A Soaring & Cross Country Pilot Training Guide

This guide supports the suggested Aim Higher soaring & cross country pilot training
‘syllabus’ that can be ‘cherry picked’ as needs arise in supporting pilots who want to learn
how to be more effective soaring pilots. This publication covers aspects of gliding beyond the
basic skills required for the BGA Cross Country Endorsement. The aim of the guidance is to
help solo glider pilots to be coached and trained how to soar more effectively, to fly cross
country and perhaps to do so a little faster. The content has been compiled by Kevin
Atkinson and reflects his views.

The scope of this guide is essentially limited to thermal flying and technigues which are
beneficial to speedy cross-country gliding and competitions. It does not include either ridge
flying or wave. These types of useful lift are well documented elsewhere and they are
relatively easy both to understand and use. On the other hand the bulk of cross country
flying in the UK is done using thermals for which there is probably an inadequate level of
understanding.

A number of analogies are used throughout but bear in mind that these are simply tools to
enable you to try and get a picture of what is going on. Like women are from Venus! So get
the picture without any emphasis on a direct comparison because the actual physics may
not be the same. In other publications water is used to describe motion of air or example,
but it is a liquid and its properties are quite different to that of the gaseous air.

The simple computer binary language of ones and noughts produces an extraordinary
complex world in tech capability today yet a simple error generates an utterly failed program.
In a similar way gliding is the simple shoving of the stick forwards and back or side to side in
a timely manner which results in a successful and fast 500km task or in a series of circuits
due to one misjudged error. The information contained here is a simple starter to help you
know when and by how much and in what direction you should shove the stick, to increase
your success! The full explanation of what happens in our thermic sky is actually
considerably greater as outside of the low level boundary layer all turbulence is caused by
the interference of rising and descending air. A number of links on the BGA ‘Aim Higher’
web page will offer greater study of the subject.

There are the laws of physics and then there is theory. Hence aircraft fly either to Newton’s
Laws or Bernoulli’s theorem. You can now probably guess who | support. On the other
hand there is rule of thumb which is loosely based on the laws of physics. Herewith then,
the rule of thumb of thermals, lift and sink, based purely on physics!

When reading this document, please clear your mind of the potentially confusing, and
conflicting ideas which have been suggested to you in the past that probably do not
work and consider the guidance afresh.

Compiled by Kevin Atkinson
BGA volunteer club coaching lead
kratkinson@yahoo.com
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The Condensation on the Bathroom Ceiling Analogy.

Imagine a ceiling and condensation forming on it.

All drops which fall off are the ‘same’ size (surface tension v gravity). You don’t get a fine
spray in one place and a bucket of water in another so | say again that we may effectively
assume that all drops are the same size.

If the ceiling has a varied surface temperature then the cooler areas would produce more
drops and the warmer areas less or none. (But the drops are still the same size as before)
(Cold spots/hot spots).

If the surface is uneven then we can see that the drops would run and form where the ceiling
surface hangs down.

If a breeze is introduced it forces the developing droplets along towards any barriers.
Equally important is to note that the droplets will form and fall from the same place each
time.

This is just like bubbles in your beer or coke glass which form continuously from the same
points, even when you swirl the glass around. (And by the way, the bubbles are essentially
the same size as each other)

The whole process is governed by physics and in the same way thermals are governed by
physics and are effectively the ‘same’ size, forming at the same locations on a blue day.
(Buoyancy v gravity).

Whilst there are circumstances which will generate larger thermals, please though for now
just remember that all thermals are also governed by physics and consider as a starting point
that they are all about the same size - 200 metres across, regardless of how strong or how



high they are. Equally though, in just the same way snow flakes are essentially the same,
each one is slightly different so no thermal is the same but all have well defined similarities.

Finding Thermals.

Part of the issue is that many solo pilots only start to look at the sky after they have pulled off
the launch mechanism. There are many opportunities to seriously study the sky. Our club
require ground duties to be undertaken and this gives you the opportunity to study and see
results. As a winch driver watch where the glider you have just launched has gone. Would
you have gone that way and did they climb successfully or fail? Before even getting airborne
on a club day, just after eventualities, you should start thinking and have a plan on where you
are going to find your first thermal.

If you take an aero-tow count the number of thermals that you randomly pass through,
mentally note their strengths and size (width) and relate them to areas on the ground plus the
wind and the cloud.

To find a thermal you need to use the:

Ground.

Clouds.

Other gliders.

Birds.

Feel.

Smell.

Instruments.

MAP! Pre flight planning.

Common sense — not luck.

THERMAL STRUCTURE — The Rule of Thumb - Theory!

Before we can possibly ‘feel’ the air we have to have a clear understanding of just what is
happening.

There are Three Forces in a thermal.

1. Reduced Density - Buoyancy due to temperature relative to surrounding air.
2. Reduced Density - Buoyancy due to higher humidity relative to surrounding air.
3. Higher Pressure relative to surrounding air causing expansion.

There are Two Motions within a thermal.
1. ‘Vortex’ motion of a bubble.
2. Vertical motion of a column.

The air mass lifting a gaggle of 20 gliders in total weighing perhaps 10 tons is unhindered in
rising by the weight of the gliders, because an average bubble thermal of 200 metres diameter
and vertical displacement of 200 metres has a mass of 6300 metric tons and has both velocity
and momentum. (20 gliders @ %2ton X 1 knot (ROD) = (10) tons/knot straight down.

Verses (6300 tons X 4 knots) = (25,200) tons/knot straight up.

As a side, 200 metres is a good guide as this is the width of a standard thermal, regardless of
how strong it is, it is physics and you can’t keep hot air down! This does not mean there are



no bigger thermals. They do exist but they require additional analysis for which there is no
space here. Bear in mind it takes just 6 seconds at 60 knots to transit the 200 metres across
the middle from zero lift through the core and back out through zero lift again, so any slow
reactions to the initial contact will jeopardize your ability to centre.

