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FOREWORD

This edition is more or less devoted to the “gathering of
the clan It is intended to show that there are still many of
us al over the world who like the old fashioned "Model
Aeronautics'—to start from scratch and to create some
thing that has never been seen before.

In a sense, we are in a peculiar position. Our models are
not toys, nor are they full size aircraft. Yet, they give us
enough trouble to make wus think that they are a worthwhile
effort for other keen minds. And with the overall model air-
plane activities being classified on toy or juvenile level, it is
a problem how to attract new members to our circle.

li is hoped that this book will give an "adult" sense of
feeling for the hobby to the readers who may see this book
for the first time; and make them realize that "Model Aero-
nautics' can be a lifdong hobby that will bring many new
adventures to that which otherwise be a "normal" life.

The make-up of this book goes back to the former Year
Books in which the contributions played a major part. The
basic idea is to provide an outlet for individual effort in
stabilizing the science of model aeronautics; and also to
assure the contributor that his material will be read by his
"peers’, who may have similar interests and troubles, and
can really sympathize with him.

FRANK ZAIC.
M ay, 1953
Ithaca, N. Y.

Copyright, 1953 Printed in U.S.A.
MODEL AERONAUTICS PUBLICATIONS
Box 333, Sta. D, New York 3, N. Y.



1953 YEARBOOK

In the 1951-52 Year Book we presented our version of Model Aero-
dynamics. The basic purpose was to show what we knew or thought we
knew about the subject. By doing so we hoped that we would be corrected,
or additions would be made to what we had. We are happy to say that the
readers cooperated and made the idea work. We can now go ahead and tell
you more about this subject, knowing that we are on the right track.

Since we are limited with space in this book, we will only present a
portion of the subject in detail. However, by combining the corrections and
suggestions shown in this book with the text in the 1951-52 Year Book, the
reader will be able to find reasonable and true answers to almost any ques-
tion he may have on model aerodynamics. It is, of course, necesessary that
he knows what he is looking for to recognize the situation when he sees it.

LONGITUDINAL STABILITY

After all these years of studying theory and practice of model airplanes
we have come to the conclusion that the Longitudinal Stability is the major
element in the model's make-up. By knowing the function of Longitudinal
Stability and its limits, it is possible to keep the model from getting into
other type of instability troubles. Actions which we may have been blaming
on Spiral Stability could actually belong in the Longitudinal Stability field.
If a misadventure happens while a model is circling, it does not mean it

happened because of Spiral Instability. It could be because Longitudinal
Balance was disturbed.

A model is Longitudinally Stable if it returns to its basic trim after it
is upset. For example: If you trim or adjust a model to glide at 6°, it will

be Longitudinally Stable if it returns to 6° glide after it was upset to lower
or higher angles.

TRIMMING OR ADJUSTING MODELS

Most of the things that an aerodynamacist does on the drawing board
are done on the flying field by the model builder. The first flight of a full
size aircraft must be almost 100% assured. But it is not so with models.
The builder finds a patch of tall grass and starts to move the wing back and
forth, change incidence angles or other changes which eventually develop
or evolve a model which has slowest possible glide without stalling.

We know this procedure as "Adjusting” for which another word could
be "Trimming". To describe what the model builder is doing, while he is
adjusting the model, would take a thick book if we were to take into con-
sideration all of the possible combinations he brings about. You will realize
this after you finish reading this chapter.



While the model builder is adjusting or trimming his model for the
slowest safe glide, he is actually hunting for a combination between lift
and drag of the model that will give him the maximum duration for mini-
mum of drag. This combination can be found by calculations; using the
(Ca/GD) facto. By using this term at various angles, it is possible to find
at what angle of attack the model will have the desired glide.—However, as
it should be obvious to all of us, we do not know the drag or lift values of
our models so that we have to use the trial and error system of test glides.
Still, it is important to know what goes on during these test glides so we
will know what sort of a model we have, and then fly it accordingly.

Most of us acquire a feel by which we know when the model is giving
us the best time in a glide. We also know that if we set the model so that
it will fly at lower angles, it may actually go greater distance but it will
come down faster. So that reducing the drag by reducing the angles does
not help as the lift value is also reduced.—On other hand, increasing the
angles to increase the lift may also cause so much drag that the model will
slow down too much and making it impossible for the wing to do any lift-
ing.—Somewhere between these two extremes the best "duration glide"
setting is found. The sad part is that very few of us have any ideas what
values this "duration glide angle" actually has.

"DURATION GLIDE ANGLE"

From the few experiments that we made to determine the "duration
glide angle" we found it to be in the neighborhood of 5° to 6° for the models
we were using. It may be plus or minus on other models. The exact angle
depends on too many factors to mention here.—The main thing is to realize
that there is such a thing as a "duration glide angle" and that it occurs
when the model is adjusted so that minimum of drag is used for maximum
duration, and that for average model design it is fairly safe to assume that
it will be in the neighborhood of 5°.

In the 1951-52 book we were wrong in saying that this "duration glide
angle" occurs just below the stall of the wing. The wing may actually be
capable of producing lift without stalling beyond 10°, if we provided
enough power to overcome the drag produced at such angles at a given
speed. We were misled in making the statement by the fact that during
the glide tests the model would stall as soon as we adjusted it to go a bit
slower than the speed at which the best "duraion" glide" occured. The ad-
justments would increase the drag without increasing the lift in same ratio.
This would set up a chain reaction which usually ends up in a "mush".—
So that, when all is said and done, we cannot deduce from this type of test
that the wing actually stalls just a bit above the "duration glide" angle.

For our purpose of clarifying the LONGITUDINAL STABILITY we
will assume that the best "duration glide" angle occurs when the wing is
gliding at 6° angle attack. We can now go ahead and present a few ex-
amples which will cover most of the designs now being flown.

ELEMENTS IN LONGITUDINAL STABILITY

While we are adjusting a model for the best "duration glide" we make
all sorts of adjustments with incidence angles and C.G. locations. The final
outcome is that the wing glides at 6° angle of attack, while the other ele-
ments; stab area and angle, tail moment arm and C.G. position are so ar-
ranged or balanced to enable the wing to maintain this position, or return
to it, after it is upset from the outside. In other words, the model has Longi-
tudinal Stability because it returns to the "trim" angle after it is upset.



