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AN INVESTIGATION OF THE EFFECTS OF OUEE? ON THE
CHARACTERISTICS. OF A HIGH-ASPECT-RATIO WING
IN THE LANGIEY 8-FOOT HIGH-SPEED TUNNEL

By Richard T. Whitcowb
SUMMARY

An untwlsted wing, which when unswept has an NACA 65-210 section,
en aspect ratio of 9.0 and a taper ratio of 2.5:1.0, has been tested
with no sweep, and 30° and 45° of sweepback and sweepforwsrd in
conjunction with a typlcal fuselage at Mach numbers from 0.60 to
0.96 at angles of attack generally between ~2° and 10° in the
Langley 8-foot high-sneed tunnel. Sweep was obteined by rotating
the wing semispans sbout a point in the plane of symmetry. The
normel-force, pitching-moment, proflle-drag, end 1oa.ding characteristics
for the wings have been obtained from pressure messtrements and wake
surveys. The results indicate that the winge with #30° of sweep
experlenced the severe changes in cheracteristics associated with
the presence of shock &t higher Mach nmumbei's than did the wing
without sweep. The differences between the Mach mimibers at which
the changes occurred for the wings with *30° sveen and no sweep

were gene::'a_'l._'i,}r slightly less than the factor _T times the

Mach numbers at which the changes occurred for the unswept wing,
A, being the sweep angle. The wings with *45° of sweep did not
eXperlence the changes in the characteristics assoclated with the
presence of shock at an angle of attack of 2% at Mach numbers up to
the highest test velue. The megnitudes of changes in the normal-
force and pltching-moment coefficients that occwwrred were less for
the wing with 30° of sweep than for the unswept wing. The use of
sweepforward was superior to sweepback in delaying and reducing
the changes in the normal-force coefficients, but was inferior in
delaying and reducing the changes in the profile-drag coefficients.
Increasing the Mach number to the highost test values had little
effect on the positions of the center of loads on the varicus
configurations for the probable design losad conditions.

INTRODUCTION

The results of investigations made in this country and in
Germany (references 1 and 2) have shown that the use of sweepback

gumun
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or sweepforward delays the onset of the radical changes in ”
aerodynamic charecteristics associated with the presence of shock

on the wing. More recent investigations made in both countries i
have added comnsiderable information on the characteristics of v
wings with sweep at supersonic as well as gubsonlc Mach numbers

(reference 3) but little data fs availseble for the trensonic

speed range. The data availeble, therefore, are insufficient for

the -proper design of alrcraft with swept wings.

The NACA 65-210 wing model previously tested in the Langley 8-foot
high-speed tunnel (reference 4) has been tested in conjunction with
a typical fuselaege with no sweep and 30° and 45° of sweepback end
sweopforward of the quarter-chord line and several alleron deflections
at Mach numbers from 0.60 to 0.96 at angles of attack gemerally between
_-2° and 10 to provide information on the following factors:

(1) -.The effects of sweep on asrodynmmic characteristics of this
particular wing in the Mach number range for which general information
on the effects of sweep on aerod.ynamic chara.cteristics is now
avellable. - :

(2) The general effects of sweep on &erodynamic characteristics
in the lower part of the-transonic. speed range for which lit’cle data
are- e.vailable. '

(3) The effects. of comnressibility ‘on the d.istribubions of
aerodynamio load.s on swept w:Lngs at subsomu Mach numbers.

(%Y The chq.nges in the asrbdynemic characteristics of & fuselage
in the.presence of &wept wings at subsonic Mach numbers,.

&=
 TEFINITIONS © e . L
The symbols 'a:c:'e 'd.éfing_d es follows: -~ -~ = ° : —
b  spen of model _
c ' section, chord of 'W‘iilg, parallel to alr stresm - iy
cA section chord. perpend.icular 'bo q_uaruer—chc”d line of unswept
W'i}:@ S .- . . . . -

ce chord of section perpendicular to the quarber-chord. line of
the unswepl wing passing through the critical point, the bt
intersection with the surfaco of the fusologe of bhe TO-
or 20-percent-chord lines of the unswept wing for sweptback
or sweptforward wings,respectively (eee fig: 3)
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configuration assuming wing rechtangular through fuselage

X - ct
W w/lk
Xg =——-—i— (reference 5)

Cel + Sw
4 ¢istance from plane of symmetry along horizontel axis, inches
pd distance from center line along vertical exis, inches
zt vertical digtance from trailing edge of wing-fuselage-juncture

chord, inches '

a geometric angle of attack, degrees.

mass density in undisturbed stream, slugs per cubic foot

Ao sweep sncle between line perpendicular to the plane of symmetry
and leading edge of wing, degrees (positive values far
sweepback, negative values for sweepforward)

H

sweep angle between line perpendicular to the plane of
symmetry and the quarter-chord line of the unswept wing,
the principel reference line, degrees

The coefficlenta are defined as follows:

cn’ wing section normal-force coefficilent { section perpendiculer
to quarter-chord line of tho unsvept wing)

CA. -
ey’ =2 | (- Pp) @
' CAJ O .
Cy wing section twisting-moment coefficient about querter-chord
line of the unswept wing (section perpendicular to this line)

1 ch (B - 2p) ( Cf;)
%% = - -1 al
TR N b
CN wing normal-force coefficient
W

~ an

=— | ".q cy! ds (see Fig. 3)
S‘W‘ aj (‘z" .

