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CHARACTERISTICS OF A HIGH-ASPECT-RATIO WING 

IN TIUC LMTGIEY 8-FOOT HIGII-SPRED TUNNEL 

By Richard T. Whitcomb 

SUMMARY 

An untwisted wing, which when unewept has an NACA 65-210 section, 
an aspect ratio of 9.0 and a taper ratio of 2.5:1.0, hasbeen'tested 
with no sweep, and 300 and 450 of swee back and sweepforward in 
conjunction with a typical fuselage at Mach numbers from 0.60 to 
0 . 96 at angles of attack generally between -2 0 and 100 in the 
Langley 8-foot high-speed tunnel. Sweep was obtained by rotating 
the wing semispans about a.-point in the plane 

of 
s;umetry. The 

normal-force, pitching-moment, profile-drag, and loading characteristics 
for the wings have been obtained from pressure nieasth'ements and wake 
surveys. The results indicate that the winGs with ±300 of sweep 
experienced the severe changes in characteristics associated with 
the presence of hock at higher Mach numbers than did the wing 
without sweep . The differences between the Mach numbers at which 
the changes occurred for the wings with ±300 swee and no sweep 

were generally slightly less than the factor	 times the 

Mach numbers at which the changes occurred for theunswept wing, 
r being the sweep angle. The wings with ±1.5° of sweep did not 
experience the changes in the characteristics associated with the 
presence of shock at an angle of attack of 20 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 0 of sweep than for the unswe pt 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 theprofile-th'ag coefficients. 
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 conditions. 

ThTRODUCTION 

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

fief",ssIJr'-n)
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or sweepforward delays the' onset of the radical changes in 
aerodyiei.c characteristics associated with the presence of shock 
on the wing.. More recent investigations made. in .botioimtries 
have added cnsiderable infoination on the cbaracteris t4 les of 
wings with sweep at super-sonic as well as subsonic Mach numbers 
(reference 3) but little data is available for the trensoni.c 
speed range. The data available, therefore, are insufficient for 
the proper design of aircraft with swept wings. 

The NACA 65-210 wing model previously tested in the Langley 8-foot 
high-speed tunnel (reference Ii.) has been tested in conjunction with 
a typical fuselage with no sweep anä. 300 and 150 of sweepback and 
sweepforward of the quarter-chord line and several aileron deflections 
at Mach numbers from 0.60 to 0.96 at angles of attack generally between 
-20 and 100 to provide information on the following factors: 

•	 (I) 'the effects of sweep on I aerodynamic oharactorictics of this 
particular wing in the Mach number range for which general information 
on the êffects of sweep on aerodynamic: characteristics is no 
available.	 . ..	 .. 

(2) The eneral effects of sweep on aerodynamic characteiistics 
in the lower part of the tranonic speed range for which little data 
eie aai1ab1e 

(3) The effects of coreesibilitonthe d1stribirion-Of 
aerodnom1c loads on ret wings at : subsonio Ma h numbers 

(Y The chongeb in the'h aei dynamic characteristics 0±' a fuselage 
in the! 	 of seDt wings at subsonic Mach. numbers. 

DINIII0S 

The symbols . are. . defined as follows: 

b	 span of model 

c	 section ch. ord of wing, parallel to ar aaream 

CA 	 section chord peipendicular to qiaftei-chord line of unsiept 
wJng 

c chord of section perpend.iculbr to the quarter -chord'line of 
the unswept wing passing through the critical point, the 
intersection with tho surface of the fuse.lce of the 70-
or 20-percent -chord linos of the unswept wing for sweptback 
or sweptforward. wings,respectively .(bee. fig. 3)
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chord. of section at juncture of wing and. fuselage 

C6 	 tip chord, parallel to air stren 

Cr	 root chord, distance between intersections of extended leading 
and trailing edges with plane of symmetry 

-	 /Cr+C 
c c	 average chord of wing extended to ilane of syetry

\2 
-	 (cf+cg 

Cw	 average chord. of wing outboard of fuselage
\0 

c'	 mean aerodynamic chord of wing outboard of fuselage 

2/ CfCg \ 

C 'w =	 + Cg	 ± ) (reference 5) 

Ct a	 mean aerodynamic chord. of over-all bonflguration assuming wing 
is rectangular through fuselage with chord equal to the 
chord at wing-fuselage juncture 

c 2 + '
(reference 5) 

+ Sw 

d.	 swept-back esvan, distance betTe 	 itoetions of the 
quarter-chord line of the unewept wing with the root and 
tip chords, b/a Cost	 (coo Cig, 3) 

S	 distance from nose of fuselage to intersection of the quarter-
chord line of the irnswept wing with the plane of symmetry 
(see fig. 3) 

L\H	 loss of total pressure in wake 

distance from leading edge of wing perpendicular to quarter 
chord of the unswept wing, inches 

M	 Mach number 

Po	 static pressure in undisturbed stream, pounds per square foot 

p	 local static pressure at a point on airfoil or fuselage, pounds 
per square foot 

P	 p'essure coefficient 
p - PC) 

i; U, upper surface; L, lower surface 
\q I 

q	 dynamic pressure, pouxdc uer square foot (2)
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r	 radius of straight-sid.ed part of fuselage at wing-fuselage 
juncture, 1.875 inches (see fig. 3) 

s	 distance measured. along quarter-chord line of the unswept wing 
from plane of syimnetry, inches 

sc	 distance along the quarter-chord line of the unswept wing from 
the plane of syetry to the section through the critical 
point, inches 

a 	 distance along the quarter-chord. line of the v.nswept wing from 
the plane of syietry 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 

