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SUMMARY

Airfoil characteristics varied systematically over the range of test condi-
tions and behaved in a conventionally accepted manner. The maximum measured
lift coefficient was about 2.2 and occurred near M = 0.15 at a Reynolds num-
ber of 12.0 x 106. The variation of lift with angle of attack at the lower
Mach numbers and at all Reynolds numbers exhibited behavior generally associ-
ated with gradual trailing-edge separation in the prestall angle-of-attack
range, but the stall itself was more abrupt than would be expected of classical
trailing-edge stall. The stall became more gradual at the higher Mach numbers.
Drag remained essentially constant over a lift range which extended from near
zero to beyond the design lift coefficient of 0.7 for a constant Reynolds num-
ber with fixed transition.

INTRODUCTION

Continued development of supercritical airfoil technology has resulted in
the design of family-related phase 2 supercritical airfoils. Two such airfoils,
10- and 14-percent-thick, designed for a lift coefficient of 0.7 have been
tested at transonic speeds in the Langley 8-Foot Transonic Pressure Tunnel,
and the results were reported in references 1 and 2.

The 14-percent-thick airfoil has also been tested at low speeds in the
Langley Low-Turbulence Pressure Tunnel, and the results are presented herein.
Included are the effects of varying Reynolds number from 2.0 x 106 to 18.0 x 106
at a Mach number of 0.15 and the effects of varying Mach number from 0.10 to 0.32
at a Reynolds number of 6.0 x 106,

SYMBOLS

Values are given in the International System of Units (SI) and in U.S. Cus-
tomary Units. Measurements and calculations were made in U.S. Customary Units.

P = Py
9w

Cp pressure coefficient,

Cp,sonic Pressure coefficient corresponding to local Mach number of 1.0

c chord of airfoil, cm (in.)
z
Cc section chord-force coefficient, @ Cp d(E)
cd section drag coefficient determined from wake measurements,

Dake <o o)



ca point drag coefficient (ref. 3)
< section lift coefficient, c¢p(cos a) - cq(sina)
Cm section pitching-moment coefficient about quarter-chord point,
x x z [z
‘EfP %(z - 0.25) “(a) * Sﬁ% c “(a)
Cn section normal-force coefficient, -@Cp d(g)
h vertical distance in wake profile, cm (in.)
i section lift-drag ratio, SL
<] ca
M free-stream Mach number
p static pressure, Pa (1bf/ft2)
q dynamic pressure, Pa (lbflftz)
R Reynolds number based on free-stream conditions and airfoil chord
t airfoil thickness, cm (in.)
x abscissa measured along airfoil reference line from airfoil leading
edge, cm (in.)
Y spanwise distance from centerline of tunnel, cm (in.)
z ordinate measured normal to airfoil reference line, cm (in.)
Zo ordinate of airfoil mean line, om (in.)
a angle of attack, deg
Subscripts:
1 lower surface
max maximum
ORIGINAL PAGE IS
min minimum OF POOR QUALITY
u upper surface
™ free-stream conditions



Airfoil designations:

sC(1)-0714 supercritical (;hase 1) =0.7 design lift coefficient.
14-percent-thick

SC(2)~-0714 supercritical (phase 2) -0.7 design 1ift coefficient,
14-percent-thick

AIRPOIL DEVELOPMENT

A concerted effort within the National Aeronautics and Space Administra-
tion (NASA) over the past several years has been directed toward developing
practical two-dimensional airfoils with good transonic behavior while retain-
ig acceptable low-speed characteristics and has focused on a concept referred
to as the supercritical airfoil.

An early phase of this effort was successful in significantly extending
drag-rise characteristics beyond those of conventional airfoils. (See ref. ¢.)
These early supercritical airfoils (denoted by supercritical (phase ) prefix),
however, experienced a gradual increase of drag (drag creep) at Mach numbers
just preceding the final drag rise. This gradual buildup of drag was largely
associated with an intermediate off-design second velocity peak (an accelera~
tion of the flow over the rear portion of the airfoil just before the final
recompression at the trailing edge) and relatively weak shock waves above the
upper surface at these speeds. (See, for example, ref. 5.)

Improvements to these early, phase ! airfoils resulted in airfoils with
significantly reduced drag creep characteristics. (See, for example, refs. 6
and 7.) These early phase 1 airfoils and the improved phase 1 airfoils of ref-
erences 6 and 7 were Jdeveloped before adequate theoretical analysis codes were
available and resulted from iterative contour modifications during wind-tunnel
exper iments. The process consisted of evaluating experimental pressure distri-
butions at design and off-design conditions and physically altering the airfoil
profiles to yield the best drag characteristics over a range of test conditions.

During the experimental development of these phase ! airfoils, design cri-
teria were recognized which provided guidelines for the design of supercritical
airfoils and are briefly discussed in references 1 and 2. Based on these cri-
teria, two phase 2 (denoted by supercritical (phase 2) prefix) supercritical
airfoils were designed: the 10-percent-thick airfoil reported in reference 1
and the 14-percent-thick airfoil reported in reference 2. The design lift
coefficient was 0.7 for both airfoils. An iterative Gdesign process was used
which consisted of altering the airfoil coordinates until the recently Adevel-
oped, viscous, airfoil analysis program of reference 8 indicated that the
design criteria had been satisfied.



APPARATUS AND PROCEDURES
Model

Geometric characteristics of the SC(2)-0714 model are presented in fig-
ure 1, and section coordinates are presented in table I.

The model was constructed with a metal core around which plastic fill
and two thin layers of fiberglass were used to form the contour of the airfoil.
Orifice holes of 0.10-cm (0.040-in.) diameter were drilled perpendicular to
the model surface into embedded pressure tubes. The model had a chord of 61 cm
(24 in.) and a span of 91 cm (36 in.). The airfoil surface was sanded in the
chordwise direction with number 400, dry silicon-carbide paper to provide an
aerodynamically smooth finish. The model contour accuracy was generally v :hin
$0.10 mm (£0.004 in.).

Wind Tunnel

The Langley Low-Turbulence Pressure Tunnel (ref. 9) is a ¢l sed-throat,
single-return tunnel which can be operated at stagnation pressures from 10.1 to
1010 kPa (0.1 to 10 atm) with tunnel-empty test-section Mach numbers up to 0,42
and 0.22, respectively. The maximum unit Reynolds number is about 49.0 x 106
per meter (15.0 x 106 per foot) at a Mach number of about 0.22. The tunnel
test section is 91 cm (3 ft) wide by 229 cm (7.5 £t) high.

Hydraulically actuated circular plates provide posit’ .ning and attachment
for two-dimensional models. The plates are 102 cm (40 in.) in diameter, rotate
with the airfoil, and are flush with the tunnel wall. Rectangular model attach-
ment plates in the circular plates hold the model in such a way that the center
of rotation for angle-of-attack adjustment was at 0.25c on the model reference
line.

A sketch showing the relationship between the ends of the model, the tun-
nel walls, the model attachment plates, and the rotating circular plates is
shown in figure 2. With this mounting system, the model completely spans the
tunnel with each end confined in a recess in the tunnel sidewall. At the side-
walls, inside joint seams between mating pieces were sealed and faired smooth
with model plastic and silastic rubber to minimize the effect of air leakage.

Measurements

Sur face-pressure measurements.~ Static pressures were measured on the
surface of the model and used to determine local surface-pressure coefficients.
The surface-pressure measurements were obtained from a chordwise row of orifices
located approximately 5 cm (2 in.) from the tunnel centerline. Orifices were
concentrated near the leading and trailing edges of the airfoil to define the
pressure gradients in these regions, and a rearward-facing orifice was included
in the trailing edge. 1In addition, three spanwise rows of orifices, located at
1~, 10-, and 75-percent chordwise stations, were included to establish the two
dimensionality of the flow over the model.
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Wake measurement.- Drag forces acting on the airfoil, as determined by the
momentum deficiency within the wake, were der.ved from vertical variations of
the total and static pressures measured across the wake with the wake survey
rake shown in figure 3. The fixed rake, mounted from the tunnel sidewall, was
positioned in the vertical centerline plane of the tunnel, one chord-length
behind the trailing edge of the model. The total-pressure tubes were 0.15 cm
(0.060 in.,) in diameter and the static-pressure tubes were 0.32 cm (0.125 in.)
in diameter. '

The total-pressure tubes were flattened to 0.10 cm (0.040 in.) for 0.61 cm
(0.24 in.) from the tip of the tube. The static-pressure tubes each had four
flush orifices, drilled 90° apart, located eight tube diameters from the tip of
the tube in the measurement plane of the total-pressure tubes.

Instrumentatior

Measurements of the static pressures on the airfoil surfaces and the wake
pressures were made by an automatic pressure-scanning system utilizing variable-
capacitance-type precision transducers. Basic tunnel pressures were measured
with precision quartz manometers. Angle of attack was measured with a cali-
brated digital shaft encoder operated by a pinion gear and rack attached to the
circular model attachment plates. Data were obtained by a high-speed acquisi-
tion system and recorded on magnetic tape.

Reduction of Data and Corrections

Calculation of c¢., cp, and .~ Section chord-force, normal-force, and
pitching-moment coefficients were obtained by numerical integration (based on
the trapezoidal method) of the local surface-pressure coefficient measured at
each orifice multiplied by an appropriate weighting factor (incremental area).

Calculation of cg.- To obtain section drag coefficients, point drag
coefficients were computed for each total-pressure measurement in the wake by
using the procedure of reference 3. These point drag coefficients were then
summed by numerical irtegration across the wake, again based on the trapezoidal
method.

Corrections for wind-tunnel-wall effects.~ In the linear portion of the
lift curve, corrections for lift effects and sol.d and wake blockage based on
references 10 and 11 are small, on the order of 2-percent or less, and are
usually neglected. As the model approaches maximum lift conditions where the
1lift characteristics become nonlinear and the viscous effects become signifi-
cant, the assumptions underlying the corrections based on references 10 and
11 begin to break down and become inadeguate. For these reasons, the data
presented herein is uncorrected for tunnel-wall effects. Figure 4 is presented,
however, to ind.cate the effect corrections would have on the aerodynamic char-
acteristicc if they were applied.




TLST CONDITIONS

Tests were conducted over a range of Reynolds numbers based on the wudel

chord from about 2.0 x 106 to 18.0 x 106 at a Mach number of 0.15.

