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SUMMARY
1

An untwisted wing, which when uréwept has an NACA 65-210 section,
an aspect ratio of 9.0 and a taper ratio of 2.5:1.0, has-been tested
with no sweep, and 30° and L5° of sweepback and sweepforward in
conjunction with a typical fuselage at Mach numbers from 0.€0 to
0.96 at angles of attack generally between -2° and 10° in the
Langley 8-foot high-speed tummel. Sweep was obtained by rotating
the wing semispans about & point in the plane of symmetry. The
normal-force, pitching-moment, profile-drag, and loading characteristics
for the wings have been obtained from pressure measurements and wake
surveys. The results indicate that the wings with #30° of sweep
experienced the severe changes in characteristics associated with
the presence of shock at higher Mach numbers then did the wing
without sweep. The differences between the Mach numbers at which
the changes occurred for the wings with ¥30° sween and no sweep

were generally slightly less than the factor coil\ times the

+
Mach numbers at which the changes occurred for the unswept wing,
 Dbeing the sweep angle. The wings with 50 of sweep did not
experience the changes in the characteristics associated with the
presence of shock at an angle of attack of 2° at Mach numbers up to
the highest test value. The magnitudes of changes in the normal-
force and pitching-moment coefficients that occurred were less for
the wing with 30° of sweep than for the unswent 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-diag coefficients.
Increasing the Mach nurber 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 conditions.

INTRODUCTION

The results of investigations made in this country and in
Germany (references 1 and 2) have shown that the use of sweepback
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or sweepforward delays the onget of the radical changes in _
aerodynemic cbaracterist;cc associated with the presence of shock
on the wing., More recent investigations made in both countries
have added con51&evable infoimation on the characteristict of
wings with sweep at supersonic as well as subsonic Mach numbers
(reference 3) but little data is available for the transonic
speed range. The data available, therefore, are insu*flclent for
the - proper detlgn of aircraft with swept wings.

The NACA 65-210 wing model previously tésted in the Langley 8-foot
high-speed tunsl (reference L) has been tested in conjunction with
a typical fuselage with no sweep and 30° end 45° of sweepback and
swveepforward of the quarter-chord line and several aileron deflections
at Mach numberq from 0.60 to 0.96 at angles of attack generally between

.-20 and lO tﬂ prov1ae 1nformat*on on the follow1ng ac+ors

(l) The ef‘feﬂtq of sweep on’ aerodynamlc ChuraCberl“thS of this
perticular wing 1n the Mach number range for which general 1nformation
on the effects-of sween on eroddnamic chgructeilsblcs is now S
uvalluble.“ : SEE

(2) The generﬁl effects of sweep on aerodynamlc cnaraﬂterlstlcs
in the' lower part of the transonic upeed rgnge Ior A;ch ‘little data
are’ ovallable.- 5 S ’

(3) The effects of compregsibility on the diqtllbutlonq of
aero&ynaaic loads on cveﬂt w1ng at subsonlﬂ Nach numbers. s

(&Y ”he chungec in the aerodynam,c charec*erl tlcs of fuselage
in the.presence of swept wings at subsonic Mach numbers.,

. DEFINITIONS

The symbéié?éie;aéfiﬁéd;as'foilbwé:.'

b emin o mote)

¢ " 3éébfi0nJchord of ﬁihg,Jpérﬁilélﬂto'éir étfeam.fﬁ

qA 4 }sgctlon chord perpendlcular to qvaxuer-rhoid llne of unsvept
_wing

g chord of section perpendiculér to the quarter-chord line of

the unswept wing pasglng through the critical point, the
WHLOTSGCCIOQ with the' swrfaco of the fusclage of bhe T0-

r 20-percent-chord lincs of the unswept wing for sweptback
or gwepuforward v1nbs,rc vectively (see fig. 3)
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cr chord of section at juncture of wing and fuselage
Cg tip chord, parallel to air stream
Cy root chord, distance between intersections of extended leading
and trailing edges with plane of symmetry
) Cp * Cg
Ec average chord of wing extended to plane of symmetry -
2
cf + Cg
Cys average -chord of wing outboard of fuselage -
c’W mean aerodynamic chord of wing outboard of fuselage
cyc
[} lg
-—_— -
et =% {op + Cg - (reference 5)
- Cy + Cqy
(=
ct, =~ mean serodynamic chord of over-all confisuration assuming wing

is rectangular through fuselege with chord equal to the
chord at wing-fuselage Juncture
Celr 4+ ct' 8
i W - .
cly = (reference 5)
Cel + Sw

d swept~back semispan, distance between imberooctions of the
quarter-chord line of the unswept wing with the root and
tip chords, b/2 cosh , (sec iig. 3)
g digtance from nose of fuselage to intersection of the quarter-
?hord line ?f tiie unswept wing with the plane of symmetry
see fig. R

A " loss of total pressure in weke

) distance from leading edge of wing perpendicular to querter
chord of the wnswept wing, inches

M Mach numbexr
?5 étatic rressure in undisturbed streom, pounds per sguare foot
P local static pressure at a pOLnt on alrfoil or fuselage, pounds
ver square foot .
P pressure coefficient (%—;;E—> U, upper surface; L, lower surface
q
q dynemic pressuvre, pounds per square foot (—pV‘)
[P o)
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radius of straight-sided part of fuselage at wing-fuselage
juncture, 1.875 inches (see fig. 3) .

