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THEORY

AERODYNAMICS

It is common knowledge that flight depends on the difference of
pressure on the upper and lower portion of the wing; high pressures
on bottom and reduced pressure on the top. We can tangle ourselves
in fluid flow theory which would mathematically prove the phenomena,
or we can take the scientists’ word for it. But since most of us pos-
sess inquisitive minds, we might as well know what goes on. The fol-
lowing visual picture of the airflow action on wings is intended to
make it possible for us to realize the difference between action at
high and low speeds.

PROPERTIES OF AIR

It is only sensible to know something about air since it is the
medium in which we work. To most of us it is still empty void. If
such were the case,we would be flying rockets instead of airplanes.
The flight depends on the physical law of "to every action there is
an equal and opposite reaction." This means that the airplanes must
have some substance to react upon to remain aloft and counteract gravity.

We are often reminded of the vast ocean of air in which we live.
Also that if we were to cut a cubic foot of air on the bottom of this
ocean and place it in a vacuum room, it would weigh 1.227 ozs. The
air now has body. Let's imagine that this cublc foot of air is fired
from a cannon at a speed of 300 m.p.h. This speed multiplied by the
weight of cubic foot of air will provide kinetic energy of 386 ozs.
or 237 lbs. Quite a blow from an invisible substance. The wind is this
sort of energy. Nature, with its high and low pressure regions, pro-
vides the propelling forces.
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The given flight theory of increased and decreased pressure de-
celves many of us into believing that we have compression on the lo-
wer portion of the wing. For practical accurate calculating purposes
we can disregard it as long as we keep under 300 m.p.h. At speeds
below 300 m.p.h. the wing is a very poor compressor because the air
is a very lively medium, and it escapes in all directions te avoid
being crushed. It is not like a bicycle pump where a pressure of 40
or 50 lbs. may be exerted on 2 sq.in. on top of confined air. A much
better thought to keep in mind about the air is to liken it to water
and as such it resents change of motion.

Besides having weight, the air also has the property of close
cohesion among its molecules. This state of affairs is called vis-
cosity. To have a better visualization of air we might liken its
molecules to tiny octupi with arms all around its body, andthat every
arm is clutching an arm of the surrounding molecular octupus.We now
have a sort of a three dimensional web., This illustration may be
far fetched but it will explain many factsnow known to us by name only.



THE WATURE OF AIR FORCES ON WING

Referring to the sketches you will see that a moving andangled
airfoil tries to shove the molecules downward., The little fellows
will naturally appose this suppression and will try to push the air-
foil upward. If the section is moving slowly, the molecules will
take the easy way and try to escape from the pressure in the front
and rear of the airfoil. Only the molecules which cannot escape will
bear out the law of "to every action there is an equal and opposite
reaction." We can make a rough calculation of the molecularreaction
under the wing as follows:

Weight of one cubic inch of air is .000775 oz. Our wing area is
200 sg.in. and the speed is 20 m.p.h. Angle of attack is €°, Using
approximate *faverage pressure developed under the wing as shown by the
pressure graphs, a 200 sq. in. wing will affect, say, 100 cu.lg. or
:0775 ozs. of air. The result of multiplying this by 20 m.p.h.% is:
-0775 x 400 = 31.00 ozs. of kinetic energy acting at a tangent of €°
The upward component is Tangent 6° = ,105 x 81 = 2.25 ozs.

This force is obtained by the angle effect of the lower portion.
As you will see later, the curve of the upper surface tends to reduce
the pressure and lets the atmospheric pressure increase the lift many
times. In some cases as much as three times, which would give us 93
ozs. of total lift for our R00 sq. in. wing.

(These calculations are necessarilly rough. Liberty was taken
to use round numbers. The results, which coincide with actual model
practice was as surprising to the editor as it must be to you.)
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Standard air or atmospheric pressure at the bottom of our air
ocean is about 14.7 lbs. or 235 ozs. per sq.in. Therefore, if we only
have a 1/8300 pressure reduction on the upper surface of a 200 sq.in.
wing, at 20m.p.h. the atmospheric pressure underneath the wing will
surge upward with a power of 6ozs. Just how do we obtainthis heaven
sent reduction?

Referring again to the illustration you will note that the dis-
tance from the leading edge to the trailing edge is the longest along
the upper curve. This means that the upper molecules have to travel
a greater distance in the same time as their lower companions ‘to re-
meet at the trailing edge. Since the number of molecules on the top
is the same as below we can readily see that they will have to spread
apart a bit to keep the line contact intact. The moment the pressure
is reduced below atmospheric pressure, the reaction from the lower
portion makes itself evident in upward surge. We have already noted
how small this pressure reduction has to be to work wonders with lift.

The question which always pops up is why we have the greatest
difference in pressure at the leading edge, both top and bottom.

THE EFFECT OF LOWER SURFACE
It is evident that the leading edge is the first portion of the

wing which comes in contact with almost stationary molecules. 1t is
at this point that the molecules are initially driven downward, and
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in so doing they impart their effect of the minute weight they pos-
sess to the support of the plane. This downward movement is evident
in flow photographs and is termed "downwash". It changes the angle
of the airflow behind the wing which makes it necessary to remember
it when designing the size, shape and incidence of the tail surfaces.

This reaction between stationary molecules and moving wing na-
turally consumes part of the engine power. Since all factors which
contribute to consumption of power are termed in the general name of
drag, this particular action is called induced drag. The very name
'induced' describes it as something that is brought about by another
action. It is not parasite drap which is a waste without visible re-
turns. The induced drapg is the result of the law "to every action
there is an equal and apposite reaction". This drag or reactionva-
ries as the lift varies, For example, when the lift is small,as at
low angles of attack, the downward motion is limited to the nearby
neighborhood and thus resulting in low indueed drag. While a high
lift, which requires high angles of attack, causes the downward mo-
tion to extend beyond the,neighborhood to backup the uppermolecules

against the increased oppression. More will be said under "Stall"
heading.

The induced drag is a necessary evil. The aviation lads min-
imize it by decreasing the chord and increasing the span. A glance
at the diagram will show that of the two airfoils presented the lar-
ger one affects about four times as much air as the lower, although
the size of the section is only doubled. Since the span of thesmal-
ler airfoil need to be only double of the larger chord forsame area,
its induced drag will be only % the larger. This principle is applied
in gliders and whenever permissible on the power planes., It has al-
so led many model builders to follow the example. However,as it will
be later pointed out, it is doubtful if this reduction of the induced
drag is beneficial at lower speeds where the l1ift is hard to produce,
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ACTION ON THE UPPER CAMBER

At first thought, we would think that pressure difference would
be equal along the entire upper curve. However, we must remember that
a substance "glives" most at the point of the initial attack. The
"sive" or strech is then transmitted on all sides. On the airfoil,
it is the abrupt upward curve which attacks the airflow lines first
and it is here that we have the greatest "give" or strech. We have
already seen that the greater the strech, the greater is the reduction
of pressure. This phenomena can easily be demonstrated on a long wire
epring on which we can ses why there is a greater reduction at high
speed than at low. If the spring coil is given a gentle pull, the
difference in spacing of the first few turns cannot be noticed. But
if the tension is sudden, the increase in spacing is marked mostly
at the point of force application. The tension gradually loosing its
momentum as each and every turn (or molecule) exerts its power of
remaining at fixed point.
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THE STALL

So far we have covered the ideal manner in which the airfoil
works. The end comes as follows: We have seen that the molecules
under the wing are given a downward motion. If the ang}e of?ttack
is small, they will pass the remaining portion of the wing without
trying any mischief., But if the mangle is lncreased to such an ex-
tent that they are continually forced downward by the angled wing,
they will be building up opposing forces all along the lower camber.
As they come to the trailing edge, they will try to force themselves
upward into area of low pressure. The resultant flow is shown on
the diagrams. Their entry produces a circular motion. If the angle
of attack is not lowered, this circle will increase its strength and
size from the incoming molecules. Soon they will be interfering
with the unbroken upper flow as the cireling motion oppossesthe air-
line motion. This will slow down the necessary streamline flowuntil
it breaks the fi-st line. Now more dead and useless air is dragged
along to interfere with still more upper lines. This process continues
until the upper flow is destroyed. Since so much of the 1lift depends
on this reduction of pressure, the result is in complete loss of up-
per camber help and the plane squashes down in the clutches of gra-
vity. To read on with easy minds, let us assume that the pilot managed
to straighten the ship and is again on his course.

The stall treatisewill be completed with few remarks on the ac-
tion of slots to extend the stalling range by clearing away the eddies
of stagnant air which break the streamlines. To clear these dead air
eddies we must direct against them a strong stream of air. This is
done by setting up vanes so that they direct airflow near the sur-
lface towards the trailing edge, and soprolonging the period in which
the stagnant air does not interfere with the normal streamline flow,
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LOW SPEED AERODYNAMICS

Most of the experimental aeronautical data is based on speeds
of 40 m.p.h. and upwards to 300 m.p.ii. Investigatior now in pro-
gress are reaching for speeds beyond 200 m.p.h. This cannot be used
by model builders. We want information to start from 1 m.p.h. and
continue upward to a reasonable extent in accordance with model speeds.
A partial answer to this plea is the N.A.C.A. report No. 586 which
will be resuméd later. To understand this report,we must learn more
about the methods used in aviation to compare test model's data with
the final product, as well as know the possible difference in re-
action, at low and high speeds.

