THERMALING

BASICS

By Richard Kellerman

Few soaring skills are more important than the ability to climb in

thermals. Here are the fundamentals that every pilot should master.

can clearly remember when [ got

hooked on gliding: It was the day I flew

a 2-33 for over four hours and was able

repeatedly to climb to over 5,000 feer.
This struck me as remarkable at the time,
and today, about 1,000 gliding hours and
four gliders later, it still does. Finding and
using lift effectively is basic to all soaring,
and although there are many reasons we lose
people from our sport, the inability to climb
and stay aloft is a major one, and more easily
remedied than most.

After a brief considerarion of the mechan-
ics of circling flight and the variometer, 1
have broken the discussion into the basic
phases of thermaling: finding, entering, cen-
tering and optimizing lift. The important
topic of whether or not ta srap and circle,
and when to leave after a climb has been well
covered in a previous article in Soaring L
FLYING SKILLS

Effective use of thermals requires che abili-
ty to fly a true circle - constant bank angle
and airspeed - withour reference to instru-
ments. This is a fundamental skill that must
be almost automatic. A strong preference for
one circling direction can be a handicap
either when entering thermals already occu-
pied by other gliders or by encouraging turns
in the wrong direction.

There is no single bank angle thac’s always
suitable, bur 45 degrees is a good place o
start. Shallower bank angles can keep the
slo

glider out of the best lift and slow the cen-

tering process; steeper ones quickly increase
sink rates. A 45-degree bank is steeper than
many pilots imagine it to be, so it is worth
noting that a 45-degree banked circle takes

about 16 seconds to complete, and places the
diagonal screws on the variometer parallel to
the horizon.

You must be able to fly safely with other
gliders. This requires that you develop the
habit of seeing all nearby gliders (and keep-
ing track of what they are doing), and that
you know how to enter a thermal that ocher
gliders have found (briefly, you start with a
circle thar’s a bit too large and then tighten it
to match the other gliders’ circles).

INSTRUMENTS

An audio variometer with total-energy
compensation is important, Without TE
compensation, any movement of the elevator
produces an unwanted climb or sink indica-
tion. Withourt audio, a potentially dangerous
amount of time must be spent looking at the
variometer. It is unfortunate that many train-
ing gliders lack good varios; this needlessly
adds to the difficulties of students learning to
climb.

All varios exhibit an instrument lag, gener-
ally about 2 seconds. This arises in part from
the instrument itself, and in part from the
fact thar variometers necessarily respond to
height changes and it takes time for the glider
to change height. I find faster varios to be of
limited use, and have modified my expensive
fast vario to make it an expensive slower one.

SEARCHING FOR LIFT

Finding lift is like picking stocks: In a
bull marker everyone does pretty well. In
ypical markets, good stocks are to be
found, but only by those who make use of
all of the informarion available, who are sys-
tematic in their approach, who are neither
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‘WHEN CU ARE PRESENT

Cumulus clouds are by far the best indica-
tion of lift. But often marrers are not as sim-
ple as just flying under a cloud and finding a
thermal there. Large and inviting clouds may
arise from small thermals that can be hard to
locate. Patience is essential, and the search for
lifr under cu needs to be systemaric. The
time and place to begin to understand the
day’s lift is right off tow. This should include
noting whether lift is on the upwind or
downwind side of the clouds, its location
with respect to the sun, and its strength ar
various altitudes. It should be possible to
relate lift to the appearance of clouds, to esti-
mate the lifetime of clouds (this can also be
done on the ground), to get a good feel for
the size of the day’s thermals, and to begin to
develop a mental picture of the wind.

IN THE BLUE

Beginners and even experienced pilots are
often needlessly unhappy about flying with-
out any cu for guidance, but its not all bad
when the conditions are blue. No clouds
mean no cloud shadows, so lift can be
stronger and more widespread. No clouds
mean no cloudbase so the height of the lift is
controlled by the inversion, not the conden-
sation level. But with no clouds, it is essential
to pay a lot more attention to the many
other thermal clues.

My first cross-country flight in the blue was
at my first contest. The task: a seemingly unrea-
sonable 140 miles with not a cloud in the sky. [
went through the gate in doubt only as to where
I would land out. I didn?, and since I flew very
slowly indeed, I had no help from other gliders.
[ simply flew downwind over ground features
that I bad read might promote thermals — and
found them. A more experienced racing pilot
now, I am often content to be part of a migrat-
ing flock, repeatedly transforming itself from a
string of beads to a helix and back again.

