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GLIDER AERODYNAMICS
PUZZLER

BY STEVE PLATT

For those with a more technical bent,
Steve Platt will be offering periodic
“Puzzlers” for readers related to glider
aerodynamics. The answers to these puz-
zlers lead to greater understanding of
how gliders fly, and more efficient fly-
ing. See if your intuition or knowledge
matches up with the answers. — Editor

Turning Flight

The glider acrodynamics puzzler is
intended to stimulate your thinking
about soaring and refresh your un-
derstanding of glider aerodynamics
and soaring optimization. The correct
answers, with detailed explanations,
tollow the questions. Have fun.

Questions 1-3: Most glider pilots
understand the first principles of op-
timizing wings level glider flight, i.e.
maximizing time aloft; maximiz-
ing distance in a headwind, tailwind,
sink, lift, or combinations thereof; and
maximizing speed between thermals
(MacCready theory). What is less
well understood is the impact to glider
performance in turning flight.

QUESTION 1: An SGS 1-26 is
flying at 35 kt and a PW-6 flying twice
as fast at 70 kt. Both commence a 30
degrees bank turn at the same time.
Which glider completes a 180 degrees
turn first?

A. The PW-6 completes 180 de-
grees when the SGS 1-26 completes
90 degrees.

B. The SGS 1-26 completes 180
degrees first.

C. The PW-6 and the SGS 1-26
complete the 180 turn at the same
time.

D. The SGS 1-26 completes the
180 degrees when the PW-6 com-
pletes 90 degrees.

E. The PW-6 completes 180 de-
grees first.
F. None of the above.

QUESTION 2: To complete a 360
degrees coordinated circling turn in
ANY glider, what angle of bank and
airspeed will result in the smallest loss
of altitude in still air, i.e., smallest loss
of energy?

A. 25 degrees of bank and level
flight minimum sink speed plus 5%.

B. 35 degrees of bank and level
flight minimum sink speed plus 10%.

C. 45 degrees of bank and level
flight minimum sink speed plus 18.9%.

D. 55 degrees of bank and level
flight minimum sink speed plus 20%.

E. 60 degrees of bank and level
flight minimum sink speed plus 30%.

QUESTION 3: An SGS 1-26 and
a PW-6 both complete a 360 turn
(circle) using a 30 degrees bank angle
and the optimum min. sink speed for
the 30 degrees of bank for each glider
(i.e., min sink speed + 7.5%) in still air
(no lift or sink). Which glider loses
more altitude completing a 360 de-
grees circle, the PW-6 or 1262

A. The PW-6 loses more altitude.

B. The SGS 1-26 loses more
altitude.

C. The PW-6 and the SGS 1-26
lose the same altitude.

D. Neither glider loses any altitude.

Explanations

Question 1: Perhaps the most im-
portant factor to remember in turning
flight is the radius of turn is propor-
tional to the SQUARE of the airspeed.
(For those interested in the details, the
derivation for the radius of turn equa-
tion for all gliders — and airplanes with
wings — is shown in “How to Opti-
mize Thermaling Flight in Gliders,”
Appendix 1 of the May 2017 issue of
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Soaring magazine, pg 37.) The radius
of turn plays a very important factor
in minimizing energy loss in a turn
as well as optimizing net climb rates
in summer thermals. For question 1,
since both the PW-6 and the 126 use
the same bank angle, the only variable
that affects the relative radius of turn
is airspeed. Since the PW-6 airspeed is
twice that of the 126, the radius of turn
is FOUR times the radius of the 126.
Therefore, while the PW-6 is traveling
twice as fast, it must go FOUR times
the distance to complete a 180 degrees
turn ... so, when the 126 completes
the 180 degrees turn, the PW-6 is only
halfway around, or at the 90 degrees
point. The answer to question 1 is D.
Answer B is runner up.

Question 2: The answer for question
2 is C, 45 degrees. The mathematical
proof requires some calculus; however,
the graph on the next page is more in-
structive. It shows the loss of altitude
on the vertical axis to complete a 360
degrees turn versus the angle of bank
on the horizontal axis for both a SGS
1-26 and PW-6. Notice that for ALL
angles of bank, if flown at the optimum
minimum sink speed for the angle of
bank, the SGS 1-26 loses less altitude
than the PW-6 and the minimum loss
for both gliders (and all gliders) occurs
at 45 degrees of bank.

Question 3: The wings level mini-
mum sink speed for the PW-6is ~50 kt
with a minimum sink rate of ~150 ft/
minute. Likewise, the wings level min-
imum sink speed for the 126 is ~ 33 kt
with a minimum sink rate of ~175 ft/
minute. Like question 1, if both glid-
ers use a 30 degrees bank turn, the only
variable that affects the relative radius
of turn is airspeed. Since the optimum
min sink speed for a 30 degrees bank
turn is 7.5% above the level flight min
sink speed for both gliders, the opti-
mum speed to complete the 360 de-
grees turn for the PW-6 is 54 kt and 35
kt for the 126. Using the equation for
radius of turn [R= v? / (g* Tan(ang))],
the radius of turn for the 1-26 is 193 ft,
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while the radius of turn for the PW-6
is 443 ft — 2.3 times greater! So, while
the PW-6 is traveling 52% faster (54
kt versus 35 kt), it must travel 130%
farther, and even though the level
flight sink rate of the 1-26 is greater
(175 ft/min versus 150 ft/min for the
PW-6) at the sink rate at 30 degrees
of bank this is more than offset by the
greater distance and time it takes the
PW-6 to complete the circle. The an-
swer to question 3 is A, the PW-6 loses
more altitude and energy completing a
360 degrees circle than the SGS 1-26.

Lessons Learned
Airspeed is crucial in determining

the radius of turn. And radius of turn
is crucial in optimizing energy con-
servation in turning flight. Knowing
the minimum sink speed for vari-
ous angles of bank in turning flight
(e.g. thermaling) is key to optimiz-
ing climbing flight. For example, for
ALL gliders in a 30 degrees coordi-
nated bank turn, the minimum sink
speed becomes the level flight min
sink speed plus 7.5%. For ALL glid-
ers in a 45 degrees coordinated bank
turn, the minimum sink speed be-
comes the level flight min sink speed
plus 18.9%. While thermaling, it is
quite easy for a high speed/high per-
tormance ship (e.g. Discus, Ventus,

Above: Altitude Lost versus Angle of Bank in
360 turn.

ASG 29,154, etc.) to circle outside a
narrow thermal or near the boundary
of the thermal, while the slow, “low
performance” ship (e.g. SGS 1-26)
out-climbs the high performance
ships near the core of the thermal.
Frequently, radius of turn matters.

About the author:
Steve is a commercial
pilot in single engine
airplanes, single en-
gine seaplanes, and
gliders. He holds an

Angle of Bank instrument rating and is a Certificated
(Degrees) 0 10 [ 20 | 30 | 40 | 45 | 50 60 Flight Instructor for airplanes, instru-
0 j ments, and gliders. He has logged over
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BY STEVE PLATT

Weight & Balance Effect on Performance

he glider aerodynamics puzzler is

intended to stimulate your think-
ing about soaring and refresh your
understanding of glider aerodynamics
and soaring optimization. The correct
answers with detailed explanations
follow the questions. Have fun.

Questions 1 & 2: Glider pilots un-
derstand the effect of weight on glider
performance; adding weight (ballast)
shifts the flight polar down and to the
right. While the best L/D glide ratio
remains the same, the best L/D glide
ratio speed increases. This, of course,
is particularly useful for cross-country
flight and competition when lift con-
ditions are strong. Why is the speed
benefit a function of the lift condi-
tions? Because climb performance de-
creases with added weight. The benefit
of added glide speed can easily be off-
set by degraded climb performance.
What may come as a surprise to some
is the magnitude of the change in key
performance parameters with the ad-
dition or subtraction of weight (i.e.,
adding ballast to a single seat ship or
flying a dual seat glider solo).

Question 1: For a typical dual seat,
medium performance glider [with a
best L/D glide ratio of ~34 at ~56 kt
at gross weight (e.g., PW-6 or ASK-
21)], how much can the best L/D
speed decrease at minimum weight,
i.e., dual ship flown solo?

A. ~5%
B. ~10%
C. ~15%
D. ~20%
E. ~25%

Question 2: For a typical two-seat,

medium performance glider [with a
best L/D glide ratio of ~34 at ~56 kt
(e.g. PW-6 or ASK-21)], how much
can climb performance improve in a
typical summer thermal (i.e., Standard
British Thermal with 4.2 kt of air mass
lift at the core decreasing parabolically
to zero at a radius of 1,000 ft) if flown
solo at minimum weight versus dual
at gross weight? Assume the glider
is flown optimally, perfectly centered
and flown at the optimum bank angle
and airspeed.

A. ~10%
B. ~15%
C. ~20%
D. ~25%
E. ~30%
Explanations

Question 1: First, for ALL glid-
ers with fixed wings (gliders that do
not have “re-shapeable” wings, reflex
flaps, or flaperons, etc.), the effect of
a wing loading (weight) change shifts

the flight polar with a simple formula:
All polar coordinates shift by a factor
equal to the square root of the ratio
of the weight change. (References 1
& 2). The coordinates Shift Factor
= (W1/W2)%5, This can best be seen
by example. Shown in Figure 1 is
the flight polar for a PW-6 at gross
weight (1,220 1b, dual) and at mini-
mum weight (900 Ib, single). The co-
ordinates Shift Factor = (900/1220)%°
= 0.859. Notice that while the gross
weight best L/D speed equals 56 kt,
at minimum weight (~900 Ib) the
best L/D speed decreases to 48 kt!
A decrease of ~14.2%. The answer to
Question 1 is C. What is also very
pertinent is that the minimum sink
speed decreases from 51 kt at gross
weight to 44 kt at minimum weight!

Question 2: As described in the ar-
ticle “How to Optimize Thermaling
Flight in Gliders” in the May 2017
issue of Soaring magazine, weight
matters in optimizing net climb per-
formance in two significant ways.
First, as shown in Figure 1, both the
minimum sink speed and the mini-
mum sink rate decrease with de-
creasing weight. While the reduced
sink rate helps at lower weights, so
does the lower minimum sink speed.
Shown in Figure 2, overlaid on the

Figure 1 - PW-6 flight polars at 1,220 Ib.
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profile of a Standard British Thermal,
is the sink rate magnitude of a PW-6
at gross weight and minimum weight
as a function of the radius of turn (and
therefore, as a function of the airspeed
and angle of bank) if lown optimally,
centered and flown at the minimum
sink speed for the angle of bank). No-
tice that at any radius of turn, the sink
rate of the minimum weight configu-
ration is better, and, as a result, the net
climb rate (i.e., the thermal profile
minus the sink rate of the glider) is
considerably better for ALL radii of
turns. If flown optimally, the peak net
climb rate at gross weight is ~1.6 kt
(~160 ft/min) versus a peak net climb
rate of ~2.1 kt (~210 ft/min) at mini-
mum weight ... or an improvement at
the lower weight of greater than 30%!
The answer to Question 2 is E. 30%.

Lessons learned

Weight matters in all key glider
performance parameters. While glid-
er manufacturers typically publish
the flight polar at gross weight and
perhaps with ballast if an option, the
flight polar at minimum weight (or
for a dual ship flown solo) can be sig-
nificantly different. For ALL gliders
at lower weights, the level flight stall
speed decreases, the minimum sink
speed decreases, and the best L/D
speed decreases. And for cross-coun-
try flyers, the no wind MacCready
speeds decrease as well. For the PW-6
example above, the MacCready 4
speed (no wind) decreases from 70 kt
at gross weight to ~62 kt at minimum
weight. Not an insignificant differ-
ence. For glider pilots with installed
navigation computers, it is imperative
that the flight polar be entered cor-
rectly for the appropriate operating
weight, or the software have a setting
adjustment for the current operating
weight. Otherwise, the speed to fly
computations will be, by definition,
incorrect.

Reference 1: Reichmann, H.
(1993). Cross-Country Soaring (7th
ed.), p 122. Hobbs, NM: Soaring

DS

Figure 2 — PW-6 net climb rate vs. weight.

Society of America. (ISBN: 1-883813-
01-8).

Reference 2: Welch, A., Welch,
L., & Irving, F. G. (1977). The Com-
plete Soaring Pilots Handbook, p 266.
NY: D. McKay Co. (ISBN: 0-679-
50718-3).

About the author: Steve Platt is a
commercial pilot in single engine air-
Pplanes, single engine seaplanes, and glid-
ers. He holds an instrument rating and is
a Certificated Flight Instructor for air-
Pplanes, instruments, and gliders. He has
logged over 4,000 flight hr including
over 2,000 hr as a flight instructor. He is

a retired IBM Engineering Manager
and is a member of the Flight Instructor
Staff at Sugarbush

Soaring, Warren-

Sugarbush Airport,

Warren, VT, <
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Thermaling

he Glider Aerodynamics Puz-

zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.

Question 1

On a gorgeous Saturday morning,
with an excellent thermal forecast, you
are planning on a local recreational
glider flight in one of your club’s ships.
Upon arrival at the airport one of your
friends, discussing thermaling tech-
niques, states that she can “outclimb
you in any one of the club ships” and
challenges you to a thermaling climb
contest. She offers you the choice of
the two available gliders: a Schweizer
1-26 with a best L/D of 23 and a PW6
with a best L/D of 34. The rules are
simple: She will fly whichever ship you
do not select. You both will enter the
same thermal at the same start altitude

at approximately the same time. The
thermals are reported to be standard
summer thermals (i.e., 4.2 kt air mass
lift at the core decreasing parabolically
to zero at a radius of 1,000 ft). Which
ship do you select? Assuming both pi-
lots fly their ships optimally, and both
are centered, who will win and why?

A. 'The low performance Schweizer
1-26 will outclimb the PW6.

B. The PW6 will outclimb the
Schweizer 1-26.

C. Both gliders will perform the
same in the same thermal.

D. None of the above.

Explanation

Refer to figure 1. (Reference: May
2017 issue Soaring magazine, pg 32,
“How to Optimize Thermaling Flight
in Gliders”). For all gliders, the opti-
mum bank angle and airspeed to ther-
mal at is dependent upon several fac-
tors: the thermal strength at the core,

the thermal width (radius) and profile,

Figure 1: Lesson learned — Radius of turn matters while thermaling. Using the appropriate airspeed and
angle of bank while thermaling can enhance net climb performance.
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and the flight polar of the particular
glider, especially the level flight mini-
mum sink speed and minimum sink
rate ... and, of course, how well cen-
tered the glider remains. For normal
thermals (i.e., strongest at the core de-
creasing parabolically to the periphery,
as shown in figure 1), radius of turn
matters. For all gliders the radius of
turn is a function of the square of the
airspeed and the tangent of the angle
of bank as follows: radius = v* / (g *
Tan(ang)). If a glider flown optimally
(ie., at the minimum sink speed for
the chosen angle of bank) flies at too
shallow an angle of bank, the radius of
turn is large and the glider operates in
the weakest part of the thermal close
to the periphery or, worse case, circles
the thermal. On the other hand, if the
glider is flown at too steep an angle of
bank, the sink rate increases rapidly
with increasing bank angle, more than
defeating the benefit of a tight radius
of turn. Therefore, for each glider, and
for each thermal profile, there is an
optimum angle of bank and airspeed
(radius) to use to maximize the net
climb rate. In the case of Question 1,
the Schweizer 1-26 with a level flight
minimum sink speed of 38 mph (33
kt) has a significantly shorter radius of
turn than the PW6 with its minimum
sink speed of 51 kt. Although the level
flight min. sink rate for the Schweizer
1-26 (~1.75 kt) is considerable greater
than the min. sink rate of the PW6
(~1.5 kt), the tight radius of turn of
the slower ship more than offsets the
min. sink rate of the higher perfor-
mance ship. The answer to Question 1
is A.'The 1-26 will outclimb the PW6
with both ships centered and flown
optimally. As an aside, notice that the
peak net climb rate for the 1-26 oc-
curs at only 22 degrees of bank while
the peak net climb rate for the PW6
occurs at 34 degrees of bank. The aero-
dynamics of thermaling is fascinating.

Question 2
You are on the final leg of a cross-

country event flying your Super Wing-
bat 6000 glider. The Super Wingbat’s

A.



key performance numbers for your
operating weight are as follows. (The
Super Wingbat’s flight polar is shown
in figure 2.)

Minimum sink speed = 51 kt.

Best L/D glide ratio = 34.

Best L/D speed = 56 kt.

MacCready 2 speed = 63 kt (no

wind).

MacCready 4 speed = 70 kt (no
wind).

MacCready 6 speed = 76 kt (no
wind).

It has been a glorious day. The
thermal lift has been reliable and
steady, yielding a net 4 kt, and you
have been able to fly with classi-
cal MacCready technique all day. As
you enter what you expect will be
your final thermal prior to your final
glide to your home airport, your on-
board $9,000 color moving map GPS
Navigation computer goes blank. The
battery died. You recall before the
screen went blank that your final leg
is into a 20 kt direct headwind. Your
old reliable backup variometer con-
tinues to indicate a steady 4 kt climb.
Upon reaching the necessary altitude
to depart the final thermal, what is the
appropriate speed to fly to maximize
your average speed (i.e., minimize
time) for the final glide into the 20 kt
headwind? (Assumption: neutral lift/
sink during final glide.)

A. Best L/D speed 56 kt.

B. Best STF to maximize distance
into 20 kt headwind = 60 kt.

C. Speed to fly = 70 kt.

D. Speed to fly = ~77 kt.

E. Speed to fly = ~82 kt.

Explanation

For the final climb, and the final
glide, the headwind (or tailwind) must
be taken into consideration for both
for the minimum altitude at which
the final thermal may be departed, and
the optimum speed to fly to maximize
average speed (i.e. minimize time).
When the expected/actual net thermal
climb rate is 4 kt, classical MacCready

Figure 2: Best speed to fly in 20 kt headwind.

technique calls a MacCready 4 setting.
Likewise, leaving a 4 kt thermal, the
final glide into neutral air should be
performed at a MacCready 4 setting
as well. The optimum speed to fly to
maximize average speed for the final
climb and glide into a 20 kt headwind,
AND the minimum altitude to depart
the final thermal, must take the head-
wind (tailwind) into consideration.
Normally, an onboard navigation com-
puter can perform these calculations.
However, it is useful to understand
what the onboard processor is doing.

The optimum speed to fly departing a
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4 kt thermal into a 20 kt headwind is
determined by the construction to the
Super Wingbat flight polar as shown
in figure 3. While the normal inter-
thermal MacCready 4 speed for this
glider is 70 kt (no wind), the optimum
speed to fly for the final glide into a 20
kt headwind is ~77.5 kt. The answer to
question 2 is D. ~77 kt.

About the author:
Steve Platt is a com-
mercial pilot in single
engine airplanes, single
engine seaplanes, and
gliders. He holds an instrument rating
and is a Certificated Flight Instructor for
airplanes, instruments, and gliders. He
has logged over 4,000 flight hr including
over 2,000 hr as a flight instructor. He
is a retired IBM Engineering Manager
and is a member of the Flight Instruc-
tor Staff at Sugarbush Soaring, Warren-
Sugarbush Airport, Warren, V1. De

Figure 3: Lesson learned - To optimize average speed for the final climb and final glide, the net average
climb rate in the final thermal defines the appropriate MacCready setting. The final glide STF then is
adjusted for the headwind (tailwind) which permits the calculation of the minimum altitude to the
depart the final thermal. This can all accomplished by an appropriately programmed onboard computer.
While it is quite inappropriate to be plotting tangents to flight polars in the cockpit, knowing one’s flight
polar and a few key parameter scenarios (i.e. key MacCready speeds and adjustments for final glides in
20 kt headwinds) can go a long way toward generating reasonably accurate speeds to fly for various sce-
narios when all the hardware fails. The alternative, of course, is to purchase and install a second battery!
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AERODYNAMICS PUZZLER

BY STEVE PLATT

Race

he glider aerodynamics puzzler is

intended to stimulate your think-
ing about soaring and refresh your
understanding of glider aerodynamics
and soaring optimization. The correct
answers with detailed explanations
tollow the questions. Have fun.

Your soaring club hosts an annual
“President’s Cup” race. The event is
an informal, fun, 35 miles, round rob-
in event open to all members. There
are three classes for low performance

(best L/D glide ratio <28), medium

performance (best L/D 28-37), and
high performance (best L/D>37)
ships so that everyone can participate,
whether flying the training gliders
(e.g. Schweizer 2-33, L23, PW-6)
or the single-seat, high performance
glass ships. Turn points are on the
honor system. The event is only for
fun and “bragging rights.” The course
is designed with conveniently located,
uncontrolled, glider friendly airfields
nearby. The event is designed for nov-
ices, recreational glider pilots, and stu-

dent pilots with their instructors, as
well as the serious cross-country and
competition pilots. Each participant
is given a 3,000 ft tow to the vicinity
of the start gate and must proceed di-
rectly to the start. No thermaling pri-
or to passing the start. All participants
must finish at least 1,000 ft above the
field prior to landing.

Question

You and your wife are the proud
owners of a dual-seat PW-6. It is your
wife’s turn to run the race this year.
She is an excellent glider pilot. In the
preparation for the race, she asks you if
she should fly the event solo at mini-
mum weight (~900 Ib), or with you in
the back seat with some added bal-
last in the front to fly at max weight
(~1,200 1b). The soaring forecast calls
for very light winds aloft and standard
summer thermals (i.e. Standard Brit-
ish thermals with 4.2 kt air mass lift
at the core, decreasing parabolically to

Figure 1
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zero at a radius of 1,000 ft). The key
performance characteristics of the

PW-6 at gross weight are:

Min sink speed 51kt

Min sink rate 148 ft/min
Best L/D speed 56 kt

Best L/D 34:1

'The flight polars at 900 1b and 1,200
Ib are shown in Figure 1. What do you
tell your wife?

A. If flown optimally, the PW-6
should be faster around the course at
max gross weight.

B. If flown optimally, the PW-6
should be faster around the course at
minimum weight.

C. If flown optimally, the weight
one way or the other should not matter.

Explanation

'The answer to the question involves
determining the tradeoff between the
added speed operating at gross weight
with poorer climb performance, versus

the slower cruise performance at min
weight with improved climb perfor-
mance. To determine the climb per-
formance difference, first the total en-
ergy (i.e. altitude required) to make it
around the course must be calculated
for both cases. Figure 2 shows the sink
rate for both weight configurations
versus radius of turn while thermaling
at the minimum sink speed for each
angle of bank overlaid on the profile of
a Standard British thermal ... and the
resulting net climb rate if centered in
the thermal.

Notice that for all radii of turns, the
lighter 900 Ib configuration has a bet-
ter net climb rate than the max weight
configuration. If flown optimally, the
900 Ib configuration achieves a peak
net climb rate of 2.15 kt, while the max
weight configuration achieves a peak
net climb rate of 1.56 kt. Per classical
MacCready theory, this then defines
the MacCready setting for the flight,

i.e. MacCready 2.1 for 900 Ib and
MacCready 1.6 for 1,200 1b. With the
MacCready setting and the respective
flight polars, the optimum speed to fly
can be calculated. Shown in Figure 3
is the construction to determine the
best STF to maximize average speed
(no wind).

For the 900 Ib weight, the best STF
is 56 kt with an effective glide ratio of
30.2. For the 1,200 Ib weight, the best
STF is 62 kt with an effective glide ra-
tio of 32.6. Note, in this scenario, the
winds aloft are not a factor. If there
were any significant headwind or tail-
wind component, this too would have
to be taken into consideration in the
determination of the best STF.

Using the effective glide ratio for
each case, the total climb altitude
necessary to complete the course
can now be calculated. For the 900
Ib weight, the total altitude required
is 7,037 ft minus the 2,000 ft tow
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above the finish altitude = 5,037. For
the 1,200 1b weight, the total altitude
required is 6,519 ft minus the 2,000 ft
tow above the finish altitude = 4,519.
Therefore, if flown optimally, the
climb time for the 900 lb weight is
23.14 minutes. The climb time for the
1,200 Ib weight is 28.62 minutes. The
time to glide the course distance, if
flown at the appropriate MacCready
speed, works out to be 37.50 minutes
for the 900 Ib weight and 33.87 min-
utes for the 1,200 Ib weight. The total
time works out to be 60.64 minutes
for the 900 Ib weight and 62.49 min-
utes for the 1,200 Ib weight. There-
fore, in this scenario, with only mod-
est thermals, the advantage goes to
the minimum weight configuration.
No one can, or does, fly optimally
100% of the time. While this analysis
is the absolute “best can do” perfect
case, the results speak for themselves.
The max weight configuration takes
1 minute 51 seconds longer (~3%

longer) than the min weight configu-
ration to complete the course. The
answer to the question is B.

Lessons Learned

Weight matters. Decreasing weight
reduces minimum sink speed and
MacCready speeds, but increases
climb performance. Increasing weight
increases minimum sink speed and
MacCready speeds, but decreases
climb performance. The exact cross-
over decision depends upon the par-
ticular flight polar and the strength
and profile of the thermals. However,
as a general rule, it takes fairly strong
lift conditions for the addition of bal-
last to provide a net benefit to average
speeds. Narrow, weak thermals favor
the light weight configuration. Strong,
wide thermals move toward the high-
er weight configuration. Also, notice
the difference in the min sink speeds
(~7 kt) and the best MacCready STF
(~6 kt) between the 900 and 1,200 1b

weight configurations. Not insignifi-
cant. Weight matters in both climb
performance and cruise performance.
Min sink speed matters and the re-
sultant optimum radius of turn mat-
ters while thermaling. Glider flight
optimization is complex yet incredibly
fascinating.

About the author: Steve Platt is a
commercial ~ pilot in
single engine airplanes,
single engine seaplanes,
and gliders. He holds
an instrument rating
and is a Certificated
Flight Instructor for airplanes, instru-
ments, and gliders. He has logged over
4,000 flight hr including over 2,000 hr
as a flight instructor. He is a retired IBM
Engineering Manager and is a member
of the Flight Instructor Staff at Sugar-
bush Soaring, Warren-Sugarbush Air-
port, Warren, VI D

Figure 3
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BY STEVE PLATT

winds

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
Surface winds and winds aloft are
a major factor in glider flight plan-
ning and operations. From the earliest
flight lessons, neophyte glider pilots
learn the effect of wind on both land-
ing procedures and making it back
to the airport. For some experienced
glider pilots, the magnitude of the im-
pact of headwinds/tailwinds on glider
performance may come as a surprise.
You are about to fly your club’s
Schweizer 2-33 on a beautiful, but

relatively windy day. The surface winds
are blowing 10 kt, gusting 15 kt right
down the runway. However, the winds
aloft are forecast to be 25 kt (~29
mph) at 3,000 ft and 30 kt (35 mph)
at 6,000 ft. As a reminder, the key
performance numbers for the 2-33
are: Stall speed ~32 mph; minimum
sink speed ~42 mph; and best L/D
speed ~52 mph with a best L/D glide
ratio of 23.

QUESTION 1: Flying the 2-33
into a 25 kt headwind, what is the ef-
fective glide ratio if flown at the opti-
mum speed to fly to maximize distance
into a 25 kt (~29 mph) headwind?
Effective glide ratio: ~ 23
Effective glide ratio: ~ 20
Effective glide ratio: ~ 15
Effective glide ratio: ~ 11
Effective glide ratio: ~ 7

SECRSR S

QUESTION 2: Flying the 2-33
with a 25 kt tailwind, what is the effec-
tive glide ratio if flown at the optimum
speed to fly to maximize distance with
a 25 kt (~29 mph) tailwind?

Effective glide ratio: ~ 23
Effective glide ratio: ~ 25
Effective glide ratio: ~ 29
Effective glide ratio: ~ 35
Effective glide ratio: ~ 42

SECESR NS

Question 3: While the effective
glide ratio changes with headwinds/
tailwinds, the glide angle changes as
well. For the Schweizer 2-33 flown
at best L/D speed with a glide ratio
of 23-to-1, the glide angle in still air
is ~2.5 degrees. As in Question 1, for
the 2-33 flying into a 25 kt headwind,
what is the actual glide angle if flown
at the optimum speed to fly to maxi-
mize distance into a 25 kt (~29 mph)
headwind?

A. Glide angle = 2.5 degrees

B. Glide angle = 3.5 degrees

C. Glide angle = 4.5 degrees

D. Glide angle = 5.2 degrees

E. Glide angle = 7.5 degrees
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Explanation for question 1 & 2:
Figure 1 shows the Flight Polar for
the 2-33 with the construction for
selecting the optimum speed to fly
into a 25 kt headwind and with a 25
kt tailwind. Notice that for the head-
wind, the optimum STF is 54 kt (~62
mph) at a sink rate of 2.6 kt, yielding
a net groundspeed of 29 kt and an
effective glide ratio of only 11! For the
tailwind, the optimum STF is 42 kt
(48 mph) at a sink rate of 1.9 kt, yield-
ing a net ground speed of 67 kt and an
effective glide ratio of 35! The answer
to question 1 is D, 11. The answer to

question 2 is D, 35.

Explanation for question 3: For
the 2-33 flying optimally in to a 25
kt headwind to maximize distance,
the STF is 62 mph, yielding a ground
speed of ~33 mph and an effective
glide ratio of 11 to 1 with a glide angle
of 5.2 degrees — more than twice the
glide angle of the 2-33 flown optimal-
ly in still air!

Lessons Learned

Winds matter. For a 23-to-1 Sch-
weizer 2-33 flying with, or against, a
25 kt wind varies the effective glide
ratio from 35 to 11! The glide angle
varies from 5.2 degrees to 1.6 degrees.

Likewise, when landing a 2-33 with
spoilers deployed, the approach angle

Figure 1: SGS 2-33 Flight Polar with construction for selecting optimum STF with 25 kt headwind

and 25 kt tailwind.

increases dramatically with strong
headwinds when flown at an appro-
priate airspeed for the headwind con-
ditions, versus landing with similar
spoiler deployment in calm winds.

About the author: Steve is a commer-
cial pilot in single engine airplanes, single
engine seaplanes, and gliders. He holds an
instrument rating and is a Certificated
Flight Instructor for airplanes, instru-
ments, and gliders. He has logged over
4,000 flight hr including over 2,000 hr

as a _flight instruc-

tor. He is a retired

IBM  Engineer-

ing Manager and

is a member of the

Flight  Instructor

Staff at Sugarbush

Soaring,  Warren-Sugarbush  Airport,
Warren, V1.
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MacCready Flight 101:

How to Optimize Speed (Time)

This month, Steve presents a tutorial
that precedes the Puzzler to come in July.
— Editor

II new glider pilots receive basic
training in optimizing energy
(altitude) to maximize distance in
headwinds, tailwinds, sink, lift, and
combinations thereof. For cross-coun-
try and competition pilots, knowing
how to optimize speed is crucial to
complete a task or remain competitive
in a racing event. Paul MacCready’s

The Kolstad award is
Now $5000

toward
your college expenses!

Application deadline is Sept 30

Contact:
SSA.org/
TheSSA/
Youth &
Scholarships
Or call SSA
575-

392-1177

SUPPORT
YOUTH IN
SOARING

100km, 200km, 300km, 500km,
or 1,000km Century Award

work in this area is to cross-country
soaring flight what Newton’s laws of
motion are to classical physics. In the
January 1958 issue of Soaring maga-
zine, Paul MacCready published his
method of optimizing average speeds
in gliding from thermal to thermal.
Paul MacCready’s work is truly im-
pressive. It provides a basis for cross-
country and competitive race pilots
to optimize speed between thermals
“knowing” or assuming what the net
climb rate will be in the next thermal.
MacCready flight optimizes TIME,
not ENERGY, between thermals.
MacCready flight sacrifices some al-
titude (energy) to go faster between
thermals. Referring to Figure 1, Pilot
B flies from thermal to thermal at best
L/D speed. Pilot C flies at the fastest
speed possible to reach the next ther-
mal (without landing out) and begins
the climb back up to the start altitude.
Pilot A flies at the optimum speed
(MacCready speed) to reach the next
thermal and climb back to the start
altitude in the shortest amount of time.
Pilot B reaches the next thermal to
begin the climb back to the start alti-
tude at the slowest speed but uses the

Figure 1.

42 Soaring e June 2018 ¢ www.ssa.org

least amount of energy or altitude to
reach the thermal. Pilot B keeps the
most energy “in the bank,”i.e. remains
at the highest altitude at all times.
Pilot A reaches the next thermal to
begin the climb back to the start al-
titude slower than Pilot C, faster than
Pilot B, but climbs to the start altitude
in the shortest total time, i.e. the glide
time plus the time to climb back to the
start altitude ... the best average speed.
Pilot C reaches the next thermal to
begin the climb back to the start al-
titude faster than both pilots, but uses
the most time to climb back to the
start altitude ... and reaches the start
altitude after Pilot A.

Pilot C maintains the least energy
“in the bank” ... i.e. the lowest alti-
tude at all times after leaving the start
altitude.

Pilot A flies at the optimum Mac-
Cready speed and achieves the best
average speed. Pilot B flies using the
least energy. Pilot C consumes the
most energy.

Flying at MacCready 1 presumes
the target thermal will yield an aver-
age net climb of 1 kt back to the start
altitude. Flying at MacCready 2 pre-
sumes the target thermal will yield an
average net climb of 2 kt back to the
start altitude. Flying at MacCready 3
presumes the target thermal will yield
an average net climb of 3 kt back to
the start altitude, and so on.

'The Speed-to-Fly (STF) for Mac-
Cready, X, is identical to the STF to
maximize distance in X kt of sink. The
proof of MacCready theory is shown
in a number of excellent texts (Ref-
erence 1: The Complete Soaring Pilots
Handbook by Welch and Irving, and
Reference 2: Cross-Country Soaring by
Helmut Reichmann) and will not be
repeated here. The optimum STF de-
pends, of course, on the flight polar for
the glider in question for the appro-
priate operating weight. For example,
for the PW-6 flight polar shown in
Figure 2, flight at MacCready 4 speed
yields 70 kt; identical to the STF to
maximize distance in 4 kt of sink.

To put MacCready flight speeds

A.
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in perspective, for a medium perfor-
mance, 34 to 1, PW-6 glider at a max
gross weight with a best L/D speed
of 56 kt, flying at MacCready speeds
yields:

MacCready 0 = 56 kt
MacCready 1 = 60 kt
MacCready 2 = 63 kt
MacCready 3 = 67 kt
MacCready 4 = 70 kt
MacCready 5 = 73 kt
MacCready 6 = 76 kt
MacCready 7 = 79 kt

The MacCready solution is indepen-
dent of wind as the solution maximiz-
es average speed thermal-to-thermal.
If the air mass is moving (winds aloft),  thermal solution. However, for the fi- Figure 2.
there is no impact to the thermal-to-  nal glide calculation, the winds aloft




affect the final glide altitude at which
the pilot may leave the last thermal
for the final glide to the destination.
Once again, if the final thermal has a
climb rate of X, the final glide should
be performed at MacCready X speed
and the altitude to leave the last ther-
mal should be based upon the effec-
tive glide ratio at MacCready X speed,
with the headwind/tailwind taken
into consideration (i.e. ground speed).
The practical application of Mac-
Cready theory has been tweaked over
the years to deal with the real com-
plexity of the atmosphere and, for
the recreational cross-country pilot,
to reduce the probability of landing
out. For example, while the average
net thermal lift might be 4 kt, in re-
ality, one thermal might be 2 kt, the
next thermal 4 kt, the third thermal
6 kt or other. A commonly accepted
implementation of MacCready theory
in this circumstance is for the glider
pilot to pass up any thermal less than
the MacCready setting (expected av-
erage net thermal climb rate). That is,
assuming adequate altitude, pass up
thermals less than the MacCready set-
ting, and climb in thermals equal to,
or stronger than, the MacCready set-
ting. In theory, the MacCready setting
is the expected average net climb in
the next thermal. In reality, the Mac-
Cready setting is the weakest thermal
the glider pilot is willing to stop for.
While thermal strength varies ther-
mal-to-thermal, it also varies within
a thermal. While thermal strength
often increases with altitude, on
occasion it also decreases at the top.
A commonly accepted implementa-
tion of MacCready flight is to stay in
a thermal until the climb average de-
creases below the MacCready setting

(Reference 3: “MacCready Theory
with Uncertain Lift and Limited
Altitude,” Technical Soaring 23, July
1999, by John Cochrane.)

