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TECHNICAL NOTE NO, 483

CHARTS FOR DETERMINIEG THE PITCHING LOMENT OF
TAPERED WINGS WITH SWEEPBACK AND TWIST

By Raymond F., Anderson

SUMMARY

This revort presents a convenlent method for calcu-
lating the vitching-moment characteristics of tapered wings
with swesobdac!: and twist. Tue method is based on the fact
tnat the pitching-monent characteristics of a wing may be
specified by #iving the value of the pitching uoment at
zero 1lift and the location of the axis about which the mo-
ment is constant. Data Tor calculating these characteris-
tics are presented by curves which apply to wings having a
lincar distribution of twist alonz the span and which cover
a larre rArnge 0: aspect ratios. The curves arz given for
wines having straight taper and distorted elliptical plan
for:s. The characteristics of wings of other shapes may be
deterinined by internolation.

INTRODUCTIONW

The use of tapered wings on airplanes has led to the
development of methods of calculating the characteristics
of such wings from the known charascteristics of the sec-
tions, Two methods for calculating the pitching moment of
tanered wings are given in references 1 and 2. In reference
l, formulas are given whicll apply to winzs without twist and
wialch have a 1ift distribution closely approaching an el-
lipse. TFactors for use in the formulas are given for a few
Plan forms and a few variations of section pitchineg moment
across the span., In reference 2, formulas are given for
straight-taper wings witi twist and with constant gection
mo:ent across the span., Pactors for use in the formulas are
tabulated for a few aspect ratios and taper ratios. The in-
formation given in refereance 1 is liwited in scope, and that
of refererce 2 is preseuted in such form that it cannot be
rcadily applied by airnlanc doasisncrs,
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The purpose of this report is to present a method by
which airplane designers may readily calculate the pitch-
ing-moment characteristics of tapered wings with swcep-
back and twist, TFormulas are given Jor calculating the
pitching-moment charncteristics and factors for usce in tho
formulas are presented on charts., The data on the charts
are given for a large range of aspect ratios and apply to
winzs having a linear distribution of twist alons the snan,
Snrves for wings having straight taper and distorted ellio-
tical plan forus are presented in a form wnich facilitates
thie deternmination of the characteristics of wings of other
shiapes.

]

HETHOD OF DECERuINING THE PITCHING-MOMENT CHARACTERISTICS

In the method used in this revort for the determina-
tion of the pitchins-moment characteristics of winzs, the
wings are conceivel to consist of a series of wing sections
each of which has a constant pitching: moment about o point
called the aerodynamic center (approximately the quarter-
chord point)‘and a 1ift forece actinz through that point.

The locus of the acrodynamic centors of the wing sections

is tho wing axis, TFor the wings considered in this poper
the axis of each half wing is.straight (figs. 1(a), 1(%),
and 1(c)). The ancle boitween the wing axis and the lateral
axis is the angle of sweepback (3) of the wing. (See fig.
1(a).) The plan form is obtained by supzrposing on thc wing
axis any desired distribution of chord lengths across the
span, Two basic chord distributions are 2sed in this report,
One is linear and results in a straight-taner wing, which Is
shown in figure 1(a). The taper of the wing is defined by
the ratio ct/cc. The other distribution is elliptical and
results in a distorted ellipticsl wing, which is shown by
fizure 1(b). The distorted elliptical wing is obtained from
an ellipse by displacing each chord in the line of its origz-
inal position until the wing axis is straight, A third
chord distribution, for which partial data are given, is

the straight-taper wing modified to have rounded tips (fig.
1(c)). The trailing edge of the tip of this wing is formed
by a radius with ceater on the wing axis and the leading
edge is determined by the condition tiiat the wing axis re-
mains straight to the tip. (See fig. 1(e).)

The angle of attack of esch section 1s the angle
tharough wnich tae soction has been rotated from its atti-
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tude of zero 1irft, The twist of the wing is the variation
in angle of attack along the svan and is considered posi-
tive when the angle of attack increases from the center to
the tip. In this paper the distribution of twist along
the span 1s considered to be lincar and tho anglo of twist
from centor to tip is €.

