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INVESTIGATION OF THE EFFECTS OF PROFILE SHAPE ON THE
AFRODYNAMIC AND STRUCTURAL CHARACTERISTICS OF -
THIN, TWO-DIMENSIONAL ATRFOITS
AT SUPERSONIC SPEEDS

By Elliott D. Katzen, Donald M. Kuehn,
and William A. Hill, Jr.

SUMMARY

In order to determine the effects of thickness, trailing-edge Dblunt-
ness, boattailing, and forward profile on the aerodynemic characteristics
of thin airfoils, and to provide a check on the available theoretical
methods, 31 airfoils were tested. The airfolls were 2, k, and 6 percent
thick and were tested st Mach numbers of 1l.45 and 1.98 at Reynolds numbers
of 1.0, 2.0, and 3.5 million in & clean condition and at a Reynolds number
of 3.5 million with transition fixed.

The aerodynamic advantage of very thin airfolls was shown by & rapid
increase of maximum lift-drag ratio (e.g., from 5.8 to 1h.b at M = 1.45
and a Reynolds number of 1.0 million) as the airfoill thickness ratio was
decreased from 6 to 2 percent. Increased trailing-edge bluntness of the
6-percent-thick asirfoils caused s small decrease in maximum lift-drag
ratio but a large increase in section modulus; for the 2-percent~thick
airfoils, increased bluntness caused a large decrease in maximum 1ift-
drag ratio with only a smsll increase in section modulus. This has spe=-
cigl significance for propeller designers in that it lndicates that
propellers whose blade elements operate at supersonic speeds should have
blunt treiling edges for the thick sections near the hub and relastively
sharp trailing edges for the thin sections near the tip. The importance
of maintainling a laminsr boundary layer on very thin sairfoils was shown
by the decrease of maximum lift-drag ratio from 1hk.4 to 11.9 caused by
fixing transition at the leading edge of a sharp-tralling-edge 2~percent-~
thick airfoil at e Mach number of 1l.45. The effects of the different
forward profiles and changes in boattalling were generally such that a
reduction in profile ares reduced the minimum drag coefflclent. The
center of pressure of the airfoils moved forward with increased thickness
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ratio and moved aft with increased trailing-edge bluntness. Available
theoretlcal methods were adeguate for calculating the 1ift and pitching
moment of the airfoils under all conditions of the tests. The theoreti-
cal methods for calculating foredrasg and correlation curves for estimating
base pressure were adequate for predicting the totel drag when the tren-
sltion position was known.

INTRODUCTION

Although thin airfoils have inherent structursl limitations, they
are an serodynamic necesslty for wings, control surfaces, and propellers
in order to attaln practical lift-drag ratios for supersonic airplanes
and missiles. The structural limitations of thin airfolls can be allevi-
ated by meking the tralling edges blunt and by lncreasing the area of the
boattalled and forward parts of the profile. However, the aerodynamic
penalties, if any, involved in these increases in profile area must be
evaluated and balanced ageinst the structursl improvements they afford.
The best means of assessing bluntness and other thickness effects, with-
out having the results obscured by plan-form effects, 1ls by the study of
two=dimensional data.

Most of the experlmentsal data availsble on blunt-~trailing-edge air-
foils (e.g., refs. 1 through 5) pertaln to thickness ratios greater than
5 percent. Since geins in aerodynamic and propulsive efficiency are to
be expected with further reductions in thickness ratio, data are reguired
for smaller thickness ratios. For these very thin airfolls, the boundary-
layer thickness 1s often the same order of magnitude as the airfoil thick-
ness and large viscous effects are to be expected, particularly near the
base of the model. Thus, experimental evaluation of the available invis-
cld theories, such as the linear, second~order, end shock-expansion
theorles, and of the analytical results of references 1, 2, 6, 7, 8, and
9 is required. '

The purpose of the present investigation, therefore, is to provide
experimenteal data on thin, blunt~tralling~-edge airfolls for evaluating
the effects of thickness, trailing-edge bluntness, boattalling, and for-
ward proflles, and to furnish a check on the available theoretical
results. To accomplish these alms, 31 airfoils were tested in the Ames
1- by 3=-foot supersonic wind tunnel No. 1 at Mach numbers of 1l..45 and
1.98 and at Reynolds numbers of 1.0 to 3.5 million.

SYMBOLS - -
A cross~sectional area of airfoil profile, sq in.
b length of boattailed section, in.
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alrfoil chord, in.
section drag coeffilcient

section base-drag coefficilent
section minimum drag coefficient

section minimum foredrag coefficient

wing drag coefficient
section 11ft coefficlent

rate of change of 1lift coefficlent with angle of attack at
zero angle of attack, per radian

sectlon 1ift coefflcient for maximum lift-drag ratio

wing 1ift coefficient

sectlon pitching-moment coefficient gbout midchord position
wing pitching-moment coefficient &bout midchord position
tralling-edge thickness, in.

section moment of inertia about chord line, in.%

section modulus, in,B

sectlon maximum 1lift-drag ratio

Mach number

ratio of base pressure to free-stream static pressure

Reynolds number based on chord

meximum thickness of airfoil, in.
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Axc.p. distance of center of pressure forward of midchord position
in chord lengths

a angle of attack, deg

B Vg 2L

4 ratio of specific heats (1.400 for air)

EXPERIMENTAL CONSIDERATIONS

Apparstus

The tests were conducted in ‘the Ames 1~ by 3=~foot supersonic wind
tunnel No. 1 This single~return, eontinuous-operation, variable-pressure
wind tunnel has a Mach number range of 1.2 to 2.5. The Mach number i1s
changed by varying the wall contour by use of flexible plates which com-
prise the top and bottom walls of the tunnel.

The silde=-support balance used to measure the aserodynemic forces, and
a typlcel two-dimensional model installation are shown in figure 1. Since
thig is the first report in which data obtained with this balence have
gppesred, a more complete description of the balance is glven than would
normally be the case. The two-dimensional installation includes a
through~span model, two boundery-lsyer plates, and two complete balance
units, one located on each side of the tunnel (only one balance unit is
shown in figure 1). The model is supported at each end by the balsnce
floating beam, which is, in turn, supporied entirely by a set of six
(the yawing-moment gage 1s not shown) interchangesble ring-type strain
gages. These gages are attached to the maln body of the balance through
Insulated supports. The complete unit of test model, floatlng beam, and
ring gages comes in contact with the main body of the balance only through
these insuleted supports, thereby permitting electrical contact to detect
fouling of the unit. The balance is rotated by an electric motor driving
the worm gear mechanism on the main body of the balance. An ailrtight
drum fits over the entire balance unit and is vented to free~stream statlc
pressure. Calibration of the balance showed that interaction effects
between components of the bslance were negligible.

Tunnel=-wall boundary-layer effects are eliminated by the use of two
parallel boundary-layer plates 8 inches spart which are alined with the
tunnel free stream and which remain fixed with respect to the maln tunnel
walls. The spacing between the tunnel wall and the boundary-layer plate
is such that all side~wall tunnel boundary layer flows behind the plate.
Circular pletes in the boundary-layer plates rotate with the model so as
to maintain a uniform, preset clearance around the model surface and
model shanks. The surfaces of the circular plate and the boundary-layer
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plate remain flush to within 0.0015 inch. A fairing which completely
envelopes the model shank, thereby relieving it of any air load, is an
integral part of the rotating circular plate and 1s connected solidly to
the balance housing. The model shank is pinned directly to the floating
beem. Clearance arcund the model surface and model shank was maintained
at 81l times so that the full air load on the wing would be transmitted
to the ring gages. The clearance between the wing surface and the
boundary-layer plate was preset at spproximately 0.030 inch for &ll the
two-dimensional wings (see fig. 2(a)). An auxlliery test arrangement,
used only with a semispan wing, which eliminates the 0.030-inch gap by
using a 0.007-inch-thick rubber seasl is shown in figure 2(b). The semi-
span wing uses only one balance and boundary-layer plate; the other
boundary-layer plate is replaced by a conventional 18~inch-diameter
window.

Models

All the airfoil sections used in this investigetlon are shown in
figure 3. Each of the 31 sections was derived from one of four basic
shapes (having three different forward profiles); namely, (1) biconvex
(i.e., two circular arcs), t/c = 0.04, (2) biconvex to the midchord point
with the maximum thickness constant to the tralling edge, t/c = 0.0k,

(3) biconvex to the one-thid chord point with the maximum thickness
constant to the trailing edge, t/c = 0.02, 0.04, and 0.06, and (L) KACA
16-00L4. Seven individual sections were obtained from each of the four
blunt airfoils by altering the basic profile, as shown in figure 3(b).

In each case, the amounts of bluntness were 100, 60, 30, and O percent

of the airfoil maximum thickness. The boatiall parameter used in the
investigation was the ratio of the length of boattall section to the

chord length. For the basic airfolls biconvex to c/3, the b/c ratios

were 0.05 and 0.33; for the basic airfoil biconvex to cﬂE, the b/c ratios
were 0.05 and 0.50. The biconvex sirfoill wss not altered. One alteration
was made to the NACA 16-004 airfoil by increasing the trailing-edge blunt-
ness to 30 percent with the boattail a straight line from the base tangent
to the original profile. Each of these airfolls had a chord length of

6 inches and a span of 8 inches between boundary-layer plates.

Two other wings were used to evaluate quantities necessary for the
complete analysis of the mein airfoil data. They were (1) a 3/k-inch-
chord wedge with a base height of 0.180 inch and a span of 8 inches
between boundary-layer plates, (2) a 6-inch-chord, aspect ratio 2, double-
wedge, 6-percent-thick wing with a gap that could be sealed (see fig. 2).

The airfoils with blunt trailing edges had a 0.020-inch-diameter
base-pressure orifice located symmetrically 1n the base with the pressure
lead brought out at the root of the wing. All leading edges, except for
the NACA 16~004 airfeil, and all sharp trailing edges had radii of

OONERMEEEAL
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approximately 0.002 inch for practlcal reasons of construction and main=-
tenance. The ordinates for the NACA 16~004 section are given in table I.

Test Procedure

The sirfoils were tested at Mach numbers of 1.45 and 1.98 and at
Reynolds numbers of 1.0, 2.0, and 3.5 million at each Mach number with
the airfoll surface clean. At a Reynolds number of 3.5 million, the air-
folls were also tested with a 1/b-inch-wide salt band starting 1/4 inch
from the leading edge. At a Mach number of 1.45, the angle-of-attack
range was limited to +6° dque to the movement of the diffuser normsl shock
wave into the test section of the wind tunnel. However, at a Mach number
of 1.98 an angle of attack of *18° was attained before this phenomenon
occurred. Simultaneous measurements of totel force and base pressure
were made at each angle of attack. For all tests the humidity of the
tunnel alr was held %o a value of less than 0.0003 pound of water vapor
per pound of dry air which is sufficlent to reduce condensation effects
to a negligible amount.

Since a salt band was used to promote boundary-~layer transition,
it was necessary to eveluate the wave drag of the salt. For this purpose
a 3/4-inch-chord wedge (see fig. 3) was tested at zero angle of attack
at both Mach numbers with and without the salt bhand. An attempt was made
to standardize the size of salt crystals used by sifting through two
screens of different mesh slze thus eliminating all the very large and the
very small crystals. Seversl repeat runs were made to check the conslst~
ency with which the salt bands could be applied. The tests lndicated
that the salt-band results could be repeated within the values of uncer-
talnty in drag coefficlent stated later in the sectlion "Accuracy of Data®;
that 1s, the differences between runs with the salt band were no larger
than differences between repeat runs without the salt band. For tests
of the wedge wlth and wilthout selt, the total force and.the base pressure
were measured and the results corrected to foredrag. The difference
between the foredrag results with and without salt was teken as the cor-
rection for the wave drag of the salt.

The effect of the clearance around the airfoil at the wing root on
the serodynemic forces was evaluated by using identical wing shapes with
the gap around one of the wings sealed with & 0.007=inch=-thick rubber
seal. The change in strain-gage calibration caused by that poriion of
the applied force required to stretch the elastlic rubber seal was deber-
mined and found to be negligible by a static~force calibratlion with model
and balance installed in the tunnel. The double-wedge, semispan wings
used for this check were run at the same test conditions as were the two=-
dimensional airfoils. Results of the gap tests, described later, showed
that the effect of the gap was insignificant.

WONREBENILAL
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Reduction of Dsta

All force data were reduced to the usual coefficient form for drag,
1ift, and plitching moment. The reference length and area used for the
coefficients were chord length and plan-form area, respectively. In
addition to the total drag for all wings, the foredrag has slso been pre-
sented in some instances. DBase-pressure coefficients are given in the
form of the ratio of base pressure to the tunnel free-stream static
pressure.

Corrections to Experimentel Results

Corrections to the measured force coefficients were computed for the
wave drag of the salt band, for irregularities of the free-stream pressure
and stream angle, and for the change in angle of attack due to elastic
deformation of model and balance.

The correction (described in detail in the section "Test Procedure")
which was applied to the main airfoil data for the wave drag of the salt
band 1s an average of several runs made with the 3/h-inch-chord wedge.
The resulting values, expressed in drag coefficient form, are 0.0035 at
a Mach number of 1.45 and 0.0022 at a Mach number of 1.98. This correc-
tion was determined at zero angle of attack only, but it was applied as
& drag-force correction at all angles of attack. It is believed, however,
that the error introduced by this method of correction is of no practical
consequence,

Since the airfoil was rotated gbout its midchord polnt and therefore
always remalined in nearly the same region of the tunnel stream, a single
correction for stream angle sufficed throughout the angle-of-attack range.
This stream-angle correction, which was small, and, in general, different
for the 1ift and moment curves, included the amount that the model angle
of attack was in error at the initial installation and any asymmetries in
construction. The correction was gapplied very simply by shifting the
1ift and moment curves so that they would pass through the origin of the
axes., Corrections to the force and moment coefficients due to free-stream
pressure gredients were negligible for the alrfoils of such small thick-
ness ratios as were used in thils investigation. The combined elastic
deformation of the model and balance for all wings weas negligible for all
test conditions.
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Accuracy of Data

The accuracy of the final parameters used in the data analysis has
been estlimated by considering the known sccuracy of the individusl quan~-
tities used in determining these final values. The total uncertainty is
glven by the square root of the sum of the squares of the individusl
uncertainties. These uncertainties are glven as t increments in the
following table:

M e, |Rx10°| oM Aey beg Acy Lo
14510 1.0 |£0.01L {£0.005 | £0.0010 | +0.0016} +0.10
0 3.5 +,002 | %.0004]| +.0005
> 451 1.0 £,005 ] #.0013]| #.0030
451 3.5 *,002 { *.0008] %.0030

1.98 {0 ' 1.0 +.,02 | +£.005| +.0010{ #.0016
0 3.5 +.002 | #.0004 | £.0005

l >80} 1.0 \t +,012 | +.0051| #£.0030
~.80| 3.5 4,005 | +£.0020 | +.0030 \"

Repeatability of data was checked by making several runs with a glven
model and was found to be consistent with the gbove values. In addition
to the sbove quantities, another source of uncertainty is introduced by
the gap around the alrfoll at the root of the wing. The effect of the
gap on the aerodynamic characteristics wes estimeted from the semispan
date shown in figure 4. Since the difference between the runs with and
without gep was no more than that for a glven model with a gap run twice,
the effect of gap was negligible.

THEORETICAL CONSIDERATIONS
Lift and Pitching Moment
Two theoretical methods of calculating the 1ift and pitchling moment
were used in the present report. Second~order theory was used for cal-
culating the slopes at o = 0, and shock~expansion theory was used st the
higher angles of attack where nonlinearities are to be expected and

greater accuracy than that of second-order theory is required. The
second-order formulas used for the slopes at « = 0 (ref. 1) were:

de C 1
A 2 h
da = 201 (1 Cy -C-> ( )
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where
Ci = = (2)
:7M2 -1
C(y + MY - W2 - 1)
02 = 2(M2 - 1)2 (3)
and

= 1)
3 (
Cy C:LCZG- + gg_ Q)

Formulas 1 and 4 neglect the base pressure but it was shown in reference 1
that the error involved in excluding the base pressure was negligible for
1ift and pitching moment.

Drag

The drag of the airfoils was predicted by adding calculated values
of the pressure foredrag, skin~friction drag, and the base drag. The
pressure foredrag wes calculated by shock=-expansion theory for all the
airfoils. For the two round-leading-edge sections (NACA 16-004 airfoils
with h/t = 0 and h/t = 0.3), the calculations were made by approximating
the leading edge with the largest wedge angle for which the leading-edge
shock wave remained attached. ZILaminar skin-friction coefficients were
estimated from the Blasilus flat-plate incompressible theory since differ=-
ences are negligible at the test Mach numbers between thils theory and the
more accurate theories which account for compressibility. Turbulent skin-
friction coefficients were estimated from Cope's theory (ref. 10) since
various experimental results summarized by Chapman and Kester in reference
11 have shown this theory to be as accurate as any of the avallable theo-
ries at the Mach numbers of the test. No estimate was masde of the skin-
friction coefficients for the Reynolds numbers for which natural transition
end part laminar, part bturbulent boundary layers were indlicated on the
airfolls because the location of transition was not known. The base drag

T
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was estimated from the correlation plots of reference 12. Both the base
drag and the skin~friction drag were assumed constant with angle of attack.

Lift-Drag Ratic and Optimum Lift Coefficient

The maximum lift-drag ratio was caleculated from the following second -
order equation of reference 1 which i1s applicable for small values of h/c:

Bl - G2 o122

The optimum 1ift coefficient was calculated from

/2 Czh
£ = (2Cl- Cd_min)l <l + %;- a;) (6)

which was derived from the formulas of reference 1.
RESULTS AND DISCUSSION

Results of tests of the 31 aslrfoils are presented 1n teble II in the
form of 1ift, drag, and plitching-moment coefflcients and base-pressure
ratios as & function of angle of attack. The coefficlents sre averages
of the values measured for both positive and negative angles since the
airfolls were symmetrical sbout the chord plane and the differences for
the positive and negative angles were small and consistent with the uncer-
talnties in the date listed previously. Since the data are tabulated,
the only basic plots shown (figs. 5 through 8) are typical 1ift, pitching-
moment, drag, and lift-drag-ratlo curves. The trends of the data with
the parameters of the test (t/c, h/t, b/c, forward profile, M and R) and
theoretical and experimental correlation plots are shown in figures 9
through 16. The experimental results of the test, with theoretical pre-
dictions for comparison, are summarized in table IIT as lift-curve and
moment-curve slopes at a = 0, minimum drag coefficlent, maximum lift-drag

Sol——
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ratio, and 1ift coefficient for maximum lift-drag ratio. The results are
discussed in the following psragraphs.

Lift

Typical 1ift curves are shown in figure 5. The figure shows that the
1ift at any gilven angle increased with trailing-edge thickness and was
relatively unaffected by airfoill thickness ratio as predicted by theory.
The predicted departure from linearity with angle of attack was slightly
less then that measured.

Examination of table IIT shows that the normalized lift-curve slopes,
Bcla, are principally & function of h/c and that there was no consistent

variation of Bec with t/c, b/e, forward profile, R and M. The nor-
la

malized lift-curve slopes are plotted against h/c in figure 9 for all
the models. The mean of the data closely followed the predicted increase
in Bcla with. h/c. The spreed in the data due to varlations in t/c

and the other parsmeters mentioned above did not produce deviations from
the predicted curve by more than *5 percent, with but few exceptions.

Pitching Moment and Center of Pressure

Typicel pltching-moment coefficients are shown as & functlon of 1ift
coefficient in Pigure 6. The data are for sharp-trailing-edge airfolls
2 and 6 percent thick in figure 6(a) and are for 6-percent-thick alrfolls
with both sherp and fully blunt trailing edges in figure 6(b). The figure
shows that at a glven 1lift coefficient and treiling-edge thickness ratio,
the effect of increased airfoll thickness ratio was to increase the
pitching-moment coefficient. However, for glven thickness ratlo, the
pitching-moment coefficient decreased with increased trailing-edge thick-
ness. Although the predicted piltching-moment curve was slightly more
nonlinear with 1ift for the 6-percent than the 2-percent-thick airfoils
and the reverse occurred experimentally, the agreement between theory and
experiment was good.

The foregoing trends of 1lift and pitching-moment coefficient are
reflected in the forward movement of the center of pressure (fig. 10)
with increased ajirfoil thickness ratio and in rearward movement with
increased trailing-edge bluntness. For the sharp-trailing-edge airfoils
shown, the center of pressure moved from 2 to 8 percent of the chord for-
ward of the midchord position at M = 1.45 with an increase in airfoil
thickness ratio from 2 to 6 percent. Illustrating the opposite trend
with increased trailing-edge bluntness, the center of pressure shifted
from 8 to 4 percent of the chord forward of the midchord position for the
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6-percent-thick airfoil at M = 1.45 with an increase from zero to full
bluntness. The center of pressure was generally 1 to 2 percent of the
chord further forward at M = 1.45 than at M = 1.98. This was a trend
not predicted by theory. The effect of b/c and of forward profile,

with t/c and h/t fixed, was generally to shift the center of pressure
forward with increesed profile area. The variation of the center of pres-
sure with Reynolds number can be seen from table III to be less than +0.5
percent of the chord ln most cases.

It cen be seen from figure 11 that the predicted and experimental
center-of~pressure positions usually agreed within 1 or 2 percent of the
chord, with better agreement at M = 1.98 +than at M = 1.45.

An example of how two-dimensional section data can be combined with
linear-theory tip effects to predict the pitching moment of & finite
aspect ratio wing is shown in figure 4. It can be seen that superimposing
thickness effects, as given by second-order theory, on linear-theory tip
effects improves the prediction of the pitching moment over that which
would be calculated with thickness effects neglected.

Minimum Drag Coefficlent

The variation of minimum drag coefficient with alrfoil thickness
ratio and trailing-edge thickness ratio 1s shown in figure 12. Data
included pertain to various forwerd-facing profiles and bosasttail condi-
tions, with transition fixed at R=3.5x10% and with the airfoils in =
clean condition at R=1.0x10%. The data manifest a rapld increase in
Cdmin with increased t/c or h/t and a decrease in Camin with increased

Mach number. The percentage increase in Cdpin With increased h/t vas

larger for the 2-percent than the 6~percent-thick airfoil, as would be
inferred from the theoretical optimum-airfoll results of reference 5. At
M = 1.h45, Cdpy, iRcTeased approximately 4o percent (or 0.012) for _
6-percent-thick airfoils and 100 percent (or 0.006) for 2-percent-thick
eirfoils, with an increase in h/t from 0 to 1.0. The effects of changes
in the basic airfoil snd in b/c were such that, generally spesking,
reduction in profile area, regardless of position on the airfoil, reduced

Cd_min .
The effect of fixing transition at the leading edge of the airfoils
is also 1llustrated in figure 12. The incresase in c3 ! shown was

usually due to an increase in base drag, as well as to an iIncrease in
skin friction. It can be seen from table III that the effect of increased
Reynolds number on the airfoils ir s clean condition was to increase
Cdpmin® This indicates that the transition region was moving forward on

the airfoil surface with Ilncreased Reynolds number because Cq ' would
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be expected to decrease with increased Reynolds number if the boundary
layer had remained completely leminar.,

The theoretical and experimental Cdnin were generally in good

agreement, as can be seen in the correlstion plots of figure 13. The air-
foils for which the predicted drag coefficlents were slightly higher than
the experimental coefficients ususlly had sharp trailing edges (table III).
This is probably a result of the shock wave near the tralling edge inter-
acting with the boundary lsyer and causing increased pressures and reduced
drag on the rear portion of the airfoils, as first polinted out in refer-
ence 13, For the blunt-trailing-edge airfoils, the traillng-edge shock
wave occurs further downstream, and the pressures on the rear portion of
the airfoll epparently are not increased. The data of figure 13 are pre-
sented as total-drag, foredrag, and base-drag coefficients for R=3.5x10°
with transition fixed and R=1.0x10® with the airfoils in a clean condi-
tion. With transition fixed st R=3.5x106, skin-friction and base-pressure
coefficlents corresponding to a turbulent boundary layer were used in com-
puting the theoretical Cdmin® With the airfoils in a clean condition at

R=1.0x108, skin-friction and base-pressure coefficients corresponding to
& laminar boundary layer were used in computing the theoretical Cdmin *

That the boundary layer was laminar over most of the airfoil is indicated
by the good agreement between theory and experiment for the foredrag. The
increase in base drag over the predicted values suggests that transition
is occurring near the base, thereby decreasing the experimental base-
pressure ratio and increasing the base drag. Theoretical cdmin was not

calculated for R=2.0x10%® and R=3.5x10% with the airfoils in a clean
condition because the location of transition on the sirfolils was not known.