Sw	 area of wing outboard. fuselage (E(b 2r)) 

Se	 area of wing extended through fuselage (ceb) 

Sa	 area of wing assuming wing rectangular through fuselage 

+ 2cfr) 

V	 velocity in undisturbed stream, feet per second 

x	 distance in stream direction from intersection of quarter 
chord. of the unswept wing with plane of syumietry (downstream 
positive), Inches 

Xf	 distance from the lateral axis through the intersection of the 
quarter-chord line of the unawe pt wing and the plane of synetry 
to the lateral axis through the quarter-chord station of 
the section at the intersection of the wing and fuselage 

Xt	 chorthTiee distance from leading edge of wing-fuseage-juncture 
chord. to leading edge of tip chord 

XW	 distance from the lateral axis through the intersection of the 
quarter-chord. line of the unswept wing and 'the plane of uyietry 
to the lateral axis through the quarter-chord station of the 
mean aerodynamic chord of the wing outboard. of the fuselage 

+ 

=

	

	 +*(c	 - c) + x.p (reference 5) 
3(cf + cg) 

Xa	 distance fiom the lateral axis though the ±uiersection of 
the q uarter -chord line of the unsropt wing and the plane of 
aynmetry to the lateral axls. through the quarter-chord 
station of the mean aerodynamic chord of the over-all
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configuratiOn assuming wing rbbtaheular through fuselage. 

-	 xw
Xa

.1. 

y	 distance from plane

-
(reference 5)	 - 

+. SW 

of syetry along horizontal axis, inches 

z	 distance from center line along vertical axis, inches 

z ?	 vertical distance from trailing edge of wing-fuselage-juncture 
chord, inches 

a.	 geometric angle of attack, degrees 

P	 mass density in undisturbed stream, clues per cubic foot 

sweep angle between line perpendicular to the plane of symmetry 
and leadi±ig ed.e of wing, degrees (positive values for 
sweepback, negative values for sweepforward) 

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

The coefficient;s are defined, as follows: 

Cnt wing section normal-force coefficient (section perpendicular 
to quarter -chord line of the unswept wing) 

-
 CA 

cnt	 (L	 PTJ) - 1 - 

c 	 wing section twisting-moment coefficient about quarter-chord 
linO of the unswot wing (section perpendicular to this line) 

1	 'A	 / 
Ctfl3J (u -L) (l ---)dl 

A, tio	 \	 4 / 

0N	 wing normal-force coefficient w

Ci	 c1 c	 ds (see fig. 3) I.T
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C 	 .. 'wipitchin-inonient coefficient about quarter-chord 
Ir	 station of mean aerodynamic chord. of wine 

2 c o s A pa2	 2	 2'	 . A a2

C. CMe/	
CA Ct s -
	

CACn'8 de + CCi/cw 

fuselage . .seQtion normal-force coefficient . (ection parallel 
with air stream) 

25-g 

.	 . (PT.
	

ex (see fig.	 ) 

Claf	 fuselage section pitchir moment coefficientabout 
quarter chord station of wing section at fuséla€e 
surface .	 .	 ..• ....	 . 

•. 1i ' .g 	 .	 . '	 . 

C	 L) () 'dx 
.i.	 6-g 

C1 r 	 over.-all riia1-i.'orce coeff:Liant. . 

SW . .-,	 2cfr.	 . •.... 
C]T	 ON +	 C 

w	 "-'a  

/ .	 over-allitchin,-momen coef:ficienb• a'.ocut. qua±ter-'chord. 
station of, mean aerodynamic chord of over-all configuratiou 

c t S	 '.	 S 
C1 /a =	 Cfl/ + :(c'a )

CNW 

Cfrf Xa .X r 	 . . 

+	 Cm+ 

cYJ	 '	 S 	 of a 

CN	 normal-force coefficient for ring outloard section through 
C	 critical point	 .	 . . . . .	 . 

Sao 

0Nc 	 !J .. cc ds 
' -'N	 S

c	 ...	 , 

N34D
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CD	 bending--moment coefficient for section through critical 
C	 point

2pa2 
CBc = -	 CfCrS s)ds 

LSjdJSc	
'(

 

s'/cl	 lateral position of center of load with reference to the 
section through critical point 

s T /d CB/C, 

Ct	 twisting-moment coefficient about quarter chord of the 
e	 swept wing for wing outboard of critical section 

based on chord of section through critical point 

Ctc =	 I 
nao 

s c 
 

4 2c ds 
wc 

It 
/CC 	 chorthriee position of center of load with reference to 

the quarter-chord line of the unswe pt wing 

C 
it

CN 

Ct	 mean section tri sting -moment coefficient 

C d	 section profile 
measurements

2	 ra2 
=	 /	 ds 

-	 I 
e 

-drag coefficient from irice survey 

CD
OW
	 wing profile-drag coefficient 

CD0W T;jr Ccd dy
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PPPARATUS 

The Langley 8-foot high-speed tunnel,. in which the tests were 
cond.uctod.,is of the single-return, c1osed.-hroat type. 