rhstance measured. along guarter-chord line of the unswept wing
from plene of symmetry, inches

distance along the quarter-chord line of the unswept wing from
the plane of symmetry to the section through the crwtlcal
point, inches

distance along the quarter-chord line of the uvnswept wing from
the plane of syrmetry to the section perpendicular to the
quarter-chord line which includes the center of load on
the wing outboard of the section through the critical point,
inches

. . \
area of wing outboard fuselage '(Ew(b - 21«))

area of wing extended through fuselage (Eeb)

area of wing assuming wing rectanguler through fuselage

(SW + 2Cfr)

velocity in undisturbed stream, feet per second

distance in stresm direction from intersection of quarter
chord of the unswept wing with plane of syrmetry (downstream
positive), inches

distance from the late al exis through the intersection of the
quarter-chord line of the unswept wing and the plene of symmetry
to the lateral axis through the quarter-chord station of
_the section at the intersection of the wing and fuselage

chordwige Gistance Trom leading edge of wing-fuselage-Jjuncture
chord to leading edge of tip chord

distence from the lateral axis through the intersection of the
quarter-chord line of the unswept wing and the plane of symsetry
to the lateral axis through the querter-chord station of the
mean asrodynamic chord of the wing oubboard of the fuselage

&
Xy = — %{'(C'W' - ¢f) + Xp (reference 5)

distance from the lateral axis through vhe intersection of
the quarter-chord line of the unswept wing and the plane of
eymmetry to the lateral exis. through the gquarter-chord
station of the mean aerodynamic chord of the over-all
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-configuratién'assuminé wing rectangular through fuselage.

W v/+
X, = : reference 5)
cﬁr + Sw
y distance from plane of symmetry along horizontal axis, inches

[N

distance from center line along vertical exis, inches

ot verticel distance from trailing edge Qf wing-fuselage-juncture
chord, inches

a geometric angle of attack, degrees -
o] mass density in undisturbed stresm, slugs per cubic foot
Ao sweep angle between line perpendicular to the plane of sgymmetry

end leading edge of wing, degrees (positive values for
sweepback, negative values for sweepforward)

4L sweep angle between line perpendiculer to the plane of
symmeltry and the quarter-ciord line of the unswept wing,

the principel reiference line, degrees

s

3

The coefficients are definced as follows:

c..t wing section normel-force coefficient (se ction nerpond,cular
to quartver-chord line of the unswept xing)

ACA
' =57 | - E)
~CAJo :
Ct wing section twisting-moment coefficient about quarter-chorad

line of the uwnewent wing (section perpendicular to this line)

1 A (P o ) (7, c-"l.}
Ct = - LI I
t (C \\2 U L N al

iy o] \ /
CN wing normal-force coefficient
W
a [e2 . .
Cx,, = 9 on' ds (see fig. 3)
W al

UNCERSSINED
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wing-pitching-monent coefficient about quart ei-chord

ot
e / b station of mean aer odynamlc chord. of wing
o I a ry- : an
2 cos A 2 4 2 sin - /\
Co s 1 —— [ cpA® ¢y 48 - ——r CA“ 's ds + CyXy/cy
mc’/l‘w SWC a) s C'w
Cne. o - fuselage. section normal-force coefficient (section parellel

Sy

wi. tn gir otream)

o+ e veng =-l—— o (PT---' Py) ax (see fig. 3)
Cf 6'8 -4 . .

Cmp fuselage section pitching moment coefficient:about -
quarter chord stqtlon of wing SeCtJ.OIl at fuoelage
surface : - -

2o-g U
; / (7g - 7p) () ax

C¥sd

Cy ooover-all noymel-fozce :coez,’t’fic';i;ent.

Omc /}4 .o over-all witehing-moment coefficient: ebout quarter -chord
a station of mean aerodynemic cho r_‘I of over-all configuration

3

0.
4
)

‘ CNc normel - force c,oefz icient ior v;n outboard section through
critical point : : : :

Cy, =£ / cAcn a5

UNGIASSIFIED



NACA RM No. L6JOla UB&M&D 1

tending-moment coe"flc ent for section through critical

C
B
¢ point

2 faf

s - s.) ds
de.jsc ﬁ - ©

CBC

st/a lateral position of center of load with reference to the
. section through crltical point

st/d =,CBC/CNC

Cy twisting-moment coefficient about quarter chord of the
unswept wing for wing outboard of critical section
baged on chord of section through critical point

/e

o chordwise position cf center of load with reference to
..’t

the quarter-chord line of the unswept wing
1
Cg

c

z.'/cC =

Cr,,

mean section twisting-moment coefficient

2 an
cyCh As
o = J[ TYA
UC 2]

e e

Of

cr
il

section proifile-drag coefficient from waeke survey
meagurements

Cp wing profile-drag coefficient

[INREASSIFIED
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APPARATUS

The Langley 8-foot high-speed tunnel,. in which the tests were
conducted,is of the single-retwrn, closed-throat type.