Data appearing in laboratory reports assumes that the airflow
around bodies will be similar at all speeds. The only diflerence
being the intensity of the reaction produced by change of speed ve
locity. For this reason the only variable in the lift and drag for-
mulas is the speed. The coefficients (indicators of difference in
reaction of one body to another, or one angle of attack to antther)
are found by tests on scale models and applied to full size calcu-
lations. It was found that there is a difference in the final re-
sults between the model and wing. The full size wing has more 1ift
than the model data indicates. In time this was corrected by adding
a correction factor which covered this scale effect.

Indications are now for an explanation of the lift and drag

formulas so that we may have a better idea where we may apply our
slow speed correction.

LIPT POHNULA
Lift (fn 1ba.)=0p % 3 V2

DRAG FORMULA
Drag {in lbs.)=Cp P g y?
2

R

CL= Lift Coefficlent

Cp = Drag Cosfflclent

p = Density of alr .00Z3T7
{at 159C & 7&0mm

3 = Surface ares in sg.ft,

V = alr Speed in Ft. Sec.

-
-

=
»
-
»
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EXAMPLE
To find 1irt and Jdrag of a-
wing whose area 1z B sg.ft.,
section Ldtt. 497 at 29 poa.
Air speed Omph (29.33 ft.sec.)

3%

Lift=,7 X 001185 X B X 25,332
ART, D.culieee Lha,

Urag = .045 X 001185 X 8 X 28,332
ANS. WRool e bz,

(R

The coefficients are, as mentioned above, reaction difference
between different bodies and angle of attacks. Denaity of air is an
indicator of the number of molecules in a given volume of air where
the plane flies. It thins with increase of altitude. 1Its inclusion
in the formula automaticallk takes dare of these changes, since the
number of molecules will be smaller with increase of altitude.

The wing area is evidently the factor which controls the amount
of air acted upon. The speed, which is squared, determines the num-
ber of molecules which will be attacked within a ziven time. As we
have seen in the first section, it is very Important to attack the
molecules suddenly and give them no chance to escape in a round-
about-way.



ABout the squaring of speed: As a rule we just take it for grant-
ed without worrying about the reasons behind it. And because of this
attitude, it is more or less a mystery to those of us who have for-
gottan physics. The square law can be developed from a series of
motion and kinetic energy formulas, but the simplest explanation is
as follows: A plane travels at 20 m.p.h. and another at 40 m.p.h.
Logically we would think that we are affecting only twice as much
alr, judging by the distance travelled. The point we neglected to
bring in is that when we travel twice as fast we also attack the mo-
cules twice as hard, and so affecting twice as much alr below and
above the wing. We now have; twice the distance travelled and twice
the downward and upward effect. Results: Four times more reaction
at 40 m.p.h. than at 20 m.p.h. See diagram for visual explanation.
Of course, we are not getting anything for nothing as the drap is
also squared with doubling of speed for the same reasons..
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REACTIONS AT LOW SPEEDS

The question is if these statements hold true at speeds. below
those at which the tests were made, 40 m.p.h. or so. It might be
safe to surmise that at low speeds the molecules do not react accord-
ing to the square law because the airfoil is evldentlylslugglsh ard
action of short duration, (small chord) to make worthwile impression
on the molecules. It can be likened to a bicycle pump. If the han-
dle is shoved down fast the air is forced into the inner tube, but
if it is pushed slowly the air manages to ooze out between the plun-
ger and the piston wall. Could it be that this is what happens at
low .speeds? Our job, therefore, during the coming months will be to
prove or disprove these formulas. The coefficients will undoubtedly
be changed. At 40 m.p.h. the air molecules react strongly and deve-
lop increased and decreased pressures as stated. The assumption that
they will react in like manner at 20 m.p.h. minus the square effect
or to only & value is the point in question. Experiments tend to
show that we cannot use the assumption of equal relative values.
More about this in the Report 588,

DRAG AT LOW SPEEDS

So far we have surmised that at .ow speeds the air’is sluggish
and thereby interfering with the "streching" upper streamline lines
as well as giving poor returns on pure reaction differences. The drag
also suffers, or should we say rejoices, because of these characte-
ristics. Take the shearing action for an example. As the leading
edze plows into our three dimensional web ithas to tear the molecules
apart. If it is done slowly their resistance is great,but do it fast
and the molecules are apart before they realize what has happened.
It is like tearing a rag. Do it slowly and the cloth will bunch,
stgech and tear in all direction. But tear it fast and the result
is a clean "tear line. This plowing into molecules at low speeds is
like trying to get a start; a perpetual initial attempt to overcome
the stationary molecules. While at high speeds the moleculesare ai-
ven the impulse to move up or down a spnsiderable distance ahead of
the leading edge. So, here agaln the coefficient of drag might be
much higher for low speeds than that given for higher speeds because
of this initial inability of the section to obtain a start.
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Still another drag to worry about at low speeds is the skin
friction. It is thought that this might have something to do with
early stalls at low speeds. With air molecules so minute that they
could hold a political meeting on a pin point, we .can reason that we
ecarry a great many of them in small cracks, crevices and lean-tos
formed by balsa and paper fibers. All would be well if these mole-
cules were selfish and just filled up the pores. But no, they believe
in cooperation and stick out their tenacles for other molecules to
hold on for a free ride. By now we have a cluster like a awarm of
hees to drag along during the flight.

The results are not proportionate to the square law at high and
low speeds. At high speeds we manage to clear this cluster almost
to the skin and give the lodged molecules very little chance tolend
a helping hand outward beyond the surface. While at low speeds the
cluster has time to accumulate as there is plenty of time to catch
a holds It is like riding a crowded street car. While the car is
moving slow, people have time to catch the smallest holds and brace
against steps. While at high speeds it is hard to coordinate this
catch, and if successful, the air pressure or wind tends to tear them
from the hold. This picture gives an idea of the boundary layer at
low and high speeds.

ASPECT RATIO AT LOW SPEEDS

It has been shown that the induced drag varies with Aspect Ra-
tio and that this fact is wused by full size plane designers. The
question is; how will this work at model speeds. It was made evi-
dent that the lower surface of the wing contributes a great deal of
lift at low speeds. Therefore, it would be advantageous to faver it
by having large chords. 1In fact, the induced drag theory might work
hand in hand at low speeds. It might not be beyond imagination to
expect a chord of double size to effect four times as much air. See
sketch for thought behind it. And with air being so stagnant at our
speeds, it might be to our advantage to react upon it as long as pos-
sible.  Since most of the drag is usually contributed by the rest of
the model, a slight increase of wing drag in return for more lift at
lower angle of attacks is a worthwhile exchange. However, if you
nave area to spare, use high aspect ratio.

To have fair torque and stability control it does not seem ad-
visable to have aspect ratio of below 8-1. The importance of well-
designed tips cannot be overemphasized at low aspect ratio. What
we may gain by having large chord, we might loose through poor tips.
A safe rule to follow is to use elliptical tips which have their mi-
nor axis begin at about two chords' length from the tip. The out-
line need not follow the ellipse to the letter, according to Mr.Hoff
man, but it maybe of parabolic nature, which is almost identical ex-
cept that the tip portion is wider. This recalls the recommendations
we made last year of not having the tips of smaller size thad 3% in.
as measured by the continuation of taper lines to the tip chord line.
The previous discussions bear out this thought. Just remember, the
smaller the airfoll, the less effective it is.

A final word on the Aspect Ratio has to do with the shape of ainr
foils towards the tip. The airfoll with a large trailing edge down-
iroop develops considerable high pressure under the lower camber. So
to carry out full efficiency to the very tip we must iradually drop
this pressure by changing the downward droop to a gradual streamline
it the tip. Luckily the low speed sections lend themselves to trail-
ing edge tapering without necessitating individual plotting.



10 Resume of
National Advisory Committee for Aeronautics
Report No. 586

AIRFOIL SECTION CHARACTERISTICS AS AFFECTED
BY VARIATIONS OF THE REYNOLDS NUMBER

By Eastman N. Jacobs and Albert Sherman

(As interpreted by your editor)

The object of the investipgation was to make available section
characteristics at any free-air value. Therefore, when data from a
model test ara applied to a full size airplane, the flow conditions
would *be similar in both cases. This is necessary since the aerody-
namic coefficients usually vary with change in the Reynolds Number,
(the ratio of the mass force to viscous force, usually referred to
as "scale effect".) Mass is weight of air divided by gravity constant
( 32 ft./sec.®), and viscosity is the force with which the air mole-
cules cling together. Molasses has high viscosity, alcohol, small.

Early tests wetre made in small open-to-air tunnels which made
it impossible to cover a large range of Reynolds Numbers needed to
bridge the gap between 5 x 20 inch model and 7 x 50 foot wing., The
requirements being that the model should be attacked by the same aum
ber of molecules as the 1ull size wing at the same instant. This means
high compression or close spacing of the molecules of the air which
runs in the wind-tunnel.