Since MacCready flight uses ener-
gy to fly faster between thermals, the
higher the MacCready setting, the
more energy consumed in the glide
to the next thermal, and the lower
the average altitude and minimum
altitude become compared to flying
at a lower MacCready setting. As a
result, the higher the MacCready
setting, the higher the probability
of landing out. One modification to
pure MacCready flight used by some
cross-country pilots is to lower the
MacCready setting (slow down) for
each reduction of 1,000 ft in altitude.
For example, on a day when the av-
erage net thermal climb is expected
to be 4 kt, use MacCready 4 setting
when 4,000 ft above the destination
finish altitude, slow to MacCready 3
at 3,000 ft above, slow to MacCready
2 at 2,000 ft above, and MacCready 1
at 1,000 ft above the destination fin-
ish altitude. This lowers the threshold
to accept a thermal to climb back up
in altitude and extends the glide.

For cross-country flight and com-
petition, when thermal density and
strength permit, MacCready flight
facilitates the “extraction” of energy to
maximize average speed. While the
energy (altitude) consumption de-
pends on the polar shape, the energy
(altitude) required for a PW-6 is typi-
cal for medium performance gliders
(best L/D glide ratios of ~34). From
the flight polar for the PW-6 (Figure
2), the STF for MacCready 4 is 70
kt. This yields a glide ratio of ~28 (no
wind), which corresponds to using 21%
more altitude to go 25% faster between

thermals versus flying at MacCready 0,
or the best L/D speed 56 kt.

The advantage of flying at Mac-
Cready speeds is, of course, higher
average speeds and shorter times en
route. The disadvantage is lower mini-
mum and average altitude en route,and
for that reason, a slightly higher land-
out probability. For perspective, on a
50 nm cross-country in a PW-6 flying
at MacCready 4 (70 kt, no-wind, glide
ratio=28) versus MacCready 0 (56 kt,
glide ratio=34) yields the theoretical
numbers in Table 1. (Assumptions:
neutral air between thermals; net lift
in thermal 4 kt; straight line flight; no
time consumed centering thermals; no
wind — best case scenario.)

'Therefore,a PW-6 on a 50 nm flight
flying at MacCready 4 is 10% faster
using 21% more altitude (energy)
compared to flight at MacCready 0
(Best L/D).

Paul MacCready’s solution to opti-
mizing speed in cross-country flight
has provided the foundation for virtu-
ally every book, article, paper, and pre-
sentation made on cross-country soar-
ing flight for the past nearly six decades.
It applies to both thermal-to-thermal
and dolphin flight optimization.

About the author: Steve is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He
holds an instrument rating and is a Cer-
tificated Flight Instructor for airplanes,
instruments, and gliders. He has logged
over 4,000 flight hr, including over 2,000
br as a flight instructor. He is a retired
IBM Engineering
Manager and a
Flight Instructor at
Sugarbush Soaring
Warren, VT, <

MacCready 4 | MacCready 0 Difference | % Mac 4 to Mac 0
Energy required 9,429 ft 7,765 ft 1,664 ft +21.4 %
Time to climb 23.29 min 19.18 min 4.11 min +21.4 %
Time of Glide 42.85 min 53.57 min 10.72 min -20.0 %
Total Time 66.14 min 72.75 min 6.61 min -9.0 %
Average Speed 45.36 kt 41.24 kt 4.12 kt +10.0 %

44 Soaring e June 2018 ¢ www.ssa.org







GLIDER

D<

AERODYNAMICS PUZZLER

BY STEVE PLATT

MacCready

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
Glider pilots have fundamentally
two choices when attempting to op-
timize glider flight to a destination.
They can either optimize altitude
(energy), or they can optimize speed
(minimize time). All new glider pi-
lots learn the basics of optimizing
distance (altitude/energy) in a head-

wind, tailwind, sink, lift, or combina-
tions thereof. With experience and
interest in cross-country soaring and/
or competition, many glider pilots
become intimately familiar with Paul
MacCready’s solution for optimiz-
ing speed in cross-country flight. Paul
MacCready first published his semi-
nal solution for maximizing average
speed in cross-country flight in the
January 1958 issue of Soaring maga-
zine. MacCready’s work has served the
soaring community exceptionally well
for the past nearly six decades. Virtu-
ally every article, paper, and presenta-

tion made since that time is based on
MacCready’s solution.

MacCready flight optimizes average
speed by using more energy (altitude)
to cruise faster between thermals than
the minimum energy solution. The
difference is quite interesting.

On a snowy winter day, with your
pride and joy Super Wingbat 6000
tucked safely away in its comfortable
trailer, you decide to investigate the
theoretical difference between op-
timized MacCready flight versus a
minimum energy solution. For starters
you decide to use a hypothetical 50-
mile cross-country flight with no wind
aloft to establish a base understanding.
You assume a great thermal day with
all thermals yielding a net 4 kt aver-
age climb rate. A great day. Per classi-
cal MacCready technique, you plan on
cruising at MacCready 4 speed. The
flight Polar for your medium perfor-
mance Super Wingbat 6000, for your

operating weight, is shown below in
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MacCready 4 MacCready 0 Difference | % Mac 4 to Mac 0
Energy required 9,429 ft 7,765 ft 1,664 ft +21.4 %
Time to climb 23.29 min 19.18 min 4.11 min +21.4%
Time of glide 42.85 min 53.57 min 10.72 min -20.0 %
Total time 66.14 min 72.75 min 6.61 min -9.0%
Average speed 45.36 kt 41.24 kt 412 kt +10.0 %

Figure 1. The key performance char-

acteristics are:

the 50 nm flight, the following theo-

retical numbers result. (Assumptions:

holds an instrument rating and is a Cer-
tificated Flight Instructor for airplanes,

Minimum sink speed 51 kt neutral air between thermals, net lift instruments, and gliders. He has logged
Minimum sink rate in thermals 4 kt, straight line flight,  over 4,000 flight
148 ft/min (1.46 kt)  no time consumed centering thermals, A7, including over
Best L/D glide ratio 34 i.e. best-case scenario.) 2,000 br as a flight
Best L/D speed 56 kt Therefore, for a Super Wingbat  instructor. He is a
MacCready 4 speed 70kt 6000, flown flawlessly on a 50 nau-  retired IBM Engi-

Question 1: For the 50 nautical
mile flight, approximately how much
additional energy (altitude) is required
to fly at MacCready 4 versus Mac-
Cready 0 (best L/D speed)?

10% more energy (altitude)
15% more energy (altitude)
20% more energy (altitude)
25% more energy (altitude)
30% more energy (altitude)

mo0®W >

Question 2: If flown optimally for
the 50 nautical mile flight, approxi-
mately how much does the average
speed for the flight improve if flown
at MacCready 4 versus MacCready 0?

Average speed improves 10%
Average speed improves 12%
Average speed improves 15%
Average speed improves 20%
Average speed improves 25%

mo0®w >

Explanation Questions 1 & 2:

'The figure shows the flight polar for
the Super Wingbat 6000 with the con-
struction to determine the MacCready
4 speed. The MacCready 4 speed is 70
kt, yielding an effective glide ratio of
28. The MacCready 0 speed, or best
L/D speed, is 56 kt with a glide ratio of
34. Using the effective glide ratios for

DS

tical flight, flying at MacCready 4 is
10% faster using 21% more altitude
(energy) compared to flight at Mac-
Cready 0 (best L/D).

'The answer to Question 1 is C, and
the answer to Question 2 is A.

Lessons Learned

For cross-country flight and com-
petition, when thermal density and
strength permit, MacCready flight
facilitates the “extraction” and use of
energy to maximize average speed.
While the energy consumption and
the results obviously depend upon
the flight polar in question, if flown
perfectly, the results for this medium
performance Super Wingbat glider
yields a 10% improvement in average
speed for 21% more altitude (energy).
If the thermal conditions were not as
favorable (for example, 2 kt average
net climb), then flight at MacCready
2 would yield different results ... ap-
proximately half, or ~5% increase in
average speed for ~10% more altitude
(energy).

Finally, winds matter. The results
will vary if flying into a headwind or
with a tailwind.

About the author: Steve is a com-
mercial pilot in single engine airplanes,

single engine seaplanes, and gliders. He

neering  Manager

and is a member of

the Flight Instructor Staff at Sugarbush
Soaring, Warren-Sugarbush Airport,
Warren, VI, <
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Energy Optimization

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
All glider pilots receive basic train-
ing in the appropriate speed to fly
(STF) in headwinds, tailwinds, sink,
lift, and combinations thereof to max-
imize distance, i.e. — conserve energy.
With the advent of relatively low cost
onboard flight computers with GPS
position information, current airspeed,
altimeter, variometer inputs, and the
appropriate flight polar (for the cur-
rent operating weight), the onboard
processor can compute all the perti-
nent parameters the glider pilot could
ever want to know: current track,
bearing to destination, speed to fly
to maximize distance, speed to fly to

maximize speed for a particular Mac-
Cready setting, altitude required to
make a destination, winds aloft (di-
rection and speed), and color moving
map. With all this automation, it is
easy for even experienced glider pilots
to lose track of the basics.

Question 1: You have invited your
neighbor for a local recreational flight
in your soaring club’s dual seat Super
Wingbat 6000. The Super Wingbat
flight polar is shown in Figure 1.

'The key performance parameters for
the Super Wingbat 6000 at your oper-
ating weight are:

Stall speed = 39 kt

Minimum sink speed = 51 kt

Best L/D speed = 56 kt

Best L/D glide ratio = 34 to 1

The Super Wingbat is equipped

with only the basic airspeed, altimeter,

mechanical variometer, and magnetic
compass. No moving map GPS, no
audio variometer, no flight naviga-
tion computer. You are on your own.
You conscientiously check the weather
forecast and note the winds aloft fore-
cast. After a 2,500 ft tow, you head out
upwind on a beautiful day to provide
a tour of the area for your neighbor.
After about an hour your passenger is
ready for terra firma. You realize you
are about 10 miles upwind of your
home base but have gotten a bit low.
You turn for home and decide to fly as
efficiently as possible to conserve en-
ergy (altitude). Landing out would be
a bit embarrassing. You estimate a 20
kt tailwind but enter an area with 2 kt
of sink. With a 20 kt tailwind and 2 kt
of sink, you estimate the best STF to
maximize distance as:

A. Minimum sink speed (51 kt)

B. Somewhere between min sink
speed and Best L/D speed (53 kt)
Best L/D speed (56 kt)
~ 60 kt
~ 65 kt
~ 70 kt

mEO0

Question 2: Suppose you had ini-
tially headed downwind for your flight
and turn for home into a 20 kt head-

wind with 2 kt of sink. What would
you estimate the best STF to maxi-

U.S.
SOUTHWEST SOARING MUSEUM...

YOU HAVE TO SEE IT
TO BELIEVE IT !

If you can’t visit us
then we invite your membership
505-832-9222
U.S. Southwest Soaring Museum
918 Old Highway 66, Moriarty, NM, USA
ussouthwestsoaringmuseum@gmail.com
www.swsoaringmuseum.org

Figure 1.
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mize distance with 2 kt of sink and a
20 kt headwind?

Minimum sink speed (51 kt)
Best L/D speed (56 kt)

~ 60 kt

~ 65 kt

~ 70 kt

~ 75 kt

mEoawes

Explanation for Question 1 and 2:
The optimum speed to fly is generated
by a tangent to the flight polar from
the two points shown in Figure 2. The
optimum speed to fly with a 20 kt tail-
wind and 2 kn of sink is: 60 kt. The op-
timum speed to fly with a 20 kt head-
wind and 2 kt of sink is: 69 kt. While
it is quite inappropriate to be plotting
tangents to polars in the cockpit, it is
appropriate to understand the flight
polar for the glider flown and a few
key performance numbers.

As has been described in prior arti-
cles, the MacCready X STF (no wind)
is identical to the optimum STF in X
kt of sink. So, for example, in a head-
wind if the MacCready 2 speed is
known (63 kt), adding ~ 1/3 of the
headwind speed will yield a STF very
close to the optimum STF. Likewise,
in a tailwind, knowing the MacCready
2 speed and subtracting ~ 1/3 of the

knowing a few key speeds generated
from your flight polar (for the appro-
priate operating weight), a glider pi-
lot can estimate a STF to maximize
energy conservation. The answer to
question 1 is D, 60 kt. The answer to
question 2 is E, ~70 kt.

Lessons Learned: Knowing one’s
flight polar and a few key operat-
ing speeds can go a long way toward
ensuring the appropriate STF is em-
ployed to accomplish virtually any mis-
sion or handle any flight condition (i.e.
lift/sink, headwind/tailwind) to maxi-
mize time aloft, maximize distance, or
maximize speed, particularly when all
the hardware fails or is not installed.

About the author: Steve is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He
holds an instrument rating and is a Cer-
tificated Flight Instructor for airplanes,
instruments, and gliders. He has logged
over 4,000 flight
hr, including over
2,000 hr as a flight
instructor. He is a
retired IBM En-
gineering Manager
and is a member of

the Flight Instructor Staff at Sugarbush

tailwind speed will also yield a STF  Soaring, Warren-Sugarbush ~Airport,
very close to the optimum STF. By — Warren, VI ><
Figure 2.
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BY STEVE PLATT, CFI-G

Radius
of Turn

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
Glider pilots are intimately famil-
iar with optimizing straight and level
flight depending upon the mission,
e.g. maximizing time aloft with flight
at minimum sink speed; or, maximiz-
ing distance (optimizing energy) with
flight at the best L/D speed adjusted
for current headwind/tailwind and
sink/lift; or, maximizing speed with
flight at the appropriate MacCready
speed. In all cases, the optimum speed
to fly (STF) for the particular mission
must be adjusted for the current op-
erating weight. Weight matters. What
is less well understood is the effect of
turning flight on glider performance.

Forces on glider during turn.

In a coordinated turn, some of the
wings’ lift, the horizontal component
of lift, is used to overcome centrifugal
force. Specifically:

Horizontal component of lift = Lift
* sine(angle)

Centripetal force = W/g * VA2/R

Where angle = the angle of bank

W = the weight of the Glider

g = acceleration of gravity (32.17 ft/
sec\2)

V = airspeed during the turn

R = radius of the turn

These quantities are all related
through:

Equation 1: Lift* sin(angle) = W/g *
VA2/R

In coordinated flight the vertical
component of lift must continue to be
equal to the weight of the glider, so:

Vertical component of lift = Lift *
cosine(angle)

Leading to:

Equation 2: W = Lift * cosine(angle)

These two simple equations solved
for R (Radius of turn) results in a
fundamental equation of flight for all
gliders and all airplanes with wings
(refer to Table 1 for the derivation):

Radius of turn, R = VA2 / (g *
tangent(angle))

The radius of turn for ALL air-
planes is equal to the square of the
airspeed divided by the product of the
acceleration of gravity times the tan-
gent of the angle of bank. The solution
is independent of weight, and applies

equally to a Boeing 777, an F-16, or
an ASK 21. Increasing speed and de-
creasing angle of bank in coordinated
turning flight rapidly increases radius
of turn. Conversely, decreasing air-
speed and increasing the angle of bank
rapidly decreases the radius of turn,
and, unfortunately, rapidly increases
glider sink rate. As the bank angle in-
creases the total lift of the wing must
increase, i.e. the angle of attack of the
wing and the corresponding load fac-
tor must increase to keep both the
vertical component of lift equal to
the weight of the airplane (plus the
tail down force), and the horizontal
component of lift equal to centripetal
force. Increasing the angle of attack
increases lift, increases the load factor,
increases drag, and increases glider
sink rate.

Why is all this useful to understand
for glider flight? For one, glider pilots
spend a significant amount of time
turning in thermals. While thermal-
ing, the radius of turn matters. Too
wide a radius of turn and the glider
operates in the weakest part of the
thermal or, worse, circles the thermal.
Too narrow a radius of turn and the
sink rate increases rapidly, more than
oft-setting the benefit of operating
close to the core of the thermal. As
noted in the Soaring magazine May
2017 article “How to Optimize Ther-
maling Flight in Gliders,” depending
on the particular thermal strength and
profile, the glider performance (espe-
cially the minimum sink speed and
minimum sink rate), and, of course,
how well centered the glider remains,
there is an optimum bank angle and

EQUATION 1: Lift * sin(angle) = (W/g) * (V*2/R)
EQUATION 1 ==> Lift = (W/g) * (V*2/ (R * sin(angle)))
EQUATION 2: Lift * cos(angle) = W

EQUATION 2 ==> Lift = W/ cos(angle)

Therefore: W / cos(angle) = (W/g) * (V~2/ (R * Sin(angle)))
==>R = (V"2 * cos(angle)) / (g * sin(angle))

==>R =V”"2/(g * sin(angle)/ cos(angle))

==>R =V"2/(g * tan(angle))

Derivation of radius of turn formula.

Soaring e November 2018 ¢ www.ssa.org
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airspeed (radius of turn) to fly to max-
imize net climb performance.

QUESTION 1: You are planning
to take your neighbor for a local glider
flight in your club’s medium perfor-
mance PW-6 glider (Best L/D = 34).
Thermals have been reported as stan-
dard summer thermals, i.e. 4.2 kt of air
mass lift at the core decreasing para-
bolically to zero at a radius of 1,000
ft. From a prior flight you know your
passenger is a bit of a nervous flyer
and does not like steep bank turns.
You decide to limit your bank angle
to 20 degrees while thermaling versus
the optimum bank angle. If centered
perfectly while thermaling, how much
will net climb performance improve
using the optimal angle of bank (and
airspeed) versus 20 degrees of bank?

A, 10%
B. 15%
C. 25%
D. 50%
E. 100%

EXPLANATION: Refer to Fig-
ure 2. The black line is the thermal
strength profile versus radius from the
core. The red line is the magnitude
of the PW-6s sink rate versus radius
(i.e. versus bank angle and airspeed) if
flown at the minimum sink speed for

each angle of bank. The blue line is the

net climb rate (black line minus red
line). Notice that at 20° of bank and
an airspeed of 53 kt, the radius of turn
is 675 ft yielding a net climb rate of
~0.75 kt. The peak net climb rate oc-
curs with a bank angle of 34" and an
airspeed of 56 kt, yielding a radius of
turn of 410 ft and a net climb rate of
~1.5 kt. Therefore, the answer to ques-
tion 1 is E, 100%. The net climb rate
doubles at 34° of bank and 56 kt versus
20" of bank and 53 kt.

Lesson Learned: Radius of turn,
and therefore bank angle and airspeed,
matters. Using the optimum airspeed
and bank angle while thermaling

can substantially increase net climb
performance.

For most medium performance
gliders, the optimum angle of bank
and airspeed to thermal at for Stan-
dard British thermals is ~35° of bank
at an airspeed of a 2-5 kt above the
level flight minimum sink speed.

In fact, in coordinated turning flight
for ALL GLIDERS at bank angle X,
the minimum sink rate and the mini-
mum sink speed increase at the iden-
tical percentage rate factors relative
to their level flight min sink rate and
min sink speed, given by the follow-
ing equations, and plotted in Figure 3.
(Reference: The Complete Soaring Pilots

Figure 2
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Handbook, by Welch and Irving, 1977,
p 238,ISBN: 0-679-50718-3.)

EQUATION 3: Min Sink Rate (@
bank angle X = Min Sink Rate (Level
Flight) * (1 / cosine(X))"1.5

EQUATION 4: Min Sink Speed
(@ bank angle X = Min Sink Speed
(Level Flight) * (1 / cosine(X))"0.5

Notice that at 45° of bank in co-
ordinated turning flight, the min
sink speed increases 18.9% over the
level flight min sink speed, and the
min sink rate increases by 68% over
the level flight min sink rate. For a
PW-6 (at gross weight) in a 45°
banked turn, the min sink speed in-
creases from 50 kt to ~ 59 kt and the
min sink rate increases from 148 ft/
min. to 249 ft./min! The aerodynamics
of thermaling is, indeed, fascinating.

About the author: Steve is a commer-
cial pilot in single engine airplanes, single
engine seaplanes, and gliders. He holds an

instrument rating and is a Certificated

Flight Instructor for airplanes, instru- Sugarbush Soaring,
ments, and gliders. He has logged over Warren-Sugarbush
4,000 flight hours, including over 2,000  Airport, Warren,
hours as a flight instructor. He is a retired Vermont. <.
IBM Engineering Manager and is a
member of the Flight Instructor Staff at

Figure 3
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AERODYNAMICS PUZZLER

BY STEVE PLATT

Turning Performance

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
Glider pilots are quite cognizant of
the wings-level performance of the
ships they fly, particularly the pub-
lished best L/D glide ratio, whether
a low performance Schweizer 1-26/
2-33 at 23 to 1, or a medium perfor-
mance ASK 21/PW-6, etc. at 34 to 1,
or a high performance Ventus, Dis-
cus, DG-1000, etc. at greater than 40
to 1. Pilots are less cognizant of the
relative “turning” or “climb” perfor-
mance. Yet, on a typical local or cross-
country recreational glider flight, the
glider pilot spends 20%-35% of the
time turning (thermaling), if not
more. Unless you are lucky enough to
operate in an area with routine ridge
lift or mountain wave, turning perfor-

mance matters.

Question 1: Two gliders enter a
360" coordinated 30° banked turn in
still air. Each glider is flown at its op-
timum minimum sink speed for a 30°
banked turn. Which of the following
gliders uses more altitude to complete
the 360° turn?

DG-1000 versus a Schweizer 1-26

DG-1000 versus a PW-6

PW-6 versus Schweizer 1-26

Question 2: Cruise performance
certainly matters, but so does climb
performance. If flown optimally, i.e. at
the optimum angle of bank and air-
speed and perfectly centered, which of
the following gliders will outclimb the
other in the Standard British Thermal
— a thermal with 4.2 kt of air mass lift
at the core decreasing parabolically to
zero at a radius of 1,000 ft?

DG-1000 versus a Schweizer 1-26

DG-1000 versus a PW-6

PW-6 versus a Schweizer 1-26

Figure1.
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Schweizer 2-33 versus a Schweizer
1-26

Question 3: As in Question 2, what
happens if the thermal is modestly
stronger and slightly narrower ... for
example, a thermal with 6.0 kt of air
mass lift at the core decreasing para-
bolically to zero at a radius of 750 ft?
Which of the following gliders will
outclimb the other?

DG-1000 versus a Schweizer 1-26

DG-1000 versus a PW-6

PW-6 versus a Schweizer 1-26

Schweizer 2-33 versus a Schweizer

1-26

Explanation for Question 1: First,
the optimum speed to fly to lose the
least amount of altitude for ALL
gliders in a coordinated 30° banked
turn is the wings level minimum sink
speed plus 7.5%. Second, the sink rate
for ALL gliders in a 30° coordinated
banked turn increases by 24% over the
wings level minimum sink rate at the
current operating weight. (Reference:
The Complete Soaring Pilot’s Handbook,
by Ann & Lorne Welch and Frank
Irving, Published 1977 ISBN: 0-679-
50718-3). Given the above and the
published min sink speed and min
sink rate for each aircraft, shown in
Figure 1 is the altitude loss for each
aircraft versus angle of bank if flown
at the minimum sink speed for each
angle of bank in still air.

Notice at 30° of bank, if flown opti-
mally, the PW-6 loses the most, 96 ft;
the DG-1000 loses 80 ft; and the low-
ly 1-26 loses the least altitude, 73 ft!
Radius of turn matters. Two other ob-
servations. First, the order of altitude
loss is independent of bank angle. That
is, for ANY angle of bank, if flown at
the minimum sink speed for that angle
of bank, the 1-26 has the least amount
of altitude loss. And, second, the mini-
mum loss for ALL gliders occurs at
45° of bank and an airspeed equal to
the level flight minimum sink speed

plus 18.9%.

Explanation for Questions 2 & 3:
Shown in Figure 2 is the net climb

A.



Above: Figure 2.

Below: Figure 3.

rate for each aircraft as a function
of the radius of turn, if flown at the
optimum minimum sink speed for
each angle of bank and perfectly
centered in a Standard British Ther-
mal. While angle of bank and air-
speed for each aircraft is different at
peak, the lowly 1-26 outclimbs the
other three aircraft, followed by the
DG-1000, the 2-33, and the PW-6.
Once again radius of turn matters.
While the wings level minimum sink
rate of the DG-1000 (~118 ft/min)
is substantially better than the 1-26
(~177 ft/min), the inferior sink rate
of the slower 1-26 is more than oft-
set by thermaling closer to the core of
the thermal. The optimum radius of

turn for the Schweizer 1-26 is 250 ft,

DS

while the optimum radius of turn for
the DG-1000 is 430 ft.

Notice that the peak net climb for
the 1-26 occurs at a bank angle of only
23" at 34 kt, while the peak net climb
rate for the DG-1000 occurs at a bank
angle of 37° at 60 kt. This effect is even
more noticeable for the stronger and
narrower thermal shown in Figure 3.
Here both the 1-26 and the 2-33 out-
climb the glass ships.

Lessons Learned: Turn and climb
performance matter. Radius of turn
matters. Optimizing climb perfor-
mance is driven by multiple param-
eters and is highly dependent on the
strength, width, and profile of the

target thermal. However, a glider’s

level flight minimum sink speed is a
crucial parameter in determining the
optimum speed to fly to maximize net
climb performance while thermaling.
The narrower the thermal, the more
advantageous a slow minimum sink
speed is. This is driven by the physics
of coordinated turning flight whereby
the radius of turn (R) is proportional
to the square of airspeed (V), i.e.:
R = (V2 /( g * Tan (ang)), where
g is gravitational acceleration, and
Tan(ang) is the tangent of the bank
angle. Optimizing glider flight is com-
plex and incredibly fascinating. Fly safe.
About the author: Steve is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He
holds an instrument rating and is a Cer-
tificated Flight Instructor for airplanes,
instruments, and gliders. He has logged
over 4,000 flight
hr, including over
2,000 hr as a flight
instructor. He is a
retired IBM En-
gineering Manager
and is a member of
the Flight Instructor Staff at Sugarbush
Soaring,  Warren-Sugarbush Airport,
Warren, VT, <

Fly Higher with MH,
Your Oxygen Source

Made in the USA

800-468-8185 © 541-923-4100

The MH EDS-02D1-2G Pulse-Demand™ delivers an
exact oxygen pulse at the start of each inhalation, with
the cannula or face mask and automatic altitude com-
pensation. Complete EDS systems start at $875.

o Cumulus Soaring: (952) 445-9033
e Craggy Aero: (530) 905-0062
i onenseem ® Wings & Wheels: 909-302-1811

mWVTAIN HIFH o Jonkers Sailplanes: (931) 455-5994
_— Since 1985

www.MHoxygen.come Sales@MHoxygen.com

www.ssa.org ® January 2019 e Soaring 39




GLIDER

D<

AERODYNAMICS PUZZLER

BY STEVE PLATT

Rope Break

he Glider Aerodynamics Puz-
zler is intended to stimulate your

thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.

You are a student pilot finishing up
your Private Pilot — Glider license.
Your instructor has signed you off for
the checkride with a Designated Pi-
lot Examiner. On the appointed day,
the flight oral goes well and you move
on to the Flight portion of the exam.
It is a beautiful day with building cu-
mulus clouds and a steady 20 kt wind
blowing right down the runway. The
first two flights go well. You have per-
formed all the requested maneuvers
with precision well within the practi-
cal test standard limits. You are flying
a PW-6, the ship you trained in. On
the third tow, after passing the depar-
ture end of the runway and reaching
approximately 250 ft AGL, the DPE
pulls the rope release and announces
a simulated rope break. You quickly
make the decision that you can safely
execute an approximate 210° turn to
set up a landing downwind. You im-
mediately lower the nose and roll into
a coordinated left turn. The PW-6 has
the following key performance num-
bers at your operating weight:

Minimum sink speed: 51 kt

Minimum sink rate: 148 ft/min.

Best L/D ratio: 34 to 1

Best L/D speed: 56 kt

Normal landing speed: 60 kt

Question 1: During the turn, you
want to lose the least amount of alti-

tude (i.e., conserve energy) to ensure
you can make it back to the runway
for a downwind landing. What angle
of bank and airspeed will consume the
least amount of altitude (energy) to
complete the approximate 210° turn?

A. Shallow bank: 15° with an air-
speed of 51 kt (min sink speed)

B. Medium bank: 30° with an air-
speed of 55 kt

C. Steep bank: 45° with an airspeed
of 60 kt

D. Very steep bank: 60° with an air-
speed of 65 kt

E. Rope breaks or simulated rope
breaks are not allowed on Practical

Flight tests

Question 2: You have executed the
turn back to the airport and, using
full spoilers and a necessary forward
slip, positioned the glider perfectly
for the downwind landing with the
20 kt tailwind, crossing the runway
threshold about 10 ft in the air, iden-
tical to your normal “into the wind”
landings. Given the wind conditions,

how much runway would you expect
to use to land downwind and come to
a stop compared to a normal “20 kt
into the wind” landing from the same
position above the threshold with sim-
ilar applied braking after touchdown?

A. 10% more runway over a normal
landing

B. 30% more runway over a normal
landing

C. 50% more runway over a normal
landing

D. 75% more runway over a normal
landing

E. In excess of 100% more runway
over a normal landing

Explanation for Question 1: For all
gliders, independent of make, model,
etc., the optimum angle of bank to lose
the least amount of altitude is 45° at
an airspeed of 18.9% above the level
flight minimum sink speed for the cur-
rent operating weight, i.e., the mini-
mum sink speed for a 45° coordinated
banked turn. Shown in Figure 1 is the
altitude consumed completing a 210°
turn versus bank angle if flown at the
appropriate minimum sink speed for
each angle of bank. As noted in prior
aerodynamics puzzlers, the minimum
sink speed increases for all gliders at
the same rate with increasing bank
angle in coordinated turning flight.

Figure 1

42 Soaring e March 2019 ® www.ssa.org




Notice that the minimum consumed
altitude occurs at 45° of bank. While
the difference between 30° of bank
and 45° is not terribly great in altitude
lost (approximately 8 ft), the difference
in the radius of turn of 325 ft for 45°
of bank, and 460 ft for 30° of bank, is
significant. If clearing some trees or
making it back to the airfield is an is-
sue, every foot may count.

Explanation for Question 2: With
a normal landing, as the PW-6 crosses
the threshold with a landing airspeed
of 60 kt, the groundspeed with a 20
kt headwind is 40 kt. On the other
hand, with the tailwind landing, the
ground speed is 80 kt, twice as fast.
So, from the threshold at 10 ft above
the runway as the PW-6 descends
and levels off to touchdown at ~45
kt airspeed, the PW-6 will use up ap-
proximately twice as much runway to
reach the touchdown point. However,
at the touchdown point, landing into
the wind, the groundspeed is only ~25
kt — while landing with the wind, the
ground speed at the touchdown point
is ~65 kt — greater than 2.6 times the
“into the wind” touchdown speed!
And since energy is proportional to
velocity squared (1/2 * W/g * V2, where
W = weight of glider; g = gravitational
acceleration (32 ft/s?); V = velocity of
glider), the energy at touchdown of the

tailwind landing is 6.7 times greater!
'Therefore, without exceptional brak-
ing, it is highly likely the distance from
touchdown to a full stop to dissipate
the kinetic energy will be greater than
2 times that of a normal landing into
the wind. The answer to question 2 is
E, greater than 100%.

Lessons Learned: To consume the
least amount of energy (altitude) while
completing a circling turn, use 45°
of bank at an airspeed equal to 20%
(18.9% to be exact) above the level
flight minimum sink speed for the cur-
rent operating weight. This is the same
for all gliders. When executing an ac-
tual low level rope break, or simulated
rope break, a return to land down-
wind maneuver requires exceptional
care and planning
with strong wind
conditions. The ef-
tective glide ratio
with a strong tail-
wind is substan-
tially greater than
a normal “into the
wind” landing, and
the kinetic energy
at touchdown is
dramatically great-
er, often requiring
maximum braking
to stay within the

runway boundaries. Note, the FAA
Private Pilot Flight Test includes the
option for the examiner to evalu-
ate the applicant on “ABNORMAL
OCCURRENCES” (Task G) includ-
ing a rope break scenario as well as
downwind landings (Task S). Fly safe.

About the author: Steve is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He
holds an instrument rating and is a
Certificated Flight Instructor for air-
Pplanes, instruments, and gliders. He has
logged over 4,000 flight hr, including
over 2,000 hr as a flight instructor. He
is a retired IBM Engineering Manager
and is a member of the Flight Instruc-
tor Staff at Sugarbush Soaring, Warren-
Sugarbush Airport, Warren, V1. D
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BY STEVE PLATT

Minimum Sink Speed

he Glider Aerodynamics Puz-

zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aero-
dynamics and soaring optimization.
The correct answers with detailed
explanations follow the questions.
Have fun.

Most glider pilots are intimately
familiar with the level flight perfor-
mance of the ships they fly, particular-
ly the best L/D speed and glide ratio
performance in still air. Whether a
Schweizer 1-26 at 23:1, a Schleicher
ASK-21 at 33.5:1, or a high perfor-
mance Ventus at 50:1, glider pilots
usually remember the best L/D speed
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and glide ratio performance. Mini-
mum sink speed, on the other hand,
is a performance parameter which
directly affects turning performance
that is often soon forgotten. What
do I mean by turning performance?
'The ability of any glider to complete a
360° turn using a minimum of energy,
i.e.,altitude, and the ability of a glider
to thermal efficiently, i.e., close to the
core of the thermal. Understanding
minimum sink speed in coordinated

turning flight is the key.

QUESTION 1: Your soaring club
offers glider rides in a PW-6 and
ASK-21. You are the instructor or ride
pilot on duty one glorious Saturday
morning. There is not a cloud in the
sky or a breath of air. The wind sock
is limp. A customer shows up for a
20 minute ride. There is no lift. It will
be a sled ride. You decide to take the
PW-6. Your strategy is to do a high
tow and fly at minimum sink speed
to complete the mission. The perfor-
mance characteristics of the PW-6 at
your operating weight are shown in

Table 1.

Stall speed (kt) 38

Minimum sink speed (kt) 50

Minimum sink rate (fpm) 148

Best L/D speed (kt) 56

Glide ratio 34-to-1

34 Soaring e May 2019 * www.ssa.org

Table 1: PW-6 operating characteristics.

After a relatively high tow, you re-
lease at a safe altitude to complete the

flight. Your passenger is in awe of the
beauty, tranquility, and smoothness
of the flight. You have been flying
straight at minimum sink speed to
conserve energy and maximize time
aloft. You will need to complete at
least one 180” turn to navigate back
to your pattern entry. You decide to
use an approximate 30° bank turn at
minimum sink speed for a 30° banked
turn. During the turn, how much
does the sink rate increase over the
minimum sink rate in level flight?

A. Sink rate increases 16%

B. Sink rate increases 24%

C. Sink rate increases 48%

D. Sink rate increases 68%

E. Sink rate increases 78%

QUESTION 1 BONUS: How
much does the minimum sink speed
increase for a 30° coordinated bank
turn, if the level flight minimum sink
speed is 50 kt?

A. Minimum sink speed remains
the same

B. Minimum sink speed increases
by 3%

C. Minimum sink speed increases
by 7.5%

D. Minimum sink speed increases
by 12%

E. Minimum sink speed increases

by 18.9%

QUESTION 2: What if you decide
to use a 45° banked turn and fly at the
minimum sink speed for a 45° banked
turn? During the turn, how much does
the sink rate increase over the mini-
mum sink rate in level flight?

A. Sink rate increases 16%

B. Sink rate increases 24%

C. Sink rate increases 48%

D. Sink rate increases 68%

E. Sink rate increases 78%

QUESTION 2 BONUS: How
much does the minimum sink speed
increase for a 45° coordinated bank
turn, if the level flight minimum sink
speed is 50 kt?

A. Minimum sink speed remains
the same

A.