The wing model tested as it appeared during previous tests is
shown in figures 1 and Z. For the unswept condition with no fuselage,
1t hag en NACA 65-210 airfoil section, am aspect ratio of 9.0, & teper
retio of 2.5:1.0, no twist or dihedral, and a 20-percent- chord alleron
that extends from the 6Q-percent-semispan station tc the end of the
straight part of the tralling edge.. The ordinateg- of the tip and the
NACA 65-210 section of the unswept wing are preosented in reference k.
Other dimensions of the unswept wing are prescnted in teble I. Twenty
stetic-pressure orifices were placcd at sach of eight stations along
the wing span in lines perpendicular to tho uarter-chord line of the
unswept wing. The approximate chordwise locations of the orifices are
given in reference 4 while the spanwisc locations of the stations are
presented in table IT. The four inboard stavions were placed on the
left half of the wing and the four ~outboard utatlons were placed on
the right half,

The model was supvorted in the tunnel by means of the vertical
steel plate shown in figures 1 and 2. The plate, which is completely
described in reference 4, has a chord of 50 inches, a thickness. of “:
0.75 inch, and a medified e,l.Llpse profile. - '

Swept configurati ons were obtained by rotating the model with
respect to the support plate about the mein fastoning screw, wiich is
loceted at the midspan of tho model and ().‘f«"r ool - ho & length from the
leading edge of the root chord. Well pfcwvre meagurements indicate
that the flow over tie model on onc side of the pla‘co had very little
effect on the flow on the other side even at the highest test Mach num-
bers. A given test configure tion represents, therefore, not a yawed
model bubt half of a swept-back model and half of a swept-forward model.
Cince the thickness of the boundary layer on the plete was small, the
suppoert had negligible efféct on the data obbained.

3 '$ ‘fj'}

Reviged tipe were added for each sweep. . The shapes of the reviged
tips were similar to that of the mnswept wing, the major axes of the
tips were parallel to the streem direction, the mincr axes were along
the 40-percent-chord 11"10», and the wicl shs were O. L7 inch (see fig. 3).
The dimengions ¢f the model with _;O ‘and Lr of sweevback snd sweep-
forward of the quarter-chord line are presented in table I and figure 3.
The dimensions are based on the assumption that the surface of the
plate at the root is the plane of symmetry. The locations of the
‘pressure orifice stations with reference to the intersection of the
quarter-chord line of the originel wing and the center line for the
swept configurations ere presented in table II.

UNGEARGIAED
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The effect of the addition of a fuselage to & complete wing
was simulated by the addition of two half bodies of revolution to
the test conflguratwon 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 2. The chordwise pogitions of the fuselage with respect
to the wing for the various sweep angles are presented in table TI.
Twenty-eight pressure orifices were placed in one of the halves in
two planes at #5° to the pWane of Uymmetrv through the centev line
&s uhown in fl"ure 3 ‘

Weke 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 eight staticns on the
wing and on the fuselage at the Mach numbers and angles of attack
listed in table IV. All pressure measurements were made with
the revised tips described in the section on Apperatus. Since
the pressure stations are on both sides of the wing mode , DPressure
data for & given sweep were necessarily obt ained dgwring tests of
two confighrations. Wake-survey measurements were made at the
stetions listed in table IIT @t the Mach numbers and angles of
attack listed in table IV. Weke-survey mecasurenents were mado
with and without the revised tins for sweep angles of 20° and L5°
at the three stations nearest the tip. All other weke surveys
were made with the revised tivps.

Co*reo io ng Tor Tunnel-Wall Interference

'Theé expressions available for the calculation of the effects

of tumnel-wall interierence ave inadequate for the accurate
determination of those c¢ffects for swept wings abt high subsonic
Mach numbers. No corrections for these effects have been applied,
therefore, to the results of the present tests of swept wings. To
meke the data presenteld comsistent, no corrections have been applied
to the data obtained for the unswept condition. Zstimations of the
order of magnitude of the effects of tunnel-wall inter Terences, using
the expressions presented in reference 4, indicate that the corrsctions
to be applied to dynemic pressurecs and Mach numbers for all conditicns
except that of no sweep at a Mach number of .925 are less, and in
most cases much less, than 1 percent. The corrections to be uDPliGd
to the results obta;nec for no sweep et & Mach number. of 0.925 ma;
be as large as R percent.
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Limiting Test Mach Numbers

The  tunnel choked at Mach numbers of approximately 0.945, 0.975,
sweep angles of 0°, 3090, and 45°,respectively. The
data obtained when the tunnel is choked are not applicable to the
prediction of wing characteristics for free air (reference 6) and
therefore they are nct presented. i

and 0.985 for

Statlc .

pressure measurements made on the tunnel wall indicate
that there are perceptible tendencies toward choke at the plane

of the model at a Mach mumber of 0.925 and 0.960 for unswept and
swept conditions,respectively. The results obtained at these

Mach numbers, even if completely corrected for the usual effects of
tunnel-wall interference, may not, therefore, indicate the exact
flight characteristics. The general trends, however, are believed
to be illustrated by the results obtained at these Mach numbers.

With the support strut for the weke-survey rake in place (fig. 2)
the tunnel choked at this strut when the vncorrected Mach nvmber
at the plane of the model was 0.88:. As explained in reference b,
choking at the survey strut simply imposes a limitation cn the .
maximum test Mach number and doeés not affect the appl ICc«bllltJ of
The data obtained for the model with the wake-survey.
strut in place can thus be assumed to be correct up to the choking
Mach number of the weke-survey strut and data up to this Mach number
have been presented.

the resuvits.

Reynolo.s Nw:ﬂ,or “L{ense

When the Mach number was increased from O. 60 to 0.96, the
Reynolds numbers for the unswept wing based on the mean chord varied
from 1.05 X 100 to 1.25 X 106, The Reynolds numbers for the swept
wings were greater than these values by the ratios’ of the mean
chords of these wings to the mean chord of the unswept wing (table I).

