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SUMMARY

This paper describes the derivation of empirical formulae
for the loading distribution on straight tapercd swept back wings, in
terms of the parameters governing the geometric wing plan form. The
derivation is based mainly on the results of the Wedssinger method but
corrections to give better agreement with experimental results have
been introduced.

The method depends entirely on the assumption that the shape
of the loading curve can be completely defined by the position of the
spanwlise ccntre of pressurc (). Although this assumption cannot be
backed theoretically thce analysis shows that there is plenty of sound
evidence to support it.

The shape of the loading curve is then shown to be expressible
oxplicitly in a formula involving ¥. This formula can be¢ used to
derive the loading distribution for any particular wing falling within
o wide rango of aspoct ratio, taper ratio, and sweepback angle, and the
calculation can be completed in a matter of minutes to an accuracy
comparable with that of the Falkmer method. In addition, the method
allows the results of the linear perturbation theory of compressible
flow to be casily incorporated. However, it suffers from the limitatior
that it applies only to simple trapezoidal wing plan forms.

The formulae are =

The location of the Spanwise Centre of Pressure in

incompressible {low
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NOTATION

sweepback of the 1/4 chord line

= aspcecet ratio

taper ratio LiRchord
root chord

= semi-span

spanwise position/semi span

geometric mean chord

mean 1ift coefficient for whole wing

spanwise position of centr~ of pressure

slope of g-f).m.tan[' lines

intercepts of (%).w.tanr'linos on the

%
= loading coefficient =

ECL
slope of K“."V.S" lines

n

aspoct ratio for wing at Mach number M

sweepback angle for wing at Mash number M

&
an

) axis



1e Introduction

For a wing of any given plan form thecre are a number of
methods for determining the loading distribution and among the better
known are those due to Fa.lknerw"}g’?z-?‘*, hulthopp, Weissingcr1, and
more recently Schlichting and Themas*>. However, all thesc methods
involve quite a considerable amount of computing work and timc and
do not readily present a gencral picture of the relative effects of
sweepback, aspect ratlio or taper ratio on the shape of the loading
curves It was decided, thereforc, to develop a semi-empirical
approach based on the results obtained by applying onc of these
analytical methods modified in the light of such actual cxperimental
cvidence as was available. The ultimatc object was the development
of a method that would be both quick to apply and would rcadily
demonstrate the part played by the various geometrical and aerodynanic
paraneters in controlling the loading distribution.

The resulting method presented here applics to straight
tapered swept back wings and appcars to give results that are
satisfactory for most practical purposes, whilst the time of
camputation involved in any particular case is of the order of a
few minutes,

2,  The Weissinger method (Reforence 1)

The Welssinger method replaces the spanwise load by a line
vortex at the 1/4 chord position., The spanwise strength variation
of this vortex is determined by the boundary condition that there
can be no flow through the mean canber line at the 3/4 chord point.
This is cxuetly the sume set of assumptions as thosc adopted by
Multhopp who attcmpted an analytical treatment of the resulting
seriess However, Velssinger preferred to determine the circulation
directly at four spamwise points,

The theory is applieable to all plan forms, including those
which have comber and twist. IHNevertheless, it is usual to consider
the loading in two parts, viz., the 'basic londing'™ duc to camber
and twist at zero total 1ift and the 'additional londing' due to
angle of attack, Only the 'additional loading' will be considered
here.

/30 e

R An empirical method for tho basic loading is in the course of
preparation.
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2o  Range of aerofoils considered

In Reference 6 the Yeissinger method has been applied to
straight tapered wings within the following range,-

Aspect ratio range 1.5 to 8 "\
Sweep back range 0° to &° g
Taper ratio rangs 0  to 1.5 {

Wings with five taper ratios were considered. They were -

lll 0, 025’ 05, 1;0, and 1,5,

For ecach of these taper ratios graphs were drawn of -

(a) the variation of the spanwise centre of
prossure ¥, with swocpback angle [* for
each aspect ratio A, (A typical sct
for A = .5 is showm in Fig.1).

