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Thermal
PART 1 s.oarlng
Introduction Sai lplanes
Aninternational competition class, F3], for model by Martin Simons

thermal soaring sailplanes is now recognized. The
provisional rules are those of the long-established
and popular Open Class championships run by the
British Association of Radio Control Soarers
(BARCS). There will be no speed or distance tasks.
The emphasis is on duration.

Summarizing therules, only hand towlinelaunch-
ing is permitted, with 150 metre lines. The contest
site must be as flat as possible. The pilots aim to
achieve the maximum possible flight time within a
ten minute period or ‘slot’. Models are launched im-
mediately at the start of the “slot’ and aim to touch
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down just before the end of the ten minutes. One point is scored for each second of flight
after release from tow up to the end of slot time.

A penalty of 30 points applies for overflying the slot and the score is zero if the overflight
is more than 60 seconds. A bonus of 50 points is earned for landing within a 12.5 metre ra-
dius circle, 25 points if the model comes to rest only partly within the circle. To score
landing points the model must be at rest before the end of the slot. The small bonus for
‘landing within the 12.5 metre radius circle, although not negligible, reduces the likelihood
of a contest being decided by landing points alone. Landings more than 75 m from the
centre of the target reduce the flight score to zero.

The models are limited in size and weight by the general CIAM rules: total surface area
not more than 150 square decimetres, mass not more than 5kg, area loading between 12 and
75 grammes per sq dm. (1.2 to 7.5 kg/sq m, or 4 to 24.5 0z/sq ft.).

A five minute preparation time is allowed before the start of each 10 minute slot. The
usual normalization of scores to 1000 championship points for the winner of each heat
applies.

Full details of the rules should be available from the National Soaring Society and the
AMA,

A ten minute maximum is unattainable because the models are not launched until the
start of the slot time. A potential point is lost for each unnecessary second on tow.
Launching is hard and fast. After release, to achieve something over a nine minute flight
requires soaring.

The aerodynamic design of the sailplane is only one of the important factors to be
considered. Success depends greatly on the pilot’s skill and experience, finding and using
thermals efficiently, and getting the glider down in the target circle within the stipulated
time. The structure of the model is also vital. The models are not launched gently and may
have to descend fast.

Even so, attention to the fundamental points of sailplane performance will help to direct
sailplane development and piloting strategies along the lines required by this type of
contest. These are familiar already to many but it is necessary that they should be well
understood, because almost everything else follows from them.
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The sailplane polar

Figure 1 shows the appearance of a typical sailplane performance or polar curve. The
curve is a plot of flight speed against rate of descent through the air. The scale along the top
shows the airspeed of the glider; the scale down the side gives the rate of sink. Whatever
system of units is preferred it is best on such a chart to keep both airspeed and sink rate in
the same units, such as metres per second. It is not very satisfactory to use, say, kilometres
per hour forairspeeds and metres per second for sink, or nautical miles per hour (knots) for
airspeeds and feet per second for sink rates. The reason will become plain when the glide
ratio is considered. .

Suppose the model is flying straight in calm air with no up or downcurrents. To dive,
theelevatoris deflected down. The glider will accelerate but after a little time, if the controls
areheld inone position and if the modelis stable, it will settledowntoa constant, fast, flight
speed. Because it is diving it will lose height rapidly. The elevator position as held by the
pilotor fixed by thetrimmer, determines theairspeed and alsothe rateof descent. This gives
a single point to be plotted down near the right hand, lower part of the chart, or even off
the chart altogether if the dive is steep. An airspeed of so many metres per second results
in a sink rate of so many m/s. The ratio of airspeed to sink gives the glide ratio; 12 m/s
airspeed with1m/ssink givesa glideratioof 12:1. forexample. (This is why it is wise to keep
the units the same on both scales. If the airspeed is recorded as 43.2 km/h and the sink as
1 m/s some arithmetic is required to work out that the glide ratio is 12: 1)

If the elevator position is altered so that the model dives less steeply, the airspeed
reduces. Any control movement usually causes some oscillations but these are damped as
much as possible by the pilot, aided by the inherent stability of the model. The glider soon
settles to a new trim at steady, slower airspeed. Therate of sink is also less because the dive -
is less steep, so another point can be plotted higher on the chart towards the slower end of
the airspeed scale. Within the normal flight capabilities of the glider, for each elevator
position decided by the pilot there is one steady airspeed and a corresponding steady rate
of sink through the air, so for every possible stable flight trim there is a single point to be
plotted on thechart. This canbe repeated many times. Plotting the pointsand linking them
up allows the construction of the whole polar performance curve.

One end of the curve is at the stall. Normal flight is not possible at slower speeds. The
other end of the curve is the vertical dive but the speeds and rates of descent in this trim are
too high to beincluded on charts of reasonable size and are not of much interest in practice.
(Inatruly verticaldive, airspeed and rate of descent arethe same thing. It would be possible
alsoto construct another curverepresenting the inverted performance of theglider, but this
does not normally interest the thermal soaring pilot.)

The general character of the polar curve is roughly similar for all sailplanes, but
individual sailplane polars will occupy different places on the chart. The entirecurveasa
whole may be towards the high speed side of the airspeed scale, or towards the low speed
end. Some curves may be high, indicating very low rates of sink, others may belower down
the chart. Some curves are somewhat flatter than others indicating a wide range of
airspeeds with relatively small changes of sink rates. Some polars have sharp peaks,
indicating rather critical dependence of the rate of sink on trim. The differences in straight
flight performance of various designs can be represented by constructing polars and
comparing them. Any change of the characteristics of a sailplane is usually reflected in a
corresponding alteration of the polar curve. For example, decreasing the total weight tends
to shift the curve as a whole leftwards to the lower speed side but also makes it come to a
sharper peak, spoiling the high speed portions of the curve. ...continued on page 8
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Figure 1

thestalling speed and the

minimum rate of sink.

The polar for a particular aircraft, at a particular weight, may be constructed either from
measurements in flight or by calculation. Measurements in flight are extremely difficult to
do accurately with models and have rarely been attempted. We normally have to rely on
calculation and computer programs are now available for this. The general principles are
all that need concern us at present.

It is easy to do worse in flight than the polar suggests. If the model is allowed to skid or
slip sideways the fuselage and wing will meet the air at a lateral angle instead of being
aligned correctly with the flow. A great deal of extra drag will result. The glider will sink
faster than the polar indicates.

Also, if the model is unstable it will not hold any steady glide for long. Every movement
of the controls causes a slight increase of drag and loss of performance, so an unstable
glider, tending to veer off line and requiring constant corrective action by the pilot, is not
likely to achieve its potential. Stability, as most experienced pilots know, is determined
chiefly by the position of thecentre of gravity. A c.g. well forward makes for a stable aircraft
and as the balance point is moved aft, the stability margin decreases.

If theair is turbulent the pilot has to apply numerous corrections and this, too, spoils the
glide. Nonetheless, other things being more or less equal, the sailplane with the best polar
curve will perform best in practice.

The minimum sinking speed

The highest point on the polar curve represents a trim which will give the model its
absolute minimum rate of sink. There is no way, for a particular glider, at a particular
weight, that the minimum sinking speed relative to the air can be reduced. The sailplane
with a low rate of sink on the polar will, in general, be capable of soaring in weak lift, but
there are important reservations to be made here.

A glider which has a good basic polar for straight flight, will also perform wellin turns.
When circling in a thermal for instance, the polar curve, airspeed against rate of sink, is
similar in general shape but the dragis higher and the stalling speed rises. The entire polar
moves down and to the right on the chart by an amount depending chiefly on the angle of
bank. The stalling speed and drag are both increased and the rate of sink increases. This
cannot be avoided and the steeper the angle of bank the worse it gets. However, the losses
certainly cannot be reduced by ‘turning flat’ without bank, as some pilots seem to believe.
If the bank angle is either too flat or too steep for the rate of turn required, the glider will
skid or slip and come down faster. A stable glider, trimmed for turning flight, is best left
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to settledown in its natural steady turn at a constant angle of
bank. Too many adjustments by the pilot tend only to

increase the dragand increasethe rate of sink in the turn. Such frequent changes also make
the circles, as flown, irregular. It becomes impossible, from the ground, to judge whether
the sailplane is in the best part of the thermal or not, if it is constantly varying its attitude.

The rate of turn (thatis, the number of complete circles made in a given time) is decided
almost entirely by the angle of bank so, for a given model, at a given flying weight and air-
speed, time taken to complete a circle is constant so long as the angle of bank is constant.
However, theradius of turn ata givenangleof bank depends on the flight speed, wing area,
total mass, and stalling characteristics. Thus a heavily loaded jet fighter aircraft flying fast,
at a bank angle of 60 degrees, might require the airspace over half a county to complete a
circle, whereasa light aeroplane at the same 60 degree angle of bank can circle with a radius
of only a few score metres. A model sailplane at 60 degrees bank may complete a circle in
much smaller space again. The radius of turn thus depends on the bank, the weight, and
the airspeed.

If a thermal is very narrow, a light, slow sailplane which can circle tightly with correct
bank at a slow airspeed without stalling, may outclimb a model which has an apparently
better straight flight polar, but which flies faster and cannot circle tightly without having
to bank excessively. It is often found that even when a thermal is wide, there are narrow
‘cores” within it so a sailplane which can find these and circle tightly within them, has an
advantage. If thermals are very strong, this difference will hardly appear but with weak
and diffuse thermals, it can be very important.

One of the things to
be discovered there- | 4 _ Atrspeed . > '
fore, is how to make a e, 10M/8 20 m/s 0m
model glider with the ‘\\ iy S
least possible rate of A T
sink. But we also like B J_}° 30
to have a low stalling l el T
speed, allowing a 1 m/s N S,
small turning radius |¥ T 1 to20..
with gentle bank |®| 1:10glide ratio———=y,
angles. Theserequire- | S| 8l two :!’iffering \\ .
ments are to some Bl = T°POoCF t
extent incompatible 2m/s \ NS 1o 10
with other desirable Figure 2 Glide ratios
qualities

The best glide ratio

Unless the sailplane happens to be launched straight into a thermal, which does happen
sometimes but cannot be relied on, after coming off tow it will be necessary to explore the
air for some distance to try to find lift. During this search the sailplane will be descending
so the distance it can glide in relation to its rate of losing height becomes very important.

If a glider is flying at 10 metres per second horizontally, and descending at | metre per
second, it is gliding ten units along for one down, a glide ratio of 10to 1 (Figure 2).

Such a glide ratio would also be achieved by gliding at 20 m/s horizontally and
descendingat2m/s, aratio of 20 to 2 which cancels downas 10to1],and soon, 30 m/s speed
with 3 m/s sink is the same 10 to | ratio. A straight line can be drawn on the chart to show
all combinations of speed and sink rate which will give a glide of 10:1. On the chart the 20:1
glide ratio line is higher than 1:10, the 30:1 glide ratio line higher ...continued on page 10
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still, and so on. Allthese L/D lines radiate from the zero-
zero or origin point on the chart. The glide ratio is often

Understanding expressed as the ratio of total lift to total drag or L/D,
Thermal soaring because when the drag force on the glider is one tenth of the
. lift force, i.e, L/D = 10/, the glide will be 10 along for 1
Sallp lanes down. Since the lift is for practical purposes equal to the
...continued weight, the L/D or glide ratio may also be thought of as the
ratio of weight to drag.!
A particular glider may never reach high glide ratios
Withtheexampleof Figure 2, the polar curve does not reach
the 20:1 glide line any-
where. However, the Alrspeed
polar cuts the 10:1 glide 10 mAs 20 m/s 0m
ratio line twice, at low
speed, near the stall, Trim for
and again at a higher Min sink best glide ratio Sink rate st
speed. The glider can . oot oTide

- best glide™™ ™™

achieve a 10:1 glide ra- 1 m/s

tio by flying at two dif-
ferent airspeeds, slow
and fast. It willachieve
a flatter glide if it is
flown at any trim be-
tweenthesepoints. The
best glide ratio of this

Trim for minimum
rate of sink Best glide

ratio

Rate of sink e——

—2 m/s
Figure 3 Trim and performance

model is thus some-
wherebetween 10:1and 20:1. A straight line drawn from the origin, to touch the polar curve
tangentially, indicates both the best possible glide ratio and the speed at which it should be
trimmed to achieve it (Figure 3). It is, in this case, roughly, 11 m/s speed to 0.8 m/s sink,
aratioof 11:0.80r13.75:1. Asthediagram shows, thebest glide ratio is not found at thesame
trim as the minimum sink rate. Minimum sink is found where the polar curve is highest on
thechart. Thebest glide is found where the tangent from
the origin touches the curve. These two distinct points

require different elevator positions. This is often misun- Martin Simons

derstood. 13 Loch Street
The trim for the best gliding angle is hardly ever used Stepney

in practice. The only time when it might be needed is South Australia 5069

when the air is perfectly calm with no wind and no up or
downcurrents. This is a very raresituation. Onalmostall

other occasions the required trim will be either faster, or slower, than that for the best L/

D. (Slower when soaring, faster when searching for lift.)
& & &

! Strictly, the lift is equal to the weight multiplied by the cosine of the angle of glide. At
glide ratios better than 5 : 1 the lift is always more than 98% of the weight.
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As any devout RC sailplane enthusiast knows, finding
information on RC sailplane kits and related products can be Press Release

a frustrating experience. This is especially true of the higher

performance ships in the market since they are manufacturfed NorthEast
mostly by small and widely diversified cottage industries o

which make great kits, but have difficulty making them well Sai lplane
known. Further, aerodynamic design technologies are ad- Products
vancing at such a rapid pace that it is nearly impossible for RC

soaring pilots to be aware of the newer kits which exploit ...by the NSP

these technologies. Indeed, some of the more popular kits Gang
currently being flown are relatively outdated from a design

perspective simply because information on the newer, more advanced kits is not readily
available. '

Difficulties such as these are what led to the creation of NorthEast Sailplane Products, or
NSP. NSP was founded by Sal Defrancesco, a Marketing Expert, and Jay Kempf, an Engi-
neer, and made its debut at the 1989 WRAM show. This turned out to be a tremendous
success, and feedback obtained from RC Sailplane Pilots confirmed the need for NSP
services. This year, Stan Eames, a Computer Systems Expert, joined Sal and Jay to create
a three man partnership we feel has a special synergy of skills. All three members of the
NSP team are fanatical Builder /Pilots of soaring ships and represent a combined experi-
ence of over 35 years in RC soaring.

NSP is a mail-order business intended to cater to the RC soaring enthusiast (we don’t do
power, theairfoil is the airplane). In creating NSP, we set the following goals for ourselves:
* To bea focal point for the latest information on RC Soaring Technolo-

ies.
% To provide the largest selection of RC Soaring kits and accessories
available in the industry.
* Toonly sell high quality kits, and to aid designers and manufacturers
in improving quality through providing customer feedback.
¢ To help the hobby of RC Soaring grow by making useful information
available to hobbyists. \
¢ To have our catalog be not just a catalog but a key reference on kit
specifications that will be a “must have” for any RC Soaring Pilot or
Builder.

We're excited about providing our services to the soaring community, and looking
forward to making our NSP catalog available soon. The catalog will feature over 70 kits and
accessories, full kit descriptions, technical specifications, and valuable reference informa-
tion for comparing kit specs. Also, we'll include plenty of building and flying tips.
Enclosed you will find an excerpt from the catalog. (Not included in RCSD. Please see
ordering information below.) Asyou can see, our product descriptions go beyond simply
copying what is on the kit cover. We review the Kkits, talk to people who have flown them,
and build and fly many ourselves. We want people to be happy with the kits that they buy
from us, so we provide the information necessary for a person to make an informed
purchase.

People desiring a catalog may call us at 802-658-
9482. Also, feel free to call to chat as we love to get
information and are always willing to share it.

NorthEast Sailplane Products
16 Kirby Lane
Williston, Vermont 05495
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happen and the model will
have to land very soon de-
spite flying at ‘min sink’ trim.

Pilot Bis more experienced
and knows the important
thing whenin sinking airis to
get out of it and find a ther-
mal. B aims to search the air
as much as possible, even if
this means accepting for the
time being a faster rate of
descent than A. Model B is
trimmed to fly atits best glide
ratio according to the still air
polar, faster than the mini-
mumsinktrim. Bloses height
more rapidly than A but
makes more progress hori-
zontally which does increase
the chances of finding lift. B's

Penetration

Martin Simons.)

There has been some argument in the past about the word ‘penetration’ as it is used in
glider flying. It is not very fruitful to argue about words, providing their meaning is clear,
50 what follows is partly intended to clarify the meaning of the term but mainly to expose
some underlying principles.

Ifthermals are present the air which rises must be replaced by air coming down so there
areregions of sinking air. When searching for a thermal the model will usually be gliding
through sink. It is important to get through the bad air, that is, to penetrate the downcur-
rent with the smallest possible losses of height and time, so as to reach an upcurrent while
still having some height left. A sailplane which can do this has ‘good penetration’. The best
trim for penetrating through sink, as will become clear, is always faster than that which
gives the best still air glide ratio.

Figure 4 shows the same polar curve as Figure 1, but now the air in which the model is
flying is sinking. This can be shown on the chart by shifting the entire polar curve down-
wards. The vertical scale is extended by an amount equal to the strength of the downcur-
rent, using the same scale intervals as for the glider’s sink rate. The shape of the polar curve
is not changed, because the glider sinks relative to the air just as it did before, but the air
itself is now descending.

Suppose there are four pilots with identical models, all of the same weight, all starting
at the same height, say immediately after launching at the beginning of a time slot in a
contest. Pilot A, inexperienced, thinks the way to score the best possible duration is to
reduce the rate of sink as far as possible. The trim chosen settles the glider to fly at the top
of the polar curve. The model does descend at its minimum sink rate but it is in sinking air,
so it actually descends at its minimum sink rate plus the rate of the downcurrent. It is
unlikely that a high flight time will be recorded. Of course an element of luck is involved.
Pilot A may be saved by stumbling into a thermal but on most occasions this will not
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prospects are better

than A’s, despite
Figure 4 Penetration through sinking air sinking more rapidly
Airspeed at first. of course, B
may fail to reach a
thermal; luck does
comeinto the picture,
as always.
y But even B is not
following the best
policy.Bisnot, infact,
searching through as
much air as possible.
Pilot C knows that
- - = = - c theoriginofthe glide
ratiolinesonthechart
has to be changed
j o — — D wheninsink, because

Best glide Sinking air
in sink

New

Rate of sink «— | origin

L%

o >

N the entire polar has

% shifted down. The
‘Dest glide ratio in thedowncurrent is found, not by drawing a line from the old origin, but from
the new one, allowing for the downcurrent. The tangential line drawn from this point touches
the polar curve at a faster airspeed. The pilot therefore trims faster than the nominal best L/
D trim. Glider C loses height more rapidly but, having a better glide ratio, has more height to
spare and has a better chance of finding lift than B.

It is important to take this point. Suppose that A, B and C all go off ...continued on page 16
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in the same direction. (They do not have to do so, but for
the sake of argument assume they do. Figure 5.) As A

Unders tanding glides along slowly at min. sink, Bat every moment will
Thermal Soaring be ahead, flying faster but getting lower. As B goes on,
: C in turn will at any moment be ahead, and lower,
Sg:,lnptli(:::leesd because C’s airspeed and sinking speed are greater. If

there is no thermal in this direction, C will haveto land
when B is still flying some way behind. B will score
better duration than C. But A will still be flying when B
lands, because A is trimmed for minimum rate of sink. None of the three will score a high
time but A will score least badly.

But if there is a thermal, and C, flying fast at the best glide in sink, and so penetrating
thedowncurrent, reaches it, B will be behind and still in the bad air when C starts climbing.
C willbe gaining height all the time Bis struggling on at best L/D through the bad air. B's
model may not even be able to reach the thermal and even if it does eventually arrive at
the thermal it will be lower than C was at this point.

Arrivingat the thermal low down adds to B's difficulties. Near the ground, thermals are
smaller in diameter so they may be easily missed altogether by a searching model. Even
if found, steeper angles of bank and greater skill are needed to use the narrow core, than
when the lift is encountered high up. Hence model C, by flying fast, not only penetrates
the sink better than B or A, but also has better chances in the thermal when, and if, it is
reached.

Glider A, meanwhile, will still be floating slowly through the sink, losing height slowly
but not covering much distance. Very probably A will never arrive at the thermal at all.
Despite flying at minimum sink, A will be on the ground first.

Finally, Pilot D, a confident person who can locate thermals when others cannot, is sure
that there is a strong thermal ahead. Perhaps this pilot has noticed a soaring bird circling,
or sees dust rising, or recognises a spot on the ground which is producing strong lift, or
has sighted another climbing model. Even though it means losing a lot of height model D
is trimmed to fly even faster than C, coming down quite rapidly, as the polar diagram
shows, but penetrating through the sink at high speed. D goes out well in front of C, but
loses a lot of height in a short time.

If this pilot is right model D gets to the thermal first, probably low down but flying fast.
Some of the lost height can be regained by pulling up into a climb to convert excess
airspeed into altitude. Quickly centered in the thermal D continues climbing. When C
arrives, later, it will be higher than D was when D arrived, because C flew at the best glide
ratio in sink. But by now D may be already well above because it started climbing rapidly
while C was still on the way. Gliders A and B of course fall behind C as before.

Thereis an obvious risk in flying too fast and if D is wrong about the thermal the model
might be forced to land. D has to be very sure where the thermal is, if such a risk is to be
taken. But if the thermal is found, even if it is weaker than expected, D will be climbing
while the others are still losing height.

In full-sized gliding, pilots have various instruments and computing devices in the
cockpit which indicate fairly accurately the best airspeeds to fly through sink, and can
adjust the trim accordingly. With model flying, such fine judgments cannot be made
becausethe information available to the pilot on the ground is very limited. The principles
remain valid, nonetheless.

Theruleis, to fly fast through sink to penetrateto thethermal and slow down only when
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themodelisinlift.

Experienceand
judgment are all-
important here. It
is also important
for each pilot to
watch other glid-
ers, since if one
finds a thermal,
the others will
probably seek to
join the climbing
model. D, for in-
stance, may race

forward and find
a thermal, thus ‘marking’ it for all the others. Then the model which is able to cover the

greatest distance through the downcurrent with least loss of height, that is, in this example,
C, has an advantage. C can watch D's model while searching a different part of the sky. If
D does not find anything, C still will have some height to spare to continue the independ-
ent search. But if D does find lift, C will still be high enough to fly in that direction. On
average, over a number of competition tasks the pilot who adopts C’s technique will do
better than those who fly moreslowly or faster. C may sometimes be beaten by Dif Dis good
at finding thermals, but if D makes an error C will do better. A and B may occasionally be
lucky in finding a thermal without having to search far, but when this does happen C will
be in a good position to join them too.

It wasassumed abovethat all four models were identical but if, as a result of aerodynamic
improvement, a sailplane can fly fast without a great increase of sinking speed, it will
penetrate sinking air better than any of the four models considered in Figure 5. If, for
instance, a superior model can fly at D’s airspeed and yet have C’s glide ratio in sink, it
would reach the thermal well in front and higher than any of the others. In a future article,
ways of achieving this will be considered.

Thermal soaring gliders frequently need to cover distance against the wind as well as
getting through sink. Even an ordinary soaring flight on a club afternoon will find the
model drifting downwind in every thermal so that the pilot has to bring it back against the
headwind. In a contest, the bonus will be lost if the model cannot reach the landing target,
and all points may vanish if the model lands far out. The polar curve helps again (Figure
6).

In the diagram the headwind can be entered on the scale by moving the origin of all the
glide ratio lines to the right by an amount equal to the speed of the wind. To emphasize the
point it is supposed in this example that the headwind is equal to the airspeed when the
glider is trimmed for minimum sink. At this trim the glider will make no distance over the
ground at all because its ground speed is reduced to zero. It will simply descend vertically,
slowly, at its minimum sink rate. Whatever height it may have reached by climbing, it
cannot get back to the target at this airspeed.

Trimmed for best L. /D, against such a breeze themodel will make somedistance over the
ground. But the best trim against the wind is not thebest L/D  ...Continued on page 18

Figure 6 Making headway against the wind
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glide. A faster airspeed is required. The point of
origin for the best glide in the headwind situation is
shifted to the right, as shown, and the required
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Understanding airspeed is found from this.
Thermal soaring If, as well as a headwind, the model on its way
. home has to get through sinking air, an even faster
Sailp l.anes trim is required. The point of origin for the glide
...continued ratio lines moves to the right, to allow for the

headwind, and now also upwards on the chart,
because of the downcurrent.

The principles discovered in this diagram apply for all wind speeds. In a perfect calm
with neither wind nor sink, as mentioned above, the best glide ratio is that found on the
simple polar. But flying to reach the landing target, the rules: fly fast against the wind and
faster if there is sink as well. The rate of descent is high but the vital thing in such condi-
tions is to make distance over the ground.

Inexperienced pilots having difficulty reaching the landing target on windy days often
try to ‘stretch the glide’ by trimming slower. The nose of the sailplane rises and a little
height may be gained momentarily, since the energy of the excess airspeed enables a small

““pull up’ to be made. Settled into the slow trim, the illusion is created that the sailplaneis
gliding flatter. This is an illusion. The glider makes less progress and may well land out.

Trimming for greater speed causes a brief loss of height as the glider accelerates. Extra
airspeed can only be gained by steepening the glide. This too gives a false impression. The
model appears to be diving and certainly does come down faster. But more ground
distanceis covered and, in this situation, the ground speed is more important than the loss
of height.