Air circulating in the form of a smoke ring (or doughnut shape) is easily induced and can be
seen in many examples from the smoke of a cigarette to an atomic explosion. A smoker,
however, has to do specific things to produce a smoke ring and whenever they exhale it is not
hot air. Yet the structure of a thermal is often drawn as that of a bubble thermal rotating as a
smoke ring vortex. Can it happen in a natural environment? Well it can, but it is not the
commonest structure so please discard it from your thoughts for now.

Before considering any movement of the air in and around a thermal you must simply
remember two facts (laws).

Rising air primarily only has a vertical force acting on it, buoyancy, in other words straight
up.

If strong enough, it also exhibits an ‘explosive’ high pressure force of expansion around the
core where the horizontal temperature gradient is at its’ highest value.

Just to be clear, however, hot air does not go down or sideways without some external force
being applied to it.

Sinking air has only one force acting on it, weight, so straight down!

Again then cold air does not go up or sideways without some external force being applied to
it.

The warmth of air can only be transmitted by convection (conduction or radiation is minimal
in this situation) and therefore it has to physically move to make somewhere else either hotter
or colder. (Hence why fans are used to blow hot or cold air around) The air under a lit match
for example does not get hot. Any air warmer than its surrounds will not go down! Similarly
air above a cold lake cannot go up and generate sink!

On the boundary of the strong updraft to the down draft is an outwards flow, other wise
known as the gust and then cobbles stones where it interacts with the descending air
(turbulence or boundary layer).

It is these three forces within the thermal that we must try to feel and look for.

There is one other thing to grasp. Everything which travels through the air is restricted by
drag. Interms of an aircraft for simplicity the drag is divided into to 2 distinct parts.

1. Lift dependant drag; is that drag generated as a result of producing lift,

2. Zero lift drag.

Zero lift drag is made up of three forces.

1. Profile drag — the frontal surface area view in the direction of travel.

2. Interference drag i.e. turbulence between the deflected airflows interacting around the

object.

3. Surface friction drag. - The area also effectively known as the boundary layer.
Tests in wind tunnels will indicate the total drag caused by any shape at any speed.
Hot air moving through cool air is subject to the zero lift drag aerodynamics just as any
object but air has 2 additional properties. Unlike solid objects, the shape of the warm air can
freely change and second, it can mix with the surrounding air. It is easier initially though, to
simply consider the warm rising air as a single entity, like a hot air balloon. Whilst these
additional properties are significant, the effects generate complications which do not need to
be considered yet but they are covered later.



Thermal Structure, Vortex

First to the vortex ring. Imagine a solid ball or balloon going through the air,
an eddy will be set up which must generate a vortex motion. However, the
faster the thermal rises, the stronger the vortex, therefore the stronger the
sink around the bubble.

>

The sinking air is not air that has risen, it is air which has moved out of the way and rushed
around the rising air. Whilst we often talk about climbing in strong or weak thermals, little is
discussed about the structure of sink except that we had a bad bit somewhere, the distribution
of which for several reasons can vary considerably over the sky at any one time. For our
rising thermal, the sink therefore always matches the rate of climb of the bit we call a
thermal.

Most important is that it is the sinking air which determines the structure of the soaring sky
and this is one of the most fundamental points to remember in any subsequent analysis!
Rising through a band of limited instability the bubble climbs in isolation and its buoyancy
(ROC) remains steady.

Thermal Structure, Sink - Bubble

‘We are very familiarwiththe conceptthat as airrisesitcools —at 3 degrees
perthousandfeet. But warming happens tothe descending air. Consider
the bubble below being 1000 high. The air above the bubble descends and
warms at3 degrees, therefore the bubble continues to rise steadily. Below
isthe bubblethermal.
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air mass

Temperature does not always reduce with height
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This real cross section for Warton on 3 March 2011 shows 3 freezing levels.

You will notice that early in the day with the sea temperatures over the Irish Sea and
Morecombe bay at 7C and an air temperature at 200 feet of zero, fog has formed.
Meanwhile the temperature (In the left upper wind column after the wind values) is +3C at
2000 and +2C at 5000 feet giving a strong inversion somewhere in that band but with
instability in the lower levels.

There is another unstable layer indicated around 8000-11000 feet — hence the term - middle
airspace instability.

As the bubble climbs through an unstable layer the temperature difference increases,
accelerating the thermal upwards but also generating an accelerating downward flow. The
descending air subsequently enables the thermal to grow downwards. Just bear in mind that
the stronger thermal is narrower.

Thermal Structure,
Sink — Column Development

We are very familiarwith the conceptthat as air risesitcools —at 3 degrees
perthousandfeet. But warming happens tothe descending air. Consider
the bubble below being 1000 high. The air above the bubble descends and
warms at3 degrees, and becomesheavier andtherefore continues to
descendreinforcing the thermal beneath. Thethermal ‘grows’ downwards.
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Unstable
air mass
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Thermal Structure, Expansion

Betweenthe rising and descending airthere will be an interference boundary
layer whichfeels like flying over cobbles stones.

The warmer airwithinthe thermal will be at a slightly higher pressure thanthe
air around andtherefore the bubble will try to expand outwards into the
descending air. This horizontal gustis only close tothe central core where
there isthe largestchange oftemperature.

[ o ]

Unstable
air mass

Horizontal Gust Boundary layer

Consider the cloud at the top of a thermal.

As it pushes up into the drier air the cloud droplets will start to evaporate into the dry air next
to it which has already starting to descend, as explained above.

It takes 130 times as much energy (heat) to change a water droplet into a gas as heating the
same water up by ONE degrees C, in other words a lot. This energy is taken from the dry air
(which rapidly reduces in temperature) so the air next to a cloud increases in humidity, but



becomes rapidly cold, therefore denser and heavier than the air around it so descends, hence
sink! The higher the cloud top and the drier the upper air, the stronger the sink will be.

Of course whilst cruising in your glider at lower altitudes the cloud may well have fully
evaporated and hence the occasional scenario ‘where did that sink come from’?

Just like thermals, sink slugs can vary and even slightly accelerate downwards.

