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METHOD FOR CALCULATING THE ROLLING AND YAWING MOMENTS DUE TO
ROLLING FOR UNSWEPT WINGS WITH OR WITHOUT FLAPS OR AILERONS
BY USE OF NONLINEAR SECTION LIFT DATA®

By AvreerT P. MARTINA

SUMMARY

The methods of NACA Reports 8656 and 1090 have been
applied to the caleulation of the rolling-moment and yawing-
moment coefficients due to rolling for unswept wings with or
without flaps or ailerons. The methods are based on lifting-
line theory and allow the use of nonlinear section lift data.
The method presented herein permils calculations to be made
somewhat beyond mazimum Uift for wings having no twist or
continuous twist and employing airfoil sections which do not
display large discontinuities in the lift curves. Calculations
can be made up to mazimum Uift for wings with discontinuous
twist such as that produced by partial-span flaps or ailerons,
or both, Two caleulated examples are presented in simplified
computing forms in order to illustrate the procedures involved.

INTRODUCTION

The calculation of the rolling-moment and yawing-moment
cocfficients due to rolling has received extensive treatment in
the linear lift range; several of the better-kmown sources
are references 1 to 3. Methods for making the calculations
in the nonlinear lift range, however, are comparatively
few (for example, refs. 4 to 6) and are based on the overall
lift and drag of a wing.

Methods for calculating wing characteristics in the non-
linear lift range by using lifting-line theory and nonlinear
section data (refs. 7 and 8) have given estimates which
agree closely with results of wind-tunnel tests of nonrolling
wings, as seen in references 8 and 9. It was believed,
therefore, that these methods could be utilized in the cal-
culation of the rolling derivatives and that such calculations
might be more accurate than those made by existing methods.

Although the application of the lifting-line method to a
rolling wing in the nonlinear range is implicitly contained in
reference 7 and partially illustrated in reference 8, it is the
purpose of the present report to outline the procedure of
calculation by means of several illustrative examples. In
addition, some new considerations regarding the application
of these methods to the calculation of the rolling character-
istics are presented and discussed. Because of the supple-
. mentary nature of this report, the reader should be reasonably
familiar with references 7 and 8.

SYMBOLS

The term “section’” as used herein denotes the section
characteristics in three-dimensional flow.

A aspect ratio

Co wing drag coefficient

C wing rolling-moment coefficient

Cy, coefficient of wing damping in roll, 00, / b(zﬂé—

Cy wing lift coefficient

C, wing yawing-moment coefficient

Cn, coefficient of wing yawing moment due to rolling,

1)

0o (%5 :

E effective edge-velocity factor for symmetrical part
of lft distribution, 4/ 1453

E’ effective edge-velocity factor for antisymmetrical
part of lift distribution, \/ 1 —[—%6;

F factor used in altering two-dimensional lift curves

K, K, coefficients used in obtaining succeeding approxi-
mations of lift distribution

R Reynolds number

1% velocity

a two-dimensional linear lift-curve slope

wing span

c local chord of wing

¢, root chord

c mean geometric chord, 5/4

Cay section profile-drag coefficient

(€20)o two-dimensional profile-drag coefficient

¢ section lift coefficient

Ciy additional section lift coefficient for Cp=1.0

e two-dimensional lift coefficient

.. maximum section lift coefficient

(Ctmes)o ~maximum two-dimensional lift coeflicient

Cis section lift coefficient for a particular flap deflection

D angular rolling velocity, radians/sec

1 Bupersedes NAOA TN 2937, “Method for Caleculating the Rolling and Yawing Moments Dus to Rolling for Unswept Wings With or Without Flaps or Ailerons by Use of Nonlinear

8cction Lift Data” by Albert P. Martina, 1953.
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r number of intervals between points of calculation
along span
t maximum thickness of wing section
Y spanwise coordinate )
a angle of attack, deg
a, correction for induced angle of attack, deg
a, effective angle of attack, deg
ay induced angle of attack, deg
ay angle of attack for zero lift, deg
a angle of attack for two-dimensional lift curves, deg
a, angle of attack of root section, deg
ay uncorrected induced angle of attack, deg
Bt induced angle-of-attack multiplier for asymmet-
. rical distribution
b magnitude of discontinuity in absolute and induced
angles of attack, deg
€ geometric angle of twist, negative if washout, deg
€ approximate average angle of twist,
1 z
4 24+1.273 1—<ﬁ>
41 4° b/ |42, a
2¢) -1 24136 b 4%
€ angle of twist due to rolling motion, deg
€ angle of twist at wing tip, deg
A taper ratio (ratio of tip chord to root chord)
] ratio of actual two-dimensional lift-curve slope to
theoretical value of =%/90
Nm ares multiplier for asymmetrical distributions
Vi interpolation multiplier
Om moment multiplier for asymmetrical distributions
Superscript:
* denotes value at end of flap or aileron

CALCULATION PROCEDURE

Inasmuch as complete theoretical developments of the
method used herein are given in references 7 and 8, only the
items pertinent to the purpose of the present report will be
given. The method is based on lifting-line theory and uses
the effective edge-velocity factors E and E’ to correct for
the effects of aspect ratio, following the concepts of reference
10. Since E and E’ as used herein are in themselves only
approximations for elliptic wings, it should be realized that
the results given by the present method at zero lift will not
agree exactly with the values which would be obtained by
using lifting-surface solutions for a given two-dimensional
lift-curve slope. However, such differences are expected to
be insignificant.

The calculations for wings having no twist or continuous
twist are discussed in the following section and are illustrated
by means of example calculations for an untwisted wing
designated as wing A. The calculations for wings with
discontinuous twist require a slightly different procedure
and therefore are discussed in an additional section. The
latter calculations are illustrated by means of example cal-
culations for a wing with partial-span flaps designated as
wing B.
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WINGS WITH NO TWIST OR CdNTINUOUS TWIST

The rolling motion of a wing produces an antisymmetric
linear aerodynamic twist distribution which gives rise to
the rolling derivatives. In the method of calculation used
herein, the aerodynamic twist produced by the rolling motion
is treated as a wing twist for purposes of obtaining the
distribution of o;. Components of the inclined force vectors
are then found, from which the rolling derivatives are
determined.

Use of section data—The two-dimensional data at the
Reynolds number appropriate to each wing station are simply
plotted against an effective angle, a,—=aE. Either the
section lift coefficients ¢; or the load coefficients c.c/b can
be used, although the use of the latter is believed to result
in considerable savings in computing time. The load co-
efficients were used in the example calculations for wing A

-and are presented in figure 1. .A single drag curve was used

inasmuch as no account was taken of the spanwise variation
in Reynolds number due to taper; the curve is presented in
figure 2. The curves in figures 1 and 2 are based on data
taken from reference 11 for the NACA 65-006 section at o
Reynolds number of 3.0)10°%; however, the drag data were
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Figure 1.—Section loading cur\‘,':}c;1 usgd in the example calculations for
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wing A.



METHOD FOR CALCULATING THE ROLLING AND YAWING MOMENTS DUE TO ROLLING FOR UNSWEPT wiNGgs 251

extrapolated to higher angles of attack on the basis of results
in reference 12 for the NACA 64A006 section.