*
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CmC, wing pitching-moment coefficient about gquarter-chord
/ by station of meen serodynemic chord of wing

2cog A PB2 4 z sin A P82 .
c Cir 88 = ——————— cic ts dB + © c
mc'/l;v SWG‘l v/;l A s SWC'W ‘/a'.l An. NWXW/ v

Cng - fuselage sectlon normel-force cecefficient (section pa.allel
with air stream)
o-8 .
on, =53 (B; - Py) ax (see fig. 3)
6-8 ) .

fuselage sechHion pitching moment coefficient aboub

quarter chord station of wing section at fTuselage
gurrece

1. Z5-8 '
onp =B »/6 (Py - Pp) (x) dx
* Jé-g

a over-all normel-loice coeffidient

e /}+ over-all pltohing-moment coefficient shout gquarter-chord
a station of mean serodynemic chord of over-all configuratioa

ct 8

8 /X =~ X,
wow & .
cmc'/)-pa"c' .Cm(,:/h * == _"“""‘>CN

-+

noxrmel ~force coefficient ior mng outboard section through
critical point :

=2, ds
Ci, 5 cAcn

i

fod 1
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“B

st/d

1'/0C

bending-moment coefficient for section through critical
point

2

= — cpcnt(s —.s ) ds
sd Js, BP0 C

lateral positicn of center of load with reference to the
section through critical point .

S’/d. = CBc/Ci\TC.
4
twisting-moment coefficlent about quarter chord of the

unawept wing for wing outboard of critilcal section
based on chord of section through critical point

2 a2
C. =

2 -
T a C'Udg
¢ SyCo 8¢ S

chordwise position of center of load with reference to
the quarter-chord line of the umswept wing

C
e

Cn.

~

it feq =

mean sectlon twisting-moment coefficlent

- 2 ag
Cy = g Jf ctcA-ds
8

“eCe ¥8¢

gection profile-dreg coefficient from weke survey
measurements :

wing profile-drag coefficient

5 %

C T cc, 4Gy
DOW Sy re o
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The Lengley 8-foot high-speed tunnel, in which the tests were
conducted,is of the single-returm, closed-throat type.

The wing model tested as it appoered during previcus tosts is
shown in figures 1 and 2. For the unswept condition with no fuselege,
1%t has en NACA 65-210 airfoil section, an aspect ratioc of 9.0, & tepor
retio of 2.5:1.0, no twist or dihedral, and a 20-percent-chord ailoron
that extends from the 60-percent-semispan stetion to the end of the
straight part of the tralling edss. The ordinates of the tip end tho
NACA 65-210 section of the unswept wing ere proscnted in reference k.
Other dimensions of the unswept wing ere presenced in teble . Twenty
gtatlc-pressure orifices were placcd at ocach of cight stations along
the wing span in lines perpendicular to tho quarter-chord line of the
wnawopt wing. The approximete chordwise locations of the orifices are
glven in roference 4 while the spanwlec locations of the stations are
presented in toble ITX. The four inboard statione were placed on the
left half of the wing and tho four outboord stations were placed on
the right half. -

The model was supnorted in the tumnel by meoens of the vertical
steel plate shown in figures 1 and 2. The plato, which is campletely
describod in reference 4, has a chord of 50 inches, & thickness:of
0.75 inch, and a modified ellipse profile.

Swopt configurctlons were obtained by rotating the model with
resvect to the support plate shout the mein facitoning screw, which 1s
locoted at the midspan of the model and O.h-rool-chiord length fram tho
leoading edgo of the root chord. Wall pressure moasuremente indicate
that the flow over the model on onc side of tho plate had very little
effoct on the flow on the othor side even at.the highest test Mach mm-
berg. A given test configuratlon represents, therefore, not o yawed
model but half of a swept-back model and half of a swept-forwerd model.
Eince the thickness of the boundary layer on the plate wos small, the
support had negligible effect on the deta obtained.

Revleed tipe wore added for eaoch sweep. The rhapes of the revised
tips were similar to that of tho unswoept wing, the major axes of the
tlps were parallel to the stresm diroction, tho minor axes were aloug
the 4O-percent-chord lines, and the widthe weio 0.47 inch (eee f£ig. 3).
The dimensions c¢f tho model with 30° and 45° of swoepback and swoep-
forward of the querter-chord line ere prosented in table I and figure 3.
The dimemsions are based on the assumption ihat the surface of the
plate abt theo root is the plane of symmetry. The locations of the
Progsure orifice stations with reference to the intersection of the
quartor-chord line of the originpal wing and the center line for the
ewept configuretions are presented in tablo II.
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The effect of the addition of a fuselage to a camplete wing
was gimulated by the addition of two helf bodiss of revolution to
the test configuration at the surfaces of the support plate. The
dimensions of the half bodies of -revolution, the center lines of
which coincided with the chord plane of the wing,- are shown in
figure 3. The chordwise positions of the fuselage with respect
to the wing for the varlous sweep engles are presented in table I.
Twenty-eight pressure orifices were placed in one of the halves in
two planes at 45C to the plane of symmetry through the center line
as shown in figure 3.

