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Twist Distributions for
Swept Wings, Part 2

Having defined and provided examples of
lift distributions in Part 1, we now move
on to describing the stalling patterns of
untwisted and twisted wings, determining
the angle of attack as from the location of
the stagnation point, and how wing sweep
affects the angle of attack across the semi-
span.

efore officially starting this

month’s installment, we need to
clarify something we covered in Part 1.
In the section titled “Lift coefficient
distributions,” sentence four should
read as follows: “On the other hand, if
the taper ratio is zero (the wing tip
comes to a point), the coefficient of lift
at the wing tip will be zero only in a
truly vertical dive, but otherwise it will
be infinite because the wing tip chord
is nil.” The underlined words need to
be added. One could argue that, at
least from a mathematical standpoint,
if any local portion of the wing has an
infinite coefficient of lift (¢, = «) then
the coefficient of lift for the entire wing
will be infinite (C, = «), but that
reasoning does not explain the local
condition at the wing tip in an easily
understood way. We hope the addi-
tional wording makes the situation
more clear.

Stalling patterns for
untwisted wings

The lift generated by any wing seg-
ment is a product of the local coeffi-
cient of lift and the local chord length.
Referring to Figure 1 (a reprint of
Figure 4 from Part 1) we can see the
results of this formula as applied to
three wing planforms. The ideal lift
distribution is the elliptical as shown
in the left column. Note the local
coefficient of lift (c]) is identical across
the entire span, as is the downwash.
While the elliptical wing planform is
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Figure 1. Three wing planforms and their associated lift distributions,
coefficient of lift distributions, and downwash distributions.
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Figure 2. Stalling patterns of various untwisted wing planforms.
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efficient, it is difficult to build and,
because the (] is the same across the
span, all segments of the wing are
equally susceptible to stalling. See
Figure 2A.

chord, Figure 2B, tends to stall at the
root first. This is because the local
coefficient of lift progressively de-
creases for those wing segments nearer
the tip. This takes some of the load off
them, inhibiting stalling. Note also

The rectangular wing, with its constant ~ from the middle column of Figure 1
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Figure 3. Representative lift distributions for swept forward and
swept back wings compared to ideal elliptical lift distribution.

+ 15

L 1.0 — —

= 0.5

Rectangular

Taper ratio required, A = CyjpfCroot

Angle of sweep, A’

-30 0

30 60 90°

Figure 4. Taper ratios theoretically required for
near-elliptical lift distribution for swept wings.

that the rectangular wing tip vortex is
quite large, indicating substantial
outward flow across the lower surface,
and substantial inward flow across the
upper surface.

The diamond planform (right column
Figure 1 and Figure 2E), unless in a
vertical dive (Cf, = 0) is stalled to some
extent at all times. Note that although
the local coefficient of lift at the wing
tip tends to be infinite, the actual
amount of lift generated is very low
because of the diminishing chord, and
the downwash in the tip region tends
to zero. The stalling pattern for this
wing planform grows inward from the
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trailing edge of the wing tip and
toward the leading edge. From this
information, it does not seem like a
delta wing would be useful, but the
airflow over a severely swept wing,
which a delta is, is far different from
the airflow over the straight wing
described in this instance.

Wings with large to moderate taper
ratios, A = ~0.4>, have stalling patterns
approaching that shown in Figure 2C
and tending toward that of the rectan-
gular wing planform (Figure 2B).
Wings with small taper ratios, A =
<~0.4, have stalling patterns approach-
ing that of the highly tapered planform

shown in Figure 2D and tending
toward that of the diamond wing
planform, Figure 2E.

The most interesting stalling pattern,
however, is that of the swept back
wing, as depicted in Figure 2F. Al-
though the wing tip has the same
chord as the root, the stalling pattern is
entirely different than that of the
unswept rectangular wing.

Lift distributions and
stalling patterns
of swept wings

Figure 3 compares the elliptical lift
distribution with representative lift
distributions for swept forward and
swept rearward wings. The swept back
wing shows an increase of lift near the
wing tips and a noticeable depression
of lift near the wing root. The swept
forward wing shows an increase in lift
near the wing root, and depressed lift
near the wing tip.

Before speaking to why this is so, it
should be mentioned that we can
attempt to tailor the lift distribution of
swept wings to closely approximate
the lift distribution of the elliptical
planform by modifying the taper ratio.
Figure 4 shows in graphical terms the
taper ratios required for this approxi-
mation as based on the sweep angle.

While we can modify the lift distribu-
tion to more closely match the elliptical
ideal by adjusting the taper ratio, the
stalling pattern does not appreciably
improve. The stalling pattern still
tends to grow inboard from the wing
tip. This is seen in Figure 5.