The method of determining the pitching-moment charac-
teristics is given only in outline here; a detailed sxpla-
nation of the method including the derivation of the fore -
mllag will be found in the appendix, . g

The aegrodynamic propertics of a wing with swecapback
and twist that contribute to the pitching moment may be re-
garded as the pitching moments of the sections and the 1ift
forces distriovuted along the wing axis. To be stricdtly ac-
cuarate, thc drag should be considered as woll -as the 1ift.
dowever, as tae moaent contributed dy the drag is small com-
pared to the moment contributed by the 1ift, sufficient ac-
curacy may be obtained by considering only the 1ift. The
moment contriduted by the sections dopends on the distribu-
tion of the chord and tho section moment across the span.
It is dosignatad M, and is oxpresscd as a coecfficient

- O, s
based on tho mean chord in the form

. ds S
c = ——=—=, whero ¢ = =
mg Q S 3 ’ ' Y
To dcternine Cm ',“,MS is found by integrating across the

s . .
soan., When thoe section . moment cocfficient Cmc/ has a
: : . | -
linear variation from at the center to Cmt at the
' c
tip, €, ~may be expressed in the form
] ‘ .

The factors ® and F depend on the plan form and =are
ziven in a chart (fig. 2) for wings having various plan
forms. As the pitching-moment coefficient of the individ-
ual secz tlons 1s considered indcpendent of the angle of at-
tacic, is independent of the sngle of attack ard is
not 'fleC§bd by twist or sweopback,

The effect of the 1ift forces distributed along the
axis of a wing with sweepback and twist may be explained
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by cons1der1ng‘tbe 1ift distribvition . as consmdulngrof"two

digtinect parts. ‘Oné pa¥t ils the inttiel digtribution: that
the wing has tat- the attitde ‘of zéfo'lift;"Lf;the:twist'

of tno wing " 1§ ne‘at‘*ve,‘a6 g su4l, otae forcdes near the

uIDS %311 bé diredted downward anﬂ'+nxe nmoar . tne ' denkber

will ve directed upward. The srane. onfitnls distribution
is aependeﬂt primarily on the twist and is the seme for all
anzlad of "attack. ‘The :-faorees comeosing tuis distrivmtion

produce a pitching nmoment thHat doed rot caonnzte with dngle
of "attack, This moment is designated . ‘lw",‘tnufmomcnt AEaXel

- . -

to twist. ¢ G - R

Tne moment ' lip dependsion the angle of twist €, the
anzle of SWéepbac %, the-aspcct ratio A, ‘srd the plan
form ard is expresscd as a COBIIlcleht' Omm  Dbasedron- the
medn cnord in +he form - s TR -

.

v oLid
+ PO

c., = - G ¢ aoyA,tan B

here a, is the 1irt curve slopc for infinite aspcct ratio
aqd the.factor G, .which is given by charts (figs, ¢ and 4),
ta~es into account the effects of oslen form and asnoct ra-
tio on thc shape of the 1ift distribution.

Tho sccoand part of. the liftAiistributio is produced
when the angle of attescs is increased from the attitude of
zero 1ift. This distribution is oroportional to the ansle
of attack but has a fixed centroid. The net"1ift ol the
wing may be regarded as acting at this ceutroid, which is
tnerefore ‘called the aeroanamxc certer of the winr by anal-
ozy with the terum for an airfoil section, Its locatiosn is
-iven by its distance d behind the aerodynamic center of
the central section.' This distance depends on the anzle of

swoepback, the aspect ratio, and tae plan form but is inde-

pondont of the twist and the airfoil scction, The lccation
of the aerodynamic center is ezpressed as a fraction of tue
mean chord in the form ’

ot

oy

Al = 54 tan 3
T : L
where the factor X, which.is given by a chart (fig. 5),
taxes into account the effects of plan form and” aspect
ratio on the shave of the 1ift distribution.
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5
The total moment cosfficient of a wing may be found
as the sumn
C,. C + Cy
1 ac Ta S ol T
wnere O is constant about an axis through the aerody-

ac
namnic center., The pitching-moment characteristics of a
wins may accoridingly be svecificd by the location of tha
acrodynamic center and tane constant value of the pitching
iwoment about an axis through that point,

CONSTRUCTION OF THE CHARTS

o

Toe values of and — ‘are easily found

cms’ CmT’
for any wing when the factors E, F, G, and K are known.
‘The factors have been calculatcd and plotted for the plan
forms previously described. For use in the foruula

E Cug

for the straignht-tapor wing for the complctc range of taper
ratios, arc plotted on figure 2 against taper ratio. Values
0of ¥ as determined for the wing with rounded tips for the
cases of 2:1 taper snd the rectangular wing are also plotted
on figure 2 for aspect ratios of 3, 3, and 9. In aldition
the value of © for an elliptical wing is plotted on the
saie curve to aid in finding E for wings lying between
the straight-taper and the elliptic4l plan forms.