Wake surveys were mede behind the wing by means of the rake
described in reference 4 and shown in figure 2.

METHODS AND PROCEDURES
Tests

Pressure measurements were made at the elght stations on the
wing and on the fuselage at the Mach nimbers and angles of attback
listed in table IV. A1l pressure measurcments were made with
the revised tips described in the sectlion on Apperatus. Since
the pressure stations are on both sides of the wing model, pressure
data for a given sweep were necessarily obtained dwring tests of
two configurstions. Wake-survey measurements werc made &t the
stations listed ir table IIT at the Mach numbers and angles of
attack listed in table IV. Wake-suwrvey muagurements were madeo
with end without the revised tips for sweep angles of 30° and 45°
at the three stations nearest the tip. All other weke surveys
were made with the revised tips. C

Corrections Tor Tunnel-Wall Interference

The expressliong avalleble for the calculatlion of the effects
of tumnel-wall interference are inadequete for the accurate
determination of those offects for swept wings at high subseonic
Mach numbers. No corrections for these effects have been applied,
therefore, to the results of the present tests of swept wings. To
meke the date presented coneistent, no corrections heve been applied
to the data cobtained for the unswept condition. Eptimatlons of the
order of magnitude of the effects of tumnsl-wall interferences, using
the expressions presented in reference 4, indicate that the carrections
to be applied to dynamic pressures and Mach mumbers for all conditions
except that of no sweep at & Mach mumber of 0.925 sre less, and in
most cases much lessg, than 1 percent. The corrections to be spplied
to the results obtained for no sweep st a.Mach nwmber of 0.925 mey
be as large as 3 percent.

R
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Limiting Test Mach Num'bers

The tumel choked at Mach mudbers of approximetely 0.945, 0.975,
and 0.985 for sweep anglaes of 0°, 30°, and 45°,respectively. The
data obtained when the. tunnel is choked are not applicable to the
prediction of wing characteristice for free a.u (reference 6) and
therefore they are not presented.

Sta.tic- presgure measurements made on the tunnel wall indicate
that there are perceptible tendencies toweirrd choke at the plane
of the model at a Mach rumber of 0.925 and 0.960 for unswept and
swept ronditions,respectively. The results obtained at theae
Mach mmbers, even 1f completely corrected. for the usuel effects of
tunnel-wall interference, may not, therefore, indicate the exact
flight charecteristics. The general trends, however, are believed
to be 1llustrated by the results obtained &t these Mach numbers.

With the support strut for the weke-survey rake in place (fig. 2)
the tunnel choked at this strut when the umcorrected Mach number
£t the plane of the model was 0.882. Ap explained in reference ki,
choking at the -gsurvey strut &imply imposes a limitation on the
maximm test Mach number and does not mffect the applicabllity. of
the results. The data obtained for the model with the weke-survey
strut in place. can thus be assumed to bé correct wp to the choking
Mech mumber of the weke-survey strut and. data up to this Ma.ch number
have been presented . . .

Reynolds Number- Ra.ne;e o

When the Mach nurber was increased from 0.60 to. 0.96, the . .
Reynolds numbers for the unswept wing bosed on the mean chord varied
fram 1.05 X 100 to 1.25 x 106.  The Reynolds mwmbors for the swept
wings were greater than these.values . by the ratioa . of the mean
chords of these wings to the meen chord of the unswept wing (table I).

RETUCTION OF DATA AND RESULTS.
Aerodynamic Characterigtlcs.

Section normal.-farce coefflcient . - crit and section twlsting-

moment. coefflclents about the guarter-chord line of the unswept
wing. ¢y = have been obtained by integrating the pressure- = -
d_istri‘butioh diagrems for the eight wing-orifice #tatioms.

The wing normal-force coefficlent has been obtained by integrating
8 curve-of op' cA versus the distance ‘along the querter-chord line. of the

i ! R E *
Ty T

<
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unswedst wing, ané dividing e Gl v the area of the wing ouvboard
of the fuselege. Variations of the resulting wing normal ~-force
coefficlents with angle of attack for the various sweep angles
are presented in figure L while variations of -this coefficient
with Mach number sre presented in figure 5. Varistions of the
glopes of the wing normal-force-coefficient curves, dC’Nw deo ,

with Mach number at an angle of attack of 2° are presented. in
figure 6,

The wing twisting-moment coefficient ebout the quarter-chord
line of ~the unswept wing has been obtalned by integrating a curve
of ctc .versus distance along this line-and dividing the result
by the area and mean aerodynamic chord of the wing outboard .of the
fugelege. The wing bending-moment coefficient about a line
perpendicular to the gquarter-chord line of the unswept wing at
i1ts intersection with the plane of symmetry in terms of the mean
agrodynamic chord of the wing was calculated from data obtained
during the integretion of a curve of ctop versus the distance
along this lins. The wing pitching-mament coefficient about a
lateral axis through the intersection of-the guarter-chord lins * -
of the unswert wing end the plane of symmetry has been obtained
by edding the components of the wing twisting and bending-moment
coefficients~gbout thls axis. By adding to this pitching-moment
coefficlent the product of the wing normal-force coefficient and
the distence from this axis to the quarter-chord ststion of the mean
aerodynamic chord, the pitching-moment coefficients egbout this station
hes been obtained. The variations of the wing pitching-moment
coefficient sbout the quarter chord of the mean aerodynamic chord
of the wing with wing normel-force coefficient for various Mach mumbers
are pregented in figure T. Veariations of this cocefficient with
Mach number for wing normal-force coefficients of. 0,1, 0.3, and 0.5
are presented in f‘igure 8.

