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SUMMARY 

A wind-tunnel investigation has been conducted on two serfes of 
twisted and cambered wings, which were identical in all respects except 
wing section, to compare the effects of NACA 4-digi-t and NACA 6k~ chord- 
wise distributions of thickness upon the longitudinal aerodynau&c char- 
acteristics of the wings. The wings were tested at angles of sweepback 
of 40°, 45O, and 50°. With a awee back angle of 40°, the wings had geo- 
metric aspect ratios of 7; with 45 g and 50° of sweepback, the aspect 
ratios were approxtitely 6 and 5, respectively. The tests were conducted 
through an angle-of-attack range at Reynolds numbers up to 10 million at 
8 Mach number of 0.25, and at mch nmibers varying from 0.25 to 0.94 at a 
Reynolds number of 2 million. 

At low speeds, the lift coefficient at which static longitudinal 
instability first became manifest W&B higher for the win@;8 with 4-digit 
sections than for the wings with 6411 sections. This effect of section 
w-as inconsistent with increasing Mach nmiber. For Mach ntiers near 0.80 
and a wing sweepback of 4.00, the lift coefficient for statfc instability 
was higher for the wing with 6&A sections than for the ting with 4-digit 
sections, Increasing the angle of wing aweepback resulted in decreases in 
the lift coefficient at which the abrupt longitudinal instability occurred. 
At high Mach numbers this effect was larger for the wings with 64A sections 
than for the wings with &digit sections. 

The wings with 4-digit sections had higher lift-curve slopes at lift 
coefficients greater than about 0.4 and higher maximum lifts than Che cor- 
responding wings with 64A sections. At subcritical speeds and at 4ift 
coefficients corresponding to the low-drag range for the 64A section, the 
wings employLug these sections usually had less drag and higher ILft-drag 
ratios than the wings with 4-diet sections. However, at higher lWt 
coefficients and at supercritical speeds, the wings with 4-digit sections 
generally had less drag. 
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INI'RODUCTIOR 

Commercial and military needs for long-range 8irpl8neB Capable Of 
relatively high subsonic speeds have stimulated much research aimed toward 
the development of suitable airframe configurations. zndications are that 
these performance requirements c8n be met best by airplanes with sweptback 
wings of relatively high aspect ratio. 

A wing of this type has recently been investigated in the Ames 
12-foot pressure wind tunnel and the results are presented in reference 1. 
In an effort to obtain good stability Ch8r8CteristiC8, the reference wing 
used NACA 4-digit sections in combination with moderate amounts of camber 
and twist. However, the data in references 2 ad 3 indicate that in two- 
dimensional flow at speeds below the M8ch number for drag divergence and 
at the lift coefficients required for cruitiing flight of long-range air- 
planes, cambered MACA 6-series wing sections (of-lsminar-flow type) have 
less drag than cambered NACA &digft ser$3one. The two-dimension81 data 
also show about equ81 drags for the two types of Section at supercritical 
speeds and about equal Mach numbers fOrdrag divergence. 

In order to 8BBesB the anticipated drag penalties at subcritical 
speeds 88 well 88 the probable gains in stability resulting from the use 
of h-digit wing sections with sweptback wings of relatively high aspect 
ratio, the present investigation was undertaken in the Ames E&foot pres- b 
sure wind tunnel. Two series of twisted and canibered wings, identical in 
811 respects except the thickness distributions of the ting sections, were 
tested. One series employed NACA b-digit sections 8nd the other NACA 64A l 

sections. The sweepback angle of the wings w&s varied from tie to 50° to 
determine if the Mach number of drag divergence could be raised by increas- ' 
ing sweepback wfthout titroducing severe BtabiUty problems. 

The experimental data include longitudin81 aerodynamic characteristics 
for both series at sweepback angles of 4C", 45O, 8nd 50°. The tests cov- 
ered 8 r8nge of Mach numbers up to 0.94 at a constant Reynolds number of 2 . 
million and a range of Reynolds numbers up to 10 million at low speeds. 

