), which define a
third-degree curve, gives values at the end of the flap which agree
within about 1 percent with the values obtained by means of the method
of reference 4 but with about 45 terms of a trigonometric series.
Values of the interpolation multipliers determined in this manner are
presented in table III for various spanwise positions of the end of a
.flap. This type of interpolation is suitable only if the variables are
single-valued in the range of the interpolation_).e This limitation pre-
cludes the determination of multipliers for 2%_ = 0.1 Dbut this position
is out of the range of practical flap spans.

The method of determining the 1ift distribution by means of success-
sive approximations is the same as that of reference 1 with the added
step of determining the correction factor ac. For a given geometric
angle of attack, the 1ift distribution is assumed. The uncorrected
induced angle of attack is determined by equation (9) for asymmetrical
distributions or by a corresponding equation using Mpk Tfor symmetrical
distributions. The multipliers 7y, for antisymmetrical distributions

can be used only if the 1lift curves are linear and the*value of B 1is
independent of 1ift coefficient. The value of (clc/b) is obtained by
means of equation*(l3) and is divided by (c/b)* to determine CZ*- At
this value of c3 , ® 1is read from the section lift curves as the
difference between the effective angle of attack for the section without
the flap and that for the section with the flap, both at the station at
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the end of the flap. This value of & is multiplied by the appropriate
values of ac/S from table II to obtain ao.. The values of «. are
added to the uncorrected values a, to obtain the values of induced
angle of attack which are then subtracted from the geometric angle of
attack to give the effective angle of attack at each spanwise station.
At each value of effective angle of attack, the corresponding value

of c¢; 1is read from the appropriate section lift curve and multiplied
by the value of ~c/b at that station to obtain a check value of cjc/b.
If the check values do not agree with those originally assumed, a sec-
ond approximation is made and the process is repeated. Further approxi-
mations are made until one is found which is in agreement with the

check values.

Determination of Three-Dimensional Section Data

If the two-dimensional 1lift data were used directly, a discontinu-
ity in the spanwise distribution of maximum 1ift coefficient would be -
indicated at the end of the deflected flap or aileron. Inasmuch as this
discontinuity does not exist in three-dimensional flow, some means of
altering the two-dimensional data must be used to obtain what may be
called three-dimensional section data. One method of alteration is
described in reference 5 for use with linear section 1lift data. 1In
order to use this method, the 1ift distribution must be broken up into
the basic 1lift distribution due to twist and the additional 1ift dis-
tribution due to angle of attack. When nonlinear section lift data are
used, the lift distribution cannot be broken up in this manner and the
method of reference 5 is not applicable. For this reason, the method
hereinafter described has been developed. Although this development is
not rigorous, the reasoning behind it is substantiated by experimental
pressure distributions. ’

The foundation of the method used herein is the calculation of two
curves for which linear section lift data are used. One curve, the
spanwise distribution of section lift coefficient for a wing with flaps
but no other twist, is calculated by the method described herein but
adapted for linear lift curves in a manner similar to that of refer-
ence 1. The other curve is the additional lift-coefficient distribution
(constant absolute angle-of-attack distribution) calculated as in refer-
ence 1. These curves may be calculated for any convenient angle of
attack and for any convenient value for the discontinuity in.angle of
attack at the end of the flap. A typical set of curves is shown in
figure 5. It is reasoned that the root section of a wing with partial-
span flaps would be acting most nearly like that of a wing with full-
span flaps so that the additional lift-coefficient distribution is mul-
tiplied by a suitable constant to give the same value at the root.
Likewise, it is reasoned that the tip section would be acting most
nearly like that of a wing without flaps so that the additional
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lift-coefficient distribution is multiplied by another constant to give
the same value at the outermost station used in the computations (the
0.9877- semispan station when 10 points on the semispan are used). The
differences between the .values on the curves are then divided by the
difference between the values on the additional lift-coefficient curves
at the end of the flap to obtain the factor F shown in figure 6 for
several wings. ‘In order to interpolate for the points on the additional
lift-coefficient curves at the end of the flap, the multipliers up,
presented in table IV, have been determined. These multipliers were
obtained by using 6 as the independent variable in equation (1k)
instead of clec/ba It can be readily seen that the factor F is

1ndependent of the angle of attack and magnitude of the dlscontinuity
used in the original computations. The factor F 1is alsc relatively
independent of lift-curve slope so that it can be used near maximum 1ift
where the 1ift curves are nonlinear.

The maximum lift-coefficient values are altered by means of the
factor F according to the relation

Loy = <C.Zmax>o + F<Ac7‘*max> (15)

The values of c; and a are then altered according to the equations

‘ (cz)altered ~Clmaﬁ
) = (16)

= &
unaltered max/

de - 0 _ . “Imax

% = %1, %‘ (Clmax)o - (27)

The edge-velocity factor E 1s used in the same manner as in refer-
ence 1. The value of E given in reference 6 is, however, probably
more accurate than the ratio of semiperimeter to span used in refer-
ence 1. From reference 6 for unswept wings, .

E=\1+—= ‘ (18)

' The foregoing description of the alteration to the two-dimensional
section data has been limited to wings with symmetrical partial-span
flaps. For wings with deflected ailerons, a similar method based upon
the same reasoning could readily be devised.



NACA TN 2283 _ 13

.

The  reasoning behind the method of altering the two-dimensional
data is substantiated by the results shown in figures 7 and 8 and
obtained from experimental pressure distributions for a wing of aspect
ratio of 6.0, taper ratio of 0.5, and NACA 64-210 airfoil sections.
Chordwise pressure distributions were obtained at six spanwise stations.
Two spans of flaps, 0.49b and 0.51lb, were tested s0 that the pressure

distribution at %¥ = 0.5 was obtained, in one case, Jjust outboard of

the end of the flap and, in the other case, Just inboard of the end of
the flap. As shown in figure T, the pressure distributions at each sta-
tion are very similar for the two flap spans, even at the station 0.5b/2.
Furthermore, there is a gradual spanwise change from the type of loading
assoclated with an airfoil section with flaps to the type associated
with a plain airfoil.

For comparative purposes, the section normal-force coefficients,
obtained by integration of the chordwise pressure distributions at each
- spanwise station, together with calculated values of section 1ift coef-
ficient, interpolated for the same spanwise station, are shown in
figure 8. The calculations for the flaps-neutral and full-span-flaps
configuration were made according to reference 1 and those for the
partial-span-flaps configuration were made as described herein. For
the experimental data, jet-boundary and stream-angle corrections have
been applied to the angle of attack, but no corrections have been applied
to the values of c, for the effects of the model supports and the
boom containing the pressure tubes. Although some of the disagreement
shown may be attributed to the assumptions involved in the calculations,
most of it is believed to be due to experimental inaccuracies both in
the two-dimensional data used in the calculations and in the three-
dimensional data shown herein, inasmuch as similar disagreement is
evident for the full-span configuration as for the partial-span configu-
ration. In general, however, the trends indicated in figure 8 serve to
substantiate the method used to alter two-dimensional data.