THE IMPORTANCE OF GOING
FOR THE HIGH GROUND

Thermals favor high ground, and high can
mean a few hundred feet. Where I do much
of my flying the basic terrain level is 500 ft
msl. Hills are seldom more than 1,000 ft msl.
but 500 ft makes enough difference to justifv
a deviation. There are good reasons for this:
Air ascending a hillside continues to be heat-
ed, the angle of the hillside may allow it to
capture more radiation, sloping ground is
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ABOUT
THERMALS

* Thermals necessarily start out as a large,
shallow area of heated air, buoyant in the
- cooler air that surrounds them, but

unable to move because of the enormous

 drag that would be associated with any
upward motion. This allows for signifi-
cant heating of large volumes of air.

* A trigger of some sort is needed for the

heated air to ascend. The trigger could

be many things, but all effective triggers

make it possible for air to begin ascend-
~ ing in a relatively narrow column some-

where within the pancake of warm air.

Once this happens, there is no stopping

the process. The entire volume of unsta-

- ble air starts to flow into the trigger area

and a thermal is born.

and about 1,000 ft in diameter. It’s sur-
rounded by a region of sink, and the
strength of the lift increases towards the
center of the thermal 7. Experience
(most of mine on the East Coast) sug-
gests this is a reasonable assumprion.
Thermals significantly smaller become
hard to use. Larger thermals are nice if

you find them, buc they still need to be

centered.

* The diameter of thermals generally
increases with increasing altitude and
clouds are generally bigger than the
thermals feeding them.

Our model thermal (Figure 1) is circular
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Figure 1:Thermal Model.
la depicts the speed of the
rising air across the thermal.
There is an annular region
of sink. The area of lift is
1,000 fi. in diameter, with
a core of 200 fr. The lift
increases linearly from -2 kt
to +8kt. Note the vertical
axis is speed, not height.
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1b depicts the area
of lift viewed from
= above. For clarity, |
the region of sink is ||
not shown. the 15- |}
meter glider at 2
o'clock is to scale.

* It takes about 10 seconds to traverse the
diameter of the model thermal at 60 kt,
abour 13 seconds at 45 kt.

» For a glider flying at 45 ke, in a 45°
bank, the circle diameter is about 360

| ft. The table shows how the circle grows

with decreasing bank angle, and increas-

» Usable thermals are spaced, on aver-
age, at least every 10 miles. This can
be seen from an examination of GP.
flight data and barograms. -

* A thermal every ten miles and a g[ldc@g;
ratio of 20 suggest that cross country

E

flight in indeed possible, since to fly =

Gl hos sl i comeiionn o | ing airspeed. 10 miles will cost about 1/2 mile
P (2,640 fo) of altitude.
thermals; circles often aren’. . _ _
Airspeed 45 ke 50 ke 55 ke 60 ke
Bank Angle CIRCLE DIAMETER, FT

30° 440 540 660 780
45° 360 440 540 640 ¥
60° 250 310 370 440 :
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drier, hills act as triggers, and if there is a1y
surface wind there is an additional impeus
for rising air.

My first trip to New Castle, Virginia: ‘4
soon as you're off the high ground, start thirk-
ing about landing, because that's what you wre
going to be doing pretty soon.” Advice fromthe
always helpful “Admiral” Hank Nixon.

TRIGGERING

Thermals do not require triggering —
unstable systems have fluctuations that
sooner or later become triggers themselv:s.
But triggering features such as buildings.
local hot spots (fires, factories, rock faces
etc.) will usually beat random fluctuations
to the draw. Once the concepr of a large
surface-bound pancake of unstable air is
accepted (see sidebar), the search for the-
mals reduces to the search for surface fea-
tures that encourage heating and feature:
that mighr act as triggers.

Local Convergence

When air moves from a flat (low friction)
region to a region with features that slow
the airflow, there is horizontal convergence
and vertical motion. This can act as a trig-
ger. Some examples: Wooded areas, the edge
of a lake, rowns (which are also local hot
spots and so doubly effective when there is
surface wind), and of course any kind of

higher ground.

AERIAL CLUES

[ never second-guess birds, either in find-
ing lift, or in centering it. Soaring birds have
about the same sink rate as gllders and a
much lower wing loading 2. Even without

Figure 2: Timing the Turn. Getting the timing right always helps, even if things don’t go

fptf:e as well as they have for Pilot C. A) Too soon. Even with the correct turn direction,
Pilot A gets to fly in sink. B) Too late. Pilot B also flies in sink, but at least he knows where

he has come from. C) Just right. Pilot C is almost centered in the first circle. Note that he

started his turn as the lift began to decrease.

all the extra practice they get, they are going
to be hard to beat.