The totel-pressure and static-pressure measuremwents mede during
the weke surveys have been reduced to section profile-drag doefficients
by use .of the expressions presented in reference 7, The totel wing
profile-dreg coefficient has been obtained by integrating a curve of
Ca,C vVersus the semlspan fram the plene through the wing-fuselage
Junctures to beyond the tlp end dividing the.result by the area :
of the wing outboerd of the fuselage. The result obtained indicates
the exact wing profile-drag coefficient only if the measursments
mede neer the fuselage do not include part of the total prdéssure
losses for the fuselage. The results of a preliminary investigatlon
indicate that these measurements include only a small pert of these
losses. It moy be essumed for all practical purposes, therefore, that
the result obtained does indicate the total wing-drag coefficient.

The total wing profile drag coefficlent for the wing with 45° of

. Bweepback was obtaired from messurements made at the two chordwise
positions given in teble ITIT. The results of measurements made

at both of thess cheordwise positions but at one gpanwise position
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indicate that there was very little cross flow behind the wing even
at the highest test angles. It may be assumed, therefore, that the
measurement made indicabes the true total wing-:rofile—drag coef-
iclents for the wing with 45° of swesp.

Verilations of the wingrprofile-drag-coefficlent with wing normal-
force coefficient are wresented in figure 9 while variations of this
coefficlent with Mach number for wing normel-foice ccefficients of 0.2
and 0.5 are presented in figure 10. To indicate the effect of sweep
alone on the profile-drag characteristics of the wing, the variations
of wing profile-drag coefficient with Mach rmumber for the various
sweeps and an angle of abttack of 20 &fe présented in figure 11._

The fuselage-section normel-force coefficient and fuselage-sectlon
pltching-mament coefflcisnt about the guarter-chord station of the -
chord at the wing-fuselage juncture in torms of this chord have been
obtained by integrating & pressure-distribution diagram for the fuselage
orifice station. Since the pressure measurements were made along the
central portion of the fuselage only, the noimal and pitching-moment
coefficlents obtained are not for a complete fuselage sectlion 1n the
presence of the wing. However, thése coefficients do have significance.
The difference of the pressures on the upper end lower surfaces of the
fuselage with no wing producod by changing the angle of attack are
concentrated near the nose end tail, while diffeiences in the pressures
-on these surfaces produced by the presence of the wing are concentrated
on the central portion of the fuselage (reference 8). -The coefficients
obtained from pressires measured along the central portlion of the
fuselage, are therefore, very nearly equal to the changes in the
fuselage-section coefficlients produced by the precence of the wing. .
The ratios of the fuselage-sec¢tion normel-force coefficlent to the wing
normel-force coeffioient are presented in figwre 12. Variations of the
fuselage~section pltching-moment coefficlent with fuselage—sec'bion
noruael-force coef‘ficient sre presented in figure 13. : , )

The results of previous theoretical and exjerimental work (rei_‘er-
ence 8) indicate that for an unswept wing at low Mech numbers the
effect of the wing on thé total fuselage ccefficients are pro'ba'bly
nearly the séme as the effects of the wing on the section coefficlents
for the fuselage planes for which measurements weire made. To obtain
approximations of the over-all effects of the wing it has teen assumed
thet the effects of the wing on the total fuselage coefficlents are.
the seame ag the effects of the wing on the séction cosfficlents for
all the test conditions. The over-all normel-force coefficient for the
wing heg been determined by =adding the fusélage normal~force coefficient
in -terms of the over=-all wing sreea to the wilng normal-force ccefficlent
in terms of the’séme srea. The over-all wing area has been assured to
be the area of wing outboard of the area of wing outhoard of the fuselage
plus the area of a rectapgular portion of a wing with a chord equal te
the chord of the section at the Juncture of the wing and fuselage, mnd
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& gpan equal to the dlameter of the fuselage. The over-all pitching-
moment coefflcient for the wing hes been determined by adding the
pltching-moment coefficient of the fuselage sbout the guarter chord
of the mean asrodyneamic chord of the over-all wing area in terms of
this chord and area to the pitching-moment coefficient outboard the
fuselege of the wing about this same point in terms of the same area
and chord. Variations of the over-all pitching-moment coefficlent for
the wing with the over-all normal-force coefficlient are presented in
figure 1. Variations of the over-gll pitching-moment coefficient
with Mach mumber for over-all normal-force coefficients of 0.1, 0.3,
end 0.5 are presented in figure 15.

Variations of the spanwise distribution of section normel-force
and section profile-drag coefficlent with angle of attack for & Mach num-
ber of 0.600 ere presented in figures 16 and 17, respectively. The
sectlion profile-drag coefficients ere besed on the chord of the model
directly in front of the msasurement statiens. )

Vortical variations of the total-pressure losges for 30° sweep-
back and sweepforward at stations approximately 2.0 wing-fuseclage-
Juncture chords behind the trailing odgo of this juncture and 0.18' semi-
spans from the planes of symmetry ere presonted in figure 18.