Determination of the lift distribution.—The effective angle
of attack at any station ¥ is given by

a,=a—a;—Aa, ey
a=aytetep—ay—Ac, @
where
180
=5 (3)
ai=r 1(0;0 (4)
and
ta=Z=E ((a—ad—(a—ad-s] ®)
2K

The evaluation of equation (1) by the method of reference
7 is one of successive approximations, in which a distribution
of ¢;e/b is initially assumed. From this distribution and with
the values of the multipliers S8 given either in table I for
r=10 or in reference 7 for r=20, & distribution of «; is
obtained by using equation (4); equation (5) can then be
evaluated. With all the components on the right-hand side
of equation (2) determined, it is possible to find «,. Values
of ¢; corresponding to the values of «, are found from appro-
priate section data, after which a check distribution of ¢.c/b
can be obtained. If these check values of ¢;¢/b do not agree
with those initially assumed, new values are assumed and the
process is repeated until agreement is obtained. In the

TABLE I1.—INDUCED-ANGLE-OF-ATTACK MULTIPLIERS Bu»
FOR ASYMMETRICAL LIFT DISTRIBUTIONS
WITH r=101!

[on=% () =]

\ 2| —o.o5u | ~0.800 |-0.587 | —0.3000] 0
Zy k
> | o 9 8 7 6 5
—oosn| o | mu7es|—ssm| o |-2m8] o 1 | oesn
.m0 8 | —83.463 | 121.847 |3k 405| o0 25 2 | .80
—tem| 7 0 | —4r.854| 83527 |-29.824| o0 3 | o878
—am| 6 | —661| 0 |-85.000 | 76305 | —28532 4 | .3000
0 5 0 —a3m7| 0 |-30.00| 7Lem| 5 | o
00| 4 | -L76| o0 |-a388] 0 |-286%2 o6 |—.3090
L E 0 L8| 0 |-282| o 7 | —.6878
8020 2 | 64| 0 —8m3| 0 25| 8 | —.s00
R 0 —:| 0 —o8| o 9 | —es11
1 2 3 4 5 N7 2
b
2y \
o.0511| o0.8000] o0.587] 300 0 N

1 Values of k at top to be used with values of m at left slde; values of k at bottom to be used
with values of m at right side.

following examples, methods are indicated by which the

- differences between the check and initially assumed values

are utilized to obtain the succeeding assumed values so that

agreement is reached in a minimum number of approxima-

tions. KEquation (5) corrects the effective angle to account

for the E’ factor that is used with the antisymmetric com-

ponent of Ioading when the section data are plotted against
ay= ok,

Determination of the rolling-moment and yawing-moment
coefficients.—After the distributions of ¢,c/b and ¢4,¢/b are de-
termined (distributions of ¢4¢/b are obtained by using the
plots of section data), components of these distributions
along the z- and z-axes in the wind-axes system give the
following expressions:

CsC Cdoc

F="p 08 (ep— a‘)—T 8in (ep— o) (6)
C:C__CiC Cq,C . )
=0 c08 (ep— ai)+T 8in (ep,— oy ¢h)

For the angles usually encountered,

cos (e,—ap) =1
and

sin (ep—ay) %-1781-—0 (ep—as)
so that equations (68) and (7) become

e C4C cio w

=5 b 180 o . ®
Cg C
=5 1g5 o) )

It is easily seen that, for ¢,=0°, equations (8) and (9) reduce
to the usual expressions for the section contributions to the
lift and drag of a nonrolling wing inasmuch as the contribu-
tion of ¢q, to the lift in equation (9) is usually negligible.
Spanwise integrations of equations (8) and (9) yield the
yawing-moment and rolling-moment coefficients as follows:

¢ =4f [cdo 75 ¢ “‘)] F 5 213; 10
CrmA S [("—"I;fl—% %), (e,,—a,).,.] on (108)
0"_"f I:"’+""° 180 (&~ “‘):I F R

S (G COR N

Values of the numerical integrating multipliers ¢,, are given
in table II for =10 and r=20 in addition to the area mul-
tipliers 7». The 7, multipliers may be used to find Cr, and

Cp by similar relations, that is, C,—A E ) c,c) Nm, and S0
me]
forth.



252
Application of the method.—In order to illustrate the use

of the method, an example is presented for wing A at an .

angle of attack of 12°, rolling at such a rate that the wing-tip
helix angle pb/2V is 0.01 radian. The calculations are made
for r=10. The pertinent dimensional data are given in
table III and the lift distribution is calculated in table IV.
The initially assumed load distribution in the linear lift
range can be most rapidly obtained by using methods with
which the reader is probably already familiar. TFor example,
nearly exact initiel assumptions can be made very quickly
by proper use of the numerous lifting-surface solutions which

TABLE II.—~WING-COEFFICIENT MULTIPLIERS FOR WINGS
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are available in chart form and thus effect appreciable savings
in computing time. For the sake of presenting a numerical
procedure, however, the method of reference 13, which has
been shown to give very good results in most cases, was used
in this report. By combining the equation of reference 7 for
the_initial approximation with equation (33) of reference 8
and equations (13) and (18) (modified for E) of reference 13,
the following expression is obtained for the initially assumed
load distribution:

¢ic 1 Ac 2y
D) srena=3 | 512739 1~(F) ‘

WITHOUT DISCONTINUOUS TWIST

Ci 4 Aalle—%) , Aage,

(12)

A+18" AE+6 "AE+4

2y =20 =10 TABLE III.—GEOMETRIC CHARACTERISTICS OF WING A
D
Taper ratio, » 0.60  Geometrie twist, ¢, d Nono
m - o= m un I Lov} ratio, 400 Edgoveloolty factor, 1.
B Root section NAOA 65006 Edge-veloclt{ factor, E' 1414
—0.0877 19 0.01638 —0.00809 | .. Tip sectlon NACA 65006  Wing Reynolds number, B 3.0X10%
—. 9511 18 . 01818 —. 00768 9 0.08472 —{. 03078
—. 8910 17 . 04754 —. 02118 | ...
—. 8090 18 ~03078 —01245 8 ~05154 =l02180 2y (2 R £ < «
-7 15 . 07405 —. 02618 | ... b b (assumed) c o
—. 5878 14 . 04238 -—. 01245 7 . 16943 —. 04880
-. 4540 13 . 09331 —. 02118 | .____
—. 3090 12 . 04880 —. 00769 . ] . 09958 —. 01539 0 Q. 3127 3.0X10% 0.06 0 0
—. 1664 11 . 1n343 —. 00809 | oo .300 . 2740 3.0 .08 0 0
10 . 06238 0 5 . 20944 0 .588 . 2392 3.0 .08 0 0
. 1564 9 10343 00809 | ... . 809 L2115 3.0 .06 0 0
« 3020 8 . 04880 . 00769 4 . 09958 . 01539 .851 . 1937 3.0 .00 0 0
4540 7 . 09331 L02118 | o
5878 6 . 04238 . 01245 3 . 16943 . 04880
BB || e | e e [0 2]
~8910 3 754 R TIT S : : b AGN b
R 2 P g - 06472 - 08078 (Altervalues of £ near tiplfﬂpbroundod.)
TABLE IV—CALCULATION OF LIFT DISTRIBUTION FOR WING A
[cz.-12.00°; %—0.01 radian]
0] ® ® ® ® ® ® ® ® o ® @ @ @
Multipliers Sus
Z c_: / 8 7 8 5 %’:i « A, Qe Ozlgck
b (assumed) reovfego at » (astet-op) ‘ B-0-® 5
2y
b ~Z.o51 | —sm —-538 —08 ® @)
—Q, 951 Q. 0901 231, 768 —43.879 0 —2 148 0.0958 (.59 —0.55 1145 d4—-0,04 4,90 0. (901
—. 809 L1484 —83. 463 121, 547 —341. 405 0 —2.573 . 1580 3.95 —.48 11. 54 —. 00 7.65 . 1481
—. 588 V1877 0 —47.354 88.527 —20, 824 . 1930 2907 -3 11. 68 —.05 874 L1877
—. 309 .2183 —6.610 0 —35. 060 76.305 | —28.532 <2220 263 —.18 11.52 —-.03 8.92 .2183
0 . 23689 0 —4.377 0 —30.000 7L 620 . 2369 2.63 0 12. 00 0 8.38 . 2309
.309 L9290 —1.716 0 —3.388 0 —283. 532 . 2183 *3.03 .18 12,18 B3 9.12 L2220
588 . 1939 0 —1.188 0 —2.882 1877 315 .34 12 34 .05 0.14 L1039
809 L1580 —. 544 1} —. 863 0 —2.573 L1484 4.34 .48 12.46 .08 813 1600
. 951 . 058 (] —.288 0 —. 558 . 0901 7.28 .55 12,55 O 524 L0050
2y
b L851 809 588 .309
k
1 2 3 4
-
22, = XD X Bt (0T 9ZERT; oty =2DXBumx foT SRk 1
"Aa.-E'zng [(e—adr—(a—a)i-1).
cai= XX,
1.414—1.118
gD —6.59)— — -
Acry S(LALE) [(11.45—6.59) — (12.55—7.26) ] =—0.04.