The N.A.C.A., variable density wind-tunnel is a unit all enclosed
in an elongated tank made of about 14 inch steel plates. Powerful
pumps can compress the air contained in it to pressures of 20 atmos-
phere , or 14.7 lbs./sq.in. x 20 = 294 pounds per sg. in. This in-
creases the molecular contents R0 times, or having a 5" chord equal
100" (almost 84 ft.) under normal atmospheric conditions. This tre-
mendous pressure is used to simulate full size conditions for a large
range of Reynolds Numbers. To test for Reynolds Numbars below the
40 m.p.h. flight speed but still retain this speed for wind-tunnel
work, the pressure was reduced as low as & norpal atmosphere or
3.9 lbs./sq.in., or reducing the number of molecules to a number
which would correspond to the number which affects the wing at lower
flight speeds.

The standard 5 x 30 inch test models were made of metal, usu-
ally of duralumin and very highly polished. They were repolished af-
ter every run. The airfolls used were those developed by the N.A.C.A
Luckily, some of them look good for model work. (In fact, J.P.Glass
recommended gsome of them for model use in 1038, and they were includ
ed in the 1035-38 YEAR B0OK)

The accuracy of these tests is as fine as modern engineering
permits. Every care and correction factor was applied during the
run, However, the results, especially the drag and pltching moments
under 800,000 Reynolds Number became relatively inaccurate owing to
the limitations imposed by*the sensitivity of the measuring equip-
ment, (The equipment is very accurate and sensitive when under nor-
mal fairly high load.) "In fact, it appears that the accuracy be-
comes insufficient to define with certainty the shape of curves re-
presenting variations of these quantities with angle of attack or
lift coefficients. Hence, the airfoil characteristics dependent on
the shape of such curves, that is, the optimum (best), 1ift coeffi-
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cient and the aerodynamic-center position are considered unreliable
and in most cases are not presented below an effective Reynolds Num-
ber of 800,000". All this simply means that at low speed it did not
seem to make much difference what sort of an airfoil was used.

Airfoils shown herewith were chosen for their possible use in
model design. Some of them have curves tested at Reynolds Number of
42,000 (very likely at & atmosphere) which is equivalent of a 8 inch
chord model flying at 8 m.p.h. Mr.Jacobs provided us with a simpli-
fied method for obtaining the Reynolds Number.

_ (Ft.per sec. ). x ord

Reynolds Number = 000157

By using this formula you can determine the Reynolds Number for
your particular use. The graphs given for the tests differ fromothers
mostly in having but only one characteristic on graph. One graph shows
lift coefficients and the other the drag. The drag readings differ
from standard in that it is plotted aéainst the 1ift angles and also
for profile drag only. An example reading: On the Airfoil No.84)2,
the profile drag coefficient at 89 is .025 at Reynolds Number of
41,R00, Check: Lift coefficient at €° is 1.1, drag coefficient on
the 1.1. line is .025. Of course these coefficients can be used with
given lift and drag formulas. However, we must not forget that the
drag coefficients given are for profile drag only. To the drag cal-
culated using coefficient from these graphs we must also add the in-
duced drag as found from: CLE
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Quoting again from the report: A"Marked scale effects that have
been experimentally observed are usually associated with transition
from laminar to turbulent flow in the boundary layer. This transi-
tion from laminar flow in the boundary layer, as in Reynolds classi-
cal experiment, is primarily a function of Reynolds Number but, as
shown the tranaition is hastened by the presence of unsteadiness or
turbulence in the gegeral air stream". Turbulence in the air stream
of a wind tunnel hastens the transition at a given point on the mo-
del at a Reynolds Number in the tunnel sooner than it would in free
air. The effective Reynolds Number for practical purposes may be
cbtained by multiplying the test Reynolds Number by a factor termed
as the 'Turbulence Factor'. By full scale comparison tests this
was found to be 2.64.
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"Flight conditions as regards the effects of the transition
may then be considered as being approximately reproduced, but it
should be remembered that the flow at the lower Reynolds Number can-
not exactly reproduce the corresponding flow in flight. Both the
laminar and turbulent boundary layers are relatively thicker than
those truly corresponding to flight, and both boundary layers have
higher skin-friction coefficients at the lower Reynolds Number".

The maximum l1ift coefficient is one of the most important pro-
perties of the airfoils. It determines the maximum lift of a wing
as well as its stalling speed. As can be seen from the graphs, this
maximum lift coefficient varies greatly with Reynolds Number because
it is.dependent on the boundary-layer behavour, which in turn is di-
rectly a functign of viscosity as indicated by the value of the
Reynolds Number.

"The mechanism of the stall as affected by variations of Reynold
Number: Basically, the discussion is concerned mainly with the air-
flow separation. The  pressure distribution over the upper surface
at the maximum coefficients is characterized by low-pressure point
at a small distance behind the leading edge and by increasing pres-
sure from this point in the direction of flow to the trailing edge.
Under these conditions the reduced-energy air in the boundary layer
may fall to progress against the pressure differences. When this air
(nex4. to boundary layer) fails to progress along the surface it ac-
cumulates. The accumulating air thereby produces separation of the
main flow. The separation, of course reduces lift.".

Asit was pointed out in the first section, the reduction of pres-
sure on the upper camber depends in having an unbroken airflow from
the leading edge back. We have just been told that at low Reynolds
Number the separation of this flow away from the airfoil happens at
very small angles of attack. A visual proof is given in the first
photograph. Although the flow seems good, the break away has hap-
pened as it can be determined by the fact that the flow lines above
the airfoil are almost straight back. While the second photo, taken
at higher speeds or Reynolds Number, also shows separation, we still
have lift as can be seen by the curved lines over the airfoil. The
third photo shows a fully developed stall. Note particularly the tear
away of air at the leading edge, and the eddying of air from the lower
high pressure portion. The black space is dead air being dragged a-
long, and it just contributes so much more drag.

FINURE 31« Hepurtinn o
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"The process of stalling, in general, is more complex than just
discussed. It has been compared by Jones to a contest between lami-
nar separation near the nose and the turbulance separation near the
trailing edge, one or other winning and thus producing the stall."
(Or it might be a combination of both.)

From this we can see that boundary layer plays a great role at
lower speeds. This would indicate that the upper portion of the
leading edge is most important. We would be led to believe that it
should be highly polished to reduce the boundary layer, yet an ex-
periment made by Nr.Jacobs would prove just the contrary.

(This experiment was mostly of an illustrative nature. It will
very likely not appear in print. We managed to hear of it because
of a personal visit to the Langley Field N.A.C.A. Laboratories.)

While testing a series of 12 inch chord airfoils closely resem-
bling the standard sections now used in models, it was found that
the 1ift developed by the upper camber was practically zero as shown
by the first photograph. Differences in thickness, upper and lower
camber dit not seem to make any change in the flow. Seeing the se-
paration taking place at zero angle of attack, Mr. Jacobs thought of
placing a 1/8" diameter rod a short distapce behind the leading edge.
The idea being to produce a turbulent flow with which to combat tur-
bulent boundary layer. It is a known fact that a turbulent flow dis-
plays much more resistance to separation than the laminar or smooth
flow. The experiment worketl like a charm and the sectlons followed
the action similar to that of high Reynolds Number.

It might also be mentioned that the above airfoils were made
like model wings. One airfoil did show better characteristics. A
close inspection later on showed that this particular airfoil had
its leading edge spar form a sharp break with the covering, and so
producing the turbulent flow which Mr. Jacobs later reproduced in
other airfoils with the rod.

This then is a condensed verslon of the N.A.C.A.Report No.BBE.
The editor has taken rather wide interpretation liberties at cer-
tain points. It is hoped that he was correct in conveying the ori-
ginal meaning, and that the authors would recognize it as their work.
The report can be obtained for fMfteen cents from the
Super Intendent of Documents, Government Printing 0ffice, Washington, D.C.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
AERODYNAMIC CHARACTERISTICS OF AIRFOILS
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THE SELECTION OF AIRFOILS

The discussion on the low speed aerodynamics presented a dark
picture for us. And if we were not already flying models and get-
ting fairly good results some of us would become discouraged. To
be perfectly frank, we must admit that our models are not such won-
derful performers when compared with full size ships. Our biggest
stock in trade is the high power we use to literally pull the models
up regardless of their aerodynamic efficiency. Some of us get a lucky
break to catch a thermal and we refdect in the work doen by nature.
How often have we seen a model practically point down yet being sucked
into the clouds! Those 15-1¢lides some boys report must be optical
illusions as it is only necessary to do a bit of calculating. If a
nodel achieves 200 feet.and its speed is 10 m.p.h. and the glide is
15-1, it should take at least 5 minutes to reach the ground. While
normal average flights are within 2 and 4 minutes duration, we can
readily come to the conclusion that the average gliding ratio is a-
bout 7-1. This sounds reasonable. Gas models, on the other hand,
with their larger airfoils, are beginning to show us just how a mo-
del should be flying.

Last year a series of gliding tests were made on” five wing sec-
tions. The work was done in the stillness o©f an armory. The area
of the wings was 150 sq. in., round tips, aspect ratdo of €-1, and
with every wing having the same C.G. point and welght. Admittedly,
these tests were not conducted with laboratory precision, but normal
model practice was applied. Wing loading was about 2 oz. per 100sq.in.
The test fuselage was solid balsa sheet with balsa tail surfaces. The
ad justments were made by changing the angle and applying weight in
form of modelling clay. Out of the series the Clark Y had the best
gliding angle with a ratio of 6.5 to 1. The next in line was theRAF
32 with slightly less. A Clark Y top with single surface undercamber
showed up third with about 5.5. to 1. M-€ showed 5-1 after needed
incidence was applied. Another section of extremely deep undercamber
at the trailing edge was tried. This section was too unstable with
the small stabilizer. It was very sensitive with tendencies to gal-
lop. The glides were timed and Clark Y had the best duration.

