This section, Figure 1, and the photograph should go in a sidebar.

· Thermals necessarily start out as a large, shallow area of heated air, buoyant in the cooler air that surrounds them, but unable to move because of the enormous drag that would be associated with any upward motion.  This is very fortunate, since it allows for quite significant heating of large volumes of air.  

· A trigger of some sort is needed for the heated air to ascend.  The trigger could be many things, but all effective triggers make it possible for air to begin ascending in a relatively narrow column somewhere within the pancake of warm air.  Once this happens, there is no stopping the process and the entire volume of unstable air starts to flow into the trigger area and a thermal is born.

· I will consider a model thermal (Figure 1), circular, and about 1,000 ft in diameter.  
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· There is an annular region of sink, and the strength of the lift increases towards the center of the thermal 
.  Experience (most of mine on the East Coast) suggests this is a reasonable assumption. Thermals significantly smaller become hard to use.  Larger thermals are always acceptable, but they still need to be centered.  

· The diameter of thermals generally increases with increasing altitude and clouds are generally bigger than the thermals feeding them.  The photograph of a fire induced thermal and cumulus cloud illustrates this.
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Firecu!

· Gliders are small in comparison to thermals.

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

· For a glider flying at 45 kt, in a 45( bank, the circle diameter is about 360 ft.  

· Useable thermals are spaced, on average, at least every 10 miles.  This can be seen from an examination of GPS flight data and barograms.

· One thermal every ten miles, and a glide ratio of 20, suggests that cross country flight is indeed possible since to fly 10 miles will cost about ½ mile (2,640 ft) of altitude. 

Thermalling
I can remember very clearly the exact point at which I got hooked on gliding:  It was the day when I flew a 2-33 for over four hours and was able repeatedly to climb to over 5,000 feet.  This struck me as remarkable at the time, and today, about 1,500 gliding hours and four gliders later, it still does. 

No doubt there are many reasons we lose people from our sport, but surely the inability to climb and stay aloft is a major one, and more easily remedied than most.

After a brief consideration of the mechanics of circling flight, and of some peculiarities of the variometer, I have broken the discussion into the basic phases thermal flight:  Finding lift , entering it, and centering it.  The large and important topic of whether or not to stop and circle, and when to leave after a climb has been well covered in a previous article in Soaring 
.

Models are helpful in visualizing the somewhat daunting task of flying into an invisible thermal and somehow getting the glider into the middle of it and keeping it there.  To be helpful, a model is necessarily an oversimplification.  I ask in advance for patience from those who know that not all thermals are circular in section, not all are of the size I have chosen, and that thermalling is an art unlikely ever to be reduced to an recipe.

Mechanical Skills

Effective use of thermals requires the ability to fly a circle with a constant bank angle and with constant airspeed, without reference to the instruments.  More experienced pilots will likely not want to maintain either a constant bank, or a constant airspeed, but this (provided it is planned) requires even more skill.  

A strong preference for one circling direction can be a handicap either when entering thermals already occupied by other gliders or in encouraging turns in the wrong direction. 

There is no single bank angle suitable for all phases of  the climb, but 45 degrees is a good place to start.  Smaller bank angles can keep the glider out of the best lift and slow the centering process, larger ones quickly increase sink rates.  A 45 degree bank circle takes about 16 seconds to complete, and places the diagonal screws on the variometer parallel to the horizon.  I have placed little orange stickers next to the screws of mine to remind me 45 degrees is a much steeper bank than most pilots realize, including me.
Instruments and Equipment

Total energy compensation is absolutely essential.  A quick and effective test is to pull up at about 2G and confirm that the vario indicates about 1 kt down.  A T.E. vario which indicates either climb, or greater than about 1 kt down, should be tested more carefully and if necessary adjusted.  Both tests and adjustments are described in the SSA edition of Reichmann’s book. 
 

For the time being at least, all varios exhibit an instrument lag which  is generally about 2 seconds.  This arises in part from the instrument itself, and in part from the fact that variometers necessarily respond to height changes and it takes time for the glider to change height.  I find faster varios to be of limited use, and have modified my expensive fast model to make it work as well as a cheaper slower one. 

A more troublesome quirk of TE variometers is the response to horizontal gusts which is hard to distinguish from the response to lift.  I have addressed this issue at some length in my dicsussion of instruments.  For the purposes of this article it is enough to note that the T.E. variomenter cannot distinguish between horizontal gusts, vertcial gusts, and thermals.  Nor can most pilots as can easily be seen by looking at flight logs.
Avoiding skin cancer is good, avoiding collisions is better – so soaring hats should cover the ears, but not obscure upward vision.

Searching for Lift

Finding lift is like picking stocks:  In a bull market everyone does pretty well.  In typical markets, good stocks are to be found, but only by those who make use of all of the information available, who are systematic in their approach, who are neither greedy nor impatient.  