Reference 10 shows that base pressures at & given Mach number can
be correlated on the basls of the ratio of the boundary-layer thickness
at the base to ‘the base height. Since the boundary-layer thickness at
the base of the airfoils with transition fixed near the leading edge was
undoubtedly different than for natural transitlon which did not occur
near the leading edge, the base pressure with transition fixed would not
be expected to coincide with the base pressure with natural transition.
Thet they did not coilncide can be seen from table IT. At R=3.5x10°%
the base-pressure ratios for natural transition (airfoils clean) were
higher than those for transition fixed. However, the differences were
not large and the differences were smaller at M = 1.98 than at M = 1.k5.
In genheral, figure 13 shows that errors 1n the base drag of thin airfoils
do not seriously affect the prediction of the total drag.
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Drag Due to Lift and Lift-Drag Ratio

Typical variations of drag coefficient and lift-drag ratio with 1lift
coefficient are shown in figures 7 and 8. The drag curves were parsbolic
and the agreement between theory and experiment was good. The drag coef-
ficient increased with increased trailing-edge bluntnese at a glven 1ift
coefficient; the increase occurred at a decreasing rate with increesed
1ift coefficient. The lift-drag-ratio curves were more sharply peaked
for the 2-percent than for the 6-percent-thick airfoils end for the sharp-
than for the fully blunt-trailing-edge airfoils. Furthermore, the 1ift
coefficient for (1/d)pyay decreased with decreased t/c and h/t. These

trends naturally result from the behavior of Cipin and are in good
agreement with theory.

Meximum Lift-Drag Ratio

The variation of maximum lift-drag ratio with airfoil thickness
ratio and trailing-edge thickness ratio is shown in figure 1. The asero- __
dynamic advantage of very thin airfoils is illustrated by the rapid
increase of (1/d)pay with decreased t/c for the sharp-trailing-edge
airfoll in a clean condition at R=1.0x10%® and M = 1.45; the (1/d)pax
increased from 5.8 to 1lh.4 with a decrease in t/c from 6 to 2 percent.
The increase of (Z/d)max with decreased t/c was larger for .the sharp-
then the blunt-trailing-edgée airfoils, and the effect of increased h/t
was to decrease (Z/d)max. The decrease was small for the 6-percent~thick
airfoils end became larger with decreased t/c. The effect of the dif-
ferent forward profiles and changes in b/c were genersally conslstent
with the cdmin results in that reduction in profile ares increased

(I/d)max. Increasing the Mach number from 1.45 to 1.98 caused a larger
decrease in (1/d)pgy for the 2-percent than for the 6-percent-thick air-
foils. It is also evident from figure 14 that large gains in (Z/d)max
can be achieved by maintaining a laminar boundary layer on very thin air-

folls. For the 2-percent-thick sharp-trailing-edge airfoil at M = 1..45,
(l/d)max wes 1k.L for the airfoils in a clean condition at R=1.0x108

and 11.9 with translition fixed at R=3.5x106.

In order that the various airfoils may be compared on the basis of
both an serodynamic and a structural criterion, a plot of the variation
of (1/8)pay With section modulus is shown in Ffigure 15. The figure
shows that large amounts of bluntness of the 2-percent-thick alrfoils
resulted 1n large decreases in (Z/d)max but only small increases in sec~
tion modulus. In contrast, large increases in trailing-edge bluntness
of the 6-percent-thick airfoils caused small decreases in (1/d)pexy end
large increases in sectilon modulus. These trends would be essentlally

RIS m

T
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the same if structural parameters other than section modulus, for instance,
torsionel rigidity or bending stiffness, had been chosen for comparison.
The results have special significance for propeller designers in that they
indicate that propellers whose blade elements operate st supersonic speeds
should have blunt trailing edges for the thick sections near the hub and
relatively sharp trailing edges for the thin sections near the tip. It
should be pointed out that alrfoils designed to have the minimum wave drag
for s given structural criterion (refs. 6 and 8) and for the Mach number
and Reynolds number conditions of these tests have smaller leading-edge
angles than the airfoils tested. For the 6-percent-thick airfoils espe-
cially, it is believed that if airfoils with the same structural charac-
teristics but with smaller leading-edge angles had been tested, higher
maximum lift-drag ratios would have been obtained.

The good agreement between theory and experiment for Clq and cg t
is mirrored in the good agreement for (1/d)pgy shown in figure 16.

CONCLUSIONS

An investigetion to provide experimentel aerodynsmic data at Mach
numbers of 1.45 and 1.98 on thin, two=dimensional, blunt-trailing-edge
airfolls afforded the following conclusions:

1. The aerodynemic advantage of very thin airfolls wes shown by.a
regpld increase of maximum lift-drag ratio with decreased airfoill thickmess
ratio,

2. Increased trailing-edge bluntness of the 6-percent-thick airfoils
caused a smgll decrease in maximum 1ift~drag ratio and a large increase
in section modulus; for the 2-percent-thick airfolls, increased bluntness
caused a large decrease In maximum lift-drag ratio and a small increase
in section modulus.

3. The importance of maintaining a leminar boundary layer on very
thin airfolls was shown by the decrease of maximum 1ift-drag ratio from
1k to 11.9 caused by fixing transition at the leading edge of & sharp-
tralling-edge 2-percent-thick airfoil at a Mach number of 1.45.

Yy, The effects of different forward profiles and changes in boat-
talling were such that, generally, any reduction in profile ares reduced
the minimum drsg coefficient.

5. The center of pressure of the alrfoils moved forward with
increased thickness ratio and aft with increased trailing-edge bluntness.

SNSRI AL
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6. Availleble theoreticeal methods were adequate for calculating the
1ift and pitching moment of the airfoils under all conditione of the test.
The theoretical methods for calculating foredrsg and correlation curves
for estimating base pressure were adequate for predicting the total drag
when the position of transition was known.

Ames Aeronautical Lsboratory
National Advisory Committee for Aeronsutics
Moffett Field, Calif., Feb. 8, 1954
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TABLE I.~- ATRFOIL ORDINATES

NACA RM A54B08a

[stations and ordinates given in percent of airfoil chord]

Upper and lower surface
NACA 16-00L4 | NACA 16-00L4
Station . h/t=0 h/t=0.3
Ordinste Ordinate

0 0 0

1.25 .43 .43

2.5 .60 .60

5.0 .83 .83

7.5 1.00 1.00
10.0 1.17 1.17
15 -O 1037 1'37
20.0 1.57 1.57
30.0 1.80 1.80
4o.0 1.97 1.97
50.0 2.00 2.00
60.0 1.93 1.93
70.0 1.75 1.75
80.0 1.4 1.ko
90.0 .83 1.00
95.0 AT .80
100.0 .03 .60

L.E. radius: 0.078
‘i‘ﬂiﬂ"’
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR ATRFOILS TESTED
(2) Basic airfoll: Biconvex to c¢/3, t/c = 0.02
(1) b/t = 1.0, B/c =0

R=3.5x10% R=3.5x10° Re2.0x10° Rel.ox20®
H e, Transition fixed Adrfoil clean Airfoil cleen Alrfoil clean
de,
& ¢z | em €a [Pp/P| 1| ¢4 (PufP| 1 | cam ®a |[ep/P| ©2 | °m ca |Pp/P
1.h5l 0 |o o 0.0139 [0.k5(0 [+] 0.0120]0.50|0 0 0.0113(0.51 )0 0 0.0202 |0.55
.5 .030} .0007 { .0139| .46| .031} .0003} .0123| .%0| .032| .000k| .0117| .51{ .034] .0005{ .0109| .53
1.0| .063| .0008 | 0146} k6| .06k} .0003 [ .0131| .50] .065] .0005| .012k| .52f .067| .0003] .0116| .5
1.5 .100 | .0008 | .0162| .L6] .099| .00Ck | .0165] .51} .100| .0005| .o1k9| .52} .10%| .0003| .01k2| .3
2.0} .135[ .0010 | .0183} .46] .135) .000k| .0168] .51] .136| .0005| .0159| .52t .142| .o001l] .08 .32
3.0} .207| .0020 | .C2k6| L6] . L0011 .0228| .51} .207| .0006| .0223| .=%2| .215| .0008| .0227| .53
k.o .28%| .0038 | .0338} .46] .280[ .002k | .0317| .51{ .283| .001T| .0311| .53| .29k| .0023| .032%] .55
5.0 .362 | .0065 | .0k60]| .53} .357| .o0ko| .ok3%] .} .358( .0032| .ok28| .5k| .373| .0037] .ok29| .57
6.0 .44k | (0093 | .0609 | .43]| .438| 0084k | 0586 .%| .k38| .005T] .0570) .BB|- = =} = = =} = = =| -"-
1.98f 0 {o [o} .olok{ ,38]0 o] .0082) .36/0 o 0071} .47l (o] 00641 .50
.5 .018] .o00l | .0108{ .37| .01T|O .008k} .36| .018| .0003} .0072| .LU6| .020O| .0003| .006%| .57
1.0] .038{ .000L | .0108| .38] .038|-.0001] .0085} .36| .039| .0003| .007T| 45| .oko| .0003} .0069
1.5 .05%9| .0002 | .0116] .38| .0%8(-.0001| .0092| .36| .060| .oco0k| .0083| .45{ . ,0005} .00T9| .56
2.0| .081} .00c2 | .0128] .38] .079|-.0001| .0205| .36| .081| .o000k]| . 450 .084) L0005| .0093{ .55
3.0| .12k} .0003 | .0168) .38] .121|-.0001} .0Ak1| .36] .124| .000k| .0135[ .45 .128] .co11f .0127( .56
k.ol .167) .0007 | .0218| .39 .164| .00k} .019%| .37| .168| .0003| .0185| .&k| .171] .0011| .0182| .57
5.0| 211} .0009 | .0285{ .39| .206| .0010[ .0259| .37| .210| .0005]| .ce5h| .Lb5} .215| .co1i]| .oel7! .50
6.0| .254( .,001k | .0369| .39] .2%0} .0010| .03k:| .37| .253} .0011| .0339] .u6] .2 0016 .03371} .
8.0 .342| .0028 | .0586} .k0] .336| .0021| .0589| .39] .3L0| .0020| .055k| k7| .34k| .o021| .o5hk| .62
10.0) .h3k| .00k2 | .0846| k2| k23| ,0030 | .obek| .ko| .ke6| .o0e8| .0830| .48 .k33| .0037| .0BR6| .61
12.0f 22 .0065 | 1213} 43| 512} .o0ko| .0830( k1| .51k] .ook3| .1171] .bg| .531 L1199 5T
1h.0f .619( .0088 | .1650| 47| .608| .0065 | .1603| L2} .615| 0061} .1615| .46 .635] .0075] . -
16.0f 739 .0086 | .22k2]| .s2| .T16| 0093 | .2147| k1) .726{ .0087| .2170] .53| .7hB| . 2220 BT
8.0j- - |- -] oo e e e e e o] -~ .85 .01%0} .2863) JGih]- = o] ~ <ol - - -] - -
(2) h/t = 0.6, b/ec = 0.05
R=3.5x10° R=3.5x10% R=2.0x108 Rel.0x10%
" o, Transition fixed Alrfoill clean Adrfoll clean Airfoil cleean
a
ler|ea [ ca fmplci|ca [ca frofp| et | em | ca Pop] o2 | o | ca |rose
1.45) ¢ |o [¢] 0.0117{0.38 [0 o] 0.0096[0.55 |0 o 0.0098 j0.k7(0 [¢] 0.0099]{0. k7
«5) «028] .0009 | .0L17| .38/ .032| .0009! .0098] .55 .032} .0008| .oiok| k| .033| .0003| .010k| .Us
1.0} .064| 0009 | .0124| .38]| ,064| ,0010| .0105| .55| .065| .0008| .0109} 44| .068| .0003| .0208| .u6
1.5] .09T| .00Lk | .01ko| .3T| .097| .0012] .0127| .55] .099] .0009] .0125( k4| .103! .0010]| .012k| L6
2,0 .132| 0015 | .0259{ .37] .131| .00L1k{ .OLLL( .53| .232| .0010| .o1kl| .4&{ .1k2} ,0010| .01%3] .uig
3.0| 202} .0027 | .0221f .38| .201} .0023| .0200] .53] .205( .0018| .0207| .46 .214| .0016| .0199| .62
k.ol .277| .00kT | .0309| .39 .273| .0037| .0288] .53( .278| .0033] .0305| .54{ .290| .0033| .0293}! .67
5.0] .3%2] 0075 | .ok2T| .39| .349| .0036| .oko3| .53| .35k| .00kT| .okO3| .60} .366| .cO%R| .0LOS| .69
6.0 k30| 0105 | .0570| .h1| .he5| .0082] .0548| 53| .433] .0080} .0550| 60|~ = =f - = -] - - -2
1.98{ o |o (4] 0082| .b2lo o] .006k] Ll (o 0 L0057 .6310 lo .00%0| .67
«3| .019| .,0005 | .0083f - -} .019] 000k} .0066| .k1]| .019| .o00OM| .005T| .63| .020] .0008| .00%0] .68
1.0{ .039| .0006 | .0086| .k2| .039| .o0Ok{ .0067| k1| .okO| .000K| .0060| .63) .oko| .0008( .0055| .67
1.5| .059| .0008 | .009%| L2} . L0006 .0075| 41| .060] .0008] .0068| .63] .061L] .0011| .0058| .6T
g.0| 0811 .0008 | .0103] .k2} . 0005 ,0087( k1] .081| .0008] .0081| .63! .083| .0008| .0072] .67
3.0| .123]| .0010 olke| .42} ,122| ,0010] .0124| .M .123] o011} .0r16| .63] . .0011 | .0108| .67
Lo} .165| .0016 0191 k3| (164 .0015| .01TT| 41| .166] .0OLT| 01691 . T2 | 0025 0168 .66
5.0] «20T]| 0020 | .0256] .#3| .206| ,0020] .cel2] kel .207| o021} .0235] .61| .212] .0027{ . .65
6.0 .250] .0029 | .0341] .k3| .248] .o02h| .032h} k2| .251| .Joo2%| .0320] . 2%6| ,0033| .0313] .65
8.0 .336] 0045 | .0349{ k| ,335| .ook2| .0532 .h4| .336] .o043] .0330! .59| .3k1| .0055] .0519) .
10.0} k23| .006k | .0820} .46| .k20| .00%9| . k| k19|, 0797 U331 0070 | .0802] .55
12,0} .512] .0085 | .1162{ L8} . . 11k3{ , 5081 .007T7] .1138] .= .0088 | ,1163] .
14,0} . L0102 | J1%8%| .52 ., L0099 .156T| ui| .606[ .0097] .1572 .633| .0109 | .1626] .43
16,0} .717| .0158 | .2139( .57 .71l .0129| .2107| .k2| .T1T| .0126] .2222| .44] .7h1| .0239] .2177] .
18.0] .6832} (0220 | .2795( .63] .832| .0189| .2786] .50] .838| .o179{ .280k| .46| .871| .0189| .2890] .Lo
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TABLE II.~ LIFT, DRAG, AND PITCHING~MOMENT COEFFICIENTS AWD
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Contlnued
(a) Basic airfoil: Biconvex to ¢/3, t/c = 0.02 - Continued
(3) B/t = 0.3, b/c = 0.05

Ra3.5x108 R=3.5x10% Re2.0X10% Ral1,0x10%
o, Transition rixed Airfoil cleen Atrfoil clean Airfoll clean
M
de,
& ¢ | cm ca {Pp/P| 2| Cm ea Pp/P| ©1 | em °a Pp/f} ©1 | Cum e [P
1.8 o o 0 0.0095/0.59j0 ‘|0 0.0075[0.56 |0 o 0.0070j0.52|0 o 10,0077 10.49
.5] 031} 0000 | .0096] .39| .031] .0010| .0OT8| .56] .031| .0009| .0O7L| .51f .036| .00081 .008k; .45
1.0} .065| 0014 | .o1ce! .59| .084} .0013| .008k| .5T] .065| .0013| .0081r| .52| .068) .0016| .0090} .L8
1.5| 098 .o022 | .0117| .60] . L0018} .c098| .57 .100| .0020] .0096| .53} .105{ .0021| 0102} .51
2,0} .133} 0027 | .0137{ .60 .131| .o022| .0118| .57 .13k} .c024| .0115] .53 .1B1| ,0029| 0110} .72
3.0l .201] o045 | .o197] 59| .201} .0035] .017T{ .%9| .204| .0036{ .0176| .5%| .e1h]| .ocok2 | .0LTT| .78
bof o7 0070 | .0285| .62| .272] .00%8] .0261] .60] .277| .00%6| .0e60| .66 .289| .0066| .026| T8
5.0} .349| .0103 | .0390| .6&]| .3k7| .0080} .0378| .61| .3%2| .0082| .0377] .67| .369] .0092 | .0387| .T7
6.0 6! 0138 | .o5kki .66] .helk| .0113| .05e23| 62| k28| ,0115] .0%R2| .66[- - =] = = «| = =« =] - =
.98 o Jo [o] LO0TT) 490 o 00531 A7)0 o .. | .ookx{ .78{0 o Jo0lo| 8%
.3l .019] .0030 | .0078] .48} .c20| .o001| .0055| 46| .019{ .o00W] .00L3! .78} .021} .0008} .0Ok2| .8k
1.0{ .039| .0006 | .0080} .48| .oko| .0003| .0057| .h6| .0uO| .OOOL| .oONT| .78] .OLL| .0008| .0OUS} BY
1.5| 060} 0009 | .0089] .kg| .061| .0008| .0Q64| 47| .0612| .0009] .oOSk! .77| .06%| .0016] .0062| .8
2.0 .08z} 0010 | .0100] .49} .082} .0009} .0075| .48| .082( .0009} . 76 084k} 0016| .0068] .83
3.,0| .123] 0017 | .0135| .49l .12 .o0012| .0110| .%0| .226| .0O15| .0105| .7h| .127| .00R1| .0105] .81
L.0] .165} .002% 0186 49| .167| .0017| .0160| .51| .168] .0023} .0158| .73] .1T1| .003k| .01%9; .80
5.0} .213| .0033 | .0257| .b9| .209| .o022| .02k .5@} .211] .0029] .0224| .70 .21hk]| .0038| .0R25] .76
6.0f .29} ookl | .0333] .49] .253} .0029| .0307} .5h| .255| .0037] .0308| .69| .257} .00KO| .0307| .Th
8.0t .33h{ .0063 | .0%38| .49] .338] .ooks| .,0513| 54| .3k0| .0056] .o0%R1| .6k| .341] .0069| .OSLT} .69
10.0f k9] 0083 | . 50| ezl .0060| (0780 Eé Jhe3| 0065 .07T77] .58| Jh30| .0088] .0TR} .62
12,0} .507| 0108 | .1147| .50| .510{ .0080] .1120] . L5111 0085 .1122] .52] .5e9| .0108] (1136] %
1k.0f .5981 0137 | .1360] .53| .Bg2| .0095| .1513) .4%| .611] .0098| .1558{ k7| .633] .0132| .2626] .53
16,0} .701) .0390 | .2092] .57 .702 0121 2063 k2| .T20| 0125 .2102) .43} .Th2{ .0163]| .2178| .h8
18.0} .813} .0255 | 2723 .59| .82h| .0178| .2720| .45 .Bull| .0d72]| .2786] 43| .B6T| .0229| .2862] .U
= cC = .
(%) n/t =0, bfc = 0.05
R=3.5%10°% R=3.5x10° Ra2.0x10° Rel.0X10%
M d(:é Transition fixed Alrfoll clean Airfoll oclean Airfoll clean
¢y { cm ca o/l 1| cm ca ol c1 cn ca [ppfo] °1 om ey pub
L1510 o 0 10,0075 |~ -]0 0 0,007 = —~|0 0 0.0058{ — —|0 o 0.0052{— —
5 .031] .00 | L0078}~ =} .030| .0022] .0OTk{~ -] .029 .0010| .0060{— ~| .030] .0008|{ .005T|— —
1.0} .067| .0028 | .0087}— ~| .065] .0016] .0081|— —| .067] .0018) .0066}— ~| .070| .0023] .0065|- —
1.5| .097] 0022 | .0099}— =] .057| .0020{ .0095|— —| .096| .0020| .0081}- -} .095| .0025) .0075|— —
e.0| .132{ .0033 | ,0121{— —] .130| .0027{ .0113}— —| .130{ .0028| .01C2}j— —| .13%| .0038} .009%|— -
3.0| 202] .00%2 | .0279{— | .198] .o043| .0271l~ —| .199{ .ooM3| .0162|- | .20%| .oOMS| .0156]- —
L.0| .273| 0080 .0262-- .269| .0063| .0255{— —| .270} .0063| .0247|- -] .279| .0OTA| .O2hi|- ~
5.0| .37} .0114 | .0381|~ -] .3k2| .0091§ .0366}- ~| .346} .0088{ .0358|- —-| .359| .0101] .0360)- -
6.0] k2k| (0154} ,0522|- —| b8} .0126| .0508]— —| .k22] .0122L{ . PO S [ i
1.98/0 |o o 006k}~ =10 0 0047}— ~lo 0 .00h0|~ —f0 o +00h1 |— ~
5| .018| .0007 | .0066|— ~| 018} .0005{ .0049|— —| .026] .0005| .0041|— ~{ .013| .0005| .0037|- —
1.0| .01} .0009 | .0070}— —| .081} .0008} .0051}— —| .01} .0022§ .0Oh5|~ —} .037| .0018| .0Ok1 |-~
1.5} .060| .0011 .%a-- .058} .0010| .0059}~ —} .05T| .0023] .0053}|~ —| .058| .0C016| 005L{~ —
2.0| .079] .0015 | .0089}— —| .078| .00Lk | .0070{~ —| .078{ .0020} .0064}— —| .O78 0059 |— —~
3.0f .122| .0021 | .0123|— ~{ .120{ .0019| .0120k|— —| .118] .0024| .00$6|- —| .120] .0O3L .oggg——
%.0[ .163( .0030 | ,0173}{— —| .161| .0026 | .0154|—~ ~| .162} .0030] .o14B}j- —| .163] .00k2}| . - -
5.0} .20%| .0038 | .0236{— ~| .203]| .0034 | .0226]— ~| .203| .0039| .0211j~ —| .20%| .0OM9| ,0205 - —
6.0[ 27| .0050 | .0317|— —| .2uk] .cok3 | .0268}~ ~| .obk| .00RB| .o2gh|- — .246] .0061) .02BT (- —
8.0] .332] .0072 | .0522|— —| .329] .0061| .0503|- ~| .332] .006%| .0s00f— —| .332] .0092] .Ok91{- —
10.0| 415} 0094 [ L0784 — -] .k12| .0081} .0768|— ~| .B15| .o0084| .o764[- ~] .B29] .O0LOL| .OT62]- —
12.0] .501| .0121 | 1117}~~~ k99| .0102| .1100|- — 502 .0100| .1105(— —| .515] 0119} 1115 |- —
153.0] .593| 0150 .1%29]—- —| 589} .0125 | .1m08]- —| .601| .o0123} .1s30}- —| .618] .0143} .1558 |- ~
16.0] .697| 0201 | .2056]~ —{ 691 .0161] .2022|- -| .709| .0157| .2067{— —| .T30| .OLTT| .2212}- —
18.0| .808] .0271 .a682l—- 807} 023k | .2 — —1 82T} 0227} .272h|— —| .849| .024L} .2776)- —
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR ATRFOILS TESTED - Contlnued
(a) Basic alrfoil: Biconvex to c/3, t/c = 0.02 - Continued
(5) n/t = 0.6, b/c = 0.33

R=3.%5X10% R=3.5x10% R=2.0x10° Rel.0x20%
Transition fixed Airfoll clean Airfaoll clean Airfoil clean

¢ {em | ca /ol ]| ep | ca pop| o en | ca fu/e] 1 | em [ ca Bo/p

o e
I

.45 0 lo Jo.0109 10.38 o 0 a.0090 0.50 b. 0 0008k [0.55 o o l0.0082 .52
.032| .0007| .om2 | .39| .033( .0007} .0093] .51| .032| .000% | .0087[ .53 | .033| .0008| .0083 [ .52
.067{ .0010| 0118 .39| .066] .0009 ! .0100] .51| .066 | .0009 | .0092| .53 .067| .00r1| 0091 | .52
.101| .0015| .0138 | .39| .699| 0022} .021k | .50] .100} .0011| .0136 | .53} .10%| .0016| .0103} :52
.135| .0020| .0155 | .39 | .133| .0016{ .0136| .50{ .13k | .001k | .0128| .5%| .1k1| .0017| .0125| 53
.207| .0033] .0218 | .ko .0027 | 0197} .50] .205 | .002h | .0189] .54 | .215] .0026| .0189 | .5k
.281( .0056{ .0307 | .ko| .275| .00k3 | .0283 | .50| .279| .0038 | .0278]| .55 .291| .c0k5| .0276 | .59
.358| .008k| .ok26 | .41 [ .349] .0063 | .0397 | .51 .356 | .0060| 0397 .57} .370] .0066] .035k | .66
k38| 0116} 0575 | .42 | k28] 0091 | .05h5 | 51| B3k | 0089 .05hh| BBl——m =] — = =] — = [ — =

o 0 L0081 | kL p (o} 0063 | .36 0 L0056 .49 fo o] .0052 | .53
.020| .oook | .008L | k2 0003 | .0065 | .36} .020 .0061] .48| .019| 0005 .0056 | .53

.. DI
ooooowvow

O\\JI-F'L.»NI-'H o

1.68

[2) o)