Aerodynemic Loads

An analysis of the structure and the asrodynemic loadings of swept
wings indicates that the maximm bending amd shear loads produced by the
air forces on a swept wing will probably occur at the principal wing-
fuselage Joint nearest the center of load. For swept-back wings this
Joint will be near the trailing edge while for swept-forward wings it
will be near the leading edge. To show the megnitude of the effecte of
changes in Mach mumber on the distribution of load with respect to these
Joints on wings similar to those tested, the distributions of load with
respect to the critical polnt, the inbtersections of the TO- and 20-
Ppercent-chord lines of the original wing with the suwrface of the
fuselage have been determined for the swept-back and swept-forward wings,
respectlvely. To provide a bagis of comparison the distribution of load
wlth respect to the wing-fuselage Juncture of the unswept wing have
also been determined. '

The distance along the swept semispan froam the section through the
critical point to the section including the center of load outboard
the intersection in terms of the swept semigpan has been detormined
by integrabting & curve of section load versus the dlstance along
the swept semispan. The distence from the guerter-chord line
of the unswept wing to the center of load in terms of the chord of
the section through the c¢ritical point of inbtersection has been
determined by integrating the curves of sectlon twisting moment
versus the distance along the swept semispan. The ratios of the
loads outboard the sectlons through critical points to the total
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loads on the wings heve elso been determined. The load centers and
ratios for angles of attack from 2° to 10° are presented in figure 19.

The effects of changes in Mach number on the load distributions
for a wing loading of 200 pounds per sguare foot a,t en altitud.e of
30,000 feet are shown in figure 2Q.

'I‘o allow the determination of the effects of changes in Mach
number on the distributions of load with reference to other points
on the wing, the spanwise distributions of load on the full wing

and the distribubion of twisting moment outboard the sectlions
through the egsumed critical points for various angles and Mach
numbers are presented in figures 21 through 30, The unusual
shapes of the.loading digtributions near the root are due to the
fact that the sect:.on loadings in this reglon are not for complete
sections (fig. 3}.

DISCUSSION
Varigbles -

Since the aspect ratio, wing section, taper ratio, and
Reynolds number range changed when sweep angle wes changed, the
results presented do not Indicate the exact effects of sweep
alone. However, the effects of the present changes in these
other varlables on most of the veriations of characteristics
with Mach number are small with respect to the effects of the
corresponding sweeps (references 9, 10,and 11). ) '

Wing Wormal-Force Characteristics

The wing with 0° sweep at engles of attack of 0°, 2°, 4°, and
_T experienced reductions in the normel-force coefficien,ts when the
Mach mumber was increased beyond values of approximetely O. 19, 0.77,
0,74,and 0.73,respectively (Ffig. 5). The wing with 30° of esweep-
bacl: et the same angles of attack experienced similasr reductions
at Mach mumbers approximetely 0.1l0 greater then these velues. This
difference is slightly less than the increment of 0.12 obiained by
use of the factor, T -1 times the Mach mumbers at which

cos

reductions in noma.l-—force ‘coefficients occur. The wing with 30°

of sweepforward at angles of attack of 0°, 29, 4°, and 79 experienced
reductions In the wing normsl-Tforce coefficionts at Mach numbers
approximetely 0.10, 0.12, 0,lk,and 0.15 gréater ,respectively sthan
for those at which reduction ocecurred on the wing with no sweep

for the seme angles of attack. These differences are generally
slightly greater than the Mach nualbe increments obtalined using the
factor described above. o s
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There are no mejor reductions in the normel-force coefficients
for the wings with 45° of eweepback and sweepforward et an angle -
of ettack of 2° at Mach numbers up to 0.96, the highest test value
(fig. 5). For T° angles of atteck these configurations- experlence
reductions in normel-force coefficients at Mach numbers of 0.92
end 0.94, valuss which are approximately 0.17 and 0.19 greater
than the Mach number at which the wing with no sweep experiences
& reduction in this cosfficient at this angle of attack. These
differences sre congiderably less than the calculated Mach number
increment of spproximately 0.30 for these configurations for 7o
angles of abtack. : '

The results obtained for the wings with t30° of sweep indicate
not only that the reductions in normsl-forze coefficients occur at
higher Mach numbers on swept wings then on similer unswept wings
but, more importantly, that the percent recuctions that occur
ere generally less, in scme cases much less, for swept wings than
for a similar unswept wing {fig. 5). Insufficient data are
aveilablo to show the exact effect of progressgively increasing the
sweep angles beyond 30° on the magnitude of the reductions of
normal-force coefficients but the dsta obtained for the wing with
45° of gweep indicate that the mognitudes of these reduchions
are probebly further reduced by increasing the sweop angle beyond
30°. The magnitudes of reductions for swept-forwerd wingz are
conglderably less then those for swopb-back wings with gimilar
sweop angles even when theo sweep angles are measurcG to the
half chord line.

