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SUPERCRITICAL PROFILE

V. Molozhavtsev, Candidate of Technical Sciences

On modern subsonic aircraft a wing is used, the profile of which

has a significant relative thickness and a positive curvature.

Beginning with a certain Mach number of flight which is -alled the

critical Mach number (M«p), ZOnes of local supersonic velocities are

formed on such a wing. This leads to the appearance of lozal shock

wvaves and as a result, to the occurrence of irreversible losses of

mechanical energy, which is converted into thermal energy. Wave drag

arises and leads to an increase of the total drag.

il

With an incresase in the flight speed the zone of the shock stall

on the upper surface is displaced to the tail portion of the wing and

the shock wvave becomes stronger. In addition a shock wvave appears on

the lover surface of the wing. With a stromgly developed shock stall
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behind the shock vwave it is possible that the boundary layer will
break avay from under the shock wave. An unfavorable picture of
pressure distribution is obtained under conditions of shock stall
vith an increase of the Mach numbers (Fig. 1) . The peak >f
rarefaction on the upper surface decreases and im the tail portion a
significant negative lift force arises. As a result theres is a sharp
decrease in the permissible lift coefficients Cy,, , the head
resistance increases and the center of pressure is displaced forward
leading to large changes of the longitudinal moment. In this case the
position of the upper and lower shock waves is not constant, which
along with the breakavay of flow from unler the shock wava is

accompanied by shaking in flight.

With positive values of the lift force of the wing, with an
increase in the angle of attack, value M, decreases, i.e., all
phenomena accompanying shock stall develop even at lesser flight

speeds.

In the final analysis, with an increase of Mach numbars of

flight the permissible lift coefficients ¢ decrease vith respect

Row
to conditions of stability and controllability, as do the values of
raxinum aerodynamic quality Kuee < Begimming with a cecrtain Mach

number the latter begin to decrease very sharply (Fig. 3). Such an

unfavorable course of the characteristics C,_‘_ and K..;‘ with large

o
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Mach numbers of subsonic flight leads to a deterioration of

maneuverability and to a reduction of the range of the aircraft.

Therefore the problem of raising the critical Mach nuambers of wing
profiles is quite urgent. At one time attempts were made to find
so-called "Mach-st able" shapes of profiles which inclule symmetrical
profiles with distribution of the maximum thickness more to the rear.

They did not produce the desired effect.

On supersonic aircraft they used a wing with a very thin and
almost symmetrical profile. It contributed to a delay of the shock
stall and to an increase of M,, . While for subsonic airccaft the
greatest range of flight corresponded to M = 0.7-0.75, facr supersonic
aircraft it was M = 0.85-0.9. But the carrying properties of a wing
vith constant sweap turned out to be lowv. In addition in connection
vith the small length of the wing the maximum aerodynamiz quality
became 25-35 90/, less than for subsonic aircraft and resecrves of 1lift
force during.maneuvering remained insufficient. Even in supesonic

aircraft in the subsonic area of large NMach numbers the same

unfavorable phenomena are observed which are brought about by shock <

stall although it takes place less intensively.

How can such phenomena be reduced in the near-sonic range of
Mach numbers? In searching for a solution to this problem the concept
of supercritical profile arose. In contrast to a conventij>nal profile

|
A

| 1
‘ 1
|

|

!




DOC = 0270 PAGE 4

it has an almost plane (flattened) upper surface and a considerably

i bent-in lower surface in the tail portion. i

PR

On a wing of such profile (Fig. 4) pressure on the lower surface
is distributed noauniformly and on the upper surface, practically
uniformly. In connection with this the appearance of shack wvaves on
the upper surface is limited amd G, drops less intensively vith an !

increase in the Mach number.

P

A supercritical shape of the profile does not eliainate shock

vaves but shifts theam to the rear edge, thereby decreasing vave drag
and the phenomenon of breakaway at near-sonic Mach numbecs. Shock
stall develops intensively at N = 0.95-0.98 and not at N = 0.8-0.85

as in the best modern profiles.

As a result, the value EQ%r.-uhich determines the range of
flight increases up to Mach numbers of N = (.95. Consequeatly the

econoay of near-sonic flight must increase (Fig. 5).

|
?
1
|
|
|

No less iapoctant is the effect of raising the persissible lift
coefficieat <y (Pig. 6) vhich is quite favorably manifested in
flight safety of heavy aircraft in turbulent air and als> in the

maneuverability of fighter aircraft.
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Thus the idea of a supercriticel profile is quite promising. At
least this is borme out by reports on research conducted in wind
tunnels. Hovever, the vind-tunnel characteristics of a praofile change
significantly in the total aerodynamic sake-up of a full-size
airplane. The operation of a wing of supercritical profile is
affected by its variable sveep, the arrangement of the eajines and
suspensions, mechanization, and shape in a plane. Therefore during
the development of each specific aircraft, in connection with the
developaent of the wing, comsiderable research on completa models in

wind tunnels is unavoidable.

The introduction of a wing with a supercritical profle, judging
from reports in the press, is preceded by thorough research on
experimental aircraft. This research, in the first place, wmust
provide information on the applicability of the new desijy not only
for relatively thick, but also for thin profiles; second, it must
prepare recommendations for the aerodynamic make-up of wings with a
supercritical profile for aircraft of various designations; and
third, it must evaluate the effect of production deviations and

in-flight deformations on the characteristics of the profile.

As is known, in the USA, NASA began to study the suparcritical
profile around 1966-1967. It vas announced that research in wind

tunnels confirmed the possibility of increasing the critical Nach
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nuaber by 18 9/,. According to the preliminary evaluation the use of
a supercritical profile should increase the range of a pissenger
aircraft of the type Boeing~707 by 15 9/, when cruising vith a NMach
nuaber of ® = 0.9 instead of 0.8, without an increase in the thrust

of the engines.

Then modifications vere made in the trainer T-2C and in the
fighter-bomber F-8 "Crusader"™ with a wing vwith a supercritical
profile. The winjs of these airplanes have a considerable relative
thickness. It is reported that tests of the T-2C and the FP-8

confirmed the results of research in wind tunnels.

In 1971 a contract was let for modification of the supersonic
fighter-bomber P-111A with a ving vwith a supercritical profile. By
placing the wing in a position with minisum sweep it is proposed to
improve the econoay of flight and maneuverability without detracting

from controllability.

The enumeratad experimental works are united by a single intent:
to reveal the possibilities of a supercritical profile. Especially
great hopes are placed on the experiment with the F-111A. Results of
the experiment will be used in the construction of new, maneuverable,
tactical aircraft and possibly in the construction of the strategic

bomber B-1.
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From reports in the press it follows that if the full -scale

experiments in flight are
aerodynamics will acquire
increasing the efficiency

flight which up until now

cOompPleted vith positive results then
another technical possibility for
of aircraft in the near-sonic range of

has been the most unfavorable.
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Figures 1-6. KEY: 1) Negative lift force;
flow; 3) Conventindnal flow;

Supercritical; 7) Supercritical profile.
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