Once again, the importance of a polar curve which shows good glide ratios at high

speeds, is clear.
Summing up

Thethermal soaring sailplane should have a low stalling speed and small rate of sink in
turns, to enable it to climb in weak thermals. It will also need to retain a good glide ratio
at high speeds, both to help in searching for thermals through air that may be sinking, and

also to get back to the landing
target after drifting downwind

during a climb. Strong structure
TRI-CITY SOARERS will be required for launching
International Soaring R.C. Scale Fun Fly for 199¢ fast and high, and powerful air-
May 25, 26, & 27 brakes for landing.
Tri-Cities, Washington, USA
with Special Guest Speaker Mr. Michae! Selig!
Friday Night A Scale Glider and Power Scale \g‘
Wine tasting & Social Presented by Slope Planes
Slope Soaring News FUNFLY . .
P Martin Simons
o S i —— 13 Loch Street
Supporton T For Information Contact: S
0y ols + Boomer R.C. Tri-City S N
Sip Manfachring - Towor obbios 632 Meadows Or. . South Australia 5069
OHt Hangor ol Richfand, WA 99352
Modat Airplane News.
Alrrronics & more (509) 627-5224 - (509) 525-7066 J
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A Letter to the Readers

Dear Fellow RC Soaring Modelers:

I'am writing to you as the AMA appointed RC Soaring Representative to
the FAL Iam attempting to create a correspondence list of individuals
who areinterested in providing input to FAl soaring rule proposals. This
input will be considered in formulating a U.S. vote on the proposals.

In addition to F3B, there are four other provisional FAI soaring events:

F3F RC Slope Soaring

F3H RC Soaring Cross Country Racing
F3I RC Aero-Tow Soaring

F3] RC Thermal Duration Gliders

I have not yet received the final version of the proposals for 1990. I do
know there will be some for F3B, but I am not sure about the other events.

Ifyouare interested in providing comments on proposals, please send me
your name, address, phone number and which event(s) proposals you
want to comment on.

I have sent this letter directly to many of you who fly FAl events that Iam
personally acquainted with. I am especially interested in contacting
interested parties whom I donot know. I would appreciate your circulat-
ing copies of this letter to friends and club newsletters.

Sincerely, (signed) Terry Edmonds
1 Lakeview Drive

Iowa City, IA 52240
. ADANTE (Airtronics Kit) 2 Available $100.00 EA
Classified 5 \\TE - Completed Ready-To-Fly, $100.00
Aduvertising Less Radio
For Sale BIG WING Kit $30.00
STERLING SCHWEIZER 1-34 Kit $30.00
ACE PACER, Partially Finished; $10.00
Half-A, Electric, or Slope
These items havea ~ “PLANK” Flying Wing — Some $10.00
negotiable price, but Repair, Modified for .15 GLO
the buyer must pay the Engine, for Electric or Slope
shipping charges.  Write Don Winiecki, 161 Stewart Avenue, Buffalo, NY 14211;
Phone (716) 896-9319.
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_(L Airspeed »
Unders tandlng A narrow-chord wing flying
Thermal soaring slowly does badly. N
N The polar can be made less criti-
Sallplanes cal if mass is added, which in-
Part 2 Section 1 creases the total weight to be sup-
ported by each square metre of
R on wing area, raising the wing load-
Wetght & Ballast ing. The additional weight may be
bu Martin Si used to produce a more practical
-..0Y Martin Simons H—-—____\_\____ model, extra material being intro-
© Copyright by Martin Simons % Stalh’ng speed Best g]]de similar duced to strengthen the
. = ; ' : . structure.Alternatively, oras well,
All Rights Reserved W 1o "t".t'E rath ght i \ (S] 1 gh“ y bet i['_E r penetration can be improved by
(This is the third in a series of = weights /* Penetration at higher WE]ghtS} e;ic;lsngplzallgfst.r’gms‘opt;on}:s asl-
articles by Martin Simons. The el | . ) Opeén it provision for hous-
material in this section may refer to = Light DEt'tBI" at higher ing the ballast is made when the
information & drawings in part 1. 1 weights Heavy model is being built, or by retro-

Reproduction of this material
requires the permission
Martin Simons.)

Figure 7 The Effects of adding and removing ballast

spective modifications. On a day
with little wind and no thermals,
or very feeble ones, the glider may

In the previous article the importance of penetration combined with the ability to circle with
low sinking speed in thermals was emphasized. These requirements are to some extent in
conflict.

Weight and ballast

If the weight of the sailplane is reduced, the model will fly more slowly for any given
elevator trim position, and its minimum rate of sink will be reduced. The polar curve will take
onthe appearanceshownin Figure7 on the left. Ifthereare no thermals, or if the only thermals
available are extremely feeble and narrow, a very light glider with its low minimum rate of
sink and small turning radius may achieve a good duration.

There are few occasions when such a lightweight will actually prove superior in the rough
and tumble of contest flying, to somewhat heavier and more robust models. It is certainly not
wise to build a sailplane so lightly that it becomes flimsy, especially since the launch must be
fast to avoid wasting ‘slot” time. Apart from this, there are other disadvantages.

With a very light model the polar curve becomes more ‘peaky’. That is, the trim for
minimum sink comes closer to the stall, the best L./ D speed is closer to that for minimum sink,
sometimes so close that the three are almost indistinguishable in practice. More importantly,
the right-hand side of the polar curve falls away steeply. Penetration suffers. Taking weight
reduction too far can produce a sailplane which will fly efficiently at only one trim: a fraction
too slow and it will stall, a little too fast and it dives steeply; aptly termed a ‘one speed’
sailplane. Trimming a very light sailplane is therefore difficult. (Free flight contest sailplanes
arein this situation.) Quite a small error or a disturbance in flight brings the model off its peak
and in turbulent air such a model hardly ever does fly at its best rate of sink.

As will be explained later, there are bad ‘scale effects’ for the very light model, especially
if the wing chord (the distance across the wing from leading edge to trailing edge) is small.
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be flown at its minimum weight,
thatis,atalow wingloading. Ifthe
wind strengthens and/or better thermals develop, ballast may be added. The effect on
performanceisillustrated by theright hand curvein Figure 7. The entire curve with the higher
wing loading tends to be flatter. Trimming is therefore less critical, since a small error will
move the model only slightly off the highest part of the curve. Still more ballast flattens the
curve further.

Adding or removing the ballast ought not to cause changes of trim, so the ballast should
be placed as close as possible to the un-ballasted centre of gravity. The structural problems
associated with fitting a model to carry ballast will not be discussed, except to say that there
are important advantages if the extra mass is carried in the wings as a load distributed
spanwise, rather than in boxes in the fuselage or as concentrated lumps of lead in the wing.
1t isalso preferable for ballast to add strength. One convenient and well-proved method is to
use very long wing joiner rods of steel which, when in place, form an reinforcement to the
main wing spar for aconsiderable distance inside. Tubes to house theballast are built into the
wing spar itself adding their own strength to it. Different lengths of the joiner/ballast rod
allow adjustment of the total weight.

A ballasted model is less easily upset in flight by rough air since the model’s greater mass
and flight speed will give it more resistance to disturbances. Control response will be
changed. The average speed of airflow over the control surfaces will be greater, improving
their effectiveness slightly although the additional mass will increase the model’s inertial
reactions, so response to controls may be slowed. This is particularly noticeablein rolling and
turning models with the spanwise distribution of the load, mentioned above, but this effect
is usually tolerable. Unfortunately, the heavy model also lands at a greater speed because the
stalling speed is higher and, because of the greater momentum on touchdown, there is more
risk of damage in a bad landing. ...continued on page 16
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The minimum rate of sink for the glider with high wing
loading is worse, as shown by the flatter top of the polar

—>\——

: curve, so the ballasted model will always be less success-
UnderStand"}g ful in weak lift or in dead calm. In addition the whole
Thermal Soarmg olar shifts to the right on the chart, indicating faster
N P g g
Sai lplanes airspeeds at each elevator position or trim. Slightly more
: skill is required from the pilot to manage a faster model.
...continued q p g

The best L/D ratio in straight flight remains almost
exactly the same, ballasted and un-ballasted, although it
occurs at a greater airspeed with the higher weight.! Increasing the wing loading raises the
whole of the right hand, high speed part of the polar. The heavy model at high flight speeds
has alower sinking speed and soloses less height, than the light model at the same airspeed.
That is, penetration is improved.
Turning

At any given angle of bank the radius of the turn, ballasted, will be larger than for the
lightly loaded model. Putting this the other way round, to circle tightly and efficiently with
a high wing loading requires a steep angle of bank.

A model will fly straight unless there is some lateral force acting to turn it to one side or
the other. To compel the wing to provide this lateral turning force it is necessary to bank.
If thereis no bank, there will be no turn, or at besta very sluggish, inefficient, skidding turn.
Trying to turn flat forces the fuselage to yaw, to provide a lateral force which it is not
designed to do. Not only is the lateral force small, producing a very slow response, but the
fuselage, in a yawed attitude, acts as an airbrake and brings the model down rapidly.

In a turn, the wing must still maintain the upward support which keeps the model in
flight, while also providing the additional force which turns the model. This additional lift
can be obtained by increasing the wing angle of attack, normally by trimming in some up-
elevator. The stalling behavior of the wing becomes especially important because of this.
To avoid stalling in a steep turn it is necessary to accept some increase of airspeed. All this
increases the rate of sink in turns, the effect being greater as the turn becomes tighter.

Since there s this inevitable loss as the bank angle increases, the rate of sink of the heavy
model in a steep turn is considerably worse than the minimum sink rate shown by the
straight flight polar. A model with light wing loading can turn on the same radius with less
bank, so its rate of sink suffers less in proportion.

The pilot of a thermal soaring, heavily ballasted, model has to choose between a large
radius of turn with small bank and only a small deterioration in sinking speed, or a steeper

AMA Charter

California Slope Racers

Established in 1990
...Continues the Tradition

International Slope Race

July7 & 8
Davenport, California
(At Big Creek Lumber, Highway 1, 5 miles north of Davenport)
Ray Kuntz, C.D. (213) 645-4269
Daryl Perkins, A.C.D. (818) 358-8707
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bank, with smaller radius of turn, but with a noticeably worse

sinking speed. If the thermals are narrow but have strong
centres, the heavy model can still use them by finding the cores and turning in them
steeply. If thermals are wide and diffuse but fairly strong, a gentle bank will be sufficient.
But a weak thermal which is also narrow presents the heavy model with an impossible
task. Circling tightly in the core increases the rate of sink so the model loses height. Turning
gently with low rate of sink, finds the model flying round outside the thermal altogether.

Thus, increasing wing loading improves penetration and increases the chances of
getting through bad air and finding a thermal, but it red uces the ability to gain height after
thethermalis found. Reducing weight to help climbing in the thermal, reduces the chances
of reaching a thermalto climb in. This is the fundamental problem facing the model glider
flier and, on any particular occasion with a particular model, only experience and
judgment can provide a solution as to whether to add ballast or not. The upper limit of 5
kg on mass becomes relevant when ballast is to be carried.

& & &

! There is a slight improvement of best glide ratio at the
higher loadings because of the scale effect, already

Martin Simons

mentioned and discussed in moredetail below. In practice 13 é(t)chnStreet
this is hardly noticeable uniess the difference in weight South Aue; rZIym 5069

and flying speed are very large.

Bill Kournakakis, Medicine Hat, Alberta phoned me
theother night to tell me about the watch he just bought
in Florida called a CASIO DIGITAL BAROMETER
WATCH Model #510.

CASIO
DIGITAL
BAROMETER
WATCH Model

#510

Features
Altitude recording to 13,120 feet.

Accurate to +/-.15% (Fifteen hundredths of one per
cent).

Reads in 20 foot increments.

...by Jim Gray Three Alarms
Countdown Timer
Here's just what we've Stop Watch .
all been waiting for: Depth Meter for Divers
An Altitude Reporting Water Resistant to 100 Meters Depth
Watch! Calibrationsettoaltitudeor zerodepending on whether

you wish to read absolute altitude above sea level, or
altitude above your location.

This watch is very light and probably weighs about the same as a servo. You could put
it in your plane (if you don’t need it for timing) and get an altitude readout.
The price is $99.95. Another model, with slightly fewer features, is available for $79.95.

See your Casio dealer E\
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. Soaring Penetrating Parasitic drag
Unders tandlr}g N Radio controlled sailplane > // Parasitic drag, which is caused by all
Thermal Soarlng // ’;he non-llifting parts of the glider, fuse-
" age, tail unit, etc., is important at high
Sallplanes // spgeeds but less so in slo€v flight, as t%e
Part 2 Section 2 V4 diagram shows. This isonereason why a
on // model which has a good basic wing
Vi design fitted to a relatively crude fuse-
The Sources Of lage and tail, will nevertheless be ca-
Dra g 7 pable of climbing well in thermals al-
Vo4 though its penetration is poor.

, . £ A varying proportion of the parasitic
-"by Martin Simons o ..;" — drag is the drag of the stab’iliz}i)ng sur-
© Copyright by Martin Simons sini; 4 2 faces, thich are really smal'l win‘gs.
All Rights Reserved 1. 5/ : £ Everythmgtha.t followsinthediscussion
L p Mmax. TOTAL DRAG £ of wings applies equally to these. De-
(This is the fourth in a series of '::::' pending on the layout and trim of a
articles by Martin Simons. The ) ’,‘.:"'_:" model, the horizontal stabilizer may or
material in this section may refer to g}_;’;} /,:d'j"‘ A may not contributealifting force and this
information & drawings in part 1. &5 CONTRIBUTION e force may be either upwards or down-
Reproduction of this material L/D max v ';.'3’.-' ' OF WING PROFILE wards. Normally thetailplaneof anortho-
requires the permission of ’.'.::?;.f' DRAG ~ doxaircraft ‘lifts’ downwards, thisbeing
Martin Simons.) :.3;’ 4' ".::':’;.'_-,‘ P required for purposes of balance and
5 P stability. When the stabilizer does con-
g & T /T T tribute such a force, in either direction, it
Aerodynamic improvements S PR BT 8 CONTRIBUTION inevitably produces moredragthan when
Ideally, the sailplane pilot would liketo || & ;CONTNBUTJ N ..‘:':,:’:" OF PARASITE it is not lifting. This applies to the fore-
have a very light, slow model while in o _‘OF VORTEX- 585 DRAG wing of a canard layout, which contrib-
the thermals, and a very heavy, fast one £ §INDUCED DRA utes to the total upward lift but not with-
between thermals. Since ballast may not e out a corresponding drag penalty. The
be dropped or picked up during a single _.[-TﬂT drag of the stabilizer for orthodox air-
flight, improved performance at both Ll craft layouts is normally counted as en-

high and low speeds has to be sought in Low Speed High Speed tirely parasitic .2

other ways.
The purpose of aerodynamic refine-

Figure 9 The Sources of Drag

Wing drag
As Figure 9 shows, more than half the

ment of a sailplane is to achieve better
minimum sinking speed, lower stalling speed for circling tightly, and better penetration as
well (Figure 8 - See page 16). A refined model can still be ballasted if conditions require it.

The performance of the glider, whether turning or in straight flight, depends on the drag.
If drag can be reduced at low speeds, the minimum rate of sink, both in straight flight and in
turns, will be less. If drag can be reduced at high speeds, penetration improves.

The sources of drag

Figure 9 shows how the total drag at each flight speed is made up. Every part of the glider
over whichair flows in flight adds to the drag, but some parts contribute more than othersand
the proportions change as the speed of flight is varied. The best L /D ratio, i.e., the flattest glide
in calm air, occurs when the drag is at its minimum. The minimum rate of sink is found at a
slower flight speed.!

Page 14
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total drag at all speeds comes from the
mainplane or mainplanes. It follows that in trying to achieve a better performance, the wing
must be considered first. It is hardly worth bothering about the rest of the model if the wing
is poor.

Wing drag is of two kinds, vortex-induced drag and profile drag. Vortex drag is often
referred to simply as induced drag but vortex drag is a better term since it draws attention
directly to the cause.

Vortex drag

The vortex drag originates almost entirely with the wing tips. There is, on any wing or part
of a wing which is supporting a model (or a lifting stabilizer, etc.), lower air pressure on the
upper side than below. Air willalways try to flow from high pressureto lower pressure areas
and this tendency is most marked where the high and low ...continued on page 16
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pressures come close together, at the ends of the lifting
. surface. The air cannot turn suddenly at right angles, but the
Understanding Bt

flowbecomesdistorted, slanting somewhat outwards under-
Thermal Soaring neath and inwards above. These cross flows are most pro-

. nounced near the tips themselves but the influence extends

Sai lp l.anes towards the root. The only place where the air flows directly

...continued from front to rear on both upper and lower sides, is on the
_(L Airspeed >

Reduced minimum sink rate

- |Mproved best glide
l /_ -‘;"— )
M k]
< 3
= !
S| Lower stalling } .
® s d 9 Y Improved penetration
= pee 5
o \ AN

Figure 8 The benefits of improved aerodynamic design

exact centreline of the wing. (Even here it is usually disturbed by the fuselage.) Behind the
trailing edge where the upper and lower flows meet, vortices form, the strongest ones
nearer to thetip. The numerous small vortices behind the inner parts of the wing are wound
into the more powerful ones, rather like a number of tiny twisted threads being spun into
a strong yarn, to produce two strong vortices behind and slightly inboard of each tip (Fig-
ure 10). These trail off behind the wing for a long distance. The trailing vortices represents
loss of energy and this is felt by the glider as extra drag.

When the wing is at high angles of attack, i.e., in slow flight, the vortices are most
powerful and thedrag so created is greatest. At low angles of attack, i.e., high flight speeds,

vortex drag is much reduced although never entirely negligible. Figure 9 shows this
clearly.

Less Than

. Geometric Span
Figure 10 Vortex Drag

Page 16 R/C Soaring Digest April 1990

Profile drag — >\—

Profile drag, as the name implies, depends chiefly on the
wing section or profile. Part of the profile drag arises simply
because of the resistance of the air to changes of direction and pressureas it flows round the
thickness of the profile. This is called pressure drag and arises through the general shape,
especially thickness form and centre line camber, of the profile. The rest of the profile drag
arises because of friction of the air in contact with the skin of the wing. This is called skin
drag and is affected by the smoothness or roughness of the wing covering and finish. Small
bumps and hollows may have a disproportionately large effect on the thin layer of air
nearest to the surface, the so-called boundary layer.

The skin drag and pressure drag interact with one another so the division between them
is for convenience only. In particular, the pressure changes over the wing as the air flows
from leading edge towards the trailing edge, have great effects on the character of the
boundary layer. The boundary layer responds by changing character and thus exerts an
effect on the pressure variations which react again on the boundary layer, and so on.

At the high speed end of the sailplane
polar curve, as Figure 9 shows, profile
drag is dominant. The wing profile also
hasimportant effects on the stalling speed
and handling in turns, so a good wing
section is important for a sailplane at both
fast and slow ends of the speed scale.

& &
! The minimum power required to sustain
flight is found when the ratio L'3/D is a
maximum. This corresponds to the
minimum sinking speed for a glider.

2 Canard, tandem and tailless aircraft
require slightly different treatment. Much
theoretical and practical work has been
done on tailless, canard and three-surface
typesofaircraft, with some very successful
results. Contrary to some enthusiastic
claims, however, it has never, so far,
actually been established thattheselayouts
have any advantage, for sailplanes, over
the orthodox types. For a typical, recent
researchreport, seethe Journalof Aircraft,
Vo126, No 8, August 1989, Pages 699 - 704.

Martin Simons
13 Loch Street
Stepney
South Australia 5069

What Do You Mean

...continued

cut the bulkheads a little narrower to
makeitcleaner looking, havelowerdrag,
and still make the radio fit.

Many of the new multi-channel
sailplanes require mounting servos in
the wings. In my FALCON 880, I origi-
nally used Airtronics 94401 micro servos
for my flaps, but they kept stripping
gears when landing in the grass. 1 didn’t
want to spend about $50 each for all
metal gear servos, sol experimented with
some Airtronics 94631 servos which cost
around $12 at Sheldon’s. These are Airt-
ronics’ old “standard” servos which have
strong gears and 50 oz. of torque. With
some easy modifications, | made them fit
in my FALCON wing.

First, I cut off the mounting lugs. Then,
Itook abeltsandertothe caseand sanded
the sides down, tapering towards the
trailing edge, until was sanding into the
threads of the screws that hold the servo
together. I removed the screw that was
towardsthe TEupper surfaceand sanded
some more until they fit flush, and then
“glued” them in with silicone rubber.
You could do the same with any manu-

facturer’s larger servo. E\
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To reduce the vortex drag of a wing of a given area, what
is chiefly required is a large span, and accordingly, a
Understanding narrow chord, that is, a high aspect ratio. The aspect

- ratio of any wing may be found by dividing the span by
Thermal Soaring e average or mean chord. Doubling the aspect ratio

Sai lpl anes cuts vortex drag in half. The high aspect ratio not only

b reduces the absolute strength of the tip vortices but

...Cutting Vortex  moves them further apart, so greatly weakening their
Drag influence on the central parts of the wing.

, , A further saving of vortex drag, perhaps as much as 5

-..by Martin Simons or 6 percent, can beachieved by ugsirﬁ,g a cal:;efully worked

© Copyright by Martin Simons outtapered planform. The best planform from the vortex

All Rights Reserved drag point of view has an elliptical distribution of chord.

That is, the chord at each point along the span is the same

as would be the chord of a perfectly elliptical shape. It is not necessary for the wing to be

anactual ellipse providing the chords conform as closely

as possible to these proportions. In practice, a moder-

ately tapered wing that approximates to the ideal

shape is almost as good.

Some slight further advantage may be gained by
using a planform with a straight trailing edge.
Thereis some evidence that a wing which is slightly
crescent shaped, thatis, sweptback progressively more
towards thetips withthetaper confined to theleading edge
and a raked or ‘sheared’ outermost end (Figure 11), produces less vortex drag than one
which carries taper on both leading and trailing edges. However, such a planform carries
certain disadvantages too. Swept back wings are more prone to tip stalling, than straight
forms. The chances of flutter arealso greater. All wings bend up and down in flight as they
meet varying loads, gusts, changes of trim, etc. This is not harmful providing the bending
does not actually overstress the structure. With sweep back, especially if the angle of sweep
increases outwards, any bending also changes the angle of attack of the outer panels. This
can produce a force in phase with the natural torsional resonating frequency of the wing,
sothat what begins asa normal bending initiates a violent twistingand bending oscillation.
(This has in fact been a serious problem for several types of full-sized tailless sailplanes with
sweepback.) Experiments in this direction should be carried out with some caution.

Further small gains might be achieved by using special devices such as winglets and
wing tip sails, although the value of these for model and full-sized sailplanes has not been
proved. To ensure that the winglets do not create more drag than they save, careful design
isrequired. When these devices are used in full-sized aviation they are usually tested in the
wind tunnel or experimentally in flight before being finalized. This is not normally
practicable for the model flier. When correctly placed they do reduce the vortex drag fora
given wing span, but the same gains can be always achieved by extending the wing span
slightly and so increasing the aspect ratio. Winglets and tip sails could be of benefit when
competition rules placeafirm upper limit on wing span. Thena vertical winglet may reduce
vortex drag without infringing the rules. In the existing F3] rules, however, there is no span
limitation so winglets are probably not useful. Some recent theoretical and wind tunnel
research also suggests that a sharply raked or sheared tip, fitted to an ordinary straight
wing, saves some vortex drag (Figure 11). It is certainly worth experimenting with such tip
shapes since they can be altered on a “cut and try’ basis without much effort.

Figure 11
Sheared Wing Tip

Page 10 R/C Soaring Digest May 1990

The benefits, if any, of special tips, winglets, and other =—
vortex drag saving devices, are greatest when the wing con-
cerned is of low aspect ratio. In such a case, the vortex drag is
very largeand saving a few percent of this does represent a considerable benefit to the total
drag of theaircraft. On a typical sailplane, however, the usual high aspect ratio has already
cut the vortex drag to a relatively low figure. By using special tips there should be a further
saving but this will not represent the same proportion of the total aircraft drag and may not
be noticeable in practice. Nonetheless, there is nothing to be lost by trying to save even a
small amount of drag in these ways.

Thus, saving vortex drag mainly involves changes to the wing in plan view, especially
increasing the aspect ratio and tapering, with some possible further gains from keeping the
trailing edge straight and special wing tips. The aspect ratio is by far the most important of
these, wise choice of taper is next in importance, and the other devices are somewhat prob-
lematic.

Scale effects and model size

Cutting profile drag requires attention to the wing section, but this cannot be considered
in isolation.

For all aircraft, and particularly models, there is a complicated interaction between wing
section, wing chord and speed of flight which is usually termed the scale effect. In very
general terms, a wing with small chord moving through the air at low speed, will always
be less efficient than a larger one moving faster. Hence, reducing vortex drag by using a
high aspect ratio invariably increases profile drag because it reduces the wing chord. What
might be gained on the vortex drag swings, may be lost on the profile drag roundabout.

The scale effect is normally expressed in terms of the Reynolds number. The Re number
may be worked out by simple arithmetic. If the speed of flight is known and the chord of
the wing is measured, the Re number (under standard atmospheric conditions at sea level)
is found by multiplying the speed, in metres per second (V), by the chord in metres (L), and
multiplying the result by 68459. Thus for a model flying at 12 m/sec with a wing chord of
0.25 metres (25 cm) the Re number becomes:

V x L x 68459
that is:
12 x .25 x 68459
=3 x 68459
= 205377
The crucial factors are the chord and the airspeed. !