(b) The variation of the spanwise loading

coefficient|—=

with sweepback for

cach A at the four spanwise positions -

ns= o’ 0382?’ 0?0?1’ and 192391

4. Loading curve shape paramcter

From the curves fa) cross plots wurc obtained of A  versus
' for various spanwisc contre of prossurc positions ¥, at cach of
the taper ratios A, (A typical sct for A = +5 1is shown in Fig,2),

Theso A~[" lines werc then uscd in conjunction with the graphs (b),
ol
and the loading curves [-:_J-L- J against n were derived for various

33
wings whose geometric shape:Lare defined by [°, 4, A, for constant
values of ¥. The proccss was &ppliod to numerous valucs of ¥
from ¥ = o415 to 480,  (Sec Fig,3 for a typical sot of rosults),

In overy casc it wos found that all wings ([, A, A)
which had the same spansiisc centre of pressure position, ¥, had )
practically the samo non-dimonsional spanwise loading curve i.cL_ up
Honce, all the wings which form the locus of any ono of "oEL r
the A~L 1linos (such as in Fig,2) have a loading ourve whosc
chape may be entircly defined by ¥,

/The ..,
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The loading curves which have been drawn to illustrate this
result in cach case (v.g. Fig.3) have been taken from the extreme
limits of the A~ [ lines, and the discrepancies between the
loadings ropresent the moximum discrepancics that oceur for v in_s of
similor ¥ within the range considercd,

The worst discrepancy encountered wvas only found to be of
the order of 2 per cent which compares favourably with the sort of
accuracy to which experimental rcadings of pressure plots may be made.

On the basis of this analysis it was decided to accept ¥
as the loading curve shopo paranmeter,

5 ¥~ A rclation

~Tho problen now .educes itasclf into the cmpirical solution
of the cquation

TR s e )

Cross plotting from the M A lincs we next obtain the sct
of curves ¥ against A for various I at cach A, A typical sct
for A = .5 1s shovm in Fig.he It can be scen that these Y~ A
curves arc all not far off straight lines, We thercforc assume that
the ¥y~ A curves may all be represented by straight lines which pass
through the point <42 on the ¥ axis, The cases where the assunption
is clearly woak fall outside normsol precticel bounds. Thus we note
that,=

1o wings with A= 0 are not likely to be mot
vith when [ =0 if A 4is above about 4.0,

2, Wings with A between o5 and 1.0 arc not
froquently used when [” is lowv and A is
below about 2.0, or when [ is high and
LA 1s also high,

Wa moy elso noto that the Weissinger natlmfi ia knowm o undrrestinata
tho load at the tips. Ve can, theroforec, expcct values of ¥ to be
slightly groator than thosc derived from the Weissinger method.

6. Rolations betwoen ¥ &, £ and A

Using the stroight linc roprassutntion of the y~r A  curves
wo now obtain thelir slopes for overy valuc of £ considored ot cach
tapor ratio (seo Table I)s Thus,

S (gff_),,;f
2 42 for nll‘?k.

s e)

whero ?A

/Blotting o..



-6-

Plotting these slopes (g A against [fl;an f’} wc obtain Fig..

which suggests that we nay :}ca.scm.bly draw straight lines through

thia points obtained for any one taper ratio A, The points obtaincd
for A= 0 do not le:nd.thenselvos to this sirplification as readily as
the points obtained for the other taper ratios. The equations of
those straight lines (Fig.5) nmay be generally oxprosscd by

! o5
\ﬁ)k=xk th+BL Ol!olalcvouuoo.(s)
whera Kl i3 the slope at a particular taper ratio ,\ and B A s

tho intercopt on the (%AY) axis. Thus the individual cquations
become

(%Loﬂgwgs 'ta.n{"-.0065. ..o.occlolctoco(il-)
/3
kﬁ ,5"'00575 tan['= ,0015. Ty
(Efx-:) 200067 tn"lr‘# 00008. 00-.-.-.-...-..{{')
5
(gz) = +0093 tan(+ ,00375. veressnsssasansl?)
ah |
1.0
(-g?} 2 .0119 tan["+ 0060, | veceesrenareceslin)
b
145

