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OALOUTATION OF SPAN LOAD DISTRIBUTIONS
O SWEPT-3ACK WIUGS

By Williian Hutterperl

SUINIARY

PR

- sﬁ;u load distribvutions of svept-back wings have heen

~ealeulated, The notiiod usod was %Yo roplaco tre wing with
-4 bound vortex at tlie quartor-chord line and to calculato

tho downwash due to tho sypotom of Tound and trailling vor-
tilcos to conforn at tho throv-quarter-clhord line to the
slopo of tho flat-pleto wing surfacc. Rosalts are ~iven
for constant-clhord and 5:1 tenerol nlan forzs, for swcop-
baok angles of 0°, 30%, and ¢5°%, and for aspoct ratios of
3, 6, and 9. Sono conncnts on the stallianz of swont-dback
wings aro includodld,

TAIRCDUCIIOG

Airplano doesinns aro oftcen proposod in which stability
and oontrol saro nroviicd dy a wing with a largo anglo of
svecpback instoad of by the convontional fusclago and tall
arranzoiont, Tho calculation of tlhie aorodynanric forcos ig
‘aero 4ifricult or such a winy tl:an on tlo corrosnonding
unsvopt-back wing beenuso of the nore comrlicatod naturec of
the vortox syston, the flow of wikich is to b ecalculatocd.
Thoe probler 1s osseantinlly thet of two yawcd zirfoils (tho
two halvos of tho swont-back wing) subjeet not oaly to the
offoete of finlte masmoct ratio tut also te thoir nutual
intorforcnco,

~VWieghkardt has alovn in ils work witl reectanzular flat
pletos (roforcnco 1) that ~ood rocurac in tho total 1ift
foree can be rttained Ui renlacing the plato with a bound
vortox at tho quarterwchord line and moking the downwash
duo to the Lound vertox rul i4s nusoecinted tralling vortex
systexs conforn, at tho turcevequartor-chor® linas, to tho
slepo of tlie flat plate,

Such a procodurc is rigorously corroct for an unyawed,
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rootangular flat plate of infinite span., The nethod also
holds for n yawed, infinits-span flat plate beecnuse, in
this case, the spanwise couponent of the free-strean ve—
looity has no effsct (1f votsatinl flow 1s assuned) on the
11ft whkereas the conponert nornal to the span has tlhie sans
effect ns on an uayawed airfoil, More procisely, lot the
airfoil bo yawved through an anglo A at zoro angle of nt-
tacl: and then rotatod thkrough an angle a adout the 1lino
with rospoct to which A was noneurod., If tho froo=stroan
volocity V 18 rosolvod along the throo nutually perpon~
ddcular diroctions - nanoly, spanwiso, chordwiso porpendic-
ular to the span, ~nd normal to the plano of tho flat

plato - tho volocity componcats aro, rospoctivoly,

¥V 8in A cos a, V cos A cos a, and V sin a. Inasouch as
the chord uneasured normal to the span 1s ¢, cos A, then
fron two-dinensional thinealrfoll theory, the circulation
P 4e glvsn vy

F=nYVo, cos A sina (1)

Also, fron two-dinensteanl wing theory, the center of
pressure of the lift forcss 1s at the quartsr~chord line,
If a bound vortex of circulation Jiven by equation (1) is
placed at the guarter~chord line, the nornal induwosd veloo-
ity v at ths threo~quarter-chord line is

r. _m Y ¢y cos A sin a

W a ————

amr . 2m %2 cos A
or
w=T sir o (2)

‘which 18 exactly the arount neodod to produce a rssultant
flow nlong the flat-plate eauivalent of the thin alrfoll
at the three~quarter~chord point,

The extonslion of Wieglhardt's method to flat platss of
swept=back plan forn has been nade in the present paper,
A swspi~back bound vortex was placed at the quartgr-=chord
line (fig. 1) and the downwaskh dus to the bound vortex and
its tralling~vortex systen was calculated at points on the
thres—quarter~chord line. The bound vortex strength was
deternined by the condition that the resultant flow at the
thrsoequarter~chord line be tangent to the flat plate.
The span load distribution thus deternined should be ex-
pacted to bo lese valid near the tipe and the center of the

— e
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‘wing thanin botwoon. In tho contor, the offoct of ono wing
wupon tho othor is strong and tho bound vortioos are curved
linos rathor than drokon linos; whoreas, at tho tips, tho
prosonco of strons trailing vortiocs invalidatos the argu=

nent of tho provious paragraphs, which was basod on two~
dinonsionnl wing thoory,