The above tests mipht not prove anything as increase of wing
loading and higher speeds would have shown different characteristics.
It proved, however, that the reaction at low speed is not in prosor-
tion to the higher speeds. The performance of Clark Y in comparison
with RAF 22 type was a surprise. It is quite possible that the RAF's
undercamber provided diving moments which are normally taken care of
in practice with'large stabilizers and shifting the wing until the
balancing point is reached. While the testing fuselage had fixed
mount and small tail. However! the fact that deeply undercambered
sections did have strong diving .moments would prove that the under-
camber is very effective at low speeds.

While abroad, the oversea lads wanted to know thesccret of Ameri-
can pheénomenal duratioms. The answer was: "Use a large dihedral,a
large tail, large prop, plenty of power, a weak mind and strong arm
when you wind to the maximum, launch and pray". This formula has
undoubtedly won most of the contests and it will still keep on doing
ite The idea, of course, being to get the model as high as possible
and hope for thermals. VYet even following this formula we run into
trouble. Sometimes the currents simply are not there and we must
admit that as a rule the glide of a model is pretty poor. We only
need to compare it to the soarers which never seem to come down when
they attempt to land.
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The large gas models need not worry about efficiency of their
wings outside of their stability viewpoint. They have sufficient po-
wer in the 10 c.c. to tide them over the tight spots, as well as pro-
duce 'power pull-ups'., The field in which we should be most concerned
is the 500 sq. in. and under. And with introduction of smaller and
lower power gasoline motors, the gas model builders will be in the
same lot as the rubber powered boys.

From the information gathered from the low speed visualizations,
our gues, which is as good as yours, would be to use airfoils which
have the leading or entry edge of almost neutral chracteristics, just
as though the airfoil was set at 0%ngle of attack. This should pro-
vide a good initial airflow with small drag values. Since the upper
flow breaks away so soon at low speeds (pending further investigation
of the Jacobs' turbulent rod) it would seem best to pay more atten-
tion to the lower camber. Referring to Figure 23 airfoil, with flap
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set at 30%, the plotted results show very good values of 1lift with-
out increasing the drag beyond uselessness of the section. Of course
the diving moment, or bringing of the Center of Pressure to the rear
are great. But since we use large stabilizers this should not WOTrTry
us very much after satisfactory flight and glide adjustments aremada
Therefore, a good airfoil should embody this downward droop of the
trailing edge., Perhaps more light will be shed on the subject by in-
clusion of a report sent by one of our correspdndents, Robert Hawkins.

"Mr. Sullivan, Aeronautical Professor at Indiana Tech, put me
next to an idea of using the complete planform of a section then drop-
ping the rear 40% of Chord about ten degrees, The effect is ihst of
a 40% flap permanently depressed ten degrees. The N.A.C.A. claimed
at a SAE meeting that the glide was increased, the stalling point re
maining the same, and the 1ift increased all out of proportion to the
drag increase. See sketch for method used. Note that the 'bend' is
carefully faired into the airfoil. Now, here is what I don't know
about. Does the angle of attack used at Langley Field tests include
the drop of the chord line or is it figured on the original line? If
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the new chord line is used, you hve what we could consider a sort of
a glorified R F 22, which makes one wonder whether its a 'find' or
merely 'one of those things'. The Center of Pressure moves to the
rear as the flap or bend is deperesed, but remains almost constant
through the range of lift,"

Reports from the field favor undercambered sections. Resulta
from airfoils of Marquardt and Ritzenthaler designs proved very good
in actual use. Marquardt airfoil is shown somewhere in the book.If
these airfoils are set at a few degrees positive angle of attack,
they would almost meet the specifications we have just mentioned. We
might also recall that birds' wing section closely resemble this de-
sign. And Mr. Rauol Hoffman mentions this close relation in May,1033
issue of Popular Aviation. Since bird flight is very similar to mo-
del, we can be fairly assured that we are on the right track with our
assumptions.-Also see Lippisch airfoil design on Page 128. Mr. Lip-
pisch knows his aerodynamics since he has been in the game from the
very begining so that we can safely use his design.

Referring vo the N,A.C.A. Airfoil 8412 we will note that it ai-
30 meets the qualifications if it is set at about 5% In fact, Mr,
Jacobs recommends this section for model use. It has all the needed
features, thickness for spar depth, trailing edge adaptable for tip
tapering and Reynolds Number tests to 41,000. Tt can be thinned if
you wish to experiment; just change the thickness ordinates.

The interesting experiment tried by Mr. Jacobs to produce a tur-
bulent -airflow should be a welcome test for the wings now being flown.
It just needs cementing of 1/8 dia. rods on some point near the lead-
ing edge. The exact point seems to be important, so make several trials.
This idea might be carried on all surfaces. Reports would be most
welcomed and we are sure Mr. Jacobs would like to know how his stunt
works in practice.

With so many doubts in our minds it is difficult to make any other
alrfoil suggestions. It is true that we have gontradictions right
and left but this is because we do not yet have sufficient correct
data to be certain. Since we have a vague idea what it is all about
we must present as many possible points for discussion. If it has
only made you to realize how little is known about low speeds, the
inclusion of this chapter in the book will be Justified.
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AEROBALANCE

by A.G.Nymeyer

The idea of the aerobalance suddenly arose in my mind when I was
experimenting with my new airfoils. I believe it is quite new,at all
events, I have never seen any means of comparing airfoils built like
this.

It can be easily built from very few and cheap parts. To obtain
good results it is only necessary to have good bearings and an airfeil
whose characteristics are absolutely known, I use the well known air-
foil, the Gbdttingen 497 which has been used very much in Burnpe and
of whose characteristics are well known even at low speeds. The test-
ing procedure is as follows:

COMPARING LIFT (Horizontal Spindle)
(L,,-w,;) x Mg = (Ly=Wo) X My

Ly L* LIFT
M:MOMENT ARM
W= WEIGHT
K+ KNOWN

¥ = UNKNOWN

UNKNOWN

—

L |||I'| |1 (T
MARRRTY
| \ 'I'.'\l'-'."

| | COMPARING LIFT (Vertica Le| 11 \
' Spindle, No Weight Correction) P 1) I ! l( ' “ | |

LixMi. = Lux M
o Tl & Lo T . AIRsTREAM

D

COMPARING DRAG

Pk Mg = DvxMy D: DRAG
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The teat sections are of six inches span and chord. Both the
known and unknown wings are placed on the balance arms of the Aero-
balance. The Gdttingen profile is fixed at a certain distance from
the center and all characteristics noted, such as angle of attack and
its C.G. point., The unknown is similarly positioned, following as
close as possible the master winpg settings. The AEROBALANCE is now
placed in some sort of an airstream.

The small size of the balance makes it possible to use an elec-
tric fan. A better flow can be obtained by using a four-bladed pro-
peller. If these means are lacking, the natural wind an be used as
knowing the speed is not important since both airfoils have identical
speed. Of course, the set up can be complicated with a regular set
up of honeycombs, controlled air and speed of the electric motor re-
volutions. The readings are taken as follows:

After the balance has been under the wind influence for a suffi-
cient length of time to be certain of its action, the calculations
are made. Say, for example, that the unknown airfoil had an upward
motion which indicated greater 1ift than the master airfoil. We must
now shorten its arm until both section are in balance. The equation
presented then is:

Lift of known Airfoil x its moment arm = Lift of unknown Airfoil x its moment arm
Or — Ly x Mg = Lu'“u

The only unknown or ¥, will be the Lift of the unknown wings
All other factors ate known or can be measured. However, this equa-
tion does not take care of the difference in weight of the balance
halves as the sections are moved for counterbalance, and so moving
the C.G, The corrected diagram is shown in the sketches.

To eliminate all weight factors the AEROBALANCE can be placed
into a vertical airstream, and since the weight of the various parts
is at right angles to the lift we can forget the weight in the cal-
culations. The drag force can be found on the horizontal airflow as
nere jhe drag force is at right angle to the weight forces.

The method just disclosed to compare aerodynamic characterisics
of different airfoils can be applied to many other objects, such as
fuselages shapes. It can be modified to meet a great many conditions.

EDITOR'S NOTE: Mr.Nymeyer has provided us with a new method of trying out owr ideas
The idea can be very helpful in deciding which section to us. It is unfortunate
that we do not have more characteristics of the section he mentioned besides those
listed in the Report shown elsewhere in the book. O0ffhand, the square planform
seems a bit on the doubtful side, althought the six inch chord is a good size to
use. (One difficulty in using large spans is that we move out of the current

sphere as produced by an ordinary electric fan, Perhaps some of you can make lar-
ger airflow supply, or wish to test outdoors. Let us, therefore, standarize on the
following:

Use Clark Y as the Master Airfoil. Dimensions 5" Chord, I5" Span with round
tips. This wing will have an area of 70 sq.in. with an Aspect Ratio of 4.5 to I.
This section should show up the difference between flat and undercambered lower
surfaces- If tests are made in a steady stream, the 1ift of the Clark Y can be
found by placing weight on the apposite arm at the point which is the same dis-
tance from center as the Clark Y's C.G. Of course, it is understood that the ba-
lance will be balanced before the tests are begun.

