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LOW~-SPEED AERCDYNAMIC CHARACTERISTICS OF A
9,3~PERCENT-THICK SUPERCRITICAL AIRFOIL SECTION
By Kevin W. Noonan and Robert J. McGhee

Langley Research Center

SUMMARY
An investigation has been conducted in the Langley low=turbulence pressure
tunnel to determine the low-speed, two-dimensional characteristics of a 9.3-
percent-thick supercritical airfoil. The airfoll was tested et Reynolds num-

6 to 16.8 x 106, at Mach numbers from 0.10

bers (based on chord) from 2.9 x 10
to 0,36, and at geometiic angles of attack from ~-8° to 1h°.

The results of this investigation indicate that at a Mach number of 0.20
the meximum 1ift coefficients varied from 1.66 to 1.80 for the range of test
Reynolde numbers and that they were reduced by about 0.4t with the application
of NACA standard roughness. The maximuﬁ 1ift coefficiente at all test Reynolds
numbers were limited by the separstion of the tunnel sidewsll boundary layer
prior to the separation of the flow in the center span of the model. Xor the
range of test Mach numbers at a constant Reynolds number of 4.0 x 106, the
meximm 1ift coefficients varied from 1.92 to 1.16. The minimum drag coeffi-
clent was unchanged for the range of Reynolds numbers and Mach numbers of this
investigation.

INTRODUCTION

Supercritical airfoils have been developed primarily to extend the eruise
Meeh number beyond that of conventionsl airfoils (refs. 1, 2, & 3). These new
types of alrfoils operate efficiently at supercritical Mach numbers by mini-
mizing the energy losses due to shock weves and the aesign spproach to achileve

this objective is explained in references 1 and 2, As part of the overall
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investigation of these types of airfoils, the present investigation was con-
ducted to determine the effect of changes in Reynolds number on the low-
subsonic aerodynamic characteristics of a 9.3-percent-thick supercritical air-
foil, The low=-speed serodynamic characteristics of this asirfoll would be
expected to be representative of other supercritical airfoils of about the
seme thickness ratio, The data obtained in the present investigation at a
Reynolds number of 2,9 x 106 have been compared with date on a similar model
tested in the tunnel of reference 4 and the low-turbulence pressure tunnel,
The results have alsc been compared with calculstions using e low-speed viscous
flow theory.

The investigation wes conducted in the Langley low-turtilence pressure

6 to 16.8 x 106, at

tunnel et Reynolds numbers {(based on chord) from 2.9 x 10
Mach numbers from 0.10 to 0.36, and at geometric angles of attack from -8° to
1h°, The airfoil with NACA standard roughness applied was also tested at three
Reynolds numbers.
SYMBOLS
The units used for the physical quantities of this paper are given both
in the International System of Units (SI) and in the U.S. Customary Units. The

measurements and calcwlations were made in the U.S, Customary Units.

c airfoil chord, 0.6 m (23.622 in.)

c, section chord-force coeff;cient, f CP d(%)

Ca section drag coefficient, % f (%;)JJEY (%?:)1/2 (%)15.2 (_?l_g_)l/e J dh
e, section 1ift coefficient, e, GO8 & ~ ¢, sin a

cm,le section pitching-moment coefficiant about airfoill leading edge,

f °p d('g') e % d(ﬁ) c
2 | ————
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Subscripts:

LN

section pitching-moment coefficient about the querter chord point,

e = °m,1e + e, {0.25)

section normal-force coefficient, CP d(%)
Pl - Pua
Qo

statie pressure coefficient,

Mach number

static pressure, o/m° (psi)

dynamic pressure, 1/2 pv2 N/m2 vpsi)

Reynolds number based on airfoil chord

airfoil thickness, em (in.)

velocity, m/sec {ft/sec)

airfoil abscissa, cm (in.)

dlstance from center span of airfoil measured along the airfoil
span, cm (in,)

airfoil ordinete, cm (in.)

ordinate of airfoil camber line, em (ir.)

angle of attack, angle between airfoil cuord line and airstresm
direction, deg

density, K'g/m3 (slugs/ft3)

local

Pree stream

tunnel station at the plane of the wake rake

tunnel station downstream of model where static pressure is

equal to free stream stacic, p

o
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Superscripts:
! quantities heve been corrected for wall interference effects
Abbreviations:
BRWT Boeing Research Wind Tunnel
ILTPT low turbulence pressure tunnel
APPARATUS AND METHODS
Model

The airfoil profile, thickness distribution and camber line are presented
in figure 1 and the coordinates are presented in table I. The airfoll model
was machined from an sluminum billet and had & chord of 0.6 m (23.622 in,) and
a span of 1,002 o (1.670c) which permitted the model to extend through sealing
end plates at the tunnel wall for attaclment purposes (fig. 2). Pressure tubes
were installed in channels cut intoc the model and were secured in place by a
plastic resin; the finsl airfoil comtour was finished to & polished surface,
The model was equipped with 59 pressure orifices (30 upper surface and 29 lower
surface) on the center span and 36 pressure orifices across the span of th=
upper surface. The locations of all the pressure orifices are presented in
table IT, The 0.813 mm (0.032 in.) diameter orifices were drilled perpendicu-
lar to the local surface contour.