NOTATION 

aspect ratio b2 
'2s 

a mean line designation, fraction of chord over which design laad 
is uniform 

k 
2 wing semiepan perpendicular to the plane of symmetry 

-.- II 
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drag coefficient, drag 
ss 

drag coefficient at zero lift 

profile dreg coefficient assuming elUptic81 span load dietribu- 
CL2 tion, CD - xA 

lift lift coefficient, - 
ss 

inflection lift coefficient, lowest positive lift coefficient at 

which ac, ac,=O 

pitching-moment coefficient about the qu8rter point of the wing 
mean aerodynamic chord, p itching moment 

sse 

local wing chord psrallel to the plane of symmetry 

average wing chord, F 

10~81 ting chord perpendicular to the wing sweep 8xiB 

mean aercxIyn8mic chord, 
$'2c2dy 

I,"/' c dY 

section lift coefficient 

design section lift coefficient 

lift-drag r8tiO 

free-stream M8ch number 

free-stream d-c pressure 

Reynolds number based on the mean aerodyn8mic chord 

8re8 Of Bemi~8n WiIlg 

m8ximum thicknees of section 
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X 

Y 

a 

cp 

rl 

A 

h 

distance from the intersection of the leading edges of the wings 

8nd the plane of symmetry to the moment center, measured par&l- . 
lel to free stream 

18teral distance from the pl8ne of symmetry 

8ngle of attack, measured with respect to 8 reference plane 
through the lertding edge and the root chord of the wing with 
4.0' Of SWeepbaCk 
(This reference plane w88 used for 811 wings.) 

angle of twist, the angle between the locsl wing chord and 8 
reference pl8ne through the leadIng edge and the root chord of 
the wing with 40° of sweepback (positive for W8Bhin snd meae- 
ured in planes parallel to the plane of symmetry) 

fr8ction of BemiBpkXIl, & 

angle of sweepback of the line through the quarter-chord points 

of the sections of the unswept wing panel 

taper r8ti0, 2 

Subscripts 

8 additional 
. 

b b&Sic 

div divergence 

r wing root 

t wing tip 

MODELS 

The models used in thfs investigation consisted of two wings which 
differed only with respect to the b8BiC thickness distributions ueed for 
the wing sections. One of the models Used NACA b-digit section8 8nd the 
other employed NACA 6&A sections. The b&Sic thickness distributions were 
combined with an a = 0.8 modified mean line having 8n ideal lift coef- 
ficient of 0.4 to form the sections perpendicular to the quarter-chord . 
line of the unswept wing panels. The thickness-chord ratfos of these 
sections varied from 14 percent at the root to 11 percent at the tip. 4 
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Dimensions of the wings are given in figure 1. The model8 were solid 
steel, and the surf8ces were polished smooth. Their construction w&s such 
that the sngle of sweepbsck could be adjusted to tie, 45O, or 50'. Inter- . 
Change8ble tip portions were used to maintain Consistent tip shape and 
wingp8nellength. h 8BpeCt 328tf.O Of 7.0 was chosen for the WdgB with 
&O" of sweepback. This choice fixed the panel length of the Wings and 

resulted in a structural sspect r8tio ofl2. When-the 

tings were swept to 45O 8nd 50°, the panel length 8nd structural aspect 
ratio were held constant and, consequently, the geometric aspect ratios 
decreased to approximately 6 and 5, respectively. To 8 first approxima- 
tion, the wings with the various angles of sweepback may be regarded 8s 
having equal strength because of their identical StrUCtUral aspect ratios. 
The mcdele are regarded herein as six individual tings~ the wings employ- 
ing NACA b-digit sections are hereinafter referred to 88 k-digit wings and 
the tings using NACA 64~ sections are called the 6kA wings. 