B. Minimum sink speed increases
by 3%

C. Minimum sink speed increases
by 7.5%

D. Minimum sink speed increases
by 12%

E. Minimum sink speed increases

by 18.9%

EXPLANATION QUESTIONS
1 & 2: In coordinated turning flight,

the wing must work harder, i.e., lift

more than in level flight, in order
for the vertical component of lift to
remain equal to the weight of the
glider plus the tail down force, and
for the horizontal component of lift
to remain equal and opposite to cen-
tripetal force. The flight polar for all
gliders moves down and to the right
in coordinated turning flight. Shown
in Figure 1 are the flight polars for a
Libelle in coordinated flight at vari-
ous angles of bank (Reference 1: Zhe

Figure 1

Complete Soaring Pilots Handbook, by
Anne and Lorne Welch, and Frank
Irving, ISBN: 0-679-50718-3). Notice
the minimum sink speed displayed as
small circles on each polar.

The increase in minimum sink speed
and minimum sink rate as a percent,
versus the level flight minimum sink
speed and minimum sink rate for
various angles of bank, is IDENTI-
CAL for all gliders independent of
make and model. Shown in Table 2 is
the increase in minimum sink speed
and minimum sink rate relative to the
level flight minimum sink speed and
minimum sink rate as a percent for
various angles of bank. Notice that for
30° of bank, the minimum sink speed
increases 7.5% and the minimum sink
rate increases by 24%.

However, for 45° of bank, the mini-
mum sink speed increases 18.9% and
the minimum sink rate increases by
68%. Above 45° of bank, sink rate in-
creases rapidly.

The formulae for the increase in
minimum sink speed and minimum
sink rate versus angle of bank are
(again from Reference 1): -
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Table 2

Angle of Bank (Degrees) 0° 10°
% Increase in Minimum Sink Speed 0%  0.7%
% Increase in Minimum Sink Rate 0% 2.4%

Minimum sink speed at bank angle X=(Minimum sink
speed in level flight) (1 / cosine(x)) *°

Minimum sink rate at bank angle X=(Minimum sink rate
in level flight) (1 / cosine(x))"’

The answer to Question 1 is B. 24%, and Question 1
bonus is C. 7.5%. The answer to Question 2 is D. 68% and
Question 2 bonus is E. 18.9%.

LESSONS LEARNED: Minimum sink speed is an
extremely important performance parameter not only for
level flight, but for turning flight as well. As described in the
article “How to Optimize Thermaling Flight in Gliders”in
the May 2017 issue of Soaring magazine, thermaling at the
optimized minimum sink speed for the angle of bank cho-
sen when properly centered will maximize net climb rates.
Likewise, in an energy conservation scenario, completing
a 180° or 360° turn at 45° of bank at minimum sink speed
for a 45° banked turn will consume the least amount of
energy (altitude) for ALL gliders. Since the radius of turn
tor all gliders is proportional to the SQUARE of airspeed,
a relatively slow minimum sink speed facilitates thermal-
ing with a tighter (smaller) radius of turn closer to the core
of a thermal. It is for this reason that a Schweizer 1-26
can often outclimb the highest performance glass ships in

20° 30° 40° 45° 50° 60°
3.2% 7.5% 14% 18.9%  25% 41%
9.8% 24% 49% 68% 94%  183%

many narrow thermals. Minimum sink speed and radius of
turn matter. Fly safe.

About the author: Steve is a commercial pilot in single en-
gine airplanes, single engine seaplanes, and gliders. He holds
an instrument rating and is a Certificated Flight Instructor
for airplanes, instruments, and gliders. He has logged over
4,000 flight hr, including over 2,000 hr as a flight instructor.
He is a retired IBM Engineering Manager and is a member
of the Flight Instructor Staff at Sugarbush Soaring, Warren-
Sugarbush Airport, Warren, V1. D
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GLIDER

AERODYNAMICS PUZZLER

D<

BY STEVE PLATT

Thermaling

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
Glider pilots spend a significant
amount of time thermaling, particu-
larly when mountain wave or ridge
lift conditions are not available. On a
recreational flight, as much as 25-50%
of flight time may be spent thermal-
ing. Indeed, knowing how to thermal
efficiently is one of the challenges and
joys of our sport. While every thermal
is different in strength, shape, profile,
etc., a standard thermal has been used
for decades to analyze and model net
climb rates for gliders as function of
bank angle and airspeed. Originally
proposed by H. C. N. Goodhart, the
“Standard British Thermal” (SBT) is
defined as a thermal with a circular
cross section with air mass lift of 4.2
kt at the core decreasing parabolically
to zero at a radius of 1,000 ft. (Ref-
erence: The Complete Soaring Pilot’s
Handbook, Ann & Lorne Welch and
Frank Irving, 1977, Page 242 ISBN:
0-679-50718-3). While you or I may
not have ever seen or been in a “Stan-
dard British Thermal,” it has proven
useful to study the effects of angle of
bank and airspeed on net climb per-
formance.

QUESTION 1: You are a student
pilot taking up a low performance
Schweizer 2-33 with your instructor
for a training flight. After a 2,500 ft
tow you approach what appears to be
an SBT. As you enter and center the
thermal, what angle of bank and air-

speed will maximize your net climb
rate in the thermal? (Key performance
parameters for the Schweizer 2-33 are:
min sink speed = 42 mph, best L/D
speed = 52 mph, best L/D =23 to 1).

A. Airspeed = 42 mph with bank
angle = 20°

B. Airspeed = 43 mph with bank
angle = 25°

C. Airspeed = 45 mph with bank
angle = 30°

D. Airspeed = 48 mph with bank
angle = 40°

E. Airspeed = 50 mph with bank
angle = 45°

QUESTION 2: Similar to Ques-
tion 1, you are flying your club’s me-
dium performance PW-6 glider. After
a 2,500 ft tow, you approach what ap-
pears to be an SBT. As you enter and
center the thermal, what angle of bank
and airspeed will maximize your net
climb rate in the thermal? (Key per-
formance parameters for the PW-6
are: min sink speed = 50 kt, best L/D
speed = 56 kt, best L/D = 34 to 1).

A. Airspeed = 52 kt with bank
angle = 25°

B. Airspeed = 54 kt with bank

angle = 30°

C. Airspeed = 55 kt with bank
angle = 33°

D. Airspeed = 57 kt with bank
angle = 40°

E. Airspeed = 59 kt with bank
angle = 45°

QUESTION 3: Similar to Ques-
tion 1, you are an experienced cross-
country pilot flying a very high per-
formance Ventus. After a 2,500 ft
tow, you approach what appears to be
an SBT. As you enter and center the
thermal, what angle of bank and air-
speed will maximize your net climb
rate in the thermal? (Key performance
parameters for the Ventus: min sink
speed = 47 kt, best L/D speed = 56 kt,
best L/D =50to 1).

A. Airspeed = 49 kt with bank
angle = 25°

B. Airspeed
angle = 30°

C. Airspeed = 52 kt with bank
angle = 35°

50 kt with bank

D. Airspeed = 57 kt with bank
angle = 40°

E. Airspeed = 59 kt with bank
angle = 45°

EXPLANATION QUESTIONS
1-3: 'The net climb rate in a thermal
is a complex function of at least five
variables:
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1. Thermal Strength: The peak air
mass lift (vertical velocity) at the core
of the thermal.

2. 'Thermal Profile: The shape of the
thermal, i.e., the decrease in vertical
lift extending out from the core of the
thermal to the extremity, e.g., parabol-
ic, linear, etc.

3. Thermal Size: The thermal width,
diameter, or radius.

4. Glider Performance: The flight
polar of the glider and, in particular,
the wings level minimum sink speed
and minimum sink rate.

5. Flightpath: How centered the
glider is in the thermal.

It goes without saying that weight
also affects climb performance as
weight shifts the polar for ALL glid-
ers. Increasing weight decreases net
climb performance and decreasing
weight improves net climb perfor-
mance .... Adding ballast may help
cruise performance but it definitely
hurts climb performance.

Shown in Figure 1 is the profile of
a Standard British Thermal as a func-
tion of radius from the core overlaid
with the magnitude of sink rate for a
Schweizer 2-33 as a function of radius
of turn, i.e., as a function of bank angle
and airspeed if flown at the optimum
minimum sink speed for each angle of
bank. Subtracting the 2-33 sink rate
from the air mass lift yields the net
climb rate as a function of radius of
turn, i.e., as a function of bank angle
and airspeed. Notice that for the Sch-
weizer 2-33 perfectly centered in an
SBT, the peak net climb rate occurs
at a bank angle of 25° and an airspeed
of 43 mph, yielding a radius of turn of
280 ft. The answer to Question 1 is B.
43 mph and 25°.

Shown in Figure 2 is the profile of a
Standard British thermal as a function
of radius from the core overlaid with
the magnitude of sink rate for a PW-6
as a function of radius of turn ... 1i.e., as
a function of bank angle and airspeed
it flown at the optimum minimum
sink speed for each angle of bank.
Subtracting the PW-6 sink rate from
the air mass lift yields the net climb

DS

rate as a function of radius of turn ...
i.e., as a function of bank angle and
airspeed. Notice that for the PW-6
perfectly centered in a Standard Brit-
ish Thermal, the peak net climb rate
occurs at a bank angle of 33° and an
airspeed of 54.5 kt yielding a radius of
turn of 410 ft. The answer to Question
21is C. 55 kt and 33°.

Shown in Figure 3 is the profile of
an SBT as a function of radius from
the core, overlaid with the magnitude
of sink rate for a Ventus as a function
of radius of turn, or, as a function of
bank angle and airspeed if flown at
the optimum minimum sink speed for
each angle of bank. Subtracting the
Ventus sink rate from the air mass lift

yields the net climb rate as a function
of radius of turn, i.e., as a function of
bank angle and airspeed. Notice that
for the Ventus perfectly centered in
a Standard British Thermal, the peak
net climb rate occurs at a bank angle
of 35° and an airspeed of 52 kt, yield-
ing a radius of turn of 340 ft. The an-
swer to Question 3 is C. 52 kt and 35°.

LESSONS LEARNED: Opti-
mizing net climb rates in thermals is
complex. There are no simple answers.
What is certain is: for a given ther-
mal, the optimum angle of bank and
airspeed varies significantly for gliders
of different performance parameters.

Lower performance/slower gliders
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achieve optimum net climb rates with
shallower angles of bank than high
performance/higher speed ships. For
all gliders, too shallow an angle of bank
and the radius of turn is large, and the
glider may circle in the weakest por-
tion of the thermal, or worst case, cir-
cle the thermal entirely. Too steep an
angle of bank, the radius of turn may
be small but the sink rate of the glider
increases dramatically with the higher
load factor, more than offsetting the
benefit of flying closer to the core of
the thermal. For each glider, and for
each thermal, there is an optimum
angle of bank and airspeed required
to maximize net climb performance,
meaning that radius of turn matters.
As a general rule, narrow (less than
750 ft radius) strong thermals require
steeper angles of bank to maximize net
climb rates, while wide (greater than
1,500 ft radius) weak thermals require
shallower angles of bank to maximize
net climb rates. Knowing the mini-
mum sink speed for key angles of bank
is also important.

Shown in Figure 4 is a comparison
of the net climb rates for a 1-26, 2-33,
Ventus, Discus, and a PW-6 versus
radius of turn in an SBT. Notice that
if all ships are centered perfectly and
flown at their optimum minimum
sink speeds for each angle of bank, the
lowly Schweizer 1-26, with a peak net
climb rate at only 250 ft radius of turn,

is capable of outclimbing all but the
Ventus! Minimum sink speed matters.
Radius of turn matters. Optimizing
thermaling flight is fascinating. Have
tun. Fly safe.

APPENDIX

Note: All of the computer-gener-
ated net climb rates are theoretical.
While the results are useful for under-
standing the relative performance and
effects of angle of bank and airspeed
on net climb performance, the mod-
els assume perfect flight — gliders are
perfectly centered, flown in perfectly
cylindrical thermals at the perfect
minimum sink speed for each angle of
bank. Highly unlikely. For those read-
ers interested in the technicalities or
plotting net climb rates for different
make/models, the following equations
will prove helpful:

EQUATION 1: For ALL gliders,
the sink rate as a function of radius
of turn (and therefore bank angle and
airspeed), if flown at the optimum
minimum sink speed for each angle of
bank, is generated from the following
equation:

VSink(R) = VSink(0) * [ 1/ {1 -
(V> / g™ R)? 1*°]' where:

VSink(R) = the sink rate at a radius
of turn for a particular angle of bank /
airspeed

VSink(0) = the level flight minimum

44 Soaring e August 2019 ¢ www.ssa.org

sink rate for any glider at the operat-
ing weight

V,, = the level flight minimum sink
speed at the operating weight

R = the radius of turn at a particu-
lar bank angle flown at the min sink

speed for the angle of bank.

EQUATION 2: The minimum sink
speed at angle of bank (x) is given by:

Vangle =V * (1/ Cos (x))"* where:

Vangle = the minimum sink speed
for coordinated turning flight at bank
angle x

V,, = the level flight minimum sink
speed at the operating weight.

EQUATION 3:

R =(V,)*/(g* Sin (x)) where:

R = the radius of turn at a particu-
lar bank angle flown at the min sink

speed for the angle of bank.

EQUATION 4: Model represent-
ing a Standard British Thermal, a cy-
lindrical column of rising air with a
maximum air mass rate of climb of 4.2
kt at the center, decreasing paraboli-
cally to zero at a radius of 1,000 ft:

Thermal lift (R) = 42 * {1 - (R /
1000 )?} where:

Thermal lift (R) = the thermal
strength at radius R from the center of
the thermal.

About the author: Steve is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He
holds an instrument rating and is a Cer-
tificated Flight Instructor for airplanes,
instruments, and gliders. He has logged
over 4,000 flight hr, including over
2,000 hr as a flight instructor. He is a
retired IBM Engineering Manager and
is a member of the Flight Instructor Staff
at Sugarbush Soaring, Warren-Sugar-
bush Airport, Warren, VI De
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GLIDER
>§ AERODYNAMICS PUZZLER

BY STEVE PLATT

Energy Management

he Glider Aerodynamics Puz- Glider pilots are taught from the
Fiy A

zler is intended to stimulate your  very initial flight lessons how to man-

thinking about soaring and refresh  age energy. Whether flying faster into
SAILPLANE TODAY your understanding of glider aerody-  headwinds, slower with tailwinds, or

The FAST Program gives you namics and soaring optimization. The  thermaling efficiently, glider pilots
the opportunity to get a taste correct answers with detailed explana- are energy managers. Knowing how
of what soaring is all about. It tions follow the questions. Have fun. to optimize energy consumption to
is a program that offers you
an infroductory lesson in flying
a glider, during which you will
handle the controls of the aircraft
under the guidance of an FAA
certified glider flight instructor.

The FAST Program is geared
towards you! To buy a FAST Pro-
gram lesson voucher, visit the
SSA web site at www.ssa.org.
Then call a participating soaring
operation to schedule your les-
son. FAST packages may be pur-
chased by calling (675) 392-1177
fo receive your voucher by fax.

The FAST package is a great
value for $139. With your pur-
chase you will receive: An intro-
ductory lesson, a copy of the
Everybody’s First Glider Book, a
glider pilot logbook, and an in-
froductory 3 month membership
in the SSA, including one copy of Figure2
the monthly publication Soaring.

To find the nearest participat-
ing soaring operation, log onto:
http://www.ssa.org/sport/where
fofly.asp, or contact the SSA at
the address below. Get involved
and fly a sailplane FAST today!

Figure 1

The Soaring Society

of Americaq, Inc.

P.O. Box 2100
Hobbs, NM 88241-2100
Phone: (675) 392 1177

Fax: (675) 392-8154
E-mail: feedback@ssa.org
Web site: www.ssa.org

I
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make a destination, maximize speed
in a race, or optimize energy acquisi-
tion while thermaling, ridge flying, or
in mountain wave, is key to success-
tul soaring flight. The best glider pilots
are, indeed, the best energy managers.

QUESTION 1A: You are flying a
PW-6 medium performance 2-seat
glider. The flight polar is shown in
Figure 1 for your operating weight
(max weight). You are flying to maxi-
mize energy conservation to make a
destination by getting the maximum
distance per foot of altitude consumed.
If you fly at the optimum speed to fly
(STF) to maximize distance, which of
the following conditions will consume
the least amount of energy (altitude)
per unit distance traveled?

A. Flying in an area of 2 kt of sink
B. Flying into a 20 kt headwind

C. Either condition will consume
the same altitude per unit distance
travelled

QUESTION 1B: How about if you
fly at the optimum STF to maximize
distance into a 30 kt headwind or fly-
ing in an area of consistent 3 kt of sink,
which scenario will consume the least
amount of energy (altitude) per unit
distance travelled?

A. Flying in an area of 3 kt of sink

B. Flying into a 30 kt headwind

C. Either condition will consume
the same altitude per unit distance
traveled

QUESTION 2: Optimizing en-
ergy acquisition is crucial to soaring
flight. You are flying a PW-6 at max
gross weight (polar shown in Figure
1). Which of the following scenarios

will yield a larger net climb rate: ther-
maling optimally (perfectly centered at
the optimal airspeed and bank angle)
in a Standard British Thermal with 4.2
kt of air mass lift at the core decreas-
ing parabolically to zero at a radius of
1,000 ft, or climbing at the optimum
STF in an area of 3.5 kt of vertical air
mass ridge lift?

A. 'Thermaling in the Standard
British Thermal

B. Climbing in ridge lift

C. 'The net climb rate will be the
same in either scenario

EXPLANATION QUESTION
1A: Shown in Figure 2 is the con-
struction for determining the opti-
mum STF in 20 kt of headwind and
2 kt of air mass sink. Notice that the

STF to optimize distance is faster for
2 kt of sink than for a 20 kt headwind.

-
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For the case of 2 kt of air mass sink,
the sink rate of the glider at the 63 kt
STF is 2.0 kt, for a total of 4 kt of sink
read on the variometer. (Note: the sink
rate of the glider must be added to the
sink of the air mass the glider is fly-
ing in). However, for the 20 kt head-
wind case, the sink rate of the glider
at the STF of 60 kt is 1.8 kt, but the
GROUND SPEED is only 40 kt in
an air mass neither rising nor sinking
— so the glider will take 57% longer
to make the same horizontal distance
traveled; the sink rate of 1.8 kt for this
case must be uplifted by 50% to 2.8 kt,
to be compared to the 4 kt of sink in
the prior case. In summary, flying into
a 20 kt headwind will consume less
energy (altitude) per unit of horizon-
tal travel than flying in 2 kt of air mass
sink. The answer to Question 1A is B.

EXPLANATION QUESTION
1B: Shown in Figure 3 is the construc-
tion for determining the optimum
STF in 30 kt of headwind and in 3 kt
of air mass sink. As in 1A, the STF to
optimize distance is faster for 3 kt of
sink than for a 30 kt headwind. For the
3 kt of air mass sink case, the sink rate
of the glider at the 66 kt STF is 2.2 kt,
for a total of 5.2 kt of sink read on the
variometer. (Again, the sink rate of the
glider must be added to the sink of the
air mass the glider is flying in). How-
ever, for the 30 kt of headwind case,
the sink rate of the glider at the STF
of 63 kt is 2.0 kt, but the GROUND
SPEED is only 33 kt in an air mass
neither rising nor sinking — so the glid-
er will take 100% longer to make the
same horizontal distance traveled; the
sink rate of 2.0 kt for this case must
be uplifted by 100% to 4.0 kt, to be
compared to the 5.2 kt for the 3.0 kt
of air mass sink case. Flying into a 30
kt headwind will consume less energy
(altitude) per unit of horizontal travel
than flying in 3 kt of air mass sink. The

answer to Question 1B is B.

EXPLANATION QUESTION

2: Shown in Figure 4 is the net climb
rate for the PW-6 as a function of

Figure 3

Figure 4

radius of turn in a Standard British
Thermal. Notice that the peak net
climb rate of 1.55 kt occurs at a ra-
dius of turn of 410 ft (i.e., at a bank
angle of 33° and airspeed of 54 kt). For
the ridge climb scenario, the optimum
STF is the wings level minimum sink
speed, which equals 50 kt at a mini-
mum sink rate of 150 ft/min = ~1.5
kt. Therefore, the net climb rate will be
the 3.5 kt of air mass lift minus the
1.5 kt sink rate of the glider, which
yields ~2 kt net climb. The ridge climb
scenario will outclimb the thermaling
scenario, ie., 2.0 kt versus 1.55 kt.

LESSONS LEARNED: For opti-

mizing distance, i.e. energy (altitude),
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the optimum STF is determined by
the construction in Figures 2 and Fig-
ure 3 — the tangent to the flight po-
lar from the “headwind point,” or the
“sink rate point,” or the combination
thereof. It is imperative to point out
that the flight polar for ALL gliders is
a function of weight. The flight polar
must be adjusted for the current op-
erating weight. While the change in
optimal STF for single seat ships as
a function of weight does not change
much (except if the ship is designed to
accommodate large amounts of water
ballast), for two seat gliders, such as the
ASK 21 or PW-6, the change in opti-
mum STF changes significantly be-

tween maximum gross weight with 2

A.



passengers and minimum weight with
a single passenger. For example, the
minimum sink speed for the PW-6 at
gross weight is 50 kt. (Refer to Figure
1.) The minimum sink speed at mini-
mum weight is 44 kt. 6 kt slower is not
insignificant.

In Question 2, the key to under-
standing the answer is understanding
minimum sink speed. For straight and
level flight in ridge lift, the maximum
net climb rate occurs when flying at
minimum sink speed — at the mini-
mum sink rate. Likewise, when ther-
maling, flying at the optimum mini-
mum sink speed for the bank angle
chosen will minimize glider sink rate
and maximize climb rate for the avail-
able air mass lift. Minimum sink speed
is an extremely important parameter
to understand as a function of weight
and as a function of bank angle. As
noted in prior aerodynamic puzzlers,
the percent change in minimum sink
speed for various angles of bank is
IDENTICAL for ALL gliders inde-
pendent of make or model. I find it
useful to memorize two cases: 30° of
bank and 45° of bank, as it applies to all
the ships I fly. (Note: Sugarbush Soar-
ing has a Schweizer 1-26, a Schweizer
2-33,a Grob 102, an ASK 21, and two
new PW-6 gliders in the fleet.) For all

gliders in a coordinated 30° bank turn,

the minimum sink speed increases by
7.5% and minimum sink rate increases
by 24% over the level flight min sink
speed and rate. Likewise, for all glid-
ers in a coordinated 45° bank turn,
the minimum sink speed increases
by 18.9% and minimum sink rate in-
creases by 68% over the level flight
minimum sink speed and rate. The
aerodynamics of glider flight is fasci-
nating. Fly safe.

About the author: Steve is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He

holds an instrument rating and is a Cer-
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GLIDER

AERODYNAMICS PUZZLER

D<

BY STEVE PLATT

Speed to Fly

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
Glider pilots take great pride in stay-
ing aloft when everyone else is “fall-
ing” out of the sky. Indeed, being able
to stay aloft in weak to nonexistent lift
conditions to complete the mission at
hand is one of the great challenges of
our sport. Whether trying to maxi-
mize time aloft, maximize distance, or
maximize speed, being able to read the
atmosphere and geography and know-
ing the optimum speed-to-fly for the
mission is key. A little luck does not
hurt either.

QUESTION 1: On a beautiful

Saturday afternoon, you are finishing
up a local recreation flight. You are

flying your club’s dual seat PW-6 solo
at minimum weight, about 320 1b un-
der gross weight. The manufacturer’s
published gross weight flight polar is
shown in Figure 1. You are 5 miles
from your home airport and have got-
ten a bit low. You decide to fly at the
best speed-to-fly (STF) to maximize
distance. The good news is you have a
20 kt tailwind. What is the best STF
in your situation to maximize distance
and conserve energy?

A. Best speed-to-fly = 42 kt
B. Best speed-to-fly = 46 kt
C. Best speed-to-fly = 50 kt
D. Best speed-to-fly = 52 kt
E. Best speed-to-fly = 56 kt

QUESTION 2: As in Question 1,
suppose you have a 20 kt headwind in-
stead of a 20 kt tailwind. What is the
best STF in your situation to maxi-
mize distance and conserve energy?

A. Best speed-to-fly = 46 kt
B. Best speed-to-fly = 50 kt
C. Best speed-to-fly = 53 kt
D. Best speed-to-fly = 60 kt
E. Best speed-to-fly = 64 kt

QUESTION 3: Your soaring club
holds an annual President’s Cup Race
for members. The course is short and
designed such that landing out is high-
ly unlikely. Your home airport is at the
center of a triangular course. The event
is designed only for fun and bragging
rights. There are three classes based on
performance such that everyone can
participate, even the low performance
ships (SGS 2-33s), including student
pilots with their instructors. You are
planning to run the course in the club’s
PW-6 solo at minimum weight. The
manufacturer’s published flight polar
is shown in Figure 1. The reported net
climb rates in thermals has been 2 kt
from several participants. You decide

to apply classic MacCready theory
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and fly at MacCready 2 speed. What
is your MacCready 2 speed-to-fly?

A. Best speed-to-fly = 53 kt
B. Best speed-to-fly = 56 kt
C. Best speed-to-fly = 60 kt
D. Best speed-to-fly = 63 kt
E. Best speed-to-fly = 66 kt

EXPLANATION QUESTION 1
& 2: Weight matters. While the man-
ufacturer’s published gross weight
polar is shown in Figure 1, at 320 Ib
under gross weight, the flight polar
shifts up and to the left as shown in
Figure 2. All of the key performance
parameters slow down considerably.
The stall speed, minimum sink speed,
and best L/D speed all decrease.
Technically, all the published gross
weight coordinate parameters shift by
a factor equal to the square root of the
ratio of the actual operation weight
to the gross weight. (Reference: 7Zhe
Complete Soaring Pilots Handbook, by
Ann & Lorne Welch and Frank Ir-
ving, p 266, ISBN: 0-679-50718-3;
and Cross Country Soaring, 7th edi-
tion, by Helmut Reichmann, p 122,
ISBN: 1-883813-01-8.) The shift
factor = (900/1220)%° = 0.859. At 900
Ib operational weight, the minimum
sink speed reduces by ~7 kt from 50
kt to 43 kt and the best L/D speed
decreases ~8 kt from 56 kt to 48 kt.
Using the polar for the minimum
weight configuration from Figure 2,
the best STF to maximize distance
is determined by the tangents to the
polar for the 20 kt headwind and tail-
wind as shown in Figure 3. The best
speed-to-fly for the 20 kt tailwind to
maximize distance is 46 kt (answer
B). And the best speed-to-fly for the
20 kt headwind is 53 kt (answer C).

EXPLANATION QUESTION
3: Per classical MacCready flight, the
best speed-to-fly to maximize aver-
age speed for thermals yielding a net
climb rate of 2 kt is MacCready 2.
MacCready 2 speed is determined by
the construction (tangent to the mini-
mum weight configuration polar) as

shown in Figure 4. The best STF for

MacCready 2 at the 900 1b operational
weight is 56 kt (answer B).

LESSONS LEARNED: Know
Thy Flight Polar. The flight polar for
ALL gliders is a function of weight.
While the manufacturers typically
publish the flight polar at gross weight
(and perhaps with ballast, if that is an
option) the actual flight polar must
be adjusted for the actual operating
weight. Some sophisticated onboard
navigation computers can make this
adjustment if programmed properly.
While the differences in key perfor-
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mance STF numbers for single-seat
ships may be modest, for dual seat
ships flown solo, the difference be-
tween minimum weight and maxi-
mum weight STEF numbers can be
more significant, e.g. 8 kt. Likewise,
all MacCready speeds are a function
of weight. Again, for single-seat ships
where the min/max weight variation
may be modest, the MacCready STF
differences are relatively small. For
dual seat ships where the min/max
weight difference can be greater than
300 Ib, the STF differences can be

more significant.

A.



'The level flight minimum sink speed
for the actual operating weight is a
very important parameter to know.
As described in prior “Glider Aero-
dynamics Puzzlers” and the Soaring
magazine May 2017 article “How to
Optimize Thermaling Flight in Glid-
ers,” the minimum sink speed is a cru-
cial parameter in determining the op-
timum speed-to-fly while thermaling.
The lower (slower) the minimum sink
speed the smaller the radius of turn
possible while thermaling — which
normally yields higher net climb
rates closer to the core. Glider flight
optimization is, indeed, fascinating.

Fly safe.

About the author:
Steve is a commercial
pilot in single engine
airplanes, single en-

gine seaplanes, and gliders. He holds an
instrument rating and is a Certificated
Flight Instructor for airplanes, instru-
ments, and gliders. He has logged over
4,000 flight hr including over 2,000

br as a flight instructor. He is a retired
IBM  Engineering Manager and a
Flight Instructor at Sugarbush Soaring,
Warren, VI, <
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AERODYNAMICS PUZZLER

BY STEVE PLATT

MacCready Theory

he Glider Aerodynamics Puz-

zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.

Your soaring club hosts an annual
President’s Cup Race. The race is run
on a relatively short triangular course
surrounding your home airport. The
race is designed just for fun and brag-
ging rights. Turn points are on the
honor system. There are three classes
— high, medium, and low performance
ships — such that everyone may par-
ticipate, even the student pilots with
their instructors.

You are flying your club’s PW-6
with a friend on the final leg of the
race. You are a few pounds under gross
weight. The flight polar for the PW-6
is shown in Figure 1 for both mini-
mum and maximum weight. The key

U.S.
SOUTHWEST SOARING MUSEUM...

YOU HAVE TO SEE IT
TO BELIEVE IT !

If you can’t visit us
then we invite your membership
505-832-9222
U.S. Southwest Soaring Museum
918 Old Highway 66, Moriarty, NM, USA
ussouthwestsoaringmuseum@gmail.com
www.swsoaringmuseum.org

performance characteristics of the
PW-6 at gross weight are:

Min sink speed =51kt

Min sink rate =148 ft/
minute (1.46 kt)

Best L/D speed =56 kt

Sink at best L/D speed =

167 ft/minute (1.65 kt)

Best L/D glide ratio =34 to 1
'The winds aloft are light and vari-
able, and not a factor. On the final
leg, you reach what you hope will be
the final thermal for a final glide to
the finish line at pattern altitude. You
center the thermal and start climbing.
You reach an altitude of 4,286 ft MSL
where your onboard flight computer
(set to MacCready 0) indicates you can
just make it to the finish line at pat-
tern altitude. Pattern altitude is 2,500
ft MSL. (Your home airport elevation
is 1,500 ft MSL.) You have a decision
to make. You are currently exactly 10
nm from the finish line, and you have
been climbing at a steady 2 kt. You

can leave the thermal now and head
for the finish line flying at the opti-
mum speed-to-fly (STF) to maximize
distance (conserve energy), or you can
continue to climb to a higher altitude
and apply MacCready theory to try to

improve your speed (minimize time).

Question 1. What do you decide to
do?

A. Leave the thermal as soon as
possible to make it to the finish line.

B. Climb higher to the optimum
MacCready departure altitude.

C. Abandon the course and land

out.

Question 2. If you select B in
Question 1, climb higher, and if flown
perfectly, what is the optimum Mac-
Cready altitude to depart the thermal?
4,200 ft MSL
4,286 ft MSL
4,428 ft MSL
4,500 ft MSL
4,628 ft MSL

moOO%E >

Question 3. If you select B in Ques-
tion 1, how much time will you save
by applying MacCready flight versus
leaving the thermal as soon as possible
and flying at the best STF to maxi-
mize distance?

A. Nothing. MacCready flight will

not work in this scenario.
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B. 20 seconds
C. 30 seconds
D. 56 seconds

E. 1 minute, 56 seconds

Explanation Questions 1-3:

Paul MacCready’s solution for max-
imizing speed, first published in the
January 1958 issue of Soaring maga-
zine, has served the test of time over
the past six decades. The MacCready
solution (refer to the article “Mac-
Cready Flight 101: How to Optimize
Speed (Time)” in the June 2018 issue
of Soaring magazine) minimizes the
time (i.e. maximizes average speed)
for the glide from one thermal to the
next thermal, and the climb back to
the start altitude. The solution is inde-
pendent of the winds aloft.

'The MacCready solution states that
the best STF to minimize time be-
tween thermals and climb back to the
start altitude is dependent on the ex-
pected average climb rate in the ther-
mal returning to the start altitude. If

the net climb rate in the thermal is 2
kt, as is the case in this example, the
best speed to fly is MacCready 2. And
the MacCready 2 speed to fly is de-
termined by the construction to the
flight polar (for the current operating
weight) as shown in Figure 2. The

best STF to maximize average speed
is the MacCready 2 speed of 63 kt. The
best speed to fly to maximize distance,
i.e., leave the thermal with the least
amount of energy (altitude) is the best
L/D speed of 56 kt. (With headwinds
or tailwinds, the STF would have to be
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adjusted to accommodate the winds
aloft.) Since flying at 63 kt (Mac-
Cready 2) versus 56 kt (MacCready
0) requires more energy, additional al-
titude is required and the glider must
climb a little longer in the thermal.

In this example, with 10 nm to
fly to the finish line at the best L/D
speed of 56 kt, the glide ratio is 34
to 1. Therefore, 10/34 nm or 1,786 ft
above the pattern altitude is required
to make it to the finish line exactly at
pattern altitude. With the pattern al-
titude at 2,500 ft MSL, when flying at
best L/D speed, the PW-6 may leave
the thermal at 4,286 ft if flown per-
fectly. (Note, for simplicity, we are as-
suming neither additional lift nor sink
in the final glide). With 10 nm to fly
at 56 kt, the time to reach the finish
line will be 10/56 hr, or 10 minutes
and 43 seconds.

On the other hand, to fly at Mac-
Cready 2 speed of 63 kt, the glide ratio
degrades to 31.5. Therefore, the alti-
tude required to fly at 63 kt is 10/31.5
nm or 1,928 ft. An additional 142 ft
of altitude (energy) is required to fly
at 63 kt versus 56 kt to just make it

to the finish line at pattern altitude.
'The answer to Question 2 is C, 4,428
ft MSL. Now, the time to climb the
additional 142 ft at the 2 kt climb rate
is: 42 seconds. The time to reach the
finish line at 63 kt is 10/63 hr, or 9
minutes and 31 seconds. Adding the
additional climb time, the total time
becomes 10 minutes and 13 seconds.
Climbing higher before departing the
final thermal and flying at the opti-
mum MacCready Speed reaches the
finish line 30 seconds faster than at
best L/D speed!

Lessons Learned: MacCready
flight optimizes average speed, not
energy. While the thermal-to-thermal
MacCready solution is independent
of wind, for the final glide, the head-
wind/tailwind must be taken into con-
sideration for the minimum departure
altitude calculation. If you are not
in a race, or in a hurry, or concerned
about having enough energy to make
a particular destination, flying at the
best STF to maximize distance will
conserve energy (i.e. altitude). Simi-
lar to best L/D speed, minimum sink

speed, and stall speed, all MacCready

speeds are a function of weight. While
the difference in MacCready speeds
for single-seat gliders between mini-
mum and maximum weight is usually
less critical (unless there is an option
for large amounts of water ballast), for
dual seat ships the difference in Mac-
Cready speeds flown solo at minimum
weight versus dual at gross weight can
be as much as 7-8 kt. If you are trying
to maximize speed in a race, it may be
appropriate to adjust your MacCready
speeds for the current operating
weight. As they say: Know thy flight
polar. Fly safe.

About the author:
Steve is a commercial
pilot in single engine
airplanes, single en-
gine  seaplanes, and
gliders. He holds an instrument rating
and is a Certificated Flight Instructor for
airplanes, instruments, and gliders. He
has logged over 4,000 flight hr including
over 2,000 hr as a flight instructor. He
is a retired IBM Engineering Manager
and a Flight Instructor at Sugarbush
Soaring, Warren, VT De
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BY STEVE PLATT

Turning Flight
Performance

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
Optimizing glider flight involves
both optimizing level flight, i.e. maxi-
mizing time aloft, distance, or speed,
AND optimizing turning flight, i.e.
maximizing energy acquisition while
thermaling or conserving energy in
turning flight. Optimizing turning
flight is complex and generally less
well understood.

QUESTION 1:

Two identical gliders (same flight
polar and operating weight) enter a
coordinated 360° turn. Glider A uses
45° of bank and an airspeed of 70 kt.
Glider B uses 27° of bank and an air-
speed of 50 kt. Which glider has the
larger radius of turn?

A. The fast Glider A has a larger
radius of turn.

B. The slow Glider B has a larger
radius of turn.

C. Glider A and Glider B have the

same radius of turn.

QUESTION 2

In Question 1, which glider com-
pletes the 360” turn first?