ol

. Cms
+ F (Cmt - Gmc) valwos of E ard F, as calculated

The values of G in the formula Cyp = -G ¢ ag A tanf
as calculated for the straight-taper wing for certain as-
nect ratios and taper ratios, are plotted against taper ra-
tio on figure 3, togother with intermcdiate values found
from a crogs-plot against aspect ratio. The values of G
for the straight-taper wing are also Jiven for various as-
nect ratios in figure 4, together with values computed for
the distorted elliptical wing., This chart permits inter-
polation to find G for a wing lying between the straight-
tapcr and the distorted elliptical plan forms.

For usc in the formula -8—- = H A tan B valncs of X
. . - ¢ .
s determinecd for the winz with straigsht taper of asooct

ratios 3, 5, 9, and 20 are plottcd azaiust taper ratio on
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vO)

figurc 5. Tho velae for the distortcd cllipticsl wing of
any ospact ratio is also slhown,

'SE OF THZ CHARTS

Th2 total pitchinz-momont cocfriciont c“"c of a wing
‘5 deternined from the eguation previously given

Cm,. = Cmg + Cn:

!
Tac s -7
wasre  Sug  is given by Cpg = B Op 4+ F (Cry =0ng). Tae
valnes of CTlt and  Cp mavy be deternined from wind-tun-
! He .
ncl data. If reliable teost data arc not available the

-

nitchingz-moment coefficient may be estinated from raferecnce

S wnich gives Cm¢f4 for a large nuuber of relsated airfoil
ey .
scesvions, The valuss of 2 and ¥  for the particilar
plan form are given in figure 2.
The valuoc-of .y is given by G, = = G € ay A tan B.

Tas wvalue of a5 may e determined fro£ a windé-tunual test
of tue airfoil or may be estimated from reference 3 il test
dats are not available., hen  ‘ay- varles alon<« the span
its averagre value should Ve used., The factor G for the
particular plan form wmay be obtained from figure 3 or fig-

ura 4.

The lccation of the asrodynamic center is determined
from the relation

~4_ - % A tan 3

‘ T

in whieh H ‘for the particular zlan form is given in fio-
are 5, ' :

Taw notes on calculating the characteristics of wings
plan .forms net given on the charts may be useiul.

For any wing having a rounded tip anz aprroximnate value of
Ct/Cc “may be found by determining oy for the tip extend-
ed, as shown by the dottod lisers in Tigure 1(ec). Tue angle
of twist ¢ and the moment cosfficicut Oy of a wing



N.A.C.A., Te~thnizal Nots Ilo. 183 7

with a rounded tip may be foun:! by ex._apolation from val-
1cs of twist and mouent coefficient determined near tle
tip. If the axis o7 a wing is curved, a stroight line may
te drawn throush the axis to estimate thz angle of sweep-
s¢lt., Waen findinz the factors from the charts for a wing
it rounded tips it is convenient %o regard the wing as
-

intornediat. between tho straight-teper wing and tho:dis-
torted e2lliptical wing wihich may be considered as one hav-
in, sn extreme Torm of ronnded tin,

ian exanmple of oune o7 the wmnny uses of the charts is
toa solution of the prorlenm of detornining how a caange of
tie sweenback of a twisted wing affectes the pitching-moment
chnracteriastics. The effact on the leocation oF thoe asrody-

ramic center =2u0d the value of the witchins moment may be
fonad as fellows, The curve of pltchlng—moment coefficiont
2 , based on the umean chord and roeferred to the nerody-

‘Wae

namic centcr of the wing, is detormined from wind-tannel
data, Tho coefficlient ?”T for tJG wing is tlien calculat-
ed and subtracted from the curve of Crige to outain the
enrve orl CmSL The coefficient &, 1s calculated for the

nev sweaspback and alded to the curve of Cms to obtain the
curve of Ctine for the new sweapbacix., The determination of

Lharactoristics of the altered ving is couploetet by
ng d/,‘ for tac new sweepback,

Longleoy Memorial Acronauticeal Labo atory,
National Advisory Committos for Acronautics,
Langlcey Field, Va., onember‘ls, 1933,
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APPERDIX

List of Symbols

chord at any point along the span.

