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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 behin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>