A. The fast Glider A finishes the
turn first.

B. The slow Glider B finishes the
turn first.

C. Glider A and Glider B finish the

turn at the same time.

EXPLANATION QUESTIONS 1
&2

Key to wunderstanding Turning
Flight is understanding two relation-
ships. The first is radius of turn as a
function of airspeed and bank angle,
and the second is the impact of wing
loading on glider performance, i.e.
the effect of angle of bank in coor-
dinated turning flight on glider sink
rate. Let’s look at both. First, the ra-
dius of turn for ALL airplanes with
wings is given by a fundamental
equation of flight. The relationship is
identical whether flying a Schweizer
1-26, an F-16, or a Boeing 777. The
radius of turn is equal to the square of
airspeed divided by the product of the
acceleration of gravity (32.17 ft per
second squared) times the tangent of

the angle of bank.

Radius = V2 / (g * Tan(angle of
bank))

(Refer to the derivation of this
equation in the “Glider Aerodynamics
Puzzler,” Soaring magazine, November
2018, p 34.) There are two variables in
this equation: airspeed and angle of
bank. Both are important, but changes
in airspeed affect radius of turn “faster”
because of the square function in the
numerator. I like to use the follow-
ing example to portray the effect: Two
identical gliders enter a 30° banked
turn. The first is flying slowly at 45 kt.
'The second is flying twice as fast at 90
kt. Which airplane reverses direction
first? The answer is: The slow glider
will complete the 180° turn while the
fast glider is only at HALF way around
at the 90° point. Why? Because the ra-
dius of turn of the fast glider is FOUR
times that of the slow glider, and while
the fast glider is flying twice as fast
as the slow glider, it has 4 times the
distance to travel. If you accidentally
fly into a boxed canyon with narrow
walls and you have to turn around to
escape — slow down! While thermal-
ing, achieving the optimum radius of
turn, with the appropriate airspeed
and bank angle, will maximize net
climb rates.

Now let’s look at the other key fac-
tor in turning flight: the effect of angle
of bank and wing loading on glider
sink rate. Figure 1 shows the effect on
the flight polar for a Libelle at vari-
ous angles of bank. (Reference: “The

Figure 1

26 Soaring e April 2020 * www.ssa.org




Complete Soaring Pilot’s Handbook,”
by Welch and Irving, 1977, p 239,
ISBN: 0-679-50718-3.) As the bank
angle increases, the wing must “work
harder,” i.e. lift more, in order for the
vertical component of lift to remain
equal to the weight of the glider plus
the tail down force, and for the hori-
zontal component of lift to remain
equal to centripetal force. As the bank
angle increases, so does the angle of
attack. As the angle of attack increases,
lift increases and so does drag. As drag
increases, the sink rate of the glider
increases. As in Figure 1, the entire
flight polar for all gliders moves down
and to the right with increasing bank
angle. In fact, the percentage increase
in minimum sink speed and minimum
sink rate (little circles) over the level
flight minimum sink speed and mini-
mum sink rate, IS IDENTICAL for
all gliders. The percentage increase in
minimum sink speed and minimum
sink rate over the level flight param-
eters is shown in Table 1. Together,

Angle of Bank (degrees) 0 10 20 30 40 45 50 60
Increase in Minimum Sink Speed (%) 0 0713275 14 | 189 | 25 41
Increase in Minimum Sink Rate (%) 0 24 | 9.8 24 49 68 94 183

Table 1: Percentage increase in minimum sink speed and sink rate.

these two factors, radius of turn and
sink rate versus bank angle, are the
reason why, for every thermal profile,
there is an optimum angle of bank and
airspeed to maximize net climb rates.
For a given thermal profile, flying
too fast and with too shallow an angle
of bank, the radius of turn is large,
and the glider either circles the ther-
mal or operates in a weaker portion of
the thermal. On the other hand, fly-
ing too steep and too slow, the radius
of turn may be narrow, but sink rate
of the glider (per Table 1) increases
rapidly, more than offsetting the ben-
efit of operating closer to the core of
the thermal. As a general rule, for the
idealized Standard British Thermal,
with 4.2 kt of air mass lift at the core
decreasing parabolically to zero at a
radius of 1,000 ft, the optimum angle

of bank varies from about 25° of bank
for the very slow aircraft (like the Sch-
weizer 1-26) to 40° of bank for very
high performance gliders with con-
siderably higher level flight minimum
sinks speeds.

In Figure 2, the net climb rates of
a Schweizer 1-26, Schweizer 2-33,
PW-6, and DG-1000 are shown as a
function of radius of turn for a Stan-
dard British Thermal. In each case, the
glider is flown at the optimum mini-
mum sink speed for the angle of bank.
Notice that, for the Schweizer 1-26,
the peak net climb occurs at a radius
of 250 ft resulting from a bank angle
of 23° and the minimum sink speed
for a 23° bank of 34.4 kt (40.6 mph).
However, for the DG-1000, the peak
net climb rate occurs at a radius of 430
ft, resulting from a bank angle of 37°

The 1-26 Association
and the Kansas Soaring
Association are
co-sponsoring the 2020
1-26 Championships in Yoder, KS,
June 18-26, 2020. Special entry fee
sponsorships for pilots 30 years of
age and younger who qualify.

Contact Tony Condon at (515) 291-0089 or
abcondon@gmail.com for more details.
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and the minimum sink speed for a 37°
bank of 60.4 kt. As an aside, notice that
the SGS 1-26 can outclimb all of the
ships, including the DG-1000, if lown
optimally. Radius of turn matters.

As for the answer to Question 1,
entering the airspeed and bank angle
for both Glider A and Glider B into
the radius of turn equation results in a
radius of turn of 433 ft for Glider A,
and 433 ft for Glider B. The answer is
C. The radius is the same. For Ques-
tion 2, since the radius and therefore
the distance traveled is the same, the

faster glider, A, will finish first.

LESSONS LEARNED

The relationship between radius of
turn, driven by bank angle and air-
speed, and increasing sink rate, driven
by wing loading (bank angle), are the
two parameters that must be selected
properly in order to optimize turning
flight. When thermaling, the width
and profile of the thermal is a prime
factor in deciding what angle of bank
and airspeed to deploy. The narrower
the thermal, the steeper the bank re-
quired to reach maximum net climb
rate. However, just as using too shal-
low a bank angle yields circling in a
weaker part of the thermal, using too
steep an angle of bank is also coun-
terproductive. Remember from Table
1, for a 45° bank coordinated turn for

ALL gliders, the minimum sink rate
increases by 68% over the level flight
minimum sink rate — and that is if the
45° banked turn is flown at the mini-
mum sink speed for a 45° bank (which
is 18.9% above the level flight mini-
mum sink speed). Any other speed, the
glider sink rate will be even greater!
For example, for a glider with a level
flight, minimum sink rate of 125 fpm
at 40 kt, in a 45° coordinated banked
turn, the minimum sink rate would
increase to 210 fpm at 48 kt. For a
Schweizer 2-33 in a 45° banked turn,
the glider sink rate increases to over 3
kt! It had better be a fairly narrow and
strong thermal to justify banking 45°
in a 2-33! Lastly, knowing the percent

increase in minimum sink speed for

various angles of bank (Table 1) is key
to optimizing net climb rates while
thermaling. Glider aerodynamics are
complex but incredibly fascinating.
Have fun. Fly safe. SP.

About the author: Steve is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He
holds an instrument
rating and is a Certifi-
cated Flight Instructor
for airplanes, instru-
ments, and gliders. He
has logged over 4,000
flight  hr  including
over 2,000 hr as a flight instructor. He
is a retired IBM Engineering Manager
and a Flight Instructor at Sugarbush
Soaring, Warren, V1. De
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winds

The Glider Aerodynamics Puzzler is
intended to stimulate your thinking about
soaring and refresh your understanding
of glider aerodynamics and soaring opti-
mization. The correct answers with de-
tailed explanations follow the questions.
Hawve fun.

lider pilots usually are intimately

familiar with the best Lift-to-
Drag (L/D) glide ratio performance
of the ships they fly. However, when
trying to reach a particular destina-
tion while flying to conserve energy
(altitude) at the optimum Speed to
Fly (STF) to maximize distance, the
winds aloft play a crucial role in de-
termining what the optimum STF is,
and what the resulting effective glide
ratio will be.

QUESTION 1: The flight polars
for both a 23:1 Schweizer 1-26 and a
medium performance 34:1 PW-6 are

shown in Figure 1. If the Schweizer
1-26 is flying with a 20 kt tailwind
and the PW-6 is flying with a 20 kt
headwind, and both ships fly at the
optimum STF to maximize distance,
which glider will have the higher ef-
fective glide ratio with their flight
conditions?

A. 'The Schweizer 1-26.

B. 'The PW-6.

C. It’s independent of the winds
aloft.

D. Will be the same for both.

QUESTION 2: In Question 1,
what is the best STF to maximize
distance (maximize the effective glide
ratio) for the Schweizer 1-26 with the
20 kt tailwind, and the PW-6 with the
20 kt headwind?

QUESTION 3: Suppose a high
performance Discus-2 is flying into

a 20 kt headwind at the best STF to

FIGURE 1
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maximize distance and a Schweizer
1-26 is flying with a 20 kt tailwind at
the best STF to maximize distance.
Which glider has the best effective
glide ratio with their flight conditions?

A. The Schweizer 1-26.

B. 'The Discus.

C. It’s independent of the winds
aloft.

D. Will be the same for both.

QUESTION 4: In Question 1,
suppose the winds aloft are only 10
kt and the Schweizer 1-26 is flying
with a 10 kt tailwind and the PW-6
is flying into the 10 kt headwind. If
both ships fly at the optimum STF to
maximize distance, which glider will
have the better effective glide ratio?

A. 'The Schweizer 1-26.

B. 'The PW-6.

C. It’s independent of the winds
aloft.

D. Will be the same for both.

EXPLANATION QUESTIONS
1 & 2: Shown in Figure 2 is the con-
struction for determining the best STF
for the Schweizer 1-26 with a 20 kt
tailwind, and for the PW-6 in a 20 kt
headwind. The best STF for the 1-26
is 43 kt yielding a ground speed of 63
kt, which results in an effective glide
ratio of 33.7. The best STF for the
PW-6 into a 20 kt headwind is 59.5
kt yielding a ground speed of 39.5 kt,
which results in an effective glide ratio
0f 21.9.1n effect, with a 20 kt tailwind,
a 1-26 has the performance of a PW-6
in still air — and a PW-6 with a 20
kt headwind has the performance of a
1-26 in still air. The answer to question

1is A.

EXPLANATION QUESTION
3: Shown in Figure 3 is the construc-
tion for determining the best STF for
the Schweizer 1-26 with a 20 kt tail-
wind, and for a Discus in a 20 kt head-
wind. The best STF for the 1-26 is 43
kt yielding a ground speed of 63 kt,
which results in an effective glide ratio
of 33.7.'The best STF for the Discus is
62.5 kt yielding a ground speed of 42.5

A.



kt, which results in an effective glide
ratio of 30.8. Once again, a 1-26 with
a 20 kt tailwind has a better effective
glide ratio than the high performance
Discus with a 20 kt headwind.

FIGURE 2

EXPLANATION QUESTION
4: Shown in Figure 4 is the construc-
tion for determining the best STF
for the Schweizer 1-26 with a 10 kt
tailwind, and for the PW-6 in a 10 kt
headwind. The best STF for the 1-26
is 44.5 kt yielding a ground speed of
54.5 kt, which results in an effective
glide ratio of 28.7. The best STF for
the PW-6 is 57.5 kt yielding a ground
speed of 47.5 kt, which results in an
effective glide ratio of 28. Once again,
a 1-26 with a 10 kt tailwind has a
slightly better effective glide ratio than FIGURE 3
the PW-6 with a 10 kt headwind!

LESSONS LEARNED: Winds
matter. Even modest winds matter.
With strong winds aloft, e.g. 30-35
kt, even the sleekest high performance
45/50:1 glass ships can have an effec-
tive glide ratio of no more than that
of a Schweizer 1-26/2-33 in still air!
For safe flight, glider pilots must al-
ways understand the current and fore-
cast winds aloft for any planned flight.
Glider aerodynamics are fascinating.

Fly safe.

About the author:
Steve is a commercial
pilot in single engine FIGURE 4
airplanes, single en-
gine seaplanes, and
gliders. He holds an
instrument rating and
is a Certificated Flight Instructor for
airplanes, instruments, and gliders. He
has logged over 4,000 flight hr including
over 2,000 hr as a flight instructor. He
is a retired IBM Engineering Manager
and a Flight Instructor at Sugarbush
Soaring, Warren, VT De

- www.ssa.org ¢ June 2020 ¢ Soaring 39
=



GLIDER

AERODYNAMICS PUZZLER

D<

BY STEVE PLATT

Stall Speed

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers, with detailed explana-
tions, follow the questions. Have fun.
The stall speed for most gliders is typ-
ically published at gross weight. How-
ever, the actual operational stall speed
is a function of several parameters.

QUESTION 1: Your soaring club
has several two seat training aircraft
— a Schweizer SGS 2-33, an ASK
21, and two PW-6 gliders. The PW-6
glider has a published gross weight
stall speed of 40 kt. You are a stu-
dent pilot signed oft for solo flight
in the PW-6. You will be taking the
PW-6 up on a practice flight solo at
minimum weight, 900 Ib, versus gross
weight of 1,220 Ib.

What will happen to the wings level
stall speed at your operating weight?
Remain at 40 kt
Decrease to 38 kt
Decrease to 36 kt
Decrease to 34 kt
Decrease to 30 kt

SACEeR S

QUESTION 2: On your solo train-
ing flight, you plan on practicing sev-
eral maneuvers including steep bank
turns at a safe altitude. If you make an
approximately 60° steep bank turn and
increase the wing loading by a factor
of two, what will happen to the instan-
taneous accelerated stall speed?

The accelerated stall speed will:

A. Remain the same

B. Increase by 10% over the level
flight stall speed

C. Increase by 20% over the level
flight stall speed

D. Increase by 40% over the level
flight stall speed

E. Increase by 100% over the level
flight stall speed

QUESTION 3: While the stall
speed is typically published at gross
weight, is the stall speed at all related
to the center of gravity (CG) loading
if the glider is loaded within the cer-
tificated CG envelope?

A. The stall speed is independent
of the CG location

B. 'The stall speed is a strong func-
tion of the CG location

C. The stall speed is a weak func-
tion of the CG location

QUESTION 4: An acquaintance
of yours with an aerobatic certificat-
ed glider with a wings level, 1 g, stall
speed of 40 kt tells you that she can

routinely pull 4 g while performing an
approximately 75° banked turn, com-
mencing the turn at 70 kt. Is this ma-
neuver possible?

A. Yes. An aerobatic glider should
be stressed for more than 4 g

B. No. Not possible

EXPLANATION QUESTION
1: Weight matters. The flight polar for
all gliders shifts up and to the left for
decreasing weight, and down and to
the right for increasing weight. (Re-
fer to Figure 1.) For ALL gliders for
a different wing loading (weight), the
flight polar coordinates shift by a fac-
tor equal to the square root of the ratio
of the weights. (Reference 1: Com-
plete Soaring Pilots Handbook; Ann
and Lorne Welch, and Frank Irving,
1977, page 266, ISBN: 0-679-50718-
3. Reference 2: Cross-Country Soar-
ing; Helmut Reichmann, 7th Edition,
1993, page 122, ISBN: 1-883813-01-
8). Accordingly, the gross weight stall
speed of 40 kt will decrease by a factor
of (900/1220)°°, which becomes 0.859
x 40, which equals 34 kt.

EXPLANATION QUESTION
2: In coordinated turning flight, the
wing must work harder. The wing’s
lift must increase such that the verti-
cal component of lift remains equal
to the weight of the aircraft (plus the
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tail down force), and the horizontal
component of lift remains equal and
opposite to centripetal force. Since the
vertical component of lift in a banked
turn is equal to the cosine of the angle
of bank times the wing’s lift, in a 60°
banked turn, the vertical component
of lift is only half of the wing’s total
lift, i.e., the cosine of 60 is equal to 0.5.

Therefore, for the 60° banked turn,
for the vertical component of lift to
remain equal to the weight of the air-
plane (plus the tail down force), the
total lift of the wing must double. For
the total lift of the wing to double, the
angle of attack must increase substan-
tially. And since lift of any wing is a
function of airspeed, the slower the
airspeed, the higher the angle of attack
required to generate the necessary lift.
'This applies until, of course, the critical
angle of attack is reached or exceeded,
whereupon the wing stalls.

The instantaneous, accelerated stall
speed of any wing increases by a fac-
tor equal to the square root of the load
factor, or g-load. Therefore, in a coor-
dinated 60° banked turn with a load
factor of 2, the accelerated stall speed
becomes 1.41 (square root of 2) times
the stall speed, and the stall speed in-
creases by 41%. For the PW-6 at mini-
mum weight, with a 1 g stall speed of
34 kt, the accelerated stall speed be-
comes 48 kt in a 2 g turn. However,
at gross weight, the PW-6 accelerated
stall speed increases to 56 kt.

EXPLANATION QUESTION
3: The level flight stall speed for all
conventionally configured gliders (and
airplanes) is a weak function of the CG
location. Within the approved CG
envelope, the CG location affects the
tail down force modestly and, there-
fore, affects the lift required slightly. A
rearward CG decreases the tail down
force and slightly decreases the stall
speed. A forward CG increases the tail
down force and slightly increases the

stall speed.

EXPLANATION QUESTION
4: While the aerobatic aircraft may

DS

be stressed and certificated to 6 g, the
maneuver described CANNOT be
performed starting at an airspeed of
70 kt. The glider will stall first, before
reaching 4 g. Indeed, a normal coor-
dinated 75° turn (not diving) would
require the wing loading to increase by
a factor of 4 — a 4 g turn. However,
at 4 g, the accelerated stall speed in-
creases by a factor of 2 (square root
of the g-load) over the 1 g stall speed.
Therefore, at 4 g, the accelerated stall
speed would be 80 kt (40 kt x 2). Since
the maneuver is started at 70 kt, as the
pilot begins to roll into the 75° banked
turn and increases the wing loading
with considerable back pressure on the
stick, the critical angle of attack will
be reached at approximately 3.1 g.'The
glider will stall before reaching 4 g. If
the maneuver were started at consid-
erably over 80 kt, then 4 g could be
reached. However, the airspeed during
the maneuver would have to remain
over 80 kt at 4 g not to stall.

LESSONS LEARNED: Weight
matters. Wing loading matters. The
published, gross weight stall speed of
any aircraft is just the starting point.
The actual operational stall speed of
any glider and airplane is a function

of both current operating weight and
wing loading. For the PW-6, the 1 g,
wings level, stall speed varies from 40
kt at gross weight to 34.4 kt at mini-
mum weight. In a 60° bank, 2 g, coor-
dinated turn, the stall speed increases
to 56.4 kt at gross weight. For an
aerobatic aircraft pulling 4 g, the stall
speed doubles. The instantaneous, ac-
celerated stall speed for any glider (or
airplane) increases by a factor equal
to the square root of the operational
g-load over the 1 g stall speed. Glider

aerodynamics is fascinating.

About the author: Steve is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He
holds an instrument rating and is a Cer-
tificated Flight Instructor for airplanes,
instruments, and gliders. He has logged
over 4,000 flight hr including over 2,000
hr as a flight instructor. He is a retired
IBM  Engineering Manager and a
Flight Instructor at Sugarbush Soaring,
Warren, VI, <
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AERODYNAMICS PUZZLER

BY STEVE PLATT

Ballast

The Glider Aerodynamics Puzzler
is intended to stimulate your thinking
about soaring and refresh your under-
standing of glider aerodynamics and
soaring optimization. The correct an-
swers with detailed explanations follow
the questions. Have fun.

Glider pilots are quite familiar
with the effects of weight on glider
performance, i.e., increasing weight
increases stall speed, minimum sink
speed, best L/D speed, and all Mac-
Cready speeds and, unfortu-
nately degrades climb performance.
The 64-thousand-dollar question is
“When is the lift strong enough to
justify adding ballast to improve net
average speed?”

QUESTION 1: Your girlfriend
is an outstanding glider pilot and a
member of your soaring club. She is
planning a 50 miles cross-country,

on a glorious Saturday afternoon, in
the club’s PW-6 glider. The weather is

perfect. Blue sky, scattered clouds, and
very light winds aloft. Her plan is to
fly out 25 nm to a nearby uncontrolled
airport and back. Her goal is to break
her record time for this flight. She
plans on taking a 3,000 ft tow above
your home airport (elevation 1,500 ft
MSL, pattern altitude 2,500 ft MSL)
before starting her clock. The ther-
mals have been reported as standard
summer thermals, i.e., standard Brit-
ish thermals with 4.2 kt of airmass lift
at the core decreasing parabolically to
zero at a 1,000 ft radius. She asks you
the following question: “Assuming
I fly perfectly, that is, perfectly cen-
tered in all thermals at the optimum
airspeed and bank angle to maximize
net climb rates, and I cruise between
thermals at the optimum MacCready
speed between thermals, should I fly
solo at minimum weight, or take you
along in the backseat plus a little bal-
last in the front seat to fly at gross
weight? Which way will give me a
higher average speed?” The PW-6

Figure 1
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polars for minimum weight (900 Ib)
and gross weight (1,220 1b) are shown
in Figure 1.

What do you tell her?

A. Go at minimum weight with-
out me. While your cruise speed will
be slower, you will climb faster and
have a better average speed.

B. Let’s go at maximum weight.
While your climb will be a little slow-
er, your cruise speed will be faster, and
you will have a better average speed.

C. Either way the average speed
will be the same.

D. I do not have a clue which way
is better.

QUESTION 2: In Question
1, if you selected answer A or B,
how much faster will the optimum
configuration be?

A. 30 seconds faster

B. 1 minute faster

C. 2 minutes faster

D. 4 minutes faster

EXPLANATION QUESTION
1 & 2: The analysis for this proposed
flight can be modeled as one climb
to an appropriate height and a final
glide to pattern altitude. In order to
figure out what altitude will be re-
quired, the first step is to figure out
what the optimum MacCready speed
will be for each configuration and the
resultant effective glide ratio. Then,
the necessary altitude can be com-
puted, as well as the time to climb.
Step 2 is to calculate the net average
climb rate for both configurations in
a standard British thermal if flown
optimally. Shown in Figure 2 is the
net climb rate for the PW-6 at both
minimum and maximum weight as
a function of radius of turn. Notice
that the peak net climb rate for the
minimum weight configuration is 2.1
kt and occurs at a radius of turn of
330 ft. The peak net climb rate for
the gross weight configuration is 1.6
kt and occurs at a radius of turn of
410 ft. With the peak net climb rates
established, the optimum MacCready

settings are now known, and the re-
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Figure2

sulting MacCready speeds and glide
ratios can be computed from Figure
3. Note that for the minimum weight
configuration, the optimum Mac-
Cready 2.1 STF is 56 kt, yielding a
glide ratio of 30.2 to 1. For the maxi-
mum weight configuration, the opti-
mum MacCready 1.6 STF is 62 kt,
yielding a glide ratio of 32.6 to 1.
With the effective glide ratios
known, the altitude required to com-
plete the 50 nm trip can be computed.
For the minimum weight case: 50 nm
* 6,072 / 30.2 = 10,053 ft. Subtract-
ing the 2,000 ft tow above pattern al-
titude, a total of 8,053 ft of altitude
(energy) must be acquired by climb-
ing at 2.1 kt, resulting in a total climb
time of 37.9 minutes, or 37 minutes

54 seconds. With a cruise speed of
56 kt, the cruise time for 50 nm is
53.57 m, or 53 m 34 s, resulting in
a total flight time of 91 m 28 s. For
the maximum weight case, the alti-
tude required to complete the 50 nm
trip is: 50 nm * 6,072 / 32.6 = 9,313
ft. Subtracting the 2,000 ft tow above
pattern altitude, a total of 7,313 ft of
altitude (energy) must be acquired by
climbing at 1.6 kt, resulting in a total
climb time of 45.16 m, or 45 m 9.9
s. With a cruise speed of 62 kt, the
cruise time for 50 nautical miles is
48.39 m, or 48 m 23 s, resulting in a
total flight time of 93 m 33 s.
Therefore, in this scenario, if lown
optimally, the minimum weight con-

figuration wins by 2 m 5 s, yielding

Figure 3

an average speed of 32.8 kt versus an
average speed for the gross weight
configuration of 32.1 kt. The answer
to question 1 is A: Go at minimum
weight, and Question 2 is C: 2 min
faster.

LESSONS LEARNED: While
this scenario is highly unrealistic
(no one flies perfectly 100% of the
time and not all thermals are stan-
dard British thermals), the analysis
remains valuable. Weight really mat-
ters. Adding ballast in order to cruise
faster only yields a net benefit when
the thermal strength is sufficiently
strong to overcome the degrada-
tion of climb performance at higher
weights. The crossover point is clearly
dependent on the specific glider’s
flight polar. However, as a general
rule, for medium performance glid-
ers, it takes net climb rates substan-
tially greater than that capable from a
standard British thermal to justify in-
tentionally adding weight. In parts of
the country where thermal strength
can peg the variometer, adding ballast
may, indeed, optimize average speed.
Glider aerodynamics is fascinating.

Have fun. Fly safe.

About the author:
Steve is a commercial
pilot in single engine
airplanes, single en-
gine seaplanes, and
gliders. He holds an
instrument rating and
is a Certificated Flight Instructor for
airplanes, instruments, and gliders. He
has logged over 4,000 flight hr includ-
ing over 2,000 hr as a flight instructor.
He is a retired IBM Engineering Man-
ager and a Flight Instructor at Sugar-
bush Soaring, Warren, V1 De
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BY STEVE PLATT

Energy Strategy

The Glider Aerodynamics Puzzler
is intended to stimulate your thinking
about soaring and refresh your under-
standing of glider aerodynamics and
soaring optimization. The correct an-
swers with detailed explanations follow
the questions. Have fun.

Soaring, as a sport, is as much a
mental exercise as it is physical stick
and rudder skills, if not more.

Knowing what to do when is criti-
cal to optimizing glider flight. Indeed,
glider pilots in competition or on a
recreational flight are tacticians and
strategists reading the atmosphere
and terrain to accomplish the mis-
sion safely and efficiently. Soaring is a
mental sport.

QUESTION 1: You are on the
final leg of your club’s annual round-
robin cross-country race. You are fly-

ing your club’s PW-6 glider at gross

weight with your neighbor for ballast.
'The flight polar for the PW-6 at your
operating weight is shown in Figure
1. The thermals have been modest,
yielding an average net climb rate of
1.6 kt. The winds aloft are light and
variable and are not a factor. You are
10 nm from the finish line, which for
this event is midfield crosswind at or
above pattern altitude.

The pattern altitude is 2,500 ft
MSL. The airport elevation is 1,500
ft. You are at 3,393 ft MSL when
your onboard navigation and flight
computer indicate you can just make
it to the finish line if you fly at best
L/D speed (MacCready 0). There is a
typical summer thermal halfway to the
airport, 1 or 2 degrees off the direct
line course at about 5 nm from your
current position. The question is: How
do you optimize your speed (minimize
time) to the finish line?

You consider three options. Option

Figure 1
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1 is to fly at best L/D speed all the
way to the finish line in a final glide
WITHOUT stopping at the thermal
5 nm out. Option 2 is to fly at best L/D
speed to the thermal 5 mi out, gain
the necessary altitude, then fly at an
appropriate (faster) MacCready speed
to the finish line. Option 3 is to fly
at an appropriate MacCready speed
from 10 miles out to the thermal 5
miles out, then climb in the thermal
for the minimum required to per-
form the final glide at the appropriate
MacCready speed. Which option do
you select?

1. Fly at best L/D speed all the way
to the finish line in a final glide, no
stopping to thermal.

2. Fly at best L/D speed to the
thermal 5 nm out, climb as required,
then fly at the appropriate MacCready
speed to the finish line.

3. Fly at the appropriate Mac-
Cready speed to the thermal 5 miles
out, climb as required, then fly at the
appropriate MacCready speed to the
finish line.

4. Some other option.

EXPLANATION QUESTION
1: For Option 1, with a best L/D
speed of 56 kt, the time to complete
10 nautical miles is: 10/56 = 0.179 hr
=10.71 min = 10 min 43 s.

For Option 2, the time to get to the
thermal 5 miles out is: 5/56 = 5 min
21 s. Assuming the average climb
rate remains 1.6 kt, the appropri-
ate MacCready speed to fly (STF) is
MacCready 1.6. Shown in Figure 2
is the construction to determine the
MacCready 1.6 STF and glide ratio.
With the glide ratio reduced from
34-to-1 to 32.6-to-1, an additional
38 ft of altitude (energy) is required
for the final 5 nm glide at Mac-
Cready 1.6 speed of 62 kt. Acquiring
a minimum 38 ft of altitude requires
a minimum of one turn in the ther-
mal, which, if flown optimally, will
take ~30 s to complete. The time for
the last 5 nm at 62 kt takes 5/62 hr or
0.08 hr or 4.84 min, which is 4 min
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50 s. This gives an Option 2 total time
of: 5 min 21 s plus 30 s plus 4 min
50 s, which yields 10 min 41 s.

Now for Option 3: Since net climb
rate has been 1.6 kt, it is reasonable
to assume the final thermal will yield
1.6 kt net climb rate. Therefore, Mac-
Cready 1.6 is the appropriate STF.
The time to complete 10 nm at the
MacCready 1.6 speed of 62 kt is:
10/62 = 0.161 hr = 9.68 min = 9 min
41 s.'The time to climb the additional
76 ft necessary to complete the final
leg at MacCready 1.6 speed and fin-
ish at pattern altitude requires 1 turn
in the final thermal for an additional
time of ~30 s, yielding a total time of
10 min 11 s.

In summary, Option 1, flying at
best L/D speed without stopping
to thermal, yields 10 min 43 s. Op-
tion 2, flying at best L/D to the
thermal, then thermaling for 1 turn,
then completing the course at Mac-
Cready 1.6 speed, yields 10 min
41 s. However, Option 3, flying at
MacCready 1.6 speed to the thermal,
climbing for 1 turn, then finishing at
MacCready 1.6 speed, yields 10 min
11 s - 30 s faster than Option 2 and
32 s faster than Option 1!

LESSONS LEARNED: Mac-
Cready STF works, but it is impor-

tant to remember the definition.

MacCready flight optimizes the time
from a starting altitude to the next
thermal AND the climb back to
the starting altitude. Or, conversely,
the climb from a starting altitude to
a higher departure altitude and the
cruise to the original starting altitude.
MacCready flight works equally well
in the final glide with one additional
consideration. For ez route cloud-to-
cloud flight, the MacCready solution
is independent of the winds aloft.
However, for the final glide to the
destination, while the MacCready
STF remains the same, the depar-
ture altitude must take into consid-
eration the winds aloft. The effective
glide ratio, with the winds aloft tak-
en into consideration, must be used
for the final glide departure altitude
calculation.

The additional energy (altitude)
to fly at the appropriate MacCready
speed can be acquired at the begin-
ning of a final glide or in the middle.
It does not matter. The optimum STF
solution remains the same. While this
example assumes perfect flight for
ease of math (highly unrealistic), the
analysis is still useful. From 10 nm
out, the MacCready solution beats the
best L/D solution by 30 seconds. Not
insignificant.

Paul MacCready’s solution for op-

timizing average speed is brilliant. It

has served the test of time for over six
decades. Glider aerodynamics are in-

deed fascinating. Fly safe.

About the author:
Steve is a commercial
pilot in single engine
airplanes, single en-
gine seaplanes, and
gliders. He holds an
instrument rating and
is a Certificated Flight Instructor for
airplanes, instruments, and gliders. He
has logged over 4,000 flight hr including
over 2,000 hr as a flight instructor. He
is a retired IBM Engineering Manager
and a Flight Instructor at Sugarbush
Soaring, Warren, VT De
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AERODYNAMICS PUZZLER

BY STEVE PLATT

Winds

The Glider Aerodynamics Puzzler is
intended to stimulate your thinking about
soaring and refresh your understand-
ing of glider aerodynamics and soaring
optimization. The correct answers with
detailed explanations follow the ques-
tions. Have fun.

It is a glorious Saturday with not a
cloud in the sky. Totally blue. A gor-
geous day to fly, but there does not
appear to be any obvious thermal lift.
However, there are strong west to
east surface winds of 20 kt gusting 25
kt. The winds aloft forecast calls for
winds of 25 kt out of the west up to
3,000 ft MSL. Your home airport is
located in a valley at 1,500 ft MSL. 5
nm east of the airport is the peak of a
ridgeline running north to south. The
land rises from the valley to the peak
of the ridgeline at an approximate-
ly 7° average slope. The peak of the
ridgeline runs at approximately 2,500
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ft MSL. The winds are perfectly or-
thogonal to the ridgeline. You suspect
there will be excellent ridge lift along
the windward side of the ridgeline.
You decide to take your club’s 2-place
PW-6 glider with a friend to demon-
strate ridge soaring. Your plan is to
take a 3,000 ft tow to 4,500 ft MSL
and release approximately 1/2 nm to
the windward side of the ridge. You
will be operating at just under gross
weight. The flight polar for the PW-6

is shown in Figure 1.

QUESTION 1: If the winds aloft
forecast is indeed correct, will there
likely be enough ridge lift to sustain
flight for the PW-6 flying north-to-
south and south-to-north along the
ridgeline?

A. No

B. Yes

C. I don't have a clue

QUESTION 2: On the return trip
from the ridgeline to the airport, what
will the effective glide ratio of the
PW-6 be if flown optimally into the
25 kt headwind?

34to1
30to 1
26 to 1
22to1l
19to 1

moO0Ow >

QUESTION 3: Suppose you de-
cided to take your clubs Schweizer
SGS 2-33. Do you suspect there will
be enough ridge lift to sustain at least
level flight along the ridge in the
Schweizer SGS 2-33?

A. No

B. Yes

C. I'dont have a clue

QUESTION 4:

For the SGS 2-33, on the return trip
to the airport, if there is no other sink
or thermal lift en route, can the SGS
2-33 make it back to the airport at
normal pattern altitude?

A. No

B. Yes

C. Idont have a clue

EXPLANATION QUESTION
1: If the airmass is moving west to
east at 25 kt when it encounters the
7° up sloping terrain, the airmass will
follow the slope at least close to the
surface. Therefore, within ~500 ft of
the terrain, the vertical component of
the sloping airmass will be no greater
than 25 kt times the sine of 7°, which
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equals 25 x 0.122, which equals 3 kt.
Now, this effect decreases with alti-
tude above the terrain. My experience
indicates that the vertical component
of the slope following airmass de-
creases about 50% at 1,000 ft above
the terrain of the theoretical number
close to the surface. So, in this ex-
ample, flying safely 1,000 ft above the
terrain, I would expect the vertical lift
component to be approximately 1.5
kt. Since, from Figure 1, at minimum
sink speed the PW-6 has a sink rate
of ~1.5 kt, I would expect the PW-6
to have a reasonable chance to just
maintain altitude flying safely along
the ridge.

EXPLANATION QUESTION
2: Shown in Figure 2 is the construc-
tion for determining the optimum
STF (Speed To Fly) for the PW-6 to
maximize distance, i.e., the best effec-
tive glide ratio, into a 25 kt headwind.
'The optimum STF is 60 kt, resulting
in an effective glide ratio of 19.4 to 1.

Any other airspeed will yield an infe-

rior effective glide ratio.

EXPLANATION QUESTION3:
From the flight polar of the Schweizer
SGS 2-33, shown in Figure 3, the
sink rate of the SGS 2-33 flown at

minimum sink speed is approximately
1.8 kt. With projected airmass ridge
lift of 1.5 kt at 1,000 ft above the ridge,
it is unlikely the SGS 2-33 will be able
to maintain altitude without getting

uncomfortably close to the ridge.
-

<
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EXPLANATION QUESTION
4: Shown in Figure 3 is the construc-
tion for the SGS 2-33 to determine
the best STF to maximize distance
into a 25 kt headwind. The best STF
is 54 kt (62 mph), yielding an effec-
tive glide ratio of 11.1 to 1. With ap-
proximately 4.5 nm miles from the
ridgeline to the airport traffic pattern,
if flown optimally, the SGS 2-33 will
consume 2,461 ft of altitude return-
ing from the ridgeline. If the SGS
2-33 leaves the ridge to return to the
airport upon reaching 4,000 ft MSL
altitude (500 ft below the release al-
titude), if flown optimally (at the best
STF into a 25 kt headwind), the SGS
2-33 CAN just make it back to the
airport at pattern altitude, but the
pucker factor may be quite high.

