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0.00 The necessity for the use ¢of @ span loasd distribu-
tion approaching as closely as pessible the true distribu-
tion occurring in flight has long been recognized. The
increase in the use of cantilever monoplanes has made this
metter of vital importance since the 0ld arbitrary distri-

bution is unsafe when applied to highly tapered wings of

this type,

0,01 The Netional Advisory Committee for Aeronautics has
made a study of span load distribution with the object of
formulating & method for determining this distribution for
any wing, This study has resulted in the conclusion that
the theoretical distribution is in sufficiently good sgree-
ment with experimental results to Jjustify its use as a
basis for the desired method, except, in some cases, in

the vicinity of the wing tip where empirical corrections

to the theoretical curves have been found desirable.

0.02 The theoretical procedure &escribed herein is one
of several similiasr methods that may be used, but this
is believed to be the most satisfactory for the great
ma jority of wings. 1Its sppiication is demonstrated by
several examples. Distribution curves of 1ift co-

efficient for a wide range of aspect ratios are includ-
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ed for simpie uniformly tapered wings. For wings which

"s

ves were pre-

’"5

8]

meet the specifications for wiich These cu

pered, the theoretical lomd éistrivution mey ve obtained

h

directly, and the ermpirical tip correction epplied in the
same menner ss when the theoretical éistribution 1s ob-

teined by the general metihod,

0,08 It is admitted that the load istrivution found by
this procedure mey not be the sale as thet experienced in

p—b

lignt, because of fuselage, nacells or other interference,
put it is believed to be much closer To the corfect distri-
bution in most cases then thet which hes been used in the

and probebly corresct within the atcuracly of the struc-

tursl calculations which folliow,

0,04 Altuough the method is invended primerily for wings,

it may be used also for obtaining the istribution along

e

the span of lesrge tall surfaces. In such cases, however,
the influence of slipstream, Gownwash and fuselege inter-
ference is apt to cause a much greater discrepency between

the sctusi distribution and thet indicsted by theory.

0.05 The procedure given herein is confiﬁed to the deter-
mination of the section aerodynemic coefficients along the
span for definlite sngles of atteck oT for given wing coef-
Ticients, Whers the coefficients are sffected by Reynolds

Yumber, e&s in the csse of the Drofilpmdrag coefficient, &an
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explanation of this effect iz given, The Utransformation
of these coefficients into actusl loadéz on the wing, in-
cluding thne determinaticn of the desizn speeds and wing
coefficients or asngles c¢f ettack, snd the consideration of

the inertis loads will be covered in sepesrate publications,

C.0€6 ©Special acknowiedgment is due to the National Advis-
ory Committee for hLeronautics and in particular to Mr,

R.V, Rhode and to Mr, H.4L, Pesrson ¢ the Staff of the

Llengley Memorial Leboratory, from whoss reports jmuck of

i

nat contained in the following pages has been taken,
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Wing span
8 Wing area
32 Aspect ratio, b2 /s

g Dynemic pressure, 1/2 p 77

w Tnduced downflow &t = sectliown
L Lift on wing
C1. Wing 1ift coefficient, L/gS
Cq Chord at plene of syrmedry

c Chord st any seciion

T Vaximum thickness &t any section
Cove  Arithmeticsl mean or average chord; S/b
a sngle of attaeck of sny section referred ©o
its chord line

Qo Lffective angle of attack of any section

g ingle of attack of eny section referred to its
zero~1ift direction, sbsolute angle of attack,

ag  Anple of ettack of section at plsne of symmetry
referred to its zero-1ift directlon,
Q54 angle of sttmek of section at plane of synmetrv
referred to its zero-1ift direction when Cy = 0

5 Flap deflection, positive downward,

kg inguler change in zero-1ift direction of any
section produced by flap displscement &
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Coordinate of sny point along span,
from plaene of symmetry

Coordinate of a fixed point alona span,
Location of centroid of 1ift on semispan
°2y/b {when v = /2, 6 = 0; when y = -b/2, 6 =
Coefficients in F
Cirele inclosing & number refers to the line
number in & table, while {the sub number
fers to the ccliumn number

Lift coefficient factor for tip correction

Aspect ratic factor for tip correctiion

Taper factor for tip correction
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p* Anpulsr velocity in roll about the wind axils
7! Rollines-moment coefficlent aLbout the wind axis

c.1 Yewing-moment coefficient ebout axis normal
to wind

R Reynolds Number
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CENTRAY
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1.0 ATRODYNAMIC COMPONTNTS
1,00 Thes resultant aerodynemic lozd &t a given location

on the span of & wing is convenlently resolved into 11ft and

-

drag forces, perpandiculer &und perallel, rTespectiively, To

né applied &t the ssrodynemic center with
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an
& couple about tne spenwise axis, The drag force may be

induced drag, the pro-
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?iie drag being the sum of & minimum and sn addivional pro-

file drag, The curves ¢f distribution of 1ift, moment, snd

fad

the three component dregs siong the spen are, in general,
different and so must be separetely obiteined., Whether or
not they are used gepsrately in the stress analysis may be

determined by orecticsl consideravions,

1.01 By %the use of well known methods, the structural co-
effi ients may be obi ained in terms of the aercodynamic co-
efficients - for exemple, & beam coefficient will be made up
of components due to each of the merodynamic coefficients,

fficientsy {b) Beam com-

(]

viz: (e} Beam compoument of 1ift co
ponent of induced-drsg coefficient; (¢} Beam compoment of

minimes nvrofile-drag cosfficient: (&) Beam component of ad-
& & iod

ditional profile-érag coefficient; and (e} In some cases &
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penm component due to moment coefficlient

1,02 Structurally, the most importaent serodyneamic compo-

nent is that of 1ift and the greater portion of this bulle-
tin is aevoted to tne distributicn of the 1ift coefficilent.
Since the induced drag is sctually the f1ight path component

of the section 1ift, its daistribution is readily obtained
#

uring the process of csliculating the 117T distribution,

[eN]

e distridbution of the profils drsg (minimum end additional)
and of the moment coefficient and the 1ocetions of the sero-

dynemic center are discussed in Chapter &,

o

1.1 ' BASTO CONSIDERATIONS

1,1 In & wine of intinite aspect ratlo and constent air-

by

01l section, tahe Torces on sll sections are the same, and

t and dreg coefficients which such 8 wing would have

ot
[N

e

he 1
are known as the section charscteristics for the particular
section used. In suen a wing, there is no downwash and the
true abso&ute angle of attack Is constant a;ong the span anmd
eqﬁal to the angle between the zero-1ift chord and the flight
path, APter these charscieristlcs sre once deternined for a
given section, they may be us a4 with that section regardless
of where the section occurs in any wing, provided the true
or local angle of sttack can be determined ad that particu-

layr location.



1.11 In e wing with finite spen, the sngle beiween the

zero-1ift chord and the flight path is no longer the irue

angle of attack of the sections {exesplt when zeroc), becauss

(%

tne downwash Teduces the iocal angies of attack, Wnen the

@

zeTo-1iTt chords of = wing &re in one plane, and the plan

form is such thet ¢he chord lengths are proportional to the

throughout, tue downwash engle iIs constant along the spean,
The true angles of etteck of the sections, although less
than tle angle betwsen the zero-1ift chord and tone flight

peth, are comstant, and the section 1ilft coefficlent 1s the

shepe or in which there is
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twist or & chenge in seciion elong the span, the downwash
angle is no longer constent slomg the span, and the section
1ift coefficient will, in generel, vary, The problem then
is to determine this varistionm in 1ift coefficient along the

span for any elven wing,

1.13 The 1ift coefficient at eny section may be expressed

Cg = Iy Sgp elal)

where ms is de; /das for the section, and ae 1s the effec-
O i o % c

tive engle of attack, Since, es explained above, the ef-

fective angle of attasck st any section » is the difference
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between the asbsolube anpgie of atteck witi respect to the

ol

flight pat!: and the downwssh or induced angle, thls may be
written
¢, = my (g - wW/V) (1.2)

where «p is the absolute anele of sttack of the section
with Tespect to the flight vath, and w ls the downwash or
induced velocity at the section, V is the velocity of the
ajirplane or the free-stream velocity, The downwash angle

at sny section at éistance ¥y from the plene of symmetry

b4 {c ¢ ay
- —‘.—-\‘ ] B, -
w1 4 & ¢ (1.3)
v vy
/b
-
b
where ¢ and ¢; are respaclively the CLOrd And 1ift coeffi=~
cient of the various sections slong the span, The integra-

tion of this expression, mest of which must be performed
craphically, is explained in reference 1, The solution of
(1.3) for = given location when substituted in (1.,2) gives

tihe

<

alue of the 1ift ceoefficient for tnst location, The

3

induced-dreg coefficient for the same locstion is given by
W ,
Cdi = Clv (laé)

1.14 This method would be relatively simple if 1t were not
\ P

fer the fact that ¢; must be known all along the span be-
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fore {1.3) cen be solved, The &distribution can, tuerefore,

e determined oniy by successive epoT ximstions, A span

Yf tie computed veiues of ¢; or c¢; 4O not fall on Tiae
sssumed curve, the curve must be modified and the process
until reascnsble sgreement is odtained. It is
needless te sav thet, unliesss the shespe of ithe loading

o

curve is fairly well known et the start, this method is

1.15 gJeveral methods heve been proposad Ior obtaining the
distribution of 1ift &irectly, in whies the circulation

{c Ty V/2} is generally expressed, elTher as & power or &
Pourier series, The Fourier series meillod was irst used
by Glauert (reference 2) in which tue value of the 1ift

ig ceoriputed et four points slong the semispen, In the
case of & wing of irregular plen form or in which the sec-
tion engle of ettack changes abruptly, &s when ailerons

or part-span flaps are deflected, & largser number of points
must be used to obtain an asccurate &istribution, The
points mey be chosen anywhers along the span and there 1s
no 1imit to the number of point¥ that mey be uszed with this
method. It 1s necessary, however, o solve as many simul-
teneous equstions &s the number of points teken on the

semispsn, Other methods are described in references 4 and 5.

%
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1.20 issg Lotz has developed a method hesed on the Fourier

‘solution which is preferred by many (reference 11).,  she

gre independent of Tie load distribution and may Le £epéa-
rately computed, Shenstone {refserence %) gave & briel

the Lotz method, described e mechenicel method

part-span flsp, using twentyv points, This method has been
used in the development of the procedure nserein presented,

Tt has the adventage of giving points closer together near
the wing tip where the value of the Lif% coefficlent usual-

1y veries mest rapidly. This proves a dlsadventage, how=-
ever, in tue case of a wing with a cut-out in the center

section. becsuse here the points are relatively Tar apart
y P T

end it is impossibie to vary the point specing., Also, in

_r
1

the case of a displeced flsp or eileron, the loed distri-

ES

bution at the end of the fisp or aileron is not sharply

defined by this method., In such cases it msy be necessery

S



to use & grester aumber of points, or it.may be preferable

o use one oi the other aveileble methods, No attempt is

ct

made here to explezin the theory of the Lotz method, &s
thet cen be obtainsd from the sbove references with the
help of a text book on Fourier series, The purpose of

znis bulletin is o present e procedure tnat cen be readil-

iy followed by anyons with & knowledge ol arithmetic,

with this in mind, tebles for the use of ten points along

the semispan are given with & explenation of their use

and, later, several numerical examples are carried through

to further Gemonsirste the method, If Jjudgment is used
J

in modifying the chordé or sngls of attack in the vicinity

of discontinuities, such a&s &t the end of & cut-out or at
the end of & Tlap, &5 explained lster in Paragraph 4,253

end illustrated in Bxenples 3 and 4 of Chapter 7, ten

almost all cases, A procedure including the necessary:

tebles for the use of twenty points =slong the semlspan may
be found in reference 9,
1.3 SCOPE LND LIMITATIONS O THE THEORY

1.%51 Fuselsge and Nacelle Interference - The nmethod msy

be spplied to any menoplane wing or to toe individual wings

of a biplasne, in which case each wing 1s trested as a mono-

plane by itself, smlthough the sgreement with experimental
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data is not apt tc be qtite s0 good in the case of the
biplane, 1In most cases the wing cen be assumed to extend
through the fuselage unsffected, aithough where sufficient
test date are available to show definitely the effect of a
fuselage or nacelle on the 1ift curve of a wing, the chord
or angle of attack in the portion blanketed may be modified

if necessary, Wiere a wing tapers frorm the edge of the fu-

¢ edpes should be extended
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ntersections of the leadine and traiiing

Fal

edges on tne plane ¢f syrmetry 1s cslled tine rocot chord,
Likewise, tue tip cheré is the distance between the inter-
the extended leading end trsiling edges with &

plane tengent tc the tip end parelliel to the plane of sym-

.

1,32 Empirical Tip Corrections - It has been found by ex-

pefiment that near the tip tne acﬁual distribution differs
slightly from that indicated Ey theory and it is necessary,
in some cases, to applyv empirical corrections to cause
spreement, These correcticns are & maximum Tor wings of
constant chord, and become neglipgible for smell values of

2

irst step is, tanerefore, tc com-

=

the tsver ratio‘k., The

pute A, If A is less then about 0,5, no correction is
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needed and tne calculations mey proceed, using the actual
chords of the wing tip. If A 1is greatlsr tian approximsie-
, tne magnitude of the correction is sufficient to
require consideration, but the necessity of applying it
w111l devend somewhat upon the type of wina structure, as

discussed leter in Persgraph 2,34, Attention is.called to
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correciion is round Tte be necessary,

Gistribution should
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ne theo *'e

be applied te the wing having square tivs; that is, the
leading and vrsilinz eézes of the winz sheuld be extended

annd trese lines used to define tre
chords of the wip, This will require & slight modifica-
tiopn of the ares of the wing tc allow fcr tre amount Thus
added, This empiricsl correction censists in adding Ac
to the theoreticsl curve nsar the tip in accordance with

curves furnisned herein, Since these curves &are intended
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tical curves for square-tip wings,
st rust be definitely determined, before starting the the-

oretical csleculetions by the genersl method, whether oT
b

rot tiie tip correction
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n
ct
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1.33 Sweepbeck and Dihedrel - Equation (1L,3) is based on
the zssumption thet the section aeroévnemic centers all

fali on & straight line reaching from tip to tip and is
nct theoreticelly correct when the wing has sweepback or

dihedrsi, TFor small values of either, the effect ls small.
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The thecretbicel effect of &ihedral is tco casuse toe sec-
tions pnear tiie center to take a greézer pTOportidn of the
load, while sweepback tends to shifv the load outward
toward tne tips. It does this by increesing the downwash
&t the center and by decreasing it ﬁeaf the tips, which is
an effect similar to *that produced by increasing the paper.
sufficient pressure distribution testis on sweptback wings
are not yet available tc check the theory, end nothing more
than a warnine will be inciuded in the bulletin at this
time, It is hoped th&t eventuslly the efTect of sweppback
can be included by using sn eculvaient taper that will pro-

“duce sporoximately the same dist rivution., An apvroximate

celeulation indicetes that & wing witi uniform c¢hord and

2

30~-degress sweepback mey nave & distribution of 1ift coef-

+y

icient alonF tne spen somewnest similar to a wing without

1.34 ©Lift Coefficient Near the Stell - Tne wing theory on

which this procedure, except for tne tip correctionm, is
based éssumes thst the 1lift coefficient of any section is
proportional tc its effective angle of attack,. This is
spproximetely true for most-Wing sections except &t angles
of sttack near the stall, When stalling begins at any sec-
tion, the distribution, as determined by this method, is

no longer vealid, It is fortunate, from & structural stand-

point, tnat the critical wing loads usually occur at engles

©1-10
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01 attack epprecisbly below tns stsll, end there 1s also

regson e believe that the dynamic 1i7T curve is wore ept

te re & straigit line and extend to velues well beyond

during & rapld change in angle of ettack, such as wien en-
countering & gust or durings e m&neuver, wie assumption

that &ll section 1irt coefficients are proportional to the

aricse o attac s justified. Tor dynsmic loading, tuere-
Tore, It Is permissible Uc use the procedure or tris bul-
letin Icr a value of 2ift coefficlent &t least 2% percent

in excess of that for steiline under siteady conditiorns,

1,35 IZffect of Reynolds Number - A% snples of gttack be-

low tine stall the efTect of a chanee 1n Reynolés Mumber

on the 1ift and indéuc

\D
3
©

8 dreg is negligible, The magnitude

ot the minimum profile drag, however, is a function ot the
Reynolds Mumber, as described in Paregrepi 6.112, which

means tuat the distribution along the svesn is modified by
this effect, 2lthourh tie relative distribution may ve as-

-

suned tc remein constant, (See Faragraph 7.192). The
sdditionsl prefile-drag ccoefficlient is slsc affected, since
its value for sny vslue of 1ift caefficieht is a function
of trhe maximum lift ccefficient which in turn is devendent

on Reynolds Number, This is discussed in Paragraph 6,12

and the determination or tne prorile-drag coefficient for
1-13
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& in Paragraph 7,183 of the

et
ct
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& given condition is 1
first example in Chapier 7, As'stated, the angle oI attack
&t which & section stalls, and the value oI tue maximum

1ift coefficient, are dependent on the value of tne Reynolds
Number, BExcept insofar as it affects the additionsl profile
drag, this phenomenon is relativeiy unimportent for dynanic
losding end has no bearing on the relative span distribution,
Tf sn investiration of the stsiling characteristics of a
wing is desired wnich involves & computation of tne 1ift
distribution under sbtatic conditions, the effect of Reynolds
Number on the maximum 1if%t coefficients of the sections 1is
very important, as &escribed in Peragraph 1.4 below. The
location of the mercdynamic center and the magnitude of the

moment coefficient about the gerodynamic center are not ap-

preciably affected by & veriation in Reynolds Number,

1.4 ' DETERMINATION OF THE
STALLING CEARACTERISTICS OF A WING

1,40 ‘While the pﬁrpose of determining the spaﬁ distribu-
tion is primarily-structuralg it 4s elso of interest from
en aserodynamic standpoint, Since iﬁ is essential to have
good lateral control when approaching & lending while fly-
ing near the stall, it is desirable 1o know where stalling

begins along the span of the wing, In reference 8 Anderson

1-12



exolains how this can be determined, The maximum 1ift co-
efficients for the sections are determined from ine secticon
charscteristics end their individual Reynolds Numbers, and
& curve plotted along the semispan, Several curves of 1lift
distribution &s caiculated are plotied on the same graph,
end one found which is tengent to the curve of maximum 1ift
coefficients, thus shoWing spproximately where stalling
bepins., This method assumes that the meximum 1ift coeffi-
cient for a section depends only on its effeciive Reyﬁoids
Number and is independent of its location in the whole wing,

This has nct bse

o

Gefinitely vproved, There is evidence to

indicete thst the 1if't coseflicient st which a section stalls

€2

epends somewnat on tns plan~form shspe of the wing, and
perhaps on other fsctors, Furthermore there 1ls appre-
ciable curvature Iin the section 1ift curves below thelr max-
imum 1ift points, the gsction 11ft coefficients computed by
the usual method, whicli assumes linear variation of c¢; with
xo, must be recomputed using modified values of my determin-
ed for the values of ag found in thé first cslculation for

the particular angle of attack which resulted in a curve

tangent to the curve of maximum 1ift cecefficlents, Since

| 3

this will resul®t in slightly different values of ag, it may

be necessary to recompuite once more,
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- METEOD CF OBTAINING THE LIFT

AND INDUCED-~DRAG DISTRIBUTION DIRECTLY FOR CERTAIN

TYFES OF UNTWISTED UNIFORMLY TAPERED WINGS

: BY MEANS COF CHARTDTS
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et

2. METHOD OF OBTAINING THE LIFT
AND INDUCED-DRAG DISTRIBUTION DIRECTLY FOR
CERTAIN TYPES OF UNTWISTED UNIFORMLY
TAPERED WINGS BY WEANS OF CHARPS

2,0 Scope and Limitations of Specisl Method - Before de-

scribing the general method of computing the span distribu-
tion, & more simple method will be presented in which the
relative distribution for the 1ift coefficient is read Gi-
rectly from chertvs contained herein, his method 1s appli-
cable only tc wings with c¢ervain definite characteristics,
however, The cherss give the additional-1ift distribution
which is equal to the totel d&istribution only when the ba-=
sic distribution is zerc, s will be explained later in
Chepter 4 during the description of the general procedure,

In general, this method Iis applic ab e only to wings having

the following cheracter istics

.

(&) The zero-lift chords must all be parsallel,
that is, the wing must have no asrodynemic twist,

(p) The plan form of the semiwing must be trap-
ezcidal except for the tip, which means that the
leading and treiling edges must be straight from
vhe piene of symmetry, or from the side of the fu-
selage or hull, to the beginning of & normally
shaped wing fip,

(c) The charts were caslculated for wings hav-

ing a constant section lift-curve slope m, through-
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out the span, but en approximste method of using
them for wings which taper in thickness ratio is
given in Section 2,2, The approximation consists
in mssuming that ¢ my varies linearly along the
span,

(¢) The individual wings of a biplane which
fell within the sbove classificstion may be treat-
ed as monoplanes with reasoneble sccurscy, although
interference effects may cause a slightly greater
divergence‘between the thecretical and the actual
distribuvions.,

(e} The use of & large cubt-out, the use of &
straight center section with tapered outer panels,
or the use of wings with curved leading or trailing
edges (except at the tip) mskes these curves ineppli-
ceble and the generael method must be used,

(f) For wings which heve merodynamic twist,
syrmetrical or antisymmetrical (See Paragraph 4,20),
but which meet the plan-form requirements given
above, thesé charts may still be used for determin-
ing the distridbution of the ad&iﬁicnal portion of
the 11ft coefficisnt snd the distridbution of that
portion of the induced-drag coefficient which va-
ries as CLE, but since the Cpp coefficlentis are
necessary in order to calculate the basic distri-

butions, there is not much tc be gained by using
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the curves Tfor this itype of wing,

- 2.1 Procedure Tor Wing with Constant mg - Given & wing
_ that meets the specifications (&) and (b) above and has a
- constent value of mg throughout the span, ﬁhe procedure is
_ as follows:
(a) Determine the taper ratio, A = ct/cs,:where
- ¢+ is the chord of the extended wing at the extreme
tip &and c¢g is the chord st the plane of symmetry or
- the Intercept produced by extending the leading and
_ traeililing edges to the center,
{b} Calculate the true‘aspect ratio of the ac-
e tual wing, & = bo/S, |
7 {c) Calculate the aspect retic for the extended
_\~ wing, A' = 2b/cg {1 + X }
_ (&) Obtain the sectioalslope of the 1ift curve
' per radlisn, mg, for the sirfoil used in the wing.
- All recent N,A,C,4, publications on airfoils, such
: as reference 15, include & table of "Fundamental
- Section Characteristics”™ from which mo may be foumd
_ by multiplilyineg the vslue given for g5 by 57,3, If
this Informaticn is not svailable for the airfoil
" section used, the slcpe may be approximated by the
‘ following formula given by Diehl in reference 10:
B Mo = 2% - 4.0 (t/c) (2.1)
. where t/¢ is the thickness ratio of the section,
o (e} If mo is constant throughout the span, cal-
L
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culate A/mo, where A' is the aspect ratlio of the
extended wing found in {(c) above,

(f} Calculate Y,the ratio of the mean tip length
to length of semispan (See Paragraph 2.1(h)).

{g) The relative distribution of the additional
1ift coefficient cyq4., which for this type of wing
i1s the distribution of the totel 1lift coefficient

when the wing 1ift coefficient C; = 1,0, may now

2-3 for the des-

2

be found from Figures 2-1, 2-2

ignated locations elong the gpan., These figures

ct

Ql

e

ct

consist of curves of gy pio Tersus taper
ratio A for four values of 4%/mg &t eight locations
along the semispan, The-coefficienﬁ Cé&l is found,
therefore, for the given velue of i by interpolat-
ing between the curves for the value of A'/mg, found
in (e) above which cen best be done by cross plot-
ting.

{h) These theoretical values of c;alvdeter-
mined for the wing #ith square or trapezoidal tips
should, when multiplied by the chords and the
products integrated over the span, check the Wing
coefficient of 1.0, In order t obtain the‘values
of czaat any given section for any given valué cf
Cy, it is then only necessary tco multiply the value

of clal Tor this section by Cp. 1If, however, the

wing actually has rounded tips, the values of °ray

2-4



when applied to the actusl chords will not check

Hh
(=

the wing coelfficlent © .0 and it 1s necessary
to correct the distribution by multiplying by a
constent determined by Integrating over the span,
This is more fully explained in Paragreph 2.2(h)
for the wing with verying mgp.

(1} After the correct distribution of Czal

has been determined, the corresponding distribu-

b
ct

en

p

tion of induced-drag coeffic cdig, C8D De cal-
culated, It is first necessary, however, to find

the angle of attack required 1o produce a wing

in which a4 is ithe absolute angie of attack 1n ra-
dians, or the angle of attack of the wing referred
to its zero-lift direction, which must be constant
along the spean for this procedure %o applye. The

slope of the 1ift curve of the actual wing per ra-

dien is represented by m and is determined by

o = :’,‘;f (2,8}
1 5 58 (1 +4)

»,
1)

in which m, is the same as determined in (4) above,
A is the &aspect retioc of the actual wing, while %
is a factor for the induced angle of attack that

mey be found from Figure 2-4, Figure 2-4 is an
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alignment chart, the écale on the right being
A/mg, while on the left are two sels of curves;
one set representing constant values of A with
varying amounts of tip rounding Y , While the
other set Tepresents constant values of y with
varying A ., The tib—rounding ratic Y is the ra-
tio of the tip length, or mean distance along the
span from the extreme tip tc the sectlons where
the tip is tangent tec the straight leading and
trailing edges, to the semispan, 1In the prepara-
tion of this chart the tip shape was assumed 10

be eliiptical, but the chart mway be used with suf-

)

icient accuracy regaréless of the shape of the
$ip rounding. To use the chart a point should be

located by interpoiating between both sets of

o
oy

urves for the values of X and y for the wing un-

je ]
n
(&N

er consideration. 4 straight 1line should then
be drawn from this point tc the correct value of
A/mp on the right hand scale and where this line
crosses the central scale is read the correct value

11 be noted thet rounding the tip

e

of « ., It w
causes a marked reduction}in the value of % and
thet, for a given tip length, vis & minimum when A
is approximatély 0.3, depending somewhat on the
espect retio. < is, of course, zero for an un-

twisted wing completely elliptical in plen form,
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nduced drag can

now be calculzted, AL any fiven section tine ef-

isq (2.4)

-

Then the downwasii angle 1s given by

W . (2.5)
and
. w
CA = — \/!' - -—
CL.J.B_:L - a‘_ v (206)

In this way the section values ¢of the induced-
drag coefficient are Toundé for Cr = 1.0, In or~
der to obtain the values Cdq for any eiven value

i Cp, 1t is then only necessary to multiply these

etermine the dis-

[o])

red to

[

{x) “men it is des
tributions at & given anele of attack, it is first

necessary to determine the wing 1ift ccefficient

e

C1, corresponding to this angle, This is given by

C'L = m Jg (2.7)
(1) For a given vslue of Cy, tie correspond-
ing value cf CDi is given for this type of wing

by the usval formula

CLZ
Cpy = Y {

'._l

+0 ) (2.8)




fn which A is the aspsct ratio of the actuael wing
es determined in (b) ebove and o is the induced
drag factor found from Figure 2-5 in & manner

similar to that used in determining -~ from Figure 2-4.

2.2 ©Procedure for Wing with Varieble mp - In the proce-

dure just described for & Wing meeting the requirements

of Parsgraphs 2.0(a) and 2,0(b39 1t was assumed that my was
constant alone the span, This is not usuelly the case for
tapered wings, A procedure will now be given for a wing

in which mgy varies, The method consists of substituting

for the actual wing with varying me an equivalent wing hav-

as to produce the sams span logding., The results must
necessarily be approximste unless ¢ mp happens to vary lin-
early along the span, A very common type of tapered wing
is one in which both the chord ¢ and the thickness t vary
linearly along the span, in which case, if mp varies lin-
early with thickness ratid t/c, ¢ mp also varies linearly
alons the span and an exact solution can be obtained. The
metnod is illustrated by exasmple 1 in Chapter 7.
(&) The procedure is similar to that of Sec-

tion 2.1 except that the taper ratio of the equiva-

lent wing must first be determined. If & table of

»Pundamental Section Characteristics™ is available

for several thickness ratios of the airfoil section

2-8



used, the respective values of &o should be mul-
tiplied by 57.3 and plotted versus t/c. A curve
to represent these points may then be used from

¥
which to read the vaiues of my for the various

sections of the wing, If = %teble of characteris-

ot

ics is not available, Equetion 2,1 may be used

(o))
ct
D

to determine mo., If the curve of mg versus t/c 1s

13

=

a stiraight line and the thickness tapers linemrly,

)

the taper rsitio of the equivalent wing 1is

g

T T T T (2.9)
g Cg g

in which m¢ and ¢y &re the values of m, and the
chord at the extreme tip of the trapezoidal wing
and mg and Cg are the corresponding values at the
plane of symmetry, If the thickness does not ta-
per. iinearly or if mp does not.vary linearly with
t/c, it is necessary to plot & curve of ¢ m, alomg
the semispan, On this plot draw a stralght line
to represent approximately a mean for this curve,
On this streisht line read the value‘of mﬁf ct at

the tip snd mg‘' ¢y at the centerline, Then the

taper ratio of the equivelent wing 1is

M ¢ ¢ %
v . M

A = oo De (2.10)
mg' Cg Tig

(v) Calculaste the aspect ratio of the actual

2=9



wing, & = bz/S.
(¢) Calculate the aspect ratio for the equiv-

alent square~-tip wing,

A' = 2b/cg (1 +A')

(d) Calculate the aspect ratio for the equiv-

glent round-tip wing

A" = A (1 +A)
(T +x)

. A
(e) Calcul=ate A"/m; and A'/mg

{f) Calculate y, the ratio of the mean tip

lenegth to length of semispan,

{z) From Figures 2-1, 2-2 and 2-3 obtain the
values of C;gq TOT the equivelent wing, using A'and
A'/mg* for A and A'/mg.