Thac results obtalnod for the flat-plete wing surfaces
nay be apnliod to wings having the usual type of airfoil
section on the assunption that the finite thickness and
canber of the wing 4o not appreciably displace the vortex
systei: frou the lorigontal plane, Fuprtherunore, inssiuch
as tho section lift-curvo slope a, ¢snorally differs frono

2my, tho alrfoil chord to be used with tho rosults of this
papor 1is )

8o
S Szetual

This correction 1s basod on tho twowdinonsional airfoil rew
lation

re % engVa

in which oa, oocurc as a profuct. The valuo of a, will
dopond on tho anglo of swoopback A as woll as on tho aire
foll soction. If thcrc wore ne viscosity offeocts nor
tralling«vortox syston, a, would bo dotorninod by tho
seotion porpondioular %o tho span bocauso the conponent of ‘

tho air flow porpondicular to thc span producos tho 1ift, ‘
Tho cliiof oauso of tho rcduction in a Fro:x 1ta thoorcte
ical valuo as =ziven by potontial theorr is, lZowovoer, tho
viscosity phononona (boundary laycr, separntion, ctc,) that
depond on the aectual path of tho air particlce ovor tho .
airfoil, 3Bocauso, for large aspoet ratlio at lcast, tho
stroanlinos over tho airfoil do not groantly dopart fron

tho froo-stroan diroetion, tho slopo of the 1ift curve of

the airfoill sootion in the froc=stroan dircetion should bo
usod,

SYIEOLS

Tho following syibols are usod:
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vlac span, nossurod along quartor-ghord llno fron
tip

Qr tip to ¢

‘s " wing sonispan (b/a)

A Swooepback anglo, noaaurad fyon quartor-chord ling
a anglo of attaclk, Doasurod in froao stroan diroction
é aroa of plan forn of ving

[] viag chord Doasurod in froo-ltroan diroection

% ving root chord noasured 1n froo-atroan diroctioq

8
A aspoot ratio (!:EEE—AD
L total 11ft
2, slopo of soction 11ft curve

°L 1ire cooffiolont (——-—————
*p Ve g

] 11f¢ por unit 1oqgth along span
r ciroulation
Dy inducoad drag )
. cni' 1nduccd—drag coofficiont (—-—-——-—

p ve s
Yensity of air
v froomstreoan aip voloecity
v inducegd downwagh vo*ocitj
Goordinntos'
n ¢oordinate of downwash polnt in diroetion of quartor
cehord 1ling (positive o rizht}
g ¢oardinato of bouand vortox olenent in diroction of
quartor-chord jine (rosttive to riziht)
; contor orf Dbressurc of 8pan load distribution
f » I -
~
, R
A
1 4
- !
S
-* _"]
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&2€lo oorrosponding ¢, 7 (oos § = o/5)
anglo %orrosponding 4o N (cos ¥ = N/s)

Perpendiculay to frse-stroanm direction in plane of
wing (positive to right)

Sudbserintss
+ refers te right side of wing
' refors to lerg slde of wving

Tefors to bouna vortex

refers to trailing vortex

HETHOD

The flatepl surface of swoptebaclk Plan fornp
1s Teplaood with ' vortex at tng auarter-chorgd line
(tig. 1), The bound vortex the trailing.
vortex sheet, ag - 1ls used in the following
[ : e By the 3iot-Savart
Yelocity (positive dowaward) at gne
P on the threc-quarter-chord ling, ayu, to the

bound vortex I' on the quarter-chord lino, 1s

8 . o
wl'=_1_/’rs1nefda++_1_ T ain
4./ .

which, upon

cos 64 =

cos @g_

bocomeog

e s L




FACA Technical Note Yo, 834

. . +8
e, - . ;i-f F (8,) stn o, a¢,

°+0

€_°
- 51_/' T(6_) s1a 8_ ag. (5
'

The oorrolpondlng 6xpression for the trailing vortex ghaot
ie

Gmg---. .Jl- oos (8+-A+Ei)idl‘

Op 008 Aw y

]
ll 0 AT ! ar
- / * cos (:_.+ 2) (6)
il “.