A second model of the 9.3-percent-thick supercritical airfoil was also
tested in LTFT. This model was fabriceated for the investigation desecribed in
reference 4 and details of the construction of that model are given in volume
IT of that reference, The measured cnordinstes of this second model agreed
with the meerured coordinetes of the present model within fabrication toler-

ances,

4 R
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Wind Tunnel

The Langley low-turbulence presgssure tunnel is a closed-throat single-
return tunnel which is generally operated at stagnation pressures from 1 to 10
atmospheres. (See ref. 5). The tunnel-empty Reynolds number and Mach number
sttainable at one atmosphere are 8.86 x 106 per meter and 0,42 respectively
end the corresponding values attainable at 10 atmospheres are 49.0 x l06 per
meter and 0.22, The test section is 0.914k m (3 £t) wide by 2.286 m (7.5 £t)
high.

The airfc?l was sttached to 1.016 m (3.33 ft) dlameter erd plates which
were rotated by an hydrawlic scustor to position the eirfoil at the desired
engle of attack. The model spanned the width of the tunnel with the guarter
chord point coineident with the rotational axis of “he end plates. The in-
stallation of the model in the wind tunnel is shown in figure 2 and & typlcal
photograph of & model mounted in the tunnel is presented in figure 3.

APPARTUS

Wake Rake.- A wake rake was located 1.03 chords downstream of the airfoil.
trailing edge end on the tunnel center line <o measure profile drag. This rak:
was held in poeition by two horizontel support arms which were rigidly attaches
to one tunnel sidewall as shown in the photograph, figure 3. The reke had :l1
total pressure tubes and 5 static pressure tubes. As indiceted in figure 4,
the spacing between adjacent total pressure tubes was increased from 0.318 cm
(0,0052¢) to 0.635 em (0.01lle) and then to 1.27 em (0.021lc) with increasing
digstance of the tubes from the rake center line; the spacing between adjacent
static pressure tubes was 11.45 cm (0.19¢c). Both the totel pressure snd the
static pressure tubes consist of 1,524 mm (0,060 in.) diameter steel tubing.

The ends of the total pressure tubes were flattened to 1.016 mm (0.0k0 in.) fc-




e distence of 6.35 rm {(0.25 in,) to minimize the effects of pressure gredients
across the tube opening.

Instrumentetion.~ All measurements made during the test program were

obtained with the use of & high-speed, computer-controlled data acquisition
system end were recorded by a high-speed tape recording unit, Each of the two
basic tunnel pressures from which all the free-gtream conditions were deter-
mined were measured by precision quartz pressure sensors. The stagnation
temperature was measured with a ‘theimocouple and the angle of attack was
determined from the output of a digitel shaft encoder stiached to a pinion
engaging a rack on the. supporting end plates., The airfoll surface pressures
and wake pressures were measured with sutometic pressure-ranging transducers
comnected to the model orifices and wake rake by means of an sutoretic pressure
scanning systen.
Tests end Methods

The tests were conducted at Reynolds numbers from 2.9 x 106 o 16.8 x 106,
at Mach numbers from 0.10 to 0.36, and at geometric angles of attack from -8°
6

to 14°, TFlow visualization studies were made at Reynolds numbers of 2.9 x 10

and 8.8 x ZI_O6

with tufts attached to the upper surface of the asirfoil, The
effects of NACA standard roughness, which consisted of #60 Carborundum grit
applied from the leading edge over a surface length of 0,08¢ on both surfaces
(ref, 6), were determined at three Reynolds numbers. In addition, & strip of
Cerborundum grit 2.54% mm (0.10 in.) wide with a coverage density of 5 to 10
percent was placed at several different chord locations at a Reynolds number
of 5.9 x 106. The grit slze was determined by the method of reference 7.
Section normal-force and pitching-moment coefficients were calculated
from the surface pressures by a trapezoidal integration of the preasure coeffi—

cients, The section drag co .ficien‘ﬁ%ﬂ?:\ jlculated from the wake pressures
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by trapezoidel integrations of the point drag coefficients as described in
reference 8. The wake static pressures used in the drag caleulation were
obtained from tunnel sidewall orifices located et the same longitudinsl tunrel
stations as the tips of the rake totel prejisure tubes. As noted in reference
9, the wake stetic pressure measurements made with the weke rake static pres-
sure tubes were influenced by the rake body and therefore were not uased,
The wind tunnel boundsry corrections computed by the method of reference
10 for & representative case (a = 10°) were 2 percent or less and for this
reggson they have not been applied except in one cese. The corrections were
epplied to the LTPT data in the comparison of the LIPT date with the data of
reference 4, (See fig. 1l1.).
PRESENTATION OF RESULTS
The results of this investigation are presented in the following filgures:
Figure