{(h) Calculate the values of chifor the true
chords by multiplying the values of cfa1 obtained

~gbove for the equivalent wing by the respective

ratios.of'mo/ms'.'

= ¢ Mo | ' ng ' = I 2,11
Cty = C ay T or ¢ ay gf;_ it Mg s | )

(1) If these valies of ¢, are multipiied by

the true chords of the wing, including those of the

actual rounded tip, and integrated over the span
and divided by the true wing aree, the result is

the wing 1ift coefficient which, if the tip were

2~-10



e

not rounded and m, were constant, should equel
1,0. When the %ips are rounded, OT Ing varies.
alony the spen, however, the value of Cg will
@iffer slightly from 1,0 end it is necessary to
apply e correction to the czavalues to obtain the
vaiues, The correciion Tactor is

found &g follows:

//"’5/2 %2
i . 2 g m
Gt = 3 c G dy = = c Cf’, —0 dy (2312)
L "§J a -§ al mﬁs
19 o)
The correctsd relative values of ¢ are found by

(3} The procedure for calculsting the induced-

Y

drag disdribution and the wing coefficients is the

glent wing is given by
i
mt = o (2.13)

o

:n which <'is the value of 1 obtained from Figure 2-4
for kiand A"/mg' of the equivalent wing with proper

rounding. Then for the actual wing

S ) (1 o+ A
m .=_m‘7 ¥ 7 m' %W = mt .;;L-.F,...___X_.)* (2.14)

and, as before,

fav]
i

et

o

HTREL Q18- —— o



CL = 1 G.& {2,7)
{k) The induced-drag coefficlient 1s given
as usual by
~ C'\’g £ o
VT = ) 1 + o \dﬁe)
1 N A ( )

where A is the aspect rstio of the mcitusl wing
while ¢ is determined Tor the equivalent wing

using Af, A" /ms' and the ratio of t

e
w3
|
juyl
o]
m
ct
iy
<t
o]

semispan,

tion of the laterel center of pressure &s & Irac-
tion of the semispen for trepezoidal wings, These
For wings with a varying mg, the cheracteristics A’
end AY/mg* for the eguivelent wing should be used

.

withh the curves,

2,30 4s previcusly mentioned, the theoretical 1ift distri-
bution, whether obfained from these ghartg or by means of
the peneral method, i1s not in good égreement with experi-
ment in the reglon of the tips for rectesngular wings or Tor
wings with only = sﬁall smount of taper; although.the dis-
agreement is very much reduced if the tips are well round-

ed., In reference 14 Pesrson has developed an empirical

2-12



correction based on & limited amount of test data which,

1ift d&istrivution for the

=

when added to the theoretice
ving with square tip, serves to bring the calculated values
into approximate agreesment with axperiment, neference 14

nas been used to prepere Figures 2-7 to 2-11 from which

the 1if%t increment to be sdded over the sffected tip dis-
tance to the thecretical curve may be determined, The

e

affected tip distance wes found by FPearson to be 40 per
cent of the average wing chord determined by dividing the

o

srea by tse span, The distridbution of this ACy, is given in

Figure z-7 where AC;

}.Jq
]
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=
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]
ct
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ct
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e
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ct
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e
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H
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,0. Ths shape

'..J

wing of aspect ratio & when the wing Cp =
. - i

XL

of this curve is indepsndent of ack or wing

jadd
]
mQ
!,_,_l
o
[@]
o]
Al
ct
ce

1ift, aspect ratio, sand taper ratio; although its magni-
tude depends on all three in accordance with Flgures 2-8,
2-9 and 2-10, respectively, TFor a given wing, therefore,
the 1ift coefficient increment at any section near the tip
is Acll, from Filgure 2-7, times Fy Fy Fg from Figures 2-8,

2-9 ené 2-10,

2,31 It should be parvicularly noted that this tip incre-
i

ment is centered near the trailing edge of the wing arnd its
center of pressure--or serodynamic center since it does not

change with sngle of attack--is given in per cent of the

wing chord by Figure 2-11., 1In case it is desired to add
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the increment section 1ift directly vo the theoretical
séction 1ift and use énly ore aercdynamic center for the
section, it can be done if an increment moment coefficient
is slso added tc the basic moment coefficient for the sec~
tiomn, This‘moment correction is given in reference l4,

Figure 3b, ¢r 1t may be compuived,

fans

.32 TFor & wing with no twist, the theoretical 1ift dis-
tribution curve does not change in shape with angle of
attack; which means that the section 1ift coefficient at

any section for a given wing Cy can be found by multiply-

a

ct

or the section by

e

ing the relative 1ift coefficient ¢
C1,. If the "Cy alsc veried directly with Cp, the delta
distribution could be added directly to the theoretical
and the two treated as one, thereafter, Unfortunately,

. “ s \ : - 2
ACy, does not vary direcitly but more nearly as Cp . In

b

e

fact, the factor Py of gure 2-8 1s so nearly eguel to

ey

CLE, that the expression for the increment 1ift, instead
sy = Fy Fp Fg o Acp. (2.15)

mey be written for all practical purposes
nCy = C32 Fy P AC (2.16)
{ z = \JL 2 5 A\ i ok

1

Because of this difference in the rate at which these two
distributionS'vafy with angle of attack, it is believed

best to treat the tilp increment as & separate and addition-

2-14



a1 iosd %o be handled separately for each Geslgn condition.
In thie way the theory for setermining Cp end Cpyg for any

angle of attack may bLe used without regsrd for the tip cor-

s

ection, TFor eny piven angle of =&

H

tack, therefcre, the

otal 11Tt cn the wine is determined dYy

ct

4
L= g S (G + ACT) (2.17)
-t
in which S is the total wing arsa, Cy Is the theoretical
o

value for the given angle of attack and Oy is twice the
ios¢ added to ssch wing tip expressed as a coefficient in

terms of the toitsl wing ares, OT

/'\ '_" = 2 ?_, ws T " -
10, = % FL ¥ Fp ¥ ¥

J_ofp-oces
¥ ERE b
Y hal I¥al w7 2 -~y
= M0y, X Fy = A07, x C;® &pprox. (2.18)

2.%3 This empirical tip correction

added to the theoreticasl distribution determined for a wing

shape of the tip. Since the curves, from which the distri-
bution may be read directly, were calculsisd using sguare

= 2 v = e <
t*,l.v;_)‘c:? the T

s
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them, “hern the taper ratio A doces not exceed about 0,5,

-

the correction is so small es to be nepligible in most Cases~—

as can be seen by looking st Figure 2-10-—and the theoret-
feal velues read from the curves may be used without cor-

rection. ‘When the wing is such that the curves do not



apply and the peneral method must be used instead, it is
necessary to know-—if the wing has rounded tips;—before
starting the calculations whether or not the empirical tip
corrections aré to be applied. If the wiﬁg has sufficlent
taper or is.otherwiserof such = nature thet it is decided
not to apply the empirical tip correction, the true chords
of the wing should be used, Orn the cther hesnd, if it is
intended tc apply the correction, the chords of an extend-
ed squere tip should be used in the general calculations
instead, because the use of the true chords would tend to

give too large a tip load after adding the correction,

2,34 TFor the ususl cantilever monoplanp with wall rounded
tip, the effact of the empirical tip correction is never
large, because the percentage increase in vending moment
produced at the root of such a wing by the additional tip
load is, in most cases, small, even at high angies of ate
tack., Under these conditions it is permissible‘to‘make
conservative‘apyrdximations that may save a considerabie
smount of work, such as calculating the tip load for a high
1ift coefficient and then allowing it to vary directly with
C1,» instesd of as CLz, by adding it directly to the theoret-
ical 1ift for the correspbnding angle of attack, If the
wing is sensitive to torsionﬁl loads, however, it may be
necessary to investigate, because whatever tip correction
there is has s center of pressure well toward the trailing

edge, thus producing a divine moment on the wing in the pos-
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b

itive 1ift renge, For semi-cantilever or braced monoplanes and
for biplanes, the tip correction is much more important. This is
especially true in the case of & straipht biplane wing panel with
two besm construction, In such & wing the extra load on the tip

nercentags effect on the bending moment

ju}
Q
c?
O
ol
.
o
s
%
)]
o
=
ity
H
ket
3
b
[\
ch
{
H
(o}

at the strut tnsn on the root moment of @ monoplane, but the cen-
Load, Or aeven moTe,
ney Tell on the resr beem, The zddition of the tip load has been

known to double the bending moment in the rear beam at the strut
&

4

terplane strut over the
load from the theoretical distribution elone, Becguse of the
these emﬁiricai factors, it is essential thet extreme caution be
is criticel, 1In the case
of biplenes, a conservative method would be to design the genersal
wing structure for thé theoretical losdéing for squere tips and
then design tné beams in the ovérhang, the interplene struts, and
otner parts effected, teking into sccount the empirical tip load-
ins and being particulerly conservative because of the uncertain-

ties involved,

2.35 Mo mention has been made of the increase in drag caused by
this erpirical tip increment of 1ift., 1In most cases its effect
would be smell ené it is believed conservative for tne wing struc-
ture tc neglect it, If desired, however, the tip increment may
‘be assuied tc act normal to the chord instead of to the line of
flight, in which caese there would be s component in the drag di-

rection.
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oTER AL PROCEDURE FOR .
CALCULATING LITT 2XD INDUCED-DRAG DISTRIBUTIONS
FTOR ANY SYMMETRICLL WING AT A
G.L\:’ N ANGLE OF ATTACK

2.0 Scope - When the wing is such that the preceding
charts {(Chapter 2) are not appliceble, 1t is necessary to
use the gceneral method, The procedure which follows is
for the purpose of cszlculsting the theoretical span dis-
tribution of 1ift and induced-drag coefficiemts for any
wing symmetricsl sbout the center line for argiven angie

of attsck., Chapter 4 will explair how to use this infor-

(4

tion to obtain the distributions for any angle of attack,

and Chapter 5 will gix edure for obtaining the

<
m
d
d
H
@]
O

basic &istribution cesused by an antisymmetrical distribu-
=nele of ettack, such as Tthat produced by displac-

ed ailerons. The followines method is i1llustrated by ex-

3,1 Table T -« Fill in Table I in se¢cordance with the in-

structliens of columns a snd b, Ixtreme c¢sre should te

e

s table, since there iIg no check on the wori

used with th 2,

Azne here, In column & the numbers in circles represent

LT

line numbers which =sTe made to designste the value in &

@

particular column of a d=signsted 1line by the use of a
sub-nuwiber,

{1) Line 1 of this teble gives the designa-



tions of the points along the span for which the
coefficients are to be calculated,

(2) Line 2 gives the cosines of the equally
spaced angles listed in line 3 which determine
the location of the points,

. ~1

(3) Line 3 gives the sngles, 6 = cos 2y/b

{4) Line 4 gives sin 6,

(5) Line 5 gives the lccation of the points
in inches from the centerline or plane of symmetry.

{6) Line &, tihe absolute angle of atteck in
radians will be the same for all points if the wing
has no serodynemic twist, For such wings 1t is
convenient to use an angie of 1,0, If the wing
hes a flap of constant chord ratio extending over
part of the spsn; so that the angle of attack has
one constant velue in this portion, which differs
from the sngle of sttack of the remsinder of the
span, it is usually convenient to use en angle of
1,0 in the portion covered by the flap and zero
for the remainder, In snv case, this line should
not be filled in without first reading Chapter 4

on the procedure for determining the distribution

8t any ensle of attack, especially Section 4.25,
if tiie wing ass a part-span flap.

(7) Line 7 is obtained by multiplying tliese

values of ancle of attack in line & by the wvalues



of sin © in the respective columns of line 4.
e 8 gives the meximum thickness of

(8) Line
each section in inches,

(9} Line ¢ is the chord in inches &t each

n Wote that when the tip

point along the span,

3 J
L ]

the chords of the

correction is to be applied
squared tip are to be used instead of those of
tip, if the tip is rounded.

~ickness ratio for use

foil character-

(10
in determining the fundementsl alir
istics of the sectiomns sliong the span,

(11) Line 11 gives ithe slope of the 1ift curve
spect ratio., This value

licax
values should be Taired, when taken from s table,
Diehl, in ref-

before using for & tapered wing.
ereénce 10, gives a formula by mesns of which the

epproximate section slope mey be determined for
L]
which mey be used when tae in-

any normal section,
formation is not otherwise available, Lnxpressed
in racdians, it is

mg = 281 - 4,0 (t/c) {2.1)

thickness ratio of the section.

where t/c is the
(12) Line 12 is the ratio of the slope of

R



the 1ift curve for the section at the plané of
gymmetry to the slope o the section et each
point elong the spen,

(1%) Line 1% is the rstio of the chord at
the plaene of symmetry to the chord at each point

glone the spean,

-t
bt
o]
@
-t
av]
ct
Prs
H
U]
n

(14) Line 14 is the product of
line 13 times line 4,

{15) Relow the table sre listed several param-
sters inclu@iﬂr total span, gross ares, aspect
ratio, average chord and taper ratio. It will
be found convenient to 1ist ithose items, which
Leve dimensions, in both feet and inches, In
cases where the tip correction is to be applied

and toe squared tip is being used in the calcu~-

e)

latidéns, &ll of these items involving S should

be given, both for the gciusl wing sand for the

wing with squared tip.

3.2 Table II - Till in Table ITI in accordance with the

following, except when *the wine has no twist, in which case
this tsble is not hecessary: |
(1) 4t the top of the pafe in the space in-
dicated, copy the values from Table I, line 7,
except that one-half the value given in Table I,
column O, 1s to be written under vo/2. The full

values in the other columns are to be copied

S5-4



<3

consecutively so tuat the subscript numbers of
the v's immedistely above the spacés are the

numbers in Table I.

)

same &s the resgpective colum

4

(2) Compute ri and rg &s indicated,

Jav]

[

(2) Pill in all ti

e spaces in the table which

)

contsin v's or r's as follows:

1, multiply ,1564 by the

e

-~

. - -
{a} For lin

2

velues fiven at the top of the
page for yg, =¥z, =¥y and yq &nd
write the products in the respec-
tive spaces as indicated, belng
careful o use the proper signs,

(b)) For line 2

-

e Tour spaces,
(¢} Fill in the next eight lines in
the ssme way, using the correct
multiplier given at the left of
the tsbls for each line, and us-
ing the values for ry and Ip
wheTe indicated in tiie same way
g5 the veslues for the y's are used.
(4) Total tie columns snd write thie results
in line 11,

(5) Obtain the sum of the valiues in line 1l1-



for each of the five pairs of colurns (a) and
{p), and write the sums in line 12 in the re-
spective columns (&),

{6) Subtract each column (h) velue from its
preceding cotumn (&) value in line 11, and write

the results in line 13 under the respective

columns (b)Y,

(7} Multiply the values in lines 12 and 13
by 0.4, or divide them by 2.5, and enter the re-

sults in line 14, These asre double the values
for tie »vcoefficients es indicated in line 195,
{8) Meke the check indicated at the bottom
of the page, An error is indicated if this fails
1o check exsctly, but a perfect check does not
necassarily mean thet no error has been made,
becsuse an incorrect value may occur twice with

gn so &s to cancel oul when The sum

l-"

ifferent =

O..

is obteined, When the wing has no twist, ell By
coefficients except By are zero and it is not

neéessary to £i11 in Teble IT.

5,3 Table III - Fill in Table III as follows:
(1) Fill in the spaces containing y's in
lines 1 and £, by copying the values from the
’Ipsfuct1v0 columns cf Table I, line 14; that
is, y3 is taken from column 1 of Teble I, ¥o

from column 2, and sc on, while y5/2 1is one-

S-6



hslf the value piven in colwmn O,

(2) Add lines 1 and 2, end write the sums
in line 3 in the spaces containing v's,

(3) Subtract line £ from line 1, and write

the results in line

NN
[N
ot

the spaces containing wts.

n

(4) Copy the v's cbiained in line 3 into the

last three columns of linss 1 and 2 as designeted.

(5) AdGd the last three columns of lines 1

Py
[m
jol}
)
iy
]
faT)
;.‘g
l,_.la-
ct
D
¢t
(3
D
n
&
=
wn
[
]
'_J
[N
=]
]

4 in the spaces

contalning muitipliiers by which all values are
multiplied before entering in the columns to the
rieht,

(8) Fext £ill in s8ll %he spaces to the right
of the column of multipliers which contein w's,
B's and g's as follows:

{a) For line 6, multiply .3090 by the
values given in lines 3 snd 4 Tor

Wg, A2, Po, =-Wg, D1 end -gq, end
T

n
s
F

I
d.
ey
It

write the prcduct
tive spaces as indicated, belng

B



careful to use the proper signs.

(b) Fi1l 4n lines 7, 8, 9 snd 10 in the
same way, using the correct multiplier
civen at the left for esach limne, |

{¢) It will be noted while filling in line
10 th=zt tlie value for column O is the
sum of &ll three v's, the value for
column 20 is {gg - g3 + QsJ), whlle the

value for columm 10 is wgy - Wg + W,

(9) Totel the columns and write the results in

b
11 for each of the %two pairs of columns (a) and
{b}, end write the sums in line 12 in The respec-
tive columns (a),

{11) Subtract each coiumn (b) value from its
preceding column (a) velue in line 11, and write
the results in line 13 under the respective col-
umns (b),

(12) Divige these values in lines 12 and 13,
and all values in line 11 in those cclumns not
headed by an a or b, by 5 (or multiply them by
0.2) and write the results in line 14, These are
tLe values for the (p coefficients as Indicated

in line 15, except Cg and Cpg for which double

thelr VHlﬁes are obtained.
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- (13) The sum of all Gy coefficients from Cg
‘&J to Csg, both inclusive, should be zero, Failure

to exsctly ecual zero indicates an error but, as
— in trhe case of the B,coefficients, a perfect

checlk dces not necessarily mean that no error has

- been made, It should be noted that these ¢, coef-
ficients are dependent only on the shape of the
wing and the distribution of mgy, and are indepen-

— dent of angle of ettack. In a twisted wing where
2t least two soiutioms &rs required, it is neces-

- sarv to determins the Cy coefficients only once,

- GPe: meble IV - In Teble IV are Listed and computed the

constants necessary in solving for the Ly coefficients,

P (1) The constant ug squals Table I, line

_ 11, cclumn O, times Table I, line 9, column O,
divided Yy 4 Times the full span of the wing Iin

- i1cm=s

(2) The 2P, values are next computed, using

B . 13 value oF ﬁb and obteining the values of 2Co,

_ Cey Cgs Cros Cag and Cyg from Teble III, line lé4.

(2) Fronm the same source are teken the Cgp

- values for compubting the items designated D o

_ I; inclusive,

- 2.5 Table V - The genersl equations are given below and

g may be solved simultanecusly for the Ap velues, after sub-

g

5-9



stituting into the equations the velues o7 constants glven

in Table IV and the values of 2By from Tadle II.

2h1 P1 + Az D + Ly H + ALy K + Ag M = 2B;
hy D + 2Az Pz + Ag E + Ay I + Ag L = 2By
Ay H + Ag E + 2Ag P5 + Ap F + 49 T = 235

&

Ay K+ Az I + Az F + B84y Py + Ag G = 2By

t

Ay M+ Ag

1 + hg J + Ay G + 2Ag Py £Bg

The best way to solve these eguations is by successive ap-

proximations, Since, for any normsl wing, all the An coef-

}_lv

cients are small with the excepiion of Ay, &an epproxima-
tion can be quickly made by essuming toen zero, By substi-
tuting the approximate value of 43 thus obtained in the
other squations, epproximate values of the other coeffi-
cients are obtsined which, when substituted in the first
equation, results in & closer spproximation for Aj. A
repevition results in closer epproximstions for all the
'coefficiehts._ Table V is'provided fbr s solution in this
menner., This table is diviged into 5 divisions of 7 lines,
cach division of which represents one of the five equa-
tione., Column 1 gives the opersations regulred o obtaln
cach coefficient when &1l the others are known, In column
5 should be listed the items D to M inclusive from Table
IV, as called for in coiumn 1, The values of 2Bn and 2Pp
should be taken from Tebles II and IV respectively, and

entered in the spaces indicated, In column 3a are listed

3=-10



the velues of the Azcoefficients &s First gpproxim&ted.
Since none are knowzn at the start, A1 is determined as
though the others were all zero and listed in column 4a,
line 7, and column 3&, lines 8, 15, 22 and 29, 4z is next
approximated in the same wéy, except that the value first
found for Aj; is used snd the it&mé listed in column 1 are
evaeluated in column 4&, where A4z is listed in line 14 and
in column 3a, lines 16, 23 and 30. Ag, Ay and Ag ars next
approiimated in order in the same manner, accompiishing
the necessary operstions in ecolumn 4a, After all the A,
coefficients have been approximated in this weay, they are
written in column 3o, lines 1 4o 4, and the whole process
repeated, using the latest spproximesed value for each co-
efficient as it eppears, and using columns 3b and 4b in

eme manner thst columns 3e and 4a were used in the

cF

£y

@
)

Tirst approximetion., The values of A, obtained in column

4b mey be considered Final, but the process may be repeat-
ed oncé more in columns 3¢ and 4c¢ &s & check. The most
common.error in solving these equeations by this method is
to misplace a decimal'péint and to carfy the same error

through each approximstion..

5.6 Table Vi - List in Table VI, column 1, the values of

the Agpcoefficients found from the solution of the equations,

Calculate columns 2 end 3 as shown, and totel the values
in columns 2 and 3, Calculate the values of Cp and Cpy &s

shown, These represent the wing 1ift coefficient and wing

3-11



induced-drag coefficient for the angle of attack for which
the calculstions were made, Wor checking purposes, the

£4 ¥, may be found as in-

Y
’..J
pte

lateral center of nressure 0O

dicated,

5,7 Table VII - Fill in Table VII as follows:
(1) Copy the vzluss of the Ap coefficlents
into column & as indlicated,
(2} Fill in &1l cclumns of lirnes (8 - 12) by
multiplying the A's by the proper sines, the values

of whicn are listeld above,

b
ct
i
®
w
D

L]
e}
(@]
o
(@
o
[
w
'_Y
]

(2) Znter the totals of
line 13.
{4} Mulbipiy each of %tune values in Table I,

Table 1

ine 11, column

}q_,l

ts

the regpective columns

O
w
30
=
s
D
o]
ct
O]
b
ot
a3
®
i
0
for
-+
ctr
n
F}n
)
}..

I

+

(5} Line 15, found by multiplying the values
in line 13 by the respective values in line 14,
gives the theoretical values of the section 1ift
coefficiant at the ten points slong the semispan
for this particular angle of attack when Gy, equals
the value computed in Table VI,

(6) In line 16 is copied the values of the
section slopes from Table I,

(7) The angles of attack are likewise enter-

ed in line 17 from Table I,
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N

wine has no twist, so that the basic 1

(8) The effsctive anzle of attack of eaclhi
section is compubted in line 18 by dividing tue ¢
valu=s in lins 15 by tae resﬁective values 07 Mg
in iine 16,

(9) The incuced mncle is found in line 19 by
subtracting the effesctive sngle from the absolute

.} [ S S,
ncile ol avioancl,

Ry

(10) Lire 20 rives the theoretical values of
the section induced-drag coefficient, the product

of thne induced sngle times the 1ift coefficlent,

~ie of attack,

n
]
ct
{20
@]
-
[
oy
H
]
t
b
[3e]

{11) The clhords of the sections are copied

(12) In line 28 tne relstive 1ITT coeffi-
cients are found by éividing the ¢, values of line

15 bv tie value of Cy found in Table VI, IT the

[

o~
4

(=0

t is zero

at all sections, Czl ecuals ¢y and represents the
21

1ift coefficients when Cy = 1.0.

(1Z) Line 23 represents the products of chord

e

and section 1ift coefficient ané, when plotied ver-
sus span, produces what is known &s the span-load-
ine curve, 1In cases where tie wing has discontinu-
ity in plen form as when cut-outs or & straight

center section with tapered cuter panels are pres-

ent, it is better to fair the span-loading curve
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and then compute the ¢,, values from this in

ol

the vicinity of the breask, The c¢; curve is not

—

1ecessarily a continuous curve 1n such cases,

(14) Line 24 is comput=d for the purpose of
e check as indicated below the table, It is sim-
ply a method of integreting the span-loading

curve tc obtain the velue of Cp and compering it

with the vslue found in Table VI, The sum of

all ten velues in line 24 minus one-half the

value in column ¢ when multiplied by ® znd 4i-

A}

vided by 20 times the average chord should equel

1.0. This check may be accomplished graphically,

In line 25 the relative induced-drag
coefficlents are found by dividing the cg; values
in line 20 by the value of Cgi-found in Table VI,
If the wing has no twist, these represent the
section induced—drag.coefficients when Cbi = 1,0,

{(16) The values in line 26 may be used for
fairing, as described sbove for the 1ift,

{17) Line 27 is used for the purpose of
checking, in the same way thet line 24 was used,

(18) In cases where sguared tips &re used
in the above calculatvions in anticipation of ap-
plying the tip corredtion, it is necessary to

modify slightly the reilgtive values of rq end

G=lg

-



— ¢y, oefore epplying them to the wing with ac-

1
tual chords es wes expieined in Chapter 2,

N
- This ¢an be most readily accomplished by using
the actual chords in line 21 &nd the actual wing
area in the checks &t the bottom of the table,
- Instead ¢f these integrations being checks in
this case, they give the regpeciive values of
= the factors by which ¢;. &and ¢g, must be divid-
L 11
: ed to correct for the rounded tip.
-
Nt
o
-
3-15
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TABLE I
COMPUTATION OF ANGLE COEFFICIENTS, B

TABLE X.!Y9./214Y, Y Y | Yg Ys Yo Y4 Yg 4o
LINE 7 i
9! - 53 - 55 & 3"6 + :‘5 = L f;alz - §4p + -‘jﬂ =ﬂi
WoLTi-l f — % 3 =~ 17 5 - & T - s g - il
PLIER] & | B 4 | o [ b a. b a | b
i lisee 22 | ~ I ~ 1 J!
5| 3080 g Ha Y4 Y8
3|.4540 21 Yo | ~J = J3
. | - Mo -
45878 Yo Iz | Je. Je
5! 707 Ye Yz i -Js Is
7l.8910 2% -5 Yo -5
gl.9si gz Ye ~Je Z5,
i l )
Te) 5'0@0@ 5@ 2. - ¥, /P ile .::’:g‘_"lf_z»_.. 50/2
11| TOTAL |
2l b ‘ e
S~ S ~ ~_
/_:X'\\ /,.>\ /<
2B; 2By |2Bg EB.p 2By |28y 2B, gzsm 2By 2B,

CHEGK : 28,28 3+ 2B EB+ EBg-28, +2B 2B 28~ 2819 =2}, =2 &g
MOTE: IF 0{, IS CORSTANT ALONG THE SPAN, B sXg & B3 TO Bjg ARE ZERC.
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TABLE ¥.