The wing model tested as it appeared during previous tests is 
shown in figures 1 and 2. For the uns-v,ept condition with no fuselage, 
it has en NACA 65-210 airfoil section, an aspect ratio of 9.0, a taper 
ratio of 2.5:1.0, no twist or di.hoarsl, and a 20-percent-chord aileron 
that extends from the 6O-percent-semisan station to the end of the 
straight part of the trailing edge.. The ,ordinates- of the tip and the 
NACA 65-210 section of the unewept wing are presented in reference 4. 
Other dimensions of the unswept wing are presented in table I. Twenty 
static-pressure orifices were placed at each of eight stations along 
the wing span in lines perpendicular to tho uerter-chord line of the 
unswcpt wing. The approximate chordvise locations of the orifices are 
given in-reference ).. while the s- panwisc locations of the stations are 
presented in table II. The four inboard stations were placed on the 
left half of the wing and the four outboard. statiais were placed on 
the right half. 

The model was supDorted in the tunnel by moans of the vertical 
steel plate show 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 aniod.ified ellipse profile. 

Swept configurations were obtained, by rotating the nodol with 
respect to the support plate about the main fast onng screw, which Is 
located at the Mdspan of the model and 0.4-ro'ot-cIord length from the 
loading edge of the root chord. Wall pressure measurements indicate 
that the flow over the model on one side of the plate had very little 
effect on the f10 on the other side even at the highest test Mach num-
bers. A given test configuration represents, terofore, not a yawed 
model but half of a swept-back model and half of a swept-forward mode].. 
Eince the thickness of the boundary layer on the plate was small, the 
support had negligible effect on the data obtained. 

Revised tips were added for each sweep... The shapes of the revised 
tips were sinner to that of the unswopt 'wing', the . major axes of the 
tips were parallel to the stream direction, the 'ninOr 'axes were along 
the 40-percont-chord lines, end the widths wore 0 .47 inch (see fig..3). 
The dimensions cf the model with 300 'and 43 of sweepback end swee?-
forward of the quarter-chord, line are presentea 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 synetry. The locations of the 
pressure orifice stations with reference to the intersection of the 
quarter-chord line of the original wine, and the center line for the 
swept configurations are presented in table II.
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The effect of the addition of a fuselage to a complete wing 
was simulated by the addition of two half bodies of revolution to 
the test configuration at the surfaces of the support plate. The 
dimensions of the half bodies of revolution, the center ' li'nes of 
which coincided with the chord plane of the wing, are shown in 
figure 3. The chordwise poitio'ns of the fuselage with respect 
to the wing for the VarIOUS sweep angles are presented injable I. 
Twenty-eight pressure orifices were placed in one of the' halves in 
two planes at 450 to the plane of symmetry through the center line 
as shown in figure 3.

 

Wake surveys: were made behind the wi1g by means of the rake' 
described in reference 4 and. shown in figure '2. 

METHODS AND PROCEDURES

Tests 

Prs:ssure"measnrements were made at the eight stations 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 Apparatus. Since 
the pessure 'stations are on both sides "of the wing lode!, pressure 
data or a given sweep were necessarily obtained during test.s of 
two configtu'ations. Wake-survey measurements were 'made at the 
stations listed in table III at the Mach numbers änö. angles of 
attack listed in table 1ST. Wake-survey measurements were made 

d. with and 	 the revised tips or sweep angles of 30° and. 450 
at the three stations nearest the tip. All other woke surveys 
were made with the revised. tips. 

Corrections for Tunnel-Wall Interference 

ThO expressions available for the calcul&tion of th'o effects 
of tunnel-wall interference are inadequate for the accurate 
determination of those effects for swept wings at high subsonic 
Mach numbers. No corrections for these effects have been applied., 
therefore, to the results of the present tests of swept wings. To 
make the data presented consistent, no corrections have been applied 
to the data obtained for the unswept condition. Estimations of the 
order of magnitude of' the effects of tunnel-wall interferences, using 
the expressions presented in reference 4, indicate that the corrections 
to be applied to djncmic 'uressurcO and Mach numbers for all conditions 
except that of no sweep at, a Mach number of 0.927 are less, and in 
most cases much less, than 1 percent. The corrections to be applied 
to the results obtained for no sweep at a Mach nmnber.of 0.925.may 
be as large as 3 percent.
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Limiting Test Mach Numbers 

The tunnel choked. at Mach numbers of approximately 0.91.5, 0.975, 
and 0.987 for sweep angles of 00, 300, and 450 ,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 not presented. 

Static-pressure measurements made on the tunnel wail indicate 
that there are perceptible tendencies toward choke at the plane 
of the model at a Mach number of 0.925 and 0.960 for unswept and 
swept concUtions,reapectively. 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-wake-survey rake in place (fig. 2) 
the tunnel choked at this strut when the uncorrected Mach number 
at the plane of the model was 0.882. As explained in reference 4, 
choking at the survey strut simply imposes a limitabion on the 
maximum test Mach number and does not affect the apulicability of 
the results. The data obtained for the model with the wake-survey. 
strut in place can thus be assumed to be correct. tip to the chOking 
Mach number of the wake-survey strut and data up to this Mach number 
have been presented..

Reynolds Number Range 

When the Mach number was increased from 0.60 to 0.96, the 
Reynolds numbers for the unswet wing based on the mean chord varied. 
from 1.05 x 100 to 1.25 x io6 . The Reynolds numbers for theswept 
wings were greater than those' values by the ratJ os,''of the mean 
chords of these wings to the mean chord of the unowept wing (table I). 