The scale effect is more noticeable on models than full-sized aircraft since the wings
operate in a range where quite small changes of Re can produce large variations of profile
drag, particularly at the low speed, small chord end of the scale. The smaller the Re, the
iore serious this becomes. It is also to be remembered that tapering a wing to save vortex
drag by approaching the elliptical chord distribution, inevitably means the Re number at
thetips is reduced and with small models this can be serious enough to causethe tips to stall
prematurely. At very low Re numbers, the airflow tends to separate altogether from the
wing, so a planform that might otherwise be very good, may, if used on a small, slow flying
model, prove quite unsatisfactory. If the wing has a rectangular planform, with chord
everywhere the same, the Re number for the whole wing is the same as the local Re at each
position. But if the wing is tapered, the Re at the tips will be smaller than at the roots. The
important factor here is the taper ratio of the wing. If the root chord is twice the tip chord,
ataperratio of 1 : 0.5, the Re number at the root will be twice that at the tip. If the taper ratio
is 1to0 0.25, that is, if the root dimension is four times the tip ...continued on page 12
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—_— >\_ chord, the tip Re will be a quarter of the root, and so on.
It also follows from the above that the scale effect is differ-
Understandin g ent at different flight speeds. Th.e'faster the .model flies, the
. higher the Re, and the more efficient the wing becomes. A
Thermal Soaring radio controlled model sailplane with tapered wings is there-
Sailplanes fore quite likely to experience a range of different Reynolds
e numbers from around 50,000 for the wing tips at low speed,
---continued up to about 400,000 for the roots at high speec}i) .(These figures
compare with Re upwards of a million for full-sized powered light aeroplanes.)
It is a good general rule that the larger a model is, the more efficient it will be, all other
things being equal. This is certainly true for sailplanes.
The large sailplane
To illustrate the kind of improvements in performance that result simply from increased
size, example polars have been calculated using a computer program (written some years
ago by theauthor), which relies on wind tunnel test results for the wing profiles concerned
and makes proper allowances for planform and taper, Reynolds number variations at
different points spanwise and different airspeeds. No allowance whatever has been made
at present for parasitic drag. The results are therefore not to be taken as representing any
real sailplane, but only as a comparison of a large wing with a smaller one which is
otherwise identical. The parasitic drag caused by stabilizing surfaces does depend to a
small extent on the profile or section of the mainplane. Wings with larger camber tend to
increase the loads to be carried, for balance, by the tailplane and as mentioned above, if the
tailplane carries some load, it creates more drag. However, this does not normally make a
large difference and can, to some extent, be offset by careful arrangement of rigging angles
and trimming. It may be assumed, as a general rule, that the sailplane with the best wing
will be the best sailplane, if other proportions are approximately equal.
The largest total projected surface area allowed by the F3] rules is 150 sq dm or 1.5 sq

metres. An allowance of 10% has been made for the stabilizer, m———— —
so the wing area used in these calculations is 1.35 sq metres. A
wing span of 4.5 metres then gives an aspect ratio of 15. Tip

SKETCH OF THE PLANFORM FOR WING 1 .
Aspect ratic 15 Taper retio 0.50 Meanchord 30.0cm. Figure 12
225 M
1.221 H——ﬁ
—
17.5 cm
35 ¢em 33 cm
‘Washout O deg. Mess 4.050 Kg. Wingloading 3.00 Kg/sq.m.

Table 1 Table 2
Performance Polar for Performance Polar for
Wing Number 0 Wing Number 1

Clark-Y -PT Clark - Y -PT

Wing Loading = 2.99 kg/sq. m. Wing Loading = 3.00 kg./sq. m.

Span = 2.25 metres, Aspect Ratio = 15 Span = 4.50 metres, Aspect Ratio = 15

Root Chord =17.50 cm. Root Chord = 35.00 cm.

Mid Chord =16.50 cm., Taper Ratio = 0.50 Mid Chord = 33.00 cm., Taper Ratio = 0.50
Velocity Sink /D Velocity Sink L/'D
Metres/Sec M/Sec Ratio Metres/Sec M/Sec Ratio

21.89 2.833 773 21.92 2.301 9.53
15.48 1.295 11.95 15.50 0.891 17.39
12.64 0.791 15.98 12.65 0.543 23.31
10.94 0.646 16.95 10.96 0.395 27.71
9.79 0.521 18.77 9.80 0.333 29.41*
894 0.448 19.96 895 0.311 28.79
8.27 0.401 20.61 8.28 0.293 2825
774 0.373* 20.77¢ 7.75 0.282 27.48
730 0.927 7.87 7.31 0.278* 26.30
6.92 0.834 8.29 693 0.815 8.50
6.60 0.751 8.79 6.61 0.734 9.00
6.32 0.685 9.23 6.33 0670 9.44
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chord of theexample wing is17.5 cm.and root chord 35cm., ataper ratio of 0.5. It isassumed
that the wing loading is 3.0 kg/sq m,. This gives an all up mass of 4.05 kg., well within the
5 kg limit. Dimensions for Wing 1 are given in Figure 12. A small wing, Wing 0, for com-
parison is exactly half this size. The aspect ratio is still 15, so the area of Wing 015 0.3375 sq
m. To give the same wing loading, 3 kg/sq m, the mass is 1.0125 kg. (The Imperial
dimensions are: Large wing, 14.76 ft span, 2092 sq ins area, weight 8.93 Ibs, wing loading
9.8 0z/sq ft. Small wing, 7.38 ft, 522 sq ins 2.23 Ibs., same wing loading)

The well known Clark Y wing section is used to begin with. This does not imply that the
Clark Y would be the best possiblechoice of aerofoil for any model although, as will appear
in further discussion, the Clark Y, despite its great age (designed in 1920), remains quite
hard to beat at least for the slower parts of the sailplane polar curve.

Wind tunnel results on the Clark Y-PT from the Princeton research results by Michael
Selig, John Donovan and David Fraser, published in Soartech 8, ...continued on page 23

0 m/s ¥Yi5 m/s ¥Yit0 m/s ¥Y|1S m/s Y]20 m/s Y|25 m/s  Y[30 m/s

o Y LD

631 92

¥s 5 m/s I, 659 — 8.7

692 82

729 18

"1 o N 773 _ 20,
£

0.7

. 827 ~ 206

YL N 893 9.9

632 24 \ 976 8.7

66 9 : *

¥s 1S m/s | 6.93 — £.5 10.94 gg
1.9

1
73 %63 ot
Jr4 214 2188 7.7
Ys 2 m/s 8.26 282 N
i 894 — 287
9.6 29.4 \
1095 27.7
¥s 2.5 mss 1265 233 h
Figure 13 oB=225m AR =15 M= 1.01 kWw/S = 2.9 kg/sq.m.
"B= 450m AR. = 15 M= 405 kW/S = 3 kg/sq.m.
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 ——— L
wing loadings, since the 5 kg mass limit applies. The wing
loading used in the above calculations, 3.0 kg/sq m., is quite

Understanding low, but the model weighs over 4 kg. Adding ballast to bring

Thermal Soaring this total to 5 kg increases the wing loading to 3.7 kg/sq m

Sailplanes (12.1 0z/sq ft.) This is still quite moderate. Successful model

p . thermal soarers have been flown with higher loadings than
...continued

this.

Despite these problems, the performance advantages are such that thermal soaring
sailplanes for major international and national contests will almost certainly be built up to
the largest sizes permitted under the rules.

Further improvements

Giventwosailplanes of maximum total surfacearea (1.5 sqm) and similar weight, theone
which has less drag will still perform better than the other. Further work has to be done to
establish the best compromise between the ‘swings and roundabouts’ of vortex and profile
drag, and the choice of wing profile also has to be considered.

LN Martin Simons
- . . . . 13 Loch Street
! If British Imperial units are still used, the Re is Stepney
found from V [ft/sec] x L [ft] x 6360. South Australia 5069

Looking for Others in the Area
Dear Readers,
We received the following request from the New Hampshire/Maine area:

“Do you know of any active R/C sailplane types in the White Mountain area or nearby in
western or southwestern Maine? We are just startingan R/C club here in the Conway area,
but I'm afraid there aren’t many glider guiders in the crowd. Most of the members are
power types, and my main interests are soaring and electrics. As usual, I may be the odd-
man out. Anyway, if you know of any active sailplane pilots or clubs in the area, I'd
appreciate the info.”

(signed), Jack Russell, P.O. Box 369, Madison, New Hampshire 03849
Response: Is anyone in Jack’s area? Jerry

WING AND T x COVERS Hf
QUILTED COVERS FOR YOUR SAILPLANE AND TRANSMITTER

UNLIMITED  $29.95 T x CASE $16.95

STANDARD 27.95 Holds 2 transmitters!

2-METER 25.95 Hard cover T x case. 12x16x6.

HL 23.95

T x COVER 4,95 SERVICE PLUS
1403 LINCOLNSHIRE RD

Add $3.05 S&H per order OKC, OK 73159

Buy 2 or more sets, shipping is free!

Wing covers with stab pocket, add $5.00 per set
Please include wing and stab dimensions with order.
Covers over 140", send S.A.S.E. with dimensions for quote.

(405) 692-1122
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order our catalog!

NorthEast Sailplane Products
If you love RC Soaring

What you will receive is the

of RC soaring kits available.
We don't just list kits, we
review them and provide you

To order a catalog, send $3 to: : v
g send$ are looking for! You'l also
NorthEast Sailplane Products
16 Kirby Lane
Wiliston, Vermont 05495
The $3 will be happily deducted teXt, phOtOS, a.nd 1llustr atIOI‘lS!
from your first NSP order!

most comprehensive catalog of

with the information that you

get technical information, tips,
and advice in over 60 pages of

(. 802-658-9482

Banzai mkII

Aerobatic Slope Soarer
wingspan: 60"

wing area: 450 sq. ins.
airfoil: Eppler 374 (mod.)
length: 36"

weight: 26 to 34 oz.
radio: 2 chan. min. (stand. size)
PRICE: $34.00

S&H: $3.50

For more info. or to order, write to:

Banzai Enterprises
2997 Anderson Ave.

Port Alberni, B.C.
VoY 2V3 Dealer Inquires Invited

Coming Soon:
Sonata: 2m thermal soarer
Odyssey: F3B, Racer
Manta sloper
PSS

"We don't do pewer, the airfoil IS the airplane.”
- Sal, Stan, and Jay...The NSP Gang

May 1990 R/C Soaring Digest
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Understanding Thermal
Soaring Sailplanes
Aspect ratio effects

...by Martin Simons

© Copyright by Martin Simons
All Rights Reserved

Once again, computed comparisons show how
development might proceed. In Figure 14 a wing
design of maximum allowed area with a span of 5
metres, is sketched. This wing has the same section,
Clark Y-PT, as the 4.5 metre wing whose polar
appeared earlier in Figure 13. A similar type of taper
has been used for both. The wing loading, 3 kg/sq
m, isassumed tobethesame. (This might notbe easy
to achieve in practice, but the assumption is made
for comparative purposes.) The crucial difference
between the two wings is the aspect ratio, 15 in one
case, 18.5 in the other. The high aspect ratio wing
aims to reduce vortex drag, even though this costs
some additional profile drag owing to the low Re of
the narrow chords. The lower aspect ratio wing
tends the other way, vortex drag will be greater but
profile drag is saved. The resulting polars are com-
pared in Figure 15, the open circles representing the
" 5 metre wing, the solid dots showing the 4.5 metre
wing. The tabulated figures (Tables 1 & 3) give the
L/Dratios and sink rates at each flight speed for the
two wings. (The actual values would be worse be-
cause of the drag of tail and fuselage, but the com-

parison remains valid.)
There is not very much difference in the polars for
these two wings and if they were used on two
otherwise similar models, any difference in flight

Table 3
Performance Polar for
Wing Number 2
Clark - Y -PT,
Wing Loading = 3.00 kg./sq. m.
Span = 5.00 metres,
Aspect Ratio = 18.51852
Root Chord = 31.60 cm.
Mid Chord =29.60 cm.,
Taper Ratio = 0.50

Velocity Sink  L/D

Metres/Sec M/Sec Ratio
2192 2347 934
1550 0887 1747
1265 0547  23.15
1096 0400 27.41
9.80 0.331 29.63
8.95 0.298 30.00*
8.28 0.282 2938
7.75 0264 2930
731 0.257* 28.38
6.93 0.788 879
6.61 0.705 937
6.33 0.640 9.89

Table 4
Performance Polar for
Wing Number 3
Clark - Y - PT,

Wing Loading = 3.00 kg./sq. m.
Span =6.00 metres,

Aspect Ratio = 26.66667

Root Chord = 27.00 cm.

Mid Chord = 24.20 cm.,

Taper Ratio = 0.50

SKETCH OF THE PLANFORM FOR WING 1

1.36 H_-ﬁ

25 M

FIGURE 14

Aspect ratic 18.51852  Taper ratio 0.50 Mesnchord 27.0cm.

—_—

e
e

31.6 ¢m

Washout 0 deg. Msss 4.050 Kg.

29.6 ¢m

Wing loeding 3.00 Kg/sq.m.

15.8 cm

¥ L/D
632 9.4
6.6 9

— 6.93 — 85

73 263

774 274
8.28 282

8.94 — 28.7
9.8 29.4
1095 277
1265 233

o8B = 5.00m AR

"B= 450m AR.

18.5M = 4.05 kw/S = 3 kg/sq.m.

13 M= 405 kiw/S5 = 3 kg/sa.m.

would hardly be detectable. They stall at the same Velocity Sink  L/D .

airspeed. The 5 metre wing would have a better low Metres/Sec  M/Sec Ratio SKETTH OF THE PLANFORM FOR WING 3 FIGURE 16

speed performance; the computer gives minimum 21.92 2.435 9.00 Aspect ratio 26.66667  Taper ratio 0.50 Meanchord 22.5¢cm.

sink rate of 0.257 m/s for this wingagainst 0.278 m/ 15.50 0910 17.02

s for the shorter span. Assuming, which is reason- 1265 0567 2231

able, thatadding the drag of fuselage and tail would 1096 0431  25.44 3 n

not greatly change the difference in performance, 980 0342 2863 1622 H——

theoretically, the model with high aspect ratio wing, 8.95 0302 29.66

perfectly trimmed and flying in the same air, would 828 0274 30.21 3 135 cn
be 1.26 metres higher than the 4.5 metre wing after 7.75 0.249*  31.09 * 1

one minute or, after ten minutes, 12.6 metres (41 ft). 7.31 0348 21.01 27 em 247 cm

This could conceivably show up in a contest be- 6.93 0753 9.21

tween equally skilful pilots. The best L/D ratios of 6.61 0.668  9.90 Washout 0 deg. Mass 4.050 Kg. Wing loeding 3.00 Kg/sq.m.

the two wings are very ...continued on page 16 6.33 0.600  10.54
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— >\_ close, 29.4 and 30.0. At the high speed end of the scale, the
lower aspect ratio wing has a very small advantage showing

Understanding up at flight speeds above 15 m/sec, but not enough to matter.
Thermal Soaring (15m/s=54 km/h =33.6mph.)The 1mp11.cat1$)r1 isthat f‘or this

. model, the swings/roundabouts equation is nearly in bal-
Sailplanes ance. The saving of vortex drag achieved by the higher aspect
...continued ratio is just about offset by the increased profile drag due to

the lower Re numbers.

In Table 4 figures are shown for a 6 metre span wing of aspect ratio 26.66, the geometry
shown in Figure 16. To build a model with this aspect ratio at this weight might be an
impractical proposition but the theoretical comparison is interesting. There is a further
improvement in minimum rate of sink, the best L./D improves by about one point, but the
4.5 metre wing does slightly better at high speeds. The polar curves appear in Figure 17.

Moving in the other direction, towards smaller
spans and lower aspect ratios, the original 4.5 metre Table 5
wing is compared in Figure 18 and 19 and Table 5 Performance Polar for
with one of 4 metres span, aspect ratio just under 12. Wing Number 4
There is virtually no difference between the two at Clark-Y - PT,
high speeds. The 4.5 metre wing does better at low Wing Loading = 3.00 kg./sq. m.
speeds, the advantage amounting, theoretically, to Span = 4.00 metres,
17.4 metres (58 ft) difference after ten minutes in the Aspect Ratio = 11.85185
same air. The 4.5 metre wing also has a better maxi- Root Chord = 39.80 cm.
mum L/D ratio. It seems that here the losses of Mid Chord = 36.80 cm.,
vortex drag caused by reducing the aspect ratio, are Taper Ratio = 0.50
beginning to outweigh, though only very slightly, Velocity Sink L/D
the savings of profile drag due to higher Re numbers. Metres/Sec  M/Sec  Ratio

Continuing to an even lower aspect ratio, Figures 2192 2253 973
20 and 21 together with Table 6 compare the polar of 1550 0833 17.56
the 4.5 metre wing with one of 3 metres span and 1265 0530 23.86
aspect ratio only 6.67. This speaks for itself. The low 1096 0401 2731
aspect ratio wing is considerably worse at all air- 9.80 0350  28.04*
speeds less than 15m/s, and flown at minimum sink 8.95 0327 2734
would be 81 m (266 ft) below the 4.5 metre wing after 8.28 0315 26.27
ten minutes. Vortex drag has increased considerably. 7.75 0311 2491
This would undoubtedly be noticeable in competi- 7.31 0.307* 23.77
tions. The very slightadvantageat high speeds would 693 0825 840
not compensate for this relatively poor soaring abil- 6.61 0.750  8.81
ity. 6.33 0.712 888

Three metres, or just under ten feet span, is a very popular size for a model sailplane.
Usually, however, such models are not built with large wing areas, so have aspect ratios
around 12 to 15. To make a final point in this section, Figure 22 with Table 7 compares the
polar of the 3 metre span model of Aspect ratio 6.7, from Figure 21, with a much more
‘ordinary’ 3 metre model with the same wing loading and aspect ratio twice as much. The
remarks above about the importance of using the largest permitted wing, should be
considered againin thelight of this result. The three metre sailplane is better at low speeds
than the low aspect ratio, large area type of similar span, but is inferior at higher speeds.
Evidently, the recommendation, to build large models, does not mean simply increasing
the wing area while keeping the span down to more orless standard limits. The aspect ratio,
and hence the wing span, must increase in proportion. ...continued on page 18
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¥ L/D
632 9.4
6.6 9
693 — 85
73 26.3
774 274
828 282 \

8.94 — 28.7
9.8 29.4 \
1095 217
1265 233
oB = 6.00m A.R.= 26.6M = 4.05 kW/S = 3 kg/sq.m.

*B= 450m AR = 15 M= 4.05 kiw/S = 3 kg/sqm.

SKETCH OF THE PLANFORM FOR WING 4 FIGURE 1%
Aspect rotio 11.85185  Taper ratio 0.50 Mesnchord 33.8cm.

2 M
1.085 H——-————l
__q—‘—&‘—\-mﬂ
19.9 ¢n
398 cm 36.8 cm

Washout 0 deg. Mass 4.050 Kg. Winglosding 3.00 Kg/eq.m.

John Dvorak has written to let
us know that they will be
selling this patch at the Interna-
tional Slope Race (July 7-8 at
Davenport, CA.) at AMA’s cost
— $3.25. John also says, “I'll
mail them for a SASE and the
$3.25.”

John Dvorak
¢/o South Bay Soaring Society
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— >\— At all flight speeds, as comparison of Table 2 and Table 7
show, the 3 metre, aspect ratio 12.7 wing is significantly

Understanding poorer than the 4.5 metres, A = 15 wing. The three metre

Thermal model flown at minimum sink, would be 28 metres (91 ft)

Soaring Sailplanes lower after ten minutes, and also would be inferior in pene-
...continued tration.

N
N

Figure 21 oB = 3.00m AR.= 666M= 4.05 kw/S = 3 kg/sqm.

1265 233

27.4 \
28.2
8.94 — 28.7
9.8 29.4 \
10.95 27.7
1265 233
°B= 4.00m AR = 11.8M= 4.05 kiW/S = 3 kg/sq.m.

N\

"B= 450m AR =15 M= 405 kw/S = 3 kg/sg.m.

"B= 450m AR. = 15 M= 405 kiwW/S = 3 kg/sq.m. — —
) 9754 Table 6 ff \
Performance Polar for . .
Summarizing Wing Number 5 Thermal Flylng Wlng
Generalizing from these results, a model for this type of soaring should be built witha wing Clark-Y - PT, Contest
span not less than 4 metres. To gain a little climbing ability, at some slight cost in Wing Loading = 3.00 kg./sq. m. . . . :
...continued on page 20 Span = 3.00 metres, Unwersxty. Of Cal"f?rnla
Aspect Ratio = 6.666667 at Dominguez Hills ||
SKETCH OF THE PLANFORM FOR WING § FIGURE 40 Root Chord = 52.50 cm. (Soaring Union of Los Angles
Aspect retio 6.666667  Taper ratio 0.50 Meanchord 45.0cm. Mid Chord = 49.50 cm., — SULA Field)
16 M Taper Ratio = 0.50 June 16, 1990
814 M ) Velocity  Sink LD Three Flights to Make 15 Minutes
: 1 Metres/Sec M/Sec  Ratio Current AMA License & Identification
21.92 2173  10.09 on Plane is Required
1265 0568 2226 Plane can have no separate
26.2 cm 1096 0467  23.45% horizontal tail.
9.80 0421 2331 Only other plane limitations are ||
8.95 0.413% 2165 standard FAI rules.
8.28 0415 19.97 Ability to launch from 12 volt winch
—_— 295 7.31 1.009  7.24 CD: Dave Jones (213) 316-3814
52.5 cm = tm 6.93 0969 715 Evenings
6.61 0926 7.14
Washout O deg. Msss 4.050 Kg. Wingloading 3.00 Kglsq.m. 6.33 0.871 7.97 & #
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Understanding
Thermal

Soaring Sailplanes
...continued

penetration, a span up to 6 metres might be
used but in practice anything between 4
and 5 metres would be satisfactory. Any
sailplane within these span limits, with the
largest permitted wing area, would be
competitive, the large spans being slightly
better in weak thermals, the smaller spans
being easier to handle in rough air and
marginally better at high speeds. The 4.5
metre (14.76ft) span, aspect ratio 15 wing
seems a very fair compromise.

Martin Simons
13 Loch Street

Stepney
South Australia 5069

Table 7

Performance Polar for
Wing Number 6

Clark - Y -PT,

Wing Loading = 3.00 kg./sq. m.
Span = 3.00 metres,

Aspect Ratio = 13.33333
Root Chord = 26.25 cm.
Mid Chord =24.75 cm,,

Taper Ratio = 0.50

Velocity

Metres/Sec
2192
15.50
12.65
10.96
9.80
8.95
8.28
7.75
7.31
6.93
6.61
6.33

Sink
M/Sec
2.456
0.944
0.660
0.486
0.409
0.369
0.340
0.325*
0.360
0.837
0.756
0.705

L/D
Ratio
8.92
16.41
19.17
22,55
23.99
24.28
24.36*
23.82
20.30
8.28
8.74
8.98

L/D
8.9
8.7
8.2

20.2
238
243

AN

242
239
225
i9.1

N

°B = 3.00m AR

‘B = 3.00m AR.

6.66M = 405 kiw/S = 3 kg/sq.m.

13.3M = 2.02 ki¥/S = 3 kg/sq.m.
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The DIGEST'S MAIL

latest news and information F3B

On the Subject of SMTS

Dear Jerry,

The SASS officers are still considering spon-
soring an SMTS “non-competition” (practice)
this summer to enable interested parties to get
familiar with the speed and distance events so
the club can decide whether or not to include
them in the 1991 contests.

On the subject of SMTS, I'll put in my two-bits
worth. [ selfishly want to see the 75 ounce
weight restriction go away to be replaced by
the 12 ounce/s.f. wing loading limit. The
reasonthisisselfishisthat my Lovesong weighs
(don’t laugh — the extra weight is due to
several repairs) 79 ounces. Also, I think lock-
ing out pilots just because they fly larger ships
is inappropriate, although I have to admit a
Lovesong can be built under the 75 ounce
limit. The cost and time-to-build differential
between, say, a 76 ounce Lovesong and the
lighter Falcon 880 or Camano is really insig-
nificant, though. Whether the Lovesong, be-
cause of its higher aspect ratio wing, has an
unfair performanceadvantageoverthe smaller
ships is a matter for debate. Maybe our prac-
tice session will shake out an answer —except
nobody around here is flying an 880. SASS, at
least, will be using the wing loading limit
rather than the absolute weight limit if we
sponsor any SMTS events. After all, this is
Lovesong country (and they fly better heavier:
higher Reynolds Number).

Sincerely, (signed) Waid Reynolds, Seattle Area
Soaring Society (sec./treas./ed.), 12448 - 83rd
Ave. S, Seattle, WA 98178

Response: Thanks forthe input Waid. I have
a few planes in this condition myself, and I
can certainly understand your point of view.
Your letter reminded me that now is proba-
bly agood timeto to tell thereaders about the
F3B/U.S.A. newsletter. Byron Blakeslee, in
the latest issue of Model Aviation, says:

“F3B/U.S.A. is the special newsletter for fans
of F3B and Sportsman Multi-Task flying.
The objective of F3B/U.S.A. is to print the

and SMT fliers need to keep up
with this fast-movingportion of the sport.
Subscriptions were formerly handled out
of an Irvine, CA P.O. Box, but since the
first of the year editor Randy Reynolds
has taken overresponsibility forthe sub-
scription list. Subscriptions are $12 per
year for six issues. Please send your
check to Randy Reynolds, 122 E. Uintah
St., Colorado Springs CO 80903 (Tel.719-
471-3160). If you sent a check to Irvine
andhaven’treceived a newsletter, please
check with Randy to see if your name
somehow missed getting on the list.”
Jerry

& & &
Dear Jim,
S-MTS last year...We, at SOAR, flew MTS
with some changes. We put a cap of 30
seconds on speed, 12 laps 4 minutes for
distance, and 6 minute duration with FAI
landing tape. There was no relaunch and
no working time. It worked very well, as
both the top guns and the sportsmen flew
together. With the cap on speed and dis-
tance, there is no need for a 75 oz. or 12 oz.
/ sq. ft. restriction. the speed was set to the
1984 qualification plus 3 seconds. The
distance task was 6 laps for the first round.
If you did not make 6 laps, it stayed at 6. If
you made 6 laps or more, it went to 8 laps
in the next round. Then, it went to 12 laps
in the 3rd round.

In 1984, I flew in the finals in California. I
was flying a 107 inch SAGITTA flat wing
with ailerons and spoilers. Thisairplaneis
a very good MTS airplane, BUT it weighs
80 oz. (too bad). Also, if you figure the
wing loading, it comes out to be 12.67 oz./
sq. ft. (too bad, again).