Effect of angle of attack and Reynolds number on ths upper

surface spanwise pregsure distributions. M =0.20. + &« ¢« v+ &« =+ +» « » 5
Tuft photographs of the effect of sugle of attack on the

upper surface flow pettern. R = 8.8 x 106; M=0,20" s v o v ¢ 0 o4 6
Effect of angle of attack and Reynolds mpumber on the chordwise

pressure distributions, M = 0.20 . + 4 s 4 ¢ ¢ ¢ ¢ o 4 s s 0 s 0 00 T
Section 1ift charscteristics of the 9.3-pgrcent—thick super-

eritical airfoil. o o v & ¢ o 4 o ¢ o 2 v 4 o s s s 2 2 s s s 0 s s B
Section pitching-moment characteristics of the 9.3-percent-

thick supercritical airfoil « o« ¢ o ¢ o« o o & 5 ¢ ¢ ¢ =« s o 4 + ¢« s+« 9
Section drag characteristics of the 9.3-percent-thick

gupercriticsl airfodll + + o + o ¢ ¢ & o ¥ 2 5 o o v s 4 o 4+ s & o o 1D

Sy 7
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Comparison of section ceoefficlents with the data of

Pigure

b T i
Uomparison of section coefficlents on the NASA model and the

model of reference b, M = 0.20. o & o v ¢ v o o o s o s s » ¢ ¢ o o 12
Comparison of chordwise pressure distributions on the NASA

model and the model of reference 4, M = 0.20. v v v 4 « + s o+ + +» 13
Effect of roughness location on the aerodynamic characteristics

of the 9,3-percent-thick supercriticel airfoil., Reference ¥4

model; R = 5,9 x 105; M=0.20 c ¢« « o « s o o ¢ s s o8 s ¢ 0904 1b
Comparison of the 9.3-percent-thick supercritical airfoil with

some conventional eirfoils . o v o 4 4 4 s 0 s e 6 s s 0 e w s s e s 15
Comparison of section coefficients with theory, M=0.20. . ., . . . . 16

DISCUSSION
Two-Dimensionality of Flow
Spenwise airfoll surface pressures at three nominal chordwise locationse

were meesured for all test conditions to evsluaste the two-dimensionelity of the
flow and the representative pressure distributions for the lowest, an inter-
mediate, and the highest test Reynolds number ere presented in figure 5. Ex-
amination of all the spanwise pressure distributions at a Mach number of 0,20
elesrly indiceted the two-dimensionality of the flow to at least an angle of
attack of 12.0°. Some esymmetry in the presaure distributions was indicated
at engles of attack above 12.0° mnd prior to the stell angles of attack at all
but the lower two test Reynolds numbers; this flow breekdown was very near
(cl)max in all ceses. Tuft studies were made at two Reynolds numbers to visu-

alize the development of the non-two-dimensional flow field. Tuft photographs
6. 1

o

for R = 8,8 x 10% are presented in fig

8 L)
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For 2.9 x 106 (fig. 5{a)) Reynolds number, a loss of two-dimensionality is
not clearly indicated by the spanwise pressure distributions until the airfoil
has reached the stall angle of attack, 13.0°, Tuft studies made at this
Reynelds numb.rs did show that a large region of separated flow existed near
one tunnel sidewall at the angle of attack for (°1)max’ 12,.8°, The addition of
the tufts probably disturbed the flow enough to cause the wall boundary-layer
separation but this suggests that the stall was precipitated by a separation of
the wall boundary layer. Figures 5(b} and 5(c} clearly indicate a loss of two-
dimensional flow occurring at 13,3° wnd 12.1° respectively for Reynolds numbers

6 and 16.8 x 106. Tuft photographs (fig. 6) illustrate the develop-

6

nent of a region of separsted flow near the tunnel sidewall at R = 8.8 x 10°,

of 8.8 x 10

The loss of two-dimensional flow observed during this investigetion is
believed to be due to a nonsymmetric separation of the tunnel sidewrll boundary
layers in the presence of the large adverse pressure gradlent near the ailrfoil
Jeading edge. BSeparation of the tunnel sidewsli boundary layers prior o the
separation of the flow in the center span of the airfoil hes been observed pro-
viously in LTPT (ref. 11).

Chordwise Pressure Distributions

The chordwise pressure distributions for the lowest, an intermediate, and
‘the highest test Reynolds nuuber are presented in figures T{a] - T(c). The
pressure distributions for a"1 test Reynoclds numbers at & Mach number of 0,20
heve a sharp minimum pressure pesk at approximestely 0.006 on the upper str-
face for angles of attack of 4° and higher, and a region of increasing pressureg
on the lower surface beginning at 0.65c and extending to 0.95c at all test
anglss of usttack, The flat upper surface pressure distribution usually asscci~

ated with supercritical airfoils is present for angles of attack from ~4° to 0°.