0

Hord at ths center.

zinord at the tin.

s an .
area.

mean chord =

o [4)]

aspect ratio = Db2/S.

angie of sweewback {nositive for sweepback).

angle of twist from the center to the tip of the
wing (positive when the angle of attack increases

from the center to the tinp).

ritching moment (z stallins moment is positive).

L}
Hh

Q

¢fficient.,

= ——Z-— , pitching-momeont ¢
section pitching+moment coofficient about the
quarter-chord point,

C at the contor
m 1 oA > -
0/4

pitching-moment coefficient of a wing due to the
sections,.
pitening-monent coeficient of a wing due to the

taict,
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, pitching-moment coefficicnt ofra wing about an axis
through the aerodynamic center.
0, aﬁgle of attack at any point along the span.

A,, angle of attack at the center; these angles are
measured from the attitude of zero 1ift for the
sections,

a = dCy/dag, slope of the 1ift curve for infinite

aspect ratio.

w, induced velocity.

K, ~circulation,
B F, G, H, factors presented on the charts.

d, the distance from the aerodynamic center of the

central section to the aorddynamic éenter of the

wing measured along the chord of the central scr-

tion.
Derivation of Formulas

The method used for obtaining the formulas is substan-
tially the same as the method used by Glavert (reference 2),
but because of a different viowpoint and differont coef-
ficients the derivation of the weguired formulas is given,

As stated previously, the aerodynamic properties that
contribute to the pitching moment of a wing may be regarded
as the pitching moments of the secctions and the 1ift forces
distributed along the wing axis., The contribution of these
propertics to the pitching moment will be considercd sepa-
ratoly,
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The Pitching Moment Due to the Sactions

The pitching noment of a wing element of width 4y
o7 amywing is -
Me = C. i g ed s = z a;
dilyg uMcA= g ¢ Cme& g c 7
The fotal moment of the wine due to the sections is then
siven by

C

o, wlo

(9]
1!
[4V]
A2
&
jo N
e
—
[
-

Clz;c /‘_

anl ¢ are fTunctions of

4,

AT ~_.
inre s

5
C,/.;

Te momert e due to the sectious may te sxyressed as
a rceffictent based on the mean cuord by

b
3 B
g . < r - .
Lol © =—emem= & _Zea . Oy € dy (2)
5 g 5 B g 0 c/a
e T = S
vLrer s o2 = )
The coefficient 3 may be obtained from (2) by in-
e
trofucing the values of O 2.1 ¢ as a fvnction o7 ¥
C/é .
a.” integrating. Tor the siraigat-taper wing (using the
ri-nt half) Cmc/4 was expressed as a linear function of
¥ by : : .
Cp.g = Ch, + == (g, - 3a.) 2nd ¢ was ex-
C & e ‘ b/B o ~ o
wroesad ‘

. . c
¢ = ¢, (1 - &= r) waere SATE R Cin .
20 b/2 cC
.vas obtained in the form:’
C, =3 Ou_ + 2 (Zzy - Cu.)
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r?, * 2

1-r + 7 3- %43
where E = ——— 5 F = = : =
. e, T o r~
l-v"+ 7 : l1-r + 7

. For the wing with rounded tips and the distorted el-
liptical wing, »Cmc/Q.Was considered constant across the

span and Cms was obtained in the form C, = E Ch ).
S C/a

The Pitching Moment Produced by the Lift Forces

In the following calculation of the pitching moment
produced by the 1ift forces for a wing having a straight
wing axis a familiarity with wing theory is assumed. TFrom
the theory the 1ift produced by a wing section of width
dy + may be exvressed 4L = PVEKdy where K 1is the circula-
tion around the section. The lift acts at the aerodynamic
center of the section (which is assumed to be the quarter-
chord point) and referring to figure 1(a), will produce a
moment about the lateral axis of

d ¥, =3y (tan B) PVKdy

Thie moment of the entire wing may be found from the
integral ‘ .