REDUCTION OF DATA PRD RESULTS 

Aerodynamic Characteristics 

Section normal-force coefficient c 11 aid. sCction twisting- 

moment coefficients 
'
about the quarter-chorcL line of the unswept 

wing ct have been obtained by integrating the 'essure-
distribution diagrhms for the eight wing-orifice stations. 

The wing normal-force coefficient has been obtained by integrating 
a curve of c1- cf versus the distance along the quarter-chord line of the
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uncweDt wing, and dividing the resultQ by the area of the wing outboad 
of the fuselage. Variations of the resulting wing normal-force 
coefficients kith angle of attack for the variouseweep angles 
are presented in figure.l while variations ofthis coefficient 
with Mach number are are presented in figure 7. Variations of the 
Elopes of the wing normal-forc'e-coefficient curves, ON W/ dcc, 
with Mach number at an angle of attack of 20 are presenteh in 
figure 6. 

The wing twisting-moment coefficient about the quarter-chord 
liie; of 9the pnswept wing, has been obtained, by. i,ntegrating a curve 
of c,tc	 u verss distance along this line and dividing the result 
by the area and mean aerodynamiC chord of the wing outboard. of the 
fuselage. The wing bending-moment coefficient about a line 
perpendicular to the quarter-chord line of the unsuept wing at 
its intersection with the plane of s,amietry in terms of the mean 
aerodynamic chord of the wing was calculated fzàm datd obtained: 

cA during the integration of a curve of o 	 versus the distance 
along this line. The wing witching-moment coefficient about a 
lateral axis through the intersection of thQ quarter-chord lineQo 
of tile .unarept wing and the plane of symmetry has-been obtained 
by adding the comronents of. the wing twisting and bending-moment 
coefficients about this axis. By adding to this pitching-moment 
coefficient the product of the wing normal-force coefficient and 
the distance from this axis to. the uarter-•hord station.of the mean 
aerodynamic chord, the pitching-moment coefficients about this station 
has been obtained. The variations of the wing pitching-moment 
coefficient about the quarter chord of thb mean ae odynemic chord 
of the wing with wing normal-force coefficient for various Mach numbers 
are presented in figure 7. Variations of this coefficient with 
Mach number for wing rmal-force coefficients of.0.1, 0.3, and 0.7, 
are presented in figure 8. 

The total-pressure and static-pressure measurements made during 
the wake surveys hive been reduced to section profile-drag coefficients 
by use of the expressions presented in reference 7. The total wing 
profile-drag coefficient has been obtained by integrating a curve of 
cd0c versts the semispan from the plane through the wing-fuselage 
junctures to beyond the tip and dividing the result by the area 
of the wing outboard of the fuselage. The result obtained indicates 
the exact wing profile-draE coefficient only if the measurements 
made near the fuselage do not include part of the total pressure 
losses for the fuselage. The results of a preliminary investigation 
indicate that these measurements include only a small, part of these 
losses. It may be assumed for all practical purposes, therefore, that 
the result obtained does indicate the total.wing-drag coefficient. 
The total wing profile drag coefficient for the wing with 450 of 
sweepback was obtained from measurements made at the two chord.wise 
positions given in table III. The results of measurements made 
at both of 'these chcrdwise positions but atone spanwise position 

U1ASJflEh
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indicate that there was very little cross 
flow behind the wing even 

at the highest test angles. It mey be assvrne:, therefore, that the 
measurement made indicates the true total wing-profile-drag coef -

Icients for the wing with 450 of sweep. 

Variations of the wing-profile-drag coefficient with wing normal-
force coefficient are presented in figure 9 while variations of this 
coefficient with Mach number for wing normal-force ccefficients of 0.2 
and 0.5 are presented in figure lOf To inc.icate the effect of sweep 
alone on the profile-drag characteristics of the wing, the variations 
of wing profile-drag coefficient with Mach number for the various 
sweeps and an angle of attack of 20 are presented in figure 11. 

The fuselage-section normal-force coefficient and fuselage-section 
pitching-moment coefficient about the quarter-chord station of the 
chord at the wing-fieelcge juncture in terms of this chord have been 
obtained by by inteating a ires sure -di stribution diagram  ffor the fuselage 
orifice station. Since the pressure measurements were made along the 
ceitral portion of the fuselage only, the normal and. pitching-moment 
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 pressures on the up-per and. 1 ..rer surfaces of the 
fuselage with no wing produced by changing the angle of attack are 
concentrated. near the nose and tail, while differences 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 pressures measured along the centrel portion of the 
fuselage, are therefore, very nearly equal to the changes in the 
fuselage-section coefficients produced by the ::iesence of the wing. 
The ratios of the fuselage-section normal-force coefficient to the wing 
noral-force coefficient are presented in figure 12. Variations f the 
fuselage-section pitching-moment coe±f.ciont with fuselagesection 
normal-force coefficient are -,,)resented in figure 13. 

The results of lrevious theoretical and e:erinienta1 work (refer-. 
enc 8) indicate that for an unawept wing at low Mach numbers the 
effect of the wing on the total fuselage coefficients are probably 
nearly the same as the effects of the wing on the section coefficients 
for the fuselage planes for which measurements 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 total 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 xoi'maJ-force coefficient 
in terms of the over-all wing area to the wing normal-force coefficient 
in terms of the acme area. The over-all wing area 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 chord equal to 
the chord of the section at the juncture 0± the wing and fuselage, and
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a span equal 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 aerodynamic chord of the overall wing area in terms of 
this chord and area to the pitciing-nionierit 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 wing with the over-all normal-force coefficient are presented in 
figure lli. . Variations of the over-all pitching-moment coefficient 
with Mach number for over-all noraal-force coefficients of 0.1, 0.3, 
and 0.5 are presented in figure 17. 

