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Thermals - Simple Model
Rising Column of Air
Warmer than Surrounding Ambient Air
Surrounding Air Sinking or Stable
Visible Examples
Smoke Column / Steam Plume
Whirlwind
Dust Devil
Tormnado (Extreme Case)
Strongest Lift at Center of Column
Lift Weakens as Radial Distance from Center Increases
Turbulent Chop at Interface of Lift and Sink
May be a Bubble of Rising Air
May Have Horizontal and Vertical Movement

" Cumulus Clouds Mark Thermal Lift

Sharp Outline - Building

Indistinct Outline - Dissipating

Concave Upward Base

Best Lift |
Under Darkest Part of Upward Concave Cloud Base
Under Upwind Third of Cloud
Near Sunny Side of Cloud

Wispy Clouds
Developing Clouds - Growing
Dissipating Clouds - Shrinking or Disappearing

Soaring Birds Mark Thermals
Good Markers
~ White Pelicans
Golden Eagles
Red Tailed Hawks
Vultures (at low altitudes AGL)
Poor Markers
Seagulls
Birds Flapping Wings
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Thermaling

Use Audio Variometer
Constant Airspeed Slightly Above Minimum Smk Speed / Safe Stall Margin
Constant Nose Attitude = Constant Airspeed
Constant Airspeed Lets Vanometers Show What Is Happemng Outsxde
Vary Bank Angle
Shallower Bank when Lift is Increasing
Steeper Bank when Lift Is Decreasing or in Sink
Slip - Don't Skid
Tail of Yaw String Toward High Wing - Safe
Tail of Yaw String Toward Ground - Beware

Thermal Entry

Turn Toward Lifted Wing
360 Turmn IfLift Increases
270 Turn If Lift Decreases

Center Thermal

Mentally Picture Location Of Lift

Use Ground References

Use Cloud References

Use Sun References

Make Relative Position References

Compensate for Wind Effects

Try to Get High Constant Rate of Climb on Variometer
Try to Attain Highest Average Rate of Climb

Gaggles

First Glider in Thermal Determines Direction to Circle
May Have Local or Contest Rule for Left Turns Near Airport and Turnpoints
Circle Same Direction as Gliders Already in Thermal
Do Not Endanger Other Gliders
Maintain Airspeed with Safe Margin Above Stall
Know Where Other Gliders Are
Keep Other Gliders Near Same Altitude in Sight
Avoid Flying in Blind Areas of Other Gliders Near Same Altitude
Communicate with Other Gliders in Gaggle
Hand Waves
Radio
Use Other Gliders as Variometers
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Top of Useful Thermal
Cloudbase
Inversion S PRI
Weakening Lift | S
Through Out . ' B
Exiting Thermals I

Do Not Endanger Other Gliders in Gaggle
Increase Airspeed for Flight Through Sink
Departure from Tangent of Circle .
Safer If Near Other Glidéts::
Departure through Center of Cn‘cjé
Only If Alone
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TOM BRADBURY

e early halt a century ago the "bubble the-
wy™ ol conveclion was inlroduced 1o explan the
.hape of thermals. It was nol universally ac-
:epted and slill produces protesls from some pi-
ols. The idea was dispuled by some meleor-
viogisls oo who prelerred the idea ol a "thermal
ilume™. which is anolher way ol describing the
hermal as a column.

The bubble theory arose Irom studies ol a
valer tank in which a dense sall solution (marked
vilh a while precipilale) was allowed to sink
hrough the less dense pure water. The diller-
nce in densilies produced much the same mo-
ons asn a thermal which nises through a colder
jenser aimosphere. The time lapse pholos
ooked remarkably like real cumulus clouds
vhen the piclure was inveried so that the sall
:loud appeared to rise.

This piclure of a thermal bubble appeared
yartly because lhe initial watery thermal was re-
eased as a cup shaped mass in the lirst place.
4owever. the majority of real thermals grow from
1 wide area abaove which the warm air exisls ini-
ially as a shallow layer. As parl of this air nises il
orms a lall column which is ted by an inflow of
surlace air. On calm days windsocks ollen re-
real where a thermat has litted olt.

The bubble shape lirst appears al the lop ol
he column. This column probably remains in-
acl until the supply of warm.air is cut ofl. Thus
hermals can be both columns and bubbles. bul
==~ ysually begin as a column and develop the

)le circulation at the top

Stubble fire illustration

Photo A shows slubble fire smoke forming a
:olumn which changed inlo a bubble shape at
he top where a small cumulus lormed. Although
he stubble lire supphes more concentrated heal
han i1s available lor most thermals the shape ol
he it 1s probably 'similar. While the hire contin:
1es Ilhe smoky column has lairly parallel sides
Nhen Lhe lire dies oul lhe base ol the column
1arrows and breaks olft: The remaiming smoke 1s
jrawn up inlo the bubble and soon spreads oul
inder the inversion.

Simple thermal structure
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fig1 The sequence Ato D shows how 2 ther-

nal column can evolve from a layer of warm
‘ace air. Exhauslion of the supply tirst
.uces a neck in the column. When this

yreaks the bubble structure lakes over.

Il seems likely thal many thermals have Lhe
;ame struclure as in Fig 1. At A the column has
usl begun and the lop is pushing the air aside
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BUBBLES

OR COLUMNS

Some thoughts on the shape of thermals and how they show
up when cumulus clouds develop

Photo A. Stubble fire showing parallel sides
to the smoke column until it reaches cloud-
base.

inilialing the oulflow ol a bubble. Al B the col-
umn broadens at the lop and the edges are de-
veloping the outward curving motion lypicai ol a
forming bubble. The column also develops a
neck near the base where the air 1s accelerating
up In C the supply of warm surface air has
ceased and the column s drawn up into the ex-
panding bubble. The final stage is shownin D. It
is likely that the bubble. which s expanding as 1t
draws in cooler air. loses so much heat thal only
ils momentum keeps it €t ~sing

Many bubbles come 10 rest soon alter siage
D but in very unstable air a lew conlinue 1o shool
up leaving a Irail like a rockel Wind shear even-
lually blows them lo one side leaving a slanting
spur 10 evaporale in the dry air

Vortex rings

The extreme case of a bubble 1s the voriex
nng. A fully formed nalural vorlex ring 1s proba-
bly rare. It can be observed when the thermal
starls as an explosion, for example when a peirol

- lank blows up alier an awcrall crash. Then the

hol air is hurled up inslead ol nsing naturally and
insiead of a column you get a vorlex nng The
column lorms laler when the syslem setlies
down inlo a long lasting lire. Oid fashioned sieam
locomonives occasionally pulled oul vortex nings

Irom therr funnels. Early atomic bomb tesis also
produced vortex rings.

There 1s a iendency for vorlex ring siruclure
lo appear in strong lhermals. Il shows up in grow-
ing cumulus. The core of the thermal nses al
aboul lwice the speed ol the summit. The upper
edges of the cloud move oulwards from the axis
of W1 and slow down. Fig 2 A shows how the pro-
hle of a growing thermal expands wilth small
bulges moving oulwards as the cloud ascends.
Seen lhrough a theodolile these edges sink rel-
ative lo the summil. Some actually are in sink
This sink can olten be found jusl belore you
reach a thermal Thus a thermal bubble contans
the imihial stages of a vortex ring but it seldom
develops lully.