N 0 . . .
My = 2 PV tan B {b K y dy (4)

-
<

By use of the method of reference 4 (p. 138) the coordinate
y is replaced by the angle © by the relation

8] \
y = -3 cos 6 - (5)
so that £ varies from O to m from left to right across
tne span of the wing., Iso the circulation is represcnted
by the Fourier series

N )
K=2vVvVv % AQ sin n B o (5)
n=:1 '

wners n  has only odd integral valves. Eouation (4) may
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now be expressed in terms of &, using the values for y
and X given by (5) and (a) . -

=
My = ~-2b3 EEZ: tan B {~Z A, sinn ¢ sin 8 cos 0 4 ©
Aiter 1ntvprat ng,7 ML"ik‘f nd to be- o
| R /4 A AL A \
ML = _gbs £0% o Bolat e 2o Sl )
. R N8 5 21 45

Trhe moment produced by the Lift forces is expressed as a

coxfficient Cp = ——=——=: as in the case of the moment

L g 5T
d1e to the sections, Then in terms of tne aspect vatlo A,
the pitching-noment coefficlent of the lift forces about
the latural axis beco nes

Ay AL A, N
SO = . 242 tan 8 (_.1_ o R A .\, (7)
F any wing the coefficients A, may be exXpros ssed in the

formm A, = By ac + Cp € jas w111 be shown later. The

rale e 1s the angle of attarl oY the central section of
th winz - and ¢ 1is the intrease in angle of attack from the

center to the tiv. The coefficients B and C, é&re

o

n
functions of the plan form and of A/ao. Tne coefficients
may also be expressed in terms of the 1i7t coefficient of
the wing from the relation 'O, = mAA, = mA(B, o, + C; €)
refereunce 4). Then

b

L ‘EE c. €
X = B, “ia o/
and finally
SR
o Bn {/.JL' At F"\"_i__ r". .
Ay 7 5, WX Y1y S
By introducing this value of A, . iIn (7) and rearranging

the terms, tle b“tCulﬂr—ﬂO”el+ coafficient of any wing a-
bout the lateral axis mry bte expressed
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s . _2itend [3, 3B, Bs B, ' , ¢
iy, T B, 3 5 21 45 L (8)
% c c c, /3 : B, \
~24°¢ |- 2 _ 25 + -7 _ . >_ _2 (.-‘2. - -5 4+ - - 1 ¢
evten 9 5T ;T I6 n \5 21 15

“rom the form of the above eguation it is apparent that
Cri;; consists of a part which is proportional to the 1lift

coefficient of the wing C1,» and a part which is progpor-
tional to the twist €, The 1lift may be regarded as acting
at a point in the plane of the central section of the wing.
This roint is named "the aerodynamic center of the wing,"
and is located by its distance d YDbehind the aerodynnmic
center of the central section. (See fig. 1(a).) Then the
vart of the CmL ~that is proportional to the 1ift cocffi-

cient is equal to -4 Cr,+ The part that is proportional

to the twiet is the mgment coefficient about the lateral
axis when the net 1ift is zero, as may be seen by putting
1, = 0 in (8). The distribution of 1ift forces that pro-
duce,  this moment coefficient depends primarily on the twist
hence it is designated "CmT", the moment coefficient due

to twist, Then C;  may be written
L

- d 9)
CmL = = = Cp + Cnp (
e
From (8) and (9) _g_ and Cp ~ may be cxpressed in tho
‘. C -
forms
a ‘
—— = H A tan B ' (1)
c
where
B B B. B
H o —2ee <_;+_._3._-_+f1__,_>
m™m B, 3 5 1l 45
ani Chum = = & € a5 A tan B (11)

where ' ‘
2A [ hgl _ C5 G, . SN Cl / B, B B, \ﬂ
- 5 LI . ;
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Reference to the foregoing enuations shows that the loca-
tion of the aerodynamic center of a wing is independent of
ths twist. Also, as the 11£t acts at the aerodynam’c
center, C is constant abont an axis through that poxnt

oy
‘Then tae Ltotal moment coefficient of the w:nb is
c., = Cpe + Cp ~ waere Cp is the
Tac o T Hace

moment coefficient about an axis through the aesrodynamic
centor. The pitching-moment charactceristics of any wing
may accordingly be speccified by giving the location of tue
aerodynamic contor and the value of the pitching moment
aboirt an axis through that point. The location of the aero-
dynamic center and the pitching-moment cocfficient due to
twist are found for any wing having a straight wing axis
from (17) and (11), by the substitution of the valucs of

the coefficient 3B, and OCp ~of the wing. ‘ ‘

Dot rmination of the cocfficionts.~ The coefficients

for any wing may b found from the following equation (r~f-
ersuce 4, p. 189): : '

a = I Ay sinm § {22 4 B ) . (12)

The anzlc of attack at any point alornz the span a may te
exnressed as a function of w© by

a o= e+ (8) e (12)
wiere e is the angle of attack at the center of the wving,
and ¢ 1s the incrcase in angle of attack from the center
to the tip. In dotermining the coofficients An from (12)
only valnes of % Dbetween O and W/B need be consgidared,
as the curve of 1ift distribution is symumetrical about thre
midpoint. Any number of the coefficients A, may be ob-

tained by putting the corresponding nuwmber of valmes of ¢

successively in ( ) to obtain a series of equations., Wien

tdﬁ vatue of _4B_ for the particular wing is subdbstituted
&y C

and the erua*lons are solved simultaneously (expressinz a

by (13)), thc cocfficients A, arc obtained irn the fornm

An = Bn e + On <.

