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LIFT DISTRIBUTION

By A, Lippisch

There are now several methods by means of which the
lift, distribution of a wing can be determined; but when
attempting to apply these methods in practice, it is found.
that t.h’eyinvolve, besides considerable loss of time, ex- “
pert knowledge such as a practical engiileer may not always
be presumed to know. So in order to remedy this fav.lt, a
new method has been developed which even in first a,nd sec-
ond appro~iuations yields results adequate for practical
purposes.

As in the majority of the other methods, this method
is likewise based on the 11’ourier series for the represen-
tation of the lift distribution. The lift distribution,
as well as t’he angle of attac’k, is split up in four ele-
mentary distributions . The insertion of the angle-of-
attack di,:tribution in the Fourier series for the lift
distribution gives a compound third series which is of
particular advantage for the determination, of the lift
distribution. I’or, employing the l?ourier series itself
with a view of representing the lift distribution, involves
the calculation of a greater number of “coefficients neces-
sary for compensating the ensuing oscillations. The func-
tion formulated from the Fourier series and the angle-of-
attack distribution removes this fault. 3y iricludiilg the
angle-of-attack distribution, the effect of the higher
term-s of the I’ourier series on the shape of the lift dis-
tribution is so small that Only a few coefficients afford
an adequate approach. The method is illustrated in an ex-
ample and supplemented by a graphical ~.ethod. Lastly, the
results of several corlparative calculations-with other
methods are reported.
—_____ _____________ _____ ____________ _______________________ ..-.___

*ftVerfahren zur 13estimrnung der Au.ftriebsverteilung l~ngs
Spannweite.ll Luftfahrtforschung, J:ane 17, 1935, pp. 89-
106.
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I. IiWIRODUCTION
.,.

The chief aim in airplane development is greater
flight performance, as evidenced by the” efforts’of the
modern airplane designers to minimize the residual drag as
much as possible. This brings ‘the useful wing drag always
more and more to the fore. 17hereas, in the past, this wing
drag was, on the whole estimated, it now is common prac-
tice to define the effect of every single wing element in
order to make the determination of the best shape of the
wing for the given design problem possible. Aside from
the flight performances, there are yet a number of other
factors vitally affecting the design of the wing shape,
namely, the desired flying qualities on the one hand,
through which the pitch, yaw, as well as the roll stabili-
ty are influenced; while, on the other hand, the designer
will strive to bring the fundamental principles for the
aerodynamically best wing ‘shape. into accord with the stat-
ic requirements. As the lift distrilmtion simultaneously
supplies the basis for the load distribution in the vari-
ous operating conditions, both problems may be directly
connected. Lastly, there are the conditions of manufac-
ture and service, with a view to simplicity and the spe-
cial service qualities for a particular purpose.

All these factors affect the design, and it is the
problem of the aerodynamic calculation of the wing to de-
fine these effects of such r~easures and to reconcile the
different antagonistic requirements.

This is being illustrated in several examples. The
best lift distrilmtion for finite spail is, as is known,
the elliptical. When other limiting conditions, such as
optimum moment distribution, for example, are demanded,
they may be found from Prandtl~s deri’~ations (reference l-).
It further may be presumed, as known, that a minor diver-
~ence from the pure elliptical lift distribution, as oc-
curs on the conventional wings, has no substantial effect
on the induced drag. The effect of change of lift distri-
bution on the induced drag has been pretty well explored.

But it is important to establish whether the used
wing form in extreme positions would reveal vitiating :
flight characteristics as a result of the applied lift
distribution. Such a study is essential on tapered wings,.
for inst,ailce. The tapered wing in figure 1, with cons~an$
profile and angle of attack, has dashed lift distribution.
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Defining therefrom the specific loading of the separafe
wing elements, i.e., the lift coefficient Ca, it is”
fouxr~::that the curve of” ca- along the,.span, r“eveal.s.’a dis-
tinct, maximum toward the tips. In operating conditions’
with ,high total lift the brbalkdown of the flow then starts
in th”e vicinity of this m.aximi~m. As even the least unsym-
metry in the air flow or in the design would induce a olle-
sided breakdown of the flow at a wing, such a Wing would
be laterally and directionally unstable at gtalling. Thus,
the lift distribution must be modified so as to shift the
maximum Ca toward the center of the wing; TIiis is ac- ,

complished by twisting the,wing tips, and figure .1 shows
that the intended effect has been actually obtained. The
result, oil the lift distribution is small a,nd practically
zero as far as the flight performances are concerned.

As previously :/ointed out, knowledge of the lift dis-
tribution under the various operating coalitions is an
absolutely necessary basis for the stress analysis. It
was common practice heretofore to employ empirical load
assumptioils and. to stipulate that they agree with the ac-
tual loads. With certain limitation, this empiricism may
prove true for the straight, nontwisted wing, but for
twisted wings it leads to erroneous conclusions which may
end in too small dimensions of the structu.ral”parts of the
wing. The lift distribution for various flight attitudes,
expressed in lift coefficient of the total wing

Catotal’ -
is shown in figure 2 for the wing of figure 1. In the
various flight attitudes the steady dynamic pressure now
chanses in such a way that a drop in Ca is accompanied
by a marked rise in dyilamic pressure. Thus when plotting
the load-distribution curves - the course of catq-it
is readily seen that the load distributions undergo consid-
erable changes in tile d.iffereilt operating conditions. 0110
striking fact is that t-he bending moments in diving and
inverted flight induce enormous stresses at the tips, with
the result that spar dimensions based on an empirical load
assumption, would not be safe.

It would lead too far afield to touch upon the aileron
effect and torquo. Suffice it to say that the seemingly
statically favorable wing tip modified according to aero-
dynamic viewpoints, would lose a large portion of these
advailtages .

In many cases the smooth contour of the wing is in-
terrupted by cutaway sections or superstructures. Such
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local cl+anges in chord distribution must be reconciled
with a stipulated” lift’ distribution in order to avoid sud-
den lift interferences in the range of aormal operating
conditions. Muttrayls (reference 2) explanation on this
subject is that the local chord change must be compensated
by.an opposite angle of atta,ck change, or change of camber.
The middle piece of the wing with cutaway, in figure 3,
must obtain higher angles of attack, or profiles with
gyeater mean camber.

The inverse process is applicable to wing-body fil-
lets or cowlings. The amount of this angle of attack and
profile change can ~e implicitly deduced from the lift-
distribution calculation, and the designer is in position
to effectuate the desired wing chan~es,

.