Fig 2 B shows a lrue vortex ning putied lrom a
funnel. It 1s given a boost before it emerges and
lnction trom the inside of the funnel helps creale
the spin which keeps the ring inlact as il nses
Vorlex nngs do nol all rise like this Skilltul pipe
smokers can emil them at any angle

Some visual indications of thermal
structure

Biue thermals remain essentally invisible unil
they pass lhe condensalion level. Somenmes
they carry up dust which forms a visible haze
cap which shows up well when viewed through

Above: Photo B. Very short lived pulf of cu
lormed where a strong thermal penelrated
an inversion. Below: Photo C. Very flat cu
with cloudbase just below the inversion.




_elt: Photo E,

ear effect. Old unsupported bubble blown

off to left, ne

@nsupporied bubble (left) leaving only cloud tendril where the moist core had been.

polaroid glasses. Lasers have been used lo track
e dusl in a rising blue thermal. An American
Helicopter pilot equipped with infra-red goggles
ad desert thermals appeared as snaky
#solumns.
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I‘Air motions in a rising thermal show-

+ A how features move outward lrom the
ain axis. In B the bubble is hurled upwards
by an explosion.or from a funnel) and a vor-
x ring can form.

= Thermals starl 1o nse because ihey are

-armer and hghter than ther environment but
mnce in motion they develop a momentum which
-an carry them up even when they have lost their
mxcess lemperature. A slrong inversion halls

s10st thermals within a few hundred leel. Litlle
mulls of cloud occasionally mark the peak ol a
.1ermal which penelrates the inversion. These
»ulls appear when the condensation level is
woove thenversion. They are lormed by an over-
®hooling thermal thrusting into the dry stable aw
alolt. These pulls are extremely shorl ived and
9 not look much like bubbles. Ther motion |s
«nielly horizontal showing that the upward mo-
“entum ol the rising column has been diverted

Photo D. Deep convection. The thermal col-
umn under the main dome had ceased and
there is no flat base. New lift likely to be de-
veloping further to the right.
sideways Photo B shows such a pull nsing inia
a wind shear which pulled the tendrils of cloucd
over lowards lhe lelt It was one ol a number ol
very briel pulls lormed in strong thermals over a
sun lacing slope They were the only clouds on
an olherwise blue day

When the condensation level is just below the

w active bubble forming on right. Right: Photo F. D

inversion one gets typical shallow cumulus
{Photo C). Any bubble which had lormed lowsar
downs liatiened out under lhe inversion. In caim
condilions one can see the elements of cloud
moving oul lram the core in dilterent direcliors
belore evaporanng. A good hme 1o walch this .5
when lying on the ground at the launch poi~:
wainng lor one’s turn. Strong thermals producs
marked honzonial movemenis in several oppos-
ing direchions where the air s dellected by ir=2
nversion. Small' hook shapes may appear il itz
clouds are deeper. These are caused by (F2
wind shear trying o roll up the cloud. | have seen
a complele hoop formed this way bul it evapc-
rated too rapidly lor a pholo

In less slable air when the inversion s hic
above the condensation level clouds grow larc
enough 1o show the siruclure ol the thermal morz
clearly While the thermal column fasts the clouz
base 1s usually llat and-well dehined When =
thermal columa ends the cloudbase graduaity
loses its sharpness but the top may go on nsir:

L
Fig 3. Simplilied cloud outlines lo accom-
pany photo D. Thermal A is turning into a
bubble with no supporting column below but
the new cell B shows where useful lift occurs.

Left: Photo G. A three bubble cloud; oldest top right, youngest just starting bottom left. Right: Photo H. Decay due to ending of thermal column

2low cloud.




BUBBLES OR COLUMNS

An active bubble is marked by adeaﬂydeﬁned'
dome top.

ing column. Atmsstagelﬁsg bub-

orobably a fueh ! ,
bls very liké the laboratory m_odel}l’here s | &=
- !huhbq.(}ne, .

‘seldom any useful it below.

, has to move Upwind-to l6catBs

“iftwhéro the frext the tmai
phfication of photo D which
The original thermal is at A where it is still rising
with a well formed dome but the decayed cloud-
base beneath it shows there is no longer a col-
umn of [ift entering the cloud directly under the
dome. The new thermal at B is more recent and
had lift below cloudbase at that time.

Wind shear pushes dying bubbles
aside

A long lasting cumulus may be seen to have
formed from several columns which broke off
into individual bubbles of cloud. As the support-
ing column dies the dome shaped bubble goes
on rising for a time but is apt to be drifted side-
ways by any wind shear. Photo E shows the old
bubble blown aside to the left and a new: céll
forming to the right. Photo F illustrates the fate
of such unsupported bubbles. The first sign of
decay is a loss of definition at the eloud edge.

shaped
~ Rising domes show ﬂvemxﬁilwofmeﬁtermal. :
bubble for some time after it has Iost its Support- -

{1 A"~ most thermal columns. The turbulence caused

Active domes. "'Jten have many smaller bulgas are extremely hard to work at low levels.

growing out ¢f fibm. When a dome decays the

be eroded by mixing with thie’ slfrrounding dry
alr. The oldcore ts!asﬂogo Photo.F shows the -

i\ # warm air from developing over the ground.

5 flabby.. ﬁl&edgasgreﬁtsttm- .

- <..‘_

BWIng:0 lo'iﬁe :

demeath.Thewhdshearwasfmm@httoleﬁ
‘Flg 4 shows how the cloud'in G evalved. The
first and oldest bubbjp ath éady begun
toleseshape ontheright; asﬁghﬂyyngr;gptbub-
-big:B appearsattopleftwlﬂgal%;g*and!mud\ '

mudhsmaﬂercu hadbythenbeguntbfonnwell
to the left of the original cloud.’

Effect of strong winds
' Long lasting thermal columns form best in
" very fght winds. Strong winds tend to break up

. by strong winds prevents large reservoirs of

Instead the turbulence tends to pull broken rough
- bubbles of rising air off the warm surface. These

Higher up the rising air seems to merge into
-farger volumes of lift and near cloudbase the
- soaring becomes easler. A big cumulus moving
duickly downwind seldom has long lasting roots
reaching right down to the ground. However,
strong winds offen produce cloud streets which
. have a differe; Bonger lasting helficat circu-
lalion under théh

GPS JOTTINGS

Edited by DICKIE FEAKES

This issue | am going to cover two
topics; the recent press story that
during August 1999 GPS will fail; and
some further discussion on its
accuracy, particularly in relation to
differential GPS (DGPS).

A few months ago a widely published press
story forecast that during August 1999 the GPS
system would fail. The basis behind the story is
that GPS uses weeks to keep track of time, with
week 1 being the time that the first satellite was
placed in orbit. During August 1999, the week
count since that time will have reached 1024,
which in computer binary notation is the highest
that the GPS system can apparently cope with.
Hence the suggestiori. was whien the week couit
réached this figure, the system would cragh. In
reality, thedwgners of GPS software have. long
realised this !imutat:on and taken steps to pre-
vent any disaster. -\

Notwithstanding lne above, if you are plan-
ning to celebrate the millennium by visiting
Australia to do your 1600km triangle, it may be
unwise to rely on the system correctly operating

«4r IGC approved logger at miflenium rollover,

Jthrs UTC (GMT) on January 1, 2000, which
will occur just about as you go through the start
gate Australian local lime...

Much uninformed comment is heard in the
bazaars regarding the basic accuracy of GPS
and one particular story often heard says that in
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GPS system to which wé have ré
around ten metres. This level of: aewracy is de—

graded artfficially bytheUS military by medns of

a systenxcalled Selective Availability (S/A): S/A

degrades the systém accuracy to a maximum of
100 metres by altering the clock iming on which
the sylem relies.