1
Plots of X- oagainat A, and By ogainst N and A2
(sco ¥1g.6) now load to the oquations

Kx =000u[-* .005?\. oo.oo«ou-o--ooo(‘))

and B‘R 8-50067 + o010~‘+?\%0 P S A S "r1q:

Thus, substitutding in the aquuadtdon Lo (*2%} we liavn
A

(ﬁ)\ s (sO0LL + 005 ) tan [
i

4
-.w6?+l°1°kh'§. ..............‘(11}

¥ ..424-(%'});.. RN )

Cote+ 5N) tan D
Th | g 2
us F L +ﬁ [ *10.",\"‘-6.7].oo|coooooonaoo(1r)

/This v
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This is the final formula which is the paramctric ralationship
between the geonetric shape of the aerofoil and the shape of the non-
dimcnsional loading curve,

7+ The accuracy of thc cmpirical formula

The procca: of derivation of this formula is undoubtedly
crude but ita results can be rcadily checked against the initial
data and its accuracy can be assessed insofar as onc accepts the
accuracy of the initial data, This was done for same forty different
wings, covering thc cntirc rangc of aerofoils considered, and the
comparisons between the original Yedassingsr results for ¥ and the
results obtained by mcans of the cmpirical formula are shown in
Toble II,

In the najority of cases the empirical foruula gives
rosults which are slightly larger than the Weissinger valucs but
this wos inplicit in our assuniptions and deliberatoly introduced
to allow for the fact that the Weissinger method appears to under=
estimate ¥ slightly in certain cases,

In the few instances wherce the empirical formula under—
cstinates the valuc of ¥ the difference is small,

8. The suitability and importance of ¥ __parameter

There is some doubt as to the suitability of ¥ as a
parameter, mainly because its tolal variation is only from about
+400 to 4500, and in this range a wide variation of wing plan form
is possible, from a triangular slightly swept wing of low espect
ratio to a rectangular highly swept wing of large aspect ratio,

However, the cmpirical formula appears to be capable of
estimating ¥ to within ,003 (see Table II), vhich represents
3 per cent of the total ¥ range, while an error of .003 in estimating
¥ only corresponds to an approximate crror of 30 in the angle of
swocpbacks  Thus the formula might be oconsidered ns ascurnte cnough
for most purposes,

9, Shape of tho di

Now that we have obtained a valuc of § which may be readily
computed for any wing, we rvquire to relatc ¥ to the actual shapc of
tho loading curve and so relate the loading curve to the paramcters
governing thu geometric layout of any wing, Tho shapos of the
loading curves used wore derived from Reforcnce 6; they rcprosent
tho actual Welssinger rosults and no attempt has beon made %o corrcct
them to £it expurimental owrves,

/Roference see
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Reference € only considers four spanwise statioas but
from the mean curves of loading distributions (e.ge Fig.3) the loading

o

coefficient Iin 2 | — was determined at ten spanwise positions

e

for scven types of loading (i.c¢., for scven valucs of ¥).

Ir Rn, tho loading coefficicnt, is now plotted agninst y
for each of thc tun spanwise positions considervd, wc obtain points
that may ensily be 1epresented by a set of straight linss (see Figs,
7 and 8),

It may be showm that the value of ¥ for clliptic loading
is very close to 425, Thus, if the K, oxie ia taken at Y = o425
in Figs. 7 and 8, thc interccpts of the K.nw Y lines on this oxis
should give an ellipsc whon plotted out against m. It wos found
that this was oluost exactly truc. e shall therefore take the Kn
axis as passing through ¥ = o425 and this defines a fundamental loading
curve,

