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FOREWORD

Surely, man’s age-old dream of flying has found its
purest and most beautiful expression in soaring. Na-
ture opens up to the soaring pilot a world that would
have been thought unreachable only a few years ago
— a world of mighty forces, gentle or wild, majestic
and mysterious. The pilot enters this realm, flies in it,
makes use of its dynamics, and tries to explore and
fathom its mysteries. The burden of everyday life is
left on the ground and becomes inconsequential
compared to the freedom that the wings of a
sailplane can provide.

The better we understand nature, the more adroitly
we can make use of her powers to fly higher, farther,
and faster. The characteristics and performance of
our sailplane set the bounds of our possibilities; we
“feel” some things almost instinctively, while others
must be laboriously learned and practiced. Our
bodies are called upon to function under stresses for
which they were not designed; our minds must con-
stantly assimilate new situations, weigh new factors,
and make decisions.

There are probably few other sports in which suc-
cess requires not only good physical condition, but
also correct recognition of natural processes — a fact
which makes soaring a very special sport indeed.

The soaring flights of today, which would have
appeared impossible some years ago, are due only
in part to the improved aerodynamics of modern
sailplanes. The development of the aircraft over the
last 15 years has been as rapid and visible as it has
been successful. The development of flying, of tactics
and techniques, while perhaps not so obvious, has
been equally important, if not more so. Mastery of the
sailplane itself, that “feel” for its controls that used to
be so highly prized among top pilots, has become
merely another pre-requisite for performance soaring.
It's true that talent still plays a role, but talent alone is
no longer sufficient — it must be linked with a great
deal of knowledge and practice. Talent and practice
complement one another to some extent: the talented
pilot may not need as much practice. There is no
substitute, however, for knowledge. In today's cross-
country flying, for example at contests, a pilot must
have a good grasp of the theoretical basis on which
his techniques and tactics are grounded, if he wants
to have any chance of winning. These theories cover
a good deal of meteorological knowledge, as well as
somewhat more limited areas of mathematics and
physics.

Many of these relationships are simple and easy to
comprehend; others are quite complex in their ramifi-
cations, and lead to whole chains of logic that can
play important roles in cross-country flight. This is the
reason that there isn't any single secret to winning
competitions or making long flights, even though
some pilots still seek such a philosopher's stone.
There's a tremendous number of factors that must be
considered, weighed as alternatives, and used to
make a decision. If the most important of our soaring
decisions are successful ones, we have a good
chance for success, even if it's impossible to make all
decisions completely correctly.

It is quite common at large contests for top pilots to
gain or lose large distances among one another, only
to meet once again when crossing the finish line.
Obviously each pilot has made different mistakes, but
the end result remains the same. If it were really
possible for a pilot to make optimum use of the
weather and the properties of his sailplane, he would
probably do 10 to 20 per cent better than even
current world champions.

The quality of the good pilot, then, is largely that of
making somewhat fewer — or less serious — mis-
takes than others. Heinz Huth had that in mind when
he told a reporter who asked him about his “secret,”
“Well, the others let me win.” | wonder if the reporter
really understood what he meant?

If this book helps you to understand more of the
factors that influence your soaring, passes on some
competition experience, and thus leads to better de-
cisions, it will have added to the joy of our sport and
have fulfilled its goal.

— Helmut Reichmann

TRANSLATOR'S NOTE:

Some of the crew techniques described in the origi-
nal — particularly those relating to the crew’s pro-
ceeding ahead of the pilot and advising him of condi-
tions, or making wind measurements, etc. — are
standard only outside the USA, notably at world
championships.

Use of such techniques in other local, regional, or
even U.S. national competition is not only considered
unsportsmanlike at present, but may actually be
cause for disqualification.



OVERVIEW

It would seem reasonable that the soaring pilot is primarily interested in the “How,” and only later in the “Why," of
distance soaring. In order to avoid overwhelming the reader at once with diagrams and formulas, this book has been

divided into two parts:

PART I: FLYING PRACTICE AND TECHNIQUES
contains the information the pilot should have in
order to participate successfully in distance soar-
ing for badges or for competition. In addition to
practical suggestions a certain amount of basic
theory is included when unavoidable for complete
understanding, and when it can be presented in a
relatively simple and compact form.
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PART Il: THEORETICAL SECTION provides the
basis for Part | and can serve to increase the
depth of comprehension of the material al-
together. It also includes individual points which
are considered essential to a complete under-
standing of the problems of modern soaring. The
division of this part into individual sections is
based largely on that of Part |, so that direct
correlations can be made between theory and
practice even when they are not specifically
pointed out in Part II.
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the somewhat disquieting fact remains that in the
lower reaches of smooth slopes, the best lift is to be
found quite close to the surface. Rougher slopes, on
the other hand, cause a thicker turbulent layer near
the ground, which makes flight in this area difficult or
dangerous; in such conditions, better climb rates can
be realized a bit further away from the hill, where the
airflow remains more or less smooth.

As a basic rule, flight near the slope should always
be carried out with enough reserve airspeed in hand
to enable a pullout even in the case of a sudden
downdraft. Rotorlike eddies, which can suddenly re-
place a climb of 800-1000 fpm with a sink of 1500
fpm or worse, are not at all rare in mountainous areas,
and sufficient reserve speed to avoid them is impera-
tive.

EDDIES UPWIND OF STEEP SLOPES

Such air turbulence occurs often at the foot of particu-
larly steep slopes or portions of larger, gentler slopes.
Thus, as steep a hill as possible is not necessarily
ideal for the development of good slope lift; a gentler
slope can be more effective if there is less tendency
to form eddies. There's no absolute value we can
hold to, since general airmass instability also plays a
definite role.

The optical impression that steep slopes are
dangerous and gentle ones are safe is something of
an illusion, and has caused occasional accidents at
relatively flat hills: on a steep slope, escape from a
downdraft by turning away into the valley is much
faster than the same maneuver over a gentle slope.
Particular care should be taken around horizontal
“steps” or ledges on otherwise steep slopes, since
these can cause particularly bad eddies. These are
areas where a good reserve of airspeed and distance
from the ground are especially important.

CLIMB UPWIND OF, OR OVER THE SUMMIT

Somewhere prior to reaching the summit we can
expect to climb better if we start to move outward,
away from the slope. If we exceed the height of the
summit, we may have to move even further upwind.
This may not always be the case, however; the slope
profile and the wind gradient can both make major
differences.

IMPORTANCE OF UPWIND TERRAIN

For the development of good slope lift, the height and
direction of the slope are actually not as important as
terrain upwind of the slope that will offer the least
possible resistance to the wind. Even tall, relatively
steep mountains will not generate slope lift, if another
mountain to windward has already disturbed the
airflow too extensively. This effect is astonishingly
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common and particularly surprising to the flat-land
pilot on his first soaring visit to mountainous terrain. It
is seldom rewarding to approach slopes in the lee of
obstacles; in fact, sometimes the effect is sO pro-
nounced as to cause local reversals in wind direction,
and the unsuspecting pilot will find increased sink
where lift could normally be expected.

CONICAL MOUNTAINS ARE UNSUITABLE

A solitary mountain, even one of sufficient height and
appropriate orientation, may not produce workable
slope lift even if terrain upwind is clear, since the air
can pass around, rather than over, the mountain. On
the lee side the air currents come together once
again, and sometimes move up the leeward side of
the mountain. In high mountains this upward-moving
air can entrain snow and ice, which — together with
the decrease in pressure with increasing altitude
(adiabatic cooling) — cool the rising air to the point
that banner clouds develop downwind of the summit.
Mountains such as the Matterhorn are just about ideal
for this phenomenon.

LONG, LOW RIDGES

Long ridges, even those of modest height, can regu-
larly generate good slope lift as long as they lie more
or less perpendicular to the wind. Even ridges of less
than 150 feet in height can provide usable lift if all
other factors are favorable. A good example of such
a ridge in America is the sand dunes along the coast
of Lake Michigan, which were used for some early
long-duration flights.

VENTURI EFFECT

If the ridge has a bend or jog such that it forms an
open angle toward the wind, the airflow will initially be
deflected by the sides toward the vertex of the angle,
where it will then stream upward at greater speed,
causing locally higher climb rates. It goes without
saying that we should keep our eyes open for such
formations in the ridge; often it proves worthwhile to
fly tight figure-eights at such a point, rather than flying
back and forth along the entire slope. It can be even
more effective to circle, momentarily coming back to
level flight each time the sailplane is pointed into the
wind. However, this is a technique which should be
reserved for highly competent pilots; in addition to a
perfect command of the sailplane itself, it demands
excellent judgement to avoid getting caught in a
situation in which the circle cannot be completed
without ground contact. In general, one should follow
the rule of always turning away from the slope.

If the wind blows against the ridge at an oblique
angle, each side ridge or protrusion will cause this
venturi effect to a greater or lesser extent.






not only lighter when it is warmer than its surround-
ings, but also if it contains relatively large amounts of
water vapor.

A POOR CONDUCTOR OF HEAT

Air is an excellent heat insulator; that is why woollen
sweaters or down comforters keep us so warm. Since
air conducts heat so badly, once a “parcel” of air has
been heated, it will tend to retain its heat for a
comparatively long time unless it is mixed with other
air or expands to compensate for the surrounding
pressure, and is thus adiabatically cooled.

THE SURFACE — NOT THE SUN —
HEATS THE AIR

On clear days, solar energy passes through the
earth’'s atmosphere without significant warming ef-
fects. The temperature increase necessary for the
development of thermals comes from heating of the
ground.

FORMATION OF UNSTABLE SURFACE AIR

There are many factors which can aid or hinder the
formation of unstable air at, or immediately above, the
ground surface. A few of the more important ones
follow since they are important aids to estimating the
probability of thermals.

1) SOLAR ENERGY (INSOLATION)

— Passing cloud shadows interrupt the heating of the
ground. Areas that have been in shadow for some
time are not likely to produce thermals. Very weak lift
that has been encountered at low altitude is likely to
quit if a large shadow area covers the terrain, since
the energy input has been cut off. Only if the airmass
that has recently been heated by the sun is large
enough is there enough energy stored to produce a
healthy thermal in the face of the approaching
shadow.

— Extremely large-area shadows (e.g. cloud decks)
generally shut off everything; none the less, some-
times fairly usable thermals can be found under large
shadow areas.

Local large shadows, such as clumped-together
Cu or thunderstorm anvils, usually cut off convection
further in their surrounding areas, while thermals con-
tinue around them.

— Haze, dust, industrial smog can, depending on
their density, suppress convection, particularly in
morning hours. For example, in Germany on days of
relatively weak winds, the smoke from the industries

in the Rhine Valley often suppresses thermals for
miles around.

— The angle of incidence (the angle at which the
sun’s rays meet the ground) decides the size of the
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surface area over which a given amount of energy
must be divided. This depends on latitude, season,
time of day, and slope of the terrain. Generally, hilly
terrain is better for soaring than flatlands, since the
different heating effects on sunny vs. shadowed hill-
sides is more conducive to air temperature differ-
ences than the relatively even heating of flatlands.

2) DEPENDENCE OF SURFACE HEATING ON
SURFACE CHARACTER

— Water evaporates from the surface of moist
ground. This requires large amounts of heat, thus
reducing actual heating of the surface.

— Water is an excellent conductor of heat, and
conducts heat rapidly downward away from the sur-
face. |
— The high specific heat of water (i.e. heat storage
capacity) causes the available energy to be stored in
the water, rather than heating the surface.

— Green plants evaporate water, sometimes in as-
tonishing amounts. For example, on a warm summer
day any large leafy tree will consume about three
tons (!) of water. Generally, plants standing on moist
ground will use more water than those on drier soil;
the drier the plants, the better the surface heating.
Evergreen forests produce better thermals than de-
ciduous ones, meadows and heaths better than
wooded areas, and so forth.

— Wind increases evaporation through plants as well
as from the surface itself. Currents and eddies con-
stantly bring in new, relatively dry air; the moisture is
spread, as is the thermal energy, over a thicker
“boundary layer.”

— The energy absorption of the surface depends a
great deal on its character. A certain amount of
incident energy is reflected immediately in the form of
longwave (infrared) radiation. The less energy is re-
flected, the more is absorbed, and hence the more
goes to heat the surface. Here is a rough sample of
energy losses due to reflection (Wallington):

amount of energy

surface type reflected
various cereal crops 3-15%
dark soil 8-14%
moist sand, beaches 10%
bare ground, rocks 10-20%
dry sand, dry beaches 18%
various grass areas 14-37%
dry plowed field 20-25%
desert 24-28%
snow and icefields 46-86%

As in the case of the vi_sible portion of solar energy
(light), it becomes obvious _that the reflection from
smooth, light-colored areas is particularly great.



3) ENERGY TRANSFER TIME FROM
GROUND TO AIR

— Strong winds and their associated turbulence
cause so rapid a mixing of surface air with higher
layers that the surface heat is quickly distributed
throughout a fairly thick boundary layer. At the same
time, the surface itself is constantly being cooled;
thus, the formation of effective sources of overheated
surface air — and hence of large, strong thermals —
is less frequent.

— Protected areas increase the available heating
time. For example, in cornfields the temperature
measured between the stalks is often two or three
degrees C higher than that measured a foot or so
above the ears. In a potato field, temperatures among
the vines were measured at from two to five degrees
higher than one meter above the surface (Wallington).
Tall, dry grass, heath, or chaparral have similar ef-
fects; houses and trees can also hold down larger air
“bubbles” for longer heating. Often, surprisingly good
thermals can be found on the lee side of slopes or
ridges, where the air has had a chance to heat
longer. Ravines and “bowls” in mountain areas are
generally very good thermal producers.

— Frequent thermal triggering reduces the strength
of individual thermals by exhausting the “energy re-
servoir.” If conditions are not overly conducive to
triggering (e.g. calm wind, flat terrain), thermals will
be less frequent, but stronger.

4) INSTABILITY DUE TO MOISTURE
DIFFERENCES

Unusually high local humidity can cause such
localized phenomena as thermals over swamps or
even small lakes. Soundings have revealed that tem-
peratures in such “wet thermals” are sometimes
lower than those of the surrounding air.

The various combinations of these individual fac-
tors cannot be measured technically; even the indi-
vidual factors are very difficult to pin down. This
makes it difficult to form an overall picture of all these
effects, which can either reinforce or cancel one
another. None the less, it is important to try to figure
out the given weather and thermal situation, both to
make the best use of the thermals that one finds and
to build up a set of experiences and referents that will
be valuable when weighing the possibilities of future
thermals.

TAKE A MENTAL STROLL

One can make such “thermal sniffing” easier, particu-
larly at lower altitudes, by imagining that one is walk-
ing along through the fields directly below. We can
usually get a pretty good idea quite quickly of where
warm air might be lurking. For example, although we

might well scorch our bare feet on sandy soil, the air
around our bodies would probably remain pleasantly
cool. It would be even cooler in the forest, especially
under leafy trees or along the stream; on the other
hand, potato patches or wheat fields would be almost
unbearably hot.

This “aid to imagination” has the advantage of
concerning itself with the lowest layers of air, which
are the deciding ones for thermal generation on rela-
tively calm days. Moreover, just as one tends to be
more sensitive to moister warmth, so moister air is
more likely to produce lift. On the other hand, there is
the influence of-altitude to be reckoned with; in the
mountains, we must consider the ground at a con-
stant altitude.

Of course, whether the thermal then rises right over
its source or elsewhere depends on still other factors.

WHERE ARE THERMALS “TRIGGERED?”

Even very hot “too light” surface air can remain
“lying” precariously on the surface if there is no
“triggering” impulse to set it loose. Fred Weinholtz
has compared the process with the behavior of water
drops on a wet basement ceiling, which do not drop
off until one touches the ceiling with a finger, at which
point a little rivulet runs down one’s arm, fed from the
immediate area on the ceiling. If there is enough hot
air on the ground, even ridiculously small impulses
can set off the mighty process of thermal convection
which can lift thousands of tons of air aloft.

Junior contest, 1965. The task: 120 km triangle in the
weakest possible conditions. | start too late, and by
the first turn I've already lost a lot of time because a
higher layer has cut off the thermals. Over the radio /
can hear that there's still sunshine and moderate lift
ahead of me, while everyone behind me has appar-
ently already been shot down. | must escape into the
sunlight! | finally reach the sunshine, but I'm down to
1200 feet. Despite promising terrain, fields, and
meadows, nothing happens: the sun has reached this
area only recently, and the air is completely dead. /
call my crew to let them know where I'll land and fly
further into the sunny terrain. Over flat, smooth coun-
try — ideal for landing — my course parallels a
highway. At 600 feet, the air comes to life for the first
time. I fly S-turns, but find nothing worth circling in. By
450 feet I'm sure that there must be a thermal de-
veloping somewhere nearby, but at my low altitude —
I've already picked a field to land in — | won't be able
to use it unless | can catch it right where it triggers.
The landscape looks completely flat and featureless.
On the downwind leg, at perhaps 350 feet, | decide
— more so that | can say that | tried than with any
hope of success — to make a slight jog over a little
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cairn, a few stones piled up with a stake at the top:
a surveyor's monument, perhaps ten or fifteen feet
tall. And in fact | feel a surge, | start a left circle, make
sure after the first turn that | can still make it to my
landing field — | still lose 30 to 50 feet of altitude
initially, but then center the lift better, hold my al-
titude, until the lift finally improves and | get away in a
strong 400-fpm thermal. | heave a sigh of relief on the
narrowness of my escape and fly off.