When Cu Are Present

Cumulus clouds can be a less than faithful guide to lift.  When it is really needed, often thousands of feet below cloud base, other clues must be used.  It is a common complaint that clouds are “dishonest” but it is more likely that large and inviting clouds simply arise from one or more small thermals which are hard to find.

Whether in competition, badge flying, or simply flying for fun, the time and place to begin to understand the day’s lift is right off tow.  A 2,000 ft tow affords an opportunity to explore the lift at 2,000 ft.  It’s helpful to keep in mind that 2,000 ft agl is considered quite reasonable as a release height, so later in the day, when conditions are generally stronger, 2,000 agl on course should not be considered cause for great alarm.

Exploring the lift should include noting whether it is on the upwind or downwind side of the clouds, location with respect to the sun, and strength at various altitudes.  With some luck it should be possible to begin to relate lift to the appearance of clouds, to estimate the lifetime of the clouds (this can also be done on the ground), to get a good feel for the size of the days thermals, and to begin to develop a mental picture of the wind.

In the Blue

It’s not all bad when the conditions are blue.  No clouds means no cloud shadows, so lift can be stronger and more widespread.  No clouds mean no cloud base so the height of the lift is controlled by the inversion, not the condensation level.  Finally, precisely because there are no clouds, it is essential to pay a lot more attention to the many other clues which indicate the existence of thermals.

My first cross country fight in the blue was at my first contest.  The task, a seemingly unreasonable 140 miles with not a cloud in the sky.  I went through the gate in doubt only as to where I would land out.  I didn’t, and since I flew very slowly indeed, I had no help from other gliders.  I simply flew down downwind over ground features that I had read might promote thermals.  A more experienced racing pilot now, I am content to be part of a migrating flock which repeatedly transforms from a string of beads to a helix and back again.

The Importance of Going for the High Ground

Higher can mean a few hundred feet.  Where I do much of my flying the basic terrain level is 500 ft msl.  My 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 the hill side continues to be heated, the angle of the hill side may allow it to capture more radiation, sloping ground is drier, hills act as triggers, and if there is any surface wind, which is generally the case, there is an additional impetus for rising air.

My first trip to New Castle.  “As soon as you’re off the high ground, start thinking about landing, because that’s what you are going to be doing pretty soon.”  Advice from the always helpful Hank “Admiral” Nixon.

Triggering

Although thermals do not require obvious trigger sources – unstable systems have fluctuations which sooner or later become triggers themselves - if triggering features, such as buildings, local hot spots (fires, factories, rock where vegetation predominates etc.) exist, and it is likely that they will beat random fluctuations to the draw.  Once the concept of a large surface bound pancake of unstable air is accepted, the search for thermals reduces to the search for surface features which encourage heating, and for surface features which might act as triggers.  

Local Convergence

When air moves from a flat (low friction) region to a region with features which slow the air flow, there is horizontal convergence and associated vertical motion.  This can act as a trigger.  Some examples:  Wooded areas, lake to land transitions, towns (which are also local hot spots and so doubly effective when there is surface wind), and of course any kind of locally higher ground.  

Aerial Clues

I never second guess birds, either in finding lift, or in centering it.  Other gliders are obvious indicators of lift, but it is worth keeping in mind that misery loves company.  Leaves, small birds hunting insects, debris, smoke only get to be two thousand feet above the ground because they are in a thermal.
Entering Thermals

Safety Considerations

Joining a thermal with other gliders already established is a potentially dangerous exercise.  It should be done with great care. Circling with other gliders is a good deal less hazardous, although aggressive flying can quickly make it more so.  A gaggle is a collective effort, and no place for heroics.

Timing the Turn

There is no sure way of knowing the optimal time to turn, but for the rule-of-thumb of counting to three after getting a good indication of lift is sound. 

When experienced pilots rather unhelpfully aver that they don’t need a vario or at least don’t look at one, it is in the entry phase of climb that the claim is most credible.  To a considerable extent any thermal worth climbing in will impart more than enough (vertical) acceleration to the glider both to indicate lift, and the timing of the turn.

Timing the turn is important –making corrections for mistimed turns takes time, and even more time is needed to make up for the loss of altitude incurred whilst circling bad air.  Figure 2 makes it clear why timing the turn correctly matters.
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Anxiety when low, and perhaps an element of wishful thinking, make it easy to start the turn too soon.  

Modern gliders are very efficient at extracting energy from the air.  In cruise, they fly at low angles of attack which increases dramatically when the glider enters rising air.  Since the lift coefficient is  proportional to the A.O.A., rising air will impart a vertical acceleration to the glider to the same degree that pulling on the stick to produce the same increase in A.O.A. would.  A glider in unaccelerated flight at 50 kt encountering a 5 kt updraft will see an increase in the A.O.A. of about 6(.  This is quite a large change, given that the range of the A.O.A. is generally only about 20(.  