The K,nm Y lircs ney be represented by the zenoeral equation
K.q = K§ '|'Qn (?"011-25) ocuooo-oouoono(13)

where Ky is the intercept of the lines on the K,n ax¢is and Q'I’I is the

-
slope lx_{'l
oy |

n
We have alrcady discovercd that the variation of K? with
n  1s very ncarly elliptical and it noy be written

Ky = 1-28 (1 -112)%1 00-03.00000000(111-)

The slopes Qn are ahown in Table IV and plotted in Fig.9
where it may be scen that they form a straight line from m = 0 to
N = o7, but thereafter the curve appcars to be parabolic. Hence,
we find Q.n is vory cloacly given by

(=6435 & 14,13 n)“ K
eoees (15)

%4

» 2
iu.zs - 53,8 (n = ,815)
n‘};.? [

/Substituting ..,

= T
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Substituting for K v and Q11 the complete louding
formula beocames =

(=6035 + 14e13 n)11 2.7

'@ = 1.28 (1 - 112)% + ' ” F - lh25] ° (1 b)
&y, 4e25 = 53,8 (n =,815)° . .
a7

where ¥ may be calculated bynthe empirical formula alrcady given!.

10,  Accuracy of thc loading formula
For ¥ = +44 we have the following comparison,-

Empirical Welssinger
fornula
0 1,185 1,185
+ 383 1.168 1.160
« 707 «959 »955
0223 551 +555

This agrecnent is typical. Thus, providing the vaive of § is
correct this cipirical formwla allows us to reproducc alitost exactly
the corrcsponding Weissinger loading curves
Wec have alrcady noted that ¥ way be in crror by approximatcly

2003 and i1t is found that the moaxinum orror in ﬁ which this is

likoly to cause is Just over 1 por cent from the mcan Weissinger valuc.
This is within the originally cstinated moaximm differcnce between
looding curves with identical ¥ velues (f.c., 2 pur cent noimm
differcnce). However, it should be remenbered that Weissinger
loading curves do not always agrec with cxperimental results and no
allowance has been made for this fact except in the estimation of ¥e

14¢  Collcctod formulae

The loading distribution on any straight tapcred swept
back wing may be derived with an accuracy suitable for most practical
purposes by tl.e application of tie following formulac,

/(formulac) ...

o

B Onoe ¥ 4o obtainod, valuos of == mnay be rcad directly

fron tho K.n.'v.ir' linos Figs, 7 and 8, The formula is
moainly of usec whoro partial arcas of the loading curve are
roquired, oc.gs, for bonding noments.
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. . .
y =.¢2¢—§,‘- L(u.n+5;\) ton [+ 10.1.7\1’-6.7J eee (18]
1

wL 0 _& ( 6-35 +* 131--13‘1)“5.7 )
== 214,280 (1 =1°)° & 0 '-};_, .
%, o5 = 53,8 (n = .815) g
n¥.7]|

-

-
i
L S 1\

may also be obtained by reading directly from the I{h.'V.y lince
(Figs. 7 ana &),

AP

12  Couparison with cxperimental results and Falkner's calculation

A cooparison between the loading curves obtained by the
capirical ncthod suggested above and an experinental pressurc plot
arc shown in Fig,10, (Refcrence 8),

The wing has A = 7,51, ['= 23° and N= .243, and there
is reasonable agreoment oxcept at the root, A conparison with the
results of Falkner's calculation wos made for the following wings.
(Scc Figss 10 = 14) and Reforences 37, 38, 39).