The effect of S/A can easily be seen by cou-
pling a logger to a static GPS and analysing the
resulting trace. It will be seen that the apparent
position follows a geometric pattern over a pe-
ricd of some hours rather than a totally random
scatter. Furthermore, if two systems are set up
side by side, the pattern will be identical in both
units. This fact is used by DGPS to calculate a
correction at any given time so that the position
error due 1o the incorrect timing signal can be
corrected.

This is achieved by positioning a master GPS,
combined with simple data link transmitter, at an
accurately surveyed posiliori. Every second, this
master GPS compares the calculated GPS po-
sition with its known accurate position and pro-
duces an position efror. This position eror is

.theh transmitted by thé datalink; tégether with

data which Identifies which satellites {or constel-
lation) were used to calculate the position.

A GPS'coupled to a suitable datalink receiver
uses this information firstto select the same con-
stellation with which to calculate its position, and
then uses the received error signal to correct
that position. The result is that extremely high
degrees of accuracy can now be achieved, typi-
cally betterthanone metre horizontafly and three
metres vertically.

In many countries, some FM broadcasters
transmit this differential information on a sub car-
rier. This means that it does not interfere with

the normal radio programme being broadca!
but can be decoded by a suitable receiver. In the* -
UK, Classic FM already broadcasts differential
information and by paying a licence fee, it is pos-
. sible to extract this DGPS information and feed
it to your handheld or glider mounted GPS re-
ceiver to give it a high degree of accuracy.
However, it Is difficult to see why in gliding,
even in World Championships, accuracies of this
order are required. The straightiorward S/A sig-
nal is mind bendingly accurate for most of us,
and if the US military turn off the S/A, as they
have indicated they might, it is difficult to see
why gliding needs to get involved in the com-

plexities of DGPS.
Please call us now on
Mansfield (01 623) 822282
or Fax (01623) 822695 Ve
FABEN INSURANCE O
CONSULTANTS e
- BB |
Mansfield, Notts. NG21 9N s tommes

SAILPLANE & GLIDING
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The azm is always to get 1ntoJ-he llft qulckly thh a m1n1mum rxsk of losxng 1t

. fTurn lmm lately 1f you feel a good- surge and the Varlo needle xs
,;p131ng. ‘Aé fxrst turh Shonldn;lways be txght.~g;¢

Turn txghtly (steep bank»?low speed) to keep close to fhat ‘area.

If the rate of cllmb contlnues to rise, keep turnxng
At 5 tar ed turn a little less than

e win,
This gh aTdget - you Ba&k;to where you felt
m\”ﬁtue " "e"‘d\l
A Qsenderror

‘53§g:
(-) ,+qgr1urn

Always make corrections positively uSing all the rate of roll - use full
aileron and rudder to straighten up and go back into the turn.

‘Never Fevérse thesfirn.

Never straighten up and wait for the lift to improve. Remember that a fast
vario will always show an improvement on straightening up.

‘Move a-little e.a‘gf:h'_;gvi‘rcle and judge the_lqverau‘-result, good .or bad. .

When apparently well centered but in weak 1ift, gradually widen
the turn to cover a larger area. If a surge is felt, immediately
pull into a very steep turn to center on it. Only use this method
if you can make a significant ircrease in the angle of bank.
Steepening a steep turn does not move the circle much and can
result in losing control.

’3)33‘33§3333§%3333?§
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If a surge is felt while turning steeply, continue the turn and CZiii,ofe“°°F
open out early towards the position of the surge.

'Only keep turning steeply if the rate of climb is good. Otherwise .
widen the turn again to find another surge. . ﬁm“‘-“

- . . - - w w
If during a turn sink is felt, continue about 90 degrees and then .
open out to move away from it. Never continue circling half in i .
and half out of the lift without making a small

11 move on each Wibue /
turn. NS

Never speed up in sink when turning. resaodt

nose drap3™
Turning at 20 - 25 degrees per second, corrections have to be made very early
and quickly to move where you want to go. As soon as the wings are level go

lmmedxately back into the turn. Even this moves your circle qu1te a long way
in a modern glider.

3993993323333 3333 3 3 3
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Practise very steep turns at low speed so that you can turn with well banked
turns confidently. You must know the characteristics of your glider when it

stalls in turns, most are virtually impossible to stall in turns of more than
about 35 degrees of bank.

i
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Probably the most difficult thing to
teach a student, or for a rated pilot to
learn, is how to get the most out of a
thermal. Moststudentshavetheirhands
fulljust flying the glider. Only advanced

students can begin to grasp the funda-
mentals ofbasic thermaling techniques.
Frequently, private pilots have certain
ways (habits) they think works for them
and are unable, or unwilling to learn
new and better methods.

Have you ever been happily climb-
ing athermal and feeling youhad really
nailed it only to have a lower perfor-
mance glider come in below you and
quickly climbaboveyou? Thiscandrive
a pilot to drink, not to mention a severe
case of embarrassment. This happened
to me all the time when I first started
soaring. I was a transition pilot and got
my glider rating without being taught
how to thermal successfully. Iread.all I
could find on the subject, talked to all
the hot shots, and practiced, practiced
and practiced some more. Now, after
more than 10,000 glider flights, I think
thatI'm finally beginning tounderstand
some of the basic principles of good
thermaling. Following are some of my
ideas on how to thermal successfully.

Common errors made when
thermaling are:

1. Poor speed control

2. Bank angle too shallow

3. Corrections too late or incorrect

4. Fixating on the vario

In a contest or during a long badge
flight, good thermaling isa must. Many
pilots get in bad habits when flying
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locally by being satisfied witha fair rate

of climb. You must constantly try and

get the most out of any thermal you are
working. You must also leave it at the
correct time and move ondown course.
How many times have you worked
several 3-4 knot thermals and flown to
another cloud, losing only a few hun-
dred feet and stopped to work a 2
knotter? This practice should be
avoided! Continue throughaweak ther-
mal, only slowinga little in the weak Lift
and continue tosearch foranother good
one. Only work a weak thermal if-you
are gettinglow and indangeroflanding
out! Of course, onweak daysyoushould
tryand workweak thermals toimprove
your thermaling technique.

Lay out a good 50 to 100 km task
around your home field. Fly this task
every time the lift is enough to insure a
good chance of the task being com-
pleted. Timeyourselfand compute your
averagespeed when the taskis finished.
Carry a barograph, if available, and
analyze the trace at the end of the day.
Count thenumber of times youstopped
to thermal. You will probably see sev-
eral climbs in weak lift for only a few
hundred feet. These are most often er-
rors, and cost time. At first you will see
alotofsmall climbs and short periodsof
cruise, sort of like a fine saw tooth.
Laier, you wiil see ionger periods of
cruise and sharper (and fewer) climbs.
Your speed will also improve. Make a
list of errors (poor decisions) made and
try and reduce the count on your next

flight.

When instructing students in how to
thermal I like to tell them that there is
ONE time they should shallow their
bank and TWO times they should
steepen their bank. Shallow the bank,
slightly, if the varioisrising. Steepen the
bank, slightly, if the vario is falling.
These corrections will cause the glider

" to center itself in the thermal. Steepen

the bank, quickly and much steeper, if
the vario is near the top of the best lift
you think is possible.