Wing Characteristics

Numerical integration.- In the numerical integration described in

reference 1, the multipliers T Oms?  p2 and Opng Were determined

by harmonic analysis. For example, it was shown that

f_i f(%)d(%l) =2 :Z: f(gg)m 2"—r sin % (19)

7 ms
where e sin T vas designated as Tm. By inspection, it may be seen

.
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that equation (19) could also be obtained through the application of

the trapezoidal rule (reference 3) where f(2y/b)y sin (mr/r) is the
function of mx/r and the interval between points is =x/r.  Although
equation (19) may be expected to give good results when f(2y/b) is
approximately elliptic, in general the application of Simpson's
(parabolic) rule to this problem has been found to give better results
for a wider variety of curve shapes. Since r  was originally assumed
to be even, the interval m = O to r may be divided into r/2 regions,
the area of each of which is

Tl gl) sin in + uf<gl) sin ﬁi;i;llﬁ + fG§Z> sin Li—iFglE (20)
3r{ \b/i r b/i+1 r b/i+2 r

For the entire interval m = 0 to r,

where 1, is defined and used herein as

=3 - (D7 st 2 (22)

The relations between n_, 17 g ,and o are the same as in
m m ma »

ms”’
reference 1l; namely,

’ s = 20 (m # %) (23a)
— _— r :
Mo = Ny (m = 3) (23p)
Oy = EE cos X (24)
m= 5 T ,
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Oma = 20p

n_ cos = ' (25)
m r

Values of Ny Mpgr O ang Ope X given in table V for r = 20.

m)
For cases for which the end of the flap or aileron is at a point

wvhere m 1is not an even integer, a special form of equation (20) is

required which gives additional multipliers for numerical integration

in the vicinity of the end of the flap or aileron. Such a case is illus-
trated in figure 9 and the individual areas are

/. . \3 . ‘ '
s(2s + 3t s(s + 3t
KCEE) f1 6t &z + 1)t fé] , (26)
— v 3 ' . ‘,
Area (2) -z st+ oy £+ ELE_%Eéﬁl £, + t 22 I gs ng | (27)
_ — . - |

Area (1)

"
HilA

"
RIS

:

(28)

vhere s and t are expressed as fractionms, of n/r. It can be seen
that equation (28) is the same as expression (20) when s =t = 1. An
example of the computation of these special multipliers is given in .
table VI for 0.5-span flaps. For the area B in the sketch accompanying
this table, equation (28) is used with s =1 ‘and t = %, and for the
and t = 1. Values of the

Nms multipliers are given in table VII for various locations of the end
of a flap. Values of the multipliers hm’ O and cma can be readily

s
. . . 2
area C, equation (26) is used with s = 3

‘obtained from the values of 1,, by means of equations (23) to (25).

It should be noted that two multipliers are given at the end of the
flap. For distributions which are continuous through the end of the
flap, such as the distribution of clc/b the sum of the two multipliers
may be used. For distributions which are discontinuous at this point,
such as the distribution of Cq. 3/b each multiplier should be used

separately with its appropriate value. For example, for g%— = 0.5, the
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' multiplier -0.03023 should be used with the value at the outboard end
of the flap, and the multiplier 0.03930 should be used with the value
at the inboard end of the unflapped span.

Wing coefficients.- The formulas derived in reference 1 are
repeated herein for convenience. For asymmetrical distributidns

,CL=A§iL(C—§)mnm, - (292)

m=]1

For symmetrical distributions.

¢y, - Aéi(c_é?)ﬁs o (290)

For asymmetrical distributions

Cp = 2% E- <E- a ) : (30a)
Dy " 180 £g\ b i u Thm
For symmetrical distributions
r/2 -
A €1¢
c =T§/j(-——a) " - (300)

- For asymmetrical distributions
=l /c,c : .
C; = -A (—B—) op (31a)
\ m=1 m . .

For antisymmetrical distributions

c,c '
Ci = -A (T) Oma, (31b)
m=1 m .
For asymmetrical distributions
_na D=lfcge ) -
Cni = iga-z::(—g— oy mcm - (32)
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The values of 1_, Mps? o and o should be used as defined herein,
m s m ma

and the summations should also include the special miltipliers in the
viclinity of the end of the flap or aileron.

ILLUSTRATIVE EXAMPLES

Symmefrical Distributions

The method described is applied herein to a wing, the geometric
characteristics of which are given in table VIII. The section 1lift
curves are shown in figure 10 as dotted lines before being altered and
as solid lines after being altered. The unaltered data are obtained by
interpolation of two-dimensional data for the proper Reynolds number and
airfoil thickness-chord ratio for each spanwise station in & manner
- similar to that of reference 1. :The altered curves are obtained ss
described previously and are used in the calculation of the 1ift dis-
tributions in tables IX and X. These tables were designed for use with
calculating méchines capable of performing -accumulative multiplication.
The mechanics of computing are explained in the tables, but a few items
need addltional explanation

The initial. approximatlon of czc/b is obtained in table IX. The
computations in this table are based on the method of reference 6 the
pertinent equations of which are modified to suit the present purpose.
The spanwise stations, at which values of clc/b are computed, are
listed in column (1). Columns (3) to (4) are used to obtain the addi-
tional 1ift distribution Sl / for Cp, =1 according to the

approximate relation

~
~

+
A&

1-(%‘&) o (33)

Columns (5) to (7) are used to obtain faired values of the twist €3
due to flap deflection according to the relations

oo

<0\< gbz< gﬁ) ) (‘3’+a)
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2
5 l“% * |
€ = 5|1 -\[1 - —? (3L<3b1<1) (34b)
l——L - '
b

This fairing is illustrated in figure 11. Columns (8) and (9) are used
to obtain the average twist EB according to the equation ’

i{% ¢y lc L

m=l m

The value of. 58 obtained by this summation is given at the bottom of
the table.: Columns (10) to (12) are used to obtain an angle of attack
.a' defined, for the flapped span, as

a':%%%(es-€5)+?a-6+a . (36a)

and; for the unflapped span, as

St = A%(ea -‘E-B) + ES +a » (360b)

The vélues of the geométric éngle of attack o in column (11) include
" the values of continuous twist €. Values of c1(a') in column (13)

are obtained for the section lift curves at the angle a'.. In the non-
linear range of the section 1lift curves, different values of ¢, (a')

are found corresponding to the two values of o' at the end of*the
flaps. For the purpose of this table, the average value of ¢, (a') is

used.<.Finally, columns (14) and (15) are used to obtain the initial
approximate values of -CZc/b according to the relation

c c
A Zal

. (T)approx S EEE D CUet) (31)

which was adapted from the equétion
cy; .C B
ch~ (Lm Zal_AE+2 _ .
TR -t A e AU - (38)

given in reference 6.
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e value of ® wused in table IX should correspond to the wvalue
of ¢, obtained at the bottom of the table. Some value of & must
be selected, however, for the computations needed to determine the
value of c¢; . It is therefore advisable to omit the computations in
columns (10% to (15), except the bottom row, until a value of ® has
been found by trial and error which is consistent with the value of ¢3

If the 1lift distribution is to be obtained at a relatively high
angle of attack, as in the example shown, the values of a' may be in
the rapidly curving part of the section 1lift .curves or even greater than
the angle of attack for maximum section 1ift coefficient. For the pur-
pose of this table, the section 1ift curves may be extended in the gen-
eral direction of the nearly linear part of the curves in order to
obtain the wvalues of C1(at)" This procedure is Jjustified inasmuch as

the subsequent operation in column (15) will reduce the value of cj.

