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Not to start another spin discussion but I was looking through the
archives on aero_hg for some info on roll stability and came across
this post by Aaron Swepston and remembered the discussion from here
recently.  Just thought I'd pass it along.
-Dallas

I'll depart from what Dallas has said a bit and say that I love doing
spins, and feel that they are one of my favorite maneuvers. I also
have a bit different perspective on them, having done so many of them
I have managed to get pretty comfortable with them and consequently
pretty confident about their predictability. So I don't see them as
quite so dangerous a maneuver, and don't see them as one that is
likely to end up disastrously. But then again, I have a lot of
practice with them, and have gotten pretty comfortable with them. A
false sense of security? Perhaps, but in 16 or 17years of doing spins
in a wide variety of gliders I have had some that have gone fairly
wrong and still managed to recover adequately. There was a time back
in 1994 or so when I decided to sit down and actually research spins
analytically, with tufts on the wings and video cameras on the wing
and on the ground to see if I could pin down the dynamics of spins.
Long story, but I came away with some decent data about the maneuver.

The bottom line with spins, in a flex wing anyway, is that you need to
stall the inner wing and keep the outer wing flying at a constant
speed. That's the long and the short of it. Getting to that point is
something else entirely, but once you understand where you want to be,
then you can begin to figure out how to get there.

How to stall the inside wing and keep the outer wing flying, that's
the problem. What is a stall? That is the other problem, since if you
do an honest poll of HG pilots you will find that a ridiculously large
percentage really don't understand what a stall is, or how they
happen, what causes them. So first step is understanding that stalls
are a function of angle of attack. Angle attack increasing past the
point where the airflow can remain smoothly attached to the upper
surface of the wing is what causes a stall.  Doesn't mean the wing is
no longer moving forward through the air, it just means that the
airflow is no longer smoothly attached on top, it has separated and
become turbulent. Lift as we understand it has been seriously
decreased and drag has been seriously increased. Let's leave it at
that for now.

Because of the twist in our wings, if we raise the angle of attack of
the glider (by pushing out) in straight and level flight, the root
area will begin stalling first, the tips will be the last to stall, if
you can get them to stall at all. The stall progresses from the root
towards the tips as the angle of attack is raised more and more. Don't
do a lot of full stalling while you are flying, just suffice it to
know that this root to tip progression is how it works.

In a turn the inner wing is flying slower and at a higher angle of
attack than the outside wing. Understand that one up front. How? Well,
look at it this way. In a constant turn, say it is a tight turn, but
slow, the entire wing is descending at a constant rate, right? Keep up
that turn for a minute and both the inner and outer tips will have
descended the same distance, say 200 feet. Got that? If the inner wing
was descending faster than the outer wing, then the glider would be
increasing in bank throughout the whole event, but it isn't. Both
wings descend at the same rate of speed. 200 feet in a minute. You can
chart that even, but for now let's move to the next point.

In this hypothetical turn, the outer tip is carving a circle, just as
the inner tip is carving its own circle. Both circles have different
circumferences, correct? The outer tip goes around a much bigger
circle, while the inner tip carves out a much smaller circle. Those
circles can be described as distances. The outer tip covers perhaps
300 feet in its circle, while the inner tip covers perhaps 200 feet.
This is just a guess at this point, but it is only to illustrate the
point.

So, we have the outer tip moving forward 300 feet, the inner tip
moving forward 200 feet, and both tips (the entire wing) descending 40
feet all in the course of one complete circle. Now either graph that
on paper or imagine it in your mind and you will find that the glide
slopes of each wingtip are different. The outer wing has a flatter
glide slope and the inner wing has steeper glide slope. That's the
easy part to visualize. Now understand that the wing has the same
"attitude" across its span. The wing is not all warped out so that the
inner and outer sections are really asymmetric, the wing looks pretty
much normal, right? Okay, now imagine the left and right wing halves
at the same attitude (which is the angle relative to the
horizon)traveling down those two different glide slopes. If you
measure the angle between the wing cross sections and the glide slopes
you will come up with the angle of attack for each wing half, which in
our example is supposed to be the tips. The outer tip is experiencing
a lower angle of attack than the inner tip. The inner tip is at a
higher angle of attack in a circle, and that is just a matter of fact.
It is something that can easily be drawn out on paper as we have just
described. so, the inner wing will be naturally more prone to stalling
than the outer wing. The tighter the circle, as long as it is slow and
flat, the greater chance of getting that inner wing to stall
independently of the outer wing. See where we are going with this yet?

Okay, so if we can make a circle that is slow enough, and flat enough,
then we stand a good chance of being able to get that inner wing to
stall if we ease the bar out to the point where the inner wing reaches
that crucial stall angle of attack, and if we don't push out so far
that we get that outer wing to stall too. Perhaps we just can't get a
circle that is tight enough to make a big enough difference between
the angles of attack of the inner and outer wings because the distance
between the inner and outer wings is not really that great. From
midspan to midspan is maybe 20 feet, and for all intents and purposes
we are talking a very narrow difference between the angles of attack
between these two areas. So we could use a little bit of help to
increase the differences in the angles of attack of the inner and
outer wings.

Ah, billow shift! The remarkable ability to flatten one wing and
billow the other at the same time. When we move our weight to one
side, that side billows more, which means the angle of attack is
REDUCED, while at the very same time the opposite wing is flattened,
which means that its angle of attack is INCREASED. We can use that
mechanical effect to our advantage when initiating a spin. If a pilot
high sides (moves his weight to the outer wing) at just the right
moment during the spin initiation, the angles of attack become just
that much more asymmetric, enhancing our ability to get that inner
wing to stall, and reducing the probability of the outer wing stalling
all at one time. It's a boost.