cai=ZOX@®.



METHOD FOR CALCULATING THE ROLLING AND YAWING MOMENTS DUE TO ROLLING FOR UNSWEPT WINGS 253

where ¢, is the section lift coefficient for the geometric
angle of attack in question. This loading is entered in col-
umn (@) of table IV in normal order and in column in
reverse order. The loading is entered in this manner in
order to shorten the size of the computing form. The
mechanics of computing are all self-explanatory and it will
be noted that the correction to the antisymmetric part of the
loading is made in column @ as obtained by using equation
(5). Tor the sake of brevity only the final calculations have
been shown in the table. The check load coefficients in
column @), read from the section plots, will usually not agree
with the assumed values for the first approximation. The
" process is repeated until agreement is obtained between
the assumed and check values of ¢;c/b. The manner used
in determining the succeeding assumptions is dependent on
a number of factors such as the linearity and the slopes of the
section loading curves and on whether r=10 or r=20.
Various methods for obtaining succeeding assumptions are
presented in the appendix. When celculations are being
made for more than one angle of attack, the first assumption
for the second angle of attack can be based on the solution
for the previous angle of attack by finding the value of c,c/b
corresponding to an angle ’
da,
tey= ¢, + (Cts;— s o (13)
da,
Oy
Once the values of &, have been determined for two angles of
attack, plots of «, against «, can be made for each section.
Values of ¢;¢/b corresponding to the extrapolated values of a,

in which it can be assumed that =~0.7 in the linear range.

will usually give a fairly accurate first assumption and thus
minimize the amount of computing required. If only
limited calculations are being made, it is recommended that
any celculations in the nonlinear range be based on the
results of a calculation in the linear range in a manner
similar to that just described. In general, this procedure will
eliminate a rather arduous solution since the load distribu-
tions may change very rapidly in the nonlinear range.

After the induced angles of attack and the lift distribution
are determined, then the profile-drag distribution can be
determined. Inasmuch as each section is assumed to be
acting two-dimensionally, the section drag coefficients are
obtained at the section lift coefficients or effective angles a,
for the proper values of Reynolds and Mach numbers. The
calculations are carried out in columns @ to () of table V.
The calculations leading to the rolling derivatives are carried
out in columns (® to @ and at the bottom of the table.

WINGS WITH DISCONTINUOUS TWIST

The discussion in this section is limited to the case where
r=20; & similar method could be devised for 7=10. It is
emphasized that the method of altering the two-dimensional
data, which is subsequently described, applies only up to and
including maximum lift and therefore precludes the calcula-
tion of C;, and O, beyond maximum lift. )

Alteration of two-dimensional data.—The two-dimensional
data to be used for wings with discontinuous twist must be
altered in order to avoid a discontinuity in the spanwise
distribution of maximum lift coefficient at the end of the
flap or aileron since no such discontinuity exists in the

TABLE V.—CALCULATION OF THE ROLLING DERIVATIVES FOR WING A

I=1 O =
[a. 12.00% 20,01 mdlan]
® [©) O] ® O] ® @ ® ® @ @ ®
[ 94
ca.c () [, Cre,
2y a, 3y ¢ i « ai —ay 3 Xler—ad) > FXo—a) am
tablo fig. 2 3 b 0.573XD (table IV) (table IT)
b (tableI¥) | - (A& ) b OX® OX® | (tabloIv) Ox®
—0.951 4.90 o.oor7 | o187 0.0015 —0.55 6.5 —7.14 —0.0108 0.0001 —0.6428 —0.03078
—. 800 7.65 . 0608 L2115 L0129 —.48 3.96 —441 —. 0567 L1484 —.8544 —.02489
—, 588 8.74 0362 2302 L0206 —.3 297 —3.31 —. 0682 L1877 —. 6207 —. 04080
-, 300 802 .0912 . 2740 . (250 -.18 2,93 —3.11 -—. 0776 . 2183 —. 6778 —. 01539
0 533 L0763 L3127 ) 0 3.6 —s.62 —. 0864 2360 —.8578 0
309 0.12 0964 L2740 L0254 18 303 —2.85 —. 0754 L2220 —. 6336 01539
) 9,14 - 0970 2392 .02 3 315 —2.81 —. 0852 .1030 —. 5410 - 04980
509 813 ~0705 L2115 -0149 .48 e —38.88 —. 0578 .1560 —.6012 02489
951 5.24 .0082 1937 0016 55 7.26 —6.71 —.0107 L0058 —~.6433 03078

Ct

pb
2V

Cr =

i —4 3 8% (@@ ) =008

—0.00203
0.01

Cums A S0 (@—75® ) =0.00042

O rs Cn 000042
" pb  0.01

1%

-—0.203

=0.042
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physical flow. The maximum lift-coefficient values are
altered (see ref. 8) by the relation

Clomaz™ (c’ua:)o—l—F(Ac‘*m)

where the spanwise variation of F' is given for several cases
in figure 3. An illustration for deriving the F factors for
any wing is given in figure 4. The quantity Ac,* _ is the
increment in ¢;,,, 8t the discontinuity due to the deflection
of the flap or aileron for the proper local Reynolds number.
The values of ¢; and « are then altered according to the
equations

(14)

LY cl
1=

Cto—(cl::)o (1 5)

a=c1+E(ae—au;) (;;::X (16)

The data altered in this manner are shown plotted in figure
5 for wing B with 60-percent-span split flaps deflected 60°.
For purposes of comparison the unaltered two-dimensional
section data cross-plotted from reference 11 are also shown
in figure 5.

.The two-dimensional drag values as such are not altered,
but the values of (¢4), corresponding to the values of ¢,
are replotted against either ¢; or a,. The drag data used in
the example for wing B are shown in figure 6 plotted against

12 | | T
] I X A
—I1.0 6.4
10 ———————— 25 &4
_—- Elliptic 6.4
8 ———-=-———Elliptic. 12.7
N — —-———Eliptic 6.4
———---——Elliptic 6.4
6 9.0
. \
. \
2
0]
-2
-4
-6
(0] 2 3 4 5 6 7 8 9 10
Z
b
Fraure 3.—Factor for altering two-dimensional data for several wings
having discontinuous twist.
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¢;. 'The data for the unflapped sections were taken from
reference 11, cross-plotted to the values of R shown in
figure 5. Since no drag data were available for the NACA
64—210 section with split flaps deflected, the data for the
NACA 23012 airfoil section (ref. 14) were used inasmuch as
the lift curves were similar to those for the NACA 64-210
section up to maximum lift. Since the data of reference 14
were for R=3.5X10%, no account was taken of the Reynolds
number variation across the flapped portion of the span.
The manner of alteration just described is necessarily arbi-
trary and further experimental work may indicate a dif-
ferent procedure; however, it should be recognized that the
drag contributions depend on the differences in «, between
the right and left wings and therefore are not critically
dependent on the absolute values of the drag polars.