The approximate values of clc/b (column (15), table IX) are used
in column (3) of table X and the computations indicated are performed.
Except for the computation of a., the computations in this table are
the same as those in reference 1 for wings without flaps. The value
of 8 used in column (16) is obtained at the section 1ift coefficient
sy corresponding to the value of clc/b) obtained by means of the
interpolation multipliers vyp. 4 '

In this method of successive approximations, the value of clc/b
in column (22) will usually not check the initial approximate values in
column (3). The values to be used in subsequent approximations may be
found by the equation

r.

A*(%):% KiA(i%S). - (39)

[

where A'(czc/b) is the increment to be added to the approximate values
to obtain succeeding approximate values, A(czc/b) is the difference
between the check values and the approximate values (column (22) minus
column (3)), and K and Kj are constants for any particular wing.
Equation (39) is derived in the appendix, and values of K and Kj

for r = 20 are presented in figure 12 as functions of AE/y. These
values compare favorably with those empirically determined in refer-
ence 1 (Ko =3, Ky =1, Ky5y =0, and K =8 to 10). Although these
values were obtained for elliptic wings, they can be used for wings of
other plan form. The number of terms of equation (39) needed for any
particular approximation depends upon the convergence of the approxima-
tion; fewer terms are needed when the differences A(cjc/b) are small or
when positive differences nedarly cancel negative differences. Values

of K;j for values of i greater than 3 are small enough to be considered
negligible.
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Some additional explanation of the use of equation (39) may be
desirable. For values of m from 3 to 7, equation (39) may be used
directly if the constants Ki>3 are neglected. For values of m

from 8 to 10, equation (39) may be expanded as

o (8, s o), 1 a0, ofiE)

8

& A(c_%.c.)8 + (Kl + K&) A(C—tl)(—:-> + Ky A(%E)ICJ (L4oa)

cyc /C1C )
A (clc) oK. (c c) oK A(CZC) oK A<c c) A(czc)
! + + + _
(40c)
for symmétrica.l distri‘t;utiqns » since A(EIZ)—C-) = A(Ell)—c) .+« For values
J r-J

of m of 1 and 2';",equati\on (39) may be expanded as
clc> 1 czc) ( ZC) i
=) - = - L - _z )
A(b = & (% Ky Al l+(Kl Ky & )+

K, ‘A<C—IZ)£)3 v Ky A(%)J | (M)

KeA(ié—c)ng_A(c%C)J | ()
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since

ciC czc)
Ar—=—] = -pl——
(b)-a '(ba

e} .

After convergence is obtained in table X, the values of cyc/b
(column (3)) and a3 (column (18)) are entered in table XI and the lift
and induced-drag coefficients are determined through use of the appro-
priate multipliers Mg

Asymmetrical Distributions

If the angle-of-attack distribution is not symmetrical, the asym-
metrical multipliers Bmk must be used in’ the nonlinear range of the

section 1ift curves. Typical asymmetrical distributions are those for

a rolling wing or for a wing with deflected ailerons. Illustrated in
table XII is the case of a wing with flaps but without deflected ailerons,
which is rolling at such a rate that the tip helix angle pb/2V gener-
ated is 0.0l radian or O. 573° Added to the normal angle of attack

is an increment equal to ? 2V (in deg), which is the equivalent

twist of the rolling wing.  In order to reduce the size of the computing
form, the table of the multipliers Bmk 1s arranged in the fqrm shown.

The values of Bmk for a positive value of 2y/b are the reverse of
those for the corresponding negative value. Instead of reversing the
values of B, in table XII, the values of ¢ c/b are written in
reverse order in column (14). Using these values with the values of
Bmk &ives the uncorrected angle au for the stations listed at the
bottom of the table.

-In general, the value of & will be different for the two sides
of the wing, so that the appropriate values must be used with columns (16)

and (17). The values of «q </8_ in column (16) are those for 3%— = -0.6

from table II, while the yalues of ac/8; 1in column (17) are the
negative of those for g%— = 0.6.

Another modification must be made for asymmetrical 1ift distribu-
tions- since the edge-velocity factor E' should be used for the antisym-
metrical part of the distribution (see reference 6), whereas the edge-

velocity factor E has been used to alter the two—dimensional 1lift
curves. From reference 6 for unswept wings,

. 16 .
E'" =yj1 + ;\E ()4»2)
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This.value may be taken into account in the following manner: The
symmetrical part of the effectlve angle distribution is

. . ((L-— a’i)k + (0‘ - a‘i)r k
) V 2

which is used directly with the altered 1ift curves. The antisymmetrical
increment in the angle distribution is :

Aa - @1)k - (a - ai)r-k

which must be multiplied by the ratio E/E'v in order for-it to be used
with the same 1ift curve. The effective angle is therefore

i (CX. - c‘i) + (CL - a’i)r k : (CL - u‘i)k ' (G. = a‘i)r_k
°‘e = 2 E“ — 3 ~
.'=a-@1'me | , - | A | (43)
where \
toig = Bt Ea -ay), - (a- “i’r..J )

Equation (44) is computed in column (21) of table XII.

Other than these modifications, the computing required for table XII
is similar to that for table X. .

DISCUSSION

. The 1ift characteristics of two wings without flaps and with
60-percent and full-span flaps have been calculated by the method
described herein and are presented in figure 13 together with experi- '
mentel results from reference 7. One wing had NACA 64-210 sections and
was equipped with split flaps. The other wing had NACA 65-210 sections
and was equipped with split, single slotted, and double slotted flaps.
For the split-flap conditions, the agreement between calculated and
experimental results is quite satisfactory, whereas the agreement is less
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satisfactory for the single- and double-slotted-flap conditions: Since
the discrepancies occur for both the 60-percent-span and full-span con-
ditions, they are probably due to differences between the two-dimensional
and three-dimensional section characteristics rather than due to the
method of calculating. Some of the discrepancies in maximum 1ift coef-
ficient may be due to the fact that the characteristics of these wings
were extremely sensitive to small surface irregularities.

