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Part I, Summsry

2

A survey of the literature concerning the design of wings for
transonic aireraft is made. The problems investigated were 1) for the
transonic wing: reduction of drag at high subsonic Mach numbers:

achievenent of high meximum 1ift coefficlent and stability at low speeds;
and determination of air loads in compressible subsonic flow, 2) for
the supersonic wing: determination of flow fields at transonic Mach

numbers: achievement of adequate low gneed performance of a supersonic

wing: and determination of air loads at tronsonic speeds, and 3) structur-

fote

2l problems of both tyves of wings. The extent of oresent knowledge is

sarch are ind

outlined, and fubure fields of degirable ve icated, A

ez ]

bibliogravhy of revorts perisining to transonic wing design, accompanied
by brief summeries is given. A supplementsry bibliogravhy of other

=

reports of genersl interest to transonic wings is also vresented,
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reslized that it was far behind in the iranszonic field. OGerman tests
were repesaited in NACA lsboratories {see recent NACA Technical Notes in
the bibliogravhy), and future research has been planned. This work is

being done under ithe combined auspices of the WACA, the Army and Navy
oS 3 o ¢

ey

air forces, and the various aircraft comoanies such as Bell and Douglas.

1

Basic regesrch is being carried out by the NACA tunnels and the various

universities, while test models such as the Pell XS-1 and X8-2 and the
Douglas ﬂ”5ﬁ8 Skystreak are being built to obiain experimental flight

test data. Many other vrojects unknown to the author are undoubtedly being
carried out by other comvenies under military sscurity. The program is

Pad
%I

g4ill only in ite infancy, however, and none of the projected transonic

s yet attemnted to exceed Mach number 1. The Britich are

W

!‘Ja
=
3

[—J
O]

=]

D

-
&

»

»

also carrying out a high speed research program, but nothing could be

learned about it excent the announcemente of high—subsonic jet fighter

which have apveared from time to

.|

ime in the nress,
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of keepi the boundary layer laminar is the use of exiensgive voundary

f the airplans

layer removal on the wing surface, using the jet engine

2]
(o]

as 8 pump {Ref., 20). The Germans have investigzated this feah rugland
say that it locks promising excent for the resuliting mechanical compli=
cation., It should also be mentioned here that all high sneed airfoils
are constructed with as smooth a surface as possible to help maintain a
laminar bouﬁdary layer {Ref. 31, 32).

St1i1ll another design feabure which increases the eritieal Mach
number is the use of very low aspect ratio wings (Ref., 33). GHthert
has invegtigated this idea, snd believes that the observed drag reduction

s due to tip

oo

at high subsonic Mach numbers of low aspect ratio wings
effects extending along the entire wing span., In view of the fact thet
low aspect ratio wings are very favorable from a structurasl standpoint
becauvge of the high wing loadings encountered in high speed flight, tran-

sonic wings will probably be of lower aspect ratio than is common in

By fer the meet promising method of increaﬁing the critical Mach
mamber of o transconic wing is the use of sweep=back or sweep-Fforward
(Ref. 1 et seq). The use of sweep to reduce drag at high sveeds was
intensively investigated by the CGermans during the recent war without
the knowledge of American or Hnglish enginsers. The method by which drag
ig reduced by sween can be roughly exvlainsd by saying that the effeciive

Mach number of a swept wing is a function only of the component of flow

normal to the leading edge of the wing, or:

, -
Muwe = Maeraprr © €88 &
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Where e? is the sngle of sweep, If the angle of sween is 450

that the eritical Mach number is raised by over L0% ) in the first annroxi=

P

metion, which ie 2 very wovthwhile incresse, It iz by the use of sgweep

2

that transonic alrvlanes can be designed to fly a% supersonic sveeds

while the wings sre silll exveriencing subsonic flow,

The uge of sween hag several rather serious drawbacks, however
One of the most seriocus is the rather unssiisfactory condition of the