¢+ RN, 9
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At the lowest test Reynolds number of 2.9 x 106, the pressure distribution at
an angle of attack of 13.0° indicates a complete collapse of the upper surface
flow which is characteristic of a leading-edge type of stell. At the inter-~
mediate and the highest test Reynolds numbers, the pressure distributicns in-
dicate an unsteady pressure recovery on the upper surface at angles of atteck
of 15.3° and 12.0° and higher, respectively. These high angle of attack pres-
sure distributions are influerced by the separated tunnel wall boundery leyer
and cannot be reprisentative of two-dimensioral flow.
Lift

The 1if§ varve slope of the 9.3-percent~thick supercriticel airfoll is
about 4,0 per degree for the range of Reynolds numbers and Mech numbers of this
investigation (fig. 8). The slope is also unchanged by the addition of either
NACL standerd roughness st three test Reynolds numbers or by a strip of rough-
ness (at several chordwise locetions) st 5.9 x 106 (fig. 1l4(a}). For a Reynolds
number of 2.9 x 106 (fig. 11), the slope on the present model is slightly
higher than that measured on a similar model teshted in another low-speed wind
tunnel (ref. 4). However, the slopes measured on the present model are identi-
cal with those measursd vn the model of reference 4 during a test of that model
in the low~turbulence pressure tunnel at Reynolds numbers from 2.9 x lJ6 to
11.6 x 10° (fig. 12(a)).

The meximum 1ift coefficient incresses from 1.66 to 1.80 for an increase
in Reynolds number from 2.9 x lO6 to 4.0 x 106 end then decreases gradually to
1.66 with further increases in Reynolds number to 16.8 x 106 (fig. 8(a)). fThe
meximm 1lift coefficients at all test Reynolds numbers were limited by a separa-
tien of the tunnel silswali boundary layer wrior to the separation of the flow

in the center span of the airfoil. At 2.9 x 106, the decressze in maximum 13ift

10 snnrsiihn



.

coefficlent due to a loss of two-dimensional flow was determined to be 0,086 by
8 comparison of the LTPT data obtained on the model of reference lt with tha
date from the reference 4 facllity, which employs a wall boundary-layer control
system {fig. 11). The maximum 1ift coefficients cobtained in the present in-
vestigatiion are 0.05 to 0.1l higher then those obtained in the LIPT test of the
reference 4 model et Reynolds numbers of 5.9 x 106 and higher (fig. 12(a}).

The renson for the ciuse frgreement at only the lowest test Reynolds number is
not knowm.

"he applicstion »f RACA stendard roughness reduced the maximum 1ift
coefficients by 0.35 to 0.43 from the smooth surface cagse et all three test
Reynolds numbers (fig. 8(a)) and the maximm 1lift coefPicients were leass
sensitive to the increases in Reyaolds numbers. The effects of the addition
of a narrow roughness strip at three different chordwise stations were investi-
geted on the model of reference 4 at a Reynolds mmber of 5.9 x 106 (rig. 1k4).
The maximum 1ift coefficilents were essentially unchanged by the addition of
the roughness strip at all three locations.,

Some low-speed Mach number effects are shown in figure 8(b) for s Reynolds
number of 4,0 x 106. The maximum 1ift coefficients decrease from 1.92 to 1.16
with increages in Mach number from 0.10 to 0.36. At Mach numbers as high as
0.20, the aivfoil pressure distributions indicate no supercritical flow on the
airfoil surface. An increase in Mach number from 0.10 to 0,15 results in a
large decrease in maximum 1ift coefficlent but a further increase to 0,20 re-
sults in a smell increase in maximum 1ift ccefficient. This effect mey b
related to the stability of = separation bubtle which is generally present on
eirfoils that stell from the lemding edge. At Mach numbers higher then 0,20,

the decrease in maximum 1ift coefficient with inereasing Mach number is believed
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to be due to the onset of supercriticel flow near the leading edge at progres-
gively lower angles of altack.

The maximum 1ift coefficients of the NASA supercritical airfoil compare
favorably with those of several NACA airfoils which have nearly the same
thickness retio and camber and were tested in the same facility (fig. 15). The
maximum 11ift coefficients of the supercritical airfoil are equal to or exceed
those of the three conventional airfoils at Reynolds numbers up to 6.0 X 106 and
et 9,0 x 106 its value is exceeded only by that of the NACA 23012 ai.foll,

In figure 16, the lift curves at the lowest and the highest test Reymolds
numbers are compared with a low-speed vigcous flow theory of reference 12 and
with a recent modification of the reference 12 theory (ref. 13). The modifica-
tion to the theory is primarily a change in the procedure for calculation of the
drag coefficient. Tor a Reynolds number of 2.9 x 106 (rig, 16{a)}, the 1ift-
curve slopes predicted by both the thecry and the modified theory are essentislly
the same as the experimental slope. At 16.8 x 106, the slope predicted by the
theory is also the same a8 the experimentel but the slope is wnterpredicted by
the modified theory. The maximum 1ift coefficients at both Reynolds mumbers
are greatly overpredicted by the theory and the modified theory. The close
agreement of the experimental and analyticel 1ift curves up to (cl)max is
typical only for airfoill. that have no sepuration up to that condition i.e.,
for airfoils that stell from the leading edge.