In practice the location of the C.G. can vary from the Leading Edge to
several inches behind the trailing edge. It all depends on the actual design.
Although we will admit that C.G. at the Leading Edge is not common, a
design could be made to glide with C.G. at this location. (Under power,
speed control models have C.G. at the leading edge.) The location of the
C.G. will depend mainly on the stabilizer area, its angle setting and distance
from the C.G. This can be best understood by realizing that C.G. is a pivot
point for all the forces involved during the flight. And, basically, the Longi-
tundinal Stability depends on the balance between the wing and the stabil-
izer about the C.G. pivot. Also, the basic difference between model designs
is almost entirely based on their difference in the C.G. locations.—Without
telling us nothing else but the C.G. location we could give you a fair ap-
proximation as to how your model behaves in flight, or how it should behave.

We would also like to point out that one reason why we have so little
data on model design is that the full size aircraft designers stop with C.G.
at 35% of the Chord, while we just begin at this point. To full size design-
ers, the 35% point is on verge of being unsafe. While we have to go on into
the region where a change of angles by thickness of a hair could mean
disaster.—Why do we go beyond the 35% point? That is a very interesting
question. We will give you the answer in due time, but you may not be able
to comprehend it at first. So, if you do not find the answer at first reading,
do not blame us but look into the mirror, and try again.

SPECIFICATIONS OF EXAMPLE MODELS

In the examples which will follow we will use a 200 sq. in. wing which
has a Clark Y airfoil. The size of the Stabilizer will vary as will the location
of the C.G. The distance between the trailing edge of the wing and the
leading edge of the stabilizer will be same for all, but the Moment Arms of
the wing and stab will vary with the C.G. location.

The force values were taken from the 1951-52 Year Book, and are shown
in graph form which may make it easier to visualize the situation than table
style as in the book. If you have the 1951-53 book, it might be well to con-
sult it for details.

The wing force values were found by using wing area, lift coefficient
at the particular angle of attack, and distance between the wing's " Center
of Lift" and C.G. position.

The force values of the stabilizer are found in a more complex manner,
because the stabilizer works in the region of wing's downwash and turbu-
lent air produced by the fuselage. For example: Let us assume that we have
a model whose wing's incidence is 3° and the stabilizer is set at 0°. When
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this model is adjusted for best "duration glide" the angle of attack on the
wing is 6°, but on the stabilizer it is -1°. This happens because the "down-
wash" behind the wing is 4° while the wing is flying at 6°. This downwash



angle changes as the wing's angle of attack changes. For example: If the
model was shifted to make the wing fly at 0°, the downwash angle would
now be 2°, and the angle of attack on the stabilizer would be —5°. You
can now see that while the wing's angle of attack may have changed 6°, the
actual angle of attack on the stabilizer only changed 4°. Luckily, we made
the necessary calculations so that you can go ahead and enjoy yourself.
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To repeat, the stabilizer's force values were found by using its area
(minus its loss in efficiency), lift coffiecient corrected for "downwash" and
the distance between the stab's "Center of Lift" and C.G. position.

On the graphs we showed the Downwash Angles, the Angles of Attack
of the wing and the Lift Coefficients, and the Angles of Attack of the
stabilizer at particular wing's angle of attack.—The force values on the
graphs are to be used only for comparison. To obtain actual forces in

ounces, it is necessary to use the complete Lift Formula, which includes
air speed and air density factor.

C.G. LOCATIONS

If the areas of the wing and the stabilizer, and the distance between
them are fixed, the location of the C.G. will be determined by the angular
setting of the two surfaces. We can also say that if the area and angle of
the wing, and the C.G. location are fixed, the area of the stabilizer will
depend on its distance from the C.G. and the. angle at which it is set. In the
following examples we will vary the location of the C.G., and make cor-
rections with the stabilizer area and angular placement to bring about

Longitudinal Balance which is supposed to give the model Longitudinal
Stability.

C.G. AT 35% CHORD

If we fix the C.G. at 35%, and then make adjustments to bring about the
6% angle of attack for the best "duration glide,” we will find that the
stabilizer must have no force, up or down in this situation. This can be
explained by noting that when Clark Y is at 6°, its Center of Pressure or
Lift is at the 35% spot. This means that the wing's lift is directly over the
C.G. and that it has no force about the C.G. To keep it at this setting, the
stabilizer must also not have any force about the C.G. But to take care of
possible upsets, some sort of a stabilizer is needed to bring the wing back
to the "trimmed" 6° angle of attack.

For our example we assumed a 50 sq. in. stabilizer with a streamlined
airfoil. So that it will not develop lift when the wing is at 6°, we set it at 0°
while the wing has 2° incidence. That 4° downwash will give the stab 0°
angle of attack while the wing has 6°. In our calculations we assumed the

stab to be 70% efficient.—The force graph is shown, calculations taken from
the 1951-52 book.

As you can see, when the wing is at 6", the stabilizer has no load, up or
down. But if the wing should be upset to 4°, the stabilizer has a force value
of 96 units downward with which to bring the wing back to 6°. And if the

wing is forced to 8°, the stab has an upward force of 70 units to bring it
back home.
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It should be evident that when the C.G. is located at 35% point, the
Longitudinal Stability is exceptionally good. And it is so. Just a slight
upset change in the wing will be promptly corrected by the ever watchful
stab with its abundance of corrective force. Why don't we use this C.G.
location on our models? That is an interesting question!

C.G. AT 50% CHORD
When we move the C.G. to center or 50% of the Chord we find that we
have a see-saw balance system. On a 5" chord wing the wing has a moment
of .75" from its 35% Center of Lift or Pressure location. To balance this
force we need a counter force from the stabilizer. To be specific, the situa-
tion is graphed. Note that we now use a regular airfoil on the stab as we
need lift from it when the wing is at 6° "duration glide."
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While examining the graph you will note that the wing now has a force
about the C.G. at all angles of attack, and that the stabilizer has it likewise.
— Also note that there is only one angle of attack situation at which these
two forces are in balance, and that is at 6°, which is determined while we
adjust or trim the model. Now, if the model is upset to bring the wing to 4°,
the balance is upset. The wing has 105 force units, and the stabilizer has 67.
It is obvious that the wing will tend to bring the nose up higher with its
extra 38 units. If the model is upset to higher angles, say 8°, the stabilizer
now has greater force than the wing, and it will bring the tail up until the
model is again in balance at 6°.

We still seem to have ample "stabilizing" force in the 50% C.G. design.
But note that the value of the "correcting” forces has decreased by, roughly,
30 units when compared with the 35% C.G. design. Incidentally, this 50%
C.G. location is used and recommended for tow line gliders. Why don't -we
use it for other types? That is an interesting question!