SINK!

The air where the cloud is, can not
hold any more moisture so it l
condenses out as water droplets. The
air surrounding the cloud is drier so
the water evaporates, cooling the air.

Tall Cloud
l therefore
‘strong’ band of
sink

Broad Cloud therefore broad
area of ‘moderate sink’ l

! | !
l |

! |

The higher the cloud/s, the stronger the developing sink

No Sink Vortex

Y ii
| |

Because the evaporation of the water vapour takes place around the
edges of the cloud first, and from the centre last there is no formation of
a descending vortex and it lacks any kind of rigidity unlike a rising
thermal, which is the important difference.

The exception to this rule is when there is precipitation.
Rain, hail or snow all generate a central down flow of air
like a column thermal in reverse.

Why the higher the cloud base,
the further between thermals?
* The controlling force is the sink.
< Ignoring wave, there are three types of sink.
1. Mass sink, subsidence

; 3. The sink of the evaporated cloud
\
A A ~
2. The sink
associated
with the — 9]
vortex

3 I\ 3 However sink dges not develop vortices
= — — —

The examples above are necessarily simplistic.




Just before we go on to thermal triggers there are some very important basics to understand.
We have a pretty good idea that thermals are 200 metres across but to know the volume we
have to know the height of the column. Can we work it out?

Accepting for the moment that all thermals are essentially formed by bubbles of air leaving
the ground and rising, then we have to investigate bubble thermals and their volume.

If we watch a cloud for a few minutes we will see that after the initial wisp, a cumulus cloud
will develop and then dissipate. The whole process may take 5 minutes with the cumulus
cloud being in a state of development for only 3 minutes. So a 2 knot thermal (200/min)
means that the column was only 600 feet tall. Even if the development was 5 minutes then it
was only 1000 feet tall. As the cloud develops the tail of the thermal is climbing up,
disconnected from the thermal source and ground, leaving perhaps only a little turbulence
behind, but no thermal! If the thermal was a little stronger though, assuming the same cross
sectional area, then the column will be taller. 3 knots for 3 minutes makes the column 900
feet tall. This tells us 2 things. Why on some days despite seemingly flying under every
cloud we can reach, we don’t find a climb and second, on some days it clearly pays to stay
high up near the clouds.

So from this simple picture we can calculate the volume of air in a standard thermal and
transfer this volume to cover the ground i.e. the thermal source.

If we keep the maths really simple and consider a thermal to be a cuboid then 200 x 200 wide
x 300 metres high = 12,000,000, cubic metres.

If we use Google maps we can find many fields in the UK country side 500 metres square.
So 12,000,000 divided by the fields’ surface area of 500 x 500 = 250,000 square metres gives
a depth of 48 metres! (about 150 feet).

When we compare this deduction with what in practise we feel on the ground and experience
flying at low level this all makes sense. How often do you find that at about low key to final
there is often a broad ‘thermal’ just too late (low) to use but you subsequently end up
relatively high turning final. Another question though is more telling. How often are you in
a flat glide below 500 feet? Probably this is likely to be, (so far) only during the late part of a
circuit. As you do more cross countries or more importantly, final glides back to base for a
straight in approach, you will often get significant benefit from flying over what would
appear to be good thermal production areas with gentle climbs and no significant sink.
Having height in hand speed is increased and you safely cruise at lower heights during the
last few kms because of the surplus speed. As a result during the late stages of the glide you
continue to gain energy and you go even faster. This is usually mistaken as an error of
setting off too late 30 kms back for the final glide and if only I had known that it was going to
be so good! Wrong! Do not assume that it will always work. When you really need it, it
won’t.

The effect then of anything, which shields an area from the wind to encourage the build up of
hot air and therefore allows for the generation of the appropriate volume of hot air to produce
our thermals is worthy of notice. These shields would legitimately be trees, buildings, small
ridges and the like and lee wind shielding generating a weak rotor.

What goes up must come down.

For thermals this means that there must be an equal volume of descending air to replace the
volume of rising air. The huge thermal volume of column thermals will only be generated
and get taller (increase mass) by effectively growing downwards as they climb into an
increasingly unstable layer, as explained previously. But then once fully developed they also
generate an equal volume of cold descending air which cascades down and floods the ground
over a considerable area. It is quite reasonable then to assume the greater the volume of
active cloud, there will be a greater amount of sink, no matter how it is generated. This



descending air is therefore a major contributor to the thermals developing further apart as the
cloud base steadily moves up. In light winds fixed column thermals develop and the thermal
width will broaden (volume of rising air increases) and the huge volume of sinking air will
kill off the weaker areas for miles around.

Why the higherthe cloud base,
the further between thermals?

» The controlling force is the huge volume of descending air.

» The higher the cloud base the greater volume of rising air,
therefore the greater volume of descending air.

(Atkinson’s) String Theory.

Ignoring mechanical turbulence, all conflicts between rising and descending air generate a
horizontal gust and this is always from the lift to the sink. (This is equally significant during
any glide).

Approaching a thermal you will experience in order the downdraft, cobble stone turbulence,
speed gust increase, then the lift. The speed increase will also be detected on the variometer
in the total energy system as a climb, do not be fooled! (You are unlikely to be climbing yet).
It is important to acknowledge that if you are in rising air without a gust you are not near
enough to the centre of the thermal. Transiting deeper into the air you will normally find
yourself rewarded with a stronger climb.

If you don’t hit the thermal head on then you will feel the wing lift and/or better, see the
string indicating a brief side slip (Atkinson’s string theory) i.e. at the moment the string is
blown away from the thermal centre due to the horizontal gust, it is time to roll with full
aileron and rudder! The bigger the gust the stronger and tighter will be the thermal core.
Remember that the force required moving the string is tiny, at any speed, compared to the
force required to lift the wing. Indeed the outward gust may be detected outside the area
where the wing would give you such a useful indication.
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Conventional Centreing
Weak Thermal and Vario Peak

RightWing Lifts therefore turn rightwith increasing bank (keep
tightening the turn) until a maximumturnis achieved.