Pitching-Moment Characteristics

The quarter chord pitching-mojient coefficients show essentially no change
with inecreases in Reynolds number from 2.9 x 106 to 16.8 x 10-6 (rig. 9(a)} or
with increases in Mach number from 0.10 to 0.36 (fig. 9(t))}. The addition of

NACA stendard roughmess reduces the coefficients by a small emount from the

12 Veermmmil



' Lo
smooth surface case al 8ll three test Reynolds nmumbers but does not change the
insensitivity to Reynolds number. The pitching-mement coefficilents measured
on the model of reference t in LTPT are less negative than those measured on
the same model in the reference 4 facility by about 0.01 (fig. 11) and those
measured in the present investigation by about 0.015 (fig. 12(b)}). In figure.
13, the pressure distributions measured on the model of reference I in ITPT and
those measured in the present investigation at nearly the same angle of attack
show small differences, but over a large percentege of the chord. These differ-
encesg result in a 0.0"5 difference in pitching-moment corfficients. The pitch-
ing-moment coetficients predicted by theoretical methods agree very well with
the experimental dasta as shown in figure 16,
Drag

The minimum drag coefficient with a smooth model surface is 0.0085 for ell
test Reynolds numbers and the ususl decrease in drag coefficlents with increas.
ing Reynolds number is significant only at 1lift coefficients above about 0.80
(fig. 10{a)). With NACA standard roughness applied, the entire drag curve is
lowered with inereases in Reynolds nuwber and the minimwm drag level is 0.0010
to 0.0025 higher than the corresponding model smooth case. The minimum drag
coefficient is unchanged by increases in Mach number from 0.10 to 0.36 as showm
in figure 10(b). At Mach numbers higher than 0.20, the abrupt increase in the
slope of the dreg curve occurs at lower lift coefficients with increases in
Msch number and this is attributed to-a small region of superscnic flow develop-
ing near the airfoll leeding edge at lower angles of attack. The drag coeffi-
cients measured on the model of reference Y4 in ITPT agree well with the date
from the reference } facility and data from the present investigation st lift

coefficients up to 0.8 (fig. 11); a good agreement of the drag coefficients

e 13
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measured on two models extends to higher lift coefficients with inereasing
Reynolds number (fig. 12(c) & (d)). The drag level of the reference 4 model
increased by about 0,001.0 with the application of a narrow strip of roughness
at the 0.C5c location but only by about 0.0005 with epplications at 0.10c and
0.20c. (See fig. l4(c).) The dreg coefficients predicted by both analytical
methods are subsgtentially different from the experimental velues at the lowest
and the highest test Reynolds number as shown in figure 16.
CONCLUSIONS

An investigation has been conducted in the Langley low-turbulence pressure
tunnel to determine the low-speed, two-dimensionel characteristics of a 9.3«
percent-thick supercritical eirfoil. The ailrfoil was tested at Reynolds nume
bers from 2.9 x 108 +o 16.8 x 106, at Mach mumbers from 0.10 to 0.36, and at
geometric angles of attack from -8° to 14°,

The results presented indicate that at a Mach number of 0.20 the maximum
1ift coefficients increased from 1.66 to 1.80 for an increase in Reynolds num-

ber from 2.9 x 106 to b.0 x 106 and then decreased graduslly to 1.66 with f -

ther increases in Reynolds number to 16.8 x 106. The maximum 1ift coefficients
et all test Reynolds mumbers were limited by a separation of the tunnel side-~
wall boundary layer prior to the separation of the flow in the center span of
the model. At the lowest test Reynolds number, the incremental decremsse in
meximum 1ift coefficient was determined to be 0.06 by comparison of the low-
turbulence pressure tunnel data with datae from another low-speed wind tunnel
employing sidewall boundary-layer  contrecl. The epplicaetion of NACA standard
roughness reduced the meximum 1ift coefficients by about 0,40 but the applica~

tion of roughness strips did not change the Lcl)max values at 5.9 x 106. For

& Reynolds number of 4.0 x 106

14 '

s the maximum 1ift coefficients decreased from
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1.92 to 1.16 for an increase in Mech number from 0,10 to 0,36. Although the

maximum Lift coefficients were limited by facllity problens, the values com-

pare fevorably with those of conventional low-speed airfoils of similsr thick-

ness end camber that were tested in the low~turbulence pressure tunnel. The

minimmm drag coefficient was 0.0085 for the range of Reynolds numbers and Mach

numbers of this investigation.
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TABLE I.- COORDINATES FOR THE 9.3-PERCENT:'THICK