The tings h8d the same casiber 8nd sp8nwise distributions of twist 8nd 
thickness rbtio for the unswept panels 8s the wing of reference 1. These 
spaswise distributions of section twist 8nd thiclrness ratio were selected 
to provide linear sUrface elements connecting points 8t equal percentages 
of the chords at all. sections. Twist was introduced by rotating the 
stre8mwQe sections of the wings tith &O" of sweepback about the leading 
edges while mafntaining the projected plan form. The variations of twist 
8nd thickness ratio along the semispan are shown in figure l(b) for angles 
of sweepback of 40°, 45O, and 50°. Basic and additional Bp8Il 10ad tis- 

tributions, 8s calculated by the modified Falkner lXlg method presented 
in reference 4, are presented in figure 2 for the three angles of sweep- 
back. A photograph of one of the wings at 50° of sweepback is shown in 
figure 3. 

CO=TIOH3 TO DATA 

The data have been corrected for constrictfon effects due to the pres- 
ence of the tunnel walls, for tunnel-w8ll interference originating from 
lift on the wings, and for drag t8res Caused by 8erodynamic forces on the 
tUrntable upon which the model was mounted. 

The dyn8mic pressure was corrected for constriction effects due to 
the presence of the tunnel walls by the method of reference 5. These cor- 
rections and the corresponding corrections to the Mach mmiber are listed in 
the following table: 



6 

Corrected Uncorrected Corrected 
Mach number M8ch number quncorrected 

0.165 0.165 1.001 
025 .250 1.001 
.60 -599 1.002 
.7o -699 1.002 
.80 -798 1.003 
083 .827 1.004 
.86 .856 1.005 
.88 0875 1.006 
-90 -895 1.007 
-92 -913 1.008 
094 0929 1.009 

NACA Rt4 A54Fl8 

Corrections for the effects of tunnel-wall interference originsting 
from lift on the model were C8lCUl8ted by the method of reference 6. The 
correctfons to the angle of 8tt8Ck and to the drag CoefffCient showed 
insignificant variation8 with Mach number. The corrections added to the 
da-t8 were 88 follows: 

AX= 0.455 CL : 

SD = 0.0~662 cL2 

The correction to the pitching-moment coefficient had 8 significant 
variation tith Mach number. The following correctlone were added to the 
measured pitching-moment coefficients: 

bcm = KCL 

where K is given in the following t8ble: 

Corrected 
Mach number 

0.165 
025 
.60 

:8i 
.83 

:E 
-90 
-92 
994 

0.0025 
.oo27 
.0038 
.oo43 
.004g 
.O@O 
.0053 
.oo54 
.0056 
00057 
-0059 . 
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Since the turntable upon which the model was mounted x&s directly 
connected to the balance By&em, 8 tare correction to dr8g W&B necessary. 
The drag force on the tUrnt8ble with the model removed from the wind lxn- 
nel was measured and the tare COrrY?CtiOn X&B assum& to be equal to this 
measured drag. 

Static loading of the wing of reference 1 indicated that the twist 
due to aeroelsetic deformation w&s small. Since the wings used in the 
present investi@;ation were stiffer than the reference wing due to their 
reduced aspect ratios 8nd soEd steel construction, it is believed that 
the effects of aeroelcbstic deform8tion are negligible. Hence, no correc- 
tions h8ve been made to the data for these effects. 

TESTS 

500. 
The wings were investigated with sweepback angles of &O", 45’, 8nd 

The lift, drag, 8nd pftching moments were measured through an angle- 
of-attack range at Reynolds nUmbera from 2 million to 10 milUon at low 
M8ch nunibers and at Mach numbers from 0.25 to 0.94 at 8 Reynolds nUmber of 
2 million. Flow studies on the wings with &O" 8nd 50° of sweepback were 
made through 8n angle-of-attack r8nge at 8 Mach nUmber of 0.165 and 8 
Reynolds nuniber of 8 million 8nd at M8ch numbers of.0.25, 0.80, and 0.90 
at 8 Reynolds nUr&er of 2 million. 