REDUCTION OF DATA AND RES

Aerodynamic Characteristics

Section normal-force coeff‘iCient c,¥ and eéction twisting-

n

moment coefficients ‘about the quarter-chord lins oT the unswept
have been obteined by integrating the pressure- -
distribution d_agl*emc for the eight wing-orifice gtations.

wing ¢y

The wing normal-force coefficient” has'been' obtained by integrating

a curve of

cp' cf

versus the distance along the quarter-chord line of the

UNCERSS D
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unowedt wing, and dividing the results by the area of the wing outboard
of the fuselege. V arlat;ons of the resulting wing normal-force
coefficients with angle of attack for the various sweep angles
are presented in figure:4 while variations of this coefficient
with Mach number eare presented in figure 5. Variations of the
slopes of the wing normal -force-coefficient curves, dCNW o,y

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

The wing twisting-moment coerficient sbout the quarter-chord
line: of,)the unsvept wing has been obtained by integrating a curve
of cycT versus distance along this line and dividing the result
by the area and meen aerodynamic chord of tne wing outboard of the
frselege. The wing bend.lnh—momenF coefficient about a line
perpendicular tc the quarter-chord line of the unswept wing at
its intersection with the plane of symmetry in terms of the mean
aﬂro\lynamlc chord of the wing was calculated from data obtained
during the J.ntegr;utlon o; a curve of ct ¢ CA  versus the distance
along this lins ”I‘ he wnw mtclnro'~rﬂomen":. coefficient about a
lateral cxis tm ough the intersection of the guarter- -chord line &
of th'e_. unswert wing and the plzne of symmetry has been obtained
by adding the com*gdnenw of the wing twisting and bending-moment
coefficients about this axis. By adding to this pitching-moment
coefficient the product of the wing normel-force coefficient and
the distance from t’vno axis to. the cuarter-chord station .of the mean
aerodynamic chord, the pitching-moment coefficients about this station
has been ootalneu. ““10 varigtions of the win ng pitching-moment
coefTicient about the quarter chord of the meen aerodynamic chord
of the wing with w1 ng normel-force coefficient Tor various Mach numbers
are presented in figure 7. Veariations of this coefficient with
Mach number for wing normal-force coefficients of 0.1, 0.3, and 0.5
are presented in figure 8.

The ‘ootal'-prc.;.sv'ﬂe and static-pressure measurements made during
the weke surveys have been reduced to se&_tio*l profile-drag coefficients
by use of the exnref*swng Presgented in reference 7. The totel wing
pI'O.Llle'dI'ué coefficient Las been obtained by intecrating a curve of
C4,,C verslys the semispen from the plene throuvgh the wing-fuselage
Junctures to beyond the tip L‘I\d dividing thé result by the area
of the wing outboard of the iuselage. The result cbtained indicates
ths exact wing profile-drag coefficient only if the measursments
made near the fuselage do not i cl‘*de part of the total pressure
losses for the fuselage. The results of a preliminary 1:nve<*.t1gat10n
indicate that these méasurement J.nul wde only a small pert of these
‘lesses. It mey be assumesd for 0.11 practlca.l purposes, therefore, that
the result obt..nned does 1mg1oate the total wing-drag coefilclent
The total wing profile drc.g coeff1c1en+ for the wing with 45° of
sweepback was obtained frcom measurements made at the two chord.wise
positions given in table IIT. Ths results of measurements made
et both of ‘these chordwise positions but at one spanvise pos:Ltlon

UNGLASSIFIE
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indicate that there was very little cross flow behind the wing even
at the highest test engles. It mey be assumed, therefore, that the

‘measurement made indicates the true total v1ng-3Lo_1le drag coef-

icients for the wing with 45° of sweep.

Veriaticns of the ving vrofile-drag coefficient with wing normal-
force coefficlent are vresented in figure 9 vhile variations of this
coefficient with Mach number for wing normel-force ccefficients of 0.2
and 0.5 are presented in figure 10. To incicate the effect of sweep
alone on the profile-drag characteristics of the wing, the veriations
of wing profile-drag coefficient with Mach number for the various
sweeps and an engle of attack of 2° are presented in figure 1l.

The fuselage-section ncrmel-force coefficient and fuselage- section
pitching-moment coefficicnt about the quavte?~cnord gstation of the
chord at the wing-fucelege Juncture in terms of this chord have been
obtained by integrating a pressure-distribution diagram for the fuselage
orifice station. Since the »ressure measurements were made along the
central portion of the fuselage only, the normal and pitching-mement
coefficients obtained are not for a complete fuselage section in the
presence of the wing. However, these” coefficients do have significance.
The difference of the oressures on the upwver and lower surfaces of the
fuselage with no wing produced by changing the angle of attack are
concentrated near the nose and tail, while d;*xe "ences in the presgsures
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 pressures measured along the centrel portion of the
fuselage, are therefore, very neerly equel to the changes in the
fuselage-section coelficients produced by the mresence of the wing.

The ratios of the fuselage-section normel-force coefficient to the wing
norpal-force coefficient are presented in figure 12. Variations of the
fuselege~section pitching-moment coefficient with fuselage-section
normal-force coefficient ere presented in {igure 13.