Forget the restrictions on the airplane!
Design the task to fit what real people are
flying.

At our contest, we had COMETS, KINGS,
SAGITTA, ANTARIES, and several FF
originals. Everyone...continued on page 22
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The earlier articles in this series dealt in
general terms with the glide polar, the
effects of adding or removing ballast, and

UnderStandlng Thermal the influence on performance of model
Soaring Sailplanes size and wing aspect ratio. The impor-
Part 3 tance of high speed performance, or

‘penetration” was stressed. It was indi-

cated that for success in thermal soaring,

>

...by Martin Simons

largest permitted wing area, with spans
between four and five metres, and, ac-
cordingly, aspect ratios between 12 and
18. An allowance of 10% of the wing area
is assumed for the horizontal stabiliser to keep within the permitted maximum total of 1.5
sqm. A 4.5 metrespan wing, of 1.35sq metres area with aspect ratio 15 was offered asa good
compromise. This does not mean such a model willalways win contestsbut onaverage over
a period it will prove more consistent than smaller models and will be fully competitive
with other large ones.

In what follows it is assumed that the sailplane will conform to these dimensions.
Although the question of ballast will be re-examined towards the end of this section, for the
present it is also assumed that the sailplane will be loaded to 3 kg/sq metre of wing area,
i.e., slightly under 10 ounces per square foot, ignoring the horizontal tail area.

The choice of wing section

The above recommendations are not affected by choice of wing profile. It would be a
mistake to think that the aerodynamic disadvantages of a small model can be overcome by
choosing a wing section that does especially well at low Reynolds numbers. A successful
small model will invariably be surpassed by alarger one of similar wing loading and aspect
ratio, even with the same wing section. The only advantages of the small model are those
previously mentioned: greater maneuverability in the air, greater ease of transportation on
the ground, and less cost in money and time spent in building. By far the most important
aerodynamic improvement in model sailplane performance comes as a result of using the
largest possible wing. After this the choice of profilebecomesimportant but no miracles are
to be expected.

As previously, the objective first is to discover a wing which will give a low rate of sink
when flying slowly, a gentle stall to permit easy circling in the rough air of thermals, and
at the same time low profile drag at high speeds to achieve good penetration. All these
requirements have been explained in the earlier articles. The fuselage and tail are still
omitted on theassumption that the sailplane with a good wing will do better than one with
a poor wing. The object now is not to compare absolute sailplane performance figures, but
to discover how profile selection affects the wing. This can be established by comparing
wing polar curves. All figures below stating minimum sink rates and glide ratios, refer only
to the wing. A real sailplane will of course not achieve these performances, but the
comparison of wing against wing remains valid. Parasitic drag will be considered later in
the series.

© Copyright by Martin Simons
All Rights Reserved

Wind tunnel tests
Itisalmosttotally futileto try to select wing sections for models by using thecalculated drag
polars for wing profiles which have, from time to time, been published. Experiment shows
that while the computed dragand lift figures are achieved on full-sized aircraft, scale effect,
i.e., low Reynolds numbers, on model wings causes such changes in the boundary layer
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model sailplanes should be built with the .

R |
flows that the calculations are seriously wrong. The errors >\
become greater as the wings become smaller and fly slower.

The sailplane models considered here are large, but they still
operate at Reynolds numbers too small for boundary layer theory, at its present state of

development, to be fully applicable. A good deal is known now about the boundary layer
but numerical quantitative work is still very imperfect at speeds relevant to model flying.
New discoveries are still being made and developments may be expected eventually but
full explanations of the behavior of airflow over a model wing have not appeared yet. Until
they do so, the modeller should be very sceptical about theoretical drag charts for wing
sections.

The wind tunnel test has the important advantage of testing an actual model wing in real
air, and to that extent is more reliable. This is not to say, however, that wind tunnel results
can be used without a good deal of caution. Some margin must always be allowed for
experimental error. No wind tunnel is perfectly accurate and no wind tunnel test specimen
conforms exactly to the specified ordinates. Even when testing the same nominal wing
profile, different laboratories never produce identical test figures and confusion follows if
this is ignored. It is not always justifiable to suppose even that all tests published by one
laboratory will have been done under identical conditions. This applies, for instance, to
some earlier and later results from the well known Stuttgart model wind tunnel in
Germany.

Weare greatly aided by the availability now of the results from the Princeton University
wind tunnel tests by Michael Selig, John Donovan and David Fraser, published by Herk
Stokely as Soartech 8.1 All the sections were measured under standard conditions by the
same team, with the same equipment, so the results are self-consistent. Soartech 8 contains
detailed explanations of the test methods.

The Princeton tests encompassed a large number of profiles, many were tested with
various types of boundary layer control devices, and some with different types of surface
coveringand finish. Selig and Donovan also developed a number of new profiles and tested
these too, in the hope of making genuine improvements in profile design.

The diagrams and tables which will follow in future months rely entirely on this
relatively new data. For the present only plain airfoil sections will be considered, without
flaps or turbulators.

& & & Martin Simons
! Soartech 8 is available direct from Herk Stokely, 1504 13 I;t)ec:niytreet
i irgini Vv USA
North Horseshoe Circle, Virginia Beach, VA 23451, South Australia 5069

\

@ The Casio 376
Altimeter Watch

Readers, if you're considering
purchasing a Casio 510, you
might want to hold off until
you can compare it with the
Casio 376. Lee Murray has
written an evaluation of this

LS-1...continued

Many club members are building the LS-1, even new
pilots are making the LS-1 their first scratch built
aileron ship. In the near future a “One Design”
contest is inevitable and we are hoping for a good
turnout. In order to share this design with other
modelers, plans have been madeavailable. For $7.00

MoneyOrder), youcan get -
watch, and we're planning on :'eally )::lean CXD dravgvn Mlkf Reed
including it in the next issue of plans, a template sheet and 17 25 Dumzér: ;ﬁ;a?yz O#B
@CS D. Judy /] athree view drawing. orona, LA
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Betore continuing the main discussion, it is worth

& m/e

reconti \ Understanding Thermal [F =~ V[1G m/e V[IE mie V|20 mie V[Z6 mie V[30 e
considering first what effect it may have on model . -
performance if the wing itself, as built, is not very Soarlng Sallplanes e S m f“"“\ ° 6.‘(32 Lif:'e
accurate. In full sized sailplane manufacture it is Part 3 e -  § 66 — 24.6 ——
usual now to lay up the reinforced plastic compo- 693 254
nents in female moulds of very high precision. ...by Martin Simons \\ 7.3 265
The aircraft is built from the outermost skin in- © Copyright by Martin Simons Yo | m/e \\ g;g - gg.‘s —
wards. Even so, new wings emerging from the All Rights Reserved .Y L/o 894 293
factory commonly depart measurably from the Accuracy in buildi 6.32 121 \ 9.8 302
) . X ) . Y in pbuuaing 6.6 242 ?

designed ordinates and, in service, the resins and Ys 1.5 m/s 6.9% — 257 10.95 293 |
adhesives tend to shift slightly, producing further errors, especially small waves, humps and hol- 13 26.1 : gzg ‘:‘gz
lows. These may be large enough to affect flight performance. Owners sometimes spend han- 274 274 2181 73
dreds of hours sanding and filling the profiles to try to overcome these defects. With model wings, [¥8 2 m/s ggi - gg ]
a small wave or bump represents a relatively larger error. 5.8 38.9

The sections tested at Princeton were made by model fliers and each was measured accurately 1095 29 \ Figure 23
by a special instrument to see how far it departed from the intended profile. These measurements [¥s 2.5 m/s 1265 205 R '
demonstrated that only the Performance Polar for Wing
best test piece}si fitted t:e ordi- {0 mss Y5 mss ¥{10 mss YIS mss Y20 mes v|25 mss Y30 mds Selig — Donovan 6080 SD 6080 Thick T.E.
nates everywhere within + or ] L/D . . .
- 0.1 millimetres (004 inches |ys & mss rf*-.l ° 6.93 i2.4 ;/,IeltOCIt/yS 1S\I;nk LD Sink LD
See Soartech 8, p90.). Many of 7.3 — 235 ——| ‘eresivec [Sec Ratio M/Sec  Ratio

P ¢ ! 174 249 21.92 2.970 7.38

thesamples showed errors, es- 8:28 548 : . . 2815 7.79
peciallyneartrailingandlead- |y, 1 mzs 894 357 15.50 1.019 15.21 1.254 12.36
ing edges, of more than 0.75 v D \ 98 — 251 — 12.65 0.567 22.32 0.615 20.59
mm (.03 ins). It is very easy to 693 10 : ggg f:g 10.96 0.373 29.37 0.377 29.06 MAX
builda wingmuchworsethan [, ¢ . 23 22.8 1549 141 9.80 0.324 30.24 MAX 0.338 28.97
this. For example, the Eppler : 7.74 — 254 2161 ~ 49 8.95 0.305 2931 0.308 29.02
193 section as tested proved to 333 ‘222;’ \ 8.28 0.281 29.47 0.285 29.07
be closer to Eppler 205 than to ‘o 2 ms o8 5 27 \ 7.75 0.275 28.15 0.282 27.48
its own ordinates. It was also |=——————1— 10.95 - 24.; x Zg; g%;g ggig 8%23 MIN %g;g
found that some nominally dif- 1265  20. . . - V.26 .
ferent sections actuallyydif- ;?g? : gg Figur e 24 6.61 0.268 MIN 24.63 0.273 24.22
fered less from one another Y225 m/s : i0. . 6.33 0.456 13.87 0.522 12.11
than each differed from its own ordinates. Performance Polar for Wing nying tables, illustrate this.
This should at least give food for thought The profile, SD 6080 was designed by Selig and Donovan for sailplanes. It
when model fliers C;O,aim that this or t%at Eppler 374 B-PT Eppler 374 B Wavy ., tegced in an accurate form (gaverag}; depgarture from ordinates (})).13 mm,
airfoil section has been used. Velocity Sink LD Sink L/D 0.0052 in) and was then altered deliberately by thickening the trailing edge.

To achieve precision equal to the better Metres/Sec ~ M/Sec Ratio M/Sec  Ratio Probably most model sailplanes actually flown do not have a perfect knife
test sections used in the Princeton tunnel, if 2192 2.204 995 2.003 10.94 edge at the rear. It has frequently been argued that the T.E. needs to be very
awingsectionisdrawnonpaperbyamodern 1550 1.099 14.11 1167 13.28 sharp and many modellers have indeed spent much effort trying to achieve
computer-controlled plotter witha 0.2 mm 1265 0.686 18.44 0.615 20.58 this.
draughting pen, the outline profileoftheac-  10.96 0.460 23.84 0.449 24.42 The two wing polars in Figure 23, with the accompanying comparative
tual wing as built should not depart visibly 980 0.390 25.11 0.397 24.70 tables of sink rates and L /D ratios, suggest that such a fault might not be very
from that 0.2 mm line at any point. 895 0.347 25.77 MAX 0.356 25.12 serious in practice. At low speeds, there is so little difference that it is negli-

However, modellers with less than excel- 8.08 0.333 24.89 0.321 2579 MAX gible: the minimum rate of sink differs by only .001 metres per second, i.e., 1
lent skills need not despair. Perhaps because 7.75 0311 24.91 0.308 MIN 2519 mm. Thethick trailing edge is slightly more than one point poorerin best glide
low Re number theory is still somewhat 7.31 0311 MIN 2350 0320 2281 ratio. Curiously, at high speeds the two curves approach one another again
underdeveloped, a slightly inaccurate wing 6.93 0.556 12.46 0.691 10.03 and even cross over.
profile may not in fact turn out badly in Although not perhaps the ideal choice for a thermal sailplane, the Eppler
flight. Figures 23 and 24, with the accompa- 374 section has been used for some successful cross  ...continued on page 16
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Understanding country soarers. This profile was tested in a highly accurate
Thermal form (E 374B, average departure from contour .016 mm (.0063
Soaring Sailplanes ins) and then modelling clay was laid on the leading edge to
continued make the front 15% of the wing distinctly wavy, more so than

any normal model wing would be. In Figure 24 the polars of
clean and wavy~lay wings of 4.5 metre span are compared. The table with this chart shows

the rate of sink and glide ratio at each flight speed (still ignoring fuselage and tail drag). As
before, thelow speed end of the curvesare virtually thesame. Ifany advantageis detectable,
it is actually the wavy leading edged profile that does fractionally better. At the higher
velocities the wavy leading edge profile again shows a very slight advantage, though the
curves cross over twice.

Such outcomes should not be taken to apply to every wing section or to every kind of
model. The result may be anomalous or peculiar to these particular profiles. Nevertheless,
although general inaccuracies in building can hardly beadvan-

tageous in the long run, there is very little evidence so far to

suggest that a perfectly accurate wing, on which much time and Martin Simons
energy has to be spent, will necessarily perform better on a 13 Loch Street
thermal soaring sailplane than one which has been produced Stepney

with a more moderate effort. South Australia 5069

SABER...continued

ished wing panels with servos installed weigh only about 16 oz. each! The Saber has a total
wing area of about 1030 square inches, a span of 121" and a total flying weight of 70 ounces.
It carries 20 oz. of ballast with ease.

The wing planform is similar to that of our old Maestro Megan and Maestro Caliente
multi-channel gliders that we kitted in the 1970s. This planform has since become know as
amodified Schumann planform. We employed it in the Saber, for the same reason that we
used it in the Megan and Caliente, to get the Center of Gravity more rearward on the
fuselage to minimize the amount of nose weight required to balance the plane. Many
Schumann and modified Schumann winged gliders have had serious tip stall problemsand
require performance eating tip washout. I am happy to report that the design of the Saber
eliminates both any tip stall tendency and the need for tip washout.

The Stabs/Rudder
The stab utilizes quick and easy foam core construction and the new SD8020 airfoil. It is
fully sheeted and requires no TE reinforcing. The stabs can be built in a flash, are light-
weight and extremely strong and flutter free. The rudder is also foam core and is sheeted
with 1/32" balsa.
Controls
The controls are Flaps, Ailerons, Crow, Full TE camber both positiveand negative, Rudder
and Elevator. A computer radio is required. The plans show an Airtronics Vision radio
installation.
Performance
Light-lift low altitude thermaling ability is similar to the
Lovesong. The maximum L/D is nearly as high as that of Bob Dodgson
a Lovesong (over 25 to 1). Inreflex, it hasa top end similar 21230 Damson Road
tothefaster sinking gliders using the $3021 airfoil. Inshort, Bothell, WA 98021
the Saber combines a blend of minimum sinking speed,
maximum L/D and high-speed performance.
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Some thoughts on “Understanding Thermal Soaring Sailplanes”...by Greg Harding

“Ireally liked the Martin Simons article in the March issue of RCSD concerning the effects
of wing loading. Ithought, however, that in the discussion of its effects on turning radius,
one rather basic element was left out or over-simplified.

“Mr. Simons says that “at any given angle of bank the radius of the turn, ballasted, will be
larger than for thelightly loaded model.” Ithoughtit might be worth pointing out that wing
loading by itself does not effect turning radius at all. In fact, the only things that determine
turning radius (or rate of turn, for that matter) are the angle of bank (already mentioned)
and the airspeed. Of course, this means that Mr. Simons was, for all practical purposes,
correct because the heavier glider will have to fly faster in order to maintain its minimum
sink speed. However, if the two gliders were flying at the same speed and angle of bank,
their radii of turn would have to be identical no matter how they were loaded.

“As a matter of fact, that radius is pretty easy to figure out if you know the speed and bank
angle. The radius equals the speed times itself divided by 11.26 times the tangent of the
bank angleor: r =V? / (11.26 tan 6) where r=radius in feet, V=true airspeed in knots, and
6=theangleof bank. For example, a glider flying at 25 knots and turning in a 35 degree bank
will have a turning radius of 79.271 feet. In a 45 degree bank at the same speed, the radius
goes down to 55.5 feet. And it doesn’t matter a lick what the wing loading is at all. (The
rate of turn in degrees per sec. = (1091 tan 6) / V.)

“This can be a startling revelation if you’ve never thought about it before. It was for me.
It means that a Piper Cub and a 747 will have the same turn radius if they fly at the same
bank angleand speed. Of course, I don’t think it’s possible for themto fly at the same speed.
Either the 747 would stall and fall down or the Cub would rip its wings off. To a certain
extent, the same will be true for differently loaded models. While you could probably fly
a 6 oz. per sq. ft. HLG and a 20 oz. per sq. ft. slope racer at the same speed, one or both of
them wouldn’t be flying very well. So, again, Mr. Simonsis right and probably alll'm doing
is complicating the issue.”

Greg Harding, P.O. Box 103 RD 1, Reading, PA 19607

Response: “Greg Harding is, of course, quite right. The radius of turn is not directly
determined by the wing loading. The relationship between radius, velocity and bank
angle is, as he says,

R=V?*/Tanb g

So, since for a given 8, g and V, the radius is the same whatever the size or mass of the
aircraft. I didn’t make that clear enough.

But, as Greg also appreciates, to maintain a turn at a given bank angle requires a lift force
from the wing and the wing structure has to be capable of withstanding the ‘g’ loads of
acceleration which also depend on the bank angle (and not on velocity). In practice, to
make a turn with least loss of height with a glider, the speed is adjusted to maintain
efficiency, so the radius is larger with the ballasted model since the airspeed is
(normally) greater.” Martin Simons

California Slope Racers Present
Santa Maria (One Day Regional) Slope Race in October, 1990
Santa Maria Soaring Society -- Advance Registration is requested — No deadline
C.D.: Rich Beardsley, 2401 Country Lane, Santa Maria, CA 93455
(805) 934-3191
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Understanding
Thermal
Soaring Sailplanes
Part 3

continued

...by Martin Simons
© Copyright by Martin Simons
All Rights Reserved

Camber and thickness

If it is allowed that minor errors in con-
struction are unavoidable but also that
they need not always have deleterious
effects on performance, it seems reason-
able to suppose that that major features
of the wing section, rather than the finer
details, should be considered first.

Thetwo mostimportant features of the
wing profile, for the model flier, are
camber and section thickness. It has to be
said, as it has been said many times be-
fore, that these features of a profile can-
not safely be judged by eye, and most of
the common, extremely old-fashioned
terms used, even now, by modellers, such
as ‘semi-symmetrical’, ‘undercambered’,
‘flat bottomed’ and even ‘Phillips entry’,
etc, are highly misleading from the aero-
dynamic viewpoint. To choosean aerofoil
section on the basis of such phrases is to
choose wrongly. It is a pity that experi-
enced model fliers, and even respected
writers who by now should know better,
still confuse beginners, and perhaps con-
fuse even themselves, by retaining such
sloppy terminology.

Thereis someexcuse for ‘flat bottomed’
because such wings are easy to build on
a simple table or board, but that is the
only significancethis term has. Similarly,
an undercambered section may require
special care in attaching covering to a
wing, sincethe film, fabric or tissuetends
to pull away from concave areas. ‘Semi-
symmetrical’ is strictly a contradiction in
terms; asectionis either symmetrical orit
has camber. It cannot be semi- cambered,
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s0 it cannot be semi-symmetrical. (Con-
sider whether it is possible to be ‘semi-
pregnant’!) The term, ‘bi-convex’ is
slightly better, but it stilldoes not indicate
what the camber of the section actually is.
(A fully symmetrical section, for instance,
isbi-convex.) Thetermis unhelpful except
when jigging the leading and trailing
edges on the building board.

Phillips was an English experimenter
of the 19th Century, whosework haslong
ago been surpassed. The Phillips entry,
as patented by him in 1891, was in any
case not remotely like the so-called
‘Phillips entry’ beloved by some confused
model fliers today. How this strange
muddle entered model flying terminol-
ogy is rather a mystery, but it has existed
since at least 1938 in the literature. It was
wrongly applied then, as it is now. Any-
one using this term is self-convicted of
being a hundred years behind the times
and mentally confused into the bargain!

The camber of a wing section is mea-
sured from the camber or skeleton line.
Thisis theline whichlies midway between
the upper and the lower surfaces of the
profile. Whatever methods may have
been used in designing the profile as a
whole, thecamber canbefound accurately
enough for practical purposes by locating
themid line, and measuring its maximum
distance from the true chord line of the
section. Even a profile devised by draw-
ing curved lines round the traditional
bootsole, can be analysed for camber in
this way. So canamodern section worked
out by advanced computing techniques
using ‘panel methods’ and the latest
boundary layer theories. Two sections
may look very different (forinstance they
may differ in thickness), but if they have
exactly the same camber they will behave
very much alike in the air.

Sometimes the maximum camber of a
section may be stated clearly along with
the ordinates, or in the numerical system
used to identify the section. It is usual to
express the maximum camber as a per-
centage of the chord. Thus, for the fa-
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mous NACA 4 digit series of pro-
files, the first figure always indi-
cates the maximum camber in
percent, 4412 has 4% camber, 2412
has 2% camber, 6409 has 6% cam-
ber, 0010 has no camber (sym-
metrical) and so on. A camber of
8% is very high, 1% orlessis small.
Zero camber, of course, applies to
all symmetrical sections.

The exact shape of the camber
line and whether the curvature of
the camber line is evenly distrib-
uted or concentrated more to-
wardsleadingortrailingedge, are
less significant factors than the
totalamount of camber. Thisis not
to say that the form of the camber
line may be ignored, but the first
thing to consider is the total
amount of camber. Its distribution
is quite secondary in importance.

The same applies to the thick-
ness.Oncethemaximum thickness
of the wing profile is known, it
may be useful to consider whether
the equation which was used to
workout theexactformtofitround
the camber line was intended to
encourage a larger or smaller pro-
portion of laminar flow in the
boundary layer. But even now it is
not really known what effect these
details have on the performance
of the wing at model sailplane
speeds and sizes, whereas the ba-
sic thickness, expressed as a per-
centage of the wing chord, clearly
does havean important influence.
On model aircraft, sections be-
tween 8 and 15% thick are usual
but there is no hard and fast rule
about these limits. They are quite
oftenexceeded for various reasons.

Martin Simons
13 Loch Street
Stepney
South Australia 5069
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A Special Wing Tip
...by Gert Kam(ffer

Here is something to think about when making
foam wings...

I have found that the Koto veneer that is avail-
able locally is too thin to give enough strength
to a wing without the help of a main-spar. The
idea of this design is to keep it as light as
possible, and extra glass would only add to the
weight. Some years ago I got some aluminum
litho-sheets from a printer...sheets 100 X 60 cm
and 0,3 mm thick. First, I tried making U-
shaped beams but had difficulty, as the taper
got thinner. I had intended putting two U-
shapes back-to-back, but ended up making
two L-shapes. To get the epoxy to hold prop-
erly, I drilled some 5 mm holes at regular
intervals.

The foam blanks were lined with polythene
sheet and the cores were assembled with the
litho-spars and epoxy and allowed to cure in
theblanks, suitably weighted, before skinning.
Thefinished cores were given Jelotong leading
edges before being covered with a single layer
of the Koto veneer. Only one litho-strip was
used in the polyhedral panels.

The proof of the pudding is that it survived a
mid-air meeting which gashed the wing right
up to the main-spar without damaging the
spar itself. The nice thing about a foam wing is
that it’s so easy to repair. Allldid was to saw
a square piece out of the wing, glue another
piece of foam back in and replace the leading
edge past the break on either side, sanded it to
shape and veneered over the top. Except for
glue-drying time, it didn’t take more than forty
minutes! Despite the 9 oz./ ft2 wing loading,
the repaired wing can still handle semi-F3B
launches...

Southern Soaring Club
Southeaster Newsletter
Editor: Dave Hayward
14 Roseberry Road
Mowbray 7700 South Africa
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Understanding
Thermal
Soaring Sailplanes
Part 3...continued

...by Martin Simons
© Copyright by Martin Simons
All Rights Reserved

Performance calculations

All that follows should be understood in
thelight of what hasbeensaid previously.

Each of figures 25 through 31 (25 & 26
to be discussed this month), each with its
appropriate table, is a comparison of
wings of the same span, planform and
loading, with different aerofoil sections.
A similar method was used in Part 2, to
compare wingsof identical section (Clark
Y) but of various sizes and aspect ratios,
and above to show the effects of profile
inaccuracies.

Clark Y versus NACA 6409

It is often thought that a thermal soaring
sailplane should have a strongly cam-
bered wing profile to produce a low
stalling speed and minimum rateof sink.
Experience with free flight sailplanes
reinforces this idea. However, free flight
models, apart from the towline launch,
are trimmed to fly at one airspeed,
whereas theradio controlled model must
fly efficiently at varying speeds, as ex-
plained in Part 1 of this series. Never-
theless, it is worth considering the pos-
sibilities of using large camber. In Figure
25 the NACA 6409 profile is compared
with the Clark Y wing which was the
basis for Part 2 of these articles. Both
sections were tested at Princeton but the
6409 was the only profile in these tests
which had an open framework type of
construction with film or fabric covering
that sagged between the ribs. The 6409 is
of course thinner than the Clark Y (9%
against 11.72%) but has 6.0% camber,
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one of the most strongly cambered sec-
tions likely to be considered for a radio
controlled sailplane. The camber of
Princeton Clark Y model is 3.55%.

The outcome of this comparison is
probably not surprising. The thin,
strongly cambered profile produces a
low stalling speed combined with a low
minimum rate of sink. The best glide
ratio is fractionally better than that of the
Clark Y wing but the ‘penetration’ glide
is very poor.

Thedifferencein minimum rateof sink
is 1.7 cm (.67 ins) per second, which after
ten minutes of perfectly trimmed flight
in the same air would be 10 metres (33 ft)
differencein altitude. Thus in conditions
with weak liftand very narrow thermals,
or no lift at all, the NACA 6409 model
would haveameasurableadvantageover
the Clark section. However, in almost
any other kind of weather, the Clark
wing would be more practical, being
capable of searching for lift over a wider
area and escaping from sink more
quickly. Once established in a thermal of
reasonablesizeand strength, the Clark Y
wing would climb almost as fast as the
6409, if the 6409 model ever reached the
lift at all.