. cos & . y

The total indvood velocity

1s tho sum of ¢quations (5) ang
; thisg gunm booomoa, after equation (5) 14 intezrataa by
rarts ana it 1s noteqd that p 14 z28ro at the wing tips,
8
re,,) cos ¢ T'(e_ ) cos ¢ 1
+0 +0 -0 -f
4NV = w 5, + 5 - f:_ cos g a4l
°
s
1 1l + in (6, o
~ 5 coae_dP-/[ 28 (8 - 4)]
- : “ cos A 3
-g 4]
°
./P 1+ 8in (6. 4 7) ar (7
- — %+ 4)
. 0_cos A .y

The varlables of integs
Pressed in termg °of a singl
varying continuously from 0
right to left,

ralion g, 6y ang p may be exe
e indevendent variable

0 T acroes the span fronp
Thus by the definitign

\‘_-.._. . s

S e st it .
v o

it s

g
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RPN TS 8008 § for .4 <o

Op =8 cos P for o < 0a,

and the go6onetric relation
o 3

9
tan 6, = m tan §_ = 5. <Al (

togethor vith the usual Fourier gerjeg expression fgr
(-]
Pa 4n7¢_:° sin o kfo f2ks1 ®ln (2k + 1) ]

the following expression May be derivea by substitution
into equation (7):

I

v o f(_l / A A
Voosmo= 2 (2x11) By e L
Yoo staa © k41 len/2e 2a,0 B_ /B 3442

/a /2

° ,/B+a+(scos¢-m

+f cos (2k41) g ag 4 1 {s cos ¢ - A4) cos (2k+1)p ag
. B/ o=

o 8¢cosdcospf.y

/e

+ B, cos A - cos (Za1) ¢ ag
o (5 cos A cos f = y) .'B_,_a + (s cosg [ '--A.T)?"r

/72

- sin A/ (= coc A - 4y) ioi_.(&-'-l) ¢ ag
Yo (s cos A cos £ - ./'B.,,a + (8 cos g - 4,)%

m Ry

+/ cos (2-41) g__ ag + 1 /‘ ﬁ—‘—*\*(s Sou ¢ - 4.2 c”o_s-_(;kﬂ) ¢
. 8 cos A cos § -y 2. fs_‘+(scos¢-A_)"'

n/a . /8

\
’




BACA Techuzgal Note Wo, 834

hoon [ ermmgy
co ﬂ',. (¢ cos A cos $-y /3_' + (s cos @ - A_)“’
v
+sin A (s cos - 4.) com (21+1) 9 ap ] (11)

";. (s cos A cos $-9/B"+ (e cos ¢-Es_f

The Zirst and the fifth integrals are integradle br means
of ) ’

L .
cos n @ e T 8in ny (12)

. cos % - cos ¥ ein ¥

°

The singularities in the integrands of the third, the
fourth, the soventh, and tho olghth intograls can bo removed
by tho ldentity

cos n @ B

- *
(0059‘—?) .jl.+[-;:(coa¢-:—i‘-:}j ~/B_'_a-'-(A_,_-'I'I)a cos § - 1
(.\f’ |
- (&)

A
cos nff cos¢+2_g.si)

1+[;—+(co.¢_.‘:_4>r{3i+‘%+=,mrn)a+ 1+[;—+(cos¢=§i)]a}—/)

. (13)
togothor with the elenentary inte ration
/e
X o _2os_uf ap_
Cn / cos § - cog 7 (1¢)
[- I :

S—_—

et - e

. -

c m———




_NACA Teohnteal Note No. 834 9
U n/a

© Phe limite f cen be' changed tof by the substitution

n/s o

funma §. ¥ith theee changee and the expreesion of all
distances in terme of the root chord e¢,, equation (11)

for the downwash at P bYecomee

/

- k
E(21) ey, [ (

v
'l'-:lnu.-k-o 2k + 1

Ay _ AL \
m/2

™ oain (2Hl)y . _S__/ cos (2e+1) ¢ cos ¢ b

8 cos A sin B2, ¥
°

+

n/a

- B}; % + ten A)f cos (?kil) ¢ (?1:"1) 4¢ + E%(l + -——(A;T) tan A)
Jo -

V4]

» cos (2oel) ¢ (cos g~ g- 2 %)
. F (C+F)

I a
Koy = (nj) ag

o
n/2
) cos P con (2k41) ¢

+ E’/ g @

Ti/a

+ %(; - tanA)t/l cos (2w+1) ¢ ap
)

mn/a
1 (4. -m) tan AN [ coe (2141) ¢
+ ; (1 - 3 >./ dp
[-]