The swept back wing, when stalled,
tends to pitch up into a deeper stall as
the center of lift moves forward when
the rear of the wing is stalled. As the
(elevon) control surfaces are normally
placed outboard, they are in a stalled
region of the wing. A swept forward
wing will suffer from a somewhat
similar malady. When the root of a
swept forward wing stalls, the wing
tips remain unstalled and the center of
lift moves forward, pitching the nose
up. Aileron control is maintained, but
at the expense of a possible severe
pitch up and deep stall.

Despite having identical root and tip
chords and sharing what some would
consider dangerous stall behavior, we
bring up these two cases as an example

Page 5



of how sweep can effect the air flow
over the wing. The two swept wings in
this example have different stall
patterns caused by the imparted
sweep.

Sweep and angle of attack

An airfoil which is creating lift demon-
strates three important characteristics:

e The air going over the top of the
section accelerates, the air going
along the bottom decelerates. If the
smoke stream is pulsed, these
velocity differences are easily seen.
Figure 6 was derived from a
smoke tunnel photograph using
this methodology. The acceleration
differential is seen in the varying
size of the pulses and the varying
distances between them. (Some
mixing of the smoke with clear air
takes place because of turbulence
caused by the boundary layer
interfacing with air which is
moving more rapidly.)

e The air rises toward the section as
it approaches the leading edge.
This is seen in Figure 6 as well.
This portion of the air flow is
called the “upwash.”

e The air is deflected downward aft
of the airfoil section. The section
acts as a vane, turning the air
stream downward. Termed
“downwash,” this flow is an
important consideration in the
design of conventional tailed
aircraft as it influences the size and
placement of the horizontal
stabilizer.

Going back to the second characteris-
tic, there is a point near the leading
edge where an air molecule actually
comes to rest at the airfoil surface. This
point is termed the stagnation point,
and its location can be used to deter-
mine the section angle of attack. As the
angle of attack increases from the zero
lift angle, the stagnation point moves
further aft along the bottom of the
airfoil. See Figure 7.

The air flow around a straight wing
with an elliptical lift distribution is
such that the location of the stagnation
point remains consistent across the
semi-span. On a swept back wing, we
find any segment of the wing has an
effect on the upwash of the section
immediately downstream and hence
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Figure 5. Stalling patterns of swept back and
swept forward untwisted wing planforms.
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Figure 6. Air flow over a section as visualized through pulsed smoke streams.

outboard from it. The stagnation point
thus moves rearward along the bottom
of the lower surface, indicating an
increasing angle of attack toward the
wing tip. Figure 8 provides an exag-
gerated illustration of this behavior on
an untwisted wing. Because of wing
sweep, the effective angle of attack at
the wing tip is greater than the effec-
tive angle of attack at the wing root.
It's little wonder the wing tips are
proportionally overloaded and subject
to stalling.

To maintain a constant angle of attack
across the entire span, some amount of
washout (leading edge down) must be
imparted to the outer portion of the
wing. This will reduce the tendency of
the wing tips to stall first.

A note about washout

On a conventional tailed sailplane, it is
common practice to place some
amount of washout in the outer wing
panel(s) to assist in reducing the
tendency to “tip stall.” The problem
with this methodology when used on a
straight wing is that each spanwise
wing segment is seeing the air ap-
proaching at the same angle, and the
local angle of attack as defined by the
location of the stagnation point is
entirely dependent upon the segment
angle of incidence. When the entire
wing is called upon to generate very
small coefficients of lift the root is
flying at a relatively small angle of
attack, and the wing tips may be flying
at an angle of attack which is below the
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Figure 7. Rearward movement of the stagnation point and increased
upwash ahead of wing with changes in angle of attack.
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Figure 8. Movement of the stagnation point and changes to effective angle
of attack along the semi-span of a swept back wing, exaggerated.

zero lift angle. The wing tip then
generates lift in the downward direc-
tion. In the 1920’s and 1930’s, when
sailplane designers were building
wooden sailplanes with higher and
higher aspect ratios, wings with
insufficient torsional strength were
destroyed by the aerodynamic forces
generated by excessive wing twist.

On a swept back wing, the angle of
attack as seen by each wing segment
increases toward the wing tip. For a
specific coefficient of lift, washout can
therefore be used to correlate the angle
of attack of the wing tip with the angle
of attack of the wing root. At some
particular speed (C) the entire wing
will be operating at the same local
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coefficient of lift (c]) across the entire
span. This is not quite as good as the
lift distribution of an elliptical wing,
which remains elliptical over a very
large range of speeds, but it is a
definite improvement over an un-
twisted swept wing. So long as the root
is developing lift, the outboard seg-
ments will continue to see an increas-
ing upwash. While required torsional
strength is dictated by both sweep and
twist, it is handled well with modern
design and construction materials and
methods.

Are swept wings
worth the effort?