Variations of the spanwise distribution of section normal-force 
and section profile-drag coefficient with angle of attack for a Mach ni-
ber of 0.600 are presented in figures 16 and. 17, respectively. The 
section profile-drag coefficients are based on the chord of the model 
directly in front of the measurement stations. 

Vertical variations of the total-pressure losses for 300 sweep- 
back and sweepforward at stations apuraximately 2.0 wing-fuselage- 
juncture chords behind the trailing edge of this juncture and 0.18 semi- 
spans from the planes of s;netry are presented in figure 18. 

Aerodynamic Loads 

An analysis of the structure and the aerodynamic loadings of swept 
wings indicates that the maximum bending azid shear loads produced by the 
air forces on a swe pt 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 magnitude of the effects of 
changes in Mach number 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 point, the intersections of the 70- and 20-
percent -chord lines of the original wing with the surface of the 
fuselage have been determined for the swept-back and swept-forward wings, 
respectively. To provide ' a basis of comparison the distribution of load 
with respect to the wing-fuselage juncture of the unswept wing have 
also been determined.. 

The distance along the swept somispan from the section through the 
critical point to the section including the center of load outboard 
the intersection in terms of the swept semis pan has been determined 
by integrating a curve of section load versus the distance along 
the swept semis pan. The distance 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 intersection has been 
determined by integrating the curves of section twisting moment 
versus the distance along the swept semispan. The ratios of the: 
loads outboard the sections through critical points to the total 

Adwffi
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loads on the wings have also been detendned.. The.1oaa cente
rs and 

ratios for englesof attack from 2 0 to 100 are presented in figure 19. 

The effects of chaaes in Mach number on the . road distributions 
for a wing loading of 200 pornds per square foot at en alttid.e of 
30,000 feet are shown in figure 20.	 .. 

To allow the deLemnati-on of the effects of changes in Mach 
number on the distribixbons of load with reference to other points' 
on the. wing the .spanwise distributions of lpad. on the. fuIl.wing 
and. the distribution of twisting momen± othoard. the secbiolE . .: 
through the assumed. critical points for various angles and Mach 
nufoers are piesented in figures 21 through 30. The unusual . 
shapes of the loading distributions near the root are due :o the 
f ac t that the section loadings in this region are not for complete 
'zecions  

DThCTTSION 

Variables 

Since the aspect ratio, wing section, taper ratio, and 
Reynolds number range changed when swee p angle was changed, the 
results presented do' 'not . indicate the. exact e:fects of sweep 
alone.., Howeyer. the effects of the present changes in these... 
other' variables on most of the variations of characteristics. 
with 'Mach number are smalJ., with respect to the effects of tile. 
'corrspond.ing . wçes (references 9, 10, and. u). . . . ... 

S 	 , 	 Wing Noimal-Force Characteristics	 -. 

The TLng with Oo sweep at angles of abtack o. °, 	 b0 and 
70 experienced ; reductions in the normal, -fal-c coeffici ents , when the' 
Mach number was ncreased. beyond values of approximately 0 . 79; 0.77, 
0 74,and 0 73,respecbiiel (fig 5)	 Tre wi'g with 300 of sweep- 
back at the same angles of attack experienced similar reductions 
at Mach numbers approximately 0.10 greater than these values. This 
cafference is s3igutl less tan the incioment of V L. ob ' a.ned bj 
tse of the factor,	 1	 -1 times the Mach' p oo:s ab wucl1 

co 
red.-actions, in normal-force coefficients occur. ' T- e wingwith 200.. 
of sweepforwcrd at angles of attack of 00,	 0 and'7°expericnced. 
reductions in the wing normal-force coefficients at Mach numbers 
approximately 0.10, 0.12, 0.14,and. 0.15 greater,resectively,tian..: 
for those at which'reduction occurred on the wing with no sweep 
for the same angles of attack. These differences are generally 
slightly . eater than the Mach number increments obtained using the 
factor described above.

Ir
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There are no major reductions in the normal-force coefficients 
for the wings with 45° of. sweepback and sweepforward at an angle 
of attack of 20 at Mach numbers up to 0.96, the highest test value 
(fig. 5). For 70 angles of attack these configurations experience 
reductions in normal-force coefficients at Mach numbers of 0.92 
and 0.94, values which are approximately 0.17 and 0.19 greater 
than the Mach number 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 approximately 0.30 for these configurations for 70 
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 unewept wings. 
but, more importantly, that the percent reductions that occur 
are generally less, in some cases much less, for swept rings than 
for a similar unewept wing (fig. 5). Insufficient data are 
available to show the exact effect of progressively increasing the 
sweep angles beyond. 300 on the magnitude of the reductions of 
normal-force coefficients but the data obtained £ or the wing with 
450 of sweep indicate that the magnitudes of these reductions 
are probably further reduced by increasing the sweep angle beyond. 
300. The magnitudes of reductions for swept-forward wings are 
considerably less than those for swept:-back wings with âimllar 
sweep angles even when the sweep angles are measured to the 
half chord line. 