The few instances cited, already attest to the neces-
sity of lift-clistri’bution calculations. When , in spite
of this fact, the application of this knowledge derived
from airfoil theory is not common practice with the pro-
ductively engaged airplane builder, the main reason for
this lack is attributable perhaps to the enormous paper
work involved with the conventional net-nods and’”in most
cases’also to the lack of personnel adequately trained to
do such work.

The practical airplane designer needs a method which
on first approach affords serviceable results and which,
without the use of complicated equations, conforms to ac-
tual practice.

11. GENERAL FRINCIPLI!S I’ROM AIRFOIL THEORY

Notation

r, circulation

Ca , lift cOeffi~iellt

cm , rolling-~.loment coefficient
q

Cms, yawin~-mo~ient coefficient

F, W iilg area (n2)

b, span (m)
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t, wing chord (m)

... . . Y+ a,tscissa along the span

v, flow velocity at infinity (m/s) (flight speed)

w , induced downwash at wing (r~/s)

a, angle.of attack referred to original flow direction

Cti, induced angle of attack at wing

‘[ ac~
z~~=~~~@= lift increase .in 2-dimeilsional flow

~ S21” ;
p> air density 1–~~---1

of

LIU J

angle abscissa of span defined with:

ccj~c) = 1 ___z

The lift of the individual wing
r,

element is a function
that is,

~=pvr

th~ lift per v-nit leilgth.

A.ccordinSl~-,

because
,A=cat;v2

is the lift per unit length.

The circulatioil distrilmtion is a.function Of the
span

r = T(y)

The rate of do~il~ash at point y
P

due to r is:

.,
,’,,..,,,. .T.,. ,,.~ !;; l4$

,..
..!

. . . “. ,, ;

L-...—.. —.-...,...:...—-— .......,4L,_._.....___.,.__.,..... . ..-.---—--——
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+11/2 a~-
\

‘P = z% J __?y–;~ &y

?b/2 ‘P - d
,.,..

Owing to t“he induced re,te of downwash the angle of
‘1

attack at the point of the wing decreases by cti. It is:
*

tan CLi= ~

where , since the angle is smalls the tangent is replaced
by the angle itself (tan (Xi~ Cti).

The above term substituted for” l!?gives

a (Ca t)
~ +1)/2 ——.——.—

ai = ~–~ J ;-a–;–~ dy

-b/2 ‘P

(1)

and the lift distribution in place of the circulation dis-
tribution gives

Ca t = f(y)

The lift coefficient Ca itself is a function of the
effective angle of attack. It is

(2)

whence the integral equation for the lift distribution

[

a(ca t)
+b/2 ———_-..—

Ca t = zl-r~ t a- ~~; J
1

-~–~–~ dy (3)

?3/2 Yp 1

L

+b,2 a (~i t)
———————-

+*J 1_&.~-. dy

-?)/3 YP “ y

(3a)*

<

.

~See footnote, page 7,

1’.
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III. ORDER OF LIi?T AHI) AITGLE-01’-ATTACK DISTRIBUTION

.,. —
The lift grading” given through Ca “t may be visual-

ized as the sum of elementary distrihtions~ so that each
elementary grading may .bc treated separately and aqy total
gradiilg may be obtained for the desired operating condi-
tions. These elementary distributions are (see fig. 4):

1. The normal distribution Ca tllornlal, that is,

that lift distribution for which ailgle a is the sane at
any point of the wing;’ that is~ a = constant. This dis-
tribution is contingent upon the plan form of tb.e wing and
ch.ailgeS with a, a,ncl/orthe total lift.

2,* T~~e zero distribution Ca’ tA, which is produced
through an equilatera~ - partly positive, partl~’ negative -
angle-of-attack” curve. The induced positive and negative
partial lifts cancel, so that the total lift, of the zero
distribution of a semi-wing is always equal to zero. The
angle-of- attac’k curve therefore corresponds to an equilat-
eral twist. The aspect of the zero distribution is gov-
erned %y plan form and twist, although ui~affected by
chaages in total lift, and total an~le of attack of the
wing.

3. The normal roll distribution Ca tQ: This quota

of the lift distribution is due to a rolling motion and
may he visualized as being due to a straight, twisting
cu,rve. The pertinent a is directly proportional .to the
ctistailce of the particular wing element from the axis of

aQ
roll, that is, ~. = constant. The curve of normal roll

distribution is dyependeilt on the plan form of the wing

and varies as the rolling moment , or K
Y“

4. The roll-zero distribution Ca t~ :’
Q

This portion

of the lift distribution arises froifia steady roll of t’he
wing about its longitudinal axis wit’h corresponding aile-
ron deflection. The rolling monent due to aileron deflec-
tion is compensated as a result of the iilduced rolling mo-
tion, so that the lift d$.stribution produced by i-t sets-up
——————————— ______________________________--------_______.——.-——.-,---...———

*(From p. 6.) The treatnienti of the problem through fur-
ther reduction of this integral equation is reserved for a
future report.
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no rolling moment . T~l,eroll-zero distribution is depend-
ent o-n plan form and aileroris, “ar:d‘changes with the aile-
ron setting.

,.
These four clemoqtary distributions ““constitute the

total’ distribu:~ion of”an operating coildition. If the
flight attitude is” one witnout aileron doflec%ion the roll
distri?mtion does not take place; tile normal distribution
and zero distribution in twist make “itpossible to deter-
mine anY and all operating conditions within the range of
strai<;ht lift increase. ??or flight attitudes installing
rar.gg, the data from the straight lift increase are appli-
cable but onl~ wit’h certain restrictions, although such
flight attitudes ’’lend.themselves also to mathematical
treataent , as s;iOWn.elsewilere. If an aileron deflection
is ioresent it results, for the time, in an additional lift
distrilmtion which creates the particular aileron rollins
rnomeat. Th& amount of this rolling mor~ent governs the
magnitude of the nor::lalroll distribution If the roll-

zero distri.buti”on ‘becomes additive to the particular aile-
ron deflect ion,. it yield.s tke additional aileron lift dis-
tribution at the inception of roll. During the subsequent
roll a moment cob.pensation takes Tlace ~hich renders the
rolling moment zero in the final attitude; that is, the
normal. roll distribution likewise becomes zero, To this
the roll.-zero distribution, conformably to the aileron de-
flection is the:l simply added.

