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STMITARTTY TAW TO DRAG DATA OF NACA 65-SERTES WINGS

By Kenneth B, Amer
SUMMARY

In order to determine the usefulnsss of one part of Von Karmen's
two—dlmensional transonic similariity law as a means of corrslating and
s+ ©xXtrapolating transonic wing data, the law is.applied to drag data of
three different thickness wings having NACA 65-series sections and
aspect ratios of 7.6 in the Mach number range from 0.85 to 1.15. This
portion of the law states that, for two—dimengional alirfolls of the

M,2C

o ~D.

ggme family in the transonic range at zero 1lift, the parameter /
W, -1 (t/c)5 3

is only a function of the parameter ——————r1\ 7Von Kéfmén derlved this

(t/c)2/3
law from the potential—flow equetion assuming thin, two—dimensional
bodies with local velocltlies not much different from sonlic. The corre—
lation of the data is satisfactory, being somewhat better in the subsonic
range than in the supersonic range. The presence of a stagnation point,
the probable presence of separatlion at high subsonic speeds, and a finite
aspect ratio of 7.6, all of which were not considered in the derivation
of the law, did not appreciably affect the degree of correlation. The
presence of a boundary layer, which also wes nob consldered in the
derivation, was adequately accounted for by assuming a reasonable value
of skin—friction drag coefficlent.

INTRODUCTTON

A relisble means of correlsting and extrapolating transonic wing
data would be extremely useful. Dr. Theodore von Kermsn has developed
theoretically from the potential—flow equation a two—dimensionsl transonic
gimilaerity law for thin bodlies wlth local veloclties only slightly
different from sonic. One part of this law states that for all thin two—
dimengional alrfoils of the same famlly in the transonic range at zero
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M2
(o)
1i1ft, the paremeter —SEE———— is only a function of the

Mg -1

Parameter —————. Derlvations of the law are presen-ed in references 1
(+/0)2/3

and 2.

So far as 1s known, the only data availsble to determine the useful=-
ness of this part of the law were obtalned by the freely-falling-body
method and presented in references 3 to 5. Drag data in the Mach number
range from 0.85 to 1.15 are presented in these references for wings having
aspect ratios of 7.6 and 5.1 and three NACA 65-series alrfoil sections,
the 65-006, the 65-009, and the 651-012. TheéReynolds number of these tests,
based on the chord, varied from about 1 X 10° to about 5 X 106 for each
wing.

The derivatlon of the simllarity law does not take into account all
detalls of the flow about these particular wings. The derivation does
not account for the fact that the wings are of finite span having stag—
nation points, boundery layers, and probably some separation at high
subsonic speeds, have local veloclties well sbove sonic at the higher
transonic Mach numbers, and (although the airfoil sections are of the
pame series) theilr thickness distributlons are not exactly proportlonal.
In this paper, the law ls applied to the available data tc determine
the degree of correlatlon produced by the law and to indicate which of
the unasccounted for factors im the flow about the wings affected the
degree of correlstlon sppreciably.

SYMBOIS
Cp total drag coeffilclent based on exposed plan srea
CDf friction drag coefflclent
ODP pregsure dreg coefficlent
My frée—ﬁtream Mach number
t/c alrfoil thicknese ratio
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RESULTS AND DISCUSSION

2
The pressure drag parameter i-Dp—/ was calculated for the various
(+ /0)5 3
wings from the continuous curves of Cp agalnst M, of references 3 to 5
-1

(t/c)2/3
any rellable friction dreg data in the transonic range, a frictlon drag
coefficient of 0.006 was assumed for all wings. The paremeters for the
three wings having an aspect ratio of 7.6 are plotted in figure 1. The
data are plotted as 1ndividual points rather than as continuous curves
for clarity. '

Because of the lack of

at equal Increments of the parameter

In order to gein a quantitative ides of what the deviations shown
in figure 1 meen in terms of drag coefficlent and Mach number, the faired
curve of figure 1 was used to recompute & curve of CDP egainst M, for

each wing. In figure 2 these curves are compared wlth curves of CDP

againgt Mgy computed from the reference data. The experimental
uncertainty in Mach mumber is ebout #0.01. At the highest Mach numbers
tested, the experimental uncerteinty in Cp is about $0.0025 for the

12—percent—thick wing and about $0.0005 for the.6—percent— and 9—percent—
thick wings. The uncertaintles in drag coefficient Incresse somewhat
a8 My 1s reduced. The uncertalnty in the assumed value of Cp. 1s

probably within gbout #0.001. Thus, the two curves for the 6—percent—

and 9-percent—thick wings differ in the subsonic range by less than the
maximum possible uncertainties in the experimental data and skin—friction
drag coefficient. The dlfference between the two curves for the l2-psrcent—
thick wing exceeds this uncertainty slightly at sbout My = 0.98 because

of the hump in the sexperimentel curve. The difference between the two
curves for each wing in the supersonic range lis less than twice the sum of
the experimental uncertainty and the uncertainty in the assumed value

of C'.Df-

Apparently, in the supersonlc range, the similerity law does not
entirely correlate the effect of varlations in thickness ratio, and there
is a consistent varlation in the drag parsmeter with thickness ratio. In
figure 3 thils trend is compared with the calculated variations in drag
parameter for clrculsr—erc airfolls of the sames thlckness ratios at higher
Mach numbers where the supersonic type of flow pattern is wholly establisghed.
The circular—erc—alirfoll drag coefficients were calculated from the formula
(formula 9.23, reference 6)

op, = —=ib (&)°
> 3\[%2—1()
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For the l2-percent—thick alrfoll at a low supersonic Mach number, this
formuls checked wlthin a few percent & more accurate calculation basged
on exact shock—expansion relations. The plote for thesme cilrcular—erc
airfolls start at approximately the Mach numbers at which the shock
waves become gttached to the leading edges. These Mach numbers are
about 1.3 for the 6-percent—thick airfoil, 1.4 for the 9—percent—thick
airfoll, and 1.6 for the l2-percent—thick alrfoil.