Such experiences are far from rare. | have made it a
habit to fly over every possible triggering point before
I have to finally commit myself to landing, so as not to
miss any chances of gaining altitude once again. Of
course, one cannot risk the success of the landing in
the name of searching for lift. During the German
championships at Oerlinghausen in 1969, | was
saved from landing out by the decision not to keep on
circling in zero sink (or at least reduced sink) over the
flat but shaded fields in the mountains near Pader-
born. Instead, even though ships 1000 feet above me
were apparently climbing, | flew downhill toward a
sunny area with houses and bushes and reached
there the triggering point of a powerful thermal. Sev-
eral of my comrades in suffering, who had reached
the fields at the same altitude as | had, ended up
sitting in them, not more than a quarter mile from me.
In Australia in 1971, | was once saved by a row of
poplar trees, which | reached one full circle earlier
than another pilot who'd been at the same altitude but
had decided to try one more circle; he didn’t make it
into the lift. At the European Gliding Competition in
Dunstable, England in 1972, it became established
custom to fly over ridiculously small bonfires; with
relatively calm winds and generally overcast skies,
they were reliable producers of thermals.

- Such a compendium of examples could be con-
tinued ad nauseam. We can make a basic assump-
tion: The more uniform both the air and the sur-
face are, the smaller the irregularities need to be to
work as triggering points. Here are a few of the more
common “triggers:”

1) TRIGGERING IMPULSES IN CALM AIR

— TEMPERATURE CONTRASTS
mountain ridges (the slopes on either side will
be unevenly heated)
edges of wooded areas
edges of snowfields in the mountains
lake and river banks
— LOCAL VERY HIGH TEMPERATURES
fires
industries, especially steel mills

— TRIGGERING BY AIR MOTION
surface vehicles
winch launches of other sailplanes
air movement due to already-existing
convection

2) TRIGGERING IMPULSES IN WIND

These are very common, particularly over slopes
which provide slope lift (even if not enough to be
workable by itself). Note: venturi effect (see page 2).
— edges of cliffs, ravines, farmed areas

— edges of woods, etc.

— seacoast (with onshore breeze)

Strong winds, on the other hand, can change the
relationships once again. The strong turbulence pre-
vents the formation of reservoirs of warm air at the
surface, and its heat energy is transferred to the
entire (and now particularly thick) boundary layer. If
this layer is unstable, its own internal turbulence will
trigger thermals which will be, at least to a great
extent, independent of surface features.

Only very clearly-defined, high hill or cliff edges will
then cause “terrain-dependent” thermals, which will
then tend to repeat themselves regularly at the same
location for the entire day.

SEARCHING FOR THERMALS AT LOW ALTITUDES

If we get down to low altitudes on a cross-country
flight — no matter what the reason — we should no
longer base our search for lift on clouds, nor should
we place too much reliance on our luckier comrades
who are even now climbing away above us, since
down near the ground the source of their thermal may
well have been cut off some time ago. The some-
times astounding “herd instinct” of sailplane pilots
has often been the cause of someone's landing di-
rectly below the rapidly-climbing “Judas goat,” an
experience which seems particularly painful. When
the risk of landing out looms large we should realize
we are on our own. This is when a quick review
of what we have just discussed about formation and
triggering of thermals can help us figure out the
local conditions and find that saving thermal. If we
don't find it right away at our first-choice location —
and this is what will happen, more often than not —
we have either figured wrong or have done every-
thing right, but the hoped-for thermal triggered half
an hour ago, and the reservoir of warm air isn't hot
enough yet for the next thermal. We'll just have to try
our luck at the next triggering point, or the one after
that . ..

Of course, there is never really a certainty of finding
lift; still, one’s chances of finding an active thermal
are much greater than if one grimly continues on
course past various “save spots,” bewailing the
cruelty of a fate that has unaccountably failed to
place a strong thermal directly astride the course line.



If we are at low altitude and find zero sink, so that
at least we don't lose further altitude, it is a good idea
— at least for the moment — to stick with it. If the sun
is shining, it is likely that the situation will improve and
we’'ll soon be able to climb. If not, at least we'll have
gained a little time — we are hardly concerned with
speed anyway at times like these — during which we
can once again rack our brains to see if we might
have better chances elsewhere. We may even be
lucky enough to spot some unmistakable sign of
good lift in the area, such as a circling buzzard or
the like.

ABOUT BIRDS

The common buzzard or turkey vulture is only one of
many birds of prey possessing superior “thermal
finders.” (Biologists still do not understand the
mechanism of these birds’ built-in “variometer,” al-
though there is reason to believe that the inner ear
may be involved.) Other birds such as storks, hawks,
seagulls, swallows, and in southerly countries vul-
tures, pelicans, and such are excellent thermalers,
that can center a thermal far better than we even with
our meteorological knowledge, delicate instruments,
and electronic gadgetry.

Special praise is due the cliff swallows and swifts,
those swallow-like birds whose shrill cries we hear in
midsummer and who dart with such precision about
the corners of buildings and trees. Whether they seek
out thermals because there are more insects in them
or in order to fly more easily remains undecided;
whatever the reason, if we're circling where they are,
we can forget about our instruments and know for
certain that we're in the best thermal in the local area.
If a buzzard is circling in one thermal and there are
swifts nearby in another, head for the swifts — it is
certain to be worth it!

There is something else we can learn from these
artists of flight: after we have flown two or three
circles with them, they are gone. It is not because
they are afraid of us — after all, they fly just as fast as
we do, and their maneuverability is absolutely
breathtaking. In fact, it would be interesting to figure
out how much g they pull in their wild maneuvers. No,
the reason they have moved away is that they are
already flying in better lift, long before we even sus-
pect its existence. If we were to make maximum use
of the available lift, we would have to center thermals
just as perfectly, maneuver just as abruptly, as these
birds. Advanced as modern soaring may appear, we
still have a long, long way to go.

Not nearly as good as watching birds, but still
much better than any instrumentation, is the practice
of watching other sailplanes flying in the same area at
the same altitude. The pilot whose attention is riveted
to his instruments is not only dangerous to himself
and to others, but is throwing away very valuable

information; watching another sailplane is a much
better way to find out where the air is rising fastest.

In zero sink it is a very good idea to glance at the
altimeter now and then. Otherwise, it can happen that
we get so involved in centering the lift that we “rise
above” other sailplanes only because we are not
sinking quite as fast as they are, and we don't notice
until too late that the whole “thermal” was worthless. It
is when two or three sailplanes are sitting in the same
field waiting for the arrival of their crews that we hear
questions like, “Why didn’t you fly straight ahead
instead of circling? I'm sure | would have, but | saw
you..."

On calm days, thermal triggering can sometimes
actually be seen as motion of the wheat or grass in a
field. In warm countries with loose soil, triggering
thermals often entrain not only leaves and bits of
paper, but also enough dust or sand to produce dust
devils, which can be seen miles away through the
hot, shimmering air. Both of these — the waving
grass and the (not too small) dust devil — are abso-
lutely certain signs of good lift, since they indicate a
thermal in its initial phase.

TRAINS OF THOUGHT

When we try to figure out thermal sources and trigger-
ing impulses we should begin with a look at the
wind’s direction and strength. Then we can consider
— perhaps using the “mental stroll” principle —
where warm air may have been formed; the next
question is where the heated airmass, pushed along
by the wind, would be forced over an obstacle that
could trigger the thermal. In general, such searching
out of thermal locations is simpler and surer under a
cloudless sky, with no shaded areas on the ground to
complicate matters.

HILLY TERRAIN

In hilly terrain it's as good an idea as any to fly along
the crests of ridges; like the anabatic winds in high
mountain areas, thermals will tend to flow along the
slopes until finally separating from them at the sum-
mit. If we are flying right along the crest, it does not
seem to make all that much difference which side of
the mountain the thermal is coming from, since the
final “trigger point” is right over the summit. On the
other hand, if we're below the height of the summit it
is more than likely that any thermals will not rise ver-
tically, but rather will follow the slope more or less
closely depending on its steepness. Such slope
thermals are especially common in light winds, and
can be flown in a manner very similar to nonthermal
slope or ridge lift. If there are definite ledges,
benches, or other “setbacks” in the profile of the
slope, the thermal can sometimes be triggered away
from the slope at that point rather than at the summit.
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ENTERING THE THERMAL

As we approach the region of a thermal updraft, we
usually enter a zone of increased sink. This zone
should be traversed as rapidly as possible in accor-
dance with our speed ring or speed-to-fly indicator. If
a sudden increase in rate of climb impels us to begin
circling at once rather than continuing straight flight,
our kinetic energy can be transformed back into
potential energy by a steep pull-up. Just before the
top of this pull-up we drop a wing in the desired
direction of circle and should — if we've done every-
thing right — have just the proper thermaling
airspeed left. This pull-up turn maneuver should be-
come entirely automatic for us before we even earn
our C Badges; it goes without saying that the yaw
string should remain centered throughout the man-
euver.

It is obvious that a well-compensated variometer,
which allows us to determine — even while we are
pulling up — whether the thermal actually has the
required strength or falls short by, say, half a meter
per second, is more than essential. This is the only
way to avoid unnecessary circling in too-weak lift, or
even in sink.

Usually, though, things take place a bit less franti-
cally. We've arrived in an area of rising air without
knowing exactly whether the expected climb rate can
be found. In order to avoid flying past or through lift,
we have reduced our speed to around 60 mph or
even less. If we now note the beginnings of lift, we
won't start circling right away, but rather we will try to
find the best area in which to gain the most altitude in
the least time. We concentrate our senses on every
possible cue, note every gust, and fly in gentle
S-curves (holding the stick lightly and sensitively),
correcting at once toward any side on which a wing is
lifted. However, we won't start to circle until the indi-
cation of our (compensated) variometer is at least 75
fom better than the minimum we have decided to
circle in (because of the increased sink rate in turns).
Now we wait for just that instant in which the rate of
climb has reached its maximum and is barely begin-
ning to decrease to begin our circle. (Cues: accelera-
tion, audio variometer, etc.)

But in which direction should we circle? Some of
the most interesting and widespread myths of soaring
and meteorology are those concerned with the direc-
tion of rotation of thermals. Obviously it would be
advantageous to circle against a rotating thermal,
since the decreased groundspeed would lead to a
reduction in centrifugal force and hence a tighter
circle. Normally thermals only rotate for a short dis-
tance above the ground, with equal frequency in
either direction (this has been proven by actual ob-
servation and measurements of over 100 thermals).
Special cases such as, say, tornado funnels, are
relatively infrequent. When asked a question about

some obscure point of thermal rotation at a per-
formance soaring seminar in Berlin in 1972, H.
Jaeckisch replied, “Well, as long as the clouds don't
rotate ..."

Thus, all other factors being equal, we can choose
whichever direction we prefer. The choice of direction
which will lead to the best possible climb rate is our
first actual centering maneuver. Those who have a
definite “good side” in thermaling, and who are un-
willing to circle the other way, often deny themselves
the opportunity to immediately center the best lift. If
the variometer does not exceed the 75 fpm value
mentioned earlier (over and above the value we feel
is worthwhile for circling) we simply proceed straight
ahead to the next thermal, without wasting time on a
single circle.

CENTERING AND FLIGHT IN THE THERMAL

Let us consider, once again, the buzzard — or, better
yet, the cliff swallow. If these masters of thermaling
hardly ever fly the same circle twice, they must have
their reasons. The air in a thermal is far from
homogeneous; on the contrary, we cannot tell
whether especially warm air shoots us aloft, or
whether air mixed with the surrounding air almost to
the point of unrecognizability appears to let us down.
Moreover, there are often significant horizontal
movements — particularly near inversions or in areas
of wind shear — which make life difficult for us. Of
course, now and then we will find updrafts so regularly
that we can make 5 or even 10 circles without correc-
tion, but this is certainly the exception rather than the
rule. Thus centering is not something that one need
do only once upon entering a thermal, so as to climb
quietly in completely regular circles to the cloudbase;
rather, it is a necessity during the entire climb. For the
moment, we try to use our senses of acceleration, the
sound of an audio variometer (TE-compensated, of
course), or the needle movements (not just instan-
taneous needle position) of our regular variometer, as
well as the air sounds of the sailplane, to determine
whether we are flying toward better climb conditions.
The “seat-of-the-pants” feel for acceleration is of par-
ticular importance here, since it allows the fastest
possible reaction. Even the best possible variometer
with a time constant of O (i.e. immediate indication of
climb with no delay whatsoever) won't show any
climb indication until the aircraft has actually begun
to gain altitude. Seconds — or even only fractions of
seconds — earlier, however, we have already per-
ceived the acceleration and hence the presence of
lift.

Surprisingly. even amid all the current hysteria
about ever more advanced variometers and elec-
tronic computers, no one has yet developed an in-
strument that would include acceleration values
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is “alive,” a cloud will continue to grow. If a split
— or even only a little notch — appears at the top
of a cloud, the whole formation will usually divide
into two parts. If we're searching for lift at this
stage, on no account should we fly under the
split, but rather under one of the two halves,
which will continue to develop or dissipate
separately.

(8) The contours of the “dome” become less distinct;
the cloud falls apart. As its water evaporates, the
air is cooled to such an extent that sink develops
and increases of its own accord — a “thermal in
reverse.”

(9) The remaining bits of cloud dissipate in this
downdraft, which in turn persists for a short time
after the last visible remnants of the cloud have
disappeared. The drier the surrounding air, the
more rapid the dissipation of the cloud.

CLOUD FREQUENCY

A large number of Cu certainly need not mean that
there will be a large number of thermals. On the
contrary, the usual cause for many Cu near one
another is that the humidity of the surrounding air is
high enough to slow significantly the process of cloud
dissolution. With so many dying Cu in the area, it's
the pilot's task to find the relatively few young, active
clouds which alone can yield the hoped-for climb
rate. In fact, due to the increased cloud shadows in
such an overdeveloped situation, good lift may prove
quite difficult to find.

THERMAL-SEARCH TACTICS FOR
FAIR-WEATHER CU

The art of finding good lift in such a situation is — at
least to a great extent — that of realistically judging
the stage of development of those clouds that might
come into question. To do this with any degree of
certainty, we must observe all the clouds which we
think we may use next for some little time, and this
observation — and the decision based on it — should
be made before we head for the chosen cloud. In
other words: while we're climbing under one cloud is
the time to decide which one we'll use next! A very
helpful time-lapse effect is provided gratis, since we
observe and compare the forms of clouds further
along our course only once each time around while
we're circling. While we glide between thermals we
have another chance to check our choice, and an
opportunity to change our mind early enough to head
for the cloud we've already picked as our second
choice while circling.

Those who feel that this technique demands too
much of the pilot, who's already busy climbing, need
more thermaling practice. For high-performance
cross-country or competition soaring, this is “the only

way to fly.”

In our earlier discussion of the life-cycle of a Cu
we've seen that the thermal exists even before any
sign of a Cu is visible; thus, if we should happen to
feel definite lift while cruising in the blue between
clouds, we should go ahead and try a circle. If the
sailplane climbs respectably, we'll stick with the ther-
mal, since we can assume that it will increase and
that its “ripe” stage is yet to come. Especially in the
case of short-lived Cumulus humilis (which occur
when the humidity is fairly low and the temperature
distribution aloft limits upward growth), it's worthwhile
to stay in these thermals found between clouds;
they're usually the best of all. If we're able to definitely
recognize an upward swelling of the haze layer, it is
almost always worth a detour. Usually, a small cloud
will have formed even before we reach the spot. The
phase of individual clumps of cloud — before they
merge together — should be taken with a grain of
salt, since this stage is very difficult to distinguish
from the final stage of dissolution. In fact, I'd suggest
only flying toward such a cloud if we've had a chance
to watch it — or its location — long enough to be sure
that it is in the developing stage, in which case we will,
of course, find good lift. As a rule, however, we'll unfor-
tunately be forced to fly toward already-visible clouds.

Often we can use their relative size as a yardstick
to determine their stage of development; this leads us
to prefer smaller clouds with well-defined bases.
When we're working at lower altitudes, we can see
the bases better than the actual form of the clouds,
and base our decisions largely on their darkness and
sharp-edgedness. At altitudes near cloudbase, on
the other hand, size and shape of the “dome” be-
come the primary data. The upper parts of the cloud
should be clearly smaller in area than the base; if not,
it's a sure sign that the cloud is past its prime.

If scraps of cloud are hanging about near a rela-
tively good-looking cloud, they are sometimes rem-
nants of an earlier cloud which have been given a
new lease on life by the newer cloud’'s supply of
warm air; usually, though, they indicate only weak lift.
If we're faced with a longer glide to a cloud of
questionable virtue, we must juggle its current stage
of development, the general life-span of clouds on
that day, and the time it will take us to reach it. Other-
wise we'll be treated to a splendid display
ahead while we're cruising, but will arrive only to find
a wilting cloud and increased sink.

At altitude it may be difficult to estimate the dis-
tance to the next cloud. The best way is to look for its
shadow on the ground, taking the angle of the sun
into account.

When we change course at a turnpoint we must
become accustomed to the new ‘“cloud picture.”
Those blinding, sharp-edged Cu that looked so
seductive with the sun behind us may now be re-
vealed as stringy assemblages in shades of dirty
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gray, even though they're the same clouds. Ideally,
we'd have seen this even before the turnpoint, by
looking back at the cloud we'd just left as soon as we
started circling under a new one, thus seeing — for
example — what a 600-fpom thermal might look like
from the new post-turnpoint direction.

SEARCHING FOR THERMALS DIRECTLY
BELOW CLOUDBASE

At cloudbase altitude we can expect to find the best
lift right under the darkest part of the base, which in
turn is usually located below the thickest, roundest
part of the cloud. We should pay strict attention to
unevenness of the base: if a given area is higher and
remains dark, the lift will be stronger there.

The sun angle can sometimes affect the area of
strongest lift by adding additional heat to one side of
the cloud.

Of even more importance — and unfortunately
usually unknown to us — is the wind profile at cloud
altitudes, which tends to displace the best lift against
the direction of wind shear. If, for example, the wind
speed at or near cloudbase increases, the best lift
will be found on the upwind side — especially if this
is also the sunny side. Once we've determined that
the best area of several clouds is consistently on
one side, we can assume that this will be the case for
almost all clouds on that day and save time by always
heading for the good side of each successive cloud.