(cos g+ 2;

(15)

whsre

W ——
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VAR

+

cos

and where

41, - 31,
1615 - 201, + 51,
64I, « 1121, + 561, - 71,

etc,

1 + gin v

1
—1
8in y 6o cos y

n
2
1
I
4
2
3

+ cos y I,

+ cos y I

+ cos v In

+ cos y I,

+ cos y I,

R TAY
oy

‘m

+ cos y I,

[
<]

4

l

+ cos y Ig

[~}
L]
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Phe integrals in equation (15) can be expressed in

terms of elliptic functions but the formulas are too long
for practical svaluation. The integrals were therefors
evaluated numerically by Simpson'se rule and ths downwash
was thus computed as a linear function of a,, a,, ag,

and &, a2t four points on the throo~guarter-caord lins.
These points wsre located at § = cos™? % = 20°, 40°, &0°,

and 80° corresponding to % = 0,940, 0,766, 02,500, and

0,174, The condition that ths rssultant flow be along the
flat plate at those locations (and the symmetrically sit-
uated spanwise positions) was fulfilled by sotting

w=7V sin a in squation (15). Four simmltaneous oquations
wsre thus obtained and solved for a,, a;, a5, and a,,
which by squation (10) gave the spanvisc distributions of
eirculation, The convergence of tho Fourlor series thus
obtained for ths cdrculation ' was rapid. (Sso tadle I.)

RESULTS

Span load distributions were calculated for constant-

chord and 5:1 tagersd plan forms with 30° angle of sweop~
back nnd for constnant chord wlan form with 45° anglo of
swoopback, The aspoct ratios cnlculatod wero 3, 6, and 9.

Tho Fourior sorios cocfficionts for the circulation,

the spanwise locations of the centor of prossuro, and the
inducod~-drag coefficionts are given ia tadble I. The con-
tor of prossure of the span load distribution is givon by

®la)

] \E

o
fo-pVI‘ cos A do /‘ cos P sin P }03 8541 sin (2el) p ag

o "o

s w/ 2
(-]
8 /ppvrcosA do /P sin ¢ E fap4y 81T (2k+1) ¢ ag

/]

4 3 a 1a 1l a ‘
= -—(1+—‘-£-—-—+E-+‘-——1+...) (19)
3 5 ay 7 a, 15 a, .

The induced drag was obtainocd by projoc%ing the 11ift-
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ing elenents into one line perpendicular to the free-strean
direotion (Hunk's stagger theoren, reference 2) and obtain
ing the induced drag of the resulting lifting-~line distri-

_bution, Thus, for the distribution

. o
P ed4n Voo, adn a £ ag,,, sin {2141) ¢
o

regarded as a 1ifting-line distribtution, the induced drasg 1s

- 8 cos A
G ¥ _.r
Dy =§_ V cos & nd
3 O
n/a 1;
s .8 2 a i b

8n" p¥ o, o /' @1) 2oy sin(2Actl) P & apyiy sinl2n+sl)d af
. . ) . °

[+

With the relation bo%waen "0y, ard a,; derived in equation
(21) .
CD bl a L
i -1—- r 2k + 1 (._"‘1'.‘5"_'."}; 20 '
GFCap L ( ) s ) : (20)

.which holds for both the const ant-chord and the tapered

plan forus,

Phe total 1ift forces aro obtained frea &, as fol-
lows: '

Gonstﬁut chord: s

i

CL = . L - = P V cos X-‘iﬂ: F-fi = 211'2 0 a;

EpV S kpV s
5:1 taper: {21)
L 10
K] = : = -]
L e oo oay

1 2 Cq 1
-2— P " 0 —2-9'— (1 + —5') cos A

The varlation of the total 1lift forces with aspect ratio
is givon in fiiguro 2. Tho curve for zero angle of swoopback
ieg practically idontical with that givon by Wioghardt (rof- -t
oronee 1, fig. 4) but 1is oxtended to as aspoct ratio of 9.

A e i A S
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fpoluded for comparison are the curvee for ths correspond—
ing unswept-back plan forms obtained from lifting-line
theory, a ourve due to Krienes (reference 3) for an ellip=
tiecal flat plate oalculatsd on the basis of the aceclera-
“tion potential, and a result from experimental work (ref-
erence 4) for a 2:1 taperecd wing of 30° swecpback.