Get a good picture in your mind of
where you think the center of the ther-
mal is located. Anticipate when you
think you are going to tum back into
stronger lift and shallow your bank
quickly just as the vario starts to rise.
Thisisvery important; pilots frequently
delay this correction until the vario has
risen substantially. Remember, there is
some delay in the fastest vario. You
must be “thinking ahead” of it. Late
corrections will take you out of the best
part of the lift. Shallow your bank at the
firstrise of the varioand hold at the new
bank angle for a couple of seconds and
then quickly steepen the bank, don't
wait for the vario tostart to drop. If you
perform the correction properly you
will be quickly rewarded with a faster
climb rate. For example, you may be
circling at an average of say two knots,
getting four on one side and near zero
onthe other. Whenthe vario firstbegins
its climb from zero knots, shallow the
bank. The variomay only have climbed
to two knots when you steepen the
bank.Ifthe correctionis properly made,

SOARING
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™e rate will continue to increase as you
epen the bank and stay at the higher
" wue(say 3 knots) throughout thetum.
@  you have obtained a fairly solid
“sfclimb aroundafull circle, try and
f™ake the circle smaller with a steeper
pank for a higher average rate of climb.
™ The only times youshould ever ther-
above minimum sink speed are if
,ouare working a very turbulent ther-
(al, or are very low (less than 1500 feet
AGL). Frequently, you will find thata
™seed lower than minimum sink will
ctually givea fasterclimbbecause your

+ _rcles are smaller.
 Throughout the climb it is very im-
~ portanttomaintainyourairspeed at the
M roper value. Whenyouarecircling off-
ﬂﬁznter ina thermal you will experience
hangesinairspeed withNO change in
he positionof your controls. Whentumn-
ang into STRONGER lift, the airspeed
™nll show a slight increase. You should
add just enough additional back pres-
ure to maintain the correct airspeed as
ou make your bank correction—a
" shallowing of the bank in this case. The
{™everseis true whenturning intoweaker
1ift. Learn to use your ears to help with
™irspeed control. Slight changes in air-
(@peedcaneasilybeheard byapilotwith

,g%: ear.

™ e error pilots frequently make
n first entering a thermal is that
(M.ey ease the stick FORWARD when
firstbanking, even though they were at
e proper airspeed for thermaling, or
svenslightly faster thanbest thermaling
* speed. I guess that they are afraid of
(™talling inthe turn. They will then (usu-
ally) add back pressure as the turn con-
inues toslow tothermaling speed. This
akes the first turn wider than desired
4nd probably costs 25 to 50 feet of climb

(™n the first circlet
Once youentera thermal be sure and
(™etrim for proper speed and put your
(@]l‘aps in the correct position for

' .hermaling. In most cases this will be-

full back on the trim control and on€ or
" two notches of flaps.
™ Another frequenterrorat thermalen-
try is failure to clear the turn. This hap-
(?:Jens even in gliders with audio varios.
mWNever fix your attention solely on the
vario. Clear before, and as the turn is
(™nitiated, or be sure you are wearing a
Ngood parachute! You must also con-
~.inue to clear the area while you are
thermaling.

Qccasionally I like to get in a thermal
™ \another glider andgﬂy positionon
™ /-nottrying tothermal myself. This

~ay I can see if he is making the same
gesorrections I would make if thermaling
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alone. I also spend a lot of time in the
back seat of trainers observing pilots
thermaling. Thisiseasytodointhelocal
area except when getting low and the
“student” isn't doing a good job—or I
think I could do a little better. I tried to
let some of my students do some of the
thermaling when we took our Lark to
Hobbs, New Mexico a few years ago to
fly in a contest. This only lasted a few
minutes and I ended up doing all of the
thermaling after we started a task. My
co-pilotswereactually thermaling fairly
well, but not good enough to make me
comfortable.

Most glider pilotsalso like to thermal
in one direction only. When forced to
thermal in the “wrong” direction they
do a poor job. Two suggestions: If you
are one of the many who prefer one
direction, force yourself to thermal in
the opposite direction when flying lo-
cally. Eventually you will be able to go
both directions equally well. One rea-
son some pilots always seem to turn to
the right while thérmaling is that this is
the direction they turn in the first ther-

" mal as they release from tow. When

approachingagoodlookingcloud make
sure youaren'tholding thestick tightly.
Relax. A light grasp on the stick will
allow you to “feel” the thermal as you
enter. One wing willalmostalways rise

- alittle. This indicates that the thermalis

stronger on the high wing sideand you
should turn in that direction.

After deciding whichway toturnyou
must thendecidewhen to tum. Thisisa
more difficult question. Try and pen-
etrate into the thermal until the vario
eitherstartsto fallorshowsa very good
rate of climb near the top you have
found on that particular day. Enter the
first turn with a sharp roll to about 45
degrees of bank.

One factor thateffects whentoturnis
the direction of the wind. If flying into
the wind delay the turn more than if
flying with the wind. If you are coming
intoathermalbelow acloud youshould
consider the position under the clouds
where you found the last few thermals.
If the wind is light the position under
the clouds can vary a lot. If the wind is
a little stronger look on the upwind or
sun side of the cloud. If you can see a
concave high spot in the bottom of the
cloud you can bet that's where the best
lift is.

I do feel that certain gliders climb
better thermaling inonedirection. I think
our Grob and K-8 do better tuming to
the right, while my LS-3 feels better to
the left. I reason that this is due to a
slightdifferenceinrigging of theglider,

or maybe one wing is heavier than the
other. This is probably a figment of my
imagination, but 1 will always turn in
my preferred direction if I don’t feel
good wing lift in the other direction.

When I first started flying contests |
was a right hand thermaler. You are
required to thermal to the left within
five miles of the start gate and all
turnpointsincontests. This caused mea
great deal of difficulty until I learned to
thermal to the left. I almost landed on
several occasions and had a difficult
time climbing high enough to make a
run through the start gate. :

I also feel that some gliders clim|
betterif the yaw string is keptslightly (5.
degrees) to the outside of the turn. You

" willhave toexperimenttwvith thisonthe

glider(s) you fly regularly.

Tthink that it is best for students first
leamning to thermal to fly gliders with
anuncompensated vario. Itis, of course,
easier to thermal with a good total en-
ergy vario because climbs, or descents
caused by poor speed control are can-
celled out of the vario. It is my feeling
thisleads to poor thermaling techniques
because the students never learn good
speed control. Thermaling with an
uncompensated vario forces better
speed control. If thespeed isnot smooth,
the pilot is unable to climb and will
quickly lose the thermal.

An audio vario will help the student
keep his eyes outside the cockpit. This
will lead to better speed control, aid in
getting a better mental picture of the
location ofthe center of the thermal,and
help prevent midair collisions.

Many pilots do fairly well until they
get low and are in danger of landing
out. [ had this problem in my first few
contests. Any time I got below about
1500 feet I usually ended up landing
out. The way I improved my low
thermaling skills wasto practiceathome.
1 did this by releasing from tow in the
first lift I hit after reaching 1500 feet. It
really helped to know the runway was
near. At first frequently landed backat
the airport and had to pay for another
tow. Aslimproved I moved the release
altitude down to 1000 feet. :

Another thing 1 did that helped was
to launch early (and often), while most
of the local group was still waiting for
the first cu’s to pop. At the end of the
day,Iwould try tobe thelast toland and
workthelast1/2 knotofliftI could find.
Thisreally smoothsout your thermaling
a great deal!