These four elementary distributions have four equiva-
lent angle-of-attack proportions. They are:

1. The mean angle of attack ~, equal at any point

of tl~e wing and directly proportional to the total Iifte
If ~=0, the total lift = O also,

2. A~gle of twist A, which corresponds to an equi- /f’
lateral wing twist pro”duci.ng, for instance, positive A
in the center section and negative A at the wing tips.
The curve of this angle being the result of. constructional
measures (modif’ied profile or incidence) , ii cannot be
changed during flight unless flaps fitted on the wing can
le deflected equally (landing flaps, trimming flaps, dif-
ferential ailerons).*
—————..—————-.-——.-————..——_____________.___—__.——..-—__——————————— ...————
*The aileron setting with differential operation corre-

sponds to the deflection without differential for equal. up-
ward pull of both ailerons. ~
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1 3. The mea,n ailgle of roll a , which, as previously
stated, is directly proportional t~ the distance from mid.z.,, .

I “’center, or in other-words, ao .is-al.}~aysa straight line

:$? ~as the”sam’e value at any
I

through the’ origin; ~ild

d point of the wing.

4. Angle ‘of twist in roll AQ , produced as differ-

ence between the additional angle of attack due to aileron
deflectioil aild’that mean angle of roll which would create
equal rolling moment. .Con”sequently , Aq produces an ad-
ditional lift distribution without rolling moment.

xv. DEVELOPMEITT OF UI!THOD

1. General Derivation

The various lift distributions were computed with the
well-km.own Fourier series. Since this distribution changes
with t’ne scale of the wing as well as the dynamic pressure,
the semispan is chosen as unit scale and the dynamic pres-
sure is put q = 1. The conversion of the oltained results
to the actual climeilsions and speeds is effected through ex-
pansion with %/2 and q. Thus ,

and”all length dimensions are reduced to unit scale by di-
viding with ‘0/2. The span coordinate y then, is from
-1 (left wing tip) over zero (wing center) toward +1 (right
w ing tip). The integral for determining cti is then taken
wit’hin the -1 to +1 range.

Expailded in Fourier series, the lift distribution is:

cat =A1sin~-t-A= sin2~+Aasin3~-t- ...

=~Ansiun~ (4)
1

wherein the angle of abscissa 9 is tied to the span ab-
scissa through

C20sq) ==- y



—— ——-.—...—.—.,.

10 3?.A. C’.A. Technical Memorandum No. “778

“.’”The induced angle ,of attack iS:,,..
.’

m
1~ __ ~nAnsinnV

8 sin V

‘Then the’ angle of attack is defined as:

h
2

sin~ II .

a = ‘1 ,s.in~ L
—..—_—

+ 3’ + ‘2 %%- [1
g’+; +

+.A.=‘:&-$- p. -i-;- -1-.●

(5) ‘

(6)

with

that is, a variable dependent on the cho”rd distribution

and t~.e lift efficiency of the individual sections of the
ving.

As $An sin n . appears in the series for the lift

distribution as well as in that for the angle-of-attack
distribution, the foi”mer may eq,ually well be expressed
wit:h tile latter. Eliminating the last term of the series,
affords

(7)

I

The subsequent calculations of the lift distrilmtion
are effecterl with special forms of this generalized series.
The advantage in simplified calculation accruing from this
remodeling rests net only ia the fact that for a finite



arrangement of terms , only rn~l coefiic~bnts needtb be
defined; but also that the fewhess of coefficients in an
apptioxirnate sol’utton ‘itsel~ itisures a htgh- degree of accu-
racy; in th”e appibach~ ,,

The coefficients Al and AZ are known through the
choice of the operating condition; that is, Al defines
the total lift and AZ, the rolling moment.:, That is, .

+1

Catotal
l?=j catdy”

1-, :.

jx cat dy=~Al”
-1

,.

Al. = ~’
Catotal ~

Further, 2

!Q=;lcat YdY
q

+1
–1 “

(8)

Jcatydy=-A2~
-1

(9)

wherewit’n , other than a, the terms of the series consti-
tutiilg the major proportion of the bracketed term, are
knol.vn. Interrupting the series at m = 3 or ~=4 for
the first approach of the lift distribution, it affords a
correction for

Catotal
and the r,oll,ingmoment , yhich in

turn Gives the correction for am and a ,
Q

thus neutral-
iziilg in part the error introduced through breaking off
the series.

When defining the four elementary distributions, the
series for the total distribution is split up into four
parts and each is computed separately. The series for the
ncrmal distri%uticn contains, for reasons of symmetry, “only
uneven terms;’ that’ is, Al; A3; As, A7, etc. and so does ‘j
that for a zero distribution. Ifiaddition, it is Al = O,
because the total ,lift of a,,~er~ distribution was assumed
eqLual to zero. The series ,fo,r‘the normal roll distrilu~ion
contains o-nly even terms; tilat‘is, AZ, .44, AG, etc., be-
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cause the ordii?ates of the roll distribution for the left
and right wii~gs are inversely equivalent. The zero dis-
tr’ibutio%l in roll contains the even terms .&, As, etc.;

because” according to definition the rolling moment and con-
sequently Aa = O.. . .,

The total distribution is form”d. as the sum of the
four eiements:

Ca t t + Ca (lo)
total = Ca

tA +. Ca
‘Q

+ Ca t
normal QA

wtlence the series for the total distribution is the sum of
the series of the elementary distributions; that is, tile
coefficients of equal sin nCp terms are additive. The

total lift coefficients are hereinafter written with capi--
tal letters, namely: Al, A2, A3.,..An, those of the nor-

mal distribution with .Sifiallletters al, a~, a5 to aan+l,

or az, a4, a6 to a2n, ~fhereas those of the zero distrib-

ution, and zero distribution in roll are designated with
a prime, thus: a~l, a~lo. .a~n+l ,and a41y aG1. .oa~n.

2. 270rmal

The determination of
tail as follows. It is:

sin ~
Ca t -——- ———..——

normal = ~ + 2m+l——..—__
8

Distrilmtion

the series is explained in de-

1

1 1‘~m (2m + 1) - (2n + 1) a,~ll+l) sin (2n + 1)$7 ,
% + ,l~o —.——————————— .-————— ——————————.-— .—

8 i.* sin ,V

i.e., for n= 3, for example,

Since the total lift in normal distribution and con-
sequently al is nerely a scale factory it.is:

,.
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m- 2a sin 5 9
-1-––~-– –~ ——— —--- +

1sinv “*”
(11)

al

We first approximate ~m/al ! because

Integration of the right side of the alove equation
gives as first integral:

The next integral is:

and the other iiltegrals:

rrl- n a
+1

J
2n-1-l————— ———..—

2n-1-l= 4 J
al _l

3earing in r~ind that g+

Zy from a nean value and t-hat,

2x?l-1-l-—_ —__
8

differs only slight-
n - n. a n.+lbesides”, z is

4 al
snail, it is found that’ the integrals from J3 to ‘an+l
are :aluost equal to zero , beca;se

*1
{sin (2n+l)qdy=Tsin(2n +l,)qsin~d~ =0.