Jing wit 3 linear twist.- Waen tlhe
twiet nas a linear varﬂwtlo &lO&J the speon the angle of
attack ad any point ot the left half of the wing may be
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&= g + ¢ cos 9,

followin~ the form given dy (13). The chord at any point
ot the left half of the wing may be exXprecssed

c = ¢~ {1 + —%-— r), wheras ct/cc =1 - r.
8 ’O '3 )

Then in terms of 3

¢c =cg (1L ~r cos 7) (14)
Also b = A ¢ and cxpressing c¢ in terms of c¢o and v,

b brcomcs

b= A & fa o 1)

2
T neuy .
ih 2 A (2 - 1
i = oo B T
ay C ag\l - r cos Y,

The slove of the 137t carve a, does not vary greatly for
tae winz sections in cowmmon use and may therefore beo con-
sidered constant, The valve used will be 5,79 per radian,
walchh is the value for a good wing section as determined
from tests in ‘the variadble-deusity wind tunnel. Then, sub-
stituting the adovae values of a and M4°c in (12) the

«
&

2gnation for deternmining the coefficients A, for a wing
with straight tapor and linear twist may be written

Ae + ccos £= A, sin n & 2A(% - 1) + e f1e
c - n [5.79(1 - r cos B) sin 0 )

From this equation four values of the cocfficient &, vwere
determined by putting € = 22-1/20, 459, 67-1/2°, and 90°
successively to obtain four equations, These equations

were taen solved simultaneously, using several valucs of A
andl r. The valucs of A and r and the corrcsponding
values of B, andi 0§, are ¢iven in tabdble I. The values

of &k and G were then calculatad by substituting the val-

uss of the cocfficionts in tin forimlas under (10) and (11).

Distorted cllirticnl win: with linoar twist.- The lo-
cation of th: acorodynanic centor and the momont due to twist
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ce

» the distorted elliptical wing may be found by a simpler
cthod tnan thot ascd for the siraicht-tager wing., As
stwtcd oreviously, the location of the acrodynamic cecater

s independent of twist. When ths ving is without twist

(¢ =0y, ;Cmﬁ =0, and»froq.(9)‘ ;”L = o~ —z= Gy

i

feltfey

Also, wiaen the winz is without twist the 1ift distribution
ig in the form of a half ellinse and all the coefficients
in the scries for the circulation arc zero oxcept A . (See

refereace 4, p. 140.) Then from esuation (v} we mar write
0, = -2 A_A%tan B = - -2 ¢
m'r‘ 3 -1 . & . . S Y1
~
YT
but A, = -—, henc
TA
~§r-=:£L A tan 8
C 31 .
Rbfprr'“g to egnation (10) it will be scon that for ths
distorted elliptical wing: X has the constant value
= O
) 4 . e .
The coprlclent ol moment due to tw*su, Clm, dis emsl to
Crm when.GE = 0, as @aay be sedn oY rniorran to bqnatipn
'} R - . . ) B
(+). JTuen O, =0, A, = 0; thorefors, using (7) we may
write ° S o
~ A o 5 AL A A. A
i = 2OAS tan '3 PR S L - N ___i - . . (15)
] . 5 S A s
L & -

Tg cosfficients Ay may de found from (12} &s beforo.
The cnord iu terus of 7% is

o = CC ~ 1 - cosg® ¢ = cp sin 6
Also D= Ao
5. e
and . g o= T "4 i
- r Ce A
then )tz e e Sl
T
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4 i A
and b = L ~ a
ag C ag sin

This wing was considered to nave a linear distributiorn of
7ist, as in the case of the wing with straight taper.
Swibstituting the valuc of a for linear twist and the

ct

above valuc of . 22 in (12)

P © o
’ . L An sinn I, p \
s + € cos o = [ — n
e Sin e l\ ao + n / (17)