SEARCHING FOR THERMALS AT MEDIUM
ALTITUDES

The higher we are, the more dependably we can
base our decisions on cloud forms. As we slowly lose
altitude we should on no account forget the fact that
even active clouds may not have lift for more than a
few hundred feet below their bases if they're being
“fed” primarily from the side. This is particularly appli-
cable to those Cu of somewhat “overripe” appear-
ance. If the wind is calm, we can assume that the
thermals will rise more or less vertically; sometimes
it's even possible to identify the thermal triggering
point on the ground and get a good overall picture of
the entire thermal-cloud system. The lower we get,
the more our attention should be directed toward the
ground and possible thermal sources. If there is wind
it will be much more difficult to locate the often
curved or tilted thermals. There are many possible
ways in which wind can affect the shape and direc-
tion of thermals; here are three of the most common
cases:

(1) If a fixed point on the surface triggers a continual
thermal from a large reservoir of warm air, the rising
air will be driven downwind; hence, we can assume
that a thermal stemming from a fixed surface point
will lean downwind. The angle of such a thermal is not
likely to be constant; depending on increases or
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decreases in wind strength (in other words, the wind
profile) it can become steeper or flatter. Wind shears
with changes in wind direction can change the tilt in
any direction. Moreover, the speed at which the air
rises is decisive for the form of the thermal: at al-
titudes in which the air rises faster, the thermal will be
steeper. If the thermal is topped by a cloud we can
attempt to link it with some prominent triggering point
on the ground to get a better idea of air motion.

If the wind is strong, though, or if there are large or
frequent wind shears, this will be almost impossible.
On the other hand, if we're lucky enough to note
some visible trace of the thermal (e.g. smoke, debiris,
other climbing sailplanes at lower or higher altitudes,
etc.), we can not only get an idea of the angle, but
can also expect to find better lift at the same angle
below other clouds the same day.

At locations where large areas suitable for
surface-air heating lie upwind of well-defined trigger-
ing features, such tilted thermals are the rule; they're
well known at most slope-soaring sites, such as the
Wasserkuppe, etc.

From a piloting point of view such thermals can be
guite demanding. Not only do they tend to be gusty,
but we must continually shift our circle upwind to
avoid being “spit out” the lee side by the combined
effects of the wind and our sailplane’s intrinsic sink.

(2) If the wind is strong and the terrain below regular,
the lower turbulent layer will trigger thermals without
any particular surface feature. Such thermals are
relatively vertical although, of course, they drift
downwind with the airmass. They can continue until
the unstable air mass from the lower layers is
exhausted. In such cases we’ll find lift more or less
vertically below the cloud, just as when the wind is
calm, and we can work the thermal in entirely normal
fashion. We will, of course, continue to drift down-
wind, as will the cloud above us.

(3) A further possibility is that of a surface triggering
feature that produces a pulsating, rather than steady,
flow of warm air. In this case, each pulse — which
can be of several minutes’ duration — will form a
thermal which will separate from the ground and
behave as an isolated thermal as in example (2)
above. A row of thermals will develop and will be
aligned with the wind direction. The closer one flies to
the source, the lower the altitude at which one can
encounter lift.

These three different types of thermals can appear
next to one another in appropriate weather condi-
tions; the question of which form will appear where is
a difficult one whose answer depends largely on
surface features and terrain. The best chance of
finding lift once we have lost it is to fly directly up- or
downwind.









FLYING TACTICS UNDER STRATOCUMULUS

Areas of stratocumulus can increase during the
course of a cross-country flight to the point that they
merge and only a few blue holes are left to admit
sunlight. Assuming that we're lucky enough not to be
on the ground already, we must reverse our tactics.
Instead of flying toward the clouds, we'll head for the
sun, estimating where it's been shining longest and
searching for lift on the upwind side of the sunlit
areas. Sometimes only the edges of these areas will
still produce thermals. If we're stuck below the cloud
cover, the only areas likely to be worth looking for
thermals in are those in which a clearly thicker sec-
tion of the cloud deck, with a darker base, indicates
the presence of an updraft.

LIFE-CYCLE OF LARGE CUMULUS (CUMULUS
CONGESTUS) OR TOWERING CUMULUS

Just as with Cumulus humilis, the development of this

type of cloud includes the same phases (1) through
(6) as described earlier.

(7) If the reservoir of warm air remains unexhausted,
the cloud will continue to grow. Other factors, how-
ever, can also cause continued growth — for example,
if the surrounding air at cloud height is cooler than
that of the thermal. If such outside air is entrained,
condenses, and becomes unstable in its own right,
the thermal receives additional energy input. The lift
now becomes independent of surface features, being
fed primarily from the higher strata.

(8) The size that the entire formation may finally attain
depends on the temperature layering of the surround-
ing airmass. In our model the cloud would tend to
burst upward most rapidly in those areas where there
had been the best lift to begin with. A powerful
suction develops beneath the cloud, which even
brings air in from the sides. Any other thermals that
may be starting to develop in the area will also be
sucked in and will join to feed this single huge ther-
mal, which will continue to become larger and
stronger. In the immediate vicinity of the cloud, strong
downdrafts will appear, and will probably entrain
parts of the cloud and dissolve them. Further from the
cloud, smooth, almost imperceptible sink will replace
the air being carried aloft. This gives rise to the
unfortunate fact that the air in large areas around
Cumulus congestus, or even Cumulonimbus, is
adiabatically “stabilized” by the descending air and
seldom generates new thermals. In other words, large
updrafts suck other, smaller ones into themselves,
providing superb lift, but tend to suppress the de-
velopment of other lift in the area. This effect is
particularly noticeable on those days when over-
development over mountainous areas kills the ther-
mals over adjacent flatlands.

The larger the cloud becomes, the more complex
its development may be. There can be one, or sev-

eral, “cores” of the strongest lift, with adjacent areas
of very strong sink; moreover, different parts of the
same cloud may be at very different stages of de-
velopment.

(9) If the cloud grows through the freezing level there
will be the possibility of showers. Depending on the
strength of the updraft, the size of the cloud, and its
internal structure, these showers can be harmless light
rain, very heavy deluges of huge raindrops, or even
hail.

Heavy rain, and to an even greater extent hail,
entrain the air through which they fall and carry it
downward, whether it may have been rising or not.
Thus, heavy rain or hail encountered below (orin) a
cloud are almost certain to be accompanied by very
heavy sink.

__ The 1972 World Championships at Vrsac vouch-
safed me the dubious privilege of experiencing an
extreme example of the above at first hand: Since /
was fairly far behind after four contest days, | de-
cided to delay my takeoff until | could climb on
instruments in one of the Cumulonimbus that de-
veloped each day, then use the exira altitude to
overtake my earlier-departing opponents from above.

The first try is a failure; | don't get to the cloud in
time, and am shot down. Meanwhile it's gotten pretty
late, and there are numerous thunderstorms. | take off
again just before the arrival of a squall, release at
1800 feet: 1600 fom lift! By the time the towplane is
back on the ground, I'm at 3600 feet, starting my run
on the starting gate. 300 feet of altitude are traded for
speed, but at 3300 feet and 115 mph I'm pulled
irresistibly upward once again. In order to get a good
start, | must go through the gate at or below 3300 feet
(1000 meters), so | lower the landing gear and let the
speed build up: 130, 150 mph! | have to hold the
stick with both hands. | cross the start line, retract the
gear, pull up — 3750 feet! Immediately, | turn, find
the lift once again — it's actually still 1600 fom! My
despair turns to optimism, maybe I'll be lucky enough
to be able to wipe out my earlier tactical error. Oc-
cupied with such pleasant thoughts, | switch on my
turn-and bank gyro and artificial horizon and reach
cloudbase at around 5600 feet . .. when it suddenly
begins to hail. After half a circle, the variometer has
gone from 1600 fom up to more than 2000 fpm down.
My sailplane falls like a stone into the abyss. The
altimeter unwinds. I'm stunned; | search everywhere
for lift, but absolutely nothing is left, I'm simply
washed from the sky. At the end of eleven minutes
I'm back on the ground ... this time, for good.—
(10) Once all or nearly all the unstable air in the
region surrounding the Cumulus congestus has been
carried aloft, the areas of dissipation become more
numerous and the cloudbase disintegrates.

Some remnant of the cloud may remain in exis-
tence for quite some time, especially in zones of
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weak inversion and at altitudes where the sounding
reveals high humidity. These remains can cut off
insolation for hours; such areas should be strictly
avoided, since one generally finds only smooth,
strong sink — or, at best, air with no vertical move-
ment at all.

SEARCHING FOR THERMALS BELOW
CUMULUS CONGESTUS

The weather conditions that give rise to giant Cu, with
their terrific rates of climb, almost always bring with
them the dangers of overdevelopment, showers, and
large areas of shadow. Proper estimation of the
clouds’ stages of development may not only be
necessary for high speed, but for completion of the
task altogether. Success may depend on careful
planning of the course to the next thermal, a well-
chosen speed ring setting based on the distance,
and sometimes large deviations from course. It is
these weather conditions that can place the most
critical demands on a pilot's decision-making
abilities; the entire flight will be spent weighing alter-
natives against one another.

CONVECTIVE THUNDERSTORMS

Airmass, or warm-air, thunderstorms occur when the
air is conditionally unstable (instability dependent on
moisture) up to very high altitudes. These giant dis-
plays of our atmosphere's might should be avoided
by everything that flies; even jumbo jets and fighters
give these roiling cauldrons of immense thermal
energy the widest possible berth. In addition to mas-
sive updrafts, we might encounter tremendous gusts,
hail, lightning, and torrential rain that can reduce
visibility below the cloud to less than a hundred
yards. Below a thunderstorm, the cloudbase may
descend thousands of feet almost instantaneously,
and can obscure even minor hills. The thunderstorm’s
large expanses to the sides of the actual area of
updrafts usually make it impossible for a sailplane at
cloudbase to reach another thermal elsewhere; this
rules out the use of such storms for VFR cross-
country flight. Let us regard them, then, as dangerous
obstacles which should be circumnavigated at a re-
spectful distance — not only because of their own
hazards, but because they will most likely shut off all
lift in a wide area.

LINE SQUALLS, FRONTAL THUNDERSTORMS

Showers and thunderstorms frequently will align
themselves in a row running more or less across the
wind. At this point, their appearance and behavior are
very similar to that of a well-developed “classic” cold

front. Experience suggests that such line squalls,
whose relatively small size often precludes their in-
clusion on weather maps, can be treated by the pilot
just as he would treat an actual frontal thunderstorm.
On their upwind side we can expect strong, smooth
lift, which will increase markedly as cloudbase is
approached. If we now fly out ahead of the front, we
may encounter thermals which it has “plowed up”
and which allow us to climb above cloudbase altitude
ahead of the advancing “wall’ — especially if the
front is a fairly fast-moving one. We'll encounter the
highest cruise speeds, however, by remaining just
below the upwind edge of the clouds and flying along
the front in steady lift. Leeward of the “aerial race-
track,” we'll notice that the cloudbase takes a sudden
downward jog, often linked with strong rain or hail,
but always with heavy sink. Near the ground, frontal
storms and line squalls are linked with gust lines; just
before the first gusts arrive, one can often fly into the
zone of rising air, with its smooth, wide lift, from
surprisingly low altitudes. If we're lucky enough to be
able to climb above cloudbase of the approaching
front, the close-up view of the witch's brew of tre-
mendous convection can be a glimpse of nature that
will remain a high point of our soaring career.

As a cold front arrives on the ground, the wind
veers suddenly (to the right in the northern hemis-
phere) and becomes a great deal stronger. Rain or
even hail can reduce visibility to a minimum in sec-
onds. A safe off-field landing under such conditions,
where pilot and craft are most endangered, would be a
piloting masterpiece (as several experienced pilots
have found out at great cost). Their experiences should
be sufficient reason for us not to trifle carelessly with
such monstrous powers. Because of this our decisions
have to be carefully thought out. If chances of finding
further lift appear unlikely, we will use our altitude
reserve to get well away (ahead) from the front before
we land. As it is, we will usually have barely enough
time on the ground to get the sailplane properly
secured against damage before the first gust line
arrives.

There is almost no point in attempting to penetrate
below such a front against its direction of movement;
not only is it dangerous, but it is hardly likely that
there will be any usable lift behind it, at least within
range of our glide angle.

THERMAL LINES AND CLOUD STREETS

In calm conditions and over regular terrain, thermals
are more or less regularly distributed and, according
to Prof. Georgii, are about 2V2 times as far apart as
they are high (convection height). On the other hand,
any wind will tend to arrange them in rows. A major
reason for this behavior is that certain good thermal
producing and triggering areas will generate thermal
after thermal, each drifting off downwind.
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CLOUDS ARE NOT INDICATIVE OF
LIFT STRENGTH

The development of clouds depends on moisture and
wave amplitude and has no direct influence on the
wave structure. If clouds have formed on the upwind
side of the obstacle they will dissolve as the air
descends on its lee side, causing the typical “wave
window.” This is often the only sign of wave lift.
Depending on the terrain, one or more rotors may
also form, in which air from the valley “rolls” over and
over. This “rolling” causes strong instability in the
rotor zone due to adiabatic heating and cooling of the
rotating airmass, and the resultant convective flows
stir up the air in the rotor region in a chaotic fashion.
The greatest wave amplitudes usually occur in the
most stable layer, and this is where the greatest climb
rates are usually found. The “quality” of various lee
waves may differ depending on terrain and posi-
tion, and the best lift may not necessarily be found in
the primary wave. Cloud formation depends on mois-
ture; visible clouds may include fractocumulus in the
rotor as well as the characteristic lenticular clouds in
the wave itself. These latter can have flat, concave, or
convex bottoms. Ice clouds can form at very high
altitudes, and can extend far along the wave, dissolv-
ing only very slowly. If the overall humidity i5 high a
massive wall of cloud may form downwind from the
wave window, revealing its wave character by
lenticular-like protrusions from its upwind face.

Wave clouds can be easily recognized in that
they remain stationary over a given point, constantly
forming at their upwind edge and dissipating at their
downwind edge. They occur at the “summit” of wave
flow in their particular layer, and grow symmetrically
upwind and downwind from it.

Rotor clouds consist of scraps of cumulus, often
carried off to leeward by strong winds and dissolved
in their higher reaches. If the humidity is high, they
can take the form of compact rollerlike structures.

FLYING TACTICS FOR LEE WAVES

Various terrain and weather conditions require widely
differing behavior on the part of the pilot. While the
waves produced by lower mountain ranges are usu-
ally less fearsome, certain flights — for example,
through rotor areas in high-mountain waves — re-
quire our utmost competence.

We take off dressed as warmly as possible and
with our sailplane well equipped. We should carry
a good three to four hours’ supply of oxygen and
should be strapped in tightly, aware from the outset
that we may encounter extreme turbulence in rotor
areas.

At some sites one can make a winch launch, fly at
once into strong and usually turbulent slope lift, and
try to climb as high as possible. Then we can fly
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upwind, through the strong turbulence of the de-
scending side of the rotor, into the rotor's ascending
side, where we can attempt to latch onto the (usually
very narrow although strong) lift. Instant changes of
+ 1600 to 2000 fom are not at all unusual. Above a
certain altitude it suddenly becomes glassy
smooth: we have reached the wave.

More commonly, though, we will be aero-towed
through the worst of the turbulence directly into the
wave. Such tows require quick reactions and good
nerves of both the sailplane and towplane pilots. On
the other hand, some waves over “milder” terrain can
be reached without encountering major turbulence.

Once in the wave, we make sure our oxygen
equipment is in order and explore upwind for the best
lift by flying extended figure-8s — never by circling.
We fix our position with regard to some easily-
recognized feature on the ground and guard against
being carried back into cloud, or into the descending
side of the wave, by the increase in wind speed as
we continue to climb. We may elect to move to a
different wave, either upwind or downwind, if it looks
like we'll climb better there. If there is a large cloud
bank, we climb upwind of it, just as in slope soaring,
always turning away from the “hill” and always mak-
ing sure that we have a safe escape route into the
valley.

Generally, the area of best climb will tend to lean
upwind with increasing altitude. We should also keep
an eye on the time, since the long twilight at high
altitude can fool us into thinking there is still sufficient
light on the ground for a safe landing. And it is a good
idea for us to keep moving our feet, since the external
temperatures of 30, 40, 50 or more below zero always
bring with them the risk of frostbite.

Other than those hazards directly related to flight at
high altitude (hypoxia, cold, “bends,” etc.), the major
risks are due to improper estimation of wind strength,
the approach of darkness, or cloud cover. The types
of wave cloud which can form if the humidity is high,
and which can close below the sailplane if the wind
decreases, are the most dangerous. Depending on
the circumstances, it may be necessary to make an
emergency rapid descent — spinning if necessary —
through what'’s left of the window, to try to wait for the
window to reopen (if early in the day and at high
altitude), or to use one’s altitude to flee downwind into
flatter terrain, since it's less likely that clouds there will
continue all the way to the ground, and chances are
better for a safe landing.

It goes without saying that instrument descents
through cloud over mountains are out of the question
unless we are certain that there is sufficient ceiling
below the clouds, and that they are thin enough so
that they can be penetrated quickly. Gyros are a
must, of course, for any such operations.

Until now, wave flights have played a secondary
role in cross-country soaring. Weather conditions






A PULLUP AGAINST A WIND SHEAR RESULTS IN
INCREASED TOTAL ENERGY

In the same manner, a sailplane flying in the region
of higher wind speed can gain energy by flying
downwind and descending into a layer of lower wind
speed.

A DESCENT WITH A WIND SHEAR ALSO RESULTS
IN INCREASED TOTAL ENERGY

Dynamic soaring is based on the technique of
combining such ascending flight paths into the wind
shear with descending paths away from the wind
shear. This can take the form of ovals tilted obliquely
into the wind shear (A), figure-eights (B), or zigzags
(C).