The results of previous theoretical and exerimental work (refer-.
ence 8) indicate that for an unswept wing at low Mach numbers the
effect of the wing on the total fuselage ccefficients are probably
nearly the same as the effects of the wing on the section coefficients
for the fuselage planes for which measuremenss were made. To obtain
approximations of the over-all effects of the wing it has been assumed
that the effects of the wing on the totel fuselage coefficients are
the same as the effects of the wing on the section coefficients for
all the test conditions. The over-all normal-force coefficient for the
wing has been determined by adding the fuselage normal-force coefficlent
in terms of the over-all wing erea to the wing normal-force coefficient
in terms of the seme erea. The over-all wing arca has been assumed to
be the area of wing outboard of the area of wing outboard of the fuselage
plus the area of a rectangular portion of a wing with a ciiord equal te
the chord of the section at the Juncture of the wing and fuselage, =nd

IERPARATRT])
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& span equel to the diameter of the fuselage. The over-all pitching-
moment coefficient for the wing has been determined by adding the
pitching-moment coefficient of the fuselage about the quarter chord
of the mean aerodyneamic chord of the over-all wing area in terms of
this chord and area to the pitching-moment coefficient outboard the
fuselage of the wing about this same point in terms of the same area
and chord. Variations of the over-all pitching-moment coefficient for
the wirg with the over-all normal-force coefficient are presented in
figure 14. Variations of the over-all pitching-moment coefficient
with Mach number for over-all noruel-force coefficients of 0.1, 0.3,
and 0.5 are presented in figure 15.

Veriations of the spanwise distribution of section normel-force
and section profile-drag coefficient with engle of attack for a Mach nmm-
ber of 0.600 are presented in figures 16 and 17, respectively. The
section profile-drag coefficients are baged on the chord of the model
directly in front of the measurement stations.

Vertical variations of the total-pressure losses for 30° sweep-
back and sweepforward at stations aporoximately 2.0 wing-fuselage-
Juncture chords behind the trailing edgze of this juncture and 0.18 semi-
spans from the pleanes of symmetry erve presented in Tigure 18.

Aerodynamic Loads

An enalysis of the structure and the aecrodynemic loadings of swept
wings indicates thet the maximum bending end shear loads produced by the
alr forces on a swept wing will probably occur at the principesl wing-
fuselage joint nearest the center of load. TFor 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 effects of
changes in Mach number on the distribution of load with respect to these
Joints on wings similer to those tested, the distributions of load with
respect to the critical point, the intersections of the TO- and 20-
percent-chord lines of the original wing with the surface of the
fuselage have been dctermined for the swept-back and swept-forward wings,
respectively. To provide & basis of comparison the distribution of load
with respect to the wing-fuselage juncture of the mwswept wing have
also been detsrmined.

The distance along the swept semispan from the section through the
critical point to the secticn including the center of load outboerd
the intersection in terms of the swept semispan has been determined
by integrating a curve of section load versus the distence along
the swept semispan. The distence from the quarter-chord line
of the unswept wing to the center of load in terms of the chord of
the section through the critical  point of intersecticn has been
determined by integrating the curves of section twisting moment
versus the distance glong the swept semispan. The ratios of the
loads outboard the sections through critical points to the total

UNCERSSTFIER
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lcads on the wings have also been determined. The load centers and
ratios for les of attack ! fom 29 to 10° are FYG sented in figure 19.
The effects of changes in Maﬂh number on the Joad d1sUr1but10ns
for a wing loading of 200 pownds per sguere oot at en’ alt¢Lude of
2C,0 OP feet are shown in figure ZO. , : s

of changes-in Mach .

L

To ullOV tAc determination of tne o f cte ,
number on the distributions of lecad with reference to other points-
on the wing, the .epanwise digtrivutions of lead on the full wing-
and the distribution of twisting moment ouwthoerd the sections
through the assumed critical points for various angles and Mach
nunbers are mresented in Tigures 21 tnrongn 20. The wusuval
ghapes of the loading distribvutions near the root are due to the

fact that the section loaulngs in this region are not for compleue
“gechions (fig. 3. . :

DISCUSSION
Verisbles

Since the aspect ratio, wing section, taper ratio, and
Revnolds number range changed when sweep angle wes chansed, the
results presented ‘do not indicate the exact.effects of sweep
glone. However; the effects of tne present changes in tgpoe-;
other veriables on most of the veriations of characterigtics

with Mach number are smell with respect to the effects of the -

corres Jondlng swwvoc (refereonces 9 lﬂ &nd ll)

Wing ,o;m4l Force Cb?v bue lstics S »;,3~
o The wing with 0° sweep a+-anrles Ol dbtaPL O“ 99 "ﬂh, and
T, experienced.: edtculnns in-the normel-force coefTiclents when bhe

sMach number wes increased beyond vals oq of appr oxlmauelw 0.79; 0,77,

0.7T4,and -0.73,regpectively (Tiz. 5/-4-_ The wing with 300 of gweep- .
baclk ab the seme angles of attack experienced similar reductions

.at Mach nymbers apwroclmatclv 0.10 greater . than *heue values. This

difference is. sli tl less than the increment of lg:obua¢nel bj
use o* tho Iactor —l twmeo +ne Laﬂh'nxmners aL UhLCP

’ \.,O“A

red“CElons 1n normal-iorhe coeAflcien occur. - The winngith.3003‘
of . sweepforword. at angles of abttack of 0°, 20, L®, and 7° experienced
reductions in the wing normal-force coef110¢cnus at, Mach mumbers
apﬁroximatelv 0.10,- 0.12, O. 1h,and 0.15 greauor,respcculvely,thar.v*
for those at: which reduction occurred on the wing with no sweep

for the same angles of attack. These dif?prcrce: are generally

slightly greater then the Mach number increments obtained using * the

factor described above. o
INGEASSIEIED
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There are no mejor reductions in the normal-force coefficients
for the wings with 45° of sweepback and sweepforward et an angle
of attack of 2° at Mach numbers up to 0.96, the highest test velue
(fig. 5). For T° angles of atteck these configurations experience
reductions in normal-force ccefficients at Mach numbers of 0.92
and 0.94, values which are approximately 0.17 and 0.19 greater
than the Mach nmumber at which the wing with no sweep experiences
a reduction in this coefficient at this angle of attack. These
differences &are considerably less than the calculated Mach number
increment of approx1mately 0.30 for these configurations for T°©
angles of attack. '