The stalling characteristics of these same wing-flap combinations
are presented in figure 1L together with the calculated stall-margin
distributions. The stall margin Ac; 1s the difference between the
maximum section 1lift coefficient altered as described herein and the
section 1lift coefficient at the maximum wing 1ift coefficient. The
spanwise location of zero margin should correspond to the location of
initial stall, and the margin at other spanwise locations is an indica-
tion of the manner in which the stall spreads. In general, the agree-
ment between the experimental and calculated stalling characteristics
is very good

The foregoing comparisons between calculated and experimental
results were made for the same Reynolds number. If possible, such com-
parisons should be made at the same Mach number also, unless the Mach
" number 1s low enough to have a negligible effect. Even at relatively
low values of free-stream Mach number, adverse compressibility effects
on maximum 1lift coefficient have been noted (reference 8) when sonic
velocity is reached locally on a wing. Similar effects in two-
dimensional flow have not as yet been thoroughly investigated so that
calculations based on available two-dimensional data must be limited to
subcritical Mach numbers.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., November 13, 1950
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APPENDIX

DETERMINATION OF COEFFICIENTS USED TO
.OBTAIN;SUCCEEDING;APPROXIMATIONS

Y

In the method of successive approximations to determine the 1lift
distribution, it is desirable to reach convergence with a minimum number
of approximations. This desideration necessitates that each successive
approximation be obtained from preceding computations in some manner.
The manner in which these operations were performed in reference 1 and
the coefficients used therein were determined empirically. It is shown
hereinafter, however, that the procedure and.similar coefficients can
be determined theoretically.

) In the following derivation, A(czc/b) is used to designate the
difference between the check values and the approximate values, and
A'(cic/b) 1s used to designate the increment to be added to the approxi-
mate values to obtain the succeeding approximate values. The section
1ift curves are assumed to be linear and & to be zero. The operations
performed during the first approximation (table X) may then be repre-
sented by the equatlon

B ) R R R

m

If suitable increments A'(cjc/b) are chosen so that the check values
become equal to the approximate values for the second approximation,

. AY -CZC‘ agC » FCZCF cic . ’
o] e e V) () () e
k) D b )m b/, T\, b/

The difference between these equations is

, (aoc) © ' ; <czc> <czc) <c1c>
- All=—] =al——] -a'{=— (A3)
b kkak b n b/ b/
From reference 1
xk}{:_% . (A

8n sin ~—
T
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The lift-curve slope may be expressed as’

2
o X .

where ' 11 is the ratio of the actual two-dimensional lift-curve slope
to the theoretical thin-airfoil value. For elliptic wings,

(%>k = ;tliA- sin ?— ' - (A6)
' Therefore
: : aoc\ »
- o =1

which, for constant 1, is constant for all spanﬁise stations. Sub-
stituting this value into equation (A3) yields

(1’+ %%) A'(E%S)k + };;-;Ei A'<E%E)m= ﬁE'A(S%S># . (A8)
, ' m . '

Equation (A8) represents r/2 simultaneous equations which may be.
represented in matrix form as

N ’ CZC AR Czc '
L = -
where [ﬁ] is a matrix with all the principal diagonal elements equal

B .
to 1+ e and the other elements are Ay /M. This matrix can

readily be put'intd a symmetrical form and its reciprocal obtained by
one of the standard methods presented in reference 9. Then

'CZC AR -1 CZC .
t - = —_
o - 2 [ (29
For a given value of AE/n, equation (A10) may be expressed in the form
. ' T

A'(E%S) =-113€Z Ky A(f%c—) o (A11)
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because of the particular properties of this reciprocal matrix. For
cogvenience KXj 1s made equal to unity and the values of K and Kj
are adjusted accordingly. The values given in table XIII and figure 12
were obtained for various values of ~ AE/n and r = 20



NACA TN 2283 27

REFERENCES

. Sivells, James C., and Neely, Robert H. Method for Calculating

Wing Characterlstlcs by Lifting-Line Theory Using Nonlinear Section
. Lift Data. 'NACA Rep. 865, 1947.

.'Multhopp, H.: Die Berechnung der Auftriebsverteilung von Tragfligeln.

Luftfahrtforschung, Bd. 15, Lfg. 4, April 6, 1938, pp: 153-169.
(Avallable as R.T.P. Translation No 2392 Brltlsh M. A.P. ).

. Sokolnikoff, Iven S., and Sokolnikoff, Elizabeth S. Higher

Mathematlcs for Englneers ‘and Phy51c1sts Second ed., McGraw- Hill
. Book Co., Inc., 191"1) pp. 552-559. - -

. Waylor, J. Lockwood: The Lift Distribution on a Twisted Elliptic

Wing, with Special Reference to the Effect of Flaps. Jour. R.A.S.,
vol. XXXIX, no. 300, Dec. 1935, pp. 1154-1156.

Pearson, Henry A., and Anderson, Raymond F. Calculation of the
Aerodynamic Characterlstlcs of Tapered Wlngs with Part1al~Span
Flaps. NACA Rep. 665, 1939.

Sivells, James C. An TImproved Approximate Method for Calculating
. Lift Distrlbutlons Due to Tw1st NACA TN 2282, 1951.

. Bivells, James C. » and Spooner, Stanley H.: Investigation in'the.

Langley l9-Foot Pressure Tunnel of Two Wings of NACA 65-210
and 64-210 Airfoil Sectlons with Various Type Flaps NACA
Rep. 942, 1949,

. Furlong, G. Chester, and Fitzpatrick, James E.: Effects of Mach

Number up to 0.34% and Reynolds Number up to 8 X 106 on the Maximum
Lift Coefficient of a Wing of NACA 66-Series Airfoil Sections.
NACA TN 2251, 1950

. Frazer, R. A., Duncan, W. J., and Collar, A. R. Elementary Matrices

and Some Appllcatlons to Dynamlcs and leferentlal Equatlons The
Macmillan Co., 19L46.



onGo* {onGo" | 1610 | 22T0" {6800 |0L0O" |LG00" | Ly0oO* |on00* [%€00" | 62007 |S200° | TE00" | 8TOO* | GTO0" | 3100° 16000° | L0OO® }G000° |2000° 1 LLG6
9£00° | LGT2" |0g6T" |LSTe | GSoT" |Thlo® |69%0° |geno” | gLEo~ |QTE0" 6920 [0€20° |96T0° | 99T0" | OxT0* | LTTO® | G600°. {7L0O® | GG00° 900" [BT00° | TTG6"
RGTO" | 69EH" |T962 |€206° | #6LE" |9E€@ |QELTT |QLET® | OETT* |Gh60° |66L0° |0890° [6LG0° | 670" | 4THO™ | #hEO™ 1§ 6l20° |6T20° |[29TO° |LOTO® {€G00° | 0006° -
7910° | #GLlh* |TOTE" |TGES" [ HCLy® {TOLe" |G66T° |QLST' |262T° |6LOT™ {2T60° |9LLO" {0990° | 0960 | 2Lyo® |[26€0° |QT€0° |6420° [ #8TO® 1 TSTO" 10900° | OTER"
19¢o° | Lozg® |Lwth: [glol- | €6L6° [Lozg* |LgoS® |opgE’ |4eT1E" [9gGe’ |ELTE® |OrQT" |€9GT" |€E€T" | ETTT" | €260° | 64LO® |LGEo* [ €EHO" |SG20° |2qT0° | 0608°
9n90° | 0868 |when’ |98gl | G910 T|6L26" [TeGs” |88Th" | GOLE |Tgle” [9f€e” |LL6T® |QLOT" | TewT® | G6TT" [ T660° {%080° |0€90° | G9h0® 190€0° |2GTO° | 0008"
onT” | ThEE T|62TG" | TOL6® | SEEE T{ChoS T| ThEe T[8608° |8OEY" |6ETS* |ogek [hO9E" ghoE | 4lGe |o9te” |gglrc |ogwtTt {GETT' | L€go" |26Cot |%l20® | TLOL
926T" | £292°T|69TS" | L8g6" | ONGE ‘T{CLEG T 182€ " T|eong" | TLGO" |on€s” gt [mhli€" [GOTE" | ELge* |ewee® |LSgT" | SosT™ [LTIT'. | 6980° |3LS0* |4g20° 000L*
€9g2° | Sg%9°T|gg6S" |9gnT 1| 2219 T|2TE6 1| €020 2| Cons T #€60°T|9L9g" |TETL® [8S66" |€TOG | 6Tey” | TEGE" | 616" |€9¢e |gn@T" | @9%€T° |L6BO" |GHwO" [ 0009°
290€° | 169 °T|nh09° |£99T 1| Cot9' T|LeLl6 T|2€80 269 1| 896T T|2HT6" [00GL: (0929 |k9eG” |eewh™ | GOLE"™ [e90e" {gly2" |LE6T" |gewT" |TH60" |L9nO" | LS’
ool | €610 2| nT99" |cEge 1| Léeg T|cenz 2| Toln elgteh "l ehTL T|1E62 TIQERO T|8E98" |93l |8G09° | 960G" [alTh' |[2LEE" [#E9e" |ow6T" |LLeT* [#E90" | 000G"