. 2),

m

boundary layer on the wing towsrds the trailing edge and the tips (Re

]
fdo
2
54
[¢]
D
2]
[}
fudo

ve boundary layer growth is cavsed by the spanwise flow over
the wing resulting from the tangentlial commonent of alr flow which we
neglected in the previous effective Mach number formula. The effect of

thieg thick boundary layer at high sreeds is two=Ffold., First, 1t grestly

impairs the effectivensss of control surfaces such as ailerons or spoilers

fudo
P
=9
]
-
@
~
S
®
=)
iy
e
]

which are placed on the trailing edge at the wing tips

I

effect is so pronounced that unless slots or some

i ?}
O
f*-
)
o
L]
=}
(0]
£
g
(o]
=
o]
L)
o]
o
3
<4
i

[

ng air flow at the tivs is used, ailerons cannot be assumed to give

adeguate control at% high speeds., The second effect is the lack of adequate

e

longitudinal and latersl stability at high subsonic speeds. Ls will be

&

seen in o later section on 2ir loads, a large part of the lead on a swepi-

back wing ie carried on the tip sections., If the air flow over these
gections is subject to violent fluctuationsg ag senaration and shock stall
telke place, excessive pitching moments will be exeried on the airplane be=

canse of the fact that the tivs of a swept wing have a large moment arm

about the sirplasne ceniter of graviiy in beth longitudinsl and lateral
directions, These difficuliies have not as yet been completely overcome.
M . N -

he swepld wing 2lso shows undesirsble stability characteristics at low

==
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gpeeds, which will be discussged in the following section.

Achievement of Hieh Maximum Lift Coefficient snd Stebility of a Transonic
Alreraft anﬁ=8t Low Speeds.

A problem common to 211 high speed wings is the achievement of =z
satisfactory maximum 1ift cosfficient 2% low speeds for landing and take-

off, &

(4]
f‘;‘]
F ‘}

i

#

teted in the vreceding section, 2 »rimary recuirement for a
high sreed wing is a small radiug of curvature of the leading edge., When
such o wing is held at a large angle of attack, the sharp leading edee

csuses a very steen pressure ersadient above the noge whi s to early

N

ch lead

4.3.

separation on the upver surface with resulting log

o0

of 1ift,

xm -<°;\
L E ~-.‘\’ )

WAGA 16=009 Airfoil at hi”h Angle of Attack

This sevaration can be reduced somewhatb byvthe use of conveniionsl slots
or slats, which serve to turn the =2ir around the shary nose and force it
‘along the top surface of the airfoil (Ref, 10). 4 much better method,
however, is the use of a special nose flap developed Ty the Germens during

the recent war (Ref, 11, 12), This nose flap apnears:
? s figih

HACA 16-»00Q Airfoil wzth Hoze Flap




As can he seen, the nose flap tends to roun@ the contour of the upper
surface at the nose and to flaiten out the severe adverse pregsure
gradient, prevent imj sevaration. HExperimental results show that it is
by far the moet effective maximum 1ift coefficient increasing device of
any availeble thus far, and it is doubly effective in that it works very
well with the more common split flap, which slone loses a great deal of
its effectiveness because of the thick boundary lasyer oresent on the itrail-
ing edge of = swept wing. The nose flap, unlike more convenitional flaps,
hes an optimum angle of deflection for meximum 1ift coefficient, larger
or smeller deflections resultinge in undesirable air flow over the wing
For this rveason, the flap actuating mechanism must be quick scting in
order that the flap can reach ovtimum deflecition before the intermediate
loss of 1ift can seriously affect the flight path of the zirplsne. The

e

design of a suitable nose flap together with

=N

tg actuating mechanism

'G

vresents a fairly difficult mechanieal probvlem, but in view of the ex=
o> A 9

o

tremely beneficial aserocdynsmic effecis of the flap, it would seem that
serious efforts to develon the nose flap arve warranited.