PRACTICAL APPLICATION

Natural wind shears are hardly ever so abrupt as in
the above example, but even weaker shears can
result in sufficient gain in energy to cancel out the
sailplane’s friction losses and allow cross-country
flights. Strong shears are found in the region of the jet
stream, but also near the surface and in the region of
temperature inversions.

The Albatross, a bird with narrow wings of some 3
meters span and very high wing loading, performs its
maneuvers in the lower 50 meters above the ocean
surface. As it climbs against the wind, it reduces its
airspeed distinctly, turns back at very low airspeed,
and continues to dive downwind with constantly in-
creasing airspeed. Directly above the water, it turns
once again at high airspeed and high g-loading, in
order to climb upwind once again.

For the sailplane pilot, such aerobatics so close to
the ground can be considered out of the question.
Dismissing for the present the wind shears near the
jet stream, we are left with those in regions of tem-
perature inversion.

Our current sailplanes have a sufficiently wide
speed-range (80-250 km/h) in which their perfor-

mance is adequate for the required flight maneuvers.
The sailplanes of the new racing class appear to be
particularly well suited due to their high maneuver-
ability.

Renner began his research with a flapped H301
“Libelle.” According to his reports, the wind was
almost calm on the surface at Tocumwal, Australia,
the morning of October 24, 1974. After takeoff, the
sailplane and towplane penetrated an inversion
(clearly visible due to the top of the haze layer) at an
altitude of some 300 m. Above the inversion the wind
was strong, sailplane and towplane were able to fly
upwind only slowly, and Ingo Renner estimates the
wind speed at 40 kt. (!) At a position about 3 km
upwind of the airfield, Renner turned downwind from
an altitude of about 350 m and began a steep dive
through the inversion. At an altitude of about 250 m,
with an airspeed of 200 km/h, he started a steep 180°
turn (acceleration: 3g) and climbed at the same
angle (30°) as his initial dive, headed upwind. He
reattained his original altitude, made a second 180°
turn at low airspeed and g-load, and started the
process again. In this manner he was able to main-
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Inflight Navigation

AFTER RELEASE

As soon as we've released, we check the visibility; it
will later serve as a handy measure when we are
estimating distances to goals or thermals. A look at
the movement of cloud shadows on the ground,
smoke from chimneys or fires, and our drift while
circling in lift will give us a good idea of the wind at
our altitude and will allow us to verify and, if neces-
sary, correct the information on our kneeboard.
We sight along the direct course to get an idea of
the terrain, and fly in that direction for a moment;
then, for comparison. we fly the required heading
(calculated to compensate for wind) to familiarize
ourselves with it. We note nearby landmarks, the
angle of the sun as seen on course, and the cloud
situation. When we actually depart, we already have a
goal in mind: a promising cloud lying as close as
possible to the heading — not the course — that we'll
be flying. It is easy to fall into the trap of looking for
clouds along the direct course; remember that clouds
move with the airmass, just as we do. In addition to
this first goal, we have laid out the most direct course
that would allow, if necessary. a small deviation to
get under other less-ideal clouds along the way that
might still help us reach the goal a bit higher. More
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important, though, is that we've picked out second
and maybe third choices further away along the ap-
propriate heading, toward which we can continue if
our first choice turns out to be a dud.

NAVIGATE AS LITTLE AS POSSIBLE
UNDERWAY

The better our preparation, the less attention we need
to pay to inflight navigation. Ideally, a few glances at
the map now and then should suffice to reassure us
that we are within a few miles of the right course; this
leaves us free to concentrate on such matters as
estimating thermals, optimizing our flying speed, cen-
tering lift, and so forth — in other words, all those
things that might increase our speed. As far as per-
formance is concerned, the best navigation is that
which requires the least pilot work-load. This is the
reason that it is not necessary to verify passage of
every one-horse town on the map.

On the contrary, our navigation should be based on
unmistakable features, and not be concerned with
smaller surface objects, even if there may be
stretches of 10 or 15 miles during which we won't
know our exact location. Only if we're approaching a
turnpoint — or, of course, the goal — is it important to
know our position down to a mile or less.

Features which are ideal for navigation include
freeways, large rivers and canals, railway lines,
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large wooded areas, prominent mountains, cities, or
large industrial areas.

We should avoid using such things as small
highways, small towns, flat mountains, and small
rivers and streams. Mountains and hills in particular
become harder to discern the higher we fly.

The map can be oriented either “correctly” — that
is, with north at the top, which makes it easier to read
printed information and relate it to given localities; or
it can be held so that our course points forward. This
makes it almost impossible to read names and num-
bers, but has the advantage of placing features on
the map in the same relationship as in the outside
world. The map must be turned whenever we round a

_ turnpoint, which sometimes leads to a few moments’
confusion; thus, both methods have their advantages
and disadvantages. Even those who usually leave the
map “north-up™ are advised to turn it to correspond
with their course if they are following, for example, a
meandering river. It is much easier to match up
curves in leading features running more or less paral-
lel to one's course.

DURING CLIMBS

A glance at the map can reassure us that we're in the
right place. If in doubt, it's always better to look at the
landscape first, then check the map. If we use the
reverse order, our desire to be someplace in particu-
lar can sometimes distort our perception of the out-
side world to the point where we will forcefully match
it to the area where we'd like to be, even in the face of
discrepancies that would normally stick out like the
proverbial sore thumb. After checking the map we
can once again check outside to see if we can further
refine our position.

DEPARTURE AFTER CIRCLING

We should be aware of the fact that the magnetic
compass can be trusted only under very special
conditions in anything other than straight unacceler-
ated flight. The turning errors of standard types of
aircraft compasses due to the inclination of the earth’s
magnetic field are such that in a left circle they will only
indicate accurately the instant in which the nose
passes through an east heading, with only the west
heading indicated accurately in a right circle (in the
northern hemisphere; the opposite is true in the
southern hemisphere). Any other indicated direction
will be in error to a greater or lesser extent depending
on a number of factors. (For an exact discussion of
compass errors, see page 138.) If possible, we
should estimate our new course based on terrain
features and landmarks:; if this is not possible, we can
use the sun angle, which we noted while gliding
between thermals on the proper heading. If the sun is
not visible, we “‘guesstimate” the departure heading

based on how far we have turned past east (left
circle) or west (right circle) compass indications, then
make any necessary further corrections once we
have leveled out and the compass has settled down.

While circling, we have kept an eye on the thermals
further along the desired heading (“time-lapse ef-
fect”). Before leaving the thermal, we will already
have decided on our next goal, the course required
to get there, and our alternatives. We never leave a
thermal without a definite plan of action!

DURING LONG GLIDES

We should check our course from time to time, but
most of our attention should be devoted to speed
optimization and the search for our next source of lift.

COURSE DEVIATIONS

Course deviations due to weather conditions or the
need to circumnavigate unlandable terrain must be
made where necessary. As long as they are less than
10° from the original course, their effect is negligible.
Deviations of from 10 to 30 degrees are also well
worthwhile if they contribute to a definite increase in
cruise speed. In general, the farther one is from a goal
or turpoint, the larger a deviation one can make with-
out overly adverse effects, since one can plot a new
course (and heading) which does not differ greatly from
the original one. In other words, after a deviation we
should not attempt to get back onto our old course, but
rather should fly the shortest distance from our new
position to the goal.

Longer deviations at angles greater than 45° can
only be countenanced in extreme situations — that is,
if we will get shot down by continuing on our original
course — and serve to teach us how unfavorable our
original course must have been.

If worst comes to worst and we are forced to fly at
90 degrees to the original course, we not only lose all
the time spent deviating, but must spend more time
regaining the altitude we have lost during the deviation

We should never actually retrace our path at all
except as a last resort to stay aloft, for example to
return to a slope where we are sure to find lift.

Recommended course deviations when flying a
course that does not correspond with cloud or ther-
mal street alignment have been discussed earlier
(page 25).

TURNPOINTS AND GOALS

Turnpoints and goals should be sighted from as far
out as possible.

At the same time, the distance to the goal should
be determined (this is where proper chart preparation
can pay off) and rechecked from time to time during
the approach. If the turnpoint is difficult to locate it
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from dazzling the uninitiated with the skill and bravery
of the wearer, these triumphs of the clever Swiss —
and now Japanese — contribute little, if anything, to
the navigation of a sailplane.

As we continue to glide we keep tabs on our
compass course and average speed so as to be able
to use these data, together with the elapsed time, to
calculate our position with considerable accuracy.
Checking and writing down times for straight flight is
especially important, since the excitement of being
unsure of one’s position can cause one to lose track
of time. Five minutes of turbulence or in cloud can
seem three or four times as long and contribute to
further uncertainty and stress unless one continues to
check the time and course.

DEAD-RECKONING

If the areas of poor visibility are particularly large, or if
cloud cover is relatively thick and one plans on using
instruments to continue to use the thermals to their full
extent by flying in cloud (assuming that the pilot's
ratings and local regulations permit it), only exact
dead-reckoning navigation can keep us from getting
completely lost — especially if the weather conditions
force us to deviate from our planned course. For this,
we need a plotter for measuring distances on the
chart, and we may elect to fly only at speeds that
allow the simplest mental arithmetic for calculation of
time, speed and distance. (For example, 60 mph = 1
mile/min, 80 mph = 4 miles/3 min, 90 mph = 3
miles/2 min, etc.) Better yet, we can make up a
“dead-reckoning plotter” as described on page 147.
It is very simple and as nearly foolproof as possible.

Recently, devices have been developed both in
Switzerland and in Germany which operate from total
(pitot) pressure and a wind component set in by the
pilot, as well as altitude, to read out "distance flown.”
Such “odometers™ are certainly particularly helpful for
dead-reckoning navigation. They can also be used
for final-glide calculation; however, they appear to be
less valuable in this application, as the conventional
calculators now in use are not only sufficient, but
actually superior in some cases.

DISORIENTATION

Inflight navigation should be sufficiently accurate that
we are never unsure of our approximate position, since
once we're “at sea” the steadily increasing nervous-
ness makes it difficult to estimate flight times and
distances realistically. The stress of the situation
causes us to make judgements that we would nor-
mally avoid. One tends to search wildly in the im-
mediate neighborhood for some identifiable
checkpoint, and can end up on the ground even in
good weather Therefore: remain calm, find some lift,
get some altitude, then examine the last part of the
flight in a sort of "mental instant replay.” Systemat-

ically figure out any possible wind shifts, identify the
larger area in which one must be, and only then start
looking for surface features that can be used to
“narrow down" your position. This situation requires
calm consideration, not panicky searching.

THE FINAL GLIDE

If fate has spared us an outlanding, we end our
soaring day with a well-planned and calculated final
glide. The speeds and altitudes that may be optimum
for the circumstances, and the methods of calculating
them, will be discussed in the next chapter. From a
navigational standpoint the final glide means that we
will have to observe smaller and smaller surface
features for the most exact possible checks — to the
mile or better — of our position and distance from the
airport. While climbing in the last thermal we plan to
use we will calculate the required optimum height,
check our final glide course, and pick landmarks
which will allow us to continually check our distance
from the goal (railroad lines, small villages, transmis-
sion lines, etc.) As the glide continues, we'll compare
our actual and required altitude at each checkpoint,
modifying our speed-ring setting if there are major
deviations.

LANDING OUT

Not only is there a proper technique for landing out
once we have been shot down; there is even a prop-
er technique for getting shot down — the slower, the
better! The longer one can remain in the air, the
better one’'s chances are for a last-minute save in-
stead of a landing which definitely ends the day's
activity. Of course, the entire process must be con-
sidered a normal part of the soaring pilot's life, and
should ke taken into account as a possible ending to
any cross-country flight. The fact that so many out-
landings lead to damage can almost always be
traced back to a bad estimation of landing pos-
sibilities or, as the case may be, to (completely un-
necessary) nervousness. To repeat: getting shot
down is normal, and landing out — if one holds
oneself to proper guidelines and techniques — is a
perfectly safe part of cross-country soaring.

IF IT LOOKS LIKE WE CANNOT MAKE
THE NEXT THERMAL

We will start by checking the landing possibilities fur-
ther along our course. We'll look for as many fields as
possible that our glide angle will allow us to reach. |f
things look reasonably landable ahead, we can look
for fields even farther away — but also for some
closer in to cover the possibility of flying into sink. We
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slowly but inexorably toward the just-landed
sailplane; but all is not lost if we keep our heads and
don't panic. There is no point in trying to shoo them
away, all we'll do is arouse the ire of these honored
bucolic brethren. It has been proven that cows are
actually relatively intelligent animals, who tend to be
both curious and cautious. Usually, they’ll inspect this
new addition to their very own private territory, lick it
thoroughly — saves washing it later — and, after a
short time, wander off. In general, that's all that ever
happens, even though we may sweat blood while we
watch. It is best for us to remain at a little distance
from the sailplane. We can offer our new friends
something delicious to eat or try to arrange some
other interesting attraction which will not only capti-
vate, but also distract the attention of these ambula-
tory pot roasts. As long as the sailplane isn't actually
moved about by their attentions, the major danger to
the pilot is boredom. Even bulls don't automatically
attack a sailplane, if they don’t feel threatened.
Moreover, the red paint required in some countries
does not enrage the bull; in the arena, it is the motion
of the matador’'s cape, not its color, that incites them
to charge. Friendly passers-by who hurry to help us
with the sailplane are well-meaning, but should be
politely and firmly asked to remain out of the field
(“. .. otherwise you may have to pay for any crop
damage you may cause .."). After all, at the circus
you never see more than one lion-tamer in the cage
at a time.

When picking a field we should avoid those with
too-high crops or grass; they are particularly hazard-
ous for ships with conventional tails.

T-tails, on the other hand, are more likely to be
damaged by ground-loops, which can occur very
abruptly in tall grass, wheat, or even rye if one wing is
lowered even a small amount. Asparagus fields,
which are completely unsuitable for landing, unfortu-
nately look like normal fields from the air. Vineyards
and cornfields are equally bad choices. Power and
telephone lines are hard to spot, and can usually
only be seen by their poles — i.e., we must always
check the vicinity of landing fields for phone poles. In
the mountains — particularly in Europe — the cables
of aerial tramways, which are not always marked on
the maps, represent a particular hazard. In some
areas, portable tramways are used to bring crops
from higher fields to the valley floor, and are moved
about from place to place. These very thin lines often
cross entire valleys with no pylons or towers, and are
almost impossible to see against forests and other
dark areas.

THE APPROACH

The safety belt and shoulder harness should be pul-
led tight. In general, the approach should resemble
that of a cautious new student at the airport: abeam

the touchdown point we should have about 350-500
feet of altitude. Until now, we have constantly been
searching for any possible lift; now we're committed
to landing. We should always include a base leg —
nothing else provides such an excellent chance to
gauge the wind as our eventual drift while flying
crosswind. Depending on how much we drift we
can correct very easily by either extending or shorten-
ing our final approach. At the same time, we can
always see our landing field and can make one more
final check. Those who make a continuous 180° turn
rather than a square pattern lose sight of the field and
stand a good chance of turning in either too soon or
too late; in either case, since one is heading back the
way one came, the effect of the mistake is doubled.
This is one of the most common causes of damage in
off-field landings.

Once established on final approach we cannot
change our minds and switch to another field, even if
it suddenly appears better than our first choice.
There is simply not enough altitude reserve to reach
the new field, make a decent approach, look it over,
etc., and still maneuver safely for a landing.

Headwind, gust factors, and possible sink due to
downhill air motion require some reserve airspeed. If
there's a crosswind we'll have to crab an appropriate
amount, waiting until immediately before touchdown
to “kick out” the crab angle. If we slip during the
approach, we should lower the upwind wing.

SPECIAL APPROACH TECHNIQUES

— Steep uphill landings:

Uphill landings require plenty of excess airspeed,
at least 20 mph faster than normal. Fly right down
to the ground before zooming up along the slope.
Despite the high approach speed, the landing and
rollout will always be very short — especially if the
dive brakes are extended.

— Landing on the side of a hill:

Base leg should be flown from the downhill side. A
slight S-turn on short final can be used to align the
wings parallel with the ground just before touchdown.
Without this S-turn procedure, which is highly re-
commended, one must wait until the very last instant
before lowering the downhill wing to avoid a sideslip
downhill.

If the wind is blowing uphill strongly enough, we
can simply initiate a downhill sideslip on final ap-
proach, kicking out the crab angle at the last mo-
ment.

— Clearing an obstacle:

If a short field makes it necessary to approach as
low as possible over an obstacle, one should use
dive brakes and a sideslip, bearing in mind that the
lowered wingtip and perhaps the rear of the fuselage
may well protrude considerably below the rest of the
sailplane.
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retracted. The fuselage will slide along and can easily
cross small ditches (up to about a foot across) in
which the wheel might get caught. In any other situa-
tion, though, the wheel should be extended, since in
modern fiberglass sailplanes there is only about 2
inch of structure between the bottom of the sailplane
and the (rather more fragile) bottom of the pilot. Any
blows will be transmitted directly to the pilot's spine
— which is both more difficult and more expensive to
repair than the sailplane — unless cushioned by the
gear's shock absorbers (or by its tearing away).

— Landing in brush or water (ditching):

One should attempt to “land” just as in a cornfield,
at minimum touchdown speed. In a forest, the same
technique should be used unless it is possible to
penetrate one level lower and aim the fuselage be-
tween a couple of trees.

— Landing in completely unlandable terrain:

If one is forced to set down on a rockpile or some
similar horrible spot, one might as well resign oneself
to the fact that the sailplane will be a complete
write-off. The pilot, however, has a good chance of
escaping more or less uninjured by sideslipping into
the ground; the low wing will absorb the major impact
while being destroyed.