T geaG” | TLLI 219889 |E6EE T 2ET6°T|6L9E ' 0269 2| 1989 2| TLLT 2 |%62S T|66T2 T|ono0 Ti2LEg  |[+HoOoL® |QERS™ |2Tgh’ |988E" |#EOE™ | HE€22” |TLNT" |[OELO" | onGH”
TeEL" | T19€ 2| GgTL" | 900n " T| 6800° 2| 6506 2| 9658 2| TECE 2| onoL 2|Gaseg T|e6nn " T|SEQT T{92g6” | 6618 | 1289’ |'G195" - [TeGn ™ |[GESE" | 2092" |2TLT™ |04g0" ooon*
0ER0"T| 6669 2| 6n9L" | TS6H " T| §SST 2|80TL 2| 90T €| 69€€ ‘€| 92ge € |6649 “e|on06 " T|TLaG T}9962 T | 0E%0 T | Ly9g" | TOTL® |[Tel&' |géhn” | 6LeE’ [9STe” |oLOT" | 060E°
18L0"T| ong9-2|269L |onos T| G691 2| 662L 2| nonT €|CTLE "€| CTEE €| TegL 2| LSG6 T|Hn9G T{6682 T | L990°T [ Ongg" |gGel” |9owgs" |SGah” | OGEE" |Eoze" J€60T" | 00OE"
TICG T| L1962 |onTg" | 2966 1| T21€ *2|gge6 2| 02Th € |62eL €| 2TTg € (9205 € [48E9 2 En20 2| 0ohg T | 00GE T | CETU'T {HTT6- |G2EL” [669¢" | 9gTn |TGL2" {#9ET™ | 0002
TETQ"T| 620T €| 62€8" | HEEY T #69€ 2| 4500 € |£LTG €}2099°€]| L266 € |ETHg € |620T € [6L62 2| TETR T | €984 " T | 0E22 T | #666° (%208~ {8E39" | 0BGH" |600E" |TOHT" | 79ST”
€gez-e| L1G2 € {#Ssg | T6L9 1| L6EH 2| LG0T € |Lgn9 €1€920 +| 6802+ | TLET #[2€L9 "€ |6209°28|8LG0 2 | 6GLY"T [THLE T |€02T"T | T@68" |CLE9" | LTTS™ |O9EE” [S99T" | 000T"
LO64 €| Lo6n "€ [€269° {GEGL T| heG 2| onge "€ [2€6g € | he6e | 96nG 1 [2Ces I HTEE "0 |Lo6h "E{ Oh9G 2 | 7hGO 2 | GOLY T | 9GCE T | £6Q0"T |G6Eg” | TGT9™ |SEon” -|666T” [
09TL 1| 9169 °€ [9626" |€1eg T LLG9 2| T90n "€ [48E0 | LLaG +|Eong | LE9E H|9LEG 4 |hGLE “h| 2222 € | 9205 2 | ST10°2 |LT29°T [6062°T |gL66" |g6al’  |2gly* [L9E2" | 00OT'-
220°6| G26L €| 0En6" |CoGg T STTL 2|96Ly "€ T n[ogho “t| 4LE6 1 [#ECT C|22g0°C |REaL 1| G36L € | €g6L"2 | LLez g |QLEL T | 26TH T [TS60°T | Toog™ |6£2C” 1€662" | 96T - ¢
2692°C1 9868 €| LSG6" | €288 T| 906L 2| 9EES "€ jon0a 1| 99EL | 690T G| L6GE G |hGG2 "G |OLG6 [ OLGR H | §9S0°E | 2601 2 | TGe6 T [ones T [L4LT T | #lég- |T19S" |9lle” |ooo2'- |,
.TTQC G| gCL6 € {6286 | TLEG T| GhEQ 2| 0gh9 € |6TGE 1| 2226 | 49EE "G OELG € |G609°C [OLTH GI LEE6 # | CLGQ € | 6999 2 |G9Le e |206L T |9LLE T | 6666 |4€S9” |622€" | 000E"-
L966°¢| gEg6 € |26 | LThE T| 9Thg 2| LLEG "€ {h9t "4 |6LEG 4| LEGE G [LI6G S |88E9 G [enGh "Gl LO66 1 | 8€Q6°€ | 8LE6 2 | TTTIE 2 [09T8'T |L36E T | 9ETO'T [2899° |aLat" | 060E'-
£999°Gl 4L£01|2L00"T| T986 " T| 2606° 2| 00GL "€ | 7EQy 1| G960 G| €8EC G| L6TQ"C|8RT6 G [6LEL Sl 2ot G | TLBL % | QGTG E | 646972 1996072 |9664°T | SO9T'T |L9GL" |9ELE" | ooON"-

- 99€9°¢| €€40° 4| 1610 T|€0TO 2| 09n6 2| 1008 "€ |6L4S #8991 S| 9969 G| 26€6°G (250" 9 |ELLE G| €6LY"G | 20TT'G | £Ex0™ | 619672 |ShBe'2 [9SEL T | 2962°T {0818 |9Eon” | OnGH -
0TLG"¢| Logo 1| Lg20"T| 96202 76L6 2| Tong "€ | 1666 11 60E2 G| GHTL G|QEC0"9{82LT 9 [GLTT 9| 9TSE S | GoNE "G | 2906 Y |2n2g E |wogh'2 |OT98 T | LEnE T {BELG" |[QOEw" | 000G~
QTHE "6l 966 € [4S10° T} E€90°2] 9920 €] 8606 °€ | Lg9 #{THE G| 66487 G|GIET"9|069E "9 [ECSE "9  HGHT 9 | GGeL G | 9E90°G |9EC6°E |€ESg 2 |QOET @ | 2680 T |TT66" |LLgn™ | 8LBS"-