LESSONS LEARNED: Winds
matter. Strong winds are required
to set up good ridge lift conditions.
However, strong winds aloft are a
double-edged sword. The effective
glide ratio of all gliders decreases sub-
stantially when flying into a strong
headwind. However, even relatively
light winds aloft can meaningfully
affect glider performance. To put the
issue into perspective, refer to Figure
4, where a low performance 23 to 1
(still air) Schweizer SGS 1-26 has a
better effective glide ratio with a 10
kt tailwind than a medium perfor-
mance 34 to 1 (still air) PW-6 with
only a 10 kt headwind!

Winds aloft matter. Knowing the

winds aloft, magnitude and direction,
is an absolute prerequisite to a prop-
er preflight. Going soaring without
knowing the winds aloft is like flying

Tom Knauff is an internationally well-known and
respected author of glider flight training manuals.
With his unique soaring abilities, and an equal desire
to share with others his profound knowledge of
flying gliders, Tom has provided glider pilots with
this new textbook of basic and advanced knowledge
of the sport of soaring flight. The foundation of a
remarkable flight safety record.

$39.95 Quantity discounts available.

Order at www.eglider.org
or phone (814) 355-2483
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a power plane without knowing how
much fuel is in the tanks. Fly safe.

About the author: Steve is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He
holds an instrument rating and is a Cer-
tified Flight Instructor for airplanes,
instruments, and glid-
ers. He has logged over
4,000 flight br includ-
ing over 2,000 hr as a
flight instructor. He is
a retired IBM Engi-
neering Manager and
a Flight Instructor at Sugarbush Soar-
ing, Warren, VT D

A.






GLIDER

e

AERODYNAMICS PUZZLER

BY STEVE PLATT

Glider Aerodynamics
Puzzler #25
(Turning Efficiency)

he Glider Aerodynamics Puz-

zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.

Most glider pilots take great pride
in their ability to manage energy. On
a recreational flight on a day when
there appears to be minimal lift, most
glider pilots experience some amount
of glee when they can stay up all af-
ternoon when everyone else is “falling
out of the sky”. And if they are flying a
Schweizer 1-26 versus the 45:1 Super
Wingbat 6000, all the better. Conserv-
ing energy, and flight efficiency, are
the secret. While most glider pilots are
quite knowledgeable about optimizing
straight and level flight —i.e., maximiz-
ing time aloft, maximizing distance,
or maximizing speed depending upon
the mission —optimizing furning flight
is another story.

Question 1: For a coordinated 30°
banked turn, for any glider, if flown
at the minimum SINK SPEED for
the angle of bank, how much does the
glider SINK RATE increase over the
level flight minimum SINK RATE?

A. 8% more than the level flight
minimum sink rate

B. 16% more than the level flight
minimum sink rate

C. 24% more than the level flight

minimum sink rate

D. 32% more than the level flight
minimum sink rate

E. 40% more than the level flight
minimum sink rate

F. 1do not have a clue

Question 2: For a coordinated 30°
banked turn, for any glider, by what
percentage does the minimum SINK
SPEED increase over the level flight
minimum SINK SPEED?

A. 0% the minimum sink speed is
identical to the level flight minimum
sink speed

B. 3% more than the level flight
minimum sink speed

C. 7.5% more than the level flight
minimum sink speed

D. 10% more than the level flight
minimum sink speed

E. 15% more than the level flight
minimum sink speed

F. Ido not have a clue

Question 3: For a coordinated 45°
banked turn, for any glider, if flown
at the minimum SINK SPEED for
the angle of bank, how much does the
glider SINK RATE increase over the
level flight minimum SINK RATE?

A. 9% more than the level flight
minimum sink rate

B. 19% more than the level flight
minimum sink rate

C. 29% more than the level flight
minimum sink rate

D. 48% more than the level flight
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minimum sink rate

E. 68% more than the level flight
minimum sink rate

F. 1do not have a clue

Question 4: For a coordinated 45°
banked turn, for any glider, by what
percentage does the minimum SINK
SPEED increase over the level flight
minimum SINK SPEED?

A. 0% the minimum speed is iden-
tical to the level flight minimum sink
speed

B. 4% more than the level flight
minimum sink speed

C. 9% more than the level flight
minimum sink speed

D. 19% more than the level flight
minimum sink speed

E. 25% more than the level flight
minimum sink speed

F. Tdo not have a clue

Question 5: You need to reverse
direction and you want to conserve
energy ... or, you are in a rope break
scenario shortly after takeoff (above
200 ft AGL) and you have decided it
is safe to make an approximately 210°
turn and return to the runway, what
angle of bank and airspeed will lose
the least amount of altitude for ALL
gliders?

A. 20° of bank and level flight min-
imum sink speed

B. 30° of bank and level flight min-
imum sink speed plus 5%

C. 35° of bank and level flight min-
imum sink speed plus 7.5%

D. 45° of bank and level flight min-
imum sink speed plus 18.9%

E. 60° of bank and level flight min-
imum sink speed plus 20%

F. Ido not have a clue

Explanation Questions 1-4
Newton’s Laws of Physics apply
equally to all gliders in level or turning
flight. The percentage increase in min-
imum sink speed AND the percent-
age increase in minimum sink rate at
a particular bank angle in coordinated
flight IS IDENTICAL for all gliders

independent of make and model.

A.
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Figure 1.

Shown in Figure 1 is the increase
factor in Minimum Sink Speed (Blue
curve) and the Increase factor in Min-
imum Sink Rate (Red curve) versus
Angle of Bank in coordinated turn-
ing flight for ALL gliders over their
level flight Minimum Sink Speed and
Minimum Sink Rate.

'The equations plotted are:

Minimum Sink Speed (@ Bank
Angle x) = Minimum Sink Speed
(level flight) * (1/cos(x))~

Minimum Sink Rate (@Bank Angle
x) = Minimum Sink Rate (level flight)
* (1/cos(x))'®

For those readers interested in the
Mathematical derivation, please re-
ter to: The Complete Soaring Pilots
Handbook, by Ann and Lorne Welch
and Frank Irving, 1977, Chapter 16
“Theory of Glider Performance”,
p 238.

The curves in Figure 1 are interest-

ing, but the data in Table 1 is, perhaps,

more informative.

Notice that for a 30° coordinated
banked turn the minimum sink speed
increases by 7.5% and the minimum
sink rate increases by 24%. For a 45°
coordinated banked turn the mini-
mum sink speed increases by 18.9%
and the minimum sink rate increases
by 68%!! And for those pilots that
enjoy practicing 2G turns, in a coor-
dinated 60° banked turn the mini-
mum sink speed increases by 41% and
the minimum sink rate increases by a
whopping 183%!! These percentages
are IDENTICAL for all Gliders. The
percent change factors must be applied
to the minimum sink speed and mini-
mum sink rate for the current operat-
ing weight. Remember, the min sink
speed and min sink rate are a function
of weight. All flight polars shift up
and to the left for decreasing weight
and down and to the right for increas-
ing weight. And, the numbers in the

Angle of Bank | 0° | 10° | 20°

30° | 40° | 45° [ 50° | 60°

% Increase
in Minimum 0 [0.7% | 3.2%
Sink Speed

7.5% | 14% [18.9% | 25% | 41%

% Increase
in Minimum 0 [|24% | 9.8%
Sink Rate

24% [ 49% | 68% [ 94% | 183%

Table 1, Change in Glider Minimum Sink Speed and Minimum Sink Rate as a Function of angle of

Bank

<
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table assume perfect flight ... i.e. for
each angle of bank the minimum sink
speed for the particular angle of bank
is flown. Any other speed for that an-
gle of bank will have even more sink!

Answers are: Question 1: C; Ques-
tion 2: C; Question 3: E; Question 4:
D.

Explanation Question 5

Answer Question 5: D. The opti-
mum bank angle and airspeed to lose
the least amount of energy (altitude)
in a completed turn for ALL gliders
is 45° of bank and an airspeed equal
to the level flight minimum sink speed
(for the current operating weight) plus
18.9% ( approximately 20%). Refer to
Figure 2, which shows altitude loss
while completing a 360° turn versus
angle of bank for various gliders. No-
tice that the minimum altitude loss for
ALL aircraft occurs at 45° of bank and
an airspeed equal to the level flight
minimum sink speed plus 18.9%. It is
also interesting to point out that the
lowly Schweizer 1-26 loses less alti-
tude than the glass ships! Radius of

turn matters.

LESSONS LEARNED: Except
perhaps when working a thermal,
turning flight is horribly ineflicient. In
a coordinated banked turn, the wings’
lift must increase as the horizontal

Figure 2.

component of lift must remain equal
and opposite to centripetal force, and
the vertical component of lift must re-
main equal to the weight of the glider
plus the tail down force (for conven-
tional configured Gliders). Increasing
lift means increasing the angle of at-
tack which increases drag and increas-
es glider sink rates. The optimal angle
of bank and airspeed for ALL glider
to lose the least amount of altitude in
completing a turn (180°, 360°, etc.) is
45° of bank and an airspeed equal to
the minimum sink speed in level flight
(for the current operating weight) plus
18.9% (20% close enough). Remem-
bering these numbers could prove

Year-Round

Soaring Instruction

Glider instruction, glider rides, glider
rentals, and gift certificates available.
www.soarfl.com ® soarfl@aol.com ¢ (352) 394-5450

. Seminole-Lake Gliderport

4024 Soaring Lane Clermont, FL 34714

Soaring e September 2021 ¢ www.ssa.org

most useful in an emergency situation.

Except for acquiring energy in a
thermal, or turning for mandatory
navigational purposes, for energy con-
servation, turning flight in gliders is ill
advised. Glider Aerodynamics is fasci-
nating. Fly safe.

About the author:
Steve Platt is a com-
mercial pilot in single
engine airplanes, single
engine seaplanes, and
gliders. He holds an instrument rating
and is a Certificated Flight Instructor
Sfor airplanes, instruments, and gliders.
He has logged over 4,000 flight hours
including over 2,000 hours as a flight in-
structor. He is a retired IBM Engineer-
ing Manager and a Flight Instructor at
Sugarbush Soaring, Warren V1. D
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GLIDER

AERODYNAMICS PUZZLER

D

BY STEVE PLATT

Flight Polars

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
Your soaring club recently pur-
chased a PW-6 dual-seat glider. After
a thorough checkout with one of the
club’s Flight Instructors, your wife is
preparing to take the ship solo for a

The Kolstad award
is now $10,000
toward your
college expenses!

100km, 200km, 300km, 500km,

or 1,000km Century Award

recreational flight. In reviewing the
Pilot Operating Handbook (POH)
she can only find the manufacturer’s
flight polar for Gross weight (1,220
Ib) where the key speeds are shown
as: Minimum Sink speed = 50 kt;
Best L/D speed 56 kt. She will be
operating solo at just above Mini-

mum weight (900 1b).

Question 1: What will happen to
the Minimum Sink SPEED at a 900
Ib operating weight?

Remain 50 kt

Decrease to 48 kt
Decrease to 46 kt
Decrease to 43 kt
Decrease to 40 kt

moO®E >

Question 2: What will happen to
the Minimum Sink RATE at a 900
Ib operating weight?

A. No change

B. A minimal change: less than
5% reduction in min sink rate

C. A minimal change: between
5% and 10 % reduction in min sink
rate

D. A 10% reduction

E. A 14% reduction

F. A 18% reduction

Question 3: What will happen to
the Best L/D SPEED at a 900 1b op-
erating weight?

Remain 56 kt

Decrease to 54 kt
Decrease to 52 kt
Decrease to 50 kt
Decrease to 48 kt
Decrease to 46 kt

HEOO®E >
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Question 4: Your wife likes to enter
your club’s annual round-robin race.
She asks you what happens to the
Gross weight MacCready 4 speed of
70 kt, if she operates the PW-6 solo
at minimum weight during the race
and she needs to fly at MacCready
4 speed?

A. The MacCready speeds do not
change with weight

B. 'The MacCready speeds in-
crease by the square root of the ratio
of Gross weight to operating weight.

C. The MacCready speeds
decrease by the square root of the
ratio of operating weight to the
Gross weight.

D. The MacCready 4 speed
decreases from 70 kt to 63 kt.

E. The MacCready 4 speed
increases by 7 kt

Explanation questions 1- 3:

My two all-time favorite refer-
ence books describing the Physics of
Glider Flight Performance are: 7he
Complete Soaring Pilot's Handbook by
Ann and Lorne Welch and Frank
Irving, 1977 (ISBN: 0-679-50718-
3) and Helmut Reichmann’s classic
Cross-Country Soaring, 7th Edition,
published by the Soaring Society of
America in 1993 (ISBN: 1-883813-
01-8). For those glider pilots inter-
ested in the nuances of glider flight
optimization, these books will be
welcome additions to your library.
They are generally available used on
Ebay or Amazon.

All flight polars move up and to
the left with decreasing weight, and
conversely, down and to the right
with increasing weight. On Page 122
of Reichmann’s book, he describes,
mathematically, the effect of chang-
es in wing loading (i.e. operating
weight) on the movement of flight
polars for all gliders.

The bottom line is: All the coor-
dinates of a flight polar, at a given
weight, shift by an amount equal to
the square root of the ratio of the
weights for a new weight (new wing

loading). So, for Question 1, the

A.



answer is D: if the Minimum Sink
speed at Gross weight (1220 Ib) is 50
kt then the Minimum Sink speed at
900 1b will be: 50 * (900/1220)~° which
equals (50 * 0.859), which equals
43 kt ... 1.e. the Minimum Sink speed
declines by 14% from gross weight to
minimum weight.

Likewise, for Question 2, the an-
swer is E: the Minimum Sink RATE
at minimum weight decreases by the
same factor — 14% — from the Mini-
mum Sink RATE at Gross weight.

For Question 3, the answer is E.
Since ALL coordinates of a flight po-
lar shift by the same square root of the
ratio of weights, the Best L/D speed
also shifts down by the same fac-
tor. So, the Best L/D speed at Mini-
mum weight moves from 56 kt to 56 *
(900/1220)~ which equals 48 kt.

Explanation Question 4:

Shown in Figure 1 is the flight po-
lar for the PW-6 at Gross weight and
Minimum weight, and the construc-
tions for determining the MacCready
4 speed-to-fly at both weights. No-
tice the MacCready 4 speed-to-fly
decreases from 70 kt for Gross weight
to 63 kt at 900 b, so the answer is D.
ALL MacCready speeds are a func-
tion of weight. Indeed, if a pilot un-
knowingly applied the MacCready 4
Gross weight speed of 70 kt to the

Figure 1.

900 Ib minimum weight wing load-
ing condition, they would be flying,
unknowingly, at about MacCready
6 speed!

Shown in Figure 2 is the flight polar
of an SZD-55 at an operating weight
of 740 1b, and when flown with maxi-
mum ballast at a maximum weight of
1,100 Ib. Notice the Best L/D speed
increases a whopping 13 kt from
60 kt to 73 kt, nearly a 22% increase!

LESSONS LEARNED: Weight
matters. The flight polar for all gliders
shifts up and to the left for decreas-
ing weight and down and to the right
for increasing weight. For changes in
weight the shift factor is equal to the

square root of the ratio of weights.
For single seat gliders a difference of
10 or 20 Ib is not significant. How-
ever, for dual seat ships flown solo at
minimum weight, or single seat ships
flown with maximum ballast, the dif-
ference can be huge.

Glider aerodynamics is fascinating.

Fly safe.

Digitizing and Modeling Polars:

I have been asked by several read-
ers how I digitize and plot the Flight
Polars used in the Glider Aerody-
namics Puzzler. The answer is I fol-
low the Helmut Reichmann method.

In his book, Cross-Country Soaring

<
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(first published in Germany in 1975),

Reichmann describes how to model

any flight polar by using a section of a

quadratic equation of the form:

Sink = (a*v?) + (6*v) + ¢, where v is
airspeed and 4, 4, and ¢ are constants.
Any glider’s Flight Polar may be
represented very accurately by this
quadratic equation, and the coefh-
cients 4, b, and ¢ may be calculated by
selecting three polar coordinate pairs:
s1/vl, s2/v2, and s3/v3 from the

Manufacturer’s Published flight Po-

lar, usually provided at gross weight

. and using the three equations
below as described in Reichmann’s
book. To achieve maximum accuracy
in areas of interest, I have selected the
three data pairs as: Minimum Sink

speed, Best L/D speed, and Best L/D

speed plus 10-25 kt depending upon

the ship. By definition, the quadratic
curve must pass exactly through these
coordinates.

a = ((v2-v3)*(s1-s3)+(v3-v1)*(s2-s3))
/ (v1%*(v2-v3)+v2%*(v3-v1)+v3?*
(v1-v2))

b = (s2-s1-a*(v22-v3?)) / (v2-v3)

¢=s3-a*v3?-b*3

Once the coefficients a, 4, and ¢ are
known, the quadratic equation can
now be easily plotted using any PC
graphing program (e.g. Grapher on

Apple). By using the data pairs to

calculate the coefficients, the mod-

Figure 2.

eled polar is quite accurate in the area
of interest ... i.e. from a few kt below
Minimum Sink speed to Best L/D
speed plus 25 kt.

With the flight polar modeled with
a simple equation, the coup de grace
is the polar for ANY other weight
can be easily generated by multiply-
ing all the coordinates of the polar by
the shift factor discussed earlier ...
i.e. the square root of the ratio of the
weights.

About the author: Steve Platt is a
commercial pilot in single engine air-
planes, single engine seaplanes, and
gliders. He holds an instrument rat-

ing and is a Certifi-
cated Flight Instructor
for airplanes, instru-
ments, and gliders. He
has logged over 4,000
Slight hours including
over 2,000 hours as a
flight instructor. He is a retired IBM
Engineering Manager and a Flight In-

structor at Sugarbush Soaring, Warren
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GLIDER

AERODYNAMICS PUZZLER

D

BY STEVE PLATT

Weather

T he Glider Aerodynamics Puz-
A zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.

The state of the atmosphere plays a
crucial role in glider operations. In-
deed, it is the energy of the sun that
allows gliders to remain in the air for
hours at a time. Knowing how to read
the atmosphere is an important part
of being a glider pilot. While you do
not have to have an advanced degree
in meteorology to be a glider pilot, it
certainly does not hurt.

QUESTION 1.1t is a glorious mid-
summer afternoon with blue sky, scat-
tered cumulus clouds, light winds and
warm moist air. The current surface air
temperature is 24° C with a dew point
of 19.5° C. What do you estimate the
cloud bases to be above ground?

1,000 ft AGL
2,000 ft AGL
3,000 ft AGL
4,000 ft AGL
5,000 ft AGL

moO®m >

QUESTION 2. For a typical sum-
mer day with warm moist air at the
surface, what is the temperature lapse
rate for a parcel of air per 1,000 ft of
altitude?

A. -0.5° C per 1,000 ft

B. -1.0° C per 1,000 ft

C. -2.0° C per 1,000 ft

D. -3.0° C per 1,000 ft

E. -4.0° C per 1,000 ft

QUESTION 3. For a typical sum-
mer day with warm moist air at the
surface, what is the dew point lapse
rate for a parcel of air per 1,000 ft of
altitude?

A. -0.5° C per 1,000 ft

B. -1.0° C per 1,000 ft

C. -2.0° C per 1,000 ft

D. -3.0° C per 1,000 ft

E. -4.0° C per 1,000 ft

QUESTION 4: You are returning
from a recreational glider flight in your
club’s PW-6 dual seat glider. You are
operating at just under gross weight
with your neighbor along for the
flight. The flight polar for the PW-6
at your operating weight is shown in
Figure 1. The Best L/D speed is 56 kt
and yields a 34:1 glide ratio. You have

encountered sustained headwinds of

25 kt and decide to operate at the Best
Speed to Fly (STF) to maximize dis-
tance and conserve energy. What is the
best STF with the 25 kt headwind and
what will be the effective glide ratio?
A. 56 kt with an effective glide ratio
of 34:1
B. 60 ktwith an effective glide ratio
of 30:1
C. 64 ktwith an effective glide ratio
of 24:1
D. 66 kt with an effective glide ratio
of 20:1
E. 60kt with an effective glide ratio
of 19:1

EXPLANATION QUESTIONS
1-3: ANSWERS ARE C, C, A. Refer
to Figure 2. While the lapse rate varies
with humidity, for typical warm moist
summer air the temperature lapse rate
is -2.0° centigrade per 1,000 ft of alti-
tude. The dew point lapse rate is -0.5°
centigrade per 1,000 ft. Therefore,
with a surface temperature of 24° C
and a dew point of 19.5%, the temper-
ature-dew point spread is 4.5° C. As
the warm moist parcel of air rises, the
temperature and dew point approach
at a rate of 1.5° C per 1,000 ft.

After rising 3,000 ft the tempera-
ture-dew point spread reaches zero,
whereupon the moisture in the super

Figure 1.
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saturated parcel of air condenses and
forms liquid water vapor clouds ... giv-
ing off the latent heat of condensation.
Indeed, it is the latent heat of conden-
sation that is the secret sauce of soar-
ing and the reason why cumulus clouds
billow. As the water vapor and air rises
inside the building cumulus cloud,
“fresh” air is “sucked-in” the bottom of
the cloud ... and so, glider pilots have
an excellent source of rising air below
the clouds initiated by the sun and
accelerated by the latent heat of con-
densation. The ultimate demonstration
of the energy from the latent heat of
condensation is a thunderstorm. The
atmosphere is amazing....

EXPLANATION QUESTION 4:
ANSWER: E. Shown in Figure 3 is
the construction for determining the
best speed to fly into a 25 kt headwind
to maximize distance and conserve
energy (altitude). Note the best STF
is 60 kt yielding an effective Glide
ratio 19.4 to 1. The effective glide ra-
tio is calculated by dividing the sink
rate of the glider at the best STF into
the GROUND SPEED of the glider
which is the airspeed of the glider mi-
nus the headwind speed ... or 60 kt
minus 25 divided by 1.8 kt sink rate ...
which equals a 19.4:1 EFFECTIVE
glide ratio.

LESSONS LEARNED: The state
of the atmosphere, i.e., weather, is
obviously crucial to glider operations.
Knowing the temperature-dew point
spread is useful in estimating cloud
bases if more accurate observations
and measurements are not available.
Knowing the magnitude and direc-
tion of surface winds and winds aloft
is critical to successful (and safe) glider
operations. The effective glide ratio of
any glider is strongly influenced by
winds aloft magnitude and direction.
Even a modest 15 kt wind aloft can
make a huge difference in glider per-
formance. Fly safe and have fun.

About the author: Steve Platt is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He
holds an instrument rating and is a Cer-
tificated Flight Instructor for airplanes,

DS

Figure 2.

Figure 3.

instruments, and gliders. He has logged
over 4,000 flight hours including over
2,000 hours as a flight instructor. He is a

retired IBM Engineering Manager and
a Flight Instructor at Sugarbush Soar-
ing, Warren VI De
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GLIDER

AERODYNAMICS PUZZLER

D

BY STEVE PLATT

Speed fo Fly

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
Knowing the best “Speed to Fly” to
accomplish a particular mission is crit-
ical to optimizing glider flight. While
all glider pilots usually have memo-
rized the manufacturer’s published
best L/D glide ratio and speed for
the ships they fly, the actual optimum
Speed to Fly is dependent on several
variables. Let’s look at some examples:

QUESTION 1: You are flying your
club’s PW-6 two seat glider solo, at the
900 1b minimum weight, on a recre-
ational flight. The published flight po-
lar for the PW-6 is shown in Figure 1.
'The published Best L/D glide ratio is
34:1 at 56 kt. You are on your final leg
to your home airport flying east bound
10 nm out. You have a 20 kt direct tail-
wind helping you along. You conclude
you have enough altitude (energy) to
make it safely home without stopping
to thermal but decide to fly at the best
Speed to Fly to conserve energy. In
this scenario what is the best speed to
fly with a 20 kt tailwind?

A. 56 knots, the published Best

L/D Speed.

B. 50 knots, the published Mini-
mum Sink Speed
64 knots the MacCready speed
for a 20 kt tailwind
53 knots
47 knots
43 knots

ZISECINe

QUESTION 2: Like Question 1,
you are flying the PW-6 solo, at mini-
mum weight, eastbound 10 nm out
with a 20 kt tailwind, except this time
you cross a ridge line running north to
south and encounter sustained airmass
sink of 2 kt in the lee of the ridge line.
Again, you believe you have sufficient
altitude to make it comfortably home
without stopping to thermal. How-
ever, in an abundance of caution you
decide to fly at the best speed to fly
to conserve energy (altitude). What is
the optimum speed to fly with a 20 kt
tailwind and 2 kt of sink?

A. 56 knots the published Best

L/D Speed

B. 50 knots the published Mini-

mum Sink Speed

C. 43 knots the published Mini-

mum Sink speed adjusted for
weight

D. 64 knots the MacCready speed

for a 20 kt tailwind
E. 52 knots
F. 60 knots

QUESTION 3: Like Question 1,
you are flying the PW-6 solo at mini-
mum weight eastbound 10 nm out
with a 20 kt headwind. As you ap-
proach the North to South ridge line
you encounter 2 kt of sustained sink.
Again, you believe you have sufficient
altitude to make it comfortably home
without stopping to thermal. How-
ever, in an abundance of caution you
decide to fly at the best speed to fly
to conserve energy (altitude). What is
the optimum speed to fly with a 20 kt
headwind and 2 kt of sink?

A. 56 knots the published Best

L/D speed

B. 50 knots the published Mini-
mum sink Speed
58 knots
63 knots
70 knots

=o0

QUESTION 4: You plan on enter-
ing your club’s President’s Cup race
this coming weekend in the PW-6
glider shown in Figure 1. You have not
made the decision whether you will
fly solo at minimum weight or take a

Figure1.
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friend along at gross weight. The fore-
cast is for outstanding weather with
excellent lift conditions. You want to
be prepared to fly at the appropriate
MacCready speed as needed. What is

Gross weight is 78 knots and 70
knots at Minimum weight.

EXPLANATION QUESTIONS
1-3: ANSWERS ARE E, E, D. The

optimum Speed to Fly (STF) to
conserve energy is a function of sev-
eral variables. Current Operating
weight and operating conditions ...
i.e. whether in a headwind/tailwind,

the MacCready 4 speed for the PW-6
at Gross weight and Minimum weight Figure 2.
.. or does weight not matter? How
about wind? Are MacCready speeds a
function of current wind conditions?
A. The MacCready 4 speed at
Gross weight and Min weight is
70 knots. Weight does not matter.
B. The MacCready 4 speed at
Gross weight and Min weight is
63 knots. Weight does not matter.
C. The MacCready 4 speed at
Gross weight is 70 knots and 63
knots at Minimum weight.
D. The MacCready 4 speed at
Gross weight is 74 knots and 67
knots at Minimum weight.
E. The MacCready 4 speed at
www.ssa.org ® March 2022 e Soaring 35




and/or lift or sink. Manufacturers’ pub-
lished flight polars, usually provided
at Gross weight, are only the starting
point.

Before we can answer Questions 1-3
we must first calculate the flight polar
for the CURRENT OPERATING
WEIGHT to calculate the optimum
STF. As described in prior Glider
Aerodynamics Puzzlers, the flight po-
lar at any (allowed) weight may be de-
termined by shifting all the polar coor-
dinates of the published flight polar by
a factor equal to the square root of the
ratio of the weights. Shown in Figure
2 is the appropriate flight polar for the
PW-6 flown at Minimum weight ...
i.e. 900 Ib (blue polar). The flight po-
lar shift factor for the PW-6 between
gross weight (1,220 Ib) and minimum
weight (900 Ib) is the square root of
900/1220 or .859.

For Question 1, the red line in Fig-
ure 3 is the construction for deter-

mining the Best Speed to Fly with

Figure 3.

a 20 kt tailwind using the minimum
weight flight polar (the tangent line
commences at a point on the x axis at
-20 kt). Notice the Best STF is a very
modest 47 kt.

For Question 2, again using the
Minimum weight Flight polar, the

black line in Figure 3 is the construc-
tion for determining the best STF with
a 20 kt tailwind and 2 kt of airmass
sink (the tangent line commences at a
point located atx = -20 kt AND y = +2
kt). Notice the Best STF is 52 kt.
And finally, for Question 3, the blue
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line shown in Figure 3 is the construc-
tion for determining the best STF
with a 20 kt headwind and 2 kt of sink
(the tangent line commences at a point
located at x = +20 kt AND y = +2 kt).
Notice the best STF is 63 knots.

EXPLANATION QUESTION 4:
ANSWER: C. Shown in Figure 4 is
the construction for determining the
MacCready 4 speeds for the PW-6
at both Gross weight and Minimum
weight (the tangent lines commence
at a point located at y = +4). The Mac-
Cready 4 speed at gross weight is 70
kt. The MacCready 4 speed at mini-
mum weight is 63 kt. There is a 7 kt
difference in MacCready speeds due
to weight. If the 70 kt gross weight
MacCready speed were used inadver-
tently at minimum weight it would
be equivalent to flying at approxi-
mately MacCready 6 speed! Mac-
Cready speeds are independent
of winds.

LESSONS LEARNED: Weight
and current operating conditions —
i.e. winds aloft and air mass sink or
liftt — matter in determining the op-
timum speed to fly to conserve energy
(altitude). The flight polar for the cur-
rent operating weight must be used to
reach the correct answer. While no one
expects pilots to be plotting tangents

to flight polars in the cockpit, glider
pilots should be intimately familiar
with the performance of the ships they
fly at the appropriate operating weight
and under varying operating condi-
tions, particularly into headwinds and/
or in areas of sustained sink. The ef-
tective glide ratio of a Schweizer 2-33
with a 25 kt headwind and with 2 kt of
airmass sink is around 10:1 if flown at
the best STF. At any other speed the
effective glide ratio is even worse. As
tor MacCready, all MacCready speeds
are a function of weight and indepen-
dent of winds aloft. Have fun, fly safe.

About the author: Steve Platt is a com-
mercial pilot in single engine airplanes,

single engine seaplanes, and gliders. He
holds an instrument rating and is a Cer-
tificated Flight Instructor for airplanes,
instruments, and gliders. He has logged
over 4,000 flight hours including over
2,000 hours as a flight instructor. He is a
retired IBM Engineering Manager and
a Flight Instructor at Sugarbush Soar-
ing, Warren, VT D

Figure 4.
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AERODYNAMICS PUZZLER

BY STEVE PLATT

Crosswinds

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
All pilots receive training in cross-
wind takeoffs and landings prior to
certification. Indeed, crosswind land-
ings are one of the more difficult ma-
neuvers for student pilots to master.
Even for experienced long-time pilots,
it is the rare pilot that intentionally
practices crosswind landings with or
without an instructor. Sadly, cross-
wind related accidents and incidents
account for a significant fraction of the
annual accident rate. Staying “current”
is more than completing three takeoffs
and landings.

QUESTION 1: For General Avia-

tion aircraft, what is the minimum

“maximum demonstrated crosswind
component” the FAA requires for
certification?

A. 8kt

B. 10kt

C. 20 kt

D. 0.20 x V (stall speed)

E. 025xV

QUESTION 2:If the glider manu-
facturer’s published “maximum dem-
onstrated crosswind component”is 11
kt, is it even possible to land the glider
with an 18 kt direct crosswind?

A. Yes

B. No

C. Maybe

QUESTION 3: Your home airport
is using Runway 22. The current sur-
face winds are 280° at 12 kt gusting to
18 kt. You are planning on flying your
club’s Super Wingbat 6000 glider. You

recall the “maximum demonstrated

crosswind component” for the aircraft
as 11 kt. Will the current winds exceed
the “maximum demonstrated cross-
wind component” of the aircraft?

A. Yes
B. No

QUESTION 4: You are return-
ing to land in an ASK 21. You have
just completed a base to final turn and
recognize the 25 kt steady winds aloft
on short final are 90° to the landing
runway.

The surface winds are a direct cross-
wind reported as 10 kt gusting 15 kt
below the 60-foot trees paralleling
both sides of the runway. You normally
land with an IAS of 60 kt with light
winds but decide to add 5 kt due to
the winds. Your plan is to hold 65 kt
on short final.

With a 65 kt IAS and a direct 90°
25 kt crosswind, what will your wind
correction angle or crab angle have to
be to have your course remain on the
extended centerline?

A. 10°
B. 13°
C. 16°
D. 20°
E. 23°

Explanation QUESTION 1:
ANSWER: D. The certification re-
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quirements for General Aviation air-
planes requires a minimum demon-
strated crosswind landing with a 90°
crosswind component of a modest
0.2 V. The manufacturer may pub-
lish a “maximum demonstrated cross-
wind” component higher than 0.2 V|
if demonstrated during certification
testing. However, an important part
of the “max demonstrated” definition
is that “the airplane must be satisfac-
torily controllable without requiring
exceptional piloting skill or strength.”
The published “max demonstrated
crosswind” IS NOT necessarily a de-
sign limit. For perspective, most glid-
ers have a “demonstrated crosswind
landing” limit of approximately 10-12
kt. (Reference: Glider Flying Hand-
book). The max demonstrated cross-
wind component for a Cessna 152 is
12 kt. For a Cessna 172 it is 15 kt. For
a Grob 103 it is 11 kt. For a Boeing
737 it is ~35 kt (for a dry runway).

Explanation QUESTION 2: AN-
SWER: A. The maximum demon-
strated crosswind component is not a
design limit. With great caution, it is
possible for skilled pilots to land their
gliders above the manufacturer’s pub-
lished “max demonstrated crosswind
component” wind speed. However, the
pilot must be on their “A” game.

Figure 1

uU.S.
SOUTHWEST SOARING MUSEUM...

YOU HAVE TO SEE IT
TO BELIEVE IT !

If you can’t visit us
then we invite your membership
505-832-9222
U.S. Southwest Soaring Museum
918 Old Highway 66, Moriarty, NM, USA
ussouthwestsoaringmuseum@gmail.com
WWwW.swsoaringmuseum.org

Explanation QUESTION 3: AN-
SWER: A. The crosswind component
is calculated as the sine of the angle
between the wind direction and the
runway centerline times the magni-
tude of the wind. While student pilots
can calculate the crosswind compo-
nent with their E-6B circular “com-
puters”, most experienced glider pilots
do not carry an E-6B in their flight
bag or on-board equipment. Shown in
Figure 1 is a graph of the sine of an
angle from 0° to 90° with the factors
for 30°, 45° and 60° highlighted.

For winds 30° off the centerline the
crosswind component is 0.500 times
the wind magnitude.

For winds 45° off the centerline the
crosswind component is 0.707 times
the wind magnitude.

For winds 60° off the centerline the
crosswind component is 0.866 times
the wind magnitude.

If the Wind speed and angle off the
runway centerline is known, Figure
2 can be used to calculate both the
headwind and crosswind components.
For many pilots simply memoriz-
ing the crosswind component factors
is easier to estimate the crosswind
component than carrying an E-6B or
pulling out your cell phone calculator.
With the winds 60° off the centerline
tor your flight, the crosswind factor is

Figure 2




0.866. For the winds 12 kt gusting 18
kt 60° off the centerline, the crosswind
component will be 10 kt gusting 16 kt.
The gusts will clearly exceed the “max
crosswind component” number. Land-

ing may be a challenge!

EXPLANATION QUESTION
4: ANSWER: E. For the ASK 21 to
remain on the extended centerline, the
sine of the wind correction angle (wca)
times the indicated airspeed must be
equal to the crosswind.

Therefore,

sin(wca) = crosswind/airspeed or,

sin(wca) = 25/65 = 0.385.
The Wind correction angle must be
23° to remain on course on the ex-

tended centerline, because the sine of
23%1s .385.