C.G. AT 70% CHORD

Moving the C.G. further back to the 70% spot we find that we had to
use Clark Y on stab and increase its area to 66 sq. in. We also set the wing
at 3° and stab at 0° incidence setting. The layout seems to be close to what
we are using on some power models. Assuming that we adjusted the model
to the 6° "duration glide,” we find that the balance situation is as shown
on the graph.

It is interesting to note that if the model was upset to the 4° position,
the wing has 58 force units with which to bring the model back to the 6°
"stable condition." If the model is upset to 8°, the stabilizer has 25 units
with which to recover the model.—As you can see, the recovery force values
are getting less and less as we move the C.G. backward towards the trailing
edge. Why don't we stop here? Now, that is an interesting question!

C.G. AT 100% CHORD

Having the C.G. close to 100% of the Chord should make many of us
feel at home as most of the high power gas models and long fuselage Wake-
fields have this particular C.G. location.—In our example we use the layout
used in practice: Wing and stab set 0-0 and 45% stab. So that what we say
now about this arrangement should check with practice, and with ven-
geance.
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So, say that the model is upset to 4° (assuming that we went through

the trial and error method of finding the 6° "duration glide" angle). The

wing only has 5 force units with which to bring the model back to 6°. And

an upset to 8° gives the stabilizer 18 units for corrections.—Rather small,
don't you think?
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To make it interesting we did a bit of calculations and found approxi-
mate values for the force units used. The calculations were made with
assumption that the model weighs 8 oz. Roughly, one Force Unit equals
.04 in. oz. So, in the 35% C.G. example, the stabilizer has 96 units or 3.84
in. oz. force with which to bring the wing back to 6°; but on the 100% C.G.,
the wing only has 5 units or .2 in. oz. force to bring the model back to 6°.
Roughly, the corrective force on the 35% C.G. model is 20 times greater
than on the 100% C.G. Which one would you say has better Longitudinal
Stability?

POWER FLYING AND C.G. LOCATION

Rough calculations show that if our example models were gliding at
about 12,5 m.p.h. they would lift around 8 oz., which is a normal weight
for a 200 sq. in. model. By applying power so that the speed has been in-
creased to about 18 m.p.h. the lift of the models would be increased to 16
ozs. if they are held in the "duration glide" angle of attack of 6°.

Now, if a model, which weighs 8 o0z., develops 16 ozs. of lift, something
will happen. And that something is a loop whose diameter is such that the
Centrifugal Force will be equal to the excess lift. Don't ask us to go into
details. The main thing to remember is that if the model develops more lift
than its weight, its tendency will be to loop. The loop itself may take all
sorts of shapes and sizes, large, small, horizontal, vertical or helical. The
model may never actually complete a loop but fly in a curve path of some
sort.

To reduce the looping tendencies under power, a logical step would be
to reduce the lift of the model to lower values. For example: If we could
reduce the wing's angle of attack to 0°, while the model is flying at 18 m.p.h.,
the new lift would be about 8 ozs. instead of 16 ozs. which occurs at 6°. The
next question is: How can we make the wing fly at 0° when the model is
trimmed to fly at 6°?

On the 35% C.G. graph we can see that if the wing is brought to 0°, the
stabilizer will try to bring it back with a force of 250 units or 10 in. oz.
All that is needed to make the wing fly at 0° is to produce a counter-stab
force of 250 units. Downthrust or thrust above the C.G. could do it. From
experience, this may mean a downthrust of 10 to 20 degrees.

On the .100% C.G. graph we note that if the wing is brought to 0°, the
wing has only 15 force units or .6 in. oz. which is trying to bring it back to
6°. It is obvious that practically no downthrust is required, and actually
none is used in practice.

The 70% location requires some downthrust as the force which is trying
to bring the wing back to 6° has 100 units or 4 in./oz. As you may have had
experience in this type, you know that some downthrust is needed. Now
you know why. The downthrust is simply bringing the wing down to lower
angles so that it will not lift more than is needed.

SUMMARY ON C.G. LOCATIONS

We now know that the 35% C.G. location will give maximum Longi-
tudinal Stability with smallest stabilizer. But it will also require exception-
ally large downthrust to make it usable for power flying. Consequently, this
position is used almost exclusively by gliders such as A/2 Nordics. It is
especially useful for this design as the rules include total areas of wing
and stab in the requirement. So that small stabilizer will mean larger wing
where the area will do most good.—
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We also now know that the 100% C.G. is also the most touchy in sense
that the lay-out has very little plus or minus stabiliy factors. This makes
adjusting very touchy. But it has the advantage that no matter how high
the power may be, the 100% C.G. design can be easily made to climb without
looping or tight spiralling characteristics.

The other two locations, 50% and 70%, are a good compromise: 50%
for gliders, and 70% for power models which are not extra high powered
and which can use downthrust.



So far we have assumed that the flight or glide path is straight ahead.
In this type of flight it is easy to imagine how the Longitudinal Stability
works. However, a straight path in model flying is rare. Circling of some
sort is the rule. And so we reach the "Circular Airflow" part of the model's
flight.

Frankly, if your ideas about the Longitudinal Stability or Balance are
vague, it would be best to go back to the beginning of the book and start
all over again, and study the subject until you know what we are trying to
show. It is simply impossible to understand the part that "Circular Airflow"
plays in flight unless one has a clear picture of Longitudinal Stability.

While a model is circling, the angles on the wing and tail change so that
the initial "trim" angle is no longer in power. Without you doing a thing,
the stabilizer may acquire few degrees of greater angle of attack while the
model is flying in a circular path. By knowing just what happens, it is pos-
sible to take advantage of this situation. But if you are in dark

We are at loss how to explain the development of the "Circular Airflow."
So, suppose we assume that we have a one foot long piece of iron rod. To
the rod ends we attach 10 ft. strings. We grasp the end of the strings to-
gether and begin to whirl the rod around in a 20 ft. diameter circle. Dia-
gramatically the situation will be as shown.—The center of the rod will
follow the 20 dia. circle, while the rod ends will extend beyond the 20 ft.
circle, and form a larger diameter circle.




The next step isto imagine two air molecules, one on the 20 ft. diameter
orbit and the other on the larger orbit. As the rod is swung around it is
easy to imagine that the center of the rod and the tips just skim by the two
molecules. And nothing happens.

Now, let us place a third molecule between the two circles. What hap-
pens now? As the rod reaches the #3 molecule the point of impact will be
on the "upper" surface of the rod. As the rod continues around, the #3
molecule will again inpinge on the rod, but this time on the "lower" surface.