RESULTS AiT0 DISCUSSION 

Figures 4 to 24 cere the results of tests of the wings tith )-LO', 
45Ot snd 500 of sweepback. FigUrea 4 through 7 show the lift, drag, 8nd 
pitching-moment coefficients, and the Ilft4r8g ratios measured at low 
speed and at Reynolds nUmbera which varied from 2 million to 10 tillion. 
Summary plots showing the effects of Reynolds nUmber on the ch8racteristicB 
of the wings at low speed 8re presented in figures 8 8nd 9. 

Test results 8t Mach numbers from O-25 to 0.94 at 8 COnSt8nt Reynolds 
number of 2 million are presented in figures 10 through 13. The effects 
Of Mach nU&er on the lO~tudin81 characteristics of the wings are sum- 

marized in figures 14 through 18. 

Flow Studies were made with tufts on the wings with 40° and 50° of 
sweepback. Interpreixtions of the flow studies 8re shown in figures 19 
and 20. The effects of the tufts on the LLft and pitching-moment Ch8r8C- 
teriatics of the wlngs are shown in figures 21through 24. 

Some of the d8Ga for the highest Mach nUmbera and angle8 of 8tt8ck 
have been faired with dotted lines. This W&B done whenever the static 

.-.-.-..-- J 
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pressure on the tunnel ~811 opposite the upper surface of the wing indi- 
cated 8 local Mach number greater than 1.0. Under these conditions the 
wind tunnel may have been partially choked. 

LOW-Speed Results 

Lift.- The effects of wing section on the lift ch8r8cteristicB of 
the w?? at low speeds are shown for several Reynolds numbers in fig- 
ure 4. At most angles of sweepback 8nd Reynolds numbers and at lift coef- 
ficients greater than 8bOUt 0.4 the b-digit wings h8d higher lift-curve 
slopes than the corresponding 61~ wings. Higher maximum lift coefficients 
were indicated for 40' of sweepback for the h-digit wing than for the 64A 
WFng- Although m8ximum lift coefficient w&B not att8ined at higher angles 

of BWeepb&Ck, the d8ta indicate that this effect, although diminished, 
would 8180 preV8il at 45O and 50° of sweepback, 

Pitching moment.- The effects of wing section on the pitching-moment 
ch8racteriBtics of the wings at low speed are shown in figure 5. The 
inflection lift coefficients were usually higher for the k-digit wings 
than for the 6441 wings. (For convenience, the term, 'inflection lift coef- 
ficient,' is used to denote the lift coefficient at which static longitudi- 
nal instability first &m&red. For the Subject wings this w88 taken as 
the lowest lift coefficient at which dCm/dC L = 0.) This effect of section . 
on the pitching-moment characteristics w88 relatively independent of ting 
sweepback. The superiority of the pitching-moment characteristics of the 
b-digit wing6 8t most 8I.l@eB of sweepback 86 compared.tO the 64A ~i13.gB l 

probably stems from the better lift characteristics of the h-digit section 
in this speed range. It is believed that this was due to the compar8tively 
large leading-edge radii of the &digit sections. 

Figure 8 shows the varistion with Reynolds number of the inflection 
lift coefficients for the wings at the v8riouB angles of Sweepback. The 
inflection fift coefficients for 811 angles of sweepback increased with 
increasing Reynolds number; however, the effects of wing section on the 
variation of inflection lfft coefficient with Reynolds number were small. 

Decreases in InfleCtiOn lift coefficient as large 88 8bOUt 30 percent were 
indicated for the wlngs when the angle of sweepback w&s increased from 40° 
to 500. It is interesting to apply simple Sweep theory (ref. 7) to predfct 
the onset of stalling over the outer portions of the wings and the conse- 
quent Change8 in fnflection lift coefficients with increasing sweepback. 
The predicted values of inflection lift coefficient for the 45' and 50' 
WWY 

% 
450 cos2 and 

ckf400 

COB2 500 
400 COB2 ho COB2 4o" 
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are in go&i agreement tith the values measured at 8 Mach number of 0.25 
and 8 Reynolds nuNher of 8 tilLion as m8y be seen from the results shown 
in the following table: 

. 