Wortmann FX 63-137 versus Clark Y
Thin wing profiles such as the NACA
6409 tend to have narrow drag buckets.
Thatis, the drag increases rather sharply
on either side of the ideal trim. The stall
of such profiles also tends to be rather
abrupt. Sections of moderate thickness
generally have a wider range of useful
trims, a milder stall than thin profiles,
and develop higher lift coefficients with
only a slight over-all drag penalty. It is
possible that a sailplane with a thick
section of 6% camber, though having
higher drag on average, would perform
better at both ends of the speed range,
low and high, while probably doing less
well in the middle range, about the best
L/D trim.

Following this line of thought, Figure
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Figure 25 Performance Polar for Wing
CLARK -Y - PT NACA 6409 - PT
Velocity Sink LD Sink L/D
Metres/Sec M/Sec Ratio M/Sec Ratio
21.92 2.301 9.53 3.081 7.11
15.50 0.891 17.39 1.348 11.50
12.65 0.543 23.31 0907 13.96
10.96 0.395 27.71 0.722 15.18
9.80 0.333 29.41 MAX  0.602 16.29
8.95 0.311 28.79 0327 27.33
8.28 0.293 28.25 0.278 29.83 MAX
7.75 0.282 2748 0.265 29.27
731 0278 MIN  26.30 0.264 27.71
6.93 0.815 8.50 0.264 26.30
6.61 0.734 9.00 0.261 2532
6.33 0.670 9.44 0.261 MIN 24.27
6.08 0.430 14.12
5.86 0.565 10.36

26 compares the Clark Y with the
Wortmann FX 63-137. The 63-137 was
designed for muscle-powered aircraft
and was therefore intended to have a
particularly good ‘power factor’, this
being also the factor which governs the
minimum rate of sink of a sailplane. It
was used on some of the earlier human-
powered aircraft and it has also been
very extensively studied by aerody-
namicists looking for aerofoils for high
altitude and remotely piloted surveil-
lance vehicles.

November 1990

The profile, as tested at Princeton has
almost 6% camber and is 13.59% thick. It
was not one of the most accurate models
tested, the average departure from the
true ordinates being 0.8 mm (.0322 ins).
The polar curve shows very much what
should be expected. The stalling speed is
lower than the 6409. The minimum rate
of sink is not so good, in fact not signifi-
cantly different from the Clark Y, but it
occurs ata lowerairspeed. Thebest glide
ratio, in the middle speed range, is not so
good, and the high speed glide is better
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Figure 26 Performance Polar for Wing
CLARK -Y - PT WORTMANN FX63 - 137
Velocity Sink LD Sink LD
Metres/Sec M/Sec Ratio M/Sec Ratio
21.92 2.301 9.53 3.507 6.25
15.50 0.891 17.39 1.195 1297
12.65 0.543 2331 0.700 18.07
10.96 0.395 27.71 0.505 21.69
9.80 0.333 2941 MAX 0422 23.24
895 0.311 28.79 0.364 24.61
8.28 0.293 28.25 0.331 24.99 MAX
7.75 0.282 27.48 0.318 24.36
7.31 0.278MIN  26.30 0.303 24.12
6.93 0.815 8.50 0.292 23.70
6.61 0.734 9.00 0.283 23.37
6.33 0.670 9.44 0.281 22.51
6.08 0.279 MIN 21.75
5.86 0.285 20.52
5.66 0.402 14.09
5.48 0.488 11.23

than the NACA 6409, although inferior
to the Clark Y wing.

It seems from this that by using a cam-
berashigh as 6%, witheither thick or thin
form, the modeller will produce a ‘one
speed’ or ‘floater’ sailplane suitable only
for practically windless conditions with
weak and narrow thermals, or no
thermals at all. This should not astonish
anyone but it should be noted that such
camber values do not actually reducethe
fundamental minimum sinking speed
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figures very much, ifatall. They produce
a model which flies slower, but comes
down almost as quickly or at about the
same rate, as the Clark Y.

Martin Simons
13 Loch Street
Stepney
South Australia 5069
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Using
The
RC Channel

Analyzer
...by Kurt Rosner

Having volunteered to run the transmitter
impound and channel security at the 1990
F3B team selection, I was happy to get my
hands on Jim Hauser's prototype ‘RC
CHANNEL ANALYZER' for that
spectator event. This device, which I tend
to think of as the ‘Magic Wand' (MW),
was mentioned, with photograph, in Bob
Underwood’s column in the September
1990 issue of Model Aviation, page 135.

MW is not quite a radio receiver, and it is
not quite a spectrum analyzer, but it
receives radio signals and displays them
in visual form like a spectrum analyzer.
Picture a fuzzy horizontal line at the
bottom of a screen, the fuzz representing
background radio noise, with signals
showing as bumps or tall skinny peaks,
or tall fat peaks, depending on the re-
ceived signal strength and bandwidth,
and you've got it.

Jim created MW for RC aircraft use, so
the spectrum itdisplays is from72.0MHZ
to73.0MHZ. Ittakesa3/4turnofalarge
knobto cover thatrange on the prototype.
When a signal is lined up exactly in the
center of the screen, the frequency or RC
channel number can be read off the scale
directly under the knob’s pointer. Sig-
nals up to 60 KHZ away on either side of
center can also be identified on the 2-3/
8inchsquare LCD (liquid crystal display)
screen that covers a 120 KHZ chunk of
thefrequency spectrum horizontally,and
60 db of signal strength vertically. The
dial is calibrated in 20 KHZ steps, or it
can be calibrated in RC channel numbers.

It's the telescoping whip antenna that
createsthemagic wand: withtheantenna
collapsed for maximum attenuation,
wave the wand over the transmitter im-
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pound area while turning the knob from
stop to stop, and quickly seeand identify
any hot transmitter. Extend the antenna
and search for commercial stations and
RC turkeys who set up within shoot-
down range of your operation without
announcing their presence.

The analyzer is compact, light-weight,
runs many, many hours on a 9-volt bat-
tery, and is easier and faster to use than
monitor receivers (scanners). Youcannot
get the “big picture” instantly with a
receiver; scannerslock on to signals, and
havetobeconstantly diddled to continue
scanning or searching in the presence of
signals. Of course, MW won't alert you
if you're not looking at it, and, as I dis-
covered over Labor Day weekend, even
a magic wand is only as sharp as its
operator!

Jim has started work on an improved
version. There will be no knob because
of the inherent weaknesses of potenti-
ometers. A key pad will control the
“tuning”; pushing onekey will show the
entire 1 MHZ spectrum, giving you a
really big picture, then you zoom in on
areas of interest by playing the keys. A
digital readout will show the selected
frequency or RC channel number, per-
haps both.

Enough interest has been expressed in
MW by RCers that Jim will produce the
improved version in small quantities at
about $500 each. That price should put
the analyzer within reach of the larger
clubs. AllRCclubs should own, and use,
some sort of “early warning” device.
Many RCers have such expensive air-
craft now that a further investment to
protect the aircraft from shoot-downs
seems reasonable. MW should be avail-
able in January, 1991.

Please dropJimalineifyouareinterested
in obtaining additional information.

Jim Hauser
The Aero Spectra Corporation
P.O. Box 3021
Boulder, CO 80307 E\

Page 13



Understanding
Thermal
Soaring Sailplanes
Part 3...continued

...by Martin Simons
& Copyright by Martin Simons
All Rights Reserved

Eppler 214 vs Clark Y
The Clark Y prrnfﬂp was designed for
full-sized aircraft about 19201 It ought

to be possible in 1991 to do better for a
model sailplane than this, Weare, how-
ever, in for some surprises.

The Eppler 214 was designed specifi-
cally for models and has been widely
used on thermal soarers. The Princeton
test piecehad 4.03% camberand is11.10%
thick. It is thus only a little thinner and
only slightly more cambered than the
Clark ¥, The main difference 15 that the
E214 was designed according to sophis-
ticated boundary layer theories which
Clark could not have known.

The comparison in Figure 27 must be
rather disturbing to the thearetical
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‘:hy fif js
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Va | mi ™, ;.a 1286
T4 — 2707
. ;‘52 !'.;2 \' BERB gn il
6 & \ B.94 217
Y3 1.5 msa | 619.’1 — BE i 98 7247
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: AN 1549 12
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Flgure:23 Performance Polar for Wing
CLARK -Y - PT EPFLER 214
Velocity Sink LD Sink 112
Metrea/Sec  MiSec Rato M/Sec Ratio
2192 2301 953 2930 748
1550 0891 1739 1.291 12.00
1265 0.543 2331 {1658 19.22
10,596 0.385 277 0.471 2328
9.80 0333 2041 MAX 0397 2471
895 3.311 28749 0.322 27.78
8.28 0.293 28.25 0287 2BH5 MAX
775 0282 27 48 0.279 MIN 27.74
| DATEMIN 2630 0.580 1261
693 (815 8.50 0.717 9.67
.61 0.734 9,00 0,583 1133
633 0670 9.44 0,639 0.90
608 0.630 9,64
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Figure 28 Performance Polar for Wing
CLARK -Y - PT SELIG -
DONOVAN 8080
Velocity Sink LD Sink LT
Melres/Sec MiSec Ratino M/ Sac Ratio
21.92 2.301 653 2.970 738
15.50 0891 1739 1.019 1521
12,65 0,543 23.31 0587 2232
1094 (0395 2771 (0.373 29.37
980 0.333 2941 MAX 0324 3024 MAX
895 0311 2879 0305 2931
H.26 0.293 28,25 0.281 2047
775 0282 2748 0275 28.15
7.31 D278 MIN 2630 0275 2655
6.93 1.815 8.50 0.273 2543
6.61 0734 9.00 02pH MIN 2463
6,43 0.670 044 0456 13.687

aerodynamicist. As mentioned in
Soartech 8, the form of camber used for
this profile seems to cause some serious
problems. The E214 stallsat higher speed
thanthe Clark Yand theE214 polar curve
is everywhere inferior,
Selig Donovan profiles

It would take far too long to examine
every prafile for which wind tunnel fig-
ures are now available. The polar for
Eppler 374 appears in Figure 24 (RC5D
9/90, page 13}, and is not especially
favourable. This wing, whether in accu-
rate or wavy form, stalls faster than the
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Clark Y, sinks quicker, has a poorer best
L/Dand equals the Clark section only at
the fastest airspeeds.

For the rest, a short cut will be taken to
consider the most recently designed air-
foil sections produced at Princeton which,
as far as possible, combine up to date
theoretical work with practical lesting in
the most promising way, The prim:iples
and methodsused in producing the Selig-
Daonovan sections are described in
Soartech 8 {(Chapter 4). The tunnel tests
inchuded sixteen of this series, one of
which was a symmetrical profile.
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Figure 29 Performance Folar for Wing
CLARK -Y - PT SD 7032
Velocity Sink LD Sink LD
Metres/Sec MfSec Ratio M/Sec Ratin
21.92 230 953 2. 768 7a2
15.50 0.891 17.39 1.125 13.76
12.65 (543 2331 0.556 22,74
1096 0.395 7.7 1.368 20.77
9.80 0.333 2941 MAX 031 3148 MAX
5.95 0.311 28.79 0.288 31.08
8.28 0.293 2825 0.271 an.s2
775 0.282 2748 0267 MIN 2004
731 0278 MIN 2630 0.2 26,92
6,93 0815 8.50 0271 2553
fifl (0.734 .00 0280 MIN. 2356
633 0.670 9.44 0.28s 22.16
.08 (445 13.65

Generalising, with une exception the
50 profiles are relatively thin, and most
have less camber than the Clark Y. Sev-
eral of them were intended for multi-
task sailplanes rather than thermal
SOArers,

5D 6080 ve Clark Y
Polars forthe SDa080 with thickand thin
trailing edge appear in Figure 23 (RCSD
9/80, page 14), For the sake of conve-
nience themore accurate model ofthe S0
6080 is compared directly with the Clark
Y in Figure 28, The 680 is 9.18% thick
with 3,74% camber, i.e., thinner but very
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slightly more cambered than the Clark.
The 6080 shows a better low specd
performance than the ClarkY, withlower
minimum sink, slightly superior best L./
Dand alowerstalling speed. The sinking
speed would give the modern profile
only a 6 metre (20 ft.) height advantage
after tenmiinutesin thesameair, lt would
have a small advantage in very narrow
thermals, theoretically being ableto turn
a little tighter without stalling. At high
speeds the Clark wing is better,
SD 7032 ve Clark ¥
TheSD 7032 is described by its designers

R/C Soaring Digest

g —

O mss Yo mes Y[ mis YIS mis Y ines ] mis
- s V¥ Lit
¥s 5 mlhs ” 632 34
[ T
\ ~ B
¥a | mfa N i, 5:23 S 29‘:2 —
.Y Lo 54 2B
6.6 9.8 2.8 204
vBisma | 53 €8 1095 17
: o= 1265 233
.74 284 \\ 1549 7.2
B2E 290 #1681 95§
Vs 2 mfs | :'3“'___ g’?f M |
1095 402 \'-, \ ’
1265 263
Y3 2.5 mda 1543 |56 \
Figure 30 Performance Polar for Wing
CLARK -Y - FT SELIG -
DONOVAN 7037
WVelocity Sink LD Sink LD
Meatres/Sec MiSec Ratin MiSec Ratio
2192 23M 953 2768 7.92
15,50 0891 17.39 0,993 15,61
1265 543 2451 (1L.480 643
10.94 0.3595 27.71 0382 30.26
& 80 (.333 2641 MAX (314 31.19 MAX
3.95 0311 28.79 01.295 a0.as
528 0293 2825 0.280 2962
775 02582 27 .48 0272 MIN 2849
7.31 0278 MIN 2630 0275 26.60
693 0.815 B.A0) 0308 2268
a.61 0.734 9,00 0672 9.83
fr, 0 (Le70 944

as one of the best sections for thermal
soaring sailplanes. [t is 9.95% thick and
has 3.66% camber, thinner but less came-
bered than the Clark Y. The polar com-
parison is shown in Figure 29,

This profileis superior tothe Clark Y at
low speed. The stalling speed is less and
theminimum rateof sink is slightly better,
Thedifference, in the same air, would be
&.6 metres (22 fi) after 10 minutes. The
best glide ratio is a full two points better
and noours at ausefulairspeed, although
the Clark Y winyg is again better at inter-
thermal penetration velocities.

January 1891

Referring back again to the NACA
6409 (Fig.25 - RCSD 11/%), page 11), the
SD 7032 profile nearly matches the 6%
cambered profileat low speeds and does
not come down quite so badly at higher
velocities. The stalling speed is almost
the same and the sinking speed differ-
ence is only & mm per second, le, 3.6
metres (12 ft.) after 10 minutes, The 7032
wing shows a flattish top to the palar
curve, indicating quite small variations
of sink rate over a range of flight speeds
from aboutf 5 to9m /= Monetheless, the
high speed part of the polar is disap-
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wings would climb pretty well together,
but the best glide ratio of the SD 8000 is
fully three poimts better and as the air-
speed rises further the Clark Y is left
further behind.

Subject to all the usual cautions and
remembering whal has been said earlier
aboul experimental error, it seems now
that the best airfoll section for a thermal
soaring sallplane is not, after all, very
different from the profile that would have
been chosen fora multi-task competition
maodel. But such a profilein praciice may

give hardly any margin of performance

above the very traditional Clark Y.
a4 a

I Virginius Clark’s career included

service in both the U5 Army and Navy,

and NACA in its early years. He later

worked for Howard Hughes.

Martin Sivons
13 Loch Strest

Stepney
Bowth Australia 5069
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Figure 31 Performance Polar for Wing
CLARK - Y - PT BELIG -
DONOVAN 8000
Velocity Sink /D Sink L
Metres/Sec M/Sec Ratio M/Sec Ratio
2182 2301 953 1560 11.18
15.50 (1,897 17.39 0.739 20.98
12.65 0,543 23.31 0488 2706
10.96 (1.3u5 2771 0.359 30,53
980 0333 2041 MAX 0301 3253 MAX
8495 0.311 2879 0.292 3069
K (i} 225 0.286 2897
775 0.282 2748 0.285 MIN 2722
731 0278 MIN - 2630 (.290 2523
693 0815 8.50 0.302 22.94
f.61 {.734 2.00 0710 &30
.33 N.670 0.44
pointing, Some further discussion ot this - 8000 profile which, its designers remark,
profile appears below, despite differences in shape is actually
SD 7037 VS CLARK Y very similar in the wind tunnel to older

TheSD 7037 is describad as a thinner, de-
cambered SD 7032, It is 9.2% thick with
302% camber, The palar comparison is
shown in Figure 30, This profile is mini-
mally better than the Clark Y at low
speed, with the flattish top to the polar
indicating a very useful performance al
speed below 12 m/s (40 ft./s, 27 mph)
but still falling behind in penetration. A
rather surprising trend beginstoemerge.
SD 8000 va Clark Y
Figure 31 compares Clark Y with the 5D
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F3B profiles such as the well known RG
15 and HOQ 2 /9,

For the first time, a profile has been
found which is distinctly superior to the
Clark Y at high speeds. The interesting
guestionishow muchhas been sacrificed
in terms of low speed, thermal soaring
capability. The minimum sink rate of the
S 8000 is only 7 mm per second poorer,
4.2 metres (13,5 /) after tenminutes, and
the S BOOD wing has a slightly lower
stalling speed. In  practice these two

R/C Soaring Digest

Some Photos from the July
Davenport Slope Race...by
Jerry Slates

Left - Sant Shiller & SWIFT 800 that was
madified by Ron Viann.

Hottom Left - Ron Vimn's SWIFT 800
Boliom Right - Mark Grand and the

OUTLAW! The wing s made of 1.5 1I1,
wrwy foum and sheeted with 3/32 balsa
wnd.
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! 6.73 39
L B ] .‘\ 702 — %z.a — SELIG - 8D 7032
\ o ng DONOVAN 8000 Wing Loading = 3.00 kg/sq.m.
¥a | mis .\\ = g; S g;; Wing Loading = 2.25 kg/sq.m.
L \ 82 i Velocity ~ Sink LD Velocity ~ Sink LD
1 N 335__ S:; J 168 i 325 Metres/Sec M/ Sec Ratin Metres/Sec M-I’E'e-:' Ratio
Lz 334 473 |z.; ; ;gi 18.98 1.753 10.83 21.92 2768 792
28 289 \ e A 13.42 0.665 20.18 15.50 1126 1376
Yo 2mis | 894 306 " v 10.96 0.418 2624 1265 {.556 2274
e dec 9.49 0.315 30.08 10.96 0.368 29.77
Yo 25 mie 1549 209 7.75 0.266 28.18 B.95 0.288 31.08
77 0.248 2858 828 0.271 ans52
Figure 32 Performance Polar for Wing 6.71 0247 MIN  27.18 7.95 0.267 MIN 29,04
8D 7032 SELIG - A.33 0261 2421 7.31 0.271 2692
Wing Loading = 3,70 kg/sqm. DONOVAN 8000 E.ﬂn 0.431 13.93 6.93 0.271 2553
Wing Loading = 3,00 kg/sq.m. /2 0.590 2.70 gg; ggi 531?‘;
Velocity Sink LD Velocity  Sink LD 608 0.445 13.65
Metres/Sec M/Sec Ratio Metres/Sec  MiSec Ratin
24 35 3.004 B.11 2192 1.96(0 11.18
17.22 1.224 14.07 15.50 (1.739 20088 promn ' ;
penetrabion. i compared with that of the 5D 5000
1406 0.602 23.36 12.65 0460 27D The SD 7032 has been shown tobea  wing at the dazine ot weight as before
1218 0.401 A0.35 10,94 (.35 a0.53 very good low speed profile but inferior (4,05 kg, wing loading 3.0 kg/sq m.)
1089 0.334 32.58 MAX 9.39 0,301 3253 MAX tothe Clark Y at penetration speeds. The Adding ballast in this way brings these
9.94 031 31.93 8.95 0.292 068 5D 8000 appears very good at highspeeds  two wingssoclosetogether at low speeds
a3 02596 31.13 ?.28 0,284 2897 and as good as the Clark Y for soaring. that it is unlikely any real differences
g6l 0.292 2051 7.75 0.285 MIN 2722 Therefore in FIE!.ITE 32, the 7032 model is would be detected in ch{icg. Perha pea
812 0,296 27.41 7.31 0,290 25.23 assumed to be ballasted up to the FAI  slight margin still exists in favour of the
7.70 0295 MIN  26.11 6.93 0302 2294 maximum permitted all up weight of 5 SD 8000, At high speeds the 8000 profile
7.4 {0,303 2420 6861 0.710 9.30 kg. (The wing loading then becomes 37 retains some advantage.
:'??g ﬁié: Er?z kg/sqm,120z.5qft) Theresulting polar  Notealso that the ballasted polar for
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Figure 34 Performance Polar for Wing
CLARK -Y - PT Eppler 2056
Velocity Sink LD Sink LD
Metres/Sec M/Sec Ratio M/Sec Ratio
2192 2.301 053 2.375 6923
15.50 0.891 17.39 0.851 1800
1265 0.543 233 0.494 2562
1096 0.395 2771 (.3H8 28,26
a.80 (1.333 2941 MAX 0347 28.27 MAX
BE5 nan 28,79 0.323 7.0
g.28 0.203 2825 0.305 vz
775 0,282 2748 0.264 26,33
731 0278 MIN 2630 0,287 2545
Ak (.B15 8.5 0.231 MIN 24.63
.01 0.734 8.00 0.709 9.32
6.33 0.670 944

the SD 7032, as the respective tabulated
figuresshow, is no longer superior to the
unballasted Clark Y at low speeds. The
Clark Y wing (at 3.0 kp/sq m) would
climb slightly better and turn slightly
tighter. Although the best L/D for the
7032 wing is noticeably better (32,58 vs
29.47), at higher speeds the Clark section
vnce again edges ahead even at its lower
wingloading. (It was explained in earlier
articles that the best L/ D of a sailplane is
inpracticevery rarcly important, Soaring
requires lower trimmed speeds, pen-
etration always requires a faster trim.)
Adjusting wing leadings and ballast
in the other direction, in Figure33 the 50
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000 model is azsumed to have been built
very lightly sothatthetotal weight is 3.04
kg (6.7 1bs) and the wing loading only
2.25 kgfsq m (74 oz/sqft). The 7032
and 8000 polars are virtually the same at
low speeds though again a slight ad-
vantage lies with the B0 profile, As
Seligand Donovanremark, other sections
originally designed for mult task sail-
planes, such as the RG 15 and HQ2/9,
behave very much like the S0 800 and
can be expected to give similar results,
Summing up

A rather long and perhaps difficult
comparison of wind tunnel test results
has produced results that some model
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Riers will find hard to aceept,

First, a very ordinary and long estab-
lished profile, the Clark Y, performs re-
markably well and remains competitive
against even the best of modern aerofoil
sections for thermal soaring sailplanes, It
hasquitea good low speed performance,
does well at high speeds, is known to
have a mild stall and does not seem
unduly sensitive to small errors in con-
struction. It also happens to be sasy to
build and is of moderate thickness,
miking for strength and stiffness without
undue structural weight. [t could thus be
flown at very light wing loadings for the
occasional Tight airs” contest, but Ioaded
with ballast to penetrate better in more
ordinary conditions, Reliable wind tun-
nel data is still lacking on a great many
profiles of similar vintage, While it ap-
pears that Virginius Clark knew a faw
good things, there seems no reason to
suppose that the Clark Y is exceptional,
Probably any of the old NACA four digit
or Gottingen profiles of roughly similar
camber and thickness (i.c, about 3.5%
and 11.5%) would do just as well. It may
not be necessary to mention in this con-
text the well known and well proved
Eppler 205 (3.01% and 10.48%). Figure 34
15 a direct comparison of Clark Y withan
accurate model of the Eppler 205, both
tested at Princeton. The point is perhaps
sufficiently made, but the author can
epeak from some direct experience here,
In 1982 when the E205 section was being
widely and enthusiastically acclaimed,
twootherwiseidentical model sail planes,
of 3 metres span, were built, one with E
205 and one with Clark Y profiles. No
difference whatever could bedetected in
performance,

Secondly, providing the model flier is
prepared to adjust the ballast of the
sallplane to suit conditions, virtually the
same performance can be obtained from
a range of profiles between the S0 B0O0
(8.86% thick, 1.71% camber and the SD
7032 (9.95% thick, 3.66% camber,} The
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thin, slightly cambered profiles seem to
havea marginal advantage at low as well
as high speeds, assuming that the ballast
has been correctly judged. Such profiles
may, however, turnout to berather tricky
nearstalling speeds and becausenfthis it
may niot be possible in practice to realise
their full thermalling potential. It has to
be remarked, nonctheless, that F3B sail-
planes using profiles such as this, when
flown wellby experienced pilots undera
variety of weather conditions, show
themselves to be very good thormal
sparers as well as achieving high speeds
in multi-task contests.

Some readers may wonder if the
Princeton results have somehow falsi-
Aed the situation. This is not the case.
Before Soartech B was published, the
author ran a comparable series of polar
computations using thecarlier test figures
from Stuttgart, The Clark Y emerged from
this, if anything, in an even better posi-
tion but if any improvement was to be
found, those caleulations also pointed to
an F3B section for a thermal soarer, the
HQ2.5/%0reventhel,5/9. Consequently
two models currently being flown regu-
larly by the author have these profiles
and perform very well. So dees the eight
year old Clark Y example.

Itmay notbeexaggerating too much to
say that modern profiles have very little,
il any, advantage over the Clark Y. I
remains only to stress that the Clark Y
referred to hereisthereal Clark Y section,
plotted accurately according to Clark's
original ordinates, not the strange
‘bootsole” profiles carelessly described
as 'Clark Y type' by some model de-

signors.