-% o .
Accordingly, a close approach of &#ay- $s:

%2g - -_?________ “*
al -s ; (.<2)

+1

f

.lz-yz ‘ .
––––––-–-- dy

-, ~ + z%~_L
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The inte~ral is best evaluated by grtiphical method,
the numerical calculation %eing iil most cases quite diffi-
cult ● Computing this integral for the first three steps
m= 1, 2, and3, the ~m/al values are found to vary on3.y

a few percents so that the mean value of these three steps
is sufficiently accurate.

Even a mean value for L itself affords a satisfac-tory
first approach. Then,

. . .

From the determination of %/al follows the first

approximation of the normal distrilmtion, by breaking off
the series expansion at.the, th,ird term,. Then,

Ca tnormal O “fi-y2 am+;———.-———.-....-..—— .-=
[1

——————— . ——
al g+; a’

(13)

This first approach already affords information about
the characteristic behavior of the normal distritmtion and
is perfectly satisfactory for design calculations, the er-
rors for smoot~l wing contours rangins between 3 a-rid5 per-
cent.

To det,ernine the higher coefficients, we merely cor,-
pute that portion of the lift distrilmtion formed as dif-
ference between the normal distribution and a pure ellip-
tical distribution for equal tota,l lift: Forcing a pure
elliptical distribution on t:he’wing by changing the a-ngle
of attack over tti.espan, that, is, writing

ca,t=az sincp=al/1-y2

the a,n,gle-of-attack distribution is given throuf:h:

The differeilce between the constant am and the el-
liptical angle of attack represents the twist pertaining
to the difference ’,inlift distribution between normal and
pure elliptical di.stributio.n. The differential gracling is
a zero distribution which changes with the total lift. It
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is called elliptical-zero distribution. It is:
.

c tnormal = Ca .t,a elliptic + Ca t A“’el”lipt”ic

likewise

To define the elliptical-zero distribution from the
elliptica.l .,twist, we fo~m:

[

‘ellQ~3 +Ca t ‘ell@tic _ ___ __––sin Q———.—_______
al 2m -1-l

g + ---g— a’

(14)

m- .1 as sin 3 ~
-———— —— -—____ _

4 al sin ~

as sin 5 V.— ——7———— +al sznv ‘“”

1 aati-z sin (2m - 1) qY
i––

4 “kLz I
-——-————— _____

sin v
. . . . (15)

In first approach, we have:

[

cat A ‘1elliptic—_____________
%.

.b 1 ‘-% PP+l ‘“)
1, 8

Now , to what extent does this approach conform to ac-
tuality? Subtracting ~ -1-+ from the series for ~, leaves

----,,1,-------p+--sin (2m + 1) (p
+ %–rnfi

ax

w’hich reduces to

i
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[

A 1.

[1

[+$
elliptic l-”sin v “’”as .-:’”’ - “a= “:” :

.1

.—————————— ——.—— ---–sin 5 ~ ———...—
a 1 ..,.,,g,.*:.=:; s1n3q+al ~ t+;

The first approach differs from, the true series for
elliptical zero distribution only in the added quotient

[1~i-=&-J-
—.——.-—————— ’33 a5

. Therefore the first coefficients ---, —-,
g+;” al al

A .

etc. , may be closely approached from elli~tic ‘In Y—-— ————— when
al g+;

defining the first Fourier series terms of this approach
with the aid of harmonic analysis. That is, we write:

‘elliptic ‘ill c?_——_..-———— —————
al g+K

= C3 sin 39+c5 sin 59+ .... +Cn sin nv

8
g + ~Q-~-~ “

The quotients “’––-––-~––– differing lut little from
t+;

a meai value with “Yespect to coordinate. v, the desired

coefficients of the series may be approximated at

. .

a3—— - C3
al =

[1&+;
a7 N—.— ——--——
al =

c’ g+;
mean

. . . . . . . . . . . . . . . . . . . .
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Ca t AelliRtic
A higher approach for ——— ——.- ——

al is then ’03-

ttiined when insert ing-t]te thus-established coefficients
iilto (15) such as:

1 as 1sin 5 ~
+ — —— ————.—_

4 al
(17)sin $1 - .

To ~~scertain the deCree of accuracy of this approxi-
mateion, we effect various reductions, so that:

[1~+:-+~;z-sin’ 11 9 —.—-.—.—-—

g+; ‘“””

[1

g+
2m l-1——— .-—-.

-1-------
8

a~~+l sin (2u + 1) V .—_— —— ___

t+;

Again evaluat ing this approximate ion by means of b.ar-
monic a-nalysis,, yields the improved I’ourier series coeffi-
cients d~, d~, d7, etc. After forming the mean values

2m+lg + ------
for ——— —— --—.—— the calculation gives the improved approach

5+;

of the desired coefficients of the elliptical zero distri-
bution at:
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av/al. In many
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iptical.

3. Zero Distribution

s, the distribution produced by equilateral
angle-of-attack curve is given and rust le

nto mean angle of attack and pure twist. In
3 the true angle of twist must be referred to
on given through the zero-lift axis of t~le
in place of the “arbitrarily assumed body fixed
lane. This separation is effected by bearing
t the desired zero distribution must comply

u-

,1
Ca dy 0

The first roach is:
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(18)

In view of
eby Cist
plane, we

‘A+~
he angle
de”kermine

ng given rather than
zero lift direction a
from the integral

A,
.nd refer-wher

ence

-1-1

J
0

r ——l-ya———______
5+;

+1

f
‘o

A/Y=i=——-———_—
+

dy(A -1- dy

3’
-tjIJ.t
th

t::.e

rom the first approximation of the desired zero dis-
ion., we sulsequ-ently determine in similar fashion as
e elliptical zero distribution, the first coefficients
I?ourier series through harmonic analysis.

~r~
for
of

Wit’L the zero distr ibut ion as:

Ca a3 1 sin i- a5’ sin 5 ..*

+ 1 sin (2m +

it is:

si
aa 1 ,--~

n39.————_
in V

sin 5 V--———..——
sin V [.

iA= + + as’ + + ..*

sin——— 2m +———--
8

1--1-1- +

so tha
s-ponds

t th
to

ef
the

irst approach
term:

of the zero distri%ut ion corr e-

A aa’ sin 3 + sin. -1-. . .

[1
2m+lg+ ---~—

—.-—_______

g+;
-1- !

azm+l sin (2m +

+ a.ct–~
8———______

~+; 1the use of the mean values of w e
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approximate the first coefficients and then form a higher
approximation which may be improved as desired through
further analysis. The calculation process being in prin-
ciple the same as for the elliptical zero distribution, it
needs no furt’her explanation, In the closer approxima-
tions, c must eventually be improved through control of
the zero lift.