Measured Predicted &&BUred Predicted ai 
ti8g 8nd lift-drag r8tiOB.- The effects of wing section on the drag 

characteristics of the wings at low speed are shown in figure 6 for sev- 
eral Reynolds numbers. At lift coefficients corresponding to the law-drag 
range for the 64~ sections, the wings employing theae sections usu8lIf.y had 
less drag for all the angle6 of Sweepback than the wings using b-digit 
sections. However, at the higher lift coefficfents the k-digit wings usu- 
81w had less drag. These differences are best shown by figure 7 which 
presents the lift-drag ratios of the various wings 8s 8 function of lift 
coefficient. For lift coefficients between 8bOUt 0.1 and 0.4, the lift- 
drag rstios of the 64A wfngs were usually higher than for the b-digit 
wings. In the c&sea where this expected benefit is not achieved 
(fig. 7(c), R = 10 million, for example), it is probable that the surface 
condition of the 64~ wings h&d deteriorated to the extent th8t the expected 
chordwise extent of lamin8r flow W&B not reelized. ThiB i6 Somewhat borne 
out by.the shapes of the lift-drag-ratio curves wfiich h8ve conBider8bly 
steeper pe8ks in those c88es where subat8ntial Increments in m8ximum lift- 
drag ratios are achieved by the 64A wings. These d&t8 emphasize the impOr- 
t8nce of surface conditfon if the drag benefIta of the 64A section are to 
be obtained. 

The effects of Reynolds nuniber on the drag due to lift, CD - CD~, of 
the xLng~ at the various angles of sweepback are shown in figure 9. Also 
shown in this figure are the theoretic81 induced drag coefficients, CL~/XA, 
for tings with elLLptic81 span lo8d distributions and having aspect ratios 
corresponding to those for the model wings. For most 8IIgleB Of ti?3g sweep- 
back and Reynolds numbers, the drag due to Lift of the &digit wings com- 
pared more closely to the theoretical induced drag for elliptic loading 
than did the drag due to lift for the 64A wings. The drag due to lift for 

* the tings comp8red less closely to the induced dr8g for elliptic lo&ding 
when the angle of sweepback w88 increased. At 8 sweepback angle of &I0 
and 8 Reynolds number of 10 million, neither wing showed 8n abrupt increase 
in drag due to lift until lift coefficients greater than unity were 

attained. Increasing the sweepback angle from 4-Oo to 50° at the 88me 
a Reynolds number resulted in about a 25-percent reduction in the lift coef- 

ficient at which the 8brupt increese in drag occurred. This effect of 
sweepback is merely another manffeatation of the s8me sepsration phenomena. 
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which caused the inflection lift coefficient to decrease tith increasing 
sweepback. As was pointed out in the discussion of inflection lift coef- m -. 
ficient, thfs effect -can be predicted from application of .simple sweep 
theory. 

High-Speed Results 

The low-speed results which have just been discussed and the inveeti- 
gation reported in reference 8 have indFcated the susceptibility of swept 
wings employing camber and twist to large effects of scale. It is likely 
that the test results at high speeds which are discussed in the following 
paragraphs may have been affected by the comparatively low Reynolds number 
(2 million) at which these data were obtained. While no prognosticatfon 
is made herein aa to the possible magnitude of this scale effect, caution 
should be exercised in applying these data to the prediction of the char- 
acteristics of full-scale wings. 

Lift.- The lift characteristics of the wings at the various angles of 
aweep= are shown in figure 10 for Mach numbers rangfng from 0.25 to O-94 
at a constant Reynolds number of 2 million. As was the case at low speed, 
higher lift-curve slopes at moderate lift coefficients were measured for 
the 4-digit wings than for the 64A wings. The effect of Mach number on the 
lift-curve slopes of the wings at lift coefficients of 0.2 and 0.4 is shown 
in figure 14. The i.nflection lift coefficient of the 64~ tinge was 0.4 or 
less over most of the range.of Mach numbers at sweepback angles of 45O and 
50°t indicating that flow separation had occurred on the outer portfons of 
the wing spans. This flow separation was responsible for the low lift- 
curve slopes of these wings at the higher angles of sweepback and a lift 
coefficient of 0.4. The 4-digit wings usually reached slightly higher Mach 
numbers before abrupt lossee of lift-cutie slope occurred than did the 64~ 
tinga . The lift-curve slopes for both the 4-digit and the 64A wings 
decreased with increasing angle of sweepback. This was partly due to the 
accompanying reduction in aspect ratio. 