Conventional Centreing
Vario Minimum
—p

The onething you can say aboutthe vario is that it will tell you that you arein
sink! Therefore 90 degrees afterthe highestsinkvalue, roll out and after a
pause, roll backin.

Conventional Centreing
Approachingthe Vario Peak
No wing lift and no string

‘When the vario has been giving an increasing climbfor 3 seconds
turn usingfull aileron and rudder—it does notmatterwhichway you
turn —solong asyou turn! You anchorthe wingtip at that point

Conventional Centreing
Vario Minimum

The sametechnique can be usedinthe edturn usingthe
ofthe climbingturn as a reference.

part
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Basic Thermalling
ASl and String Theory

Just avoid the sink!
@ At this point you will get a gust speed DECREASE.
You now know the thermal is exactly behind you.
Turn hard nearly 180 to keep out of the sink, and
roll out anticipating the gust increase

The ASI gusts are
proportional to the

2 strength of the
thermal

‘ At this point you will get a gust speed INCREASE
\' A‘ You now know the thermal is in front of you

Either roll out or progressively increase bank to a steep turn
Avoid the sink!

@ Basic Thermalling

At this point you will get a gust speed DECREASE. (on the ASI) (+TE Vario down)
You will be pushed out away from the thermal

What you think you are flying in a steady turn

So where did the
thermal go?

What you actually fly
relative to the thermal

ere there is a cross
wind relative to the
thermal

At this point you will get a gust speed INGREASE (on the ASI) (+TE Vario up)

Here you will get a head wind, slowing your progress towards the lift

So this is what we are feeling if we fly through a thermal!

Feel, and Hear on the audio the sink.
Feel cobble stones.

Hear and See the speed increase.
Hear the audio vario up.

See the string deflection and wing lift.
Hear and See the speed decrease.

Feel the sink.

NoookrwdPE

And this is what we are feeling for whilst turning within the thermal!

Feel, and Hear on the audio the lift.

Hear and See the speed increase.

See the string deflection and wing lift.
Hear the change in audio vario up.

Feel the tail go up (or nose yawing down).
Hear and See the speed decrease.

Audio indicates lift values reducing.

Feel the sink.

NGO~ wWNE

12



If the thermal is stronger it will be narrower, therefore, the stronger the thermal, the tighter
you must turn. The turn radius is the important factor and this is achieved either at higher
angles of bank or reducing your speed with the same bank angle.

Hopefully you will find the above extracts useful both for clarity as to what happens in the
thermic sky and that as a result your soaring flights will be more successful.

Kevin

1. Making the best use of spare height after a winch launch

Spare Height Best Use

TOL

Too Ly
w

ToL HK r}
x -

2. Judging distances

HE
i
N

L_J 1

An aspect which is important is the skill of judging distances. This is not just whether you can make a
landable airfield but also having identified a cloud ahead, or a series of clouds which you think are
going to be good, it is clear that you need to know that you can make it and how much height you
will have left when you get there. We know that our launch run is about 1 km and we also know
that on most days we can achieve 1 km for each 100 feet of height. In the case of chasing clouds the
wind is irrelevant. As the performance of the glider goes up this 1/100 remains the same but we just
get there at a higher speed! On the other hand with gliders fitted with satellite navigation aids we
can use these to help confirm distances (for example put a TP within 10 kms of base) and now
knowing that distance you can add or subtract an amount to give you the distance to the cloud
shadow, even if it is well to one side of the selected TP, and subsequently build up a level of
judgement in just the same way as with practise we developed the broad skill of recognising that we
can glide home safely whilst local soaring. The next development then having estimated the
distance is to estimate how far other cloud shadows are away from you, and then work out how
much height you are going to lose to get there and how many other cloud options are in range.
Ideally three should be available within a single glide before you are likely committed to a field.
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3. Description of a thermal cross section

Thermal Cross Section
Considerwhatthe cross section ofa thermalis likelyto be rather than just

up and down. If we considerforsimplicitythat a 1 degreetemperature
difference equatesto 1 knot of lift or sink.

Bubble

False
Thermal

Reinforced
‘Thermal’

4. Bubble thermals

Thermal Structure, Sink - Bubble

We are very familiarwith the conceptthat as airrisesitcools — at 3 degrees
perthousandfeet. But warming happens tothe descending air. Consider
the bubble below being 1000 high. The air above the bubble descends and
warms at3 degrees, therefore the bubble continuestorise steadily. Below
is the bubble thermal.

Unstable
air mass

5. Lapse rates

Instability
Assumingthatany bubble of ‘warm’ airwill cool at 3 degrees per1000' as it
climbsthenits relative buoyancy will depend purely on the surrounding air at
that height. The actualtemp change of the natural atmosphere is rarely

3M000°. Y
5000 @ @? . n .
a 15 Reducing
] i humidi
4000 @ ®‘e . a . therefop;
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3000 ® @ @® @
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n
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Temperature does notalways reduce with height
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6. Column thermals and stronger thermals
Clearly once a lump of warm air has started to rise, its energy is effectively fixed. If, however, it is
rising into an unstable layer it can then accelerate, generating a stronger thermal, as below. The
thermal then grows downwards forming a column thermal which means that you can connect
underneath a cloud even on a windy day despite being well below cloud base.

Thermal Structure,
Sink — Column Development

We are very familiarwith the conceptthat as air risesitcools —at 3 degrees
per thousandfeet. But warming happens to the descending air. Consider
the bubble below being 1000" high. The air above the bubble descends and
warms at3 degrees, and becomesheavier andtherefore continues to
descend reinforcing the thermal beneath. Thethermal ‘grows’ downwards.

VO

Unstable
air mass

g B
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7. Cloud appreciation

Cloud Types
g Cantrigger short streeting
b St Weak
N_ormal Strong cerI?sng ée?li o
single cells
cell
Flus
cloud



Before the TurningPoint

* Have a good look down the next leg.

* The clouds may be just the same but once
on the new leg they appear different.