SUPERCRITICAL AIRFOIL

[Stations and ordinatee given in percent airfoil chord]

Stations Upper surface Stations Lower surface
0.00 0.00 0.00 0.00
«10 .62 .10 - .62
.20 .86 .20 - .86
.30 1.0k .30 -~ 1.04
L0 1.19 B0 - 1,19
.60 1.k .60 - 1.4
.80 1.58 .80 - 1.58
1,00 1.72 1,00 - 1,72
1.25 1.87 1.25 - 1.87
1,62 2,06 1.62 - 2,06
2.50 2,41 2.50 - 2.4
5,00 3.04 5.00 - 3.04
7.50 3.46 7.50 - 3.46
10.00 3.76 10,00 - 3.76
12.50 3.99 12.50 - 3.99
15.00 h.17 15.00 - 4,17
20.00 b, b1 20.00 -4 b1
25,00 4,56 25.00 - h.56
30.00 4.63 30.00 - 4.63
35.00 L.65 35.00 - 4,65
40,00 h, 62 40.00 - k.62
45,00 4.56 45,00 - 4,56
50.00 h.hs 50.00 - 4.4z
55.00 k.29 55.00 - 4,23
60,00 4,09 60.00 - 3.89
65,00 3.84 62.50 - 3.64
70.42 3.51 65.00 - 3.31
T3-9h 3.26 65a83 - 3018
75050 3.13 66.68 - 3-0&
T77.50 2.96 69.00 - 2,61
80.00 2,74 72.00 - 2.09
85,00 2,22 75.50 - 1.56
90,00 1.61 80.00 - .99
95.00 87 85.00 - 52
100.00 - 02 90,00 - .28
95.00 - 038
100.00 -1.00

L. E. Radius 1,952
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TABLE II,- STATIC PRESSURE ORIFICE LOCATIONS
[Locstions given in percent airfoil chord]
On center span
Upper surface. Lower surface
0.00 0.00
.62 1«65
.89 97
1.25 1.45
1.86 2.6
2.48 h,96
.98 T7.55
Tl 9.99
9.94 12,50
12.45 15.01
1h.o7 20,01
19.95 25,03
2h.95 20,02
29,96 35.00
34,97 39.99
39,98 by 97
Lk.99 50,02
50.00 55,02
54,98 59.99
60,02 62,50
65.00 6h.o8
T0.hL 65.81
75.48 69.00
T7.k5 71.97
79.98 75.53
84.96 8o0.01
89,96 8,96
95.03 89.97
100.00 (base) 95.00
Spanwise {upper surface only)
Station Distance from center span
"~ §0,00 -12.70 25,40 -38.10 -50.80 —63.50 ~T1.97
. b2,20 12,70 25,40 38.10 50.80 63.50 71.97
T} 63.50 | 12.70 25.%0 38.10 50.8¢ 63.50 T1.97
© 63.00 | -12,70 ~25.40 -38.10 -50,80 -63.50 ~T1.97
" 90,00 12.70 25,40 38.10 50.80 63.50 T1.97
. 90,00 ~12.70 -25,40 -38.10 -50.80 -63.50 ~TL.OT
I8 ! S
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Figure 1.- Profile, thickness distribution, and camber line of the
: 9.3-percent-thick supercritical airfoil.

D10

oud T

ANYRD Uo0d 40
?r..'):l u':!w



v BN

;/-Rotatlon oxls

Qe o
CF BLL

-___":"‘_::':':.“:m":" -¥
720¢ -l- ""-422.—"| .
.635¢ |
508¢ T 635 [
-38le T . | [T Orifices
e, 900 >
.254¢ - {
-f- .
«127e 1.524¢
MI’"OW—-&- I e aarrs v + +
. 1,670¢
4-—.400—-] )
u.sso—f-{
Tunnel sidewalls L s00__" . 'l
. __‘%__:__________’ _______ mb_‘r_
A 1 T TTOA

Tunnel center Iine:

R R L
- -

-

|

Referenca for
zero incidence

Figure 2, - Installation of the airfoil in the wind tunnel. All dimensions

* L

20

are in terms of airfoil chord. ¢ = 0.6 m (23. 622_ in.)



i

S

L

o

%
§
>
§
§
3
=
i3
S
\
S
%
§
\
3
S
§
§




Static-pressure probe

{ .02lc__.
.052(:“”1 I~
1 ozl
R R
Static -pressure probe_/ ]
—_—
== j.i8¢c
=T
— =3 0lle
Airflow =
Tunnel § — g - -
= .0052¢ jp-)
Total-pressure probe —
(tubes flottened) ]
—]
"‘-_._.__L

Figure 4.- Drawing of wake rake. Al dimensions in terms of airfoil

” chord. ¢ = 0.6 m (23.622 in.)