Nach number

was also varied from about 0.10 to 0.32 at a Reynolds number of 6.0 x 106, The
airfoil was tested smooth (natural transition) and with transition tripes fixed
along the S5-percent chordline on the upper and lower surfaces. The transition
trips consisted of sparsely distributed 0.13-cm-wide (0.05- in.) bands of car-

borundum grains, sized according to the technique in reference 12 and attached

to the surface with clear lacquer.

PRESENTATION OF RESULTS

The results of this investigation are arranged in the following

Effect of angle of attack and Reynolds number on the upper-surface
spanwise pressure distributions. M = 0.15 . . ¢« ¢« ¢ ¢ + ¢ ¢ o o @
Tuft photographs of the effect of angle of attack on the upper-
surface flow pattern. M = 0,15; R = 2,0 x 106 ... ... ...
Effect of fixing transition on section characteristics. M = 0.15 .
Effect of fixing transition on chordwise pressure distributions.
M= 015 0 4 v v v ¢ v e e s s o o s s st o o s e s s e e e
Variation of pressure coefficient on upper surface at particular
chordwise stations with angle of attack. M = 0.15, model smooth .
Variation of pressure coefficient on upper surface at particular
chordwise stations with angle of attack. M = 0.15, transition
fixed . ¢ ¢ ¢ i 4 4t e e e e e e e e e s s s e s e e s e s s
Effect of Reynolds number on section characteristics. M = 0.15,
transition fixed . . ¢ . 4 ¢ f v 4 e bt 0 b e e b e s e e e e e e
Effect of angle of attack and Reynolds number on the chordwise
pressure distribution. M = 0.15, transition fixed . . . . . . . .
Effect of Reyrolds number on base and upper-surface pressure
coefficients. M = 0.15, transition fixed . . . . . .+ + ¢ ¢+ ¢« +
Variation of minimum drag coefficient with Reynolds number.
M= 0.15 . . ¢« ¢« ¢« ¢« o ¢ o o o o o o o o o o s s 5 o a o o s 3 s
Variation of maximum lift coefficient with Reynolds number.
M = 0,15, transition fixed . . . . . . . . . . c e s e e s e e
Effect uf Reynolds number on chordwise pressure distribution.

M=0.15, a =89 transition fixed . . . . . . . e v e a e
Variation of sectlon drag coefficient with Reynolds number
M=0.15, c¢; = 0.0 =nd 0.7, transition fixed . . . . e v e

Effoct of Mach number on section characteristics. R = 6.0 x 106,
transition fixed « e s e s e e e e s c e e e e e s e e e e s
Variation of maximun lift coefficient with Mach number.
R =6.0x 106, transition fixed . . . . . . .« « v o .. ..
Effect of Mach number on the chordwise pressure distributio" tcr
angles of attack near maximum lift. R = 5.0 x 106, transition
fixed . . ¢ ¢ ¢ o v e b 4 e e e e e e e e e e e s 2 e e s e
Effert of angle of attack on the chordwise pressure distribution.
M=0.32, R=6,0x 105, transition fixed . . « « ¢ + & « « o o«
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Figure
Bffect Of Mach number on the chordwise pressurs distribution.
R L] 6.0 x 106' u ~ a°' tr.n'ittm :1!“ L] L] . [ ] L ] L ] . L] * L ] - L ] L ] L ] L] 22
Effect of Reynolds number on ¢c; gaye N = 0.15, model smooth . . ... 23

DISCUSSION
Two Dimensionality of PFlow

The spanwise pressure distributions shown in figure 5 indicate that the
flow over the model remained two dimenaional to angles of attach at which maxi-
mum lift coefficients occurred. For example, the flow at R = 2,0 x 106 and
a = 16° (shown in fig. 11 to be near maximum lift conditions) is indicated in
figure 5(a) to be two dimensional in character even though a considerable
region of separition over the rear upper surface is shown in the tuft photo-
graphs of figure 6. Correlation of the angles of attack for maximum lift for
the other test Reynolds numbers (fig. 11) with the corresponding spanwise pres-
sure distributions in figure S indicate similar results.

in addition to the flow over the airfoil remaining two dimensional to
angles of attack »>eyond maximum lift, the tuft photographs for R = 2,0 x 106
(fig. 6) show *“at the flow on the tunnel sidewall above the model remains
attached until an u.igle of attack of 179, which is also beyond maximum lift.

Experimental Results

In brief, airfoil characteristics varied systematically over the range of
test conditions and behaved in a conventionally accepted wanner. ine largest
measured value of ©; max uus about 2.2 and occurred near : - 0.15 at a
Reynolds number of 12.0 x 106, (See figs. 15 and 18.) The variatior cof lift
with angle of attack, at the lower Mach numbers and all Reynolds numbers.
exhibited behavior generally associated with gradual trailing-edge separation
in the prestall angle-of-attack range, but the stall itself was more abrupt
than would be expected of classical trailing-edge stall. (See figs. 11 and
18.) The stall became more gradual at the higher Mach numbers. Drag remainea
essentially constant over a lift range which extended from near zero to beyond
the design lift coefficient of 0.7 (figs. 11(c). 17, and 18) for a constant
Reynolds number with fixed transition.

Effects of fixing transition (fig., 7).- Because of the viscous decambering
effect of the thicker boundary layer, fixing transition near the leading edge
generally resulted in decreased 1ift, increased drag, and less negative pitch-
ing moments. The effects were more pronounced at the lower lift coefficients
and Reynolds numbers where the greatest extent of laminar flow would exist for
the smooth model. Shown in figure 8(a) are the preasure distributions for
@ = =-2° and R = 2.0 x 106, where the greatest effect of fixing t.ansition
was observed. The low Reynolds number and the near zeroc preassure gradients
would encourage a long run of laminar flow before natural transition would
occy. © for the smooth mode!.




These effects generally decreased with increases in either angle of attack
or Reynolds number. The reduced effects with increased angle of attack are
associated with the steep adverse preassure gradient of the leading-edge suction
peak at high angles which causes natural transition to occur near the leading
edge on the upper surface. The reduced effects with increased Reynolds number
are due to the thinner boundary layers, the tendency for natural transition to
occur nearer the leading edge, and the higher wind-tunnel turbulence level
which would also induce earlier transition.

The small differences at the higher angles of attack may not be completely
explained because of the inability to determine the relative positions of
boundary-layer transition between free and fixed transition on the lower sur-
face. This inability to determine lower-surface boundary-layer transition at
high angles of attack is due to the favorable pressure gradient over a large
portion of the lower svrface and to the fact that the lower-surface transition
strip was ahead of the stagnation point at high angles and, therefore, may not
have properly trippeé¢ the lower-surface boundary layer.

The general effect of fixing transition and its trend with iiAcreasing
Reynolds number reverses at high angles of attack for R = 18.0 x 106. Shown
in figure 7(f) are increased lift, increased pitching moments, and reduced drag
with fixed transition. These results are believed to be associated with the
elimination, or reduction in size, of a small laminar-separation bubble on the
airfoil upper surface by the introduction of roughness near the stagnation
point on the lower surface. Tabulated pressure distributions (not presented)
indicate that at o = 129, where the lift curves of figure 7(f) first diverge,
the stagnation point has moved to a lower-surface location corresponding to the
trip location (0.05¢c). The presence .f a laminar-separation bubble can only be
assumed since there are no discernible discontinuities or plateaus in the pres-
sure coefficients plotted against angle of attack for given chordwise stations
shown in figures 9 and 10. Such disconcinuities are usually indicative of the
presence of a bubble of separated flow.

Since natural transition usually occurs near the leading edge of airfoils
in actual flight conditions because of the roughness of construction or of
ingsect remains gathered in flight, the remainder of the data discussed in this
report (except for the compa.ison with other airfoils shown in fig, 23} will
be with transition fixed at 0.05¢c on both upper and lower surfaces.

Stall characteristics.- The shape of the lift curve (fig. 11(a)) in the
prestall region is associated with a progressive separation or thickening of
th~ iurbulent boundary layer in the region of the trailing edge where the lift
curve slope begins to decrease at the onset of trailing-edge separation. The
appearance of trailing-edge separation is also manifested by a flattening of
the pressure distribution at the rear of the airfoil (fig. 12) and by diver-
gence of the pressure coefficients over and near the trailing edge. (See
fig. 12 )

Although t..e shape of the lift ~urve in the prestall region is character-
istic of thick airfoils (thickrzss ratios of approximately 0.12 or greater)
which stall as a resuit ~f trailing-edge boundary-layer separation, the actual



stall is shown in figure 11 as a sudden, sharp loss of lift usually assoclated
with leading-edge separation on airfcils of more moderate thickness.

Generally, airfoils which stall as a result of trailing-edge separ-
have relatively flat pressure distributions over a large region towar? ue ¢
of the airfoil at maximum lift, but the peak suction pressures near * - leadii-
edge continue to increase after the stall resulting in a lift curve with roundeu
maximum. Airfoils which stall as a result of leading-edge stall, howevcr, show
a continual increase of the peak pressures near the leading edge up to the
angles of attack for maximum lift, followed by an abrupt collapse of the
leading-edge pressures.

The pressure distributions of figure 12 show that, at angles of attack for
maximum lift conditions, trailing-edge separation extends over about 20-percent
of the chord. After stall, however, the upper-surface separation has spread to
almost 90-percent of the chord. Except for the lowest Reynolds number of
2.0 x 106 (fig. 12(a)), there is only a partial collapse of the leading-edge
peak which indicates that stall was caused by a precipitous forward movement
of the trailing-edge separation.

Effects of Reynolds number (fig. 11).~ As the Reynolds number increased
from the lowest value of 2.0 x 10° to 12.0 x 106 at M = 0.15, lift increased,
pitching moments became more negative, and drag decreased (minimum drag sum-
marized in fig. 14) due to the thinning of the boundary layer. Because the
thinner boundary layer is more resistant to separation, the maximum lift coeffi-
cient (fig. 15) increased from 1.84 to 2.23 over this range of Reynolds numbers.
As Reynolds number was further increased tc 18.0 x 106 the maximum lift coeffi-
cient decreased to 2,15. 1In addition, higher values of drag and less negative
pitching moments at high lift coefficients for R = 18,0 x 106 compared with
R =12.0 x 106 are indicated in figure 11. These reversals in the trend of
the variation of the aerodynamic characteristics with Reynolds number are due
to a greater amount of trailing-edge separation for R = 18,0 x 106 compared
to R=12.0 x 106, (see fig. 12.)

Alticgh the experimental data is not detailed enough to explain this
phenomenon, it is possible that increasing Reynolds number from 2.0 x 106 to
18.0 x 106 moved the reattachment location of the laminar separation bubble
which altered the initial thickness of the reattached turbulent boundary layer
in such a manner as to promote increased trailing-edge separation.