SOLUTION -CF A, COEFFICIENTS

~n

Sa 3b

3¢

& G

4 b

4 C

| (CZ ~CghlAy

N

(Cq ~Cg)hs

(ce -Cg)AT

(Ce -Cio)Ag

0,6,0.0

28, - (%)

28, =

Rleoe|la]&lw

A "@/QP;

8 {Co ~-Cs) Ay

9| (C2 ~Cg) As

1101 (Ca —Ci0)A7

i1} (Cg ~Ciz)he

3] 285 (2

253'

14 A3=@/2P3

2Py ¥

i5| (Cq ~Ce) &y

16| (Co —Cg) A3

171 (C2 -Ci2) A7

18! (Cq ~Cig) A9

19 (19+(94+(9

2ol 285- (®)

2Bgr

21 | age €9,/ 2Pg

2P5=

22| .(Ce - Ca) A

23| (C4— Go)A3

24| (Cg- Ci2)hs

28| {Co —~Cig) Ay

26 @*@v@

'9+€3
o7 267 - @9

289s

28| by @)/ 2p,

2Py e

28! (Gg ~Cig)Ay

30| (Cg —Ci2)A3

31| (Cq ~Cie) As

32| (Cg-Cig)A7

(%

33/@9+8ED-E2

34| 289~ @3

2Bg =

2Pg =

35| Agr (39)/2Pg



TABLE ¥I
COMPUTATION OF WING LIFT AND DRAG COEFFICIENTS

i 2 3

A = (A= A/3=

Ay = 3 (A,)2= Ay/5=
Ag = 5(f ) = ~Bg f21=
A, = | 7{m,)%- A, /45=
Ag= EllNis —A,/T7=
Z‘ﬁﬁ; = ~ S =
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L+ = e =

o
OR
T MgCg A
4 Cue |
AVE .
+ 2
G =H=a— |G =C_ +Cp=
o; \TA Diy -
FOR WING WITH NO AEROCDVNAMIC Twzsn%,zcs.
A Ao,
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TABLE ¥I
COWMPUTATION OF LOAD DISTRIBUTIONS

Coy ® s
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z | TRBLET! 6 60 | 8 |72 | 63 | 54 | a5 | 36 |27 | 18 | 9
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TABLE 1

16! (INg 1
o TABLE S
LINE 6

8|09/

5[& 2 é? §

20 .X Cai

TABLE 1
28 LINE 9 ¢

22{(8) /G| ¢y
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24! &3 x (3)|cgy s e

25|@9 /Cp,| ca,
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' PROCEDURT FOR DETERMINING
THE LIFT AND JNDUCED-DRAG DISTRIBUTIONS
FOR ANY ANCLE OF ATTACK

4,0 General

4,00 Introduction - A method hes been outlined for csalcu-

lating the 1ift and induced-drag distributions at & glven
angle of attack for any wing symmetrical, both in plen form

~r

and in angle of attack, sbout its centerline cr axis,
The same method can be used, of course, tc determine the

aistributions at sny other sngle of attack, but this is not

®
-

usually necessary as will now b explained,

4,01 Lift - The theoretical 1ift distribution on any wing

can be divided into two parts called the basic-1ift distri-
bution and the additionsl-1ift distribution, The basic is
sometimes referred to as the zero-1ifv distribution because
it represents the section 1if? coefficients along the span
when the wing 1lift coefficient is zero., It depends oniy on
the characteristics of the wing andé is independent of the
wing angle of ettaék, but is mostly affected by the distri-
bution of angle of sttack along the span, When'the absolute
snrFle of attsck is constant along the sbpan, vhiph means that
all zero-lift cherds lie in the same plane or thab the wing
has no effective twist, the section basic-1ift coefficients
are all zero., “he sdditicnal-lift ccefficlent distribution

also devends on the charscteristics of the wirg including
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the chords and section 1lift-curve slopes, dut is indepen-
dent of the twist of enple-of-attack distribution, - Its
shape is slso independent of the wing angle of attack, but
the section 1ift coefficient at any section is directly
proportional to the wing angle of attack or to the wing
1ift coefficlient, This can best be expressed in the form

of &an equetion where the 1ift coefficient at any section

b

for a wing 1ift coefficient of CL is

Cl = Ctb + CL CE &1 (4301)

where czb is the 1ift coefficient which that particular

section has when the wing 1ift Cy is zero and ¢, is the
&
: 1
additional 1irft coefficient which the section has when

4,02 Induced Drag - In a similar manner the distribution

of induced-drag coefficient mey be divided into partial dis-

tributions except that it is necessary to use three instead
of two parts, es in the case of the 1lift, One part is con-

stant or independent of angle of attack end represents the

BN

induced 4arsgz when the wing 1if{ is zero; enother part is

ie

o

directly proportionagl to the wing'lift coefficient, wh
the third part is proportional %to the square of the wing
1ift coefficient, When the wing has no effective twist,
the first two distributions disappesr and only the third
part which varies as CLB is present, This cen also be ex-

pressed in equation form, where for a wing 1ift coefficient

42
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of CL the induced-dreg coefficient at any section is

¢ay = Cdib + Oy Cdialb + C.L2 Cdial (4,2)
vhere cdib represents the induc drag coefficient for
this section when Cy, = O, snd Cdig a1 represents the induc-
ed-drag coefficient at this ction if the wing had no .
twist when Cy = 1,0, while édialb represents fhe part of

the induced-drag coefficient thaet varies directly with CL
when C1, = 1.0, and is caused by the interaction of the
basic and sdditionsl 1ifts, The latter coefficient may

be csliculztad by memns of ths feormule

< C4 .
dialb _ “lay % Clb X Cdiy, x C!al (4.3)
cl G Cl b
L

v <

4,03 Tip Cerrection - As explained in Chepter £, certain
wings reguirs an empiricsl Tip correction to be anplied to

the theoretical 1ift distrivution to make it agree with

<

experiment. This correction 1s calculsted and upplied
in the ssme way whetlhsr the theoretical distributicn is

obtained by the general methiod or by the use of thLe curves
and is fully describved in 3Section 2,3, It must be remem-

bered, however, that when using the general procecdure, the
correction must ve applied vo the thecoretical distribution

based on a wing with square tips,

4,1 Wings with no =ffeciive Twist,

4,11 Lift - %hen tke wing has no effective twist, all

basic distributions are zero and drop out of the above ex-

- 4-3



pressions, The czl in line 22 of Table VII then becones

cla and the value of ¢; for any of the ten points along
1

the semispan can be found for any wing Cp by multiplying

the value in line 22 by the desired Ci.

4.12 Induced Drag - The Cay in line 25 of Table VII rep-

iy 7 :
resents tre section values of the induced-dreg coefficlient
when CDi for the wins is 1,0, To obtaln the distribution
of 2, OF Cdia for sny given vselue of Cy, it 1s first

necassary to calculste the value of Cp. by means of the
. -

Tormula from Table VI

C
Cp; = L

and then to multiply the values in line 25 by this Cpy -

4n alternstive snd perhaps preferable method is to first

wn

obtein the &istribution of cg. by dividing the values
a1 '

of cg, in line 20 of Teble VI by the square of Cy in Table

Yo

F

¥I. It is then necessary, in order to obtain the 44 dis-
tribution for any C1, to simpiy multiply these values of

cdial by the deésired value of CLz.

4,13 Angple of Attack - Before resolutions can be made

into the planes of the wing structure, it is necessary o
know the ansle of sttack at which the chosen design value
of wing 1ift coefficient occurs, For the wing without

twist, the slope of the 1ift curve for the wing is simply



9]

m= _L per rsdian with 0g in radiens (2.7)
0.
&

or
= m .
g = per degree
57.;)!
wiere C; is the value of wing 1ift coefficlent calculated

in Teble VI and ag is the angle of attack used in line 6
of Table I (usually 1.0 radian), Since the ususl expres-
sion for the slope of the 1lift curve for a finite wing in

terms of the section slope is

m
m = T o (205)
O ' \
1+ T (L +%

it is well st this time to calculate the value of the in-
duced-angle factor t ., Since the value of m, may vary
along the span, 1t is only possible tc do this in terms

of the vzlus st one particular section, and if the ssction

at the plene of symmetry is chosen, the above formula be-

comes
m = s o (4.5)
1+ I_E_E (1 +%g)
and
(L + 1g5) = (mg - m) nA (4.6)
: m mg

4.14 ZExample - The general procedure for this type of

wing is 1llustrated by exemple 2 in Chapter 7,



4,2 lines with Tffective Twist.

4,20 Types of Twist - If the zero-1ift chords cf a wing

are not all parallel, the wing is sald to have effective
twist, This twist may consist of any one or of any com-

binstion of the Tollowing:

{a) A built-in twist, warp or washout in
the wing which results in the zero-
1ift chords not being parallel,

(b) A flap or other Gevice extending symmet-
rieally aslong only part of the span,
the displacement or operstion of which
csuses the zero-1ift chords of that
portion of the wing to be angularly
displaced from their original position
and from those of the remeinder of the
wing,

(c) Ailerons or other lateral control devices
which are drooped symmetricelly to ob-
tain increased 1ift and which in so
doing cause the zero-1ift chords cf the
wing %o be angularly displaced,

(d) Twist csused by the elastic deformation
of the structure under load,

-

(e¢) Aiierons which are differentislly dis-

t-te
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placed may be considered to be given a

symmetrical displecement plus an anti-

symmetrical displacement ecual and

- Opposite on the twe sides. The symmet-

rical part mey be trested similarly to
item (c) above except that its sction

is intermittent,

(2) Antisymmetrical:

DTSR O—3R— 7

(a) Twist caused by equal and opposite

alleron displacement cr the antisym-
metrical portion of the displacement

of differential eilerons,

(b) Twist caused by roll or by an angular

velocity of the sirplane about an
exis parallel to the direction of
flight which causeé the angle of at-
tack to vary linearly between»the

center and the tip

-

(c) Gusts which impart a rolling accelera-

tion are unsymmetrical and produce
effective twist., Regardless of the
spanwlse distribution of such s gust,

it can bs divided into two separate

[

istr

Ch

butions, one symmetrical and one

8]

ntisymmetrical, The symmetrical por-

tion may be furtier divided into a
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twisted and an untwisted portion,
eitner or both of which may be zero,

If the gust were assumsd to have a uni-
form gradient from tip to tip of the
wing, the antisymmetrical distribution
of 1ift and induced drsg would be sim-
f1ar to that caused Dy a rolling ve-
locity and there would be no effective
symmetrical twist,

)

Trocedure for Wing with a Sinele Symmetrical Twist

o>
»

o
}._-'

4,21¢C Intrcduction - when a wing has effective twist, the

basic distributions are no longFer zeTO. In order to ob-
tain the 1ift end induced-drag distributions at any wing
1ift coefficient for a wing having & single twist-—or a8
combination of twists thet may be treated &s one—symmet-
rical sbout the centerline, the necessary unit distribu-
tions may be determined by.following the procedure out-
1ined below. This applies to a wing with built-in twist,
as type l{s}, or to a wing with part-span flap of with
drooped allerons, &s long &s the distribution for only one
flap or aileron angle is desired, It will be described
{in Section 4.23 how to use the results from these compu-
tations for one flap angle to determine the distribution
for any other flap angle, The method is illustrated by

example 3 of Chepter 7,

4-8
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4,211 Preliminasry Computations for Wing Without Twist -

The theoretical 1ift and induced-drag cocefficient distri-
butions are first found in the normel manner, using Tables
(I-VII) for the subject wing, except that the wing is as-
sumed to have no twist, and ag = 1,0 is used in line 6 of
Table I for the entire span, As usual, when there is no
twist, it is not necessary to compute Teble II, because

By = ay, &nd a&ll other B, coefficients are zero,

4,212 Preliminary Computations for Wing with Twist -

Next repeat the above calculstions except that this time
the true angles of the wing are used. Any arbitrary angle
of attack of the ssction at the plane of symmetry may be
used, bub where the effective twist is the result of &
part-span Tlap, some work can be saved by using zero angle
of attack for the portion of the span not covered by the
flap, In these computetions it is necessary to fill in
only lines 6 and 7 of Table I, since everything else in
this table is the same as in the first computation, If
the wing has a part-span flap, Section 4,25 should be read
before filling in line 6, Table II must be computed this
timé, but Tables III and IV do not need to be touched,
because the Cp, coefficients are independent of twist,

The computations in Table V must be repeated using the

new Bp coefficients and the same C*s as before, Table VI
1s computed in the usual manner, but liﬁes {16-20) and

(25-27) of Table VII mey be omitted for the twisted wing,
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4,213 Table VIII - The distributions found in Table VII

end the wine 1ift coefficients in Table VI for t.ue two
cagses, one the untwisted wineg and one tne twisted wing,
furnish sufficient information for ontaining the various
unit distributions which is sccomplished in Table VIII as
follows:

(1) The column numbers in line 1 corres-
pond tc the same numbers in Tables I and TII and
serve to identify the span locations at which the
section coefficients are determined,

{2} Line 2 is cépied from Table VII, iine 22,
for the untwisted wing end represents the addition-
el-1ift coefficient, ciaﬁ , distribution when Cp = 1.0.

(3) Line 3 is copied from Table VII, line 15,
for the twisted wing and represents the distribu-
tion of %otal 1ift coefficient for the sctusl wing
for the particuler asngie of attack ané flep angle
used in the computatvions, In this teble the pres-
ence of (T) after Cy or after a teble number indgl-
cates the twisted wing, while its asbsence indicates

the normal or untwisted wing,

(4) Line 4 is obtained by multiplyine the
values of 0181 in 1ine 2 by the value of Cy found

in Teble VI for the twisted wing and represents
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the additional part of the total distribution
given in line 3,

{5) Lihe 5 is obtained by subtrscting line
4 from line 3 and represents the distribution of
the basic-1ift coefficient for the subject wing
with the twist used in the computstions,,

(6) Line 6 is copied from Tgble I, line 11,
and represents the section 1ift-curve slopes,

{(7) Line 7 is copied from Table I, line 6,
for the twisted wing and represents the absolute
angles of attack for the sections as used in the
twisted'wing calculations,

(8) Line 8 contains the absolute angles of
attack when the wing C; = 0, and is obtained by
subtraecting from the values in line 7 the con-
stant angle obtained by dividing the value of Cy,
from Teble VI for the twisved wing by the siope
of the wing 1ift curve which is equal to Cp for
the untwisted wing at an angle of attack of one
radian,

(9) Line 9 is obtzined by dividing esch
value in 1line 5 by the corrsesponding value in
line 6 and represents the efTective angles of
attack when Cy = 0.

(10) Line 10 is obtsined by subtracting line

9 from line 8 and represents the downwash or in-
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duced angles when Cy = G.

(11) Line 11 is obtained by multiplylng the
values 1n line 5 by the corresponding values in
1ine 10 and represents the distribution of the
basic induced-drag coefficient for the subject
wing with the twist used in the computations,

(12) Line 12 is copied from Teble VII, line
20, for the untwisted wing and represents the
induced-drag coefficient distribution for the un-
twisted wing &at the particulsr angle of atback
used in the computations (1 radian),

(13) Line 13 is obtained by dividing line 12
by the square of Cp found in Table VI for the
untwisted wing and represents the distribution
of thet portion of the induced drag which varles
with C;% when Cp = 1.0,

(14) Line 14 is obtained by dividing the
values In line 5 by the corresponding values in
line 2, |

{(15) Line 15 is obtained by muitiplying the
values in line 13 by the corresponding values in
line 14,

{18) Line 16 is obtsined by dividing the
values in line 11 by the corresponding values in
line 14,

(17) Line 17 is the sum of lines 15 and 16

4-12



and represents that portion of the induced-drag
distribution which varies directly with Oy, when
¢y = 1.0,

(18) Line 18 is already Tilled in,

(19) Line 19 is copied from Table I, line 9,

(20) Line 20 is obtained by multiplying the
values in line 11 by the corresponding values in
line 19,

(21) Line 21 is obtained by multiplying the
values in line 18 by the corresponding values in
line 20,

(22) Line 22 is obtained by multiplying the
values in 1line 17 by the corresponding values in
line 18,

(23) Line 23 is obtained by multiplying the
values in line 18 by the corresponding values in
line 22.

(24) At the bottom of the_table, the values
of the wingacoefficients CDib and CDialb are found
by integrating lines 21 and 23.

(25) A check on these values is then obbeined

by using Equation 4,10 tc compute the total wing

indhced-drag coefficient for this wing at the value
of wing lift coefficient found in Table VI for the

twisted wing and comparing it with the value of

‘CDi previcusly computed in this Table VI,

4~15



4,214 Totel Distrivutions ~ Equations 4.1 and 4,2 may

now be used in connection with Tsble VIIT to find the
total distribution of 1ift and induced-drag coefficients
for the subject wing at any Cp. The total section 1ift
coefficient at any of the ten points along the semispan
is

c; = Line (5) + Cp x Line (2) (4.7)

L

and the total section induced-drag coefficient is likewise

cq; = Line (11) + Cp x Line (17) + C;? x Line (13) (4.8)

where the values are taken from the lines of Teble VIII
indicated, for the column corresponding to the span loca-

tion for which the section coefficients are desired,

4,215 Wing Coefficients - The slope of the 1ift curve for

the wing is independent of twist as long as the respective
section slopes along the span are the ssme in all cases, |
(Paragraph 4.252)., The computations for the untwisted
wing at en angle of attack of one radian, therefore, serve
to furnish the lift-curve slope, since the wing Cp found
in Teble VI is equal to m as long as o is one radian,

The value of T.is also independent of twist and is given

in terms of mo for the section at the plsne of symmetry by

(1+7g) = (mg - m) 'm"é*_s (4,6)

which is the same &s given previously for an untwlsted

wing., In order to determine the wing l1ift coefficient for
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& given angle of attack, it is not only necessary to know
the lift-curve slope, but in the case of the twisted

wing, the angle of attack for zero lift also must be knowa,
This is found in Table VIII, line 8, If the absolute
angle of sttack of the section at the plane of symmetry

be represented by ¢g for a condition for which it is de-
sired to know C1,, and ag, be used to represent the asngle
of attack of this section when Cy = 0, as listed in Table

VIII, line 8, column O, then
CL'= o {ag = ¢sg) (4.9)

The incduced-drag coefficient for the wing for this value

of Cg can be found by

= ; 2
CDi = CDib + C’L CD"’ .+ CL CDial (4.10)

where CDib represents the basic induced-drag coefficient
and CDialb‘represents the portion of the induced drag caus-
ed by the lnteraction of the basic and additional lifts
when C3, = 1,0, both found at the bottom of Table VIiI by
integrating tke respeciive distributions over the semispan,
and CDial = (1 +0) for the untwisted wing fouhd in

__Tn:_.l.

Table VI,
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4,22 Procedure for Wing with s Single Antisymmetrical

T™wist.

4,220 Introduction - It was explained in Chapter 3 how

to compute the section 1ift and induced-drag coefficients
for m glven asngle of attack for any wing, twisted or un-
twisted, es long as it is symmetricel about the center-

apter how to use

},,J
Hn
;-_:‘ .

ine, It has been explained in this ¢

the results of Chapter 3 to defermine the distributions
for this type of wing for any angle of attack or wing 1lift
coefficient., The considerstion of & wing, which has a
twist unsymmetrical sbout the centerline, has so far been
omitted in order tc avoid confusion, It was shown in
Chapter 3 that Tor a symmetrical wing only the odd Bp and
An coefficients appear in the computstions, In &an unsym-
metrical wing, both 044 and even coefficients would ordi-
narily oceur and considersbly lengthen the computations,
In & wing with unsymmetricel twist, however, the distri-
bution of angle of attack can eslways be divided intc one
that 1s symmetrical and one that is antisymmetricel; by
which is meant one having egual and opposite angles on

¢

the two sides, as explained under type {(2) in Psragraph

4,20, Separate computations can then be msde for each,

the former involving only the odd cocefficients snd the
Fa)

letter only the even, The general procedure for comput-

ing the antisymmetricel distributions is given in Chapter

o>
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.\/’

5 and, althouph the method is similar to that of Chanpter
3 for the symmetrical case, most of the tembles are modi-
fied and the computations must alweys be made for zero
angle of attack at the center, in order to completely
eliminnte syrmetricsl losding and resultant wing 1lift,
wxamples 4 snd 5 of Chapbver 7 include computations for
entisyrmetrical twist. Thé procedure described in the
followinr paragraph is for a wing having no other twist
except the antisymmetrical twist under consideration,
The procedure when one or more other twists, symmetrical
or antisymmetrical, are present is Cescribed in Section

4,24,

4,221 Computations - The procedure for a wing with type

2 or antisymmetrical twist ié not far different from the
regular procedure for & twisted wing as described in Sec-
tioﬁ 4,21. The computations are First made for the wing
without t..st for an angle of attack of one radisn, as
before, The second set of computations, which in the other
procedure could be made for the twisted winge for any con-
venient anele of attack, must be mede in this case for zero
angle of attack at the center for which the wing Cp, 1s
zero., These computations are made in accordance with Chap-
ter 5, using Tables II-A4, IV-4i, V-4, VI-A and VII-A in
place of Tables II, IV, V, VI and VII. While in the case

of symmetrical twist Table VIII was recuired to find all

4-18
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the basic distributions, in this case €y, &nd Cgy are

b
found directly in Table VII-A, Table VIII-4 is, there-

fore, needed only to determine Cdialb which is accompiish-
ed in e manner similar to that of Table VIII. In this
cése, however, cdialb is equal and opposite on the two
semiwings and it is this which produces the induced yaw-
ing mdment. The yawing moment coefficient for Cr, = 1 is
found at the bottom of thre table by integration, By com-
paring it with its value fownd in Table VI-4 a check is

obtained for the work in Tabvle VIITI-A,
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- 4,23 Procedure for Wing with Variable Twist - It has

now been explained how to obtain for any sngle of attack

—
” the distributions for any wing with symmetrical (Section
_ 4,21) or entisvmmetrical (Section 4.,22) twist. In the
case of & flsp or aileron, however, it may be desirable
- te know the distributions for several different flap
aneles, These can, of course, be found by repeating the
- s2pove calculstions for each flsp sngle, but this is not
_ necessary, After the basic distributions have been found
for any one flap angle, thev may be found for any other
- flap angle in ths manner described below, The same method
apprlies to any type of twist as long as the relative dis-
- tribution of absclute angle of atteck along the span re-
‘ mains the ssme,
L :
~ (a) Let (k&)7 represent the change in zero-
- 1ift angle from neutral flap condition
at any one section as used in the
” computations for the original flap
3 displacement, (See Section 4,25).
(b} Let (k8)p represent the change in zero-
- 1ift angle from neutral flap conditlion
at the same gection caused by the
B second flap displacement for which the
- distributions are desired,
' (c) Let subscript 1 refer tc all coeffi-
e ' cients as ccomputed for the original
';\1
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flap displacement and subscript 2 refer to
the coefficients which it is desgired to

find for tte zecond Tlap dlsplscement,

(&) Then
Cly, = Oy (k8) s (4.,11)
1 (kx8)y
a3 = Cdiy (k3) 5 (4.12)
2 + (kB)l
¢ Ca. .
dialbg = dlalbl (kS)Z (4,13)
ikBSl
or
new ¢; = ¢ {(k8)p C1, ¢ (4,14)
‘ oy (k54 aj
N -
new cgq Ca (kaE c. Ca (k8)g
<3}y (k8)q
+ CLB Cdlal (4015)

+
[}
t
[AV]
@]
O
[

(4.16)

(e) It should be noted that the amount of flap
displacement has no effect on the addi-

tional distributions, The angle of zero
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- 1ift is, however, changed so that for a given

sngele of sttacic of ithe refersnce section,as

L =m | e - aso,  Kbla ) (417)
- L (k&)
- , where Usq is the angle of attack of this sec-
1

‘tion for zero wing 1ift with the original flap

- displacement, This reguires that the values of
m, remain constsnt for varying amounts of flap
displacement,

— (f) The above procedure is also based on the assump-~
tion thst the relative distribution of kb along

= the span remains the same with changing flap

. angle,

e {(g) Wher=s k8 is constant along the span of the flap,

— it is best to let k3 = 1 radian for the initiel
computations which causes (k8)y to drop out of

- the above equations,

- 4-23
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4,24 Procedure for Wing with Multiple Twist,

4,240 Introduction - One procedure has now been given for

& wing with one symmetrical twist (Section 4,21) and another
procedure for a wing with one antisymmevrical twist (Sec-
tion 4.22). Any number of these twists may exist simulta-
neously and, as long as they are added together to form

one composite fixed twist, the above procedure may be used—
provided they are all symmetrical or all antisymmetrical.
Where several types exist, however, somelof'which mey vary
or some vanish entirely under certain conditions, it will .
be found convenient to obtain basic distributions for each
type of twist separstely as though the others did not exist,
and it is & necessity where some of the twist is symmetri-
cal and some antisymmetrical, The procedure is the same

as before, The first step is to make complete compute-
tions for the wing without twist in order to obtain the
additional distributions, Then one additional computation
must be made for .each of the twists in accérdance with.thé
procedures pfeviously outlined, A basic distribution of
1ift and induced drag is thus found for each type of twist,
each one of which may be modified to take ceare of other
degrees of the same type of twist, if desired. The sec--
tion 1lift at any point of the span can then be found by
simple addition, but the induced-drag coefficlent is not

so simple, because there is not only interaction between

the additionsl =nd each basic distribution, but there. is
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also interaction between the variocus basic distributions,

- 4,241 Section Coefficients - Expressions are given below

for a wing 1ift coefficient Cy for the section 1ift and
induced-drag coefficients for a wing with three different
twists, the basic coefficients for easch being designhated
by sub-numbers 1, 2 and 3, respectively, From fhe general
— form of these equations it can be resdily seen how to ex-
pand them te include any number of individual twists, The
twists may be elther symmetrical or antisymmetrical, or
both,

c,= (¢;+. + ¢ + C ) + Ce ¢, (4,18)
i lbl lbz lbs L lal

/'dl c

| 4y ca Cds by dipg | cpp .
N c = 1 i‘b + lb +

a4 1 2 _g Kibg Ezbs '

ibz dibg T
¢

. Cdj c Cq.

- + O _P1 ¢ Sipp dle “lg *
-
£
|

+

3 +

Ca
lag (c c
+ b <+ Cl +

¢}
2 ~dj 4,19

This may be written -
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Cdy 4,20
+<zclb a1 + L ial ( )
Lay
where
Ecdib _ %y, T8y, | cdn,
c v
L clbl clbg clbg
and

c = ¢ . + C + ¢

The similarity between this formula and Equation 4.2 for
a simple twist should be noted, When Eguetion 4.20 is used
it 1s necessary tc know the values of ¢y and cdib for each
of the individual twists, but it 1s not necessary to know

the individual values of cgy When these have been cal-

. ‘ e_i_b"
culated, however, in Tables VIII and VIII-A4, they may be

used, if Fouatioh 4,20 is written as follows:

Cca ca | 2 C3:s
cay = <2 “li’)(z% b3+ CL<Z leab ) + Cp g, (4.21)

in which

S = . A . :
b3 digb = “Qigypy + “digiby + Clig pa

It is seen that, when the individual vslues of are

Cda ib
'known, it is & raether simple metter to compute the cdy
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values for eny composite twist, It may be found more con-
venient in some cases, however, to omit all induced-drag
computations until the 1ift distributlion is found for each
design condition, The distridution of total induced-drag
coefficient can then be found for each design condition by
using a form similsr to lines 15 to 20 inclusive of Table
VII, and filling line 15 with the distribution of total sec-
tion 1ift coefficient as determined for each design condi-
tion, This latter method is almost a necessity when any
part of the effective twist 1s ceaused by unsymmetrical air

flow, such a&s occurs during a roll,

4,242 Wing Coefficient - The relation between wing Cp and

angle of sttack is found, as before, by using the sum of
the zero-1ift sengles of attack in place of one, as

C; = m {as -(a301 + 6302 + asozﬁ (4,22}
where, as before, ag 1s the aﬁgle of attack of the refer-
ence section for which it is desired to know C;, and asol,
CS0g and @s°5 are the respective angles of the same sec-

tion when Cy = O for each twist separately.

4,243 TITxamples - The epplicetion of this method to & wing
having two twists, one symmetrical and one antisymmetricsal,
is illustrated in example 4 of Chapter 7, The antisymmet-
rical twist caused by roll requirss speclal treatment that °
is best described by means of an example, sxample 5 hes
been added, therefore, tc illustrate the combination of

voll with two other twisis.
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4,25 Value of k3 for Flaps and Allerons,

4,250 Several references heve been made to this Section
as g&lving an explanation of the engle of attack .to use in
Table I, line 6, when it is desired to compute the distri-
bution for s wing with a part-span flap in operation, or
when the antisymmetrical distribution from displaced éile-
rons is wanted, It has been expleined that when E, the
ratio of .Tlap chord to wiﬁg chord, is constént along the
span of ‘the flsp, it is most éanvenient to assume sn angle
of attack of zero for the portion of the span without flsp,
and one radiasn for the portion covered by the flap. Before
the distribution can be found for any given flap angie 5, it
is necessary to know the absolute angle of attack for the
section with this particular flep displaced to this angle.
The change in this angle produced by the flap displacement
is usually expressed as k&, where k is théoretically a
function of the thord ratio E only, but actually varies
with & as well, Furthermore, when E varies with span, it
is ﬁecessary to know how k3 varies with I before Table I,
line 6, can be filled in, In this caese when the angle of
attack of the section without fiap is taken as zero, the
angles of attack for the points covered by the flap may be
teken as 'k directly or some reference section may be chos-
en as having one radian and the other sections téken‘in

proportion.