Mach Fig.
£ 4 A 58

2 No. 410,

1 0 6.0 1,0 0 10
2 0 5.87 0323 0 11
3 0 5,87 0323 o9 1
4 0 2,56 0323 o] 11
5 28,4, 5.89 e323 0 12
6 28,4 5,89 323 o9 12
7 48,4 2,56 0323 0 12
8 52.5 2.3 0. 0 Q wing 13
9 5265 2,31 0 9 Dwing 13
10 7ok 1,01 0 0 13
1 59 3¢5 e25 0 1%
12 45 5.8 025 8 14
13 45 5.8 025 0 4

Tho agroonont with Fallmer's rosults appears to be quite
remarkablo and the only roally sorious discrepancics occur for wing
Noe8, 4.0, tho dolta wing and for wing No.43.

A point of particular intercst is that tho ompirical foruula
agroos bottor with the Falkner solutions which have been corrocted by
on auxiliary solution than with the uncorrcctod Falkner solution,

/Falkner o0
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Fallmer has introduced this auxiliary solu*ion to allow for the
effects at the centro section of a swept wing and it can be scen
that it considorably alters his standard 126 vortcx 6 point
solution,

13 Cos::g;gﬁé;-{ﬁic flow

Using the rcsults of the lincar perturbation thecry,
R, Dickson has shovm that a wing in camprossible flov
Au, _["H, A , may be represented by a wing in incompressible flow
AD’PO’ h » where =

e tan [

A, =1 i 4y and tanl = s ¢ e )

/1 -2

Substituting in the formule for ¥, we have

1
T =42+ % [(4.1. +5 ) tanr‘m + (10,40 = 6.?){1-2.:2 ]

sesgnnatiiB)

and from this the position of ¥ and hence the nev loading curve
nay be calculated for any desired valuc of 1 below the critical
(within the assumptions of the lincar perturbation theory).

In his report Dickson™ suggests that ¥ remains constant
independent of Mach number.  According to the above equation,
however, it will be scen that this is only so when

i
(100&! -6.7) = 0’ looo..aocolo-(19)
1,00, when A s J415. '

Novertheless, for wings with taper ratios between abecut
¢35 and .45 it will be clear that the shape of the loading curve will
not by scriously modified by vacintions of liach nuiber and in
particular thore will be no largo movenent of aerodynamic centres

Furthor inspection of the fomula suggests that when
N D o415 incroasing Mach nuiber docroases ¥ ond the acrodynanic
contre moves forward, Similarly whon A <€ o415 increasing Mach
nuber increases ¥ and the aorodynanic contre moves backwards.

/4ks  Conclusions ...

% The wings analysed by Dickson vory nearly satisfy (19),




14e Conclusions

1¢  The nothod evolved applics to the cdditional
loading of non-yawed straight tapercd swept back wings at suall
angles of incidence, This linits its usc in view of the present
trond of swept back wing design (i,c¢. cranked wings), but it is
felt that an oxtension of the method to cope with these other
paon forus should bo feasible,

2o The cupirical formulac derived for the estimation
of §¥ ond the shape of the non=dimensional loading curve is
sufficiently accurate for nost practical purposcs, both at low
spceds and at Mach nuibers within the 1inits of the lincar

porturbation thcory. Any particular casc can bu estinated in
a fcw ninutces,

3+  The available data indicatesthat the accuracy of
tho empirical fornula is better than that of the Weissinor nethod
and comperable with that of the Falkmer ncthod, but until nore
dircct cxperimental ovidence is available this cannot be relicd
upon unconditionally,

P50 15 o P




=1 3=

Gleo® Gelene GZLo® 2g00° - 29
glLo® g2 Glone %00 €en G
754 ald Sgeo*” Gt gL 6£00° ot
9600° 900" 22£00° - (Toak 2
- 907" 9200° 2 - St
Gloo® 260" gLo0® - zlnn® 2%
- - LLon® - - S
900° o'mo° §09° gion®~- 60 8]
G°L =