Effects of Mach numbe: (fig. 18).- The effects of Mach number on the maxi-
mum lift coefficient at a Reynolds number of 6.0 x 105, shown in figure 18, are
summarized in figure 19. There is a decrease in the maximum lift coefficient
and in the angle ot attack for maximum lift with increasing Mach number, which
becomes appreciable above M ~ 0.20.

In reference 13, the decrease in maximum lift with Mach number is related
to the appearance of local supersonic flow near the leading edge. 1In figure 20,
it is shown that supersonic flow was encounted near stall for Mach numbers of
0.28 and 0.32. Although the zone of supersonic flow may be small, the result-
ing recompression of the flow thickens the boundary layer and increases the
tendency for turbulent sct.ration at the rear of the airfoil.



The stall characteristics are much less abtrupt at the higher Mach numbers
(fig. 18) due to a more gradual forward progression of the trailing-edge sepa-
ration. (Compare fig. 21 with fig. 12(c).)

Comparison of Maximum Lift Characteristics With Other Airfoils

Maximum lift characteristics of the SC(2)-0714 are compared with those
of the NASA low- and medium~speed airfoils (refs. 14 and 15) and NACA airfoils
(ref. 16) in figure 23.

This comparison shows the maximum lift coefficients for the SC(2)-0714 air-
foil to be about 0.1 greater than for the NASA low-speed airfoils, almost 0.2
greater than foir ‘e NASA medium-speed airfoils, and from 0.5 to 0.6 greater
than for the NACA airfoils. Because of the greater aft camber, the pitching-
momeat coefficient of the supercritical airfoil is about -0.13 at zero lift,
compared to about -0.10 for the low-speed airfoils, about -0.07 for the medium-
speed airfoils, and near zero for the NACA 23015.

Higher maximum lift could, of course, be achieved with conventional air-
foils through increased camber. Maximum lift coefficients approaching that of
the supercritical airfoil are reported for a NACA 6716 four-digit airfoil in
reference 17, for example, but those higher maximum lift coefficients are accom-
panied by pitching-~moment coefficients of approximately -0.20 and separation
over the trailing edge at low angles of attack.

CONCLUDING REMARKS

Wind-tunnel tests have been conducted to detzrmine the low-speed two-
dimensional aerodynamic characteristics of a 14-percent-thick NASA supercriti-
cal airfoil with a design lift coefficient of 0.7. This report documents the
exper imental results of these tests. Free-stream Mach number ranged from 0.10
to 0.32, and the chord Reynolds number varied from 2.0 x 106 to 18.0 x 106,
Analysis of the results indicate the following general conclusions:

1. Maximum lift coefficient increased with Reynolds number from 2.0 x 106
to 12.0 x 106 (M = 0.15) and attained a value of about 2.2. A small decrease
in maximu% lift was observed with further increase in Reynolds number to
18.0 x 10%,

2. Maximum lift coefficient decreased with increased Mach number
(R = 6.0 x 106), the decrease became significant above M ~ (.20.

3. The application of a transition strip near the leading edge resulted
in only small effects in maximum lift since natural transition occurred near
the upper-surface leading edge due to the adverse pressure gradient associated
with the suction peak at high angles of attack.

4. The shape of the prestall lift curve was characteristic of a gradual
trailing-edge stall, but the stall itself was abrupt and attributed to a pre-
cipitous forward movement of the trailing-edge separation point.
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S. Drag remained essentially constant over a lift range which extended
from near zero to beyond the design lift coefficient for a constant Reynolds

number with transition fixed.

Langley Research Center
Natiocnal Aeronautics and Space Administration

Hampton, VA 23665
November 26, 1980
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TABLE I.—~ SECTION COORDINATES FOR SC(2)-0714

ORIGINAL PAGE i

Of POOR QU

ALITY

[c = 61.0 cm (24 in.); leading-edge radius = 0.030c]

x/c (z/C)y (z/c), x/c (z/¢)y (z/c)
0.0000 0.0000 0.0000 0.240 0.0659 -0.0661
.00z .0108 -.0108 +250 .0665 -.0667
.005 .0167 -.0165 .260 .0670 -.0672
.010 .0225 -.0223 <270 .0675 -.0677
.020 .0297 ~.0295 .280 .0679 -.0681
.030 .0346 -.0343 .290 .0683 -.0685
.040 .0383 -.0381 .300 .0686 -.0688
.050 .0414 -.041 .310 .0689 -.0691
.060 . 0440 -.0438 .320 .0692 -.0693
.070 .0463 -.0461 .330 .0694 -.0695
.080 .0484 -.0481 .340 .0696 -.0696
.090 .0502 -.0500 .350 .0698 -.0697
.100 .0519 -.0517 .360 .0699 ~.0697
110 .0535 -.0533 .370 .0700 -.0697
.120 .0549 -.0547 .380 .0700 -.0696
.130 .0562 -.0561 -390 .0700 -.0695
140 .0574 -.0574 .400 .0700 -.0693
.150 .0585 -.0585 A0 .0699 -.0691
.160 .0596 -.0596 .420 .0698 -.0689
170 .0606 -.0606 .430 .0697 -.0686
.180 .0615 -.0616 .440 +0096 -.0682
.190 .0624 -.0625 .450 .0694 -.0678
. 200 .0632 -.0633 .460 .0692 -.0673
.210 .0640 -.0641 .470 .0689 -.0667
.220 .0647 -.0648 .480 .0686 -.0661
.230 .0653 -.0655 .490 .0683 -.0654
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TABLE I.~- Concluded

x/c (z/c)y (z/c), x/c (z/¢)y (z/ch
0.500 0.0680 -0.0646 0.760 0.0457 -0.0173
.510 .0676 -.0637 .770 .0442 -.0152
.520 .0672 -.0627 .780 . 0426 -.0132
.530 .0668 -.0516 -790 . 0409 -.013
.540 .0663 -.0604 .800 .0392 -.0095
.550 . 0658 -.059 nn .0374 -.0079
.560 .0652 -.0577 8.0 .0356 -.0064
.570 . 0646 -.0562 .830 .0337 -.0050
.580 .0640 -.0546 .840 L0N7 -.0038
.590 . 0634 -.0529 -850 .0297 -.0028
.600 .0627 -.051 .860 .0276 .0020
.610 .0620 -.0493 .870 .0255 -.0014
.620 .0613 -.0474 .880 .023° -.0010
.630 . 0605 -.0454 .890 .02 -.0008
.640 .0596 ~-.0434 .900 .0186 ~.0008
. 650 .0587 -.0413 .90 .0162 ~.00M
.660 .0578 -.0392 .920 .0137 ~.0016
.670 . 0568 -.037N .930 LM ~.0024
.680 .0558 -.0349 . 940 .0084 ~.0035
.690 . 0547 -.0327 .950 . 0057 ~.0049
.700 .0536 -.0305 .960 .0029 ~.0066
.o .0524 -.0283 .970 .0000 ~.0086
. 720 .0512 -.0261 .980 -.0030 ~.0109
.730 .0499 -.0239 .990 -.0062 ~.0136
.740 .0486 -.0217 1.000 -.0095 -.0165
. 750 .0472 -.0195 j
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transition fixed.
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R = 18.

Figure 4.- Comparison of corrected and uncorrected aerodynamic characteristics;
M= 0,15,
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Figure 6.~ Tulft photogrsp anule of attack on upper-surface
f.om pattern; Moo 4 % 10%, eransition fixed.




LB 218

Pioure 6.« Continued.




ORIGINAL FAGE IS
OF POOR QUALITY

LBl 21y

Figquie 6.» Conoluded,




ORIGINAL PAGE IS
OF POOR QUALITY

*¢(°0 = W {pIoyd jusdiad-g 3I¥ UOTITSURIY fuixy3 jJo 3I>a33a -*L danbrd
‘g0l x 0°C = ¥ (®)
bap ‘D
8l Sl hl =4 ot 8 9 h e 0 e- h- g- 8- O0l-

\a AAAAZ ARAAE RARSD ARAES 444-—-:1  aRzASAMALRAASEAASSS AAAALGARAS SAASAAASAS AAAARSAALS RAANS ARASS RARAS .:.—q:q Yy TYVTYYVYT OO .

g2 02

YYrYrTIYTYYYY

T vy

TrYryrrereryyYreY

R

L 1 i)
b -
- 3
o 1
E 3
F 3
. ]
-
3
- ]
; 1
d 4
o -
]
V]
- 3
N -
: ]
3
. S
: ;
: ]
: 1
F ]
:
s uo M
i 0O | ]
-
o O =
- :
d H ]
.
[ u.uo.
. ssauybnoy ]
! ]
:
N -
F ]
- -
r 1CS
SOV FVVVL VUV TUVO! TUUIN FUUYS UL FUUUS JUUUR PUUR PUOTE TOUIE UUUIY POV FOVEY SV FUUUS VUV PUVUS FUUUR FUUUE JUUUL FUOVE FUVRY VUU0Y FOUUY VUUIY POV JUUUS FOUON POV 0

29

-

(9]

G-



‘PONUTIUCD -<¢ Banbig
‘PanuUT3UOD (®)

bap ‘D
gl L cl 0] B8 9 h e 0 c- h- g- 8-

ol-

VYT YT Y rYYrirrery ey YYrrrITriTrer ::—:.1 DAL RAAAS MRS AR RS REass sanannary AL AAAAE AAAAR AR AL 02 AR RRARE KA RA By

062

A A i i

ORIGINAL PAGE IS

_OF POOR QUALITY

™rrr

A A i)

Ak

T™rrT

"

rrrer

Ll .
w.\wanTAII P~ Py U/v

A b A L

LB B ¢

A

vy

T YT

A bl

U o
# O

™T7rT

&G

Ad A

ssauybnoy .