= Gg (method of ref.7)
—

Cya) (method of ref. 8y’

Z16)]

™Gz z— ot m=10
ot
0]
i
o N |
e
| - b |
0 2 1.0
b
F
Inboard Outboard
Taw -G, €1 (s)—Gaer g
(G1— e ,* (G~ Ga)er ~

Fiaurs 4.—Schematic illustration of the calculation of the factor F
used in altering the two-dimensional data for a wing having dis-
continuous twist with the discontinuities located at --2y*/b.
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Fiaune 5.—Unaltered two-dimensional and altered section lift curves used in the example calculations for wing B. Two-dimensional curves cross-
plotted from data of reference 11.
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Figure 6.—Section drag curves used in the example calculations for wing B.
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Determination of the lift distribution.—For wings with dis-
continuous twist the induced angle of attack computed by
means of equation (4) is modified by & term which is pro-
portional 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 lift dis-
tribution of a wing with partial-span flaps or ailerons de-
flected. , This induced angle, according to reference 8, is

_a,,k+a(““) an

where a,, is the uncorrected induced angle of attack given
by equation (4), 5 is the magnitude of the discontinuity, and
values of the correction factors «,/é taken from reference 8
are given in table VI. These correction factors depend only
on the spanwise position of the discontinuity and apply to &
deflected flap or aileron extending from the point of dis-
continuity to the right wing tip. Values for any spanwise
extent of the deflection of the flap or aileron, or both, can be
obtained by combinations of the values presented. For
example, if the flap deflection is symmetrical and extends over
60 percent of the wing span, the values of «,/5 would be
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obtained by subtracting the values of 'a,ja corresponding to
2y* =0.6 from those which correspond to gg—*——o 6. The

tabular values of «./§ for _Zl:_*=2_§{ are for the flap side of the

discontinuity (g%*-I-O) ; therefore the corresponding section

lift curves should be used with these values. The value of §
is obtained as shown in figure 5.

If the discontinuity is located at a station other than
2—bli=cos E}; the values of (c;¢/b)* are interpolated from the
calculated values of ¢;c/b as follows:

(%) = ().

values of the interpolation multipliers v, are given in table
VIO for various spanwise positions of the end of the flap.
Multipliers for positions of 2y*/b other than those tabulated
can be calculated from the relations given in reference 8.
Application of the method.—The method is applied to
wing B with 60-percent-span split flaps deflected 60° at
a,=10° and rolling at such a rate that the wing-tip helix
angle pb/2V is 0.01 radian. The geometric characteristics

(18)