This cloudwould look quite different from
the left comparedto from the right.

8. Blue days
The bits which get hot on the ground should be fairly obvious. Identify them because they are the
only buts which are going to produce thermals. The strong sources often produce weak streeting
but ever you lose a thermal then go immediately up wind for the next bubble.

9. Inversions
Inversions are like immiscible liquids. Whilst it is common for the air to be cooler as we climb this is
not always the case and we can get warmer air sitting on cooler air. (First thing in the morning this is
always the case). As the thermalrises it is no longer warmer than the surrounding air and stops
climbing. We see a clear haze horizon and you will not get any higher.

10. Hot spots
> 3

pr _
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\\ A blgggrto hke the ;‘ But every bromn eld will
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| difficultto predictexact] 3 Y
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11. Thermal triggers

Stronger Thermals!
Big groundarea
Greaterthan 200 metres wide
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Strong Themals!
Big groundarea
Greater than 200 metres wide

12. Centreing

@ Basic Thermalling

At this pointyou will get a gust speed DECREASE. (on the ASI) (+TE Vario down)
You will be pushed out away fromthe thermal

What you think you are flying in a steady turn

Sowhere didthe
thermal go?

‘What you actually fly
relative to the thermal

erethere is a cross
windrelative to the
thermal

‘At this pointyou will get a gust speed INER on the ASI) (+TE Vario up)

Here you will get a headwind, slowing your progresstowardsthe lift

13. Cloud shadow effects

o3 Lullington
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14. Types of sink

Why the higherthe cloud base,
the further between thermals?

The controlling force is the sink.

lgnoring wave, there are three types of sink.
1. Mass sink, subsidence

.

3. The sink of the evaporated cloud
o)
2. The sink

|
m\ [
associated I I
with the — el A \
vortex

|=..

1

1

1 1

1 II II

1 1 1

TT '. '.

1 1 1

— — \ \ |

A AR A 1) | | \

111
1 1 1

| | \ Howe\.'ersinkdqesnotdevelopvqnices '.I
1 1 1

Y — | '

15. Rain/storms and reverse thermals

A Reverse Thermal: Theory; Heavy Shower (Rain, hail,
snow.) Local ground divergence

Look for Higher Cloud bases above

and around the main shower cloud
due high drier air carried with the
main up draft
AW

Artificial high Cloud base
 —

Cloud base

Artificial low Cloud base

Descending air cooled by
evaporation of waterand
downwards flow dragged
along with falling rain

)
X
all
I

Mini divergence
around base

Surrounding air at normal days
temperature
Wery cold air

16. Streeting

Vortex Streeting top view
WIND at CloudBase mj

Vortex ring formation
WIND near cloudtops ‘ Nate: Wind veers and increaseswith height

D 2 N
NI ﬂ%ﬁmﬂ% ﬁg\,
= A0 CRUSNGHERE
The leading strong thermal punches highest and prevents the

downdraftup wind coupledwith any significantincrease and
change in direction of the wind above the inversion
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17. Turning tightly

Speed Verses Angle of Bank
Turn Radius Achieved in Metres
BANK = SPEED Elevator oftenfully up!

40 kts |45 kts |50 kts | 55kts |60 kts |65 kts
35 61.7 |78.1 (964 |116.6 |138.8 |162.9
40 515 |65.2 (804 |97.3 |115.8 |136.0

45 43.2 |54.7 |67.5 |81.7 |97.2 |114.1
50 36.3 |459 |566 |B68.5 [81.8 |95.7
55 30.2 |38.3 |47.3 |57.2 |68.1 |79.9
60 249 316 |39.0 |47.2 |56.1 |65.9

18. Atkinson’s string Theory

Wasted Opportunity Climbing
In a left hand turn viewed from above

" —E
Uselage /4 srofa)]
string

Viewed from above the fuselage is in the shape of a symmetrical wing. ftis an aerofoil
viewed atany angle. Therefore if we apply a positive angle of attackto i, it will produce lift
offthe fuselage, which actually has about twothirds the surface area of a wing (but sadly
not that efficient’)

So the question is how much side slip should we use? This depends on a few things buta
simple rule ofthumb is the tighter you turn (the fuselage iz more on its side) and the
stronger the thermal, the more sideslip, but not beyond the limit of efficiency. The actual
optimum iz 15 degrees but the string will exaggerate this.

To find out just how far we can go on a smooth flat day simply fly straight and monitor the
increase rate of descent on the vario as you fly more and mere out of balance. The ‘limit’
willbe obvious and the same right or left. Now practice turning with the string held just
short ofthe limit towards the top wing.

Wasted Opportunity Climbing
In a left hand turn viewed from behind

Total Lift

|

Wing lift

Lift generated
/ by fuselage
side slip

19. Sea breeze

Classic Convergence
SeaBreeze

‘Warm lighter air rises
and cools forming
clouds

Coldheavy dense
air pushing under
warm air

I:> wind
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20. Dolphin
Dolphin

Another misnomer

Following the MacCready religiously, it is efficient but slow. Like driving a formula one car for
best fuel efficiently does not win races. All these little climbs are at nearly half the cruise
speed and if any accelerations are late then it is a case of accelerating in sink — huge mistake.
Simply use the lift as a gymnast uses a spring board. A gentle short pull up and bounce to
maintain never less than 20 knots slower than cruise. More commonly only about 10 knots.

/
6 pull ups at a / -é e
loss of 20 /

seconds each / —

gives 2 minutes / / /

later at the last

thermal /

For a 6 knot —

thermal is climb /

of 1200 feet so
to keep up
each pull up
most be at least
200 feet

If you want to think about how much time is lost, try driving down the motorway and
slowing down from 80 to 40 every couple of minutes! Hopeless!

You will recall, however, that there is a fine balance between climbing and cruising when the

thermals are weak. We tend to spend the same amount of time climbing regardless of
thermal strength but less time cruising if the thermal strength is weak and the thermals are
closer together. This is important as the cruise speed is significantly less and the sink
associated with thermals less. This means that benefits of Dolphin techniques are more
pronounced.