As would be expected the slopes of the wing normal-force -
curves, dCNw/dﬂ, , Tor the configurations with swecp are congiderably

less then tho~slopos of thess curves for the:hodel:-without sweep

&t the subcritical Mech numbers a5 sn englz of attack of 29 (fig. 6).
Thege differences are dus primarily to variastions of the esweep

angle but variaetions on the aspect ratio and to a leaser eztend
variations in the mection, and Reynolds number (referencelO)

produce part of the dlfferences. The slope of normal-force-

ctrve for the model with no sweep starts to decrease whon the Mach
number is increased beyond approximetely 0.Thk. It starts to
incresase again, however, at a Mach number of 0.83. At this Mach
mumber the slope is aprroximately 85 psrcent of the meximm velue obtalned
at a Mach number of 0.74. The glopes of these curves for ths

models with 30°, -30°, 45%, and -45° of eweep started to docrease

at Mach numbers of 0.08, 0.15, 0.19, and C.20 groater,respectively,
than the value st which the slope of the curve for the model with

no sweep started to decrecase. The slope for the medel with 300
sweopback ceases to decreese when the Mach number is increesed
beyond approximetely ¢.90. The percent reduction of the slope for
this conflguration is greater tham that for the model with no eweep,

S
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the slope at & Mech nwdber of 0.90 being 0 percent of the slope at
0.82. The percent reduction in slope for the model with 230C sweep-
forwerd appears to be much less than that for the mcdel with 300

of sweepback. The glope for thils configuration abt the highest test
Mach nusber, 0.96, is approximaetely 5 percent less than the maximmm
at 0.90.

Wing Pitching-Monent Characteristics

There are lerge variations of the wing pitching-moment coefficlente
et given wing normel-force coefficients for the wing with no sweep
when the Mach number is increesed from approximately 0.75 to the
highest test value, 0.925 (fig. 8). Similar changes occur for.the
wings with sweep, but they occur at e higher Mach mumber than do
the corresvonding changes for the wing with no sweep. The magnitudes
of the changes for 30° and b45° of sweepback and 45° of sweepforward
are generally lese than tne corresponding changes for the wing with
ne sweep, but the megnitudes of the changes for 30° of sweepforward
sre grester than the corvesponding changes for this wing.

Wing Profile-Drag Characterigtics

The wing profile-drag coefiicient for the wing with no sweep .
st an angle of attack of 2° starts to increase ranidly wlien the
Mach mumber is increased beyond epproximately O.7h {fig..11). A
similar increese occurs on the wing with 30° sweerback at a
Mech nwmber of approximately 0.09 grester then this valye. This
increment is approximately 75 percent of the factor —=———- 1 tLlrmes

cos Ar

the Mach number eb which the dreg rise occurs on the wing with no swesp.
The rate of incrcase of the wing profile-dreg coefficlient witn Mech
nunber on the wing with 30° sweepback is apvroximately the seme as
that for the wing with no sweep. The wing profile-dreg coefficient
for the wing with 30° sweeplorwerd starts to rige very gradually

at & Mach nuwber of epproximately 0.75. When the Mach number is
increased beyond aporoximately 0.86 the rate of incrcaese 1s about the
pame as thet for the wing with 30° of sweepback. There is only a
slight increase in the wing profile-drag coefficlent for the wing
with 45° of sweepback with 20 angle of attack when the Mach numbor

is increasged to the highest test value.

The weke-survey measurcments indlcats that the incresse in tho
profilc-drag coefficient for the wing with 30° of sweepforwerd at
gt Mech number of approximately 0,75 1g due to separation near
thoe wing-fusclage Juncture. It is quito probablou, therefore, that
geparation alsc occurs on portions of the fuselege abt this Mech
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numbe: and that the increase 1n the profile-drag coefficlent for -
the over-allconfiguration is greater than that for the wing alone.

The use of tips perpendlcular to the guarter-chord line instead
of the revised tip described in the section on Apparatue increased
slightly the drag coefficients for the swepb-back wings at all
angles.of attack and Mach numbers.

Effect of Wing on Fuselage Characteristics

The changes in the fuselage section normal-force coefficients
produced by the wing are approximately T5 percent of the wing normal-
force coefficients for the oconfiguratlons with no sweep and sweepback
at angles of attack of 20, 4°, 79, and 10° and at all Mach numbers
up to the highest test velues (fig 12). For the wing with sweep-
forward at these same angles of attack end et the lower Mach numbers,
the ratios of these coefficients are approximately 0.90. TFor 450
of sweepforwerd the ratios do not change appreciably when the
Mech number is increased up to the highest test values; however,
for 30° of sweepforwerd at some angles of attack the ratios change
radically when the Mach number is increased to thie value. At
en angle of attack of 2° it increases by approximately T5 percent.

Over-all Characteristice for Wing

Since the changes in the fuselage normsal-force coefficients
produced by the wing asre epproximately equal to the wing normal-
force coefficients for most conditions, the over-all normel-force
cooefficients for the wing ere nearly seme as the wing normel-forcs
coefficients. Imn most cases the differéence between the two
coefficiente is less than 4 percent of the wing normel-force
coefficient.

The varistions of the over-all pitching-moment coefficients
with Mach number for various values of the over-all normal-force
coefficilents are epproximately the seme as the veriatlons of the
wing pitching-moment coefficients with Mach nuwmbor for the
seme -values of the wing -normel-force coefficicnts (fig. 15).