=fl=

TABLE II
y for 40 wings
Weissinger |[Empirical |Experiment]
A | 20 A < Formula -
bk o4395% obdidy
'll"‘B !'I-G"i- 50:+5 o’-IJ-I-2 o%}s 045
0 L5 2,76 olit 4136
L5 L5 <405 4096
20 2.35 405 « 408 i
20 Lol « 395 « 3975
20 6. € 039 « 3894
30 4.3 «400 402
0 2.1 « 400 406
0 5.25 °38 « 3848
025 20 6 o3 o 43045
€0 2.5 o lpdy « 4407
1505 500 oh—? -10.2032
0 5'8 oll-" .4113
o5 60 1.5 slide .1.,588:
60 3.5 o464 4638
L5 1.5 o3 o311
L5 L5 NN . 4,535%
30 2.5 oli3 ol 313
30 45 oldy oLL03
30 8.0 o454 -h562-
0 3.5 4225 4219
0 7.0 ole2l « 4239
20 4.8 o436 oL 347
1,0 60 1.6 45l 452"
60 3.0 o8 o48
45 1.7 oldy ouy23
45 3035 RSN 04639
L5 5.0 i o 4842
45 bed oli72 4?37
30 2,0 36 o438
30 3.9 o454 o455
30 6e3 oli72 W77
0 2,7 oi3 b3
0 Le2 o436 .4.356”
0 564 oldy + L4389
15 1.9 o3 04318
15 35 oldy WVRT:]
15 55 o454 04542

® Indicates whore the empirical formula slightly
underestimates the Weissinger values,
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TABIE IV

0 -612)4-
o1 =5,00
o2 =3, 6
¢ 383 =0, 80
.60 +2,00
« 707 +34 64
«8 +4.20
«85 +4.20
0923 +30 6l
096 +5.1
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londing on a 'V!' wing. June, 124
AeReCo (180 (‘Iuv-l'h'l i almﬂ)

Characteriatics of a sheared 'V' wing.
Doc. 1944,
aeReCo 8255 (unpublished)

Lifting plany theory of wings with
discontinuitics of incidonce., May, 1945.
4eReCo 8638 (unpublished)

Siuplificntion of ving loading calculation.

by 1ifting plane thoory.
AsReCo 9211 (unpublished)
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Noo Author Title, etc.

P

V.!i, Falkner Calculation of compressibility cffects
on loading of a swept=back wing.
Dec, 1945
AeR.Cy 9261 (unpublished)

25 ! ! Proposed definition for sweepbacks
Dcce 1945.  AeR.Co 9237 (unpublished)

<6 ! ! Theoretical work required for the
assistance of designers of aircraft
with swept=back wings. Febe. 1946
AsReCs 9409 (unpublished)

27 ! ' The use of equivalent slopes in vortex
lattice theory. March, 1946
LeR.C. 9%6 to be pllblishcd as
A«R.C. Ruports and Memoranda ilo. 2293)

28 4 ! The accuracy of calculations based on
vortex lattice thuory. May, 1946
AsR.Cy 9621 (unpublizhed)

29 ! ! The caleulation of aerodynwmnic loading
on surfaces of any shapce 1943
A:R.Cs Reports and lichioranda 4910

30 ' ' A note on the present position of
calculations by vortex lattice
theory. May, 1946
AeRoCe 9637 (unpublished)

31 . w0 Tables of .ulthopp functions for usc in
vortex lattice thcory. Dec. 1946
AeRoCo 10,220 (unpublished)

32 ' ' Calculated aerodynaiic characteristics of
) two infinitc wings with constant chordi.
Nay, 1947.
AeReCe 10,628 (unpublished)

33 1 ! The solution cf 1lifting planc problons
by vortex lattice theory. Sept. 1947.
seReCe 10,895 (unpublished)

34 ! ' The solution of litting lino theory of
problems fuvelving diseconbimmitiazg
Oct, 19!0-?
AeReCe 10, 922 (unpublished)

35 ' L Notes on the stalling of swept=back
wingse Octe 1947,
AeReCe 141,009 (unpublished)

36 ' ' Tablos of Multhopp and othur functions
fer use in 1lifting line and 1lifting
planc theory. Fob. 1948
4.ReCo 11,23 (unpublishead)
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* Author