21. Mass or Span

332 FricHTPOLAR

Polar curves of LS 8-t with 15 & 18 m wingspan
with 33 kg/ne® (= without water)

resp. with. 30 kg/m® (=max. mass)

Speed [km/h]
60 80 100 120 140 60 180 200 20 240
00 10
05 - 15
_; S
10 Pl ,/ 0
- ™~ /
—— Polaren 15 m bei 33 und 50 kg'm’l"
= "8 T ]| —— Potaren 18 mbei 33 und 46 kgin? | M’ /| B _
E S z
E 4 2
8 ap 0 e
= T 1 /
= 1 | 3
E a
» i h
25 L . 35
ipt AN
0 \ ‘ \\ \ 40
a5 \ / 45
40 50
Conversion tabls for Airspeed and Sink Rate:
kmh 0 80 100 120 140 160 180 200 220 240
mph 37 50 62 75 87 [ 112 124 137 149
ke 3 5] 54 &= 76 86 o7 108 119 120
m's 05 10 15 20 25 30 33 40
kis 1 2 3 4 5 L] 7 2
Frmm| 98 167 305 304 35 501 58 78

Polar Curve from the LS8 Manual
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The most striking thing to you should be that on closer inspection at 65 knots the 15m curve
intercepts the 18m line. Above this speed the 15m easily outruns the 18m. So any racing day
when you think that you are going to maintain a high cruise speed you obviously need 15m.
So what about ETA, EB28, Nimbus ¥ and Ash 25/30? It is the same deal. At higher speeds
all the gliders effectively achieve a very similar glide angle simply because the lift dependant
drag is minimal and the real deal is in the zero lift drag of surface friction, interference and
profile drag. From the front all gliders have the same profile and present around the same
area. The wings can’t be made any thinner, the fuselage can’t be any smaller to fit normal
people but if you increase the wing span you increase the zero lift drag components. In
simple terms you are dragging more (largely useless) wing through the air so it produces
more drag. This is why the current design trend is towards finding an optimum span which is
about 23 metres. Of course light wing loadings to allow slow speed and low sink rates during
thermalling are equally desirable and require larger wing surface areas so as you lose the
span, chord lengths increase and the aspect ratio goes down giving greater vortex drag for the
same surface friction areas again. However just before you start to believe big wings are not
good, you can achieve some outstanding cross countries in big wings with patience in weak
conditions, and any race day which has a weak leg offers the opportunity to seemingly thrash
the opposition.  If you consider the chart 5.3.2 Flight Polar,
An Ash 25 will fall at around 0.4 minimum sink rate where as the 15m LS8 is falling at 0.7.
If the thermal air is 1 knot the rate of climb of the Ash is twice as fast. So it is only on weak
days that the big wings enjoy a greater margin in performance, cruising little above 50 kits.
22. CofG

Centre of GravityC of G —

—

l l UP elevator
therefore down
cwa forceto hold

Heawy Ideal balance. Notgood

Pilot
Cof G

—_—

@o_ B

l I Neutral Elevator
Minimal trim drag
Heavy l More elevator for
Pilot turning
cora

23. Final Glides

Final Glides

Whilstthis argument holds good
for a final glide, it would be logical 3300°
as a conceptto assume thatit
musttherefore hold goodfor

achieving higherspeeds ona

streetrunninginto the windfar an
into windturn point!

Glide in flat air
Glide in good air following McCready

b Glide in good air for speed
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Final Glide

« One such danger is the reality and what the LX is actually telling
you.

. fohe LX is simply a computer and you must understand the short
alls.

+ It assumes that you have entered the current QNH, correct weight,
that the air ahead is standard, that the glider is really polished and it
tries to give you a realistic compensation for the wind on the final
glide, but it is only a simple calculator and does not (it can not) give
}(Du the full picture in terms of hei%ht needed to get in. Look out of
he canopy and Bring back the John Willy!

+ How accurate is the altimeter at hei?ht and how much lag do you get
on the run in. A slight tap ‘by’ the aftimeter can make an okay
looking final glide into a loss of most of your safety height in a blurl

= The LX does not know the sea breeze is now blowing in your face.

= To simply set a lower MacCready sothe numbers appear to work
and slow down so that itinfers that you can make itis simply not
good enough.

* So aconfident start to the final glide is a must and not become oops!

24. LX 7000

Navigation Aids Training.

Stable air. Even if there is no thermal activity we have the easy chance to practise and
develop our confidence in both the machine and the electronics. Setting a task starting in the
airfield overhead and a single turn point just 5/6 kms away and return allows us to start,
achieve a TP and final glide. So a task requiring 1100 feet and a launch of 1500 feet gives
400 feet to play with. This allows us on subsequent flights therefore to fly at different
McCready and improve our visual judgement. If flown in different winds the same applies.
Bear in mind that there will be no prompting down wind leg so remember the gear!

For a club only operating at weekends 70% of good days in the year are lost. The remaining
period, weekends, still means that often the UK weather prevents us wandering too far from
home so any opportunity to teach, learn or practise and improve must be made. A simple
triangular course with 3 TPs just 10 kms away from home offers a good chance to keep up to
speed. Further adjustments to the task due to local restrictions can easily be made whilst
satisfying the aims, whilst short out and returns do not. Orientation for the weather remains
flexible whilst never being more than 10 kms away means that field landings can be avoided.
(10 kms needs about1000”).
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The 48km Triangle Trainer Task
10 kKm radius

Fixed Course!

Max Distance-10kms from base
To Teach or practise

Map route Planning

Sat Mav Aids (LX/Oudie etc)
Start

Turn Paoints
Decision Making
Into wind
Cross Wind
Crown Wind
Final Glide

y

Total distance 68 kms
Requires launch + 000"

3 knots = 20 minutes climbing
Total time =1 hour

16 kms

-
o

i
-

25. Speed to fly head/tail winds

The following table shows the actual glide angle if a Duo flying at different speeds in differing
head winds. The benefit of additional ballast is obvious. Flying at the speeds depicted in green

finish

shows a significant improvement in ground speed for a relatively small loss in performance. Note

that this has nothing to do with thermal strength but if the thermal strengths suggest these

speeds then so much the better.

