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TESTS OF AIRFOILS DESIGNED 'TO DELAY .TBE COMPRESSIBILITY BURBLE

By Joun Brack

SUMMARY

Fundamental investigations of compressibililty phenomena for
airfoils have shown that serious adverse changes of aerodynamic
characteristies oceur as the local speed over the surface exceeds
the local speed of sound. These adverse changes have been
delayed to higher free-stream speeds by development of suifable
airfoil shapes. The method of deriving such airfoil shapes is
deseribed, and aerodynamic data for a wide range of Mach
numbers oblained from lests of these airfoils in the Langley
24-inch high-speed tunnel are presented. These airfoils, desig-
naled the NACA 16-series, have increased eritical Muach num-
ber. The same methods by which these airfoils have been
developed are applicable to other airplane componenis.

INTRODUCTION

Deovelopment of airfoil sections suitable for high-speed
applications has generally been difficult because little was
known of the flow phenomenon that oceurs at high speeds.
A definite critical speed has been found at which serious
detrimental flow changes oceur that lead to serious losses in
lift and lorge incresses in drag. This flow phenomenon,
called the compressibility burble, was originally & propeller
problem but, with the development of high-speed aircraft,
serious consideration has to be given to other parts of the
airplane. It is important to realize, however, that the pro-
peller will continue to offor the most serious compressibility
problems for two reasons: Firsf, because propeller-section
speeds are higher than the speed of the airplane and, second,
because structural requirements lead to thick sections near
the rook.

Fundemental investigations of high-speed air-flow phe-
Y recently pleted (references 1 to 8) have provided
much new information. From practical considerations an
importent lusion of these investigati has been the
determination of ‘the critical speed, that is, the speed at
which the compressibility burble eceurs. The eritical speed
was shown to be the translational velocity at which the sum
of the translational velocity and the maximum local induced
velocity at the surface of the airfoil or other body equals the
local speed of sound. Obvwiously, then, higher eritical
speeds can be attained through the development of airfoils
that have minimum induced velocity for any given value of
the lift coefficient.

Presumably, the highest critical speed will be attained by

an airfoil that has uniform chordwise distribution of induced
velocity or, in other words, a flat pressure-distribution curve.
All conventional airfoils tend to have high negative pres-
sures and correspondingly high induced velocities near the
nose, which graduslly taper off to the air-strenm conditions
at the rear of the airfoil. If the same lift coefficient can ba
obtained by decreasing the induced velocity near the nose
and inereesing the induced velocity over the rear portion of
the airfoil, the critical speed will be increased by an amount
proportional to the decresse obtained in the maximum
induced velocity. The ideal airfoil for any given high-
speed application is, then, that shape which at its operating
lift coefficient has uniform chordwise distribution of induced
velocity. Accordingly, an analytical search for such airfoils
has been condueted by members of the staff of the Langley
Memorial Aeronautical Laboratory and these airfoils have
been investigated experimentally in the Langley 24-inch
high-speed tunnel.

The first airfoils investigated showed marked improvement
over those shapes already available; not only was the eritical
speed increased but also the drag at low speeds was decreased
considerably. Because of the marked improvement achieved,
it was considered desirable to extend the thickmess and the
lift-coefficient ranges for which the original airfoils had been
designed to obtain date of immediate practical value before
further extending the investigation of the fundamental
aspects of the problem.

SYMBOLS

z abscissa of camber line

Yo ordinate of camber line

t thickness, percent of chord
¢ airfoil chord

0 defined by Z=3(1—cos )

% lift coefficient

Op  drag coefficient

minimum drag coefficient

pitehing-moment coefficient about quarter-chord point
pressure coefficient

M Mach number

M, eritical Mach number

R Reynolds number

o angle of attack, degrees
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EFFICIENCY
200mph -84 %
530 mph — 60%

NACA IMAL 47948

EFFICIENCY
200 mph - 91 %
530 mph—88 %
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Mot a last lock, Tnsists the author. Six of these 19foot propellers pull the world's largest
londplane, the XC-99, through the oir. Blades’ piteh eon be reversed te brake lending run

Has the Propeller a Future?

-

FEERUARY 1948

In propellers honging on the wall, note progressive
gaine made by running widest section of blads inte
spinner. Below, drewings of an eight-bladed prop
ond double spinner for gos turbines of the Future

PROPELLER. DRIVEN
r BY SHAFT FROM JET

POPULAR MECHANICS
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