4. Iformal Roll Distribution

Normal roll distribution produced, according to our
definition, through straight, cantrary wing twist; with I

aQm
as angle of roll, it is:

aQm =UY

The normal roll distribution is expressed. in I?ourier
series with even terms:

Ca ‘Q= az sin 2 V -1-a4 sin 4 ~

+ as sin 6Q+ ... +azm sin (2m) V

The angle-of-attack curve is:

whence:

Ca, tQ =
sin V

[

sin 2 ~———. — ——...—.-...—
~ + ~ aQm+‘-= a’ sin V

As the normal roll distrilutioil changes with a2, we
Ca tQ

determine ––az , giving for the rolling moment:

------- --
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+1
Ca tQ

J .
l-r

. –--a;- y dy = - ~
-1

Integration of the rolling moment from the above term
for Ca tQ gives:

.

[1

‘Qm- —-—
“ Yw’’i=-7dyJl = –;; - !–:–l J — ..———. ——

-1 g+y
.

and the otb-er inte{;r~.ls are:

+-1

Jn = ‘-:--E ;:-Qf y sin (2n) ~
–––––---;––– liy

-1 g+~
+1

mean value, the integrals J’2to Jn are almost equal to
zero. Thus , a serviceable approximation for the ail~le of
roll obtains fl.om:

The integral of the denominator is defiaed graphical-

ly. The mean value of
aQm/y
——.—- obtained for different m is

a2
is within mathematical accuracy.

Iil first approximation the integral is.determined lIy
introducing a mean value for t. Then.
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aQm /Y

,[
2’i

1

1————_ ru .
az mean ‘z

aQm/ y
Having determined –—=- the first approximation of

the normal roll distribution o%tains at:

(22)

The other coefficients must be determined if the
‘higher approaches are derivated. i7e again separate the
elliptical roll distribution, given through

ca ‘Qelliptic = sin 2 T
——— .-————

a2

from the rest, a zero distribution in roll, which changes
as az ● It is:

(Ca ‘Q) A Ca tQ
———————— - = ————

a2 a2
- sin 2 cp

The angle-of-attack distribution pertinent to
(ca tQ)~, is:

(23)

for forming the other a-pproxinations:

aQm/y
—————

[1
+2 t+;...

a2

2 ~–z
sin (2n) ~
.——_—____

sin ~ q

. . . . - (24)

13z -“””

[1.E+:.
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The first approximation of the zero distribution in
roll being defined aa

the coefficients are computed from:

‘a [1g+:+-i-–~aa sin 6 9 -———-

g+~ ““”” ‘

H~-k.:‘2n+ ;--– Siil (2n) Cp ——.—__
G ~+$

[1~+:
by again averaging .-—...-—-.. and then correcting the coef -

t+$

ficj.ei~ts obtained fron harmoilic a~lalysise The higher ap-
W;;cllL~or t~~e desired elliptical zero distribution in.——.—._.._______

, ~..en, ~~:

[1 [
——

(Ca tQ) ~ ~ Yfi - Y’ 4J%—--—--—____ ———______ _____
a2

c)m = gi-f ‘2

-(lIP- 1n) azn Sill (2n) @.
——-————— ——- ——..—_______

2 a2 sin 2 V

and the coefficients in mk~ approach are determined
through:

.

(2s)

..—
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[

yA/- ‘Q/y (m - 2) a4 sin 4 r?
——.....————- ———.— - _________ —— __

5+: az 2 aa sin 2 T

(m - n) azn

1

sin (2n) ~
—...——..————— _____

2 az sin2~=

To illustrate, for m=4, it is:

y%~”~ y 2a4sin4gJ la sin6~

[

AQ/————————_ _ —— - _ —— ___ - _ _$,
~+. $ 2 a2 1

———— —---
az sin2V2a2sin2 ~=

a4 . ?6_ . . %
= aa‘—s=n4v+a2 sln6$+a2 sin 8 v

alo+- ––– sin 10 ~
a2

a12

N

g+:”
-i--–– siil 12 ~ ——-__—

az
g+:
L-

a14

[1

t+;
+ –— sin 14 V ————_

a2
+

@ ● “”

The process is continued until .the desired accuracy is ob-
taiiled.

5. Zero Distribution in Roll

The roll distribution due to aileron deflection is
computed on the basis of a distribution composed of a nor-
mal roll and zero distribution in roll. As a result, tile
additional angle-of-attack curve due to aileron deflection
must be separated into the normal proportion and a twist
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proportion (fig. 5). As the additive zero angle of attack
.&tieto aileron deflection is proportional to the angle of
aileron deflection, we plot the:ratio of both angles, that
is:

whereas , C=CLQm-I-AQ (27)

or (27a)

Thus the problem reduces to finding the consta~lt

aQm c
quota --~– for a given Tunis separation is effected

?*
on the basis that the rolling moment due to c equals the
rolling noment due to aQm ●

in. first approach, we have:

[1

,&~
(Ca ‘)Q= ~ ‘~-

—L_——————

J g+

(28)

with a rolling moment:
+1

J

—

_{ (Ca t)Q Y d-y= y ; L-L-;-X: dy
-1 ~+~

Contrariwise, as
+1

~ (cat)QYdY=-a?~
-1

a2 is defined with—
+1

~ Y2%=
2J – ––––––---–– a.y
o Y t+? .

(29)
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Having, for computing the normal roll distribution,
defined’ the mean.an~le of”roll referred to az , it af-
fords “~Qm/y * so that the twist “follows from the differen-

tiation of angle roll ‘Qb ●

~ormed as before, the first approach of the desired
zero distribution in roll then is:

.—

[(ca ‘)Q]
= QQ y{l - y’— -——————

A@ y ~+;
(30)

from ~:!hichthe higher coefficients are o%tained by harmon-
ic ailal~rsis; az being determined as first approach, the
zero rolling inoment condition must ‘be controlled for higher
approaches and further corrections effected on

~/ v
~Qm/y a~ld

cl.

v. GRAPHICAL ANALOGY

The mathematical lift distribution may also be re-
placed. by a graphical method having the advantage of clear- ~
ness as well as lucidity of the mathematical treatment of
the problem. T~le principle is, brieflY, as follows:

Plotting Cat/al against angle of attack a/al af-

fords for such lift distributions as formed from the first
two terms al/al and a,/al the relationship portrayed

in figure 6. The Cat/al values pertaining to certain

points on the span lie on straight liiles passing through

% lcat
point –– = - ~t –~-= 0. For in view of

al

Ca t
sin ~ +

a3.—— =
al -- sin 3(pal

Ca t
it is for –—–— = O,

al

a=-l----- —.
al 4
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With this a desired lift distributioi~ can he graphic-
ally obtainecl in first a~v~>roach, as follows:

-..,_ ..
3’ind, for a given chord distri’~ution and angle of at-

tack, the lift distribution giving in first approach a
certain total lift. In the spatial system of coordinates
cl. Cat”...... ———— , aild y “(fig. 7), we plot the lift distributional’ al

conformably to pure elliptical distri”oution

-., 1
Z’heilwe draw the straight –~i = - ~ and establish an

area through the elliptical lift distribution and this
straight Iiile, in which all lift distributions aro con-
tained which give the total lift

+1

aild can be forncd..through the first -two tc:rms of the l?ou-
rier series. Presuming that the exactly possible lift
distribution iil first ap:p~oa.ch can “oe interpolated lctween
t~ie exact lift d.is”bribut.ions, the prob~en consists in
finding that curve oil the area whose -projection marks off
the civen ar.~;leof attack from the a/al to y plane, and
W:lose conte-at ii~ catl]al to y pl.aileis n. This construc-
tion is illustrated in figure 7 for a normal distribution
with coilstant angle of attack. It is readily proved that
this first approach of the lift distribution is conforma-
bly to the derived first approach of the lift distribution:

Ca t [1a A/_l-’l-yz—-----= ___ .-—— -—....——
al al ‘z ~-i- :

Closer approaches can he determined in like nanaer in
the 3-coord,inate system by clefining, say, coefficient
a, /al for the second approach (harmoilic analysis, first
approach) . Then, however, tLe track for tile area of coor-
dinated lift distributions assumes the function:

[.1a rl 1 a3—.-. ~2-+z=i. (4y2
‘; track I

- 1)
L

a.s illustrated in figure 8.
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a
f
i
c
c
s
~
t

Further approaches may”be formed in analogous manner
,fter the co&responding coefficients have been obtained
rom analysis. Obviously, such a continuation of graph-
cal determination is of no practical significance be-
ause , “in most cases, the plotting accuracy is insuffi-
cient to present the still possible improvements of the
olution. The method is, above all, suitable” for intelli-
gibly showing the method and for effectuating graphically
hc determination of the first approach.
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The above-cited derivation for tho graphical determi-
nation of the lift distribution applies only to normal and

w> zero distribution, although there is,a sim,il.ar,method for
the roll distribution. As helro%y the rolling moment is
held constant rather than the roll d,istrilnztion itself,

,-; the rolling-moment distribution is determined through pro-..
jec tion. Figure 10 shows the construction for defining
in first approach a normal roll distribution, where it is
readily seen that:

aQ/ y
The track is here also a straight line through –––- =

+ k“ Further approaches are deduced in the same manne~2as
above, by defining the higher track functions.