There ie a surprisingly larze differenco betwcen the total
14ft forces predictod by the ordinary 1ifting~linc theory
and those predictod dy the modifiod thoory usod in this
report. The exporimonts of Winter (rofercmee 5, fig, 36)
on roectangular flat platos favor tho modificd thoory.

(]

Ao e

For a low aspoct ratio and an arditrary plan fornm,
oquation (24) for tho limiting span load distribution
(presented later in this paper) ylolds -

1im  Of A ' C :
" A—en 0 5;; = ry ) (22a) j

while for large aspoct ratlo and arbditrary tapor, oguation '

(1) gives ' . . : :

. 1im Cg U ;

) ) . Aww 3ng = o84 o (220) ;

: Tho'redubtioi.of 11ft by cos A, . indicated by the precod—

ing expression, ray bo reogardod as a firet approxinmation J

to tho lowor 1ift forco of a swept-back wing, Figuro 2 in- )
dicates. that the approximation bocomos loss valid for lowor i .
aspcot. ratios, highor sngles of swoopback, and higher :
amounts of tapor,

A A eomgariqon of tho curves for the constant-chord,
30° .and 45 swocpbaek plan forms, and the rcetangular plan
form {by Wioghardt's mothod) shows that tho total 1ift-
ecurvo slopes aro roduced by about 7 and 19 pcreont for the
30° and tho 45° easos, rospoctivoly, at ar aspect ratio of
6. If the total 1ift of tho roctangular plen foru ob-
tainod dy 1lifting-lino thoory is used ns & dasis of conm~

. perison, the corrosponding total 1ift roductions aro 14
and 35 pcrcent.

Fggurc 2 nlso shows that the roduction in 1ift of the
swopt-back taporod nlan Torm 1s much loss than that of the
. . swopt=back constant~chord plan forn,

£

Thq'apan lond d{striﬁutiona aro shown in figuro 3, i
. The ordinatos aro givon by ;

tﬁ\ln‘wm‘?’(‘m"" -




- 14 HAOA Technical Note No, 834

IR : Db = I

(23)
*p * s 6y, # V €, O By '

It.can bo shown that, as the aspoot ratio approachos zoro,
eguation (11) ylelds, for an arbitrary plan fornm,

linm iy . - i 51n¢ (24)
A—0 3 o7V 8 cy, ”

as ¢ lipiting form.

Pigure 3 shows thnt tho wings with the swopt-back
constantechord plan forme havo higher tip loadings than.
tho corrosponding unswept-back wings., This rosult implics
greater tip-stnlling tonlencios for swecpt-bock wings.
Furthormoro, the root scetione tond, with higher aspoct
ratios, to bo loss loadod tkan tho soctione halfwny between
root anéd tip. Thnt this result must be valid ia evident
from the facet that a yawod, infinits-nespoct-ratio, constant-
chord airfoil has n uniforu span load distribution. If ono-
half of the ~irfoil ies bent baoic to form n swept-back wing
and if the bound vortex strength remains the same, points
near the root soction, wliick originally had thse proper
downwash to conform to %trhe slope of the surfaco, would now
have too much downwash; honco tho bound vorticity must bs
reduced at and near the root section,

Figure 3(n) indicates thnt lifting-line thoory pre~
diote highor tip loading thnn is glven by the modified
thoory used horoin, Now, the trailing vortex syston in-
ducoes loss downwash at thes gunrter-chord line than at the
threce~gquarter-chord line. 8Sinece 1lifting-lins thoory do-
ducts tho downwash anglo at tlo guarter-chord line from
the goomotric nnelo of attack, tho 1ift noar the tips

thereforo apponrs highor thon that givon by tho modifioed
thoo ry. ’

The spanwiso location of the boginning of tho stall
on n swcpt-bnek wing ond tho corrosponding anglo of attack
aro, howevecr, prinarily cCopondont on the spanwise flow of
tho boundary lnyer on the suction surfnce, This spanwiss
flov ies due to the surface pressure distribdbution. Cn a
evept=back wing the surface pressurs graldients sweep the
slower noving nir of- tis boundary larer townrd the tip.
Some tuft observations on constant-chord swent-hack nnd
ewspt=forward wings indiented thnt, in nddition, the tip

R S PRSP et
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vortex, which was coming off the top of the wing, provided
an added local inducement for the bdoundary layer to swesp
tovard the tip. Near the tip, the thicker boundary layer
(before it has been sxcessively influenced or removed by
the favorable pressure gradisnt of the tip vortex) will
therefore stall the wing firat in that regisn. On a swept-
forvard wing the surface preasurs gradients sweep the
bocundary layer toward the centsr but near the tip vortex
the flow is atill outward because the tip vortex comes off
the top of the wing.