.0k2| ,0005| .0086 | .42 i . .0003 | .0068 | .36 .0k2 | .0003 | .0065 | 47| .ok2| .0003] .0060 | .51
+061| .000T| .0095 [ .41 | .061| .0005 | .0070 | .36 .062] .0008 | .008% | .48 | .065| .0011| - - -] .55
.0821 0008} 0106 | .41} . L0006 | .0088 | . .08k} 0008 | .0086| .50| 084 .0008| .0080 | .57
124k} .0012| .0143 | 1| .12k | .0010 | .012k| .37| .127| .0021 | .0320] .58 .129| .0011] .0115 | .60
.167] 0018 .0193 | .k | 166} .0015 | .0176| .37 .169] 0017 | .0170{ .59 .170| .0022] .0166 | .62
.41 | .208 | .0020 | .0243{ .38 .210| .0018 | .0237] .56 .215] .co2k| .0236 | .61
.253] 00311 .0343 | .k2 | .251) 0026 | .0326{ .39| .255| .0025 | .0323] .60] .258| .0030| .0319 | .63
-3371 0048 | .0552 | k2 { .337| .00kl | .0536! .39| .339 | .00kL| .0635] .58 | .34%| .0051] .0530 | .62
231 .0066 | .0823 | .43 | .k22 | .0056 | .0808 | .39} .hek | L0055 | .0806| .56 | .B31| .0068| .0811 1! .55
512 | 0087} .1167 | .b5 | 510} 007k | L1150 | .ho | .513 | .0o7h | L1153 1‘:2 .523 L0084 [ L1179 | .51
.605 | .0113 | .1590 | .b7 | 6021 0095 | .1570} .39 | .611| .o0ok | L1591 | . 638 0111t (1639 | 45
.71 ] .0160 | .2128 | .50 | .708 ] .0128 | .210k | .39 | .722| .0126 | .2221 | .h1| .7he| .01k1 | .2268 | .kb
.82k | .0219 | 2770 | .56 | .82% | .0195 | .2767 | .41 | .8%1 | .0184 | 281k | .57 .866] .0198 | .28T79 | .11

Oboo0ObObOOWOW
.
.
.
&
0

55’\?55@0\\”#(»!\)!—‘!—‘ (]

(6) b/t = 0.3, b/e = 0.33

R=3.5x10°% Ra3.5x108 R=2.0X108 Ra=l.0x10°
Transition fixed Alrfoll clean Airfoll clean Alrfoil clean

e; | en ca fu/e| c3 | cex | ca Po/o| ¢ ] en [ ca Po/P| 2 | cm | ca

o (o} .008k P.58 b 0 0.0082 {0.36 P o p.0071 P.5% 0 o 0. 006k 10,46
.032| 0010 | .0086 | .57} .032| .0008 | .0085 | .56 | .031] .0008 | .0074| .54 | .033 | .0005 | .0070 | .45
«065| ,0015 | .CO9L} .57 | .06%| ,0012| .0092 | .56 | .064| .0010 | .0081) .55 | .067| .0033 | .007T | .45
.098| .0020 | .006 | .58 | .097| 0027 | .0105 | .57 | .097| .0016 | .009% | .55 | .101| 0018 | .0092 | .45
.0026 | .0126| .58 .131| .0022 | .0X26 | .57 | .131| .0020| .0113| .57 | .137| .0019 | .0110 | .48

.201| .0043 [ .0185| .58 | .199| .0036 | .0185 | .59 | .199| .0032 | .017k | .61 | .207 | .0030 [ .0L67T | .61
0272 | .60 .271] .0058 | .0271 | .60 | .272| .00k9 | 0259 | .65 | .281 | .0052 | .0253 | .77

.0098 | .0388| .61 .3%2| .0080| .0385 | .61 .346| 0072 | .0373 | .64 | .359| .0078 | .0367 | .78
.h25| L0135 | 0532 .63] k21| .0xak| L0526 | 62| A3 0102 0519 | 5 e — ) — - ] ] - —

o o .00701{ A7 o

Be

1.k5

coooowmoW
&
5]

oM FWRHP O

1.98

2h6 | Jooko | .032k | 4T ] 246 ,0033| 0313 | .46 | 246 | L0037 | 030k | .69
.328 1 .0060 | 0523 | 4B .330} .0051| .051T | kT | .330{ .005T | .0520 | .6k | .336 | .0066 | .0507 | .67
[hr Y .007T4 | LOTTH | .58 | ..423 | .0088
501 | .0105 | .2126 | k9| .500| .0091 | L1127 | .46 | 499 | 0093 | . . . .

k6| .596] 0117 | .1535 | .46 | .622 | .0137 | .1589 | .48
2053 .55} .676 | .0149 | .2001 | b5 1 .70k | .0150 | .207h | .k3 |.731 | .00a71 | .2139 | .b5
805 ].0251 | .2681 | .61) .B0S | .0223 | .2689 | .45 { .823 ] .0215 | .2736 | .43 [.85% | .0236 | .2813 | .L3

occooooboooouol
8
8
o
8
&
®
g
8
&
8
]
5
8
3
b3

BREEEmovrnrrr o
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TABLE II.~ LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR ATRFOILS TESTED -~ Continued
(a) Basic eirfoil: Biconvex to ¢/3, t/c = 0.02 - Concluded
(7) v/t =0, b/c = 0.33

R=3.5x10% R=3.3x10% R=2.0x10°® R=1,0X10°
M d“; {_ Transition fixed Alrfoll clean Airfoll clean Alrfoil olean
61 o, en ea Ip-h/p ey | cn cg d ¢t ] em ca lup| 1 | om % [oph
Lo |o 0 0.0068|- —|o 0 0.0061]|—- —lo 0 0.0055|- —lo 0 .0042|— —
<3 .030f .0010} .0070{— —| .031] .0009} .0062|= —f = —| .0010] .0059|~ =} .028} .0008| .O0LS|— —
1.0 .063| .0019] .0076]——| .063| .0018) .0070{— —| .062| .0016| .0062{— —} 066 .0016| .0053{— —
1.5 2097 .0022] .0092|— —} .097| .0021| .0085|— —| 094} .0019{ .0OTTi— ~| .100| .0021} .0069{~ —
2,01 .130} .0032f .01li2{- —} .130{ .0028] .0106{— — .130] .0026| .0097|- —| .135| .0029| .0093|— —
3.0{ .200] .0048} .OYTli{——| .199] .0039] .0165{— ~| .199] .00k0| .0157|— ~| .207| .0OkS| .0182{— —
L.oj .271] .0072} .0256|— —| .270] .00k} .0251|— — .271| .0058] .02hk3|- -| . L0068 | .02hl|— —
5.0 .345] (0104} .0369|- —~| .342}| .0089) ,0363|- —| .3b5{ .0082] .0357|- —| .360| .009k| .0359]- —
6.0 .L20} .05} .0511}- —| .k19| .o127| .0505{- —| .b21| .0M26] .0501|- -} - |- —=| - =]~ -
1.98) o0 jO 0 0062 |- ~|o 0 L0046~ =0 o o0k2l- ~Jo o 0040 )= =
3] .019] .0005| (0063} —| .019} .COO4| .0OL8|— =) .020] .0007) .OOWS[— —| .027 | .0003 | .OCHO}— —
1.0] .okl{ .0009} .0068} —! .039} .0007{ .0052|- ~| .039} .c010| .00M8|- -] .038 | .0021] 003}~ —
L1.5] 061 .0009| 0076 ~{ .060| .0008| .0060}— —| .059] .0012| .0087|~ ~| .061| .0021| 0086}~ —
2.0} .082/ .0014 .0088} —~| .080}| .0012| ,007L|— ~! .0T9| .0018| .0069|— —{ .08k | .0026} .00TO|— —
3.0 .12k .0019| 0222} —| .121) .0016} .0106|~ | .123] .0021| .o10k|- —{ .121 | .002h | .01lOH{— -
L.o| . .0 0173 |- - .163| 0023} 0157 -| .165] . 0136 |- —{ .163| .0032| .0156(— —
5.0] .208| .0034f . -~ .204 | ,0030| .0221f— —| .206| .0035] .0221|— —| .210] .0038| .0221|— =
6.0} . 00451 0318 |- —| .245| J0040{ 0301 |- —| .249} .o0kk| .0303|— -] .2%50{ .0053 | .0299|~ —
8.0| .336| .0066] .0526 |- —| .328] .0053} .0505}— —| .334| 0060} .0508|- —] .3k1} .0072]| .0521]~- —
10.0| 420} .0090} .0792 |- =] 411] .0071} .0766]- | .h16] .0080} .07T2|~ —| b2k | .009% | .OT78|- —
12.0) 504 0204} .112k |- -] 498 | .0089| .1101{~ —| .503| .0096 | .1110}~ - | .522 | .0109 | .2137|- —
1k.0f (596 | 0126} .1538 1~ —| .588 | .0105| .1508 |~ —| .601| .0120| .1%3%|- —| .62%5 | .0138 | .1%590|— —
16.0| 702 | 0168} 2069 |~~~} 691} .0140| 2026 —} .707! .0156 ) .2067 |- —{ .73% | .0170 | .1765|— —
18.0} .815| .0239| .2715 [ —| 806} .0197| .2669|~ —| .826} .0222| .2726|— —| .859 | .02k1 | .2817|— —~
(b) Basic airfoil: Biconvex to ¢/3, t/c = 0.0k
(1) b/t = 1.0, bfe = 0
Fe3.5x10% R=3.5x10° Re2.0x10° R=l.0x10%
" % Transition fixed Adrfoil clean AMrfoil clean Airfolil clean
4
8 ¢: Cm ca m/Rl ©1 Cm cq Py /Pl ©2 Cm ¢a |po/p| e Cm cg [Py/P
1.5] 0 Jo o} 0.0258 | 0.51|0 o] 0.0235{0.51 {0 0 . |0.0230(0.50(0 (o} 0.0222 {0.53
5] .035| .0013| .0260] .51f .034] .0013{ .0238} .51 .03k| .0013| .0236( .50| .038| .0010{ .0229| .53
1.0| .068| .0021| .c2Th| .51 .068] .0018{ .0c247} .51] .069| .0018| .04k} .50| .OT4| .0021) .023T| .53
1.5 .10k| .0029] .0293( .51] .100} .0022] 0264} .51} .105| .002%| .0263| .50] .111] .0028} 0261} .%
2,0| .1k0| .0034| .0316( .51{ .136| .0025| .0286| .51] .1k0] .0028( .0286( .%0] .130| .0031| .0280| .5
3.0 .212| .0054| ,0381| .51| .206| .0038] .0350} .511 .211] .0Qks5| .03%0| 30| .228( .005k| .0356] .52
4,01 .289{ .0077| .OkT2 | .50| .283| .0062} .okho| .52§ .289| .00T2| .Okk3} .51{ .305| .0088| .0kk3} .58
2.0 .366| .0L00{ .0587 .51L] .362| .oogk| .0560| .=} .367) .o102} . 15 PUPE RPN RS S
Nl Y e RS T AR IR A SR IR MRS Il I TS CHCTSS [DRRipty iy e
1.98t0 |o [s} 0.0179 | .37(0 o} o17| - -l0 o LOlkh| - 10 0 .00} - -
.5| .018} .0006| .0183 | .36| .018} .0005| .0150| - ~| .019| .00OT| .OL47| - -| .0E5| .0003| .O145} - -
1.0} .039| .0006} 0187 .37] .039| .0007| .0155| - -| .039] .0010} .0152| ~ ~| .035| .0005] .0L4T| - -
1.5] 061} 0008} .0197 | .37 .060| .0008| .0165]| ~ -| 061§ .0012{ .0164{ - -] .058| .0016} .0162] - -
2.0} .082} .0010] .0210| .37} .080} .0009| .CLTT| - -| .0BO} .0012{ 0177} - -| .080]| .0016| .0172{ - ~
3.0 .126| .0015} .o2k7 | .37| .123| .0013| .0215} - -| .123] 0017} .021k| - -| .124] .oc21| .ce21{ - -
L.o| .170[ 0022 .0301| .38| .166| .0023| .0266} -~ -| .16T! .0025] .0264| - -] .168] .002k| .0266] - -
2.0| .26 .0028{ .0370{ .38] .210| .0026{ .0334}| - - .213} .0028| .0334] - -} .219| .00%2| .033T{ ~ =
6.0 .259| .0035] .0455| .39| .253| .0035] .0oblgl - -] .235| .ooko| .ob18} - -| .260}| .00Lko| .0k23| - -
8.0| 346 .0056| .0c68] .ko| .340] 0051 .0631) - -| .345| .0058| .0638{ - -| .351| 0062 ] .06LL| - -
10.0| .k37| .0078| .09 | .%2) .k30| .0089] .0917| - - .h3k| .0076| .092k] - -| .kS0| .0083] .09u6| - -
12.0} .%29{ .010%| .1311{ .Ak{- - -| - - = - - =| - -} .528| .0096| .1290} ~ ~| .3%| .0108| .1336] - -
116+.o--------- Y N A I - -} .633[ .0133| 1758 - ~| .664} .0156] .1838] - -
b N e ] I Tl BN R RUNSIe) S RRoppey S [ I ) M I s
L] D B I B I It ] S R It I B el e e S
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TABLE IT.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR ATRFOILS TESTED - Continued
(b) Basic airfoil: Biconvex to c¢/3, t/c = 0.0} - Continued
(2) n/t = 0.6, bfe = 0.05

R=3.5x10% R=3.5x10% R=2.0x10° Rel.0x10%
M @, Transition fixed Airfoil clean Airfoil clean Airfoil clean
de;
] i | ew 3 {Pp/P| ®1 | Cx °d PpfP| C1  en €a |Po/P{ °z | °m eq
.45l 0 |[O [¢] 0.0233 | 0.51 0 o 0.0210(0.56 |0 (o] 0.0192/0.63]0 [e] 0.018L
5| .03k| 0018} .0e37 | .51] .03%) .0018( .c215| .56| .03k| .0026| .0200| .63] .033| .0019| .0191
1.0| .067) .0032| .02k9 | .%1§ .067| .0026| .022k| .55| .066] .0028| .0212) .62| .066| .0026| .0201
1:5] .102] .ook2| 0268 .31| .103| .0035| .0243} .55( .101| .0035) .0232) .61 .105] .004T| .0232
2,0/ .137{ .0051| .0289 | .%2| .136| .00kl| .0263| .55| .136] .0okT| .025k| .%9] .12 .0053| .0251
3.0 .212| .00TT{ .035k{ .53{ .209]| .0064| .0326| .56| .208] .0068} .0319) .59| .218| .00T9| .032%
k0| .288] .0107] .obko | .55| .285| .009k| .okrT| .57 .284] .0103] .0k10| .®¢{ .298] .0126| .ok1g
g.g .364| 0138 055k | .57} .363] .0135] .0538( .57| .358] .o14s5| .05e6| .59 .375] .0176] .0518
1.98] 0 |o 0 .01%9 | .klfo (o] L0135 k2o (s} .0123{ .55(0 10 .OL1k
.5] .018] .0009| .0160 | .hkol| .ceof .core| .0137| .k2| .018] .0010| .0126{ .35 .018| .0008{ .OLlk
1.0| .038| .0013| .026k | .ho| .obo| .c012| .01ho| .42 | .039{ .0OLh| .0130f .55 .038| .0016] .0119
1.5 .0%9; .0019{ .0147 | .%0| .061} .0015} .0151| .42| .061} .0020{ .01hk1| .S5%| .062| .002T| .0132
2.0| .080| .o0rg| .0186 | .ko!{ .082] .0018f .0163} .41] .082] .002)| .0154] .53| .082| .0027| .0145
3.0 .122]| .0028| .0223 | .k} .125| .0026| .0202| 41| .12k| .0029] .0193} .=e| .126] .0037| .0183
k0] .16%] .o0ko| .02Tk | .k1] .16T7| .0038| .025R[ .41{| .168| .o0k2| .0246| .51| .1T1] .0056| .0236
5.0] .209] .0050§ .0340 | .k1{ .212{ .0050( .0319| .41| .213| .0051] .01%2] .k9| .216] .0065| .0306
6.0| .253| .00683| .ok2k | .lke}| .25k| .o05T| .ohc2| .ko| .256] .006hk} .0397| .ol .258| .0075| .0390
8.0} .341| .0088| .0635| .h3|°.343| .0081| .0616{ .k1] .3k1| .009k| .060T} 49| .345| .0110( .060%
10.0{ .k30{ .009k| .0912 | .kS5| .k30| .0108| .0895| k1| .L2T| .0118] .0884 .LT| .4%3} .0138| .0900
12,0| .518( .0128| .1258 | .hg| =21} .0138| .1246] 41| .525] .0LL8| .12%2] .MT{ .539] .01Tk| .1273
0 == = m o) m e e mefe o | - - -} - - -] - -] .62k} 0193 .1703] .45 .689| .0225| .1763
16.0)- = =] == =] ===} = =[- =] === === - -} .735} .0259| .2276| .43} .76L| .0291| .23%
18.0[- - -] - ==l = - o] = c|o ==l =] -~-]|--].858].,0330] .2973] M2|- -~ -} -~-]- -~
(3) b/t = 0.3, b/e = 0.05
R=3.5x10° R=3.5%10% Re2.0x10% R=1.0X10°8
M ay Trensition fixed Airfoil clean Alrfoil clean Airfoll clean
deg
€1 | em ¢4 |Po/el 1| em ¢ |pp/P| ©1| em ca |ev/e| c1 | em cq
L.45( 0 |o (o] 0.020k% { 0.39 [0 [¢] 0.0178 |0.51[0 [¢] 0.0161[0.62]0 (o] jo.0LLT
.5| .035| .0025| 0209 .ko| .03%| .0019{ .0182{ .50| .032| .00l9| .0167| .62| .034| .0021| .0155
1.0/ .070| .0038] .o221| .4of .066] .0030| .0192] .50| .066{ .0033] .0176} .62| .OT7O| .0037| .016%
1.5} .104} .0050] .c237| .ho| .100| .00bO{ .0208| .50( .102| .0OW3} .0195| .62| .107{ .0056] .0189
2.0! .1%2| .0066] 0259} .4o| .137| .0050( .0229| .5R] .136| .00%2) .0216| .62| .luk} .0068] .0206
3.0{ .212| .009%| .0321 | .hi| .207| .0073] .0289} .55| .207| .0078| .0e82| .62] .218} .0096| .0278
Lo} .287| .0131] .0%06 | .h2| .282] .0LOT! .0378{ .55] .282| .o1i7} .03Tk| .62| .300| .0rkS| .0376
5.0| .39 0164 .0536| .56] .359| .0155] .OMQT| .5T| .361| .0165{ .ohoh| .62 .382| .0199| .0502
6.0| .k35| .0198] .0651 | .61} .k36| .0210] .0690| .60| k36| .0222} .0636} .6L(- -~ -f - = =] - - -
1.98} 0 |o (¢] L0137} .Lkjo o 0112} k2o o 0102 | .62lc o .0089
5| 019 .0009f .0139 | .4} .o2k] .0008{ .0o115{ .k2| .o20| .o0x2| .0lo03} .62] .013| .o00l1| .0089
1.0/ .041] .0015] .01kk ] .4si .o43| .00r3| .0119] .42| .039| .0018] .0106| .61) .033| .0022| .0090
1.51 .061] 0020} 0153 | .k5! .065| .0018] .0128| .h3| .060( .0022| .0125| .58} .053) .0032] .0lOT
2.0| 082} .0025! 0166 | .45| .085| .o00el| .01ko| (k3| .082] .0026{ .0129| .56) .Oo7h| .0032| .oN2
3.0| .14} o003k} .0203 ) .&5| .126] .0030{ .0176| .43| .122| .0036| .0167} .56] .116| .0oh3| .0Llhkg
Lo}l .168| .0048| .55 | L5} .16T| .ooh2| .0227| | .265] 0053} 0218} .36] .160) .0062| .0200
5.01 .21k} .0061) .0323 | .us} .210{ .005%| .0293| .45 .208] .0082] .0282} .55 .209| .00Tk| .0265
6.0l .255| .ooTh] .0b03 | .45| .25%]| .006T| .0378] .h5| .250| .00T7T! .036k| .55] .2L9} .0086| .0351
8.0| .342| .0106] .0613 | k5| .3k1] 00961 .0%85] LT[ .334 .0108| .0569] .55! .337} .0127{ .035%9
10.0{ k32| .0143| .0891r| .hW7[ .B26| .0227| .0855| .W7| .ke2| .0136] .0843| .53} .k33] .0162| .0851
12.0| .51} .0183 .1237| .52 .515) .ou&e| .1202| .46] .511| .o17i} .1189] .u8] .531| .019%{ .122h
1k.0] .619] .0239| .1679] .56) .62} .0203| .1634} k2| .613] .0217| .1636] .h43| .638| .02L48| .1697
16.0f .725] .0306] .2212| .%9| .T20} .0e67| .2182) .39{ .728| .0287| .2204| .b%0| .751%| .0321 .2279
18.0{ .832| .0363] .28% | .61} .8301 .0360| .282k| .Lsi .Bk3f .0370{ .2868} .ho| .868] .03831 .2054




24 CONTIDERTTEE NACA RM A54B08a
TABLE II.~- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATTIO FOR AIRFOILS TESTED - Conbinued
(b) Basic airfoil: Biconvex to ¢/3, t/c = 0.0k - Continued
(4 n/t =0, bfe = 0.05

R=3.5%108 Rm3.5%10% R=2.0x10% R=l.0X10°
N a Transition fixed Alrfoil clean Airfoil clean Airfoil clean -
de

ey | em cqa |(Po/P| Sz | cm ¢ |Pp/2| °1 | °m Cq [Pp/P| ©1 | ca %q  |Pu/P

.45/ 0 Jo o] 0.0168 | - -|o o 0.0156[ - -|o o} 0,016 - -|o 5} 0.0137| - -

.5t .032] 0026} .0171 | - -| ,032] ,0025| .0160| - -| .03%| .0020!| .02%e{ - -] .033| .0028| .o1k1]| - -

1,0} .064| .00kT| 0182 | - -] .063| .0OWO| ,OLTO| ~ =] .O6hK| .0042{ 0260 - -} .067] .O0OL8] .0148| - -

1.5) .098{ .0065] .0199 | - -! .096| .005H| .0186| - -] .097| .0cOST! .0L7T) - ~| .202] .0069| .0169| - -

2.0] .132| ,0081} .,0219 | - -| .130| .0066} .0205] - ~| .131| .0OTO| .0196| - -| .136| .008T| .0186] - -

3.0] .201}{ .0116| .0279 | - -| .199] .0097| .026k| - -] .201] .0LOMk| .0@%%5] - -] .209| .0130| .0253| - -

b,0f .273| .0161] 0360 | - -| .270} .0138| 0345} - -| .273| ,01%0} .o3ki| - | .28k .0183] .o3bo| - -

5.0} .345| .0201} .0k66 ) - -] .345| .0189( .Ok59] -~ -] .350] .0203] .OkST] - -| .361} 0237} .OL6L| - -

6.0 48| .oek5] .06%2 | - | k20| .02h9) .0599| - ~| k25| L0260 0603 - <|- = =] = = 2| = = -] - =

1.98} 0 fo 0 0121} - -0 o] .0100[ - -jO o . 0093} - -0 o} .0088| - -

.5] .019] 001k ,0123| - -| .020{ ,002k} ,0103| - -] .029| .00L4| .0095| - -| .02T] .0016( .0089| - -

1.0} .039] .0023| 0127 | ~ -| .0kO} .0022] .010T| - -| .OhO| .0021] .0098| ~ -~} .039] .002k| .0093| - -

1.5] 059| .0029| 0136 - -| .060{ .0028! .0117| - ~-[ .060| .0031| .0108] - - 060} .0037] .0LO6] - -

2.0] .080] .0034( .0148 | - -] .080| .0033| .0128] - -| .079] .0037| - - -| - -| .081] .o0k2| .c1ik| - -

3.0} .121| .ook9{ .0182 | - -] .121| .00k6| 0163 -~ -| .121| .0055] .01%%| - - 121} .0066] .16} ~ -

k,0] .163] .0066| .0231 | - -| .162| .0062] .0211] - -] .163| .0073| .OROM| - ~| .163} .0060| .0198| -~ -

5.0] 204 .0083| .0293| - -| .204| .0078] .0272| - -| .204| .c088} .0266| - -| .205| .o107| .ce81] - -

6.0| .2k1| .0200) 0373 - -| .246] .0093| .03%R} - - .247| .020%| .0349] - -| 231 .0227| .03b45] - -

8.0} .331} .0139f .0573 [ - -} .328{ .0130| .05%0| - -| .329| .o1kk| 0847} - -| .332] .0366] .05kl| - -

10.0} .k15{ .0182| .0836'| - -] .13 .0167{ .0813| - -] k25! ,0183] .0813| - -| .h2k{ .0209[ .0821)| - -

12,0{ .504] .0228( 2167 | - -| .502] .0208] .11k9| - -] .s04| .0220} .11%2] - -| .%21] 0248 .11B1| - -

14,01 50981 .0287{ 191 | - -] 5971 .0255{ 1567 - -] .6oOk| .02T3]| .1%0| - -| .626] .0312]| .1640) - -

16.0} .701] .0339{ .2110} - -| 697} .0326] 2081 - -} .713| .034T| .2134| - ~| 737! .0386| .2207| - -

18.0} .805{ .oke8! .27ik | - -] .810] .ob23| .2723| - -} .82L| .ok39| .27T4| - -| .8ig] .ou63| .28%0| - -