4,251 The angle k8§ may be taken from N,A.C.A, reports
which include tébles of "Fundemental Section Characteris-
tics", es the difference between a; Tor tne besic wing
section and alo for the same section with flap displaced,
and the result divided& by 57.3 in order to change to ra-
disns. Where wind tunnel tests are availsble of & rectan-
sular wine with the flap extending over the full span, the
value k8 is readily determined as the number of degrees
vetween tne intercepts at zero 1ift of the Cy Vs, @ curves
for the wing with flep snd the wing without flep, respec-
tively, divided by 57,3, If the Two curves are not quite
straight, they should bs epproximated by straight lines

before reading the int

D

rcepts on the zero-1ift line,

4.252 Where nc information of this type is availlable, the

A

value of k& for ordinary or plain flaps and for simple
split flaps may be estimated by means of the curves in
Figure 4-1 which were prepared from thelﬁata in reference
13, Most of the tests on which reference 13 is based were
made with Wings.having a thickness ratio of sbout 12 per-
cent, As pointed out in reference 168, there is a tendency
for the effectiveness of flaps to increase slightly with
tiie thiickness of the section, No accéunt of this hses been
taken in preparing Figure 4-1, as the approximate nature
of the curves scarcely warrents such refinement, These
curves give reasonable results when there i1s no leakage &t

the hinge. The effectiveness, and consequently the value
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of k&, is considerably reduced when there 1s a leskage
slot &t the hinge, e&s shown by Figure 1l of reference 17,
These curves should not be used for other types of flaps,
such as the slotted, externsl airfoil end Fowler, Most

of these have the property of producing an equivalent kb
with a relstively smaller displacement, When the value

of k5 is obtained from Figure 4-1, the value of m, for the
section with flap shoulﬁ be essumed to be the same as for
the basic section, When obteining k8 from other sources,
however, or when using other types of fleps, it is neces-
sary tc consider also the value of me and if 1t differs
appreci&bly from that for tne basic secﬁibn, it should be
used iﬁ the computations, In generél, the displacement of

change mp, while moderste dis-

ct

an ordinary rlap dcés 1o

placements of a split flap usuelly cause mgy 1o ilncrease,

Fleps which have the effect of increasing the chord, such
&s the Fowler, may be nandleﬁ‘as though the chord remain-
ed constant end m, increased, In cases where it is neces-
sary to use different values of m, for Tlaps open end clos-
ed, it is necessary alsc to make a separate additional-
1ift computaticn for use when the flaké are open, Other-
wise, the normal distribution for an untwisted wing with
flaps closed can be used &s tha'a&éitional distribution

for flaps open,
4,253 When filling in Teble I, line 6, 1if the end of the
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flap or aileron happens %o fall midway between two of the
ten points on tne semispan, the angle of attack for one
point is zero while thet of the next polnt is k8 for that
section with displaced flap., When the end of the flap co-
incides with one of tne ten points, the velue of the angle
of attack should be ‘taken as one-half the value of kb at
this peint., When the end of the Zlap falls at any other
iocation between two points, the velue of the angle of &t-
tack &t the nearer point should be modified by 1nterpolé-
tion, using the englas rather than the linear distances in
the interpoletion, This is an approximation that seems

sufficiently accurate in most cases, It really amounts to

© of

cﬂ"

o the Tlsp near tihe end by an equiva-

I’“'*
’—E‘-
=
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effectiveness, but with grester length
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of
o that the totel 1ift is kept the same, The distribution

B

of coefficients near the flap end is mede less abrupt and
& slight error in tne rolling moment also results, Where
greater asccuracy is desired, a system using more points

should be used,‘such as tonat given in reference 9,
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PRCCEDURE FOR CALCULATING
LIFT AND INDUCED-DRAG DISTRIEUTIONS FOR
ANTISYMMETRICAL LOADING ONLY

5,0 Genersal

5.00 Introduction - The computations described herein must
be made in connection with Section 4,22 of the preceding
chapter, Since the distributions caused by ailerons or by
roll may be considered as auxiliary loadings, it has been
thought best to posipone, in so far as possible, all ma-
terial concerning antisymmetrical lcading until the proce-
dure for symmetrical loading hss been completed., Section
4.22 was included in the preceding chapter because Sections

4,23, 4,24 and 4.25 apply equally well to both types..

5.01 Scope - The purpose of thls chepter is to outline

the method for obtaining the basic-1ift and basic-induced-
drag distributions for antisymmetrical loading, or for type
2 twist of Section 4,20. Thé procedure is aslmost identical
with that given in Chapter 3 for symmetrical loading, 1In
the case of symmetrical loading, only the o0dd Bp and A,
coefficients appear in the computations, whilé only thae
even coefficients occur in the sntisymmetrical calculations,
The main difference in the two cases is that the compu-
tations for symmetrical loading may be made for any angle
ot attéck, because both basic and additional distribu-

tions are symmetricsl, The computations for antl-



syrmetricel loading, on the other hend, must be made for

}

zero angle of attack gt the pisne of -ymme%ry in order to
eliminate all sdditional distribution. Fufthermore, the
ving must have no symmetricel twist—or, if it does, it
must be assumed zerc for the purpose of these calculations—
in order to eliminate all syrmetricel basic dlstributions,
Only Iin this way can the 0dd coefficisnis be kept zero,

There is the advantage thet when The sntisymmetrical 1ift

and induced-drag distributions sre obtsined, they are ba-
) H

sic and cen be combined directly with othe

]
o

| e

istributions

A

ct

in sccordance with the procedure of Sectioxn 4,22, 1In the

[

case of symmetriceal loading this is not possible, because
the angle of attack for zero 1ift is not known until after

Chapter 3 have been completed, Table

]

the computstions o
VIII of Section 4,2) is, therefore, required in order to
determine the basic distributions, Teble VIII-A of Sec-
ion 4,22 on the other hand, is required only for the pur-

b*
is i1llustrated in examples 4 and 5 of Chapter 7,

pose of determining Cdiy The procedure of this chapter
" 1 X

o

5.1 Teble I - Table I will probebly Lave been used for
computing the symmetrical case previocusly in Chapter 3,
It will, therefore, be necessary to £ill in only lines 6
end 7 for this condition as g1l other lines remain the
same, Thils essumes the same vslue for mg for the respec-

tive gections in the two cacses,
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(a) If the effect of displaced allerons is
desired, the angle of attack of the inboard por-
tion of the wing should be teken as zero and that
for the sileron portion as k§ where kb represents
thé change in zero-1ift angle at any section pro-
duced by displacing the sileron, If the ratio of
the cnordéd of the aileron to the wing chord is
constant over the span of the aileron, k& may be
assumed constant and eocual to one radien for this
initisl calculstion, the distributions then being
modified later to teke care of any desired alleron
angle. In any case, 1line & should not be filled
in without first reasding Section 4,25 which ex-
plains how to determine the value of k& for a wing
section with flap. (See example 4 of Chapter 7).
{p) If the damping characteristics in roll
are desired, the wing may be assuméd to have a

linear twist from an angle of attack of zero at

the center to positive and negative maximums at

the resvective wing tips., The magnitude of the
angle of attack depends on the ratic of the angu-
lar velocity in roll to the forward velocity of
the airplane, 4Any convenient angle of attack,
such es one radlan at the tip, may be used in
these calculations, How to modify the résults

to make them applicable for any value of this

5-3



angle—which maey be expressed ss p'n/2V in which
p' is the anegular velocity in roll sbout the wingd
axis~—was explained in Section 4.23, Tables I and
II-4 are not needed for this celculstion becsuse
2B = p'b/2V and all other B's are zero, The ¢
and cg, distrivutions determined for the wing with
an assumed twist are not in the correct direction

ng and yswing moments, but

(W

for ccmputing the damp
must be resolved before they can be combined with
other distributions. This is mors Ffully explained
in example 5 of Chavter 7., TFor small values of
p'0/2V the error in rolling momen:t in assuming c;
and Casy obteined in these calculstions to be nor-
mal and parellel, resoectively, to the line of
Plight is small but the error in vawing moment is

To0 large to negliect,

5.2 Teble IX-A - Table II-A should next be filled in for
the purpose of obtaining the Bp coefficients, which in

the antisymmetrical case are all even, The v's are ob-

tained from Teble I, line 7, as in the symmetrical case,

excent that yo is always zero, It will be noted that this

8]

table is guite similar to Teble III for obtaining the Cgp
coefficients., It is impossible to obtein one check that
) includes all the B's, but the use of two checks is a help

in locating tne error in cese one equation checks while

5-4



¢

the other does not,

5.5 Table IIT - The Cg, coefficlents are obtained from
Table IITI and are the same as for the symmetrical case,

since they depend only on the plan form and the values of

n, for the sections,

5.4 Table IV-A - The constants required for the solution

of the Ap coefficients are tabuleted in Table IV-A, This

is very similar ©to Table IV snd 1is self-explanatory.

5.5 Table V~A -~ The general ecuations for solving for

the Ap coefficients mey be obtained from those given in
Section 3,5 for the symmetrical case by adding one to each
sub-number, the various known constants being taken from
Table IV-A instead of from IV snd the 2Bp's from Table

I-A instead of from II, 1In solving these equatilons,
Table V-A is used in place of Table V which results in the
valﬁes for the even A, coefficients, The procedure is the

same as for the symmetricsl case,

5,6 Table VI-A - Table VI-A is somewhat similar to Teble

VI for the symmetrical csse, Since the total 1ift on the
wing is zero, the expression is given for the 1ift coeffi-
clent on half the wing, The induced-drag coefficient is
correct for the total wing when there is no symmetrical
11ft present, DNote thzt the rolling moment about the wind

exis is C; 'qbS and depends on Ag in the seme way that the

5=3
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1ift depended on Ay in the symmetrical case, Columns 1
and 5 have been added to this table in order to provide
a check for cdiaﬁ) te be calculasted later in Table VIII-A,
The odd A ccefficients in column 1 are found by dividing
the A's found for the wing without twist by the value of

Cy, corresponding to these Af¥s; or, in other words, the A's
L ’ 5 s v

e

in column 1 are th= correct velues Tor the wing witlhout

Ttwist when C 1,0, Then the yawing moment coefficilent

iy
dd

Cn', found by using the sum of column 5, when multiplied

&

7

by gbS gives the induced yawing moment for this particular

43

o
A

[

antisymmetrical twist when the wine 1 coefficient Cp =

2 t

1.0, The value is directly proportional to the amount of

ct
[

twist snd to Cy,. It ceannot be used for a wing that has
zlsc a symmetrical twist, except To check the values of

ed in Paragraph 4.221,

)
ol
e
®
T
\Y
0
o
]
he)
}-l
®
bt
s

5.7 Table VII-A - Table VII-A is used for obtaining the

distributions in the same way that Table VII was used for

symmetrical loading, In this case lin

@®

15 gives the dis-
tribution or the basie-1ift coefficient for the particular

distribution of angle of attack used in Table I, and line

20 gives the distribution of bpasic-inducsed-drag coefficient

H

or the same condition, It should be noted thnat while Clb

1s positive on one wing and negstive on the other, result-

Ete

ing in zero wing 1ift, the induced drag coefficient Cdib’

on the other hand, is positive sand equal on each semiwing,



o

-

because ¢, and w/V usually have the same sign, This
does 1ot mean, however, that, when an antisymmetrical
distribution is combined with a symmetrical loading, the
induced drag for the combinstion is symmetricél and there
1s no yewing moment; becsuse the part of the induced drag
produced by the interaction of the two distributions is
antisymmetrical, (See Parsgrsph 4,221)., Line 23 is used
as a check similer To the way line 24 was used ss a check
for the symmetrical case, except that sin 26 is used as a
multiplier instead of sin 6 and the check is against the
rolling-moment coefficient instead of the 1ift coefficient,
This is done below the tsble where the rolling-moment co-
efficient is taken from Table VI-A, Line 26 is used to
check the velue of the wing induced-drag coefficient foumd
in Table VI-A, and if a check of the 1ift on one semiwing
i1s desired, it may be found in a similar manner using Sy
in place of cdib' If the roliing moment checks, however,
it is proof thast the values of ¢y are correct in so far

&8 the computations in this table are concerned,



TABLE EA
COMPUTATION OF ANGLE COEFFICIENTS, By
ANTI-SYMMETRICAL

| ITABLEZ|Yg Y| 1Yy | E‘i’@, Is
2 | LINET (Y, Yo Yy 4,
R OMOINAN Vp Vo Vg Vi
¢ (O~-@ | w, ¥y Wy Wy
gHULT-| 2 - 18 [ & - 16 1 6 = 14 T 8 - 12 | _
PLIER | & b | & | b 2 b @ b
& |.3090 ¥ | Vs
7| savs Ve W We ~Ya ~Ws Wa
g |.6090 —2 Lk
9 |.9511 Vo | Wy | W, Vo | W, |-W,
“Loooo Y& =Vs V=V v
1t | TOTAL
2ia+b >
31a- b
.
N |
5|28y, |28, |28, (2B, |2B,5 |2Bg |2B,4 [2Bg |28y, 2By

CHECKS:

5876 (2B, +2B4-28,,-28,5) + 951 (2@ 2B 28,4~ 2B} =2 =



TABLE IV A
CONSTANTS REQUIRED IN SOLUTION OF A, COEFFICIENTS
ANTI-SYMME TRICAL

I TEM

U s Cs

ol 6
292 QCQ - Cﬁ % %UO
2P¢ 260 - 08 + 8“0
296 2(’50 - Ciz +i2 UQ

0 Cy -Cg

E S2 —%io

¢ Cq ~Cyp

J Cs ~Cig

K Ce ~ C10

L Ceg - C|4

M Cg - Cy2




TABLE YA
SOLUTION OF A, COEFFICIENTS
ANTI-SYMMETRICAL

| 2 3a sb ¢ | ea ab ac

i | (Cp -Cg) Ag 1
21 (Cg-Cglhg l
3| (Cg ~Cipg)ha

4| (Cg=Cip)Ai0

s (D@D+®

6| 28p-(® 28p=

7 14,58/ 2p, 2P, =

6] (Cg-Cg) &z

9| (Cp -Ciolhg

10| (C4-Cip)hg

il (cg=61980

i2 |(&+®+(9+(D)

13 28,- (@ 284"

14 8,:03/ 2p, 2p. s

151 (Cg —Cg) Agn

i6; (Cg ~Cig)hg

17| (Sp ~Cig)hsg
18] {84-Cig)hy0

SO ®
20| 2Bg - 2Bg s

21| ag: €9 /2P 2Pg =

22| (Cg - Cig)As

23| (Cq-Ciplhg

24| (Cp -Cig)hg

25; (Cz -CiglAo.

26|@23+E3) +£9+25

27| 28g - €6 28g ®

28| ag= €7) / 2Pg 2pg =

29| (Cg -Ciz)A2

30| (Cg -Cla)h 4

31} (C4 ~Cig)hg

32| (C2 -Cig)As

33 |29+39~@D+&3)

34| 28,5~ B3 26, =

35| a0=69 / 2pPp 2Pyg =




TABLE YT A
SEMI-WING LIFT AND DRAG COEFFICIENTS

g ANTI-SYMME TRICAL
- ! 2 3 | 4 5
000 CIiRCULATION SA L, =
CONSTANTS FOR NO
v TwisT 8 G =1.0 SA Ay =
- ?A3A4 =
9A A, *
- A Ag - 2(85)° 3 he " lAghs =
Ay ® | Ag» 4(h Q% ~E Ay = I3AgAy =
Ag ® Ag * (hg) % Ag * 15A7Ag
- (A 5% -2 A = =
A7 ® AG e S(AQ; ?gig ‘7A§A9
Ag = Aig i0Rg) 55 Aio ” BAgh, -
- S AL = Z - SenA A =
- LIFT COEFFICIENT OF SEMM-WING, = 4A UpZlcoL. 4 =
2 2
. c%- WAu, 2 Ay =
~— o At ROLLING MOMENT _ T
_ ROLLING BAOMERT COEFFICIENT, C)2 s ab S 7y Aug As
- : 36 T 2 .
YRNING MOMENT COEFFICIENT .%—”= Taie 2%”5;?”1 WEA Uszs & +1) A Ay

L

9 ':T A _bg
M . L, 183 corL.4|2




TABLE 1A
COMPUTATION OF LOAD DISTRIBUTIONS
ANTI-SYMMETRICAL

i a b i 2 3 4 5 6 7 8 ]
2 t?:éssx o 81 | 72 | €3 | 54 | a5 | 36 |27 |18 | 8
3 SIN 20 |.3090/.5878 |.8050(.951t |1.0000,.95i1 |.80S0 |.5678|.3090
4 SiN 48 .587BF9511 ~9511 ~5878] O |.5878|.951i |.8511 |.5878
5 SIN 66 | .8090..951t | .3090-5878-.0000-5676 |.3090 .95 |.80S0
6 SIN £6 .9511 ~5878|.5676.6511 | O R9S511 5878 .5878 .95
7 SIN 100 [1.0000 O KO000, © |LO00O0| © HOO00| O 10000
8 As= ApSIN 20
S |Ag = A 4SIN 40
10 |Age Ag SIN 60
it |Age Ag SiN 80
12 A A SIN 108
3 @@é@z%smae
o miaeed e
15| @ x@| ¢
TR |,
Tl e,
18|B/® | %
lsl@-® | +
120| @ x Cyyy
21 time s | O
22| @x®| cor, | | | | | | | - o
23| €9 X (I |cCy, SiN2O
24 SIN © [.9877 |.8511 |.88I0C |.8050.707! |.5878/.4540(.3090|.1564
125/@) x @ | cCa;,
26| &9 x @ | co SINe

' ' Thb v,
LINE 26:56§ chdibsme EOICAVE (Z@) * Co,u,

, .
ROLLING MOM. T A A =L b 5 e L 2:.@
LINE 23: qe =g AUg Rp=gp g &CG, SIN 28 soCAVE( )

gqb S

N
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'OTEER_SECTION COEFFICIENTS

6,1 Profile Drag.

6,10 Division of Profile brag - The section profile-drag

coefficient C3, may be divided into minimum profile-drag

coefficient cg , which is independent of the section

Smin

LY

1irt, and an additional profile-drag cocefficient T which

is a function of the 1ift coefficient.

6,11 Minimum Profile Drag.

6,110 The value of Cdomin for any section may be assﬁm.
ed 1o be independent of the location of the section and
independent of the 1ift which the section has, It does
depend on the smootkness of the wing surface and on the
éffective Reynolds Number, Its value.fof aerodynamically
smooth wings can be found under "Fundemental Section Char-
acteristics™ in all recent N,A,C,A, publications, such as
reference 15, A formula is given in reférence 18 by means

of which ¢gq .~ may be estimated for the various sections

of a tapered wing, It has the form

:}"

¥

2
+ 0.0050 + 00,0033 (;9_) + 0.1-(_2,> (6.1)

c .
domin
where k (which is epproximetely constent for sections hav-

ing the same mean line) represents tlxe increasse in Cdq, s
min,

above that of the symmetrical section of corresponding

thickness, TFor the 230 series of reference 15, k has a value

6-~1



of approximately $.0003. Recent information indicates

that this formula tends to give values too l&rge for the

thicker sections. (See reference 16},

6.111 For wings with flsps, the value of cdﬁni has a
n

very much lerger value, Thne amount which must be added

to the cﬁomin for the plein wing in order to obtain the

value for the wing with an ordinary or split flap mey be

found in reference 10 or 13, when & V,D,T, test of the

section with fiap is not availsable,

6,112 The velues of usually given in N, A,C_ A,

¢

domin *
publications, are for serodynamically .smooth airfolils at
san effective Reynolds Number of sbout 8 miliion, When
it is desired to find the value for some other Reynolds

Number the following formuls m&y be used -

/ /’ Rstg\ 0.11
n)std

Ca_ . = C
Gomin = | oms R ) (6.2)

in which Rstg is the Reynoids Number given in the table

containing {cg Yy and is approximately 8,000,000,
Omin’g4qg
Since Reyncléz Number is given by
o VL o
R = (6.3)
u

in which V is the velocity in ft/sec, L is the chord in
feet, and p is a function of temperature— P/, being 6378
for standard air—it is seen that, in a tapered wing, the
Reynolds Number at any speed for any section is propor-

tional to the chord of that section. This means that,

6~2



In a wing tapered 3 to 1, the relative value of cdomin

is increased approximately 13 percent at the tip., Since

the minimum profile drag has, in most cases, & relatively
unimportanf effect on the loads in the structure, this

scale effect may usually be neglected, (See Paragraphs 7,18

and 7.192),

€.12 Additional Profile Drag - The increase in profile drag

coefficient, Acg,, accompanying an increase in 1ift coef-

ficient may be given the same span distribution as that of

either Caqy OT ¢y, y Since its value is relatively small
“min

and, in accelsrated flight, uncertain, T may, if desired,

be calculated for several sections glong the spen for any

given value of 1lift coefficient using the generalized va-

riation of

C;~- ¢
cg with ! lopt
° lmax = ® opt

presented in Fipure 6-1, which has.been taken from Figure
45 of reference 16, and in which C‘Opt’ the optimum lift
ccefficient, is the 1ift coefficient at which the profile
drag coefficient is a minimum, This is illustrated in Par-

agraph 7,193 of the first example in Chapter 7,

6.2 Aerodynamic~Center Locsetion,

6.20 It has been described how to obtain the magnitude
and direction of all the resultant forces acting on the

various sections along the span of a wing. Before these

6-3



forces can be applied to the structure, it is necessary

to know their points of application, which are assumed to
be the merodynamic centers of the sections., The location
of the aerodynemic center is given under "Fundamental Sec-
tion Characteristics™ in all recent N,A.C.A. publications
on airfoil characteristics, such as reference 15, In ta-
pered wings where the locetion for only one thickness
ratio is known, its location for other sections may be
estimeted by means of Tigure 54 of reference 18, or from
Figure 52 of reference 10, The location of the aerody-
namic center for any particular section remeins the same
regardless of the location or angle of attack of the sec-
tion, except thet for some sections, it is necessary tc
use a slightly different location for the negative 1ift
range. This can be avoiged, nowever, by slightly modify-
ing the moment coefficient in this renge, (See Paragraph
8.32). The aerodynamic center of a section with flap is
not necessarily the same as for the plain section, although
it may be convenient to assume it tc be the same and modi-

fy the moment coefficient to cerrect for the error involved,

6.3 Moment-Coefficient Distribution,

6.30 Source - Now after the resultant forces have all been
determined and applied to the sections et thelr aerodynamic

centers there remains a couple that must be applied to each

64



section in addition;, This is accomplished by means of
the section moment coefficlent, which 1s & charscteristic

of the section and is indepenaent of the sectlion location

‘and angle of attack, since the aerodynamic center by def-

Inition is the polint sbout which the moment coefficient

is constant, Its value is given under ﬁFundamental Sec-
tion Characteristics™ in el recent N,A.C.A. publicationé
on airfoil charscteristics, such as reference 15, Where
its value is known for only one section of a wing that
tapers in thickness ratio, the value of the moment coef-
ficient for the other thickness ratios mey be estimated

by means of Figure 88 of reference 6, When it is desired
to estimste the moment coefficient for a section with flap,
it may be fcund by adding to the moment cecefficient for

the plain secticn the additional amount nroduced by the

Tlap as given in references 10 and 13,

6,31 ZEffect of Part-Span Flep - When part-span flaps are

used, there is some tapering effect near the end of the
flap as shown in Figure 11 of reference 9.‘ The moment
coefficlient for the plain section is slightly larger and
that for the section with flap is slightly smaller nesr
the end of the flap. This appesrs to have only a local
effect, the total moment on the wing being approximately
the same as though the moment changed abruptly at the end

of the flap,



6,32 Tffect of Applyine Ferces &t Point Other than at

Aerodynamic Center - As previously explained, the moment

coefficient about the aerodynamic center is independent

of 1ift and, therefore, not affected by the distribution
of the 1ift coefficient along the span, If for some
reason it is desired to apply the forces at some point
otiner than at the true aerodynamic center, the moment co-
efficient then.becomes a function of 1ift and its distri-
bution along the span is consequently affected by the span
distribution of 1lift., Wnere it is desired to use an aero-
dynamic center only slightly different from the true lo-
cation, as when the location for positive 1ift is used
.also for the negative 1ift range, or when the center for
the §1ain section is used for the section with flap, 1t

is not usually necessary to consider the effect on the
distribution of moment coefficient although its effect

on the mesgnitude of the moment should be considered.

6.33 Biplane Interference - There is one other exception

to the statement that the moment coefficient of a section
is independent ¢f its location, In a biplane the moment
on the upper wing is made more positive due to interfer-
ence, waile that of the lower wing 1s increased negatively
an equal amount, so that the net result on the biplane is
negligible., This increment is distributed along the en-

tire span of the shorter wing but only along that portion

6-6



M

of the span of the longer wing that lies within the project-
ed span of the shorter wing., Its veslue is a linear function

of the thickness-gaep ratio and is given for the upper wing by

Qe

Mot /6y, = Osl < ) (6.4)

where t is the thickness of the lower wing and G is the
average gap for the portion of the spen affected. The in-

crement for trne lower wing is given by

4

AC 7!

Mo T = =ACmyf ¢\ X Sy X °o (6.5)

o v o
G_ L -—f L CLV

¥
where Sy*, Cy', Sp end Cp' Tefer to the areas and chords
dat
of the portion of upper and lower wings involved, respec-

tively.

6.34 Compressibility Effect - Although the moment coeffi-

cient is practically independent of Reynolds Number for nor-
mal speeds, it changes consideradbly at extremely high speeds—
ns does the profile drag—because of the compressibility ef-
fect, The speed at which this effect becomes appreciable
devends on the local velocity over the section and, therefore,
on the engle of attack, The effect of compressibility may
usvally be neglected unless the sirplene is designed for =a
terminal velocity exceeding 400 m.p.h., in which case the
latest informationrfrom the N,A.C.A, high speed wind tunnel

should be consulted,
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EXAMPLLES,

7.0 Ceneral Description of Wing - In order to illustrate.

the methods described in this bulletin, a typical mono-
plane wing will be used as an example,. The wing chosen

is snown in Figure 7-1. The wing tepers linearly both

in plan form-and thickness, The N,A,C,4, Series 230
girfoil is used with a thickness retio varying from ap-

proximately 18 to 8 percent. The section cnaracteris-

taken Trom reference 10 s&re plotted

Hy

ot
i,,.;l

tiecs of this asirfo

ur

[N
m
D
-3
f
D
[
v
)
=
[
o]
Qq
}.J
0
n
&)

n¥F

}Ie

versus thickness rstio

1514 oubt that-all zerc lift chords, with rlaps closed

1t

and ailerons neutral, are parallel. This means that
unéer these conditions the wing has no aerodynamic twist.

The wing is equipped with pert-cepan simple split flsps

r

that may be opened at any anglie from zero to 60 degrees,
simple ailerons, differentislly operated, extend from the
end of the flaps to the tips, the maximum throw being 30
degrees up and 6 degrées down, The 10 percent chord
points are on & line perpendicular to the plene of sym-
metry which gives the line of serodynamnic centers a neg-
ative sweepback of epproximately 2 degrees, This and

the dihedrsl are éssumed to heve a negligible effect on

the distribution of lomds along the span,
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7.1 LEXAMPLYE 1 - SPECIAL M&THOD.

7.10 Description - It will at first be assumed that the -

distrivution of the losds is desired Tor the basic wing
only, with flaps closed and ailerons neutrsl., An exami-
nation will show that for this condition the wing meets
the requirements of Section 2,0 {&) and (b) of Chapter 2,
and the special method described in this chapter mey, there- -
fore, be used, Since the thickness ratio, and consequent-
ly my, varies along the span, the method of Section 2,2
will be followed, in which an equivalent wing having a
constant mg is substituted for the sctual wing for the

urpose of reading c from the curves, -
lal

7.11 Tabulstion of Wing Section Characteristics - The

4

irst step 1s to determine the characteristics of this

2quivalent wing, Table I¥ has been pr

®

pared.as a8 conve-
nient form in which to make most of the compﬁtations Tre-
quired by this method, Line 1 serves to designate the
columns aud represents several points chosen along the

semispan so as to correspond tco the points for which clEal
curves are given in Figures 2-1, 2~2 and 2-3, Line 2
represents the aétual distance of these poinis from the
plene of symmetry in inches. Line S.Tepresents the maxi-
mum thickness and line 4 the chords of these sections in
inches, It should be noted thet, although the wing ends

at the edge of the fusalage, it is assumed to extend to

V-4 -



the plane of symmetry, holding the seme taper bth»jﬁF

Ja
A
~ .

thickness and Dlan, AV points near the tip are giY
both the true thicknesses ana chords, and the thick.f
nesses and chords of & wing with square tin with th
main taper botn in thickness end plan extended to t
extreme Tip, In cases where the taper in thickness

5

not uniform as it is here, g

Q

urve may be extrapols:
to the center and to the tip in order te determine
values for the extended wing. In line 5 is calcullﬁ
the vslue of t/¢ for the several sections of tie
ed wing, In Figure 7-2, in the plot of oy, versus;

straight line is seen to represent quite well th

ticu of ms with t/¢ for the range of thickness ra

j=*»

n the wing, If the wine root had been much thic
would have been necessary to use & curve because
0 decresse rather repidly at thickness ratios gr

18 percent, he vailues of my are read from th

tended wing and on a plot of mec versus y appic

ti:e curve with s straight line, Where this

value of mg'cg and mt'cy, respectively,
example mg versus t/c is a straight line, &

ries linearly with y, mge also varies linea
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span and it is necessary to compute only mgcg in column
0 and myey 1n column 100, Xech value in line 8 is found
by dividing the corresponding veiue of mp in line 6 by

mg ' which is found by dividing Bmgc, DY Cg. In this

~case, since mg' = mg, it means dividing by the value of

My in column O,

7.12 Wing Dimensiouns - Before the next line can be £ill-

ed in, it is necessary to obtain and list the various di-
mensions of the wing in accordance with Section 2.2,
b = §52 inches,

S = 830,1 square feet or 119,535 square inches,

6t = 61,42 inches,

e = 191.35 inches,

mg' = mg = 5,574

mg’ = mg = 5,706

A = 61,42/191,35 = 0.321

X = my cg/mg cg = 350,5/1066,6 = 00,3286

A = (952)2/119535 = 7,582

A" = 2b/eg(1+A') = 2 x 952/191,35 x 1,3286 = 7,489

A'/mg' = 7,489/5,574 = 1.%44
A" = Ax (1 +A)/1 +WN) = 7,582 x 1,%210/1.3286 = 7,539

A"/mg* = 7,539/5,574 = 1,355

y = {34.00 : 26.81) /476 = 30,305/476 = 0,0837

7.13 Lift Coefficient - For At = 3286, and A'/mg 1.344

76



of the equivalent square-tip wing, the values of ¢ a1
are found from Figures 2-1, 2-2 and 2-3 and entered in
line ¢ of Teble IX., These are made to apply to the ac-
tual extended wing by multiplying each velus in line ©

by the corresponding velue of my/mg in line 8, which
product is entered in line 10, Line 1l is next filled

in by multiplying each ¢, value in iine 10 by the corres-
ponding chord in line 4, The true chords of the actual
rounded-tip wing are used in this case, In order to ob-
tain the corresponding wing 1ift coefficient, it is neces-
sary to find the integral of ¢ Cpy OVET the semispen, which
is sccom p 1ished nere by means of & modificetion of Simpson's

isted in line 12,

b4

Rule, the multiplying factors being
Tne values of ¢ ¢;_ in line 11 sre mul tiplied by these fac-
<

tors in line 12 snd the results entered in line 13, This

integretion may be performed graphicslly, if preferred, by

., -
[

Q
e

plotting ¢ ¢y, versus fracticon of semispan, In either case

the wing 1ift coefficient is found in line 14,'the ares
ti

,,

under the curve being substituted for ¥ (13)/3 in case the
graphical method is used, The result shows that the cla

values of line 10 are slichtly too large to give & Cy value

of 1.0, and ths true g vajuesg are found in line 15 by
ay

dividing =11 the %a'values in 1line 10 by 11,0078, These

cial values are plotted in Figure 7-3.