20"

Al a4

TYr vy

AL

wl1G20°

30



ORIGINAL PAGE S

OF POOR QUALITY

*panuijuo) -, dinbta

*papniouo) (e)

1

T—r—

T

Ad

A4

bbb dd bl

ARASRS AASSE REARS RARE

U OE FUWEY

TYrYreyTreT

—9-08

IEUWE SUUVE SUTTE FUUNY SUPEY

Lid

uo
30

o
O

ssauybnoy

At

JUTES TUNEY DU U

AALE ARLAS RARAR RARRRE R AR 0SSR RAREERARAS B

NS B

whrnrdndadh

nderdd

Adkd

A e

N B

dd

dnd d

K}



ORIGINAL PAGE 1S
OF POOR QUALITY

*panuyjuo) ~°L ainbrd
‘g0l x 0°FY = ¥ (q)

bap ‘D

ee 02 8l 9l [ el 01 8 9 h Z 0 c- h- 9- 8- 0l-
LAAAN RARAL RARSERRARE KB ::q.: LAARE RAAAR AR LA ca R AR RRAAS RARRA AESRA KAREE RAA LA AARAS RESRS ERRAL AERRE RERRE 2R Ay o ::—1: TYYTITYYTIvTTY TT ] QO. mi.
s 1. .
F T6L -
s :
a “\mr 105" -
ﬁ -
: & ] e R
1
” -4
4
F 10
. ]

Ty
Adod A

] “
o -4

- +SL

o

: 1001
” -

N Ge’' 1
: 1

; ]

: ’ 051
- A

s

. uo 0O 1.
1 o[ {1
, 30 ]

L ]

: 002
s | ssauybnoy m

. tce 2
>

” ]
e VERTY VYVVSTURVY YYIEU FRUSY FOVUY VYV FUTYS FUVOVOUSE FUUUY PYOVE FUTVL VEVIN FUUIN PUTY FUTIN FUUY VUUIN FUUYY PRUUE FUVRY FUVIN QRIS PUUOY TUVRN FURN PUOUE TUOY: L0 (==

32



.panuy3ued -°L 21nb1a
* pINUYIUOD Q)

bap ‘D
02 81 a1 hi el 01 8 g h = 0

rYPYPYTYYLT .-:4:«- Taas \AsAl LAAAS AAAM Y

3
TYYTYrYTT Y :-a‘:..#_‘:- aash AR .:.)-:J

T ;

Ty

—

v

'—-—;t

ORIGINAL PAGE IS
OF POOR QUALITY

v

Y

—r—r—y

r™ryt

3 "‘1'1\-:-
L
b

33



INAL PAGE 1S

ORIC

UALITY

OF POOR Q

‘panUTIUO) =% 3 NBT

*pepnTouo) (q)

= 0’2 S'1 0°1 S’ 0 g -
m..j Yy v r—r Y Ty r—r—r v “
- \\A -t = oo T~~~ :
L B S omn = o ——] 7 3
F 0 ]
: ]
9 ]
]

IUPE SUWET

UWOE HUY

coD
ywo o

\AARARAASE AAAR REASE RESLE AEAAE AR AASRE RERAE AR RS B A NS

ssauybnoy

e b

hcddd

Ak

oo

bk b . ko Al

b L

bk d [t e h

IURVEUTTE RN UOVUE SUUUA FTEEY ST WOW §W)

k]



ORIGINAL PAGE IS
OF POOR QUALITY

ee

c0

I8

10

6
a,deg

(¢) R=6.0Xx 106.
Figure 7.- Continued.

2.90

-6

-8

2.25

0
15

LYy Y rrveryrYrrryrrtt om0 U0 LA B R 20 SLAL LAY rrrryryYrYy (v’ T TTYT T T Y vy v TrYovY
3 ;
< { :
3 " 3
E 3
3 E
3 E
3 _‘_‘.J_m
3 E
o 3
i L —] :
- W :
L l.ﬂ 3
F Y .
- = ]
1 £ £ cC

" g’ o0

SR =) ,___3
- oz 3

n
o (] 1e] ¥ 0

5
0
- .25

-.50¢%
-10

"'l »00 T

35



OF POOR QUALITY

ORIGINAL PAGE IS

spanuIzuUOD -°( ainbid
*panutiauod (2)

bap ‘D
ce G0¢ 8l 91 Rl 2l 01 8 =} H = 0 c- h- 8- 8- J1-

A RS ASR AR R AR AR ARG AARAR DRSS AR R A RS A RAA AL RSRAAAN SR AERNACAARARSRAAARARSANRERANALARRRRRERRSARRES ARSES RARAARAAAS AAARA ARSAS ::_:: \AARE RRAAS ARAAI Omu.
lgaz
o
g E
- -4
L p
- 4
9 R
5 4
8 4
~ .
GLl
> <
o -
L 4
- 4
5
e
s \nv\\?\.G & G L
eed D=

T U U R S T

J\
)

d

L
I/

s oot
[ m&ﬁm\x | “

g 15L0
: _ 1050
: uo o .

: Ho o ts20-
[ ssauybnoy

AT W

36



ORIGINAL PAGE
F POOR QUAUT?

\ARAS AAARAE ARARLRRAAR RERSL RAAS ] \RAS RAASE ARAAE RARSA ARG NS RARAL ARG ARALL AR AS RE A

Yy

2.5

ot

yr—r-r

2.0

Tr—r-y

v

Y

1.

ryr—v-r

e cadrandn

{c) Conclud.d.

Piqure 7.- Continued.

Ty

Off
on

Roughness

L I
» |
)

IUYE JUTYY FUTTTUUYEY SUWTY FUTUY FUUTE FUTEY SUWWY Y .1“ 'S TUWUY SWYOL A_AAA.)AAA
[« JTR) o ") O w o u) [ BT u @] Al o i o
o~ ~WwoWwoWwon X > MM e~ e
o 0O O 0 O 0O 0O O 0O o 0o o o o o o0



ORIGINAL PAGE 18
OF POOR QUALITY

ee

15

81

S1

Hl

cal

0l

*panurjuo) -*; aanbra

*90L x 0°6 =4 (P)

bap‘p

8 9 h e 0 e- h-

g-

8-

YT

YT

rryY

TYYY

\ARAS

TYYY

TTY

TITY

TYYY

TYYY

TeYS

TTrY

TTTY

LRS23 3520222000 RAARA ARALA RAARN SRS RARAAREAS RAARS ARRAS 028 RALAS RAARS

TYYY

TTYY

TITY

TrYY

TITY

Ah A d At b s

oWt

TY Py rryrrrory

Adoid

ey

bbbk

TTTrrYyryY Y ryrrrYy

bk d d

TrrYy

Al L

idd

TrYTryrIorr

pad |

dobod

T Yryrrrryrroy

u o

#0 O

ssauybnoy

Al A il aadd

00 e

Ad oy

Ak b b

iidd

ALd

Aldd

Addd

Skl

FEOuY

Aidd

il

Add —..-p

JYUSI FUSVETUUTE FSUNY FRURT FUVEE CUUTE FRUTY dbdddadid

Adid

Adad

bdohd

G2'e
05 e

38



ORIGINAL PAGE 19
OF POOR QUALITY

spatMIUOD ~°L ainbtd
-ponutauod (P)

bap'D
g2 0¢e 8i a1 hl 2l ot 8 °] 4 e 0 c- h- g~ g- 0i-

.ﬂi. Bl L A LA MMM RAAAD AN v .:414:: T :.’..: r ..’:.l:l... <“ﬂ ‘.j./. ToGe -
. ga2’ -
4 , + # |

T I

oGt -

# gal -
| [
3

i puna -

‘ 050" -

1 2
o o .

ssauybnoy

5
% # | ‘ ‘ ’ v N

o ~
Addd ::ﬂ:.. caaadauaslaasads 5 JUYVE SRUTE FPE T ::»::— R TYUYE FUTTE FTET FURDS Lo Al A

Trvyi

™7
e

>
11
>

—
=

)}

Ty ™Y1 1 1!1:‘11’

Ty

vy

T

39



ORIGINAL PAGE [&
OF POOR QUALITY

AAAA AAAAL RALAL AAAAL RARAS RAASE AASSL RASRE ARRERASAAS AASAS RASLA AARAE AEREA RRARRE RAAS]

2.5

Aaded &

YTy

0
o

2.0

b 4 -
s p

J
-~ ..Lx_.,_. ——— JEEUQEVS WD SN
} 1
b L
> -

1.0

TN PR - i PRy
} 1
3 4
1
3 4
P e = L» U SR T A el s s o om [ RSN NI W
t ‘
-
}
PR R N IO O iy SN S SR o Ty
3 L
L
]
e ENNI - B P & e [N e PR, PO Sl o T w’—ﬂ( ol
> E
o
(7.} -
v
od {
= C S ~ b - POV S T --1 cwrnon ROV P U R S
C t
o g 4
3 © ‘
o n
L (2 < oo 4 4 .Arw.“,-..w r..,. - 4.
1
00 ]
- B SN . ——— b g s o v s T 3 v
1
lo
N N e Y N IRV AN RT RN PN Ry ) Abbhl bd e Lt~tlt4 YWY B WY AAL;lLA.L.LJ- “:
[ L R e e [ [\ (@] 1 ) ) (o] 0 [$] 0

u
m r Woow W W 1 1 MM - w0
€Y W W Y Y Y O M Y W Yo O

Cl

(d) Conluded.

Pigure 7.~ Continued.



)

-~

e

VALITY

ORIGINAL Fr,
OF POGR Q

W
7]

02

81

9]

hi

=3

0l

LY

*panuIuUO) ~-*; 3Inbrd
‘g0L x 0°2L =¥ (3)

bap ‘D
8 g h 2 0 e- h- S- 8- 01-

\ B

ey

LARAS RASAS

YrrY

Yy

\ASSE RARA

TTYY

TYYY

YT

TEYT{TrTY

 SASAAAS S ARANAALAS AL RANAL RAARERASAR AAGAE AR ARARS LRASS ...._31 AAALS RAASE LM RAAM LA T TR S

Adaddadd

TYYvryyrrey

A-bd i

TYTY

Ad il

TrrY

Ahdd

il

TrrryTrey

sadadaaag
n
~
S

TYTrY Y TTYTY

iia
o
o

™

il al

Addd

uo a c

TYYrETr YT

#0 O

iild

rTrTY

ssauybnoy

Ad L L

Y

Addd

Addd

Adad

Addibdas

b i

iddd

idig

NV

Al

NN SR SYOWN VOV RN SVO0F POV r_st wordin e dindiedndin i, 30572




ORIGINAL PAGE IS
OF POOR QUALITY

LIRS vy Ty ™ Ty ™YY TrTYy =TT Y-y LR B A

PPy T

c0

aaaskaias

18

lnl;l‘u aaadaasabicasdissifass

Aidd .xu\;“; Jaaadsasalan

Roughness

.‘““ ALAA‘AA‘I asdiilisdi AAAI\

ee

10 ¥4 Iy 16

15)
a,deg

1V}

(e) Continued.
Figure 7.- Continued.



ORIGINAL PAGE 19
OF POOR QuaLITy

Yy laas hiadai AR TYVYYveY AARA ASAS AAAAL RARAL AL AAAALRAR L ARDA]

2.5

et

P

de

—

dhoeadh

2.0

1.5

1

G R S NS S - B S .

et

{e) Concluded.