There is no limit to the applications of this device. It is hoped that great
many of us will try it and have concrete information by next year. If all of us
were to wait for the other fellow to do the experimental work we would never make
any progress towards a better understanding of Low Speed Aerodynamics.
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STABILITY

With introduction of higher speeds to meet higher wing loading,
and the universal adoption of the gasoline motors, our stability prob-
lems are 3rowing because speed is one force which shows up the slight-
est defects, no matter be it man or machine. The model has three di-
mensional possibilities and its stability becomes more complex that
that of a two dimensional vehicle such as an automobile or beat.

There are three classes of stability: Longitudinal, or up and
down. Directional, or right and left. Rolling, or changing the po-
sition of the wing with respect to the horizon. Although all three
work in cooperation, the last two are almost always used incombination.

LONGITUDINAL STABILITY

Longitudinal or up and down stability is requiced because the
lifting force of the wing does not stay fixed with change in airflow
or angle of attack. It is basically dependent on the position of the
C.G. in relation to the lift resultant. Discounting the effects of
the propeller and thrust line, we can stabilize a model as sketched.
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Most of the adjusting directions mention the position of the
C.G. at 1/2 Chord behind the leading edge. Yet when this is done
the model still stalls. The reasons are sketched. Note that be-
sides having a lift we also have a drag force to counteract if the
C.G. is placed directly below the lift force. The drag force tends
to stall the model, and if the stabilizer is not able to counteract
it, the model will be unstable. As you all well remember after you
have placed the C.G. at the 1/3 point you still had to push the wing
back so that the C.G. counteracted both the lift and the draz moment.
Just how much should we move the C.G. forwdrd to balance both forces?
The simplest trick is to take the resultant formed by the lift and
drag, and extend it through the model. The C.G. can be placed any-
where along this line with assurance that it will be correctly posi-
tioned

To obtaln the correct resultant angle we must know Lhe forces
acting on the lift and drag lines, as well as the point through which
it acts, or the Center of Pressure. Judginpg from experience it would
seem that the L/D of a wing is about B at the angles of attack we use
4% to 7°, The Center of Pressure is between 30 and 40% Chord. This
information provides us with a rough means of computing the place and
the angle of the resultant so that we can estimate the line on which
the C.G. should be located for the simplest and the best method of
achieving longitudinal stability.
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This type of stability is used in the regular aircraft design-
ing. Its value lies in the fact that we have no load on the stabi-
lizer, and the moment the wing wanders away from its setting without
manual control, the stabilizer effect is almost immediate. The de-
signs that require a load, up or down, on the stabilizer, are always
tricky since we cannot be sure of how the stabilizer will react.

This method of achieving longitudinal stability can be easily
applied to gas models where the weight is concentrated on the nose.
The resultant line should be known, and if possible marked on the
fuselage. When a model misbehaves you can always begin the checking
by starting with the C.C. position.

The stability diagram evolved for rubber models during the last
three years is as illustrated. This is the outcome of bringing the
wing forward®and using a large lifting tail to balance the upward ten-
dency of the wing force. Note that the C.G. is almost at the trail-
ing edge of the wing. The design is definitely of semi-tandem pat-
tern, and if we make a few calculations you will see that we can
treat it as such.

In the AERODYNAMICS section we have been shown that we have down-
vash. We do not know its angle at low speeds but we can assume 19,
This would set the actual airflow for the stabilizer at 1% less than
set by the base line. We can also realize that the air is rairly well
mixed up by the time it reaches the stabilizer so that we cannot ex-
pect it to be 100% efficient; 75% efficiency is a fair estimate. Re-
membering these conditions we can go ahead and make few calculations
to familiarize ourselves with the action of a lifting tail.
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UNBALANCED BALANCED

With the wing 1ift ahead of tne C.G. it is evident that this
force will try to stall the model unless we have a counterlift on the
tail end. Just at what angle will the wing and tail forces balance
each other? Let us take for an example a model using a 200 sg.in.
wing, 80 sq. in. stabilizer, CGottingen 497 for wing, and Clark Y for
stabilizer, 8% incidence (about 1/8" blocking for 5" chord) on wing
and 0° on stabilizer. Wing's moment arm is 3" and stabilizer's is 18".

To simplify calculations we will use standard coefficients, areas
and moment arms We could use the regular formulas but since speed
and air density will be same for both surfaces, we can leave them ou:,
Because the tail is only 75% effective we have an effective stabili-
zer area of 80 sq.in. Because of 1° downwash, the angular difference
between the wing and stabilizer is 4°, Therefore:

Results for wing at 3° 200 sa. in. x .75 (coef.) x 3" = Y5O units
Results for tail at ~1° 60 sq. in., x .3 (coef.) x 18" = 324 units
Under these conditions the wing will obviously lift the frontin-
to a larger angle of attack until a balance of forces is achieved, as:
Results for wing at 7° 200 sq. in. x 1.05 (coef.) x 3" = 630 units
Results for tail at 3° 60 sq. in. x .6 (coef.) x 18" = 648 units
The balance is now in effect with stabilizer in favor. These cal-
culations come very close to observed performance, especially the 7°
angle of attack.. Mr. R. Hoffman made extensive experiments on hand

launched gliders and he found that €° was a good average. Having the
C.G. further back on rubber models we can concede the 7°,
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If the weizht of our test model is B ozs., the above proportion
of moment arms indicate that the wing lifts about £2 ozs. and thesta
bilizer 1% ozs. This equation or aerodynamic balance will hold true
at all speeds. Speed, not including the effects of thrust line, has
no effect on the balance. It is evident that since both surfaces
have the same speed they must haves the same proportionate reaction,
The change of speeds, as it will be cleared up in the POWER chapter,
determines the flight path in relation to the horizontal line. While
the aerodynamic longitudinal balance determines the position of mo-
del in relation to t}e airflow. In our case, discounting torque and
agsuming head-on flight, the base line or fuselage center line would
be 4% positive in relation to the flight path. See sketch.

The modern method of adjusting rubber and sas models is to first
adjust for the best zlide, and then for the power climb. The glide
ad justments are usually made by moving surfaces back and forth, in-
creasing incidences and moving or addiqg weizht. The final setting
result is the aerodynamic balance of the tandem set-up Just covered,
or the positioning of the €.3. on the Lift-Drag resultant line. xhe
power climb is controlled by shifting the thrust line until best re-
sults are obtained. Why must the Lhrust line be shifted to provide
climbing stability?
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Referring to the diagrams: If the Thrust Line is passed through
the C.G., the moments about the C.5. seem to be satisfied at a glance.
But if we were to work out the thrust diagram on the assumption that
the model is set at anpgle of attack of 4° we will note an upward com-
ponent of thrust which tends to nose the model upward. (In experience
this is illustrated by the fact that most models stall under power
antil down thrust is applied.) Checking on the down thrust used we
note that model builders use anywhere from 1/328" to 1/A" down block-
ing on 13" dia. or height of nose plugs. In angles this varies from
1° to 5°, The 5° is most apglicable to the 200 sq. in. model we are
checking., If we draw this 5% down thrust line in reference to the
base or center line of the fuselage we will note that thrust is now
almost parallel with the flight path. e upward thrust component
is lost and we have slight downward effect. However, we assumed a-
bout the maximum downthrust used in practice 5%r 4° is more like
what we actually use. A 4% downthrust would balance the upward com-
ponent., -While a 8° downthrust would still produce a small upward
forcg. However, its value ls comparatively small and it can be easi-
ly ccntrolled by the general aerodynamic balance.
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We have cleared up the upward or upsetting thrust component by
changing the thrust line. But we now have a thrust force line pas-
sing about 1" above the C.G. tending to dive the model. The power of
this forcecan be roughly estimated from the LJD characteristics of
the model. If our B oz. model has such excellent L/D as 8 to 1, the
drag would be 1 oz. This drag requires 1 oz. of thrust for level
flight. Therefore our diving force is 1 in./ oz. This diving force
is easily balanced by the slight upward component force at the nose.
Since increase or decrease in thrust effects both forces equally,
our balance is assured. This accounts for the final fine adjustments
we all make with down thrust.

from the description given, it would seenm advisable to keep_tu
non-lifting tails on gas jobs, which is understood to be the posi-
tioning of the C.G. along the Lift-Drag Resultant lire. Using lift-
ing airfoils on the stabilizer with the C.G. so positioned that they
do not developed any special dangerous clfaracteristics. In fact,it
could be used to compensate the thrust line if it is under the C.G.
However, the airfoil effect should be slight or the stabilizer will
assume the upper hand sinee it has such an enomous moment arm advan-
tage over the wingz.
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The formula for finding an approximate non-lifting tail area is
tiven in the diagram. Note that we have coefficients to justify for
different designs. Rubber models must naturally have larger stabi-
lizers since the motor weipght is distributed along the fuselage and
the wing so far back. While gasoline models have the wing so far
forward that we can minimize the effect of enertia caused by swinp-
ing fuselages. It requires more power to stop the swinging of a lonj
bcam than short one, even if both are of same weight. It might be
nentioned that the formula is simply a check. You may use more or
less area than the formula produces. A smaller area requires finer
ad justments,while a large area tail 2ives fair results with rougher
ad justments. In aviation, the tail size is Kept as small as possible
to cut down the drag.