7.14 Laterel Center of Pressure - The laterai center of
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nrassure of the square-tip wing is found from Figure
-8, for  A' = ,3286 end A'/mg' = 1,544, to be ,418 X
476 = 199,00 inches Trom the center line, This is ap-
proximate, of course, becsuse it does not allow for the
effect of %ip rounding or for the empiricel tip correc-

tion, That it is sufficierntly accurste for checking pur-

3

oses, however, may be seen by compering 1t with the velue

Y

ound in Tsble VI of example 2,

7.15 Angle of Atteck - Before the induced-drag distri-

but can be found, it is necessary to determine the
angle of attack corresponding to CL = 1,0, TFor A' =
,3286 and Y = ,0637 a point is located on Figure 2-4,

ne is drawn tc a point on

b

From this point,a straight 1
the A/n, scale equal to A" /mg' = 1,353, This line cross-

es the % scelie st 012 which is the vaslue of *' for the

equivalent roundéd tip wing., Then

ot = D ' - 5.574 - 5.574 _ , ,
M ¥ —ee °
1+ =S (1L + 1) + 2,574 x 1,019 1.2598
A 5.1218 x 7.539

m= 4,496 x L.8886 _ 4 599
1 5510

For Ct = 1,0, the absolute angle of atbtack in radians is
L 3 £

2212
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7.16 Induced Drag - This ay value is entered in all

columns of line 16, The corresponding effective angles
of ettack are found in iine 17 by dividing the clal values
in 1line 15 by the respective velues of my in line 8,
The downwash angle w/V is found in line 18 by subtraction,
In 1ine 19 1is calculated the induced-drag coefficient
cdi&l = W 01&1 by multipliying line 15 by line i8.
Tnese values rePresent the induced-drag coefficient when
the 1ift coefficient for the wing Cy, = 1,0, If it is de-
sired to know the distribution also when the wing induced-
drag coefficient CDj = 1,0, %his can be found by dividing
the cdial values in line 19 by the wing coefficient CDial
when CL = 1, where
D, = L re)
For At = 3286, y = 0637 end A"/mg' = 1.353, o is found
from Figure 2-5 to be approximstely ,012, in & manner sim-

ilar to that used for finding 1' from Figure 2-4. Then

CDi&l' = 1,012
S.14186 T 7,882

= 0,04249

7-9



7,17 Tip Correction,

7.170 Although this particular-wing hes sufficient taper
to make the empiricasl tip correction negligible, the Tip
losding will be computed, nevertheless, in order to dem-

onstrate the method,

C = S 115335 “e=
ave - T AT UY = 125,56
D TEE ‘

Affected tip Aistance = 0,4 x 125,56 = 50,22

o]

The point et which the correction begins
Yo = D _ S . ing - o -
o 0.4 T = 478 50,22 = 425,78

Then the percent of affected tip distance corresponding

to each point in Tsble IX is celculated by

Y0 x 100 = Y= 4285.78 ¢ 4p0
o4 C = s
0.4 Cave | 50.22

and entered in line 21. It is seen that only the last

three points are affacted.

\

~

{

¢; , Tfor each of these three points is read from Figure

——

2-7 and entered in line 22,

Fe o= 1,0 for A' = 7,489 from Flgure 2-9

Fz = 0,080 for A = 3286 from Figure 2-10
Line 22 can now be filled in and represents the A for

thi

1]

wing when the theoretical wing Ct, = 1.0. This 1Is

plotted on Figure 7-3 and 1s seen to be very small for
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this wing,

7.171 1In order to determine the totel load on the wing,

it is necessary to compute 0C1 by means of equation 2,18,

ot

This is done by multiplying the velues in line 23 by the
actual chords in iine 4 %o obtain the values of F,Fs0¢) ©
in line 24, then multiplying the velues in line 24 by the
Simpson multipliers in line 25 to give the values of ACLl
in line 26, The value of ACy, in this case, is seen to be

negligible,

7.172 The center of pressure of the additional tip load
is teken from Figure 2-11 and listed in line 27 in percent

of the chord from the lesding edge,

7.18 Other Section Coefficients - In Figure 7«2, in addi-

tion to n,, are plotted versus it/¢ the serodynamic-center
location, a.c., in percent of chord from tae lesding edge,

the section moment coefficient, ¢ end the minimum

Ha,c,
profile-drag coefficient, cdomin; all taken from reference
15, The vertical locstion of the a.c, is given as 3 per-
cent above the chord line for all thickness ratios, From
these curves are read and tedbulated in lines 28, 29 and 30

of Table IX the velues of e,c,, Crmg and Cdg corres-~
. 4

c.
ponding to the respective values of %/c given in 1line 5,
The effective Reynolds Number et which these values are
corraect is about 8,3 millions, Although the effect of

C3,... On the structure is usually too small to warrant
Omin

7-11
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taking the scale effect into account, it is done here to
i1lustrate the method, The averasge chord 125,56 is divid-
ed by each chord in lime 4 &nd the quotieﬁts'raised to the
0.11 power and entered in line 31. The corrected distri-
bution of cdomin for a Reynolds Number of 8,3 millions
baséd on the average chord is then found in line 32.by

as teken from the curves

' % S ] -
multiplying the values of cdomin’

in line 30 by the respective velues in line 31.

7,19 APPLICATION TO A GIVEN ANGLE OF ATTACK:

7.190 Angle of Attack - Sufficlent information is now

available for obtaining the section ccefficients for this
wine at any angle of asttack. In order to illustrate the

method, it will be assumed That the distributions are de-
cired for an absolute angle of attack of 15 degrees, cor-

esponding,for this wing,to an engle of attack of 13.9°

3

measured from the chord line,

7,191 1ift end Induced Drag - At this angle of attack

C, - m 4,522 )
x 15 522 y 15 = 1.184
5.5 57 .5 -

Fy = 1,400 from Figure 2-8 for (g = 1,184
AL = Fp 6Cz, = 1,400 x .00038 = ,00053
Cps = Opg,, X 02 = 04240 x (1.189)°

= ,04249 x 1,402 = ,05957
7-12



— Table X is used to meke the section calculations, The
first five lines are copied frowm Table IX as indlcated.
The section values of c¢; corrssponding to Cp = 1.184 are
Tound in line 6 by multiplying The clal values in line 2
by C;. The section values of Acy; for this Cp are found
—_ in line 7 by multiplying the values of Fg Fg Acll‘of line

3 by Fy. The values of cg, for this Cp are found in line

]

8 by multiplying the values of Cds, in line 4 by CLB9 or
1

they could have been found by multiplying the relative

values of Cdil in line 20 of Teble IX by CDi = ,05957,

7.192 Minimum Profile Drsg - It will now be further assum-

sd that a V-g disgram for this airplane indicates that the
limit load for the angle of attack of 15 degrees occurs

at a speed of 150 miles ver hour, Av this speed the Rey~
nolds Number based on the aversge wing chord aend in stan-
dard air is

R=_PVL = 378 x 150 x 88 125,56 =
; 88 x 14,680,000

- . The minimum profile-drag coefficients for this condition

are found in line 9 by multiplying the values of ®domin

for a Reynolds Number of 8,3 miliions in line 5 by

0.11 0.11
(Rstd) - (8.3 Y. 939
R \IZ.68

it CDOmin for the wing is desired, it may be found by mul-
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tiplying these values in line 9 by their respective chords’

- s N . . [ 7
and irterrsting over the semispan as wes done to find Cy, .

[

7 19% A3ditionml Profile Drag - The foregoing calcula-

tions account for all the air loads except the additional

Q

profile drag. There is evidence to indicate that, during

« s

& chance in sngle of attack, considerable time 1s

m
[

Tap

wired for this edditional profile drag to reach the

w

fe]

e

value indicated by stetic tests. In this example, however,
static conditions will be assumed, in order to 1llustrate
the methcd. The correct values for dynamic loading would
be less then the values herein calculated, but sufficient
fets are not yet avalliable for accurstely determining the
additional profile drag. 1In &any casé, it would probebly
vary with rate of change of éngle of attack, TForitunately,
the effeact of this on the wing structure is not grest,
and any reasonsble assumption msy be made without appre-
cisble error. At first the approximste method will be

demonstrated. From reference 16, Table II, this airfoil

series is seen tc have the Dp type of scale effect on

maximum 1ift. TFrom Figure 6-2 the £y o is found o be
+,08 by extrepolation for R = 14.68 miliion, In Figure

7-2 are alsc plotted ¢ from reference 15 and ¢
opt max

from reference 16, for a Reynolds Humber of approximste-

ly 8,3 milllons. Tt will be noted that the ! max values

are slightly larger than tae CLma' values given in refer-

X
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ence 15, An average vaiue of Cto " will be assumed to be
D

0,10 &and an average value for , Trom the curve, of

Cy
max
1.70 which becomes 1,78 with the Ac; _ of 0.08 edded,

Then

From Figure 6~1 ACp, = .0080
Cpy = &Cpg = 05957 + 0080 = ,06757
(Cpy + ACDO)/CDi = ,06757/,05957 = 1,134

The values of cg. in line 8 are then multiplied by 1.134,

and the products entered in line 10, to represent the sum

of cg; and Acg,. This is, of course, an approximation and
in cases where the cdy distribution curve 1s very irrégu-

lar as it some times is, it would be better o add Acq,

to the minimum profile drag instead, giving it either the

same distribution as cg or keeping its value constent

Omin
along the span, whichever is preferred. Line 11 repre-

sents the total section drag coefficlents,

In order to iliustrate s more precise method of handling
the distribution of Acg s lines 12 to 22 ha#e been added
in which Acg, 1s given a separate g¢istrivution., The ratio
of the respéctive'chords to the average chord is computed

and entered in line 12, The Reynolds Number for each sec-
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tion 1Is then found by multiplying these ratios in line

12 by the Reynolds Number computed for the average chord

at the given speed, or 14,638 million, TFor these values

of R the values of Ag are read from Fieure 6-2 and
max

entered in line 14, extrapolating the curves where neces-

sary, The ¢, values for the standard value of Reynolds
max

Number are read from the curve in Figure 7-2 for the re-

spective values of t/c and entered in iine 15, The cor-
rected values of ¢y in line 16 are found by adding the
max

corrections in line 14 to the standard.velues in line 15,

The ¢;  values are read from the curve in Figure 7-2
opt

and entered in line 17, Line 18 1is found by subtracting .

corresponding

’
et
~3
b
H
@)
=
ct
)
¢}

each value of 1 ont in line
™

value of ¢; in line 6, Line 19 1is the difference between
the respective value of ¢ and ¢, . Line 20 is the
max Cp%

ratio of [c¢; - Y to ) and is the value

L opt Clmex T %lopy

for which Acg, is read from Figure 8-1, and entered in
line 21, Line 22 represents the total values of Cdi and
when these are compared with line 11 it is seen that, for
all practical purposes, the approximate method i1s satis-
factory. It should be noted, however, that the true shape

of the Acdo distribution in line 21 is quite different

from that of cdi of line 8 and neither does it asgree very
well with the cdomin distribution, In cases where extreme

accuracy is desired, it would be better to use the more

refined methed as illustrated by lines 12 to 22, Where
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curves of cg, versus ¢, for the wing section used &are
. - - " - o - - 5 - 'y
avallable, Acﬂo Céq cdom- may be taken directly from

the curves, 1f desired,.
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7.2 EXAMPLE 2 - GENERAL METHCD - UNTWISTED WING.

7.20 Description - It will agsin ‘be assumed that the

distribution of the loads is ‘desired for the basic wing
only, with flaps closed and ailerons neutrel. This time,
however, instesd of using the special method, as 1s per-
missible Tor this wing, the general method will ﬁe employ-
ed: since the {1lustration will be just as good as though
it were applied %o a ‘wing of such characteristics that

the -special method could not be used, and it will also

enable the results by the two metheds to be compared,

7.21 Determination of Unit Coefficients - It is believ-

sd unnecessary to make many comments regarding this ex-
ample, as Tebles I to VII are computed in accordance with
the procedure outlined in Chepter 3, The computations
are made for an sngle of attack of one radian, The neces-
sary dimensions required in Teble I are taken from Figure
7-1. Sinece A is less then 0,5, the tip correctlon will
not be applied and the true chords are used in line 9 of
Taﬁle I. Since the basic distributions of this wing are
zero, the ¢4 values in line 22 of Table VII are the Clal
values, and ere plotted in Figurse 7-2 in order to compare
with the similar values obtained by the special method.
It will be noted that the general method gives higher

values at the extreme tip beceuse of the use of the actual
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chords, while the curves of the specisl method were based
on square tips., The relative Ca 4 values in 1line 25 are
also plotted in Figure 7-3 in order to compere with the

relative values obtained by the special method,

7.22 Application to a Given Ancle of 4Attack - The proce-

dure for finding the distributions &t & given engle of
attack is similar to that i1llustrated by the special method
{ref. 4.1). As before, it will be assumed that the ¢; and

ca, distributions are Je
b

0

ired for asn absolute angle of at-

tack of 15 degrees, In Table VI the wing 1ift coefficient

o

for an anglie of attack of one radian is found to be 4,521595,.

Therefore,

B
1
«

|+
[}
.
o
‘..._J
(8]
"

4,5213
Then at 15 degrees,

1.1837

C1 = 4.5215 x 15 = 4,5215 x ,26180
57,296 :

The section values Tor = 15° can, therefore, be found.

Cg

by multiplying the values in lipe 22 of Table VII for

Cy, = 1.0 by 1.1837, Since the induced-drag coefficient

for the wing when Cy = 1,0 may be found in Teble VI as

{1 +o0) = Cpy . = .042478, the coefficient for ag = 15°
E a1l _

2 = s
Ops = Opy,. X C;® = ,042478 x T,1837 -~ 09992

Tm22



The section values for a, = 15° cen now be found by mul-

tiplying the values in line 25 for CDi = 1,0 by .,05952,

7,253 Tip Correction and Other Coefficients -~ The distri-

bution of s8ll other coefficients is accomplished in the
same way as previously demonstrated for the special
method, Since no tip correction is required, nothing

more is needed in this simple example,
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' LONSTANTS REQUIRED IN SOLUTION OF A, COEFFICENTS

TABLE T¥

iTEM]
U | e Cs 5,574 x 191,35 _ 2801
01 ¢ b 4 ¥ 999
T . e -
2Py | 2Co Cg * 2Ug | . 1640 4 .2%00 + .5602= 2.9633
< - +
2P3) 2Cg Ce & Uy 2. 1640 + ,0841 + 1,6806 = 3,9287
2?5 200 - CEO 4 ﬂOU@
5 1640 + ,0458 + 2,8010= 5,0108
ep PCa = Ciav QU
7 o b4 o 2.1640 + ,0601 + 53,9214 = 6,1455
: ' 2,1640 + ,0710 + 5,0418 = 7,2768
B Gy -Gy -,2390 + 3133 = L0743
& Gy ~Cg -.2390 + ,0805 = -,1585
- -.2%90 + ,0682 = -.1708
F_ @2 csz . + ,068 7
- -.2390 + .0785 = -.1605
G Gz Cns +
] 04 —CS -.3153 + .0841’- —.2292
! Cq Cio -,3133 -~ 0458 = -.2675
& Gy ~Cia -.2133 + .0801s= -,2532
K Cg ~Cg ~-,0841 + ,0805= -.00%86
i Cg ~Cia -.0841 + .0682= ~.0159
%4 Cg —Cio -.0805 + ,0458 = -,0347

P



TABLE X.

SOLUTION OF A, COEFFICIENTS

STER2 O-mBBmrw12

| 2 3a 3b 3C 4a 4p & C

1l (Cp =Cg)hg | +.0740 —— -.0128 | -,0115 - -,0010 | -.0009

2 | (Cq -Cglhg | --209" --- L0305 L0308 -—- -, 0070 -.0071
3| (cg -Cgjay | --0036 - .0007 . 0009 . - ——
4 | (cg -Cio)Ag 0347 —— ,0043 ,0043 —— -.0001 | -.0001
5 --- -.0081 | -.0081
6| 28 - @ 28,8 __ 2.0 20000 | 2.0081 | 2,0081
T |4, .@/zp‘ 2P, * __£.9632 L6749 L8777 L8777
8| (G -Ca) A +,0743 | L6749 6777 .6777 ,0501 .0504 .0504
9| (Ca2 -Cg) As 1575 ——- .0305 ,0%09 - | -.0048 | -.0048
10| (Cg —Cip)A7 .2675 ——- 000" ,0009 - -,0002 -.0002
11} (Cg ~Ci2)Ag 0159 -—- 0043 L0043 - -.0001 -.0001
12 @*@}@'@ 0501 L0453 ,0452
13| 285 (i) 28550 -.0501 | -.0453 | -,0452
14 A3=@/25‘3 2pye__ 3.9087 -.0128 | -.0118 | -.0115
15| (C4 —Ca) A L2205 L6749 LE577Y L6777 | -.1547 | -.1088 | -.1588
16| (Cp -Cg) A3 ,1585 §-.0128 | -,0115 | -.0115 .0020 L0018 .0018
17! {Co ~Cy2) A7 1708 -—— L0007 .0009 - -,0001 |-.0002
i8] (Cq ~Cig) Ao 2532 - . 0043 .0043 - -,0011 -.0011
i9 ®+®+@ -.1527 | -.1547 | -.1548
20| 255 - (9 28g 0 ,1527 . 1547 .1548
21| agr €9/ 2P 2y »__5.0105 ,0305 | .0308 | 0309
22; (Ce—Ca) M 0036 6748 6777 6777 | -.c024 | -.0024 | =-,0024
23| (C4— Go)As 2675 § -,01ze | -,0115 L0115 .0034 L0021 L0031
24| (C2- Ciz)hs . 1708 L0305 0208 0309 | -.0052 { -.0083 | -.0082
25! (Cp —Cig) b 15605 . L0043 0043 ——— -,0007 -.0007
2 @+@++@ -.00¢2 | -,0052 | -.0053
27| 28y - (8 2Byr 20 .C04% 0055 | .0052
28 Ap /ap., 2Py = 6.1455 0007 .000% ,000¢
£8 (Cg ~Cio)A; -.0347 6749 L6777 L8777 ~.0234 -.0235 | -,0225
30| (Cg —Cig)As | -.0150 | -.0128 | -.0115 |-.0118 .0002 ,0002 ,0002
31| (Cq ~Cia) As L2532 .0305 L0308 L0309 -.0077 -.co78 -,0078
32| (C2-Ciglhy | -.1605 .0007 ,0006 0009 -.0001 | -.0001 -.0001
33 " -,0%10 -gr1e | -.0312
|34] 28Bg - 2By _0 +.0310 cx1z L0212
35/ Age /299 2Py %7 z7sn 0042 ,004n ,0042
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| TABLE W
COMPUTATION OF WING LIFT &ND DRAS COEFFICIENTS

} v e 3
A = L6777 {Aﬁzv .4593 A,/3= 225
By = -.0115 3(Ag®s o004 | Bs/5= -. 0025
g = L0309 S{AF» .ooss _;“%ﬁﬁﬁ -.0015
A, = ,0009 ?{ﬂ,?}gﬁs ,0000 ’?/453 .0000
Ag® L0043 3{%\5% ,0002 ‘"%ﬁ’ﬁ -.0001
Zﬁﬁﬁﬂ B L4647 s 2220
L w0 e z:fg J.;:%i_z 1,0118

50 WA %ﬁ%a 3,1416 x 7,582 x ,2801 x .6777 = 4,5215

L™
OR

s , 5,574 x 191,35 _ o

Mﬁ@ﬁ A = , 7854 125.56 X 8777 = 4,5214

& C&Vﬁ.

1,0118 2
x T.B5T5 = .042478 x 20,444
Cq “{"_‘w C? = C’ L~ 3.1416 x 7.588 - sest

FOR WING WITH NO AERODYRAMIC TWIST G G
‘51 "‘&wc

X 25.2 = 41709 x 476 - 198,53



TABLE ¥

COMPUTATION OF LOAD DISTRIBUTIONS
0.8684 e 4.5215
i o b O { 2 3 4 S & T 8 o
TABLE I
2| UNE s 8 90 | 8 | 72 | 63 | 54 | ¢85 | 36 |27 | 8 | 9
3| TABLET| v 6 |1.0000.9677 9511 |.8910 .8090|.7071 |.5676 |.4540|.3090 |I564
& Sik 36 'LOOQG’.@‘."HG LsgTe - 1564 | 30901707t (.8511 |.9877 .60%0 .4540
5 SiN 5& |1.0000.707! o 7071 RO00O-TOT 0: o7 10000 |.TOTH
6 SIN 78 FILOCOC—4560|.5876 | 9877 | 50907071 O8I ~.1564 8080 1.88I0
7 SIN 90 |1.0000 .1564 Fo8i) ~4540!.80%0!. 707! 5678 8810 |.30%80 |.98T77
8 AF gy [BSINO® | somm | 6604 |.6446 | 6038 |.5483 (a4792 |.3984 [.3077 | .2094 |.1060
S A% o115 [AxSIN 38 | 15 | 0102 1.006s | 0018 [-.0036 1-.0081 |-.0109{-.0124 |-.0093 |-.0052
10 |Ag* 0309 |AgSIN 58 L0309 |.0218 | © ~.0218! -.0309-.0218 0 | .0218 .2309 |.0218
(|&93  oa0q AP SIN TS | 560 | _.0004].0005 10009 !.0003 |-.0006 |{-.0909 -.0001 | .0007 |.0008
(2 1A 003 [BsSW 98 | o005 | 0007 10041 L.00:¢ 1.0055 10030 [-.00u5(-.0038 | 0013 |.0042
(OROREY
12 T0® ZATISEMW.’;'Z‘B‘j mor7 |.eams | .ss27 5176|4517 L3841 L3142 L2330 [.1276
v KB megl - ’
14 IQK‘%:{)} S s, 16,236 [7.054 | 8.058 |9.276 110.722 |12.368[14.112 [16.187 |27.553
&
t5 X @ Co L omom 14,3758 14,5696 6954 14.8013 14,8431 h.7505 14.4340 [3.7716 13.5158
TR 1] om, '
LINE U 5.574 |5.581 | 5.590 5,601 |5.615 [5.632 |5.650 |5.670 [5.688 |5.701
07 TABLE 3 o
LINE & & 1.0 [1.0 1.9 11,0 11,0 1.0 1.0 {1.0 1.0 |1.0
'8 @/ a’ L7235 1 ,78411 L8174 .8383 1.8551 | .8599 |.8408 | .7820 ) .6631 |.6167
W
‘ - ——
9 @ v 2765 | 2159|1828 1617 |.1449 | .1401 | .1592 |.2180 1.3369 |.3833
€0 X Coi  [.1251 .47 1.8340 | 7592 |.6957 |.6785 | .7563 |.9666 [.2707 |1.3476
21 | TABLE 1 -
LINE 9 h91.35 | 171.03(151.20 132,36 |114.98 | 99.48 | 86.24 |75.58 [65.89 [38.71
‘22 /CL Cp, lzorg |.9678 11.0106 ] 1.0385/1.0619 | 1.0711] 1.0596| .9806 | .8341 |.7776
5 P
23 @ x CCp  lL70.67 i65.52 |152.80 | 137.461122.10 | 106.55] 90.60 74111 54.96 |30.10
24 @ x@chz‘sma 170.67 1163.48 | 145.39 122.48] 98.78| 75.3L [ 53.25 |33.65 | 16.98 | 4.71
25 @/CD; Cdi, | 1.28,112.0879] .9604 | .8742 |.8011 |.7813 |.8709 [1.1231 1.4633 |1.5518
66 v %
“ x @ CCd;.  hus.71 |186.06]145.20 h1s7y (92,10 | 77,72 {7501 [84.13 6.4z |60.07
27 @x@ccd,sm © o571 1183.771298.01 | 103.20] 74,52 54.96 | 44.15 {38.20 | 29.79 | 9.39
CHECKS:
( @ _._é..),, 1.0; .001251 (799.34) = 1.0000

w
LINE 24: 55 S 2.¢Cy SIN 6 nﬁ“ﬁ'vs

LINE 27:

20

chd

Slh@ -——-—*

&

20&._, AVE

. -1 @) £ 1.0; 001251 (798.85)
(-4
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7.3 IXAMPLE 3 - WING WITE PART-SPAN FLAP

{

7,31 TUntwisted Wing - It will next be assumed that the

distribution of the loads is desired for the same wing
with the part-span split flaps open, The normal procedure
would be to first calculate the distributions for the wing
with no twist, but since this has aslready been done in the
preceding section (7.2} for the normal wing, it is not

necessary %o repeat it nhere. (See paragreph 4.211).

7.32 Twisted Wing - Since the rstio of flasp chord to wing

chord is constant tnroughout the span of the flap, it is
convenient to assume an angle of attack of one radian

(k8 = 1) for the portion of the span covered by the flap
end zero for the remasinder of the span., If there were no
air leskage between the inboard end of the flap and the
fuselage on e high wing monoplane, it might be possible to
essume that the flap extended across without a bresk,
Since this is decidedly not the case here and since it is
usually.conservative for the wing to assume no flap across
the fuselage, the central portion of the wing, including
the fuselsge, is assumed to have the characteristics of
the basic wing. In ©illing in line 6 of Teble I, the value
of &g is modified in columns 1 end 5 by interpolating be-
tween the midpoints at the bottom of the page. (See Para-

graph 4,253), The remainder of the calculations are in
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accordence with the usual procedure, The Bpfs are found
in Teble II., TIn computing the Ap's in Teble V, the an
and 2Pp values are taken from Table IV for the normal un-
twisted wing, Teble VI is computed as usuel. In Taeble
VII, only the ¢; distribution is computed and checked,

since the induced drag is more conveniently handled in

Table VIII. (See Paragraph 4.212).

7,33 Unit Distributions - Teble VIII is completely f£ill-

ed in in accordance with the procedure outlined in Para-
graph 4,213, In teking informastion From prévious compu-
tatioﬁs, care must be exercised in distinguishing between
those for the twisted and those for the normal or untwist-
ed wing, (To assist in this, s letter (T) has been placed
after the teble number at the head of each table for the
twisted wing). Tt should be noted that the value of Cpys
found at the bottom of the table by integrating the dis-

tributions, checks éxactly the value computed in Table VI,

7.54 A?plication to a Given Pondition,

7.341 Determination of k¥ - Sufficient information is now

available for computing the 1ift and induced-drag distri-
butlons for any flap angle snd for any angle of attack.