(5) h/t = 0.6, b/c = 0.33
R=3.5%10° R=3.5%10° Re2.0x208 Rel.OX10%
M oy Transition fixed Airfoil clean Alrfoil clean Adrfoil clesn

deg

€1 | cm ea |ppfp| °1 | em ca [pp/p| 1| em %4 [Pp/P| °1 | ca % |ep/p

1.5 0 |0 0 0.0213 {0.46|0 0 0.0181|0.51 0 0 0.0175/0.5% o [+] 0.0159 (0.63

5] +033] .c019f .0222 | k5] ,032| .0029f .0190| .50) .032| .0018} .0180] .54| .037| .0ce1| .0173| .59

1.0] .069} .0028| .0233 | .h5f .065{ .0024| .0198| .50| .066] ,0025( .0188) .54 .073] .0029| .0278| .38

1.3} .105) .00ko} .0251 | .h5| .101f .0032( .0215| .50| 102} .0033| .0206| .34| .107| .0036) .0203| .%6

2.0/ .1kof .00k8| .027h | .4k .1361 0037 .0237] .50| .137| .ooko] .0228| .54} .147| .o0kk| .c225| .55

3.0] .214{ ,0073} .03kL | .kl .208| .0036| .0301| .50| .210| .0059| .029k| .=sk| .e22| .0073 0293] .55

;.g ggg .oi.gg .815;13;2 g’ér ggg ooei .0391] .51 zgﬁ .0091] .0386{ .55 ggi .01121 ,0389| .57

.0f . .0 0585 | . . 0124 .0510| .51] .3 .0132{ .0505{ . . .01 .0 .60

6.0| .4h5| .0160| .0688 | k2| .1438| .o1T4| .0655f 53|~ - =] ~ - <] - ? -5? R _51: - ?of -

1.98] 0 |0 o] 0147 | .39f0 fo] 0124| ,37)10 (o] .0112] 460 [ .0)02] .61

.5} +019f .0009} ,0lkq | ,38| .01g) .0008| .0127| .36] .020{ .0009| .0L15} .4k| .009| .c008] .0206} .60

1.0f .oko} ,0013f .01% | .38/ .039| .o011| .o129| .36 .oki| .c012] ,0118| 48] .okll .0013 0L0g9| %8

1.5] .061} .0016{ .0162 | .38] .060| 0014 .0138| .37| .0621 .0018| .0129| .47} .062| 0019 .0125] .57

2.0 .082| .00161 .o17h | .38] .082] .0016| .0150| .37| .080| .0020} .0139| 47| .085| .q021| .c238] .57

3.01 .125| .002% .0212 { .39| .12k| .0023] .0188| .37| .123{ .0025]| .0178} .46] .127| .0026| .01T8| .56

b,0 .169] .0033]| 026 39| .167| .0030| .02L0} .38 .166| .0035| .oe2g9| 46| .173] .00k2| .0e27| .57

5.01 .215] .0043] .033 .39 214 . .0308| 381 .213} .0043| .0298( .bT| .229| .O00ks| .0295]| .5T

6.0} .2 0053| .Ok18 | ho| .2 0048 | ,03911 .39} .255| .00%| 03831 47| .262] .0056]| .0383| .58

8.0} .3 . 20630 | Jhet .3h%) ,0071] 0603} .ho| .3B1| .00Th| .omem) 48] . Eﬁ .0085} .0600( .59

10.0( (4384 .0106| .0915 | 43| .k3h| .0096] .0882] .ko| k32| .0099| .0878 48] .k 0113} .0890]| .57

12.0f %27 (0140 1265 | .L5( %=k .0126f .1233| 45| .5ek| .0128] .1235| 48| .539] .0130| .1264] .53

1k.0f .629} .0186| .1T19 ;g .621( .0160| .1671] k3] .629] .0173] .1699] .44{ .653] .020L{ .1758 Eo

16.0| .T37| .0243| 226k | , «T30} .0220( 2229 .bo| .7h2) ,0237f .22Th} ko] .767| .0270| .2348| Ly

18,04 = o) = o o] - o -] mmfe e ] m el a e o} - -} .859] .0310f .2953) JHO)- - o} - - oo ma] - -




NACA RM A54BO8a SONEIDENTTAL —p

TABLE IY¥.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR ATRFOILS TESTED -~ Continued
(b) Basic airfoil: Biconvex to ¢/3, t/ec = 0.04 - Concluded
(6) b/t = 0.3, b/e = 0.33

Ra3.5x10% R=3.5%108 R=2.0x10° R=1.0X10%
" ay Traneition fixed Airfoil cleen Airfoil clean Airfoll clean

de,

!l 1| ea e {Pp/P| 1| ©°m 3 [pp/Pt ©2 | °m €4 |pu/e| S | com ®a iep/P

1.b5/ 0 {0 0 0.0180 | 0.k43l0 o] 0.0165]0.50(0 o 0.0157|0.%2[0 o 0.0160}0.54

5| .032{ .0027| - - - | .43] .031] .0020{ .0l70| .L8| .032| .0019| .0163]| .22} .036| .0021] .0161| .54

1.0| .066j .0035| .0193 | .k3| .06k| .0030] .0179| .M8| .065] .0030| .01T2| .=} .O0T2| .003%| .0LTL| .5k

1.5 .099| .oobs| .0213 | .%3} .098] .0038| .0196] k8| .101| .00k3| .0190! .=2[ .107| .00L8] .0193| .54

2,0f .133] .0057| .023% | .B4| .133] .o0k8| .02l7| .49 .135| .00L8] .c21l| .53| .143] .0053| .celo| .56

3.0{ . L0086 .0297 | .Uk} .203] .00T1| .0278| .b8| .206]| .0075| .0275] .55| .220] .008T! .0276| .61

k0| .277| .0122f 0379 | .45[ .279] .0106] .036T7| .48| .281| .0112| .0364k| .59 .295] .0129| .0365] .66

5.0 .351]| .o155] .ou88 1 LT[ .351| 0132 .0W81| .se| .338} .ol57| .ouB1r| .60] .373| .o17Lk| .0k87] .68

6.0] k26| .0193f .0630 | .L8]| .k2TP .020h| .0623| .S5M] .B33) 0212 0627 61|- - =] - - <] = = =] - -

1.98f ¢ |o 0 0126 | Jb2le 0 .0107! .38|0 (¢] 0103 .u6[0 (o] 00991 .73

.5] .019{ .0013| .0127 | .he| .017| .o00l0f .0109{ .38| .ce0| .0015| .0105| .46| .020] .o0i2| .0102| .TH

1.0| .039| .ooi7| .0132 | .h2]| .036| .0015{ .011lk| .38| .039| .001T| .0113| .LE6]| .ok2{| .0015]| .0109| .73

1.5{ .059] .o0021| ,01ko | .k2| .059| .0020]{ .0121| .38( .059| .o020| .0120| .46} .061| .oo22] .o119] .73

2,0 .080] .0025{ .0153 | .Ml .O78| .o022| .013L4| .38| .086| .00k} .0135f( .4k6| .081L| .o029| .0n31]| .73

3.0| .121| .0035{ .0189 } .k2} .118f .0032] .0168| .38| .123] .003k| .0167] 47| .123]| .0039| .O .70

k.o| .164} .oOkT| .0239 | .k2| .159) .ook2| .0217| .k1| .164{ .ook7| .0218| .k9| .167] .o0051| .o217| .69

5.0{ .206| .0058| .0279 | .43} .201} .0051| .0278| .Me| .203| .005H| .C2TT| .52| .206] .0066] .0278] .68

6.0| .2k9| .0071} .038k | .43| .2k3} ,006%| .0357| .Rk3| .245] .0066| .0360f .53| .2m0| .o0081| .0362| .67

8.0| .33% .ol0i| .0500 | .4k ,326| .0091| .0560| .ks{ .321] .0093]| .0531| .55] .336| .0115| .0567| .6k

10.0 .k21| .013k} .0859 | .L6| .kog| .0122| .0823| .L5| .hik| .0130] .0B830| .53 .h2k| .015k| .0842] .=9

12.0f .508{ .0171| .1196 | .lk9j .hos| .o0157] .1153] ki .s00| .0262] .1164| k9] .s17| .0189 .1197] .55

1k.0f .605| .0220| .1625| .54 .591] .0198} .1570] . S70 ] L0211 L1%27| Jbh2] . o2h7| L1663 .50

16,0} .710{ .0e85| .2153 | .61] .694| .0235{ .2110] . 677 .0279] 2022{ .bo| .732] .0309| .2225] hb

18.0] .815] .o34g| 2769 | .62 .8ei| .oeh7| .2710) .U7| .T95| .0363] .2695] .Lo] .8%1| .0370] .2837) .k2

(7) B/t =0, b/ec = 0.33
R=3.5x10° - R=3.5%10°% Re2.0x10% Rel.0x108
" a, Transition fixed Alrfoll clean Alrfoll clean Alrfoll clean

de

Eler | em €a |Ppf] ©1 | Cm g IPo/m ey | enm A Po/P| %1 | °m ®a  |PpfP

1450 P [} 0.015T | - -P 0 o019 - -p o 0.0139( - -}o 0 0.0131{ - -

.5].032| 0024} .0160 | - -] .034 | .0023] 0151 | - -| .032{ .0022| .0143| ~ -} .032] .00O3k|[ .0133] - -

1.0 | .065| .0o0k3| 0168 | - ~| .065(.0039) .0161[ - -] .065] .0038| .015k| ~ -] .06k| .005T| .0145] - -

1.5 | .097}| 0064k} 0385 | - -| .098 | .0054 .OLTT[ - -] .099| .0053] -~ - =] = ~[ .201]| .0063]| - - =| ~ =

2.0 .130] 0079} .0206 | - -| .132 {.0067| 0198 | - -} .135{ .0065( .0190| - -| .236] .0OT8| .0183| - -

3.0 .198] .011b4| 0266 | - -] .201 | .0094| .0255] - - | .20k] .0097| .0249| - -| .210} .0123] .02hT{ - -

b,0| .269| .0155) 0348} - -| .273|.0133| .0340| - - | .27B| .0o1k2| .03%2 | - -| .285| .0278] .0368) - -

5.0 | .30} .0195] .o | - -] .39 | .0184| 055 | - -} .353] .0192]| 0455 - ~| .363] .0238| .0bs6) - -

6.0 .k12} .0e37| 05861 - - b2k }.0243| 050k} - - k29| .0e5k| 0597~ -f- - =} = = =] - = =} - -

1.98f0 |0 o] 0118 - -0 o L0097 - - P o] .0090 | - -]0O o] .0086] - -

.51].020] .0022| .0120| - -| -019}.0013( .0098] - - | .019] .001k]| .0091} - -} .J19| .0019) - - ~| -~ -

1.0 | .0k0] 0021} .04 | - -| .038}.0019] .0105]) ~ ~| .039{ .0022| .0095] - -] .036] .o029! .0090| - -

1.%|.061| .0030} 013k | - -| .058].0026| -~ = ~| -~ - 0029} - - =| = =] .O5T| .0OR5} - = =| - -

2.0 (.081] .003k| .01h5} - - .079].0031] 026} - -| .080] .003k| .0118| - ~| .076( .0050| .0110{ - -

3.0 | 123} .004T{ 0182 | - -] .118}.0043] .0159 | - -{ .121] .o0kg} .01%R | - -{ .120( 0066 .OLMS| - -

h.o].165] 0064 0230 | - -| 160].0059|] 0208 |- -} - -} - = -] = - =]~ |- e == e = e -

5.0 | .207| 0080} 0292 | - -| .203{.00T2} .0270 ] - - | .205] .0080] .0@6L | - -] .203] .0098} .ce59| - -

6.0 .2k9| .009T| = « - | - -] .284 |.0088] .0349 [ - - | .2kT| 0098} .03k2| - -| .20} .0119} .0339] - -

8.0 | .3344 .0135] .05T6 | - -| .327}.0122| - -~ = | = -] .330[ .O036f - - -} - -] .329] 0159} - - - - =

0.0 | k22| o177 08431 -~ - k13 |.0160| - = - - - | k15[ 0271} 0807} -~ -| k16| .0169| - - | - -

12.0 | .511] .0223] 118k | - -] bo9 | .0198) .11k3[ - - | .503| .0211) 1246} - -| .S5ik| .G2hk]| .1162| - -

1k,0 | .605] .0281| .1608 | - -| .593 | .c2b1| 155k | - - | .601) .0261| .1576| - -| .618| .0302| .1612| - =~

16.0 | 708} .0351] .2122 | - ~| 4693 [.O311) = = =} = | .TI2[ .0339] = = = | - = .T25| .0382] - - -} - -

18.0 | .805] .0k19| 2702 | - -} .805 | .0kl1]| 2607} - -| .820| .ok32| .2753[ - -| 832} .045%]| .2787( - -

NACA,
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26 GQUETDPNT I NACA RM A51+B08a
TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED -~ Continued
(e¢) Basic airfoil: Biconvex to ¢/3, t/c = 0.06
(1) b/t =1.0, bfe =0

R=3.5%10% R=3,5%10% R=2.0%X10° R=1.0x10%
" o, Transition fixed Alrfoil clean Airfoil clean Airfoil cleen

de, T

Eler | cm cq Pyl 1 | Cm ed  Po/P{ S1 | cm ¢a Ipo/P} C1 | °m egd [pp/p

1.5l 0 [0 o 0.045L |0.56 [0 (¢] 0,041k f0.53{0 0 0.08150.%2 [0 (¢} 0.0817 0,54

.51 .035| .0015) .0b%6 | .55| .036| .0021) .ok23} .52} .036| .0022| .0k2T| .51 .038| .002T7| .0k32{ .53

1.0| .070| .0032| 0466 | .34 .0T2| .00k0! .0k36] .51] .0T1| .oc0k2| .OB4L| .30| .OT5| .00K6| .OBLS) .51

1.5| .105| .0051| .ok8k | .53| .108| .0061} .0u58| .30 .107| .0062| .Ok61| .49| .110| .006k| .OkE1} .%e

2.0{ .139] .0060| .0502 | .53{ .1k | .0076{ .OkTT| .50 .243| .00TT| .Ck79| .k9| .14g| .0080| .0uB1| .52

3.0| .21k{ 00821 .0%66 | .53( .219( .0106] .0551| .50] .218| .0106( .0%%2] .49l .226]| .0113] .0%69| .53

4.0l .289] .0208| .065L | .53 .293{ .0137] .06L43 | .51} .296| .0lko| .0646] .S50] .308| .OL4B | .0B2k| .56

2.0 .3671 .0137| 0767 | .54{ .370| 0167} .0T63} .51} .3T2| .0172| .OT38) .%6|- - =] = = ~-{ -~ | - -

Nl R e B B S B B A Ll B By B S B B Y R

1.9810 [s] 0286 | W30 o 0255 Lojo lo} 55| .Lojo 0 .02k} L8

510211 L0009 L0293 | 4L .020{ .0020} .0256( 40| .020| .0009] .02%8| 40| .021] .0OL1| 0242 .48

1.0} .042| 0017| 0301 | .ko| .oko| .0017{ .0267{ .39| .0M1| .0OLT{ .026h| .hO] .O0h2[ .0015} .0245| .L8

1.5 .06%| .0023]| .0313 | .bO| .062 | .0023] .0278| .38] .065] .0025| .02T8| .39| .O6T| .002T| .0259| .kT

2.0| .085| .0029] .0324 | .Lo| .084| - -~ =f - - -] .38] .086] ,0028) .0290| .39 .089| .0030| .C2T1] .47

3.0{ 129 .0039]| .0365 | ko[ .128| - - - - - -] .39 .131} .ooko| .0333| .39 .136{ .0Okk| .0316] .46

k0! .176] 0053} .Oh20 | .b1| .273| .ooh7] .0384} (39| .1TT| .0052| .0387) .39| .182| .00%8] .0371| k6

5.0 .220| .0065| .0hoL | 41| .21T] .0059] .Ou5k| .WO| .222| .0063( .OB55] 4O} .227| .0069] .O4E| k5

6.0| 266 .00T9| 0581 | k2| .262] .00TL| .05k2 | .ho| .268] .00T6) 0546} 40| .277| .0085] .0540| U5

8.0} .359{ .0113| 0809 | .k3} .35%) .0100| .0769| .kO} .359| .0106| .OTTH| .B1} .368} .0118] .OTT2| .45

10.0] .451{ .0156| .11Q9 | .45 .4b6| .013L4| 1067} 41| .b51{ .014O| .1076] .42| 463 0156 .108%| L%

12,0{ 54T .0201} 1486 | k7| .54l .0L75| .1443 [ .43[ .547] .0185) .1460| k3] .569] .0209| .1505| .u5

k.0 .60} (0227} .1928 | .49 .6k2| .0229| .1915| .k5| .653] .c2k2} .1g9kg| .kk| .678| .0269) .2015{ .L5

16,0 .7hlk| .0263] .2 S| LThg | Jo282f 2489 431 JT62| .029k] .23M1{ .L2| 785} .0310| .2602| .43

18.0( .855| .0301| .3184 { .52 ] .859 | .0313] .3167{ .bs| .876] .0319) .3235| Ml x = =] = W al o o o] - m

(2) b/t = 0.6, b/c = 0.05
Ra3.5x10% R=3.5%10°% . R=2.0x10% R=l.0x10°
M a, Transition fixed Airfoil clean Airfoil clean Airfoll clean
de,

®l 1 | cm e [Po/P| ©2 | em a [Pp/P| %1 | ©m °e |pp/P{ °1 | cn ca |Pp/P

145 0 |o o} 0.0419 {0,57 |0 o 0.0397 pP.57|0 o 0.0363{0.5T |0 0 0.0381 }0.61

50 032 00250 0k23 | %6 ] .035] .0026] .0kOL! - ~| .033] .0027} .0370]| - ~| .03T{| .00Q30} .0390] - -

1.0| 067 | .0048] .0433 | .56] .069| .0053| .0k15| - -] .065[ .0053| .0382( - - .073| .00% | .0395%] - -

1.5 .1011 .0072| .o449 | .55} .102] .0078] .0433| - ~| .09T | .0075{ .0k0O{ ~ -| ,112| .0086| .0k23} - -

2.0 .136( .0089] .o470 { .55} .137| .0097| .Ok5T| 54| (1301 .0093]| .o0k21]| .55] .150] .0106( .Oukk] .59

3.0| .206 | .0119{ .0530 | .55} .209] .0132| 0523 | - -} .198] .0128) .0kB6] - -] .227| .0150[ .OS1k| ~ ~

4,0] .280] .0154| ,0613 | .55| .282{ .0l72| .0611| .54] ,268| .0168] .0569| .53{ .305| .019%| .0%G7| .%8

g.g 354 | .0195] 0725 | .56} .355] .0212| .0727| - -| .336| .0205| 06Th| = =~ = =] = = = = w =] = =

1.98{ 0 jo (o] 0265 | 450 o oelke ] Ju6jo ] .0239] k9]0 o] 0026 %6

5| 020] .co1k| (0260 | .4k| .020] .001x| .o2hbu| kS| .020] .00I2f .02kL| k9| .020] .0016| .0226| .56

1.0| .oko| .0025f .0277 | .43| .ok2| 0023 .0251{ .k4| .okr] .co22f .02hT{ L8] .oh3] .0030{ .0229] .56

1.5! .061| .0036] .0288 | U3} .062| .003h4 . L] .063% .003%| 02601 48] .06T| .00b3| .cekk] .5%

2.0| .082| .0043| .0300 | .ub| 084} ,00k1| ,0276] .u4%| .084) 0038 .0272] 47| .087] .005L| .0256} .54

3.0} .125{ .0059] .03k0 | M4} .126| .0056| .0315] .kh| ,129| .00%8| .0315) .L6| .131| .0072! .0302| .%3

b0t .170{ .00TT| .0392 | .4B[ .171]| .0OT3] .0369| .M4| .173) .007TS| .0370] .4%| .178| .0091| .0354( .5@

5.0! .21k} .0096| .0460.) .kb| .214] .0090{ .Ok3T7| .u4k| .218| .co92| .ohhof .44l .223| .0105| .0B2S{ .51

6.0] 258} o117 .051;2 451 2581 L0108 L0523 WAk 264} (0131 .0%27| .4b) .270) .0126] .0521] .%@

8.0} .3u8| .0163] .OT6 LT 3T L0149 LOTh2| (B4 352 | L0154| LOTUB| .MWj .361] ,O1TS| .OTWW]| .=

10.0§ .u39{ .0218] .1055 | .501 .439| .0195| .1035( .45l .4b3 | .0200f .10BO| Wb} .b55) .0222] .104k| ,51

12,0} .53%( .0277] 1417 | .52 .532| .0249| .140O| .45] .537| .R56{ .1350| k] .5%9] .028%| .1kR] %1

14.0] .624] .0321] .1847 | .35 .630] .0313) .1834| .4%| .639] .0324{ .1884{ .4s| .665] .0354) .1945]| .50

16.01 .728] .0372] .2394 | .57| .736| .0382] .2LkiT| .kh| 76| .0388] .2455] W3} .TT1 3| 22| 46

18.0} .8374 .obes5{ .30Lg | .98 .843[ .ok30] .3072( .bk7| .855| .0h31] .3122] 42| = o - = =] « = o] - =
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TABLE II.~- LIFT, DRAG, AND PITCHING~MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued
(c¢) Basic airfoil: Biconvex te c¢/3, t/c = 0.06 - Continued
(3) b/t = 0.3, b/ec = 0.05