Although a lifting stabilizer is not the ideal stabilizing me-
dium, we are forced to use it on our rutber models. So, we might as
well know how to get the most out of them. When using a lifting tail
the first concern is to make sure that the wing stalls before the
tail if something unusual happens. The very fact that the tail works
at 4° angle of aftack less than the wing .should be of some consola-
tion. However, we must not forget the lifting characteristics at
low speeds. We can keep the efficiency of the stabllizer high by
using dduble rudders. This has the effect of increasing the Aspect
Ratio or reducing the tip losses without increasing the span. Also,
when the airflow is from a side the blanketing of the stabilizer and
rudder area is less when the rudder is divided into two portions.
Another stunt is to use fairly low aspect ratio to keep the stabili-
zer's Reynolds Number comparable to wing. In all, try to make it as
efficient as you can without increasing the angle of attack differ-
ences between wing and stabilizer.



2
SPIRAL STABILITY 2

Spiral stability is a combination of Directional and Rolling
Stability. It was discussed in great length in 1937, but models are
still spinning in 1938 so that some of us must still have vague
ideas about the matter.

We cannot avoid making spirally unstable models every once in
a while, and most of us have sufficient adjusting experience to ob-
tain some sort of flights from such models. However, we find consi-
derable trouble attached to them as every adjustment we make only
seems to hold fer that particular power. They might fly fairly 2ood
under low power or calm weather, but as soon as we pile on turns or
try to fly in rough weather we run into trouble again. This is a
sharp comparison apgainst a stable model which seems to possess mi-
raculous power of adjusting itself to all sorts of weather and power
conditions. Just what is the difference between a stable and un- |
jtable design? For the answer we must review the action of themodel
thile under influence of airflows which effect the model from sides,
just as we did for the Longitudinal Stability which depended on the
airflow along the flight path.

0ffhand, we are led to believe that a model flies with the fu-
selape parallel with the airstream. Very likely, this idea has led
us to minimize the importance of stability required to keep the mo-
del in control while side forces are trying to throw the model out
of course. One of the basic forces which we have to keep under con-
trol is the propeller torque. The torque will react against the fu-
selage and try to rotate the model in a directiom opposite of the prop
rotation. The moment this force is applied, the 1lift component of
the wing is no longer vertical, but at an angle. In the head-on view
the result is a side force trying to pull the model away from the flignt
paths, A plan view of the forces would show us this force plus the
thrust force. Since both are pulling at angles to each other we have
a resultant which is somewhere between the two. This resultant then
becomes the new flight path with the model at an angle to it asshown.
It is assumed that some force is now counteracting the torque.

- TORQUE ConvyRal )
LIET

With the fuselage no longer in line with the flight path, we
present an altogether new face to the airflow. If we glance along
this new flow we will see a compressed side view of the model. Let
us take several designs from this view and find out how they will
react under the same conditions.



WITH TORQUE
AGAINST TORGQUE

DIHEDRALS AS
SEEN IN SIDE SLIP

CASE #l1:= Using a flat wing. The wing halves balance each other. The rudder has
a slight counteracting arm to the horizental C.G. line but its effect is more thar
balanced by the landing gear. 5o we can expect the nodel to keep on rotating un-
der the torque force.

CASE #2:= Using a wing with "V" dihedral. The wing has a counteracting force in
form of changed angle of attack on the wing-halves. The inside wing has a posi-
tive angle and the outside hac a negative angle of attack; just what we needed
for counter torque.

CASE #3:= A low wing with "V" dihedral. The effect is similar to #2 except that
the lift forces are closer to the C.G., hence shorter moment arms, and the fuse-
lage is blanketing and spoiling a portion of the outside wing and thereby putting
jreater load on the inside wing.

CASE #Y4:= A reversed dihedral. Works hand in hand with torque until rotation rea-
ches 180°% and then the dihedra! assumes.the "V" effect.

CASE #5:- Gull Shape dihedral. Shows how inefficient the gull shape is at large
drift angles. MNote how the outside tip has a tendency to blanket the inside an=-
gled portion of the wing. This shape should be aveided on hioh powered wodels
unless exact drift angle can be calculated, and correct gqull shape used.

CASE #6:- The Tip dihedral. This is used in many cases. Its effect comes from
the long moment arm, |Its danger is in ‘the excessive upturn which miqght stall at
large drift angles, thereby hastenino the spin.

CASE #7:. High rudder to provide a long arm above the horizontal C.G. Its efect
is small since the small chord might not provide the force expected, and thereby
of fseting its purpose.

CASE #8:- A low rudder. It will help to rotate the model. Dihedral must be in-
creased; Wheel pants have the same effect.

CASE #9:- Wing set on center fin., ©Small effect because of its short distance from
C.G. Its use will call for a larger rear rudder. Might be of help on streamlined
models where the fuselage has low drag and so making regular rudder too effective.

CASE #10:- Elliptical wing slightly parasol and divided rudders. Advantages of
tip and "V" dihedral, plus no sharp dihedral breaks. Divided rudders keep the

rear portion of the model neutral so that same ad justments will apply to power

and glide conditions.
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0f. all the cases presented the "V" and Elliptical hold best pro-
mises. If you plan to use others, be sure to realize their limita-
tions and make up the shortcomings. Also when flying these designs
be sure to watch out for the tendencies mentioned

The next step is to determine just at what drift angle the wing
will stop rotating and torgque counteracted. The simplest answer is:
When the winpg reaches a point at which the drift angle will provide
an angle of attack for the wing at which it can ;1kv care of the torque.
Using the "V" dihedral wing for an example, the following calculatior
can be made:

Referring back to our longitudinal stability model, we found
that the 200 sg.in. wing had to carry a load of 62 ozs. The span of
the wing is 40" and the dihedral is 4" under each tip, or 12° The
torque of a tightly wound motor suitable for an & oz. model is rough-
ly 40 in./ozs., Shown on the diagram, this torque is distributed on
the two halves of the wing at the 10" points where the lift of each
half is centered. Note that we have upward and downward forcas of 2
ozs. To counteract this torque we must decrease the lift of the out-
side wing to 1.35 oz. and increase the lift of the inside wing to 5.5
ozs., The ratio of the difference is 1 to 4. We must now find the
drift angle at which the 1ift coefficients of the two halves will be
in such a ratio, How to find these angles and more information on
dihedral, we= refer you to the Jollowing article by Albon Cowles.

DISTRIBUTION OF LIFT
IN 5IDE SLIP

ACTION OF DIHEDRAL IN SIDE DRIFTS
by Albon Cowles

Diagrams from 1 to 4 show front views of dihedral shapes used
in model designing. The various dihedrals were calculated so that
the lift is equal for all cases, Using a 1lift of a flat wing as100%
efficient, the loss of lift because of dihedral triangulation is 4%,
or we may term the dihedral 98% efficient. As explained in the 1937

Tip' “PoLYDIHEDRAL'
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YEAR BOOK, the torque of the motor produces a side slip to provide
counter-torque force. The effect of such a side slip on the different
dihedrals can be calculated by finding out the new angle of attack
produced by the new airflow at an angle across the wing. The method
used to determine %he new anpgle of attack is shown on Diagram 5. The
10" radius segment is used to simplify the angular calculations.
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Using the "V" dihedral for example, the calculations are made
as follows: For 4" tip dihedral on a 40" span wing, the point "A"
is two inches above the base on a 10" radius. Knowing the drift an-
gle, the new angle of attack can easily be found by finding the dis-
tance B-D and solving the Sine formula of:
Sine C = ~%g- = Angle of attack

Example: Ig igift angle is 25°, distance BD is 9/16" or .5625, Therefore,

Sine ¢ = -—=2645 = .05625. Our trig tables show that the angle for Sine

.05625 is 0 3% plus. We now have a wing whose inside half has an

anYle of attack of 3%, and whose outside wing half has =3°, or an anqular

difference of 6° in angle of attack.

Using a Clark Y airfoil we can make a complete table of Angles
of Attack as developed by the different drift angles. All we need
to know is the BD distance in decimals; move the decimal point to

the left by one, and then find the Sine angle of this number under
the Sine Table.

Example: Clark Y, Span 40", 'V' Shape, 4" under h The Yo d mwenan e
each tip. Ai-Inside wing. B:=outside wing. siﬁ :ngie ﬁf attack "':;.T'Fier
K ear =
Drift Angle of ﬁEtGCk Lift Coefficients cationaorstgge:béiea qys:.em
b 4 n L] L LEFL] L £ *
Angle | Sine A B A B" Of course the different di-
hedral dimensions will change
o o
5 015 I =19 W45 35 the Sine readings as will
- the different shapes. The
10 L0218 1 1P| -1 1P| 5 .3 Cull shape will use 2.9"
1 .ol | 1P |10 | ss | | 5057 160 haphmum ditedral
g also true for the tip dihe-
20 0437 | 25° =2:% | .6 -2 dral. We will have tg have
= P a double table for the Poly-
25 056 3 -3 .63 -17 dihedral; one for each sec-
300 | -0687 yo 40 3 ol tion.
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When using the results thus obtained to find the resultant coun-
ter-torque force remember to apply this force at the correct spot.The
force would be placed at the half-way mark for the "V'". While GULL
only gets it at z point of the wing half, and the tip design gets it
way out at the 3 portion. The polydihedral will need two moment arms
one for each angled section.