Pitching moment.- Figure ll shows the effect of ting section on the 
pitching-moment characteristics of the wings at Mach nunibere from 0.25.to 
0.94. The variations with Mach number of the inflection lift coefficients 
and the slopes of the pitching-moment curves are shown in figures 15 and 
16, respectively. At the lower Mach numbers, higher inflection lift coef- 
ficients were obtained at all angles of sweepback for the &digit wings 
than for the 64A wings. With increasing Mach number and 40' or 45O of 
sweepback, the inflection lift coefficient gradually decreased for the 
4-digit wings; whereas, for the 64A wing swept back 4-0' an over-all 
increase was indicated up to a Mach number of 0.80. At higher Mach num- 
bers the inflection Uft coefficients decreased. At Mach numbers near 
0.80, the inflection lift coefficient for the 64A wing was higher than for 
the 4-digit wing but at higher speeds the effect was reversed. A similar ---_ .-. 



NACA FN A54F18 11 

trend is shown for the 6kA wing with &Jo of sweepback except that the 
maximum inflection lift coefficient occurred at a Mach n&er of approxi- 
mately 0.86 and equalled but never exceeded the inflection lift coefficient 
for the k-digit wing. The effects of Mach number on the fnflectfon lift 
coefficients of both wings when swept back 50' were comparatively small, 
the inflection lift coefficient for the 4-digIt wing bein@; considerably 
higher than that for the &A wing throughout the range of Mach nmibers. 
The flow studies presented in figure 19(c) indicate that the surprisingly 
high inflection 33~3 coefficient for the &A wing with 40' of sweepback at 
a Mach nw&er of 0.80 was due to less flow separation on the 64A wing than 
on the b-digit wing. Tnis is also indicated by the more favorable ILft and 
drag characteristics at this Mach nu&er (0.80) for the &A ting than for 
the b-digit uing. Similar characteristics may be observed in the data for 
the tings with 450 of sweepback (fig. 11(b)) at Mach numbers of 0.83 and 
0.86. These characteristics are barely discernible in the data for the 
wings with 500 of sweepback (fig. 11(c)) at Mach numbers of 0.90 and 0.92. 
The fact that the phenomena occurred at progressively higher Mach numbers 
as sweepback was increased indicates that it was probably colinected with 
shock formation on the wing. 

The data in figure 15 indicate that the decrease in inflection lift 
coefficient with increasing sweepback which was observed at low speeds 
occurred at all subcritical Mach numbers. However, the 6&A wings were more 
affected in this respect than the h-digit wings. This effect was greatest 
at a Mach number of 0.80 where decreases in inflection lift coefficient as 
large as 40 percent occurred when the sngle of sweepback was increased from 
40° to 500 for the 6&A wings as compared to a decrease of approximately 12 
percent for the b-digit wings. 

The effects of Mach number on the slopes of the pitching-moment curves 
(fig. 16) were small at low lift coefficients (CD = 0.2 or less) up to 
approximately the critical Mach number of the various configurations. At 
a lift coefficient of 0.4 and a sweepback angle of 40°, the effects of Mach 
number were similar for both wings; however, at the higher angles of sweep- 
back and a lift coefficient of 0.4, the effects of Mach number became more 
pronounced and more varied for the 6U wings than for the k-digit wings. 
This erratic behavior was mostly due to the low inflection lift coeffi- 
cients (generally less than 0.4) of the 64A wings at these angles of sweep- 
back. As previously mentioned, it is possible that the Reynolds number of 
these tests (2 million) was not high enough to preclude sizable dynam%c 
scale effects in these results, 