R=3.5x10°% R=3.5%x10° R=2.0x10°% Re1.0X10°%
" a, Transition fixed Airfoil clean Airfoll clean Adrfoll cleen
de
€l ei | ca jea |(mop| 2| ea | ca [Poe| 2 | em | ca || ot | em | ca |mse
1.k510 p 8 lo.0369 j0.58]0 0 0.0338/0.58|0 (] 0.0333{0.60 |0 o] 0.0326 |0.70
5] .033}f .0029{ 0373 | .58] .034] .0029| .03%2| .57| .033| .002T| .0338] .60| .038( .0039f .0328| .70
1.0{ .06T| .0056| .0381 | .57] .067| .0058] .0355f .57| .068] .0060| .0348| .60| .OT3| .00TL} .0339| .TO
1.5{ .100} .0081{ .0396 | .57 .101| .0085| .037i| .57| .102| .0086] .0366] .60 .1310| .0105} .0361] .70
2.0] .13%] .0102| .Ok16 | .5T] .136] .0107| .0395) .57 .136| .ol1i| .0387[ .60| .14k} .0127] .0379] .TO
3.0] .203| 0139 .ok72 | .58| .206] .01k9| .ok6ol .5TF .209| .0153{ .obST[ .58{ .220 .0178{ .oksS1| .69
k0| .27k| 0178} .05% | .59| .2T9] .0192| .o548| .57 .282| .0199] .o5hhk| .S5T] .297| .0226( .05h1
5.0 .346] 0223 0660 | .61 .351| .0239] 0658} .581 .35%] .02hk3| .0658) .58] .373| .0281( .06%k| .69
6.0 k17| .c282| 0780 | .691 .k23| .0288{ .o7ok| .61 .428| .0331] .0761| 78|~ ~ -] - = =] - = =} - -
1.98)0 |o lo 0229 | .Wkjo o] .0205) 5010 [5] .0196| .6L|0 o 01861 .71
5] 021} .001k| .0232 | W4 .020{ .0016] .0206| .50{ .022| .0015] .0199| .61 .020| .0016| .0188] .71
1.0] .ok | .0028] 0237 .43| .oL1] .0028] .0213] .k} .ok2| .0031] .0205| .60| .0k2] .0032{ .0189] .TL
1.5{ .06%| ook | .02k9 | 43| .061} .0039| .ce25| .uo| .o62{ .ookk| .0218 .60| .06%| .00M5]| .0209| .71
2,0| .08 | .00k9| 0262 | .43| .083] .ook8] .0239] .ug| .084| .00%2| .31} .59| .083| .0061] .0220] .TO
3.0] .125] .0068| .0301 | k3| .125( .0065] .0278| .49| .127| .0072| .0272{ .59} .128| .008Lk| .0262| .69
Lol .168] .0089| .03% | .43| .168] .0084| .0329| L8| .172| .009L| .0324| 58| .172] .010%| .0315| .
5.0] .211] .0110) .0k18 | .L4| .212] .0103] .0396] .k7| .21%| .011h4| .0391] .56| .21T] .0129| .0386] .6k
6.0| .2531 .0133| .0500 | .43| .255] .0127] .ou78| .48| .260| .0133] .O4T9| .56| .264| .01L3| .okBO| .65
8.0 .3k1| .0186( .0710 | .45 .342] .02T5| .0691| k9| .34T| .0186] .0693] .56 .350| .0208] .0694] .63
10.0| .b30} .0247| 0994 | .51f .43L1] .0228] .0971] .50| .h35| .02Li| .0978] .53| .M43) .0265] .098%| .57
2,0 .25] .0317| .1356 | .54 .=2| .0290{ .1332| .k6] .526] .0305| .13LO| k9| . .0338| .1373/ .55
ik.0] .620] .0370| .1770{ .58} .617{ .03%9| .1754| .b3| .628| .0379} .1804| k4| .6h6| .obik| .1856
16.0| .714| .0k31] 2295 | .61} .7i9| .ok31r| .2307| kol .T32] .Ob%O| .2359| .k2| .T%0| .OkT2| .2k05| LY
18.0] .81F] .ol L2015 | .60f .821) .ok89] .29 45| .836] .o502] 29961 .39( .B857| ,051T( .3054] Lk
(%) n/t = 0, bfe = 0.05
Re3.5x20° R=3.5x10° Re2.0x10°% Ral.0X108
u a, Transition fixed Alrfoil clean Airfoil clean Airfoil clean
de
€ e cu e P/P| ©1 Cy Sq  |PofP)] ©1 Cm Ca [pp| 1 cm €a [pu/P
1.45{ 0 |o [#} o.034L] - -|0 0 0.0308| -~ -|o 0 0.0297| - -|0 o 0.0295| - -
.5 .032] 0035 .0342 ] -~ -] .03%| .0033} .0312] « -| .032| .0032] .0299] - -] .033] .004O} .0299] - -
1.0] .065| .0066] .0348 ] ~ -] .06%] .0065) .0322] - -| .065} .0086] .0309] - -] .068| .007h| .0305) - -
1.5 .097| .0096] .036k | - -| .098{ .0093} .0338| - -1 .98} .0097| .0328| - -| .10%| .0206} .0327| - -
2.0! .129| .0120] .0383{ ~ -] .131{ .0117} .0358| - - .1l32} .032}| .03%R| - -| .138[ .013%| .0348| - -
3.0] .195] .016L| .0k36 ) -~ - .199| .0165| .0k20f - -| .201{ .01T1] .Ok17| - -| .230} .0193| .okis| - -
Lo} .263] .0213| .0514 | -~ -] .268] .0218) .0505| - -| .27h| .ce26| .0%03| - -] .283] .o2sk] .osoh| - -
5.0 .333| .e66] 0618 ~ -[ .336] .73} .0611| - - .341| .0280| .0611] - -| .355| .0312] .0610| - -
6.0{ .ho0| ,0318] .oTh2 | ~ -| .k05| .0332} 072} - -| .40OS] 0358} .OT2L| = == = <} = = =} = = =] = -
2.0} 0 |o (o] .217) ~ -0 o] .0180] - -{0 [+] .0176| - -l0 0 JOLTh| - -
.5] 21| ,0016| .0220) ~ -} .019| .0018} .0182] - -| .Ol9] .0O1T| .0179| - - .0R20| .0016} .OLTH| - -
1.0| .ok1| .0032| .0225| ~ -} .038] .003k| .0:87| - -[ .039| .00331 .0184} - -l .039| .0032} .OLTS{ - -
1.5] .060| .00b6} 0236 | ~ -l .057] .00k9| .0199% - -| .058] .00k9{ .0196| - -| .038| .0050| .0i89] - -
2.0] .081} .0055| .28 { ~ -t .oTT| 0060} .0211| - ~| .OT8]| .0059{ .0208} - -| .0T9| .00&L] .ce00| - -
3.0] .121) .0080] .0286 | ~ -j .117] .0081] .c2k9) - -} ,118]| .008Lk| .G@k5| - -] .120} .0093| .02k2| - -
k.0 .163{ .o1ok} .0335| ~ -| .157] .010k| .0e98f - -] .1%9{ .o111] .0e96) - -| .162| .012T7| .029L| - -
5.0 .0128{ .0383| - -} .199| .0126] .0360| - - .200| .0L134| .0338) - -} .202| .01%9| .03%6] - -
6.0| .2k7{ .0155] .0kT9| ~ -| .240| .01%2] .0h39| - -} .243| .0161| .ou38] - -| .247{ .0180] .oMk1] - -
8.0] .331) .0214] 0681 | ~ -] .323] .203] .09k - -] .327| .0215] .06k2]| - -] .333) .02kl] .06%] - -
10.0{ .15 .02T7{ .0953 | ~ -| .410f .025T| .0909] - -] k12| .0e68| .o91if - -| k21| .o299| .0%29{ - -
12.0f .509{ .0349] .1303 | ~ -| k99| .0320| .1255 - -| .502] .0332{ .1260} - -] .%e3| .037k{ .1313] - -
k.0l .598| .okok] .1706| ~ -1 .592] .0392| .1676| - -} .600| .ohx2| .1701) - -| .625) .OWS3| .1TTL| - -
16.0} .692| .oh6G{ .2202 | ~ ~| .68% .OWTL| .21TH| - -| .TOL| .0h90] .2228] - -| .722] .0%17| .2289] - -
18.0] .790| .0543] .2791 | -~ -| .787] .0534| .2781| - -| .803| .0s5h9| .2834 - -} .83| .0572] .28¢3) - -

i
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT CCEFFICIENTS AND
BASE PRESSURE RATIO FOR ATRFOILS TESTED - Contlnued
(c) Basic airfoil: Biconvex to ¢/3, t/c = 0.06 - Continued
(5) b/t = 0.6, Bfe = 0.33

Re3.5x20° R=3.5x10° R=2.0X10% Rel.0X10°
M o, Trensition fixed Airfoil clean Airfoil clean Airfolil clean

deg

°3 °n e PPl ©1 | °n Ca (P} %1 | Cm cd  [pp/P| C1 | fn ca fop/p

1.5 0 o 0 0.0378 |0.5410 o} 0.0334/0.57 [0 0 0.0335[0.5%6 [0 [o} 0.0330 (0,61

W51 035 L0025} .038% ) .53] .034| .0025| .0338) .56 .034| .o02k| .0339{ .56| .035| .0029] .0331( .61

1.0{ .069] .0049] .0395 | .52} .0T0| .0049| .0348| .55| .068( .0031f .0351| .55| .072]| .0055| .03ko| .60

1.5} .10k .0072| .OWIL | .51 .104} .0O7L{ .0369| .55 .lo4]| .0076] .037L| .54| .llof .00B1[ .0364k| .60

2.0} .139| .0090| .0k31 | .51{ .139| .oos2| .0393] .%5| .1ko} .0095| .0393| .55/ .1¥7| .0098( .0387) .8

3.0 .208{ .0116] .ok89 | .s0] .210] .o130| .0k60} .55( .2ak| .0131| .oue2( .54] .225| .0139| .ok6l| .60

4.0| .281} .o1k7{ .0573 | .51} .281] .0167} .03%0| .55] .287{ .0rTi| .0551| .s54] .301| .0n82| .osko| .59

5.01 .355} 0184} .0685) .51| .358} .0207| .0667| .%6] .363| .0211} .0668] .55[ .379{ .0227) .0632| .73

6.0 k29| .0e25| .0809 | .55| .k25| .02h6f 0785 BM[~ - =} = = =~ o o] - u]mma] - o - - o) - -

1.98{ 0 Jo (] L0234 | J43lo 0 .0206] .hk3lo o .0205| 4810 0 019k [ .60

.5| .021f .o011f .0237 § .k2| .021| .0011{ .0209] .k3} .022] .0011l| .ceOT| 48| .026] .002L[ .0198) .&2

1.0| .ok2} .0023} .02k3 | .k2| .ok2| .0023| .0216} k2| .okk| .o0ek| .0212| .u48| .obki .0022{ .o204) .61

1.5] .063] 0034 .0256 | 42| .062| .0032] .0227] k2| .06%| .0034| .0225] .WT| .062| .0033] .0217| .60

2.0 .083j .ookl| .ceto | (k1| .o084| .c038) .o2kof .43} .083{ .0038f .0239] .47{ .087| .0035{ .0231| .

3.0| .12T| .0056) .0309 | .41 .127[ .00%1] .0279] .k3| .130| .0051| .0280{ .WT[ .130| .0055( .0273) .58

L.0| .171] .0073] .0362 | .ki| .170} .0067| .0332| .b&[ 175} .0O7O0| .0333| .AT| .178) .0076] .0327| .57

5.0{ .215f .0089| .ok29 | .ke| .21k{ .0083| .0399| .&4] .217| .0086] .okoo} .4T| .223| .0093{ .okoO} .55

6.0} .259] .0108f .0515 | .ke| .2 L0100 .0Oh85| W4} .262] .0103| .0k89| .UT] .272] .0106| .0kg96] .5T

8.0] .348} .0150] .0732 | .hu{ .347} .o1ho] .OTOL| .46] .350| .01L43[ .0708| .47] .360] .0156| .0T18] .5%

10.0| .439} .0199f .xoek | (46| .4371 .0182] .09%0| .L7| .k39{ .0188( .1oco| .48} .ksk| .c210| .12019] .53

12.0] .533( .0263( ,1392 [ 48| .5e9| .0238} .1355¢ .u47] .53%| .ceu6| .1369] .47 .55% .0278| .1%16] ke

k0| 625 .0305{ .181T | .53| .627| .0302| .1807| .u4| .6k2| .03:7| - - -] M- < -] - - <] - - -] U6

16.0f .128| .03%2| .2355| .5T| .731| .0364| .2362| 43| .749| .0378) - - -| .koO| .762] .0398| .2468] .43

18.0] .833] .oko7y ,2988 | .60f .837| .oki3| .3009] .43} .857) .oh20l - - -| .ho| .87sl .ob3h| .31%6] .L2

(6) h/t = 0.3, bfe = 0.33
R=3.5x10° R=3.5%10% Ra2.0x10% Rwl.0x10%
M a, Transition fixed Airfoil clesn Airfoil clean Airfoil clean

de

81 ey | cn fa  |Ppp| C1 | cam ca [|pp/p] ¢ | com a4 |pp/py G| com Ca bb/P

1.4510 {0 [o] 0.0354 | 0.36(0 0 0.,0314j0.54 (0 o 0.0298}0.5%{0 0 0.0302 10,67

.51 033} .0029| .0357 | .361 .035} .0033{ .0319| .54 .034[ .0029] .030k} .59| .036]| .0033} .0308( .67

1.0] .066| .0055¢ 0365 | .36 .068| .0057] .0326)! .54{ .06T| .009%8| .031%5] .59 .OTh| .006%| .0317| .67

1.5] .100] .0078[ .0379{ .37{ .102] .0083{ .0345] .55| .102] .0083( .0335| .59 .108| .0092| .0339] .66

2,07 .134] .009T| .0396] .37| .136] .0106] .036%| .36} .138| .0106] .0356] .%9] .1b5{ .OL1l| .03%| .66

3.0} 202§ .0133] .Ok%2 | .38 .206| .0139| .0k28| .5T| .207| .0148] .ok26} .58 .220{ .01%9| .0k29| .65

L.0f .273] .or70} .0%30 | .39} .278| .0191| .051k] ,60{ .281| .019%L| .0512| .59 .295] .0206| .0%15) .66

5.0] .345] 0213 .0637 | M| .349| .0235f .0827| .59| .332[ .0238( .0625( .60| .368| .0258) .o6el| .68

6.0, .k1T) .0262| .0766 | .54 .M16| .0282| .0759| .59| .he1r] .0303| LOT3T| - ~|- - - - - <] -~ -] - -

1.981 ¢ |Jo f3 021k | LkLjo [} .0183} k60 0 01821 .53(0 0 G180} .69

.5| 021} .0015) 0217 | .¥1] .020] .o0013f .0M8%f .46 .020| .0013| .018%{ .53| .01%] .0013| .0181f .69

1.0f .ok2| .0028| .0223] .L1} .0ob1] .0026| .0191] .k6| .oko| .0026] .0188) .53] .ok2| .0029| .0182} .69

1.5] .061| .00k1| .0233§ .WO| .061} .0037! .0201{ .46{ .061 .0039} .0200{ .53| .063} .0040| .0197] .69

2.0f .083| .o0k9} .02h6 [ .4o| .08L| .ooksi .o21h| WG] . L00k6} .02ik| .53{ .083] 0051 .0203| .69

3.0} .12k .0067 .0284k | .ho| .122] .0062| .02%2 .46 .124| .0083| .cese| .s1} .127] .0069| .02hT{ .EB

40| 1681 .008T| .0336) .41} .164} .0080) 0302} .47} .168] .0085{ .0304} .51] .173| .0099| .0297| .67

5.0 .211{ .0105( .oko2 | .k2| .208| .0099{ .0369] k7| .210{ .0103| .0369| .51| .216{ .0113} .0369| .62

6.0f .253| .0128) .0483{ .43] .250| .01x9| .Ob51} .48} .25h! .0125! .oWSL| .51 .262{ .0136| .OMST| .62

8.0f .340} .0177] .069k | 46| .338] .0166| .0661| .49| .3ko| .0173{ .0663[ .| .350| .0197 T2 5T

10.0| k29| .0235] 0976 | .4B| .kes5| .o219f .0938] .4B] .lkes| .o2e9] .ogko] .48] k38| .0e56] .0961 Eo

12.0( .520( .0303] .1329 | .53( .515] .0279] .1293 4| .=16( .0289] . A3 sui) L0326 .1354] 47

4.0} .608{ .03%2} .1738} .61] .608} .0351] .1723] .h1} .6126] .0366) .17} .WO| .645| .0wO6| . 43

16.u| 708} .ok17] 2298 | .63| .705] .ok23| .228hkl .b1]| .719] .ob37| .2204) .38{ .74%! .oh6h| .2364| .Lko

18.0| .808| .0485[ .286%5 | .60| .808| .ok82) .2866| .u6| .821] .0kg3| .2911] .39 .85 .0518( . .
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR ATRFOILS TESTED - Continued
(¢) Basic airfoil: Bieonvex to ¢/3, t/c = 0.06 - Concluded
(7) b/t =0, b/e = 0.33

Rw3.5x108 R=3.5x10° R=2.0x10% R=1.0x108
X a, Transition fixed Afrfoll clean Airfoil clean Afrfoll cleen
deg T

€1 | g |[Ppp| 1| Cm ca |ppfe| ¢z | cm cg /Pl ¢1 | em ca {Pp/P
1.4 0 [o . lo 0.0324 | - -0 0 0.0299| - =]~ = =] = = =[ -=--| -~ -]O [4] 0.0301 - -
5| 032 0034} 0326 | - - .032] .0029| .0302| = - = =} = = «| = = =] - -} .032} .0033] ¥ = -] - -
1.0{ .06T!| .0063| .0335{ - -| .067| .0061] .0315| = ~|- = =] = = =] - = -] ~ =} .O76} .00T9] .0318) - -
1.5f .097| .0088] 0348 | - -} . .0087] .0332f = ~j~ = =| = = =] = -~} - -} .102} .0101| .0333] - -
2.0} .129| .o111] .036T| - -] .130] .0213]| .03R| = =|= = =f = = =f = = =f = =| .136| .0132| .035%| - -
3.0} .195] .015L| .ok22{ - -| .299] .0159| ,OU15] « =|= = w] = = = « = =} - =] 208 .0LTT| .Ok13| - -
k.ol .262| .0195] 0500 - -| .267] .0210] .0%00f = =)= = =] = = =} = = =] - =| .281| .0230| .050%5{ - -
5.0 .332| .02k7] .0605| - -] .337| @59} . - =l == e| === ~-<]| .353]| .0287| .0615] ~ -
6.0{ . .0303| 0735 ~ -| .bob} 0311} L0739} -~ -}---| = =-=|-=--|~-}]-=--]~-=-]-=--] -~
1.98l 0 |o [¢] 020k - <o o] .0185{ - -lo o 0.0180 -~ -l0 (o] OLTT| = -
51 .20 .0014| 0208} - -] .019] .0015| .0186{ - -| .018] .0026| .0180} - -| .015] .0021| - -« =[ - -
1.0| .ok .0033} .21k | - -] .ok1| .0030} .0193] - -} .0k3] .0032} .0190| ~ -| .OU2| .00L2| .018B7| - -
1.5| .058| .oobk| 0223 ~ -| .0%8] .o0k1| .ce02| - -| .059| .0043] .0198) - -} 0| 00| .0193| - -
2.0] .0719| .0057| 0237 - -} .078} .00%3| .0218{ - -| .O0T9| .005T| .0211} -~ -| .OTT| .0068| .0207| - -
3.0| .119( .0076{ .0273{ - -| .119} .0071| .0251| - ~| .119! .0075| .02W8| - -} .116| .0084k{ .02%O| - -
h.o{ .161] .0097| .0323| - -] .160| .00%2} .0301| - -| .162| .0095)] .0303{ - -| .163] .0108| .0297| - -
5.0] .203] .0120| .0387| - -| .202] .0112| .0366] - -| .20k} .0119] .0362| - ~{ .204] .0134| .03%5{ - -
6.0} .2¥5| .01h6| .0LEB | - - 245 .013T7| .OhuT| - -! .2k7| .O1h5| .0b55| - -] .246| .0163] .OW39| ~ -
8.0f .330{ .0199| .0673| - -| .331} .0185} .0655) - -| .331| .0192[ .0650} -~ -| .337| .0218{ . --
10.0] 41k{ .0259| .09 - | .b16] .05} .092k| - -} .418| .02Lk7| .0%25( - -] . .0278| .0927) - -
12.0} .502]| .0332] .1286| - -} .504 .0299| .1269] - -| .506f .0309| .1209| - -| 22| .03k2| .1296f - -
1%.0] .588| .0386| 1682} - - .0373| .1689] - -| .603] .0386( .1705] - -] .622} . L1751 - -
16.0] 684} .oksk| 2178 | -~ -| .695] .0k53} .2207| - -| .703] .0kOS| .1230| - -[ .723| .O 2276| - -
18.0| .781f .o%6{ .27 - -| 701} .01} .2800] - -{ .803] .05} .2833{ - -| .85} .0 2804 - -

(d) Basic airfoil: Biconvex to c¢/2, t/c = 0.0%
(1) b/t = 1.0, b/e =0

Ra3,5x10% Re3.5x10% Ru2.0x10% Rel.0%10°
M a, Transition fixed Airfoil clean AMrfoil cleen Alrfoil cleen
deg
€1 | cm ca |Pu/®| %1 | om ea Pp/Pl.cz | em eg /2| ©1 | em ca Eb/p
1.8 0o |o ¢} 0.0234 | 0.49]0 0 0.0217 [0.50]0 0 0.0212 o.hgp lo 0.0198 [0.53
.5 .032| .0010{ .023k| .50| .032] .0006| .0218] .50| .031| .0006| .0216| .k9} .035| .0010| .0008| .55
1,0} .067] .0012| ,0245]| .50| .066] .0010| .0226] .50| .067| .0011] .c222| .50| .0T0| .0O10) .0211] .5%
1.5 .103] .00LT| 0262 .50] .100] .0013| .c2k2| .50| .102{ .0016] .0238| .50| .108] .0018| .0229) .53
2,0] .13T| .0021] 028k | .50} .135( .0016| .0263| .50} .138} .0018| .0262| .50| .1kk| .00RL| .02%2| .3
3.0} .211| .0035 .giga 50| .208| .0027| .0328] .50| .2lo| .0031} .0327| .50{ .220} .00k2| .0321| .53
L.of .289} .0056| .0kh5 .50| .282{ .00h3| .Ok20|} .51| .286] .00L6} .oW16} .mL| .302| .0063] .oko3| .59
2.3 «366| .008L{ .0563 | .5L] .359] .0065| 0537 | 51| .366] 00Tk 0335 e e = = = = «} = = =} = =
1.98] o |o v} 016k | .3T0 o .01k2] .36}0 o .0138| .39]0 o .0123] .46
5 J019] o004} .0164 | .36} .019| .0005| .01k2{ .36] .or7| .00OS| .0138| .39 .017] .0008| .0126| L6
1.0| .0k0] .000k| .0168 | .36 .OkO| .0005| .O1KT| .36] .037] .0005] .0138) .kO| .035) 0008} - = = :3
1.5| .061{ .000T| .0LTT | .3T| .062] .000T| .0156| .36] .060[ .0010} .01%2| .bO} .059} .0013] .013T] .
2.0| .084{ .0008] .0189 [ .37} .082| .000T| .0168| .36] .081| .0010{ 0161} .39 .081| .0008| .0148| .
3.0] .127| .0013| .0227 | .37| .124| .0010| .0205] .36] .119| .00Lk| .0198] .39 .12k] .c013} .0188] .k5
bo| .172{ .0023| .028L | .38] .167 .0015} .025T| 36|~ = =] = = «| - = =1 . h2] .168] .002k| .0237] .45
5.0 ZLTf .0034{ .0350 | .38} .210f .0019( .0326] .36] .207| .0026! .0316| .ho} .212] .002L| .030T[ .45
6.0} 261} .00 i .39} «253] .00@5]| .0kl0| .36} .2 .0029| .oho2 | Jho| .2%8] .0035] .0396| .45
8.0 .349} 0064} 06% | .ko| .343| .0039| .0627] .38} .3 .00k6} 0617} k1] .347| .0056] .0608] .46
10.0( . . «0937 | .b2] .430| .Q054] .0907 | .39| .30] .0059i 09181} k1| .Lk5| .007O[ .091k] L8
12,0] .531{ 0101} .1293 | kh&| .521| 0072 | 1259 k1] .=ee| .oco7%| .1262| k2| .543} .0093| .1288] LT
Bole e ol emeleea] mebkh oo o n e ol o) 28] L0102] L1703 Jk2)] J650} L0122 .2768] A7
Jl.g.g--------- “epk--f-=-=]-==|=--] .Tho| .0239] 2306} .KL| .767] .0165] .2370| U5
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued
(d) Basic airfoil: Biconvex to c/2, t/c = 0.04 - Continued
(2) h/t = 0.6, bfc = 0.05

R=3.5x10° Re3.5x108 Re2.0X10° Ral.0x10%
¥ a, Transition fixed Adrfoll clean- Airfoil clean Airfoil clean
deg
e; | ep ca [PyR| ©1 | cm ca (pp/R| ¢ | em g Pp/Pf 1| cm %s  [Pp/p
1.4 0 |0 [¢] 0.0206 | 0.52 |0 (o] 0.0191{0.55 [0 o 0.0176 {0.59)0 o 0.0160 10.69
.51 w030l .0017[ .0215 | .5L{ .033( .0025] .0196| .5k} .033| .0013]| .0285| .38 .035| .0021| .0173]| .6
1.0] .06% .0023]| 0221 ) .50] .065| .0022| .0202] .5%] .066] .0023] .0190{ .58| .OTl| .0029| .O1791{ .
1.5) .099| .0029| .0239| .51| .099{ .002% .0217| .54 .202) .0030| .0208( .58( .206] .003k4| .020L{ .65
2,0} .13k] .0035| 0259 | .51} .135| .0032}| .0236] .54] .136] .0035] .0229{ .38] .142| .oOkk| .0219{ .6k
3,0 208 .0056| 0326 .52| .205] .0045| .0302] .55| .209{ .00%2| .029k| .58| .215| .00%R] .0289| .63
.0l .288| .0085] .obk20 | .54} .279{ .0068| .0371} .55 .283| .00Th| .0382{ .%8f .29k} .0085[ ,0386| .63
5.0 .36%| .0123) .0533 | .5T| .357| .0100 .osoﬁ B 362 L010%] L0507 58] .3T6( .0133] .0%0L| .65
6.0 k36| .0167] .0662 | .6L| H3T| 0L50] 06| 63|~ = «| @ = =] = = 2] e cfe m | @ m =] wm =}~
1.98! 0 |o 0 D16 E Ao (¢] 0121} L8 o [s] .0120| .57|0 [} 0119 | .6%
.5| .018{ .0008} .0250 | .4o[ .01T| .000T| .0123| .h7|[ ,018| .0009} .0122| .%6] .019} .00LL| .0122] .65
1.0] .039{ .oo10f .0151 [ .40} .038] .0010f .012k{ 48| .038] .0013} .012k| .55 .039{ .0013| .012k| .6h
1.5 « ogp .001k) 0160 | 41} .058] 0015 .0132[ .48 .0%9| .001T} .0133| .55{ . .0021f .0138| .64
2,0] .081| .co1%} o172 | .b1| .080) .0017) .0145| 48] .081f .0021| .OlLk| .56{ .08k .0021]| .0148] .
3.0} 123} 0023} 0209 | k1| .122] ,0022| .0181| .k8| .123| .0027| .0182 gE 125| ,0032| .0189} .61
k.ol .167] 0031 (0262 | b1 .165f .0031| .0234k| .4T] .167| .0036] .02353( . LTl .00k8] .02k | .61
5,0! 2112] .cokr} .0330] k| .213| .0039| .0307| .47} .213| .0046] .0306f .53] .217| .005L .031l| .59
6.0 .256] 0052 .0k13{ .h2| .253] .0048| .0391| .6 . 325 0055 .0390{ .52 .261} .0064] . .60
8.0] 345} .0075| 0627 | .b4{ .31 ,0070} .0606] .h4h| .3 L0078] 0606} 501 .349] . 0619 .58
10.0) 435] .0100| 0909 { .46| .431) ,0093] .0888{ .k3} .432| .0086] .0888( . ki3] .0115] .09101] .55
12.01 .5k} .0131| 1257 .49 .519( .0119| .1234] .43} .522} .0125] .12L43| .48{ .5k2| .o1k2] .1289] .%
1k,0] 621} .016k| 1694 | .51| 618 .0LM8| .1667] k2| .626| .0164] .1T02| .U6} .650| .0182] .1TT1 Eé
16,0} ,732( .0234| 2261 { .53] .725| .0197| .2221| .h2| ,7k2| .0211] .228L4| .L3| 766 .0236) .236T| .
18,0 = = = = -l == o] @ o]e = =] o = a] o wa] =] 866] ,0305[ .3001] L3|e « «] o~} = - o]~
(3) b/t = 0.3, b/c = 0.05
Re3.5%10% R=3.5x10°® Re@.0x10° R=1.0X108
M o, Trensition fixed .. _. Airfoll clean Alrfoil clean Airfoll clean
deg
1 | cm ca  (Pp/P| 1 | cm a |Po/P] 1 | ©m €3 /Pi %t | ecg ca /P
1.k o o o 0.0167 | 0.40}0 o 0,0136[0.56 0 0 0.0121/0.75 P [ 0,0120/0.80
.5y .030f .001g[ .0r75 ! k1| .031| .0016] .olk1| .36] .032| .0020| .0129| .7L| .034] .0028] .o0231| .80
1.0f .062| ,0027| ,0181 | k1| .064{ ,0023] .01kT| .56] .065| .0029| .0:37{ .73 | .068} .0031| .0137| .79
1.51 096} .0035| .0195 | .bo} .097] .0030f .036L| .56]- ~ -] .0039{ .0169{ .71 | .108| .ockk| ,0158{ .78
2,0} ,1301 ookk{ 0215 | k1| ,131 .0038| .0282| .57| .132] .00k5| .0176] .70 .139| .o0k9| .0177| .76
3.0f .201| .0068] 0275 | (41| .200| .0057| .02k2| .%9| .20k] .0066] .o2ki| .68] .211| .0078| .cokkj .75
k.0f .274| 0103} .0362 | .uk| .272) .0085| .0327 .60| .269{ .0092| .0325{ .65] .289] .0111] .0339| .72
5.0| .349| ,o1k1| ,ohk2 | 56| .347| .0121} .okko| .60| .3%2| .0132| .okuB| .6L| .368] .0158| .ok&o[ .70
6.0f .be6| .0186] 081k | .60| .425| .0169| .0588{ .60| B3] .0185] .omoh| Bh - = < - o] w - -] - -
1.98l 0 jo o L0119 | Lb5)0 0 ,0090| 580 [ .0093] T3 P 1] 0106} TS
.5| 019 0122 | 46} 0187 .0009| .0093| .58] .020| .0012{ .0098{ .73 | .c22| .0011] .a110} .TO
1,0f .039( .0013{ .022k | .037] 0012} .0097| .57 .039} .0018] .0l01| .72/ .Ok1| .0016{ .0Ll13{ .79
1.5} .060| ,0018{ .0133{ . .058] 0017} .0105| 57| 061} 0023} .0111] .71} . .oo2k( .0128{ .79
2.0} . oolT} .onkk | | .078| .0019} .0L18¢{ .56} .081} .0029{ .0124| 71| .082| .0032| .0138} .78
3.0f 122} .0026] .0181 4% .119] .0028] .0153( .56 .122| .0037( .0061L| .69} .12k| .co0ko| .0277| .TT
L.of ,16%{ ,0038| 0231 | .h6] . 00401 .0203f .55| .16k} ,00501 .0210] .67| .167| .0056] .0228{ .7h
5.0] .206{ .00%L| 0295 { . 2011 ,004g| . 53| 206f .006L| .0279| .65] .209] .0065] .029%| .T2
6.0( .248| (0061} .0376 | kT| .2L3[ .0061] .0347( .33] .2u8] .coT2| (0360 .6h| .253) . .0379( .72
8.0 .384] ,0089} .0581 | .u7| .328| .0087) .05%2| .h9| .333] .oro1| .o570| .61 .337] .or12] .0857] .68
10,0} .419] .0c122| 0849 | 48| .x13| .o112] ,0839| .48| .48} .o125! . .5T{ .k26] .0139] .0822| .61
12,04 . L0153} ,1187 511 .kg9t .o1lkef{ (1153 .L6{ .3061 .0153} .1182[ .52 | .5e2| .017H| .1230] .57
1h,0f .604| ,0193] .1611 55| 5961 JOLT3{ .1581| k4| .605) .0188| .1621| b6 | .625{ .o2au] ,168%] .
16.0| 708} .0265( 2147 | 57| .T03] .0222| .2115] . 16| J02k0] J1QNTY L43 ] JT736] 2324 Eg
18.0 .03h0) 2791 | .61f .8e3) .0311] .2790] 47| .837] .033%| .2855} .45 .86k] .0360{ .29%0| .
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TABLE II.- LIFT, DRAG, AND PITCEING-MOMENT COEFFICIENTS AND