TABLE VI—ANGLE CORRECTION %—’ AT STATION %%DUE TO DISCONTINUITY IN INDUCED ANGLE OF ATTACK AT

sTAaTION 22

b

0 0.1564 | 0.3000 | 0.4540 | 0.5878 | 0.7071 | 0.8090

—0.9877 | —0. 8511 | —0. 8810 | —0. 8090 —0. 7071 | —0. 5878 | —0.4510 | —0. 3000 | —0.1584 0.8910 | 0.9511 | 0.0877
2t
N
—0.05877 | 0.4340 1—0.0262 | 0.0029 [—0.0013 | 0.0004 [—-0.0003 | 0.0001 [—0.0001 | 0 0 0 0 0 0 0 0 0 0 0
—.0511 | .0768 . —. 0324 -0039 | —.0018 . 0008 | —. 0004 - —.0002 | .0001 |—.0001 | O 0 0 0 0 0 0
=, 9000 | —. 0213 L1114 .2048 | —. 0030 . 0022 . 0008 - 0002 . 0003 . .0001 190 .0001 |0 000L | 0 0 0 0 0
—. 58010 | —. 0134 . 0612 .4785 | —.0358 0044 | —. 0021 -0007 | —.0005 . —.0002 [ .000L [—.0001 | .00OL |—.0001 { O 0 0 0 0
—~.5080 | .0078 | —.0102 . 0551 4849 | —. 037 .0048 | —. 0023 . —.0006 | .0002 [—.0002 | .0001 |—.0001 0001 {—~. 0001 00011 —.0001| O —. 0001
~. 5000 | —.0035 | —.0053 0072 | —. —. 0657 . 0088 | —. 0051 -0012 | —.0014 | .0004 |—.0006 { .0002 [—.0003 0001 |~-. 0002 0001 | —. 0002 0001 | —. 0002
~.7071 |—. 0028 . 0058 | —. 0087 . 0517 4890 | —. 0395 -0051 | —. 0025 - —.0008 | .0003 |—.0003 [ .0001 {~-.0001 | .0001 |—.0001 .0001 | ~.0001 0001
=.7 —.0015 | —.00I1 | —.0060 .0184 | —. —. 0639 .0068 | —.0051 . —.0014 | .0004 |—.0007 | .0002 (—. 0004 | .0001 {—.0003 L0001 | — 1
-.6000 | . —. 0038 L0120 | —.0L17 . 0876 -3154 | —. 0071 - 0030 . .0003 | .0006 ) .0001| .0003 |0 .0002 | 0 . 0002
—~.5878 1 .0021 | —. 0021 . 0049 | — 0070 . 0408 .4920 | —. 4408 L0054 | —. 0027 | .0009 {—. .0003 |-, 0003 | .0002 {~.0002 | .000L | —. 0001 0001 | —. 0001
—. 5000 | —. 0038 .0061 | ~.0059 -0124 | —.0183 . 0630 . 0054 .0133 | ~.0025 | .0035 [—.0012 [ .0015 [—.0006 [ .0009 {—.0004 | .0008 | —. 0003 0005 | —. 0003
~. 4540 | —. 0010 -0016 | —. 0017 +0043 | —. 0074 . 0480 .4044 | —. 0419 .0057 |—.0029 | .0010 |—.0008 | .0004 [—.0003 | .0002 |—.0002 .0001 | ~.0002 . 0001
—~.4000 | . —. 0039 .0031 | —. 0084 -0056 | —. 0190 | — 0685 | —. 0413 . —.0075 | .0034 |[—.0026 | .0016 |—.0014 | .0009 |—. 0009 . 0007 | ~—. 0008 « 0000
—~.3090 | .0008 | —. 0007 .0013 | —. 0015 . 0039 | —. 0070 . 0467 -4864 | —. 0428 —.0031 { .0011 |[—.0008 | .0004 [—. 0004 0002 | —. 0002 0002 | -, 0002
—.3000 | —.0007 | —. 0003 | —.0008 | —. 0008 | —. 0006 | —. 0048 -0162 { —.3786 | —. 0080 0076 {—.0063 | .0015 |—.0021 ] .0006 f—.0011 | .00 | —. 0007 0003 | —. 0000
=, 2000 | —. 0017 . 0029 { —. 0022 . 0045 | —. 0042 -0107 | — 0163 -0713 - 0128 [—. 0018 | .0041 |—.0012 | .0020 |—.0007 | .0013 | —. 0005 0010 | —. 0005
-~ 15684 | —. . 0008 | —, 0008 .0011 | —. 0013 . 0038 | —. 0087 . 0457 - .0061 |—.0032 | .0011 {~—.0000 | .0004 {—.0004 0003 | —, 0003 0002
—.1000 | .0012 | —. 0020 .0015 | —. 0027 . —. 0052 .0043 | —. 0170 | —. 0775 |—.0491 | .0157 {—.0088 | .0040 |—.0034 | .00190 { .0020 0013 | ~.0016 0010
0 . —. 0003 . 0005 | —.0005 .0010 | —. 0012 -0084 | —. 0084 5000 |—. 0447 | . —.0034 | .0012 |—.0010 | .0005 | —.0005 L0003 [ —. 0004
.1000 | —. 0010 . 0016 .0018 | —.0020 | —. 0019 .0034 | —. 0040 .0088 | —. 0167 0401 | .0775{ .0170 |—. 0043 0062 |~—.0022 | .0027 | —. 0016 .0020 | —. 0012
. 1564 | —. 0002 . ~. 0003 .0004 | ~—.0004 .0009 | —. 0011 .0032 ¢t —. 0438 5017 {—.0457 | .0067 [—.0036 | .0013 |—. 0011 ~. 0008
L2000 | 0005 ] —.0010 -0005 | — 0013 .0007 | —.0020 .0012 | —. 0041 = —.1339 [—.0713 | .0153 |—.0107 | .0042 |—. 0045 0022 | —. 0020 0017
-3000 | L0006 | —. .0007 { —.0004 .0011 | —. 0006 .0021 | —. 0015 —. 0076 0080 3785 {—. 0162 0049 | . 0008 0003
L3080 | .0002 | —. 0002 .0002 1 —. 0002 . 0004 | —. 0004 .0008 | —. 0011 —. 0059 0428 5036 |—. 0467 0070 |—, 0039 0015 | —. 0013 +0007 | ~. 0008
.4000 | —. 0008 | —. 0007 -0009 | —. 0009 .0014 | —. 0016 . 0026 | —. 0034 0075 |—. 0146 0413 | . 0665 0190 [—~. 0050 - 1 .0039 | —
-4540 | —. 0001 0002 | —. 0001 <0002 | —.0002 .0003 | —. .0003 | — 00101 .0029 |—.0057 | .0410 | .5056 |—.0480 | .0074 {—.0043 0017 | ~.0016,| .0010
.5000 | . —. 0005 .0003 | —.0008 -0004 | —. 0009 - 0008 | —. 0015 —.0036 | .0025 |—.0133 |—.CA54 |—. 0630 | .0183 |—.0124 ~—. 0061
L5878 | .0001 | —.0001 -0001 | —. 0001 .0002 | —. 0002 -0003 | —-0003 —.0009 | .0027 |—.0054 | .0408 | .5080 |~.0408 | .0070 | —. 0049 L0021 [ —. 0021
.6000 {—.0002 | O —.0002]| 0 —.0002| 0 —.0003 | —. 0001 | —. 0008 [—. 0003 |—.0000 |—. 0030 | .0071 [—.3154 |—.0876 | .0117 | —.0120 .0030 | —. 0003
7000 | —. 0001 . ~. 0001 0003 | —. 0001 - 0004 | —.0002 .0007 | —. 0004 | .0014 |—.0012 | .0O51 |—.0066 | .0639 | .3802 [—.0164 . 0060 .0011 . 0015
7071 {—. 0001 . 0001 | ~. 0001 0001 | —. 0001 . 0001 | —. 0001 L0003 | — 0003 | .0008 |—.0008 | .0025 |—.0051 | .0385 | .5110 }—.0517 ~. 0058
+ 8000 —. 0001 0002 | —. 0001 - —. 0001 . —. 0002 —. 0004 0014 |—. 0012 | .0051 [—.0068 | .0667 | .3362 | —. 0072 . 00563 . 0036
. 8090 0001 0 0001 | —. 0001 0001 | —. 0001 .0001 | —.0001 —. 0002 —. 0008 0023 |—. 0048 | .0370 | .5161 | —.0661 .0102 | —, 0078
8910 | 0 0 0 0 0 -0001 | ~—.0001 0001 | —. 0001 | .0002 |—.0002 | .0005 |—.0007 | .0021 |—.0044 | .0358 .5216 | ~.0612 . 0134
.9000 | O 0 0 0 0 —.0001f O —.000L | O —20001 |—. 0001 . 0008 |—. 0002 [—. 0006 |~ 0022 | ©0036 | — 2648 | ~. 1114 .0213
L8511 | 0 0 0 0 0 0 0 0 . —.0001 | .0002 |—.0002 | .0004 |—.0006 | .0018 |—.0039 -3 L5334 | —. 0708
877 | 0 0 0 0 0 0 0 0 0 [ 0 .0001 ;—.0001 | .0003 [—~.0004 | .0013 | —. 0029 . 0263 5800
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of the wing are given in table VIII and the calculation of the
spanwise lift distribution is given in table IX. The deter-
mination of the initial assumption for the lift distribution is
not given herein inasmuch as the procedure is fully illustrated
for this wing in reference 8 for the symmetrical case. For
tho asymmetrical case the approximate antisymmetric
loading given by equation (18) of reference 13 (modified for

E)
c,c [Ac+1 973 __(2y>

should be added to the assumed symmetrical loading given
by the procedure used in the example of reference 8. Any
suitable method for obtaining the assumed loading may be
used, however.

_Aagoe,
AE+4

TABLE VIL—INTERPOLATION MULTIPLIERS ». FOR
OBTAINING VALUES OF (°‘° AT THE END OF THE FLAP

257
The values of i_" in column @@ of table IX are those for

2% =—0.6 from table VI; whereas the values of ﬁ in
2y*

column ) are the negative of those for T=0'6 and were

obtained by the procedure outlined in the previous section.
The values of & at 4-2y*/b are found from the flapped and
unflapped section curves (fig. 5) at values of ¢;* correspond-
ing to the values of (¢;c/b)*. After these approximate values
for § are determined, the check span load distribution can
then be calculated. The check values of (c;¢/b)* are then
interpolated from equation (18). When convergence is
established (i.e., column @9 minus column (3) is zero), the
values of a; at +2y*/b can be found. (The method given for
case I of the appendix was used to obtain convergence be-
tween the assumed and check values of ¢,¢/b, columns @) and
€, respectively.)