AFTER LANDING OUT

As the pleasant silence surrounds us after a smooth
landing and easy rollout, it would be nice to be able
to enjoy this moment of peace and quiet, to recover
from the concentration of that final battle to stay aloft
and perhaps also from our disappointment at having
landed out. Unfortunately this is usually impossible;
the first spectators will be here any minute, and we'll
also have to get to a telephone to report our landing.
It is time now — despite the hunger and thirst that
we've only now started to notice — to take care of all
the necessary details despite nervousness or any
other problems.

ONLOOKERS

We explain to everyone in friendly fashion every-
thing they want to know about the sailplane, why
“there isn't any engine in there,” the reasons for our
“crash,” the causes of "air pockets,” and whether we
were forced to land because “the wind quit.” We
make clear to everyone possible the astonishing
fragility of our bird, show them the instruments, let a
few of them sit in it for a moment and — this is the
hard part — remain cheerful and friendly as they
excitedly point out to us the other sailplanes that
circle over our landing spot, gain altitude, and fly
away. Of course it was bad luck that we had to land
here: our fans don't want to be deprived of their hero
that quickly, though. The most responsible member of
the horde of small boys which invariably appears is

designated official guardian of the sailplane; we ex-
plain it to him particularly clearly, get his name and
address. As long as we are away from the ship he
must keep others away from the sailplane, since only
he knows where it can be touched without damage,
and he is responsible for its well-being.

OWNER OF THE LANDING FIELD

We ask the adults where we can find the owner of the
field. Should he arrive on his own we are especially
polite and explain to him, if he complains about crop
damage, that the sailplane carries full liability insur-
ance; he need only notify the appropriate authority to
inspect the field and advise the insurance company,
whose address we provide. “ . . . unfortunately we are
not permitted to make any cash payments ourselves
... " The owner is usually satisfied with this and helps
to keep the spectators out of the field to avoid further
damage to the crops. Only our designated guardian
is allowed to remain by the sailplane.

SECURING FOR BAD WEATHER

If bad weather approaches our behavior is, of course,
different: we try to entertain as many spectators as
possible so as to get them to help us secure the
sailplane. The wheel should be retracted and the
sailplane placed on the ground, the upwind wing
lowered, and everything secured with the sailplane’s
tiedown kit. This helps avoid the sort of situation (this
has actually occurred) in which the pilot returns from
the telephone to find the sailplane reclining on its
back in the field next to the landing field, somewhat
the worse for wear. In fact, securing the sailplane
against both weather and spectators should be our
first action after landing — only then can we think
about telephoning and/or our personal well-being.

TELEPHONE PROCEDURES

We ask "motorized” adults exactly where we are, and
find out from them how one gets here. We also try to
get a ride, if necessary, to a telephone. The nearest
phone is not necessarily the best: phone booths are
not very good, since we should leave a number
where we can be reached in case our crew needs
more information, cannot find us, has car trouble, or
any of the other difficulties that crews are heir to. If
we are really far from home it may be worthwhile to
make the call from a farmhouse and explain the
situation to the (usually very friendly) farmers with as
much charm and humor as possible; this can often
spare one having to ask where one can eat or spend
the night! The splendid hospitality one sometimes
encounters after landing out is the source of some
most fondly-remembered ‘“vagabond adventures.”

| landed once in western France and found myself
helping the farmer chase some cows that had broken
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Required Flight
Documentation,
FAl Sporting Code

For a flight to be valid for badge, record, or competi-
tion purposes, it must meet the national and interna-
tional rules presented here. All such rules are based
on the most recent version of the FAI sporting code
prepared by the Federation Aeronautique Inter-
nationale in Paris.

To avoid unpleasant surprises, a table of required
documentation is included.

L:- ] - T [ -] - -5 E c c
o2 s s 2€ o g 80 ow_ g a0
Qo Information Required Ee ct Socl| g | £27 = 2%
w5 s & Gs EgES| S€2 | TES 9 o2
3% Og So s&a53 5% gfo‘; H gg
3¢ o | § |47 | 285 ~° @ @3
Date of flight x x x x x x x
Name of pilot x x x x x x x
4.3 Nationality of pilot x
4.1 Type & Class of Record
claimed X x
4.6, Performance being claimed x
No. & expiry date of F.A.l.
license x
Type & number of barograph x x
2.9.1. Date of calibration of
barograph x
Type & identity no. of glider X x X X x x
2.9. No intermediate landing x
1.5.1 Place of take-off x x
Type of launch X
Pressure at ground level at ‘
time of take-off (1) x
1.5.2. Departure point x x x
1.5.4 Starting Altitude x
1.6.5 Start Time x x
Tug pilots name, license
number & registration
of tug x
Time of release x
Duration of tow x
1.5.2. Position of point of release x
Release Altitude x
1.5.6. Name of Goal & Turning Pt. x x x x
Time of declaration of above x
1.5.12. Recognition Time Interval
2.7. Time of glider at turning
points (2) X
2.7. Estimated height of glider at |
T.P.(2) X i
2.7.1. Uncut film of T.P with
points signed by Off. Obs. x
1.5.10. Time of landing at goal or
finish time X x
1.5.9. Landing Place, if not a Goal x x
1.5.11. Distance and speed of flight x
1.3.2.
2.8.1. Distance Penalty (if any) x
Date and signature of pilot x x
Date and signature of
calibration lab. official x
2.1. Date and signature of
Official Observer (3) x X x x x x
Date and signature of
Tug pilot x
4.5. F.A.l. Sporting License x
(1) altitude claims only. (2) Ground Observation Only (3) If the glider does not land at the goal, the
landing certificate must be signed by two independent witnesses who give their addresses.
ADDITIONAL CERTIFICATES AND PROOFS FOR MOTORGLIDERS
9.4.1. Power source stopped prior
to crossing start line x x x
9.7. Power source not re-started
in flight following the
crossing of the start line x x
9.9.2. Power source incapable of
being restarted in flight x
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up to us whether to retain any water ballast we may
have until just before landing or to drop it right away.
If we dump at once (don't forget to reset the speed
ring) we will fly slower and remain aloft longer, if we
keep it we'll be faster but on the ground sooner. The
glide angle and glide distance are the same in either
case. Since one usually will hope for one last thermal,
though, the lighter sailplane not only gives us more
time to figure out where it may occur, but will also
climb better if we actually do encounter it. Moreover,
ballast should always be dumped before landing out
for safety reasons.

HEADWINDS

The longer we fly, the longer the time during which
the headwind has a chance to adversely affect our
glide distance. It becomes obvious that in such cases
it is well worth our while to fly somewhat faster than
the speed indicated by a zero setting of the speed
ring. The proper setting can be arrived at by the
optimization theory: the ring should be set to the rate
of climb that would just maintain your net position
over the ground in such a headwind. For this ring
setting to be completely correct, we must assume
that there are no vertical air motions. Actually, in rising
air we should fly a bit slower, in sinking air a bit faster,
than the speeds indicated by the ring.

For an ASW 15 (5.75 psf) and similar glass Stan-
dards, the ring would be set as follows:

headwind ring setting
15 mph + 50 fpm
25 mph +100 fpm
35 mph +200 fpm

We can see that these increases in speed-ring
setting are not all that great; for normal winds they're
usually 100 fpm or less. If we have water ballast, this
time we should keep it as long as possible, since the
higher penetration speeds are more favorable for
headwinds. If the ring doesn't match the actual wing
loading we must make the same compensations as
discussed above. The same is true for speed-to-fly
indicators.

TAILWINDS

In a tailwind we should always get rid of all ballast at
once. If the wind is strong the ring can be set just
below the zero mark, allowing us to fly a bit “too slow”
and let ourselves be drifted along by the wind.

How Do We Achieve High
Cruising Speeds?

If we plan to not only complete the task as planned,
but do so at the highest possible cruise speed, it
becomes a problem of cruise optimization. To calcu-
late this requires us to juggle a number of factors
which can be mathematically expressed with greater
or lesser degrees of accuracy and whose relationships
to one another must be properly weighed if we
are to achieve decent results in flight. The values
which must be considered include climb rate, which
depends on the weather, the type of sailplane, and
the pilot; the glide between thermals; and the final
glide to the finish of the task.

WHICH IS MORE IMPORTANT,
CLIMB OR GLIDE?

In order to point out the importance of both climbing
and gliding, and their relationship to one another with
regard to the overall cruise speed, let us examine a
simplified example of a situation which occurs very
often in real life.

We will assume that there are weak thermals every
5 mi (8 km) in which our sailplane (an ASW 15 flying
at 5.75 psf) can climb 200 fom (1 m/s). However,
somewhat farther away — about 23 miles (37 km) —
we see a truly splendid cloud below which we'll be
able to climb at 600 fpm (3 m/s). The air between the
clouds is calm. We start out from cloudbase at
around 5000 feet (1500 m) and try to decide on an
appropriate speed ring or speed-to-fly indicator set-
ting. Now, before reading further, make your own
decision on what you would do!

In our example, we will look at the different results
obtained by four different pilots.
Pilot (1):
— has decided to fly as “correctly” as possible. He
sets his speed ring at 200 fom, flies to the next cloud,
circles back up to 5000 feet, flies on to the next cloud
at the same setting, circles, and so forth. When he
reaches 5000 feet under the third small cloud he sets
his ring at 600 fpm and heads for the big one.

His technique is that of a conscientious “classic
speed-to-fly” pilot.
Pilot (2):
— has decided that the 200-fpm lift isn't worth trifling
with, and tries to get right under the big cloud. He
sets his speed ring at 600 fpm and roars off.
Pilot (3):
— he, too, doesn't want to trifle with the weaker lift,
and wants to head straight for the big cloud. How-
ever, he's the cautious type: he sets his speed ring
for zero and heads off at his best-L/D speed.
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The absolute ideal crewperson might be like this
(and these are just the most noticeable of a large
number of desirable features):

Easily satisfied; free from personal demands,
perspicacious and diligent, performs all major and
minor duties without being asked by the pilot, always
cheerful and satisfied with the pilot’s performance. If
the pilot should make a bad showing due to unforgiv-
able errors, the crew does not mention these, but
rather sympathizes with and consoles the pilot, looks
toward the morrow with contagious optimism, and
works even harder to ensure that everything runs
smoothly. Although possibly an experienced contest
pilot in his or her own right, a good crew performs
only what is required, and does not offer suggestions
of what he or she would do. The crew knows not only
the pilot's strengths, but his weaknesses, although
the latter are never mentioned; knows how to keep
him cheerful and protect his nerves from the rigors of
competition while preparing him for a flight. Radio
messages are always polite and informative, never
unplanned or — worse yet — uncontrolled.

Based on the above, the ideal crew should be
female and is likely to be the pilot's “better half’ —
assuming, of course, that he has one who really
deserves the name. Moreover, it would seem to make
little difference in the long run whether one introduces
one’s beloved gently to the rough life of a crew-
member or the other way round. Since the presence
of one female usually rules out the presence of any
other such pinnacles of creation, the other crew
members are men — a grouping which has wondrous
effects on the improvement of courtesy within a tight
group that may spend weeks together. (Lady pilots,
of course, will have to make similar but slightly differ-
ent arrangements.)

Like so much in life, the dream crew is likely to
remain a dream; but sometimes it can almost be
attained. A relationship based on trust and free from
any strains is fundamentally important. Usually, the
mood of the helpers depends largely on the pilot's
behavior; there are some real despots who make
tremendous demands, are never satisfied with any-
thing, and — worst of all — don't let their crews “take
part” in the day’s flying experiences. A pilot who
walks off after a flight, leaving the crew to take care of
the sailplane, and shares his experiences only with
the other pilots, should not be surprised if crew
morale and performance decline. The more a crew-
member can take part in the competition, the more
information he or she can provide, and the better they
will be able to distinguish between what is or is not
important when working with the pilot as a team
member rather than a servant. The job of a good
crew requires much knowledge of the subject, as well

as lots of work.

Not only is the crew responsible for the daily prep-
aration of the sailplane and all that's connected with
it, such as cameras, barograph, trailer, etc., he or she
is also our “intelligence service” for important ques-
tions that can often mean the difference between
winning and losing a contest:

NOTE: In international competition, crews are al-
lowed — among other things — to aid their
pilots inflight with radio messages. Some
countries have differing national rules; the
discussions in this book are based on the
currently-accepted International Sporting
Code.

— The crew keeps an eye on the development of the
day’s weather, checks with the met man or FSS if
necessary, perhaps even keeps a record of tempera-
ture and humidity to see how closely it conforms to
the forecast for thermals. Should it differ widely, the
crew informs the pilot without waiting to be asked.
— The crew keeps an eye on the progress of compe-
tition, as well, notes who has started or finished, and
when; and makes such information available to the
pilot on request.
— In case of really bad weather conditions the crew
can drive — if possible — several miles ahead of the
pilot's position, allowing itself to be directed from the
air, in order to observe if anyone else is circling on
course, and if so, how successfully.
— The crew should have a cloud mirror along to
determine the wind at cloudbase height (speed and
direction). Normally, this information is relayed to the
pilot before the beginning of the final glide to allow
optimal calculations. (Use of the cloud mirror is de-
scribed on page 87).
— At the finish, the crew observes other finishers and
relays weather information for the last few miles to the
pilot, based on other finishers’ speed and altitude.
This is only a small selection of the tactical func-
tions of a well-trained crew. Specialized sailplanes,
contest terrain, or daily tasks naturally require special
discussions and further planning. Every team
member has special jobs and is responsible for their
completion; the day's activity is planned and or-
ganized in advance. The more intensively the team
“thinks along” with the pilot, the more effective it is;
the crew becomes a sort of “switchboard” for all
information that the pilot may need, although the
members always keep in mind that the final decision
must be the pilot's, based on the wider view of
conditions and situations he or she has from the air.
The pilot who considers his crew only as “retriev-
ers” is not only underestimating the value of a real
team, but the capabilities of the individual crew
members as well. At any rate, he is certainly giving
up a competitive edge by not using the crew to the
fullest.
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THE “"WAR OF NERVES"

Since the process of weighing possibilities, estimat-
ing, and making decisions depends on the mental
equilibrium of the pilot, some pilots have resorted —
particularly in recent years — to all sorts of (often very
original) tricks to make the competition nervous. This
Is not difficult, since most soaring pilots conceal
beneath their often gruff exteriors very sensitive na-
tures, not to mention the stress that comes from a
major contest.

— World Championships, 1970: Henri Stouffs (Bel-
gium) arrives and registers his sailplane as an LS 1 g,
while A.J. Smith (USA), one of Stouffs’ most dedi-
cated competitors, believes — fully correctly — that his
LS 1 c represents the newest type of this series. As
expected, he comes across Stouffs’ registration in the
entry list, becomes uneasy, asks (with studied casu-
alness) other competitors, but does not get any useful
answers. After several days he “just happens” to be
standing near Stouffs and asks him personally.
Stouffs pretends at first not to understand, then reas-
sures Smith in remarkable fashion: “Well, you can
see it's the same sailplane — same fuselage, same
tail, same wings — well, yes, the airfoil is just a bit
different — but that can't really make any difference,
can it?" After this shock Smith needed some time to
recover before he finally realized that he’'d been very
Skillfully taken for a ride.

Such inventive and effective methods of “psyching
out” the opposition are rare. Usually, the would-be
psycher is working alone against everyone else, and
succeeds only in psyching himself out — exactly the
opposite effect! This is the reason for my advising
those pilots who themselves are prone to nervous-
ness not to participate in the “war of nerves”; one can
do just as well without it. In particular, the primitive
attempts characterized by spurious radio messages
do nothing but impair concentration and irritate one’s
OWN Crew.

STARTING

Information gathered by direct inflight observation is
far more important than what one may hear from
competitors, and less likely to be biased as well.
During practice days at the contest site we can make
a list of the better pilots, fly with unknown newcomers
and see how we do against them, particularly in
climb; and we can note names and contest numbers
that may be of interest later on. By the time the actual
contest begins we can have a pretty good idea of
what and whom we are up against.

When we watch the gaggles near the starting gate
we can observe whether the pilots we have picked
earlier as likely prospects are simply flying around
and feeling out the thermals, or if they feel the press
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of time and wait near the gate so as to be able to
make a start as soon as conditions look good on
course.

While still on the ground we estimated how long the
day's task would take us and figured out a weather-
based optimal departure time. Now that we're actu-
ally flying, we can get a more exact idea of the lift and
weather conditions, correct our departure time if
necessary, and then make every effort to stick to the
schedule.

It is obviously nice to have a couple of good pilots
along or out ahead on cross-country, to whom we can
“attach ourselves” if the need arises. By the same
token, parasites who use us as leaders, glue them-
selves to our tails, and never fly out ahead of us are
annoying and unpleasant, but are usually pilots
whose abilities are average at best, and shouldn't
irritate us. Usually, these pilots are so dependent on
the moves of others that they'll drop down the scoring
list at some point without our having to concern
ourselves with them.

There is no hard and fast rule regarding departure
time in relation to other competitors; a reasonable
tendency, however, is for less-experienced com-
petitors and those who feel that they may be some-
what slower to depart earlier, since they'll probably
need more time on course. Faster pilots tend to pick
later departure times.

Such reflections regarding the best possible depar-
ture time compared to that of our comrades are
important, but should never take precedence over
weather conditions — the weather and the optimum
time of day for departure which it dictates are all-
important.

During the actual start, we'll try to cross the line
barely below the maximum height of 1000 meters at
high speeds and — whenever possible — with full
water-ballast tanks. This should gain us some 350
feet of altitude as we bleed our speed off to the
appropriate speed-to-fly value. If the weather looks so
weak as to make further use of ballast inadvisable,
we should start dumping early enough so that we'll
enter the first thermal at light weight. Moreover, the
jettisoned ballast tends to discourage those sticking
too close to our tail. Any time, but especially if we
think we've hit a really good departure time, it's worth
giving up a few feet of altitude in the gate rather than
risking a bad start (too high) or even overstressing
the sailplane.