The results obtained for the wings with 300 of sweep indicate
not only that the reductions in normal-~force coefficients occur at
higher Mach numbers on swept wings than . on similar unswept wings:
but, more importantly, that the percent reductions that occur
are generally less, 1n scme cases nuch less, Tor swept wings than
for a similar uwnswept wing (fig. 5). Insufficient data are
available to show the exact effect of progressively increasing the
gweep angles beyond 20° on the megnitude of the reductions of
normal~-force coefficients but the data obtained for the wing with
45% of sweep indicate that the magnitudes of these reductions
are probably further reduced by increasing the sweep angle beyond
30°. The magnitudes of reductions for swepb-forward wings are
con81dorably less than those for svept- back wings with similar
sweep angies even when the sveep angles ere neasured to the
half chord line.

As would bo expected the slopes of the wing normal-force
curves, dCNW//&m, for the configurations with sweep &re considersbly

less then tho=elopes of these curves for the:hmodel without sweep

at the subcritical Mech numbers at en anglc of attack of 2° (fig. 6).
These differences are dus primarily to variations of the sweep

angle but variations on the aspect ratio and to a lesser extend
variations in the section, and Reynolds number (referencel0)

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

cwve for the model with no gweep starts to decrease when the Mach
number is increased beyond aup“oxlmately 0.7, It starte to
increase again, however, at a Mach number of 0.83. At this Mach
numpver the slope is ahtroy1mat@ly 85 percent of the maximum value obtained
at a Mach number of 0.74. The slopes of these curves for the

models with 30°, -30°, 45°, and -45° of sweep started to decrease

at Mech numbers of 0.08, €.16, 0.19, and 0.20 greater,respectively,
than the valuc at which the slope of the curve for the model with

no gweep started to decrease. The slope for the mcdel with 300
sweepback ceases to decrease when the Mach number is increased
beyond approximetely 0.90. The percent reduction of the slope for
this configuration is greater than that for the model with no sweep,

RAEEASSIFIED
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the slope at a Mach number of 0.90 being 20 percent of the slope at
0.82. The percent reduction in slope for the model with 20° ‘sweep-
forward appears to be much less than that for the mcdel with 30°

of sweepback. The glope for this configuretion at the highest test
Mach number, 0.96, is approximately 5 percent less than. the maximum
at 0.90. : - :

.hn" 1‘1tch1ng~1\/lon<->n+ Characte ristics

There are large Varia.tions of the wing pitching-moment coefficients
at given wing normal-force coefiicients for the wing with no sweén
when the Mach number is increased from-approximately 0.75 to the
highest test value, 0.925 (fig. 8). Similar changes occur for the
winge with sweep, but they occur at a higher Mach mumber than do
the corresponding changes for the wirg with no uveep "The megnitudes
of the changes for 20° and 450 of sweevback and 45° of sweepforwerd.
are generélly less than the corresponding chenges for the wing with
no sweep, but the magnitudes of the changes for 309 of sveenforwa.fd
are greater than the corresponding \,hanuos for this w;ng

. Wing Profile-Drag Characteristics

THe wing profile-drag coefficient for the wing with no sweep
at an'angle of attack of :© gtarts to increase 1an’aly when the
Mach number is increased bp,y ond epproximately 0.7k (fig. 11). A
similar increasg occurs on the wing with- 300 sreeob ck at a

Mech number of epproximately (.09 grester then this value. This
increment is apprommatelv 5 perr‘en* of the factor ——=— - 1 times
: cos /'Lr '

the Mach numbcr at.which +he Grag ri se occurs on uhe wing mtn no sweep.
The rate of increase of the wing profilc-drag coefficient with Mach
number on the wing with 20° sweepback is epyroximately the same as
that for the wing with no sweep. The wing profile-drag coefficient
Tor the wing with 30° sweepiorward starts to rise very gradual. ly

at o Mach rumber of approximately 0.75. When the Mach number is .
7'ncroc.so' beyond &P"‘.CO..\.lmutelj 0.86 the rate of increase is aoout the
same ag thet for the wing with 300 of swees sback. There is only a
slight increase in the wing profile- ~drag coefficicnt for the wing
with 45° of sweepback with 20 angle of attack when the Mach numbcr

is increased to the highest test value.

"The welke- survey measwrements indicate that the increéase in the
rrofile-drag coefficient for the ¥ing with 30° of sweepforward at
at Mach number of approximately 0.75 is due to geparation near
the wing-fuselage Juncture. It is' guite probable, thex efore, that
separation also occurs on portions of the fuselage at this Mach

YR
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numbe:r and that phe increase.in the profile-drag coefficient for
ths over-all configuration is greater than thet for the wing alone.