Forgetting about the restraining forces of the two end strings, which
way do you think that the rod would rotate if the two "impacts" were
powerful enough to make the rod pivot about the C.G.? To us it looks like
counter clockwise.
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By doing a bit of calculation we can also determine at what angle the
#3 molecule "attacked" the rod. To simplify the situation let us assume
that the attack occurred at the tip of the rod so that we will have an even
one foot value. Well, it just so happens that one foot in a 20 ft. diameter
circle takes up 6° of the circumference's 360°. This would resolve into 3°
for each side of the rod.

To bring the problem closer to home, let us suppose that we had a wing
on each end of the rod, set at 0° to the rod and each other. It can also be
seen that, if we forget about the downwash from the front wing and CP.
locations, the two would be in balance. Then we begin to whirl this com-
bination around so that the wings are vertical. A look from the top is shown
on the diagram.—Is it asking too much to make you believe that the front
wing now has a 3° negative angle of attack while the rear one has a 3° posi-
tive angle of attack?

If we were to remove the strings from the ends of the rod and tie them
to the center or C.G. of the rod, which way would the combination rotate?
To us it looks like counter clockwise.



Let us now change the whirl, from horizontal to vertical, to represent
looping. This gives us a more familiar condition in which the Longitudinal
Stability plays a part. In a straight flight our tandem arrangement may be
in a balanced condition, but in a loop it is obviously no longer in balance.
The angle of attack has decreased in front and increased in the rear. The
angular difference between the two wings has increased by 6°. If you fol-
lowed the logic so far, we can move to practical problems.

The C.G. location which will show the effect of the "circular airflow"
most clearly is the 35%.—Here the C.G. is at the wing's CP. so that what-
ever angular changes will come about due to looping will be shown directly
on the stabilizer. Say that the model is in a 20 ft. dia. loop, and that the
distance from the wing's CP. and stabilizer's CP. is one foot, and that the
stabilizer is placed outside of the downwash. In a straight glide the wing
would be at 6° angle of attack and stab at 0°. But if we place this lay-out
in a 20 ft. dia. loop, the 6° "angular change in one foot" will

act on the
stabilizer so that it will bring the wing to 0° angle of attack.
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So, by actually making no physical changes, except to make the model
fly fast enough to generate enough lift to cause a 20 ft. loop, we brought
the angle of attack from 6° to 0°. We now get into ever widening area of
explanation as to what happens as the angle of attack is decreased, and
with it, a decrease of |ift which originally started or caused the 20 ft. loop. -
Well, the outcome depends on the power, if it is great enough to make the

wing develop 16 oz. at 0° angle of attack, the loop will

be balanced at
20 ft. Dia. -

Actually, this is no place to worry about minutae. The basic purpose for
all this talk is to make as many of you see the action of " Circular Airflow"
so that it will be easier to understand what goes on.
trying to show how the curved flight path can change the "Longitudinal
Balance." This condition can be very handy in providing an automatic sys-
tem for changing the balance for glide and power. If you grasp the basic
idea you will sit back and say, "What do you know?" And you will also

realize that models have been flying despite all we did or do to keep them
from flying.

At present we are



To find out how much of positive angular airflow is needed to bring the
35% C.G. design from 6° to 0° we place the wing at 0° to the base line, and
the stabilizer at —2.°. The downwash is 2° which makes the stabilizer act
at —4°. Normally, this would swing the nose upward back to 6°. But if we
produced 4° of positive angular airflow, the stab would be at 0° at which it
will not produce any up or down force. .So, to balance the 35% C.G. design,
while the wing is at 0°, we need a curved path that will produce 4° positive
angle on the stab.

2° DOWNWASH

e | o° -
s —* S e
+4°CIR. AIRFLOW- = ~_ 4° DOWNWASH & INCIDENCE
CIRCULAR AIRFLOW AND 70% C.G.

The problem, in bringing the wing from 6° "duration glide" to 0° "power
flight" angle when the C.G. is at 70%, is a bit more complicated or confused.
—It is obvious that when the wing is at 0° the two surfaces must be in
balance. The graph simplifies the situation. By drawing a horizontal line
from the wing's 0° position across the stab curve we can see at what angle
the stab will produce same force as the wing. It is about —3.4°.—The next
step is to bring about "Circular Airflow" condition which will bring the

stab to —3.4°. A flight curve that will produce about V/° of angular change
will do the trick.

How did we determine this angle? Well, place the wing at 0° to the base
line, and the stabilizer at —3°. This is the physical set-up. Now place 2°
downwash in the picture. The stabilizer is now operating at —5° at which
its force value is only 42 units in contrast to wing's 140 units.—To make
the stabilizer develop 140 units we have to "increase" its angle to —.3.4°.
To do this we need a positive angular airflow of 1.6°. And this positive
angular airflow of 1.6° can only be produced by a curved flight. (Or, if you
like, by deflected prop wash.)

2°DOWNWASH 140

j140
P
——— T ———
— - 30

+1.6° CIR.: AIR—=="--5° = — 3.4° STAB.X

CIRCULAR AIRFLOW AND 100% C.G.

Here is where fun begins, because it is under this arrangement that the
"Circular Airflow" becomes a matter of dollars and cents. And it is under
this 100% C.G. condition that the "Circular Airflow" theory works to per-
fection. You can see it in action. So—.

To bring the wing to 0° angle of attack, we see by the graph that the
stabilizer should have —1.8° angle of attack. How much of a curved flight
path is needed to bring about a balanced condition between the wing and
stab? Again, place the wing at 0° and stab at 0° and then add the 2° down-
wash. This places the stab at —2° which gives it 245 force units against
wing's 260 units. If nothing is done, the wing will tend to bring the model



Now you can see why such models can climb without looping, spiralling
or generally corkscrew upward. Just a slight curving path is needed to kill
excessive lift. Of course, there is a penalty attached to this; it's "eternal
vigilance" as you can see in the 1951-52 Book.

1 260 2° DOWNWASH 260

P FE

+.2° CIR. AIRFOIL—] [: °DOWNWASH=-1.8°STAB X

back to 6°. But if we produce a .2° positive angular airflow we "increase"
the stab angle from —2° to —1.8° at which its force value equals wing's.—
So, just by placing the model in a curve path that produces .2° of positive
angle, we are able to bring the 100% model from 6° to 0°.

LOOPS DIAMETERS FOR BALANCE

By using the formula which gives angular change due to circling and
assuming 1.5 ft. moment arms for our examples, we find that the 4° needed
for the 35% C.G. example will be developed in a 45 ft. dia. loop. The 70%
C.G. requires a 120 ft. dia. loop. And the .2° change required in the 100%
C.G. model is produced in a 900 ft. dia. loop. It should be obvious that these
curves can be obtained by helical climb. The loop simplifies the explanation.