]

Diagram 6 is a comparison graph of the different dihedrals set
at various drift angles. The graph was calculated as on the "V" di-
hedral example for all the shapes given, and the forces applied at
the correct spot as mentioned in the above paragraph. The individual
calculation tables were too lenglhy to include in this article. How-
ever, the graph is a true indication of the counter-torque force re-
lation of the dihedrals when all the wings have same characteristics
while flying at same angle of attack and at zero drift angle. @ course
any deviation from the forms given would result in different readings
Increasing the tip dihedral of the GULL would undoubtedly make a bet-
ter showing. But since it is the purpose of this article to show the
extremes, modifications and special designs will have to be calcula-
ted by the rveader.

The graph was also plotted without reference to the parasol ef-
fect or the lengthening of the moment arm due to increased distance
between the center of 1ift and the C.G. An increase in parasol would
be most beneficial to the GULL, and slightly to the POLYDIHEDRAL.

The results shown are purely mathemathical, and coefficients
used are as listed for regular airplane use. No correction was ap-
plied to possible interference where the change of dihedral is affect~
ed. Results show the Polydihedral to be best of the series, and this
would let us to believe that an elliptical shape, which is similar
but without dihedral breaks would be best.

SPIRAL STABILITY (Continued)

To find the 1ift coefficient difference of the two halves of
1 to 4 for our test model wing, we must make a table similar to
Cowlea', Except that we will use Gottingen 487 instead of Clark Y.
We can use his Drift Angle, Sine and Angle of Attack readings since
they are applicable to our 200 sq.in. wing which also has a 40"
Span and a 4" tip dihedral. We will add to his table the drag coef
ficients and the lift ratios of the two halves to enable us to make
gquick comparison at various drift angles.

Drift | Sine Angle of Attack | "A" Coets. "B" Coefs. | Lift Ratio :
Angle | Value A" "B" Lift Drag | Lift Drag| "B" to "A"

s¢ | .0I5 1° -0 .6 |.034 | .5 |.027| 5to6

10° | .022 1P| -1 P .67 | .0u0 45 | .022 | 4.5 to 6.7

152 | .028 12/ | ~12/3° | .69 [.043 | .43 [.021 | 4.3 t0 6.9

20° | .o0u3 23° -23° .75 |.050 .35 .020 | 3.5 to 7.5

259 | .056 3° ~3° .80 [.055 .32|.018 | 3.2t 8

X | .068 4o -40 .86 | 060 | .27 [.017 | 2.7 to 8.6

The above table shows that at a drift angle of 0% we approach
our required ratio of outside and inside wing lift diflarence of 1
to 4. The calculations were made with the assumption that the angle
of attack was 0° when the fuselage is parallel with the airflow.The
1ift coefficients for 4° and ~4° angle of attack differences for the
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two halves mipht prove to be two small in value to produce tne re
quired counter torgue fored. Consequently the angle of attack of
the entire wing will have to bgﬂigcreaaed until the counter force is
large enough. On our hodel the ?ngle of attack had to be 7° to sa-
tisfy the wing and stabilizer balance. This increase would give us
11° for the inside wing and 3° for the outside wing. Note that we
keep the required 8° difference for the counter torque force. The
torque force is now balanced because we have reached the setting at
which the entire wing lifts 84 ozs. How about our longitudinal
stability? Using our Longitudal Stability calculations, we have:

Results for inaividual wing haives, (A) 100 sq.in. x 1.25 (11°) = 375 Units
model set at 7° Angle of Attack: (B) 100 sa.in, X .75 ( 39) = 225 Units

A total of 600 Units

Our stabilizer's UNITS totaled to 848 so that the the angle of at-
tack will be decreased slightly until the longitudinal balance is
reached. FHowever, the change will be small since the .stabilizer is

" now less efficient because the rudder blankets considerable area at
the drift angle of 80°. The slight decrease in angle of attackshould
not change the counter-torque force because the model will automati-
cally speed up at lower angles because of reduction in drag. So that
we can now assume that we have the model under control in all respects

A glance at the differences in the drag of the wing halvesshould
explain why the model's natural circle is with the torque. The po-
sition of the model with respect to the horizon will depend on the
thrust power. (The difference between thrust power and torgue is
that thrust power is the final pulling force of the propeller; while
torque is the power reauired to run the prop. The torque is high
when prop is inefficient and low when it is working under i1deal con-
ditions. More about this later.)

The next step is to calculate just what sort of a "face" the
model presents to the airflow. The approximate "face" can be calcu-
lated as follows: Let's us assume that the maximum thrust for our
model is 2 ozs. Placing this force in our 30° drift diagram we ob-
tainl8 0z, side force. (It is simpler to work backwards. Too many
unknowns if we start from scratch.) Using a scaled diagram, we find
that the wing has rotated T%to reach the counter torque point. We
can now "stop" the model in midair and examine its "face'.
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The sketch shows uas that the inside wing has almost reached the
horizontal position, the difference being 5°, (12%ihedral and 7°
rotation.) The angle of the attack on the inside wing is 11° which
determines the angle of the model as presented by the fuselage lines.
This then is the position of a stable model when torque forces the
wing to seek the counteracting force. It is of course assumed that
forces are balanced on each side of the C.G. and that the higher drag
of the inside wing is causing the model to circle with the torque. -
But what happens when other or counter forces are introduced?
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FIRST CASE: Let us assume that the area behind the C.G. is too small
to balance the area in the fro In practice, rudder area too small,
Referring to the plan view of a model in a 20° drift angle we cansee
that the more powerful front force will try to swing the model into
still greater angle. If the drag increase of the inside wing is not
sufficient to counter-act the front force, the drift angle wil! con-
tinue until fuselage will be presenting almost the full length view.
Consequently the overall drag will increase and lift efficiency will
drop until the model just flounders. A good indication when a model
has too small rudder is tailwigwags back and forth as it approaches
a stall while under low power. Under high power, the model just mdes
a right or left wing over, and dive for ground.

DEVELOPHENT
OF SP/N UNDEE ApEe - .
AND L Cass Taw ABEA ) .

SPINNING WITH TOROUE TURN

SECOND CASE: The assumption now is that the rear portion has too large
an area. In practice, rudder too large, Referring again to the plan
view of a model in a drift angle we see that the large rudder tries
to force the fuselmge into the airflow, or decrease the drift angle.
We have just calculated that our design has rotated 7% to achieve

the 30° drift angle. But if the rudder keeps on forcing the model

to face the airflow we can realize that the wing never reaches the
30° drift angle, and if this is the angle needed for counter torque
force, the torgue keeps on rotating the wing. If we did not have gra
vity, the result would be a horizontal spiral flight with wing ro-
tating. But with gravity always waiting to pounce on the unwary,we
have the following results when the rotating wing reaches a vertical
position. The lift is now horizontal, which accounts for tight cir-
cles. And the large rudder act like a stabilizer forcing the nose
into a dive. The outcome is the familiar fast twist commonly known
as a "spin". Cure: Reduce the rudder area until the winz can assume
the required drift angle to counter-act the torque. Or increase the
dihedral so that the required force will be obtained at lower drift
angles at which the rudder does not assume dominant position.

CIRCLING AGAINST TORQUE

During the last four years it was found that a model can be more
easily adjusted if it is flown against the torque. A model which would
normally spin very easily when circling with the torque, could be mde
to perform good in 'against torgue' adjustments. Also that the best
adjustments were made by offsetting the thrust line. Adjusting with
the rudder alone usually forced the model into a spin after the po-
wer used up.
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Circling with the torque proved so successful because the side
torque minimized the domination of the extra large rudder, which
caused the spin in with the torgque turn. Examining the diagram you
will see how aide thrust balances the large rudder effect. If they
balance, the wing reaches its drift angle and torque control is main-
tained. Normally, our excessive power assumes domination and the
model circles to the right. The drift angle remains as before as
the wing still has to control the torgyue. The side thrust does coun-
teract the torque in a mild way as shown by the force diagram.

This then is the explanation why we are able to use large rud-
ders when we adjust models to fly against the torque. If we adjust
by rudder alone, we lessen its effective side area. And by thrust
line we provide a counter balance. The scheme of the arrangements
works out well as power becomes exhausted: The drift angle decreases
and with it the danger of large rudders. A slight right rudder is
usually used in combination with side thrust to continue the cir-
cle after the power is out.
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SPINKING WHILE CIRCLING AGAINST TORQUE

At first glance, it would szeem impossible to spin cirecling
with the torque. Especially since our minds are so fixed with the
idea that the inside wing is always low for torque control. It is
hard to reason how a model would rotate in direction favoring the
torque. However, the models spin so there must be a reason., Our
reason does not deal with gyroscopic forces which also seem to be
more effective while circling against the torque. A detailed ar-
ticle by Mr. Cameron will cover that viewpoint.