So, we fly slowly, we initiate a turn firmly in order to get the wing
to start rolling and yawing without increasing speed. The important
aspect here is the yawing, since the idea is to get the outer wing
moving faster forward than the inner wing. A steep bank has a tendency
to narrow the distance between the circles the inner and outer wings
carve, and so reduce the differences between their respective angles
of attack. So it is the yawing action that is most important. However,
it's pretty hard to get a yaw going without a bank, so we have to live
with the banking action. So go ahead and move firmly to one side to
get the glider to roll and yaw in that direction.  The bank needs to
be pretty significant in order to get a strong enough yaw action
started, so don't be shy. Having too little bank is where you will
encounter problems with spins, which we can illustrate later.

Once the motion is initiated, the roll happens first followed closely
by the yaw. Don't allow the yaw to become established into a
coordinated turn or you will miss the ideal window of opportunity for
the spin initiation. The roll will happen first, followed by the yaw.
As you feel the yaw begin, ease the bar out and ease yourself to the
high side (the outside wing).  Typically, this means straightening the
inside arm and only slightly pushing with the outer arm. The newer
gliders, or better said, the curved tip gliders do not require a lot
of authority typically, and all this can be done from the basetube, in
a normal flying posture.

Conventionally tipped gliders may need to be spun from the downtubes,
with the hands a foot or so up from the basetube. I prefer to fly
curved tip gliders these days, for a variety of reasons, spins being
one of them. I no longer like the idea of having to move from the
basetube to the downtubes and back again, although I used to do it as
standard practice before I started flying curved tipped gliders. My
preference has changed and I don't want to go back to spinning from
the downtubes.

What happens at the moment of initiation is that the glider begins to
roll, begins to yaw and yet has not picked up a lot of forward motion.
It hasn't started tracking out in the turn. The glider is pitched up
slightly and highsided, which raises the angle of attack especially in
the inner wing, causing it to stall. It stalls and drops into the
spin. The outer wing has now had time to accelerate and start flying
around the stalled wing. The nose will go down somewhat during all of
this, and the rotational speed will pick up. The whole thing feels
like one is being flushed down a toilet, spinning 'round and 'round.
If all is done right, the spin will remain stable and spin at a
constant rotational speed. It often takes a turn or two to establish
this steady state speed. Once a spin has begun, the pilot can equalize
both arms so that they have the same bend to them, the pilot is
centered on the bar with it pushed out just beyond min sink position,
approximately.

If the glider begins to slow down in its rotation and the nose begins
to raise, then that means that the stall has begun to progress into
the outer wing as well. Bad news for the spin. If this continues, the
glider will achieve a big stall, both sides, and the glider will pitch
violently downward. This is the big, nasty exit that people always
refer to as the sort that can tumble the glider. Best to avoid that
sort of thing. If this is happening, the nose raising and the glider
slowing, then you need to move the stall out of the outer wing. Simple
really, just ease the bar in a bit,and high side if you wish. That
ought to lower the angle of attack enough to stop the outer
progression of the stall and get it spinning again. You should feel
the glider begin to accelerate into the spin again.

If the glider is accelerating, the nose dropping further and further
down, then the stall in the inner wing is too small to keep it going
slow enough, and too much of the wing is flying, so the flying portion
is gaining ground on the stalled portion. The result will be that the
glider flies itself right out of the spin. If you feel this happening,
then ease the bar out a bit more to slow it all down, to enlarge the
area of stall and reduce the area that is still flying. The spin
should then begin to slow somewhat and become stable.

At any point that you want to stop the spin, ease the bar in. Some
gliders will stop spinning at the slightest hint of pulling in, while
others can enter such a deep spin situation that the bar needs to be
pulled in a significant distance before the glider will exit he spin.
Don't yank the bar in, ease it in. Typically the glider will begin to
fly out of the spin and the exit will be uneventful. If the glider
exits the spin on its own, it will either fly out sweetly (loss of the
stalled area) or pitch out violently (excessive stall and subsequent
loss of flying area).

All of this is pretty straightforward and relatively easy to do once
you have lots of experience with spins. However, as easy as it is, and
as easy as it is to describe in great detail, it all still depends on
feel and a sense of dimension that comes only with practice. It's like
riding a bike or skiing. You can figure out all the details and fine
tune your lean or your pedalling to maximize a turn on a bike only
after you already know how to pedal and turn normally. But having the
knowledge or the basic elements under your belt when you go out to
practice and learn will be a big advantage in the long run.

Now, a couple of things about spins. All gliders spin differently.
Some models have been extremely difficult if not impossible to spin.
Some spin with little input on the pilot's part. Some spin flatter,
some spin more banked, and some spin more nose up or nose down than
others. It all depends on a lot of factors such as sweep, span, area,
twist, tip design, etc.. What may be a wonderful looking spin in one
glider may be an impossible task with another. Spin type is sort of
genetically preprogrammed into each design, not be the designers, but
by the nature of that glider's particular aerodynamics. So be careful
not to qualify a pilot's technique based on the glider's
characteristics. Move a pilot between three different gliders and you
may be prone to call him a non-spinning goof (if he is taking a flight
on a RamAir for example), or a wonderfully flat spinning pilot (if he
is on a big TRX), or a tight core nose down spinner (if he is on a
small curved tip glider). The gliders have far more to do with the
resulting style of spin than the pilot's technique. A good spin pilot
will be able to spin most gliders, but all will look somewhat
different due to their design.
Aaron