For a wing whose chord or angle-of-attack curve re-
veals corners so that dt/dy or da/dy becomes unsteady
at VJ.L,-Epoints, the method repeated here yields corners in
the lif~ distribution in the lower approaches. Since, in
this case d(cat)/dy also becomes unsteady in these points,
the integral for ai gives the absolute term CD; that is,
the approximation at sucil points gives a mathematically
~~~rongresult. Even so, this has no effect on the accuracy
of the fin,al result.

To avoid such discontinuity points, the corners in
chord or angle-of-attack distribution can be rounded off,
as is, in fact, common practice in. airplaile design.

VI . EXAMPLE

The wing is a normal wing of conventional desigil as
seen from the semiwing illustrated in figure 11. The per-
tiilent data are appended in table I. The efficiency of the
lift increase is ~ = 0.89, corresponding to a 12 to 14

perceilt chord thickness. Integral J’ ..G_:.x’

t o g -f-ZQ-::Z ‘y ‘as

graphically evaluated for m= 1, 2, and3 from the fol-
lowing table, after which /aro al was defined according to

(12). The compilation appended in the table reveals the
discrepailcies so small that the mean angle of attack can
%e determined within ail accuracy of less than 1 percent.

.,
(
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0.00
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,975

1.00
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/2=1

t

0.3200

.3290

.3200

.2975

.2’750

.2525

.2300

.2075

.1850

.1600

.1235

.0910

.0000

).5534

.5553

.5471

,5730

.5953

.6129

.6212

.6150

● 5795

.4869

.4520

.4.365

.4270

+

).6834

.6808

.6721

.6960

.7203

.7379

.7462

.7400

.7045

.6119

.5770

.5615

.5520

?

TABLE 1. F = 0.4894 A = 8.173

A

alell

—

11
Ct
ab ell———

al 01
P3.0161 ~

I
+0.01’73

+.0197 i +.0200

+.0274 +.(j~gl

+.ool~ +.0015

-.0208

-.0324

-.0467

-.0405

-.0050

+,0876

+.1225

+.1380

+-.1475

-.0196

-.0337

-.0375

-.9292

-.0031

+.0443

+*04~3

+.c378

f .0000

1ZAell
I
LaI @)

+0.0121

+ .0144

-t-,0216

+ .00C3

-.0161

-.0269

-.02!25

-.0224

-.0011

+*0359

+.0368

+,0299

f.0000

‘atAell1.—0La13

+0.01’45

+.0157

-F.0200”

-.0001

-.0161

-.0269

-.029~

-.0219

-.0005

1-.0348

+.0367

+.0303

*.0000

[1
Ct
a Aell

al o4
+0.0156

+.o161

-t.(3186

-.0003

-.0160

-.0266

-.0293

-.0216

-.0001

+.0341

+.03’70

+.0309

-j.0000
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-———.

lil

———-
1
2
3

~A3LE II
———..——————.-———————

u———— .-———— ——— ——... ———.

0i8272
~5543

;5420

0~6995
,‘7000
.6990

31

[1,Ctm =
a=

.6995
mean

‘With 0.695, the value of aJal defined as the O
th

approach over the mean value of & , is also sufficiently
accurate for rough calculations. A control check for the
lift increase of the total wing must, of course, give a
flatter rise than that of an elliptical wing with equal A
cana ?-) . The following tabulation gives the established
values .

Haca A-.— ——.———.—
~a ‘2mn~+2~=405g5ell

[

aca~ ‘r-r.—---, = ———.——— =
aaJeff

4.588
am

2 F ‘-—al

The plan form of the wing being not much unlike that
of ail elliptical contour, the reduction in lift increase
is ile~ligille.

Following the determination of the elliptical ~–
‘L ell

the four stages of approach of the elliptical zero dis-
tribution were calculated. The figures are included in
table I. The determination of the coefficients from the
harmonic analysis of the individ-aal approaches is readily
seen in table III in com-oarison with the coefficients ob-
tained from the

.-——

m

1
2
3

A,

individual stages.

TABLE 111
—--————.——

%.
al—————.-—..-—

i-o.0069
+.0063
-?-.0062

—————.———-.——..—..————
t5_

1

c7_
al al

—————.——— ————— .———

+0.0312
I
+0.0022

+.0314 +.0020
+.0312 I +.0025

~—-– – - .– ---- —. -- –.-–...—--
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TABL3 IV. Normal Distributionfor Catotal = 1.00

cato1
0.3171

.3165

.3146

.2979

.2796

.2596

.2378

.2135

.1861

.1498

.1118

.0811

.0000

cat o2
.

0.3155

●3147

.3122

.2975

.2808

.2616

.2403

.2156

.1867

.1472

.1089

.0786

.0000

cato3
- ——
0.3164

.3151

.3116

.2974

.2808

.2616

.2403

.2159

.1870

.1468

.1G88

.0788

.0000

cat o4
0.3156

.3153

.3113

.2973

.2808

.2618

.2403

.2160

.1870

.1466

.1089

.0790

.0000

Ca
o1

——. _

0.9910

.9890

.9833

1.0010

1.0167

1.3292

1 ● 0340

1.0289

1.0060

.9361

.3052

.8911

.8817

——

Ca
02

..—._
0.9860

.9833

.9759

.9S38

1.0210

1.0361

1.0446

1.0394

1.0092

.9200

.8818

.8639

.8530

—

—

‘a0,3
0.9889

.9850

.9740

.9992

1.0210

1.0361

1.0416

1.0403

1.0094

.9173

.8810

.8660

.8572

I

o‘a 4

0.9896

.9853

.9730

.9990

1.02io

1.0367

1.0446

1.0409

1.0094

.9161..

.881%

.8681

..8620

.

CA
NJ

I

I
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1.6590
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1.3730

1.3540

-0.0244

-.0296

-.0470

+. 0048

+.0454

+ .0846

+.1012

+.0888

+.0178

-.1674

-.2372

-.2682

-.2872

—

~’ “=--==ad!!!

1

TABLE V

to.(jC)()(j

-.0928

-.9038

-!-.fxJ13

+.0165

+ .C~329

+ .0433

+.0398

+.0079

-.0565

.-.0739

-.0620

f. 0000

——.

—.

-h .0000

+. 0008

-.0014

+.oo83

+.0210

+. 0333

+.03’54

+.0328

+.0023

-.0611

-.0566

-.0557

f.000o

[ 10
ct~aQ

J_ a2A ~

to ●0000

+.0004

-.0011

+.0083

+.0211

+.0336

+.0398

+.0326

+.0017

-.Q595

-.0667

-.0566

1.0000

H
Ct
aQ

—..

o
a2 3

fo.()()()0

+.1s’9.> p,

+. 39(’J3 L.
0

+“.5807 L.

+. 7543 El
3

+.3767 “
4

*. 0000” :
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-.266G

-.1433

-.o~.py
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+.016’7

-.0322
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TABLE VI

h

c t-1a Q

o1
*Q,0000
-t-.0707

+.1404

+.2000

+.2510

-.1506

-.1035

-.0613

-00295

-.0061

+.0066

-.0100

-.0282

%.0000

—

1]caf~flo2
i 0.0030

+.055’?

+.1160

+.1697

-I-.21O8

-.1162

-.0790

-.0’468

-.Q238

-.0034

-.0015

-.0148

-.0279

+.0000

[qCa ~

o‘3

~ o ●0000

+.0569

+.11(36

-I-.1545

-I-.1882

-.0876

-.0620

-.0416

-.0275

-.0153

-.0036

-.0102

-.0196

+.0000

mcatQ

o4

to. 0000

+.0605

+ ,1134

+.1501

+ .1713

-.0672

-.0555

-.04’49

-.0321

-.0122

-.0011

-.0095

-.oi95

-F.0000”
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The existing discrepancies are within mathematical
accuracy and the coefficients obtained from averaging

.— ,’g+aQ_+l-.-——,, 8 ,.
—.-——--.—---— etc. themselves prove ‘sufficiently exact. The,, g>tz .’

8.
course of the. essential functions is shown in figure 12.

In order .to””bring out the accuracy of the calculation
for determining a conventional flight altitude, the four
approaches of the normal distributions were reduced to a
flight condition of

Catotal
= 1.0 and the lift coeffi-

cient defined therefrom. ~he figures are appended in ta-
ble IV and illustrated in f,igu’re13. It is clearly seen
that even the first approach reproduces the characteristic
form of the lift distribution quite implicitly. The im-
provements through stages,,of approach are so minute that
graphically it is barely possible to ~ive the fourth ap-
proach, and in the Ca coefficient itself the discrepan-

cies scarcely exceed the errors involved in the measure-
ment of those coefficients.

The calculation of a zero ,distribution is omitted be-
cause it is practically identical with the elliptical zero
distribution, and we proceed to the roll distribution due
to aileron deflection. To this eild we first establish the
no”rmal roll distribution of the wing, The figures are
compiled in table V. It is seen that the values in third