From what we’ve said thus far, it
would seem like getting a swept wing
to perform in a fashion similar to the
elliptical lift distribution, with its
accompanying efficiency, would
require a major effort. After all, the lift
distribution is now dependent upon
three variables — sweep, taper and
twist — rather than simply taper and
twist alone as with a straight planform.
The addition of sweep to the design
environment magnifies the number of
complex computations required.

At this point in our discussion, it
would appear the only clear advan-
tages to be derived from a tailless
swept wing planform would come
from either drag levels lower than
those of a conventional tailed airplane
or improved handling characteristics,
both of which have the potential to
significantly improve performance.

Whether the gains to be achieved are
worth the time and effort involved in
obtaining them has always been open
to question. A synthesis of concepts
and technology may change that
balance in the future. There are av-
enues of approach, first presented
decades ago, which now look quite
promising. The advent of low cost
supercomputers which are able to
quickly run the sophisticated software
required to handle exceptionally
complex iterative processes is bringing
recent advancements in computational
fluid dynamics to creative individuals
outside the formal aircraft industry.

What’s next?

As we mentioned in Part 1, there are
three major hurdles to be overcome in
order to design an efficient swept
wing: (1) achieve and hopefully
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surpass the low induced drag as
exemplified by the elliptical lift distri-
bution without creating untoward stall
characteristics; (2) reduce the adverse
yaw created by aileron deflection
without adversely affecting the aircraft
in pitch; (3) maintain an acceptable
weight to strength ratio.

This column has focused on the first of
these difficulties, and it would appear
there may be acceptable solutions
available. However, it would be quite
valuable to not only achieve the high
efficiency of the elliptical lift distribu-
tion, but to surpass it. Surprisingly,
achieving that elusive goal may be one
of the results of solving the second
problem, the topic of the next install-
ment.

Ideas for future columns are always
welcome. RCSD readers can contact us
by mail at P.O. Box 975, Olalla WA
98359-0975, or by e-mail at
<bsquared@appleisp.net>.

References:

Anderson, John D. Jr. Introduction to
flight. McGraw-Hill, New York,
1985.

Anderson, John D. Jr. Fundamentals of
aerodynamics. McGraw-Hill, New
York, 1984.

Bowers, Al. Correspondence within
<www.nurflugel.com> e-mail list,
early 2002.

Dommasch, Daniel O., Sydney S.
Sherby and Thomas F. Connolly.
Airplane aerodynamics. Putham
Publishing Corporation, New York,
1951.

Hoerner, Dr.-Ing. S.F. and H.V. Borst.
Fluid-dynamic lift. Hoerner fluid
dynamics, Vancouver Washington
USA, 1985.

Horten, Dr. Reimar. Lift distribution
on flying wing aircraft. Soaring June
1981, pp. 40-42.

Hurt, H.H. Jr. Aerodynamics for naval
aviators. Published as NAVWEPS
00-80T-80 by the U.S. Navy, 1965.

Jones, Bradley. Elements of Practical
Aerodynamics, third edition. John
Wiley & Sons, New York, 1942.

Kermode, A.C. Mechanics of flight.
Pitman, London, 1980.

Lennon, A.G. “Andy.” R/C model
airplane design. Motorbooks
International, Osceola Wisconsin
USA, 1986.

Masters, Norm. Correspondence
within <www.nurflugel.com> e-
mail list, early 2002.

Raymer, Daniel P. Aircraft design: a
conceptual approach. AIAA Educa-
tion Series, Washington, DC, 1992.

Shevell, Richard S. Fundamentals of
flight. Prentice-Hall, Englewood
Cliffs NJ USA, 1983.

Smith, H.C. “Skip.” The illustrated
guide to aerodynamics, second
edition. TAB Books, Blue Ridge
Summit Pennsylvania USA, 1992.

The White Sheet, Spring 1986, No. 36.
Sean Walbank editor. White Sheet
Radio Flying Club, Dorset/
Somerset Great Britain.

@,

ZIKA

csD
www.rcglider.com (909)485-0674

SPECIALTY BOOKS FOR AIRCRAFT MODELLERS

Structural Dimensioning of Radioguided Aeromodels
Aerodynamics and Flight Mechanics of Aeromodels
Aerodynamic Design of Radioguided Sailplanes
Gliding With Radio Control

REAMLINES

Tailless Tale
On the 'Wing...

On the 'Wing..., Volume 2

Balsetta - small balsa aircraft

RC Soaring... A Laughing Matter
Understanding Polars Without Math

Write: P.O. Box 976, Olalla WA 98359 USA

E-mail: <bsquared @b2streamlines.com>

SAE Design and Construction Manual to be published soon!

Visit: <http://www.b2streamlines.com>

Catalog available!

Mention RCSD!

Page 8

R/C Soaring Digest