© 18626 G9£6°€|9Ln0"T{9L90 2| EE€0"E|8RT6 € |E00L | TOGE 'G1€L98° G| LLT2 910M6€E "9 [6EQE "9{€28T 9 {0BLL S 0L2T*C {GLoT 't |2916°2 {E2LT 2 | €LSG T {LBOO"T [€96%° | 0009° -
0£€g 1| hE2L €| LE90 " T| T00T 2| 9280 €| 8SR6 "€ | ToBL 1| E29% G| 2966°C|€2LE "9 |88LS "9 [6909°9} SOGH "9 | 0GOT 9 [E€€9S S |QTOR  |4Q09°€ |T994 2 [ #STQ T |989T T |2ELS | 00OL"-
9T6L | 420L "€ | L7190 T| 220T 2| 9680 €| TOE6 "€ | 9T6L 1| 2691 S| 17009 | 228E "9 190659 |6029°9} hLon "9 | LEST'9 | 9605°C |€8EQ " |HeoLl € 066G 2| T9€8°T |2TQT"T |26l | TLoL'-
2h2T 4| QOEE "€]69L0°T|L92T 2| 0£2T €| 5040 #2958 1| 68%% G| 600T 9| SLEN "9 1GLEL"9 [9EQL 9| 8T99°9 | STIE"9 | 6€88°C {2622°G |HhgE h [9GLT'E€ | 625T°2 1989€-T fLL99" 0o0og* -
6rno 4| g2ge € |61L0°T|ggeT 2| 2921 €| 6nn0 1| LT99 4| LGEG €| T60T 9{€L0G 9 |T6EL 9 [EL6L 9} TBLY 9 | TTGE"9 | 0806°S |0092°C 16Leh ' |8282"E | TOET 2 [968E°T 1SLL9" | 0608"~
016t €| On69°2| 1980 T{2SnT 2| 0TCT €} 98L0 1| Ln06 48809 C|2ELT 99685 9{€628°9 [8€06°9| 27089 | LTES'9 | 8T60°9 |2064°S [OLEL h |HEEQ E | on69 2 [E229°T fo2gL’ 0Tég" -
9L20°€|2909°2|8980 T} LonT 2] £EST €| T80 #9806 4 |9ET9 G| 06LT"9[S065°9{6LEG 9 [EETE 9| #ST8"9 | TGHSG 9 [hLOT'9 |20TS&°S LzoL*# |00Lg € | TO6L 2 |0GG9°T [096L° | 0006° =

- L€CT 2| 9TH6°T|€060" T|LEGT 2| On9T €| T960 % | TL26 4 |E9€9 "G w902 9{0E29-9{8GLe"9 [€8S6°91 18989 |6L09°9 | 92819 |€309'G |96L8 % G620 | 090 |9THE'T |THER: | TIG6 -
"6T60°T|GLEO T {6T60"T 69T 2|889T € |920T 4 {ESE6 1 |GOn9 "G |98T2 9 |GLEG 9 |6268°9 [hBLE6 9| 0268"9 |L6E9 9 |LET2 9 [€2n9°C (9626 |9n60 "+ | 2LGT°E |2gET 2 [SGLEO T | LIg6 -

0 011260 TIELST 21G69T E16E0T 4 |CoE6 1 loghe * ¢ 10229 {96£9 79 In66R°9 IETR6-91 1S68°9 |96£9°9 |H022'9 |ogn9"¢ |69E6 h {GEOT 4 | G69T°E |€L6T 2 [T260°T [ 0000 T~

NACA TN 2283

A- = £ £ = £1L)g6°0]T1S6°0 0163006080 [TLoL  0]gLas 0 |onGh 0 o60E 0 |wosT 0 | © |49¢T 0-}060E *0-{onGH " 0-{8LS 0~ | TLOL" 0~ | 060G "0 OTEQ 0~ | TTCE 0-|LLGE 0| q
. , B = 0

.

—f5 SNOLIVIS IV VLIV 0 GTONV CEDNQNI NT XLIONIZNOOSIQ OL EAT. 75 SNOLIVIS Tv ‘50T x —%
* )