OP; AL e vem pew
LLL TR I R L A

QOF PCOLY QUNLIEY

146
L[ 1 [
L Tunnel wall Tunnel woll~
-1 'r’ ugl
)
=12
10 AT | "
.l <] = re [
= py oy g N "
G AP " ~ W c > c v "_"0
Er:| 1T -] L.t 4 Lr i i [ a; o ) D0
i [
o S 3 G & b s} [ o b -O—10
s
x/er 0,400 x/c+0.,422
=16
|| adey o
0-2.0 006
«—-H 0 40 .78 t
|_4 o 80 22
i a120 1,61
L e [ NTT R
=1 & 13.0 1,01 —
1o ‘/.D-n-__._[__ ] ] |
'CF' )/ ' B 3"', \
) A
- = o
1" i
!
B, N
B b, x = [~ 3 L5 5
v > g o 5 O D10 > oo
4 | ol—lo ] o {] o . a 2 0 = oo ||
Ao 4 O N R i) [e] ) g 5
-2
. x/ce 0,650 %x/c20,655
=10 = —
A |1 "ﬁ\\ ~ X :.-"_'—'—B‘\
-8 >
1 E/
n.n /
-y
I £ Y I s . =y
=& R EEE =S 2 =1
-2 &
. x/c+0.900] x/c=0.300
-8 -7 —8 -5 =4 -3 g -1 «0 N 2 »3 ) - i) +7 +8
Y/C

(@) R = 2.9 x lo".

Figure 5.- Effect of angle of attack and Reynolds number on the upper
surface spanwise pressure distributions, M = 0,20,

iy

¥




24

1T [T
| Tumel woll Tunnel wal ] |
=14 “/ "‘.4
: — 1
]2
/4?\\ Iy
e E‘—- / >\A..__ / ;\\
=i == N NERZERNE
-8 ! e v Z 1
< < It T - = X [ > Oy
=6 — = Lem - Fo -,
1l 1 bl I N ] - ] o - o 1 I
!"
{
- o A = e == o > O [ = T
1
] %/¢+0,400 %/er0.422
-1.6
adeg ¢
o-20 0,06
-1 o 42 .8l
© 8.l 1,28 i
2| 4120 1.69
b 133 1,73
o 3,4 1,72
“'l.c
& f
-8 [
]\
~6 = =t ,_.C:a __;&ﬁ tb"' ]
tL.or ¥ e 4 <r i O I L o
T . = —{] 1 —F &, —{1] 0 E v [— By 13
- O—10- < o — o P o % © > O—0
#/ex0,650 %/e=0,635
-1.0
4. i
-6
% A
4 J;‘.‘-\ =
' PZA NN ~N '
- (o= g F - LT Ly
1 L1 1T
o x/c=0,900 X/ 0,900
- -~ -6 -5 -4 -3 -2 -1 .0 1 2 .3 N o5 6 .7 8
Y/€
_ 0
b) R =8.8x10,
C:?‘.{}"')‘r . - .
. RIny BAGK
Figure 5.~ Continued. or :

@S

FONR, (IJALL

vl

TY



rﬂ.‘"\"ﬁ '

s -

OF PLLL o

]

)
LA
"

,,
g e

e LLL (1]
- - .
- Tunnel wail Tunnal wall
' P
—_ .
~1: 1
w10 { [, D
Co | - N P WZurds
-8 1/ 7/‘ \ -‘7
' 4 I n = i o ot -Gty |,
) T
-0 /
| o—= 3 A = i o I £ [ O —r0
N R
-
- fo -3 O —] O — o -y
x/ce 0,400 Afc» Q.492
=16
adeg & |_
o -2.] 005
-t a 4 8l
¢ 80 |.28
-2 4 121 164 1
h 26 .66
o 128 163
~1:0 X /D
DP i\ —i AL
VAN
—4 Ih N / EM\ ;
-6 o n Iy . ﬁ\ \\A
Ot & = o] Sty
] O - %L [l = 2 S n)
-2 e, - —ed} L s y —0 'y
*/c+0,650 %/240,635
VAN
-0 / A
A A AN [P
-l N
CP { L‘/ [ /
VNV IR ARNNY
N | A 3\ L/ A !
i C} e Y
-2 [e3 O u = T 2 o
i !
o %/c+0.900 x/c+0.900 !
B T e T Y 0 o1 .2 ] K .5 ‘6 7
Y/C

(©) R = 16.8 x 108,

Figure 5.~ Concluded.

w.

¥

25



=
o
o8

E=

tographs of the
flow pattern.

- Tuft

6.