The coefficients A, which occur in egaation (18) Zor Canp
conld be obtained from the above equation by the method

used in the determination of the cocfficients for the wing
with straight taper, that is, by solving a set of simultane-
ous equations for cach valuc of A. However, owing to the
simpler form of the eguation for the distorted elliotical
wing (17), OCm; may be expressed in terms of A and a new
series of coefficients which may be found by the solution

of only onc set of simultancous eguations as follows:

Eguation (17) is cxpande& and rcduced to the form

P : Iy N
cos U = i3 '/ 1+ S—-."‘?‘ ")' = \‘ - il { 1 - ——Slll—-5~—i—-\, + kn (14— ————-——-——G‘Ln 7,“ PRl
N sin ¢ N sin v , . sin Y ./ (18)

, arc obdbtained in the form

Tne cocfficionts 4
kp €
oA

20

+ n

and (13) may therefore be written

= Y- - - h] -~
n - L Za € K. € Ly € ..
Cap = - 2 A® tan 3 - + -
FTTA N 71 A A
5(I2 L5 21 {UR L g0 ag( TR, o)
“ag / \ag . \ aq 4

and using the form given by (11}, & vecones
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2 ks ° kg 2 k,
G = 3 - = + - - ..
’ ag " ' S Ag o N
(1l + -fig\ 21m/1l + oy \\ 451 + __K_\
S T mA IETEU S i)

In the calculation of the values of G for tle dis-
torted ellipticel wing given in fiQ“rc 4, three valwucs of
k, were used, Ther were deternine’ vty sclving simmltanc
ously the tharee equations obtained oy pautting g = MZ—l/EO,
457, ani 67- 1/2“ siceessivaely, in cguation (18). Thc co-
sfricicats wore found to have. *hﬁ fo0llowineg valucs:

o

Ly = 0.2724, kg = -0.0811, ¥, = 0,0542

Also a4 ‘was takon as 5.79 per radied as in the cacce of
the straight-taper wing. ‘ '
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TABLE I

Valuzs of B and C ~ Straight Taper Wing

n n
(ct/r-(, = ] - T) e 7 579
B R B B E— —
T . B } Bs ' 35 ; 3y Ci | s Cs O8]
_====" _._14_:.‘:'. ST TS L == —— ' e iy ’;‘;J.._. = .____.._.._____*_:l- = =S --_‘_I'—*_ e e T T =
Agpect ratio 3

0 q.366r§9.0292‘c OOLC.L.OpOFi 0.1569 c. 07Lr‘-ﬂ 006r 0.0065
1/2 37771 -G0751 L0094 ~.0009 | L1553 L0oh5s | -,0067 | L0059

1| .3620lf.0584§—.0015 - oob f 13171 ORE/ | -.0197 | .0051

Asﬁect ratio »

o | .ozss| .o;Au! OOH” L0010 || .C999 o Gt | -.C02% | .00%7
/4 0 .22071 0195 .0074| .oool Il .c9%k o)h% ~.0023 | 0059
1/2 | 2333 oo72¥ :0096] -.003 | codbel Lohon | -l0037 | L0052
3/% | .23%7,~.U]lol 0100} -.0017 | .0916 Jsf'* ~.0062 | LO06k

1| 2065 1-.0890) .0021| -.00k5 | [07dR| 010 | ~-0160 .00ke

A%wuct ratio 20
S A e _

0 NeI ke .0170' .09r3 ocie | Lo37el Losen +0015 | 0037
1/2 LGEEGC | .00k (00 -, 0uC3 C}”H L0237 | -.00060 | .00OLO

1| Lor3E -, 0ol | 10039 ~.00%5 | L0270 | +0007 | ~.0033 | L0035

Aspect ‘”‘A“'ff"ff*?“ﬁfm“”"
ratio . . ) ‘"/L S —

I 5131 | L0075 000,=~ NLoS ; 129G 1 Lon86 |~ 0O5% | L0067

5 eagzl L0074 0007} -, 000k | 21305 1 L9R37 1 -.00h5 | L 006k

g | 1060 .00a7] oooz! -,00CT | L0701 ,Ok28 | —,0027 | L0058
10 J5hE 00621 000 7= 0000 | .oo4oi 0377 | -.0020 | .005h

i |, S S N R
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(b) Distorted elliptical.
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(¢) Rounded tip.

Figure 1.~ Plan forms of the wings.
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