In addition to the difficulty of obtaining a high maximum 1ift

4

coefficient, the swept wing alse suffers from some undesirsble stability
characteriatics at low speed. As stated before, seperation and stalling
occurs at the region of highest loading, which is the tip seection in the
cage of the swepi—~back wing. Ag is the case at high speeds, this separation
gives rise to large pitching moment changes, which are especlally dangerous

at low speeds since the airplsane will mprobably be teking off or landing,
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and go will be close to the ground.
Besideg the stalling diffieulties, pronocunced sweepn changes the

En

effective dihedral of a wing (Ref. 9), and so alters the stability.
characteristics in unstalled flight. The swept=back wine exhibits an
effective dihedral large enocugh to be obg’ec‘ticmable9 wnile the swepni-
forward wing is somewhat unsgtable., For this reason, together with other
design considerations, the swepi=back wing is used more prevalently than
the swept=forward. The very large effective dihedral caused by sweep=-
back may be reduced somewhat by bullt=in negative dihedrsl, but only at
the exvense of a reduced maximum 1ift coefficient and 1ift curve slopes
Lemme (Ref. 6) exverimented with various truncated swent wines in an
attemnt to obtain the benefits of sweep without the undesirable stability

characteristics and claimg some success, but 1ittle application seems to

heve been made elsewhere of his work,

Determination of Alr Loads in Compressible, Subsonic Flow
9

In the structural design of an sircraft wing, the first thing a
degigner mist know are the air loads to be expecied in all conditions of
flight., DLow speed alr loadsg cen, of course, be computed by 1ncomnre sible

flow methods already in standard use, For the case of a straight wing at

high subsonie Mach numbers, the Prandtl=Glsuvert or Karman-Tsien methods

es explained by Liepmenn (Ref. 44) and extended by GHBthert (Ref. 72) are
vegeful in conjunction with the many standard methods of calculating in-
compressible 11ift distribution. The Prandtl=C0lsuert and Karmen~Tsien
methods consist essentially of mulitinlying the incompressible pressure

£

coefficient, Gm@g by a correction factor:



for the Kermen Teien method.

For the swept wing, however, the standard straigshit wing methods

give insccurate resulis., Doris-Cohen (Ref. 15) has developed a method

%

of celeulating the pressure distrivution over a swept elliptical wing,
tut this method is not very flexible. Two theorieg have been developed
in Germeny, one by Multhopn, and a somewhat better ome by Weilssinger
(Ref, 17). These methods have been subjected to expefimeatal check (Ref.

»

fTeissinger's method gives gocd agreement with observed results,

3

18), and

ot

They are essentially extensions of the Prandtl three-dimensional wing
theory, All thres of theserkheories show that 1ift distribution moves
towards the tivs on o swepit=back wing, and towards the rool on 2 sweni-
forwerd wing. It is st these points of high pressure that separatidn and
stalling first occur, 2s mentioned in the vrevious section. It should be

emmhagized that these methods avply only to flow in which the Mach numbe

ig subsonic.
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Noture of the Supsrsonie Wine Shene
In the case of an airplane designed to fly at supersonic speeds,
the mein design congiderstions will, of course, be dictated by the theory

plane will Dbe able to mass bthrough the transonic zone with ressonable easze
and safety. Supersonic airfoil theory is beyond the scove of this paver
but the nature of the reguirements for a satisfaciory sunersonic airfoil
can be briefly summerized (Hef, 4l4), in order %o keen drag to a wractical
value, the leading edge of the 2irfoil must be & sharp wedge with as low
an included angle ag possible, The itrailing edge is, of course, slso 2

sharn wedees, but the ghave of the airfoil in beiwsen these chary edges ig

not g0 eritical ag in subsonic 2irfoils, Two tyves 4in favor are the
diamond ned airfolil