This acceleration is the single best indication that useful lift is present, and that the time to start the turn is fast approaching.  It suffers no lag and is proportional to the strength of the lift.  

Entering on a Diameter

Entering a thermal on a diameter (Figure 3 A) guarantees that the turn will be the wrong way. 
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Entering on a Chord

It’s more likely that the thermal will be entered on a chord (Figure 3 B, C), and in this case there is a right way and a wrong way to turn and there is some chance that the glider, birds, or even debris and 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 any additional clues, its likely that the turn into the thermal will be in the wrong direction.  It helps to know that geometry and probability, not caprice, account for this.

Climbing in Thermals

At various times, and by various helpful souls, I have been advised to roll out on the surge, and to roll in on the surge.  I have been told that I don’t need a variometer, and that I need better and more variometers.  I have been advised that I must be able to fully visualize the three dimensional structure of the thermal, but I continue to be handily outclimbed by soaring birds with brains the size of a pea.  I have also been comforted with the promise that the glider will center itself, and given pause by the threat that thermals eject gliders.  Finally, I am surely not alone in losing many thousands of feet in attempting to follow Reichmann’s centering technique which obviously worked for him, but which apparently does not work for me.  What follows is a basic technique for centering thermals which always works, and which is easily taught.  It lacks originality, and has been described by many others. 
,

The Initial  Correction 

If the vario indicates a constant lift for the first circle, it remains only to optimize the lift.  

More often the vario will at some point (not necessarily immediately on entering the turn) indicate decreasing lift, or even sink, and will continue to do so for a good fraction of the circle.  When this happens, and when the turn has been timed correctly, the correction can be made by waiting until the glider has come around to right angles to the entry direction, rolling out, then rolling back in again.  This will move the glider closer to the center of the lift as is shown in Figure 4. 
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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 then a simple matter 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.  For the sake of the discussion, I will assume that the circle takes about 16 seconds (45( bank).  I will further assume that the vario lag is 2 seconds.  This is 1/8 of a circle.  The vario lag may be estimated well enough by trial and error.

Assuming that the glider is established in a circle but not yet centered, the correction is simple:  1/8 of the circle after the indicated point of worst lift, roll out for 1 second, then immediately re-establish the original bank.  

It is easy to establish the heading on which to roll out:  Just find a feature on the ground more-or-less aligned with the bisector of the wing and the fuselage axis, and roll out when the glider is heading to that feature. This procedure is shown in Figure 5.
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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 out for about a second (~ 80 ft).  If everything has gone according to plan, the glider will be on a heading 270( from its entry heading, it will be accelerating vertically (“surge”), and the vario will start to head up.  Roll back in again.  Repeat as necessary.

Small errors in the timing are not important – provided they are less than about 20 degrees, the circle will still be shifted in the right direction.

There are refinements of course, an obvious one being to tighten the bank in the poorer lift section of the circle, then to return to the original bank as the lift starts to improve.  This has the advantage of getting the glider out of the poor air and into the better air faster, but small errors in timing the rollout of the steep turn can cause large errors in the position of the new circle.

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 illustrates the potential for optimizing the lift.  For reference, Glider A is shown neither centered nor optimized.  Glider B is centered, but the circle diameter keeps the glider in 5-6 kt air.  Glider C, with a smaller 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 kt air.  Glider D on the other hand, is likely to find that the increased sink rate (which just about doubles in going from a 45( bank to a 60( bank) negates the advantage of being in better air.  As the glider climbs, the diameter of the thermal increases, and the circle should be adjusted accordingly.

Conclusion

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

It is also possible to fly for thousands of hours, and tens of thousands of cross country miles, and still be learning, so great are the challenges and opportunities of gliding.

FIGURE 2:  TIMING THE TURN


Getting the timing right always helps, even if things don’t go quite as well as they have for Pilot C.


Too soon.  Even with the correct turn direction, Pilot A gets to fly in sink


Too late.  Pilot B also gets to fly in sink, but at least he knows where he has come from.


Just right.  Pilot C is almost centered in the first circle.





FIGURE 3:  WHICH WAY TO TURN?


The further the entry course line is from a diameter, the greater the cost of a wrong way turn.


No need to worry -  both ways are wrong, and there is no way to distinguish.


Right turn is favored, but unless the right wing lifts prior to the turn, the pilot does not know this.


The sufficiently lucky or sufficiently skillful pilot can perfectly time the turn, get the direction right, and be centered almost immediately.  
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FIGURE 4:  THE INITIAL CORRECTION


With the vario heading down for more than half the initial circle it’s time for the correction:


As the glider comes around to a heading 90( to the entry heading, roll out, then roll back in again, moving the circle in the direction of the lift.  This only works if the entry into the turn is reasonably well timed.
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FIGURE 5:  CENTERING


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