Martin Stmons
13 Loch Street

Stepney
South Australia 5069
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Previous articles have examined the
sailplane polar, the advantages of large
models, and the choice of wing profile.
Discussion of flaps and turbulators to
modify the profile was postponed and
will now be considered.

Flaps?
The purpose of fitting simple trailing
edge flaps to a sailplane wing is to allow
an increase of camber when crcling in
thermals and for the towline launch.
Camber is reduced by raising the flaps
for penetration, Whether the gains are
sufficient to justify the additional com-
plication in construction and control is
not entirely clear.

A serious difficulty is that flaps need
to be very carefully designed and fitted
in such a way that they do not cause flow
separations at the hinge line, or let air
leak through gaps. Even in the neutral
position, badly fitting or leaky flaps can
upset the performance of the wing,
leaving things in a worse situation all
round than the plain aerofoil. Even the
best flap creates small surface irregu-
larities at the hinge line and some wing
profiles are sensitive to such defects. The
same, of course, can occur with aileron
and other control surfaces, but since the
intention of the flaps is to improve per-
formance, anything that actually has the
oppositeeffoctis particularly deplorable.
A possible solution may be to use a
flexible wing skin, instead of a hinge, to
allow the flaps to be varied without
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breaking the continuity of the surface,
This has been done on some full-sized
sailplanes, notably the Jantar 2 and the
Speed Astir. Alternatively, flexible hinges
may be devised using silicone sealants,
the idea being to prevent any sharp
change of flow direction at the forward
edge of the flaps.

It must be emphasised strongly thal
camber flaps, if used at all, must run
across the whole wing. Flaps which ex-
tend anly over the inner part of the span
are worse than none at all, since when
they are cither up or down there is a
considerable increase of vortex drag at
the outer end of the deflected flap. Aile-
rons, if any, must be coupled with the
flaps, changing the camber of the entire
wing from tip to tip. This usually has
someadverseeffect on lateralcontrol but
isacceptable if the desired improvement
in performance is achieved. If there are
noailerons, the flap still should run from
tip to tip of the entire wing.

Wind tunnel tests on flapped wing
sections are fow and results emerging
are sometimes disappointing,

Figure 35 shows what may be possible.
All wing dimensions used in computing
the polar are the same as before and the
wing loading is again 3.0 kg/sq m (9.8
oz/sq ft). The basic wing section is 5D
?ﬂﬂi,Mthﬂapsil%ut’thm:hnrd!nwidth,
as tested at Princeton. The diagram in-
dicates the performance with flaps in
two different positions, down 6 degrees
for thermalling and raised 6 degrees for
penetration, These flap angles have been
chosen deliberately to show (he maxi-
mum effects. In practice the pilot is
supposed to adjust the flaps propor-
tionally between these limits, according
to the flight speed and trim required.

On a wing chord of 35 cm (13,75 ins)
such as that supposed here at the wing
root, a 21% flap is deflected 6 degrees
when the trailing edge is up or down 8
mm (.3 inches) from neutral. Toarrange
for more movement than this is to invite
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8D 7032 Flap + 8° 8D 7032 Flap - 6°
Velocity Sink 1/D Sink LD
Metres/Sec M/Sec Ratio M/ Sec Ratio
2192 4317 5.08 2394 5.16
1550 1.302 11.90 0831 18.64
12.65 0,707 17.91 01.556 2274
10,96 0.486 2253 0.393 2756
980 0.400 239 0.339 28.94 MAX
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flow separation. If the flap driving
mechanism is a little sloppy, it is quite
possible lo get six degrees of movement
on either side of neutral without control
from the transmitter at all. Flaps also can
flutterat high speeds and mass balancing
to prevent this may be required, Once
again, the importance of good enginecr-
ing for flaps is emphasised.

Lowering the flaps 6 degrees, as the
chart shows, makesasmallimprovement
in minimum rate of sink and the stalling
speed is less, so thermalling circles might
be made tighter. This could be useful
sometimes but the improvement is not
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really very great. Note how 6 degrees
down flap ruins the high speed part of
the polar. Obviously it is very important
that flaps should be neutral or raised
unless the model is actually in lift. To fly
fast with the flaps down is a serious
error, much more serious than flying
slowly with the flaps up.

Launching with flaps down, reducing
the stalling speed, may bean advantage
since the towline runner may not have to
rin so hard,

With flaps up, the high speed perfor-
mance is improved greatly. There is,
therefore, some gain in useful speed range
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with this profile, which is fairly strongly
cambered in the plain form.

The SD 8000 profile, which the eariier
studyindicated aspromising for thermal
soarers, has not yet been tested with
flaps. Since it has only small camber to
start with (1.71%), little improvement
should be expected by raising flaps at
high speeds but lowering them a few
degrees would reduce the stalling speed
and possibly improve the minimum sink
rate slightly too.

Other possibilities, such as slotted
flaps, which encourage and direct flow
leakage through the hinge to control the
boundary layer over the flap itself, are
worth investigating. Little has ever been
done along these lines with models and
ne wind tunnel tests at suitably low
valuesof Reynolds number relevant have
been done, so far as can be discoverad.
The option of Fowler type flaps which
increase the wing area when extended, s
also worth consideration though if, as
recommended in the earlier articles, the
maodel 15 to be bullt up to the maximum
permitted area, the flaps will have to be
attheir fullest extension when the area of
the wing is calculated. (Theinternational
rules require any such device to be op-
erable remotely via the radio control
system.)

It may be concluded that there are
some acrodynamic advantages to be
gained by using full-span camber flaps,
coupled with ailerons, onalargethermal
soarer, if the engineering complications
can be dealt with. Whether the potential
advantages of such devicesare worththe
extra trouble, and can be eorrectly used
in flight, must be decided by the model
flier personally,

Martin Simons
13 Loch Street
Stepmey
South Australi 5069
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| California Slope

Racers
..by Rich Beardsley

Californin Slope Racers is now an officinl
AMA club #2804, and we are looking
forward o an exciting inaugural year.

To bring those of you not familiar with
CS.R, up to date, last year in July the
International Slope Race was held at
Davenport, CA after a period of not
holding the race. The race was put to-
gether by Ray Kuntz (C.10.), with lots of
supportand leg work fram John Dvorak.
The race attracted over 50 pilots from all
aver the west coast and, neadless to say,
the 1.5.R. was a great success.

It was then decided thatl a sanctioning
body should be formed to insure the
continued success of the LS.K., as well as
hold a series of races along the California
Coast.

At the next race held by the yet unor-
ganized club, held at the Migellito Can-
yon site near Lompoe, California, an
election was held by the parlicipating
pilots to decide who would serve as the
Director of CS.R. and formulate the club
rules and guidelines, After a very close
count, | (Richard Beardsley) vdged ot
Ray Kuntz by one vote. | would like to
thank everyone who supported me and
hope 1 will give the club a good racing
seart.

C.S.R. held their first board meeting in
the form ofa fun flyat Los Banos Reservoir
in December. There, | presented my
thoughtson the direction theclub should
take, 1also presented some basic rules.
(The club rules will be published at a
later date or can be obtained by sending
me a self-addressed stamped envelope.)
C.5R will adhere to AM.A. unlimited

R/C Soaring Digest

Slope Race, which will be a

Scheduled Events !WID dz;}r event.

] will Ity to keep everyons
T}::Ehl;[; ;E;EESEEH}M informed of events and
June1 & 2: International Slope Race :itil:ﬁ: ih;; 15213;;:;::]:;2
July 13: rfﬂilm seAmyen local newsletters, The season

s e " will open on March 16 with a
Ausust 16 D E:ﬂ et race held at Los Banos Res. near
S ombar (b Lok, dan Los Banos, CA. Sign-up will

pamber i E::term be startat 9 AM, pilots meeting at

g (T REATORNoN) 10 AM, first heat at 10:30 AM.

Cetober 120 California State Champs. Pre-registration should besent
Migeliin Canyon to me with your frequency and

sloperacing rules. We also decided that
there will be two separate classes — Di-
vision Une Pilots, consisting of thetop 28
points earning pilots; tacing for cash
prizes. Division Two Pilots will be made
up of the rest of the registered chib mem-
bers, and they will race for Trophies,
Division Two pilots will be able to dis-
place the Division One Pilots with con-
sistent top placing in their races.

The 1991 International Slope Race is
scheduled for June 1 and 2, to be held at
the Megelleto Canyon site near Lompoc,
CA. We presently have commitments
from 3 pilots that will be coming from
England, with a rumor that Nick Wright
will attend. 1 have included the races
scheduled for this year at the top of this
article.

It locks like an exciting year on the
slopesof California, If youdid notattend
thel.S.R.at Davenpart in July and would
like to be a member of C5.R. please send
me your name, address, and AM.A.
number with a self-addressed stamped
envelope, and | will send you the a cur-
rent schedule and rules package. CSR,
will not charge yearly dues as the club
will be supported by the race entry fees,

In order to conflict as little as possible
with other club contests, we have de-
cided to hold our races on Saturdays.
The exception being the International
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the area in square feet of your
racer—thisshould include the horizontal
tail area or shadow area in the casa of V-
tails. Entry fees will be collected at the
race, and will be §5.00 for Division Two
and 215.00 for Division One.

Please direct any correspondence

to me at: xh—!

Richard Beardsley
2401 Country Lane

Santa Marla, CA 93455
(B05) 934-3191

See you at the start gate!

4 R
A Workshop

Tip
...from Gordon Jones

When sanding the leading edges
on a sheeted foam wing, itisa
geod idea to put masking tape
along the sheeting line so that you
don’t sand the sheeting. When
you start scuffing up the masking
tape, you know that you are get-
ting cluse to the sheeting and from
that point onmorecareis required.

. J/
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Variable geometry?
The option of telescopic wings, as used
by Rolf Decker in 1985 for the Tele F
sailplane for F3B contests, is also very
promising for thermal soarers, although

the complications are great and, again,
the wing area must be calculated with
the wings fully extended. Nonetheless, a
high aspect ratio for soaring, and a small
span, small area wing for penstration, is
aerodynamically ideal, whatever practi-
cal difficulties arise in building such a
madel, (Meither the Tele F nor the full-
sized telescopic winged F529, haveso far
made their marks in regular competi-
tionsflyingagainst moreordinarytypes.)
Turbulators
A good deal of experimental work, in
wind tunnels and on aircraftin flight, has
been done with turbulators. These are
usually thin stripsoftape, or finethreads,
plued spanwise along the wing at some

l‘?mm

Figure 36 Zig zag turbulator

ECI\E|7

11 mm
Thickness 0.25 mm
e
Laminar boundary Flow Turbulenl boundary
layer layer

wing skin

Separation

Separalion
bubbla

Figure 37 Formation of separation bubble on wing

Re-attachmeant
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Figure 38 Performance Polar for Wing
SD 8000 Smooth 8D 8000 Trip 20%
Velocity Sink LD Sink LD
Metres/Sec MiSec Ratin M/ See Ratin
21.92 1.960 11.18 2353 9.20
15.50 0739 20498 {1.BY3 17.76
12,65 0.468 27 06 N.502 23
10.96 03509 30,53 (2.402 2726
9.80 0.a3m I MAX 0337 2RO MAX
8.5 0.292 30,59 0.313 28.56
H.28 0.286 2857 (0,285 2806
7.75 0285 MIN 2722 0.292 MIN 2658
73 0.290 2523 0,299 2445
£:.93 0.302 2294 0.324 21.28
6.51 0.710 8.30 0.732 903
Belig Donovan 8000

Wing Loading = 3.00 kg /5q. M.
Aspect Ratio = 15
Mid Chord =33.00 cm.

chord wise position, or even ahead of the
wing on small cutriggers, A zig-rag or
serrated tape may somoetimes be more
effective than a straight strip turbulator
{Figure 36}, though the authors of
Soartech B found no such differance. On
full-sized sailplanes, pneumatic
turbulators are also used, these heing
rows of fine holes, pin-prick sized,
through which air under pressure frama
carefully placed intake is blown con-
tinuously, The single Princeton tost with
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S‘FBH = 4,50 Meires
Root Chord = 35.00 cm.
Taper Ratio = (.50

this type of turbulator was inconclusive,
Prewmatic turbulators do seem to work
on full-sized wings but perhaps are no
better than the simple strips. The
turbulator, whatever ltstype, Isintended
to prevent or at least to control the for-
mation of boundary layer separation
bubbles (Figure37). A full explanation of
this will not be attempted here,

The effects of turbulators may be
judged directly from the wind tunnel
tests. A turbulator which is correct for
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&0 8000 Smooth 8D 8000 Trip 40%
Velocity Sink LD Sink LD
Metrea/Sec M/Sec Ratio M/Sec Ratio
2192 1.950 1118 2032 10,79
1550 0.739 20.98 1.014 15,28
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B.28 0.284 2897 0.284 MIN 2921
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ona trim and light speed may be wrong
foranother. Turbulators usually improve
the performance of a model wing section
at low flight speeds but increase drag at
high speeds, Since it is important for
thermal soaring sailplanes to fly both
fast, fur penetration, and slowly, for
soaring, lurbulators may be more of a
handicap than an asset and each wing
profile responds difforently,
SD 8000 and Eppler 214 with
turbulators

The SD 8000 profile was tested at
Princeton with a trip in three different
positions. The turbulator was a strip of
tape(.17% of the wing chord inthickness,

Page 16

and 1.0% of the wing in width, (0.17% of
@350 mm chord wing, is 0.6 mun or = (2
ins.) This ‘trip strip’ was positioned for
une test series at 20% of the chord on the
upper side of the wing, then moved for
another test to 40% and finally to 70%. In
Figure 38, 39 and 40, using all the same
dimensions and methods as previously,
the effects of these trip strips are com-
pared with the performanee of the plain
SD 8000 wing.

Withthis profilethere is evidently little
or nothing to be gained by using
turbulatars on a large thermal soarer.
The 20 and 40% trips spoil the highspeed
part of the polar without any noticeable
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Figure 40 SD 8000 Smooth SD 8000 Trip 70%
Velocity Sink LD Sink D
Metres/Sec M/5ec Ratio MiSec Ratio
2192 1.960 11.18 2031 10.79
15.50 0.739 2098 0.706 2195
12.65 (1468 708 0.550 2299
1096 0359 30.53 (r.376 2918
Q.80 1301 25IMAX 0323 3037 MAX
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.93 0,302 2294 0.314 22,09
&.61 0.710 930 0584 11.32
1650 973

improvement at low speed. The 70% trip
has little effect. At this location it is prob-
ably behind the separation point, and so
has no effect on the flow ahead of the
bubble at all.

This negative result should not ba as-
sumed to apply to all profiles. Figure 41
shows theeffect of adding a turbulator at
20% of the chord to the upper surface of
an Eppler 214 wing which, as previously
mentioned, proved disappointing in its
smooth form against the Clark Y. With
this modification the E214 shows a
worthwhile improvement at low speeds.
alow rateof sink and low stalling speed,
The high speed polar still falls below the
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Clark Y at moderate and higher speeds,
as shown,

Generalising from such limited data is
risky but if a model proves disappoint-
ing, especially at low flight speeds, it
may be worthexperimenting withsimple
turbulators in different positions, to
discover {f an improvement results.

Martin Simons
13 Loch Strest
Stepmey
Souetk Anstralia 5069
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May 24 - 26, 1991, Richland, Washington

Mid Columbia Cup
SLOPE SOARERS RACE
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Min. $2000 Cash Purse, Trophies & Prizes
Entry Fee: $80 U.S. - Pre-registration Requirad
Limited To First 50 Applicanis
Tri City Soarers, Rt 4 Box 9544,
W. Richland, WA 99352
John (509) 627-2602
Wil (509) 827-5224
Roy (509) 525-7066
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Soaring
Kids
.0y Chuck Mc Calment
After spending time with preteens who were
fearning to fly RIC sailplates, several things
come to mind.

A two-meter hits the ground with less
energy than larger planes bul, more im-
portantly, they are of a scale that does nol
intimidate these young builder/flyers.
Maorning flying when the kids are fresh
and the wind is light seems to provide the
Brest environment for learning and the most
happy faces. If the flying is going well it is
easytoextend into the more dynamicair of
mid-day, Sometimes the young flyer is
uncomfortable with one aspect of flight or
another. For instance, one student was
uneasy withthe planeat full launch height,
The solution was for a seasoned pilot (not
necessarily anadult) to launch via hi-start
as normal, establish a stable glide while
talking the leamner througha fewlapsofan
imaginary oval circuit whose long axis
was at right angles to the launch path,
During the descent, anytime the young
flyer feels comfortable, they can assume
centrol and comtinue the Might. The secret
appears to be repetition, establishing a
normal pattern of flight by example. At
aboul four wing spans above the ground
the plane should intercept the landing pat-
tern entry gate. At that time the plane
should be turned ninety degrees laft
(downwind ifflying in wind), getthe wings
leveland then make a one hundred-eighty
degree left turn, The turn is made with the
student at the center, control-linestyle. As
the plane goes by, level the wingsand let it
land itself, na control reversal problems. A
confidence builder and lots of fun if you
keepadultdirectivesoutandan encourag-
ing smile in,

When building that first ship, it should
he stressed that it is a tool to be used to
learn to fly. We have tried to soften the
blow of that first crash by conferring great
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statuson the best "beater 2-meter” at the
field. The young people seem to realize
that the patches and repairs are lessons
learned and skills acquired. The real
pretty planes belong to the “new kids”
atthe field. In soaring, we have the level
playing fleld that allows the boys and
girls to participate on equal terms.

Kids at the field are willing and help-
ful once the basics have been explained.
The Pits are the place planes are pro-
tected from those that walk with their
head in the clouds and their feet on the
ground. Know who is fAying on your
channel and share the flying time with
them. If you launch once, next time it's
your turn to retrieve the parachute.
Asking a pilot about to launch to wiggle
the rudder from side to side proving
radio control is not demeaning but really
polite. Bringing a garbage bag to clean
up after flying is not only a nice way to
treat your site but a great way to increase
your treasure of misc. R/C parapher-
nalia. When looking up, wear sunglasses
and use a little suntan lotion to protect
yoursell. A pre-flight check of the plane
can save many hours of late night re-
building. Check all yourconnectors after
a hard landing, People are MUCH mure
importantthan planes, We need to think
clearlyaboul the safety of all thosearound
us and to teach that attitude to all those
that fly R/C.If we teach the up coming
flyers to live by rules that make sense
then, maybe, they will remind us when
we forget,

Flying can be a learning tool for the
youngsters as well as a motivational too)
for the adult. Direct cause and effect
relationships are evident in all aspects of
Aying. Not only can R/C pravide a
medium for quality time with the kids
butalsoa means of escaping the dreaded

Saturday “Honey due List”, R
Chuck Me Calmen!

3101 Mabury Road
San Jose, CA 95127
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Smooth and textured finishes
Some modellers believe that the type of
covering material used on the wing
makes a considerable difference to the
performance and handling of the sail-
plane, The effect is thought to be similar
to that of a turbulator, creating fine
grained turbulencein the boundary layer,
but unlike the ‘trip strip’, the entire wing
surface is involved.

At Princeton a 5D 7032 profile was
tested with a plain balsa skin, which was
then covered with plastic film to give the
usual glossy surface, and re-tested. The
outcome in performance polar terms
probably requires no further comment
{Figure 42). The smooth film skin shows
a marginal advantage, particularly no-
ticeable near stalling speed.

A point made by some pilots is that
even though a textured finish may have
no noticeable effect on the polar curve of
the sailplane, or even make it a little
worse, it can render the model easier to
manage in the air. This is not supported
by thecurves of Figure 42, whichactually
indicate a higher stalling speed for the
balsa skinned wing, but it may be correct
in some cases. If a profile develops
laminar separation bubbles, the bubbles
tend to change size, sometimes con-
tracting to the so-called ‘short bubble’
form and sometimes lengthening to ex-
tend over a third or even more of the
wingchord. Such bubble separations shift
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to different locations on the wing at dif-
ferent angles of attack. This alters the
pressure distribution on the wing and
must have some effect on control and
stability. If the slightly ‘grainy’ finishofa
fabric covered wing acts as an ever-
present turbulator, there will be a drag
penaltyand the polarcurve will be worse.
But if no separation bubbles form, im-
proved stability and smoothness of re-
sponse to control are quite likely. In such
a case it may well be preferable to sacri-
fice some rmance for the sake of
better handling. A pilot who finds the
sailplane easy to manage is likely to do
better with it than with a theoretically
superior model which requires frequent
corrective actions or which stalls sud-
denly when a separation bubble bursts’
at a high angle of attack. There is little
doubtthatapparently identical sailplanes
covered with different material, do be-
have differently in the air. Once again,
experience and experimentation are the
best way to proceed.

It may also be the case that the very
inaccuracies of some model wings, for
instance the use of multiple spars with
film or fabric covering sagging between
them, has desirable effects in avoiding
separation bubbles. The wind tunnel re-
sults on the ‘wavy clay’ version of Eppler
374, mentioned in Part 3, suggest that
quite large irregularities of form can
sometimes actually improve the perfor-
mance of a model wing. The Eppler 374
profile was also tested by Dieter Althaus
at Stuttgart, with various different fin-
ishes and structures. At the lower
Reynolds numbers the least accurate type
of construction showed up best.'

What seems to be true for one profile
may not be so for another. Although any
such generalisation is rather dangerous,
it is probably fair to say that a reasonably
accurate, smoothand polished wing will
give best results at high speeds, without
turbulators. Turbulators, textured cov-
erings, and even rather wobbly con-
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Figure 42 Performance Polar for Wing
8D 7032 A Balsa Skin 8D 7032 B Film Skin
Velocity Sink LD Sink LD
Metres/Sec M/Sec Ratio M/Sec Ratio
2192 3139 6.98 2768 792
1550 1.145 1354 1.126 13.76
1265 0.642 19.72 0.556 2274
10.96 0.414 2647 0.368 29.77
9.80 0.324 30.25 0311 31.48 MAX
B.95 0295 3037 MAX 0288 31.08
8.28 0.281 2951 021 30.52
7.75 0275 2817 0.267 29.04
73 0273MIN 2673 0271 2692
6.93 0.274 2531 0271 MIN 2553
6.61 0562 11.76 0.280 2356
633 0,649 9.75 0286 2216
6.08 0,619 0.83 0.445 13.65

struction, may have some beneficial ef-
fects withsomewing profiles. This should
not beused asa excuse for inac-
curacy. A bad profile may be ‘repaired’
by using turbulators or rough surface
finishes, but there is not really much
doubt that a modern profile will give
better results, if it isaccurately made and
finished.
Parasitic drag

As shown before (Figure 9, Part 2 RCSD
April, 1990), parasitic drag is relatively
unimportant at low speeds but increases
rapidly asthe airspeed rises. In a thermal
there is only slight advantage in having
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very low parasitic drag but in searching
forthethermal it makesalot of difference.
The chief aim of reducing parasitic drag
is therefore to improve the high speed
part of the polar.

To bring this into perspective, use has
been made of the Sailplane Design
(Version 3) computer program devised
and marketed by David Fraser.? This

makes approximateallowances
for tail and fuselage drag and uses the
Princeton wind tunnel test results for the
wing profile drag. A good many factors
enter into calculations of parasitic drag
which no program so far has beenable to
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accommodate fully. In what follows,
therefore, the various figures and charts
should be taken as approximate, rather
than exact. The methods of calculation
differ slightly from the author’s ‘wing-
only” program which has been used
hitherto. Slightly different absolute per-
formance figures appear.

To begin with something familiar, the
upper curve on Figure 43 shows the
performance of aClark Y profile wing, of
45 m span and 1.35 sq metres area, ac-
cording to the Fraser program. The lower
curve results when an ordinary tail unit
and fuselage are added to this wing,

The main relevant dimensions are
shown in the table of figures on the right
hand side of thediagram. The horizontal
stabiliser area here is 10% of the total 1.5
sq metres, i.e, 015 sqm, or 11.1% of the
1.35 sq m wing area. Stabiliser span is
assumed tobe.75m. and itismounted 10
cm above the estimated position of the
wing wake. The m assumes the
vertical stabiliser is half the horizontal
stabiliser in area. The fuselage skin arca
is approximated at 35.35 sq dm, the tail
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moment arm is 1.8 metres, the centre of
gravity of the model is 3 cm aft of the
wing aerodynamiccentre. Thelast figure
inthetableis thestability factor, which is
discussed below. The boundary layer
flow over fuselage and tail is assumed to
be turbulent rather than laminar.

At every point the vertical distance
between the two polar curves represents
the drag penalty associated with the tail
unit and fuselage. The figures produced
by the program show that at minimum
sink trim, 89% of the total drag comes
from the wing. (This is found by adding
the vortex-induced drag and the profile
drag of the wing.) At best L/D, the wing
drag is still 82%. and at a flight speed of
15 m/s (33 mph) 78% of the total. Turn-
ing this round the other way, at low
speeds about 11% of the drag is caused
by tailand fuselage, at higher speeds this
rises to more than 22%.

These figures apply only to one par-
ticular sailplane configuration and
method of calculation but they are fairly
typical. Comparable calculations with
different dimensions show roughly
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similar proportions. The effect of any
singlealteration willin practice probably
be undetectable but careful attention to
all possible details should produce a
worthwhile improvement in total drag.
Flying wings?
We cannot, unfortunately, reduce para-
sitic drag to zero. The idea of the “all
wing' layout is almost as old as aviation
itself. Diagrams such as Figure 43 tempt
enthusiasts into supposing that a sail-
plane with no fuselage or tail would
show savings of total drag between 10
and 30%. Unfortunately, to make a rea-
sonably controllable aircraft without a
tail, the wing itself has to be completely
redesigned, usually witha reflexed pro-
file and some sweepback, both of which
reduce efficiency. It also proves practi-
cally impossible to do without vertical
fins and rudders and these sometimes
have to be excessively large, to provide
stability in yaw. Even with thebenefits of
up-to-date design methods, some mod-
ern tailless full-sized sail planes have still
proved extremely difficult to flyand even
dangerous. So-called "flying wing' air-
craft can be made safe and controllable
buttheoutcomeisaconsiderableincrease
inboth vortexand profiledrag, offsetting
or more than offsetting the gains hoped
for, while some parasitic drag from the

enlarged vertical stabilisers remains af-

ter all.
Tail drag

A large proportion of the parasitic drag
of an orthodox design, is caused by the
tail unit. Normally the tail comprises a
horizontal stabiliser, which incorporates
the elevator control, with a vertical sur-
face, usually a fin with a hinged rudder.
(Ifa Vtailisused, thetotal area of thetwo
surfaces isabout equal to thetotal area of
the vertical and horizontal members of
an ordinary tail.)