There is no substitute for practice. I
hopesomeof myideasareahelptoyou.
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Fig 50: Entering a Thermal

______ _5_..*“,__,__":.: ._

-o-- = -

DISTRIBUTION OF LIFT

Thermals are usually surrounded by sink. The red arrows show lift and sink.
a Here, the pilot enters a zone of increasing sink. He speeds up to the recommended speed-to-fly.
b From here on, the sink weakens and turns into lift. The pilot feels an upward acceleration and reduces

his airspeed.

¢ Here is the core of the thermal. The upward acceleration ceases and the pilot starts circling.
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, Centering

If your first circle in lift is so well centered that you
cannot improve on your rate of climb by making
corrections or shifting position, you have had a
rare stroke of luck. What is more, the air in a
thermal often rises in a highly irregular fashion, so
it is necessary to re-center continually, not just
once and for all upon entering the thermal. To do
this it will help if you can try to imagine how the

areas of differing lift strength are distributed in
space. Note where in the turn the lift is strongest by
reference to the position of the sun, the cloud-
scape or ground features. Then, next time round,
shift your turning circle as accurately as possible
towards the strongest lift. Alternatively, by observ-
ing the following simple and éffective rule, itis pos-
sible to correct as soon as you feel the lift
strengthening or weakening, without waiting until
you have completed another turn.

Fig 51: Shifting Turning Circle in a Thermal by the Centering Rule

In the Figure, lift is strongest in the left foreground, weakest in the right background.

The pilot naotes that the lift weakens from point A onwards and so he tightens his turn,' in accordance with the
centering rule.

From point B to point C, the lift improves again, so the angle of bank must be reduced and the radius of turn enlarged.
From point C onwards, the rate of climb is constant, so the pilot resumes his initial angle of bank. The yellow arrow
indicates how the center of the turn shifts from its original to its new position.
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{oining
Other

=
Gliders
‘J11der
™ This month's installment from
Maurie Bradney's “Flying Faster
ad Further” highlights.the act of
™ining other gliders in a thermal.
Although the title is “Joining other
liders”, I realize the article only
oeferences thermal flying, as there is
very little ridge soaring done in Aus-
~alia.
» This iy the second in a series of
wiree FE&F chapters to be reprinted
™ Westwind this year. The complete
EF&F set is to be published by the
wliding Federation of Australia
T FA) sometime late in 1998.
,:_.'q‘hanks again io Maurie Bradney
he GFA for sharing these ar-
Tewes. -Kempton {zuno

ﬁabmined by Kempion lzuno
=

It is necessary 1o be able Lo ther-

al efficiently in company with
ather gliders. Sometimes there is
unly one thermal within range and-

Pe only alternative to joining them

aill be to land. On blue days all the
velter thermals will be marked by
™iders, so that to avoid them would
he to impose a severe handicap on
,ourself. i
™  From a distance of 310 5
kilometres, aim directly at what you

an eyeball to be the centre of the
™ymmon circle that the gliders are
making.

As you approach the others Re-
®uce Speed! If you are carrying wa-
ter ballast, this will take much more

.stance and time than when empty.
Fhe speed to adopt is 5 to 10 knots
o KT than your normal circling

‘. This will give a crisp rate of
» _dnd allow maximum

manoeuvrability when you decide to
.rn.
>
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WESTWIND

In order not to frighten the
people you are joining or yourself,
you should aim at conformity with
the gliders that are already estab-
lished.

After reducing speed, sight the
glider which will be near your level.
Make small “S” turn manoeuvres so
that after it passes in front of you,
aim your glider at the tail of that
glider as if you were going to shoot
it down. Roll into the same angle of
bank and follow the glider around the
turn. This will put you into the ideal
position between one third and one
half a circle behind the other glider.
You will both be able to see each
other easily.

You should not be closer than 10
or 12 wingspans as the glider passes
across your path.

Initially use only the other
glider for positioning, do not take
any notice of your own vario until
you are following around in the turn.
If the lift is not up to expectations
you can then consider whether to
leave or to make some centring ad-
justments.

This system will cope with join-
ing up to three other gliders at the
same level in a normal thermal core.
If there are more you may have to

join from below or find another core.

If you can talk to the gliders that
you are approaching on the radio do
so, if not, give a wave of the hand
when you are near to indicate that
you are watching them.

If you fly around the outside of
the others and try to join by cutting
in front you will frighten everyone
and possibly get rammed by a glider
that cannot manoeuvre fast enough to
avoid you!!!

If you really must join them, af-
ter about a circle on the outside you
will be below them and can join eas-
ily using the same system.

Once established in the thermal
with other gliders you will find that
to centre the thermal you.will be able
to use variations of bank. Straight-
ening up and turning again usually
makes too much conflict with the
other gliders.

However, you will find that a
good gaggle will be climbing at the
maximum rate. Learn who will be in
every glider, so you will know when
you are in the best company.

You will sometimes find that you
are climbing much better than the
other gliders. Perhaps because you
are empty and they have full ballast
still. In these situations you will

CIRCLE TIME in SECONDS

SPEED Bank Angle in Degrees :

KTS 20 25 30 35 40 45<1-50 | 55 60
40 350 28 | 23 | 19 | 16 | 13 | 11 | 9 | 8"
45 == 26 | 21 | 18 | 15 | 12 | 10 | ©
50 |G4bEpBsalEo0E 24 | 20 | 16 | 14 | 12 | 10
55  |550530 EE 22 | 18 | 15 | 13 | 10
60 B 20 | 17 | 14 | 11
65 46 e Elba ok 18 | 15 | 12

G force I 1.06 1 10 ! 1. 15 1 22 1 311141156 | 1.74 | 2.00

CIRCLE DIAMETER in METRES

SPEED

Bank Angle in Degrees

KTS 20 | 25 [ 30 | 35 [ 40 | 45 | 50 | 55 | 60
40 |E2B7E 150 | 123 [ 103 | 86 | 72 | 60 | 50
45 189 | 156 | 130 | 109 | 92 | 76 | 63
50 161 | 135 | 113 | 94 | 78
55 163 | 137 | 114 | 94
60 | 194 | 163 | 136 | 112
65 80; 51232 722|=2283 191 | 160 | 132
G force | 1.06 ] 1.10 | 1. 15 122 | 1.31 | 1.41 | 1.56 | 1.74 | 2.00




wanl to work around those gliders to
climb above them.

On No account cut inside of any
glider in front of you. You Must go
around the outside or wait until that
glider is just behind you and can
keep you in sight as you change your
circle.

Another problem is when you
find that gliders may be making the
same diameter turn, but are travelling
at different speeds. As the pilot of
the glider being overtaken cannot see
the overtaking glider, responsibility
for doing it safely must rest with the
overtaking glider.

Most of the time gliders will be
making circles less than 200 metres
diameter. See the tables below. The
size of the circles in the shaded area
are (oo large to be in most thermal
cores.

When within 100 to 200 feet,
above or below other gliders, take
extra care not to get into a position
where you cannot see the other glider
and they cannot see you. ‘This ¥
“double blind” position has been re-
sponsible for several collisions in
Australia, and has resulted in the
deaths of at least three pilots. Re-
member you are not immortal!

WESTWIND

.De.qf Editor: .
Longrafolations oa the Januuq Jestliad.  The
Gantenbriak article on m?zf'f is dof‘f"\{ of vide dissemination.