The sirfoil will be 28 thin as possible, beceuse the wing with the highest

suversonic flow ig the one At
suner ic speeds, flow is generslly siteady, with obligue shock waves and ex-
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In this region there exist not even a questionable theory by which flow
conditions may be csleulated. Bxperimenizl measurementis mey be used io
obtain data, but a serious drawback o ﬁhig annroach aside from nractical
difficulty is that there exists no proof that s varticular flow pattern

in a2 transonic region is unique (Ref, 44), In faet, experiment has con=

stationary (Ref, 40)s Some observers feel that these variations are in-
tringic in the nature of the flow, but others think they are the result

of minor wari tloﬂe in vhysical parameters which are critical o the flow
patitern, such as Mach number and sngle of attack. Liepmann (Ref, Li)
believes that angle of attack is very critical and that the non-sistionary
flow iz laregely o result of torsionsl deformation of the model wine, or of

the case, then

]
fate
[4/]

chonge of direction of flow in the tunnel, If this

Y

asrodynamic forces on sn alrvlane wing may depend aﬁ the atructural rigidity
of that wing, and a situation okin to flubter may be get un, The fiubtter
problem is further complicated by the fact that some boundery layer eddies
at trangonic speeds are wo large that they may have characteric freguencies
of the order oflthe vibrational freguencies of the wing iteelf, DBoundary
layer flow ig in turn highly devendent on surface imperfections of thﬁ

wingz (Ref. 31, ?2) which mey again be devendent on the deformation of the
wing under load, It can bhe sesn that the buffeting wnroblem at transonic

speeds is not easily solved,

Looking at the effect on the wing asg a whole, it has been found

~7



that the shock wave generally forms on the uoper surface firsi, causing

(=3

-

an abrupt lose of 1ift and change of pitching moment resuliing in longitudine
al gtability difficulties. At 2 «lightly higher Mach number, s sghock will

D

form on the lower surfsc e, causing an increazse in 1ift and another change

rdo

tching moment, agein disturbing the eguilibrium of the airplane. In

o

n o
addition, when it is realized that these shock waves are non-stabionary,
it is seen that the maintenance of adsquate control while passing through

the transonic range 1g indeed 2 very serious vproblem which hzs not as yeit

been solved, FPresent hores are that buffeting can be grestly reduced by
accelerating renidly through the trangonic range, sas in a siesp dive under
full vower, Hven thie method is open to some doubt, however, as large

accelerations mey meterially increase the aerodynamic forces st lac

number 1, Such a dive hesg not heen atitenpted at the time of writing, and

-

it is therefore not known whether the method will work sabtisfactorily,

=

chievement of Adecuste Low Sveed Performance of 2 Suvnersonic Yine

e e

The low speed performance of an unsweplt supersonic wing doss not
pregent stability problems so grealt asg thoge of the subsonic swent wing,

tut the problem of obtaining a satisfactory maflmum 1ify coefficlient is

et
[
gg
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3
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g
o
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D
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51111 vresent, The sharvy leading edge of the

£

gevers separation at high angles of abtack, and it apvears that a devics
such a8 the nose flap (Ref. 12) to change the airfoil contour is a necessity.

The nose flap vresentes serious sirucitural difficuliles, however, which will

be discussed in detall in Part Vi,

Determination of Alr Losds 2t Transonic Sveeds

Owing to the =bsence of a gatisfactory theory in the transonie range,
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the only method at all praciical at the vreszent time of obitsining a2ir

1y s

loads is by experimentsl messurenpent, and even this method iz very unssiig-

]

e
PER L

L

factory because of the uncteady nature of the flow field. Preseni ora

seems to conslst of using large Tactors of ignorance and hoping for the

best, In line with this volicy, the Bell XS-1 and Douglas D=558 are
stressed to withstand sn accelerstion of 18z (Ref. 175-137), It ig ob-

vioue that s large smount of work remsing tc be dons in thie field

icient design Dbased on relisble calculationg can be made,
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ing stress distritution a% the wveinted lesding snd trailing edges under
shearing flow resuliing from both bending and torsion. Present day
analysis of the sirese concentrations in such a region ig entirely in-
adequate for the eslculation of an efficientvéesign; and Professor
Timoshenko of Stanford University hes been given an Army Hesearch contract
to devslop an imvroved method. Another difficult vroblem is the distribu-