Orher gliders are obvious indicators of lift,
but it is worth keeping in mind that misery
loves company, so it is essential to assess the
climb of a circling glider or a gaggle before
rushing off to join in — it’s discouraging to
leave a weak thermal and join a gaggle that’s
not climbing art all. And since safety requires
constant awareness of all nearby aircraft, it
really is inexcusable to stay in weak life while
a nearby glider climbs well.

ENTERING THERMALS
Timing the Turn

Modern gliders are very efficient at
extracting energy from the air. In cruise, they
fly at a low angle of attack (AOA). When
they enter rising air the AOA increases,
much as it does when the pilot pulls on the

Figure 3: Which Way To Turn. The further the entry courseline is from a diameter, the
greater the cost of a turn the wrong way. A) No need to worry — both ways are wrong, and
there is no way to distinguish. B) Right turn is favored, but unless the right wing lifts prior
to the turn, the pilot does not know this. C) The sufficiently lucky or sz!g'ﬁrf pilot can per-
fectly tome the turn, get the direction right, and be centered almost immediately. In reality,
the very best pilots can do this perhaps once in ten thermals.

stick. This causes the glider to slow down
and accelerate upward. A glider in unaccel-
erated flight at 50 ke encountering a 5-ke
updraft will see an increase in the AQAof |
about 6 degrees. This is a large change,
given that the full range of the AOA is gen-
erally only about 20 degrees.

Thus, any thermal worth climbing in
will usually impart enough vertical acceler-
ation to the glider both to indicate lifc and
help in timing the turn. This acceleration is
the single best indication that useful lift is
present, and that the time to start the turn
is fast approaching. It suffers no instrument
lag and is proportional to the strength of
the lift.

Timing the turn is important — making
corrections for mistimed turns takes time.
and even more time is needed to make up
the altitude lost circling in bad air. Figure 2
makes it clear why correct timing marrers.

Anxiety when low, excitement when high,
and pt.l'h.lps an element of wishful thlancr
make it easy to start the turn too soon - this
is a very common error. There is no sure
way of knowing the optimal time to turn.
but for the model thermal the rule of
thumb of counting to three after getting a
good indication of lift is sound. A better
approach is to rely on the variometer: with a
2-second lag, at 50 ke, the glider is about
160 feer ahead of the vario, so starting the
turn at the first indication of decreasing lift
will position the glider nicely.

Entering on a Diameter

Entering a thermal on a diameter (Figure
3a) guarantees that the turn will be the
wrong way. It is important to remember this
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NEW CIRCLE

e l INITIAL CIRCLE

Figure 4: The Initial correction. With the vario heading down for more than balf the initial
circle it’s time for the correction: As the glider comes around to a heading 90° to the entry
heading, roll out, then roll back in again, moving the circle in the direction of the lif. This
only works if the entry into the turn is reasonably well timed.

LANDMARK

D

{ ROLLOUT HEADING

//— NEW CIRCLE

/- INITIAL CIRCLE

WORST VARIO HEADING I -

I TRUE WORST HEADING i

Figure 5: Centering. In a 45° bank, a 2 second vario lag is 1/8 of a circle, or 45°. This is
easy to judge. 45° after the worst vario reading is the time to rollout. This, too, is easy to
Judge since the bisector of the wing and the fuselage axis is 45° from the worst vario head-
ing. At the worst vario heading, find a landmark on this bisector.

as the vario promptly heads south, more or
less as soon as the turn is started in what had
been 4 kes up. In all three cases ~ turning
too soon, too late, or at the perfect time - a
correction will be needed.

Entering on a Chord

It’s more likely that the thermal will be
entered on a chord (Figure 3b,c), and in this
case there is a right way and a wrong way to
turn. The good news is that there is some
chance that the glider, birds, or even debris
will provide a clue.

The chance of turning the wrong way
when entering a thermal on a chord is 50%.
Add o this the certainty of turning the
wrong way when entering on a diameter,
and it is clear thart in the absence of addi-

tional clues, it’s likely that the turn into the
thermal will be in the wrong direction. It
helps to know that geometry and probabili-
ty, not caprice, account for this.

CLIMBING IN THERMALS

There are many ways to center a thermal.
What follows is a basic technique that
works well and is easy to learn. It has been
described by many others.3** Plan to prac-
tice and master this basic technique, then
experiment with other centering methods.

The Initial Correction

Only rarely will there be constant lift in
the first circle. Far more often the vario will
at some point (not necessarily immediately
on entering the turn) indicate decreasing

lift, or even sink, and will continue to do so
for a good fraction of the circle. When this
happens, and when the turn has been
timed correctly, the cotrection can be made
by waiting until the glider has come around
to right angles to the entry direction,
rolling out, then rolling back in again. This
will move the glider closer to the center of
the lift as is shown in Figure 4. The skill lies
in knowing the distance to fly before rolling
back in again. A good starting point is to
increase the distance flown after rolling out
in proportion to the time spent in poor lift.
It is better to err on the side of too small a
correction, since it is easy to repeat the
maneuver the next time around.