BASE PRESSURE RATIO FOR ATRFOILS TESTED - Continued _

(d) Basic airfoil: Biconvex to c¢/2, t/ec = 0.04 - Continued
(%) n/t =0, b/ec = 0.05

. R=3.5a0° R=3.5x108 Ra2.0X10% Rel.0x108
X a, Transition fixed Airfoil cleen Airfoll clesn Alrfoil clean

de,

€ ep | em a PpfP| %z | cm d |Po/P{ ©1 | em g /| ez | em % tpb/p

1.5l 0 Jo o 0.0128 | - -[0 [0 0.0125| - =[O S fo.0LLT | - -0 P 0.0102 | - -

.5{ .030] .0o22| .0131 | - -| .031] .0022]| .0128} - -] .032| .002L( .0121] - - .030) .002L)] .0111] -~ -

1.0{ .061| .0036| .0138 | - -| .062| .0031( .013k} - -] .082| .0035| .O0130( - - .065| .00k1] 011k | -~ -

1.5} .094| .oou6| .0151 | - -| .094| .0OBL| .0LAT]| - -} .095] .0OLT] .OLk1| - -| 097} .0055| .oLhO| - -

2.0} .128] .0057{ 01Tt | - ~-| .128{ .0051| .016T7( - -| .129| .0056| 0161 - -| .134{ .0075| 0150} - -

3.0f 196] .0086| 0228 | - -| .195] .0075] 0223} - -| .198} .0081| .0218| - | .202} .0108] .0206] -~ -

h.0f .268( .0123] .031k | - -| .266] .0107] .0305} ~ -| .268) .0115| .0299} - -| .2T6] .01k3) .0295{ - -

5.0] .341] .0167| .ok21 | - -| .340{ .0143] .Ok15| - -} .342| .0157| .Oh11| - -} .357( .0191 ] .0k1B| - -

6.0] b1T] .0213] L0560 | - -| .418] .0193]| .0559| - -} .h20{ .0R1L| 055 | = =|- = =] =~ = =] = = =} = -

1.98/ 0 |o (o] 0098 | - ~|O [s] .0083) - -0 o 0069 - - O (6] 0067} - -

5| .o19| .0013| .0095 | - -] .029| .0OMk{ .0085| - -{ .018] .0010| .00T2}| -~ -| .018{ .0013| .0065] - -

1.0 .039( .0019| .0101 | - -1 .039] .0023] .0088| - -} .039{ .002L| .0076| - -| .039| .00RL| .007T| - -

1.5] .0%9{ .00251 .0109 | - -] .059] .0026| 0094} - ~| .058{ .0033( .0083| - -| .060| .0032| .0085] - -

2.0| .078| .0030| .0120 | ~ -] .079| .0029] .0106| - -} .078| .0038| .009k| - -} .080] .00k3} .0200] - -

3.0 .120] .ocok2| .0154 | - -} .119| .0OBL{ .0139| -~ -} .120( .0051| .0229| - -] .120] .00&2 | .013L| - -

k.0l .161| .005%| .0203 | - ~| .160| .0055]| .0190| - -} .160| .006T| .OXFT| - -| .163] .0080| .0L79 | - -

5.0{ .202| .006T| .0265 | - -] .202| 0066} .0250( - ~| .202| .00T9! .Rk1| - -] .206| .000L| 0246 ] - -

6.0{ .24k| .0083| .0345 | - -] .24k} .0080] .0328( ~ -| .246| 009k | .0321] - -[ .251| .010T| .0328 | - -

8.0[ .329] .O11T{ 054k | -~ -] ,328{ .0LlO} .,0%R9( ~ =|~ = = = = =| = = =] = =] .333]| .O1hE| .0%26| - -

10.0) b1k} .0151( .0806 | - =] .k12) O1kLl}| .O793| =~ =f= =~ =| = = =] = = =| = =} k22| .0175] .0T99| ~ -

2.0} .501| .0189) .1138 | - -] .500( .OLTL| 1126 = =]« = =] w = =] = = =] = afe = mf s = =] == <] - -

1h.0f .594| .0230| .1551 | - -| .593] .0211] .15KO| = -|- = =} = = =| = = =| = =} .625] .0254] .1612] - -

g.o .T00| .029%] 2078 | - -| .694| .0262) 2048 - ~{- = =~} = = =] = = =f = -} ,736] .0313( .2160| - -

K O R R e e e e I e I T R e e e e

(5) b/t = 0.6, b/e = 0.50
R=3.5a¢® R=3,5x10% R=2.0x10% R=1.0x10%
u a, Transition fixed Alirfoil cleen Adrfoll cleen Airfoll clean

de

e em g |Poef C1 | em ¢a |opfp| %1} o fa |po/fp| ©1 | cu % [Pp/P

14510 |o o 0.0195 |0.46(0 (o] 0.01%0[0.53 [0 0 l0.01k510.56 [0 0 0.01k1 j0.63

5| .037] .ooik| .0202 | .bk5{ .033| .0012| .0156] .53| .032] .0015| .0151| .56] .033| .0016] .0153] .61

1.0/ .07T0| .0019| .0210 | .h45] .066]| .0016| .0164k| .53| .06T} .0019| .0159) .56 .0T0| .0016| .0160| .58

1,51 ,105| .0026| .0228 | k5] .101| .0019] .0182| .53{ .102| .0023| .0rTT| .56 .109| .o02k| .0183] .%6

2.0} .1kl| .0031| .0250 | .45] .135| .0029| .02G2| .53| .137| .0028| .0198} .55| .15} .0029 ] 0204 | .5k

3.0} .215] .0051} .0318 | .k%| .208| .0034| .0267| .53| .209| .00ko| .026h| 56| .221! .o0WT| .0273| .55

k.0t .2897 .0079| .0hk08 | .B5| .281| .0054} .0354| .5k} .285| .0060{ .0353| .56 .300( .0072| .0365]| .56

5.0} .368] .0108] .0%28 [ .43] .358| .0081j .oh7h{ .54| .362| .0088| .04T6| .5T| .381] 0102 .OLBL| .G

6.0} .4k6{ .0135] .0669 { .7l .4ho| .0123) .0626| .55 .hkk| .0134{ .0619| .64}- - | - - -{ - - -| . TL
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued
(38) Basic airfoil: Biconvex to ¢/2, t/c = 0.0hk - Concluded
(6) h/t = 0.3, b/e = 0.50

R=3.5x10° Rm3.5x10° R=2.0x10° Re1.0x10%
M @y Transition fixed Airfoil clean Airfoll clean Alrfoil clean
deg
¢ | ca eq |Pp/P| ©1 | °m ca jpp/pl 1 | em € Ipp/p| %1 | em ca  [Pp/P
1.hk5] 0 o o] 0.0157 | 0.43]0 o] 0.01k2jo.kg o [¢] 0.0133]|0.% [0 0 0.012710.53
.3l .030f .0017| .0160| .43! .030| .0O1k| .0148| .kg9| .032| .0OLh| .0139| .%2| .03k| .0016] .0L34k| .5
1.0[ .063| .0025) .0167] .43| .062] .0019{ .0155| .k9{ .065] .00221 .0147| .52} .069| 0026} .0143] .52
1.5{ .097} .0033f .0184%} .L3! .095] .0024| .oL70| .h9| .100} .0030] .016k| .53| .103| .0036] - - -] .53
2.0| .130| .0039| .0201| .kA] .129] .0030| .0188f .kg| .132| .0034] .0182f .53| .14o| .0037| 0179} .55
3.0f= - - ,006%| - - -] b 198 .ook7| .02%0| k9| .203| .0O54| .0248] .Sh[ .213| .0060] .cokk| .56
L.o; .27} .0098| .0351] .kB| .272] .0070| .0333| .49 .277] .0076] .0333| .5%] .290| .0092] .0330| .62
5.0( .348f .0131| .oke2| .L46| .343| .0202) .obks| .kg| .352} .0108| .okhk8| .55] .369] .0130] .obso| .6
6.0| .kl 0167 .0603| .46| .k2o| .0245) .0589| .k9| .h430] .0155| .0593| %6|- - - - - <] = < | - -
1.98; 0 |0 0 002 | 430 o] L0092 .37[0 0 .0089| .43}0 o .0081{ .66
.3} 017} .0010{ .0213| .43 .018| .0007| .0095| .37} .0R0) .0009| .0090[ .43| .01 .0008} .0084| .65
1.0{ .037( .0013]| .0116{ .&3{ .039| .0010{ .0097{ .37[ .039{ .0012] .0095| .43| .039! .001kl .0O9L| .65
1.5| .058| .0016{ .0125| .43]| .060| - - | - - =] .37} .060| .0018{ - - -] .43 .062| .0016{ .009%| .64
2.0| .078{ .0019| .0136| .43| .079| .0026| .0119{ .37{ .08L[ .0018| - - -| .43| .081] .0019| .ol1l0} .6%
3.0{ .118{ .00e5{ .o171| .u43f ,121| ,0022| .015%| .37| .123| .0029| .015Lf .45| .126] .0030{ .01%0| .68
4k.o| .160| .0036| .0220| .43| .162] .0031( .0204| .37] .165| .003Bf .0201[ .AT| .16T7] .ooki| .o197{ .6%
5.01 .202] .0045[ .0273| .44| .205] .0038| .0268| .37| .209} .00k3| .0264| .k9| .213| .0050] .oe62| .65
6.0f .2kl ,0057| .0363| .LL| .2k7| .o0kg| .03k9| .kO| .251| .00%5| .0348| .50| .25k .0063f .0343| .66
8.0} .328{ .0083} .056%} .hh} .330| .00T1] - - -} .b2] .333| .0079]| .0557] ..9{ .339| .0098| .0354| .65
10.0| .lak] .0108] .0831] .k7] .keo| .0093] .0826] .bk| .h22] ,0100| .0828] .49| .431| .o121]| .0833[ .57
12.0{ .499| .0140} .1161] .k8{ .503| .0123} .1159) .43 .507 oigﬁ 1167 .47} .526) .01%0f .1195] .55
14.0| .59h| .0166) .1%84| .54 .597( .01%2| .1579) k2| .60k| .O L1601 WLL| L629] .0191 .16 50
16.0] .701] .0235( .2117| .59] .701| .0096] .2179| M|~ - =f « = =] =~ =« of - <[ .738] .0237] .221M| .16
BOj- - <) = - e c o] el e me) a e mee e e e e e] wa] - -] 862 .03k .200T{ .43
(7) B/t = 0, bfe = 0.50
Re3.5X00° Ra3.5%x10° . Rm2.0x108 R=1.0X10%
u o, Transition fixed. Adrfoil clesan Atrfoil clean Airfoil clean
deg
2 | ea ca |Pp/P| %1 | Ca g [Pl %1 | em ca [Po/e| %2 | om e [Pp/P
L.k 0 |o <} 0.0119 [ - - [0 0 0.0105 ~ ~ [0 ] 0.0093] - -[0 0 0.0093} - -
.5 029 .0019( 0122 | - -! .029| .0028| .0106{ - -} .027| .0018} .0098! - -| .027| .0020| .0094] - -
1.0f{ .063| .003%k| .0129 | - -| .063} .0031| .0112| - -} .063| .0033{ .0lO4| - -| .068] .0038| .0100[ ~ -
1.5 .093| .00k2| .0L41 | - -| .092} .0039| .0126} - -| .092) .00kO| .0L1g| - -] .09k| .ooh3) .o117| -~ -
2.0] .126| .00%4| 0162 | - -] .125{ .0Ok7| .01k6| - -} .125( .00%0} .0LLO| - -} .130) .CO6L} .0138] - -
3.0} .195| .0079f .0222 | = -} .193| .0068]| .020%| - -| .195( .00T2| 0198} - -[ .200} .0090| .0197| - -
L,0] 266 .0113| .0310 | ~ - .263]| .0095} .0288] - -| .268] .0103} .0e84| - ~( 276 .0122| .0288} - -
5.0] .338| .01%4| .ok19 | - -] .336) .0131} .0LOO| - -] .340] .OXLI} .0396] - - = | .0169] .ohoT} - -
6.0} .b13} ,0198) .0556 | - -] .B11} .0M79| .OB40| -~ -| .W1G) .0297| .O542| -~ -| .hhk| ,0194] .0553] - -
1.98/ o o 0 0093 | - -0 0 L0067 - -0 o .0062| - -|0 0 .0064{ - -
.3{ .019]| .0011| .0095| - -| .019| ,0022} ,0070| - -| .018| ,0009| .0063| - -| .018} ,0008{ .0065%{ - ~
10| .039( .0017| .0097 | - ~| .O4O| .0018| .0073} = -§ .Oh2} ,002L] .OO06T| ~ ={- - =] .0024| .0OTL| - -
1.5/ .059| .0023| .0l06 | - -} .OST| .0020{ .0OT9| - -| .056| 0026} ,0072] - -| .O5k| ,0029] = = «[ = =
2,0 .o19| .0027| .0116 | ~ -| .O7T| .0028| .0091] ~ ~! .076] .0033{ .0085| - ={ 077} .00k0) .0092{ - -
3.0} 119§ .0039} .0150 [ - -§ .117]| .0036] .0124| - -| ,119| ,00%3{ .0121y - ~-| .119| .0050| .0123| - -
k.0l .160} 0051 .01I99 | ~ ~-| .159] 0048} .0175| - -| .160}| .00%2| .0LTO| - ~{ . 00581 0175} - =
5.0 .200] .0063| .0261( - -| .199] .0059| .0237| - -{| .200| .0065| .0233| - -| .203{ .0078] .0237] - -
6.0 .2k2| .00T6| 0341 | - - .240] ,00T1] .0316] - =} .2h1} 0078} .0313} - -| .2k3| .0095] .0311 - -
8.0} .3»5| .0107] .0538 | - -] .325! .0097| 0517} - -] .328| .0105] .0%517( - -} .329| .Ol19f . - -
10.0} . loth2} (o798 | - -{ .Lkoz2| .0123] .o7TT| - ~| W12 .O131| .OT84| ~ -| .B19| .0L51| .07 - -
12.0| .h92| (0160} .1119 | - -] .h92| .0151] .1105] - -] .500| .O157] .1116| ~ -f . L0177] .21%)) ~ -
k.0 .387) .0216] .1532 | ~ -{ .58%] ,0183 .1513] - -{ . .0190) .1546| - -|' .616] .0R1k| .1 - -
16.0f .693| .0313| 2057 - -| .688| .0@31f .2R7| - -| .T05| 0247 .2080| - -| .728] .0275| .2216f - -
18.0] .799] .ok01] .2660 | - -| .800| .0361] .2663] - - .824| .o347| .27h2| - -] .850| .0370( .2818| - -
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TABLE IT.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued
- (e) Basic airfoil: Biconvex, t/c = 0.04
R=3.5x10°% Ra3.5x10% R=2.0x10° R=1.0x10®
u o Transition fixed Alrfoll cleen Airfoll clean Afrfoil clean
de,
1| em ca  pp/p| 1| cm cq ey 1| em €d {PpP| 7| om ca |Pp/P
1.k5[ 0 |0 0 0.0121 | - =[O 0 001tk - - [5) 0.0108f - -0 [5) 0.0095| - -
.5/ .030] .0015| .0122 | - -| .030] .0OLk | .,0116| - -| .28} .0016| .oLi0| - -] .0c27| .0023| .0205) - -
1,0f .063| .0028| .0131 | - -| .06k .0027 | .0123] - -| .064] .0032| .0116] - -] .069] .00K6| .0110] - -
1.5 .096] .005k| 014k | - -] .09k} 0036 | .0236] - -] .09k| .0039| .0229| - -| .093| .00%6] .012k{ - -
2,0] .128( .0o52| .06 { - -| .228| .00L8 { .,0156| - -| .126] .0053| .01%0| - -| .129| .0O7H| .0L4E] - -
3.0] .196{ .0079| .0223 | - -| .196] .00T2 | .C213} - -] .196] .0080| .C2k9| ~ -] .201| .009T| .020hk | - -
h,o| .268] ,o11l| .0309 | -~ -| .267] .010h% | 0299} - -| .268] .o111| .0e83} - -] .2T7| .0130{ .029k| - -
5.0 .3h1f ,01%6| .0k20 | -« -] .331| .o1hk | .0%02f - -| .343| .01%2| .0kO9Q| - - | .3k5| .0182| .0hO6| - -
6.0 .36} .0205| .0560 | - -| .K16{ .0192 | .0553| - -| .Lk2o| .0R12| ,0555) = =« - =) = = = = - -] - -
1.98| 0 |{o L0001} .0095 | - -0 o L0071 - - 0 LOO0TL| - ~ 0 0 L0068 | - -
.5{ .018) .0008] .0095 | - -] .019| .0011 | .00TL| - -} .019| .0012} .00TL} -~ -] .026] .0011| - « ~| - -
1.0 .ok1| .0017| .0100 | = =~ 0019 | .00TT| - -| .oko} .0025] .0075| - -|..033] .0026] - - = | ~ -
1.5 .0%9| .0020| 0107 | - =| « 00R3 | .0083| - -| .057} 0029} .0081| - -| .055] .0032| .0080| - -
2.0f .078| .0027| 0127 | - -} .OT8} .0030 } .0095| -~ -| .078| .0038] .0092| - - | .O0T5} .00k5| 0096 | -~ -
3.0| .120] .ook0| .o1%2 | - -| 128 .00kl {.0131| - ~| .118} .ookk| .0128( - -| .117| .0056| 0128 ] - -~
.0} .15 .0050| .0200 | - ~| .260} .00%R |.0L78| -~ -| .161]| .0059| .01T9| - - | .161] . 0181 | - -
5,0l .201| .0063| .0263 | - -| 202} .006L4 | .0243] - -| .201| .0073| .0239]| - -] .204| .0083| .c2k1| - -
6.0] .2k | .0081} .03k } - -} .2k1] .0080 | .0320| - -1 .2k3[ .0000) .0322} - -} .256| .0106| .0321] - -
- 8.0l .327| .o111 - -1 .32kt .0108 { .0%22| - -] .329] .o119| .0%23| - - .333| .0135| .07 | - -
10.0| .k10| .01k2| ,0805 | - - L0136 | L0781} - -| ko9 .01%1| .0785| - ~| .h21| .01T3] .07T90]| - -
12.0] .495{ .oLT7{ .113k | - -| .ho2| .0168 | .1313| - -| .k95] .oi7T| .1116| - -] .512| .0201] .11kS5)| ~ -
10| . L0217 1541 | - -} .0203 | .1519| - -] .595] .0215) .1ish7| - -| .617] .cek3| 1596 - -
R 16.0] 62| .0268] .20%9 | - - es56 | .2037] - -| .703] .0273} .2082| - -| .728} .0302{ .2151 | - -
18.0] .802| .0345| 2678 { - -1 .802} .03%6 | .2680] - -| .823| .0376] .2750] - -] .847( .ohos| .2822 ) - -
(f£) Basic airfoil: NACA 16-00k
(1) n/t =
R=3.5%x10% R=3.5x10% Re2.0x10% Rel.0X10%
% a, Transition fixed Alrfoil cleen Alrfoil clean Alrfoil clean
de,
fler ] em |0 |mp| o) o | o2 Pop| 2| m | ca P | o [ ea Joopp
1.5 0 |o 0 0.0179 | - -|0O 0 0.0153| - -|o 0 0.0150] - -|o o 00145 | - -
.5 .034| .0018f .0182 | - -| .030{ .001T| .0160| - -] .029] .oc2l] .0156f - -] .031| .o0024| .01%6] - -
1.0] .06k} .003%4| .0193 | - -| .063| .0031} .0268} - -} .061| .0036] .016%} - -| .063| .00k2| 0161} - -
1.5f .095] .004T| .0207 | - ~| .092] .0036| .0181} - -} .o94! .ook8{ .or77| - -| .093]| .0053| .0LT4| - -
2.0f= -~ =] = = -] === - =1 125 .0053] .0199| - -] .126] .0061| .0196| - -{ .127| .0075)] .019k| - -
3.0( .194] .0088| .0282 | - -f .192] .0073| .0258( - -| .193( .0083 .cem| - -| .196| .0097| .c2%2| - -
ko[- = <f ~ ==} = ==] = -] 261} .0099} .0338]| - -| .262| .0112] .0335] - -| .270} .0123| .0339| - -
5.0|- = =} = = =] = =] = -] .332] .0133] . - -| .33%| .o1k1] .OW39f - -] .3k2| .0160| .Ohhk| - -
6.0] .hos} .c2lT| .0589 | ~ -| .ho2| .or70| .0576| ~ -] .hO8| .0175{ 0576} = |- = =] = = = = = =} = -
1.981 0 |o (o] ok | - -jo o] 016 - -0 o .0115( - -|0 0 0123 - -
.5 020} .0009] .014T | - -] .020] .0013| .0120| - -] .019| .0O18{ .0123| - -| .oe1| .0O32| .013%| - -
1.0} .0ko} .o017| .01 | - -} .0ho| .0022| .012k| - - .037| .o002W .0125] - -] .o%1} .o032( .01k0| - -
1.5 .059| .0025; .0160 | - - .058| .0029} ,0132| - -] .058| .0037} .0133} - -] .061| .cok8!{ .01k9| - -
2.0{ .080| .0031| .0LTL{ - -] .078| .c03k| .o1k3| - - .o78| .oOhG| .0148| - -| .080| .cO6k| .0157| - -
3.0f 121{ .00L&} . - -] .119] .00%0f .0178| -~ ~{ .120| .0059{ .0183| - -| .123| .0069| .0ig6| - -
h,0] .163] .0062| .55 - -f . 006k| .0230f - - .163] .00T2| .0234| - -| .170| .0093] .0259| - -
5.0} .205| .00T8] .0316{ - -} .201| .0081| .22} - - .203| .008% .029T| - -| .207| .0101} .0315] - -
6.0| .2k6} .0097| .039% | - - .243| . .0373| - -| .246| .0103f .0380| - -| .256] .0124] . - -
8.0| .32¥| .o131} . - =} .325/ .0133| . - < .328{ .0139{ .0376| - -| .338| .0167| .0615| - -
10.0{ .413| .0168| .0853 | - -| .k23| .026k| .08%51] - -| .k10| .0165 .0838{ - -| .ke2!| .0178| .0875) - -
) 12.0| .kg9| .0207| 1279} - -] . 0197} .11h7l - -} hoT| 0168 .1170{ - -| .se0] .ce2e| ,1228| - -
- 1k.0| .586{ .0250| ,i615) - - .0228} .1556| - -f .304| .0238f .r583| - -] .619) .025T| .1658{ - -
16.0{ .705| .0250{ .2121| - -| .682] .c275( .20kg| - -[ .699} .o282f .2107| - -| .721| .0312| .2183] - -
18.0f .8il . 2736 - -] .8onf .0271) .2692| ~ -| 812 .o034% .2739] - - .8%:| .0328] .28¢2) - -
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TABLE IT.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Concluded
(£) Basic airfoil: NACA 16-004 - Concluded