Pigure 7.~ Contfinued.

wy
r w 1
f Q ]
- - E ‘-—{r— —
-
S EIR-Y-]
(=]
b--—4 QF -~ R an i SR S ST s B .
|
o0
b- - r - SHISHD SHUUVES SIS QI S

N S O N O O O O O O B W O O R S W N e N S N N e e s J O e - a4 -4
[ BT O u [&) W) () 18] [ [Tl [ O
a o~ - (8] [1¢] w uy X x M ™M Y] — iy
[ S | O () < [ [ ] (] (o] o [ ] O (W]

©
O




44

ORIGINAL PAGE IS
OF POOR QUALITY

TITYIVYrYryTrroy

TrryrrYyryrrrr

YT Y Y Yy rr Y T rr Ty TrrY

18 20 ee

16

1e

10

E rr
3 3
i 3
; . 3
; R?JF% 5
14 s
- 3
3 3
4 3
3 3
3 o :
F 3
g 3
C vy | 3
. v .
3 @ \\ E
s c .
3 f; = c 3
3 5 ©O \\ 3
3 ]
b o -
3 o 3
£ E
E oad ¥L— 5
- -4
F 3
Y Al b L Ao A L AL A s bkl . dd AL dndo LA Al Ad A 4 AL A ) by A b A4 ) e A
9 ¥vw 9 v o v o v o v o n o v o
w N o~ B S ~ b U W ~ O
[3V] [3V] n — —_ — -— ! ] ! —
'

-10

a, deg

R =18,0 x 106,

(£)

Figure 7.- Continued.



*panuIlu0) -*¢ 3anbis
*panuT3uod (3)

bap ‘D
02 81 gl LR 2l 0l 8 g H = 0 c- h- g- 8- o1~

TITITYYTIITYY AR] SA% RAASSE ARRAS \ARAS ASASARARAR RAARARRARN AR AR IS0 AARAE ERRRNRAARARASARS RRRAS ARARD RRRAS Ty 135 ARSAS RAAAS GAASE ARARS ARAAS Dmm.

Go2’

00e’

el bk

Ty

Ak

™rrry

bodod i

T vrTrY

\
1
4
4

ORIGINAL PAGE 9
OF POOR QUALITY

LN B B |

Achodod

Ty

(=]
N
o

uo o
0 O g20"

Aodd &

ssauybnoy

r

AL A LA i 4

45



46

ORIGINAL PAGL it
OF POOR QUALITY

TYYIrrer

MLAAS AARRA RS R AL AR RS}

NG gan aan o

TTYTTYY

A BAAAR AAALLE RALRS BASSE RRREE 20 e m g

YT

™Y

Y Y

b p
[ 4
L
s % 1
|
o J
g 4
s ]
- r
| 4
& 4
i ]
! ]
- 1
- -4
[ ]
b -
[ 4
[ ]
[ i

2.5

2.0

1

1.0

~ -
B 4
o -
g E
- ]
©
[ . ]
[ v .
- D ]
o
| & 55 |
| o o O 1
[ o ]
- d 0
f oo ]
1 ]
b ! .‘JO
Ad b laaaadiagsadag AAAL'A “d 1 A4 VU ETENY FEW WY TUWTY IVUWS CHUTY SUYY ISR ST .
QW o v o W o O o W o v o mn o 0w o7
O >~ - 0 O VL B F F M M U U - o o
© @ 0 0o 0O o o O & © 0o © o o a o

Cd

(f) Concluded.
Figure 7.- Concluded.



o

(-eoeJINs 19MOT 23eDTPUl sToqwAs pabberTd) °S1°0 = W
{8UOTINQTIISTP 3INSsaid ISTMPIOYD U0 UOTITSURIZ BUTXTI JO 309333 -8 axnbrg

‘oT~ = D ‘g0l x 0°T =¥ (®)

2 /X
6" 8" L’ g9’ S Ll g’ 2’

-

Y

rrrryryrryrrrrryry e rrrrrvyvrryrrrrf{evrrreerr v e e ey ey rvry 4T vy Tr 4T ﬂ<44|<

47

—f————

T,

rYY

YTy

Ty

Y

ORIGINAL PAGE IS
OF POOR QUALITY

TTYrYTrrTTrYTTT

TTrY Ty TTY

PP
(e

[T

uo

i

oln/

30

TYrTT

— -
PURUEN (U G

ssauybnoy q

PRl U VUPIEIpUP SN SR

Ty

| ]

ITEEY WIS DEwEN FEUTE PUTEE DWOWY SWrTs ST _ id WD UWes Y

SN G S
N L it




*papniouc) ~°8 2anbtd

‘o8l = © .wo— x 0°8lL = ¥ (a)

3 x

g’ 2’ 1

'
™YYy Tl

ORIGINAL PAGE i3
OF POOR QUALITY

 EEAEAARSERRERE RRRRE AR B

Lasas ARAAS RARR

L

P TR

u O

o O

i

ssauybnoy

TTTYYrreryyYyrrprvad

W __* —id
OV WY WWWere W e T%»-»k as i gt il rb>.- M WY PW e W A Ak

48



ORIGINAL PAGE {3
OF POOR QUALITY

- 13. T T

x/c

0.0037
.0081
.0136
L0197 f—
.0278

Po<o0O0

|
(e
OO
O

a. /i
/

8 |2 16 20 24
a, deg
(a) R = 2.0 x 108,

Figure 9.- Variaticn of pressure coefficient on upper surface at particular
chordwise stations with angle of attack; M = 0.15. model smooth.

49



ORIGINAL PAGE i3
OF POOR QUALITY

-14. I J l
xic | 1
~13. o o S R
ONEE Inmnnt s
I [~ -
~I1. 1
o ‘““4‘#
FA T
Cp -8, | — i 7? h 1
-7 ZZ; —
) /J ;L
. #f : L
s g / j
. // J
PR/
| A
-3 'T | 4
1
-2, —— ,,AI L J L L]
O 4 8 12 16 20 24
a, deg

(b) R = 4.6 x 105,

Figure 9.- Continued.

50



ORIGINAL PAGE 1S
OF POOR QUALITY

= T T

x/c

0.0037 i

0136 |
0197

g OO0

.0278 é

. 4
JiF:il
/7
| | '
[/
| it
RNV
l' i/ ;}/Jt
| W/ r
. 75//‘/% il
— t
/AR
/A t
By /. L
B /iR
BYy,/ARNN
0 4 8 12 16 20 24

a, deg
(¢) R = 6.0 x 106,

Figure 9.~ Continued.

5



ORIGINAL PAGE [t
OF POOR QU*LITY

e -

B S
i , !
. ' !

|
'
————

N

et

e e

e

a, deg

R =9.0 x 106,

(4)

Figure 9.- Continued.

52



CRIGINAL FAGT 1S
OF POOR QUALTY

roo0uU
-
> &
(=

S
==
1

4 8 |2 |6 20 24
a, deg
(e} R =12.0 x 10.

Figure 9.- Continued.

53



ORIGINAL PAGE 1S
OF POOR QUALITY

a, deq

R = 18.0 x 106,

(£)

Figure $.- Concluded.

54



INAL PAGE 18

-13. -
x/c

-2

O 0.0037

O .0081

% .0136
~I 1 a 0197

N 0278
-10.

P
-9.
C ; 1
p |
-8.
-7
|
—-6. ‘
-5.
-4
-3 i L
o) 4 8 |12 |16 20 24

a, deg
(a) R = 2.0 x 106,

Figure 10.- Variation of pressure coefficient on upper surface at particular
chordwise stations with angle of attack; M = 0.15, transition fixed.

55



56

-l2.

INAL pAGE i3
::?gkxngiQUF&ITY

x/c
O 0.0037
O  .oms!
O L0136
a 0197
& 0278
i
P
F 7T A
%* Egg 4
7
: z
By, &
X
L
0 4 8 12 16

a, deg
(b) R = 4.0 x 106,

Figure 10.-~ Continued.




ORIGINAL Fil i3

OF
_|4's f

R | * M

rx/c

O 0.0037

S = B ]

PO 0B

-2, ., & 019
& 0278

i v '
—Il. 3 . + I3
4 . . 4
-|O- |‘ 1 *
i
g 4
9. ..
* +

(c)

POOR QUALITY

Lt AR R hs YT vttty

) s C e R e +

+ . + + ¥ -
!

* L4 L T T ? N
i

+ ¢ Tt * -

+

8 12 lo 20 24
a, deg

R= 6.0 106,

Figure 10.- Continued.

57



58

ORIGINAL FA5L 'o

OF POOR QUALITY

—|4.§r m

S I
13

i i O 0.0037

h-+ (] . 0081
12 —ﬁ: (8)2@2
+

Bl 4
. 717
0 :
-9 '.
/ ’) 1
-8 ]/;> bf
Igira
e ¥
e ALK
HEF |
Y4

-5,
|

O 4 8 12 |6 20

a, deg
(d) R = 9.0 x 106,

Figure 10.- Continued.

24



-14,

-13.

-l2.

ORIGINAL PAGE

OF POOR QUALITY

x/c

0. 0037

0136
0197

ZoODO

.0278

b = Y e == -

/
% .
]
/
r

-t | —

BN

4

mERY /v
AN
/ .
%/ /K 'L
Ir/ '
/ N
/ T
//l/ |
4 8 |2 |6 20
a, deg

() R =12.0 x 108,

Figure 10.- Continued.

24

59



ORIGINAL PAGE S
OF POOR QUALITY

ZrooO0O0

x/c ]
0. 0037
0081 1

0136

0197
0218 - ;

//
i

L] p
4 8 | 2 |6 20
a, deg

(£) R = 18.0 x 108,

Figure 10.- Concluded.




ORIGINAL PAGE 1S
OF POOR GUALITE.

2.90
2.25
0

E T80 7 TTv T7T17 T 07T LI LA Te TITroeerv Y17 TIiTF TIE T T30 TiIV Y ’r":%
- -
3 4 E
4 4 8
s 9 3
E IMm
3 E— E
i
3 : w
- . 1]
: ) = Z
4 3T w
o 4 ot
- b 1 ]
3 ] 8
3 - it 0
b E Rand 3
L \ E =
1 P =
E jo (4]
__}__._».__ 1© g
S N ] -t
- 3] TN .]
3 | ] 0o
— + o %
o 1 5 . m;:
: : o 3 =
o ] @ ocg
: — 0 a .8
E 3 0 [
g 3 - @ ot
2 3 =] Q g‘”
E : > 28
- :: 13
3 3 R
3 3 © '6'.5
£ 2 3 %o
- p m“
F 3 W
a :O QX
3 3 &
: - 3
3 Jcy ™)
- 3 U
o ] [©]
s 3 \
r Ye) E .
3 [= T ~
- — b L
3 > 3 o
3 cCoOoOO0oQ jw 3
- o e . s e i g
E N < OO P P
5 onod %
o El
A A b dob A A Aad. :o
\0 0 ) !