Figure 3 ghows that there is a spread of about 25 percent i1n the
supersonic drag paremeters for the clrcular-erc airfoils, which 1s due to
the fact that the similarity law does not fit the actual flow condltions
since the locel velocltles are not near-sgonlic. This spread is in the same
directlion as the spread of the experimentsl dreg parameters on the super-—
sonic side of the transonic region. Therefore, the trend of the drag
paramsters with the thickness shown in the experimental data indicates that,
because the local veloclties are no longer near—sonic, the aimilarity law
correlates less well as the Mach number Increases asbove 1.0, and there 1is
a gradusl transition to the theoretlcal veriation of the drag parsmeter
with thickness ratioc in the wholly supersonic regime of flow. It appesars
that an emplirical correction for thls trend could be developed.

The satlsfactory correlastion obtalned by the use of the gimllarity
law indicates that the factors in the flow fleld not accounted for by
the theory (other than the presence of local velocitles well sbove sonic
at the higher Mach numbers) did not affect appreciably the degree of
correlation; that is, the presence of a stagnation polnt, the probable
presence of separatlon at high subsonic speede, the flnlte aspect ratlo
of 7.6, and the slight nonproportionslity of the thickness distributions
did not appreclably affect the degree of correlation. The presence of =a
boundary lsyer was adequately accounted for by assuming a ressonable
velue of gkin~friction coefflcient.

Limited deta for wings having aspect ratios of 5.1 are presented
in figure 4. The dats for the 9—percent— and l2-percent—thick alrfoils
show a greater spread in the supersonic range than the corresponding
data of aspect ratio 7.6. These data indicate the desirability of
further investigation of the degree of correlation of low—-sspect-ratio
data obtainsble with Von Karmén's similarity law.

CONCLUDING REMARKS

Application of ons part of Von Kdrmén's two—dimensional transonic
similarity law to drag data of wings having NACA 65-006, 65-009,
and 651-012 profiles and aspect ratios of 7.6 in the Mach number range
from 0.85 to 1.15 shows satisfactory correlation which is somewhat
better in the subsonic ranges than in the supersonic renge. The presence
of & stagnation polint, the probable presence of separatlion at high
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subgonic speed, and a finite aspect ratio of 7.6, all of which were not
considered in the derivatlon of the law, 41d not appreclably affect the
degree of correlstlon. The presence of a boundary layer, which also was
not consldered in the derivation, was adequately accounted for by assuming
a reasonsble value of skin-friction drag coefficient.

Langley Aeronsutical Laboratory
Nationael Advisory Commlittes for Aeronsutics
Langley Fileld., Va.

REFERENCES

1. Von Karmén, Theodore: The Similarity Law of Transonic Flow.
Jour. Math, and Phye., vol. XXVI, no. 3, Oct. 1947, pp. 182-190.

2. Kaplan, Carl: On Similaerity Rules for Transonic Flows. NACA TN
No. 1527, 1948.

3. Mathews, Charles W., and Thompson, Jim Rogers: Drag Measurements at
Transonic Speeds of NACA 65009 Airfoils Mounted on a Freely
Fglling Body to Determine the Effects of Sweepback and Aspect Ratlo.
NACA RM No. L6KO08c, 19kT.

4, Thompson, Jim Rogers, and Merschner, Bernerd W.: Comparative Drag
Measurements at Transonic Speeds of an NACA 65-006 Airfoil end a
Symmetrical Circuler-Arc Airfoil. NACA RM No. L6J30, 1947.

5. Thompson, Jim Rogers, and Mathews, Charles W,: Measurements of the
Effects of Thickness Ratlo and Agpect Ratio on the Drag of
Rectangular—Plen—Form Airfoils at Trensonic Speeds. NACA RM
No. LTEO8, 1947, .

6. Liepmsnn, Hans Wolfgeng, and Puckett, Allen E.: Introduction to
Aerodynsmics of a Compressible Fluid. dJohn Wiley & Sons, Inc.,
1947,



MEC O NACA 65-0006
_0‘_%" A NACA 65-009
%) ¢ NACA 65,-0/2

/ Q

7, | '”1

-8 -6 -4 £ 0 2 4 6 B

Figure 1.- Transonic drag data (with CDI assumed = 0,008) for three wings having an NACA 66-series
section and an aspect ratio of 7.6 plotted according to Von Kéirmdn's two-dimensional transonic

similarity law. U
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Figure 2.- Comparison between measured drag coefficients (with CDf agsumed = 0.006) and pressure drag

coefficlents obtalned from faire

d curve of figure 1. Aspect ratio of wings is 7.6.
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Figure 3.~ Comparison between the measured effect of thiclmess ratio on wings having NACA 65-series

gections and aspect ratlos of 7.6 in the transonic range and its calculated effect on circular-arc airfoil
gections in the supersonic range.
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Figure 4.- Transonic drag data (with CDf assumed = 0.008) for two wings having an NACA 6b-series

section and an aspect ratio of 5.1 plotted according to Von Karmén’s two~dimensional transonic
similarity law,

ezl "ON WH VOVN



1 I1t| ﬁlNPIiHIlHll (il

3 1176 01436 6679

]
e e B

‘l

L ]

—