tion of stresses in the triengular wing root region of a 5wemymgmc1 wing

as showns

. <5-—-Indeterminste resion

This region cennot be snalyzed by the present dsy practice of isolating
each wing section becavse the problem ig essentislly a three=dimensional
one, The Celifornia Institute of Technology is now working on this oro-

blem under Army contract. A third difficulity of plate construction is

tdo

inadsptability to cut-outs such as flaps and slots, especially in the

region of the leading edge. The mechanieal & esion of these suxiliary 1ift

deviceq ebill remzing 2 secondary but unsolved vroblems



Ag would be sxvecied, aercdynamic research has led sgtructural

resesrch in the opsning of the irensonic field, The situation at the

$ime iz that aerodynamic research hag outlined the problems

o

presen

2]
sy

are shead, but much structural research must be done before an efficient
desien can be mede., The two airplanes which have thus far been designed

and built in Ameries for flight resesrch af trapsonic speeds are the Bell

-

X8=1 and the Douglas D~558 (Skystreak), which were built under the
sugvices of the Army Air Forces and the WACA, A brief descrintion of the

wing design of each follows.

Wine Span - 28 .

Wing Avea = 130 =so. Tt.

Asmect Rotio = 6.0

Tueelage Lensth - 31 £t
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wind

a Mach Fumber of 1.2,

tunnel data take

desceriviion of the physicsl nabture of both subsonie
znd supersonic flow, and the hapisn of the drag
redncing effect of sween-back,
i, nt Winze a2t Low Sneeds

L, German Resesrch on Swevni=back Aerofoils., M.
Gdalishu, Royal Alreraft Beteblichment Tech, Hote
o, Aero, 1706, (1946},
This note contains a survey of Cermen wing tunnel
regesrch programg on swent~back sirfoils st low Mach
numbers, It slso containg 2 list of CGerman rencrts
with summeries, and a summary of the Multhonp anﬁ
Weissinger methods for calculating spanwise 1ift
distribution over a swept wing vhich wers develoned
in Germeny during the war,

5e Gontrz*uﬁﬁuMﬁ to Sween=Dbaclk Research., H, Lueteebrune,

v Translation CGU=128,

Very extensive wind tunnel

giderable disgeussion, It
the outbeoard ssctions of

due to excessive bhounds
nose slobe and flavs

- . 2 s 3
WD tw 2 ﬂ'g 2

a sweni-back wing de
ary layer builduvn, Tor this

are much more affeective then

{1944),

tests to debtermine the

sunolenented by con-
that the flow

found ovar

eteri urat
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edge flaps or ailerons, which loge s large smount of
their effect, The boundary layer csuses sevaration %o
occur first at the tips of a swept-back wine. The

wind tunnel tests form 2 comprehensive orogram 1o deier=
mine the effects of sweepback on acy/ det, Cy mex, Cp
and d0yfdCy; of dihedral on aCp/dec, Oy max,

&3

and dCp/ag , (where & is the ancle of yaw); and of

e 'y

twist on dGL}dﬁgg Op, 2nd Oy max. Bxitensive curves of
exparimental resulis are presented. The effects of the

following suxiliary 1ift devices are also investisated:

!..J
&
05
&
]
g
0]

g edge slots, rotsble nose, end plates and fences,
gplit flape, cambeved flans, aad slotied flaps.
Swept=back, Truncated Swept-teck, snd M-Shaved Wings,
Lewme, Navy Translation CGD-36, (1945)

Wind tunnel tests involving a large mumber of models
in 2n attempl to determine h@ﬁ mach the basgie shepe of
a wing can be altered by sweep-back and still remain

relatively free of the serious stebility diszsdvantas

of & swept wing., Several truncated swent-back winegs are
found which glve relatively low drag and yet retain good
stabillity characterigtics. An investigation is also mede

of the effect of flap defleciion on wing performance,

Preliminsry Wind Tunnel Investigation 2t Low Speed of
Stebility end Control Characteristice of SBweni-Back

Wings, Wm, Letko and Alex CGoodmsn, NACA Tech., WNote 1046,
(1ou6), '

2 s » 1 O
Wind tunnel tests on wines with sweevnback from 00 to 60°

to investigate the effects of sweep on longitudinal
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wag found that silerons, split flavs, and spoilers were
ineffective on wings of large sween, altho svoilers may
uvseful for directionsl conitrol due to their large drag.