Figure

7







ORIGINAL PAGFJS
OF POOR QUH;-:EY

-G.0 -1y
adeg )
o -20 006
w88 -2 n 40 78
cp 4 ¢ 80 .22
-5.2 -10 a 120 L6l
L 128 166
D130 Lol

-4.8 8
Plain sym.  Upper surface
b Centered sym. Lower surfoce

-4 .4}& - ?
-4
=401 0 .04 ]
X/C
.-.3.6

1o

N \2
s ~
-1.2
V\\E\ . 4 et |
TR N ] A
-8 e fi ] ( P\.Q,_‘ D\u\‘
] g | LCN,E-..{, __‘Jgg-._) h
" PO I e A
- P
iy )‘O‘(}O-()—-C}—ﬂ::@:@_c;_e; P—P—P@HA—0-0D0 H—
E:: the= =H-tm

=%
]
KW
Tk
{

N 2 3 5 6 7 8 8 1.0
x/C

_ 6

@ R=29x10,

Figure 7.- Effect of angle of attack and Reynolds number on the chordwise
pressure distribution, M = 0,20,

¢  CGERN



i

X T8 Sy
oRierint, U

of -Gl O o

-6.0 =14 -
afey ¢ T
\ X © -20 0.06
-5.6 ”12& 1 4,2 Al
ce < B .28
: A j2g 1,69
b2 -1 hoi33 173
h b 134 72
-4.8 -8
‘ q Plain sym.  Uppar surface
Centered sym. Lower surface
=44 =6
d QU
I N
‘”'0% N T
X/C
-3.8
sl \
B CE
cP
PRI
\ )\ \
AR
—f}
=1.2 1 S%\ ELL
J\:l Tq> s
=B \rg =~ . % . \
— ]
R N~ B
o L~ ([ e .,
_ .'-l L‘ g q]_'—t:]-—- [].__5-‘%4
4 _DOGOO—boR—B—R—B—heod —-O =OF
-.0 %,]__ L B B 5
...n-’EJ""m"EP-E] ) 4 B e U =
‘ﬁ]'[ >-<> = = g‘; [
4y
3 e
.8
1.2
0 ol .2 .3 K] § .8 .7 .8 9 1.0

X/t
(b) R = 8.8 x 10°,

Figure 7.~ Continued,

,

29



GRG0

'y _ OF PG Clenta ¥

“B 14
a,deg cl
. - o-2.1 005
i a 44 81
cP ¢ 8D .28
5.2 10 a |21 .64
b 1286 1,66
b (2.8 1,63
'qaﬂ 8
Plain sym.  Upper surface
Centerad sym. Lower surface
=44
plimy 'uu?\ o8
X/C
~3.8 \
\

i

2.8 V

b
4

1P

:‘u
-
Sug
)

e

1.2 1
0 m 2 3 5 S K 7 8 9 1.0
X/C

(c) R = 16.8 x 105,

Figure 7.~ Concluded,




2.4 T T e T ERENEE B LA 161 T T UL LN I A T A B B 1‘;"_‘ B
- "R=2.9xI0° " ‘| R=4.0x10 R=5.9x10" | 'R=88x10° || R=11.6x10° | | R=l68xI0° | | | |
: i N I I T T A O U O AR O D
2ol v e 5 i B R AUR A R SO N A
~ L A e ] F BN EE N ]
| R | ! » L I S S SR S S S N S I
L8| o ezRg 10° L 7% va pmvas -+ ﬁf “//i‘%}_ e
Ox% ; : :
0 4.0 ] & 1 - ff
Lp] ©®5.9 B i Ve ||
: A 8.8 y A1 BV
NN I <
D 16.8
8- ‘
1',,,,,“, :
4|
ol
S
r_ Bran
-4t }g
__ai ‘

Figure 8.-

(a) Effect of Reynolds number, M = 0.20.

Section lift characteristics of the 9.3-percent-thick supercritical airfoil. Plain symbols
indicate airfoil with smooth surface; centered symbols, NACA standard roughness.

ALD H00d 40

4 10)

PRI

Y
e TN
B . .

b

Y]



14

B [REEE HER R

(b) Effect of Mach number, R = 4.0 x 10°

o

Figuse 8. - Concluded,

10

0dd

P

LIS

L

I p DO

v
Wi

1e

Aﬁ -""u’ i :3
o



ORIGENAL PAE 5W

OF POOR QUAL.IY]

.'2

e v
"
o
oo
= |
o

L T I
L 1
— asduear.iv
'y Tt w 2

-, P jt
-2 -8 -4 0 4 8 |12 | 6
a ,deg

(a) Effect of Reynolds number, M = 0,20,

Figure 9.~ Section pitching-moment characteristics of the 9.3-percent thick
supercritical airfoil. Plain symbols indicate airfoil with smooth
surface; centered symbols, NACA standard roughness.
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(b) Effect of Mach number, R = 4.0 x 10°.

Figure 9.~ Concluded.
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(d) Section drag characteristics.

Figure 12. - Concluded.
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Figure 13. - Comparison of chordwise pressure distributions on the NASA
model and the model of ref. 4, M = 0, 20.
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Figure 14, - Effect of roughness location on the aerodynamic charactenstlcs of the 9.3- percent-
thick supercritical airfoil. Ref. 4 model; R = 5.9 X 106, M = 0.20. .
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Figure 14, - Concluded.
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