It will be assumed that the wing and sectlion characteris-
tics are desired for this wing with the flep open 60 de-

grees and for sn angie of attack of 13,9 degrees measured

from the chord line of the normal wing section, The
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value of k5 for the flap will be obtained from the curves

of Fipure 4-1, in order to llilustrate their use, Using

the curves for split flap, for & = 0.15 and for ¥p = 60,

x§ = Fg Fgp = .17 x 1,02 = ,1734

(See Sections 4,23 and 4,25)

7.%42 lModificetion of TUnit Distributions - The first step

i1s tc modify the basic distributions obtained in Table VIII
for k8 = 1.0, so that they will be correct for k5 = 0,1734,
This is accomplished in Teble XI in lines 5, 6 and 7 by
multiplying the values of Sy and cdialb by 0.1734, the .
retio of the respective values of k3, and Cdsy by 0,1784

- 0.03007—after first copying the values for k8 = 1.0 in
lines 2, 3 and 4 from Teble VIII. The values Tor Cdial and
Clal are copled into lines 8 and 9, since they are inde-

pendent of flap angle.

7 .34% Wing Coefficlents - Before the section values can

be found for the angle of attack of 13,9 degrees, it is
necessary to determine the wing 1ift coefficient for this
angle with the flap open 60 degrees, since the zero-1ift
engle for the normal section of this wing is -1.1 degrees,
this corresponds tc an angle of attack of 15 degrees when
messured from the zero-1ift chord. If the section at the
plane of symmetry is used as a reference, the true absolute

angle of attack of this section is 15 degrees OT 15/87,3
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= 0.2618 rediap, since there is no Tlap at this section,
In Table VIII, line &, column O, the value of of for zero

1ift for a flap k§ of 1.0 is--,6785, which becomes -.8785

il

x ,1734 -,1177 for a flap angle of 60 degrees, Then by

Tquation 4,17
C1, = 4,5215 ‘:2618 - (—.1177)] = 4£.52815 x “5795 = 1,716

wrnich 3is the 1lift coefficient for this Wing with flap open
80 degrees at this angie.of attack. Also, by Lquation

4,16

)
Cp, = .1984 x TI7BZ - ,00595 x ,1734 x 1.716 + .042478

x 1.716 = .0060 - ,0018 + ,1251 = ,1293

7,344 Total Distributions.- The section values of ¢; are

now found in line 11 by sdding to the values of Clb in

line 5Athe values of cla found in line 10 for Cy = 1.716.
Likewise, the values of gy, 8Te found in line 12 by mul-
tiplying the cgal values in line @ by CLZ, and cdiab in

line 13 by multiplying cdiaﬁb of l1line 7 by Cj,. The three
pertiel distributions are tgen aiéed to obitsin the total
Cds {n line 14, These daistributions can be found for any

other angle of attack by first computing Cj, and then re-

peating lines 10 to 14,

7.%45 Alternative Method for Induced Drag Distribution - |
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The remainder of Table XI has been added to show an al-
ternative method of obtaining the induced-drag distribu~
tion which may be preferred by meny, It is especially
advantegeous where several types of twist are present in
the seme wing, as will be demonstrated later in another
example, Line 15 is copied from Tadble I, line 9, while
line 16 is copied from Teble VIII, line 8, The angle of
attack for zero 1ift for this particular flep angle is
found in iine 17 as indicated. The sbsolute angle of at-
tack for each section is found in line 18 by adding an
angle sufficient to give the reference section the speci-
fied value, Lines 19, 20 and 21 are used to compute the
sffective angle, induced angle, and induced-drag coeffi-
cient in the usual way., To obtain the cﬁi values for any
other anglé of attéck for the same flap angle requires’'a
repetition of lines 18 to 21, after first obteining the
correct values of ¢ , When this method is used to com-
pute the induced-drag distribution for each desired angle
of attack, it is possible to omit all computations involv-

ing induced drag in Tebles VI, VII and VIII.

7,348 Plot of Results - In Figure V-4 are plotted the

basic, additioﬁal, and total section 1ift, and the total
induced-drag coefficients. It will be noted that all ¢
curves are continuous, while the cg, curve is discontin-

uous at the ends of the flsp. If more points had been
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coefficients is accomplished in the ssme manner as that
used in Sectioms 7,18 and 7.19 for the special method,

For that portion of the spasn covered by the flap, en ad-
ditional minimum profile-drag coefficient must be added
to that for the normal wing, TFrom Figure 5 of reference

13 for 8¢ = 60 and E = .15

At domin = 0,112

Likewise, for this portion of the span, an additional mo-
ment coefficient must be added. 1In the absence of better
data, this may be taken from Figure 7 of reference 13,
where it is seen to vary with c, . After an inspection
of line 11 of Table XI, its velue may be read for §p =

60° and Cy, = 1.9 as
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TABLE I.¢r

COMPUTATION OF ANGLE COEFFICIENTS , B
FLAP k6 = 1.0 .

e

TRBLE 5. Y% /29, e | 95 | e | Y5 | Yo | Yy | Y& | Jeo
LIKE 7 | o .97%5 | «9511 | .8910 | .8090 | .1375 0 0 0 0

g, = Y - Yc <+ 59 * Yo =zJi, (/2 - Za * Yg = g

.9735 - 8910 — 1375 + 0 + 0 = -.0550 0 — .8090 + O = — ,8090
WUt = 1S T = 7 5 - 15 F - i $ - Ut
PLIER | Q. b [+ ? i 3 by & | b a. b
| 4s - Y -9 | I
E1.1584 —5 L1794 o 1529
. . 1‘93 Yau Ya __-"i__
[/
21.30%0 0 L2500 | ! N <2500 7 0
P 4 Pl -5, =L
54840 |3 0 ' — o 4420 - 4045
& 5g?g 5@ -5'& Jde, ;3'_&___
r 0 . 5501 L5591 . 0
N . <, 51; R “:55\ 5
- =2
5 -60?6 .0972 ”0972 _.!0589 --QOQ72_ m0972
Lo LEELS | 0 i 0 6545
7000 22 ] | P =3
579 - BE7A i O 0
v ) o P e, ~Ye -Ys
&, ¥ —n ! :
,‘%“ Lo ! » 5 : . G 5 -.9046
G gnre LT S B 2 2
Tl i 9615 o L8800 9
10 10000 Jo/2. Y /2 | e %72 ol |
Q0 g £.8000 0 0
i VOTRL ’
1,8526 11,5591 | =,9006 |-, 2001 .0389 ' ..80901,3408 |,8091 =.1550 | =,2501
. |
12jG+b |4 11y L1.2187 .87 | 1.1499 ~. 4051
(Bla-b < . , ; .
. 2935 ~,5005 7700, | 168317 0951
1 | B (IS |
36 11967 1174 l-.2875 -.2202 1-,2302 | 3089 | L4600 1-.1873 -.1620 |.0380
5|28, |28, |2Bg (283 |28,y [2Bg (EB,5 28, 2Bz (2Bg |28y,

CHECK ! 28,26 30 28428+ 2Bg-28,, *265- 88,5 ¢26,,-2B,g 2Y, =2 Olg
ROTE: IF 0L, 16 CONSTANT ALONG THE SPAN, B, =lg & B3 TO B, ARE ZERO.

CHECK: i
1,367 4 4875 - .3392 = 4600 - .1620 - .0380 - .1873 ~ .2080 - .2402 - .1174 = 0001
o

S
N
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TABLE ¥. (m
SOLUTION OF A, COEFFICIENTS

FLAT kb = 1,0

| 2 3a 3b 3c 4a 4b s
1| (Ca ~C4)A3 | o74a ——— -.1328 L1303 - -,0099 | -, 0097
2 | (Cq -Cg)As | -.2202 - -,0508 -.0495 - ,0116 .0113
3| (e Ce)A7 | - o0z - L0679 L0875 —m- -.0002 | -.0002
4| (Ca-Cio)ko | _ nzav e - 0206 | -.0206 aee L0007 | 0007
MOLO:0.0 - L0022 | 0021
€| 28 '@ 2By = _L.3647 1,3647 | 1.3625 | 1,3626
7 i, '@/é"ﬁ 2p; s _2.9632 " .4605 L4598 ,4598
y
81 (Cp —C4) Ay 074% L4605 L4590 45588 ,0342 L0542 0342
9| (Cz ~Cg) A5 | _ 15a5 - -.0508 | -.,0495 - L0081 | L0078 :
10| (C4 —Ci0)AT | _ sens —=- 067% 0675 o -.0182 -.0181
il (Cg ~Ci2)8s | _ o150 —— -.0206 | -,0206 —e 0003 ooox
12 @* 0342 | 0244 0242
i3] 265~ (@ 2Bg9_-.4075 -.5217 | -sme | osmiy
14 As*@/”a 2Pz 7 _3.9287 -.1328 | -.1703 | -.1302
151 (Cq ~Cg) Ay | _ 509 .,4605 | 4598 4598  § -,1085 | -,1054 |-.1054
16 | (G2 —C8) A3 | _ 1555 ! . .ames | -.im0z | -.1s02 .0210 L0207 | L0208
17| (C2 ~Cig) &7 | _ yo0g - L0679 L0675 ——- -,0116 |-.0115
16| Lo ~Ca) Ag | . psnp === |-.0208 | -.02086 oz 20082 | 0052
19 (19+(9-D+(18 -.0845 | -.0011 |-.0011
20! 285~ (9 2Bge -,2302 -.2547 | -.2481 |-.2481
21| Age @/295 2Pg #5.0106 -.0508 | -,0495 |-,0495
22| (Ce— Cag) Ay ..0036 | 4605 | 4598 4508} -,0017 | -,0017 !-.0017
230 (Coa—Go)A3 | _ pevs | -.1228 |-.1303 | -.1302 L0355 L0349 | L0348
24| (C2- Ci2)A5 | _ 1708 | -.0508 |-.0405 |-.0495 L0087 ,0085 | ,0085
25| (Co ~Cig)ko | - 1505 --=  |-,0206 | -.0206 - L0033 | 0033
261122 ’@" L0425 L0450 | L0449
27| 267 - @ £Bye __, 4600 L4175 .4150 .4151
28 A (@727, 2Pyx 5 2455 0879 0675 | ,0675
29| (Cg ~Cio)&y | - omav L4605 | 4508 4508 | -.0160 |-.0160 |-.0160
30| (6 ~CiedA3 | _ o1se | - 1mes -, 1303 | -.1302 002, 0021 0021
31| (Ca—Cia)As | _ 2532 |- 0508 | -.0495 | -.c405 0129 ,0125 L0125
32| (C2-Cig)A7 | _ 1605 0679 | 0675 0675 | -,0100 {-.0108 |-,0108
83 @" -.011¢ |.,0122 1. 0122
34| 284 - @3 2Bgv_-.1620 -.1501 | -.1498 | -,1408
35| Agt /2-5’9 2Pg = 7.2768 -.0206 |-.0206 |-.0206

a~



TABLE ¥I (m
COMPUTATION OF WING LIFT AND DRAG COEFFICIENTS

TLAP kg = 1.0

| 2 3
A, =  .4598 (Ag‘fs .2114 | A/3s 1533
Ay = -.1302 3 {Aﬁ)zn L0509 by /5 -.0260
By ®  -.0405 5(h.)F = .o —Ag /21= o024
A,=  Loe75 7(:’3%?}2* .0219 B /45= o015
Ag® - o206 %%\52“ .0038 ~Rg/T7= 000z
Eﬁ&; 3103 hN z 1315
AL -
AZ L2114

v = T A @,ﬁ e %.1416 x 7.582 x ,2801 x ,4598 = 33,0877
L .
OR
TO ] | - 7 ]
i Mgly Ay . 7654 klzésgzg x 191.35 ¢ 4508 = 3,0676
4 C. ' ] .
BYE. :

é___‘ + 2 2 1.4878 5 0sn7% - &
N TTA C;L : CE)’LKGL T 50,1416 x 7,582 X 2. .5799
¢

FOR WING WITH NO AERODYNAWMMC TwisT, C. G
U“'t ”'&4

‘j L ..(._..EQQ.L__«}% 4x 1815 95y
Lo

_ - 36414 x 476 = 173,33
5.1416 X 4598

fa)
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TABLE
COMPUTATION OF LOAD DISTRIBUTIONS

Cp, = TLAP kg = 1.0 Cy= 5.0677
] a b o | 1|2z | 2| & |s |6 |7 |8 |8
2 | AOLELL @ 90 | 8 | T2 | €3 | 84 | 45 | 36 | 27 | & | 9
3| TABLET | g o [1.0000.9877|9511 |.6510 |.8090|.7071 |.6878 4540|3080 1564
4 SN 30 [-.0000-8910 5578 -.1564 |.3090|.7071 |.9811 |.9677 6090 4540
5 sk 56 |1.0000 7071 | © 7071 loooolroTi | o |.7o7t 10oos| ot
6 SIN 76 FIOOOO-4540| 5678 | 9677 |.3080+7071 RSS1I 11564 |.8080 | EBIO
7 SIN 98 |1.0000.1564 9511 ~4540|.8090| 7071 5676 8910 | 3090 |.9677
8 A7 ison [MISN @ | 5ol 25411 .4873| 4007 5720 |,5251,2703 | 2087|1421 | Q710
5 .

Ba® _ 1307 |RgS 38 | 1302] 1160{,0765,0204 |,0402 0921}, 1236 -, 1286 |, 1053 £, 0591

10 lAg®. 0405 (AgSM 56 | nio5l om50] 0 |.0350 | L0498 ,0350] 0 |,0350(,0405 .0350

1 |&p= 0675 |Ap SIN P8 L 0675, 0308 ,0397] .0667].0200 L0477 L 0642]-,0106],0546 | .C60
2 Ag"_ 0206 AQSEN 8@ | 0206

LA, SINNG

-.0032) ,0166) ,0094 =, C167 +,0146 | ,0121 ,01840,006844- 0203

L4524 5013 ,57311 ,5412],38551,2087 _094J 0529 ,0&55],0176

ms€
- chi 5.574 |8 27817 05408,056 19,276 110.722012,368014,112016, 1877, 553
is @ X Cs 2,5217%, 12614, 042614, 261012, 5759 2. 20550, 1675 |, 7465 |, 5746 |,4849

TABLE 1

i6 LINE i o
RGLE 1

70 Livg © Ca

838 /@®| o,
0 (-0
20/ (19 x(8)| ¢y

21| TABLE 1 o
LIKE © 161,35171,03]151,20152,36114.98 99,43 86,24|75,58165,89138,71
22|(®)/C
v L cﬂ. LB8220:0,010011,31781,42161,1657 .7189! ,3806|,2433],1873 }{,1581

% & —r ol ~
23 @ ”“' €Sy 157,290174, 28199, 25126.16/134 .02 71 .54 32,82 18,79/ 12 3416,12

24/@3 x(® CCy, S ® |57 o9linz 14he0.51167, 650108, 43 50,57 10,29 8.35) 3,811 96 |
23 @/CD; Cd;, |
26|(@9 x @) cc,,
27/ @9 x (I[ccSIn @

LINE 24: 55 & chﬁ‘sm e :m\,&(z, @ --go)w 1.0 .001251 x 799,36 = 1,0000

L b L N L@
LINE 27: g5 = NI0C, SIKG g5 (€ -3 @))=10

T=4i




TABLE M
COMPUTATION OF UNIT LOAD DISTRIBUTIONS
SINGLE SYMMETRICAL TWIST

w 3.0677 FLAP k& = 1.0 = 4.5215
CLLT) ' . , CL m’
iloa b o | + | 213 e |8 6 |7 |8 |9
> TABLE ¥ ¢ .
LINE 22 ko, 18919 |.067% 11,0106 !1.038511.061911.0711 | 1.0506].9806 |.8341 |.7776
TADLEDR
31 inE 18 G 2.5217| 3.1261 4.0426 4.3610] 3.5754 2.2055] 1.1675].7465 |.5746 | .4849
4 x CL(T) Cra 2,771 2.9689 13,1007 | 2.1858]2,2576 12,0858 | 2.222913.008217. 5528 2.3854
s i .
5 @' @ C;?b 2142|1572 19424 3.1752 L3183 |-1.080317,05541-2.2617-1.98421.9005
TABLE © | ! '
¢ LIME i o 557, 15,581 [5.590 1 5.601 [5.615 | 5.632 {5,650 |5.670 688 15,701
TABLE I(T) ch .06
7 |VASLE LWlafCrzioo7d | | s 100 Ja0 L1 |Laemo o L
., \ !
8 @-%m ua-( L?@O_Z__.mgg L2071 | L3215 1 L3215 1.3215 1-.4841 F.6785 |-.678% |-.€785 - 4788
e @/ s L.0385 |.0282 |.1686 | .2098 |.0567 |-.1918 i-.3638 -.3989 |-, 2488 | -.2334
W
1o @ @ hd -.64001 2789 1.1579 | .3117 L2648 _.2923 L.3147 1-.2796-.3297 £.3451
i ‘ ca‘;h L1772 10458 L1441 L1315 1.,0843 1.3158  w.6468 1.6324 |.65i% | L6559
12 TABLE ©I ¢ i
LINE 26 | - Ve 1.31510 .94471.8340 L7592 {6957 |,6785 | .7563 |.0666 | 1.2707 1.3476
2 . R
i3 @/CL cd,ia, V05454 | JOLECL [L04079 10371, !.03403. .03219 L03699 |.047281.06216 ;06592

14 @/ G, /CLL, L2404 |.1624 1.9325 | 1.1216!.2997 i~1.00861.9564 2.3064 |-2. 278912, 4441
15 @K Cﬁé'_f{h L, 01%L 1.09975 1.0380 042G (0102 -.0335 -.07241-.1090 ;.],/,-79 -.1611
HOMC) 93"5?“' —.5707] 2607|1545 [L11EC | 815|319 | 3306|2742 |- 2750 | -.268A
7 ®+0© | Ca., |.sese |.cme (1925 | 2580 2918 | -.2466) -.£030|-.383% |-.4229 |+.4295

18 SiIN 6 |L0000|.9677|.9611 .&510 |.8080!. 7071 58578 |.4540(.3090 | .1564

=+
@
K
m'
(4]

h91.25 1171,03151.20 | 132.26 114.98 ! 99.48 186.24 | 75.58| 65,89 | 28.71

»
@
(24

&

26.25 | T.49 | 21.79 1 17.28 9.691 31.42 155,78 | 47.80 43.11 | 25.39

3
KS
5
@
&
®

26,25 | 7.40 | 20.72 1 15.49 7.8 22,22 132,72 ; 21.70 13.32 3.97

b F111.710 47.41 0 29,11 ] 20,91 133.52 =34.48 1 -24.75 -28.96 |-27,86 | -1£.63

3
9]
£
-2
P
@

111,71 46.8% | 27.69 | 18.63 127,12 1-2/4.38 20,43 |-12.15 ~8.61 {~2.60

P

(]
1®IRIEIE

13

@)

(%]

9

LINE 2l -b- Zc.,d SIN G ZOC (Z‘_ - é@o \;al CDA_b:‘.om%ﬂx 158,58 = 1984

LINE 23: —g-chdL S © sgﬁeéwe(g-_ < @),)- CD/-CL 005 X(-4.76)= -.00595

2 L1084 - 00595 x 3.0677 + 042478 x (3.0877)%
CH&:GKC C+CC + Q. x G5 =290 x 3.06 478 x (3.0677)

D
%, p 0 TR ML sy - Lowes + 3998 = L5799
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TABLE XX

USE OF UNIT VALUES IN DETERMINING DESTR!BU?%ONS FOR

O~ 373,00 ETFz 600 & E,= 0°

CL':. 1720

1] o« | ol w |G o1 ]l2]3]a|5 6|7 |81 89
TABLE M
2 ILINE_ 5 cﬂh 1.0 L.o2idd 11572 1.9424 (14752 | 03183 [-1.0803-2.0554|-2.26171.984%|-1.9005
3 |[TABLEYIT | ¢ . A
LINE i} “et 1.0 L1272 1.0438 | 1441 |.1313 | .0843 | 3158 1 L6468 |.6324 | 46542 }.6559
4 |IARBLE WIIT| ¢, i
LINE 17 “g. b 2.0 .0 1.5838 {.o772 |.1925 |.1580 2015 13466 1-./0%0 |-.2872 L.4290 |-429%
, :
51 X@| G | — | _.0mzl.0073 |.1634 |.20%8 1.0552 |-.1873 |-.3564 |-.3922 | -.2441}-.3295
6 (-1734):""@ C‘J’lz, 73 T 4+.00411.0013 i .0042 |.0039 .0025 1.0095 1.o194 |.0190 Loier [.o197
Cy ~
7 L1734 x@ “*a,b 1734 L.0 {10123 {04807 |.03338 |.02740 | .05055|~.06010-.06988+.06645 |-.073331-.07448
8 TABLE YIL - "
LINE 13 ~a .0 05454 1.04621 104079 1.03714 03403 |.03319 1.03699 |.04728 | .06216|.06592
TASLE ¥IIT .
9 ILINE 2 c‘g"ﬂ i.0 8919 | 9678 | 1.0106[1.0285 | 1.0619{1.0711 {1.0506 |.9806 | .8341 STTT6
C
o CL * (s La T L7186 [.5305 11.6607 D.7242 11,7821 | 1.8724(1.8380 | 1.8028(2.6807 [.4313 |1.2344
b @ + c‘é L1734, 1.716 1.49353 12,0880 .89%6 11,9259 | 1.8774{3.6507 | 1.446413.7905 1.0377 11.C049
2 . ]
12 CL * g 1.716 L1606 !.1361 L1201 71,1094 §.1002 [.0977 | .1089 |.1292 |.1830 |.1941
13 CL * @ c“"ab L1734 1,716 L1777 L0825 | L0573 10470 | .0867 |~.1071 [ -.1199]-.1140 | -.1058]-.1278
C ]
14 @**’@ d, | a7, | 1.m6  f-.0090 2100|1817 11603 |.1894 |+.0041 Lacee |.oss2 | 0769 |.08e0
ALTERNATIVE METHOD OF DETERMINING C4;
TEBLE 1 — e
15 U”% 1l Mo 5oz ls.581 Leoso0 15,601 |5.615 15.632 | 5.¢50 [5.670 |5.688 | .1
6 TABLE YIIL O( o
LINE & o 1.0 -.6785] ,3071 | ,3215 1.2215 | .3215 |-.4841 .6785 |-.6785 |.6785 (-.87HS
17 L1734 "® Ko | 173 O -.11771.9533 | .0557 1.0557 !,0557 [-.0839 }-.1177 |-.1177 £.1377 |-.1177
ie , 3795 “@ Do {1730 |1.76 L6018 W4328 |.4252 1.4352 L4352 |.2956 2618 2518 | L2628 | L2618
19 /® 0o J734 11,716 26791 2025 11,3395 {3546 |.33:4 |,2921 | .2560 | .2276 |.1911 | .1762
- w
20 /V 1734 1.716 | -.0061! .2302 |.0957 1.0806 L1008 {.0025 |.0058 |.034% 10707 |.0855
21| @« @] 4
foe A736 11,716 [-.0091 | L2199 {.1816 {.1601 {.1892 [.D041 L0034 |.0441 | .O7& L0859

HTRAL 0—=38——13

a
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Gt

7.4 EXAMPLE 4 - WING WITH DIFFERENTIALLY DISPLACED
AILERONS,

7.40 Method of Attack - In order to demonstrate the pro-

cedure when the losding is not symmetricel, an example

will be tsken in which the allerons are fully deflected,
The same wing as used in the previous examples and shown

in Pigure 7-1 will be used., The inboard flaps will be
assumed closed, The normal procedure would be to first
calculate the distributions for the wing with no twist, but
since this has already been done in Section 7.2 for the
normal wing, it is not necessary to repeat 1t here, IT

the s&ileron displacement were equsl and opposite on the

two sides and the value of ¥ were the same for positive

and negative displacements, the effective twist would be
completely antisymmetrical, In order to show how to handle
a wing with two twists existing simultaneously, however,
the silerous will be assumed to be displaced differentiasl-
1y, which is the same as sntisymmetrical displacement com-
bined with a symmetrical displacement or droop, Three
simultaneous *twists could be illustrated if the inboard
fleps also were sssumed displaced, but it is believed that
the following example will sufficiently demonstrate the
method so that no &ifficulty will be experienced in com-

ining any desired number of twists,

7.41 Symmetricsl Twist - The tables for symmetrical aile-
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ron displacement will be computed first as though this
were the only twist present. These computatlons are sim-
ilar to those made in the preceding section For the wing
with inboard flep open, The ebsolute angle of attack for
the inboard portion of the wing is taken as zero in line

6 of Table I. A siightly different procedure 1is used in
obtaining the k8 or ag values for the part of the wing con-
taining the sileron than was used in the case of the in-
board flap. Since, because of tip rounding, the ratio of
aileron chord to wing chord is not constant along the span,
it is not convenient to use a constant k8§ of 1,0, In the
absence of better information, the value of k8 is assumed
to vary with chord ratic E in sccordance with Fy, read

L3

from the curve for ordinary flap in Figure 4-1 for the
values of E at esch span location, These values of Fgp are
used as k5 in Teble I, which is the same as assuming an
gileron displacement of one radian,.or Fop = 1.0, 4s in
the case of the inboard flap, the value okaa or ag &v

the inboard end is modified, because the end of the aile-
ron does not fsell midwey between the two adjacent points,
Since the values of o, &re sO much smaller than in the pre-
vious examples where one radian was used, it hes been found
desirable to carry one more place in the computations, not
because the accuracy warrants such action, but because
better checks are obtained at the various places where

checks are provided, Some work could be saved by using
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ag values ten times as great, wihich would eliminate many
zeros necessary only for locating the decimal point,
This would be the same as using a value of Fgp = 10.0.