The drag distribution is calculated in columns @) to ) of

N table X. Note that two values are given at %=:I:0.60.
gbg \< 0.2000 | 0.3000 | 0.4000 | 0.6000 | 0.6000 | 0.7000 | 0.8000 | 0.9000 2y ]
The values at 3= F0.60F 0 correspond to the flapped sides.
0 pay |20 0191 0 | S . S H 3 The rolling-moment and yawing-moment components are
A0 iz | her) -2 e | Leaw | o : calculated in columns to @ and the coefficients and
o | o 0 T AR el | TR S derivatives are calculated at the bottom of table X. The
Ble H H 3 el Bk ol Il Bt -4 multipliers ¢, used in table X are tabulated in table XI.
-0 g H 5 H 3 H v If the values of Oy and Cp are desired, the numerical inte-
grating area multipliers of reference 8 may be used.
TABLE VIIL-GEOMETRIC CHARACTERISTICS OF WING B
Taper ratlo, A 0.400 Root section NAGA 84210
Aspectraﬂo, A 9.02L Tip section NAOA 64210
it o o 4% @Ry
Wing Reynolds number, B 4. 44X108 Edge-velocity factor, &' 1094
-3
£ = 3 R £ = ] - = F (€hnes), ()
0 1.0000 0.1687 508100 0.10 0 0 0 0.0006 0 2.027 1.0000
. 1664 . 0062 L1438 5.42 .10 . 0650 —14 0 . 0015 —. 0061 2,033 . 9881
, 3060 8146 L1203 .57 .10 L1817 —.30 0 . 001 —. 0203 2.037 9610
T L1540 L1218 1155 4.35 .10 . 2406 —.50 —. 0477 —. 0063 —. 0840 2.080 L0710
T 6473 1037 3.57 .10 . 3632 —.73 .oL13 3164 —. 3665 2,010 L8870
B L5157 L0914 344 .10 L4013 —.68 1676 .0s78 177 1401 1.0799
6000 . 6146 0817 3.08 .10 6288 ~L25 | —.0511 —.0117 0789 1.59 1.0856
L8010 . 4864 L0739 278 .10 7658 —1.53 0 L0122 . 0304 1.883 1.0138
BT 4263 . 0681 2.67 .10 8362 —1.77 0 —.0033 . 0085 1.576 1.0039
T mm L3720 . 0580 222 .10 . 9608 —Lo4 0 0085 0 1.361 1.0000
20 .8400 1016 3.83 .10 3760 —.75 T W ive
For topered wmgs with straight-line elements from root to construction tip:
Lm1-a-nZ —-x?ﬂ
rol(fg"gg v)alur:s of ¢/, near tip to allow for (Use value of ¢/, before rounding tip.)
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TABLE IX.—~CALCULATION OF LIFT DISTRIBUTION FOR WING B

[O.B-span split flaps deflected 60° a=10.00% 2om0.01 mdbm]

v
® | @ ® @ ® ® ® ® ® ® ® ® ® ® ®
. Multipiers fns
cx Cic
29 - | 0 k/ 19 18 17 16 15 14 13 12 11 10 b e
. (As- / Reverso| (»)
sumed) p - of®
>/ ~.988] —.951 [ —.891 | —.809 | —.707 | ~.588 | —.a54 | —.309 [ —.156 0
| (§)-moxe (.
elm T 3.=12,01
——O.BI =0,1637 (7;)_
—.988| o o.02| 915.651|—166.985 o0 —7.018) o —1.401 -0 ] -.486 0 —.230] 0.0301 4,43
—.951| ¢ 0102 —329.859] 463.533[ —122.749] o —7.438] o0 —1.792] o ~701 o0 0531 2,26
—~.891 o 662 0 —180.336] 315.512] —96.737] o —7.073] o —1.920] o —.819] ong .81
—.809 —osu1| .05 —26.374] © —125.246] 243.694| —81.067] o0 —6.680] o0 —1.977] o L0888 —.15
—.707] .187] .10 o —17.0200 o© —97.524] 202.571 —71.138] o —-6.391] o —2.026] .1103] -2.30
—-.588] .ou2 .1 —7.246| o0 —12.604] o0 —81.392| 177.054] —64.735] o0 —6.228] o0 671 278
—.a54] —osr| 2109 O —5.166] 0 —10.126] o0 —71.296] 160.761[ —60.725] o0 —6.192| .aug 441
—.309] o 2404 —z.958] o —a.022] o —8.596] o© —64.817] 150.611] —58.514] o0 243 4.2
—.156 0 ] 0 —2.241 0 —3.322] o —7.604] o —60.768| 145.025| ~57.812 . 4,70
° 0 L2m6;| —1.468] 0 - —1.804] o —2.865| o0 —6.950] o0 —58.533| 143.238] .2767 5.8
.156/ 0 .2850] 0O —1.153] o0 —1.518] o© —2.554] o —6.530] o© ~57.812] 2038 e4.81
.309] o 231 —810] o0 —~.946 0 —1.319] " o —2.340[ o0 -6.288| o0 .20 4,30
.454] o .21 ) —.646] 0 —.800] o —1.176] o -2.192] o —6.192]  .2100] .82
.588[ 0 wn| -—.a67] o —~.530] o —~.691 o —1.068] o —2.002| o g0z 287
.707} o a0 —368) o —.a41 o —.604 o0 -.981 o0 —2.026] 1083 -2.20
.809] o sl —261] o ~.291] o© —.366] 0 —.528] o —.g03] o 088 .12
.891] o om0 o —192| o —.225{ o —.207] o —.452] o —.819] .o002 .83
951 o o3|  —.118] o —~.130] o —.161] o —224 o -.361 o R EXD
.988] 0 csml- o —.060] © —.069] o —.000, o —.a33] o —.230) um1 5,07
5 | () )
o b/+ =G 3,=12.07
0.6 =(. 1682 ('b' "
3}/.983 .951 .891 .809 .707 .588 .454 .309 .158 o
E / 1 2 3 4 5 6 7 8 9 10

& = ZDXBmi (0T 192 E210; auy=Z@XBumi for 102K 1.
b M.—'%E[(ra‘)h—(ra‘)m_‘].
° agmZ@OX@.

o po, L1024
2(1.0945
¢ e Z@X@.

[(7.49—4.50)—(&33) (&15)]-—0.09.
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® ® L7 ® -] @ ® =] ® 8
c, a, @l)z(.a_ « X 2 c O]:T:k
L || 4 |ehtlele| @ |T|cetm 7| T
@X8 ta) XD
—2;’—:-0 —4.72 —0.02] 13.65
8.91
—Qb;':-i-o 229 -0 Led 1130 t0t6 0,157
o.ooeal a.0002  a0s| 7.46] 450 2—.027 3.01] .47 .0500 .0278
—.0036] 0 Y 221 —o2f 648 .72[.0681] .02
.0120] . 0002 18 7.99) —.07 732 .s95].0m9] 0661
—ou7 o —14 saosl —oof —o2| s 1.028].0817] .oser
Los78) L0007 1. g6l —1.34 —o02 0.7 1152 .0014] .1083
L3164 0 3. & asd —of 24 Lssd 102 rew
-7 . —cof o2 433 —of ae 1sol. 55 2100
. 0001 0] es sz —o sosl  18s) .10 L2404
0008|0008 02 07| 478 0 499 1.3m)| .1438] 2636
L0003 . 0003] 01 1000 588 o .| 17431687 7706
.0008| 0009 .02 s 81 o 512 1.843] .1438) 2060
L0001 .0030] off o8] a3 Lo sse]  1.8s0] .1288] 431
L0003| —.0071| - o7 44| o s3] 1sm|.uss L2148
0 L3164 s oef 6 .2 2:) 1608 102 L1670
c0002) L0676 Lo o2 —L1a] .of 105 1.207].004 .1im
0 -7 —u] eml - .ol o.z1] 1owr|.omr] Losss
L0002, 0120) 8 898 .o .off 7es] .oei].om9) om0
0 —oms  —of 87 26 .07 a0 .0681| 0530
0002 ooml .08 8® 5.15’ .02 340} .514] 0500 0303
QT’z-o 0.69 748 .02 214 1557 .1018 L1582
3gi+o —t0d .0f 12
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TABLE X.—CALCULATION OF THE ROLLING DERIVATIVES FOR WING B