As would. be expected the slopes of the wing normal-force 
curves, dCl/dct, for the configurations with swoop are considerably 

less than thoelpes of.tbeso our-yes for thoodolwithout sweep 
at the subcritical Mach numbers at an anils of attack of 2 0 (fig. 6). 
These differences are due 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 (reference 10) 
produce part of the differences. The slope of noj..mal-force_ 
curve for the model with no sweer starts to decrease when the Mach 
number is increased. beyond approximately 0.74. It starts to 
increase again, however, at a Mach number of 0.83. At this Mach 
number the slope is ap;roxinaately 85 percent of the maximum value obtained 
at a Mach number of 0.74. The slopes of these curves for the 
111odels with 300, 300 ' and. - 1i.5° of sweep started. to decrease 
at Mach numbers of 0.08, 0.16, 0.19,and. 0.20 groator,respectively, 
than the value at which the slope of the curve for the model with 
no sweep startedto decrease. The slope for the model with 300 
sweepback ceases to decrease when the Mach number is increased 
beyond. approximately 0.90. The percent reduction of the slope for 
this configuration Is greater than that for the model with no sweep,
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the slope at a Mach number of 0.90 being 83 percent of the slope at 
0.82. The percent reduction in slope for the model with 30° 'sweep-
forward. appears to be much less than that for the model with 300 
of sweepbacic. The Slope for this configuration at the highest test 
Mach number, 0.96, is approximately 5' percent less than the maximum 
at 0.90.

Wing Pitching-Moient Characteristics 

There are large variations of the wing pitching-moment coefficients 
at given wing normal-force coefficients for the wing with no sweep 
when the Mach number is increased from approximately 0.75 to the 
highest test value, 0.927 (fig. 8). Similar changes ocurforthe 
wings with sweep, but they occur, at a higher Mah number than do 
the corresponding changes for the wing with no sweep. 'The 'magnitudes 
of the chnges for 300 and 450 of sweeTback &Q.450 of swepforwar& 
are generally less than the 'corresponding culnges fOr the wing with 
no sweep, but the magnitudes of the changes for 30 0 of sweerforward 
are greater than the correspondirg changes for this wing. 

Wing Profile -Drag Characteristics 

The wing profile-drag coefficient for the wing' with 'no sweep 
at an angle of attack of ° starts to increase rapidly when the 
Mach number is,,increased beyond appxoximately 0.74 (fig. ii). A 
similar increase occurs on the wing with' 300 eweeuback it a 
Mach number of aroxiiaatoly C .09 greater than this value. This 
increment is approximately 75 percent of the factor .	 - 1' Uerns 

COB Ar 
the Mach number. at, which the drag iise occurs on the wing with no sweep. 
The rate of increase of the wing profilo-dLag coefficient with Mach 
number on the wing. with 300 swecpback is apuroziniately' the some as 
that for the wing with no sweep. The wing profile-drag coefficient 
for the wing with 300 sweepforward starts to rise very gradually 
at a Mach number of approximately '0 - 7 .5- *0. 77 When the Mach 'number is. 
increased beyond approximately 0.6 the rate o increase'is about the 
same as that for the wing with 300 '6f sweepbaQ4 There is only a 
slight increase in the wing prof.ilod.rag coefficient for the wing' 
with 450 of sweopback. with 2° angle" of attack when the Mac'h number 
is inarp4sed to the highest test value. 

The wake-survey measurements indicate that the increase in the 
profile-drag coefficient for the KIng with 300 of swee pforward at 
at Mach number of approximately 0 . 75 is du to separation near 
the wing-fuselage juncture It is: quite probable, therefore, that 
separation also ocurs on portions 

of 
the fuselage at this Mach
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number and that fhe increase- in the profile-drag coefficient for 
the over-all configuration is greater than that. for the wing alone. 

The use of tips perpendicular to the quarter-chord line instead 
of the revised. tin described in the section on Apparatus increased 
slightly the drag coefficients for the swept-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 75 percent of the wing normal- 
force coefficients for the configurations with no sweep and sweepbacic 
at angles of attack of 2, )O , 70, and. 100 and at all Mach numbers 
up to the highest test values (fie. 12). For the wing with sweep-
forward at these same angles of attack and at the lower Mach numbers, 
the ratios of these coefficients are approximately 0.90. For 450 
of sweepforward the ratios do not change appreciably when the 
Mach number is increased. up-to the highest test values; however, 
for 300 of- sweepforward. at some angles of attack the ratios change 
radically when the Mach number is increased to this value. At 
an angle of attack of 20 it increases by aproximately 75 percent. 

Over-all Characteristics for Wing 

Since the changes in the fuselage normal-force coefficients 
produced by the wing are approximately equal to the wing normal-
fore coefficients for most conditions, the over-all normal-force 
coefficients for the wing are nearly 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 the over-all pitching-moment coefficients. 
with Mach number for various values of the over-all normal-force 
coefficients are approximately the same as the variations of the 
wing pitching-moment coefficients with Mach number for the 
sane values of the wing -normal-force cofficients (fig. 15). 

Stalling Characteristics 

Since the Reynolds numbers, airfoil sections in flow direction, 
and aspect ratios for the various configurations differed, the 
results obtained at the highest angles of attack at a Mach number 
of 0.60 do not indicate the effect of sweep alone on the angle 

/
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of attack and normal-force coefficient at which stall oôcurs. Since 
the Reynolds numbers for the tests were considerably lower and the 
Mach numbers considerably higher than those for the usua), landing 
Oond.itions, the results' cannot be used to estimate the stalling 
characteristics for the landing conditiors. It is believed.,, however, 
that the results do indicate for some maneuvering 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 flrst on the inbO8d sections of 
the wings with no sweep and sweepforwara and on the outboard 
sections of the wings with sweepback (figs. 16 and 17).. 