-1.00

61



62

ORIGINAL PAGE IS
OF POOR QUALITY

]

TTrrrTTrrr TrrT

T Ty T T T TYY T TTYT YT YT Ty rrrrrrry

TTTT

'FOYUEVRY FUTNE FUVPE ST

adiglisag

”’YY("‘]””]"” Y \'“{IT"'I"‘I 7T

-
|

e PSR SN VU INEEE SUUTY FRUUCUVUTE IVUNY SYUTY FUU iy

{v—m!vnvlvvn AAALE ARARAMASAS RAARA SRR L ARs s s Rt RaARE: nrvyrvvv[vrvrrﬂ]T-ryIrrnyuu’rvxr’

e e S SUTTE SURUE SEVNE FAUNY FUUTE SURTE STVEY MUY

P
- 3
E o000 4 :
3 ]
: 3

Ad I 4.1 1 J Al i L4 A Al 41 e L L Ad b A Ad A 4 Al L g A4 4 | O b d 4
(] Ig] in wn o Te] (o] [Ig] (@] n [on] Tg) O
[Te] u (] r~ oy o ~ n u un r~ Q
('U ‘U — — — ] ] ] —

12 14 16 18 20 22

10

6
a,deg

Y
(a) Concluded.
Figure 11.- Continued.

-8

-10



ORIGINAL PAGE IS
OF POOR QUALITY

- T 0 rrr1ri LaE g S TV ¢ T rniv T 1.¢ 3 T Vv v YT ouov Truvr v l"'m
o 4"
9 4
3 .
40U
4 i SR E
9 3
- s 3
—‘_——:E p
o | et :m
NS S
= q —
p
p
4
S 1
1NN e
P
I
P
3

14

12

v-vr‘tvvv TYTY V|111-111‘vvv‘ TeYYYvYrY

10

6
a,deg

sssasansnnand Annsl LA \a s A2 ARALS

.025
0
-.025
-.050
-.075¢
100
125
150
st
-.200

9
. @
o] 3
3
] el
3 ] Fy
o 3 3 €
=] . ] @ O
—_— 3 - (8]
» " :J’ g {
T— o C>¢=>Ca A 3 -
E “ Ndeo e §
o e "
- : . @
. . - 3
—— 0004 | —3 5 7
. ] ]
3 1°
£ ——3$
3 1 —é
E 1r
L / 5'
{ —Tu?
£ il E
,/_/!j o
:*‘-‘"‘ 150 ] El
E | E
i’.: 10
""r‘li A A I i b AL L n Aj_l_lAlLlA_AlJ_:LT

-.2251
-.250

63



19
iTY

<
=

!

G

ORIGINAL PX
OF POOR QUAL

‘panuUTIUO) -*|| 3aanbrg
*pepniouo) {q)

bap ‘D
ce 02 8l gl hl =g 0l 8 9 H =] 0 2- h- 9- 8- ol-

LA 4 LAAS LERRA RRAAS A) T LAl TTvT LA LA AAR RRAAS A0 LAARA LARRE SRARS 1ALALERRE AR RS LIS LESAARSASE RARSE LRRRALEE RIS AEAAS AAAEA RARRA ARl AR R AR AR AA Omma‘
-

3 4

b g
aee”
=

o 4

- .

- <

- -

L. 4

- ]

- -

o 4
SLl "~
|

- e

- p

- -

s

e

v
At

LA 2 |

Trry

Ad A 4

LERLER S
Lol

7Ty
o
bk A 4

T
Yy

AdAlAAliliig ddadazaadaaaadaeasdiaagdiaadasaalansaleily dabaasadasasdaasadasiadasaabisiy FUSFEUST FRUTI FUBUT FUTUE SUNUIVEUNU SUU VI FUUEY IS SRS FUTUE FNY mmo

64



ORIGINAL PAGE °.

o

OF POOR QUALITY

Bl TrELY Trre Tiryvgqereyy Trrygvryy Ty Ty LELALELS TrYyrgpvearyg LSS Toeey v TIT0E
- -4
o -
k- r
s 4
L 4
L 9] 4
- O\\Q\ 4
- g_.o\o g

Y

T™v 7T

| AL
/Q

A,

2.0

.
A

Tr-T-T

LS e
PR S W

PN S

Tr=7

™7 T

A edeandh

CZ.

cq versus

c)

(

Figure 11.- Continued.

R
~— O 2.9«

QO 4.0

O 6.0

a 9.0
G _c,,o"r

| o—0-

B=g—o s oaooox

- -
: 4
b J
o -4
- h
- 9

YUV SN STUTS SUUT SUNTE PUGUE STV UUTTE STESY FTUUI SUUTE SNENS URWPU FNENY T VWS S WWW!

.0

o 0 © 1 o N o W1 o v o v o B o Wwo
O~ ~ W O B H F 3 M M U U — — O
O o (ah) O (@] o [en] o [an] o (e ] o [ [en] o o



ORIGINAL [FAGE 14
OF POOR QUALITY

L:'TW Trrr Trre Tlll'll" Trry rrry rrree TTTiryrrrTrYy Trry TerY Trry LAMEL AL Bl i g LIRS m
i o
B -
r <>—~0.Q5QD‘
. N 1e
o ‘\ 4m
3 5
- 1
o i
> —
o -
i 1o
i ]
[ N-) ]
[ S
= ; 10
[ x 1T
i & oaiod .
[ og o ‘
i :
o
o -
[ 1
3 -4
i {0
L 4}
- -
I lo
e S S FWENE TUTTE FUTTY FEWTY FUUTE TUTEY FEUTY IWWY FUWES FUUTEY Py R AR SWE FUWE *
S L @ v o N o VW o v o n o b & n o7
Q& 00w o F Mmoo o2 o
o o o o (o] o o o o o o o (w) o Q o

66

(c) Concluded.

Figure 11.~ Continued.



ORIGINA. PAGE IS
OF POOR QUALITY

*panu;3uo) ~* || 9mb1d

+lz snsisa p/l (p)

L

G2 02 g1 0°1 g 0 G - 0" 1-
T TTrTY ) e man au ) TrerT =TT ™71 ™r-TT v T T T T T T T q.\ Y 11‘1@
S F0oh-
c \\\b 3
t ! :
$02-

L2 RARAS LEAAS

)
3

]

3 ] 02

E 7 3

: Z 1o+

] AN ; P/
v’ ; 3

m o, a\q \m\ 09

;’2
o
o

108

Aebdd A ddd

ool

s
Wik
\o

R

shisay

o0«

O
IS FUU

1021

(2 4

30h1

Al

LAAAS LASALRARAS MRS AARAS LARLE RORAS

67



OF 'AL PAGE IS
OF POOR QUALITY

ARAS AR AR ER AR RS AS A0 R NE AR AR AR R MRS ARASS ARANS ARRRSARARL RR R

TITTYTTITIVrYY

ey D
3(\,

e,

2.0

|
1

4
y

445,'
——

oo !
o o0

9.0 x 10°

N g
b e~ mem g 4
Y \‘ (e
- L ASNE

oo

b ._._1‘ - g - Y - -
| 7 ' ]
ll ‘ N 3
4
L l J [ 4 o
LluqquA SEETY FIRYY VEVEE FUTUY FTUSY TN INVES SYUUN VEVEY SUVEE JUUTY IVY 'Yy FUUTOUTYYY FUVEY FEUYY P .
[ ) [30] ) o) [@n] (0] (@] o (en) |
3 u O @ W b { o tu T
. .- — ] I

U/d

68

Concluded.

(d)

Figure 11.- Concluded.



(*woR3InN8
19m0T 93WOTpu sToquAs pebBeTd) °pexyj uotITsus.s] ‘GL°0 = W fuoT3InQTIISTP
9Ingsa1d WTMPIOYD UO IJPqumu SpTOULIY pue yOEvII® JO aTbue jo 309333 -°Z| Inbid

‘g0l x 0°C =¥ (®)

69

9 /X

0 8’ L 9 g’ h £ 2 L 0
Y T T T Y T T Y S BLALAL S mLin o o ia St SARR A SLAN SLARSRALAR ALSLELALE SLARSLAM Ty *D.N

! c

LJ F o
r—r—a m.l
- O.ﬂnc

— +

o g 1-

OF POOR QUALITY

ORIGINAL PAGE IS

« \
rxo. s'2- g
r ,.,,.4 AA«o.m‘
62¢ | 08 V¥ \ fse-
926" oy <O 15 PO
op° 0 O M
€€0 °0- 0y- O (Yo n-
uu D 0'G-

.m.m|

TrryYrrs YT Y YT Y T r Y vy r vy I T rrry v ry v psved ”II
.
p '|-

3
9
S
b

PO rar e Wi

IR ey

bk

>>F>wlo-m‘




ORIGINAL P,

AGE IS
QUALITY

OF POOR

0

6°

s

g

Le

g

‘panUIUO) -°Z | @21InbB1A

*papniouc) (%)

3 /X

g

rrrerrrrerrrrerrreerrbeerrrrr e e rre e rrerdee e ey e vy ey ™ ™Y
A aaal CamnntV’
ullﬁ..oa. "
S av,
s
s
o h._
s
8
o L
9
s
s
[ .
8 .
L .
3
[ s
8 .
8 .
L .
S
[
; 1)
s
” <.
i
- :
L .
»
L {
g 1
: 96 Il 9 .
L
g A RNA
88" 9 O
s
g _ 209l
: 1LL°] 90°
[ v O
: 6e9° '
g | t0¢l O
.
-
s
3 u 4
4
L B
- J
L 4
'bbb- A A A L Aododd St embachorads bk bt s Al bk ok, Aol Al b ddeh drdedh, bdred . Ad i b Ak o) A A Al Ad L dd L L

70



spanuyjiluoc) -°Z1 aanbid
‘g0t X o'v =¥ (Q)
3 [X
0t 6" 8’ L 9’ G’ h' £’ 2’ 3

ryey T LBLERIR LAl g rivr TryYy -diqﬂ--n LERER IR TreYy Ty v L B AR rrYrrYyrr oy ™rrr Ty Y RAR A AN D v~