V.M, Falkner

W. Elsenmann

P, Jordan

‘.‘IoP. JOI’I-‘)S

I, Schlichting
and
li, Themeoo

-20.-

Title, ete,

Calculated loadings due %o incidence
of a nunber of straight and swepte-
back wings, Junc 1948,

A.R.C. 11,542 (unpublished)

A comparison of two methods of
calculating wing loading with allowrenc:
for compressivility., Hov. 1348
AJR.Co 11,944 (unpublished)

Experiments on sweptback and delta wings
in Resefie iiipil opuca wWdisle Faelue 14T
ReAEs Tech, Memo Aero 7
(VII Interna%ional Congress of Applied
Mechanics)

Calculation cf gpanwisc 1lift distribution
on ving. TFaeb. 1947
Volxenrohde R, and T. 239

High speod swept-back wings. April 1548
Yolkenrohde R, and T. 1014

Lif'ting plane theory with special
reference to Falltner's approximate
method and a croposed 2lectrical
devies f'er neasuring dovmwash
distributions. Huy, 1946
A.R.C. Reports and llemoranda 2225

Calculation of 1ift distribution of
cwept wings. Dec. 1947
Red<E. Report Aero 2236

Wind Tunnel Tosts on Swept=Back Wings

I

45

L6

L7

Dol illioums,
Aelly DBell and
E. Smyth

D.He illiane,

AoFs Brovm and
CoJo\.“:. Milcis

Mo Gdaliahu
D.H, Willioms,

A.Fs Brovm and
CoJ.U- H']..].OB

B. Regenachelt

Teats of acrof'oil N.Aa.C.ae 23012 in the
compressed air tunnel, 1939
A.R.C. Reports and Memoranda 1898

Teats on a tapered wing (NeieCede 23012)
with and without sweepback in the
conproased air tunnel, Moy 1945
AsReC, Reportz and Memoranda 2151

A sunmary of the rcsults of some Gorman
model tests on wings of omall aspect
ratio, Necv. 1946
ReA.E., Tach. Note Auro 1767

Teats on somc 'Coneral Adreraft! wings,
with and without sweep back in the
compressed air tumcl, Jan 1946
AsReCe 9321 (unpublighed)

Tests mede on rectangular wing with wing

tip ailoron, Sept. 1946
Volkenrohde R, and T, 22

/}4»5’ 0o
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Nog. Luthor Title, ctc,

49 Wa Krlger 5ix conponent measurements on a ecranked
swept=back wing,
Volkenrohdo R, and T Jan.15th, 1946.

50 Go Thicl and 8ix component measurements on straight

Je Welssinger and 359 swept back trapezeldal

wings with and without split flaps,
July’ 191].6.
Volkenrohde R. and T. 523
(AeR.C.o 11,741)

51 V. Jacobs Pressurc distribution measurements on a
yawed swept back wing of constant chorid.
July’ 19!1.6.
Volkenrohde R, and T. 431

52 Th, Schwenk Measurcments on trapezoidal swept back
wings. July, 1946
Volkcarohde Re and T, 525

53 H,J, Luckert Lift distribution on yawed wings,
volkdmhdﬂ R. and Tn 2?0

Bl Puffert and Three component wind tunnel tests on

Bolkew swept back wings and a complete modcl,

July, 1942
GDC 15/98.T.

55 Ao'We Quick Flight mechanical propertics of swept
back wings' at normal specds. Apr.19L3
Volkenrohde Re and T, 473

56 A, Buscmann Swept back wings at high spceds. Apr.1943

vellccmhde Ro and T. 31‘.2

Stability and Control

57 VoM, Falkner and 7ind tunnel tests on tho atability of
H,L, Nixon two swept-back winge. Oct. 1948
AeReCo 11,854 (unpublished)

58 Heds Soule” Influence of lerge amounts of wing sweep
on stability and control problems
of aircraft, dJune, 1946
NOAQC.AM TUCh. Note 1088

59 R.S. Swanson and Lifting=-surface-theory aspcct-ratio
Seife Crandall corrections to the 1if%t and hinge-
novent paromoters for full-span
olevators on horizontal tail
surfaccs, Febe 1947,
N.;‘..C.JL. TUCho NO'tG 1175

60 JsGo Lowry Investigation at low speed of the
L,E, Schneitor longltudinal atability characteristics
of a 60° swept back tapered low-drag
wings Aug, .1946,
NedoCodle Tech, Note 128&.