I% was 2lso found that wine tir droop was

]

the stabllity chara atics.

Me%auxemea for a Tepered, Swepi~Pack Wine, Th,
Schw Hewy Translation GG®a38 (1965),

Siz—component force teste and pressure distribution

meagurements in a wind tunnel on 2 wing of

a6

eynold's nmumber of 2,235 x 10%, The main purvose of

v

at a
the study waz to determine the effects of yawing a eweni-
beck wing., Modele were tested with and without slote.
Effects of inecreasing yaws Oy decreases, Up increases,
eide force increases, and the rolling moment stability

coefficient dr.Gl/deB increases rapidly, Ourves are given.

The Effect of Geometric Dihedral on the Aerodynsmic
Ghauacteristﬁcm of a 0% Swept-Back Wing of Asmect Ratio
3. Bernard Iagyln and Robert B, Shanks, NACA Tsch,
Wote 1169, (1944).

Wind tunnel force tests were made at low Reynold's

Tombers to determine the effect of geometric dihedral

on the effective dihedral a2t various 1ift coefficients
for a swent wing, I was found that strongly swenit wines
mhow extremely large effective anglees of dihedrsl at
1ift coefficients. This undesirsble characteristic can be

reduced somewhat by negative geometric dihedral, but at the



ot
<
@

11,

12,

ﬁ avy Tran 39@103 CGD-2173, (19L6),

o

Wind tunnel tests of attempis to raise Op mex of 2
359 gwent wing by mesns of slats and split flans,

rather effective

2
&)
e
Ledo
[ d
)
L3
0
O
=5
@B

Regulis show that
in inecreasing the Lift. BSlats had 1ittle affect on
1ift, but reduced undegirsble stalling moments

anpreciszbly.

Wind Tunnel Tests of a m " Bwept=Back Winz with
Nose Flavs., XKrilger. ﬂﬁvv Translation CGD-202, (1944),

Prelim nary wind tunnel tesis on nose flaps, Not
very good results due %o unsultsble models used because

of expvediency. Does show, however, s decided increase

=do
i -

V]

in Oy, max even for an airfoil (MACA 3018) with a round

nose and larege maximom thicknesd,

&

Lift of High Sveed Aerovlanes. V. Krﬂg@rq Navy
Translation CGD-532, {(1946).

The Nose Plap as a Means for Incressing the Maximum

Wind tunnel tests of wingeg equipped with nose flans,
Yoth alone and in conjunciion with split flape. Result

show great increase of Oy, max of thin wings due to nose

f»ﬁ?

flaps, and the increase in effectiveness of split flap

)
|5
o)
i3
o
D
2
PES

in co nﬁunctlmn with nose flaps., The effect of
the nose flep 1g to round the shary nose of a high speed
airfoil thus prevenbine separation ss the angle of attack

ig inereased., Ourves are nresented showing
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quickly becange wing 1ift with the fian

Investigation of the Wake and Dreg of Siraight and
Swept~Back Wings. H. Luetgebrune, Navy Tf-hwlmt"@“
C6D=-328, (1946).