L aoree fhat more of My frieads die in ofider accidents
than in avfomobile accideats. T doa't daat fo die in eifher,
but” at’ age 14 fhe dangers increase dve fo reactioa fime,
cfe.f"e.rioraﬁﬂg e,fe.sigkl", kearing, nemory, efe. Yo covnteract
fhese, I get yearly assessments of my flying skills, and
mainfain correacy and Froficiancf, Noo I favor flying dual,
asking fhe ofher pilot” 1o l\e,ff Qith traffic, and 1o inform
me dhen ke is aof ha dith ny f{f"ng. I also like 1o (and
af’ an empty airporf. At" Trockee for instance, I oill cirele
fhe airport high fo observe fhe traffic, the 4 oiadsocks,
imminent glider operations, and monitor the AdOS. If¥ T
am locky, T il (and on an empfy airport, annovncing My
infeations oa Unicom. Soar Truckee is very diligent in foding
me off the ronday in case I can't roll onfo a f’axin_arr.
Dhile thermaling, if I am Joined by adofher glider oo doa't
or can't A'r.ae_? a 1§0 de,are,e,.?osiﬁom Z leave and find
anofher thermal. I aloays fre.fe.r a ship Oith a
fransponder. I stack the deck in ny favor. T fried
competition for one year and das appalled at' the safefy
(evel. Lross—covAfry is an airport’ .'\o??ing exercise nAod Jith
fhe higher ?ar?ormance tdo-seafers. I appeal fo our
experieaced pilots fo comment on sa?e_f‘](.

—Enmil Kissel

T B S S e P L BT T R DR R RS R ar 4 IS AT T B G

LOTS OF LOW COST TIE DOWNS

800-345-SOAR
702-782-7627

| BUSINESS

MEMBER

OUR FLEET INCLUDES:

*DG-300 -LS-4A

*Discus B < Caproni Calif

* Mini-Nimbus <« Schweizer 2-32
*3 Grob 103 Acros <2 Grob 102s

Established 1978 « Incorporated 1982

Fax 702-782-6505

$12/month for gliders stored in boxes
$25/month for rigged gliders
$5/day for motorhomes & trailers

Two 260 hp Pawnees
No more waiting to launch!

Golf carts galore!!
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Our abundant and ffiendly staff is ready to assist
you from tiedown/assembly to staging and takeoff.
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The Impact of Rate of Climb. ... Coan
Negative Training

Why Local Flying Doesn't Help as Much as it Should...

The ﬂlght traamng syllabus specified by the FAA isn't really almed at
producing cross-country pilots. it is designed only to lead up to the
Private or Commercial certificate—the rest Is up to you.

That's bad enough as it is, but even worse is the fact that your earlier
training can-actually hinder your cress-country aspirations. One of the
buzz words in flight training circles is negative training, defined as.
“experience that inadvertently reinforces inappropriate habits or
responses.” In the context of cross-country flying, several aspects of the
dlider flight training you've already received probably fit this description.
While every pilot is an individual, the typical student errnewly-hcensed

gllder pxlot will tend to
*stay very close to the airport

-treat all thermals as discrete, isolated lift sources

«center all thermals, spiraling but never dolphining

«fail to “shift gears” when changing situations demand new strategy
shave difficulty accepting long interthermal glides

And here’s the Big One: in the typical club or rental environment, your
goal after takeoff was “to get your hour in.” This type of task places a
premium on finding and remaining in lift, no matter how weak. Most
pilots in this stage will develop a tendency to remain in lift long after -
they’ve stopped climbing, effectively reducing their average rates of climb.
This is exactly what a cross-country pilot should not do—in other words

it's more negative training!

On the next page we'll see just how important it is for a cross-country pilot
to maintain a high average rate of climb whenever he stops to use a

thermal.

THE IMPACT OF RATE OF CLIMB Air Sailing Cross Country Camp



The Impact of Rate of Climb, continued ¢

A “round numbers” demonstration

Let's consider a 300-km Gold Distance or Diamond Goal flight. 300 km is
162 nm, and a reasonable ground speed for the cruise portion of the flight
(that is, the glides and not the climbs) is 60 kt. (This corresponds to a 50-kt
IAS at an average altitude near 10,000 ft.) 60 kt equals 1 nautical mile per
minute, so a flight of 162 nm will involve 162 minutes of gliding; 162 minutes
is 2:42. So much for the cruise—what about the climb?

At a glide ratio of 30:1, that 300 km will require a total climb of 300 km/30=10
km. - Ten kilometers is ten 1000-meter Silver Altitude climbs, or 32,810 ft.
We'll round that to 33,000 ft and then deduct the first 3,000 ft for the tow.
How long will it take us to gain 30,000 ft?

At an:-average climb rate. of 1,000 ft/min, it will take us thirty minutes, making
the total flight duration (climb plus glide) 3:12. Even after throwing in an
extra thirty minutes for “getting out of town,” this is still & manageable 3:42.
This means that we’'ll have plenty of daylight for the entire trip, with room for
errors. '

' At a more realistic climb rate of 600 ft/min, our total climb time is still a ﬂ :

reasonable fifty minutes—just twenty minutes longer. But an average climb
rate of 300 ft/min will require us to spend 1:40 climbing! To summarize:

300-km Timetable

climb rate time to climb | time to glide | 30-min pad | total time
" 1000 f/min | :30 2:42 -30 3:42

600 ft/min 50 - |1 2:42 :30 4:.02

300 ft/min 1:40 2:42 :30 4:52

200 ft/min 2:30 2:42 -30 5:42

100 f/min 5:00 2:42 :30 8:12

You can see that no other factor could have as great an impact as climb rate.
Even if you could somehow manage to cruise at 100 kt you would only shave
about an hour off these flight times!

~

THE IMPACT OF RATE OF CLIMB Air Sailing Cross Country Camp
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The Impact of Rate of Climb, continued

Is This Trip Really Necessary?

(%
3

e

3

>y ;':;v .

2 Determine wind speed, say 15 knots. Go vertically up
from A to hit 15 knot wind line (point B)

3 Read average ground speed over closed circuit by
going left from B to C

4 Multiply speed by desired flight time in hours (say 3)
to obtain length of circuit. Therefore 30 x 3 = 90
nautical miles (167 km) ;

NOTES

This chart assumes uniform thermal distribution with-
out streets on an out-and-retumm along the wind for a
Libelle. Streets will increase the average speed

Use this ch.art to
Flight plan realistically
*Assess your own progress
*Develop a sense of when to “shift gears”

*Decide when and whether to abort a task

THE IMPACT OF RATE OF CLIMB 1y . Air Sailing Cross Country Camp
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- The standard sailplane polar
can be redrawn for non-level
flight. Sinkrates increase
sharply with increased load
factors. At a 60° bank, the load
factor is 2, and sinkrate is
increased 2.83x.

Sinkrate=loadfactor 1-5
Speeds are also increased. At
a 60° bank; the stall speed is’
mcrea% 1.41x

Stall §ﬁeed=loadfactor 05

Technical Thermalling- Chad Moore

30 Tbe Paths of Soaring Flight
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Less seVefé'ban'k's, such as 45°, have reasonable sink and stall values.
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200 Radius 400 feet

The Equations-of Motion 31
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up with a 30° bank in an unballasted glider. Sinkraes are also significantly higher.

Tuming radius, sinkrate; and .
minimum sink speed-are’ -
plotted here. Two wing -
loadings are shown, - ‘
represented an unballasted
and ballasted standard ciass

In both cases, there isatum
in the polar at 45°. The - -~ -
ballasted glider has a distince
disadvantage in a thermal. To
achieve the same radius, a

50° bank is required to keep

Great Basin thermals often have a narrow core, and the strong lift may only be found within
a 250’ radius. Turning radii greater than 400’ (sea level equivalent) are seldom effective for
single core thermals. The exception to this is near the top of a thermal, at cloud base where
latent heat release augments thermals (cloud suck), in multicore thermals, or when worklng

shear lines and the like.