2%l

‘NOIINGTHISIA IJIT -°I TTAVL




29

NACA TN 2283

A7 NIVN

0996° [2920° [6200°-{E£T00" {4000 -]€000° |T000°- [1000" 0 0 0 0 0 0 0 0 0 0 0| Llgé"
89L0" -1 #EES" [42E0" |6£00° - |gT00" |9000°=|#000* [2000°-[2000° {TOCO"*~|T000" 0 o e 0 0 0 0 0| TIG6"
€T20" [4TITT - |gn9e "~ |9E00" |2200°-{9000° - [2000°- €000’ - |T000" - [T000 "~ 0 1T000"~ 0 |T000"- 0 0 0 0 0| 0006*
HETO" |2T90°~ [ST2S" [8SE0° |m00°-|T200° 1L000"- |GO00* |2000°-|2000° [T000°~ |T000° [T000° - |T000" 0 0 0 0 0| 0168
8L00 | 20TO" |[TEGO - [TGTS” |6LEO° |gnO0°-|€200° |8000°-|9000° |2000°=|2000° |T000°- [1000' |T000°- {T000* | TO0O - | TOOO" o | To00* 0608°
¢€00° |£600" [2L00"-|29EE" |LE90* |g900°-|TS00" [STOO'- [#TOO* [000°-|9000° |2000°- [€000° [T000°- [2000° | TOO0O'- | 2000° | TO0O*- | 2000* 0008*
8200° |8S00° - [LBO0" |LTGO"-[OTTEG" |G6E0° |TSO0‘- iG200° |8000°-|9000° |€000°- |€000° [T000°- |T000* }|T000°- | T000" | TOOO'- | TOOO® | TOOO'~ | TlOL®
GTO0" |TTOO" [0900° [49TO"- [208E° [6£90° |9900°- 1600 |2T00°- [4T00" [#000°- |[LO0O® |2000°- [#000° |TOOO'- | £000° | TOOO'- | 2000° | T000"- | oOOL*
£900°-{9£00" |02TO" - |LTTO" [9LBO°- [#STE - |TLOO® |0€00°-|6000° - [€000°~{9000 - [TO00*- |£000°~ 0 [eo00°- 0] 2000°~ 012000°- | 0009°
T200°~|T200" |6400°=|6L00" [9640°-|080G" [QOHO" [HGOO - {L200° |6000°-]|L000° {£000°- [£000* -{2000°- |2000° | TO0CO*- | TOOO® | T00O*- | T00O" gLes:
8€00° [ T900°~|6G00" [42TO'~ [€QTO" [0E90°- [#G60° - [EETO"- |G200" [C€00°-|8T00° |CT00°- {9000° |6000°- [%000° | 9000°- | €000° | GooO'~.| £000* 0006*
0T00" |9T00°~{LTO0" |E/00"~|#LOO" |0gh0'-|9G0G" [6THO® |LC0O'-{6200° [0TOO°- [gO0O* = 4000~ |€000° |2000°- | 2000 | T000'- | 2000~ | TO0O'- | oOxGH
€200°-(6£00° [TE0O - [4900° [9600°-|06TO" [G990° |ETHO® |9nTO°-|GLOO" [#E0O°- [9B00° |STOO'- [4T00° |6000°- | 6000° | LOOO™- | 0E0° | 9000°- | ooON"
8000°~{L000" |€T00°~ |STOO" [6£00°-{0L00* |Lo#O"~ |9€0C" |ge2hOo* |6G00°-|TE00* |TTOO'- {g000" |4000°~ [H000* |2000°- | 2000 | 2000°- | 2000° 060€ *
Looo* |€000" 1g000" |3000° [9000° [6400° |29T0°- [SQLE* [0690° [9L0O'-|€900° [GTOO°- {1200 [9000°- |TTOO* |%000°- | LOOO® | €000°- | 9000° 000¢*
L100° |6300°-|2200° |GH00"~ (2700 |LOTO*-|€CTO" |€TLO"-|6EET"-|g2T0"-|8T00° |T400'- {2T00° |0200°- |LO0O® |€£100°- | G000* | 0TOO'- | Co0O0" ooo2*
%000 [9000°=[9000° [TTOO"-|€T00" |9£00°-{L900° [LGHO®-|LTOS® |QEHO* |T900°- |2€00° |TTOO'- [6000° |4000°- { 4000* .| €000°~ | £000°
8100~ [0200° [&T00~|L200" [2200°-|2G00° {E400°- [OLTO® |CLLO* |T6%0" [LSTO"- 18g00° |0400°- |4£00° [6700°- | 0200 - | £T00°~ | TOO"
#0000~ €000 |5000"~|S000° [0TO0"-|2TO0" |#E00°- §900° |Ly#0°- 000G |LihO" |4900°- [4€00" |2T00'~ |0TOO" | G000"- | G000~ | £000°-
0TO0" |STO0"~{£T00" |0200" |[6T00° |4£00°-|0n00° |gO0°~|LGTO* |T6#0°-{GLLO" = [OLTO'- |Eq00° l2goo'- |ez00° | L2oo"- | ¢T00° | 0200°-
2000° |€000°=1€000" |#000"~ 000" |6000°~|TIO0" [2E€00° - |T900° |gEO'~|€Q6K" [LGn0" |L900*- [9€00* |£T00°- | TTOO" | 9000°- | 9000°
€000°~|0T00" }6000°=|£T00" [LO0O"=|0200° (2T00°~"|THOO" |@TO0'- |@eTo* |6EET" |ETLO® €GTO"- |LOTO™ |eh00°- | GH0OO™ | 2200°- | 6200°
9000°~ [£000° |{L0O0O"~ [4000" [TTOO-|9000° [T200°-|GTO0" |€900°-{9L00° |0690°- |SRLE - |289TO" |6100°- {9000°~- [ QOO0 - | §00O"~ | £000°~
2000°- 12000 [2000°=[2000° (4000 '~ (#000° (8000~ |{TT00" [TE00"-[6G00" |82xO '~ |#96%" |LonO™ |0L0OO'- |6£00° |[GTOO'- | €T00" | LODO'~
9000° {8000 -]|L000" [6000°- 6000 |4TO0'~|CTO0" |9200° - [7E00° |GLOO -{9HTO" |E€THO'~ [6990°- |06T0°- |9600° |4900°- | TE0O* | 6E00°-
TO00" |2000°-{TO00" |2000°-|2000° |€000°~|%000" |g000°-|0TO0" |6200°-|LG00° |6THO =~ |wh6H" |OQHO"  |HLOO'- |E400" | LTOO'- | 9T00°
€000~ [S000° |£000°-|9000° [%000°~|6000° |9000-1GTO0" [2T00° - |GE00" |G200°-_ [EE€TO"  [4G60° |0Eg90* [€QTO°- |#2T0" |6600°- | T900°
TOO00 "~ [TO00" | TOOO"~|TO00" (2000 -[2000° [£000°~[£000" (LO0O"~|6000° |L200°- |#S00" |gORO“- |026%* [9640° |6L00°- | 6400° | T200°-
2000° 0]2000" 0[2000° 0|€000° [T000" |9000° |[E£000° {6000°- [0E£00" (TLOO°- [4GTE* |9Lgo" |L1TO"- loOBTO® |9€00°-
TO00™ |2000°-|TO00" |€000°=|T0O00" [4000*-|2000° [LOOO"- [{000* [4T00°-|2TO0" |TG00'- [9900° |6£90°- |20t - |#9T0* |0900°~ | TTOO"-
TO00" |TO00"=|TO00" |TO00"-|TO00" |TO00°-]TO00* {€000°-[€000* |(9000°-[g000° [&200°'- {TG00" |G6£0°- |06gh . |LTG0" {lgoo '~ |'gso0°
2000° - |T000" |2000°~|TO00" |2000°~{T000" |E000°-12000° {9000'=~ §000* [%TOO'- [2TO0® |[TG00°~ |@900° - |L&9o*- |29Ee’- jeloo” |£G00°-
TO00 "~ 0| TOCO™={TO00" [TO00"-{TO00" [TO0O"-{TO00" |2000°- [2000° }9000°- (gO00" [€200°'- [@H00* |6LEO*- |64gh° | TS6Go" |20TO°-
0 0 o} o 0[1000° - [T000° |T000°-[TO00* |2000°-{2000* |G000°- {Looo" [T200°- |thoo" [g&fo'- |ggle |2190°
0 0 o| 0 o|too0* 0| to00" 0{T000" |T000" |€000° {2000° {9000° |2200° {9£00°- |ghoz*® |HTTT"
0 o o ¢ 0 o} o} 0{T000°~ |T000* |2000°~ [2000° {000°- 19000° [gTOO‘- |6£00° |#2t0'- |999%"
0 0 0 0 0 0 0 o] - 0 0 0 [ T000°0- [T000°0 |€000°0- [#000°0 |E€T00 0-{6200°0 |2920°0-{OnER 0 | LLg6 0~
. . ) q
LLg6°0 {T166°0|0T6Q 010608 0 [TLOL 0 |8LRS O|ONGH O[060E° 0 R9ST O O  [H9GT 0-] 060E "0= |OhGH *0-| QLGS O~ |TLOL 0= {0609 0~| 0T6g 0~ TTS6°0~] LLg6 0~ a 2
: %
|mm SNOIIVIS IV MOVLIV 40 TIONY QEONANI NI XIIONITNOOSIQ OL End mw NOIIVIS IV wa ‘ NOILOTHHOD TIONY -°II TIEVL
£