Speedto Fly and Final Glide

Head Wind - Zero on the M&%Cready

DRY
ws |moD | vo [ weo | weo | weo | weo ws | moD o | weo | weo | weo | weo
gl 15 20 = 10 15 jrunl =
B | 12 | 416|333 || 25 |ze | P |E| 42| B M N
53 | 1.3 | 407 33 (202|254 | M5 55 13 | 423 | 346 | 307 | 283 | 1
55 | 1.4 32 |286 | 25 |24 |[ 80 | 15 | a0 [z 20 | 266 | 222
L R 6.5 | 35| W8 || g5 | 17 | 382|323 | 24| w4 | 135
85 | 20 | 25| aTs 23| 2 o | 19 M6 | 283 | 23 | 237
0 | 225 | 1.0 | 265 | 244 20
- i 75 | 22 | 24 w3l = |27
75 |278 | 27 | 234 | 216 | 198
ap | 25 | 22 | 2= M | 1
I E I EE R EE
R ERERET A
35 | 425 |00 176|185 | 152
50 | 52 | 170 154 | 144 | 135 e I I el et
s5 | 4 [z37s|2125] 20 [ 87| 175

26. Fixed Turn point tasks
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Fixed Task

Fixed Course
Mothing new here!

start
finish
27. Enhanced turning point tasks
Enhanced Option Fixed Course
10 kmradius
./-
vy
~'Must be lessthan .
__/'/ QU'd‘eg[\ges \.\
start

finish

28. Assigned Area tasks

Assigned Area Task

Taskmay be a settime (3 ¥z hours seems commaon). Must not arrive early or
penalties as you are scoredfora 3 ¥z hour duration! This also means that
assumingthe crew knowwhen you started then they know whenyou are going
to finish— hopefully. Look/Plan far aheadto get minimum detour.

Maximum distance
300 kms = SEkph__‘ L —
.- T ’
. —

20 kmradius

. — —

Minimum Distance
230 kms = 66kph
—

Final glide critical and will be quicker )
than your average speed sofar. finish

24



29. Pairs flying

Mutual, Pairs and Team flying.

What are the advantages and what are the disadvantages?
Two is company, 3 is a crowd is a good starter!

Cranwell club is fortunate in that we have a high performance 2 seater and some experienced
racers who are prepared to teach in it. Even then, however, with the 20 week season and
generally small weather day window that we have in the UK, assets are understandably
scarce. There is though a lot of middle and high end performance single seaters, most of
which are privately owned, so it does make sense that there may be opportunities to learn
new techniques and skills by following a similar glider flown by a more experienced pilot.
Firstly just bear in mind that by far the best lead and follow is done with the follower sat in
the back of a good 2 seater!

The first consideration is why you are flying intentionally close to another glider having spent
most of your gliding life looking for and flying well clear from other gliders. The military do
formation as a matter of every day flying but just be aware that each pilot has been
thoroughly trained in the art, remains in current practice and every mission incorporating
formation flying have several key aspects specifically briefed.

Any intentional lead and follow/mutual/team/pairs flight therefore requires critical aspects to
be covered. These will include;

Who is the leader? (Not quite so obvious — see later).

The No 2 will always make every effort to avoid the leader.

The aim/point of flying together.

Radio calls (code or abbreviations) and the meaning. Such items would be
Climb/Cruise, Left/ right routes, run home, lost you, help! etc. in other words
very simple clear unambiguous communication.

Eall el

Following another glider can be quite fun and it can show you the many variations in the
vertical motions of the sky whilst on a flat glide, but sadly as gliders are generally difficult to
see from the immediate rear, even from just a couple of hundred metres, looking and tracking
the leader often tends to absorb 80% of the followers attention. For anybody embarking on
this kind of training just remember:

The first rule is - do not hit the leader!
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The gliders really need to have similar performances but if the less experienced pilot flies the
higher performing machine then they should have less difficulty in keeping up. Bearing in
mind that as a teacher you are trying to demonstrate some particular aspect for the student to
learn (with almost no airborne conversation), the student will likely have quite limited
capacity. It is also easy for the leader to press on before the follower has actually absorbed or
fully understood what you have just done and what and why you are going to do the next!
The student has to have the opportunity to catch up mentally. As an instructor it sometimes
feels painful to do an extra turn or 2 at the top but there are ways in which to make this all so
much easier. If you do insist on teaching and leading from the front then the first thing your
student has to learn in any lead and follow is how to follow, prior to any other task you are
trying to demonstrate/teach. Learning to follow might be practised during a totally separate
local soaring flight. (In weak conditions which are not good enough to go cross country or
whilst you are waiting for the cloud base to go up). If your student is overloaded absorbing
the rationale behind going down any particular route, then his basics like navigation tend to
get brushed aside. Despite what you think you have taught, it is what was learnt that matters
and this situation the learning value — can be very little. Flarm will help but not everybody
has it. A lead and follow would appear to be simple enough, but those who try it in dissimilar
performing gliders will quickly recognize theory and practice are polls apart. The leader
must be in a lesser performing glider for the inexperienced follower to keep up and not feel
permanently demoralized and quite literally always behind the drag curve! Where the mentor
is in a better glider, (perhaps a Duo with a student whilst leading a Discus) as the climbing
pair approach the top then he should brake down below his student and practice his own
techniques for catching up whilst his students settle and suggest the next decision. In this
way the solo student is only ever going at his own pace. Whilst this can be at times
frustrating for the instructor, perhaps you would rather go back and do some basic
instructional in the club brick! Always remember that one day this man might be able to
show you where a thermal is if you are flying for mutual benefit. In competitions team flying
is very much in the rules and in fashion these days and you often find that most day winners
in nationals and beyond are not running around on their own! As it implies, ideally the
follower must follow using the same thermals, leaving on the same turn, cruising at the same
speeds, on the same tracks. In a thermal the follower is directly opposite his leader matching
speed and angle of bank and will need to adjust his turn to maintain this spacing whenever
the mentor recentres. The leader will often use his follower to recentre. The follower must
allow the leader absolute freedom to turn in either direction or to pull up/push down on the
cruise whenever he desires. The number 2 always misses the leader- did I mention that
earlier? If the mentor insists on leading he would prefer never to have to stop and look for
you or wait because you have elected to do something different. So in this scenario - Keep
up! On each glide/cruise, work out the leaders reason behind each decision. As the
experience and capacity of the follower improves they may then adopt a stick, search and
subsequently report (like gliders turning ahead) suggested courses of action which are then
confirmed by the leader.