LESSONS LEARNED: For most

gliders the maximum demonstrated

crosswind landing speed is a very
modest number in the range of 10
to 12 kt. When attempting landing
with crosswinds above the manufac-
turer’s published maximum demon-
strated crosswind, you have become,
by definition, a “test pilot”. While
the manufacturer’s published max
demonstrated crosswind number is
not necessarily a design limit, or the
absolute maximum crosswind that a
skilled pilot can successfully land in,
it is a limit that most Glider pilots
would be wise to adhere too. And, of
course, the winds do not have to be
orthogonal to the landing runway to
have a significant crosswind compo-
nent. In fact, a 20 kt magnitude wind
45" oft the runway centerline will
exceed the max demonstrated cross-
wind number for most gliders. Ex-
treme caution must be exercised with
strong crosswind landings. Sadly,

every glider season a significant frac-
tion of landing accidents/incidents
are caused by unsuccessful crosswind

landings. Please be careful. Fly safe.

About the author: Steve Platt is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He
holds an instrument rating and is a Cer-
tificated Flight Instructor for airplanes,
instruments, and gliders. He has logged
over 4,000 flight hours including over
2,000 hours as a flight instructor. He is a
retired IBM Engineering Manager and
a Flight Instructor at Sugarbush Soar-
ing, Warren, VT De
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BY BRITTON BLUEDORN

Calculating Still Air Best
Cruise Speed

his article reintroduces a concept

that isn’t covered in much detail
in our older texts: the Still Air Best
Cruise Speed (BCS). Is “best cruise”
the same as maximum L/D? No,
maximum L/D is the speed for best
range in still air.

For gliding flight, BCS is toward
the high-speed end of the glide po-
lar, where speed is maximized in the
most efficient manner. Understand-
ing BCS may help you compare
glider performance and help visualize
compromises in speed versus range.
After all, the high-speed portion of
the polar is what wins races and has
been the emphasis of new glider de-
sign for some time now. This article
will show you how to calculate the

BCS for your glider.

As glider pilots we obsess over
our glide polars. We can quickly
identify select speeds like minimum
sink speed and speed for max L/D,
and we know our sink rates at high
speed. We compare aircraft polars to
one another and examine the effects
of wing loading on polar shapes. We
use this analysis to calculate speed-
to-fly tables, circling polars, and in
some cases make purchase decisions.
As the glide polar provides the basis
of the fundamental characteristics,
comprehending the different speeds
is important for varying phases of the
flight; depending on whether the pi-
lot wants to maximize time, distance,
or velocity.

During our basic glider training, we

Figure 1: Glide Polar ASW 27, 10 psf.

D

learn key concepts such as Minimum
Sink speed to extend our time aloft, or
speed for maximum efliciency (L/D)
to provide us the maximum distance
we can travel in still air. From there
our learning typically progresses into
more advanced cross-country tech-
niques: MacCready speed-to-fly, lift
bands, probability/landout risk-based
decisions, etc. But there remains a
very basic still air speed to be consid-
ered before the advanced topics are
discussed, the speed for best veloc-
ity in still air or BCS, which maxi-
mizes the product of speed and gliding
efficiency.

To keep things as simple as pos-
sible we’ll explain how to calculate
the BCS, which can be thought of
as weighting the all-important L/D
parameter as a function of velocity.

Figure 1 is the advertised glide po-
lar for an ASW 27 corrected to a wing
loading of 10 pounds per square foot
(pst), which is a partial load of water
ballast for a good summer day of fly-
ing. Minimum Sink speed is around
48 kt.

The resulting L/D plot (Figure 2)
shows maximum L/D occurring at
about 60 kt. Note the y-axis shows
L/D instead of Sink Speed.

At this step we simply multiply
the points of the L/D curve by their
corresponding speed. This provides
a weighting factor to the L/D re-
sults based on what we value: speed.
On the high-speed end, as the L/D
is coming down and velocity is com-
ing up, an optimum appears from
the product of the two. The resulting
Figure 3 depicts the still air BCS and
the corresponding “velocity-range”
(Mach*L/D) parameter that we’ll
discuss.

The speed at the optimum shown,
around 89 kt, is the BCS for this
specific wing loading. Flying at this
speed (in still air) you are at the most
efficient high-speed portion of the
glide polar. You are keeping L/D as
high as you can while maximizing
speed. -
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This concept adds another still air
“best speed” to our list of quotable
speeds:

- Best time aloft — min sink speed

- Best range — max L/D speed

- Best cruise speed — max of velocity

x L/D

Figure 3 uses Mach number to keep
the left axis unitless, but multiplying
L/D by speed in your favorite units
will work just as well. Note the val-
ues on the left axis are a bit confusing
when looking at only one glider (we’ll
compare more gliders shortly). The
left axis depicts a concept of “veloci-
ty-range” used in industry for straight
and level cruise comparisons. By
constructing this graph we’ve boiled
down this measure into our gliding
vernacular (i.e., not level flight). The
important concept is there exists a
speed which provides an optimum,
which we can use for comparisons of
“still air best cruise speed” between
gliders.

So, is this process new? No. Does
it provide additional insight into
your normal flying style? Maybe. Is
it pedantic? Absolutely. Is it useful to
acknowledge this speed? Certainly.
It becomes the basis for the more
advanced cross-country and rac-
ing topics (MacCready, Reichmann,
Cochrane, etc.).

'This procedure graphically depicts
the concept the racing community
and manufacturers often emphasize:
it’s not max L/D that wins races,
but rather high-speed cruise efh-
ciency. Carefully choosing the asso-
ciated wing loading for projected
weather can unlock potential advan-
tages against your competitors. This
easy to construct cruise graph (L/D
curve multiplied by speed) can then
provide the basis for future glider
comparisons.

Figure 4 compares three genera-
tions of gliders: a Libelle 201, the
referenced ASW 27, and an approxi-
mation of a modern 18-meter racing
glider. All polars have been corrected
to be near the higher end of their

Figure 2: Resulting L/D, ASW 27, 10 psf.

Figure 3: Cruise Graph, ASW 27, 10 psf- This is calculated by multiplying the corresponding x- and y-

axis points from Figure 2.

wing loading range for a good soaring
day. Not only are performance and
flight speeds increasing over time,
but the BCS can clearly be seen, and
is fairly flat near the peak for each
generation. Our latest generation
18-meter glider is obviously more
efficient at the optimum BCS (near
90 kt) for this specific wing loading
comparison. Also note the wing load-
ing trend is depicted on each graph
by the arrows. Figures 4a and 46 show
the expected pure shift of the curve
with varying wing loading, whereas
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Figure 4c depicts an expansion of the
curve with increasing wing loading
(which is left for the reader to prove
to themselves).

Acknowledging a BCS exists, even
at an academic level, provides the ba-
sis for further advanced texts and at-
tempts to quantify and optimize flight
in this region. For example, since the
velocity-range parameter becomes
fairly flat near the optimums in Fig-
ures 3 and 4c, one can surmise that at-
tempting to optimize this region in a
varying airmass would be dynamic at

A.



best. This gives credence to the theory
that flying 5 kt faster or slower than
perfection doesn't greatly impact your
overall results over the course of the
day, so you might as well fly faster if
conditions allow.

This author recommends manu-
facturers begin disclosing their BCS,
providing a clear basis for product
bragging rights and future compari-
son purposes. Of course, the associ-
ated wing loading or mass needs to be
referenced to anchor any claims.

In summary, comprehending the
three different “best” speeds from
the glide polar is important to suc-
cessfully use them in different phases
of the flight, depending on whether
the pilot wants to maximize time,
distance, or velocity. Finally, the
reader can use their referenced BCS
as a litmus test for quantifying each
cross-country flight; ask yourself: can
I ‘best’ my still air best cruise speed
on today’s cross-country flight? This
might become a new measure of
merit for all of us.

Author’s note: All glide polars were
digitized from manufacturers’ adver-
tised polars. No data smoothing was
performed so any slight wiggles in
the curves are author generated. Spe-
cial thanks to Chris Dowell and Tom
Serkowski for proofreading.

About the author: Britton Bluedorn
is a lead aerodynamicist on Lockheed
Martin advanced projects with hard-
ware flying today. He caught the glider
Slying bug at age 15 and has since been
devoted to the never-ending search for
understanding on how things fly and
how to improve them. Along the way he
earned a BS and MS in Aerospace En-
gineering (with a highlight of a summer
internship at the Schempp-Hirth fac-
tory). He currently holds a commercial
glider and private pilot SEL certificate
and enjoys flying his ASW 27 (and the
wife’s DA40), always striving for long,
fast, and high flights. De

Figure 4: Polar, LD, Cruise Graphs for Libelle 201, ASW 27, Latest Gen 18m.
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AERODYNAMICS PUZZLER
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BY STEVE PLATT

Climb Rate

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
Optimizing the net climb rate in
thermals is perhaps more art than sci-
ence. However, there are a few first
principles that will help most glider
pilots get closer to the optimum. For
every thermal, depending upon its
strength, radius, and profile, there is an
optimum bank angle and airspeed to
optimize net climb rates. If the angle
of bank is too shallow and/or flown
too fast, the radius of turn is large and
the glider circles in the weaker portion
of the thermal or circles outside the
thermal entirely. On the other hand, if
the bank angle is too steep, the sink

rate of the glider is too great and gives
up more than is gained by being clos-
er to the core of the thermal. Indeed,
there is a sweet spot for every thermal.
Let’s look at the physics and consider
some of the variables.

QUESTION 1: It is a beautiful
summer Saturday morning. Three of
your soaring club’s ships are already in
the air: a Schweizer 1-26, a Schweiz-
er 2-33, and a medium performance
PW-6. All three ships find an early
morning thermal. The thermal is rela-
tively narrow with airmass lift at the
core of 4.2 kt decreasing parabolically
to zero at a radius of 500 ft. If all three
ships circle in this thermal optimally
— i.e., perfectly centered and at the
optimum airspeed and bank angle for
each ship — how will their resulting
net climb rates compare?

Figure 1
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A. The PW-6 will out climb the
2-33 and the 1-26 ... and the
1-26 will out climb the 2-33.

B. The PW-6 will out climb the
2-33 and the 1-26 ... and the
2-33 will out climb the 1-26.

C. The 2-33 will out climb the 1-26
and the PW-6 ... and the PW-6
will out climb the 1-26.

D. The 2-33 will out climb the 1-26
and the PW-6 ... and the 1-26
will out climb the PW-6.

E. The 1-26 will out climb the 2-33
and the PW-6 ... and the 2-33
will out climb the PW-6.

F. The 1-26 will out climb the 2-33
and the PW-6 ... and the PW-6
will out climb the 2-33.

QUESTION 2: It is now 2 pm.
'The same three ships are up again, and
this time find a typical summer ther-
mal — i.e., a Standard British thermal
with airmass lift at the core of 4.2 kt
decreasing parabolically to zero at a
radius of 1,000 ft. If all three ships
circle in this thermal optimally — i.e.,
perfectly centered and at the optimum
airspeed and bank angle for each ship
— how will their resulting net climb
rates compare?

A. The PW-6 will out climb the

2-33 and the 1-26 ... and the
1-26 will out climb the 2-33.

B. The PW-6 will out climb the
2-33 and the 1-26 ... and the
2-33 will out climb the 1-26.

C. 'The 2-33 will out climb the 1-26
and the PW-6 ... and the PW-6
will out climb the 1-26.

D. The 2-33 will out climb the 1-26
and the PW-6 ... and the 1-26
will out climb the PW-6.

E. The 1-26 will out climb the 2-33
and the PW-6 ... and the 2-33
will out climb the PW-6.

F. 'The 1-26 will out climb the 2-33
and the PW-6 ... and the PW-6
will out climb the 2-33.

Explanation for QUESTION 1:
ANSWER: E. Shown in Figure 1 is a
plot of the profile of the morning ther-
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mal in QUESTION 1 and the result-
ing net climb rates of all three ships
versus radius of turn if flown opti-
mally — i.e., perfectly centered and at
the optimum airspeed and bank angle
tor each ship. Notice that the 1-26 is
capable of out climbing both the 2-33
and the PW-6, and the 2-33 is capable
of out climbing the PW-6. Notice that
the optimum net climb rate occurs at
a different radius of turn, bank angle,
and airspeed for each ship. Indeed, the
PW-6 can barely maintain zero climb
rate while the 2-33 can achieve a 1.0
kt net climb rate while the 1-26 can
achieve 1.4 kt! Also, notice the angle
of bank at optimum net climb rate is
approximately 10” steeper for the fast-
er ship ... i.e., 43° of bank versus ~33°
of bank for the slower gliders.
Explanation for QUESTION 2:
ANSWER: E. Shown in Figure 2 is
a plot of the profile of the afternoon
thermal (Standard British thermal) in
QUESTION 2 and the resulting net
climb rates of all three ships versus ra-
dius of turn if flown optimally — i.e.,
perfectly centered and at the optimum

Figure2

airspeed and bank angle for each ship.
Notice, once again, the Schweizer
1-26 can out climb both the 2-33 and
the PW-6 ... and the 2-33 can just
barely out climb the PW-6. But again,
the optimum net climb rate occurs at
significantly different radius of turns.
Indeed, the optimum radius of turn for

the 1-26 is not quite half that of the
PW-6. And again, the optimum angle
of bank is shallower for slower gliders
(e.g., 24" of bank for the 1-26 and 25°
of bank for the 2-33) and steeper for
faster gliders (e.g., 32° for the PW-6.)

LESSONS LEARNED: Radius

of turn matters! And, therefore, bank

<
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angle and airspeed matter. To opti-
mize net climb rates, there exists an
optimum bank angle and correspond-
ing airspeed for each thermal profile.
Narrow strong thermals will require
steeper angles of bank and faster air-
speed to reach the optimum net climb
rate. While weak, wide thermals will
require shallower bank angles and
slower airspeed to reach the optimum
net climb rate, flying at the minimum
sink speed for the angle of bank select-
ed will optimize net climb rates. Slow-
er gliders have an inherent advantage
while thermaling. They can operate at
shallower bank angles for a particular
radius of turn than faster ships. Re-
member, the radius “R” of turn for all
gliders (and airplanes with wings) in
coordinated turning flight is propor-
tional to the square of airspeed — i.e.,
R =V2/ (g * Tan(bank angle)).

In narrow thermals, if flown opti-
mally, the slow Schweizer 1-26 can
out climb nearly everything!

Refer to Figure 3, where the net
climb rate of a high-performance
Ventus 2 is compared to the Schweizer
1-26 in a narrow thermal — i.e., with
airmass lift of 4.2 kt at the core de-
creasing parabolically to zero at a radi-
us of 500 ft. The Schweizer is capable
of out climbing the Ventus 2!

Glider Aerodynamics is fascinating.

Have fun. Fly safe.

Figure 3

DISCLAIMER: 'The author is
painfully aware the results shown in
Figures 1, 2, and 3 are, indeed, ideal-
ized models based upon the Physics of
flight with unrealistic assumptions —
i.e., gliders are flown optimally 100%
of the time at the minimum sink speed
for the angle of bank and are perfectly
centered in perfectly cylindrical ther-
mals. However, while no glider pilot
thermals optimally 100% of the time,
and I have never experienced a perfect
Standard British Thermal, the analy-
sis is still instructive in demonstrating
the first principles involved in opti-
mizing net climb rates.

About the author: Steve Platt is a
commercial pilot in single engine air-
Pplanes, single engine seaplanes, and glid-
ers. He holds an instrument rating and is
a Certificated Flight Instructor for air-
planes, instruments, and gliders. He has
logged over 4,000 flight hours including
over 2,000 hours as a flight instructor.
He is a retired
IBM  Engineer-
ing Manager and
a Flight Instruc-
tor at Sugarbush

Soaring, Warren,
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AERODYNAMICS PUZZLER

BY STEVE PLATT

Winass

he Glider Aerodynamics Puz-

zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.

The surface winds and the winds
aloft significantly affect glider op-
erations and performance. Whether
crosswind takeoft or landing, or
enroute flight, the surface winds and
winds aloft matter.

QUESTION 1: A medium perfor-
mance PW-6 with a 34:1 best L/D
glide ratio in still air is flying into a 10
kt headwind. A low performance SGS
1-26 with a 23:1 best L/D glide ratio
is flying with a 10 kt tailwind. Which
glider has a better Effective Glide
ratio?

A. The SGS 1-26 has a better

Effective Glide ratio than the
PW-6

B. The PW-6 has a better Effective
Glide ratio than the SGS
1-26

C. 'They both have the same Effec-
tive Glide ratio

D. I don’t have a clue

QUESTION 2: A PW-6 is 5 miles
east of the airport on a final glide, fly-
ing at the Best Speed to Fly to maxi-
mize distance into a 10 kt headwind.
At the same time an SGS 1-26 is 5
miles west of the airport on a final
glide flying at the Best Speed to Fly
to maximize distance with a 10 kt
tailwind.

Which glider makes it to the airport
first? In other words, which glider has
the faster Ground Speed?

A. The SGS 1-26 has the faster
ground speed and makes it to
the airport first.

B. The PW-6 has the faster ground
speed and makes it to the airport
first.

C. Both gliders reach the airport at
the same time.

D. I don't have a clue.

Figure 1.
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QUESTION 3: A high perfor-
mance Discus with a 45:1 best L/D
glide ratio in still air is flying into a
10 kt headwind. A low performance
SGS-126 with a 23:1 best L/D glide
ratio is flying with a 10 kt tailwind.
Which glider has a better Effective
Glide ratio?

A. The SGS 1-26 has a better
Effective Glide ratio than the
Discus

B. 'The Discus has a better Effective
Glide ratio than the SGS 1-26

C. They both have the same Effec-
tive Glide ratio

D. I don’t have a clue

QUESTION 4: A Discus is 5 miles
east of the airport on a final glide flying
at the Best Speed to Fly to maximize
distance into a 10 kt headwind. At the
same time an SGS 1-26 is 5 miles west
of the airport on a final glide flying at
the Best Speed to Fly to maximize
distance with a 10 kt tailwind.

Which glider makes it to the airport
first? In other words, which glider has
the faster Ground Speed?

A. The SGS 1-26 has the faster
ground speed and makes it to
the airport first.

B. 'The Discus has the faster ground
speed and makes it to the airport
first.

C. Both gliders reach the airport at
the same time.

D. I don't have a clue.

Explanation for QUESTION
1: ANSWER: A. QUESTION 2:
ANSWER: A. Shown in Figure 1
are the flight polars for both the SGS
1-26 and PW-6 as well as the con-
struction for determining the best
Speed to Fly (STF) in a 10 kt head-
wind for the PW-6 and the best STF
with a 10 kt tailwind for the SGS
1-26. Notice that the best STF to
maximize distance for the SGS 1-26
is 44 knots resulting in a ground speed
of 54 kt and an effective Glide ratio
of 28.4:1. The best STF to maximize
distance for the PW-6 is 57 kt result-

A.



ing in a ground speed of 47 kt and an
effective glide ratio of 28:1. The SGS
1-26 has a faster ground speed and a
better Effective Glide ratio with only
a 10 kt tailwind than the PW-6 with
a 10 kt headwind!

Explanation for QUESTION 3:
ANSWER: B. QUESTION 4: AN-
SWER A. Shown in Figure 2 are the
flight polars for both the SGS 1-26
and Discus as well as the construction
for determining the best STF in a 10
kt headwind for the Discus and the
best STF with a 10 kt tailwind for the
SGS 1-26.The best STF to maximize
distance for the Discus is 60 kt result-
ing in a ground speed of 50 kt and
an Effective Glide ratio of 37:1. The
SGS 1-26 has a faster ground speed
with a 10 kt tailwind than the Discus
with a 10 kt headwind but the Discus
continues to have the better Effective
Glide ratio than the SGS 1-26.

Lessons Learned: Winds matter.
The Effective Glide ratio of all gliders
is a strong function of the winds aloft.
Even a 10 kt headwind significantly
reduces glider performance. A 25 kt
headwind dramatically reduces glider
performance. For example, the Effec-
tive Glide ratio of a 34:1 PW-6 (in
still air) reduces by over 40% to ~19:1
in a 25 kt headwind if flown optimal-
ly! And, of course, ground speed de-
creases in headwinds as well. Indeed,

Figure 2.

most gliders flying into a modest 20
kt headwind will reduce ground speed
by over 30%. Any glider pilot that
goes soaring without knowing the
winds aloft, both magnitude and di-
rection, has not done an adequate pre-
flight. Going soaring without know-
ing the winds aloft is like taking up
a power plane without knowing how
much fuel is on board (if any). Have
tun. Fly safe.

About the author: Steve is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He
holds an instrument rating and is a Cer-

tificated Flight Instructor for airplanes,

instruments, and gliders. He has logged
over 4,000 flight hours including over
2,000 hours as a flight instructor. He is a
retired IBM Engineering Manager and
a Flight Instructor at Sugarbush Soar-
ing, Warren, Vermont. De

NN\ TwinShark

wingsandwheels.com/hph-sailplanes

Wing Span
Max Wi.
Min. Load
Max Load

20 m
1874 1b
8 Ib/ft?

11.4 |b/ft2 \Y

Best Glide | 49 @ 69 kts
Min. Sink 98 ft/min
Stall 37 kts
148 kts

NE

www.ssa.org ® September 2022 ¢ Soaring



GLIDER

<

AERODYNAMICS PUZZLER

BY STEVE PLATT

Landing

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
I like to tell my students “Every
landing in a glider is different.” Un-
like powered airplanes with avail-
able thrust, where independent of the
headwind component, the glide slope
on an ILS is 2.5°. Likewise, the “glide
slope” at airports installed with Visual
Approach Slope Indicators (VASI) is
approximately 3°. For powered aircraft,
the sight picture and approach angle,

with rare exceptions, is pretty consis-
tent. However, for gliders it is a dif-
ferent story. Let’s look at the numbers.

QUESTION 1. On a gorgeous Sat-
urday morning you are up with a stu-
dent in a Schweizer 2-33. After prac-
ticing maneuvers and a “sled ride” back
to the airport you enter the pattern
to land. The wind is dead calm, not a
whisper. Your student makes an excel-
lent landing using an airspeed on final
of 55 mph (48 knots) and a decent rate
of ~ 700 ft/min. Later the same day in
mid-afternoon the surface winds come
up and are now blowing 20 knots right
down the runway. You return to land
after an instructional flight with an-
other student. Your student advises
she plans to use 60 mph on final be-

cause of the surface headwind. She ex-

ecutes an excellent pattern, anticipates
the winds, and holds an appropriate
crab angle on base leg. She turns fi-
nal and holds her target airspeed of 60
mph and sets up an ~700 ft/min de-
scent rate to another excellent landing.
Compared to the morning approach
angle, how much does the afternoon
approach angle have to change?

A. No glide path angle change is
necessary. The sight picture will
be the same.

B. 'The approach angle will decrease
5%.The sight picture will change.

C. 'The approach angle will increase
5%.The sight picture will change.

D. The approach angle will increase
by 15%. The sight picture will
change.

E. The approach angle will increase
by 25% 'The sight picture will
change.

F. 'The approach angle will increase
by 35%. The sight picture will
change.

G. The approach angle will increase
by 45 %. The sight picture will
change.
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QUESTION 2. A friend returns to
land after a short cross-country flight.
He is flying his Super Wingbat 6000
high-performance glider. It has a best
L/D glide ratio near 50 to 1. With the
20-kt headwind right down the run-
way he sets up his landing approach
using 65 kt and ~700 ft/min descent
rate. Compared to the Schweizer SGS
2-33 landing into the 20-kt head-
wind what will be the difference in the
approach angle of the Super Wingbat
6000 and the Schweizer 2-33?

A. No Difference in approach an-
gles. Both will have the same
sight picture.

B. 'The 2-33 approach will be 0.5°
steeper than the Super Wingbat
6000 approach

C. The 2-33 approach will be 1.0
steeper than the Super Wingbat
6000 approach

D. The 2-33 approach will be 2.0°
steeper than the Super Wingbat
6000 approach

E. The 2-33 approach will be 2.5
steeper than the Super Wingbat
6000 approach

F. The 2-33 approach will be 3.5
steeper than the Super Wingbat
6000 approach

Explanation

Whether the winds are calm or
blowing 20 knots down the runway,
the Instrument Landing System (ILS)
glideslope is ~2.5°. Powered aircraft
adjust for the headwind component by
adding power. The “sight picture” on
final, i.e. the approach angle, with an
ILS or visual approach slope indicator
is the same.

Not so for gliders. The approach
angle is significantly different for glid-
ers with headwinds versus no wind
when using a consistent descent rate
profile. Landing Gliders is more chal-
lenging than landing powered aircraft
in strong winds. Because of the winds,
“every glider landing is different”.

QUESTION 1: ANSWER G In

the morning, with an approach speed

<

of 55 mph (47 kt) and a descent rate
(speed) of 700 ft/min (or 7 kt), the
approach angle is the arc sin of 7/47 ,
or arc sin of 0.149 which equals 8.6°.
However, in the afternoon, with an
approach speed of 60 mph (52 kt)
and a GROUNDSPEED of 32 knots
(with the 20-kt headwind) the ap-
proach angle is the arc sin of 7/32, or
arc sin of 0.219 which equals 12.6°.

There is a 4-degree increase in ap-
proach angle in the afternoon versus
the morning with the 20-kt head-
wind using exactly the same descent

rate! The approach angle increases by
46.5% with the 20-knot headwind!!

QUESTION 2: ANSWER F The
Super Wingbat 6000 with a 20-kt
head wind and holding 65 knots air-

Figure 1
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speed (groundspeed of 45 knots) with
a descent rate of 700 ft./min has an
approach angle of arc sin of 7/45, or
arc sin of 0.155 which equals 8.9°. For
a 20-kt headwind for the SGS the
approach angle of 12.6° must be 3.7°
steeper than the 8.9° approach angle
of the Super Wingbat 6000 with the

same wind and descent rate!!

LESSONS LEARNED: First an
anecdote. I share this event not to
embarrass anyone but rather as a “les-
son learned” for all of us. A number
of years ago an extremely experienced
member of our soaring club returned
from a cross-country flight in his
high-performance sail plane. At the
time he had thousands of hours and
thousands of miles of glider cross-
country experience. He was a Power
pilot as well, with airplane Single en-
gine, Multi-engine, Instrument air-
plane and CFI-G license/ratings. He
was also a tow pilot. He was not an
active CFI in the club.

Late that afternoon, after landing his
high-performance ship into the 20-kt
headwind, he volunteered to take one
of our youth Line Crew Members for
his earned lesson in one of the club’s
Schweizer 2-33%s. After a ~30-min-
ute flight, he returned to land. Since
it was the last flight of the day, one of
the other line crew members radioed
to the crew and requested they “land
long” to facilitate putting the aircraft
away for the evening. The winds were
still blowing 20 kt down the runway.

As the 2-33 reached the point on
downwind where I thought they need-
ed to turn base leg under the existing
wind conditions, the glider continued
on downwind. I wondered what they
were doing. When they finally turned
base leg, I thought to myself that they
would not make it to the runway. Not
only did they not “land long,” or make
it to the runway, they were still 100 ft
short of the runway after the rollout!!
Fortunately, the approach to the run-
way has a 500-ft mowed grassy area
prior to the runway start. While the

pilot in command was highly embar-
rassed, there was no harm done to the
aircraft or crew. When questioned
“what happened” the pilot confessed
he was so accustomed to the sight
picture of his high performance 50-1
glider landing at 70 kt indicated air
speed with 20 kt of wind, he failed to
account for the performance differ-
ence of the much slower Schweizer
2-33 aircraft. Lesson learned.

The approach angle landing for
ALL gliders must be steeper with
strong headwinds. For low perfor-
mance (slow) gliders (e.g., Schweizer
2-33 and 1-26) the approach angle
must be considerably steeper with
strong headwinds. The approach angle
may increase by over 50% versus no
wind conditions. Shown in Figure 1 is
a graph indicating the actual approach
angle as a function of headwind speed
for a Schweizer 2-33 (or any glider)
flown at 60 mph (52 kt) airspeed for
varying decent rates. Notice that with
no wind and a decent rate of 7 kt
(~700 ft/min) the approach angle is
7.7°. However, with a 20-kt headwind
and a GROUND SPEED of 32 kt
and the descent angle is 12.6°!

Gliders land differently than pow-
ered aircraft. Fvery landing in a glider
is different. The sight picture changes
as a function of the wind conditions.
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Figure 1: Schweizer 2-33 descent angle as a func-
tion of headwind.

While I may be prejudiced, it is for
this reason that I believe experienced
glider pilots are among the best stick
and rudder pilots in the world. Have
tun. Fly safe.

About the author: Steve is a commer-
cial pilot in single engine airplanes, single
engine seaplanes, and gliders. He holds
an instrument rating and is a Certificat-
ed Flight Instructor for airplanes, instru-
ments, and gliders. e
has logged over 4,000

Slight hours including

over 2,000 hours as a

flight instructor. He is

a retired IBM Engi-

neering Manager and

a Flight Instructor at Sugarbush Soar-
ing, Warren, Vermont. De
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AERODYNAMICS PUZZLER

BY STEVE PLATT

Minimum Sink

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
The minimum sink speed is one
of the Speeds-to-Fly (STF) that all
glider pilots should understand and
exploit when appropriate. The Mini-
mum Sink Speed plays a crucial role
not only in staying aloft for the longest
time but also in thermaling.

QUESTION 1. Your wife is plan-
ning on taking up your club’s PW-6
dual seat glider solo for a recreational
flight. The manufacturer’s published
gross weight flight Polar is shown
in Figure 1. At gross weight (1,220
Ib) the Minimum sink speed is 50 kt

and the Minimum Sink Rate is 150
ft/minute. She will be operating the
PW-6 solo at minimum weight (911
Ib). She asks you what the Minimum
Sink SPEED will be at her operating
weight?

A. The Minimum Sink Speed is

independent of weight

B. The Minimum Sink Speed
increases 5 kt to 55 kt

C. The Minimum Sink Speed
decreases 7 kt to 43 kt

D. The Minimum Sink Speed
decreases 5 kt to 45 kt

E. The Minimum Sink Speed

decreases 3 kt to 47 kt

QUESTION 2. Your wife then asks
you what happens to the Minimum
Sink RATE at her operating Weight?

A. The Minimum Sink Rate is

independent of weight.

Figure 1.

B. The Minimum Sink Rate
increases 14 feet/minute

C. The Minimum Sink Rate
decreases 20 feet/minute

D. The Minimum Sink Rate
decreases 14 feet/minute

E. The Minimum Sink Rate

decreases 10 feet/minute

QUESTION 3: Your wife’s next
question is: “What happens to the
Minimum Sink SPEED in a coordi-
nated 30° banked turn?”.

A. The Minimum Sink Speed is

independent of bank angle

B. The Minimum Sink Speed

increases by a percentage equal
to the square root of the bank
angle
C. The Minimum Sink Speed
increases by 5%

D. The Minimum Sink Speed
increases by 7.5%

E. The Minimum Sink Speed
increases by 12%

QUESTION 4: Your wife’s final
question is: “What happens to the
Minimum Sink RATE in a coordi-
nated 30° banked turn?”

A. The Minimum Sink Rate is

independent of bank angle

B. The Minimum Sink Rate in-

creases by a percentage equal to
the square root of the bank angle

C. The Minimum Sink Rate

increases by 10%

D. The Minimum

increases by 16%
E. The Minimum
increases by 24%

Sink Rate

Sink  Rate

QUESTION 5: 'The stall speed of
your club’s ASK 21 at gross weight is
39 kt with a minimum sink speed of
45 kt. Can the ASK 21 at gross weight
thermal in a narrow thermal with a
bank angle of 45° and an airspeed of 45
kt (level flight minimum sink speed)?

A. Yes

B. No

C. Maybe

D. I don’t have a clue -
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Explanation

QUESTION 1: ANSWER C The
flight polar for ALL gliders shifts up
and to the left for decreasing weight
(and down and to the right for in-
creasing weight). All the flight polar’s
coordinates (i.e. x/y coordinates) shift
by factor equal to the square root of
the ratio of the weights. Therefore, for
the PW-6 flown solo at 911 1b mini-
mum weight versus a gross weight of
1,220 1b, the flight polar shifts by a
factor equal to (911/1,220)°° which
equals 0.864 as shown in Figure 2.
In other words, the Minimum Sink
SPEED decreases by 13.6%, or by
7 kt to 43 kt!!

QUESTION 2: ANSWER C The
Minimum Sink RATE also decreases
by 13.6%, or by 20 ft/min to 130 ft/

min.

QUESTION 3: ANSWER D and
QUESTION 4: ANSWER E 'The
flight polar for ALL gliders shifts
down and to the right for coordinat-
ed turning flight at various angles of
bank. Shown in Figure 3 are the flight
polars for a Standard Libelle at 695 Ib

and various angles of bank. The Mini-
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mum Sink SPEED at bank angle X"
increases by a factor equal to:

Min Sink SPEED (at Angle of bank
X) = Min Sink SPEED (0 -level flight)
*(1/ Cosine (X))**

and, the Minimum Sink RATE at
bank angle X° increases by a factor
equal to:

Min Sink RATE (at Angle of bank X)
= Min Sink RATE (0 -level flight) * (1/
Cosine (X))

Shown in Table 1 is the result of
these equations for several common
angles of bank.

For a coordinated 30 banked turn
in ANY glider the minimum sink
SPEED increases by 7.5% and the

minimum sink RATE increase by
24% over the level flight Minimum
Sink SPEED and the Minimum Sink
RATE.

QUESTION 5: ANSWER B Can
the ASK 21 at gross weight thermal
in a narrow thermal with a bank angle
of 45° and an airspeed of 45 kt (level
flight minimum sink speed)? The an-
swer is NO because the ASK 21 will
stall. For ALL airplanes and gliders in
a45° coordinated banked turn the stall
speed increases by a factor equal to the
square root of 1 divided by the cosine
of the angle of bank, or (1/cos(45))**
which equals 1.189 or, increases by
18.9%. Therefore, for the ASK 21 at

Figure 2.
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gross weight in a 45° banked turn the
stall speed increases from the level
flight stall speed of 39 kt to 46.4 kt
(39 * 1.189). If the ASK 21 attempts
to slow to 45 kt in a coordinated 45°
banked turn the glider will exceed the
critical angle of attack and stall.

LESSONS LEARNED: The Min-
imum Sink Speed is an important
speed to understand and utilize both
for maximizing time aloft and for
optimizing thermal flight. The Mini-
mum Sink Speed is both a function
of weight as well as a function of the
angle of bank in coordinated turning
flight (i.e. thermaling). For decreasing
weight, the Min Sink SPEED and
Min Sink RATE both decrease by a
factor equal to the square root of the
ratio of the lower weight divided by
the published known (gross) weight.

However, in coordinated turning
flight the Min Sink SPEED and Min
Sink RATE both increase from the

Angle of Bank (%) 0 10 20 30 40 45 50 |60

% Increase in Mini- 0 0.7% |3.2% |7.5% |14% |[18.9% |[25% |41%
mum Sink Speed

% Increase in Mini- 0 2.4% 19.8% |24% |49% |68% 94% | 183%
mum Sink Rate

Table 1: Change in Glider Minimum Sink Speed and Minimum Sink Rate as a function of Angle of

Bank.

level flight Min Sink SPEED/RATE
for the current operating weight as
shown in Table 1. Two useful points
to memorize are for 30° and 45° co-
ordinated banked turns — where
for 30° banked turns the Min Sink
SPEED increases 7.5% and the Min
Sink RATE increases by 24% over
the level flight numbers —and for 45
° banked turns the Min Sink SPEED
increases by 18.9% and the Min Sink
RATE increases by 68% over the lev-
el flight numbers! Except for acquir-
ing energy while thermaling, or for
mandatory navigational turns, if you
want to conserve energy, avoid turn-

ing! Glider Aerodynamics is fascinat-
ing. Have Fun. Fly safe.

About the author: Steve Platt is a
commercial pilot in single engine air-
planes, single engine
seaplanes, and gliders.

He holds an instru-

ment rating and is a

Certificated  Flight

Instructor  for — air-

Pplanes, instruments, and gliders. He has
logged over 4,000 flight hours including
over 2,000 hours as a flight instructor.
He is a retired IBM Engineering Man-
ager and a Flight Instructor at Sugar-
bush Soaring, Warren, Vermont. De
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GLIDER
AERODYNAMICS PUZZLER

BY STEVE PLATT

Speed to Fly Turning

he Glider Aerodynamics Puz-

zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.

Most glider pilots have good un-
derstanding of the best speed to fly
(STF) to optimize time aloft, distance
or speed. Selecting the best STF while
turning is less well understood. Let’s
look at three examples.