Tail surfaces are small wings and all
remarks about wings can be transferred,
with necessary changes of emphasis, to
tail surfaces.

Tail drag, like wing drag, isacombina-
tion of vortex drag and profile drag,
1860 D. Althaus, Profilpolaren fir den
Modellflug, Vol 2, published by Neckar
Verlag, Stuttgart 1985.

2 Sailplane Design is obtainable from David
B. Fraser, 1335 Slayton Drive, Maple Glen, PA
15002, USA

Martin Simons
13 Lock Street
Stepney
South Australia 5069
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The 1991
Southwest
Regional
Sailplane

Championships
were held on January
19th in Casa Grande,
Arizona. The photos
were provided by Chuck
Wehofer (Secretary/
Newsletter Editor) of The
Central Arizona Soaring
League (C.AS.L.).

...comtinued on page 30
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Tall vortex drag

Vortex drag is large if the angle of attack
of the wing or wing-like surface is large.
With tail units, the angle of attack in
normal flight attitudes is always small
and may be zero, The vertical tail sur-
face, for instance, developsliftonly when
it ¥ called on to correct a yaw, or when
the rudder is applied. In correctly
trimmed straight flight there is therefore
no difference in pressure between the
two sides, s0 no tip vortex forms, In a
correctly flown turn with no yaw, the
same applies, or very nearly so. Vortex
drag of a vertical 1ail is therefore either
very small or none,

The horizontal tail surface also, nor-
mally, creates very little or no vortex
drag, butthisisnot correctifa large share
of the total weight of the aircraft is car-
ried by the tail. In an extreme case, the
afrcrafll can become a tandem, with
roughly equal sets of wings one behind
the other. In such a case, the rear wing
may bethought ofasanexcessively large
tailplane, and if it supports its fair pro-
portion of the weight of the aircraft, it
will develop a good deal of vortex drag,
In a canard layout the same applies. The
vortex drag of a canard forewing is not
small, becaiise it is rigged always as a
lifting member and, for reasons of stabil-
ity and balance, must operate at a higher
aerodynamic angle of attack than the
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mainplane. Any surface which is made
to lift a load will produce vortex drag
which will increase rapidly as the load
on it increases. Sa far, canard and tan-
dem type sailplanes have nol proved
themselves superior to the orthodox lay-
out,
Tall profile drag

The other companent, profile drag, of a
tail unitisacombinationof skin dragand
pressure drag. I'ressure drag is created
when the air has to flow around a body,
The thicker the body, the greater the
pressure drag tends to be, Tail sections
are usually very thinand work at small
angles of altack. The pressuredrag of tail
units is therefore relatively small, al-
though not negligible.

Skindrag, caused by the passage of the
airflow over the whole of the exposed
surface, therefore constitutes the bulk of
tail unitdrag. Although it is an oversim-
plification, itis not far from correct tosay
that the drag of a tail unit will be roughly
in direct proportion to its size. If the tail
(including vertical and horizontal com-
ponents) totals about 20% of the wing
ares, it is gouing o create about 20% as
much skin drag as the mainplane does,
Accordingly, ifthetotaltallareais halved
then its skin drag will be roughly halved.
There are certainly other small factors
involved, such as the proportion of lami-
nar flowin the boundary layer low aver
the tail, and how much of the tail is
opetating in the disturbed wake created
by the fuselage and the mainplane, but
these should not be allowed to obscure
the main point; the larger the tail, the
larger its share of the total drag.

Cutting taeil area

Hence to reduce the drag generated by
the tail, the most profitable thing to do is
toreduceits total area, A good approach
is to consider existing successful designs
and consider whether any savings in tail
arca can be made without sacrificing
other desirable features, especially sta-
bility and control.
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Moment arms and tail volumes
One possibility, easily understood, is to
increase the moment arm of the tail, by
lengthening the rear fuselage. This al-
lows a reduction in total tail area, and
hence drag, without having much effect
on stability and control of the sailplane.

A rough figure for the vertical and
horizontal tail volumes of an existing
successful soarcr canbe worked out, One
way is to multiply the distance between
the wing's and tail’s respective aerody-
namic centres, by the projected tail arcas,
The centre of gravity may be used as a
reference pointinstead of the wing's aero-
dynamic centre, but the purely peometri-
cal dimensions are perhaps somewhat
easier lo work oul for a new design.
Either way, the tail area (either vertical,
or herizontal) is multiplied by a relevant
moment arm length, to give the so-called
tail volume. As the moment arm is
stretched, the tail arcas required to give
approximately the same volume and
puwer, are reduced. Thus, a tail moment
armof 1.5metres multiplied byatailarca
of (1.3 sq metres, gives a volume of 0.45,
which could be obtained by a smaller tail
area of 1,25 sqm on a moment arm of 1.8
m, This would, very roughly, reduce tail
drag by a sixth, To achieve a reduction of
one third theoriginal figure, by reducing
the tail area 1o 0.2 5q m, the moment arm
would haveto beincreased to 2.25m, and
50 o,

There are fairly obvious limits to this
procedure., As any wing-like surface is
reduced in size il loses efficiency due to
Beynolds number effects. A small tail
unit attached 1o a fuselage will also be
partly submerged in the wake of its sup-
porting structure. The smaller the tail,
the mure such things will count. Length-
ening the tail moment arm cannot safely
betaken so far that thetail unit is reduced
to vestigial fins like the fetching on an
arrow. In any case, fuselage skin drag
itsell increases as the moment arm is
extended, so there is no point in making
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the tail boom ridiculously long, Keeping
the centre of gravity position, for the
model asa whole, in a sensible place also
hecomes more difficult if the tail boom is
too long. Excessively long fuselages be-
come very difficult to transport from
placeto place, and arevalnerableto dam-
age in heavy landings.

It is convenient to have the total fuse-
lage length about equal to the semi-span
of the wing and practical experience
shows that such propartions aresatisfac-
tory, yiclding reasonabletail arcas, good
stability and contral. On the other hand,
shortening the moment arm and magni-
fying the tail areas to give the same vol-
umes increases tail drag more than it
decreases fuselage drag, Bringing thetail
too far forward, closer to the disturbed
air behind the wing, decreases tail effi-
ciency, so the simple tail volume cocffi-
cient becomes less reliable as the fuse-
lage tail beom becomes shorter.

There is some justification for moder
ate longthening of tail moment arms to
reduce tail arcas, The only argument in
favourof shortening tail moment arms is
to reduce the moment of inertia of a long
tail, thus slightly improving the control-
lability and maneuverability of the
model. This involves a drag penalty be-
cause the tail areas, vertical and horizon
tal, have to be enlarged to keep the vol-
umes in proportion. M

Martin Simons has been actively involved
with model aircraft since the 1930's and
isTegarded asa leading world authority
envintage gliders and sailplanes. Hehas
over 1300 hours flying full-size gliders,
many of which are described in his book
The World Vintage Sailplanes 1908-1245,
His column, “Understanding Thermal
Soaring Sailplanes”, brings the soaring
enthusiast insights into sailplane design
andconstruction from theory and design
through the building and flying phases.
His latest model, a scale replica of the
PWS-101, won two competitions within
a month of its first flight. W
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B) Afterthe wingisbagged (or
sheeted), cut out the mylar
temporary hatch. Obviously,
it is much easior to find if you
are bagging the wing with fi-
berglass. If you are sheeting
with wood, probably the best
way to locate the hatch would
be with some sort of template
that you made before you
sheeted over the hatch,

9} Youarenow l‘Eﬂd}PtﬂaHﬂCh
your servo to the bottom side
of the 1/32" ply hatch. [ cut
small spruce blocks and ep-

Mount the seno to the undarsidae of the
Hatch Cover,...Drill mounting screw holes
in the comars of the hateh cover, and
matching pilet holes in the mounting posts,

oxy them to the hatch, Then, 1
use #1 sheet metal screws to
attach the servo to the blocks.

100 With the servo hatch as-

plugged intoitsextension lead, drill holes through
the corners of the hatch plate, into the spruce
blocks. Enlarge the holes in the corners of the
hatch plate to clear the screws that you will be

sembly in place and theserve  using, and attach the plate. B
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The horizontal tail

Figure 44 shows how the drag of the
model in the previous figure may be
analysed further, using tha Fraser pro-
gram. The vertical distance between the
upper (wing only) curve and the middle
curve here indicates the contribution of
the horizontal tail: at minimum sink trim,
6% of the total drag, at 15 m/s, 15%.

[fthe horizontal stabiliser area could be
half the size, ite drag would be practically
halved. Moreover, since the serious con-
test model will be bullt up to the larpest
allowable total area, a reduction of
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stabiliser surface frees somesurface to ba
transferred to the mainplane, thus im-
proving the efficiency of the wing at the
same tHime as the tail drag is cut. By
doubling the moement arm, a half sized
tailplane could beachieved, but fuselage
drag would increase and the other prob-
lems associated with excessively long
moment arms would arise. Suppose,
then, that thetail area was simply halved
without any other alterations.

The kind of improvement that can re-
sult from this is indicated in Figure 45,
Here, two models with the SD 8000 wing
profile are compared. One has the 10%
(0.15 sqm) stabiliser areaas before, shown
by the broken line on the polar chart. The
other model has a stabiliser of half the
size (5% ofthetotal) on thesame moment
arm. The area saved from the tail has
been added to the wing, resulting in a
slightly greater span (4.62 m) at the same
aspect ratlo, There is a noticeabls, and
tempting, improvement in the polar
throughout the speed range.

Stability?
Such an improvement in drag is not, of
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course, without penalty. A stabiliserarea
of only a little over 5% of the wing arca
would be considered very small by most
model fliers and even a scale model of a
full-sized sailplane would probably not
have a stabiliser less than ¥ or B% of the
wing area. The puint remains that tail
drag can be reduced most effectively and
simply by reducing tail areas. Stability
rajses some other issues,

Ifa model sailplane has too little stabil-
ity in pitch, it becomes c:xcessively BETE]-
tive or ‘twitchy” on the clevator and ex-
tremely exhausting for the pilot, requir-
ing constant corrective control action. At
some distance away, or at great heights,
it is impossible to judge flight attitudes
and spoeds, with theresult that themodel
may easily get totally out of control,

Cmn the other hand, if the pitch stability
is too great the elevator becomes slug-
gishand unrespensive. Thisis safer, since
the pilot may let the model fly ‘hands off*
for fairly long periods, confident that
nothing very drasticcan go wrong, [ Tow-
ever, anover-stable sailplaneis not pleas-
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ant to fly and may sometimes refuse to
respond swiltly in an emergency. Exces-
sively stablemodels may also pass rather
solidly through thermals without giving
much indication of the change of air,
whereas a less stable trim might signal
thesituation by reacting more vigorously,

In Figure 45, the stability factor of the
model isindicated by the figure fordCm/
dCl, alarge negative figure here indicat-
ing a stable model. A positive figure for
dCm /dCl means the mode] will be prac-
tically uncontrollable and may be ex-
Fps:md to crash within a few seconds of
launching. A stability factor of zero is the
so called ‘meutral’ static stability which
in flight becomes almost impossible to
cope with, Stability factors of about -0.04
would be considered reasonable. and
there would be no harm in going to -0.7
or -(,08,

By halving the stabiliser volumein the
example, the stability factor has been
reduced from -065, which is sale, o -
24, which is verging on the dangerous.

If the tail volume is regarded as fixed,
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the pitch stability factor depends mainly
on the centre of gravity position. The
further forward the ¢.g. goes, the more
stablethe sailplane becomes, Moving the
v.g. aft decreases stability and, as may be

SMALL TAIL, STABLE v LARGE TAIL Speed: n's

found by experiment with any existing
model, will produce dangerously scnsi-
tive ar ‘twitchy’ elevator response if car-
ried too far,

Other factors enter the equations, such
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as tailplane efficiency, which can be im-
proved by usinga Ttail to get the stabilizser
out of the wing and fuselage wake, and
by designing tall surfaces with moder-
ately high aspect ratios, but these arn
relatively far less Important than cg.
position.

To restore a safe margin of stability
with a halved tail volume, the simplest
solution is therefore to move the centre
of gravity forward, In the next diagram
(Figure 46), the c.g. has been moved to
coincide with the wing's acrodynamic

centre, i.e., thec.g. is placed at about 25%
of the mean wing chord, (In practice this
simply means puthing more trimming
ballast in the extreme nose of the sail-
planauntilit balancesatthequartermean
chord position.) The c.g, arm has been
reduced to zern, as shown In the tabu-
lated figures. Even with the small
stabilizer, the stability factor has been
improved to -.043 by this. Sume stability
has been sacrificed for the sake of drag
saving, but the outcome is not unreason-
able, ®

Ridge Writer

...by Wil Byers

RT.4Box9544, W.Richland, Washington
99352, (509) 627-5224 (7:00 PM - 10:00
PM weskdays, after 9:00 AM weekends)

The Mid-Columbia Cup slope races recently
prast (May 24 & 25) with Joe Wurls coming
out on top uf the heap, and one thousand
dollars richer, Joe s ¢ great RfC glider flyer
who s an extramely good race pilot, You will
have an vpportunity to read more details
about the race in arother arlicle in this pub-
lication, but I want to falkabout the question
most asked of winning pilols. That question
is uf crurse, "What airfoil are you wsing?”

"Whatairfoll?” isavery interesting ques-
tion indeed and one which most soaring
pilots highly emphasize. They empha-
size airfoils because so many of these
pilots are also interested in the design of
their models and what physical features
cause them to fly as they do. Undoubt-
edly, they are right, the most important
of these features is going tu be the airfoil,
even though a number of other design
parameters play a vital role inthemodel's
overall performance. 5o this month, be-
cause so many would be designers are
interested inairfoils, I'm dedicating most
if not all of my column to the airfolls that
were used atthe Cup race. You canstudy

July 1991

these sections and decide for yourself
what would be an appropriate choice for
your “World Beater”. Remember, how-
ever, that the most important ingredient
forawinningdesignisacompetent pilot,
who Knows their model very well.

I've also included the airfoil section
that set the F3F speed record in Europe,
at the Viking Cup, this last year. That
section was the Chuabeck 1.0-8, As noted
by its number it has a camber of 1% and
is 9% thick. The combination of airfoil,
model design, and pilot turned in a very
impressive 29 second run on the course.
Remember, in FAF it is a combination of
speed and the ability to perform good
turns at theend of each 100 meter leg that
turns in fast times and winning perfor-
MAnCEes,

If you would like the coordinates for
any of these airfoils | will be glad to
providethem, Just send mea SASEtomy
address

Blope Scenecs
m a recent business trip to Virginia, 1
had the opportunity of flying (flat field)
with Herk Stokely and Bob Champine,
Herk Stokely as many of you know is the
contributing editar for Flying Models.
Herk was kind enough to loan meone of
his models and | was cven able to enter
their contest. It was a great deal of fun
and gave me an opportunity to meet
many interesting fellows, One of these
individuals is Bob Champine, Bob is, if
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find {ts listings useful,

“In additivn to chronological listings of
material ontailless alveralt and related lop-
ics, the biblingraphy includes other helpful
information. A preface furnishes a brief
perspectiveon tailless developmentand its
chief proponents, Introductory materialin-
cludes discussion of tailless guidelines, con-
tent and format of the bibliography, infor-
mation on acquisition of tailless aircraft
information, and suggestions for reason-
able core material from the tailless litera-
ture. Listed items are commaonly accompa-
nied by notations concerning topic, con-
tent, length, presentational features, and
sometimes other cross-referential material
vr sources. Brieflists of previvus biblivgra-
phies and sources of rare materials are also
included. Finally, an appendix lists dates
for tailless aireraft by more than 100 se-
lected designers.

“The book is spiral bound (helically) in
durable patcheo grained material, so that it
can he opened back on itself without fold-
ing or otherwise damaging ils pages. ltcan
also bedrageed through library stacks - or
wherover - with & minimum of wear.”
The preface remains our favorite part of
the book. It is here, in the opening pages,
that we read about a few of the notable
designers and their approaches to the
unique problems of tailless aireraft. Mr,
Krauss, however, goes further, Heexplains
the underlying drives which relentlessly
force those individuals to persist, some-
times in the face of strong personal and
monetary adversity. We, not too surpris-

ingly, sce inklings of these drives in our-
selvas, and =0 the prp.Fa_n:- lends suppart
to some of our own geals, while at the
same tima reminding us of the existence
of fallacies.

As penuine tailless and ying wing
fanatics, we have devoured this book sev-
eral times over, After more than a year it
gtill serves as an efficient source of infor-
mation, and it has in fact stimulated us to
catalog our own collection of materials
dealing with tailless aircraft.

The Arstedition of "Tailless Aircraft -
An Extensive Bibliography for Subsonic
Types” was printed in December of 1985,
Mr. Krauss adds to the tailless bibliogra-
phy as he finds materials not previously
listed and updatesil withrecent citations.
A copy of the current version is available
directly from Serge for $20.00, all taxes
and postage included. Write to Serge
Krauss, Jr., 3114 Edgehill Rd,, Cleveland
Heights (01 44118, Please besure to men-
tion R/C Svaring Digest! W
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Balance, trim and vortex drag
Medel fliers are often reluctant to trim
with the model’s centre of gravity for-
ward, even though this allows the use of
a smaller tail. There is in fact a fairly
widespread belief that having the centre
of gravity aft improves the all-round ef-
ficiency, Free flight sailplane fliers still
almost always rig their models withe.g,
well aft, and use tailplanes with pro-
nounced upward camber, There scoms
to be no justification for this kind of
arrangement, other than slavish adher-
ence to fashion, Some further explana-
tion may be required to emphasise this.

If the aircraft 15 to fly at a steady air-
speed, in equilibrium, the total of all
pitehing moments must be brought to
zero, that is, balanced out. The pilot ac-
complizhes thir balance by adjusting the
elevator. A model can be trimmed to Ay
with c.g. forward or aft, with an appro-
priate change of elevator neutral posi-
tion for each change of c.g.

Stability, and hence elevator sensitiv-
ity, will be affected, as described above.
There is a range of safe positions for the
e.g: too far aft and the model becomes
dangerously unstable, too far forward
and the elevator becomes so insensitive
that there iz Insufficient control. These
simpleeffects can beinvestigated by any-
ene with a serviceable sallplane and the
ability to remove, or add, ballast in the
nose of the fuselage.

August 1991

If the wing has normal positive cam-
ber, which in thermal soarers is invari-
ably the case, the camber itself generates
a nose down pitching moment (Figure
471, If the centre of mass or centre of
gravity of the madel coincides with tha
acrodynamic centre of the wing (always
close to 25% of the mean wing chord ),
the wing camber pitching moment will
have to be balanced out by a negative
{downward) balancing force generated
by the tail. In full-sized aircraft practice,
this is in fact considered the ‘normal’
situation, a download on the tail coun-
tering the wing camber pitching ten-
dency.2 The mainplane then has to sup-
port a fotal lift load slightly more than
the weight of the aircrait.

There is a small vortex drag penalty.
Theextraload onthe wingcreatesslightly
stronger wing tip vorticesand thedown-
load on the tail produces tip vortices
therae too, Wherever there is a difference
in pressure between theupperand lower
surfaces of a wing tip, a vortex will [orm,
So, moving the ¢.g. forward increases
both wing and tail vortex drag very
slightly. But by moving the ¢.g. forward,
the tail areas, and hence tail profile drag,
can be reduced without spoiling stabil-
ity. Anctsavingintotaldrag results. C.g.
forward thus improves the polar of the
sailplane.

[f the centre of gravity is moved some-
what behind the 25% mean chord acro-
dynamiccentre of the wing, the wing lift,
acting upwards, creates a nose up pitch-
ing moment about the ¢.g. reference po-
sition. The wing camber still tends to
pitch the nose down. It is possible 1o
arrange the c.g. position and trim go that
the lift (nose up) moment and the wing
camber (nosc down) moment exactly
balance ome another in level flight at
sume airspeed. The stabiliser in such a
case will earry no load up or down. This
rather delicately poised situation cannot
be maintained perfectly over the entire
range of pussibleairspeeds and angles of
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Figure 47
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causes high
drag
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attack that a sailplane may experience,
but the zero-tail-load trim may be ap-
proximated for fairly normal flight
speeds, with the c.g. at abouwt 33% of the
mean wing chord, a location frequently
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recommended for models.

Tail vortex drag is practically zero in
this situation, and no extra load 1= trans-
ferred to the wing so the wing vortex
drag is not increased either. But because

R/C Soaring Digest

thee.g, isalt, to retain adequate stability
and control, the tail volume has to be
enlarged proportionately and this in-
creases tail profile drag more than the
very small saving in vortex drag. The
total drag of the sailplane is thus greater
than with c.g. forward, for the same sta-
bility factor, This not, therefore, the most
efficeant c.g. position.

Ifthe c.g. is moved furtheraft still, say
to 4l or even 0% of the mean wing
chord, as on some free flight sailplanes,
the net pitching moment of the model
without the tail is strongly nose up. The
lift of the mainplane acting on its longer
moment arm ahead of thec.g,, more than
counteracts the nose down pitch of the
wing camber. To balance this, thetail has
to be trimmed at a positive lifting angle
to maintain the balance,

In this situation, there is some reduc-
tion in wing tip vortex drag because the
wing has less load to carry, some of the
lifting work has been transferred away
from the wing to thetail, But the tail does
develop tip vortices. More importantly,
to retain stabiiity, the tail area has to be
increased and the total drag rises. Since
the tail normally is less efficient than the
wing, it produces its small amount of lift
ata disproportionale cost in both profile
and vortex drag. Despite many genera-
tiuns of free flight model sailplanes with
so-called Tifting’ tails, moving the c.g.
forward and reducing tail areas accord-
ingly produces a more efficient aircraft,
while retaining adequate stability fac-
tors.

There are other factors which enter the

complete equations for tail drag and sta-
bility. For example, the direction of the
airflow at the tail is influenced by the
downwash from the wing. The combina-
tion of downwash and the negative tail
angle of attack when the ¢.g, is forward,
can producea slight inclination of the tail
lift vector in the forward direction. This,
in a completely rigorous analysis, ap-
pears as a small force in the direction of
flight, equivalent tv a reduction in drag,
In complementary fashion, a tail which,
withaftcg, ismadeto liftupwards, may
produce a slight rearward component of
foree, and hence an equivalent increase
of drag, Such effects are almost vanish-
ingly smallin practice and may safely be
neglected. PRI
1 The aerodynamic centre of the wing is
not the same as the centre of pressure.
Older texts used the abstract concept of
a moving centre of pressure to explain
the pitching tendencies of cambered
wings. The same results are obtained by
using a fixed aerodynamic centre at 25%
mean chord, together with a pitching
moment which depends on the amount
of wing camber.
2 Mote that the position of the elevator is
not directly related to the load carried by
the horizontal stabiliser asa whole. If the
clevatoris slightly up this does not mean
that the load on the tail is down. Simi-
larly, if the clevator is slightly down, the
load on thetail may not beup. To explain
this apparent anomaly would requirea
much longer article. B
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originals were also visible.

Sunday’s results were: Paul Morrow -
SAGITTA 3138, Sam Smith-LOVESONG
2418, Chuch Woolridge - CUMIC 2354,
Tom (The sleeper) Long - LOVESONG
2335, Boots Blanton - WINDSONG 2190,

Many thanks to C.D. Ken Gulliford for
all his hard work and great preparations

especially since most of his regular help
was not available, Dorchester County R/
C for the field, Ron and wife ( 1 forgot
your last names) for tireless scorckeeping,
Bernie Coleman for photography and
the Atlanta gang for helping me get my
bird back. Great meet folks, lets do it
again in September. W
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Stabiliser profiles

It is probably already clear that large
savings in drag cannot be expected by
variations in the stabiliser, or fin, pro-
files. Certainly, thetail profiles should be
thin and they will operate most of the
timeclose to zeroangles of attack, so they
should normally be symmetrical. The
symmetrical profilegivesleastdrag when
it is at zero angle of attack, but slight
variations up or down, over the range of
angles normally required for a tail unit,
make little difference.

For a stabiliser to have an upward
cambered section isactually a disadvan-
tage. With c.g. forward, and hence the
smallest practicable tail area, the load
actually on the tail will be downwards
and any upward camber will be the
wrong way round, It is quite possible
then to cause a large increase of tail pro-
file drag since the section will probably
be forced to operate outside its most
efficient, low dragrangeor ‘dragbucket’.
The horizontal stabiliser section, if not
perfectly symmetrical, might be better
with a negative camber. (Some very suc-
cessful model sailplanes, for example
Sean Bannister's original Algebra, have
flown with this kind of stabiliser.) How-
ever, the amount of negative camber re-
quired is very small, less than 1%, and in
practice it is unlikely that any real drag
saving will be noticeable compared with
the symmetrical section.

September 1091

The stabiliser dead spot

[tis somelimes suggested thata thick tail
siection, rather than a very thin one ora
flat plate, makes for smoother control
response, The author’s experience does
not support this. Models fitted experi-
mentally with alternative thick and thin
tail sections respond very much alike
providing the centre of gravity isin ex-
actly the same position on each occasion.
Of course, if the c.g. creeps one way or
another, the difference in elevator sensi-
tivity is immediately apparent.

