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Description
AN AIRFOIL HAVING IMPROVED LIFT CAPABILITY

Technical Field
The invention relates to an airfoil and more

particularly, to the leading edge of an airfoil having high
1ift capability. |
Background Art

In the design of an airfoil forming an aircraft wing,

particularly, the leading edge thereof on a fixed wing or
in the form of a leading edge comprising a movable slat on
a fixed wing, within a required parameter or envelope, it
is attempted to improve the 1ift capability, reduce the
pitch-up, reduce the cruise drag, and improve the buffet in
comparison with the prior art. Typically, aircraft wings
have been shaped to provide a required 1lift with least
possible cruise drag. The shape of the wing is generally
comprised Dbetween the aerodynamic shape that is most
efficient for aircraft cruising speed and the aerodynamic
shape required for low air speeds such as encountered
during takeoff and landing. I+ 1is also known that
redﬁction in pitch-up generally penalizes cruise drag
performance.

7 A search of the patent literature discloses the
following patents, International Application, and article,
which are of general interest:

U.S. Patent No. 1,780,838
U.S. Patent No. 2,257,260
U.S. Patent No. 2,448,698
.S. Patent No. 2,541,565
.S. Patent No. 2,793,826
S. patent No:. 2,938,680
.S. Patent No. 3,077,173
S. patent No. 3,195,836
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U.S. Patent No. 3,244,384

U.S. Patent No. 3,273,826

U.S. Patent No. 3,917,193

U.S. Patent No. 3,952,971

U.S. Patent No. 4,050,651

U.S. Patent No. 4,189,120

U.S. Patent No. 4,200,253

U.3. Patent No. 4,240,598

"International Application published under P.C.T.
International Pub. No. WO 81/02557,

International Pub. Date 17 Sept. 1981

Article: "Computer-aided design: Aerodynamics, by A.
B. Haines, pps. 81-91, Aeronautical Journal, March 1979

‘Disclosure of the Invention

The present invention provides for improved low-speed
handling and high-speed performance in slats or in a fixed
leading edge airfoil on airplane wings or in stabilizers,
for example. -

According to the present invention, an airfoil was
developed to increase 1lift capability, particularly at Mach
numbers from 0.72 to 0.84, and improve the load balance of
the wingrat high angles of attack.

- The uhique geometric configuration, according to the
invention, also was found to substantially reduce pitch-up
without penalizing cruise drag performance.

Generally, the airfoil may Dbe described as having
multiple local curvature minima on the upper or negative
pressure surface. The airfeil according to the invention
when used as a stabilizer would generally have the
geometric configuration on the lower surface, an exception
being the case of an uncambered stabilizer for which both
upper and lower surfaces would be identical.

The airfoil has curves including camber divided into
three regions, I, II, and III. Region I has a starting

point aft and adjacent the leading edge and encompasses the
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airfoil stagnation point. It has a high curvature around

‘the leading edge and the curvature decreases - aft measured

along the chord from the leading edge on an upper oOr
negative pressure side of the airfoil to a €£irst local
minimum value of less than 3 for K times C at the end of
region I, where C 1is the length of chord and K is the
reciprocal of the local radius of curvature. Region I is
within 10% of the chord length and region II starts at the
aft end of region I within 10% of the chord length. The
curvature in region II first increases from the first
minimum and then decreases to a second local minimum within
40% of the chord length.

The starting point of region I is below the chord,
lower than the ordinate value of the leading edge, and is
aft of the lgading edge by not more than 33 of chord length
meagsured along the chord.. The high curvature at the
leading edge has a value for K times C egual to or greater
than 35 but less than or equal to 120. In region II the
maximum value for K times C is greater than 1 but less than
6.

The second local minimum is at the end of region II and
the value of K times C initially increases from the second
local minimum and may remain constant to the trailing end
of the airfoil or may have one Or more greater points
relative to the first and second minimums.

Within the required parameter the airfoil, according to
the invention, is considered to Dbe the first to provide
pitch-up improvement without penalizing cruise drag
performance. It provides a substantially gréater 1ift and
improved buffet to permit the aircraft to carry
substantially higher weights.