If, as we approach the starting line, we feel we're
going to be too high, simply extending the landing
gear can sometimes be sufficient. Pilots of ships with
camber-changing flaps can intentionally use an "in-
correct” flap setting (but must take care not to ex-
ceed flap speed limitations). In extreme cases we
can reduce speed and apply the dive brakes momen-
tarily; in general, good discipline at the start avoids
both hassles and bad starts. The start altitude is






possible directions of departure by waiting to make our
choice until our parasitic opponent can't see us. Of
course, it is never worthwhile to make an undesirable
choice at such points, even if we feel we are being used
unfairly

Making the mental shift from all-out competition to
such “team flying” is still difficult for many pilots.
However, its value was proven very clearly, for in-
stance at the world championships in Australia, dur-
ing which small groups and gaggles managed as-
tonishing speeds on weak days, speeds which even
the best pilot flying alone could not have reached. On
the other hand, nothing is more pitiful than “fear
gaggles” in which no one has the courage to fly on,
despite the fact that the day’s lift is gradually dying.
Apparently each pilot feels that nobody will come
along if he moves out on course; thus, rather than
increase each others’ speed, those pilots in such
gaggles slow each other down. Days with blue ther-
mals are particularly good team flying days and can
lead to the formation of unplanned groups — but,
please, not to formidable gaggles of 20 or 40
sailplanes! Some pilots avoid being used unaware
as sacrificial lambs by using a small hand mirror or
rear-view mirror to see if the rest of the gang is, in
fact, coming along or not. )

RADIO IN COMPETITION

It is always astonishing to note how quiet the radio
has become at German national championships, while
some smaller contest that happens to be taking place
at the same time jams a whole frequency. Not that the
better teams pass along any less information; they
just speak more concisely, if for no other reason than
the fact that the competition can hear every word.
Good teams dispense altogether with contest num-
bers and even names — they simply recognize each
other’'s voices. Standard messages such as position,
general condition, and so forth are abbreviated; this
reduces “air time" as well as making things more
difficult for eavesdroppers. It is easy to |learn good
radio procedures; all that is necessary is to force
oneself to decide beforehand what to say, choose the
best and most concise words, and only then push the
microphone button. If everyone used this method the
messages of many cross-country and competition
pilots could be vastly shortened or even eliminated
altogether. He who uses the radio too much doesn't
just disturb others and reveal too much about his own
position, but loses concentration as well and cannot
do justice to his own flight.

Team flights in those contests that permit air-to-air
radio make an increase in radio traffic unavoidable; it
IS just under such conditions that it is most important
to make every transmission as concise and direct as
possible.
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TEAM FLYING

Even without air-to-air radio (which is forbidden in
German competition anyway) one can fly together
effectively. The first ground rule: always fly whenever
possible so that your partner can see you! This is just
as important while climbing, to allow more rapid cen-
tering for everyone, as it is in straight glides. During a
glide no sailplane should fall too far behind, even if
there are differences in altitude; waiting is usually out
of the question, as it costs too much time; sailplane
performance differences are so small nowadays that
one simply cannot afford the luxury of waiting. Even
so, it's sometimes possible on longer glides for the
front runner to fly at a slightly lower speed-ring set-
ting, allowing the last man to catch up gradually,
without much speed loss. The lateral distance be-
tween sailplanes while gliding should be around 100
yards; this allows simple — and simultaneous —
changes in glide direction, while larger separations
tend to tear the “formation” apart. Only under narrow
cloud streets should we fly closer together, or even
“en echelon” (close behind one another, “stepped”
to the side by one wingspan) to allow the following
sailplane to benefit from the upward-moving area of
the leader's wingtip vortex. Flying directly behind
another sailplane is unfavorable.

If the thermals are difficult to center, the pilots
should search separately to the left and right side of
the course line. If in doubt, whoever is higher can
deviate further, while the lower colleague sticks with
whatever lift he has to mark it for the higher pilot
should he find nothing and have to return. One can
often advise the other pilot by hand signal in the
canopy that one wants to fly on; he in turn can agree
by repeating the same signal, or can indicate that he
wants to stay in the lift.

Pilots with similar tactics can use this method to fly
together remarkably effectively.

If one is flying in international competition, where
air-to-air radio is allowed, everything becomes much
easier and more effective. The Poles are masters of
this technique. One still should try to stay pretty close
to one’'s teammates, but one can advise of course
corrections even without visual contact. As long as
the distance between sailplanes is still small enough
so that the second pilot can reach the same lift that
the first pilot is working, the front-runner will advise
him of the strength of any thermals used. These
reports should be as realistic and accurate as possi-
ble, and should be changed at once if conditions
change. Using this method, the trailing pilot has the
chance either to leave the lift he's working for some-
thing stronger further on, or to stay with what he has if
he knows he won't get anything that good further on
course (and thus climb higher before departing with
an optimal speed-ring setting). Similar pilots will soon
be together once again using this method, and can
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In general, there's no need for the soaring pilot to
cut a particularly athletic figure; his muscular strength
Is not all that important, at least in flight. What is
important is good circulation, and our conditioning
reflects this: endurance training. Many different
sports are suitable for this; which one(s) we choose is
largely a matter of personal preference. Of course, in
principle we could just as well use some sort of home
workout device, but few sensitive soaring pilots have
the patience for such boring gadgets, at least not for
the length of time that would make them effective.
Appropriate sports are, for example, cross-country
skiing or ski touring, swimming, rowing, cycling, and
especially cross-country running. We should always
put enough effort into these conditioning sports so
that we really feel we've had a good workout. On the
other hand, it's not only useless, but even dangerous
to attempt all-out performance without a gradual train-
ing program. Moreover, conditioning should be
fun: for example, a soccer game at the airfield, or a
club jog through the woods. Regularity is very impor-
tant: at least once or twice a week we should indulge
in strenuous activity, and on the other days we
shouldn't just sit at our desks all the time. We should
also stick to a diet high in proteins and low in car-
bohydrates, try to eliminate nicotine, etc. Sufficient
literature is available which covers this area much
more completely than we have space for here; if in
doubt, consultation with our physician is a good idea
for a training program which best fits us personally.

WATCHING THE WEATHER

We should watch clouds, their forms, motion, and
development, wherever and whenever we have the
chance. In our minds as we fly along, pick the next
cloud we'll use, and check a short time later to see
whether it has really developed as we expected, or is
already dissipating. Such flights of fancy train us to
recognize active clouds and sources of lift, since
development is usually easier to see from the ground
than inflight. Moreover, it's exciting to watch the mo-
tions of these giant forces that effortlessly move
thousands of tons of air and water about.

In fact, such natural dramas are sometimes played
out for us at outdoor swimming pools, as mighty
clouds swell, grow, and finally burst forth with rain or
thunder. Most of the swimmers run about aimlessly,
but why? Didn't they see the clouds developing over-
head?

Weather experience, after all, is not necessarily
dependent on the number of hours in the logbook.
Many a venerable pilot who speaks of his years of
flying experience unfortunately hasn't the slightest
idea of the weather. Weather experience depends
mostly on one's interest in the weather; how else
could some shepherds, farmers, or sailors make such
astonishingly accurate forecasts?
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TRAINING IN FLIGHT

It's really not necessary for us to travel to the ends of
the earth in order to fly the most expensive sailplanes
at so-called “soaring paradises.” After all, it even
rains there sometimes! Such undertakings may well
be worthwhile as far as experience is concerned, but
are really only necessary for training in the most
extreme cases. We can train effectively near home —
in fact, even on local flights around the airport.

LOCAL TRAINING FLIGHTS

Here are a few examples of ways in which local
flights can be made worthwhile training experiences,
as well as fun ... after all, boring holes through the
sky is just that: boring.

— We can always try to climb as well as humanly
possible in every thermal, to outclimb others, to
change thermals frequently, perhaps even to set a
height limit above which we'll only accept thermals of
a given strength or better. Below the limit any lift can
be accepted.

— We might try a barograph contest: During a given
time period (one or two hours), we'll try to gain as
much total altitude as possible. We may also rule that
one may not climb in the same thermal twice in
succession.

— We can fly in a two-seater with a pilot of similar
abilities, taking turns at flying and observing each
other’s technique, criticizing and being criticized, and
explaining our reasons for flying here or there and
what we expect to find on arrival. We'll be astonished
at how often we are wrong!

— We can set an altitude limit above which we won't
climb, for practice in finding lift at low altitude.

— On really weak days, we can see who stays
airborne longest. (For safety reasons, circling below
350 feet is forbidden.)

— Every landing is planned as a spot landing. Better
pilots start their approach intentionally too high or too
low, for practice in different outlanding situations.

Such local training flights can increase the interest
of club flying operations on those days that are just
too weak for cross-country flights, and are ideal for
the training of new pilots who are not yet ready for
cross-country. Even the normally-unloved training
ships are suddenly competitive among themselves.
Especially talented pilots will become evident more or
less automatically; these are the ones of whom we
can expect much when they start flying cross-country
or in competition. Moreover, there's nothing wrong if
these talented pilots don’t always turn out to be the
ones with the most hours in their logbooks or the flight
instructors. Ambition has its place in a soaring club,
but not envy or jealousy. A good instructor should be
proud if his former student ends up flying better than
the instructor himself — it's the greatest success an



instructor can hope for, and proves how much better
his instruction is than the instruction he himself re-
ceived earlier in his career. A good instructor will
continue to help his former fledgling toward cross-
country flights and, if he is interested and ambitious,
toward competition with club cooperation.

GROUP CROSS-COUNTRY TRAINING FLIGHTS

Members of a club — or of several clubs flying from
the same field — who are interested in cross-country
flying can agree whenever possible to fly the same
tasks on the same day. On good days these can be
ambitious, on bad days less so; but cross-country,
away from the field, whenever weather permits! And
it's astounding how often the weather does permit it!
In fact, if the weather is good enough to stay aloft at
the home field, it is good enough for some sort of
cross-country, even if the sky is cloudless — or, for
that matter, overcast. It's just these special and dif-
ficult weather situations that come up in contests; it's
not rare that the bad days are the ones that deter-
mine the final standings. In order to keep things from
getting out of hand as far as complexity and hassle
are concerned, one plans flights with return, or — on
those unsure days — short tasks that can be re-
peated several times. Here are a few examples:

— Flights over a common course, waiting occasion-
ally for the slower pilots. Such flights require fairly
close levels of performance and won't work for more
than four or five pilots. The training effect is good for
the weaker pilots, less so for the faster ones.

— Everyone departs at the same time, then flies the
same course as fast as possible, like a contest. The
advantage lies in the chance to compare everyone’s
tactics in the same weather pattern.

— Small triangle, to be rounded as many times as
possible until landing out. The latter part of this task is
similar to free distance.

— In case of weak thermals and strong winds: Who
can make the longest out-and return flight against the
wind? (The turnpoint may be chosen in flight.)

— Cross-country flight with altitude limits. A minimum
height, descent below which renders the flight void,
increases safety for the first cross-country flights of
new pilots; a maximum which may not be exceeded
trains the more experienced pilots in thermal search
techniques.

__ “Cat's Cradle” (Distance in a Prescribed Area or
“Bikle Baseball”): This task is unfortunately not too
good for actual competition due to departure-time
problems, but is an excellent and interesting variant
for training flights. Six to eight turnpoints are set. At
any time after an agreed-upon start time, pilots are
free to fly to any point (except that out-and-return

flights are prohibited), as many times as desired. The
total distance to landing is scored. Given turnpoints
can be rounded several times, while others are not
reached at all. This task is even more similar to free
distance than the third example above, since the
choice of courses is freer.

— Speed task with free choice of departure time;
each pilot times himself, otherwise competition rules
prevail.

— As above, but with pairs of pilots team-flying.
Scoring is based on the slower pilot of each team.

High-performance sailplanes are not necessary for
such flights, ships of the club and training classes
can be used as well, as long as all the ships on one
task are more or less similar in performance.

It seems likely that motorgliders will play an in-
creasing role in cross-country training in the future,
since they free us from tows and allow us to under-
take long flights without the risk of landing out. Unfor-
tunately the soaring performance of most current
types is simply insufficient for good training.
Motorgliders that could be used for cross-country
training should have performance at least equal to
that of club-class sailplanes.

Two-place fiberglass sailplanes have soaring per-
formance at least equal to that of current Standard
Class machines. They, as well as better motorgliders
are entirely feasible with current technology, and are
relatively affordable for clubs and individuals.

Training flights should include photo turnpoints
whenever possible, so as to allow the photo proce-
dures to be practiced at the same time. Small triangles
that are rounded several times can be planned with a
“final glide” and “landing” at the goal for each time
around, for example by specifying that a given point on
the airport must be crossed at, say, 1500 feet AGL. If
the crossing is too high, the extra altitude must be
eliminated with dive brakes before one sets out for the
next round: if too low, it is assumed that one has miscal-
culated the final glide and “landed short.” It goes with-
out saying that in all these training exercises, *.  to
thine own self be true.” No one is checking; what we're
doing is training and trying to learn something.

DEBRIEFING AFTER TRAINING FLIGHTS

Training flights as described above don't attain their
full effectiveness unless we can all get together in the
evening after flying and compare notes. This is where
such things become clear as why one pilot flew a
given stretch faster or slower than all the others. This
check, and this clearness and realism concerning the
“rightness” of one’s own decisions, is unavailable to
the solo cross-country pilot, and is only seldom avail-
able — and then in much degraded form — at
contests.
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stiffest competitions does it become essential to have
a sailplane that is the equal of those used by others, if
not better.

When considering the purchase of such a super-
ship one should take the manufacturer's performance
data with a rather large grain of salt; unbiased mea-
surements usually reveal figures somewhat less
favorable than “sales polars.” The best glide angle is an
important parameter, as is the speed at which it is ob-
tained. Even more interesting is the appearance of
the higher speed part of the polar, since we will almost
never be flying as slowly as best L/D. The minimum
sink speed is important as an indication of thermaling
performance, but here, again, the speed at which it is
obtained is more important than a tenth-fps either
way. He who flies slower can circle tighter, and will
usually climb better as a result. It's hard to under-
stand why so few manufacturers provide circling po-
lars together with the rest of their data; these would
give a much better idea of thermaling performance. If
the conventional speed polar has only a small speed
range for minimum sink — that is, if it comes to a
fairly sharp “point” on top — we should be prepared
for a sailplane that will be difficult to thermal, since it
will require very exact airspeed control to avoid
higher sink rates.

Sailplanes whose best characteristics are in climb
and in the lower speed ranges for glide should, if
possible, be able to carry considerable water ballast
so as to make their performance similar to that of
faster competitive sailplanes. If so, such a glider is
superior to one that was designed only for high
speeds from the outset.

Factors just as important as performance include
such things as good handling, well-harmonized con-
trols, maneuverability, good visibility including down-
ward over the nose, comfort, ventilation, short-field
properties, etc.

PREPARING THE SAILPLANE FOR COMPETITION

During the process of a regular overhaul it can be
worthwhile — particularly in the case of older wooden
ships — to fill the surfaces with Microballoons and
epoxy, which are then sanded off with a long, straight
sanding block. After the surfaces have been sanded
they can be covered with one thin layer of fiberglass
to seal them; this method results in an excellent —
and relatively impervious — surface at a total weight
increase of less than five pounds per wing. Special
attention should be devoted to smoothness and ac-
curacy of contour at and near the leading edge, since
this is an area where the boundary layer is very
shallow.

Most modern fiberglass sailplanes are delivered by
the manufacturer with an adequate surface finish. It's
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true that the surface can be further smoothed and the
last traces of waviness removed — but at the cost of
hundreds of man-hours. This arduous toil, however,
only has short-term effects and at least usually no
measurable performance increases. Other work, such
as fillets at the wing-fuselage junction, indicate that
the original design wasn’'t optimum and should
only be undertaken after consultation with a good
aerodynamicist — or, better yet, with the designer
himself. There's too much risk of improving nothing
but external appearance without any real effect. It
might be better for the “smoothness enthusiasts” to
devote more of the time they spend sanding to study-
ing theory or keeping themselves physically fit, al-
though | won't dispute the psychological benefits that
may be gained by knowing one's sailplane is as
“slick” as possible. On the other hand, proper in-
strumentation can really make a major difference in
overall performance; this is where one must not ke
satisfied until everything works perfectly.

CHOICE OF INSTRUMENTATION

Up until the mid-sixties, competitive pilots felt that
extensive instrumentation was an absolute necessity;
it was normal to see three or four variometers of
every type on an instrument panel. The (often quite
large) instrument panels of the older ships were
packed with gadgetry, and sometimes cost half as
much as the sailplane itself. Secrecy shrouded the
cockpits of famous pilots; instruments seen there in
stolen glimpses were accepted as veritable
philosopher’'s stones and immediately built into one’s
own sailplane. The computer boom made itself felt in
soaring, too; the (frequently borrowed) devices seen
in the panels of the top pilots were considered to be
the key to success, and were bought by lesser pilots
for impressive sums. In recent years the situation has
settled down a great deal, if for no other reason than
the small panels of many of today's top sailplanes.
The modern tendency toward fewer instruments also
makes those one finally does install much easier to
scan and sort out.

To the astonishment of some of the visitors along
the flight line at the world championships in Texas in
1970, my LS 1 sported only two inexpensive pneuma-
tic variometers and a homebuilt electronic audio vario
(cost: 150 DM) in addition to the usual airspeed
indicator, altimeter, and compass. It is reassuring that
this simple installation was sufficient for me. Of
course, it need not be quite this spartan; there are
some excellent new ideas which can result in benefits
which one should not deny oneself.

Sufficient instrumentation need not be too expen-
sive, but it must function properly. Whether it does or
not is dependent not on how much money was spent,
but rather on a clear understanding of the function of



the individual elements and careful and competent
installation; this is covered in the second part of this
book.