(2) b/t = 0.3
R=3.510°% Rm3.5%x10% Re2.0x10°% Ral.OX10°
% a, Transition fixed Afrfoil cleen Airfoll clean Airfoil cleen
deg

°1 § om a  [ep/P| %t | cm ca {Pp/P| C1 | ©m ed |Pb/P| e1 | em °qd  [Py/P
14510 [0 o] 0.0207 {0.b510 [+) 0.0174 - -0 o - Jo.o169{0.%3}0 [+ 0.0168 |0.61
.51 033} co017! .0230 | .45| .033) .00L13| .0178{ - -| .033] .0015) .OLT4| -~ -| .033] .0010} .O1ITH| - -
1.0| .085) .0026] .02186 | .45 .065] .0021) .0185( - ~| .064] ,0025] .0L7T9| .59| .067] .0020} .0179| .%8
1.54 .097( .0036] 0232 | 46| .097| .0029] .0199) - -[ .098] .003L4]| .019%| .%0{ ,101] .0033| .0196{ - -
2.0| .131| .ook6| .02%2 | .46 .129| .0032( .0R226] - -{ .131} .0038{ .0212| .%9| .137| .0038{ .cR2lh| .60
3.0 .199! .0064| .0311 | .4%6| .196| .00m1| .02TH - -{ .198] .0055] .0272] .60| .208| .005%| .0275| - -
4,0l .268| .008%| .0388 | k6| .266] .00T2| .035% - -] .269} .0078| .03%0| .6%| .281| ".0084| .03%6| .T1
5,01 .339| .00k 0493 | .AT] .338| .0097| .OWE7] ~ -} .340O| .0102| .O459| - -] .358{ .0113] .okTO| - -
6.01 .413] .0128! .0623 | .48 .413| .0127| .0606{ - -[ .L16| .0132] .0568] 6T|- = =] = = =] =« = =] = =
1.98|10 jo [0} o154 | W30 [+ 0125 Lslo o} o12hki 560 0 0l12h4) .67
.5 .0t .0009| .0155 | 43| .0e1| .o008] .0127] .W6§ .022] .0009] .0228] .51] .021l] .0016| .0126( .66
1.0] .okol .0016] .0158 { .43| .Oohl] .ooikf .0129f .48} .ok2} .0OLAW{ .0M30{ .51{ .Ok2{ .0016| .0129| .69
1.5] .05¢1 .0020{ .0166 | .43| .061] .0020{ .0138 .M8| .062| .0c21l| .odbo| .52] (064 .0021] .0137| .TO
2,0| .08 .0027] .0178 | .43| .082| .0023F .0149 48| .083] .0@6] 0148 .59] .08 .0026| .oLWT( .TL
3.0} .121| .0037] .0213 | .h4] .122{ .0034] .0286] .50} .123| .0Q37| .018L4; .65| .126) .ook7| .0182] .70
.0} .162] .0050] .0e62 | .uk| .265| .o0NT| .35 .sel .266| .00%1] .0234] .6%5| .1Ti} .0063]| .0233( .T1
5.0] .206] .0063] .0326 | .45| .206| .0058| .0298 .56 .206] .0063| .0297] .65] .21l .oo7L| .0R99| .69
6.0 .248] .0076] .okoT | .45 .2ko{ .0071]| .0380 .60| .250| .0OTT| .0381] .65| .2%% .008k| .0382| .70
8.04 .333} .0105| .0609 | .47] .333] .0100} .0583 .59f .333| .0l11] ,0%83| .61} .338{ .0121] .0%86) .6%
10.01 .%18| .013%| .0874 | .49l .k16] .o0130] .08k& .53} k15| .0139] .08L5} .55{ k25 .0156] .0858| .57
12.0| .506] .0166f ,1208 | .52| .504| .0158] .118% .k7| .502| .0166| .11B81| .hg| .%2L .0189| .1216} .55
1.0 %971 0202| .2619 | .57] .595] .0186| .19l .k3| .%98] .0199| .260k| .Li| .622] ,0226f .1660| .53
16.0) .692f .023%| .2108 | .62| .693| .0224%| ,2100( 42| .T703]| .0241( .2134{ 41| .7271 .0268| .2202| .49
18.0f .796| .0280| .2708 | .62] .803) .0277| .2724 .h2}| .816| .0294} .2770f .40l .8LOf .0328{ .2847| WY
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TABLE ITI.- SUMMARY OF RESULTS

Basic airfoil: deg 1
Configur- Rough- R, o — ( P
ation bieog:e: g? ;/3 ¥ cess | aillica ta dey Souin [ Topt
Bft = 1.0, bfe = 0 1.k5| 8alt 3.5 |[*.03|(k.11}) | 0.00% [(0.010} [ 0.0139|(0.0135) | 8.8] (8.3} | 0.26b.23}
1.k5( clean 3.5 k.20|(k. 010/ .0 - 9.2 === 23]« ~ =
1.k3] Clean 2.0 |h23|(h.11) |O 010)| an3f ---] 9.3} - - 21f- - -
e 2.55] Cleea 1.0 |u.27)(n. .001f (.010)| .o0z02 goo'm 9.8((11.3) | 21 51.3
1.98] Balt 3.5 {3.97((k.10) | .001] (.010)) .o1ok| (.c20M)} 7.6 (7.5) ]| .17|{.
1.98| Clesn 3.5 [k.11{(k.20) o 020)] .0082f - -~ | 8.6 -] .1k]-- -
A = 0.6k3 1n.2 1.58| Clean 2.0 k.o2{(h.20 .002{ {.010 L0 ~ == | 9.1{ oo o] .23]---
1f(tf2) = 0.0118 $a.8 1.98{ clean 1.0 k13| (k.20 0021 (.010 006k ] (.005%) { 10.0{(10.5} | .12[(.12)}
b/t = 0.6, bfc = 0.05 1.5 Balt 3.5 |3.88{(k.06) | .a20( (.025)| .on17| (.0122) | 9.2} (8.8) | .22|(.e2)
1.43| Clesn 3.5 |3.9%0 h.os; 005 (.015) | .0096] - - - j30.2| - - -] .20|- - -
1.45] Clean 2.0 13.98((%.06) | .007] (.035)| .0098] - - - |10.0{ - - -] .20]- - -
T L.45) Clesn 1.0 ko7 k.o&; 003 012 0099 5.0069) 10.7|(11.9 .20((.16)
1.98| galt 3.% |3.97|(k.06) } .006] (.or 20082} {.0092) | 8.7] (8.0} .15[(.1%)
1.98{ "Clean 3.5 {3.76[(k.06 .007| { .03k 008k} - -] 9.7} - - -] 2]~ - -
A = 0.635 in.2 1.98| Clesn 2.0 {3.97 gh.os 007 { .01k 0057 - -~ [10.6] - - -] agl---
If(t/2) = 0.0115 in.8 1.98| Clesn 1.0 |k.ce|(k.08 «011| (.o1%) | .o0%0| (.00%2) | 11.6[(10.7} | .11[¢.11)
b/t = 0.3, b/c = 0.05 1.4k8] salt 3.5  (k.00((k.03) | .021] (.018 +0095] (.0100) | 10.6] (9.7} | .e2}(.19)
1.k5] Clesn 3.5 [3.95[(h.03) |} .015] (018} 0078 - - .- [10.8] - -f am[- - -
1.k5| Ccidan 2.0 [k.03[(k.03) | .016] (.08} | .0070) - - -~ {21.7| - -~} 17]|-~ -
8 1.5 Clean 1.0 |k.13|(k.03) | .oix] (.c28) | .00TT é.oosog 2.5[(12.7) | .16](.1%)
1.98] salt 3.5 |ko2((s.03) | .o1x| (ioard| -corr| (.co78) | 9.0] (8.6} ] 13 13)
1.98] Cleen 3.5 [%.02|(k.03) | .o1r| (.oLT .gcois - - |13 ..o ar)- L
A= o.?B9 in.2 1.98| Clean 2.0 |h.0o)(k.03) | .013] (.017)| .ochr{ ... fi2.h}--_.] .09]---
1/(+/2) = 0.0096 1n.® 1.98) Clesn 1.0 |»o2i(k.03) | .n8{ {.o17) | .ooML] (.00K6} | 12.3((11.3) | -10(.10)
hft = 0, bfc = 0.05 1.45[ sSalt 3.5 [k.06[(k.00) } .o20] (.000 0075 (.0087) | 21.3 (
1.%5| clean 3.5 [3.90((s.00) | .019§ (.0e0) | .c0m1] --- |11.B z
1.;:5 Clean 2.0 |3.96 (:.oo) .oei. .0e0) | .0058] -« - 12.2 -
1.b5( Ciean 1.0 .79 |(*.00 o2h [ €.020) | .oom| (. 13.
9 1.98| Sait 3.5 E.os k.00} | -.018| (.020) | .006M Eoosgg 9.9 é .
1.98{ Clean 3.5 ]3.%[{k.00) .020) | .oockt|] - .-- J21.6
A = 0.553 1n.,? 1.98{ clean | 2.0 |3.%6 l;.oo; oeo} .00AG - - |27
1/({t/2) = 0.0087 1n.9 1.98} Clean 1.0 }3.95{(%.00 .02k | {020 .00kr| (.00kk) | 13.8
n/t = 0.6, bfe = 0.33 1.k5| Salt 3.5  |k.00 (k.08 03k | .01k 0109 | (.0113) | 9.6
1.k8] Clean 3.5 .05 (k.05 .011 | ( Ok L0090 - - - }10.k
1.h5]| Clean 2.0 h.08 (k. 010 | ( .01k, 008k - .. |n.0
0 1.45) Clesn 1.0 Jh31[(h.06) | .0o9| (.o1k) | .o0B2] (.0060) f11.h
1.98] Balt 3.5 [h0B)(k L0081 (.013) [ .0081] {.0086) | 8.7
1.98| Clean 3.5 [5.05 (k. 0090 (.013) | .0063] ---] 9.9
A = 0.595 in.2 1.96| Clesn 2.0 k.1 Kk.06) | .oo5| (.013 00561 - - . |106
1/(t/2} = 0. in.8 1.98| Clean 1.0 |k.03Kk.06) | .009| (.013 00%2 | {.00k6) | 11.2
b/t = 0.3, bfc = 0.33 1.45] Sait 3.5 |3.95 k.oa; «020| (.016) | .008%| (.009%) | 20.9
145 | Clean 3.5 3.9 )(x.03) | 015 (.016) | .00fe| --- |10.9
1.55| Cleen 2.0 [3.99[K%.03) | .018] (.016) | .ooma| - - - {11.7
n —— 1.k5| Clesn 1.0 |h.01f(h.03) F .011} (.018) | .oosk {.m-ng 12.5
1.981 gelt 3.5 |3.96Kk.03) | .03 .2112 0070 (.007k) | 9.3
1.98{ Clean 3.5 ]3.86[(k.03} | .013] (. 0053 - - - ]10.6
A = 0.59 1.2 1.98{ Clean 2.0 2.96 k. 02| (.0 L00%0] ---111.3
/(tf2) = 0.0087 tn.® 1.98{ Clean 1.0 .05 |(h.03) | .018] {.026 0050 | (.0043) | 11.6
h/t = 0, b/e = 0.33 1.4 Belt 3.5 {3.99[(k.00) | .ce5f (.019) | .0088] (.008%) |11.9
1.k5] Clean 3.5 3.99 Kh.0O 020 (.019) | .0061] - - - |12.3
1.45] clean 2.0 |[3.99|(k.00) | .ce1{ (.09} m [ 12.& -
10 —S—— 1.53] Clean 1.0 k.00 ((h.00) | 021 -OJS; . E.m 1k.k§(13. é
1.968 | salt 3.5 |ka2((h.00) | 016 (.018) [ .o062| (.0067) | 10.1] (9.3) | .13[(.12)
1.98| Clean 3.5 [k.00Kk.00) | .015[ (.018) | .oods| - - - ji1.s] Z -] .10{---
A w03 107 1.98| Clesn f 2.0 [k.20{k.c0) | .mBf(.018) | -ocke| - - - |18 - 2] 10|-C:
I/(t/2) = 0.0082 1a.® 1.98| Clean 2.0 |%.09|(k.00) | .018] (.018} | .oohof (.o0k2) | 12.1)(11.8) { .09](.20)

Wote: Parentheses indicate theoreticsl values; upper half of sirfoils ekovm.
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TABLE III.- SUMMARY OF RESULTS - Continued

Basie eirfoil:
Configur~ Rough= R, pe dem 1 a
ation b“:?:‘: ;? mda K ness million ta 4oy bt (E rax topt

B/t = 1.0, bfe = 0 1.5 Balt 3.9 | h.15{(k.21) | 0.026](0.020) | 0.0258}(0.0061)] 6.2} (6.1) [~ ~ -} (0.32)
1.45} Clean 3.5 | h.17{(k.21) | .oec| (.020 0233 ==~ | 6.6i--~-j0.30} -~ =
1.43] Clean 2.0 | habj(k.21) f .ce5) (.020) § .0230] - -~ - | 6.60= - =] 32| -~
3 - 1.45| Clean 1.0 | 4.39](k.20 <022 (.02 .0R22 E.oao‘r 6.9 26.‘») --- 2.29)
1.98{ Balt 3.5 | b.03j(4.20) | .o12] (.009) | .o1T9| (.0182)| %.8({s.T}| .e2| (.21)
1.98] Clean 3.5 jh.08f(h.20) | .002) (.019) ] 07| = == | 6.3~ - =) 29}~ - =
A = 1,083 in.2 1.68] Cleen 2.0 | *.01(k.20) | .012] (.029) [ ouh| - =~ [ 60~ J29]w -~
If(tfe) = 0.0MT3 1n.B .1.98] Clesn 1.0 | h.ogf{k.20 0271 (.09 .01h0] (.0101)] 6.8 (7.0)| .21| (.17)
b/t = 0.6, bfa w 0.0% L1.k5| galt 3.5 {%.26 h.:.s{ 035 (.030] 0233 (.0ahm) | 6.61(6.2Y | .35] (.31)
L4510 clesn 3.5 [4.20)(%.13) | .032] (.0%0) | .0220] - - - | 68]~ -] 28] -~
1.48! Clean 2.0 |».0O7|(k.13) | .032] (.0%0) | .0292| - - | 6.9]~==-] .29]---
13 Y 1.43| clesa 1.0 | k.29|(k.13) { .039] (.0%) | .01Bhk 0181; 7.2|(7-8}y] .30 E.a-;
. 1.68| esit 3.5 | k.oof(k.12 02%) {.009 01%9| (.0168)] 6.1](%.9 lg 20
1.98| cleen 3.5 (hog|(kae) | .021) (.029) | 0135] - -~ |6 -] . -
A = 1,071 in.R 1.98] Clean 2.0 | h.06 k.:l.z; .o2k{ (.0@9 o:.zi R L1 R B -1 R
1/(t/2}) = 0.0459 1n.% 1.98| Clean 1.0 |saaf{k.az) | .ce8] (.oe9) | .o11h| (.om16)| T.2f(T.2)] .28| (.an
B/t = 0.3, b/e = 0.05 1.545) salt 3.5 |b.asi(h.06) | .oh1] (.03% .020h| (.0207)] 7.0[(6.8) | .32] (.28}
1.k8] Clesn 3.9 5.16](h.06 .03 2 L8] - a | TS|~ = -] 2T -~ -
1.k5| Clean 2.0 |L.15/(k.06 .gﬁ 033 | 0181 -~ [ 7.6{~-~] .27]--~-
1Y N 1.45| Clesn 1.0 | k.aT[{k.06) | 03%) | .0uhT 5.0.1 7.9 Ea.og .28 f'“;
1.98] salt 3.5 |h.13}(k.06) | .0e9] (.033) | .o237| (.caho} | 6.6{(6.5} [ .19 | (.18
. 1.98 | Clean 3.5 | %aAT|(k.06) | .0e8](.033) | .0V2| =~ = [T.3[e == AT| ==
A= 1.178 in,2 1.96| Clean 2.0 L.0%]( k.06 030 (.033 0R)] =~ = | Tb| == =] AT] w ==
If(t/2) = 0.0383 in.® 1.98[ Clean 1.0 |3.99)(%.06) | .036( (.033) ] . {.0100) { 8.0f(7.7) | 27| (.1%)
bft = 0, b/c = 0.05 :..hb'l Salt 3.5 [3.99{(k.00 L0381 (.0h1) { .0268] (.0187) | 7.6((7.2) | .28 | (.27)
1.48] Clean 3.5 [3.98[(%.00 W00 | { .0kl .0 == 178~ 27] ===
1.5%| Ciean 2.0 3.99 h.00} | 055§ {.0kL 01! - = 180f-~~ o8] ---
15 et .45 clean 1.0 .09((k.00} | .063] (.04 L0137 E.o:ae) 8.k EB.O 25 i.e&
1.98] sait 3.5  [h02l(h.00) | .OML 0393 L0121 | (.0126) } 7.0/(6.8) | 27| {.17T.
1.68] Clean 3.5 3.9h§(h.00 .oge 039, 0100] =« 7.8 =w=] O] ==
A = 1,106 109 1.98] Clean 2.0 |3.92|(h.00} | .ohL| (.039 -=-=-l80l---] A5| -~ -
1/(4/2) = 0.03%8 tn.® 1.98f Clean 1.0 3.92[(%.00 047 | (.039 {.0001) ) 8.%|(T.6) | 5] (.13}
B/t = 0.6, bfe = 0,33 1.4%] salt 3.5 |haer h.ug .035] (. 0213] (.0e11) | 6.%[(6.7Y | 33| (.e9)
1.¥5| Clean 3.5 Jhoaj{r.13) | .030]} {.ceT o1fd| - - - 7.& R A

1.45] Clean 2.0 jha6|(ka3) | 03] {007 | ors] - --jT7 M o) 282 -
16 -] 1.M%] Clean 1.0 |4.36[(k,23) | .033] (.0eT <0 soa.h'r; 77 58.2) - {.ah;
1.98| salt 3.3 |5.25{(k.a2) | 021] (. Lo1kt| (.onkg) | 6.0J(6.3} | 21| (.19

1.98| Clean 3.5 4,93f(k.12 L0191 (. 0128 === |7.0] - A9} -~
A =~ 1,189 in® 1.98] Clean 2.0 {h.eol(b.ae} | 022} {.0e6) | o112] ---)72]_ -4 a7T)---
I/(%/2) = 0.038% in.® 1.98{ Clean 1.0 |%.2bf(ka2 .023] (.026 0102 | (.0096) | T.3[(7.9) | 18| (.15}
b/t = 0.3, bfo = 0.33 1.k sa1t 3.5 [ h.05](4.06 LObk1 (.033 0180 | (.0184) | T.3K7.2) | 29| (.2
1.4%] Clean 3.5 i'” b, .03k | (.033 0163) = w = | 76| = ==} 26| ===
1.4%] Clepn 2.0 +10{{ k., L0361} (.033 OL5T} === | 78]« ==} 26] ===
17 - 1.k%{ Clean 1.0 [k.20{(k. 0371 (.033 0160 .0133; 8.0 {B% 26 z.esg
1.98| 8alt 3.5 lh.o5|(k.06) } 02T} (.032) | .0126] (.0129) § 6.9|(6. A8 | (a7
1.98| Cleea 3.5 E.ga L, O2h| (.031) - -] =73 -ax 28] -
A -t}.u'( in 2 1.98| Clean 2.0 .03 (k.06 027 .0313 cmm] === T e AT =~
1/(t/e) = 0.0349 in.% 1.98) Clean 1.0 | %.16](s. 20314 (.031) | - - - | (.0089) | 7.7|{B.2} | 26| (.15)
b/t = 0, bfo = 0.33 1.45] sait 3.5 |3.97 h.oog gzs .038) | .0 (.0365) | T-T|(T.5) | .27 | (.a%)
1.k3] Clean 3.5 2.97 k.00 049} (.038) OLhG] ==~ [ 8.0) = = uf 28] = '
L.45{ Clean 2.0 .06|(h.00} | .0%0( (.038) | 0239 - --[8.3] - ~ - 22 .~
8 e - 1.45] cleen 1.0 ]3.89}(k.00 .038 L0131 2.0136) 8.6 ie.h o %.ag
1.98f Sealt 3.5 |h.o7f(k.00) | .039] (.037) § o118 (.o1x7) | T.2[{7.0) | .18 | (.16]
1.98| Clean 3.5  |3.96|(k.00) | 033} (.037) | .009T] - -~ g.'r -t A§| ==~
A w 1.04% in2 1.98| Clean 2.0 3.95 h.oog .0 <037 0090] ~ = -8 =waf )| w -
1/(t/2} = 0.0329 in.% 1.98{ Clean 1.0 |3.67{(k.00) | .ou8] (. .0086 | (.0092) | B.3[¢(8.0) | 5| (.1m)

¥ote: P indscate th oal values; upper half of eiffolls shown

-
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TABLE III.~- SUMMARY OF RESULTS =~ Continued