QUESTION 1: You are flying your
club’s PW-6 glider solo at minimum
weight (~900 1b). The manufacturer’s
published flight polar at gross weight
is shown in Figure 1. On takeoff, upon
reaching approximately 250 ft AGL
the rope breaks. You quickly decide

you have enough altitude to complete
an approximately 210° turn to land
on the departure end of the runway.
In this scenario what is the best angle
of bank and airspeed to complete the
approximately 210° turn and lose the
least amount of altitude?

A. 30° bank and level flight mini-
mum sink speed.

B. 45° bank and level flight mini-
mum sink speed.

C. 45° bank and level flight mini-
mum sink speed for your operat-
ing weight.

D. 60° bank and level flight mini-
mum sink speed for your operat-
ing weight plus 18.9%

E. 45° bank and level flight mini-
mum sink speed for your operat-

ing weight plus 18.9%

Figure 1.
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QUESTION 2: You are flying your
club’s PW-6 solo at minimum weight
on a local recreational flight. For the
last thermal you averaged a net 2.1
kt during the climb. The thermal
appeared to have the characteristics of
a typical summer thermal with 4.2 kt
of airmass lift at the core decreasing
parabolically to O at a radius of 1,000
ft. As you return to that very same
thermal what bank angle and airspeed
will optimize the net climb rate?

A. 25° of bank at minimum sink

speed.
B. 30° of bank at level flight mini-
mum sink speed plus 7.5%

C. 30° of bank at level flight mini-
mum sink speed for your operat-
ing weight plus 7.5%.

D. 40° of bank at level flight mini-
mum sink speed for your operat-
ing weight plus 14%.

E. 45° of bank at level flight mini-

mum sink speed for your operat-

ing weight plus 18.9%.

QUESTION 3: You are flying your
club’s PW-6 solo at minimum weight
in a local “out and back” race. The
thermals have been excellent yielding
a net 3 kt of climb during the race.
Accordingly, you fly at the appropri-
ate McCready speed of 70 kt. As you
approach the only turn point, where
a 180° turn is required, you consider
two techniques for completing the
turn to optimize time, i.e., maximize
average speed. First you consider
maintaining 70 kt and roll into a 45°
bank turn to keep your speed around
the turn point. Your second thought
is to pull up abruptly to 55 kt while
rolling into a 45° bank turn upon
completing the turn then lowering
the nose to return to 70 kt. Which
of the two options will consume the
least amount of time and provide the
highest average speed?

A. Maintain 70 kt around the turn.

B. Slow to 55 kt while rolling into
the turn then return to 70 kt upon
completing the turn.

A.



Explanation

QUESTON 1: ANSWER E. In
the rope break return to the airport
scenario, the angle of bank and air-
speed to use to lose the least amount
of altitude (energy) during the turn
is 45° of bank at the minimum sink
speed for a 45° banked turn at you
operating weight ... which in this
case equals the level flight minimum
sink speed at your operating weight
plus 18.9 %. At gross weight the min-
imum sink speed is 50 kt. However,
at the 900 1b operating weight the
flight polar shifts up and to the left
by a factor equal to the square root
of the ratio of the minimum weight
to the gross weight or (900/1,220)°
which equals 0.86. Therefore, the
level flight minimum sink speed at
900 1Ib lowers from 50 kt at gross
weight to 43 kt at 900 Ibs ... and in
a 45° bank turn the minimum sink
speed becomes 43 kt x 1.189 which
equals 51 knots.

Figure 2.

QUESTION 2: ANSWER C. For
every thermal there is an optimum
bank angle and airspeed to maximize
net climb rates. For the PW-6 ther-
maling in a typical summer thermal
the optimum angle of bank is ~30° at
an airspeed of minimum sink speed

for a 30° banked turn ... which equals

the level flight minimum sink speed
plus 7.5%. If the thermal is flown too
shallow the radius of turn is wide and
the glider operates in a weaker part of
the thermal. If the glider is flown too
steeply, the radius of turn is closer to
the core of the thermal but the sink
rate of the glider is too great. And so,

The 1-26 Association and
Caesar Creek Soaring Club
are co-sponsoring the
2023 1-26 Championships

at Waynesville, OH, 2-11 May, 2023.
Special entry fee sponsorships are
available for pilots 30 years of age
and younger, and first fime
competitors, who qualify.

Contact Steve Statkus at (513) 720-8955 for more details.
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there is a sweet spot for every ther-
mal. For typical summer thermals as
shown in Figure 2, with airmass lift
equal to 4.2 knots at the core decreas-
ing parabolically to zero at a radius of
1,000 ft, the optimum angle of bank
for slow aircraft (e.g. SGS 1-26 and
2-33) works out to be ~25° of bank.
For medium performance gliders (like
the PW-6 and ASK 21) the optimum
angle of banks works out to be ap-
proximately 30-35° of bank ... and for
high performance ships the optimum
angle of bank works out to be 35-40°.
In all cases the optimum STF is the
minimum sink speed for the angle of
bank flown.

QUESTION 3: First, it is impor-
tant to remember the radius of turn
for all gliders (and airplanes with
wings) in coordinated turning flight is
proportional to the SQUARE of air-
speed. Specifically the radius of turn is
equal to:

R =V?/(G *Tan ANG)

Where V is airspeed, G is the accel-
eration of gravity (32.17 ft./sec?), and
ANG is the angle of bank.

"Therefore, in the case of maintain-
ing 70 kt around the turn, the radius
of turn works out to be: R = 433 ft.
Since the distance travelled during the
turn is Pi* R, the time to complete the
1807 turn at 70 kt works out to be 11.5
seconds.

On the other hand, slowing quickly
to 55 kt to complete the turn the radius
of turns works out to be approximately
267 ft and the time to complete the
turn is 9.1 seconds. However, it takes
a second or two to slow to 55 kt and a
second or two to speed back up to 70
kt ... so the answer is not obvious ...
what do you think?

LESSONS LEARNED: Optimiz-
ing glider flight requires optimizing
level flight and turning flight. For
all gliders independent of make and
model, to lose the least amount of
altitude (energy) while turning re-
quires a 45° bank turn at an airspeed
equal to the level flight minimum
sink speed for the current operat-
ing weight plus 18.9%. The optimum
STF while thermaling is equal to the

minimum sink speed for the angle

of bank flown. The optimum angle
of bank while thermaling depends
on upon the specific flight polar for
the current operating weight as well
as the profile of the thermal. How-
ever, for medium performance gliders
like the PW-6 or ASK 21, for typical
summer thermals, the optimum angle
of bank is between 30-35° depending
upon operating weight. Finally, the
radius of turn for all gliders in coor-
dinated turning flight is proportional
to the square of airspeed. Glider aero-
dynamics is fascinating. Fly safe.

About the author:
Steve Platt is a com-
mercial pilot in single
engine airplanes, sin-
gle engine seaplanes,
and gliders. He holds
an instrument rating
and is a Certificated Flight Instructor
for airplanes, instruments, and gliders.
He has logged over 4,000 flight hours
including over 2,000 hours as a flight in-
structor. He is a retired IBM Engineer-
ing Manager and a Flight Instructor at
Sugarbush Soaring, Warren, Vermont.
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BY STEVE PLATT

MacCready

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
Paul MacCready is best known
among glider pilots for his technique
for maximizing speed while racing.
However, he was also a talented aero-
nautical engineer and accomplished

glider pilot. He was the U.S. Nation-

The Kolstad award is
Now $10,000
toward your
college expenses!

100km, 200km, 300km, 500km,
or 1,000km Century Award

al Open Class soaring champion in
1948,1949, and 1953. He was the first
American World Soaring champion
in 1956. He won the First Kremer
Prize for Human Powered Flight ...
and he won the Second Kremer Prize
tor Human Powered flight across the
English Channel.

He created the solar-powered Gos-
samer Penguin and Solar Challenger.
In addition to defining the “Mac-
Cready Theory” on Speed to Fly to
maximize speed thermal to thermal,
he invented the MacCready “Speed
Ring”. Clearly a talented individual.
Let’s take a look at MacCready speeds.

QUESTION 1: You are planning on
entering your club’s President’s Cup
local race. You want to be prepared

to fly at the appropriate MacCready
speed for your club’s PW-6 glider .
The Flight Polar at gross weight for
the PW6 is shown in Figure 1. What
are the MacCready 2 and MacCready
4 speeds at gross weight?
A. MacCready 2 speed = 56 kt,
MacCready 4 speed = 62 kt
B. MacCready 2 speed = 60 kt,
MacCready 4 speed = 68 kt
C. MacCready 2 speed = 63 kt,
MacCready 4 speed = 70 kt
D. MacCready 2 speed = 68 kt,
MacCready 4 speed = 76 kt
E. MacCready 2 speed = 70 kt,
MacCready 4 speed = 78 kt

QUESTION 2: What is the Mac-
Cready O speed at gross weight?

A. MacCready 0 speed is the mini-

mum sink speed = 50 kt

B. MacCready 0 speed is the Best
L/D speed = 56 kt
MacCready 0 speed = 60 kt
MacCready 0 speed = 64 kt
There is no MacCready 0 speed

=00

QUESTION 3: The winds aloft are
expected to provide a 20-kt headwind
on the final leg of the race. What ef-
fect does a 20-kt headwind have on
the MacCready speeds?

Figure 1.
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A. None. The MacCready speeds
are independent of the winds
aloft.

B. Add approximately 15% of the
headwind component speed to
the MacCready speed

C. Add approximately 25% of the
headwind component speed to
the MacCready speed

D. Add approximately 33% of the
headwind component speed to
the MacCready speed

E. Subtract approximately 25% of
the headwind component speed

from the MacCready speed

QUESTION 4: You are planning
on operating the PW-6 shown in Fig-
ure 1 solo at minimum weight.

What happens to MacCready speeds
at minimum weight ... approximately
300 pounds under gross weight?

A. 'The MacCready speeds are in-

dependent of weight

B. 'The MacCready speeds increase

with decreasing weight

C. The MacCready speed decrease

with decreasing weight

Explanation

QUESTION 1: ANSWER C.
Shown in Figure 2 is the construction
for determining the MacCready 2 and
MacCready 4 speeds for the PW-6 at

Figure 2.

gross weight. Notice the MacCready 2
speed equals 63 kt and the MacCready
4 speed equals 70 kt. The MacCready
X speed is determined by a line drawn
from x kt up on the Y axis tangent
to the Flight polar for the operating
weight. Note, the MacCready X speed
IS IDENTICAL to the best Speed to
Fly in X kt of airmass sink to maxi-
mize distance!

QUESTION 2: ANSWER B. The
MacCready 0 speed is equal to the
Best L/D speed.

QUESTION 3: ANSWER A. All

MacCready speeds are independent of
the winds aloft. The MacCready speed
optimizes speed thermal to thermal
independent of whether the the entire
airmass is moving or not.

QUESTION 4: ANSWER C. All
MacCready speeds are a function of
weight. Shown in Figure 3 is the con-
struction of the MacCready 4 speed
for the PW-6 at gross weight and
minimum weight. Notice, the Mac-
Cready 4 speed decreases from 70 kt
at gross weight to 63 kt at minimum

weight. If a glider pilot accidentally

uses the Gross weight MacCready

Behold the new generation of variometers.
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Figure 3.

4 speed while flying at minimum
weight, they will in effect be flying at
approximately MacCready 6 speed!
Weight matters.

LESSONS LEARNED: Mac-
Cready speeds optimize the speed
from thermal to thermal including
the climb back to the start altitude.
All MacCready speeds are a function

of weight. All MacCready speeds are
independent of the winds aloft. The
winds aloft DO effect the altitude re-
quired to commence the final glide, as
the ground speed must be used in that
calculation. Paul MacCready’s tech-
nique for maximizing speed has served
the test of time for over six decades.

Have fun ... Fly safe.

About the author: Steve Platt is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He
holds an instrument rating and is a Cer-
tificated Flight Instructor for airplanes,
instruments, and gliders. He has logged
over 4,000 flight hours including over
2,000 hours as a flight instructor. He is a
retired IBM Engineering Manager and
a Flight Instructor at Sugarbush Soar-
ing, Warren, Vermont. De
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BY STEVE PLATT

Polar Modelling

he Glider Aerodynamics Puz-

zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. This
month I divert from the usual format
of aerodynamic questions followed by
answers with detailed explanations.

Reichmann’s Formula

I have been asked by several read-
ers to explain how to model glider
flight polars, i.e., digitize/computerize
manufacturer’s published flight polars
so that they may be easily and prop-
erly adjusted for different operating
weights and wing loadings. The simple
answer is to use the Helmut Reich-
mann technique first published in the
1970’s and included in his classic book
Cross-Country Soaring.1 have a copy of

the 7th edition published by the Soar-
ing Society of America in 1993. The
book is simply outstanding and would
be a welcome addition to any glider
pilot’s library.

What Reichmann describes, and
proves, is how a quadratic equation of
the form shown below can very accu-
rately model any manufacturer’s pub-
lished flight polar:

S=a*VP+b"V+c

where § = glider sink rate; /'= glider
Airspeed and a, b, and ¢ are constants.
'The constants are calculated by select-
ing three data points (three pairs of
x/y coordinates) from the manufactur-
ers published flight polar and inserting
them in the equations below: (see ye/-
low box at bottom of page).

Shown in Figure 1 is the actual

example for an ASW 15 provided

Figure 1.

by Reichmann in his book using the
three data points: best L/D speed,
never exceed speed, and a speed half-
way in between. Notice that the plot-
ted quadratic equation in the area of
interest is virtually identical to the
manufacturer’s flight polar for the
ASW 15. Except for high-speed rac-
ing gliders, I recommend using: Min-
imum Sink speed, Best L/D Speed,
and Best L/D Speed plus 20 knots
for the three data points defining
the quadratic equation. This ensures
excellent accuracy from slow speed
through high-speed cruise.

While calculating the coefficients a,
b, and ¢ manually is tedious, entering
the equations into a small program or
spreadsheet allows the coefficients to
be generated quickly by computer.

Flight Polars for
Non-published Weights

The 64-thousand-dollar question
is: How to generate flight polars for
different weights (i.e., wing loading)
other than provided by the manufac-
turer’s published curve, usually at gross
weight? The answer is again provid-
ed by Helmut Reichmann in Cross-
Country Soaring (p. 122) where he ex-
plains how for any glider for different
wing loadings (weights) all the flight
polar coordinates shift by a factor
equal to the square root of the ratio
of the weights.

That is, for decreasing weight the
Flight Polar moves up and to the
left ... and for increasing weight the
Flight Polar moves down and to the
right. All the Manufacturer’s pub-
lished coordinates shift by the same
factor ... the square root of the ratio
of the weights.

Therefore, once the quadratic equa-
tion model is generated for the pub-
lished weight and plotted, it becomes
a simple exercise to multiply all the
coordinates by the shift factor for any

a=[(V2-V3)*(81-83) + (V3-V1) * (S2-83)1 / [V * (V2-V3) + V2 * (V3-V1) + V3 * (V1-V2)]
b=[82-83-a*(V22-V3)]/(V2-V3)

c=83-a*V3#-5b*V3
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other weight (wing loading) to gen-
erate a new polar at the new weight.
Shown in Figure 2 is the flight polar
for the PW-6 plotted using its qua-
dratic equation at gross weight (red),
then shifted for the minimum weight
operating condition (blue). Since the
“shift factor” is the square root of the
minimum weight (900 lbs) divided
by the gross weight (1,220 Ibs) the
shift factor is (900/1,220)°° ... which
equals 0.86. In other words, all the
coordinates of the gross weight Polar
are decreased by 14% for the mini-
mum weight Flight Polar.

While the difference in perfor-
mance numbers for a single seat
glider flown 10 Ibs lighter, or heavier,
makes little difference, the difference
in performance numbers for a dual
seat glider flown solo at minimum
weight, or a single seat glider flown
with maximum ballast can be very
significant. In the case of the PW-6
glider shown in Figure 2, the differ-
ence between the Best L/D speed at
gross weight (56 kt) and minimum
weight (48 kt.) is 8 kt! And for the
SZD-55, shown in Figure 3, the dif-
terence in Best L/D speed flown at
740 pounds and at 1,100 pounds with
maximum ballast is an amazing 13 kt!

Lessons Learned

Helmut Reichmann’s work some
five decades ago made major contri-
butions to the art and science of soar-
ing. Any glider’s published flight polar
may be easily modeled with a simple
quadratic equation then utilized to
generate a flight polar for any other
wing loading using a very simple shift
factor ... i.e., the square root of the
ratio of the weights. To accurately
optimize glider flight, the flight polar
for the CURRENT operating weight
must be used. Small weight changes
make little difference. However, for
dual seat ships flown solo using the
gross weight polar, or for single seat
ships using the non-ballast polar with
heavy ballast, is guaranteed to lead to
large errors in the optimum Speed to

<

Figure 2.

Figure 3.

Fly. Glider Aerodynamics is fascinat-
ing. Fly safe.

About the author: Steve Platt is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He
holds an instrument rating and is a Cer-
tificated Flight Instructor for airplanes,
instruments, and gliders. He has logged
over 4,000 flight hours including over
2,000 hours as a flight instructor. He is a
retired IBM Engineering Manager and
a Flight Instructor at Sugarbush Soar-
ing, Warren, Vermont. D
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QUESTION 3: You are flying a

GL’DER Schweizer 2-33 with your instructor
& AERODYNAM’CS PUZZLER at just under gross weight. The 2-33

has a Best L/D glide ratio of 23 to 1 in
BY STEVE PLATT still air. If the 2-33 is flown optimally
at the best STF to maximize distance
into a 25 kt headwind what will the
resulting effective glide ratio become?

Conserving Energy o

B. 21to1
C.19t01
he Glider Aerodynamics Puz- D. 54kt D.15t01
zler is intended to stimulate your E. 56 kt E 11to1

thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The FIGURE 1
correct answers with detailed expla-

nations follow the questions. Have
fun. In the May issue of Soaring the
Glider Aerodynamics Puzzler focused
on MacCready Flight and MacCready
Speeds. 'This issue focuses on the
Speed to Fly (STF) to conserve en-
ergy (i.e. maximize distance) in head-
winds, tailwinds, lift and sink ... and
combinations thereof.

QUESTION 1: On a glorious
Saturday afternoon you are flying
your Club’s PW-6 at just under gross
weight. While flying into a 20 kt
headwind approaching a ridge line you
encounter 2 kt of sustained airmass
sink. The flight polar for the PW-6
is shown in Figure 1. What is the the
best STF to maximize distance with a
20 kt headwind and 2 kt of sink? FIGURE 2

A. 56 kt

B. 60 kt

C. 64 kt

D. 69 kt

E. 74 kt

QUESTION 2: Later in the day
on a second flight you are flying the
PW-6 solo at minimum weight (ap-
proximately 900 Ib). This time you
have a 20 kt tailwind. What is the best
STF to maximize distance with a 20
kt tailwind at minimum weight?

A. 43 kt (minimum sink speed)

B. 47 kt

C. 49kt
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QUESTION 4: Your instructor in
QUESTION 3 asks you to make a
180° turn. Now you are flying the 2-33
with a 25 kt tailwind. If the 2-33 is
again flown optimally at the best STF
to maximize distance what will the re-
sulting effective glide ratio become?

A. 23to1

B. 28to 1

C.32t01

D. 35t01

E.39t01

Explanation

QUESTION 1: ANSWER D.
Shown in Figure 2 is the construction
for selecting the best STF in a 20 kt
headwind and 2 kt of sink. Notice the
best STF is 69 kt. In general, the best
STF at any wind speed and airmass lift/
sink combination is determined by draw-
ing a tangent to the flight polar (for your
current operating weight) from a x/y co-
ordinate point equal to wind speed on the
x axis and the sink (lift) on the y-axis.

QUESTION 2: ANSWER B.

Shown is Figure 3 is the construction

FIGURE 3

for selecting the best STF in a 20 kt
tailwind. Since the PW-6 is operating
at minimum weight in question 2, the
flight polar for the minimum weight
operating condition must be used

(blue polar). The best STF is 47 kt.

QUESTION 3: ANSWER E.
QUESTION 4: ANSWER D. Shown

in Figure 4 is the construction for se-
lecting the best STF for the SGS 2-33
in a 25 kt headwind and 25 kt tailwind.
Notice the Best STF in a 25 kt head-
wind is 54 kt (62 MPH) yielding an
effective glide ratio of 11 to 1 ... and
the best STF in a 25 kt tailwind is
42 kt (48 MPH) yielding an effective
glide ratio of 35 to 1! -
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Lessons Learned

Whether flying a Schweizer 1-26 or
a high-performance Discus, the winds
aloft have a dramatic effect on glider
performance. Indeed, with only a 20 kt
tailwind a Schweizer 1-26 has a better
effective glide ratio (33.7 to 1) than a
Discus with a 20 kt headwind (30.8 to
1)! If the winds aloft are blowing 25 kt
(i.e. Figure 4), the effective Glide ratio
of a Schweizer 2-33 varies from 11 to
1 to 35 to 1 depending upon the direc-
tion of flight! Incredible! Winds mat-
ter. Glider aerodynamics is fascinating.

Fly safe.

About  the
author: Steve
Platt is a com-
mercial  pilot
in single en-
gine airplanes,
single engine

FIGURE 4

seaplanes, and gliders. He holds an in-
strument rating and is a Certificated
Flight Instructor for airplanes, instru-
ments, and gliders. He has logged over
4,000 flight hours including over 2,000

hours as a flight instructor. He is a re-
tired IBM Engineering Manager and a
Flight Instructor at Sugarbush Soaring,
Warren, Vermont. <
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AERODYNAMICS PUZZLER

BY STEVE PLATT

Stalls

he Glider Aerodynamics Puz-

zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.

All glider pilots receive initial and
recurrent training in stall awareness
and recovery. While the 1 G wings
level stall speed is usually well un-
derstood, a wing may stall in any at-
titude and at virtually any airspeed.
The wings level stall speed is just the
beginning.

QUESTION 1. You are flying your
Super Wingbat 6000 glider with a
friend on a glorious Saturday after-
noon. Your friend asks you to demon-
strate an accelerated stall. After clear-
ing turns, and at a safe altitude and in
a safe area, you roll into a coordinated

60° banked turn and pull 2 G’s. The

wings level (1 G) stall speed of the Su-
per Wingbat 6000 at your operating
weight (gross weight) is 40 kt. Ina 60°
bank turn pulling 2 G’s at what air-
speed with the Super Wingbat stall?

A. 46 kt

B. 48 kt

C. 52kt

D. 56 kt

E. 60 kt

QUESTION 2. Suppose the Su-
per Wingbat 6000 is operated solo at
minimum weight of 900 Ib versus the
gross weight of 1,220 Ib and the same
accelerated stall maneuver is repeated,
i.e. a 60° banked turn pulling 2 G, at
what airspeed will the Super Wingbat
stall?

A. 46 kt

B. 48kt

C. 52kt

D. 56 kt

E. 60 kt

QUESTION 3: You are flying the
Super Wingbat 6000 at gross weight

at 56 kt. You commence a maneuver
that increases the wing loading of the
glider. How much would the wing
loading have to increase at an airspeed
of 56 kt for the wing to reach the criti-
cal angle of attack and stall? In other
words, what would the G load have to
be to stall the wing at 56 kt?

A. 1.6 G’s at stall

B. 1.8 G’s at stall

C. 2.0 G’s at stall

D. 2.2 G’s at stall

E. 2.4 Gs at stall

QUESTION 4: You are flying an
aerobatic glider during an airshow.
Your glider has a wings level 1 G
stall speed of 40 kt at your operating
weight and is certificated to positive 6
G’s. Flying at 75 kt you rapidly roll
into a very steep, 78°, coordinated
banked turn at 4 G’s. Is this maneuver
possible?

A. Yes

B. No

C. Maybe

Explanation

QUESTION 1: ANSWER D. As
the wing loading increases, (i.e., the
G load increases), the angle of attack
increases and the stall speed increases.
The accelerated stall speed is equal to
the 1 G stall speed times the square
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root of the G load. ‘Therefore, in
Question 1 with a 2 G load factor, the
accelerated stall speed becomes 40 kt
times the square root of 2, or 40 x 1.41
which equals 56 kt.

QUESTION 2: ANSWER B. In
Question 2, the Super Wingbat 6000
is operated at minimum weight, 320
Ib under gross weight. The flight po-
lar for all Gliders moves up and to the
left for decreasing weight. All of the
coordinates of the gross weight flight
polar reduce by a factor equal to the
square root of the ratio of the mini-
mum weight to the gross weight...and
in this case reduces by a factor of the
square root of 900 divided by 1,220...
which equals 0.86. The 1 G level flight
stall speed at the minimum weight be-
comes 40 kt times 0.86 which equals
34 kt. Therefore, in a 2 G turn, the
accelerated stall speed at minimum
weight becomes 34 kt time the square
root of 2, or 34 kt times 1.41 which
equals 48 kt.

QUESTION 3: ANSWER C. For

the accelerated stall speed to increase

from 40 kt to 56 kt, the square root of
the G load would have to be equal to
the ratio of 56 divided by 40...which
equals 1.4. Therefore, the G load
would have to be 1.4 squared...which
equals 2 Gs.

QUESTION 4: ANSWER B. This
maneuver is not possible because with
an airspeed of 75 kt the wing will stall
before reaching 4 G’s. At 4 G’s the
accelerated stall is two times the 1 G
stall speed which equals 80 kt. There-
fore, rolling into the 78 steep banked
turn, the aerobatic glider would stall
upon reaching 3.5 G’s.

Lessons Learned

There are three key lessons from this
puzzler.

1: The wings level 1 G stall speed is
just the beginning. Any wing may be
stalled at virtually any attitude and at
nearly any airspeed.

2:'The 1 G stall speed is a function of
weight: the operating weight stall speed
equals the gross weight stall speed
times the square root of the ratio of the
operating weight to gross weight.

3: Lastly, the instantaneous acceler-
ated stall speed is equal to the square
root of the wing’s instantaneous G
load times the 1 G stall speed for the
current operating weight.

Glider aerodynamics is fascinating.
Fly safe.

About the author: Steve Platt is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He
holds an instrument rating and is a Cer-
tificated Flight Instructor for airplanes,
instruments, and gliders. He has logged
over 4,000 flight hours including over
2,000 hours as a flight instructor. He is a
retired IBM Engineering Manager and
a Flight Instructor at Sugarbush Soar-
ing, Warren, Vermont. D
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Radius of
Turn Thermalling

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
The radius of turn while thermal-
ing is a crucial factor in optimizing
net climb rates. For a given thermal,
knowing the angle of bank and air-
speed to deploy to yield a radius of
turn that optimizes the net climb rate
is valuable knowledge for all glider pi-
lots. The relationship between glider
bank angle, airspeed, sink rate and ra-
dius of turn is key.

Question 1: A typical summer ther-
mal, sometimes referred to as a “Stan-
dard British Thermal,” is defined as a
thermal with airmass lift at the core of
4.2 kt decreasing parabolically to zero

at a radius of 1,000 ft. If a low perfor-
mance (23:1) SGS 1-26 and a medium
performance (34:1) PW-6 glider both
commence thermalling in a Standard
British thermal, and both are flown
optimally, i.e. perfectly centered and at
the optimum bank angle and airspeed
tor each ship, which glider will out
climb the other?
A. The SGS 1-26 will out climb
the PW-6
B. The PW-6 will out climb the
SGS 1-26
C. 'They will climb at the same rate
D. Ido not have a clue

Question 2: A medium perfor-
mance PW-6 glider at gross weight
enters a typical summer thermal,i.e.,a
Standard British Thermal with airmass
lift at the core of 4.2 kt decreasing par-
abolically to zero at a radius of 1,000
ft. If the PW-6 is flown optimally —

38 Soaring e January 2024 ¢ www.ssa.org

perfectly centered and at the optimum
bank angle and airspeed to maximize
the net climb rate — what will be the
optimum angle of bank?

20° of bank

25° of bank

33° of bank

40° of bank

45° of bank

SECROR NS

Question 3: If a Discus 2b enters
a Standard British Thermal with air
mass lift at the core of 4.2 kt decreas-
ing parabolically to zero at 1,000 ft
and is flown optimally — perfectly
centered and at the optimum bank an-
gle and airspeed to maximize the net
climb rate — what will be its radius of
turn?
280 ft
380 ft
480 ft
580 ft
680 ft

mo0OwW»

Question 4: You are thermalling
your Super Wingbat 6000 in a typi-
cal summer thermal. You have been
perfectly centered and operating at a
30° bank angle at the minimum sink
speed for a 30° banked turn. However,
you decide your radius of turn is a little
too large and you want to reduce the
radius of turn to operate closer to the
thermal’s core. So, you increase your
bank angle by 10°, to 40°. To opti-
mize your net climb rate how should
you change your airspeed?

Increase airspeed

Decrease airspeed

No change in airspeed required
Fly at level flight minimum sink
speed

Sowpx

Explanations

QUESTION 1: ANSWER A.
Shown in Figure 1 is the net climb
rate comparison versus radius of turn
of both the SGS 1-26 and the PW-6
it flown optimally in a Standard Brit-
ish Thermal, i.e., at the minimum sink
speed for the angle of bank flown.

Notice the optimal radius of turn for

A.
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the SGS 1-26 is 240 ft yielding a net .

climb rate of just under 2 kt. The op-
timum radius of turn for the PW-6
is 410 ft yielding a net climb rate of
around 1.5 kt. The Schweizer 1-26
can easily out climb the PW-6 if flown
optimally. Radius of turn matters.

QUESTION 2: ANSWER C.
Shown in Figure 2 is the climb profile
of the PW-6 versus radius of turn. No-
tice that the peak net climb rate occurs
at a radius of turn of 410 ft for a bank
angle of 33° at the minimum sink
speed for a 33° banked turn, which is
54.5 kt.

while turning in general) is equal to  times the tangent of the angle of bank;

QUESTION 3: ANSWER B. the airspeed squared divided by the  or

Shown in Figure 3 are the net climb  product of the acceleration of gravity R=1?/(g*Tan(angle bank)).
rates versus radius of turn of several

gliders (SGS 1-26, SGS 2-33, Ventus Angle of Bank 0 10° 20° | 30° 40° 45° | 50° | 60°

2, Discus 2b, and PW-6) if flown op- % Increase

timally in a Standard British Thermal. in Minimum 0 0.7% | 3.2% | 7.5% | 14% |[18.9% | 25% | 41%

Notice the maximum net climb rate Sink Speed

for the Discus 2b occurs at a radius of % Increase

turn of 380 ft. in Minimum 0 24% | 9.8% | 24% | 49% 68% | 93% | 183%
Sink Rate

@ESTION 4: ANSWER A. The Table 1: Change in glider minimum sink speed and minimum sink rate as a function of bank angle in

radius of turn while thermaling (OI’ coordinated turning flight for ALL gliders. -




The optimum net climb rate occurs
at the minimum sink speed for the an-
gle of bank. The minimum sink speed
increases for increasing bank angles
given by the equation:

Min Sink (angle) = Min sink (level) *
(1/Cosine (angle))*?

or as shown in Tuble 1. 'Therefore,
if the angle of bank is increased from
30° to 40°, airspeed must increase from
7.5% above the level flight min sink
speed to 14% above the level flight
minimum sink speed to achieve maxi-
mum net climb rates.

Lessons Learned

'The radius of turn while thermalling
plays a crucial role in optimizing net
climb rates. For every thermal there
is an optimum bank angle and air-
speed to maximize net climb rates.
If the bank angle is too shallow the
radius of turn is wide and the glider
operates in a weaker portion of the
thermal. If the bank angle is too steep
the glider operates closer to the core
of the thermal, but the sink rate of the
glider increases dramatically. For ev-
ery thermal there is a sweet spot that
optimizes net climb rates. In all cases
the optimum airspeed is equal to the
the minimum sink speed for the angle
of bank flown. Glider aerodynamics is
fascinating. Have fun and fly safe.

Disclaimer: ‘The results shown in
Figures 1, 2 and 3 are from idealized
computer models assuming perfect
glider flight, that is, gliders are per-
tectly centered and flown at the op-
timum minimum sink speed for the
angle of bank in perfect Standard
British Thermals. While I have never
seen a perfect Standard British Ther-
mal and no-one flies perfectly 100% of
the time, the results remain useful in
understanding the effects of radius of
turn on net climb rates.

About the author: Steve Platt is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He

holds an instrument rating and is a Cer-

tificated Flight Instructor for airplanes,
instruments, and gliders. He has logged
over 4,000 flight hours including over
2,000 hours as a flight instructor. He is a
retired IBM Engineering Manager and
a Flight Instructor at Sugarbush Soar-
ing, Warren, Vermont. De
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AERODYNAMICS PUZZLER

BY STEVE PLATT

Minimum Sink Speed
Turning

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
Minimum sink speed is a critical
speed that glider pilots must exploit
often. While most glider pilots have
an excellent understanding of how to
optimize straight and level flight re-
garding time aloft, distance flown, or
speed, knowing how to optimize turn-
ing flight is less well understood. Let’s
examine a few examples.

Question 1: You are flying your
soaring club’s dual seat Super Wing-
bat 6000 at gross weight (1,204 Ibs.).

U.S.
SOUTHWEST SOARING MUSEUM...

YOU HAVE TO SEE IT
TO BELIEVE IT !

If you can’t visit us
then we invite your membership
505-832-9222
U.S. Southwest Soaring Museum
918 Old Highway 66, Moriarty, NM, USA
ussouthwestsoaringmuseum@gmail.com
WWW.swsoaringmuseum.org

You are up with a friend practicing
maneuvers. The minimum sink speed
for the Super Wingbat 6000 at gross
weight is 50 kt. You want to complete
a 360° turn and lose the least amount
of altitude. What airspeed and bank
angle should you use?

A. 50kt and 30° of bank

B. 48 kt and 45° of bank

C. 52kt and 45° of bank

D. 54 kt and 30° of bank

E. 59 kt and 45° of bank

Question 2: Later in the day, you
are up again in the Super Wingbat
6000. This time you are solo fly-
ing at minimum weight (911 Ibs).
You again perform a 360° turn and
want to lose the least amount of alti-
tude. What airspeed and bank angle
should you use?

A. 50kt and 30° of bank

B. 48 kt and 45° of bank

C. 52kt and 45° of bank

D. 54 kt and 30° of bank

E. 59 kt and 45° of bank

Question 3: You are flying your Su-
per Wingbat 6000 at gross weight on
a recreational flight. You normally like
to make 30° bank turns while maneu-
vering and want to conserve energy.

In a 30° bank turn what airspeed will
consume the least amount of altitude?
A. 50 kt
B. 48 kt
C. 52kt
D. 54kt
E. 59 kt

Question 4: You are up flying the
Super Wingbat 6000 with a student
pilot at gross weight. You want to
demonstrate to your student at a safe
altitude and in a safe area a “rope break
and return to the airport” maneuver.
What airspeed and bank angle do you
use to demonstrate the maneuver to
lose the least amount of altitude com-
pleting the approximately 210° turn?

A. 50 kt and 30° degrees of bank

B. 48 kt and 45° degrees of bank

C. 52kt and 30° degrees of bank

D. 54 kt and 45° degrees of bank

E. 59 kt and 45° degrees of bank

EXPLANATION TO QUES-
TIONS 1-4: The answer to all four
questions requires the application of the
proper minimum sink speed and bank
angle. For all gliders, minimum sink
speed is a function of both weight and
bank angle in coordinated turning flight.
First, regarding weight, the flight polar
for all gliders shifts up and to the left
for decreasing weight, and down and to
the right for increasing weight. All the
coordinates of the flight polar shift by
a factor equal to the square root of the
ratio of the weight...i.e. the square root
of the ratio of the CURRENT operat-
ing weight to the published max gross
weight. Second, Minimum sink speed
increases with increasing bank angle
given by the formula:

Min Sink (angle) = Min Sink (level) *
(1/Cosine (angle) )*.

Table 1.
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While the formula is interesting, the results in 7able 1 are
more informative. For example, for all gliders in a coordi-
nated 30° banked turn, the minimum sink speed increases
by 7.5% over the level flight minimum sink speed at the
current operating weight. Likewise, for all gliders in a coor-
dinated 45° banked turn, the minimum sink speed increase
by 18.9 % over the level flight minimum sink speed at the
current operating weight.