SUMMARY

We have shown that the C.G. position determines the value of the Longi-
tudinal Stability, and also determines the type of flight the model will make
under power. Also, we adjust the models to have best "duration glide" angle.
This angle is in the neighborhood of 5°. But while the model is under
power, the angle of attack on the wing must be reduced so that the wing
will not lift more than is needed. This can be done by using downthrust,
deflected prop wash or letting the "natural" design of the model develop
its own flight path which is almost invariably of curve type.

Some formulas in the 1951-52 YEAR BOOK were home-made.
A request to L.Licher for check resulted in the following

corrections:
360° x M.A. x Bank Angle (¢)
PAGE 17  Angular Change, A= . 5
3. 14 x Dia.x90

The angle 90° is in question.: It should be:
57.3° for small angles,# less than 10°
60° for & = 30° 70° for ¢ » 60°
64.3° for ¢f = UBO 90° for ¢ = 90°

Drift Angle x Dihedral Angle
900

PAGE 31 ANGLE OF ATTACK =

(Increased)

The angle 90° is in question. It should be 57.3°



TILTED STAB FOR CIRCLING

Frank Bethwaite brought to our attention the lack of information on the
action of the tilted stabilizer. Please read his letter before going on so that
you will have an idea of the problems involved.

The basic purpose of the tilted stabilizer is to provide a turning ten-
dency during glide without effecting the power setting: An automatic turn
adjuster that will vary in our favor when speed is changed.

As we have seen, to retain longitudinal stability about the C.G., both
surfaces must have similar moment forces. In a glide this may take place
while the wing is at 6° angle of attack. The turning force of the tilted
stabilizer depends on the side component of its lift. On a 35% C.G. model,
the side component is zero since the stabilizer is not required to contribute
any force while the wing is at 6°. But on the 100% C.G. model, the lift of
the stabilizer is considerable so that the side force would naturally be pro-
portional, depending on the tilt angle.

When we apply power to increase speed by 1’/2, the lift doubles. If the
model is kept at 6° trim, the side force of the tilted stab would still be zero
on the 35% C.G., but it would be doubled on the 100%. (If the rudder had a
turn set, its force would also be doubled.)

Since excessive lift tends to produce looping in which the model tends
to reduce its angle of attack, there is a change in the trim or balancing situ-
ation.—See graphs.—The 35% C.G. model now requires considerable "up-
load" on the stabilizer to keep the wing, say, at 0°. So that any tilting that
we may have given the stabilizer will now be very strong in contrast, to its
"no force" in the glide. The stabilizer on the 100% C.G. needs a very slight
edge on the wing to keep it at 0°. So that its actual force value may be same
as it was under 6° condition. That is, if its new over-all lift

is similar to
glide value.

The above situation shows that the value of the tilted stabilizer depends
on the C.G. location. Roughly, it can be said that the "force" value varies
from maximum with C.G. at 35% towards minimum as the C.G. moves back-
ward. As far as actual usefulness to us is concerned, the value will be just
the opposite. We can use it best when the C.G. is in the 100% neighbor-
hood: We can make glide turn adjustments by tilting the stabilizer, know-
ing that they will not increase in force during power run. But with C.G. at
35%, stab tilting is like rudder setting, it will vary with speed.

"Power flight pattern is a good indicator of how much tilt to use. A long
curved path shows that over all lift is not excessive, so that you can use as
much tilt as you may need for a glide turn. But if the flight has tight spiral

characteristics, use tilt sparingly, and in combination with other aids, such
as side thrust.

CONCLUSION OF THEORY

This is about all we can say in this book. The 1951-52 Year Book can
carry you on from here. We will see what is needed during the coming

year, and include it in the future year books—Your comments and sugges-
tions will decide the topic.



JOHN WORTH—RADIO CONTROL—

Experience has shown that successful r-c practice differs from the un-
successful largely in accordance with the amount of attention paid to de-
tails. The finer points of model design, construction and flying, plus radio
equipment adjustment and operation, are usually required for success yet
the degree of skill involved is apparently not so important. It has often
been noted that some beginners start right off without trouble while others
can't seem to get away from it.

Good practice does not require skilled workmanship but it does call for
good habits and features of construction. The most beautifully-built mech-
anism can be full of bugs and poor design features while a comparatively
sloppy affair may perform perfectly. The point, then, is that there are right
and wrong ways of doing things and some education may be in order to
raise the standard of performance.

Study of the situation has confirmed that there is a need to publicize
the details of good practice as a guide to better results. The following in-
formation has been sifted from discussion, observations, and correspondence
to present a condensed cross-section of thoughts concerning control system
installations, for it isin this phase of the field that attention appears to be
most needed.

A freely pivoted control surface is very important to the performance
of a reliable control system. Whatever the method of pivoting used, the
surface should be free to flop easily from one extreme to the other when
the actuator linkage is disconnected. It is even preferable for the control
surface installation to be more sloppy than tight, although the more slop
the greater is the loss of effective control.

Free movement of the surface should not depend upon lubrication for
smooth operation. In other words, a surface that does not move freely with-
out lubrication should be reworked until it does. Cases have been seen
where a drop of oil loosened up a control surface, but in the heat and dust
of summer flying loss of lubrication resulted in the original binding con-
dition. Lubricating a freely pivoted surface is good to help out the actuator,
but it should not be used as a cure.

Lubrication can also be the cause of trouble if done carelessly. A drop
of oil on exposed balsa next to the pivoted surface can swell the wood and
cause interference with movement—exactly the opposite result from that
intended Lubrication does have an important purpose other than that of
reducing friction as it helps to prevent corrosion and eventual sticking if
music wire or steel fittings are used in the control system.

After being assured that the control surface pivots freely without the
linage hooked up, care should be taken to see that the connection of the
linkage does not introduce binding. If the linkage must be sprung or
twisted to make the hookup, it should be reworked until this is not neces-
sary. The linkage should connect naturally with no force being exerted to
mate the connecting fittings. After the connection is made, the linkage
should be moved from one extreme to the other several times to see whether
the total action is free from binding.

Many control linkages which check out okay with the model in a hori-
zontal position do not operate at all when the model is held vertical. This
is an important consideration because we need positive control most when
the model is in this dangerous attitude. Particularly with push-pull link-
ages and pulsing systems is this important. This simple test can be very
revealing. Along with this check of the action in various attitudes, a weak
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set of batteries should be tried. If the control system will operate horizon-
tally with weak batteries and it works as well in a dangerous attitude the
chances are that the system will be reliable under all conditions. A control
system that operates with weak batteries no matter what the attitude of
the model is what to strive for.