Centering

It is helpful to translate seconds of vario
lag to a fraction of a typical circle. I'm
assuming that a circle takes about 16 sec-
onds (45° bank), and that the vario lag is 2
seconds - 1/8 of a circle. You should check
your vario’s lag.

When the glider is established in a circle
but not yet centered, the correction is sim-
ple: 1/4 of a turn after the actual point of
worst lift, smoothly roll to wings level, then
back to the original bank. Allowing 1/8 of a
turn for vario lag, the correction should be
applied 1/8 of a turn after the indicated
point of worst lift.

This may or may not center the thermal,
but it will move the glider towards the cen-
ter of the lift. The correction should be
repeated during each circle until a more-or-
less steady climb is indicated.

It is easy to establish the heading on
which to roll out: At the indicated point of
worst lift look for a feature on the ground
aligned with the bisector of the low wing
and the fuselage axis, then roll out heading
toward that feature. This procedure is shown
in Figure 5.

There is no need to wait until the second
time around the circle to do this. The initial
correction can (and should) also be made
with the aid of the variometer and exactly
the same considerations apply:1/8 of the
circle following the point of indicared worst
lift, roll our for abourt a second (- 80 fr). If
everything has gone according to plan, the
glider will be on a heading 270° from its
entry heading, it will be accelerating verti-
cally (“surge”), and the vario will start to
head up. Roll back in again. Repeat as nec-
essary. Small errors in the timing are not
important — provided they are less than
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Figure 6: Optimizing The Climb. Glider A is neither centered nor optimized. Glider B,
with the same size circle is centered and climbing better. Glider C has a smaller, centered
circle and is able to use better air. Glider D is in even better air, but the bank is so steep that

sink rate is now an issue.

about 20 degrees, the circle will still be
shifted in the right direction.

Optimizing

Once centered, it remains to optimize
the lift, and to keep centered. Both require
constant attention and work. The pilot
who can talk on the radio while climbing
is not working hard enough. Figure 6 illus-
trates the potential for optimizing the lift.
For reference, Glider A is shown neither
centered nor optimized. Glider B is cen-
tered, but the circle diameter keeps the
glider in 5-6 ke air. Glider C, with a small-
er circle, may be able to climb better since
only a relatively small increase in sink rate
is associated with the smaller circle in 6-7
ke air. Glider D is likely to find that the
increased sink rate (which about doubles in
going from a 45° to a 60° bank) cancels
the advantage of being in better air. As the
glider climbs, the diameter of the thermal
typically increases, and the circle should be
adjusted accordingly.

CONCLUSION ,

It's really not very difficult to find, center
and optimize lift if a few simple rules are
followed. When they are, and with a lictle
practice, it is possible to stay aloft for as
long as there is lift, and to fly as far as the
lift will allow.

It is also possible to fly for thousands of
hours, and tens of thousands of cross coun-
try miles, and still be learning, so grear are
the challenges and opportunities of soaring.
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SOME COMMON
BEGINNER’S MISTAKES

* Failure to fly round circles (constant
airspeed and bank angle).

* Circling on any blip from the vario,
withour a good indication of real lift.

* Circling on the first indication of
lift, rather than trying to time the -
first turn properly.

* Circling in huge 15-degree banked
turns while steeply-banked gliders
climb better.

* Failure to make a small correction
with each circle until a thermal is
centered.

* Failure to spot birds, developing

cumulus clouds, and climbing g IdCI'S ;

» Circling in 2-knor lift while nearby
gliders climb at 5 knots.

* Chasing every circling glider, with-
out watching to see if they’re actually
climbing. '

» Trying to get the last 200’ of climb
from a rhermal whose strength has
_dropped by half.

* Staring at instruments rather than

looking outside.

* Settling for weak climbsonaday =

when strong thermals are available.

* Trying to spend all day within 500"
of cloudbase; assuming there’s no :
way to climb from 2000 agl (even as
gliders off row do so all day long).

* Blaming the glider for the pilot’s
shortcomings; assuming that only
expensive gliders can climb well.

* Trying to learn thermaling with an
inadequate vario (no audio or TE
compensation).

* Assuming that expensive instruments
are the key to successful thermaling.

* Failure to master the basics of therma-
ling before trying special techniques.

* Failure to experiment with other
thermaling techniques once the
basics are mastered.
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