Wind tunnel wake surveys which show a peculisr incresse

in Sﬁ of & gwept wing at high angles of attaek in the

z
neighborhood of Reynold's Number of 0.3 x 10%, The drag

=t
B
=
oy
O]
=3
]
3
rﬁw
(o]
s
tde
Q
e
o]
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]
©

@

increase wae found to be 2 Reynold's
The renort is valuable in that it contains congiderable

data on the wake wmattern behind 2 swevni-hack wing.

if— Tl;__, 3 He

sl oht
6. (1943),

Walke and Drag Tests on Bwe 2
sl 0

ot and Str
Imetgebruns, Wevy Translati 1

on OGD=
Wind tunnel wake surveys on wings of forward and back
sween to comoutbte profile drag and sevarsation effecte,
Regults show that separation begins firet st the tips

-

of & swept-back wing and at the root of & swepl-Torward

wings at certain Reynold's Numbers snd high angle of

i
"
D
2
=4
fe:]

3

attack which is dus to friction e

Theoretical Distribution of Lead over a Swept=Back
Wing, Doris Uchen., NACA Wartime Hewort L-221,
Originally ARR, (1942),

o

o

The theoreticel distribution of load over an ellivntical
wing of 30°% sweevr=back is calculated by the vortex theory.

Resgults show a shift of load from the center of the wing

il
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Mumber snd Reynold's

ant, J.H. Bpreiter as
. = 5

s (Lg 6}@

b

-
sl

Plight test and wind tunnel data on 6 modsrn fighter
type alrcraft at Mach numbsrs from 0,15 %o 0.72 and
Reynold's numbers from 4.0 x 1@6 o 19:.5 = 1@é® Resulis
show thalt Mach number has considerable influsnce on the

maxinum 1ift coefficient, which decreassd upn to the

i
a9
(=N
ek
&3
o]

critical Mach number, and then increassed somewhat

4.

that for the low=drag

33

mich less effect on the maximum Lift coefficient, with

a1l shove a Kach number of

g
B
@
]
5
o
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o
]
ot

o
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ahout 0,55,

s 2 2

The ¥ffeet of Compressibility on Drag. £. Hoarner,
Wovy Translation C0D~518, (1946),

A comprehensive theoretical anslysis of the effect of
compressibility on friction and vwregsure drag of bodiss
of revolution and of wings. The critiecal Msch number for
various bodies is also exemined, All theoretical results
are compared with experimental measurements,

imum Lift Cheracter-

Spanwige La@a Distritution of a 12 foot Span
me Wing of NACA 2?0 ﬁmr%es Airfoil Secitions.

Wind tunnel test up &
show thet maximam 1ift coefficle: lepreased above a Mach

munber of 0,730, but very slowly above = Mach oumber of 0,85,



“
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3

In the high Mach number range, maximum 11ft coefficiznt

(%)

courrved at an angle of attack somewhal above the siall,
G3FY disztribution was only very slightly affected by in-
ereasing Mach number (straight wing}g load moving itowards
the tins.

Critical Mach Tumber of Thin Airfoil Seetions with Plain
Plaps., Max A, Heas 1et and Otway Pardee, NACA Wortime
Rev, W=2, Originally ACR-6A30, (1946),

Wind tunnel test Lo determine eritical Mach number as a
unction of 1ift coefficient fo gevaral thin and

VACA Jow=dreg airfoils, Hesults show thet

ﬂw..

the 1ift coefficient can be affectively increased at
relabively high Mach numbers with plain flaps without

serioug effect on the eritical Mach number.

Mffert of Compreseibility on the Pressure Distribuition
Over sn Ailrfoil with a Slotted Prise Aileron., Arvo A,
Luoms, HACA Wartime Rep. L-266, Originally ACR-LUELZ,

(1ouh),
Wind tunnel determination of the commlete pressure dis-

o

71th = slotted Frice

e

tritution over a P=478 model alrfoll
aileron at Mech mumbers from 0.25 to 0.76, for various

Beanlis show the

L]
ot
ﬁJl
o
i3
®

angles of atteck and alleron defle

e
k]

striking way in which aileron effectiveness decreases al

2

high Mach numbers,.