Stelling Characteristics

Since the Reynolds numbeors, eirfoil sections in flow direction,
and asgpect ratlos for the various configurations differed, the
results obtained at the hi ee’c engles of attack at a Ma.ch number
of 0.60 do not indicate thdnead “weep alone on the angle
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of attack and normel-force coefficlent at which stall occurs. Since
the. Reynolds numbers for the. tests were considerably lower .and the
Mach numbers considersably higher than those for the usual landing
conGitions, the resulte camot be used to estimate the stalling
characteristics for the landing conditions. It is belleved, however,
that the results do indicate for some meneuvering conditions the
locations of 1nitial flow separation due to increasing the angle

of attack to relatively high velues. At & Mach number of 0.60

this initial seperation occurred first on the inboerd gections of
the wings with no sweep and sweepforward and on the outboard
sections of the wings with sweepback (figs. 16 end 1T).

Load. Distributions

The center of load on the wing with ng.sweep for & wing :
loading of 200 pounds per squere foot en arn altitude of 30,000 feet-
shifts inboard verypliphtly end reerward by a considerable emount
when the Mach mwmber is incressed from epproximately 0.T5 to the
highest test value (fig. 20). The center of load on the wing with
300 of sweepback for the same condlitions does not shift along the
swept-back semispan but shifts reerward with reference to this line
approximately the seme disgtences as the center of lpad on the wing
with no sweep shifts chordwlee. The center of load on the wing

th 45° of sweepbrck shifta slightly outboerd clong tho swopb-back

semlspan and rearwerd with reference to this line for the particular
over-all loadingeselected. The centers of load on the wings with

sweepforward shift slightly inboard along the swept-forward semlspan
but do not shift by o signiiicant emount with reference to this-line.

CONCLUDIHG REMARKS

The results of tests of wings with no sweep and 30° and 45°
of sweepback and sweepforward in oonjunction with a typical fuselaga
at Mach numbers up to 0.96 indicated the following: - :

1. The wings with -30° of sweop experienced the severe cha.nges
in characteristics associated with the prepence of slhock at highor
Moch nupmbers then did the wing without sweep. The differences
between tho Mach numbers &t which the changes occurred for the
wings with £30° sweep and no sweep wero geherally elightly less then

the factor —T - l times the Mech numbors at which the changee
cos!

occurred for the unswept wing, Ar being the sweep angle.
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2. The wings with tL5° of sweep did not experience the changes
in the characteristics associated with the presence of shock at

en angle of attack of 2° at Mach mmbers up to the highest test
values.

3. The Iﬁagnitudes of changes in the normal-force copefflcients
that occur were less for the wing with ¥30° of sweep then for the
unswept wing. .

4. The use of sweepforward was superlor to sweepback in delaying
and reducing the changes in the normal -force coefficients but was
inferior in delaying and reducing the chenges in the profile-drag
coefficients. o

5. Increasing the Mach number to the highest test values had
little effect on the positions of the center of loads.on the various
configurations,.for the probable design load condlfions :

Langley Memorisl Aerorsauticsl Laboratory _
National Advisory Camittee for Asronautlics
Langley Field, Va.
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GENERAT. DIMENSIQNDS

Description

Ddmensions

o'

Cg
cf

Sweep of 25-percent-chord
line of originel. wlag,
degress

Bweep of leading edges of
actual wings, degrees
Sweep of £0-percent-chord
line of actual wings,

degrees

Span, inches

Span along 25-percent-
chord line of originel
wing, b/2 cos‘.—'l,,
inches

Root chord, inches
Tlp chord, inches

Chord at intersection of
wing end fuselage,
inches

Mean chord of wing exten-
ded throvgh fuselage,
inches

Mean chord of winz oubt-
board of fuselsago,
inches

Erea of wing extended
through fuselags,
inches?

Area of wing outboard
of fuselage, inches®

Areoa of wing sssuming
wing straight through
fuselegs, inches?

Agspect ratlo assunming
wing extended through
fuselage, b2/Sg

Agvect ratlio of wing
outboard fusclage,
& - )%/,

2.7

-2.7
37.8

- 18.9

6.06

5.64

L.20

Loz

158.6

137.4

15816

k5.0 |-30.0

W7.7 1-27.2 |-h2.3

-48.2
o7 .1

42,8
£8.2

-32.0
33.8

9.4
9.03
3.33

19.7
6.64
2.3

19.9
T.97
3.07

19.5
7.23
2.66

8.20

6.20 6.73

L.59 L.95; 6.18

4,80} 5.76

167.4 j169.2

1k1.2 {137.0

166.4 |167.8
6.8 L.y

b7 6.3 .1

T

NATTONAL, ADVISORY.
COMMITTEE FOR AERONAUTICS
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TABIE X.- Concluded
GENERAL DTIMENSIONS - Concluded

Synmbol Description~ Dimensions

A Aspect ratio sssuming wing

& straight through fuselags, :
b2/S, 9.0 { 7.5 | 5.2 | 6.9 | 4.5
Taper ratio of wing cutboard
of fuselage, cp/cg 2.35[ 2.45] 2.37} 2.53 | 2.46