The optimal bank, ballast condition, and speed depend on both the strength of the thermal,

the width, and the rate that lift increases toward the core. In the absence of more information,
a bank angle of 45° is often close to the optimal configuration.




Circ lmg polars for ASW 15 at wing loading at 5.75 psf
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Reichmann makes an astute observation in his book “Cross-Country Soaring. Miinimum sink
speed may not be the optimal speed to fly for a given bark angle. Since reducing tum| radius oﬁen
has a more beneficial effect than reducmg sink rate, Reichmann’s theory suggests that at st ee
bank angles, flying slightly slower than minimum sink speed is more beneficial than steepening
bank angle. In the “circling polar” above, four polars are plotted for 20°, 30°, 45°, and 60° banks.
At 20° and 30°, the optimum speed to fly is at the top of the polar (e.g. the minimum sink speed).
But at 45° the optimal speed to fly (shown by an open cirele), slides off to the left. This effect is
even more pronounced at 60°.

el

However, the optimal speed
to fly at 60° is just a fraction | - .
above stall speed in non- 1. Thermal profiles, sum curves for circling- fight
flapped sailplanes. This is by
impractacle, and potentially
dangerous at 60°. Tight core
thermals that require such a |
small turning radius are
bound to be turbulent,
thereby dictating more of a
speed margin. Certain
sailplanes may also lack the
elevator authority and flight
stability at these bank angles
and speeds, but the theory
is still interesting.

The lower figure shows three
wing loadings on three
thermal models. By “warping”
the polar relative to the
thermal strength, the effect
of wing loading can be
graphically demonstrated.

-24
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~ Thermalling “Helix” Pilot Inputs
7N
- S
-~ SPEED RADIUS
- D
~ , BANK SINKRATE
™
o N—
™ Circling in a thermal s actually a helix with The pilot chooses the appropriate speed and e
(™ reference to the airmass. to best utilize the thermal.
™™
™
Relative Cylinders
- ' 1010 feet
™ —_—
~ ‘ 132 feet
T ——
m  a)20° bank, 46 knots 550 foet
™ g
£ 400 feet
m 180 feet
M S ——
- b) 40° bank, 51 knots | 340feet
™ C"—‘_"—D
P
-~ " 4,
™
™. c) 60° bank, 63 knots
™ .
Three cylinders encapsulating 1 minute of flight for varicus bank angles. Data is for a 40:1 modem standard class sailplane.
i Drawn to scale.
M
m -
™  Circling Forces for level flight
™  BankAngle(Theta)] 0° | 5° | 10° | 15° | 20° | 25° | 30° | 35°| 40°| 45°] s0°| 55°| 60° | 65°
- FL“" 1.00] 1.01] 1.02|1.04| 1.06| 1.10| 1.15]| 1.22| 1.31 | 1.41| 1.56 | 1.74 | 2.00 | 2.37
P actor ]
-~ Horizontal Speed| 4 o0 | 1.00 | 1.01 | 1.02| 1.08| 1.05| 1.07 | 1.10| 1.14 | 1.19| 1.25| 1.2 | 1.41 | 1.54
- Vertical Speed} 400 | 1.01| 1.02| 1.05| 1.09| 116 1.24 | 1.35| 1.49| 1.68 | 1.94| 230 | 283 | 364
m actor
Circling Radius @
A 7 minimumsink| - |2000{1000| 680 505 | 415 | 350 | 305 | 275 | 250 | 230 | 215 | 200 | 195,
™

“/" - . -
Load factor is 1/cos 8. Forward velocity is load factor raised to the 0.5 power, while vertical velocity is the load factor raised

to the 1.5 power. Circling radius (in feet) is based on a modern standard class sailplane with a minimum sink speed in level

flight of 45 knots flying minimum sink speed for that particular bank angle. Data is for sea level atmospheric pressure.
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greedy nor impatient consistently succeed.

Cumulus clouds are by far the best indica-

a5 tion of lift. But often matters are not as sim-

ple as just flying under a cloud and finding a
thermal there. Large and inviting clouds may

4 arise from small thermals that can be hard o

14 locate. Patience is essential, and the search for
A lift under cu needs to be systematic. The

can clearly remember when [ goc

hooked on gliding: It was the day [ flew

2 2-33 for over four hours and was able

repeatedly to climb to over 5,000 fect.
This struck me as remarkable ac the dme,-
and today, about 1,000 gliding hours and
four gliders lacer, it still does. Finding ard
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 mjor one, and more easily
remedied than most.

After a brief consideradion of the mechan-
ics of circling flight and the variometer, |
have broken the discussion into the basic
phases of thermaling: finding, entering, cen-
wering and opamizing lif. The important
wpic of whether or 5ot to stop and circle,
and when (o leave after a climb has been well
covered in a previous asticle in Soaring 1.

FLYING skiLLS

Effective use of thermals requires the abili-
tv o fly a true cirde - constant bank angle
and airspeed - without reference to instru-
mencs. This is a fundamencal skill chac must
be almost automatic. A strong preference for
one circling direction can be a handicap
eicher when entering thermals already occu-
pied by other gliders or by encouraging turns
in the wrong direction.

There is na single bank angle chat’s always
suitable, but 45 degrees is a good place 10
sart. Shallower bank angles can keep the
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 ic is worth

noting that 2 45-degree banked circle takes

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

You must be able to flv safely with other
gliders. This requires that you develop the
habit of seeing all nearby gliders (and keep-
ing track of whar they are doing), and that
vou know how 0 enter a thermal thac other
gliders have found (bricfly, you start with a
circle that’s a bit too large and then tighten it
to march the other gliders’ circles).

INSTRUMENTS

An audio variometer with total-energy
compensaticn is important. Wichout TE
compensation, any movement of the elevator
produces an unwanted climb or sink indica-
tion. Without audio, a potendally 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 exhibic an inscrumenc lag, gener-
ally about 2 seconds. This arises in part from
the instrument icseff, and in part from the
fact thar variometers necessarily respond to
height changes and it takes time for the glider
t change heighe. [ 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 market everyone does pretry well. In
opical markers, good stocks are to be
tound, burt only by those who make use of
all of the information available, who are sys-
tematic in their approach, who are neither

- time and place to begin to understand the
4 day’s lift is right off tow. This should include

noting whether lift is on the upwind or

1 downwind side of the clouds, its location

with respect to the sun, and its strength ac
various altitudes. It should be possible to
relace 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 meneal picture of the wind.

IN THE BLUE

Beginners and even experienced pilots are
often needlessly unhappy about flying with-
out any cu for guidance, bur i’s 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 heighe of the lift is
concrolled 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 ro where
1 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 [ had read might promote thermals — and
fourd them. A more experienced racing pilot
now; I am often content to be part of a migrar-
ing flock, repeatedly transforming itself from a
strirg 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 [ 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 justify
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

|t A

Ly

* Thermals necessarily start out as a large, —_ ‘c
shallow area of heated air, buoyanc in the i
cooler air thar surrounds them, but —_— |
unable to move because of the enormous %
drag that would be associated with any - T
upward motdon. This allows for slgmﬁ- 14 &
canc hcaung of large volumes of air. "‘ : —
» A trigger of some sort is needed for the . - o
heated air to ascend. The trigger could \_/
be many things, bur 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 s born.

and zbout 1,000 ft in diamerer. I¢'s sur-
rounded by a region of sink, and the

strength of che lift increases towards the ‘

center of che thermal 3. Experience
(most of mine on the East Coast) sug-
gests this is a reasonable assumpdon.