A good check on control system response should be made by rapidly
switching the actuator on and off. The control system should follow snap-
pily without lag or skip. A sluggish action will show up immediately under
this test and is usually caused by too much mass that must be moved or too
much friction in the system.

For escapement systems, the size of the rubber required to operate the
system may be a good guide to performance. A model up to six feet in span
should not require more than 1/8" flat rubber for completely reliable and
snappy control system action if the system is properly designed and built.
Incidentally, an escapment design which uses a ball-bearing type washer to
reduce the friction caused by the loading of the wound rubber will usually
operate better to drive large or heavy control systems. The smallest of the
commercially available escapments have been used to operate control sys-
tems in large ships such as the Super-Buccaneer, but it takes attention to
the finer points of construction to do the job properly.

The rubber should also unwind until it hangs slack with hardly any
twist left. This is positive proof that the control system requires little
power for operation. Many times control system trouble is cured by using
heavier rubber, up to 3/16" or flat, but this usually leads to troubles
later on. The problem is that the heavier rubber results in the escapment
pawl taking more of a beating under the increased torque and pretty soon
beats itself out of adjustment. Also, the increased torque puts more pres-
sure on the pawl in signal off position so that more actuator battery power
is required to pull in the escapement armature. This in turn results in the
need for fresh batteries for reliable operation or more voltage. If the bat-
teries get weaker, the operation becomes erratic. If too much voltage is
used initially, the current drain goes up so that battery life is shortened.
All these things add up to eventual trouble that can be avoided completely
by more care in the beginning.

In the design of control linkage, consideration should be given to the
mass to be moved. For instance, if either a torque rod or a push-pull rod
can be used there is a lot in favor of the torque rod. The relative motion
involved in a torque rod installation is small since the rod pivots on an
axis along its length. The push-pull rod, however, must be shoved back and
forth and this may require as much power or more from the actuator than
is required to move the control surface itself.

One of the common practices noted in control linkages is the use of
small diameter music wire for push rods or torque rods. If the wire is being
pushed or twisted, its flexibility can result in considerable lost motion that
never gets to the control surface. What is needed is a material with a
reasonably large cross section but light in weight.

Where -032" or .040" wire might be used, it may be better to use 1/8"
sq. balsa with wire fittings on the ends. The balsa is sufficiently stiff—if
selected from good close grained stock—so that it resists twists and bend-
ing yet is light enough so that the power of the actuator is not expended
in driving the control linkage. For large models, 3/16" sq. balsa, 1/16" o.d.
aluminum tubing, or 1/8" dowel may be used. Whatever is used, the main
idea is to get all the motion and power of the actuator to the control sur-
face with as little loss as possible in the connecing linkage.
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Where a sliding yoke is used over an escapement pin, binding may occur
at some point in the yoke—usually at the end of the loop—if the contact
edges of the yoke are not parallel and free sliding along the full distance of
pin travel. If music wire is used for the yoke and if the end of the loop is
soldered the joint must be a good one, preferably bound with light wire, as
a cold solder joint may break loose during regular pounding of escapement
operation and cause the escapement to jam or at least result in sloppy
operation due to the opened yoke.

Cases have been noted where the model flies under perfect control under
power but misses signals in the glide. This can be caused by a system which
works okay under the influence of engine vibration but not without it. The
explanation is that the vibration keeps the system loosened up so that parts
do not bind, but in the comparative smoothness of the glide the fittings
settle into gummy or sticky action.
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Several cases of escapement skipping, which occurred only with the
engine running—sometimes only after the model was launched—were
traced to vibration caused by a given engine and prop combination. Chang-
ing the prop to a different make, pitch or diameter produced different vibra-
tion characteristics which eliminated the skipping.

Skipping can also be caused by improper relay adjustment or mounting.
Some relays are more sensitive to vibration than others. The Sigma 4F or
5F relays are almost immune to vibration when correctly adjusted and usu-
ally may be mounted solidly in a model or on a simple rubber padding.
Others, such as the Kurman or similar types without a pivoted armature or
rugged contact supports must be suspended loosely from rubber bands or
otherwise provided adequate isolation from vibration effects.

To differentiate between skipping caused by relay or engine vibration,
the relay armature may be held by hand in the "on" position while the en-
gine speed is varied. If the escapement skips, the trouble is probably not
with the relay but with the engine/prop setup or the escapement adjust-
ment. Usually the cure requires only the changing of the type prop used.
In those rare cases where the skipping occurs only after launching of the
model the trouble may be a bit more difficult to trace but changing the prop
will generally solve the problem.

If holding the armature "on" cures the skipping, then improper relay
mounting or adjustment is probably the cause. In general, the best relay
adjustment is a compromise between the most spring tension possible and
the closest contact spacing which will provide pull-in at just under the
normal maximum current available. If relay action is snappy and positive
when not under vibration the chances are that the adjustment is o.k., but
the mounting must be made less stiff so as to better absorb the vibration.

There are no cut and dry rules of good practice—the subject is broad
enough to require a book in itself—but the information presented offers a
background to provide a steer in the proper direction. Just as a chain is
only as strong as its weakest link, so is the performance of an r-c model
dependent upon the attention given to the smallest details. If the end
result is a product of accumulated good features, the chances are that suc-
cessful r-c flying will be achieved and maintained.

CLAUDE—McCULLOUGH—THE ANVIL CHORUS—

One of the most intriguing aspects of radio control flying is that it has
not yet reached the point where all the rules have been laid down and a
formalized style of design developed, as has been the case with free flight
gas and U-control speed for example. With so many avenues of thought
available for exploration, it is to be hoped that some time will elapse before
r-c flying will be in any danger of getting into a rut and grow less inter-
esting from too much "sameness".