Which instruments should be included in which
sailplane is a question which I'll try to answer in the
following section. Naturally, opinions may differ over
some of the points I'll make, but at least this can
serve as a basis for selecting a sailplane's instrumen-
tation.

MINIMUM INSTRUMENTATION

By minimum instrumentation we don’t mean the basic
instruments required by regulation (airspeed, altime-
ter, etc.) but rather the instruments we'll need for
sport soaring. This instrumentation is simple and
should be in every sailplane, even the simplest
trainer:

(1) Yaw string on the canopy. This shows whether
we are slipping or skidding and simplifies any correc-
tions that may be required. The skid ball, which is
designed for the same purpose, is unsuitable be-
cause it's much too sluggish; moreover, one has to
be looking at the panel to see it. The yaw string is just
as helpful, if not more so, in instrument flight —
especially if one is only using a turn gyro, and no
attitude instrument. Unfortunately, it has a tendency
to become soaked or even frozen in clouds. For such
cases it's advisable to install a bubble level in the
cockpit, which is still much better than the usual ball
installed in the turn gyro.

(2) Airspeed indicator (pitot operated)
(3) Altimeter

(4) Total-energy compensated speed-to-fly variome-
ter with a range of = 1000 or 2000 fpm. This is
basically a normal pneumatic vane variometer which
has been modified by connecting its static port to a
total-energy venturi and installing an appropriately
calibrated capillary to allow air from the pitot to enter
its capacity (“bottle”) side. This idea was developed
by Bridckner in 1973 and has proven excellent in
practice.

Since this instrument not only commands speed-
to-fly in straight flight better than a regular variometer
with speed ring, but also still functions fairly decently
as a climb indicator, it can replace a “normal” com-
pensated variometer. While the indicated climb rates
are not 100% accurate, they're close enough so that
no pilot errors will result from their use. An even better
system is to install a valve in the “speed-to-fly” line,
as described in the second part of this book; one can
then switch in flight from a speed-to-fly instrument to a
normal compensated variometer.

In desperation the speed-to-fly variometer can be

replaced by a conventional total-energy compen-
sated instrument with speed ring. On the other hand,

an uncompensated rate-of-climb indicator, such as
some pilots still use “to see how fast I'm really climb-
ing,” has no real purpose. It's hard to imagine a flight
situation in which it would be useful to measure one'’s
“stick thermals!”

Ultrasensitive variometers (= 200 to 400 fpm) are
superfluous; while we may be impressed by their
apparent greater sensitivity and large needle move-
ments, the larger size of air bottle required could tend
to increase the time lag in their indication. A good
1000-fpm or even 2000-fpm instrument can be read
perfectly easily with an accuracy of + 100 fpm and
doesn’t have this disadvantage (I have flown several
contests with nothing but a 2000-fpm variometer and
an audio unit, and didn’t miss any other instruments.)
(5) Compass. If no suitable deviation-free location
can be found on the instrument panel, a “ball” com-
pass (available from auto-supply stores) will suffice
and can be mounted on the canopy with a suction
cup.

Sailplanes equipped as above can be used fully for
one’s early performance and cross-country practice.
If this instrumentation is installed in all of a club’s two-
seaters, there will be no conversion problems later
on, and one learns from the start to use the proper
speed-to-fly techniques.

Moreover, adapting this instrumentation to most
training and practice sailplanes shouldn’t require any
new instruments to be purchased, but only needs
changes in the connections of those already installed.
This (rather minor) effort is much more effective than
any other attempts at smoothing, filleting, etc.

INSTRUMENTATION FOR PERFORMANCE AND
COMPETITION FLYING

The above instrumentation can be augmented (or, as
the case may be, replaced) as follows:
(1) either: An acoustic total-energy variometer

A “piep” of this sort should always be installed
separately from other instruments. Its greatest advan-
tage — very rapid response — is lost if it's integrated
into the connections of a mechanical variometer.

It's vital that the acoustic signal cover the entire
range of flight, not just climb. After all, in a thermal
we'll be watching the vario anyway, while in a straight
glide it can occur that the sink rate can increase and
the pilot will continue at much too low an airspeed
unless warned by the (admittedly not very melodious)
wail of the audio variometer.

or: An acoustic speed-to-fly variometer .

This permits very effective “MacCready” flight,
since one can receive “speed up’ or “slow down”
commands without having to look at even a single
instrument. The unit is connected exactly like a
mechanical speed-to-fly variometer, and can be used
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to some extent in climb as an audio total-energy
instrument. Switching it over from “speed-to-fly" to
“conventional” function seems problematic, however,
because it's difficult to immediately accustom oneself
to the new meaning of the tone. In fact, whenever
possible, the only adjustment made in flight on an
audio variometer should be its volume — not its
threshold.

(2) A sensitive — i.e. two- or three-pointer — altime-
ter is recommended for exact computation of final
glides. It's also a good idea to fit it with a ring, like the
speed ring on a variometer, which can be rotated and
which has a zero point and 100-foot divisions.

(3) Some sort of visual display should be present for
both total-energy and speed-to-fly variometers. One
can either select mechanical instruments for both of
these, with an independent audio unit for either total-
energy or speed-to-fly, or one can use a complete
electronic variometer system with its own audio unit.

This can then be used (with a pitot capillary) as a
speed-to-fly variometer with the second mechanical
unit the total-energy variometer, or vice versa. In any
case, the total-energy instrument (a round indicator,
please — no edgewise meters or suchlike!) should
have a speed ring. This not only gives us two systems
whose indications can be checked against one
another, but leaves us covered in the event one unit
malfunctions.

This instrumentation is normally completely
adequate for today’s contests; it's easily scanned and
is not all that expensive. Those who feel they must
spend more money can add further instruments as
they see fit.

EXTENSIVE INSTRUMENTATION

(1) Taut-band total-energy variometer:

These are excellent, rapid-responding, expensive
instruments. However, the rapid response is useless
if the pilot considers the instrument “too nervous’” and
damps it to the point where it hardly differs from
conventional vane instruments. [f one installs a taut-
band instrument, one shouldn't “damp out" its
greatest advantage. Such instruments may have their
own membrane-type total-energy compensator,
which works fairly well and is independent of the
total-energy venturi installed for other instruments.

(2) Electronic variometer with electronic total-energy
compensation:

This is another way to achieve independence from
the total-energy venturi, and hence freedom from
failures caused by the latter (water, icing, etc.). Dis-
advantages include more or less complicated time-
constant correction for the pitot and static connec-
tions, and the rather temperamental electronics of
some units.
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(3) Even more complex — and, unfortunately, more
temperamental as well — are the currently-available
computer systems. Some of the tricks these elec-
tronic brains can perform are quite useful, but tempt
one to let the computer make all the decisions. Even
the best computer can only use the “input” of past
performance and weather conditions to decide what
to do next; the pilot is vastly superior since he has
eyes and can look out ahead on course! If one is not
very critical of such devices they can lead one into
tactical traps, even when they are working right.
(4) Universally-suspended mass-balanced com-
pass (“Bohli" compass):

The magnet of this device aligns itself to the earth’s
magnetic field — that is, vertically as well as horizon-
tally — bringing the advantage that it can be used in
turns, as long as the pilot (manually) sets the com-
pass upright, which is not always as easy as it
sounds, especially in instrument flight. The Cook
compass works in a similar fashion.

BLIND FLYING INSTRUMENTS

(1) Turn and Bank indicator (turn gyro):

Instruments appropriate for soaring should be set
for a one-needle-width deflection at a turn rate of 6
degrees per second (one-minute turn). More sensitive
instruments as used in powered aircraft will be
“pegged” while thermaling.

(2) The bubble level mentioned earlier is a very
helpful adjunct to the yaw string.

(3) Stopwatch for timing turns when using the turn
and bank indicator and magnetic compass (turn
errors!).
(4) Artificial horizon:

While not an absolute necessity, an attitude gyro or
artificial horizon makes instrument flight orders of
magnitude less difficult.

(6) A Cook compass or Bohli compass as men-
tioned above, when combined with the artificial hori-
zon, simplifies leveling out on a desired heading in
instrument flight; the stopwatch becomes super-
fluous.

CHECKLISTS

Soaring equipment includes so many minor items, in
addition to the sailplane itself, that it's unfortunately a
frequent occurrence to have one’'s day of soaring
ruined because something important was left at home
or at the airport.

Here are some checklists which can, of course,
be augmented and changed according to
personal preference. A copy at home and one at the
airport, can save a great deal of difficulty.
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CHANGES IN THE TEMPERATURE PROFILE
DURING THE DAY

After sunrise the surface is warmed by solar radiation
(insolation). This, in turn, heats the lowest layer of the
air, which expands, becomes lighter, and can ascend
if triggered. For a realistic picture of what happens,
we can assume this ascent to be adiabatic, even if
this isn't quite exact because of mixing with the
surrounding air. The ascent continues until the air-
mass is no longer warmer, and hence lighter, than the
surrounding air. (The influence of inertia tends to
equalize the mixing which was not taken into ac-
count.) In the diagram, such an ascent can be repre-
sented so that we start at a given surface air tempera-
ture and continue to the upper left, parallel to the dry
adiabats, until intersecting the temperature profile. In
our sample, nothing much will happen until a surface
temperature of 22° C (A1) is reached, since any
thermals will be stopped by the 300-meter thick
iInversion layer. Further temperature increases, how-
ever, will very rapidly cause thermal heights to
increase to a “flyable” value. At 23° C (A2), the
ascending dry adiabat intersects the 10-g saturation
line at point T2, at an altitude of 1500 m. This means
that the ascending airmass, which of course has
taken its water content along, is now saturated. Fur-
ther ascent will cause condensation and the forma-
tion of a cloud; at this point the air will no longer cool
off as quickly (due to the heat liberated by the con-
densing water) but will form the cumulus cloud W-
while cooling according to the wet adiabat until the
latter intersects the isothermal portion of the tempera-
ture profile at 1750 m ASL. Thus, the temperature A2
is the triggering temperature for the formation of
cumulus. Since the dewpoint at cloudbase altitude is
only 1.5° C less than the air temperature, older Cu will
only dissipate slowly, and lateral expansion and
areas of shadow are very likely.

Let us also assume that in some areas where this
shadowing has not occurred the surface air tempera-
ture reaches 25° C. Now the thermal will not reach its
condensation level until 1700 m ASL; any further
ascent will be along a wet adiabat.

Since, however, this thermal has ‘‘punched
through” the isothermal area between C and D,
there'll initially be no stopping it: a huge cloud (Ws)
will form, in which temperatures at higher levels will
be much less than freezing, and rain showers will
occur. If the airmass’ conditional instability continues
to very high altitudes, thunderstorms may form.

This example serves to illustrate how useful it can
be to know the temperature profile of the airmass in
which one expects to fly. For example, we can use it
to determine the temperature necessary for thermals
to a given height — say 800 m AGL — necessary for
a cross-country flight (in our example 22.5° C). Cu-
triggering temperature can be directly constructed
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simply by starting at the intersection of the tempera-
ture profile and the surface-air saturation line (T2 in
our example) and proceeding parallel to the dry
adiabat until reaching the surface (Az). Cloudbase,
the size of the expected Cu, and the probability of
overdevelopment and shadows can be similarly ob-
tained directly from the temperature profile.

The vertical temperature and moisture distribution
of an airmass as presented in such a temperature
profile is definitive for many meteorological processes
and hence is one of the most important tools for
accurate prediction of soaring conditions. Processes
such as downslope winds (Foehn), instability caused
by frontal action or occlusions, and more can be
determined directly with adiabatic paper and the
temperature profile. The soaring pilot should become
sufficiently conversant with the process to be able to
completely understand the meteorologists who ad-
vise him, or to make valid deductions based on simple
measurements he can make himself (for example, an
early-morning temperature sounding with a
towplane). These points were also used as a guide to
the selection of the following themes.

Meteorological Aids for the
Soaring Pilot

DETERMINING TRIGGERING TIME FOR
THERMALS OF GIVEN HEIGHT BY USE OF
ENERGY-AREA OVERLAY

The upper illustration starts at the left with the mid-
night temperature profile (1). During the course of the
morning, insolation heats the surface air, which rises
along the dry adiabat and causes mixing within that
portion of the airmass which is affected by convec-
tion. Thus, the temperature distribution of the lower
levels of the air-mass will be nearly dry-adiabatic. The
area between the old and new temperature profile
is a measure of the energy absorbed by the airmass,
and hence is called an energy area.

(Taken exactly this holds true only for adiabatic
papers which are “area-true,” such as the “Tephi-
gram” or the “Skew-T, log-p” paper used by the
German Air Force and in the U.S.A. The “Stive”
paper used by the German Weather Service is not
area-true, but is still-sufficiently accurate for our pur-
poses.)

At any given time a fixed amount of solar energy is
available to heat the air, depending on the sun's
angle. The energy that heats the surface in the first
four hours after sunrise on a cloudless summer day is
shown in part (2) of the illustration as the area be-
tween the old temperature profile and the heavy
black dry adiabat. The black-dotted triangle is equal
in area if the red-dotted areas are as large as the
blue-dotted ones. Part (3) represents the conditions
at the maximum energy for the day.









air than in wet, the temperature spread is an indica-
tion of the moisture present in the air. Since thermals
are composed primarily of surface air, the results of
this measurement can be used to determine the
condensation level and hence the cloudbase of Cu’s.

The height thus determined even gives us useful
information if no Cu appear. we then know that any
“blue thermals” that may exist are stopped by stable
airmass layers before reaching the condensation
altitude.

WIND MEASUREMENTS NEAR THE SURFACE

There are various — usually cumbersome — devices
available for the measurement of wind speed and
direction. While pitot-type devices respond very
rapidly and are thus the ideal input for gust
recorders, conventional cup anemometers provide a
more useful smoothed indication. Such devices must
be installed clear of any obstructions, ideally at the
internationally-recognized height of ten meters above
ground level. Ground crews in contests can do very
well with a simple hand anemometer available at
model and hobby shops; these gadgets are about
flashlight-size and can be used, with a little practice,
for fairly accurate wind-speed determination. Apart
from their definite contribution to the safety of outland-
ings, their usefulness is limited. It's not unusual for the
wind to double in speed and change 20° in direction
(to the right in the northern hemisphere) within the
first 1500 feet above ground level. If one takes this
into account, one can still determine takeoff and
landing directions, as well as getting a rough idea of
wind for navigation or final-glide purposes.

The wind sock which is present at every sailplane
field offers similar information.

If one sets up several wind socks, pilots can often
spot thermals immediately after (winch) takeoff by the
different angles of the socks, since the surface air
flows into the bottom of the thermal from all direc-
tions.

CLOUD MIRROR FOR MEASUREMENT OF THE
WIND AT CLOUDBASE ALTITUDE

The wind speed and direction at cloudbase height
can be determined from the ground with a cloud
mirror, if the cloudbase altitude is known. The ground
crew can get this information from the pilot by radio;
they should make measurements before the final
glide so that the pilot can have realistic values for
final-glide calculations and optimal departure height.

There is, of course, one absolute necessity: as the
name implies, the cloud mirror can only work if there
are clouds! In blue thermal conditions it's useless; the
only solution would be a balloon, which would be
cumbersome to say the least. (In fact, such balloons
— together with elaborate tracking theodolites or
radar sets and computer-generated calculation

tables — are the method used by weather bureaus to
determine winds aloft.)

A cloud mirror can be made from a round hand
mirror. In addition to a compass rose around the
edge, one should inscribe a small central circle
(radius: 1 cm) and two further circles with radii of 4
and 7 cm. The sight or gnomon can be constructed
from piano wire, small brass tubing (hobby shop,
etc.) and a telescoping radio antenna (electronics
store, defunct transistor radio). The sighting point
should be movable anywhere in a plane that should
be exactly 21.6 cm above the mirror (for especially
strong or weak winds, settings of 10.8 and 43.2 cm
would also be useful).

MEASUREMENT PRINCIPLE

The cloud traverses the distance S; its mirror image
traverses the distance S’ on the mirror surface. The
sighting point is at height h’ above the mirror, while
the cloud is at height h. (To be exact, the mirror
should be at height h’ above the ground, as well; in
practice, however, this is unnecessary since h is so
much larger than h'.)

According to the rules of reflection and of geomet-
ric projection,

i = _h
SI hl
Thus, the cloud’'s speed (V) is:
V = 36 - >
t
(S in meters, t in seconds, and V in km/hr)

_ 36-8  h
V= h' t

if Vis km/hr, S’, h’, and h are meters, and t is
seconds.

The first fraction is fixed due to the construction of
the cloud mirror, while h and t are measured values. If
one chooses S’ and h' such that the fraction is equal
to 1, the calculation after the observation is simplified:
for example, S’ =6 cm

h'=21.6 cm h

The cloud speed will then be V = e

If we measure only Y2 S’ this also halves V, if we
double h’ we also halve V.

To be exact, the foregoing only proves that the
mirror can be used if wind direction and sighting
direction are the same — that is, if the chosen cloud
is moving directly toward or away from us. However,
the colored lines in the drawing can just as well
be regarded in perspective, such that the cloud
passes far behind the plane of the illustration while
the distance S’ is on the plane and the sighting
point is actually closer to the reader than the illustra-

tion. Even then, the relationship i,:—h—'would still be
valid as illustrated. S
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WEATHER BRIEFING FORM

Compiled by

weather bureau and valid for a mile radius

Telephone # date

1) GENERAL SYNOPSIS

2) INDIVIDUAL DATA at forecast time

0830 hr. local time

meteorologist

— later development (time)

a) WIND altitude, ft surface 3000 5000 7000
direction
speed, kt
b) INVERSIONS altitude, ft
c) CLOUDS altitude, ft, MSL
amount
type
d) VISIBILITY
e) TRIGGERING TEMPERATURE °C, expected at hr. local time

MAXIMUM TEMPERATURE °C, expected at
CLOUDBASE, altitude ft. MSL °C, expected at
TOP OF CONVECTION, altitude °C, expected at

hr. local time

hr. local time

hr. local time

THERMALS: — none — fair — good — varying — fragmented

3) SPECIAL FACTORS

4) OUTLOOK FOR TOMORROW

— the form is filled out by the weather bureau only to the
extent permitted by existing data —

1) General Synopsis — the overall picture (locations of
highs and lows, fronts if expected to have any effect) is
given as concisely as possible.