NACA TN 2283

30

P
12h0" - 0 0 0 0 0 0 0 | Lig6®
TG6T 0 0 0 0 0 .0 0 | 156
1063 | ttoe-1 . o 0 0 0 0 o | otég:
Teo° - | Llz6e | o¢gor-| t1%0° - 0 of o o | oéog*
ol feste | eeM6e 9L8T- | GlT1°- ol © o o | tlole
0| L9¢0°-{ teet" | 2116° | 98l% | gozar:- 0 0 | 8l36"
0 of dggor-| Litor- | ¢g9L+ | GM69* | tegor -| Logt -| oman
0 0 0 0| filet:-| ¢oz9* | LS6g | 692 | obog
0 ol = o 0 "o} ofét -| coz¢’ wooo.ﬁ‘u.awmﬁ.
0 0 0 0 0 0| 6¢81°0-| olée o~ 0
. : | q
0006°0 | 0008*0{ 000L°0| 0009°0 omom.o 000f* 0| 000£*0 | 0002°0 ) T2
| - \ T3

dvid HHL 40 AN HHI IV A
. *

||«mo
oﬂov

SEINTVA ONINIVIGO ¥od ¢ SHEITIILINW NOILVIOWHINI -°III I4VE




_31

NACA TN 2283

LIV

1120° - 0 0 0 0 0 0 0 LLG6®
662T" 0 0 0 0 0 0 o] T86°
2026* | Llzo*- 0 0 0 0 0 . 0| 016g°
040" - | g2h6* | z610°- ooﬂo.-, 0 0 0 o| oéog:
0| 6001 | ztg6* | 600T* | H6to" - 0 0 of tlols

o] 0910°- 9690° | geh6* | fols | 9¢90° - of o s8lgs
0 0] 90T0° - [ L420°~ | Jon)- | 269 | €8T0°- | 2¢fo* - | ofSn:
0 0 0 0| L190° - | oget | €996 | fotz* | 060g*
0 0 0 0 o 2m%0*- | oz90* | gobl: | f9stT-

o] * o 0 0 0 : o | 00T0* - | 0850" - 0

q

0006°0 | 0008°0| 000L°0| 0009°0| 0005°0| 0oOt* 0| 000%° 0| 0002°0 _Q e

. e
mmm SNOIIVIS HSIMNYVAS EHI IV wawﬂo d0

SENTVA ONINIVISO ¥O4 " SWAITAILIAN NOILVIOJMAINI -°AT FTIGVL




32

NACA TN 2283

TABLE V.- WING-COEFFICIENT MULTIPLIERS

%Z n - m s | o Sma
-0.9877 | 19 |0.01638 |------- -0.00809 | =--=----
- .9511 | 16 | .01618 |------- - 00769 | ------
- .8910 17 ou7sly | ------- - .02118 | -------
- .8090 | 16 .03078 | ------- - .01245 | -------
- .7071 | 15 07405 [ ---=--- - .02618 | -------
- .5878 | 1 ;ouzaé ------- - 01245 | -------
- .4sho | 13 .09%31 | -=-ona-- - .02118 | -------
- .3090 | 12 .04980 | ------- - .00769 | -==-==-
- .iséu 11 10343 | e-mmee- ; .00809 --------

0o 10 .052%6 | 0.05236 0 0

as6k | 9 | .10343 | .20686 .00809 501618

3090 | 8 | .o4980 09960 .00769 .01539 |

LskLo 7 .09331 18661 .02118 .04236

5878 | 6 | .ok236 | .08L72 01245 | .02490

7071 | 5 { .07L0S 14810 02618 | .05236
| .8090 L .03078 06155 .012445 .024,90

‘;8910 3| .oL7sl 09508 .02118 | .04236
©.9511 2 .01618'. 03236 .00769 .0153§

.9877 - 1 .01638 03276 .00809 .01618




NACA TN 2283 33
TABLE VI.- CALCULATION OF AREA MULTIPLIERS WITH SPECIAL
CONSIDERATION AT THE END OF A 0.5-SPAN FLAP
Fa;:tors for areas 1ndicatedv

be m A B c o E P Total | 35 8in 3§ g
0 10 % % 0.157080 0.05236
56| o9 | 4 l}t 55046 | 20686
.209| 8 % -;—g % 1149392 .10513
st 7 %z 2 -139959 | .16588
.500 6% %- &% ' %5 .136035 .00907
588 | 6 %’17 % g,‘; .'1;7080 09413
707 | 5 -1%3 % 176 .111072 14481
.809 | % .;. : % .092329 .06155
891 | 3 % % 071313 .09508
951 | 2 % % ' % .o4,85L0 .03236
.988 | 1 % % 024573 .03276

\
A
10 l9 8 l7 6 5 2' 1 0

0 ~ 0.156 0.309 0.454 0.588 0.707 0.809 0.891

0.951 0.988 1.0
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TABLE XI.- CALCULATION OF WING COEFFICIENTS

FOR EXAMPLE‘WING

(A = 9.021; ag = 1o.o§]

(1) (2) T 3) (k) (5)
2y : Mult%pliers ,_E%: o E%: X oy
ms (table X) (table X) (3) x (&)
0.05236 0.277 5.96 1.651
.1564 .20686 264 L7k - 1.251
.3090 ~.09960 .2k’ L. 34 1.05
JAsko 18659 . | .213 k.40 937
.5878 .0L870 165 6.59 1.087
.T0TL L1130 .108 -1.19 -.129
.8090 .06290 .086 -7 -.015
.8910 .09508 068 67 - .0k6
9511 .03236 .051 2.47 .126
9877 .03276 029 . k.92 L1k
6 -0 .00589 156 7.30 .11k
6+ 0 .03560 156 472 ..T36
Cp, = AZ(E) x (3) = 1.599 - '
A) (2) % (5)
Cpy = ——5- = 0.1017
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TABLE XIII.- COEFFICIENTS USED TO OBTAIN
SUCCEEDING APPROXIMATIONS
AE ,
—n— K Ko Ky Ko K3
10.095 2.384 1.000 0.498 0.3391
8 ] 8.418 3.000 1.000 401 .258
12 8.141 3.571 1.000 .338 .215
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(a) Asymmetrical distribution.

(b) Symmetrical distribution.

I1I

(I) reversed
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(c¢) Antisymmetrical distribution.
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Figure 2.- Method of combining distributions of d12/6.
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[e———— Boom containing pressure tubes
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Figure T7.- Experimental pressure distributions at an angle of .attack ‘
of 13.1° for a wing having NACA 64-210 airfoil sections, an aspect
ratio of 6.0, a taper ratio of 0.5, and partial-span split flaps.
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RS - Area (1) fo.

area (2)

_ Y L' | Y
- s — : t =

Figure 9.~ Definition of symbols used in numerical integration for unequal
. increments in independent variable..
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Figure 12.- Coefficients used to obtain succeeding approximations. r = 20.
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20
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. /{{ | a
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(a) NACA 64-210 sections; split flaps.

Figure 13.- Experimental and calculated 1lift curves for wings with and
~ without flaps; aspect ratio, 9.021; taper ratio, 0.4; washout, 2°.
Experimental points designated by symbols. .
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(b) NACA 65-210 sections; split flaps.

Figure 13.- Continued.
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(c). NACA 65-210 sections; single slotted flépé.
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