Most of the ideas r-cers began with were inherited from free flight, in-
deed early attempts (and many since) at remote control were far more free
flight than radio directed—the usual course being to first test, adjust and
fly the airplane without any equipment and then add it as a sort of extra
thumb that permitted a certain degree of maneuvering. Now that a little
confidence has been developed in the reliability of the radio sets, consider-
able strides have been made toward developing design practices that con-
sider control the primary rather than secondary factor. With excessive di-
hedral proven to have been a sacred cow and something beside deep under-
cambered airfoils now flying, one wonders if perhaps more of the norms of
current flying technique are not profitably susceptible to amendment.



e —

™ 7’ g —— /
FUSELAGE = SR - —
74t amenort =
//%% /;'or;rm’ =
Vit e =
= @ e .
WinG ARzA = . 574B N
b i = Thinned Clark/ || =
= Constrection Z
N = LA E
E:—-—;_g _____ — %— E S
L — = .
@Hmlu === EE_____?"—' = I
g m— i
SPrrFIRE .65 = w7 N :
ABrES JBp-Flite = b -&QE B
22—’ ooy s, = ™\ NN
= R § i\\Q =
- . B o |2
agtiins | | SR
s = SO B N §5
1 = =i 3t § l»‘ /p_.!
| = DA
WizARD li = tie
by C M Colfoogh l = X 183 Z& Reic
Ofturwa fowa { = N §§*§
!; = Q\:“?\ Budder Area {z/
CGar42 / | = § 0 NNg
1 EL . l—'
o
31 & =1 /4

|
gl "

o

4
X

le £Lole 5
NEare

< Il




After a season of flying a ship that was somewhat higher powered and
considerably heavier than the average R-C, it is my opinion that the de-
velopment of the ideal radio ship—rugged, smooth flying and with all-

weather performance—lies in the direction of the application of what Dick
Schumacher has called "Brute Force.".'

The "Wizard" in its original form gained a certain degree of fame (or
infamy!) as the only radio controlled payload ship at the '52 Nationals.
Rushed to final completion the week before the Nats, the hurried installa-
tion of the many mechanisms and batteries required for a 3-control airplane
played havoc with the C.G. position, getting it so far back that several total

failure test flights proved without doubt that there was only one thing to
do—weight the nose.

Since the ship had a short nose this required some doing, but thanks to
C. O. Wright—who believes in coming to a contest equipped—a lead weight
weighing 1 Ib. 11 ounces was turned up. It was my intention to cut off part
of it to try, since the whole amount seemed to be an experiment that could
only result in a really sensational bash. But deciding that desperate situa-
tions call for desperate measures, the entire chunk was placed in the nose.

The plane was heavy to begin with and now weighed in at 11% Ibs.
on 7 sq. ft. of wing area—a wing loading of 27 ounces per sq. ft.

Since the only free on-the-air time available for testing was when the
regular afternoon California hurricane was blowing, the worst was ex-
pected. But with the feeling that it would be best to get it over with, the
Atwood .49 was cranked and with Jack Williams heaving, up theflying
anvil went to turn in about as successful and smooth a test flight as could
be asked for, culminating in a perfect landing on the runway.

While such ill-considered innovations as a 5-wheel landing gear, badly
placed, proved to be a good deal of a handicap in the competition, still the
airplane performed very creditably for its first 30 minutes of flying life,
particularly in the wind, which had very little effect on it.

After the Nats', modifications and further test and contest flights were
made and the ship has evolved to Mark Il as shown in the three view.
Changes included a lengthened and re-shaped nose, two wheel landing gear
with tail wheel and increased rudder area. The longer nose was mainly to
permit moving equipment forward so as to "get the lead out." But much to
our surprise the airplane proved to have been a much smoother, all round
ship at the heaviest weight than after lightening. So back in with a pay-
load! Smoother turns, no bouncing on recovery and no wind could be
turned up that could keep it from completing a quarter mile cross country,
at times when no other job could do it. A small, 4 oz. weight is placed in
the nose for especially high wind conditions.

One thing that was noticeable was that neither the climb or glide seemed
to be affected to any degree by increasing the weight. The glide in any case
was almost too good for making approaches to spot landings; flat and float-
ing, almost unbelievable considering the wing loading. The control re-
sponse was so good and the stability seemed so ample, that one of the main
changes planned for the ship is to increase the power plant to a .65 to give
more reserve capacity for takeoffs and climbing to alitude, making use
of the motor control to keep it at the altitude you want it. It is felt
that the ship will be able to fly in any weather in which a contest can be
held. The payload is being made useful by installing some heavier batteries
and a new more reliable elevator mechanism.
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To further test the flying and maneuvering ability of high wing and
power loadings along with several other features, a new ship is now
a'building. This has hopefully been christened "Acrobat" and is shown in
three-view. It is a 3-control 5 footer with proportional pulse rudder, se-
guence elevator and motor speed and shutoff control. It is thought that this
is not only an optimum size but also the smallest practical one for this
number of controls. The main design features are low aspect ratio (5 to 1)
and a short moment arm, selected with an eye toward maneuverability
rather than stability, and tending to confirm E. L. Rockwood's comment
that | was drifting designwise to "U-control stunt jobs."

The ship has an ample rudder, particularly necessary on short moment
arm ships but also an aid in avoiding "wanderitis" on a cross-country, every
gust of wind bringing a new flight path. Using proportional pulse, such an
airplane can be flown in a perfectly straight line cross country in a cross
wind, simply by setting the stick for the correct crabbing angle.

This small, high powered, heavily leaded ship will be flown against the
large etc. etc. Wizard to determine which is the most successful size for
contest work. It is probably a foregone conclusion that the smaller ship
cannot be quite as heavy in wing loading as the large ship for equivalent
reactions, if Mr. Reynolds and his number be right.

Please don't misunderstand me on this weight question. | am not ad-
vocating that everybody carry a lead weight just to be packing it. But what
| am saying is that perhaps the popular trend to a light wing loading, low
power airplane is not the best way to the ideal R-C design. Particularly
light weight at the expense of radio reliability or structural strength, just
to keep down impact forces or flatten the glide.

I hink it is throwing in the towel for modelers to decide that structures
cannot be built of balsa to really take the punishmen dealt out by heavier
weight and fast flying. Sensible wood selection, generous spar depth (an
r-c wing should be able to support twice the weight of the ship when held
by the tips!), liberal planking and free flight knock-off attachment of the
parts plus arrangement of equipment to absorb shock, can produce a ship
that will take any average "prang", without damage.

At the Des Moines meet my electronic pulser began kicking up its heels,
spinning my ship in from a high altitude under power, not once, but three
times. Each time the only repairs were a new prop, straightening the 1. g.
and replacing rubber bands. This is a pretty drastic way of testing out a
structure, but it does show the balsa deserves its reputation for having the
highest strength to weight ratio of any wood.

The objection may well be raised that the lighter airplane should be
more maneuverabie. My thought is that as far as maneuverability is con-
cerned, given plenty of power, 25 ounce loadings do not appear heavy
enough to adversely affect maneuvering and do smooth out the more sedate
flying considerably.