Load Distributions 

• The center of load. On the wing with no sweep for a wing 
loading of 200 pounds per square foot an an altitude of 30,000 feet 
shifts inboard vezybiiditly and. rearward by a considerable ' amount 
when the Mach number is increased from approximately 0.75 to the 
highest test value (fig. 20). The center of load, on the wing with 
300 of sweepback for the Came conditions does not shift along the 
swep-back semi an Out shifts rearward with reference to this line 
approximately the sane distances Cs the center of load on the wing 
with no sweep shifts chord.wise. The center of load, on the wing 
with 450 of swoephack L.ifte slictht1y otboard, caong tho swept-back 
semispan and rearward with 'refererco to this line for the particular 
over-all loading selected. The centers of load on the wings with 
sweepoiraid shit s11€ht1 inbo&a along the iTept-forward Bcnil3pan 
bi.c do not srn.±t by a siOuficent amount with reference to this line 

CYNCLt3DING PEW\EKS. 

The results of tests of wings with no sweep and 30 0 and 45 
of sweepback and s eepforai-d in conjunction with a typical: fuselage 
at Mach numbers up to 0.96 indicated the following: 

1. The wings with t30° of sweep ex'oerionced. the, severe changes 
in chara'cteriCtics asociatCd, with'the 'presence of shock at higher 
Mach numbers than did the wing without sweep. The differences 
between the Mach numbers at which the changes occurred for the 
wings with •t300 1 swoop and.' no Cweep were generally slightly less than 

the factor	 - times. thoMach numbers at which the changes 
CO5j,.r 

occurred for the unswept wing, A .-. being the sweeD angle. 

NIDEITI1L 
ILL
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2. The wings with ±1jO of sweep CUd not experience the changes 
in the characteristics associated with the presence of shock at 
an angle of attack of 20 at Mach numbers up to the highest test 
values.

3. The magnitudes of changes in . the normal-force coefficients 
that occur were less for the wing with ±300 of sweep than for the 
unswept wing.	 . 

ii. . The use of sweepforward was si.peribr to sweepback in delaying 
and reducing the changes in the normal-force coefficients but ws 
inferior in delaying and reducing the changes in the profile-drag 
coefficients. 

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 conditions. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va.
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TABLE I 

GEI'1ERAL DflNSIONS

at 

Symbol Description 

A r Sweep of 25-1jercent-chord 
line of original. wing, 
dogroas 

A.. Sweep of leading edges of 
actual wings, degrees 

A
C1

Sweep of 50-percent-chord. 
line of actual wings, 
degrees 

b Span, inches 

d Span along 25-percent-
chord line of original 
wing,	 b/2 co.sA 
inches 

Cr Root chord, inches 

Cg Tip chord, inches 

cf Chord at intersection of 
wing and fuselage, 
inches 

Mean chord of wing exten-
ded. through fuselage, 
inches 

Mean chord of wing out - 
board of ftwelage, 
inches 

S0 Area of wing extended. 
through fuselage, 
inches2 

8w Area of wing outboard 
of fuselage, inches2 

Sa Area of wing assuming 
wing straight tbi'ogh 
fuselage, inches2 

Ae Aspect ratio assuming 
wing extended through 
fuselage, b2/Se 

Aw Aspect ratio of wing 
outboard fusolago, 
(b - 2r)2/5

Dimensions 

0	 i 30.0 I 45.o 1-30 .0 I-45.o 

2.7 1 32.7 j 47.7 1-27.3 -2.3 

	

-2.7	 27.6	 42.8-33 . 0 -).8.2 

	

37.8	 314..2	 28.2 133-8	 27.1 

	

18.9	 19.7 1.19.9	 19.5	 19.4 
6.00	 6 64	

7•971 
7.23	 9.03 

2. 1 0 	 2.53	 3.07	 2.661 3.33 

5.641 6.20	 7.271 6.731 8.201 

' . .20l	 .59I 5.521	 4.95I	 6.181 

L 021 ' . .26I 5 .171 4.80I 5.761 

158.6 157.0 11155.6 1167.4 1169.2 

137. 1. 133.0 1127.0 1141.2 1137.0 

	

158.6 1156.2 1151. . 1. 1166.	 1167.8 

9.0 I 7.1	 5.1 I	 6.8 I 

8.5 [ 7.0	 .7	 6.3 
NP.TI0WL ADVISORY.

C014ETE FOR AERONAUTICS 

thESSW1 
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TABLE I. - Concluded 

GEI'JJiAL flNE3 ION - Concluded 

Symboli Description Dimensions 

A .kspect ratio assuming wing 
straight through fuselage, 
b2/Sa 9.0 7.5 5.2 1	 6.9 45 

TaDer ratio of wing outboard
I 2.46 of fuselage, Cf/Cg 2.35 2.45 2.37 2 . 53 

Taper ratio assuming wing 
extended through fuselage, 
cr/c 2.50 2 - 63 2.60 2.72 2.70 

c 11kean aerodynamic chord of 
wing outboard of fuselage, 

P inches Li..2)-i. Li..62 5.45 4.99 6.10 

C t T Mean aerodynamic chord of 
over-all configuration 
assuming wing rectangular 
through fuselage, inches 4.43 4.86 5.77 5.25 6.48 