TvrYeey

v

YT

TrTY

T™rry

OF POOR QUALITY

ORIGINAL PAGE IS

TrYY

YyYyrryrrvre

TTrY

LI S g

315° G-

TYY

L
3
9
b
3

b

-

-
|

3

b

b

I

-
Adobded il IS WDWES WIS WWW s e e A PP DS W W s LA A ad et ddd om

T

[ &



*pINUTIUOD -2 dInBId

‘papnioucd (q)

/X

LAS RS ARA RS B/

ORIGINAL PAGE ig
OF POOR QUALITY

AL RASRS BARSL RAAALRORAE AL RS RESS S & A B

YreyTrYeY

S8l v L
08 © -
09 O
102 O

0] ! _
—p— —
_ , el
; ,
\NI; e H»» . .
DY PUUUE PO DUUUS SUUUE U I SUURE FUUTE FUUDY FOU DUDOT SORS 1.1 B

72



OF POOR QUALITY

ORIGINAL PAGZ i

spanuyluod -°C1 a1nb1d
‘g0l X 0’9 = ¥ (°)
9 )X

0! 6’ 8’ L’ 9’ S’ h’ 12 2’ 1° :

4 i .
v~y YTy Ty L <<A.g.‘.qf.1.‘f‘. A v D ﬂ

as aRASS RaA RN TyYTrTVvyrv vy vrTyYrYYYTTIY Yy *f*r-'.-r'r“

W UUSWE WW e A il .Fpufb,r»/?.>,. Jarare NPT UTE NS W W e .r.-#—.

73



S

i

A Z
OF POOR QUALITY

W Padd

ORIG'M

‘panuIluo) ~°z| ¥1Inb14

*panutijuo) (9)

9 X

mo Nl. m. m. J. M.

't & . L d

.

;

:

:

:

o

:

:

;

pc—

:

1

-

-

:

;

:

:

;

:

:

:

;

:

:

:

: €02 %09

L 9 v
. *

: 261 1061 O

L

r .

: pil €07 0

: ' wo O

: 1651

-

:

o

' D

: L

P

S

:

o Dk b dedodd b e el bt e Srcdeihnas PN S Y L. d rbende b bkl ) b e bedd el A4 Ad P Ak b A

74



OF POOR QUALITY

ORIGINAL PAGE S

*paNUIUOD =°Z | IINDTZ

*papnToucd (2)

75

2/x

0°1 6’ 8’ L’ g’ S h’ ¢ = [ ]

1R ? I

0

: 4 %i-
| -
; 1
| i
m vd
3 ﬂ“m
m h"._ml
: \_ ao
L_,m-
. : : fig -
" Lz €6l 9 ¢
W 9%z €06 O o1~
” 8112 08l O (ie
: 080°¢ o’ O
- ~u 2l-
m D gl-
: AU FUUIN PO DUV TUUWE T adnti-




Y
baa

OF POOR QUALI

CHL RS [ o T

ORICG

LI M

5

B’ L’

g

spanUI3uUO) -°Z| 2Inb1d

‘g0L x 076 =¥ (p)

2 /X

G’ L £

o

SR RS TR L0 S0 2 Y T TT T T T T T T T T YT T T ™Y T Y T T Y T YT T YT Y
E

L —_—" 5

m —

o £

y i“ulawl

g —4—1 T
F f

W

e

L

-

o

W ' 08

W 186" 66'c O

F 1N 10° (]

- L20°0 G6¢- O

: l v

F

i, kb d haden b b hecddndh. Ak A i d i ddd . e dd bk A Ao A L) ) ) A4 A A Ad i i W ') ko) Ad l b e dndh, ) -

g}

76



LY
2

§

o
OF POOR QUALITY

L.y

-

AL
[ Y

ORIGMAL

*penuijuoc) -°z{ 2Inbra
*panutjuod (pP)
)

o._ m. m. P. w. m. :. m. m. ~.
b 3 N s L i 4 ’e i
R e B e e e A B B o o B e i B e B RIS T i R

77

T

vy

|
/
“

%

&

: PO W9 @
: 096 "I A O
: $08°| 0zt O
: 929°| 600 ©

(&)
o

rry

IWEEETUTES TUEUE PRTTW IUUNE UG THUTE PTG TUROTE TENUS TS FURE W Wy wt FUwE FTUEE W IPETE TOWNSE DWW




*panuUTluU0) -7 Inb1I
*papnTouo)d (p)
2 /X
01 6° 8" L’ 9’ G’ he b2 2’ [

TYrvyrrYryrrry

QLE’l 90 °02

\RERA RS RGN RAREEERAREARS S S LA S

061 "¢ 8 "6l

€Ll "2 6l°8l
811°¢ 0l °ZI

o0 o4

TrTfTrYY

TYrrprrrr

ST TTET TN OSSP P RTTE FERER W e NEE TUTEE TEURNE FEPEU PTGTENTTED S RWWE W I W

78



ORIGINAL PAGE iS
OF POOR QUALITY

YTy

Y TrY T T YT Y Yrrr vy g S S g0 20 gn o BLAR MR AN muAnEn AR SR AL SLER AN SR ALAM

r. 9

E O O = b

| . SRS8I '
[ S T—=

: RSEZ l
F P o oS

: i
Y O C)‘<> d l‘(

7Y

ro

£

I Y

Al b i ka

P GrAT ATy

Pt

U N DU W

.5

]
g L
r 4
r -
S )
s -y
o -
o -5
r- o
™ -
- |

o -
- 4
- ]
o -
o -
L ‘ 3
L ]
o -
s ]
X ]
L .
L p
- 1
o -4
" 1 e
3 \ - .
L t ]
b -

g 4 —<

g .

-6.0

-5.5

x/c

R = 12.0 x 106,

(e)

Figure 12.- Continued.

79



"PInUTIUGD -~z danbtrg

*PapPNTOU0D (3)

!

mu m. Nl. w. mc *.u- M. m- n.

é fl 3 i n 3

"
T YT Yy ey ALER S e Bt o o o | <-.<~ TTyrrTT T errTvYrrhreer TIT Y I v rvyvr

LELE i g

ORIGINAL PAGE IS
OF POOR QUALITY

Ty rrrrrry

LELE o 4

rrrryrrrrey

T 1Y

W FWwTs U bedd L TN WY WY ;u..&s.- ..».‘L->-¥.-L-—.-..~.-P> e S PUWEE SUWYN U

80



ORIGINAL PAGE (S
OF POOR QUALITY

*penurjuo) -~°g| 2Inbra
‘g0L x 0°8L =¥ (3)
2 /X

01 B6° 8- L g’ =

\ \
TV v LRI rTrevy Trery T1Tv7?Y T1T v ¢ Ti1ivT Ty T I 1T LI G B
5
L
=
8
L e
5
s
L
s
S
L
-
o
L
o
L
-
S
-
L
< .
s A 10°8 v
- 1
b

vio°l 1077 o
s 1249 10° 0
[~ L]

.
s €€0°0 0°P- o
8
S
o N
[ 2 D ]
[ GG
=3
s ]
s B
.

F >LO w.l
Y FUTTY FTUTY TUUYE FPUTY UTTE FRUTE FEWEE FIUYE FUTTR FTTTE BSTUTE SENUE SUN TN Bt TS FUTUE FUTEE FUEWE BWE

81



IGINAL Phui w2
o PooR QUALITY

Ty \B A8 YT Trry T1ry TrrT Triy TEr TTre LB AS LA RERJ TV Ty Trry Ly v o
(e)}
o [s4]
[
i o~
L O
o
o * - . L
" il o N o N
- r~
F .
[ -_—C A
: o L R
[ N <
t _E‘EN w
& . Te)
H + .
S
I.
3
r
E - =g
[
L
- M
1
[
§ 4]
' .
<
2
-
: %
>
" ; =L
[ L. ~pe

14
-13
~10

3
e

-12
-1

82

i c

(£) Concluded.

Figure 12.~ Concluded.



ORIGINAL PEGT 'S
OF POOR QUALITY

R
-3 r o 2x io®
4
o ¢
2 - f\
.-' - m ’2
D18 'y
Cp J ,
-t r
O -
{ 1 ) 1 L i i

a, deg

{a) Base of model.

Figure 13.- Base and upper~surface pressure coefficients; M = 0.15,
transition fixed,

83



ORIGINAL FAGE (S
OF POOK QUALITY

34

t N
o) 4 8 2 16 20

{(b) Upper surface; x/c = 0.99.

Figure 13. - Continued.




ORiGINA!. FL%T 0
OF PCOR QUALITY

a, deg
(c) Upper surface; x/c = 0.95.

Figure 13.- Concluded.

85



ORIGINAL PAGE IS
OF POOR QUALITY

‘sl*0 =R
{zaqunu SpTouiay Y3Tm JUITOTIIB0D feip wnwiuiw JO uUOIIRIIRA -°PpL ainbtd

S

0IX0z O¢ Ol S v ¢ < _
! B . T T 00
{900

©
- m.. >~ 0D 1 woo
~ g ,
~~ @ _ Ui pq
R {010
uo D " .
30 o 1210
ssauybnoy

Iv10

86



OKiGuial #1567 13
OF. POOR QUALITY

*pPaXTJ uoT3ITISURI] ‘G|I°0 = W
{19qunu spTOuAayd Y3ITM JUSTOT3IFS0D FITT WNWIXew JO uUNTIeTIRA ~°Gi 2inbrd

S|
01X0e  O¢ Ol s ¥ ¢ [ _

Ll 1

9l

i

8l

O¢

i

XpWw,

9¢

87



Y

e Ty
Syl &)
3

ORIGINAL P
OF POOR QUA:

(*aoejing
19MO0T 93eOTpPuUl sToquis pabberd) pIxXTF uolIIsURIY ‘8 = © ‘GL'0 = W
{UuoTINQT IS TP 9Inssaid ISTMPIOYD UO I3qUNU SpTouiay jJo 309334 --9t 2Inbrd