[0.6-4pan split flaps deflectod 60°; asm10.00°; Zo;m0.01 radian]

o [0} ® ® ® ® @ ® ® ® o ®
_252 a ca, 3 %‘f e ap_ (cé—ac “_;‘f %’E EBLCX om
(tableIx) | (889 5 o) 057EX® | (tableIX) -0 o | oo | G (tablo XD
—0.988 0467 0.0054 0.0500 0.00032 —0.57 450 507 | —o.0016 0.0278 ~0.1410 —0.00809
—.951 .72 0092 0631 00063 5t 21 —270 o017 ) —1368 —- 00769
—.591 595 o103 K] 00078 —51 .66 “Lu 0000 . 0662 e —.02118
— 50 1035 o1 0817 00084 ) . -1 T 0836 ~.014g —.o1a12
707 1162 KT 0014 _00112 4 L Y 0011 11053 —.09%0 —.02408
—.60-0 | 163 L0147 1016 00149 —3 —am .3 0085 1637 ) —- 00534
—.60+0 | LAI3 7L J1016 01769 —.3 7.20 —7.65 1343 1637 —L1737 00038
—.583 1584 1730 1027 otrr7 34 6.54 —6.58 —1m 1627 —L1184 ~.00716
—45e 1.8% 1780 RIS 01908 —.2 i3 vy oo 2100 . 9650 —.o2118
—.509 1.85% 1730 1283 02237 — a2 p —. 0985 2404 —1.00%8 =~ 00709
—.156 163 1780 1538 ) —. 478 e —1m 2635 —1.2833 . 00800
0 L3 171 1687 02747 0 5.5 —6.89 —.1618 2767 —1.6208 0
156 L8 1730 1838 02188 .09 183 —a7 ~.030 2850 —.o11 . 00809
) 1.5% 1730 1293 02257 18 i3 416 —. 01 2431 ~1.0113 00760
a5 L85 1730 1166 0198 .26 o 118 —.083 2146 —.8970 L02018
558 162 1780 1027 Lor77 3 6.6 —6.34 12 1671 —L0se 00710
600-0 | L& 1730 1016 01758 .3 7.4 ~7.00 ~1246 1682 ~1.1216 00088
L6040 | L7 0155 21016 00168 N 464 598 o078 1853 7678 . 00634
07 Lo oz 0914 ~00121 a1 L1 185 0019 1103 1710 .03408
) 1.087 - L0128 0817 00100 ) - .48 0005 0838 L0420 01272
891 961 0110 0730 . 00081 51 -8 -7 —. 0004 o710 —oa34 02118
851 .8 ) 0881 . 00065 54 268 “2u ~.0014 0531 — 13 00769
958 514 0070 0500 00041 57 515 —458 0019 0301 —. 1370 . 00809
Cim—AS \@X [@-l-—fﬁa@] -—0.00471
C'l,%g—é __%‘?lm-—o.m
3%
Come A \@X[ 0550 | =—0.00138
C.,fug_%‘-n—%‘gms-—o.lsﬁ
v

DISCUSSION

Lack of either experimental wing-alone rolling data or
suitable two-dimensional section date prevents the making
of exact correlations of this method with experiment in the
vicinity of maximum lift. It was possible, however, to
compare the wing-alone calculations for wing A with experi-
mental wing-body results, since sufficient section data
existed to allow the calculations to be carried slightly beyond
meximum lift. The comparisons are presented in figure 7.
Agreement is considered to be good when the differences be-
tween the conditions of the calculations and tests are con-
sidered. The failure of the present method to predict the
increase in C;, for 5° <a< 8° may be inherent in the method
since similar experimental trends have been observed for
other wings of this plan form. The differences between the
calculated and experimental variations of C,, in the same

angle-of-attack range could be partly associated with the
previously noted increase in (;, and partly due to body-
interference effects as shown in reference 15.

Calculations which included the body-induced angle-of-
attack distribution on the wing were made for wing A up to
10° angle of attack. The indications were that this com-
ponent of body interference had negligible effects on the
calculated variations presented in figure 7. Additional
calculations for wing A using o section drag of ¢;tan « (no
leading-edge suction) yielded a C,, variation that agreed
quite closely with the experimental variation in the low
angle-of-attack range; such a C,  variation would indicate
the possible existence of early separation in the experimental
‘results, o likely possibility considering the low test Reynolds
npumber and the section thickness ratio. The differences in
the high lift range, particularly with regard to the C,, varia-
tions, probably can be all ascribed to body-interference
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TABLE XI—ROLLING- AND YAWING-MOMENT-COEFFICIENT MULTIPLIERS o, FOR WINGS WITH DISCONTINUOUS

TWIST AND r=20 AND HAVING DISCONTINUITIES LOCATED AT :I:E

b
[Valumlorposltlve%! are shown; for negative zbl, reverre signs of all multipliers)
NE:
b oo 210
(] 0.1584 Q. 3090 Q. 4540 0, 5878 0. 7071 . 0.8080 0.8910 0. 9511 0.9877 b b
lZg‘ * (]
N
0, 1000 0 0. 00708 Q. 00814 0. 02118 0.01215 0, 02618 0.0124-; Q. 03118 Q. 00769 0. 00809 0. 00033 —0. 00067
1564 0 | cemmmeaee 01164 . 01988 .01245 . 02618 01245 . 02118 . 00769 . 00809 . 00202 . 00253
+ 2000 0 . 00760 . 00598 . 02081 . 01245 . 02618 . 01245 .02118 . 00769 . 00809 —. 00255 . 00238
. 3000 0 . 00785 . 00420 .02118 . 01216 .02818 . 01245 .02118 . 00769 . 00809 . 00340 . 00033
. 3090 0 L00808 | eeeeeea- .02118 . 018 . 02818 01346 .02118 . 00769 . 00809 . 00385 . 00385
. 4000 1] . 00784 . 00816 . 01831 .01318 . 02618 01245 .02118 . 00769 . 00809 . 00389 —. 00208
. 4540 0 . 00758 LO01184 | eeeeooas . 01867 . 02464 . 01245 . 02118 . 00769 . 00909 . 00662 . 00682
. 6000 0 . 00809 . 00812 . 01883 . 01383 . 02560 .01245 .02118 . 00769 . 00809 —. 00378 . 00491
6878 ] . 00809 . 00769 L0318 | el . 02618 . 01245 .02118 . 00769 . 00809 . 00823 . 00623
. 6000 1] . 00800 . 00768 .02118 . 00716 . 02498 . 01972 . 02118 . 00769 . 00309 . 00088 - 00534
, 7000 0 . 00800 . 00789 . 02008 .01770 . 06186 . 01268 .03118 . 00769 . 00809 .00771 —. 4770
L7071 0 . 00809 . 00769 .0 L01807 | aieemaeo . 01867 . 01988 . 00769 . 00809 . 00818 . 00818
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effects since the differences are similar in trend to those of
Method Conflg. Airfoll R ag ., deg reference 15.
° Exp. _ . mox Also shown in figure 7 are the variations of C;, and C,,
-——— Calc. Ref 5tWwing-body NAGA 65A006 O7XI0 14 . .
——--—— Galc. Ret & calculated by means of references 5 and 6, respectively, in
——————— Calc. l:rgoﬂ' Wing A NAGA 65-006 3.0 13 which use is made of the experimental wing-body lift and
2 i — drag curves. It appears that both the present method and
,-/’_-- - 13 - - -
I ™ that of reference 5 give reasonable estimates of the variation
| A of C;,. The present method, however, appears to give a
G A more realistic picture of the variation of C,, in the high
4 1T AT =T N angle-of-attack range than that of reference 6. The edge-
0 e e e e < — suction effects which are applied in reference 6 were negligible
o for this aspect ratio and therefore do not account for the
o differences shown.
Several items of interest were observed during the course
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Fraure 7.—The calculated and experimental variations of Cy, and Cy,
with angle of attack for two wings having aspect ratios of 4.0 and
taper ratios of 0.60. IEsxperimental date from the 8-foot-diameter

rolling-flow test section of the Langley stability tunnel.

of the calculations for wing A. For example, the confribu-
tions of the section lift and profile drag to the rolling deriva-
tives could be separated as shown in figure 8. The profile-
drag component of C, is seen to be opposite and nearly two
to three times that due to the lift at high angles of attack.
The profile-drag contribution to the damping in roll, on the
other hand, is either zero or negligible even at the higher
angles of attack.