approach are a ready sufficiently convergent. l?or simplic-
ity’s sake %J’Y—..—.- was merely computed for m=2,

a2
acco rd-

iilg to (21) at -1.6412 (fig. 14).

This brings us to the aileron effect itself. The
shape and size of the aileron i’s seen from ,figure 11; the
calculation process is given in table VI. The aileron ef-
fect for varying percent of aileron chord was determined
according to the curv6 shown in figure 15. The curve was
defined from experimental data. The reading gave G =
aACLo~F_ for different poiilts of the aileroil, tihile the form-

ing of the integral:

,.,..,. ,., ..,, . ..-,...,,, ,,, .. ,, .,.”. . 4 . . . . . . . . .
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gave the value of az which, renders possible the separa-
tion of the additive aileron setting angle into normal an-
gle of roll, and” zero ~.ngle in roll AQ/y. ,From the latter.. . .
the pertinent zero distribution in roil was then o%t.ained
in progressive approaches. They are included in ta-~le VI.
Figure 16 illustrates the course of the essential funct-
ions. As anticipated, t“fieco-nvergence is not as appreci-
able., d~~e chiefly to the unsteady jump in angle? of attack
at y = 0.40. For this reason it is important to “so com-
%inc the r,~athematical result that the differences in the
approximate determination of the aileron lift distribution.
are presented with referei~ce to an ordinary aileron set-
tin{; angle. C?’noosing p =+1OO affords the figures for
t~e. roll distrii)ution with “10° aileron setting, given for
the first and fourth approach in. ta-~le VII.

Y

—.—+-—...
“0000

10
:20
. 30
● 40

,50
“o●b

.70

.80

.90

.95

.975
1.000
--————

Ct
aQ

o1——...————..—..__.

*0.O”COO
+.C03’7
+.0075
+.010?

{

+.0134.
+.0834
+.0848
+.0838
+.0818
+,0771
+ao~67
+.0549
+.0444
S=.OGOO

________________

—...——..-._-..._.—_-.. ..__
+0 ,()() ()()
+.0053
+.0116
+.0188”
+.0269
+.0685
+.0763
+.0812
+.0838
+.C!786
+.0675
+.0543
+00425
5.0000

——————————_———

-.--.-.———.————..—.

ca

c)‘1
-—...—.—...—.—.——.- .—---

+0.000
+.012
+.024
+“036
+.049
+.303
+.336
+.364
-I-.394
+.417
+.417
+.445
+.488

-———.————--————.

-—..—.- .——.- —.—

-—.—.-.. . ...—.—_. ___
*o. ()()(j
+.017
+.035
+.053
+,098
+.240
+. 302
+.353
+.404
+.425
+ ● 42?2
+.440
+.4’57

-————____ ____

The corresponding lift coefficients were determined
therefrornj The’ coursi is seen from figure 17’. The errors
in lift coefficient are minute. To renain.within the lim-
its of accuracy of t’ne ineasured aerod,ynanic coefficients,
the second approach. for computing the aileron effect would
have sufficed.

In conclusion, it is pointed out that an arithmetical
schcr~e fOr a com’plete calculation of lift ?Li-stribution
conformable to the depicted. method is being published else-
~,r~ere.
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VII. COMPARATIVE CALCULATIO.:S

>>.. -... . ....._. . . ..

In order to prove the practicability of the analyzed
method, we made some comparisons with other known method-s.
The normal and zero distribution of a wing, comyuted by
Lotzls method, was published %J’ S. Hueher (reference 3).
This is the wing of the nylavag IIIllPerformance glider!

the computed data on lift distribution }aving been kindly
placed’at our disposal by the A.V.A., Gottingen. Figure
18 compares the, mathematical results for a normal .diptri-
~ution of the wing; figure 19. the effect’ of twist. (See
figs. 5 and 6 of reference 3.) Admittedly, “in this case,
it is not a pure zero distribution because the total lift
is negative. But , to make possible the use of the numer%-
cal values, a conversion was forgone. The comparison re-
veals more pronounced discrepancies between Lotzts figures
and our own,* but only negligible differences for the
twisting effect.

In order to explain the difference between the two
calculations, we defined the induced ~i for both lift
distributions with our own method. The results a,re tabu-
lated in

TABLE VIII
————_ ._——-,—_____ .._-..—_.-...—-..-.-.—--—______i.
Y ai

I
Cti

Lotz Lippi.sch
.——————

O.oc! 1
––+-G–o-2Gy––f _______,- +0.0316

,30 +:0355 +.0361
50 +.0404 +.0378

:70 +.0395 +.0388

The determination of ai involves a graphical inte-
gration of the curves obtained from the calculation rather
than an analytical method.

lText, in order to ascertain the quality of the apyroach
of the pertinent lift .distributions, the local angle of at-
______________________________________________________________________
‘kThis exainple WaS carried through. according t“o the model
calculation of the report: Aerodynamic Calculation of Air-
plane Wings (D~S)., This model corresponds to the second
approach of our Method.

4.
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tack is determined at

‘ca t “’” ‘ ‘
c1= --–---––-+Cti,

21-r~t

frorn - Ca t’,’ ~i and the given chord t.
,,

., -Inasmuchas the normal distri%tition proceeds from an
angle’ of attack constant for all points of the span, the
computed c1 values must agree if the solution is correct.

. .
.,. !i!abl.eIX shows the results for both methods, while
figure 20 illustrates the inversely determined a distri-
.Vution for both m’ethods.

TABLE IX
. .———.-—--—

!

Y r----a’Lc)tz 1
a.
hippisch

–––..--.--–.}..-..-.––------–– --—--------–---—–
0.00 ~ +0.2499 +o.~~~g

.30 +.2526 +.2564

.50 +.2600 I -I-.2565

.70 +.2593 +=2546

This table discloses that the discrepancies are due
to the fact that Lotz~s method resulted in more inaccurate
figures. Another method of comparison would be to deter-
mine the chord distribution from the mathematically de-
fined mean angle of attack. The mean angle of attack of
Hueberl s calculation ,being unknown, the comparison ‘was ef-
fected Oil the basis of the mean angle of attack of our own
calculation.

TABLE X

Y
_——_- —-.

0.00
.30
.50
.70’

———————.-.—.
t
actual

-——.-..——...-—-

0.2333
.2333
.2185
.1883

.——————.--.-.-T...--———————------

t I t
Lotz Lippisch

[

-—.——-.——-.-.— ‘ .——-.-.— .——— .—.—

0 ● 2,269 0.2333
●H9g .2338
.2225 .2187
.1917 ~ .187’7

The results are collected in ta~le X and figure 21o

Summing up, it is. seen that the lift distribution de-
fined from the second approach of our method already yields
very practical results, wherety the determination of the
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Canaltfi.e no”rmal distribution additive for defining the yaw-
ing moment from the first aFproach n.t

The calculation of the distrilmtions conformably to
thdse relations having been explained elsewhere”, requires
no further elucidation.

‘ Our coefficients were oltained throug’h graphical inte-
gration of the particular function. Tile results of the
comparison are shown in figures 23 and 24 for the rolling
an-d yawing moments of the wing with 1:5 aspect ratio.

These graphs were taken from Lotzl s report (figs. 2
and,3) and our com-puted points added. Even the first ap..
preach is already seei~ to be i~ close agreement with Lotz!s
curve , while the dasiled curve of” the deterriiilation accord-
ing to lTiesels3erger-Gla-~zert , discloses greater discrepa,a-
ties.

The local errors of the first a;pproach of the method
elucidated here, have no effect on tke results of calcula-
tions analyziil~ the effec’~ of the wing as a whole. So
that even the investigation of aileroil effect of varying
contours and aileron forms should afford practical results
with the simple relations of the first approach of our
met~lod,

Translation hy J. Vanier,
National Advisory Committee
for Aeroilautics.

,,< .
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