3 [x
0! 6" 8° L g’ g he g’ 2 I

3
T T YT T frrrryrrrr{ Yy yrryrryryrr{irryrrrrerrry TrTrY LB N SN SLU BN A ) Ty T Y ™y T T <~.-__‘<J-. TTTT - D.ﬁ
!
t 4
o
Ly =)
-
b
o .
r &m -
9
o 4
o .
[ 01
-
- 4
- ] -
[ Gl
s _ 9 2-
b
S
- d
« =
F i sem Ty
o
v
- I
™ ce_
" £——40¢
o Tﬂ
b
S ~
- - 71 ..l!.l(.'.l
\
F 06 O _ \
—_ - - O H-
: 0Y | ‘
o ¢
L D !
- ' p) -
01X0Z © o A
L { B
: 9
s [}
L~ 0%~
F 4 [ ¥
- .
.
o E
3 4
- : -
UWES PRWEY FTUTE SUNDE FSUTTE TURED UTUWE PUUEE PUNEH FWHEE BUWHE DU e e »>PL~.>b» INEEY FETUE FUODE NN WY O ﬂU




i$

ALITY

ORIGINAL PAGZ
OF POOR QU

“POXTJ UOTITSUBI3 ‘L°0 DUB 0°0 = !0 ‘GL°0 =W
{3aqunu spToulsy YITM JUSTOTIIS00 HRIP UCTIOES JO UOTIFBTIBRA -"(L| =2anbTgd

S|
01X0  O¢ Ol S v ¢ c _
. _ o _ _ 900

T

1800

¢lo

vi0o

89



OF POOR QUALITY

OQRIGINAL PAGE 8

‘pPax1J uorlTSURIZ .oop x 0°9 =19
{gd7387I930RILYD UOTIDIS UO IBQUNU YDEeW JO 30833F -8l 2InbTa

bap ‘p
ce 02 8l g1 hi 2l of 8 9 h e 0 c- h- 9- 8- 01I-

b e——d

-'-_- LAAAR LARAS LAAE ARG AAREAAREALRASAEALASE RARSARARLE ARRASARELELASARLRAALS RS ARRESAREANRAALEARRAL LR RAAARRARGRL AARLA RARRAI A S AARA LAALRS L LAAL BAAAR ARAA) DO. nl

3 ]

X

3 .
GL

-

s m

- ]
05" -

F ]

T .
G2 -
=

o 1

- 4

- -

X ]

s +0

b ]

‘ ]

‘ ]

G2-
=

s >

X b

s ]

F ]
0S*

-

-

d :

- YT

5 T=

o -4

- -

. 300°1

A

Trre

&
Tl 4 0z’

1N
A 1 01°0

Ad

bdd L

TYr v

Al

TTYTY

oo ad
B

s 4
. go°e
L -
N E ]
L 4
F tc2 e
« TS
L 4
9
.
Adddddiddldsdd i dr i isddaddil)l UVl SUBPUEUOUNIUTUEDUNERY LAbA Al bl bEF»P ISP FUNSUIVIVENVEVIFERNTE SRR TY PV AlL PO TUPUEINUED FUTTONEETY N TUE Om m

90



spanuy3zuo) -°giL 2InbrJg
bap‘p

02 8l 91 hi 2l C1 8 9 h c 0 c- h- 9- 8- 0i-

LASRS LAS LAALA RARAS u-q—qi<q 288222825 ARARSARRAS RARSERAARAAARAZARARS AARASRARAAARAAAARARE LEARE ARERY ARAAS ARAAS AAALRS LAARE ARAS AL A Lasss LAASA LAREE ALAS Dmma.l

T

2 4

002" -

mgm——

LoR S5 B SN A B

-

TTrrr

OF POOR QUALITY

Ty rr

ORIGINAL PAGE i

\
:

1 7
MW\M i
o, - 8"

st 02’

TvrT v

sl
0170

o000 qd

hed ot AL 1 2 A )

LI

Akl d

4 0

Tr Y

Ad A )

1 {

.
Addd YA T T PPV VT VTV PUVE FUTTY FTUTS PTPL PSUTL ICTUT ISRV T FUTTI FUSTU PUTVE PRUTI USRS SUUYE FRVET SUran FURUN VEUNE RWAES 2o 2o s s o o FYUTE TUTWL mmo

9



g2

ORIGINAL PAg; i
13
OF POOR QuALITY

AARE RARRAE ARAS TYTrY

LARRS RELRE BARAI

Yrrryprrey TYTYyvrrry

TrrJrrry

T

LARS RAR

[ ]
> é J
- OJ ]
1 5 1
t § ]
; A - F'"-J—q —d d
g 4 ]
E T R ]

]

hnd

™7 =Y

e

TvrT

A

P

R S

- -4
o -
B -
o L
——

r -4
- J
2 P

LONE 2R S

2.0

1.5

1

.0

O N O oy
E —_— - N NN 1

[ ]
F E

c0o a4 *
! ]
L
L ‘ g
-l] NS FEEE Jlll'lxll U WY IEETY SWwes Al b bbbk . il A il ) bl b llll!lLlj Aol b i
o N o i o V9] Q 'y o o n o un o ]
O~ & O @ W WL o X MM = =D
(o= B o o o o o o o ) o o o o o

S

-1

Figure 18.~ Continued.



. o gt
Ugnintivg oo

CF POOR

i

L
QUALITY.

B

TITTYTYT

\ARSALARAS

AR EAASS

reY

2.0

L

[ N

¢ +d— )

[ 2z k\"d

| AT RG
i N

.5

LA Shn g o

\
i N -
t \‘3
f

T

T=Tr=Tr="7

=TT

™Y

Addd

IYNRE FUSTI

JUSES FNUEI

Adddbiddd

AU WS FYUNN

FUURL FUN T

FeTRY FUYYY

140

120

100

Aadibades aiad
0

60

Ud

40

20

S
v

=)
T

-1

L igure 18.- Concluded.

93



94

AL PAGE i3

2.4 -~
202 -
_\
Cl,max
20 |
1.8 [
1.6
|.4 1 1 i J
0 | .2 %) 4

Mach number

Figure 19.- Variation of maximum 1ift coefficient with Mach number;
R = 6.0 x 105, transition fixed.



OF POOR QUALITY

ORIGINAL PAGE IS

(*20R3I0S

JaMOT 93eOTPUT sToquis pobbe1d) *pax13? no131sueI] oL x 0°9 =13 13311
wnuiXew Ie3U joe3ze 3O geybue 303 suoTINQIIISTP aingsaid ISTMPIOUD -0z @xbTI

2 JX

aunuuafss SRS e um mat sl gL ALY uessRRARERARAN l||l1

Zi-

, | i

s a daaad W Wi i

35



‘pepnIOU0) -0z 2anbra
2 /X
g L g- g f" ¢ 2 [

lEaas RS A8 m

.
4 + f
L B A Ty ry Tera LN S A Ty e LR LER SR R T T LA A e g ey LA BN TY s T TOTT L S B S vy ¥ T v v
=
#

Ziah
F
T

OF POOR QUALITY

ORIGINAL PAGE IS

ARES RARES RALEE RERAG AR AL LRRRE RERES AARS

e’
82°0

w

20°11
S0 °¢l

D

v
<

dk

T YTYYITITYTYY

[
[
g

dodddd 2 dod

Aok,

Al

dddd

Adod

FE

PP

2l

gli-
Hhl-

96



(+9oe3ans 19aM0T

.pox13 UOTRTSUEIA ‘gOL x 0°9 =¥ ‘ZE'0 =W

a3e01pul BTOQUAE pebbe1d)
o e 3o atbue jo 30933 -+1z @inb1d

tuoT3anqTI3asp 2anssa1d 25IAPIOYD uo yoey

/%
€ 8 A 9 ) t ¢ 2 I 0]

"ORIGINAL PAGE IS
OF POCR QUALITY

— — o)
- =
V "
N 2-
%

1
1A €08 P w L au
166° 56°€ b —1 W v-
126° 00’

100 "0~ 00 'v-
go D ~ m _
“ o
[ N ! mwoz

97



98

ORIGINAL PAGE IS
OF POOR QUALITY

JANRZ
O O N <
5888
Saistn

:

-10.

10

x/C

Pigure 21.- Concluded.



OF POOR QuALITY

ORIGINAL PAGE |g

(*30v3ins I1IMOT #3@OTPUT sToquis pabberd) °paxTI UOTITSURIY ‘o8 « D
.oop x 0°9 =¥ fU0TINQYIIISTP 2INgsa1d IsTAPIOYD UC JIqENU YOBW JO 329333 -°TT a3inbta

W
S
>

01 6° 8- L’ =N <7 - z = C
T 1q4«ﬂ[ﬂ~w< 1<«n><<4<-<~<<mﬂ] TrT «-47«4-4<w TT T T T Ty —T v u Tr— T U m
r m ] | m_ ! ' . i
s { N . ! i i M ; _ ‘ ' .
r > ’ ' g H —t 3 M i j ¥ =
, i i } w __
2 had 2 : P ) e
) _ i
o i . f i
o ; ' i .
; —T = -
f
[ i ‘ “ m
s 0 : PR
+— * Jo -
C ~ :
- . ! t B
r ; , ¢ !
C N i . i
- |
] : t
[ ~ 1 | : ”
9 ! | 1 i !
+ T T I
9 t i i i
s _ ! j : !
L H i , i N
ﬂ ’ N ¢ )
L m i “ ;
L4 ¥ " M
. I R !
g A N S S | ;
9 v 1 v ) N
[ H ; . g i : s ' H ! i i
ﬁ w * 0¢ T V. o
. + + Lﬁ + ' s Y] -
s o sl o 1 A
- i ¥ Il
: _ 000 O A SR ISy B
1 . : PR T
s i ; | | * “ ; | ! W !
- ! { ; ] | . “ j _ w _
'3 i i ! -~ -~
v * + ' 4 @
- . 1 }
o { . ' i : : i ; c
4 i . - o -
o { M ' i ] ! ¢
‘ _ I ! : w | . : : ~
—r ahata WS PUWDE PURTE DTS Do E WS N PP RIS N — i i - 9-




ORIGINAL PAGE IS
OF POOR QUALITY

*papnouo) -°zZ 2nb1g

g

01 6° 8’ L’ g’ = h’ g’

-
LD S0 B AN S S 2b A g b N AR S0 Sn SR AR AR e Sn AR b e S SR SR NN GEAN SLAL e Sh SN SR SN N S SR SN SN SN b AR Sn AN SN SN 0 <<4—q<<14<<< Ty Ty
! «
'

o

)

RO S

e

v = ——

% O |
2 0O | m

u?

20 O

(W]

W w, 1

T r Ty rrrvryrrry ""l"" TTIT Y Ty T Y Yy Iy rrer T rorrrryrer

,
i
|
!

+ é

i t _

"

DY PUUWS VP FTTY PO FUUSTY TN TUTRE FUTTY FUUWE PRUTY FUUTY Fouw

|
B
i

u)

(&

PR P W

100