But regardless of the pro and con of it, the inevitable march of progress
will soon make the lighter low-powered ships the trainer for the novice
and heavier higher powered ships a must for contest work. For it seems
quite evident that the day of ascendancy of the rudder only airplane is
coming to an end. Alex Schneider and the San Francisco Mustangs are
flying proof that multiple control will now be necessary.

Placing the equipment needed for this type of operation in a light air-
plane will produce results of a most positive nature. The first time the ship
hits an obstruction, it will stop and the batteries and radio will keep right
on going!
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J. K. QUERMANN—NOTES ON V2 A DESIGN—

Some idea of how the design came to be may be of some interest. The
layout is based on my concepts of stability and the ability to trim for both
the high power climb and for a glide. The size, airfoil and general stream-
lining are, of course, all aimed at high performance.

1. For longitudinal stability and control a model should have the
following: St Jit

a) A large tail volume coefficient, Siv c e This provides plenty of
damping (Zaic circular flow concept) and makes a rear center of gravity
location necessary. The damping in pitch makes the exact location of the
center of gravity less critical, damps oscillations, and generally takes up
the slack caused by other errors. The rear center of gravity helps the lateral
stability indirectly. On the debit side, the large tail costs drag. The small
amount of lift it can produce when the center of gravity is located for
proper stability doesn't begin to pay for the drag. | believe the stability is
worth the price. Sf= 7ali/Area Sw= N/},g Area

b) The center of gravity must be far aft for easy adjustment of power
on as well as power off flight, (a glider can have a forward center of grav-
ity). The center of gravity should be slightly ahead of the aerodynamic
center during the glide and on or even behind during the climb. During a
steep climb the model is more of a helicopter than a conventional airplane.
For the helicopter the center of gravity should be below the aerodynamic
center of the side forces, in this case lift.

c) An unrestricted propeller slipstream which passes over or very close
to the horizontal tail. The effect of the slipstream on the tail is the big item
in changing the trim from power off to power on flight. Downthrust changes
the direction of the flow at the tail as well as adding some down load at the
nose. The moment caused by the up load at the tail a long distance from the
C.G. is more powerful in trimming to a lower lift coefficient, i.e. preventing
loops. A pylon which puts the wing above the propeller seems about right.
Higher pylons probably don't help much. C=Average k//;)_y Chord

d) Some downthrust measured relative to the normal flight path in the
glide. Necessary to change the trim. &¢ =#a// lenghy from C6. fa/'/‘-fc‘/mrd

As a passing note it might be pointed out that while the rear C.G. loca-
tion is needed, it is easy to get into real trouble by putting the C.G. too far
back. For the beginner a good way to avoid over shooting is to put the C.G.
a little farther forward than the experts. Use a moderate amount of down-
thrust and then start flight tests. Trim for the glide then try power. If the
model dives under power or shows only slight looping tendencies a change
in thrust adjustment is in order. However, if it shows violent looping ten-
dencies move the center of gravity back and retrim for the glide (by chang-
ing the tail incidence). As the center of gravity is moved back the looping
tendency should disappear. If you want to see how far out the window you
can lean, take out some of the intial downthrust and try again.

2. For lateral stability and trim:

a) Plenty of dihedral. Dihedral is like money in the bank. It is difficult
to have too much as far as stability is concerned. The more dihedral the less
fussy you have to be with some of the other items. There is a price. The
useful lifting wing area decreases. Not much is lost for moderate angles tho.

b) A small vertical tail. My model has no vertical tail as such, but the
drooped outer panels act as a vertical tail. The effective area is the total
area of the panels times the sine squared of the dihedral angle or about %
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of the projected area. There is a fairly wide range of satisfactory tail sizes
for wings with plenty of dihedral, particularly for the glide. For the climb
the tail must be small so the center of gravity is very close to or behind the
aerodynamic center of the side forces. The helicopter concept must be kept
in mind. A model whose tail is too small will dutch roll or in extreme cases,
spin—not a spiral drive, but a classical spin with the surfaces stalled. My
model, even with the apparent lack of tail has never shown any hint of
dutch roll.

c) Moderate aspect ratio. A low aspect ratio is generally good for stabil-
ity, but begins to cost in terms of performance. A moderate aspect ratio
around 7 seems a good compromise.

d) Positive dihedral ahead of the center of gravity, negative dihedral
behind the center of gravity. This provides a favorable rolling moment due
to yawing velocity. (Sort of a circular air flow in yaw). If the angle of yaw
is taken as zero at the center of gravity, then the turn produces a side flow
in one direction ahead of the C.G. and in the opposite direction behind it.
With the positive dihedral of the wing ahead of the C.G.,and the negative
of the tail behind, the rolling moment caused by the turn tends to cause the
model to roll out of the turn.

e) On this particular model with no vertical tail for the slipstream to
act on, side thrust is not very effective. The slipstream twist acting on the
pylon tends to cause a right turn. Wih a low vertical tail the twist also
causes a right turn. To avoid this difficulty the tail droop is started beyond
the normal slipstream. The model climbs right, glides left.

3. The size may be of some interest since the model is larger than most
y<I A models. The idea is simply this: The model should be as large as pos-
sible, yet it should weigh no more than the absolute minimum. With a full
tank of fuel my model barely tips 5 oz. For the craftsman who can make
them larger and still strong enough | recommend larger wings. The logic
is simple. The rate of climb depends mostly on the weight and engine
power. Drag is a secondary factor. Since there is little to lose in climb and
much to gain in the glide make them big, but light. There is a price. First
the structure is weaker. Second, it is more difficult to trim properly for both
power on and power off flight. The reason is that the forces due to the
engine are relatively smaller compared to those due to the surfaces. It
becomes more necessary to place the center of gravity properly than in the
smaller airplane with the same engine.

4. The airfoil. The blunt trailing edge may startle you. The airfoil is
similar to an NACA 4509 with a thinned down leading edge and a thick-
ened trailing edge. The airfoil was designed to have low drag at a lift co-
efficient of 0.8. Glide tests on other wings showed this to be the normal
gliding CL. The lower surface is designed for a laminar boundary layer—
at least the pressure gradient is favorable for one. The blunt trailing edge
tend to increase the maximum lift coefficient and takes into account the
fact that at the low Reynolds numbers the flow has probably started to
separate slightly at the trailing edge on most airfoils. Thus the drag is
probably small. The small structural member at the trailing edge helps keep
the weight down.

5. The landing gear is almost an after thought. It is shown on the
drawing as it is. It works, but | would recommend moving it about 1"
further forward.

6. The exhaust deflector on the fairing behind the engine keeps most
of the goo from splashing on the wing.