Drag and lift-drag ratios.- The drag characteristics of the wings with 
the various angles of sweepback are shown in figure 12. At Mach mu&era 
below that for drag divergence (dCD/dM = 0.10) the effect of wing section 
on drag was similar to that measured at low speeds. At lift coefficients 
corresponding to the low-drag range for the 64A sections, the wings employ- 
ing these sections usually had less drag at all angles of sweepback than 
the b-digit wings except at supercritical speeds where the b-digit wings - - - - 
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usually had less drag. The 64A wings had less drag than the 4-digit wings 
at practically all lift coefflcfents at Mach numbers of 0.80 and 0.83 for . 
400 of sweepback; at Mach numbers of 0.83, 0.86, and 0.88 for 45O of sweep- 
back; and at Mach numbers of 0.88, 0.90, and 0.92 for 50° of sweepback. 
These effects are shown to best advantage in figure 13 which shows the 
lift-drag ratios of the various wings as a function of lift coefficfent. 
It is believed that the drag advantages of the 64A wings at these particu- 
lar Mach numbers stem from the separation phenomenon previously mentioned 
in the discussion of the pitching-moment characteristics. The higher lift- 
drag ratios of the k-digit wings when compared with those for the 64A wings 
at some subcritical Mach numbers (Mach number of 0.80 at 45O of sweepback, 
for example) were probably a result of deterioration of the model surface 
which would affect the drag characteristics of the 64A wings more adversely 
than those of the b-digit wings. 

The effect of Mach number on drag coefficient at several lift coeffi- 
cients is shown in figure 17 for the wings with 40°, 45O, and 50° of sweep- 
back. Drag divergence usually occurred.at slightly higher Mach numbers for 
the h-digit wings than for the 64-A wings. However, at the Mach numbers of 
drag divergence andat the same angle of sweepback the 64A wings usually 
had lower drag than the b-digit wings. The Mach numbers for drag diver- 
gence and the corresponding drag coefficients are shown for the wings at 
the various angles of sweepback in the following table: 

. 

A = 4.00 A = 450 A - 500 
CL WV %iV MaiV I %iv MaiV I %iv 

. 

4-alat 64~ 4-aigit 64~ 4-aigiti64~ llcaigit 64~ 4-aigit 64~ f4-digit 6.4~ 

0.20 o:g 0.88 o:;& o.oog6 o:g 0.92 O.Oloa 0.0096 ---- 0.94 ---- 0.0100 
.40 .84 a0153 236 .0165 l o147 .gl .o189 
-50 .a1 Al .0214 -0191 .84 35 .0224 .oPoa “:% .w 0:s .0&s 

The large increases of the drag coefficient for drag divergence with 
increasing sweepback at the higher lift coefficients were due to flow sepa- 
ration over the outer portions of the wings. 

Figure 18 shows the variation with Mach number of maximum lift-drag 
ratio and the lift coefficient for maximum lift-drag ratio. The data in 
this figure and in figure 13 indicate that at subcritical speeds, the.64A 
tings had higher maximum lift-drag ratios than the b-digit wings; however, 
at supercritical speeds and at 40° and 45O of sweepback the k-digit wings 
had slightly higher maximum lift-drag ratios than the wings with 64A sec- 
tions. Decreases in maximum lift-drag ratio with increasing angle of 
sweepback occurred at subcritical speeds for both wings. 
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It is of interest to note that increasing wing sweepback had only 
small effect on the maximum lift-drag ratios of the k-digit wings at a 
Each number of 0.90. It would appear that as the sweepback was increased 
at this Mach number, the drag decrease due to the increase in the Mach num- 
ber for drag divergence was nullified by the increase in induced drag 
resulting from the lower aspect ratios wch accompanied the increase in 
sweepback. 

Flow Studies 

In an attempt to gain some insight into the separation occurring on 
the wings as affected by wing section, wing plan form, and test conditfons, 
tuft studies were made on the wings at 4.0' and 50' of sweepback. The 
results of these stuafes are presented in figures 19 and 20. 