—5‘
T

i I and &ﬁti
V. Ehode, WACA Weortime Re en, Lwa@?, Originallsz
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L buekling, Ourves are vregented which give the

il

plate buckling consitent used in Timoshenko's stand

formils.

e

Bffect of Normel Pressure on the Oriticsal 4
and Shear Sitress of a Ourved Sheet., Normen Rafel
harles Sandlin, Jr, NACA Wartime Rep, L-57, O

ARR=L5PIN, (1945),
comoression test on curved shest svecimens

subjected to normsl pressure, Hesulte ghow that the

aive

2]

effect of pressure is to raige the critical comvmre

n the buekling is toward the

F ]
=
=
o]
e o
@
o
=
o
B
5
=3
i
ot
ir]
]
w
m
e
5
D

concave side of the curve (the side under pressure in
stress when
burkling ie toward the convex side, The effect of nor-

mal oressure is guite avvrecisble,

gidity of Curved Panels undewr

B NACA Tech, Note 1090, {104L6),

Shearine Ri

groy

.
§

W, J, Hoff snd Bruno A, Bolew

state, The panels asre curved cheets ztiffened
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An Fmmirical Formula for the O .
Ourved Sheets, Paul Kuhn 2nd L.R. Lev
5 ]

Ben, L=53, Originally ARE-LSAD

=)

The develovment of an ewpirlcal Fformils for ithe critical
shear atrsss of curved sheets from sexperimental tests,

The formula sonlies for sheeis of r!t greater than 300,

Deserintion of the MH 163 B-0 Construction. T-2
Intelligence Report No, 502, ‘ .

A very detelled descrinition of the

ME 1673 B-0, a2 German high sneed turbo
eluding performance data. Reviews many problems which

have been solved in the dezign of the vlane,
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Influence of Large Amounts of Wing Sween on

Stebility and Gcwfrmq Problems of / %
H, A, Soule, NACA Tech, 3 Js

Hroerimental Determinaitio 2 in
Roll znd Alleron Rollinge Bff Thres
Wings having 29, 4209, and 4 g,
Bennatt 2nd J, @@hﬁ%@ﬁ; WACH Techa m@te EZ?h
(19473,

&ﬁv@e%gs@tien of Aileron Hffechtivensss of 2
Swent=Ba a "Blunted" Swenit-Back Wins

H,0, Lemme. “?ne1§+ﬁaﬁ 00D=165,

Progeure
and on & =
and J, Wais

The Galculation of Syen Load Digtribtution of
Swent=Back Wings, William Mutierverl, NASA Tech,

Wote 83, (19@13@

eral High Mach Number Subsonic Flow

=3
[
®

Wing Sections at Hi&% Srneeds Ho.D, Helmbold.

A 2
Nevy Trenslation CGU=-086, (1945

s
&

LI

sgtions Concerning Guestions Submitted by
i, L@JQ Root About Experiences with High Sveed,
» Gunter, Wavy Translation CGD=42, (1945),

-
A
)

g

The Increasss of Irag of Profile the Range
of High Subsonic Spee
Translation COD=L8ML,

Plane and Three Dimension2l Plov at High Subsonic

Speeds. B, GHthert, NACA Tech, Mem, 1105, {1946),
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.1 Theory at
WACA Tech, Mem, 89

~3 W
g-J

2

Thin Obligus Airfoils at Suverson
Jones, NACA Tech, Note 1107, {1

Ixtension of the Charlyesin
T Yle Flow Soln

On Shoek Wo
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E,b% d 100 “("l“’i QZ@
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o
iy

Supersonic Spseds, F.U,
21, Wo., 159, Nov, = Dec,
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onic and Pariizlly Sunersonic Flows.
NACA Tech, Note 1006, (1946),

Subsonic and Sunersonic High Speed Tunnel Te
of = Paired Doudble Aerofoil, W, F, I i”i@n

snd ¥, W, Proden., B&M 2057, (1943),

T =1 - - T o P 4 3
Transonic Hezards Reduced, John Sack, Avisiion,
B 1
Vol, L6, WMo, 2, Fedb,, 107, vn, Li=4f,
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