(See Section 4.21),

7,42 Antisymmetrical Twist - The antisymmetrical compu-

tations are made in = simile‘&'-manner9 using the sﬁme Table
I as fcr tke symmetrical case, Table IV-A is necessary
becguse the combination of Con coefficlients are not the
same as those for the symmetricsl computations, although
the plan-form cocefficients themselives are, of course, the
seme, It should be noted that values of CDi gnd Cl' found
at the bottom of Teble VII-A end the value of Cp'/Cy,
found at the bottom of Teble VIII-A by integrating the
distributions, check the respective velues computed in

Table VI~A, (See Section 4.,22),

7.43 APPLICATION TO A GIVEN CONDITION,

7.431 Deternination of k8§ - Sufficient information is

now gvailable for computing the 1ift ané induced-drag dis-
tributions for any aileron displacement and for any angle
of attack, Tt will be gssumed thrat the wing and section
characteristics are desired for thils wing witnh one alleron
up 30 degrees and the other one down & degrees, snd for an
angle of attack of 13,9 degrees measured from the chord

line of the normal-wing section, It will be assumed that
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the aileron 1s equally effective whether displaced upward
or downward, and that kd may be found from the ordinary

flap curves of Figure 4-1, as

These curves are based on tests of ordinsry or plain flaps
with no leaksge at the hinge, Ailerons may have charac-
teristics quite different, and may be more effective in
one direction than the other. Where possible, therefore,
the section characteristics of the actual aileron-wing

combination sbhould be used. PFrom Figure 4-1

23
o
1

= -,738 for by = ~30°

and : :
= +,230 for 8 = +6°

These values may be divided intc symmetricel and antisym-
metrical parts,

as Fg, = -.254 -,484 for 5, = -30°

A
and Fg, = -.254 +,484 for 5y = + 6°

0

7.422 Modification of Unit Distributions - The next step

ebles

]
3

is to modif'y the besic distributions obtsined i
VIIT and VIII-A for Fyp = 1.0, so that they will be correct
for FSA = -,254 and +.,484 for the symmetrical and antisym-
metrical cases, respectively., This is accomplished in

Table XII, where by is used to indicate the basic symmet-
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rical distribution, by the antisymmetrical, and b without
a subscript a combination of'both‘ The values, for

Fg, = 1.0, of clbl and cdialb. are multiplied by -0.254,

A
2
and cdibl by (-,254)"; those of Ciby and c&ialbz are mul-
tiplied by .484, and cg; by (,484)%—in lines 8 to 13—
2
efter first copying the values for FBA = 1,0 in lines 2
tc 7 from Tables VIII and VIIT-A, The values of cdi&l

and clal are copied into lines 14 and 15 since they are

independent of alleron displacement,

7,433 Wing Coefficients - Before the section values can

be found for the angle of atteck of 13,9 degrees, it is
necessary to determine the wing 1ift coefficient for this
angle witn the allerons dispiaced -30° and +69., The zmero-
1ift sngle for eny section of the normal wing is -1.1
degrees, which corresponds to an angle of attack of 15
degrees when measured from the zerc-lift chord, If the
section at the plane of symmetry is used as a reference,
the true absolute angle of atteck of this section is 15
degrees, or 15/57.3 = 0,2618 radian. In Table VIII, line
8, column 0, the value of &g for zero 1ift for a symmet-
rical aileron displacement of one radian (FSA = 1,0) is
-,04290, which becomes msol = -, 854 x (-,04290) = +,01090

for Fy, = -.254, Since antisymmetrical displacement pro-

A
duces no total wing 1ift, tue value of a502 = 0, Then,

by ZEquation 4,22,
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CL = m[ dg - (Osol + (LSOZ);E

-

= 4,5215 [0.2618 - {,01090 + O)J = 4,5215 x 2509 = 1,134

which is the 1ift coefficient for this wing with ailerons
displaced -30 degrees snd +6 degrees at this engle of at-

tack., Also, by Equation 4,16

2

Cpy = .00806 x (-.254)% + ,01002 x (.,484)% + (-.25¢ x
(-.000387) x 1.1344 + 042478 x {1.1344)% = 00052 +
+ .00235 + ,00011 + 05466 = ,05764
and from Table VI-A

cz' = ,06590 x .484 = ,03180

7,434 Total Distributions ~ The section values of ¢; for

the two sides sre now found in lines 18 ané 19 by first
adding in line 17 to the value 05b1 in line 8 the addil-
tional 1ift found in line 16 for C£ = 1,1344, and then
adding and subtracting the value of clbzin line 11, TFor
this particular aileron displacement the distributions of
¢; can be found for any other angle of attack by first.
computing Cj, and then repeating lines 16, 17, 18 and 19,
Lines 20, 21, 22 and 24 are used to compute Cdiblbz’ the
portion of Cdib ceused by the interaction of the basic

lifts, It should be noted that this portion hass a differ-

ent sign on the two sides because of the change in sign
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of clbz and, therefore, introduces &an additional yawing
moment that would not be present 1if there were no symmet—.v
rical twist, In lines 25 and 26 the total values of cg,
are found for esch side, These two lines represent the
portion of the induced-drag coefficient that 1s indepen-
dent of angle of attasck and depends only on the alileron
displacement, In lines 27 and 28 the values of cdialb’
which represent the total portion of induced-drag cceffi-
cient that varies directly with Cy for a wing Cg = 1.0,
ere found by simply adding these values for the two sepa-
raﬁe twists, These are multiplied by the value of wing

C1, in lines 29 &nd 30, to find the correct values for this

particular angle of attack, The same is done for Cdy in
8

line 31 and the final totslis for the two sides are found

ct

in lines 32 snd 33 by sddition, For this particular aile-
ron displecement, the distributions of Cgq Cen be found
for any other angle of attack by first computing Cy &and

then repeating lines 29 to 33, (See Section 4,24),

7.435 Induced-Drag Distribution by Alternative Nethod =

It is seen that the computations for unit distributions of
induced drag become rether long in such an example and
would be even more so if another twist, such as open in-
board flaps, had been assumed, The remainder of Table XII
kas been added, therefore, as was done in the previous ex-

ample in Table XI to show an elternative method of obtsin-
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ing the induced-drag distribution. This method requires
lines 41 to 48 to be répeated for each angle of attack
for which the distributions are desired, but it makes it
unnecessary to compute any of the first 30 lines in Table
¥II, except lines 1, 2, 5, 8, 11, 15, 16, 17, 18 and 19,
and makes it possible to omit all computstions involving
induced drag in Tables VI, VII, VIII, VI-A and VII-4,
while Table VIII-A may be omitted entirely. The alterna-
tive method does not sepsrste the various portions of the
induced drag, but simply calculates the total value for a
given condition, The celculaticns in lines 34 to 48 of

Teble XII are self-explanatory, and are twice as long as

4,

they would be if it were not necessary to calculate each

ely because of the unsyrmetrical twist,

4]

f=te
(@)
ct

e separa

7 _4%6 Yawing Moment - Lines 49 to 52 have been added to

calculate the yawing moment produced by the intersction of
the two basic-1ift distributions, This is done by inte-
grating the values of cdiblbg in line 24 as was done for
Cdialb in Teble VIII-A., This could be done by the method
of Teble VI-A, if the odd A, coefficients were known for
the wing with symmetrical twist at zero 1ift., The yawing-

oment coefficient found in Table VI-A and checked at the

:73

bottom of Table VIII-A is for an entisymmetirical alleron
displacement of one radiean, on the wing without other twist,

at a 1ift coefficient of 1,0, The yawing moment coeffi-
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cient for this particular example cen be found dy adding
to the basic value of -,00083, found at the bottom of
Teble XII, that ceused by the additional 1ift, which Is
found by modifying the value of ,00834 from Table VI-A or

VIII-A, for FSA = ,484 and Cy, = 1,13844, or

Cpt = ~,00083 + ,00834 x 484 x 1,1344

= -,00083 + ,00458 = ,00375

This can be checked, 1f desired, by subtracting the total
cay velues on one wing, line 33 or 48, from those on the
other wing, line 32 or 44, aznd then integrating the d4if-
ference in the same manner as was done with the cdiblbz
values &t the bottom of Table XII, except that if the same

Tormula is used, the answer must be divided by two,

7,437 Other Coefficients - The determination of the other

[
o
{

=fTicients is accomplished in the same mannsr as that
uvsed in Sections 7,18 and 7,19 for the special method.
For that portion of the span covered by the alleron, an
gdditional minimum profile-drag coefficlent must be added
to that for the normal wing., From Figure 4 of reference

I
-

i

=.-,O '] = -
Acdomin 0,085 Tfor B, 30Y and E .20

end o
Ac = 0,004 for §, = +6° and E = ,20
= dOmin A

Where better information is availeble for the particular
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type of aileron it should be used., It will be noted by
comparing lines 32 and 33 of Table XII that,” in the region
of the alleron, there is a difference in section cdi of
approximately .095, causing an sdverse yawing moment,

This would be increased sliehtly by the additional profile
drag, if taken into account. It is spparent, therefore,
tnat the difference in minimum profile drag produced by
the large differential is onily sabout helf the emount re-
quired to balance the induced yawing moment, Since these
valueé are based on & simple hinged flap, the advéntage of
using a device, such as a Frise balence, to increase the
dreg on the up alleron side is shown. Likewise, for this
portion of the span, an additional moment coefficient must
be sdded, In the ébsence of betier dats, this may be tak-
en from Figure 6 of reference 13 where it 1s seen to vary
with ¢; ., After an inspection of lines 18 and 19 of

Table XII, the values may be read &as

Aomg o, = +.17 for By = -50° and Cp, = 0,70

and

1% = _ ,
+6Y anéd CL = 1,40

ACmg,c, = —-04 for B4

7.438 Plot of Resulis - The values of ¢; and cgy are plot-

ted for the full span wing in Figure 7-5,

7-54



§% 9508 = (5707~ §°6Y) /( g 07 = GLLVISA = @

"SAY,

| «Q/5="0) . = q
B _@z_mmwmmw ) X @XE) !
o /% |“Gy® |«
uL/fuL | @y | e

Qo

UL | PE/Tpl
7 [0/
o) QUOHD | 6

STNUOIHL
} WARIXYR | ©
otoz0° | $9£90- [veze0® | T2ozT*|979TT" 0 0 0 0 % lewms @ﬁ @ X @ 4
. | gyoz* | G0z |#LY¥9T’ 0 0 0 0 0 v SRYIGVY N ‘
¢gzre | o090z*| 70 * Y Binosav| ©
¢gz1" | ogoe*| svoz*| gvoet| Sv0C” g -7 8l &

9080 " geoz*l oooe: o00c*| oocz*® , qd -/, “3td
0 °| ¥961'| 080€" | OVSY| 8L86°| 1404°| 080T | 018T | 1166°| L486(00001] © NIS v
0 8 8l 42 | 9¢ | sv | v8 | €9 | A 8 | o8 e g

. . , . . . . . 9 | uvds-u3s
0000| 2486 1156 | 0168'| 0308 | 120L'| 828%'| OVGY 060T"| G| O 98002 = | NESETAR 2
ol 8 8 4 9 g ¥ g 2 ! 0 q Y !

NYIQ¥Y G°T =

ATONY V14 NOWHTIV

ONIM 4O SOILSIMILOVYVHO OIML3N039
w1 318vl

o

foGLt Ly = Awbq\ommvaumou = @ 9e spuq deTix

7-85



TABLE . ™
COMPUTATION OF ANGLE

ATLEROK FLAP ANGLE = 1.0 RADIAN

COEFFICIENTS , B,

TASLE .Y /2 Y. Y Yy | Y4 Ys Yo Ys Ye dg
LINE 7 0 0 0 c | o L11646 112021 1,09284.1.06365 1 .02010
G, - Y9 - ds+ Y1 * Jo =/, (/2 - Us * Ya = Re
0 C0_ -.11646  +.09289 + 02010=700352| O - 0 +.06365 = ,00365
BMULYI~l 1| = 19 3 = i7 5 — 15 7 - i3 g ~ i
PLIER Q. (2] -G (= a. b a. b a. -]
o [ -3 =Y I
. &4
i].156 00314 . 0 . 01452 4 0 .
. 8 4 Py 8
2].30%0 01967 0 0 .01
3| 68540 |- Yo -5, —Y3
. 04215 00913 0 Q
45678 e =z Jt. | =Je
) 07066 0 0 - 07068
Js Js s | ~Js -
13707t oeras 08235 -.002/3 08235 08235
8080 £ kL 7 P
5 0 .051£9 ; . 05149 L 0
@} & 3 - 2 k)
i ) n ! 01791 08272
, . Ye Ye -Ye el
o .e%:
g1.e3i ' 0 L1133 | -.11433 0
oloary I Iy 5% Ys
) 0 57 09170 0 v 01985
Sl -Y4. /2 153 ~4/2, | Yo /2 |
10[L.O0CO 0 0 L 06365 0 0
a TTy“ﬁL'.12764 09033 |.18318 L16582 1-.00249.06365 |-.0789 |-.06284L01948 505099
i2jasb 21797 . 34900 .06116 14180 -.03151
- e
Bja-b L03731 01736 - 06614 i~ 01612 07047
BHE
1 25 1.08719 |.014921.12960 00694 !.02446 L.o2645r105672 -.006451-.01260 102819
15|26, (28, |28, |2B3 |28y |285 |2Big |28y 2Bj3 |28y |28

CHECK: 2By-284+2B5-28,4 28426 '6-2853-‘2@% ‘3-2@2?'-23&@ =2y, =2 [ 3
NOTE: iF O IS CONSTANT ALONG THE SPAN, B =g & B3 TO Big ARE ZERO.

L08719-.13960+.02446 + 05672 — 01260 —.02819 - 00645 +.02646 +.00694 -.01492 = .00001

——r’



TABLE ¥. (1
a SOLUTION OF A, COEFFICIENTS

AJLERON FLAT ANGLY = 1,0 RADIAN

i 1 2 3 Ib 3¢ aa 4b ¢C
I | (Cz ~CqlAy L0742 ——- 03498 | 03476 ——- .00260 | 00256
2| (Cq -Cg)hs | -.2292 ——- L00733 | 00898 — -.00168 | -,00160
- 3| (cg -Cg)Ar | -.0036 - -.00749 | -,00754 ——- .00003 00003
4| (Cg ~Cip)hg | -.0347 --- -.00142 | -,00144 - .00005 .00005
_ 0000 - .00100 | 00106
6| 28 - @ 2@, s __,08719 .08719 | 08619 | 08613
7 {4 .p_' 2P ¢ _2,9632 .02942 | ,02909 | 02907
8| (Cp -CaYh, .0743 ,02942 | 02909 02907 00219 ,00216 .00216
) 9| (C2 -Cg) A5 | -.1585 — . 00733 .00698 | ze-- -,00116 | -,00111
- 10| (Cg —CioYA7 | -.2675 - -.00749 | -.00754 - .00200 00205
1) (Cg =Ci2)4s | - o159 — -.00142 | -.00144 - ,00502 ,GO0GE
- 12 1- .00219 .00302 .003¢e
15| 2B3- 2853 __ 1293 15741 | 13656 | 13651
: 14 A3=@/2P3 2Py v 3.9287 03498 | .03476 | 03475
5| (G4 ~Ce) Ay | -.2202 .02942 | ,02909 ,02907 | -,00674 | -.00667 | -.00666
h 16 | (C2 —Cg) A3 | - 1585 .03498 | 03476 | 02475 {-.00554 | -.00551 | -.00551
L 17| (C2 -Ci) A7 | - 1708 --= | ~.00749 | -,00754 o .00128 | 00120
18] (Cq -Cig) Ag | - 2532 —— |-.00142 |-.00144 - .00036 | 00036
- 19 @"'*@ -.01226 | -,0105¢ | -,01052
20| 2Bg - 2By 02446 .03674 .C3500 .034¢98
_ ‘21 | age @G /2Pg 2Pgs_5.0108 .00733 | .coses | 00698
22| (Ce—Ca) Al | -, 0036 .02942 | 02909 .02907 }-,00011 | -.C0010 | -.00010
- 23| (C4—Go)As | _ z¢vs .03498 | ,08476 | .03475 | -.00936 | -.00930 | -.00930
24 (C2- Ci)As | - 1708 .00733 | 00698 .00698 |-.00125 | -.00112 | -,0011%
f 25| (C2 —Cig)Ag | -,1605 ---_|-.00142 | -.00144 . .00023 | .00023
- 26 @'@"*@ -.01072 | -.01C36 | -.01036
27| 28y - @ 2895 _-.05872 —.04soé -.046286 | -.040633
- 28| a2 (@7)/2P, 2Py =_6,1455 -.00749 | -.00754 | -,C0754
’ 23| (g ~Ci0}A1 | _ oper .02442 | 0008 | ,02607 }-,00102 | -,00101 | -, 00101
- 50| (Cg —Cig}Az | -_o1se .0%498 | .oz476 | .08475 f-.00056 | -.00055 | -.00055
31| (Cq =Cia) 45 -,2532 .00733 | 00698 .00608 }-,00186 | -,00177 | -, 00177
: 32) (C2-C)A7 | . 1605 | -.00749 | .00754 |-.00754 ,00120 | ,o01z1 | _coiel
- 33 @ -.00224 | -.00212 | - 00212
- 34/ 28g - @ 2Bgw_-.01260 -.01036 | -,01048 | -,01048
— 35{Age /2"9 2Pg *_7.2768 ~,00142 | ~,00144 |-.00144




7 TABLE M
COMPUTATION OF WING LIFT AND DRAG COEFFICIENTS

ATLERON FLAP ANGLE = 1.0 RADIAN

§ 2 3

Ay = 02907 Mg‘iam ,000845 &13” ,00969
Ay = 03475 3 (Ay)8= .ooze23 Ay/5= 00695
Ay = o0s22 S{BF = .oo0zes “M&E“—,ooom
A, = - 00754 T{A)%= .oooses By /45500017
g " -.00144 (A = .ooo01s —Bg/TT= 00002
meﬂ = 005129 S z ,01616

PUAPpA.L. B

: CL = T A &g@&!wz.mle x 7,582 x ,2801 x ,02907 = ,19395

OoR
¥ o : :
T Thsle f w7554 5,574 x 191,35 4 (2007 = .19395
i C My ¥ 125,56
EE .

uU x ,193958" = ,25479 x,037861%7
{:FT_A_ L =3 1416 x 7,532 = .00958

wms WITH KO AERODVRAKIC TWiE LtC =,
QQ! 3} L, Sia,
Lj L -2 Q SR SIS LR ok 7078 ¥ 255 = 526,01

ND A‘} TUIEIE T ogs07 - 2
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TABLE ¥I

(T)

COMPUTATION OF LOAD DISTRIBUTICNS

Cp; = ATLERON FLAP ANGLE = 1.0 RADIA Cy= 19295
il a | b o |l + {2 |5 | &4 |s | & | 7|68 |8
2 | TABLELIT g 90 | & |72 | 63 | 54 | 45 | 36 |27 | & | 9
3| ASLET sin e [1.0000.9677 |.95it (8910 8080|7071 |.BB7E 45403090 | 1564
~4 ) SiN 3¢ '!.0000»2‘.@950 - S58TE -.i564 |.3090|.707t |.8811 [.8877 |.8090 .4540
5 SIN 56 | 100047071 | © 707t FLODOORTOTI | O  |.7O071 10000 | 70T
8 SIN 76 10000-4560|.5878 | 9877 |.3090F 7071 18611 11564 |.8090 | .88I10
7 SIN 58 |1.000G .1564 FO51I 4540(.8090|.707¢ 5878 F.89i0 |.3090 |.9877
__8_ AR .o2007 |ASIN 8 .02907 | ,oze711.02765 | .02590].02352 .02056 01709 |.01320 {.07898 |.00455
e ASE 03475 AESIN 36 —.034751-,03096 1= 02043 1-.00543] .01074 .02457 1.03305 |.03432 {.02811 |.01578
10 Ag®  oeoe AsSIN S8 | iosl Lonsou] 0 1.00494]-.00608-.00494 0 |.00494 |.00698 ;00494
| ArR sy BT BIN T8 | o) | 00342100443 |-.00745] -,0023] 00533 00717 00118 100610 00672
12 [Ag®, 0014 [Rg SIN 8@ |_ 051,40 000 00237 [.00065 |.00116(-.00202 .00085|.00128 |-.00044|~ 00142
'3 @@Q?%a@@ LASINNG | sl 0016 |.00873 L0z3m9 | 04459 (0581605492 |.03753 |01713
14 [&ks&l@’ mscﬁ A . o2 0.722 | 12.268114.112(16.187 | 27.553
o il T & {5.574 | 6,236 [7.054 18.058 | 9.276]1
'S X Cy ouiz5 | 03667] 92934 07035 | 22068 | 47713 | LTIO32| TT503|.6075D L4718
16 Z?EEEHI T
7] Unes'| Ga
|8 ‘E,///¢ig» CKO
19| (D) - v
20 x(8)| ¢4
21| JABLE 1 o .
LINE © 191.35 [171.93 151.20 1122.76 [114.98 [99.48 | 86.24 |75.58 | 65.89 | 38.71
_22 // CL cﬁn L01268 1.18907 15128 [.36R72 1.1378 |2.4601] 3.7788 3.9960 3.1323 12./4335
23 @ X ¢ cﬁl £40.696 152,337 | 22.874148.,01N 130.824.21;.4.731 319.8/,7302.018?06.337 4. 201
24 x(3 CC) BIN® |, cop 131,939 PL.755 |42.777 [L05.537| 173.049188.006037.116| 63.774 [L4.733
25/@9 /Cp,| ¢a,
26 @ X ©Cq;,
27 @9 x (3)|ce,siN 6
GHECKS: :
LlNEc 24: é% % . cc!; SINB® = ;d%wﬁ (Z -7;-)' I.O‘; L0012510 x 799.334 = .99997
LINE 27 = =

STRR2

20 8

) )—BR-~ 14

T
2 ccy, SIN® = T
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TABLE ¥
COMPUTATION OF UNIT LOAD DISTRIBUTIONS
SINGLE SYMMETRICAL TWISY

C, ™ 1 ATTIFON FLAP ENGLE = 1.0 RADIN C, == 4.5715
L(T) N 1 L
i o b o i z | 3 | & |58 6 | T | @ )
2 TaB8LE IO ¢
LINE 22 Lo, |,8919 | .9678 |1.01061.0285 E.O019 |1.0711 {1.0506 | .9806 {.834) |.7776
L}
3 {???g I8 S 00105 | ,036671.02934 |.07035 L22068 | L7712 7193 | JTT503].60750 L 4T198
& x CL(T) Cro  |.17298 18770 | 219601 .20122 L20596 |.20774 1.20376 [19019 |.16177 -15087 |
5 @' Cp,  |-.12173L.151024.26607 1-.12107] (0147276935 151556 L5484 |.14572 | L37116
e I
& &i?s?éEet e £.e74 | 5.581 |5.590 |5.601 |5.615 (5.622 15,650 [5.670 |5.688 |5.701
TamLE 1(1) . :
TiLE 6 % ;#)939)} 0 ) ) 0 0 1647 12045 | L2045 |.2060 | 1285
8 @-%’rﬂ da_(CLﬂ o )—.0@90;-.04290 04290 - . 042901 . 04290( .1718C |. 16160 | .26160].16210 108560
& ®/ Xo - .00367k 027061 -, 02083 -, 02340L 00262 | 04782 {.09125 L10215 |.07826 L05633
W
10 @- v - 01977 . 015841 . 01308 [ - . 01950-.04552] .07397 |,07025 |, 05845 |.08474 |.0292
H "3 Ca;, 1.00254 |.00239 | .00218].00256 1.00067] .03993 02627 Loss1e |.03777 100940
ie TABLE B c
LINE 20 el 11,3151 L0407 18240 | L7592 1 L6957 67851 L7562 | L9666 11.2707 1 1,346
2 .
3 /CL Celi, |.05454 104621 |.04079].03714 | 02403 03319 | 02699} .04728] 06216 196597

ié / %b /cla_! ~ LTI L 15605] - 16494 - . 12621 L01386] .S5151 LAQOTS | L50641].55438 41301
:'ﬂc
o @@ | S

Cla, |-.D0806L.007211~.00673- 00469 00047} . 90825 1.01815 | .00820].33377 [ 02722,
/4 Cu, 2Cs
e @/ @ t,";zh & 01720k 015321 -, 01300 . CrorEL . 04834] .07924 107391 | L05721. 07068 |.02276

17 "@ Cupy  |-.02526- 00053001095 |- .02s07] - 04787 08759 109206 | 08551 |.10290 |.04999

] Si¥ © |1L.ODOO!.8877(.6601 |.8010 |.8090 .707§ 5878 |.4540|.3090|.1664

is TABLE ¢ :
LINE © 191.35 {171.03 1151.20157.36 014.98 |99.48 186,24 {75.58 [65.89 | 38.71

20 . . ccdj.b Ay .L088 | L3296 (2388 | -.0770{1.9826 | 2.1279] 2.5835}2.4887 |. 3629

x CC4, SING ,ocn | s0%e |.2125 |.2000 |-.0622]1.4010 | 1.8386! 1.1728| .7€90 | 0569

CCaiy 12894 | -2.8521-2.016 |-2.205 L5.504 8,714 | 7.929 |6.463
Ce,,,  SING

o~
.

m
i~
223

1.935

»

®eEe
50®|®

L824 1 23 R06 | -2 869 |-2.945 RA.450 16,062 | 40667 12,924 12,115 .303

LINE 2i:

S

%Z cC,, SK & = ""00 (Z. .o e CD% 001251 x €.4291 = .00806

w b his .001251 %(-0.209)=-.000387
LINE 23: — E e -4 '
E 20 s‘ CCJL“?@ 9 ‘20 (E @ .0) D"'a-,

HECK: C C + C *C ) CD- xCL = 00806 - 000227 x .19395 + .042L72 (.19395)"
! = ,00806 - .00008 + .00160 = .00958
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TABLE T A

CHECKS:

5878 (28, +284-28,,-2Bg) + 95 (2B 28528, 28y} =2Y

.13981 + .032265 + 01749 + .02456 + 01842 = .23293; 2Y5 =

= .03518 + .09213 = .12731; 20y = 12730

<3292

— COMPUTATION OF ANGLE COEFFICIENTS, By
ANTI-SYMMETRICAL
ATLERON ANGLE = 1,0 RADIAN
| |YABLET{Yg ooor0  |Ye o635 |J7losees 198 |.1z0:  |98|.116s8
2 |LINET Y, | o ol o Iaz| o d¢| o 0
5 ®¢ Vil .o2010 Vo, 06365 V300284 Vg °1202:1 Ve 11646
4 |O-® | w oz000 | Weloszes  (Wal.oozmy  [Wal.1z0m
e S
6 |.5090 .0%2)21 o;:ZQ
- 7|.5878 05721 ‘Zﬁilz_gl ?%?)66 _-03‘566 -icii%v .ovf;u
8 .8090 xizl oiéé
9| .85 Vs W W, A W, —W,
) 11433 | .08830 | .0605 0605/, 1.01912 1-.11433
- 10 |1.0000 .1?246 _:ﬁzséé \%ﬁ%
~ V| TOTAL | 1o77s L15174 10011 112120 L.07151 1-.01012 |.03545 |-.07692 |.04372
- i2la+b | 505 23131 >< -.08163 L .11237
.04604 ~| -.03109 L. 06139 e 041477
i 12981 |.01842 |.09252 | -.01244} ~.03265] =, 02456| —.04495| .01659 01749
28, (28,5 (2B, |2B)g |2Bg |2B;4 [2Bg 2B, 28,5
CHECKS: |
;. 2@2-2960‘23‘@-’2@&5 Ef.’lﬁigg 2545=

.5878(.13981 ~ .04495 - .01659 - .01842) + .9511(.09252 - .03265 + 02456 + .01244)



- TABLE ¥ A

' CONSTANTS REQUIRED IN SOLUTION OF Ay, COEFFICIENTS
ANTI-SYMME TRICAL

T Eas ATLERON ANGLE = 1 RADIAN
U Mg Ce 5,574 x 19%..35 = .2801
014 b 4 x 90
28 2Cm - Cné¢ BU
2 ¢ 4 C | 2.1640 + 5133 + 1,1204 = 3,5977
P 28~ - Ce + BU
4 ¢ & GO | 5.1640 + 0805 + 2,2408 =  4,4853
, - < Ay
ZPg | 2Co ©2*18Us | ; 1640 + L0882 + 3.5612=  5.5034
2P 2Cn - P ST AV
€ © e © 2.1640 + 0785 + 4.4816 =  6,7241
M 20~ = Co, Bt
o =0 RGO 2.1640 + .0415 + 5,6020 =  7.8075
© Cs -Cg -.2390 + ,0841 = -, 1549
£ Cp —Cig ~.2390 + ,0458 = -.1932
E | Cp ~Ciq -.2390 + .0601 = -.1789
G Cp -Cig -.2390 +.0710 = -.1680
H Cq - Cg _.313% 4+ .0805 = | -.2328
¢ Cg = Cpe -.313% + ,0682 = -.2451
J Ce - Cig -.3133% + ,0785 = -.2348
K Ce ~ Cio -,0841 + 0458 = -.0383
L Ce - Cw ~.0841 + ,0601 = ~.0240
L Cg - Ci2 -.0805 + ,0682 = -.012%3
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TABLE ¥ A
SOLUTION OF A4 COEFFICIENTS

-

ANT{~SYMMETRICAL ATLERON ANGLE = 1.0 RADTAN
t 2 3a zb 3¢ aa &b &c

1| (Cp ~Cg) &g | -.1349 ——— .o2197 | ,02154 - ~.00340 | -.00334
2| (Cq-Cglhg | ~.2828 —-- -.00346 | -,00854 -—- .00081 | .00082
3| (Cg —Cip)Ag | -.0383 ——- -.00575 | -, 00572 — .00022 | 00022
4| (Cg ~CiplAyp| -.0123 - .00214 | .00214 —- -.00003 | -,00003
5 +@ - -.00240 | ~,00233
6| 28,-(9 2Bpa_ 13961 13981 | as221 | 14214
7 Agl@/EFz 2P, ¢ _2.8977 .03886 | .03953 | 03551
(Cg ~Cg) A2 | _ 1549 ,03886 | . 03953 | .0%951 §-.00602 | ~,00612 | -.00612

9| (Cp -Cio)hg | _ yo3p —- -,00346 | -.00354 - .00067 | ,00068
10] (Cq-CiplAg | -.2451 - -.00575 | -.00572 ——- .00141 | .00140
Wi (Cg—Cialhg] - oss0 ——- .00214 00214 --« | -.00005 |-,00005
12 ’@**@ ~.00602 | ~,00409 | -.00409
13 28,- @2 2Bgr . 0%uby .0085¢ | Losesl | .09661
141 A,s(3) /2P, 2Pg e _4.4988 .02197 | ,0215¢ | 02154
15| (Cq~Cg) Ap | _ nang 03836 | 03955 | 03951 [-.00905 | -,00920 |-.00920
6] (Cg ~Cig)hg | -.1032 L0197 ,02154 .02154 [-,00424 | -,00416 |-,00416
i7] (C2 -Cia)Ag -.178¢ ——= -,00575 | -,00572 —— .001C3 .00102
18] (Cgq “Cig)A 0] - 2m4s --- .00214 .00214 —— -.00050 |-.00050
18 |9+@+@+(9 -.01328 | -.01283 |-.01264
20| zgg - 28 =_=05265 -.01935 |-.01982 |-,01981
21| age @/ZPG 2Pg s _5,5934 -.00346 |-,00354 |-,00354
22| (Cg-Cp)h, -,0%83 03886 .03953 .03951 f-,00148 - |-.00151 |-,00151
23| (Cq-CiplAg | . 2us1 .02197 | 02154 | 02154 - 00538 |-, 00528 |-.00528
28| (Cp-Cig)hg |-, 17890 -.00346 | -.,00254 | -.00854 |} 00082 .00063 .00063
25| (Cg -CiglAjp | -.1680 — .00Z14 .00214 - -.00036 |-.00036
26/(@29+3) +@9+( - .co625 | -.c0o858 |-.0085%
27| 28g - &8 28g »_-.04405 -.0887C [. 03547 |-,03842
28/ Ag s @7) / 2pg 2Pg »_0,7841 -.co575 | -.00572 | -.00572
29| (Cg ~Ci2)A2 |_ 013 .03356 .0325% | ,039851 § -.00048 |-,00049 |-.0004%
30| (Cg -Cia)A 4 |-.0z40 .02107 .02154 .02154 | -.0005% |-,00052 |-, 00052
31| (Cq ~Cig)R6 |- 0848 |- 00346 -.0025¢ | ~,00354 .00081 | 00083 00083
32| (G2 -Cw)A8 |_ 1600 f. osrs -.20572 | -, 0057z U 00067 | .ooges | .oooes
33 @*@**@ .00077 | .oco?s | .ooc07s
34| 28,5- 63 2B)g *__ 01740 01672 | 01671 | L01671
25| ap0+89 / 2Pjg 2Pg =_7,807% .00214 | .0021a | .00214