2) Individual Data at forecast time: these are actual
measurements and observations, hence entirely depend-
able values.

Later development, on the other hand, can be more or
less difficult to predict depending on weather conditions. In
sunny weather 1t is easier; moving cloud areas, fronts, etc.
make the prognosis much more difficult and reduce its
accuracy.

b) Inversions: surface inversions are dissipated at vary-
Ing rates by surface features and/or insolation; thus, predic-
tions here should be considered as general.

e) Triggering Temperature is determined from the tem-
perature profile. When it will be reached is somewhat
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unsure depending on clouds or other barriers to radiation,
as is the value for maximum temperature. Cloudbase is
obtained, like triggering temperature, from the temperature
profile; time of cloud formation depends once again on
insolation.

Top of Convection can be predicted more or less accCu-
rately, depending on the temperature profile and how
closely the intensity of incoming sunlight agrees with the
forecast. These values are also used as bases for the
forecast of thermal conditions, although complete accuracy
is difficult to obtain.

3) Special Factors: this section can be used to advise of
such things as thunderstorms or conditional instability, con-
fidence factor of the other predictions (possibly with alter-
native weather development), tendency toward over-
development, cloud or thermal streets, wind shears, etc.

4) Outlook For Tomorrow: This is only possible in the
form of generalized tendencies.



SPEED-TO-FLY

By “speed-to-fly" we mean the optimum airspeed for
cross-country flight. It can be obtained graphically or
mathematically, starting from more or less simplified
mathematical models of cross-country soaring flight.

Flying at the “correct” speed-to-fly can mean either
flying farthest from a given altitude or flying between
thermals or other sources of lift such that the average
speed (cruise speed) is maximized.

This basic difference is reflected in the division of
the following material. In the case of individual calcu-
lations and illustrations we have used typical Stan-
dard Class sailplanes. The ASW 15 is often used as
an example simply because extensive performance
calculations and measurements already existed for
this type at the time of writing. The preponderance of
the results can be transferred directly to similar types
(e.g. Libelles, Std. Cirrus, etc.).

The problem — or rather problems — of speed-to-
fly has a long history. In 1938 Wolfgang Spate used
tables which he had developed during the previous
year to increase cruise speed by correct choice of
airspeed between thermals. He recognized the influ-
ence of climb speeds in the thermals themselves, but
neglected to include the influence of vertical move-
ment of the airmass between them. (Ingo Renner
uses very similar tables at present.) In the same year
he not only published his results, but was joined by
Polish pilots who wrote about “best speeds” (L.
Szwarc and W. Kasprzyk) and who had expanded
the calculation to reflect airmass vertical movement
between thermals.

It appeared that these various articles were com-
pletely “lost” due to the intervention of the war years.
However, inspired by an article by the Swiss record
pilot Maurer (1948), Karl Nickel published in 1949 an
extremely comprehensive article on the problem of
the “most efficient speed,” which had been in a desk
drawer since 1946, and which included the now-
common tangential construction method. For practi-
cal use he recommended a “thermal slide rule.” This
article in turn inspired Paul MacCready to publish his
theories — developed independently in the USA dur-
ing 1947-48 — in an article of only one and one half
pages. The innovation: the speed-to-fly ring (“speed
ring” or "MacCready ring"”). This invention was the
first really practical method. MacCready's inflight
successes (U.S.Champion, World Champion in
1956) assured wide acceptance of the theory, which
became known — not entirely deservedly — as
the “MacCready Theory.”

More recently, these basic theories have been fur-
ther developed and expanded by various authors,
particularly with an eye toward “dolphin-style™ flight.
The Swiss coach René Comte expanded the theory in
1972 to the extent of recognizing that climb speed in

thermals could differ, and arrived — without any
calculation — at some definitive conclusions (see
page 59). In 1975 the Munich Academic Flight Group
(W. Gorisch) proved the effects — already suspected
by top pilots — of dynamic gain during speed
changes. During the same year calculations at the
Institute for Sport Science in Saarbriicken (the author)
led toward an optimization of climb speed in irregular
thermals.

The speed-to-fly theory is still very much in a state
of change today and far from being completely de-
fined.

SUMMARY OF ABBREVIATIONS
geometric quantities:

e = entire distance of a flight segment
a, b = partial distances
h = height, gain of height
—h = height loss
h2s = height required for 25-km glide
E = glide ratio (distance:height)
E. = glide ratio over ground
A = scale relationship for changed wing loading

FP = flight path
SP = climb path
« = climb path angle
time:
t = flight time
t1, t2 = partial times
horizontal speeds:
V = horizontal speed (airspeed) of
sailplane, speed-to-fly
V, = ground speed
V1, V2 = speeds for partial distances a, b

Veruise = average speed, cruise speed
(also V)
Vem =  Cruise speed for ‘“classic”

(MacCready) method

Vea =  Cruise speed for “dolphin”
flight

Vo = Optimum (best possible) cruise
speed

Vaz = INCrease in cruise speed

W. = horizontal wind component in

direction of flight
vertical speeds:
Wm = meteorological air mass movements
Wma, Wmb; W1, W2 = air mass movement
over partial distances

Ws = sailplane sink rate with respect to airmass
(always a negative expression)

Si = sink rate = Ws + Wm (in negative sense)
Cl = climb = Ws + Wm (in positive sense)

CL = strong climb

cl = weak climb

Wi, = sailplane climb for airmass
vertical speed Wh
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the climb or sink of the sailplane in m/s, fom, or kt.
Since the sailplane sink is affected by its polar sink
rate (Ws) as well as by vertical air movement (Wm),
such variometers could also be called “gross” var-
iometers. Since the actual sailplane climb and sink
displayed on these instruments depends not only on
airmass movement and sailplane performance, but
also in large part on angle-of-attack changes
(elevator movements), the needle in a modern
sailplane using current soaring techniques, which
involve large airspeed changes, would execute re-
markable excursions. This makes it virtually impossi-
ble to extract useful information, such as — for in-
stance — the location of thermals.

Rate of climb indicators are creatures of the
past. The only reason they are even discussed here
is a twofold one: first of all, they are unfortunately still
to be found in some 80% of training and “‘fun”
sailplanes, and secondly they allow the clearest ex-
planation of the actual measuring instrument, which
can be constructed in various ways:

Diaphragm variometer (3):

— Operates with an elastic diaphragm and is very

sluggish in response.

If the operation is especially sluggish, which can
be achieved by means of restrictors in the connec-
tions, it is useful as an indicator of “average” rate of
climb in thermals over a certain length of time, and
it is simpler than electronic integrators and similar
gadgets. Otherwise it has no further use for soaring.

Taut-band variometer (5):

This unit is based on the same principle as the
diaphragm variometer, but the transfer of movement to
the needle makes use of a frictionless taut band and a
very light pointer. This allows a particularly rapid and
accurate indication.

Vane variometer (4):

A movable metal vane attached to a fine return
spring is deflected by the flow from the capacity. This
IS the most common type in current use.

Electric variometer (6):

Here one finds quite a few different principles; the
most common makes use of two electric resistances
(heated wires or thermistors) arranged behind one
another in the flow path from the capacity. The airflow
cools them at different rates, since one is always in
the warmer air “downwind’’ of the other. This causes
a difference in resistance which is indicated by
means of a bridge circuit and meter. The advantages
are very fast reaction and the possibility of using the
changing electric current to drive a tone generator
(audio variometer). Such variometers are found under
the descriptions of “thermistor variometer,” “heated-
wire variometer,” “metal-probe variometer,” etc.

Other electric variometers operate on the diaphragm
principle, in which the deformation of the elastic cap-

‘sule is measured electrically; others make use of an

electronic altimeter and electronic differentiation over
time, so that the unit actually “calculates” climb or
sink.

Since all of these units provide climb/sink informa-
tion in electrical form they lend themselves (in con-
junction with an electric airspeed indicator) as sensors
for various automatic calculators.

b) TOTAL-ENERGY VARIOMETERS

While rate of climb indicators show altitude changes
and hence changes in the potential energy of the
sailplane, total-energy variometers indicate changes
in the total energy of the sailplane, that is, both its
potential energy (due to altitude) and its kinetic
energy (due to airspeed).
Etotal = Ekin + Epot

The great advantage of the total-energy variometer
is that airspeed changes, which are basically ex-
changes between E,;,, and E,,, are no longer dis-
played. Thus, we can read if we gain or lose energy
even if we are slowing or accelerating. This makes it
much simpler to locate lift as “energy-increase
areas.” Due to its insensitivity to airspeed changes,
the total-energy variometer is suitable for use with a
MacCready speed ring.

There are various types of total-energy compen-
sators which can be used to construct total-energy
variometer systems:

MEMBRANE COMPENSATOR

The airspeed “signal” is fed into the system across
an elastic membrane.

A connection is branched off the pitot tube (total-
pressure pickup) upstream from the airspeed
indicator, allowing total pressure to “bulge” the
membrane to a greater or lesser extent. Thus, with
increased airspeed air will be forced from the capac-
ity side of the membrane into the variometer system,
while the opposite is the case as the airspeed
decreases.

Since the non-pitot side of the membrane is con-
nected to the capacity side of the variometer system,
increasing airspeed has the effect of causing a
“climb” indication on the variometer, while decreas-
ing airspeed will cause a "sink” indication. If the
membrane has been calibrated exactly for the var-
iometer, these airspeed effects are just large enough
to cancel out the increase in sink due to acceleration
(or, as the case may be, the decrease in sink due to
speed reduction) of the sailplane. Thus. the variome-
ter will show only changes in total energy
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It is apparent that such a system will only work
properly if the membrane meets rather precise
specifications of size and elasticity, which in turn
must be matched to the size of the capacity.

Most commercially-available compensators do not
meet these requirements and are also subject to
aging effects. Moreover, any membrane compensator
will actually work properly only at one altitude, that for
which it was calibrated or adjusted. Difficulties can
also crop up due to the fact that the total-pressure
signal is taken from a different point than the
altitude-change static pressure (total pressure —
compensator — capacity — instrument vs. static
pressure — instrument). If one of the signals works
more rapidly on the instrument than the other, gross
distortions of the indication will occur, requiring fur-
ther “fine tuning” with restrictors. Only one variometer
at a time can be connected to a membrane com-
pensator.

VENTURI COMPENSATOR

Instead of being connected to static pressure, the
instrument is connected to a venturi in the free air
stream which provides a pressure of Pgatic— Paynamic:
in other words a “negative” pressure. This venturi has
a value of —1 and causes a static pressure reduction
exactly equal to the increase caused by pitot
pressure.

Function: in horizontal flight at constant airspeed
(possible only in lift in sailplanes, of course), the
entire variometer system is under pressure Pgugiic—
Paynamic Which comes from the venturi. The variometer
indicates O since both sides of the instrument see the
same (lower than atmospheric) pressure.

Altitude loss at constant airspeed increases Piaiic -

-Since the measured pressure  Pgaie —
increases, the variometer shows sink.

Airspeed increase at constant altitude (only possi-
ble in lift) increases Pyynamic. This reduces the mea-
sured pressure Pgaiic — Paynamic; air flows from the
capacity through the variometer, which indicates an
increase in total energy (“climb”).

If this “climb™ indication is equal to the increased
sink caused by increased speed (in still air) we have
a total-energy indication which shows total-energy
changes independent of airspeed changes. This is
the case if the value of the venturi is exactly —1 and it
is installed at a point on the aircraft where the
airstream is exactly equal to the airspeed (free air
stream).

Since this compensation method takes its airspeed
and altitude signals from the same point there is no
need for time compensation. The size of capacity is
not critical and the venturi operates error-free at all
altitudes. Moreover, this system has the advantage
that a single venturi can be used with several var-
lometer systems.

132

denamic a'SO

Since the installation of a speed-to-fly variometer
requires such compensation, it is attractive to com-
pensate the “normal” variometer with it as well.

These advantages have led to the fact that cur-
rently almost all competition sailplanes are equipped
with such a venturi, even though it causes some
slight drag and is not a particularly elegant addition
to the lines of a high-performance ship.

Venturi compensators are reliable, operate with no
aging problems no matter how long they are used,
are inexpensive and easy to install once the proper
spot on the sailplanes has been found.

The soaring world owes this practical means of
compensation to Frank Irving (England), who pub-
lished his ideas as early as 1948.

Types of venturi: the Cosim venturi (= Irving ven-
turi) with endplate looks rather clumsy and certainly
has more drag than modern venturis, but has the
advantage of being fairly independent of yaw errors
(up to 20°). The Althaus venturi, which has been
measured in wind tunnels, is considerably more ele-
gant, but unfortunately no longer so insensitive to yaw
(about 10°), so that small corrections while thermal-
ing can cause significant error signals — especially if
the venturi is mounted on the fuselage. The
Braunschweig Academic Flight Group developed an
extremely yaw-insensitive (about 40°) and very small
venturi on the same principle as the Cosim unit.
Gerhard Waibel used a simple vertical tube with two
holes in the sides. From Hanover comes a similar
arrangement with slots, instead, developed by H.
Bardowicks and known in English-speaking countries
as a “Braunschweig Tube” even though it has noth-
ing whatsoever to do with the city of Braunschweig.
Nicks (USA) designed one with a single hole in the
middle of a small tube. Actually, whatever one
chooses to use to obtain a measurable pressure of
Pgtatic — Paynamic IS fine, as long as it has a value of —1
(a simple way for testing this can be found on page
145). The measured pressure should be as indepen-
dent as possible of yaw errors . .. after all, nobody’s
perfect!

ELECTRONIC COMPENSATOR

Two electric variometers, based on the construction
principle of drawing (6), are connected differently:

Vario 1 is connected to static pressure (Pgage) and
hence operates as a height variometer. It has a
double calibration, that is, it measures the variation
over time of 2 X Pgaie.

Vario 2 is connected t0 Pyya (Psatic + Paynamic) @nd
is thus an "“altitude/airspeed variometer.” It has
negative calibration, that is, it measures changes in
—(Pstatic + denamic)-

Both values combined will measure the variation
over time of Pstatic - denamic (Since 2 X Pstatic - Pstatic





















Cook compass and the universally mounted mass-
balanced compass (“Bohli" compass) have been de-
veloped.

The Cook compass (13)

— is fixed, but can be manually turned, along the
sailplane roll axis and is freely gimballed in pitch. The
magnet itself is not freely gimballed, but rigidly at-
tached to a vertical axis. If one takes the trouble
in flight to constantly set the compass upright (by
observing the horizon or artificial horizon as neces-
sary), the magnet needle can only rotate in a horizon-
tal plane; in constant circling flight, no turn errors will
appear.

The universally-mounted mass-balanced compass
(14)

— has the advantage that the magnet can always
align itself with the magnetic lines of force. To read
the compass correctly, though, one must still manu-
ally position a transparent compass rose horizontally
over the needle. As in the Cook compass, the com-
pass rose can be manually rotated about the
sailplane’s roll axis. This compass has the further
advantage that the needle provides attitude informa-
tion for blind flying, even if the housing has not been
set to the horizontal.

Any other compasses (12)

— in which the magnet can only be kept level in
straight-and-level flight (since its center of gravity lies
below the point from which it is suspended) will show
turning errors depending on aircraft attitude and di-
rection.

1) STRAIGHT FLIGHT

We will assume that we are flying due North:

—level flight
the horizontal compass needle is directed by the
horizontal directing component Ry, which is much
smaller than the total force R,

—during pitchover (acceleration)
the compass rose initially tilts in the same direction,
the horizontal force is enhanced.

—during pull-up (deceleration)
the compass rose tilts in the opposite direction, the
horizontal force becomes smaller (unstable indica-
tion) until it reaches a critical angle of 22° and
becomes = 0. Further deceleration causes the
compass to reverse to an S indication.

—roll to the left
as long as the compass rose also rolls (coordi-
nated turn) the vertical component R, has the op-
portunity to act on the needle and pull it downward
and to the left. Result: the compass moves to the
right and indicates too great a course (error —
30°).

— roll to the right
causes a false westward indication.

Flights to the South, West, East:

— cause similar errors for the same reasons. In order
to avoid irritation due to the various different kinds of
false indication, it is important to remember that the
needle is always pulled northward and downward in
the northern hemisphere. For greater clarity, see the
following table:

flight direction N S E W
acceleration St U left to right to
indication N N
deceleration U St right to left to
indication S S
roll left right to left to U St

E E
roll right left to right to St u

w w

>St = stable U = unstable
For courses such as NE, NW, etc. the errors of the
neighboring cardinal points are in effect but weaker.
In order to avoid these errors, one should get into
the habit of waiting at least five seconds after man-
euvers involving bank or pitch to allow the compass
to settle down before reading.

2) TURNING FLIGHT

In constant circling flight the compass rose will be
vertical to the combination of weight and centrifugal
force. The strength of the “north-seeking” horizontal
force is dependent on the size of the angle between
the magnetic lines of force and the plane of rotation
of the compass rose. At a bank angle of 22° there-
fore, in a left turn the E indication is overly stable and
remains visible for too long.

North appears too late.

West is completely unstable.

South appears too early.

If one wants to get more or less reasonable indica-
tions for all directions one cannot circle very steeply.
At 80 km/h, a one-minute turn (6°/sec.; one needle
width on standard sailplane turn indicator) requires
only 13° bank angle, which is less than the critical
angle.

ONE NEEDLE-WIDTH TURN

— results in following compass indications:

left turn:

direction E N W S
indication stable 30° late unstable 30° early
right turn

direction W S E N
indication stable  30° early unstable  30° late
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