Inasmuch as the addition of tufts to the wing surfaces affected the 
flow on the wings, the differences in separation due to ting section as 
shown by the results of the flow studies are probably somewhat obscured. 
However, as anticipated, it was indicated that the 6&A wings were more 
prone to the leadfng-edge type of separation than the b-digit wings, 
although this type of separation occurred on both the h-digit and the 64A 
wings at the highest angle of sweepback, At low speeds, separation of the 
flow on the wings usually occurred less uniformly on the 64~ wings than on 
the b-digit wings. At Mach numbers of 0.80 and 0.90 and at angles of 
attack less than about 8 O, the flow studies show that the effects of shock- 
induced separation are predominant on the wings. At tie of sweepback and 
at a Mach number of 0.80 (fig. 19(c)) less separation was evident on the 
6&A wing than on the b-digit ting. This reduced amount of separation is 
obviously the reason for the superiorfty of the 64~ wing over the b-digit 
wing previously noted at this Mach number and angle of sweepback in the 
discussion of the force data. The flow phenomena responsible for this 
effect is not Imown. With 50° of sweepback and at Mach numbers of 0.80 
and 0.90, little difference was indicated by the tufts in the flow charac- 
teristics of the wings. 

Lift and pitching-moment data measured with the tufts on the wings 
are compared fn figures 21 through 24 with the pretious results with aero- 
dynamically smooth tings. This comparison indicated that the addition of 
tufts affected transition on the wings under some test conditions fn such 
a way that the effective Reynolds numbers of the wings were probably 
fncreased. It is significant that the maximum lift coefffcients attained 
by both the b-digit and the 64A wings at an angle of sweepback of 40°, a 
Mach number of 0.25, and a Reynolds number of 2 million (fig. 21) were 
increased by the addition of tufts to values approaching those measured at 
the same angle of sweepback at a Mach number of 0.165 and a Reynolds number 
of 8 million. The inflection lift coefficients for both wings with &O" of 
sweepback and a Reynolds were also increased at all 
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Mach numbers by the addition of tufts. Although the addition of tufts had 
a large effect on the wings at 40' of sweepback, they had only small effect 
on the lift and pitching-moment characteristics of the wings at 50° of 
sweepback. 

. 

coNcLusIoNs 7 

A wind-tunnel investigation has been made of twisted and cambered 
wings which were identical in all respects except wing section to compare 
the effects of h-digit and 64A chordwise distributions of thickness upon 
the longitudinal aerodynamic characteristics of the wings. The wings were 
tested at angles of sweepback of 40°, 45Oj. and 50°. The following conclu- 
sions were indicated: 

1. At low speeds, the lift coefficient at which static longitudinal 
instability first became manifest was higher for the wings with h-digit 
sections than for the wings with 64A sections. 

2. This effect of section was inconsistent with increasing Mach num- 
ber. For Mach numbers near 0.80 and a wing sweepback of 40°, the lift 
coefficient for static instability was higher for the wing with 64A sec- 
tions than for the b-digit wing. 

. 
3. Increasing the angle of wing sweepback resulted in decreases in 

the lift coefficient at which the abrupt longitudinal instability occurred, . 
as would be predicted by simple sweep theory. At high Mach numbers this 
effect was larger for the wings with 64A sections than for the wings with 
b-digit sections. 

4. The wings with b-digit sections had higher lift-curve slopes at 
lift coefficients greater than about 0.4 and-higher maximum lifts than the 
corresponding wings with 64A sections. 

5. At subcritical speeds and at lift coefficients corresponding to 
the low-drag range for the 6&A section, the wings employing these sections 
usually had less drag and higher lift-drag ratios than the wings with 
b-digit sections. However, at higher lift coefficients and at supercriti- 
cal speeds, the wings with b-digit sections generally had less drag. 

Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Moffett Field, Calif., June 18, 1954 
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Figure 3.- Photograph of one of the models at 50° of aweepback. 
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