TABLE MI A
SEMI-WING LIFT AND DRAG COEFFICIENTS

ANTI-SYMMETRICAL
1
[ 2 3 ‘ & 5
ODD  CIRCULATION 1pvon circulstion . . 3A| AZ F,01777
CONSTANTS FOR NO |constants fer Y
7Zerd anglire of = ~_ 00050
TwisT 8 G 1.0 1T L asie ™3
wing and ailaron . I
anple of one ?A3A‘3 ® --00036
radian, gAéAs = 00132
3 3 ‘
Ay = aacee Ay = ozasy 2(A2)= 003122 T Az = Loze3s0 HAgAg = -, 00027
7 3
Ay ® . co25¢ Bg=™ coima 4AQ% ooiesc |~ & Ae " 005744 IBAgAY = _ oo0m1
] &
Ag = connn Ag = rozsa B{Agl % ocoors | % Ae *-.o00607 IOA7Ag = 50002
‘R L2 _5
Ay * o Looozo Ag X .ousTn 8\‘%’ ® ,oeoozez @g g .000728 WAaAs * 00008
, i ‘
Ag® 00005 K5 .o021e i@(ﬁ&wﬁ .0000s6 | 55 By ® L000216 [IQRgAg ® 00004
2 < - .
S AL = ooszel 2 % ozoesi Z (en+t) AL A = 01786

LIFT COEFFICIENT OF szm-waNG,CL: 4/ Yo7, COL. & = 4 x 7882  .2801 x ,020831 = ,1778

2 Z
~ = “ - N e RO g T - 00B30Y = . s
'y, © i AUG b4 WA-n = 3,1436 x 7,885 x TITCT % .O0B30L = ,010f

*b
ROLLING MOMENT _ 7T o5t x 7.582 % L%
ROLLING MOMENT COEFFICIENT, C, = s = AU A= 7854 X 7,562 x ,I501 x 08951
i ab S % 02 7 .08590

Crn YAWING MOMENT T1A | Ac
YAWING MOMENT COEFFICIENT e Ve = Z U3 27 +1) A B
48 ~

= 78B4 ¥ 7.582 x T9O0I X 01786 = Q0834

il Az b _ %.,1416 » ,07esl 98z .
32 | —————— = " EY A =
[N & X L,0R0031 <

» | 87 coL 42

L741027 x 476 = 3BZ 840

EA




TABLE ¥ A

COMPUTATION OF LOAD DISTRIBUTIONS
ATLERON ANGLE = 1,0 RADIAN ANTI-SYMMETRICAL

i 73 b ¢ 2 3 4 8 6 7 8 @
CoTYaBLE T , -
~2A LINE 3 e*“_ﬂmfl 72 63 LY &5 56 27 18 ) B
3 | SIN 28 :.3090/[.587¢ |.809C,.25i11 1.O00D,.951! (6050 |.58786|.3090
4 SiN 49 ~.58Y6~951i 951 ~5678 © B876 9851t .95 l 5878
5 SiIK 88 | .8090|.95!1 | . 30905878 -1.0000~-5878 .3090/.981t 3090
4
= SiN B8O .95t ~S8T8| 5878 .954 ¢ =951t 5876 5678 |.9511
7 Si¥ 100 1.0000 O HOO00 O [LOSO0I C OO0 O L0000
{ 5
8 B2 395 RSN 26 ) £02322],03396 | 03758, 03951, 03758 »03196].02322 101221
9 1Ra ™ omsy RSN 4@ | e 02049)-.02049-.01266] O <01266 | .02049) .02049 |.01266
O 1A% 9935, A6 5™ 68 | snoael.00337! - 00109 L00208! 00354 ].00208 -.00109] ~.003%7-.00286
B AgT _ons7iAg S B8 s 1 1009361-.00336-.005040 0 100544 .00336 |-,00336-.00544
_52 O (‘jd Ay SN 108 oo 0 t.0021410 002141 0 l.oop1al o .00214
. + T N y
1515 ﬂ@ 2.A5SIRNG 27 | .00272).00um8 | L02156] 04519 L5776 | .05258|.03698 |.01871
ol TABLET Fig Cg
R (DX \_zj T 16.736 | 7.054 |8.058 [9.276 |10.722112.368 | 14.112116.187 27.553
- ) -
:: Q X C/l *“.fb 02663 1 .019191.02932 | .19999] .48453 [.7L438 | ,742011,59860 1515572
6 | TABLE T 4y H i
O LNE i e s sgy 15,590 15,601 | 5,615 | 5.632 5.650 15.570 15,688 | 5,701
[ [TABLE X o !
LHINE & 1 TTe 0 0 [ o ) L6471 L2045 | L2045 Loos0 | 2ues
18 @/ @ G 00477 | .00343 ,00702 ;.03562 | 08603 {. 12644 ! . 12087 |.10524 1,09043 |
- W -
s @-® ¥ 0047700343 |- 00707~ 03562 . 07867 107806 L07363 |.10076 1.03837 |
20 @ X Cip |.000131- 00006 00028100712 | 03812 Losse | 0546306031 Lor9es
21| JABLE 1 P
LINE © v 171.93 1151.201132.36 [ 114.98] 99.48 ) 86.24 [75.53 | 65.89

38.71
P

22| @ X @] 668, |, s 10002 | 5.204 | 20.995) 48,201 61.608]56.031 | 39,442 19.956 |
23| €@ x ® CCp, SIN26) 1 1oy 11.706 | 2,200 | 21.871148.200 | 58.595) 45.37d 23.194 6,166
24 SiH 6 |.8877 [.95I €910 |.809G(.7071 |.5678 |.4540|.3080].1564

25/ @9 x @) GCd;,  L.op2 |-.009 L.037 [-.819 |3.792 |4.809 |4.129 | 3.974 | .70

26 @9 x & CC SINB | _ ono | _.009 | -.033 |-.663 |2.681 |(2.827 [1.875 |1.228 | .119

. Ib a1 =
LINE 26: & ZcC, SiN® 55Cave (Z@) Cp,p =2.1026 ¢ (8.003) = .01001

(7&3)

, .
. . ROLLING MOM.  I0 i .__
LINE 23: Cl 9b S = Auo A2=%-S Lccj SIN 28

= 3.1416 (210.720)= 06590
10044.8

CAV E
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USE OF UNIT VALUES IN DETERMINING

DISTRIBUTIONS FOR
Lo~ 3

b

6 i 9

2 |TRBLEGL|

AT

€
a
{
b

L02,181.09777 . 17940

08551 {.10790 1,9499%

7,201 59800 1. 51557

05463 |.06031 1,01963

172

7 ILINE 10

R u@ ly,

10708 {12865 1.07331

-.12865k 11202 !~ 08157

p P Cq
9 {1.258 ) 3) it

1
+.0023 /4, 00221 1. 20244 00061

A
10 [-.234 x’\4\ Cdigp

-, 02172102639 i-. 127

(1] cam x(s?‘) e,

L35913 1,280721.24951

12](.a841%( & G“th’

.01280 {.01413 1.00460

= 5
13| 480 {7} S,

05226 106227 1,02548

LINE

(4| (ABLEQNL | o

04728 06216 1.06592

15 TABLE

praiil o
LINE 2

16 . 1oda |(>:5 e,

L9806 | 8341 LTTI6

1.024] L9062 18820

17](e)+ (8)
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1.2230 [1.122711.0500

EGEOIEE

JEOAR [ 5422 {5510

2o(n)/@
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~.00534
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I
:

-
I
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09986 17550 |
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VE METHOD OF DETERMINING

TABLE |
34 UimETw ] M,

5,670 | 5.688 |5.701

TABLE ViI]
35 LINE 8 L V%

L1616 116210 |,08560

TABLEYIfA
36] LINE 17
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Q
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7.5 EXAVPLE & - WING WITH ANGULAR VELOCITY IN ROILL.

7,50 Introduction ~ It has been shown in the preceding

section how the 1ift and induced-drag distributions may

be obtalned for a wing with displaced aileromns., It should
be emphasized that these conditions exist only for an in-
stant after the ailerons are assumed to be thrown:hard
over, before the airplane has time to obtain an angular
velocity in roll, With the ailerons in this position, the
resulting rolling moment gives the sirplane an angular ac-
celeration which causes it to rell, As soon as a rolling
velocity develops, a damping moment occurs which opposes
the roll, This damping moment is produced by a change in
angle of attack, caused by a combination of the forward
velocity with a velocity normeal to the flight path, that
varies linearly along the span from zero at the center to
maximum positive and.negative vaelues at the respective wing
tips, The purpose of this example is to demonstréte the
calculation of the distributions of 1ift and induced-drag
coefficientsresulting from the roll and their combination

with the other distributions,

7,51 Demping Distributions - For the purpose of comput-

ing the damping distributions, the wing is first assumed
to have an antisymmetrical linear twist in which the an-

gle of attack at each section is given by p'y/V, in which
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p'/V is the ratio of the angular velocity about the wind
exis to the forward velocity. The antisymmetrical tables
are used, in which the angle of.attack at the extreme tip,
p'b/2V, is taken as one rasdian, in which case the angles

of attack at the other points are given by line 2 of Table
I, It can be shown that for a wing with such a twist and
zerc asngle of attack at the center, sil of the Bp coeffi-
cients are zero, except Bp which is equal to 0,5, It is,
therefore, unnecessary to £ill in Teble II-A and, since

the seme wing will be used as in the previous examples,
Table I does not need to be repeested, The 4y coefficients
are found in Table V-A, using 2Bs = 1.0, and obtaining the
values of the other consteants from Teble IV-A of the pre-
ceding section, Table VI-A is filled in except for columns
1, 3 and 5, The section values of iy for a wing with this
twist are computed in Table VII-4 in the usuel manner, and
a check of C;' made by comparing the integréted value at.
the bottom of this table with the value calculated in Table
VI-A., All calculations involving induced drag may be omit-

ted,

7.52 Difference Between Damping and Linear Twist Distri-

butions - The reason for omitting the induced drag in the
computations for the damping distribution is that such a
distribution, if computed, could not be combined in the

usual manner with other loadings, This is because the di-
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rections in which the section 1ifts act in a uniformly
twisted wing are not the same és for a wing during roll;
since they act normel to the locsl wind at all times, end
this direction changes when the wing is rolling, This dif-
ficulty is overcome, as will be shown later, by using the
alternative method of computing the Cay distributions for
the combined loedings., The ssme procedure would be neces-
sary in the case of an unsymmetrical gust, where the effec-
tive twist is likewise caused by a twist in the relative

wind, rather than by a twist in the wing itself,

7 5% FEvaluation of the Damping Moment - The damping dis-

tribution will be combined with the losdings determined
in the previcus exeamplie for the wing with flap displaceQ
ment zero, allerons up 30 degress and down 6 degrees, at
an sngle of attack of 13,9 degrees with the chord line,
Before this can be accomplished, it is necessary to decide
on the magnitude of the damping loads to be used, since
the damping distribution.was calculated for a unit value

of p'd/2V,  For this purpose, it will be assumed that the
right sileron is displaced down and the left up, which will
start the airplene rolling to the left, The angular veloc-
ity will continue to increase until the damping moment be-
comes equal to the rolliing moment applied by the displaced
ailerons before rolling sterted, at which angular velocity

the airplane will continue to roll at a uniform rate as
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long as the ailerons are held in this position, The roll-
ing-moment coefficient applied by the ailerons was found
to be 0,03190 in Paragraph 7.433, Since the damping mo-
ment coefficient for (p'b/2V) = 1,0 was found in Table
VI-A to be 0,46571, the value of p'b/2V for maximum roll-

ing velocity is

g_lh = .03190 . 08850
v L46571

The total distributions for each wing will be computed,
both for the condition when the rolling velocity has reach-
ed its mesximum, and for the same rolling velocity with the

ailerons fully reversed,

7.54 Computetion of the Combined Distributions - The com~

putation of the total lcadings is gccomplished in Table

XIII and, since four different distributions of both ¢

and cy; are necessary, the wofk will be described in de-
tail in order to avoid confusion,

(1) Line 1 gives the usual column headings, ex-
cept that & column for p'b/2V has been added to
distinguish between unit value and.the value indi-
cating the mctual damping loads used; and a column
for Fp, indicating by the use of +,230 and -.738

 whether the aileron is down or up, respectively.
(2) Line 2 gives the distribution of the damp-

ing ¢; , here designated as ¢;,, for p'b/2V as
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copied from Table VII-A, line 15,
\ (3) Line 3 gives the value of the section
slopes as originallyrgiveﬁ in Table I, line 11,

(4) Line 4 gives the value of Sy for a velue
of p'b/2V = ,08850, found by multiplying line 2
by .06850,

(6) In line 5 is copied from Teble XII, line
41, the absolute angles of attack for the wing
with eileron down before rolling starts.

(6) Line 6 gives the ¢; distribution for the
wing with aileron down as given in Table XII,
line 18, before rolling starts.

(7) Line 7 is found by subtracting line 4 from
line 6 and represents the ¢; distribution on the
down aileron side after maximum rolling velocity
has been reached,

(8) Line 8 gives the effective angles of at-
tack found by dividing the ¢; values in line 7 by
the my values in line 3,

(9) Line 9 is found by subtracting line 8
from line 5 and represents the angle between the
relative wind at esch section and the direction
of flight,

(10} Line 10 is found by multiplying.line 7
by line 9 and represents thé induced-drag-coeffi-

cient distribution for the wing with aileron down
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after maximum rolling velocity has been reached,
(11) Line 11 is found by adding line 4 to
line 6 and represents the ¢ distribution on the
down aileron side immediately after fully revers-
ing the ailerons at maximum rclling velocity.
If it is assumed that the right aileron is down
gt the start, this line gives the values for the
left wing after reversing the ailerons,

(12) The cg, distribution for this same wing
after the ailerons are reversed is found in line
14 by means of lines 12 and 13 in the same way &s
was done above for the other wing before revers-
ing the ailerons.

(13) The absolute angles of attack for the
wing with aileron up before rolling starts is
copied into line 15 from Table XIT, line 45,

(14) Line 16 gives the ¢; distribution for
the_wing witn aileron up, as given in Table III,
line 19, before rolling stsrts.

(15) Line 17 is found by adding line 4 to
line 16 an@ represents the ¢; distribution on, the
up aileron side after maximum rolling velocity
has been attalned,

(16) The cgy distribution is computed in the

seme way as before in lines 18, 19 and 20,
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(17) Line 21 is found by subtracting line
4 from line 16, end represents the ¢, distribu-
tion on the up aileron side immedlately after
fully reversing the ailerons at maximum rolling
velocity, If it is assumed that the right aile-
.ron is down at the start, this line gives the
values for the right wing after reversal of the
ailerons, |

(18) The cg; values are found for this con-

dition as for the others,

7,55 Yawing Noment - Lines {25-31) have been added to

Table XIII for the purpose of computing the yawing-moment
coefficient, This is done by the usual integration, ex-
cept that, in this case, one-half the differences in cay
values on the two wings for each condition are used;
because the distribution of cg, is unsymmetrical but not
entisymmetrical. The value of Cp' for the wing was found
to be 0,00872 immediately before reversing the ailerons
and ,00122 immediately after reveréal. In Paragrsph 7,436
the value before rolling starte& wes found to be ,00375,
This shows that the cﬁaﬁge in Cp° prodﬁced by a complete
reversal of the ailerons is twice that produced by full
displacement before rolling starts, ss it should be:

.00872 -,00122 = ,00750 = 2 x ,00375

775
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This neglects, of course, the yawing produced by the in-

cresse in proflle drag of a displaced alleron,

7. 56 Flot of Results - The values of ¢, and ¢4y for the

£ull span wing before and after the ailerons are reversed

et meximum rolling veloclity are plotted in Figure 7-6.
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SOLUTION OF A&+ COEFFICIENTS

TABLE Y A

ANTI-SYMMETRICAL & N0
i 2 r ia b 3¢ sa &b 4c

i | (Cp -Cg)hg| ~.1540 — .00980 | 01028 ———— -.0014%  |-.00159
2| (Cq-Cglhg| _ 2m05 £ ... 01190 '| o108 | ---o |- 00z77 |- o0zs1
3| (Cg~Co)hg | -.0383 . 00225 | 00281 . meme -.00008  {-,00009-
4| (Cg—=Ciglhio| _ o123 - .00087 | ,00089 c=--|..00001 |-.00001
s (D@+@+® —een |-,00436 |-.00450
€| 28p -@ 2Bg>__1.C 1.0 1,00436  |1.00450
7 Ag'@ /292 2Py s _5.5977 .2780 | .27917 | .avez1
8| (Cg~Ce) kg | _ 1540 .2780 27917 .27921 [.-.04306 |-.04324 -.,04325
9| (Cp =Cip)Ag | - 1022 - .01190 | ,01208 § -=-- [-.00230 |-.00233
10| {Cq=Ciplhg | _ o45 - .00225 | ,00231 —-===_ {-,00055 |-.00057
1 (Cg=Ciadhip| - 0240 ———- .00087 | .oooss —e-o |- 00002 |~,00002
i2 |(§)+(®)+(9)+() -.04506 |-,04611 |- 04617
i3] 28,-(2 284 _ 0 .04306 | 04611 | .04617
14 Agg@/zpé 2Pgu_ 4,4850 .0096 | .01028 | .01029
18| (Cq-Cglhp| ... 2780 | 27917 | .27921 §-.06472 |-.0849¢ |-.06500
16| (Cp ~Cip)hg | _ 1530 .00s5 | ,olom .01028  1-.00185 |-.0019¢ |.o00lg9e
7| (C2 =C1a)Ag | _ 1959 v .00225 ,00251 -—=-  |-.00040 |.00041
18] (Cq-Cig)h1o] _ nnsg ——— 00087 , 00089 ———- |-,00020 |.00021
19 @*“* -.06657 1.06758 | .06761
20| 2Bg - 28g »_0 .06657 | 06758 | 06761
2i|ag: @9 /2rg 2Pg *_5.5934 .01150 | 01208 | .0120¢
22| (Cg-Cip)A, | _ ,0383 2780 .27917 | .27921 {~.01065 | -.0106¢ | -.01089
23 (C4-Cip)Ag | . 24cy .0096 .01028 | ,01029 [l-.00235 |-.00252 |-.00252
24| (Cp~Cio)hg | -.1789 .01190 .01208 | ,01209 {-.00213 |-,00216 |-.00218
25| (Cg ~Cigddjo | - 1680 -—— .00087 | .00089 ~e-- | -,00015 {-.00015 |
26/ @3+ @3 +29+@3 -.01515 -.01552 |-, 01552
27| 28g - €9 28g =_0 .0151% | 01552 | 01552
28| ag @D/ 2Pg 2Pg »_6.7241 .0025 | 00231 | .00231
29| (Cg ~Ci2) Az | 510m . 2780 27617 27921 f- 00348 | -,00347 |-,00343
30| (G ~Sisdhs|_ (oip L0095 | .01026 | .01029 §-.00025 |-.00025 |-.00025
31) (Cq ~CigfRg |- u54s .01190 | .01208 | .01209 -.00279 |-.00284 |-.00284
32| (€2 -Ciglae |_ 1650 .00225 | .00231 | .00231 [-,00038 |..00039 |-.00039
33 @9+@9+ G+ -.00682 |-, 0086 |-,00691
34| 28)5- @3 2Big *_ 0 . 00682 cosul | .ooee1
35|815=69 / zpg 2Pig =__ 17,0075 00087 | 00080 | .ooome




TABLE ST A -
“ SEMI-WING LIFT AND DRAG COEFFICIENTS

ANTI-SYMMETRICAL e
R® .10
2V
| 2 3 4 8 -
ODD CIRCULATION 3Al Aa z
CONSTANTS FOR NO .
TwisT & C_ = 1.0 S5h Ay =
SA A, *
A = Ay = 27021 2(8,)% : %’ An = 1g14 |HAgAg = . -
Ag= A, ® .0l02¢ 4(AY% ~ & Ag * -.0027¢ |IBAgA7 =
Ag = Rg © 01200 6(&6)% %Ag = 00207 {5Aplg =
A, = Ag = 00251 S(Ag)ai '%As ®_o00ze [ITAgAg =
Ag® Ape 00089 IO(AE@)% ’i%%'ﬁ*“!ﬁ e 00000 |iSAgh g _
Z : -
Z'T'A-n = Z = ,18527 2(2714.3),&‘7’,&‘": .

LIFT COEFFICIENT OF SEMMHWING,C = 4A Uo 3 coL. 4 =4 x 7.582 x 2801 x ,18527 = 1.5738
-] .

o~ 2 2
o = WAU, 2 mAy, =

([ *b e
[ . T
ROLLING MOMENT COEFFICIENT, C, = ROLLING MOMERT. . -E'— Aug B = 7850 x 7,582 x L2801 X (27521
, ab S = ,46571
' Cn_ YAWING MOMENT TTA A2 | N
) Fo ——coma—— = ! U
YAWING MOMENT GOEFFICIENT 7" abS 4 ot (27 +1Y Ag Ay

T N _Az lb.saaex.2mal L o952 L ougs 5 ave - za1.70
Lb SZCOL.42. 8 x ,18527 2 [ i



TABLE YA
COMPUTATION OF LOAD DISTRIBUTIONS

b .10 :
2V ’ ANTI-SYMMETRICAL
! a b | 2 3 | 4 8 | 6 7 |8 | ®
2 z‘::'éﬁ; e 81 | 72 | 63 | 54 | &5 | 36 |27 |8 | @
3 }SﬁN 26 |.3090(.56875 |.8090|.951t [1.0000|.2511 |.BOBO [.5878|.3090
) SN 46 .5878F951I 9511 5878 O [.5878 .95l |-950t |.5878
% Sits €6 | .6090 .9811 |.3090~5678-1.0000-5676 [.3090(.8511 [.BOSO
& SIN 80 F.O5H 5678 |.5676.85i1 | © kOS5Il -5878|.8876/.951
7 SIN 10€© [1.000G O HOO0CG O L0000 O HOJ0O| O L0000
8 |Agm. 27021 RSN 26 | (ae3| 16410259 |, 2656, 2702 |. 2656 | L2259 |, 1641 | 0063
9 lAg =.01020/A ¢S 48 | 0601 00vsL,0098k,0060] 0 |.0080|.0058 |.0098 | . 0060
10 |Ag=  01200]k g SI¥ 68 | (ool 0015 .0037-,0072, 0121}, 0071 0037|0115 | 0098
I Ag®. 00221 |8 g S8 88 |- 0022-,0014] ,0014! ,0022] o |-.002d-. 0014 co14| 0022
I2 |&4°%, 00089 By, SW 108 0008 0 1-,0009| O .0002| o -.ooocj 0 | ,0009
i3 (_)"Q* LAy, SINRQ  ood 1544l oo0m 2547 2680 .2623| ,2371.1868 |,1052
4 sfs;?@% : E%% 6.2536/7.054/8,058 9,276 [10. 72212, 36811411216, 187 27, 553
15| (3 x (@ e, | .553801,1507 |1. 77522, 56262 87387 2as 3;54605.02572;8986
6| heEsy | e
7ime e | %a
8 B/® | o
8 @-® | +
20 ®x® Cy;,
21| TABLE 1 c

LIKE § 171.03(151,200132,36/114,98 99,48| 86,24] 75.5865.8¢ /38,71
ez % (® €Sy, 94,72(175.35/834, 87271, 65285, 86l27¢ _77izs2 aol199. 23112 oF
23| @ X (3 |66y, SIN28 20 27105, 07150, 00ips5. 57265 6epes 0o 204, 56117 11 4. 64
24 SIN © [.9877 .85l |.8%C |.B0SO|.70T! |.5878(.4540].3080|.1566
25/ @0 x @ | ccy;,
26| €9 x €3 | o, sine

LINE 26 —g Z'cc“smeém (Z@} « Cp:,

’ | ) -7
Cp = BT e T Aug Ayt s §

= ,00031276 x 1489,07 =

(2®)

chg siv 2e Il
Cave

LIKE 83
.48572
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L . TABLE XN .
| BINATION OF DAMPING DISTRIBUTIONS FOR ROLL WITH NORMAL DISTRIBUTIONS FOR
o s12908 = O & § = -3 6

] o o || |Oo |t |2 |3 |45 6|7 8)|°9
TABLEXII A, ¢p L0
LINE 15 b . - 0 seas  |1.1597 N.7750 12,3626 0.8735 13,2441 B.3460 [3.0237 | 2,898
TABLE I |
n:iigE i e - i 5,57, k.osgy 15,590 l5.601 15,615 15,632 15.650 |5.670 <688 15,7
Ty "@ cﬁh 06850 - o L0379 10794 11216 1.1618 11968 1,222 L2292 2071 -1986

TABLEXN | o | o
LE T o

J230 L0618 | L2618 |.2618 2618 |.2618 129967 }.20883 1,30883 .:3091'7 .2913

. 230 1.0453 i 1.1492]1.3980 0..2204 |1.2977 1.3812{1.4066.[L.2230 {1.1.227 [1.0500

cae-g"b L .06850 | .230 1.0453 | 1.1113(1.1186 | 1.2088]1.1359 11.1844 1.1844 | 1.0938[.9156 | .B5LL
6.9 L,06850 | .230 1875 | .1991 | .2001| ,1980 |.2023 |.2103 .2096 | .1929 | .1610} .1493

el~Njaleale G
e
4
=
2

BENE

ki 'w/ V | oss0 | 230 0743 | 0627 1.0617 | .0638 |.0595 |.0894 [.0992 L1159 1.1482 | .1421
o] @x Cd, | _ oess0 .23 orrr | .oso |.o6o0 | o707 L0676 |.1059 |.1a75 | 1268 |.1357 | .1210
+ ‘

IREGK Co *G |, oces0 | .20 |1.0453 | 1.18711.2774 | 1.3520]1.4595 | 1.5780|1.6288 0. 5522 11.3298 | 1.2486
2 / (.8 +.06850 | 230 1875 |.2127 | .2285 |.2414 |.2599 |.2602 |.2883 |.2738 |.2338 2190
3| (®- W/ V | comes0| 230 |.oma Lossr |.omss Losos 0019 lores |.0205 |.ogso |.o7su | 0724

|14 X v.06850 | .z30 .07 | 0583 |.0425 |.0276 |.0028 10308 |.033a | .0543 |.2003 |.0904

. TABLE ol 0

i LINE ot =738 2618 L2618 |.2618 looere l.oeig |.14025 Lizos7 L1iom7 Lioom |.16697
- | TABLE Cp 0 ,

( LN 738 11,0253 0 10 11,1794 13,3922 12,0042, 19122 L7150 i.6048 L2433 L.G31Q

®|
| eRPRBREERHEMEPO®EE©®

C, +
2 Cjb +.06850 | -,738 1.0453 1.1613 11,2888 13,2140 |1.2650 11.1090 | .9372 L8340 27504 [.7496

b-.06850 .738 ,1875 | L2081 §.2252 1,2346 [,225, 1.2969 |.1659 | JA71 |.1310 1315

*,
f
W/\ H, 06850 -.738 L0743 1.0537 L0366 1.0272 .0364 {-.0566 1-.0550 ~,0362 | -.0221 |+.035
Cy- :

»

4.06850 | -.738 L0777 1.0624 | .0461 1.0357 L0461 i-.0628 | -.0515}-,0302 -,0166 450260 )

A
G- .
2 95 -.06850 ~.738 .0453 |1.0855 L.1000 |1.0708 | .9423 |.7154 | .4928 1.3756 1.3362 |.3524,

OR®RP|@E®

22 / Ko |-.osgs50 |-.738 875|945 |.1968 1.1912 |.1678 |.1270 L0872 {.0662 | .0581 |.0618
23 - W/ V | .ossso | -.738 |.073 |.0673 |.0650 |.0706 |.0940 |.0133 0237 |.0447 10507 |.1052
C ] )

d X d, |..oe850 | -.738  Lowm (0731 [.0715 1.0756 |.0886 |.0095 |.0117 |.0168 L0170 |.0371
25 SIH 26 o | .2000 |.5878 |.e000 |.9511 | 1.0000 .9511]| .8090 | .5878 |.3090

58 TAELE c i
LINE © 191,35 1171.03 1 151,20 132,36 114,98 [99.48 86.24 | 75.58 | 65.89 |38.71
&7 X CxSiN2 6, o 52848 be.e75 1107.08 1109.36199.48 | 82.023 61344 | 38.720]11.961

0 20073 10229 [.03250 0215 |.1680% 1,1690 1.1570 | .1523 .094&

.386 2,035 (3.748 (2.351 |16.782 13,8621 9.6 5.899 1,129

4] L0148 1,0290 l.0480 1.0858 '-.0213 |-.0217 |-.0375 +.0833 |-.0533

3t

b4

RBO®
@P®B®

1
0 782 2577 | 5.0 |5.383 |-2.019 |-1.780|-2.293 |-3.226| -.638

-00071276 x (55.792) = .00872
2

LINE 29, Ciy® g&%;’e% AT
. NE 3, C =é:5r%—-.=|- XD
P ave € _

il
N

.oogz;glé x (7.526) = .COLR2
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