The method presented herein is primarily intended for use
in the nonlinear range where some flow separation is present,
and the subsequent discussion briefly covers some considera-
tions which limit the use of this method. The condition .
that must be essentially fulfilled is in keeping with the basic
assumption that all sections operate two-dimensionally or
nearly so. Therefore any separation that is present must
not give rise to large amounts of spanwise flow which can
cause a complete redistribution of lift and thus invalidate
the basic assumption. Lack of sufficient experimental data
on load distributions beyond maximum lift prevents the
formulation of positive limits concerning these phenomena,
but, on the basis of airfoil characteristics and on observed
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Fiaure 8—The calculated rolling derivatives for wing A showing the
lift and profile-drag components. R=3.0X105.

stalling behavior, regions most likely to be amenable to
calculation can at least be classified.

It is believed that departures from the two-dimensional-
flow assumption will not seriously affect the calculation of the
rolling derivatives for wings which incorporate airfoil sections
that exhibit gradual changes in lift-curve slope beyond
maximum lift. On the other hand, celculations beyond
maximum lift for wings which incorporate sections having
large discontinuities in the lift curves are believed to have
little significance because with such airfoils there is no known
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way of predicting either the extent of the initial stall or the
influence of the stalled area on the section characteristics of
neighboring sections. In addition, such wings display a
tendency toward asymmetrical stall under no-roll conditions
which leads to rolling and yawing moments. The deflection
of trailing-edge flaps generally produces abrupt lift-curve
peaks at maximum lift on all but the thin airfoils. Such
conditions coupled with the inability to treat the discon-
tinuous-twist cases beyond maximum lift, as previously
discussed, limit the feasibility of calculations beyond maxi-
mum lift to a very limited number of cases with full-span
flaps.

Although calculations may appear to be feasible on the
basis of airfoil-section stalling characteristics, there is an
additional consideration which may limit the extent of the
celculations. This limit, referred to in reference 16 as the
stability limit, is

da;

Ta <1 (19)
that is, an increment in the angle of attack Aa cannot result
in 8 decrease in the induced angle by an amount greater
than the increment Aa. An idea of the meaning of this
limit can be obtained from the calculations for wing A. The
maximum negative value in this case was —0.75 compared
with —1.0 given by equation (19).

Although one has an apparent choice of performing calcu-
lations with either r=10 or »=20 for the unflapped case, it
has been found from experience that calculations beyond
maximum lift with »=20 rarely are required except perhaps
at very high aspect ratios. If such calculations are neces-
sary, however, it is suggested that the results from calcula-
tions with »=10 be used as the initial approximations for
the »=20 solution, a procedure which will generally shorten
computing time.

LANGLEY AERONAUTICAL LLABORATORY,
Nationar Apvisory CoMMITTEE FOR AERONATUTICS,
LaneLey Fienp, Va., January 29, 1953.



APPENDIX

METHODS FOR OBTAINING SUCCEEDING APPROXIMATIONS FOR THE SPANWISE LOAD DISTRIBUTION FROM AN
INITIALLY ASSUMED LOAD DISTRIBUTION

METHODS FOR USE WITH r=20

These methods for obtaining succeeding approximations
for the load distribution have been extensively used and
produce convergence in reasonably few approximations.

Case I: ‘(ii—f; positive and linear.—For a positive and linear

lift-curve slope, the succeeding approximation, denoted by
the superscript 1, is given by the equation

e\ (c;c) , (c,c)
ary (2 A Al
( b >m b ma,,,m,d_l- T ] ( )
10
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Frgure 9.—Coefficlents used to obtain succeeding approximations.

re==20,

where
1 r—1

r {CiC cic
(%), x5 KA (5),.,

in which the increments A (E%E

(A2)

are the differences between

the check values and the assumed values (column @) minus
column (3), table IX), and K and K, are constants for any
particular wing. Values of K and K; taken from reference
8 are presented in figure 9 as functions of AEfy. Values of
K, for i greater than 3 are small enough to be considered
negligible.

The number of terms of equation (A2) needed for any
particular approximation depends upon the convergence of
the assumptions; fewer terms are needed when the differences

A c;c _eTe small or when positive differences nearly cancel

‘ negamve differences. Equation (A2) applied to wing B at

m=0 gl%£=0.588) becomes

¥ () 55 (32B-OnH®— O+ @Ot

0.4[(B— @+ (B— @) +0-3 [(B—@)s+(B—B)l}
For m=1 and 2, equation (A2) is expanded as

v () =g | @ s (%) +E—E38 (5) +

ma () (9)]
¥ (%) [ @-moa () + 2 ()
KA 3;)3 + KA ""’) + KA c’“)J (A4)
since
a(%) =-a ("l“) (A5)

For m=18 and 19, the values of A’ (ﬂ>
18

<c,c

gimilar in form to the values of A’ (c,c> and. A’ (010>
respectively. For wing B, equation (A3) would be

v ($)=s

33 (32-0.9)(@—@rt

(1.0—0.3)(B— @)1 04@—@)+0.3B—-C)
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whereas equation (A4) would become

N (Eb_°>=8_1§ [(1.0—0.3) B—@n+3.2@B— @)+

1.0@—@)+0.4@—©)+0.3@— @)

Use of the K factors has been found to establish con-
vergence within three approximations when the initial

assumption is reasonably close. P
Case II: % positive and nonlinear.—Although the factors

in figure 9 were derived for a linear lift~curve slope that is
constant across the span, they can be used in the nonlinear
range. An estimation is made of the wing lift-curve slope
at the angle of attack in question, from which a value of 7 is
obtained. The K factors are then obtained at the proper
value of AE/y. In this way it is possible to use these factors
for values of 5 as low as 0.3 for A=3.0. From the trends
of the variations, it is seen that considerable extrapolation
is permissible at the higher values of AE/y.

Case IIl: %‘3 negative and linear or nonlinear.—For a
negative lift-curve slope, either linear or nonlinear, the
procedure is as follows:

(1) First obtain values of the span load distribution with

fewer significant figures than desired.

(2) Find A (2;}_0) at each station, and work with these’

values directly. -
(3) Adjust the load distribution at those stations where

the largest values of A (‘—’2—6> occur by adjusting the loadings
at m and m -1 stations to obtain approximate convergence
at the mth station. If large values of A (%) occur at two

adjacent stations, then adjust the loading at only one of the
stations, although with some practice the adjustments
required at two such stations become quite obvious.

(4) As the values of A (%E> are made smaller, the number

of significant figures in the solution can be increased to the
desired amount.

(5) Keep all values of A (—(};ﬁ) either positive or negative,
"if possible, for easier mental manipulation.

METHODS FOR USE WITH r=10

Although factors similar to the K’s given in case I could
be derived for the corresponding condition with =10, it is
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equally facile to use the method described under case ITI
for all cases with r=10.
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