Thermals significandly smaller become -

hard to use. Larger thermals are nice if
you find them. buc they still need to be
cenrered.

* 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

Figure 1:Thermal Model.
La depicss the speed of the
rising air across the thermal.
There is an annular region
of sink. The area of ift is
1,000 fi. in diameter, with
a core of 200 fz. The lif
increases linearly from -2 kit
to +&kr. Note the vertical
axis is speed, nor height.

16 depicts the area  [7]
of lift viewed from |}
~  above. For clariy, |
the region of sink is é
not shown. the 15- 3
meter glider at 2 |&
oclock is to scale.

* [t takes about 10 se dst
diameter of the modd '
abour 13 seconds at45h

* For a glider flying at 4) lct :
bank, the circle chamcrcr is ai)out 360
fr. The table shows how the cm:le grows
with decreasing bank anule, arxd increas-
ing airspeed. -

ratio of 20 suggest that cross coun
flight in indeed possxblc, since to fly 3¢
10 miles will cost about 1/2 mile =

* Gliders are small in comparison to (2.640 ) of altitude.
thermals; circles often aren'. : E ;
Airspeed 43 ke 50 ke 55 ke 60 ke
Bank Angle CIRCLE DIAMETER, FT
30° ' 440 540 660 780
457 360 440 540 G40 :
60" 250 310 370 440 3‘%
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drier, hills act as tnggers. and if chere is any
surface wind there is an additional impetus
for rising air.

My first trip 10 New Castle, Virginia: “As
soon as you're off the high ground, start think-
ing about landing, because thats whar you are

always helpful "Admiral” Hank Nixon.

TRIGGERING

Thermals do not require triggering ~
unstable sysrems have Huctuations chat
sooner or later become triggers themselves,
Bur triggering features such as buildings,
local hor spats (fires, factories, rock faces.
etc.) will usually bear random flucruarions
to the draw. Once the concepr of a large

going to be doing pretty soon. " Advice from the

Figure 2: Timing the Turn. Getting the timing right always helps, even if things don’t go
quite as wcfl as they have for Pz/or C AJ Too soon. Even with the correct turn dzmmon.
Pilor A gets o fly in sink. Bj Too late. Piloe B abo flies in sink. »ut as lease he knows w ivere

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

surface-bound pancake of unstable air is startea’ his turn as the lift began to decrease.

accepred (see sidebar), the search for ther-
mals reduces to the search tor sucface fea-
tures that encourage heating and fearures
that mighr acr as wiggers.

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

Other gliders are obvious indicators of lift,
but it is worth keeping in mind that misery
loves company, so it is essential to assess the
chimb of a circling glider or a gaggle before
rushing off w join in - i’ discouraging to
the airflow, there is horizontal convergence | leave a weak thermal and join a gaggle chac’s
and vertical motion. This can act as a trig- | noc climbing ar all. And since safety requires
ger. Some examples: Wooded areas. the edge | constant awareness of all nearby aircraft. ic
of a lake, towns (which are also local hot
spots and so doubly effective when there is
surface wind). and of course any kind of

Local Convergence
When air moves from a flar (low friction)
region fo a region with features that slow

really is inexcusable o sty in weak lift whilc
a nearby glider climbs well,

higher ground. ENTERING THERMALS
Timing the Turn
AErIAL CLUES

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

[ never second-guess birds. cither in find-
ing lift, or in centering ir. Soaring birds have
abour the same sink rate as glldcrs and a
much lower wing Ioadmo 2 Even without

Figure 3: Which Wiy To Turn. The further the eniry courseline is from a diameter, the
greater the cost of a turn the wrong way. A) No need to worry — both ways ave wrong, and
there is no way w distingush. B} Righs rurn i favered, bur unless the right wing lifts prior
1o the turn, the pilor does not knotw this. C) The sufficiently lucky or skillful pilor can per-
fectly tome the turi. ger the direction right, and be centered almost immediately In reality,
the very best pilots can do this perbaps once in ten thermal.

stick. This causes the glider to slow down
and accelerace upward. A glider in unaccel-
erated flighe at 50 ke encountering a 5-ke
updraft will see an increase in the AOA of
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 ro the glider both to indicate lifr and
help in timing the turn. This acceleration 1s
the single best indication thac useful lift is
present, and that che 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 alrirude lost circling in bad air. Figure 2
makes it clear why correct timing matrers.

Anxiety when low, excitemenc when high.
and perhaps an element of wishful thinkirg.
muake it easv to start the turn (0o soon - th
is a very common error. There is no sure
way of knowing the optimal time to trs.
bu for the model thermal che rule of
thumb of counting to three after getting a
good indication of lift is sound. A better
1ppmaxh i5 to rely on the variomerter: wiin

2-second lag, at 50 kr, the glider is abou:
1GO feer ahead of the vario, so starting the
turn ac the first indication of dr:crcasmg bt
will position the glider nicely.

Entering on a Diameter

Entering a thermal on a diameter (Figure
3a) guarancees thar the trn will be the
wrong way. It is important (o remember this
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NEW CIRCLE

INITIAL CIRCLE

Figure 4: The Initial correction. With the vario heading down for more than half the initial
circle its 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 lift. This
only works if the entry into the turn is reasonably well timed.

LANDMARK

[ ROLLOUT HEADINGW

_— [ ]

/—— INITIAL CIRCLE

l WORST VARIO HEADING ]4

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. Ths, too, is easy to
Jjudge 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

Ic’s more likely that the thermal will be
entered on a chord (Figure 3b,¢), and in this
case there is a right way and a wrong way o
wrn. 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 to this the certainty of turning the
wrong way when entering on a diameter,
and it is clear that in the absence of addi-

tional clues, it’s likely that the trn into the
thermal will be in the wrong direction. It
helps to know thar 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 immediarely
on entering the turn) indicate decreasing

N

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 correction can be made
by waiting until che glider has come arou;
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 thar a circle rakes abourt 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
bur nor yer 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 undl a more-or-
less steady climb is indicated.

It is easy to establish the heading on
which to roll ouc: 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 indicated worst
lift, roll our for abourt a second (- 80 fr). If
everything has gone according ro 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 ne |
essary. Small errors in the timing are nor
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
kr 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 licdle
practice, it is possible to stay aloft for as
long as there is lift, and to fly as far as the
lifr will allow.

It is also possible to fly for thousands of
nours, and tens of thousands of cross coun-
try miles, and still be learning, so grear are
the challenges and opportuniies 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,
without a good indication of real hft.

* Circling on the first indicartion of i
Ii&, rathcr {han tr}'ll'lg o rime :he % .
first turn properly.

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

* Failure to make a small correction
with each circle undl a thermal is . -
centered. '

* Failure to spot birds, developing -
cumulus clouds, and climbing glide

* Circling in 2-knot lift while neaxbj'r,,..
glidcrs climb at 5 knots. :

* Chasing every circling glider, Wlth-
out wartching to see if they're actually
climbing. :

» Trying to get the last 200" of climb &
from a thermal whose strength has
dropped by half.

* Staring at instruments rather than
looking outside.

. Sct‘tling for weak climbs on a day
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
gliders off tow do so all day long)."‘

* Blaming the glider for the pilocs '_:
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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