Further advantages of the invention may be brought in
the following part of the specification wherein small
details have been described for the competence of the
disclosure, without intending ‘to limit the scope of the

invention which is set forth in the appended claims.
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Brief Description of the Drawings

Referring to the accompanying drawings which are for-

illustrative purposes:

Fig. 1 is a profile view of an airfoil, according to
the invention, the invention being substantially in the
upper surface of tﬁe airfoil; '

Fig. 2 is an enlarged profile view of the invention as
it may be applied to a wing fixed leading edge in the form
of a slat or in the form of the leading edge as a part of a
wing and integral therewith; shown for comparison with the
invention is a prior art leading edge of the 1960's and a
recent leading edge concept which is not prior art;

Fig. 3 is a graph illustrating curvature (K) times
chord length plotted against percent chord, illustrating
the invention in graph form;

Fig. 4 shows a comparison of the curvature of the three
profiles illustrated in Fig. 2;

Fig. 4A illustrates the position of angle phi in Fig.
4;

Fig. 5 is a graph illustrating curvature plotted
against distance from the leading edge priocr art airfoil
normalized by chord length for comparison of the 1960's
prior art, a recent concept, and the invention;

Fig. 6 is a graph for the invention and a graph for the
recent concept in which pressure coefficient is plotted
against the distance from the leading edge measured aft on
the chord and divided by the length of the entire chord at
various angles of attack;

Fig. 7 is a graph in which the 1lift coefficient is
plotted against profile drag, comparing the invention with
the recent concept to show the effect of leading edge
shapes on drag:

Fig. 8 is a graph in which the 1lift coefficient is
plotted against critical Mach number and shows comparison

of the effect of leading edge shapes of the 1960's prior
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art, the recent concept, and the invention;

Fig. 9 is a graph illustrating the 1lift  coefficient
puffet plotted against the Mach number in which curves for
the present invention, recent concept, and the 1960's prior
art are compared; ,

Fig. 10 is a graph of airplane 1ift coefficient plotted
against the degrees of angle of attack for Mach point 0.72
and Mach 0.78, illustrating the improvement of lift in the
invention over applicant's recent concept; and

Fig. 11 is a view illustrating the configuration of the
invention in the form of a leading edge slat along with
applicant's recent concept, and the 1960's prior art.

Best Mode for Carrying out the Invention

Referring again to the drawings, the invention is shown
in the airfoil 10, shown as the profile of a wing, and
being substantially in the upper surface starting at point
A to include the stagnation point, extending around leading
edge 12, and terminating in the trailing edge 14 of the
airfoil and wing. Airfoil chord 16 is shown in phantom
lines extending from the leading edge to the trailinc edge.

Region I of the airfoil, extending between points A and
B, extends below the upper surface far enough to encompass
the airfoil stagnation point. Poin£ A is thus lower than
the ordinate value of the leading edge 12 and is aft of the
leading edge by no more than 3% of the chord distance as
measured along the chord. The airfoil 1leading edge has
curvature (K) times chord length (C) equal to or greater
than 35 but less than or equal to 120, Figs. 3 and 5, where
K is the reciprocal of the 1local radius of curvature.
Region I has a minimum of curvature, K times C, of less
than 3 at its end, point B, and the start of region II. As
best seen in Fig. 3, region I has a continuously decreasing
curvature to a minimum within the first 10% of the airfoil
as measured along the chord.

Point B at the end of region I lies aft of the leading




10

15

20

25

30

35

WO 85/03051 PCT/US84/00071

—-6-

" edge and within 10% of the chord length - on the upper

surface of the airfoil.

The forward or first local minimum point of curvature
B, Fig. 3, is a significant aspect of the inventive leading
edge shape. After point B the curvature first increases
then decreases to a second local minimum value occurring
within the first 40% of the airfoil, the second local
minimum value being at point C at the end of region II and
the start of region III. In region II the maximum value
for K times C is greater than 1 but less than 6.

As shown in Fig. 3, region I plus region II are within
the first 40% of the chord, and point C, Fig. 1, lies aft
and within 40% chord of the leading edge of the upper
surface of the airfoil. The curvature of region III
initially increases from the second local minimum at the
end of region II and may remain at a constant level or may
have one or more maximum/minimum points, as indicated in
Figs. 3 and 5. Region III is about twice the length of
region II.

From the foregoing, it 1is noted that the overall
airfoil upper surface has at least two local .curvature
minima, both occurring within the first 40% of the chord
length.