Xf Inches 0 .94 1.65 -1.221-2.20 

Xw Inches 0 4.74 6.93 -4-671-6-67 

Xa inches 0 4.19 6.00 _4.09 -5.68 

Xe Inches 0 -.14 -.28 .15 .35 
g Distance from nose of fuse-

lage to intersection of 
quarter-chord line of 
original wing and piano of 
symietry, inches iLi-.lO 13.20 12.10 14 . 75 15.30 

atio of 2cfr to S .15 .18 .22 .18 .22 
c c Chord at critical section, 

inches 5.64 5.41 5.19 5.45 5.24 
Position of critical chord 

with resrect to intersec- 
tion of c/Li. line of origi.- 
nal wing (percent "d") 10.0 16 22.4 15.5 21.1 

Ratio of thickness to chord 
for sections parallel to 
airstream 10.0 9.0 7.5 8.2 6.6 

Position of maximum thick.-
ness, percent chord 42 43 43 41

UC
NATIONAL ADVISORY 

4L C01ITTEE FOR AERONAUTICS 



NACA PM No. L6JO1a	 thSIF1ED	 23 

TABLE II 

[Locations 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-iack aeiispen 

Sweep angle,J 

00 300 50 3O
-U5° 

11.0 12.7 1	 14. 4 7?6 5.2 
20.0 21.3 22.9 16.3 lii-.O 
30.0 30.9 32.!. 26.0 23.7 
13.0 43•4 1U4 .7 38.6 36.1 
56.0 55.8 57.0 51.1 
64.o 63.5 64.7 58.9 56.9 
80.0 78.8 79.8 LI.. 72.5 
95.0 93.2 94.0 88.9 87.1

NATIONAL ADVISORY
C0Iv 4iTTEE FOR AERONAUTICS 

A&Si1I E 
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TABLE III

LOCATION OF 2JE P02 NA 	 $U\TEiE. 

[sweep cngiesL 

3Q0 

x x x 
(in.) 20y to (in.) 2y/'o (in.) 2y/b (in.) 2- /b 

8.4 0.127 16.8 0 . 175 17.1 0.210 9.8 0.180 
8.t .180 16.8 .292 17.1 .321k .	 9.8 .300 
8.4 16.8 .1490 17.1 .508 9.8 .500 
8.1. .500 16.8 .727 17.1 .7IO 9.8 .750 
8.4 .750 16.3 .910 25.1 .711-C, 9.8 .950 
8. li .950 16.3 1.000 25.1. .927 17 . 3 .180 

27 . 1 1.000

NATIONAL ADVISORY
C01ITTEE FOR i\JICONAUTICS 
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TABLE Iv

TEST Po:ENTs 

Pressure measurements Wake survey measurements 

=0° =0___ r r 

M
a. 

(c1 M (e 

0.600 -2,0,2,4,7,10 0.600 0,2,4,7 
.750 -2,0,2,4,7,10 .700 
.800 -2,o,2,lj.,7,1O '.750 -2,0,2,li.,7 
.850 .800 -210,2,4,7 
. 890 012,4,7 .850 
.925 0,2.,1l,7 .890 0,2,L 

M
C-1 

i.	 ., M 

0.800 -2,0,2,L,7,10 0.600 0121 5,8 
.800 -2,0,2,!,7,10 .750  
.850 -2,0, 2, )-i,7 .800 -2,0,2,5,8 
.890 0,2,4,7 .850 -2,0,2,5 
. 925 0,2,4,7 .890 0  
.960

_O - 

M --	 (204) ivI 

0.600
-.P ) 1 7 ) 10 0.600 0,3,6,9 

.Boo -212,7,10 .800  

.890 -2,2,7,10 .850 -2,0,3,6 

. 925 -2,2,7,10 .890 0,3,6 

.960 -2,2,7,10

NATION.4L pjj,rcyy

C0aTTE FOP AItRONAUTICS 
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T-ABLE I'T, -. Concluded. 
rpC' POThTS - ConcL:.d.ecl 

Ar = _00 A	 =	 300 

M
a. 

(d.u€) 14 -	 (dc) 

0.600 -2,0,2,14.17,10 0.600  

.800 -2,0,2,4,7110 .750 -2,0,2,3,8 

.850 -210,2,4,7 .800  

.890 0,2,hi.,7 .850 0,2 ,5 

.927 0,2,.,7 .890 0, 2,5 

.960 0,2,ii.,7 

fl a. 
(fte) ______ 

0.600 -2,2,7,10,13 
.boo -2,2,7,10 
.890 -:,2,7,10 

.925 -212,7,10 

.960
4.

-2,2,7,10

NATI0IAL ADVISORY 
C0L4ITTJIIJ FOR PJ0I'TADTICS 

u% A. "g, P, 
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Figure 1.- Unswept wing without fuselage on plate.
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Fig. 4d 
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Figure 26. - Variation of 5panwise twi.sfing-mo/ri.enf d/5tribut/on
with Mach number. /1 = 0 ° 
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Fig. 27 
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Figure 7. - Variation of span wise twisting-moment distribution 
•	 with A/loch number. A=,50. * =30: r
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Figure 28. - Variation of spon wise twi.s tin g-mornenf d,stribuf/o, 
with A4aafl number. A/,F 4,5
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Fig. 29 
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Figure  30. - Variation of sanwI5e tw/.stfng-moment di,tribution 

with tvlacfl number. flr -4j.
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