The span loadings of ths tapered plan forms de not
differ greatly either in magnitude or distribution frem .
those that lifting-~line theory predicts for the correspond-
ing unswept—back winga. The total 1ift forces on the
tapered plan forme being higher than on the censtant—chord
Plan forms, stalling should occur at a lower angle of at-
tack for a tapered wing than for the corresvonding constant—
chord wing., If two-dimensional chordwise load distribution
on each spanwiase location of both the tapered and the
constant-chord plan forms is assumed, geometry indicates
;mller wanwvise pressure gradients on the tapered plan

orm,

CONCLUSIONS

1. & swept—back wing has a lower total 11ft force and
& higher tip loasding than the corresponding unswept-back
ving of the same plan form and aspect ratin,

2, The changes, below the stall, caused by swesping
back a wing are much less pronounced for tapered plan
forms than for constant-chord plan forums.

3. A swept-back wing tends to stall first at the tips
and at a lower angle of attack than the corresponding
unswept-~back wing.

Langley Msmorial Aeroneutical Laboratory,
National Advisnry Committee for Asronautics,
Langley Fisld, Va., September 16, 1941.
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Mutterperl, W. lowvisioN: Aerodynamics (2) | AIG. AGENCY NUMBER
SECTION: Winge end Airfoils (6) , [

CROSS REFEREM<SES: Alrfoils - Spamwise load distributio TH-834 .
(0821) ( Wing}) ~Grallin)) charecteristics (99179)  [~——rvmei T

AUTHOR(S) S — . ) ;
AMER. TITLE: The calculation of span{load distribution’?on swspt-beck winge 7_\/_/

FORG'N. TIMLE:

‘OUGINATING AGENCY: National Advisory Committee for Aeronautics, Washington, D. C.
TRANSLATION:
COUNTRY | LANGUAGE RGNLLA! u. S.CLASS DATE |PAGES| iLLus. FEATURES
U.S. l Eng. I Restr, ec'hll li ltable, diegr, graphs
Method used was to replacs wing with a bound vortex at quarter chord line and to
calculate downmash caused by system of bound and treiling vortices to conform at .
thrae-qunrter-chord line to elope of flat-plate wing eurfece. Results ere given for
! constant~chord and 5:1 tapered plan forms for swept~back englse of 0°, 30°, and 45°
_and for aepect ratios of 3, 6, and 9. Some comments on stalling of swept-back winge are
" included. Sweptebeck wing will stall first at tips and at lowsr angle of etteck than a
corresponding unswept wing.
! NOTE: Requeste for copies of this report must be addresssd to: N.A.C.A., Washington,
—-— b C.
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uutterperl, W. Jomision. Aerodgaamics (2) Lt [ BRIC. AGERCY NULE

SECTION: Wings and Airfoils’(6)
CROSS REFERENCES: Alrfoils - Spanwise load distribution
(08214); Wings - Stelling characteristics (99179)

AUTHOR(S)
AMER. TITLE: The calculation of span load distributions on swept-back wings

FORG'N. TILE:

ORIGINATING AGENCY: Netional Advisory Comuittse for Aeronautics, Washington, D. C.

TRANSLATION:

COUNTRY | LANGUAGE ronG'Nnus U. SCLASS. | DATE |PAGES qus FEATURES
U.S. Eng. Hestr, Dec'sl ) 20 table, diagr, graphs

ABSTRACY
Method usad was to replece wing with a hound vortex at quarter chord line and to
celculate donmmash caused by system of bound and trailing vortices to conform at
threa—quarter—chord line to slope of flat-plate wing surfacza. Results are given for
constant-chord and 5:1 tapered plan forms for swept-back angles of 0°, 20°, and 45°
and for aepect ratios of I, 6, and Y. Some cooments on stalling ol swmept-tack wings are
included. Swepteback wing will stall first at tips and at lower angle of attack than a
correaponding unswept wing.
NOTE: Requests for copies of this report must be addressad to: N.A.2.i., Nashington,
D. C. -~
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