T



62

63

Swept=Back Vings with Flaps

Author

B, Maggin
c. V. Eemett

T-ilo T‘Jll and
Heds Queijo

e Letko and
JoWe Couwan

65

66

67

69

70

71

G. 3Brennecke

‘J. KI‘ ngr

G, Brennccke

M, Pctkin and
B, Maggin

s Lotko and
D, Feigenbaum

S. Fiscrel and
M.Fo Ivoy

G. Lovry and
L, Schnelter

Title, ete,

Low=speed stability and damping=in-roll
characteristics of some highly swept
wings. Nov, 1946
NedoCoA, Tech, Note 1786

Flighg tests of an airplane model with o
L2~ swept=back wing in the Langley
free=flight tunnel. Oct. 1946
Noa.Coste Tcch, Note 1287

Approximatc rolatlons and charts
Tor low=speed stability derivatives
of swept wings. May 1948
MedaColia T\".?cho Note 1581

Effcet of "aper ratio on low-smeed
static ovd yawing atability
derivatives of 45 sweptback wings
with aspect ratio of 2,61, July, 1948
N.A.C.;&. Tech, Notb‘ 1671

Svept-back wings with counter split
flaps. May, 1946.
Volkenrohde R. and 1. 60

#ind tunnel investigations on 35° swept
back wings with different high 1lif't
devices. QOcte 1946
Volkenrohde R, and T, 311

Investigation of swecpback with difflerent
high 1ift Jdevices,
Volkenrohde Re and Te 122

Analysic of factors affecting net 1lift
incrument attainable with trailing
edge split flaps on tuilless alrplanco.
Scpt. 1944
No&sCodte aeReRe L4I18 (A.R.Co 9444)

Tind tunnel inveatigation of split

trailing cdge 1lift and trim flaps on n
taperaed wing with 237 swaophnok,

July 1947

NoarsCosre Toch, Noto 1352

Colloction of data for lateral control
with full aspan flaps. Apr. 1948
NoesroCoaio Toch. Note 1404

Estimation of effcctiveness of flap
type controls on swept back wings.
Aug. 1948,

No;uCvo TUCh- Note 16?)4.
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No. Author Title, cte.

Induced Drag and Dovnwash of Swept-Back fings

72 Veil, Fallmer The effect of wing twist on tho
' induced drag of sweptback wings.
Scpt. 191111-
AR.C, 8012 (unpublished)

73 ! t Addendun to 'The cffect of wing twist .
' the induced drag of sweptback winns .

AsReCo 8012- Oct. 19!{-1{-

AyR.C. 8137 (unpublished)

% ! ! The caleulation by lifting plane theo.,
of thu downwash behind a wing.
Sﬂpto 1911-8
AeR.Co 11,778 (unpublished)
75 P,E. Purssr, Preliminary investigation at low spucc
ML, Spearman and of Adovmwash characteristics of sna’l
7.h. Botes scale sweptback wingse July 1947
HedoCoso Tech. Notc 1378
76 Se Katzoff and Calculation of tunnel-induced uprmsh
M.E. Hannoh velocities for swept and yawed win.: -
Nov. 1948

NlJ‘b.c.!\.c chh. NOTQ 17}’.2

Misccllancous
77 R.Ts Jones Effects of sweepback on boundary laycr

and separation. July 1947,
NeAeCod, Tech., Note 1402
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