The use of t*ps perpendicular to tne guarter- chord line instead
of the revised tip describsd in the section on Apparatus- increased
slightly the drag coefficients for the swepb-back wings at all
angles of attack and Mach mumbers.

hffer of Wlng on Fuselage Charvacteristics

The chenges in the fuselage section normal-force coefficients
produced by the wing are approximately 75 percent of the wing noxmal-
force coefficients for the configurations with no sweep and sweepback
at engles of attack of 29, %%, 7°, ard 10° and at all Mach numbers
up to the highest test values (fig. 12 For the wing with sweep-
forward at these same angles of attack qnd at the lower Mach numbers,
the ratios of these coefficlents are appr oximately 0.90. For 45°
of sweepforwar& the ratios do not change appreciably when the

ach number is increased up - to the hléAes eat values; however,
for 30° of sweepforward at some angles of attack the ratios change
radically when the Mach number is increased +o this value. At
an angle_ot.attack of 29 it increases by approximately T5 percent

Over-all Characteristice for Wing

Since the changes in the fuoela&e normal-force coefficients
produced by the wing are approximately equal to the wing normal-
‘force coefficicnts for most conditions, the over-oll normel-force
coefficients for the wing are neerly same as the wing normal-force
coefficients. In most cases the difference between the two
coefficients is less than 4 percent of the wing normal-force
coefficient. '

The variations of theover ull vitching-noment coecfficients.
with Mach number Tor various vealues of the over-all normal-iorce
coeifficients are approx 1m.to*v the same ag the veristions of the
Wﬂng pitching-moment coefficients with Nach number for the
seme values of the wing -normal-force coefficients (fl". 15).

Stalling Characteristics

Since the Reynolds mumbors, airfoil sections in flow direction,
and aspect ratios for the variouve configurations differed, the
results obtained at the highect angles of attack at a Mach number
of 0.60 do not indicatc the effect of sweep alone on the angle
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of attack and normel-force coefficient at vhich gtell occurs. Since
the Reynolds numbers for the tests were considerably lower and the
Msch numbers considersbly higher than those for the usual landing

‘conditions, the results camnot be used to estimate the stalling

characteristics for the landing conditions. It is believed,. however,
that the results do indicate for some maneuvvering conditions the
locations of initial flow separation due to increasing the angle

of attack to relatively high values. At a Mach number of 0.60

this initial separation occurred first on the inboard gections of
the winge with no sweep and sweepforward and on the outboard
gections of the wings with sweepback (figs. 16 and 17).

Load Di stributi one

" The center of load on the w1*1z wi th no sweep for a wing
loading of 200 pou.nq.s per square foot an an altitude of 30,000 fee.,
shifts inboard veryunlisiitly and rearward by a \,onsn.de“able amount
when the Mach number is incr eascc. from aporoximately 0.75 to the
highest test value (f;g 20) . The center of load on the wing with
300 of sxrecpbgck for thé same conditions does not shift along the
swept-back semispan but shifts reavyerd with reference to this line
approximately the same distances as the center of load on the wing
with no sweep shifts \,horawlse. The center of load on the wing
with 45° of s'reeﬂ'bﬂck shifte elightly outboard slong tho swept-back
semispan and rearvard '.ru,h ‘reference te this line for the particular
over- all'.loudinrrselectcd The centers of load on the wings with
sweepforwvard shift slightly inboard along the swept-forward scmispan
bus d.o not smft bv a s:u_";lui’lcant amount w*th reference to this line.

CONCLUDING KEMARKS

The results of tests of wings with no sweep and 30° and 15°
of sweepback and swveepforverd in conguncﬂon with a typical. fuselage-
at Mach "mm'bev's up to O. 96 1nd1car,ec1 the following:

1. The x1m~ _with '—300 of ‘sweep expericnced the severe changes
in characteristics associated with the presence of shock at higher
Mach nvmbers than did the wing without sweep. The differences
between the Mach numbers at which the changss occurred for the
wings with "Ool sweep and’ no sweep were generally slightly less than

the factor S a0 tlmcs the Mach namb“rs at which the changes
cosih :
.

. . !
occurred for the unswept wing, .. belng the swee) angle.

Un%%MDEfF &
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2, The wings with t4Z0 of sweep did not experience the chenges
in the characteristics associated with the presence of shock at
e engle of attack of 20 @t Mach numbers up to the highest test
valves.

3. The megnitudes of changes in the normal-force coefficients
that occur were less for the wing wit! £30° of sweep than for the
unswept wing. C :

4. The use of sweepforwerd was superior to sweepback in delaying
end reducing the-changes in the normal-force coefficients but was
inferior in delaying and reducing the chenges in the profile-drag
coefficisnts. ) : L :

5. Increasing the Mach number to the highest test values had
little efTsct on the positions of the center of loads on the various
configurasions.for the probsble design load conditions.

Lengley Memorial Aeronautical Laboratory
Hational Advisory Committee for Aeronautics
Langley Field, Va. : :
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TABLE I
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GENIRAL DIMENSIONS

Description

Dimengions

Symbol

=

Sweep of 25-vercent-chord
line of original. wing,
degrees

Sweep of leading ecdges of
actual wings, degrees
Sweep of S0-percenc-chord
line of actuval wings,

degrees

Span, inches

Span along 25-percent-
chord line of originel
wing, b/2 cos'd,
inches '

Root chord, inches
Tip chord, inches

Chord at intersection of
wing and fuselage,
inches

Mean chord of wing exten-
ded throvgh fuselage,
inches

Mean chord of wing out-
board of fuselage,
inches ’

Frea of wing extended
through fuselage,
inches?

Area of wing outboard
of fuselage, inches®

Area of wing assuming
wing straight thiough
fuselage, inches?