If ever you are to fly as a pair then, the first item to sort out is exactly what leading and
following is to be done and what is the lesson/s to be learnt. The second is what radio calls
you are going to use and the third is when and how the No2 should call for help.

There are several benefits for a lead and follow, but learning how to stay in a thermal is not
one of them, whereas how to climb faster might be.

1. Confidence building.

2. Faster climb rates.
3. Perfect cruise performance.
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Route and Cloud selection demonstration — decision making.

Street flying centre line.

Street flying — with the aim to keep flying it faster (Dolphin and anti-Dolphin).
Mutual pairs flying.

Final Glides.

Lead and Push — confidence and decision making.

©ooN O A

For me I find Item 9 the most beneficial in trying to teach any individual most aspects of
cross country gliding. Leading from the rear! The student (or mentee) acts as leader whilst
the instructor (coach/mentor) is the No2. The mentor should have no difficulty following (or
avoiding) and will ensure that his mentee has freedom to manoeuvre. Similarly the mentor
should be able to absorb any required spacial awareness of airspace, airfield options, lift
sources etc.) The student must be encouraged to make timely sensible decisions. The mentee
decides (including when) the route to be taken (Left, middle, right) and the experienced
guider will agree or suggest a simple alternative but likely only if the selected option is likely
to be disastrous or the other option is clearly better! Hopefully the student is not
continuously criticised for his decisions, the mere response of making a timely decision and
committing to it is a good start for some! The chances are that most early cross country pilots
will dally in their decisions, (under confident) cruise too slowly (no one has taught then to fly
at 80knots) and stop in every thermal they hit, especially as they were advised to do this for
their silver C - get high and stay high. The mentor can correct anything as appropriate
including the cruise speeds and techniques in between. Hence the term ‘Lead and Push’.

Lead and Follow

Where to follow?
Mot exactly behind, as you will lose performance flying inthe leaders downwash.

W i
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2 SHIP FLYING

Mutual Benefit.
Less than 250 metres.

4+ T

Lead and follow.

1

Lead and Follow

About 10to 20 seconds behind and halfa wing span outis
good.

This allows freedom forthe leader and you benefitfrom the up
washfromthe leaderstipvortex to helpyou keep up.
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Lead and Follow

About 10to 20 seconds behind and half awing span outis
good.

Updraft

Spacing

» The reason for 10-20 secondsis simple. Firstly
it hopefully means that you won't lose sight of
him.

+ |ttakes about 25 secondsto do a 360 once
established in a thermal so cutting the corner
slightly when turning in behind the leader means
that you end up directly opposite so each are
both in sight.

* |t also becomesclear whether you are going to
climb or ‘S’ turn.

Lead and Follow
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10 seconds

20 seconds I

Lead and Follow

5 Turn
Leaderturns
away from No 2

I
1

Leadand Follow

‘S’ Turns
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The purpose of S turns is to confirm the real strength of the thermal you are brushing against.
Hitting rising air coupled with a lifting wing is generally not enough information.

Turning hard against the rising wing will give a true indication of the thermal power and a
decision is made after 90 degrees of turn whether to continue the turn and climb or reverse
and run on.

The penalty on a loss of ground speed is significant. It is normally used as an addition to
energy when cruising down wind.

Flying in to a head wind the height gained on a rejected thermal is often completely lost
accelerating back up to cruise.

In club flying it is rare to find pairs flying routinely so it is important to recognize that when
you encounter this situation you maintain a good lookout and expect the other glider to do
something unexpected and never presume that the other glider knows what you are expecting.
In any competition the chances of finding yourself flying along side or just generally with
another glider for some of the task, even though you have had no previous conversation with
them, is high. It is more important to work with this person and as such you have
inadvertently become a pair flying for mutual benefit trying to perform better than those in
another thermal or on a different line/time frame. In other words you are not racing the man
in your thermal. Of course searching on difficult days of spread out, blue, or low, as a pair
covering twice as much area offers obvious benefits to both concerned. In these cases it is
important to help each other and therefore beat those who are not with you.

The techniques described above about lead and follow, are exactly the type of flying the
leeches do. Part of the sad fact is that in a gliding competition roaring ahead is rarely any
advantage as you struggle to find that strong thermal which is surrounded by heavy sink,
which is sometimes the only bit you seem to be able to find for a couple of turns, after which
the followers come in over your head!

Planned mutual flying is not without its difficulties. The previous guide on lead and follow is
still used but who ever is the leader leads and this can swop over several times during a long
cross country until one gets left behind. However there is a risk that you can spend so much
time looking at each other that there is no benefit because neither pilot is looking ahead. Also
there is a question of communication. For example who is making the decision about the
routing and which thermals you are going to climb in? These decisions are normally taken
after a considerable amount of information has been considered and depends on each
person’s brain power, experience and confidence. I would strongly recommend that you take
an opportunity to fly in a 2 seater together a few times to see just how each of you fly and the
considerations you take by chatting away without cluttering up the one air/air frequency we
have.

Whilst flying dual there is an easy conversation between the pilots within the cockpit with a
thorough discussion of ideas. Once in your solo machines the ability to chat is not available
so some thought is needed to understand each others suggestions as to what to do and do it
for mutual benefit.
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