Explanations

QUESTION 1: ANSWER E. To lose the least amount
of altitude in completing a 360° turn the bank angle should
be 45° and the airspeed the minimum sink speed in a 45°
turn, which equals the level flight minimum sink speed (50
kt) plus 18.9% which equals 59 kt.

QUESTION 2: ANSWER C. Since the minimum sink
speed is a function of weight, first the minimum sink speed
at minimum weight (911 Ibs) must be determined. All the
coordinates of the flight polar (including the minimum
sink speed) decrease by a factor equal to the square root
of the ratio of the weights. Therefore, the reduction fac-
tor is the square root of 911 (min weight) divided by 1204
(gross weight) or (911/204)"° which equals 0.87. The mini-
mum sink speed decreases by 13% at minimum weight, or
decreases from 50 kt to 43.5 kt. Since the minimum sink
speed in a 457 turn increases by 18.9%, the optimum speed
to fly at minimum weight in a 45° banked turn to lose the
least amount of altitude becomes 43.5 x 1.189 or 52 kt.

QUESTION 3: ANSWERD. In a 30° banked turn the
optimum speed to fly to lose the least amount of altitude
is the minimum sink speed for a 30° banked turn...which
equals the level flight minimum sink speed plus 7.5%. Since
the minimum sink speed at gross weight is 50 kt, in a 30°

banked turn the minimum sink speed becomes 50 x 1.075
which equals 54 kt.

QUESTION 4: ANSWER E. Like Question 1, to lose
the least amount of altitude while turning requires a 45°
banked turn at the minimum sink speed for a 45° banked
turn...which equals the level flight minimum sink speed at

your current operating weight (gross weight) which is 50 kt
plus 18.9%...or 50 x 1.18 which equals 59 kt.

Lessons Learned

Minimum sink speed is an important speed for optimiz-
ing several glider maneuvers. For all gliders, minimum sink
speed is a function of both weight and angle of bank in
coordinated turning flight. Minimum sink speed decreases
with decreasing weight by a factor equal to the square root
of the ratio of the weights. Minimum sink speed increases
for increasing bank angles in turning flight as shown in

<

Table 1. In a 30° banked turn the minimum sink speed in-
creases by 7.5% and the minimum sink rate increases by
24% over the level flight numbers. In a 45° banked turn
the minimum sink speed increases by 18.9% and minimum
sink rate increases by 68%. Glider aerodynamics is fascinat-
ing. Fly safe.

About the author: Steve Platt is a commercial pilot in single
engine airplanes, single engine seaplanes, and gliders. He holds
an instrument rating and is a Certificated Flight Instructor for
airplanes, instruments, and gliders. He has logged over 4,000

flight hours including over 2,000 hours as a flight instructor. He
is a retired IBM Engineering Manager and a Flight Instructor
at Sugarbush Soaring, Warren, Vermont. De
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BY STEVE PLATT

Energy

he Glider Aerodynamics Puz-

zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.

Glider pilots are energy managers.
Wohether acquiring energy in a climb,
or dissipating energy in a descent,
glider pilots strive to most efficiently
exploit or acquire energy.

However, glider pilots are subject to
the laws of physics, particularly New-
ton’s Laws of Motion and the Law
of Conservation of Energy. Potential
energy (altitude) can be converted
to kinetic energy (airspeed), but the
sum of the two must remain constant.
More precisely, the kinetic energy
(airspeed) of a glider plus the heat
energy generated from drag must be
exactly equal to the potential energy
(altitude) given up.

Question 1: You are gliding your
ASK 21 in neutral air (no lift or sink)
at gross weight (approximately 1,300
Ibs) at 60 kt. You raise the nose to slow
to 50 kt. Approximately how much
altitude will you gain upon reaching
50 kt?

Al 25 ft

B. 35ft

C. 50 ft

D. 75 ft

Question 2: You are gliding your
ASK 21 in neutral air (no lift or sink),
this time at a weight of approximately
1,000 Ibs (300 Ibs lighter than in ques-
tion 1) at 60 kt. You raise the nose to
slow to 50 kt. Will you gain more al-
titude, less altitude, or about the same
altitude as in Question 1 with lower
weight?

A. Gain the same altitude

B. Gain less altitude

C. Gain more altitude

Question 3: You are gliding your
ASK 21 in neutral air (ie. no lift or

sink) at gross weight (approximately
1,300 Ibs.) at 50 kt. You lower the nose
to speed up to 60 kt. At a minimum
how much altitude must you give up
to reach 60 kt?

A. 25 ft

B. 35ft

C. 50 ft

D. 75 ft

Question 4: You are gliding your
ASK 21 in neutral air (no lift or sink)
at 50 kt. But this time you are at 1,000
Ibs. You lower the nose to speed up to
60 kt. Approximately how much alti-
tude must you give up to reach 60 kt?

A 25 ft

B. 35ft

C. 50 ft

D. 75 ft

Explanations

Questions 1-4: The change in po-
tential energy (altitude) must equal
the change in kinetic energy (air-
speed) plus any of the losses due to
drag (heat). Kinetic Energy is given by
the equation: 1/2 * w/g * v where w =
weight, V= airspeed and g = the accel-
eration of gravity (32.17 ft/sec?).

QUESTION 1: ANSWER C. Ig-
noring the small amount of energy
lost as heat: the difference in energy

http://blanikam.net/web/ba/home.htm
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between 50 kt and 60 kt must equal
the gain in potential energy so:
Y5 (w/g VE)- Ya(w/g Vs?) =w * H
Since weight (w) appears on both
sides of the equation and cancels out,
the height gain must equal to:
H=(VE-Vs)/2%¢g
substituting the numbers yields H =
48.9 ft (approximately 50 ft).

QUESTION 2: ANSWER A.
Question 2 is interesting because in
the equation above weight (w) appears
on both sides of the equation and can-
cels out; therefore weight does not
matter...i.e....in slowing from 60 kt
to 50 kt the same amount of altitude
will be gained independent of weight!

QUESTION 3: ANSWER C.
Question 3 is virtually identical to
Question 1 in reverse. In this case the
gain in energy by speeding up plus the
small amount of energy consumed as
heat due to drag must be equal to the
potential energy (altitude) given up:
Again, ignoring the small amount of
energy lost as heat, the answer will be
the same, approximately 50 ft.

QUESTION 4: ANSWER C.
Like Question 2, because weight (w)
appears on both sides of the equation
and cancels out, in speeding up from
50 to 60 kt the same amount of altitude
will be lost independent of weight!

Lessons Learned:

In neutral air, the kinetic energy of a
glider “falling” plus the heat generated
from drag, must be exactly equal to the
potential energy (altitude) given up.
Two gliders of different weights flying
at the same speed entering a climb will
gain the same altitude upon reaching
the target speed. Likewise, two gliders
of different weights flying at the same
speed entering a descent will give up
the same amount of altitude upon
reaching the target speed. The Physics
Law of Conservation of Energy ap-
plies in both cases. Glider aerodynam-
ics is fascinating. Have fun. Fly Safe.

<

About the author: Steve is a com-
mercial pilot in single engine airplanes,

single engine seaplanes, and gliders. He
holds an instrument rating and is a Cer-
tificated Flight Instructor for air- planes,
instruments, and gliders. He has logged
over 4000 flight hours including over
2000 hours as a flight instructor. He is a
retired IBM Engineering Manager and
a Flight Instructor at Sugarbush Soar-
ing, Warren, Vermont. De
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GLIDER
AERODYNAMICS PUZZLER

Landing

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
Gliders land differently than pow-
ered planes. Instrument Landing
Systems (ILS) at airports worldwide
have an approach angle of approxi-
mately 2.5°. Likewise, airports with
Visual Approach Slope Indicators
(VASI) have approach angles between
2.5% and 3°. Powered planes on final
normally fly with approach angles of
2.5° to 3°. Glider final approaches are
entirely different. Let’s look at the
numbers.

QUESTION 1: You are flying your
Club’s Schweizer SGS 2-33 on short

BY STEVE PLATT

final. The wind is dead calm. Not even
a light breeze. You set up your final
approach using an airspeed of 55 mph
with a 700 ft/min descent rate. What
is your final approach angle?

A 3
B. 5°
C. ¢
D. 11°
E. 15°

QUESTION 2. Later in the day,
the winds come up. You take up the
Schweizer SGS 2-33 again to practice
landings. The winds have come up and
are now blowing 10 kt (11.5 mph)
right down the runway. On landing
you set up a final approach using an
airspeed of 60 mph (because of the
winds) with a descent rate of 700
ft/min. What is your final approach
angle?

A 3
B. 5°
C. ¢
D. 11°
E. 15°

QUESTION 3. On another day
you are again flying the SGS-233.
On this day the winds are blowing 20
knots (23 mph) right down the run-
way. As you come in to land, because
of the winds, you decide to hold an
airspeed of 65 mph with a descent
rate of 700 ft./min. What is your final

approach angle?
A, 3°
B. 5°
C. ¢
D. 11°
E. 15°
Explanation

The approach angle in all three
questions is approximately equal to
the arc sine of the descent rate divided
by the ground speed.

QUESTION 1: ANSWER C.
Since 60 mph equals 88 ft/sec, in
Question 1, the ground speed is 55
mph which equals 80.66 ft/sec, or
4,840 ft/min. Therefore, the approach
angle is equal to the arc sine of 700
ft/min divided by 4,840 ft/min, which
equals 8.3".

QUESTION 2: ANSWER C or
D. In Question 2 the ground speed
is close to 48.5 mph (60 mph - 11.5
mph) which equals 71.1 ft/sec, or

UPF 50+ Long and short sieeve styles
Any USA airport or sectional chart

Pilot Quarters is a Michigan family business.

info@pilotquarters.com « 734-224-2223
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4,268 ft/min. Therefore, the approach
angle is equal to the arc sine of 700 ft/
min divided by 4,268 ft./min, which
equals 9.4°.

QUESTION 3: ANSWER D. In
Question 3 the ground speed is close
to 42 mph (65 mph - 23 mph) which
equals 61.6 ft/sec, or 3,696 ft./min.
‘Therefore the approach angle is equal
to the arc sine of 700 ft/min divided
by 3,696 ft/min, which equals 10.9°.

LESSONS LEARNED: Pow-
ered aircraft on final approach can
pretty much maintain their typi-
cal approach angle of 3° by applying
power independent of the headwind
component. Gliders cannot. Gliders
can only steepen the approach angle
to maintain their desired approach
speed and descent rate to make it to
the runway threshold. A glider’s ap-
proach angle is a strong function of
the headwind component. While the

approach angle of a powered aircraft
on final approach on an ILS is 2.5%, a
gliders approach angle is typical 3-4
times steeper depending upon the
headwind component and the perfor-
mance of the glider. For gliders, the
sight picture on final (the approach
angle) varies considerably more than
for powered aircraft!

Without a throttle supplying pow-
er/thrust, glider pilots must adapt
to wind conditions far more so than
powered aircraft. That’s why I honest-
ly believe active glider pilots are the
best pilots in the world.

About the author: Steve Platt is a
commercial pilot in single engine air-
planes, single engine seaplanes, and glid-
ers. He holds an instrument rating and is
a Certificated Flight Instructor for air-
planes, instruments, and gliders. He has
logged over 4000 flight hours including
over 2000 hours as a flight instructor. He
is a retired IBM Engineering Manager

and a Flight Instructor at Sugarbush
Soaring, Warren, Vermont. De
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GLIDER
AERODYNAMICS PUZZLER

Bank Angle

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
Whether in a Boeing 747, an F-16,
or an PW-6, the rate of turn of all
airplanes and gliders in coordinated
turning flight is a function of bank
angle and airspeed. New power pilots
and instrument rating students quickly
learn the approximate bank angle and
airspeed to use to achieve a standard
rate turn; that is, 3" per second. Like-
wise, glider pilots quickly learn the
approximate bank angle and airspeed
to use while thermaling to maximize
net climb rates. The relationship be-
tween bank angle and airspeed is very
important for all pilots to understand
and exploit.

BY STEVE PLATT

QUESTION 1: You are flying your
club’s PW-6 in neutral air (no lift or
sink) at gross weight (approximately
1,200 Ibs.). At gross weight the PW-6
has a minimum sink speed of 50 knots
and a best L/D speed of 56 knots.
Which of the following bank angles
and airspeed will yield the highest
(fastest) rate of turn?

A. 30° of bank at 60 knots
B. 35° of bank at 65 knots
C. 30° of bank at 50 knots
D. 35° of bank at 50 knots
E. 40° of bank at 60 knots

QUESTION 2: You are flying your
club’s PW-6 in neutral air (no lift or
sink) at gross weight (approximately
1,200 Ibs.). Which of the following
bank angles and airspeed will yield the
slowest rate of turn?

A. 30° of bank at 60 knots
B. 35° of bank at 65 knots
C. 30° of bank at 50 knots
D. 35° of bank at 50 knots
E. 40° of bank at 60 knots

Year-Round
Soaring Instruction

Glider instruction, glider rides, glider
rentals, and gift certificates available.
www.soarfl.com ® soarfl@aol.com ® (352) 394-5450

.r'l!‘ ~=at

Seminole-lLake Gliderport
4024 Soaring Lane Clermont, FL 34714
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QUESTION 3: You are flying your
club’s PW-6 in neutral air (no lift or
sink) at gross weight. You commence
a 35° banked turn and maintain 55
knots. Is the resultant rate of turn a
tunction of weight? Would the rate of
turn be the same, lower, or higher, if
you were flying at minimum weight
(approximately 900 Ibs.)?

A. The rate of turn would be the

same

B. 'The rate of turn would be lower

(slower)

C. 'The rate of turn would be high-

er (faster)

D. 1do not have a clue

QUESTION 4: A Schweizer
2-33 enters a 30° banked turn and
maintains 60 mph (52 knots). A
high performance Super Wingbat
6000 enters a 45° banked turn at the
same time and maintains 70 knots.
Which aircraft completes a 180°
turn first, the Schweizer 2-33 or the
Super Wingbat 6000?

A. The Schweizer 2-33 completes

the 180° turn first

B. 'The Super Wingbat 6000 com-

pletes the 180 turn first.

C. Both aircraft complete the 180°

turn at the same time

Explanation

QUESTION 1-4: First, the radius
of turn of all airplanes and gliders in
coordinated turning flight is propor-
tional to the SQUARE of airspeed
and is given by the Equation 1:

R=(1?)/(G *Tan(angle))

where R is the Radius of Turn, V'
is airspeed, G is the acceleration of
gravity (32.13 ft./sec?), and angle is
the angle of bank. This equation is a
fundamental equation of flight and
applies to all airplanes and gliders in
coordinated turning flight.

Applying Equation 1 to each of the
bank angle/airspeed combinations, the
radius of turn is first calculated. Then
circumference of the turn circle (ie.
distance) is divided by the speed to
calculate the time to complete a 360°

A_



turn.; yielding the rate of turn in de-
grees per second as follows:

30° of bank at 60 knots yields 10.60
degrees/second

35° of bank at 65 knots yields 11.75
degrees/second

30° of bank at 50 knots yields 8.75
degrees/second; slowest

35° of bank at 50 knots yields 15.29
degrees/second; fastest

40° of bank at 60 knots yields 15.26
degrees/second

QUESTION 1: ANSWER D. 35°
of bank at 50 knots yields the fastest
rate of turn.

QUESTION 2: ANSWER A. 30°
of bank at 60 knots yields the slowest
rate of turn. (Corrected from original)

QUESTION 3: ANSWER A.
Weight does NOT enter into the cal-
culations. Th e rate of turn will be the
same independent of weight. In fact,

for the same bank angle and airspeed
in coordinated turning flight a Sch-
weizer 1-26 and an ASK-21 will have
the same rate of turn.

QUESTION 4: ANSWER A. The
radius of turn for the Schweizer 2-33
using Equation 1 works out to be 314
ft and the time to complete the 180°
turn is 11.2 secs. The radius of turn for
the Super Wingbat 6000 works out to
be 434 feet and the time to complete
the 180° turn is 11.55 seconds. The
Schweizer 2-33 completes the 180°

turn first.

LESSONS LEARNED: The rate of
turn is dependent upon bank angle and
airspeed. For ALL make and models,
INDEPENDENT of weight, the rate
of turn will be the same for a specific
bank angle and airspeed. Likewise, the
radius of turn is dependent only on the
bank angle and airspeed given by the
fundamental equation of flight:

R=(V2)/(G*Tun(angle))

A Schweizer 1-26 and an ASK 21
will have the same rate of turn when
making a 30" banked turn at 50 knots.
Glider aerodynamics is fascinating.
Have fun. Fly safe.

About the author: Steve Platt is a
commercial pilot in single engine air-
Pplanes, single engine seaplanes, and glid-
ers. He holds an instrument rating and is
a Certificated Flight Instructor for air-
Pplanes, instruments, and gliders. He has
logged over 4000 flight hours including
over 2000 hours as a flight instructor. He
is a retired IBM Engineering Manager
and a Flight Instructor at Sugarbush
Soaring, Warren, Vermont. D
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AERODYNAMICS PUZZLER

BY STEVE PLATT |

Crosswinds

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
Crosswind landings are one of the
most challenging maneuvers for new
student pilots to master. Even for long
time pilots that fly infrequently, cross-
wind landings can be a challenge. In
my experience, except for the man-
dated FAA Flight Reviews, it is the
rare pilot, that intentionally goes out
on their own, or with an instructor,
to intentionally practice crosswind

landings. Indeed, each year cross-
wind landing incidents account for
a significant fraction of documented
accidents. Many crosswind landing
incidents where no damage results
(except to the pilot’s ego), are not re-
ported nor need to be.

However, crosswind landings usu-
ally separate the skilled pilots from
the less than skilled pilots. All pilots
should know what the maximum
demonstrated  crosswind  landing
specification is for the aircraft they fly.

QUESTION 1: What is the maxi-
mum demonstrated crosswind landing
specification for a Schweizer 2-33?

A. 8 mph

B. 10 mph
C. 12 mph
D. 14 mph
E. 16 mph

QUESTION 2: What is the maxi-
mum demonstrated crosswind land-

ing specification for an ASK 21?

A. 8knots

B. 10 knots
C. 12 knots
D. 14 knots
E. 16 knots

QUESTION 3: What is the maxi-

mum demonstrated crosswind land-

ing specification for a PW-6U?

A. 8 knots

B. 10 knots
C. 12 knots
D. 14 knots
E. 16 knots

QUESTION 4: Just for fun, what
is the maximum demonstrated Cross-
wind landing specification for a Boe-
ing 737-800 airliner?

Lela thought: “Governor Tarkin, | should have expected to find you
holding Vader's pitchfork. | recognized the foul stench of Vader's
on-line FIRC as | walked into the house.”
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A. 24 knots
B. 28 knots
C. 33 knots
D. 35 knots
E. 40 knots
Explanation

QUESTION 1-4: First, during aircraft certification,
the FAA requires the manufacturers to demonstrate a
minimum crosswind landing capability. This requirement
is a relatively modest 0.2 x V_...i.e. 20% of the stall speed.
For example, if the gross weight stall speed of a glider were
40 knots, the demonstrated crosswind capability during
certification would only have to be a very modest 8 knots.

Most manufacturers publish a number higher than the
minimum required for certification, but rarely is the num-
ber higher than 12 knots. Whatever number is ultimately
published, it must have been demonstrated during certi-
fication. In North America, and for that matter through-
out the world, surface winds at airports are routinely at
or above 15 knots. It comes as a surprise to many pilots
that the published demonstrated crosswind component for
many aircraft are as low as they are.

'The published maximum demonstrated crosswind com-
ponent for a Cessna 150 is 12 knots. For a Cessna 172 it
is 15 knots. For a PW-6 glider it is 12 knots. For a Boeing
737-800 it is 35 knots on a dry runway.

QUESTION 1: ANSWER B. The Schweizer 2-33 has
a published maximum demonstrated landing crosswind
component of 10 mph (8 knots)

QUESTION 2: ANSWER A. The ASK 21 has a pub-

lished maximum demonstrated landing crosswind compo-

nent of 8 knots (10 mph)

QUESTION 3: ANSWER C.'The PW-6U has a pub-
lished maximum demonstrated landing crosswind compo-

nent of 12 knots (14 mph).

QUESTION 4: ANSWER C.The Boeing 737-800 has
a published maximum allowable landing crosswind com-
ponent of 33 knots on a dry runway or 30 knots on a wet
runway. However, in their operating manuals many air
carriers limit the maximum crosswind component to 25
knots on a dry runway.... and even lower on a wet runway!

Please fill out
and return your
Safety postcards!

D

Lessons Learned

The FAA required minimum Demonstrated Crosswind
component during certification is an extremely modest
20% of Vso. The Manufacturers published maximum dem-
onstrated crosswind component, while usually higher than
the minimum required for certification, rarely exceeds 12
knots if demonstrated during certification. The point is,
when the crosswind component is greater than 12 knots,
by definition, according to the manufacturer, you are now a
test pilot! Have fun, fly safe.

About the author: Steve Platt is a commercial pilot in single
engine airplanes, single engine
seaplanes, and gliders. He holds
an instrument rating and is a
Certificated  Flight Instruc-
tor for airplanes, instruments,
and gliders. He has logged over
4000 flight hours including over
2000 hours as a flight instruc-
tor. He is a retired IBM Engi-
neering Manager and a Flight
Instructor at Sugarbush Soaring, Warren, Vermont. De
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GLIDER

AERODYNAMICS PUZZLER

e

BY STEVE PLATT

Glide Ratio

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
The best L/D glide ratio for most
gliders varies from 23:1 to ~ 50:1. The
best L/D glide ratio for most general
aviation airplanes is in the 10-1 to
12-1 range. What is particularly in-
teresting is the best L/D glide ratio of
modern airliners.

QUESTION 1: What is the best
L/D glide ratio of a Boeing 747?

12to 1
15to1
17to 1
19.5t0 1
22to1

moO®w >

QUESTION 2: What is the best
L/D glide ratio of a Boeing 727?
12to1
15to 1
17to 1
195t0 1
20to 1

Hoa®w >

QUESTION 3: What is the best
L/D glide ratio of an Airbus A320?
A. 12to1

15to1
17to 1
195t01
20to 1

m 0w

QUESTION 4: What is the best
L/D glide ratio of a Boeing 757?
12to1
15to 1
17to 1
19.5t01
20to 1

e

QUESTION 5: From 39,000 feet
how far can a fully loaded Boeing 787
glide, if flown optimally, with both en-
gines off ? Ignore the winds aloft.

35 statue miles
50 statue miles
80 statue miles
110 statue miles
145 statue miles

moOO®E >

EXPLANATION QUESTIONSs
1-4: What comes as a surprise to many,
is the fact that the best L/D glide ratio

for modern airliners is quite good. The

best L/D glide ratio for a Boeing 747

The answer is obvious...

.. to the Ultimate Question of

https://www.soaringsafety.org/
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is 15 to 1.'The best L/D glide ratio for
a Boeing 727 is 17 to 1.'The best L/ D
glide ratio for an Airbus A320is 17 to
1 and the best L/D for a Boeing 787 is

an amazing 20 to 1.

EXPLANATION QUESTION
5: With a best L/D glide ratio of ap-
proximately 20 to 1, a fully loaded
Boeing 787 at 39,000 feet can glide
147 miles if flown optimally. Indeed, a
Boeing 787 at 39,000 feet over Albany
New York, could easily glide with both
engines out to LaGuardia airport in

New York City with altitude to spare!

LESSONS LEARNED: The best
L/D glide ratio for most gliders varies
between 23:1 and 50:1. The best L/D
glide ratio for general aviation air-
planes is in the range of 10:1 to 12:1.
'The best L/D glide ratio for modern
airliners ranges from 15:1 to 20:1. The
engine out glide range for most airlin-
ers at cruise altitudes is in over 100
nautical miles.

As for airliners as gliders, a num-
ber of incidents have occurred over
the years. One of the more amazing
incidents occurred in 1983 when an
Air Canada Boeing 767, flight 143,
enroute from Montreal to Edmonton,
ran out of fuel at 41,000 ft over Red
Lake Ontario due to a refueling error
and glided approximately 145 miles
to an emergency landing at a former
Royal Canadian Air force base in
Gimli, Manitoba! With both engines
out and little hydraulic pressure, the
main landing gears came down and
locked under gravity, however, the
nose gear did not lock. The 767 skid-
ded to a stop on its nose. There were
no serious injuries to passengers or

persons on the ground, and relatively
minor damage to the aircraft. The air-
plane was repaired and returned to
service. The 767’s nickname became
the “Gimli Glider”. Amazing. Fly safe.

About the author: Steve is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He
holds an instrument rating and is a Cer-

tificated Flight Instructor for airplanes,

instruments, and
gliders. He has
logged over 4000
flight  hours  in-
cluding over 2000
hours as a flight

instructor. He is a

retired IBM Engineering Manager and
a Flight Instructor at Sugarbush Soar-
ing, Warren, Vermont. De
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GLIDER

e

AERODYNAMICS PUZZLER

BY STEVE PLATT

Climb Rate

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
A frequent discussion and debate
among glider pilots while hangar fly-
ing is: “what is the optimum angle
of bank and airspeed to deploy while
climbing in a thermal?”. While listen-
ing to these discussions and debates I
have heard everything from 25 degrees
of bank to 45 degrees of bank....and

Large selection{GHGIIDERItineS!
and inner tubes instockAWert
supply over 100,000}aincraftitires
and tubes to 85 counthiesfann-
ally. From Glider throughii4i7;
we can meet your needs from
our stock of over 25,000 units.

www.desser.com
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airspeeds all over the place. The actual
answer depends upon a number of
factors including the aircraft flown as
well as the profile of the thermal. First
some questions:

QUESTION 1: For a Schweizer
1-26, what is the optimum bank
angle and airspeed to achieve a peak
net climb rate in a Standard British
thermal (defined as a thermal with
4.2 knots of airmass lift at the core
decreasing parabolically to to zero at a
radius of 1000 ft)?

20 of bank; airspeed 38 MPH
24 of bank; airspeed 40 MPH
30° of bank; airspeed 40 MPH
35° of bank; airspeed 45 MPH
40 of bank; airspeed 50 MPH

mo0Ow»

QUESTION 2: For a Schweizer
2-33, what is the optimum bank

angle and airspeed to achieve a peak
net climb rate in a Standard British
thermal?

20° of bank; airspeed 38 MPH
25° of bank; airspeed 44 MPH
30° of bank; airspeed 40 MPH
35° of bank; airspeed 45 MPH
40° of bank; airspeed 50 MPH

SECROR NS

QUESTION 3: For a PW-6, what
is the optimum bank angle and air-
speed to achieve a peak net climb rate
in a Standard British thermal?
20° of bank; airspeed 38 MPH
25° of bank; airspeed 44 MPH
30° of bank; airspeed 45 MPH
32° of bank; airspeed 61 MPH
40° of bank; airspeed 50 MPH

SEcRol- =S

EXPLANATION QUESTIONS
1-3: Let’s look at the numbers and
some examples. Shown in Figure 1 are
the net Climb rates for a Schweizer
1-26, a Schweizer 2-33, and a PW-6
versus radius of turn, if flown opti-
mally at the minimum sink speed for

each angle of bank in a Standard Brit-
ish Thermal.

QUESTION 1: ANSWER B. The
peak net climb rate occurs for the SGS
1-26 at 35 knots (40 MPH) and 24° of

-3 |

T ———— T}

i .
| ] | Thermal Profile versus Radius from coré
¥ Airmass lift in knots versus Radius

T

| - Net Climb Comparison VS Radius of Turn
| @ Bank angle/Airspeed | | |
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i ~Rad e Ml 1|
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bank. QUESTION 2: ANSWER B. 1 | HiH 304C|Nelt Climb Rate at 796 1s

| Standard British| Thermal:

The peak net climb rate for the SGS i 4-2-leriots airtiass {ift = Radius = 1000 ft.
2-33 occurs at 38 knots (44 MPH) I|
and 25° of bank. QUESTION 3 AN- . T
SWER E. The peak net climb rate ‘l, T trermat profit Vs Redus
for the PW-6 occurs at 53 knots (61 ﬂﬁ S~
MPH) and 32° of bank. ot T RS
= s i PH SEC sk rte vs Radws

Shown in Figure 2 and Figure 3 are \ B
the net climb rates for an HpH 304C | [scale ™
glider and for a Ventus 2, versus radius L L = S Sy ™
of turn in a Standard British thermal. Net Climb Rite —» ~ ~ N
Notice that the peak net climb rate for @ 796 Jos T ™

[|climb Peak = 2.4 knpts [T —— >~ | |

the HpH 304 occurs at a bank angle /
of 33° and an airspeed of 50 knots... |

@
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o3 D0
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while the peak net climb rate for the [ Radilis bf Turn (febt >
Ventus occurs at a bank angle of 35" || . il uE ill . L + Ll ue L )
and 52 knots. The faster the glider, the T >
steeper the bank angle to achieve peak li i
net climb rates. In all cases, the speed Figure2.
to fly while thermaling is the Mini- > e
mum Sink Speed for the angle of bank P gank angiejAl IS_e\;!i-) 1
flown. adiub = 1000 féet

LESSONS LEARNED: The opti- ]
mum bank angle and airspeed to de- y 95 A A 1 B R S P! prfile vp Rad
ploy while thermaling depends upon A s Fad feet ~
the glider at hand and the thermal Knots Airspeed = 52 knots T
profile...ie...the width and strength 1 N
of the thermal. However, for typi- e 8 | N
cal summer thermals, for low perfor- Ok e N
mance gliders...e.g. an SGS 1-26 or / Net glirb of Clider 3 - ™
SGS 2-33, a good starting point is / Ventus 2 ~
25° of bank. For medium performance ' ™
gliders, like the ASK 21 or PW6 glid- N
ers, 30-35° of bank is a good starting | REE s ’I " o Rpdiusifeen o - .
point. For the highest performance f Hdd het
gliders, like a Ventus 2, 35° of bank |

will yield the best net climb rate. The Figure 3.
optimum angle of bank varies from
25° of bank to 35° of bank depend-
ing upon the performance (speed) of
the glider flown. In all cases, the opti-
mum speed to fly is the minimum sink
speed for the angle of bank flown. And
since the minimum sink speed in a 30°
banked turn increases by 7.5% above _ ) )
the level flight minimum sink speed at holds an instrument rating and is a Cer-
your current operating weight, the op- tificated Flight Instructor for airplanes,
timum speed to fly while thermaling  nstruments, and gliders. He has logged
will be approximately 4 knots above  over 4,000 flight hours including over
the minimum sink speed in level flight 2,000 hours as a flight instructor. He is a
at your current operating weight.  retired IBM Engineering Manager and

- www.ssa.org ® March 2025 ® Soaring 43
= =

Glider aerodynamics is fascinating.  a Flight Instructor at Sugarbush Soar-
Have fun. Fly safe. ing, Warren, Vermont. <.

About the author: Steve is a com-
mercial pilot in single engine airplanes,
single engine seaplanes, and gliders. He




GLIDER
AERODYNAMICS PUZZLER

BY STEVE PLATT

Radius of Turmn

he Glider Aerodynamics Puz-
zler is intended to stimulate your
thinking about soaring and refresh
your understanding of glider aerody-
namics and soaring optimization. The
correct answers with detailed explana-
tions follow the questions. Have fun.
Powered aircraft on cross-country

flights turn relatively infrequently. On
takeoff, perhaps a turn, maybe two,
leaving the pattern for the on-course
heading. With GPS, most powered
flights, more frequently than not, fly
direct to the destination. Upon reach-
ing the destination, turns are limited
to turning crosswind, turning down-

Steep banks at slow airspeed mean smaller circles (i.e. smaller radii). Photo by Roy Bourgeois.

Soaring e May 2025 ® www.ssa.org

wind, turning base, and turning final.
And, most of the turns are limited
to around 90°. Not a lot of turning.
Powered aircraft fly wings level most
of the time.

Not so with gliders. Gliders spend a
lot more time turning. In fact, knowing
how to optimize turning flight while
thermaling is crucial to optimizing net
climb rates. Achieving the optimum
radius of turn is key. And while you do
not have to be a classical physicist to
be a great glider pilot, you do need to
understand the relationship of radius
of turn to airspeed and angle of bank.
Let’s take a look:

QUESTION 1: You are flying an
ASK 21 at max gross weight. Which
will reduce the radius of turn more,
increasing the bank angle from 25 to
30°, or slowing the airspeed from 55 kt
to 50 kt?

A. Increasing the bank angle from

25" to 30°

B. Slowing the airspeed from 55 kt

to 50 kt

C. The decrease in Radius of turn

will be the same for either.

QUESTION 2: In Question 1 does
the weight matter? If the ASK 21 were
at minimum weight would the radius
of turn be different for a given bank
angle and airspeed?

A. Weight matters

B. Weight does not matter

QUESTION 3: In Question 1
does the make and model matter? For
a given bank angle and airspeed is the
Radius of turn dependent upon the
Make and Model?

A. No

B. Yes

C. It depends

QUESTION 4: An ASK-21 flying
with an airspeed of 50 kt commences
a coordinated turn with a bank angle
of 25 degrees. A Ventus flying with an
airspeed of 55 kt commences a coor-
dinated turn with a bank angle of 30
degrees. Which glider has a smaller
(shorter) radius of turn?

A. The ASK-21 has a shorter radius

of turn

A.



B. The Ventus has a shorter radius
of turn
C. Both aircraft have the same ra-
dius of turn

EXPLANATION QUESTIONS
1-4: Whether the aircraft is a Boeing
747,a Cessna 172, or Schweitzer 2-33,
in coordinated turning flight, the ra-
dius of turn is only a function of the
airspeed and angle of bank. Weight
and make and model do not enter into
the equation. While you don't have to
be a mathematician to be a great glider
pilot, it is, however, worthwhile to un-
derstand the Radius of turn equation
tor all airplanes and gliders in coordi-
nated turning Flight:

Radius of turn = V? / ¢ * Tan(angle)

The radius of turn is equal to the
airspeed squared divided by the prod-
uct of the acceleration of gravity (g =
32.13 ft/sec?) times the tangent of the
angle of bank. This equation is a fun-
damental equation of flight. It applies
to all aircraft with wings in coordinat-
ed turning flight.

ANSWER QUESTION 1: For the
ASK 21, applying the radius of turn
equation with an airspeed of 55 kt (or

92.8 ft/sec.) and a bank angle of 25°,
the radius of turn works out to be 574
feet. Applying the radius of turn equa-
tion with an airspeed of 50 kt and a
bank angle of 25° the radius of turns
equals 474 feet. However, the ASK-21
with an airspeed of 55 kt and a bank
angle of 30° yields a radius of turn of
464 feet. Increasing the bank angle
from 25 to 30 degrees yields a slightly
shorter radius of turn than slowing
from 55 to 50 kt. Answer: A.

ANSWER QUESTION 2: Weight
does not matter. A Boeing 747 and a
Citation jet will have the same radius
of turn if flown at the same airspeed
and bank angle in coordinated turning
flight. Answer: B.

ANSWER QUESTION 3: Weight
does not matter, nor does the specific
make and model...only airspeed and
bank angle determine the radius of
turn in coordinated turning flight.
Answer: A.

ANSWER QUESTION 4: Apply-
ing the radius of turn equation with
an airspeed of 50 kt and 25° of bank,
the ASK 21 has a radius of turn of
474 feet. Applying the radius of turn

equation with an airspeed of 55 kt and
30° of bank, the Ventus has a radius
of turn of 464 feet. The Ventus has a
shorter radius of turn. Answer: B.

LESSONS LEARNED: The radi-
us of turn for ALL aircraft with wings
is proportional to the square of air-
speed and is given by the fundamental
equation of flight:

Radius of turn = V2 / g * Tan(angle)

If you must reverse direction quickly
slow down! Obviously, a Piper cub can
easily out turn an F16! Glider aerody-
namics is fascinating.

About the author: Steve Platt is a
commercial pilot in single engine air-
planes, single engine seaplanes, and glid-
ers. He holds an instrument rating and is
a Certificated Flight Instructor for air-
Pplanes, instruments, and gliders. He has
logged over 4,000 flight hours including
over 2,000 hours as a

Slight instructor. He is
a retired IBM Engi-
neering Manager and
a Flight Instructor at
Sugarbush  Soaring,
Warren, Vermont. <
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