Aspect ratio assuming
wing extended through
fuselage, b2/Se

Aspect ratio of wing
outboard fusoclage,
(v - ar)2/s

2.7

2.7
37.8

16.9

6.00
2.40

5.6k

k.20

L.o

158.6

137.4%

158.6

9.0

8.5

1
[a®)
-3
Y
|
=
no
(W]

",‘}'8 . 2
274

42.8
28.2

19.4
9.02
3.33

19.9
7.97
3.07

19.5

[ASIENE N}
\e}
0

6.18

8ol 5.76

167.4 |169.2

141.2 {137.0

166.4 {167.8

7.4 | 52 6.8 uy

7.0 b7 6.3 4.1

HATIONAL ADVISORY.
COMMITTEE FOR AERONAUTICS

(FNCEASSIFED




" UNGEASSHHED

TABLE I.- Concluded

GENERAL DIMENSIONS - Concluded

NACA EM Ho

. LEJ01a

Symbol

Description~

Dimensions

Agpect ratio essuming wing
strajight through fuselage,
2

b=/S,

Taper ratio of wing outboari
of fuselage, cr/cg

Taper ratio assuming wing
extended through fuselage,
Cr/\,g

ilean aerodynamic chord of
wing outboard of fuselage,
-inches :

Mean aerodynamic chord of
over-cll configuration
assuming wing rectangular
through fuselage, inches

Inches

Inches

inches
Inches

Digtance from nose of fuse-
lage to intersection of
quarter-chord line of
original wing and plane of
symmetry, inches

Eetio of chr to Sy

Chord at critical section,
inches

Position of critical chord
with respect to intersec-
tion of c¢/b line of origi-

nal wing (percent "da")

Ratio of thickness to chord
" for sections parallel to
airstream

Position of maximum thick-
ness, percent chord

11k,

i

10.

10.

L2

1.5

2.45

4.86
9k
L7k
L.19
-.1h

[
(DS}
ne

’_l
o o

N
=
}.—J

116

9.0

43

12.10

22.h

1.5

43

6.9

2.53

2.72

£.99

5.25

5i-1.22

-b .67

1-14.09

15

1h.75
.18

5.45

15.5
8.'2

=

6.48
-2.20
-6.67
-5.68

.35

.22

\
(3
=

2l.1

6.6

41
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TABLE 1T

Locations of pressure orifice stations with reference to the
intercection of the 25 percent chord line of the original wing
and the center line (percent of swept-back semispan)|

Sweep angle, .j\".r
o° 20° 159 30° -15°
11.0 12.7 1k h 7.6 5.2
20.0 21.3 02.9 16.3 14.0
20.0 20.9 2.k 26.0 23.7
k3.0 434 Ly 7 38.6 36.4
55.0 55.8 57.0 51.1 49.1
6.0 63.5 6.7 586.9 56.9
80.0 78.8 79.8 Thob T2.5
95.0 93,2 ok.0 88.9 7.1

NATIONAL ADVISORY
COMITTEE FOR AERONAUTICE
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TABLE III
TLOCATION T RAKE #OR WAKE SURVEYS
E‘Sweep anggleé_}
o° 30° 1450 -30°
X X : X X
(in.) | 2y/> (in.) | 2y/v (in.) | 2v/p (in.) | 27/p
8.4 0.127 16.8 | 0.175 17.1{ 0.210 9.8 0.180
8.h .180 16.3 292 17.1 3ck ¢.8 .200
8.4 .250 16.8 k90 1i7.1 508 2.8 500
8.4 500 16.8 L7e5 17.1 TR 9.8 L750
8.4 .T50 16.3 910 25.1 LTRO 9.8 .G50
8.4 .950 16.6 | 1.000 25.1. 925 1 17.R .180
2%3.1 | 1.000
NATIONAL ADVISORY
COMMITTEE FOR AWROMAUTICS
, HNELASSIHLD
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TABLE TV

TEST POIRTS

Presgsuie measurements Wake survey measitrements
Lo=0° A= 0°
T S
[¢3 (04
M (cep$ M (deg)
0.600 -2,0,2,k,7,10 0.600 0,2,4,7
.T50 -2,0,2,L,7,10 LT00 | -2,0,2,4,7
.800 -2,0,2,%,7,10 WTE0 -2,0,2,4,7
.85 0,2,4,7 .800 -2,0,2,4,7
.890 0,2,4,7 B850 0,2,bh
.925 0,2,4,7 .890 0,2,k
A= 30° A =300
[« o,
M . L
((.:.C,; i M (Cor)
0.800 -2,0,2,4%,7,10 0.600 0,7,%,8
-800 -2,0,2,3,7,10 .750 -2,0,2,%,8
.850 -2,0,2,4,7 .800 -2,0,2,5,8
.8%90 0,2,4,7 .850 -2,0,2,5
955 0,2,k, .890 0,2,5
.960 0,2,4,7
Go= 430 A=k
] o, &
v (doc) M (deg)
0.600 -7,2,7,10,13% 0.600 0,2,6,9
.800 -2,2,7,10 .800 -2,0,3,6
.390 ~E,8,7,10 L850 -%,0,3,6
955 ~2,8,7,10 .390 0,3,6
.960 -2,2,7,10

NATTIONAL ADVISORY
COMMITTEE FOR AFRONAUPICS
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A apn® = -20°
wypo= 730 A:‘ 30
a ' o
| M (ace) M. (dog)
0.600 -2,0,2,4,7,10 0.600 0,2,5;8
| .800 -2,0,2,4,7,10 750 -2,0,2,%,8
- 830 -2,0,2,4,7 800 -2,0,2,5,8
| -890 O,z,y,v .350 -2,0,2,5
3 L9558 0,2,4,7 .890 0,2,2
| .960 0,2,4,7 : ~
| R o
. ;
1 e
! (ces)
0.600 | -%,2,7,10,13
500 -2,2,7,10
.390 -4,2,7,10
.925 -2,2,7,10
.960 -2,2,7,10
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 1.- Unswept wing without fuselage on plate.
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FIGURE 3.~ GENERAL DIMENSIONS OF. CONFIGURATIONS,
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