There are, however, some symmetri-
cal sections which behavebadlyatangles
of attack close to zero. This is caused by
the formation, near the leading edge of
the profile, of separation bubbles. At zero
angleof attack, a bubble may develop on
both upper and lower sides. The profile
behaves symmetrically and no liftis pro-
duced, as would be expected. However,
at a slightly positive angle of attack, the
bubbles tend to shift positionand theone
on the lower surface may actually disap-
pear. The effect is to make the symmetri-
cal profile behave as if it had a slight
inverted camber, The main flow on the
under side follows the solid contour of
the profile closely, but on the upper side
passes round the bubble, Instead of pro-
ducinglift astheangleofattackincreases,
such a profile may actually produce a
downward force. This does not persist
for long. As the angle of attack increases
further, the flow changes and positive
lift is developed. On the standard wind
tunnel test charts, such sections show a
lift curve which takes a distinct 5 shape,
the curve actually slanting downwards
from left to right through the zero point
instead of upwards (Figure 48). This ef-
fect has been measured, and is appar-
ently most likely to occur in its extreme
form, onan18% thick profile whichis not
likely to be chosen for the tail of any
model sailplane.!

Nonetheless, a good many thinner
symmetrical profilesatthe low Reynolds
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Figure 48 'S’ sheped 1ifl curve of lhick symmetrical
profiles near zero angle of attack may cause ‘dead
spot’ in control response.

Page 10 R/C Soaring Digest

numbers appropriate to model tail units,
show some irregularity near the zero
angle of attack. In a bad case the profile
may exhibit a distinct ‘flat’ in the lift
curve, so that when the pilot trims for-
ward oraft from this point, nothing seems
to happen, a definite ‘dead spot’ is no-
ticed. This apparent insensitivity may be
combined with slop in the control sys-
tem of the sailplane and imprecise cen-
tering of the servo gearing, so can be-
come quite serious.

Several points may be made.
First, the "dead spot’ does not occur with
all profiles, and it seems that the thinnest
sections, such as flat plates, are not seri-
ously affected. The flat plate is basically
a turbulent flow profile, and even with
the 18% thick section, roughening the
skin to produce a turbulent boundary
layer, cured the problem.

Secondly, thedead spotis most notice-
able when the symmetrical section is at,

_or very close to zero lift, Thus the hiatus

in control is likely to be more noticeable
if model is rigged with c.g. closeto the 30
- 35% position which corresponds,
roughly, to the zero tail load balance
mentioned above. The tailplane with the
‘dead spot’ close to zero, will not pro-
duce the control or stabilising forces re-
quired until the departure from zero
angleofattackis fairly marked. [fthec.g.
is forward, as recommended, the
stabiliser will normally be clear of the
dead spot around zero. Fine control will
be smoother and more reliable, although
as the model manoeuvres, the stabiliser
will still sometimes pass briefly through
the bad zone.

Thirdly, if the stabiliser profile is cam-
bered slightly, although the problem may
not disappear entirely, the separation
bubbles on the two surfaces will not be
alike and there is much less likelihood of
actual reversal of the lift curve near aero-

dynamic zero. As suggested above, if

any camber at all is present in the
tailplane, it should be very slightly nega-

September 1981

tive.

Slab stabllisers
The all moving, slab or, as older texts
often termed it, the ‘pendulum’ elevator,
may show a very slight theoretical sav-
ing in drag against the fixed tailplane
with hinged elevator, chiefly because
there is less likelihood of the profile be-
ing made to operate outside its low drag
range as the trim setting varies at differ-
ent flight speeds. Flow separation and
leakage at the hinge line of an elevator
can occur, as with any hinged control or
flap. There may, however, be equally
serious leakages at the un-sealed root of
an all moving elevator, The difference is
not likely to be apparent in practice. In
terms of sensitivity, the hinged elevator
achieves control response just as good as
the pendulum type, providing the con-
trol throws or angular movements are
correctly adjusted. The fixed tailplane is
perhapsless proneto flutter athigh flight
speeds. The popularity of the all moving
elevator is probably due mainly to its
relative simplicity in construction, rather
than any real acrodynamic superiority,
1 See AIAA Journal, Vol 20, No. 4,
April 1982, pp 457 - 463, article by
Mueller and Batill. W

Greg Vasgerdsian
Concord, CA

It helps me keep orientated
when flying!
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The cifect on the tail of wing camber
A little tail drag can be saved if the wing
camber is reduced at high speeds. Since
it is camber that causes the nose down
pitching moment, using a less cambered
section for the wing reduces the counter-
active balancing work the tailplane has
to do, other things heing equal, and tail
vortex drag, small though it is, can be
saved.

Camber changing Haps on the wing
have similar effects. If, when flying fast,
the wing [laps are sufficiently raised to
reducethe wing pitching momentto zero
the stabiliser will net be required to pro-
vide any negative balancing force.

Tuck under

The phenwnenon of “tucking under’,
which has been discovered by model
sailplane fliers, 15 in the first place cansed
by the wing camber. The more cambered
the wing, the larger the nose down pltch-
ing mument coefficient produced by the
profile in the wind tunnel. Asamedel in
actual Aightistrimmed to fly faster, nose
down, the airspeed rises. All acrody-
namic forces increase in proportion to
the square of the Mow velocity, so as the
model picks up speed the nose down
force produced by the camber increases
rapidly. A correspondingly more pow-
erful counter force is required from the
tail to prevent the nase poing down fur-
ther,

Although other factors probably enter
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the situation it is almost certain that g
run way' tuck upder results from oo
much structural flexibility of the modet
under the rapidly increasing loads at
higher and higher specds. The elevator
pushrod or cables may flex or bend, the
tailplaneitself may distort or oven break,
the rear fuselage bends under the oad,
and the wing itself will certainly twist.
All these can produce a situation where
the model does not respond Lo the eleva-
tor but pitches further forward into the
inverted diving attitude. (A quick-think-
ing pilot can often save the situation by
pushingthe muodel throughinto the fully
inverted position, ¢limbing to reduce
spesd and then rolling upright.)

If the wing has less camber, there will
b less nose down moment from this
source and all the loads will become
correspondingly less, In addition, of
course, a stiffer strocture all round will
reduce the danger. Note also that raising
the wing faps, if any, reduces the pitch-
ing moment and as aby-product, islikely
to prevent tucking under.

Vertical tail drag

To cut the area of the vertical tail will
savedrag, but the scope here is not large.
Sailplanes lack the effect of a fast slip-
stream blowing from a propeller, which
enables many powered aircraft to fly
safely with relatively small vertical fin
and rudder surfaces. (When the motor is
throttled back vr stopped, lack of control
in yaw often shows up.) The model sail-
plane usnally needs a relatively large
vertical tail and some drag penalty las to
be accepted.

Again, basing the argument on an ex-
isting successful design, some small sav-
ing may be achieved if the aspect ratio of
the vertical tail can be increased. A good
many model sailplanes have vertical tails
designed tor fashionable appearance
rather than cither drag reduction or con-
trol power. They are quite often swept
back with long dorsal extensions, tomake
a protty shape but with an aspect ratio
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even less than unity, They would be im-
proved by reducing their total area, but
increasing their height. A tall, narrow
surface is considerably more responsive
in stabilising or control action, than a
relatively short and broad one. This be-
ing the case, the same power can he
achieved with less drag from a tall, nar-
row vertical tail, as from a low aspect
ratio surface of larger area and larger
drag. Linfortunately, this recommenda-
tion 15 not fully compatible with the pre-
ferred lowdrag arrangement for the hori-
zontal tail, which isa high mounted or T'
layout. If the vertical tail is tall and nar-
row, mounting the honzontal stabiliser
at the top of it hecomes difficult and the
entire tail unit tends to be vulnerable to
damage. Flutter is also more likely. An
aspect ratio for the vertical tail of two or
three is, nunetheless, quite achievable,
and makes a distinet improvement to
lateral stability and control.
The fuselage

Theearlier diagram shows roughly what
proportion of the total drag is produced
by the fuselage of a typical model sail-
plane. Evidently, with wing and tail to-
gether never producing less than 90% of
the total, the difference between an ex-
cellent uselage design and a rather poor
one, is not likely to make more than a
small difference to the final result. As
usual with parasitic items, any improvi-
ment that can be made will show up
maost at high speeds,

October 1981

Fuselage drag is mostly a form of pro-
file drag, consisting of skin drag and
pressure or form drag,

Form drag is reduced by making the
I:lud_',rns slender as possible, and keeping
itin line with theairflow so that it moves
through the air with the least possible
disturbance, ['robably the most impor-
tant factoraffecting fuselage form drag is
the angle at which it is rigged with re-
spect to the wing, that is, its angle of
incidence, The angle of incidence is best
thought of as the rigging angle of the
fuﬂuiagetﬂ thewing, ratherthan th ewing
to the fuselage, because in flight it is the
wing angle to the air, not the fusclage,
which controls the flight and the perfor-
mance, The fusclage moves nose up or
nese down with the wing. As it does so,
it may be more or less in line with the
airflow,

When the model sailplane is flying
slowly, the wing is trimmed to a high
angleofattack, but theglide path through
the air is inclined downwards. Old time
sailplanes were often rigged so that the
fuselage, at this low speed, was accu-
ritely aligned with the low speed glide
path, so presenting the least possible fron-
tal area to the flow at this speed and
hence, least possible drag and minimal
rate of sink, The setting of wing chord
linerelativeto the fuselage datum on the
drawings was perhaps Hve degrees or
even more, On the ground, with the fuse-
lage more or less horizontal, the wing
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appeared o be set at a very high angle
(Figure 49} In slow flight, the wing being
trimmed by the elevator toa high angle
of attack, the Fu:-'r:.'lage then was pointing
along theglide path. Forearly sailplanes,
and fres flight models, desipned always
to fly &t the minimum possible mte of
sink, this was an efficient system

When the importance of penetration
was realised, Il was recognised that a
different policy was required. At high
speeds the wing's angle of attack is re-
duced. [f the fuselageangleto the airflow
15 correct for the minimum sink, as the
airspeed rises the fuselage finds itsell
Iyingdistinctly across the How and virtu-
ally acts as an airbrake,

Asrepeatedly eimphasised above, para-
sitic drap becomes most important at
high speeds, so to rig the angle of inci-
dence oo high is bound to spoil the
penetration of a model sailplane. In low
spead flight, parasitic drag is less impor-
tant, so it matters Jess if the fuselape is
rigeed so that it appears distinctly nose
up. There will be only a small drag pen-
alty. At highspeeds,; such a fuselage will
be more accurately in line with the glide
path, and its drag will be less. For mini-
mum prarasitic dragat high speed, which
i where this form of drag really counts,
the fuselage should be set close to zero
degrees relative to the wing chord line.
Thisis nota hard and fast rule, forit must
be stressed that as the trim changes, so
doestheangle mthcfusnlagﬂ tothe glide
path. Flap settings of the mainplane also
make a difference. At one lim, and one
flight speed, theangle willboright. Atall
other airspeeds, the fusclage will, 1o
greater or less extent, be auﬂlm:t slightly
across the flow, The required compro-
mise should always be biased towand
saving drag at high speeds, rather than
low,

Assuming the fuselage alignment is
close to the best angle, some further, but
ralatively amall, savings can be made by
attention to details of the fuselages form
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and skin drag. This means, basically, re-
ducing its maximum cross sechional area
and ensuring that the outline is stream-
lined with an oval or circular cross section
A correctly streamlined form for subsonic
flight never has a sharply pointed nose
entry. Nothing is sacrificed if the extreme
fuselage nose conforms to the legal mini-
mum radjus, 7.5 mm, whereas a pointed
nose is actually less than ideal from the
drag reduction viewpoint.

The side and wvertical projechon of the
fore end of the fuselage should then be
bared as far ax possible on a suitably thin
symimetrical acrofoil section outline, or en
any of the establiched “low drag bodies
whoseordinates areavailablein well known
Loy hooks.

I'he fuselage skin drag depends, like tha
skin drag of wing and tail, on the total area
of surfacein contact with the air and on the
character of the bounda ry layer. [f laminar
flow can be preserved in the boundary
layer over the frontof the fuselage, the skin
drag of the whole component will be re-
duced. If the fusclage in fronl of the wing
has badly fitted hatches and access panels,
or switches protruding into the airflow,
these can have unexpectedly large effects,
not only because they contribute directly
themselves to the form drag, but also make
the boundary layer turbulent, which in-
croases skin u:{ra,-ﬂ,;. The disturbance result-
ing continues aft and spoils the flow over
the rest of the surface and the central parls
of the wing,

For sume years now, the bes| sailplane
models have been fitted with perfectly
smnnoth, detachable, streamlined nose cones
which areslid over the front af the fuselage
to form an airtight sheath. The cone ex-
tends back as far as possible, right up to the
wing leading edge, s0 the model presents
tothe aira smooth and scamiess form. With
such an ontry, there is every chance af
preserving laminar Flowe. Such a nose cone
is also eminently practical, giving free ac-
cess to the radio equipment as soon as it is
removed. Inabad landing, if the nose cone
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MNose cone siides off
for access Lo radio

Ta1l boom
cantraction
aft af wing

Figure 50 Deatachable nose cone for low drag

Mid wing

is destroyed or split it may be replaced
quickly withaspare, Thejuint at the rear
of the cone can ba made very accurately
su that the air flows over it with mini-
mum disruption (Figure 50)

Aft of the smooth nose cone, the flow
will be disturbed by the wing root. The
bBoundary laver will willalmost certainly
becomse turbulent, and skin drag will
therefore increase rather sharply, To re
duce the total area of tuselage skin ex-

posed to this turbulent flow, the cross
sectional area of the fuselage should be
reduced to pmduf'e a slender tail boom.
The contraction should be gradual be-
cause if it requires too sudden a change
of flow direction, it will produce total
separation and increase form drag and
defeating the main purpose. Also, of
course, the stiffness and strength of the
tail boom must be adequate to prevent
flutterand breakage under normal loads.

e
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1120 WRICGLEY W.
MILPITAS, CA 9503
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Features:

LS ROYCE of R/C Soaring

SYNERGY 91
Thermal - F3B

5600.00

High performance & strength; easy flying *+ Molded composite
hollow core wings, stabs and ruddey + Color cont molded into fiberglass;

no painting required! = Complete kit - quick building time!

NOVA EVOLUTION

SLOPE RACER 2 METER THERMAL

~
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October 1981

SYNERGY III SBXC
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City, contact Bobh Harmon of the
Intermountain Silent Flyers, 10424
Colden Willow Dr., Sandy, Utah B4070;
(A1) 3710406, Om October 4th John M.
Salevurakis died of injuries sustained in
an auto accident in Lovelock, Mevada.
Hewas on his way tothe Visalia R /CFall
Soaring Festival when the accident hap-

poned, John'sarticle speaks torhisenthi-
siasm for the hobby and his job, Chicf of
Field Services for Wildlife Respurces in
Salt Lake City, Utah, tells of his concern
for vthers and the world around him,
John Salevurakis will be greatly missed
by usall. W

Schedule of Special Events
Date: Event Location Contact
Mose:2 Duratlon Han Antonio, TX Tom Mecks
20 & Open (512) 590-3129
Now. 10 364 2M Dallas, Tx Gordon jones
& Open (214) 840-8116
Mo, 110 Dual Houston, Tx Julian Tames
_ Elimination (03 5403944
Mow, 17 Hand Launch Dialias, TX Gordon Jones
(214) 840-8116
MNov. 20-12/1 2M & Unlimited  Orlando, FL (. Baylor
- Tangerine Soaring Champs {407) 6998750
Dec, 8 2 Meéter Dnly Dallas, TX CGordon Jones
(214) 8408116
Tub. 1-2 Southwest Winter  Scottedale, AZ lain Glithero
Soaring - Unlimited - 444 (D) (HH2) B31-19015
Mar 14 Hand Launch Irvine; CA Scutt Smith
v K714) B51-H188
May 2931 Mid Columbia Richland, WA Roy (509) 525-7066
Scale Int. Fun Fly Gene (509) 457-9017

A Special Event
1992 Mid Columbia R/C Scale
Soaring International Fun Fly
May 29, 30, & 31 1992

Prepare now (o Altend the 19592 Mid
Columbia R/C Scale Soaring Interna-
tiomal Fun Fly; a Fly In Event featuring a
Non-Competitive, Relaxing, Social,
Fun, Scale Glider and Soaring Ma-
chine flying format, A pilot /builder's
apportunity to witness, display, and fly
with some of the best scale R/C soaring
modelors anywhere, This year's event
will provide entrants the opportunity to
participate in our Friday Night Wine
Tasting, aSaturday Night Banquet with
a special guest speaker, as well asa soar-
ing merchandise raffle. New this year,
the event will offer scale enthusiasts a
chance to fly their seale croations in a
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cross country format, No prizesor placm
arcawarded for this part of the event, it
will just be for fun. Also, Tug launches
will be avallable for those who would
like to try something that may be new to
them. This is a scale event only! Further
notices and registration forms will ap-
pear in RCSD. For information send a
SASE to:

Skip Johnson, 2626 Eastwood
Ave., Richland, WA. 88352
You may get information via the phone
by calling Roy at (509) 525-7066 or Gene

at (509) 457-9017.

Room reservations can be made
now at Cevanaugh's Inn at (B00) THE-
INMNS or (509 76830611, Be sure and
indicate you are with the TRICS soaring
party. Hemember this event 1s just for
Fun!it
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Understanding
Thermal
Soaring Sailplanes

Part 4 of 4 Parts Continued
{This colummn began in January, 1990, Each
part covers several monkhs,)

...hy Martin Simons
i Copyright by Martin Simons
All Rights Resirviad
Martin Simotts, 13 Loch Strect, Slepmey,

aanetle Anstralin 5069

Interference drag
Wherever bwo different bodies, such asa
wing and a fusclage, or a fin and a
tailplane, join, the airflow for some dis-
tance all round the junction s disturbed.
This has several unfortunate effects, par
tiru]arl}r for the wing root /fuselagearea,
Mot only is the total drag increased be-
canse of the disturbed air but the wing
lift over the centre section 18 reduced,
One important reason for reducing the
fuselage cross section, and paying spe-
cial attention to the Aow over the nose, 15
because a badly designed fusclage front
end will have a proportionately greater
disturbing effect o the wing.

Ever since the importance of fusclage
interference at the wing root was
recognised, acrodynamicists have tried
to discover ways of reducing the distur-
bances, These have varied from the sim-
plest, mounting the wing ona tall pylon
to rempwve it as far as possible from the
Fuselage, to working vut highly elabo-
rate fairings Lo blend the body into the
wing smoathly. No conclusive results
have appearcd but it is consistently re-
ported that a mid wing mounting is bet-
ter than the alternatives, with relatively
small fairings filling the angles where
the wing joiny the fuwlagﬂ sicles. Tf the
fairings arc ihcreased insize too far, they
apparently cause more drag than they
LAVE,

Some recent wind tunnal test work
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done on models very close 1o the sizes
and speeds of radivo controlled moedel
sailplanes, indicatesthat theleading edge
of the wing root should be extended in
the manner shown in Figure 51.1 The
shape of the extension 15 not accidental
and ifused, should be followed asclosely
as possible, Note that there is little at-
tempt to fill in the corners where the
wing abuta the fuselage behind the lead-
ing edge, or to extend the trailing edge,
Rather, the wing root section is stretched
forward progressively and the leading
edge is slightly sharpened. This reduces
the percentage thickness of the wing sec-
tion at the root and, according to the
wind tunmel results, inhibits the worst
disturbances which develop, above and
below the wing, with the unmodified
junction. Such a modification, it is
claimed, reduces the total drag of an
already very efficient sailplane by as
much as 2 - 3%, As usual, this claim
should be treated with cantion.

To indicate how caretul the designer
must be, tests done with fairings which
athrst sightappear to differ n:n1y slightly
from that shown, actually increased the
tatal drag, in some cases quite serously,

[t must not be furgotten that additions
b the wing rool, of the kind described,
might, under contest rules and interpre-
tations by scrutineers, be regarded as
addilions to the total surface arca of a
model. This conld lead to disqualiﬁ-:‘:—i-
tion, so when calculating the total wing
area, aspect ratio, etc., any such arcas
should be included,

[nterferencedragatthotailis, of course,
subject to the same type of eftects but
littlie research has ever been done on this,
The V tail, which involves only two sur-
faces, has inherently loss interferencoe
drag than the orthodox cruciform de-
sign, but the T tail is thahly ar good.

Controls
Large sailplanes have been flown suc-
cessfully with two main controls, rudder
and elevator, but it would probably be
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ﬂHﬂ"L“d by mast pilots that effective ajle-
rons arcadvantageaus, giving more posi-
tive control, especially when coming in
b land.

The larger aircraft s luss disturbed by
renigth air, but at the same time il there is
a bad landing, damage is mone likely
because the total mass of the atreratt is
greater, When a small model strikes the
ground it may bounce ar cartwheel, yol
escapa serionsdamage. The largermadel
arriving in similar fashion is likely to
brreak. Hence ailerons are tabe prefermed.
As with all control surfaces, more effect
results if the control surface area is of
kigh a.*'.pprl: ratio. That is, long, narrow
atlerons are more effective than short,
broad ones. Ailerons reduce the need for
the larpe dihedral, or mlyhedm!, anples
which are essential for the ‘rudder only”®
typeof turning control, However, fivear
six degrees of dihedral on a model ther-
mal soarer, although not absolutely nec
essary, are of considerable value [or sta-
bility in circling flight. The effectivencss
of the ailerons is not reduced by such
moderate dihedral.

Brakes

Another significant requirement for a
thermal soarcy, especially a large one of
high efficiency, is a powerful set of
airbrakes, not only to ensure an accurale
landing, bul to bring the model down
safely from greal heights. The brakes
should be speed-limiting for this situa-
tiom, rather than merely lift spoiling. A
speed limiting brake 1s one that may be
opened tully and kept open at any air-
speed, creating enough drag to keep the
model’s airspeed o a safe figure even
when diving very steeply. The zailplane
may then bebrought down quickly from
any altitude, without damage. Some
types of brakes, and spoilers, will not
remain fully open at high airspeeds be-
cause they are blown back by the torce ot
the arflow. Apart from ther fallure to
limit speed, such brakes may alsa cause
the servedriving them to stall, with cons
sequent severe drain on the model’s bat-
teries,

It is almost as important t make sure
that the brakes do remain fully closed
whenthevare .'.'uppnsp.d torbeshut. Many

T Funalige Centre Line

Plan View

Leading Edge

{ R
-

Sharpen T

Fairing L.E. F—————

slightly e

Profile and front views of wing /fuselage integration

Figure 51 (Taken from Journal of
Aircraft, August 1989)

7.__.

Trailing Edge
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of thesimpler tvpes of hinged spoiler, on
the upper, Jow pressare side of the wing,
are almuost permanently blown parﬂ}'n}wn
in Night by higher pressure air leaking
round them trom inside the wing.

The detailed design of speed limiting
brakes will not be considered here, The
best advice availablie i to make them hig
enough, and then add another 50%. Ttis, in
fact, hardly possible to have airbrakes thai
are too powerful, but of course the pilit
must be prepansd for changes of aitspeed
and trim in proporbion to the power of the
brakes, when they are opened.

Caonclusion

The F3] thurmal svanng sailplane should
beas large as the rules pesmit, with aspan
between 4and 3 matres, and the maximum
allowed total surface area, An aspect ratio
of aboul 15, with wing span of 4.5 metres,
should be satisfactowy. There do not seem
Lo be any advantages in tailless, canard or
tandem layouts, though there romaing
scupe foor experiment.

There should be provision for adding
ballast, up to the maximum Skg Timin, Bal-
last 15 best carmed in the form of extended
rods within the wing, adding strength to
the wing as well as additional mass,

The wing profile should be chosen, pref-
erably from those proved in the wind tun-
nil, with camber around 1.5 - 2353% and
thicknessabout 8-10%. Morecamber might
praduce a “single speed” foater bul this
would not be suitable for any hut the light-
st soaring conditions: Reasonably goud
standards of workmanship areapparently
enouglibo produce a good result, Probably
a smooth and palished wing skin will give
a superior performance -all round, but
turbulators or texturdd wing skins may
have desirable effects on eontmol and sta-
bility, It does not seem that very precise,
moulded wing skins are ruquim'l.

Simple flaps extending across the whole
span, should improve the speed range
slightly. More elaborate types of flap, and
vartable area wings, remain to be tried and
develaped,
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The horfzontal stabiliser should be as
smallus pussible, combined with aforward
centreof gravity position. A thinsymmetri-
cal or very slightly negative cambered pro-
file is required, No measurable advantage
in terms of aerodynamic etficiency seems
to lie with the all-moving type of elevator
as against the fixed tailplane with hinged
control surface. Both have advantages and
disadvantages from the structural point of
view, A T tail layout, or a 'V tail may yield
aslight saving in drag, comparcd with the
orthodox cruciform type.

The vertical tail surfaces should ke tall
and of aspect ratio as high as practicable.

The fuselage should be of minimal cross
sectional arca, rigged close bo zero degrees
angle of incidence to the wing, and care-
I"u]]"r streamlined, with a carefully fitted
simeaeth nese cone and contraction of the
cross sechion aft af the wing root,

Thereis some justification forsmail lead-
ing edge extensions at the wing root, bul
mare elaborate forms of rood fairing are no
recoanmended.

Powerful, speed limiting airbrakes are
essential,

Full controls, rudder, aillerons and elova-
tor, are ta be preferred to the rodder-cleva-
tor only systom, although given sufficient
diledral, the stmpler control system can
produce satisfactory results under maost
circumstances,

For launching such models tomaximum
heights at maximunm weight, special ath-
letic towline runners may be required.
Training programs should begin now,

ks probablysate tosay thatalltheabhove
principles have aleeady been discovered
by experience among those model Miers
who have specialised in thermal soaring,
and who have developed models alung
these lines already ton high degree of aero-
dynamic and structural sophistication,

1 See Journal of Arreraft Vol 26, No. 8,
August 1984, pp 705 - 711,
THE END &
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