Taper ratio esssuming wing
extended through fuselage,
cr/c8 2.50 P.63 2.60]| 2.72} 2.70

cty {lean aeroda}na:mic chord of
wing outhoard of fuselage,

ct; {Mean aserodynemic chord of

over-all configuration

assuming wing rectangular )

through fuselage, inches L.h3] 4.86) 5,771 5.25] 6.48
Xg |Inches 0 Oy 1.65!-1.221-2.20
X, [Inches o} h,7h] €6.93|-L.67|-6.67
X, |Inches 0 h.19} 6.00|-4.09(-5.68
Xg |Inches 0 -4 -.28 15 .35

e Digtance from nose of fuse-~
lage to intersection of
guarter-chord line of

"~ original wing end plene of

syrmetry, inches 14.10]13.20}12.10{1%.75115.30
Retio of 2cpr to Sy A5) .18 .22 .18 .22

Ce [Chord at critical sectlonm,
inches 5.64] .41 5.19] 5.45] 5.24

"ogition of critical chord

with respect to intersec-
tion of ¢/b4 line of origi-
nal wing (percent "a") 10.0 {16 e2.4 j15.5 |21.1

Hatio of thickness to chord
Tor sections parsllel to

airgtreem 10.0 { 9.0 | 7.5 | 8.2 | 6.6
Pogition of meximum thick-~ |
ness, percent chord Lo |43 %3 41 41

m NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IT

E[,ocations of pressure orifice stations with reference to the _
intersection of the 25 percent chord line of the original wing
and the center line (percent of swept-back seml span)|

Sweep angle, .Ar
c® 30° 459 -30° -h50
11.0 12.7 ih.h 7.6 5.2
20.0 21.3 22.9 16.3 ih.0
20.0 20.9 2.k 26.0 23.7
L43.0 k3.4 Wyt 38.6 36.4
56.0 55.8 57.0 51.1 k9.1
64.0 63.5 6l .7 58.9 56.9
80.0 78.8 79.8 T b T2.5
G5.0 93.2 9k.0o 88.9 87.1

NATIONAL AIVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IITI

LOCATION OF RAKE FOR WARE (:’DET_VE&E

[Sweep a.nglesz] :
o° 30° 45° -30°

x X X X

(in.} | 2y/p | (in.) |25/ (1n) | 2r/e | {in) § 27/p
8.4 0.127 16.8 | 0.175 17.1 | 0.210 2.8 0.180
8.4 .180..f 16.8 292 | 17.1 3ok | 9.8 300
8.4 225G | 16.8 Jgo |17 508 | 9.8 500
8.4 500 | 16.8 o5 | oaT.l T80 | 9.8 750
8.4 L7507 |- 16.0 .910 5.1 Th0 | 9.8 .950
8.4 950 | 16.8-]1.000 | 25.1| .92% | 17.3 .180

25,1 | 1.000

NATIONAL ADVISORY
COMMITTEE FOx AERORAUTICS
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TABLE IV
TEST POINTS
Pressuve measurements Wake survey measirements
;. - 0 " = O
. =0 “by, 0
[s2 [s4]
M (Coc§ M (dog)
0.600 -2,0,2,4,7,10 0.600 0,2,4,7
.T50 -2,0,2,4,7,10 .00 -2,0,2,4,7
.800 -2,0,2,4,7,10 TS0 -2,0,2,4,7
.850 0,2,4,7 .800 -2,0,2,4,7
.890 0,2,4,7 -.850 G,2,4
.925 0,2,4,7 .890 0,2,h
.'!\..l = 300 ..A..r = 300
% a
- (ceg) " (coc)
0.800 -2,0,2,4%,7,10 0.600 0,2,5,8
800 -2,0,%,4,7,10 150 -2,0,2,%,8
.850 -2,0,2,4,7 .800 -2,0,2,5,8
.890 0,2,4,7 .850 -2,0,2,5
.925 0,2,1,7 .890 0,2,5
.860 0,2,4,7
= (8] v e 0O
T is o, = L5
- s : [+1)
M| (2e2) M (zog)
0.600 -5,2,7,10,13 0.600 0,3,6,9
.800 -2,2,7,10 .800 -2,0,3,6
.390 ~2,%,7,10 L350 -£,0,3,6
9 ~z,2,7,10 .390 0,3,6
560 -5,2,7,10

NATTONAL ATWICECRY
COMMITTEE FOR AFRONAUTICS
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TABI®E IV, - Concluded

THEST POINTS - Conclyiéed

A » = -20° A = -30°
o
M {aue) M _(dcp)
01600 "2,0,2,&',7,10 00600 0,2"5’.8
800 -2,0,2,4,7,10 LT50 -2,0,2,5,8
-850 "2,0,2,1",7 -80-0 -?,0,2,5,
.890 0,2,k4,7 .850 il,0,2,5
.925 0,2,4,7 ,890 0,2,5
.960 0,2,4,7
L= 40
a
M (deg)
0.600 | -2,2,7,10,13
-800 "—.,?’7,10 )
.890 ~2,2,T,10
925 ' ~2,2,7,10
-960 ‘2,2)7,10

NATIORAL ADVISORY
COMMITTEE, FOR AERONAUTICS
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Figure 1.- Unswept wing without fuselage on plate.
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Figure 2.- Close-up of unswept wing showing wake-survey rake.
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