COMPUTER PROGRAMS FOR DETERMINING
SWEEP AND TWIST

There are three general types of tailless
sailplane:

(1) the "plank," usually with leading and
trailing edges parallel, or nearly so, and a
central vertical fin,

(2) the swept wing, with either a single fin
centrally located on a boom or one fin at the
end of each wing, and

(3) the true "flying wing" which is a swept
wing with no vertical surface at all.

We've been flying planks for several years,
and most people are shocked to find there is
no twist in the wings to provide stability.
The airfoils used on planks are self
stabilizing and accomplish this through a
reflexed trailing edge. Simply put, the CG is
located more forward than on a conventional
design, and the upturned trailing edge
applies the down force normally exerted by
the horizontal stabilizer. The plank, then,
is nothing more than a conventional sailplane
with the stabilizer built into the wing
itself rather than hanging on a boom. Dave
Jones' "Raven" design, which we've been
flying, will actually be DEstabilized if
twist is incorporated into the wing.

Swept wing tailless and true flying wings,
however, use twist to achieve stability.
Sometimes this is accomplished with an actual
physical twist being built into the
structure. Other times, if the airfoils are
chosen carefully, the twist can be
accomplished aerodynamically, and the wing
built with no geometric twist at all.

The amount of twist required is based on four
things:

(1) the moment coefficients of the root and
tip airfoils,

(2) the zero 1lift angles of the two
sections,

(3) the degree of sweep, and
(4) the amount of stability desired.
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The obvious question is, "If I know these
four things, can I calculate the geometric
twist required for my design?" As a matter of
fact, yes, you can. You can even do something
a little different, too. If you know how much
geometric twist you want to use, you can
calculate how much sweep your design will
need! How about that!

The formulae for these routines were found in
two different places: in an article entitled
"Pfeilung - ja - aber wie gross" ("Arrowshape
- yes - but how large") by the late Werner
Thies and published in Flug + modelltechnik
(FMT) in the February, 1984, issue, and in
the book "Nurflugelmodelle," authored by
Martin Lichte. The equations are different in
appearance but are mathematically equivalent.
The routines printed here are derived from
the FMT article and assume swept wings with
no taper and either foam core wings or stack
sanded ribs for construction.

There are a few generalizations that may help
you better understand the routines.

(1) An undercambered root section will need
more wing twist than a semisymmetrical root
section when using the same tip section,

(2) the higher the sweep ratio the less twist
is required,

(3) more twist equates with greater stability
because the CG must be moved forward to trim,
and

(4) the twist itself can come from either
geometric twist (physical warping) or
aerodynamic twist (difference in zero lift
angles of the sections).

T™wo terms need further explanation. The sweep
ratio (SWEEPRAT) is defined as the number of
chord lengths from the leading edge of the
root to the leading edge of the wing tip (see
diagram). The stability factor (STABFAC) is a
number usually in the range of 0.02 to 0.04,
the larger number correlating to greater
stability. You'd probably want 0.04 for a
stable floater or trainer, and 0.02 for a
highly aerobatic sloper or very sensitive F3B
'ship.


