In Fig. 2, the invention 1is shown along with the
profile of prior art, in broken lines, developed' in the
1960's and with a recent airfoil concept, in phantom lines,
of applicant .which 1is not prior art. The wing £fixed
leading edge illustrates an airfoil on which the invention,
the recent concept and the prior art would be suitable for

employment as slats. The three profiles forming leading

edges forwardly of the fixed leading edge could also be

employed as airfoils forming a £fixed 1leading edge on a
wing.
In Fig. 4, the nose curvature of the three airfoils is

illustrated. Fig. 4A shows the position of the angle phi.
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The prior art curve shows curvature typical of - older
tedhnology airfoils whereas  the recent concept curve is
similar to some of the current state of the art
(peaky-type) airfoils. The curve showing the invention has
a nose curvature that falls between the other two and the
graph shows the substantial distinction.

In Fig. 5 curvature is plotted against the distance
from the leading edge of the prior art airfoil normalized
by chord length. The forward minimum point of curvature of
the invention illustrates the distinction between the prior
art, the recent concept. The curvature of the retent
concept, which is less than that of the prior art from 43
to 12% chord, does not reach a true minimum until the crest
of the main airfoil, although it is almost constant from
about 25% chord length to the crest.

The net effect of the varying curvature regions of the
inventive ieading edge is illustrated in Fig. 6, where
outboard upper wing pressures at Mach 0.78 on the invention
and of the recent concept are shown. As the angle of
attack increases from 2° to 8°, the character of the
pressure distribution of the new airfoil changes from
non-peaky (almost no leading edge suction) to peaky (a
roof-top shape with suction all the way up to the leading
edge) . The pressure distribution in the invention fills
out about the forward minimum curvature point near 5%
chord. In a like manner, the recent concept airfoil
distripbution fills out about its effective miniature
curvature point, which is about 25% chord. This 1is
significant ©because the recent concept airfoil carries
additional 1lift with angle of attack, the shock strength
near the airfoil crest growing faster than it does on the

invention airfoil. The trailing edge pressures

correspondingly are more positive on the invention than on

the recent concept, indicating a thinner shed wake for the

invention airfoil. At 8° angle of attack, the pressure
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distribution in the recent concept airfoil has effectively

collapsed due to shock-induced separation while the

inventive airfoil distribution is still reasonably well
formed.

As shown in Fig. 10, for Mach numbers ranging from 0.72
to 0.84 the effect of the inventive leading edge on wing
pressures 1is virtually the same, resulting in delayed
shock-induced stall of the wing. The 1lift improvement
shown in Fig. 10 in the invention with respect to the
recent concept is substantial.

The delayed shock stall, Fig. 6, with the present
invention also- significantly improved the buffet boundary,
Fig. 9, compared with the recent concept and the prior art.

As shown in Fig. 7, from a drag standpoint, the leading
edge of the invention is the same or better than the recent
concept. In Fig. 7 and 8, comparisons of the Mach 0.72
(cruise) drag polar and the critical Mach number with the
invention and recent concept are made and also with the
prior art relative to the critical Mach number.

The fact that the present invention performs well at
high 1lift values is obvious and what is more important, is
that there is no performance trade-off with the inventive
leading edge at lower lift values.

In summary, the inventive leading edge opens up the
Mach/lift operating envelope in the 1lift direction. The
Mach number capability at low 1lift values, where the
leading edge shape plays a less significént role, was not
affected. It is expected that the present invention can be
used to open up the Mach/lift boundary of any given
airfoil. This is certainly true of the older technology
airfoils on nearly all commercial airplanes flying today.
The new leading edge invention will also improve the
off-design (lower Mach number) performance of a point
designed peaky-type airfoil.

Fig. 11 illustrates the invention of the airfoils 1in
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the position and configuration of slats, rather than as an
entire wing for complete airfoil, shown in FPigs. 1 and 2.
The curves in regions IA, IIA and IIIA can be made to apply
to the graphs in the same manner as regions I, II and III.
The invention and its attendant advantages will be
understood from the foregoing description and it will be
apparent that various changes may be made in the form,
construction, and arrangements of the parts of the
invention without departing from the spirit and scope
thereof or sacrificing its material advantages, the
arrangements hereinbefore described being merely by way of
example. I do not wish to be restricted to specific forms

shown or uses mentioned except as defined in the

accompanying claims.

a
.
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what is claimed is:

1. An airfoil Thaving improved 1lift capability,
comprising:

a chord extending from a leading edge to a trailing
edge of the airfoil;

airfoil curves divided into three regions, I, II, and
I1I,

region I having a starting point aft and adjacent the
leading edge and encompassing the airfoil stagnation point;

region I having a high curvature around the leading
edge, and curvature decreasing aft along chord from leading
edge on upper or negative pressure side of airfoil to a
first local minimum value of less than 3 for K times C at
the aft end of region I,

where C is the length of chord and K is the reciprocal
of the local radius of curvature;

region I being within 10% of chord length;

region II starting at the aft end of region I within
10% of chord length; and '

the curvature in region II first increases from the
first minimum at the aft end of region I "~ and then
decreasing to a second local minimum within 40% of the
chord length.