Basic airfoii:
Coafigur- ; Rouga- [ R fe don
ation by el K ("ress | milifon ta o7
hft = 1.0, bfc = 0 1.k5] salt 3.5 | h.32](k:32) | 0.038 [(0.029]
1.45| Clean 35 |» k.32} | .0 029
1.k5] Clema 2.0 k. k.32§ 0 029
» <« 1.45] Cleem | 1.0 |a.bej{k.32)| .04 (.09 -
l.é Salt 3.5 [ k.30{(%.30) | .032] (.28 P 0.281 (.
Awl in.® g.-:93 Clesn g.g :.ﬁ :%s .g:g .gg tg E— :; —
T/(t/2) = 0.1063 1n8 1.98| Clesn| 1.0 |k.36|(x.30)| 0% (-008) | -oeki| (.0230) | 3:0)(5.1) | 25| (.20
b/t = 0.6, bfec = .08 1.5 | esit 3.5 | h.20{ (k.20 053 | {0k ok1g| (.ohzk) | k.9f(k.8) {- = =] (.hL)
1] Gem| 33 |weoalto)| ol tcowy | | tI fwslziZlzzgc::
- Liid o [l - N B - - » L B B
P 1.85 [ Clean 1.0 | h.39{(k.20} | .066] (.0%%) | .0381] (.0370) |- --{(5.2) |- - {
9 1.98 | 8alt 3.5 k.01 sk.:l.ﬁ Lok6] (.0k2 00651 (.0276) | %.8{(k.6) | .26 K
— DBl B i) eiiee) Se) it B ot
1/(\‘./5) = 0.1033 103 1:96 Clean 1.6 | ka7 fh:m “okg | {-ou2 -0226] (.0e20) | k.9 (5.2) 26 (.23)
B/t = 0.3, bfe = 0.0% 1.45| Bslt 3.5 | kag|(k.10) | .o13] (.o%) | .0369] (.03} |5.3 - (.31
1| Gan| 33 |wasiovany | on |t | i oo 132 bl e
- a8 ! - - ol o -- - B - - - -om -
20 P Y 1.M3| clean| 1.0 |k.29{(k.10) | .086](.0%) | .0326] (.0307} |5.6](5.6} |~ - -] 5.35)
1.98| ga1t 3.5 | k.08[(k.00) | .0m1 ogo; «0e29| (.0235) |5.1 25 | (.28)
1.98]| Clean 3.5 .12 h.og} .chg | (.0%0 0205 - - = 153 .- -
A = 1767 in.2 1. Clean 2.0 %.21{(h.09 Ko, ] o:o; 0196] = = - 5.k ---
1/(tf2) = 0.0862 " 1.98| Clean 1.0 {%27|(%.09) | .056{(.0%) | .0186] (.0150) | 5.5 (.21)
t = 0, bfc = 0.03 1.%5| sait 3.5 |3.90|(k.00) | .080](.061) | .o3k1] (.03%0) {5.k (.36)
e HlEz B R B a8 sty
ean = »l o o - o - - WO | = @ ol =] o=
P N 1.k; Clesn 1.0 |k.10|(x.00) | .09% ] (.06: -029% {.0315 5.8 35)
2 1. Balt 3.% 13.99{(k.00) | .063|(.0%9) | .cei7{ (.ce19) |5.2 22}
1.98| Clean 3.5 |3.7% k.oog 062 1 (.0%9) | 0180 - -~ [B.8]-wf-cd -an
A = 1.6% 1n.® 1.98| Clean 2.0 3.7%{(k.00 .06k § (.0% o076 - - - |3.3 --
1/(t/2) = 0.0783 1n® 2,981 Clesn 1.0 }3.85{(k.00) | oM ](.0%9) | .07k | (.0196} |5.7 .21)
t = 0.6, bfc = 0.33 1.¥5]| st 3.5 |k.18|(h.20) | .0%2 {(.080) | .0378 | (.0358) |5.3 38)
e PR om| 2 Ioelite | e ) 3
2 f;g 1.0 [kt h:zog ~063 | (-on0) | o330 :0505} L )(s gz;
1. Selt 3.5 [w.15|(s.28) | .osl{(.038) | .c23k | (.c@37) {%5.0
1.98| Clean 3.5 [ Ra2T((h.28) | 038 00061 - - - [5.3 -
A= 1,784 1n® 1.98| Clean 2.0 [h.35 k.z.sg .037 | (.038 .ggz --- 153 --
1/(t/2) = 0.0867 1n® 1.98| Clesn 1.0 |».30|(k.18Y | .039 |(.038} | . (.0180) |5.3 .£1)
t = 0.3, bfe = 0.33 1.45| salt 3.5 |h.08|(k.10) | .065 | (.0%8) | .035k | (.0326) |5.k .35)
e e e e ] e e B - e B R
e 'h?, Clesn | 2.0 |k.33)(k.10) | 078 :ohe} ‘0302 E:oen IoNs Es.o; - {.33
23 1.98| Balt 3.5 | k.12{{k.09 okg | (.ov7) | 022k { {.ce1k) {5.3](%.2) | .on | (.22
1.98] Clean 3.5 | k.05l(x.09) | .ou6 |(.ov7) | .c183| - - - |5.6|---] 1) ---
A = 1.676 in.® 1.58| Clean 2.0 k.16[(N.09) okg | ( .ORT, 01 - ea [585)caaf 21| ===
1/(t/2) = 0.0785 1.3 1.98| clean 1.0 |kaz|(k.09) | . =% .0180 { (.0168) |5.8/(5.9) | .22 | (.20)
't = 0, bfc = 0., 1.k5| sait 3.5 .97}(%.00) { .075 {(.058) | -032h| (.0310) [5.53[(5.5) |- - 4 (.3¥)
bfe = 0, b/e = 0.33 1| oren | 33 |23 h.oo; o1 osa; jrsee-) gl VS il SR Bl
1.k5] Clesn 2.0 ---k.oog A o [ S I S
ok .. 1. Clesn 1.0 |k.09|(%.00} | .093[{.098} | .03 202815 5.8{(5.8) [ - - 4 {-n)
1. Balt 3.5 |3.9% b.oog 083 | (.055)} | .cook] ¢.ceoe) |3.2{¢5.3) | .22 | (.2}
. | Il I et | B e K e Bl i ol =l P
A = 1.568 in. B . R " . K . - - 1 [ - -
I/(t/zﬁ 0.0740 1n8 1.98} Clean 1.0 |3.83 k.oo; 065 | {.05%) | .or77| (.0178) |5.8{(5.7) | 22| (.20)

Note: Parentheses indicate theoretical valuesj upper half of airfoils shown.
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TABLE III.- SUMMARY OF RESULTS - Continued

Basic sirfoil:
Configur- Rough~ R pey dom e, ( 2 ) N
atlon "i?i“f‘?.‘.éﬁ o2 ¥ ness | million o a0, 4ain g o opt
B/t = 1.0, bfe =0 ... 1.45] Salt 3.5 | h.2l (h.21) | 0.015}(0.0LT) | 0.023) (0.0035}| 6.5](6.%) ] 0.35} (0.31)
e I AT e ] s B o | e
. an K - . . N K “eoa 9l - - . K
= 1451 Clean 1.0 L.2o[(k.21} | .006] {.0QT ,0198( (.0180) |- = {T.&) |- - =| = = -
3 1.58)| sa1t 3.5 1Lk.a7 k.zog' .009| ¢.006) | .o16n| (.0188){ 6.2](5.9) | .21| (.20
e 1.23 Clesan 3.5 l]:.li :.20 008 .oﬁ) .011;% -=- g.! --- i-g ---
A = 1,202 in. 1. Clean 2.0 07 (n.20) { .0a2]| (.0 .0 - - - B e | 9] - - -
1/(t/2) = c.ok2l in.® 1.98| clesn 1.0 | %.03 h.eog .otk | (.016) | .0123} (.0106) 6.3 (7.5} | .19] (.16)
b/t = 0.6, bfc = 0.0% 145 [ Balt 3.5 [ w.18)(k.13) | .0eB8{ (.02T) | .0c06{ (.o200)] 6.8|(6.6}] .| (.29}
i 1.».3 Clean 3.5 [k.a2 sh.u; .02l .oe'r; o9 - -~ | 7.1---| .28]---
1.4%( Clean 2.0 |k.0Bj(k.13} | .023) (.027} | .0076] - - - | 7.3]---] .2T]--~
e 1.45| Clean 2.0 |k.20 §l-.13) .026| (.027) | .0160| (.0155)] T.6[{7.9)}) .28 (.ag;
25 1.98} Salt 3.5 .1kl (.12} | 0194 (.026) | .0146] (.OLBA}| 6.%|(6.2) ] .22} (.19
A=1.288 102 Y| Geal 23 |wes g:&% oar| {-oe) | ‘omme| o<1 {&oli Il I
I/(r./é) - 0.6h01 in.® 1:943 Clean 1.0 | 4.06{(kae) | .ceu| (.026) | .caag{ (.onc1){ 7.0[C7.7) | .18] (.18}
t = 0.3, bfo = 0. 1.k Sa1t 3.5 3.948(k.06) | .03%} (.030) | .Q167]| (.0172}| T-6[(T-%)| .30] (.26)
d 3 /e @ 1.1-; Clean 3.5 [3.96 gh.os ..0208](.030) | 0136 - -- |8M---] 2] a
1.45| Clean 2.0 [3.98{(k.06) | .0m1] (.00} | .cxe1] - - - JB.M|--- .23]---
26 e — 1.4% [ Clean 1.0 koS 2&.06 .03k (.030) | .01g0 i.«mn 8.5 {9.0) 2k E ;
.98 sart 3.5 |3.96)(%.06) | .02z} (.ce9] | .om19| (.0123) [ 7.1{{6.9) | .29{ (.17
1.98] Clean 3.3 3.86)(h.06 -023 { {029 0090 = =« | 78]~ == 18] -~
A = 1.0OkT {n.® 1.98 | Clean 2,0 {h.c2f(%.06) | .03L](.029) { .0093] - - - | 7.8}~ ST e
1/(t/2) = 0.0286 in.® 1.58 [ Cleen 1.0 |s.02)(s.08) | .031) (.029 0106 (.0082) | T.30(8.5% | 164 (.1b)
hft = 0, bfo = 0.05 145 | sedt 3.5 (3.91](%.00] Okk | (.035 .0a9| (.o1:e) | 8.6((8.1) | .22 ] (.e%
1-::5 Clean 3.5 3.;IE :.oo oe;( .035 .311215 --=- | 8.8]- -~ g .-
1.k%3 ! Clean 2.0 3. 00 | . .035) | a7l - -- 19.af---1 .20]---
27 JEm— 1.45] Cleen 1.0 |{h.o8{{k.00) { .053| (.035) | .oL02 %.0115) 9.8)(g.2) | .19 (.e1)
1.95] salt 3.5 }3.88)({%.00) | .036}(.033) | .0098| (.020%){ B.0i(7.4} | 13| (.1%)
R 1.£ Clean g.g ggg :&E .gg? .ggg 0083 -« - g.g --- .g -
A » 0.939 1in. 1. Clean E . . . K 0069 - - - .3]- - RT-X P
I/(t/z? = 0,0234 in.® 1.98] ciean 1.0 [3.B9{{s.00} {- -~ [ .033) | .006T] (.00T9)} 9.3](B.6) ] .1k | (.1B)
t = 0.6, b/c = 0. 1.43 ) Balt 3.5 [%.22}(k.13) | .oem | (.0e2) | .019% (.018%) [ 6.6{(7.2) { .33 | (.eT)
M ol % 1.13 Clemn 3.5 [x.10 f:..;;ﬂ .023 goezg 0150) - - - [80)- ==} BB -- <
. 1.45} Clesn 2.0 L. 9511 ih.u; .21 Eoezg oitsl -~ - - 1 80f- - - 23 - .
28 e — 1.45] Clean 1.0 [4.22](L.13 022 | {022 Lokl (L0119} | 8.2[(9.2) | . (.22)
1.98 | salt 35 oo oo ana]o-- -
1.98} Ciean 35 oo de--faao)a--
A =1.0%8 102 s 1.58 | Clean 20 e ed-cww o] wan
1/(t/2) = 0.0289 in. 1,95} Clean 1.0 f--d4---}---t---
bft = 0.3, bfe = 0.50 1.05] Bedt 3.5 |3.91f(k.06) | .032(.027 7.8
/ r e 1.43{ Clean 3.9 13‘.55 gk.osl .0e7 | {.027 8.1
1.48( Clean 2.0 .02 {{%.06) | .030 | €.coT 8.k
29 o i-;g gg;:n ;g h.;g g:.g) .% gg ) (o) 1_3{-2
1:98 Clean 3:5 3:01 h:osl ‘018 :025 0092 - -- | 1.9
-4 .
A = 0.950 in. 1.68] Clean 2.0 |b.og EL.oﬁ) 020 £.025) | .0089] -~ |8.3
‘If(tf2) = 0.023% 1n.2 1.98{ Clean 1.0 {b.al|(k.06) | .0e2| (.02%) | .o081] (.00m)} 8.5
a/t = 6, bfc = 0.5 1,48 | galt 3.5  |3.87](k.00) | .o0k2 | (.03 .0126] (.0129) | 8.8
1.45 | Clean 3.5 |3.76|(h.00) | .036]|(.081) | 0005} - ~ - | G.k
1.45 1 Clean 2.0 |3.77{(*.00) } .036|{w031) ] .0095] - -- |99
30 . i;g gﬁ:“ ;g g-;rg (t-gs :gl;; -g;:’.) +0093 20099; 13-%
via| e | 33 1IEBICS | )00 | k| T ok
A = 0,852 in2® 1.98| Clean 2.0 |3.9 sk.oo) .030{{.030) | .0062| - -~ 9.8
1/(t/2) = 0.020h in.3 1.98] Clean 1.0 {3.75[(4.00) | 035! (.030) | .006k| (.0070) | 9.6

Note: Parentkeses indicate theorstical values; half of airfoils shown.
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TABLE, III.- SUMMARY OF RESULTS - Concluded

Configur- Adre Rough~ B fo fon c i °
;u&n: ot x Dess | mtilion te. e duin (dl.‘ t
Bicoavex, tfc = 0.0k, i:; g;l;n g; gg E:.gg; o.g;g (o.ggg o.ﬁ (0.0138) gﬂ gslal o.gal
143| clesn] 2.0 [3.86[¢n.00)| ok {l03%) | tewo8| - C fod-ZC| =0
1.3 Clean 1.0 3.90( (k.00 03} (.03 0093 - - - |9.7] Eg.l) .20
1 . 1.98| salt 3.5 | 3.02|¢{x.00) [ .0z} (.03 00981 (.0101) [8.0{{7.6)] .18
1.98| Clesn 3.5 | 3.96|(k.00) | .03} (.038) | .0OM| - .- [9.4---} .13
A = 0.96k in.2 1.58| Cleen 2.0 | 3.96|(k.00 -033] (.03 00TL| = =« [9.84- -} .13
I/(4/2) = 0.0265 in8 1.58| Clean 1.0 § 3.87[(».00) | .o39f (.03 00881 (.0a78) [9.7)(8.8} | .13
NACA 16-00k, b/t = O 1.h5] Salt 3.5 |3.% sh.oo okh| (.039) | .oo79)| (.ca8%) [7.2{(7.3) ] .32
1.:5 Clesn gg gg :g .&32 g) 0153} - - - ;.’af - -]
1. Clesa . . . o - = |7.8§- - -] .
S 1.#? Clesn 1.0 | 3.73|(%.00 cat| (.a39) | .oihsl (.c135) (8.0 ET.Q .27
6 1.981 Beit 3.5 3.687{(h.00 036 [ (.038, .01kk | (.0155) |6.%](6.1 .20
069 1n.2 1.96 [ Clemm 3.5 |3.98 t.oo gﬁ .ogg Q16| - - - ;{.g --- i"}
A = 1,069 In. 1.58 | Clesn 2.6 | 3.93{{k.00) | . .0; O15f - -~ 169]- -] .
1/(tf2) = 0.0311 5n® 1.98 | Clesa 1.0 | k.13{(k.00) | .ou3| (.038) | .0123] (.0130) [6.6](6.7) | .19
NACA 16-00k, 1/t = 0.3 1.:5 Salt gg k.gg :38 .& .gg go’r;t (.0196) g.; (6.9) gz
1. Clesa o . K . P | | e
1.;; Clesn 2.0 E.oh %.06 o028 (.032) | 0169] - -~ |7.6]~ -] .27
- 1.k Clesn 1.0 | h.06[(k.05 030 (.03a) | .0168| (.0146) |7.8 B.J.g 28
2 1.93 8alt 3.5 | 3.96[(h. .030 | (.031) | .o15h]| (.0168) [6.3((5.9) | .20
1.98 Glean 3.5 k.01 |(k.085 031 0125] - - - |7.0|~ - =| .17
A = 1,102 in2 1.98 Clean 2.0 k.08 [(h 030 012k - 70| - = =| 3T
1/(t/2) = 0.0313 1n3 1.98 [ Clesn 1.0 | k.o5|(s.06} | -033] (.031) | .oa2k] (.0128} |7.3|(s.8) | -1T

Note: Parentheses indicate theoretical velues; upper Ealf of airfoils shown.
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l.- Floating beam
2.~ Normal-force gage

3+~ Rolling-moment gage 9.~ Worn=gear drive mechanism

4.~ Pitching-moment gage 10.~ Balance housing

5.= Side=force gage 11l.~ Two=-dimensional model

6.- Pin connecting model 12.~ Rotating circular plate
Shank to floating beam 13.~ Falring

Te= Chord-force gage 14.- Boundary-layer plates

8.~ Model shank 15.~ Main tunnel walls

Filgure l.=- Side-support balance with a typical two-dimensionsl model
installation.
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(8) Model without seal.

Fairing
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e
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N
(777

Rubber seal

Wing
Clamps holding
rubber seal in
place
(b) Model with seal.

Flgure 2.~ Details of the Junction between the wing and the boundary-
layer plate. :
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— 4
/. f/?_

l c.—a. 1

e

b=length of boattail section
h = trailing-edge thickness
t = airfoil thickness

(1) Biconvex

/ \ _

t/¢c =.04, h/t =0

(2) Biconvex to ¢/2

; c/2 —i [~—.05¢
t/c =.04, h/t= 1.0, b/c=05
6 .5
3
o

(3) Biconvex to ¢/3

L 1 [ 1
c/3 T c/3 g c/3 = —.05¢

e = =
— =
/ =

1/c=.02, h/t=10, b/c =.05

.04 .6 33
.06 3
o

(4) NAGCA 16-004

—

t/c=.04, h/t= 0

.3
(5) Model used fo evaluate
wave drag of sall. Salt bond E]S " I%o.
L 250"
(6] Semispan maodsl.
i — W

| -

—_—— ——— -

t/c= 06, AR=2, c=6"

FPigure 3.~ Method of designating airfoils and summary sketch of models
(upper half shown, not to scale).
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Linear-theory

n = @“I vo
101 & CE 10
8 L ] i
b Fo) > I
B o @ - l\.
k N
4 @ @ v‘ |l_ 1 inear-theory 1ip \9 4
’ c] o) 3 A" | effect + second-| “\g |
. \" \ |order seciion 1
w B V| theory \
s " |
G .2 - 3] = — P T e _
=2 2 = i -
§ R=10x10° Qq' {gp R=35x10° R=10x10° B! Q| R=35x10°
-~
g, i
S g‘ <
] .
& 10) T
o T 2 tc] i ;
S 0 1)
1 T d ': '
f : |

" 7ip effect AN\
’! r ; .[ o
4 [o] © With gap \ Y; \ D&D
: 5 - B Gap sealed '1| \P Tu‘. E?
o © \ “p il R
: o]
6T — D \

-0 0. £ P
_ﬁé ? 00 mo
=20 -10 0 -10 o 10 20 04 o =04 04 0 -04 =08

Angle of aitack, a Pitching-mament cosfficlent, Gy, A

(a) Effect of gep on 1ift and pitching moment.

Flgure k.- Effect of gap on lift, drag, aud pitching moment of semispan model; M = 1.98.
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40

36

J2

28

24

20

16

%

Y

7,

f2

Drag coefficien

.04

/
28 R r
/

S

i
. '\ /
o8 ) - /é / R=35x10°
04 | _ /‘*“
o -8 -6 -4 =2 o 2 4 6 8

© With gap

B Gap sealed

jﬁ :

A /] 4
32 _ _

2 \ \q RelOXIC ;{

N

Q
|
et
N
S~

\ N A

Lift coefficien} G,
(b) Effect of gap on drag.

Figure 4.- Concluded.
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10
Basic airforl:
Biconvex to ¢/3
8
6
B 12=06, h/t=10
4
2 '
¢ T © tc=02 h/t=0, b/c=33
Y Na 14=.06, h7t =0, b/c =.33
.g O W A Shock-expansion theory
= 0
Y
S
Q
=
5 2
) y:
-4
-6
-8 /‘7
i |
-0 !

-6 =12 -8 -4 o 4 8 2 6
Angle of attack, «

Figure 5.~ Typical veristions of 1lift coefficlent with angle of attack;
M = 1.98, transition fixed, R=3.5x10°.
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g a Basic airfoil: l \0

g \(’ Yesp 6‘\{4" 02 Biconvex fo ¢/3 3| %:33 ‘?,Lhdrl.a

& \-.\q i\

_ N, | ¥

' Ny

13
G .2 on
13 k-axpansion theory % Shock-gxpansion theory
8 L2
:
b 4
g
£ 1
3 ¢ J
S c
) =)
e 31\
<L
-5 - A
o
-K\ ‘Kb\ Ny
* el b
04 7} 4 o =02 =04 =06 06 04 L2 /) =02 04 -06
Pitehing-moment coefficien!, cy Fitching- moment coefficlent, oy
(a) Thickness effect; b/t = 0, b/e = 0.33.(b) Trailing~edge bluntness effect; t/c = 0.06.
Flgure 6.~ Typical veriations of pitching-moment coefficfent with 11ft coefficlent; M = 1.98,

fp
tr sition fixed, R=3. 5x10°
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Basic airfoll: Biconvex to ¢/3 P
Wil b=0
h/t=0, be=33
hit=t, be=0
=0, b33

© It=.02,
g =02,
B =06,
& te=.06,

Filled symbols denote
shock-expansion fheory

-8

=6

-4

=2

o

4 4 ) g

Lift cosfficient, ¢
Figure T.- Typical drag curves; M = 1.98, transition fixed, R=3.5x10%.

Basic airfoll- Biconvex to ¢/3

jol

i

© =02 h/t=<t b/c=0
& =02, h/t=0 bc+33
B =06, h/t=] b/c=0
o te=06, h/*=0, bc=33

shock-expansion theory

} - -Filled symbols denote

aliC

. |k ,ﬁ
v

/1%
£

S RACA 2
| 1|

=8

-6

-4

=2

o

2 4 £ 8

Litt caa}'ﬂ'ciem‘, o

Figure 8.~ Typical lift-drag ratic curves; M = 1.98, transition fixed,
R=3.5X106-
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NACA RM A54BO8a SONREDENDIAT s Lo
6
S
JEY: ] N —
ol A — =T : Theory ;g
et — e
4 ¥ =T T -5%

e
—— it

Normalized lift curve slope, £y,
(¥

lll

o .0/ oz .03 .04 05 06
Trailing-edge blunitness, h/c

Figure 9.~ Variation of lift~curve slope with trailing-edge bluntness for
all models tested; R = 1.0, 2.0, and 3.5 million, M = 1.45 and 1.98.
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Basic airfoll: Biconvex fo Basic airfoll:
< c/3 © Biconvex to c/3, 14 +.02, b/c =33
><§ o hteQ b =33 ol e=04 bc=33 b
< B A= be=33 & t/c=.06 b/=33
- ) A Biconvex fo ¢/2, 1/c=.04, b/c=50
§ e NACA 16-004
g 08 X -
E o
S “\
.E 04 ] A L >\\
g J—— s A o 4
8 _ r;// A Ol . —a
B :

® 0 02 04 06 [} 4 8
%’ Thickness ratio, 1/¢ Trofling-edge thickness, h/t
A
g (a) M = 1.45
q\:‘ 08
3 .
[
4 7 \
5 04 o - *4&\(\\
S > >
§ ] S <
§ L Ras==N

0 02 04 06 ) 4 ]

Thickness ratio, t/c Trailing-edge thickness, h/t

(b} M = 1.98

Figure 10.~ Variation of center-of-pressure location with thickness ratio
and trailing-edge thickness; transition fixed, R=3.5x10S.

n /0
§ do |,
§ o o lo¥

& X

08 Lt

Y o8 / .
g J 1 oz B "i
2 Y o6 os> Il 4\
s S R 7/
oS X d

g /I RRB A /
Aoy VAl o5 ..o ’
R -l I
8 yd 151 . B M=.98
3% Y-
T8 / Vs
E 02 %
& z

4
§ 5 | ]
0 02 04 06 08 10

Theorefical center of pressurs, chord lengths ’
forward of midchord, (AXep Jy«o

Figure 1ll.- Correlation between theoreticel and experimental center-of-
pressure locatlons for all the airfoils and Reynolds numbers.
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Basic airfoil: Biconvex fo ¢/3 —o— Biconvex to ¢/3, /e =02, b/e=33
—0— hA=0, b =33 51 e =02, b/c=05
—o h#=0, b/c=05 . e .04 5/6-33
—O— A/f=6, b/c =33 —_—— e=.06, b/e=33
—o— B/tLO, b0 & =06, b/6=.05
Filled symbols denote —&— Biconvex 1o ¢/2, /¢ =.04, b/c =50
o5 dirfolls clean, R = L0x10° —a— NACA 16-004
L V.
p < >
504 : /)
& Vi Pl -~
- X
03 / V/i ot

.

=

Minimum drag coefficien.
SR

00 0z .04 06 o 4 8
Thickness ratio, /¢ Trafling-8dge thickness, h/t
(a) M = 1.45
05
£04
&
.§
S 03 X L
3 / & ,/<
S v &~ |
S 02 57 ?
L e
S ol | I }
§
§ AN —s—:?_
o
o .02 .04 06 o 4 8
Thickness rallo, 1/c Trailing-adge thickness, h/t
(b) M = 1.98

Figure 12.- Varlation of minimum drag coefficient with airfoil thickness
ratio and trailing-edge thickness ratio; transition fixed, R=3.5x10°
unless noted otherwise.
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05 Biconvex fo ¢/3, =02

=04

=06
Biconvex fo ¢/2, i/£=.04
Biconvex, 14 = .04

03 ' Ge/g
D = [

04

DPODO

Experimental fotal drag, cq,,,,

oz
o1
4 -
Theoretical fotal drog, ¢, Theorstical fotal drag, ¢,
05
.04
03
<

Experimental Foredrag,(cap,e hnin
N

Theoretical foredrag, ( cap,,qlnin Theoretical foredrag, (Gyy, o/
05
E
®
§ 04
N
w 03
3
&
§ .02 5
3
)
§ .0/
2
8 - | = |
o O 02 03 04 05 o 0 02 03 04 05
Theorstical base drag, (Gy,.. hun Theoretical bose drag, (¢, .\ e

(a) M = 1.45, transition fixed, (b) M = 1.98, transition fixed,
R=3.5x10%. R=3.5x10°.

Flgure 13.- Correlation between theoretical and experimentel minimum
drag coefficients.
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Experimental foredragy( cypy,elum Experimental folal drag, g,,,,.

Experimental base drag, { Gayase/um

1
05 © Biconvex 1o ¢/3, I/c=.02
a 7 =04
Q44— Log t/c=,06
& Bleonvex fo ¢/2, 1€ =.04
8 Biconvex, {/c=.04
03 <
02 0
A 2
.0l ° ;
Theorelical folal drag, ¢y, Theoretical fotal drag, ¢, .
.05,
O
03 5
S
<®,
02
.0/
o - .
Theoretical foredrag, (s syrebin Theoretical foredrag, (Capphun
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