2. The invention according to claim 1 in which:

the starting point of region I 1is below ‘the chord,
lower than ordinate value of the leading edge, and is aft
of leading edge by not more than 3% of chord length
measured along chord.

3. The invention according to claim 1 in which:

the high curvature at the leading edge has a value for
K times C equal to or greater than 35 but less than or
equal to 120.

4. The invention according to claim 1 in which:

region III starts at the end of region II within 40% of

s WIPO
TERNATIO




L

WO 85/03051 PCT/US84/00071

-11-

the chord length.
5. The invention according to claim 1 in which:
in region II the maximum value for K times C is greater
than one but less than 6.
6. The invention according to claim 1 in which:
the airfoil is symmetrical about the chord.
7. The invention according to claim 1 in which:
region III lies aft of and within 40% of the chord from
the leading edge. '
8. The invention according to claim 7 in which:
region III extends to the trailing edge of the chord.
9. The invention according to claim 7 in which:
region III extends to the trailing end of the airfoil.
10. The invention according to claim 7 in which:
the second local minimum is at the end of region II and
the beginning of region III;
the value of K times C initially increases from the
5 second local minimum and may remain constant to the
trailing end of the airfoil.
11. The invention according to claim 7 in which:
the second local minimum is at the end of region II and
the beginning of region III;
the value of K times C initially increases from the
5 second local minimum and may have one oOr more greater
points relative to the first and second minimums.
12. The invention according to claim 7 in which:
the length of region III along the chord 1is at least
twice as long as region II. »
13. In an airfoil, a leading edge portion having
improved lifting capability, comprising:
a chord extending from a leading edge of a leading
portion of an airfoil to a trailing end of the portion;
5 said portion having curves divided into three regions,
I, II, and III:
region I having a starting point aft and adjacent the
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leading edge of the portion and encompassing the airfoil
stagnation point of the portion; '

region I having a high curvature around the leading
edge, and curvature decreasing aft along the chord from
said leading edge of the portion on the upper or negative
pressure side of the airfoil to a first local minimum value
of less than 3 for K times C at the end of region I,

where C is the length of chord and K is the reciprocal
of the local radius of curvature;

region I being within 10% of the chord length of the
portion;

region II starting at the aft end of region I within
10% of said chord length; and '

the curvature in region II first increasing from the
first minimum at the end of region I and then decreasing to
a second local minimum adjacent the end of region II.

14. The invention according tc claim 13 in which:

the starting point of region I is below the chorgd,
lower than the ordinate value of the leading edge of the
leading edge portion, and is aft of the leading edge of the
portion by not more than 3% of the chord length measured
along the chord of said portion. :

15. The invention according to claim 13 in which:

the high curvature at the leading edge of the portion
has a value for K times C equal to or greater than 35 but
less than or equal to 120.

16. The invention according to claim 13 in which:

region III starts at the end of region II within 40% of
the chord length within the portion.

17. The invention according to claim 13 in which:

in region II the maximum value for K times C is greater
than 1 but less than 6.

18. The invention according to claim 13 in which:

the airfoil is symmetrical about the chord.

19. The invention according to claim 13 in which:

L
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regioﬁ III lies aft of and within 40% of  the chord of
the portion from the leading edge of the portion. '

20. The invehtion according to claim 19 in which:

region III extends to the trailing edge of the portion.

21. The invention according to claim 19 in which:

the second local minimum is at the end of region II and
the beginning of region IIIL:

the value of K times C initially increases from the
second local minimum and may remain constant to the
trailing end of the portion.

22. The invention according to claim 19 in which:

the second local minimum is at the end of region II and
the beginning of region III;

the value of K times C initially increases from the
second local minimum and may have one oOr more dgreater
points relative to the first and second minimums.

53. The invention according to claim 19 in which:

the length of region III along the chord 1is at least

twice as long as region II.
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