Spins while circling against the torque usually occur while we
still have high or excessive power. Referring to the diagram we can
see that if the thrust force exceeds the rudder balance, the model
will ewing into still greater drift angle. Consequently the wing
will have excessive torque control and it will begin to rotate in
torque direction. If high power still persists, the rotation will
continue until the wing is banking for the right turn. As soon as
we begin to steepen the bank the 1ift is angled and higher speed re-
quired for level flight. But at the same time the side thrust is
now no longer sidewise but downward. With lift lost through steep

banking, and side thrust now developing a down force, the result is
our familiar spin.

Cure for spinning against the torque is to reduce the side thrust.
Increasing the rudder area would help, but it would be a combination
of two wrongs making one right with results that as soon as one be-
comes weak the other dominates. We still come back to our old stand-
by; too large rudder, because if the rudder was not too large in the
first place we would not have to use such excessive side thrust which
would upset the balance. A larger dihedral would also help by keep-
inf the drift angle small and so lessening the rudder and side thrust

alance.



SPIRAL STABILITY IN A GLIDE X

We go not have much trouble with spiral stability in a glide as
we do while under power. This is mostly due to the fact that most

of the present models use considerable dihedral which brings the mo-
del back into flight line if an upsetting force is applied. Thetrou-
ble will usually be found on soaring 2liders or models which have
small -dihedral and large rudder. The action is as follows:

An upsetting force causes the model to rotate and so brins in
Eur_ra@ous side force. The action is identical as described under.
spinning yJLh torque" section, except that our "torque" force is
now the weight or inertia of the rotatinl wing and model whish has
to be brought back to a level position. To do this we must set our
d?lrl.dﬂﬂlc, and so increase the an¢le of attack on the inside wing
With introduction of side drift, we cannat keep the rudder out of ?L
;f Fhe rudder is of correct size, we will have no trouble. But if
it is too 4a?ge, the wing will never reach the required drift anele

and'the initial upsetting force will continue to rotate the model
until the model tightens the bank. With steep bank the 1ift is lost

since we have no excess thrust to s i i

; speed up the model. With lift
gone, and the model in an almost vertical bank, the rudder does its
dirty work and dives the model into the ground. ‘

The above action can be right or left, depending on the upset
ting lorce. The danger of sharp turned rudders will became apparent
mostly in a glide, especially il the rudder borders near too large
area proportions. This action can be best brousht home by quoting
from actual llight tests made by Mr. Weick as reported in N,A.C.A.
Report No. 494

REPORT No. 494

A FLIGHT INVESTIGATION OF THE LATERAL CONTROL CHARACTERISTICS OF
SHORT WIDE AILERONS AND VARIOUS SPOILERS WITH DIFFERENT AMOUNTS
OF WING DIHEDRAL

By Fuen K. Werek, Hanruky A, Sovng, and Menvin ¥, Gocean

EFFECT OF IMHEDRAL ewhat improved. In this condition, the nirplane

In arder to make an appraisal of the effeet of dihe-
dral on the churaeteristios of the various lateral control
systems, it was first necessary (o determime the effect
of dihedral on the stability characteristics of the air-
plane. It was known that the diliedral prineipally
affected the rolling characteristios of the airplane under
conditions of sideslip. Tt was not expected that the
longitudinal stability would be greatly affected hy the
dihedral change and the flight tests showed this to be
true.  The airplane was longitudinally stabile with all
the diledral angles for the conditions tested and, as far
as the pilots could determine, the ehareteristios wore
the same in all eases. An alttempt to sepaeate the di-
rectional stability charaeteristics from the more genecul
lateral stability characteristios was suceessful only at
0° dihedral, where the rolling due to sideslip was small.
There the tests indicated that the sirplane had a fair
degree of directional stability. -

With 02 diliedral the airplane was delinitely unstable
laterally.  When deliberately ennsed to sideslip in
either direction, it would turn in the diveetion of the
initinl slip and.spiral indefinitely whether the controls
were frecd or returned to neutral. By an inerease of
the diliedral to 3°, the stability choaracteristios were

«s unstable only with the controls freed.  With the
controls neutralized the '.til'phlll(' wonld recover to
stroight  flight after o few oscillotions,  With 6°
dihedral the airphine was stable both with {ree controls
and with the controls veturned to neutral.

The airplane exhibited instability of o different type
with 97 dihedral and controls free. When sideslip was
started to the right, for example, and the controls
freed, the airplane would turn directly to the left nway
from the initinl sideslip (whereas with 0% diliedral, it
had turned into the sideslip), and would commenee o
left nose-down spiral accompanied by o rapidly increas-
ing mir speed. When the controls were returned to
neutral during o sideslip, the airplane returned (o
straight flight with no apparent oseillation,

In connection with these tests it was noted that the
rudder, when freed, had o greater tendeney to deflect
to the right thon to the left, ‘thus introducing some
||.-=_\‘l||511l'lr_\' in the !]]‘M?k‘ggﬂl%uﬁg’ﬂ&)m, left
sideslip.  The reason {61 this hins not been uscertained,
The observations on the lateral stability previously
given represent average conditions for the two direc-
tions of sideslip, [t was also observed that in o side-
slip the wide-chord nileron of the forward wing would
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trail up when the controls wy re relensed and stay there
throtgh all the ensuing motion until steaight fight, if
the airplane were stuble, was regained. 11 the airplane
was unstable, the ailevons remsined in the initial
position taken, regardless of the form of the instability,

With the wing set at 0° dihedral the rudder zive
almost independent directional control, the banking
due to the yaw produced being very slight when the
ailerons were hield in neatral. Turns conld he mude
without the nilerons but they were charaeterized by
skidding during entry and sideslipping during recovery,
the amount depending on the abruptness with which
the rudder was used.  As noted previously, if the ail-
erons were freed during rudder moyvements, the trailing
of the outer ailerons might result in the wing digging
in and banking in the wrong direction for the turn; a
delibernte sideslipping therefore required eareful han-
dling of the ailerons.  The inereased hanking effect
obtained with 3° dibedral eliminated ol tendeney of
the forward wing to dig in and made sideslips easier to
perform.  The effeet was noticeable also when rudder
turns were made.  Tight, or steeply banked, rodder
turns, however, were difficult to enter as the airplane
would nose down during the time taken to roll to the
desired angle of bank. 1f an attempt was then made
to bring up the nose with the rudder, the airplane would
start sideslipping and would roll st of the bank.  The
airplane always banked in the direction of the turn
set up by the rudder, whether the ailerons were held in
neutral or freed.  With 6% dihedral, the rudder had a
powerful banking effect and it was dilicult, with full
aileron dellection, to hold the wings level for any but
small amounts of sideslip. The roll that could be
generated by the rudder at 9° dihedral was so great that
the rudder had to be handled with diseretion and
sideslipping was practically impossible.  With 6% and
9° dihedral, the airplane showed n progressively greater
tendeney than at 3° to nose down and roll out of rudder
turns.

Dihedral.—Increasing  the dihedeal, ns expecte,
inereased the roll due to sideslip; the re<ults obtained
with the inereased diliedral, in general, showed that
this was the only variable of importance. Lateral con-
trol systems with negutive vawing moments are ad-
versely affected by inereasing the dibedeal.  In the
present tests with 07 diiedreal it hns been seen that the
rolling wmoment vesulting from the vaw was suflicient
to counteract entirely that of the wide-chord alerons,
Even thongh the rolling moment of the
not entirely counterbalunced at 6% * dihedral,
ineresed defleetions and consequently increased forees
were required for normal manenvering.  With the
spoilers for which the yawing moment was positive,
the dibedral had considerable effect in reducing the
apparent lag. At 97 dibedral the rolling set up through
action of the sitive yawing moment waus apparently
sufficient to cover up the lag of the spoilers,  This
stutement seems (o be o contradietion of the fact that
with the sww-toothed spoiler, g was recorded with
instrmments at 87 diliedral, A possible explanation is
that the lag in the rolling aetion may depend direetly
o the drag caised by the spoiler— and the plain spoiler
Dhad considerably more drag than the saw-tooth spoiler.
Thus, the saw-tooth spoiler may eanse considerably
less yawing than the plain spoiler and hove groater

]L‘l'il[l\‘ wis

lug i it= rolling action, <o that at 9° diliedral, the saw-
tooth spoiler eould still have shown some apparent
ag, whereas the plain spoilers showed none, The
rolling due to the eudder was so greatly inereased by
the dibedral that at 9° diliedeal steady stalled flight
was more nearly maintained with use of the rudder
than with any of the lateral controls.

The faet that the airplane exhibited spiral instabil-
ity with 07 dibiedral showed that the fin aren was too
large Tor the dibedral. As the ratio of diliedral to fin
area was inereased, the airplane beesime  lntevally
stable.  The optimum dibedeal angle tested was 6°
With 87, the dihedral was too laree [or the fin aren
(rudder free) and instubility was again present. I
this condition the airplane turned out of the sideslip,
maintaining its initinl yaw, and spivaled with ineregs-
ing speed in the opposite direetion

The ability to sideslip is buportaut ing conventional
airplane with o small range of gliding angles und a
poor field of view ahead and down, as it permits the
pilot to obtain a better view of the landing field before
the start of or during the landing glide. Dihedral
decreases the ability to sideslip.  The rolling due to
yaw, with dibedral angles above 62, was sufficient to
preclhude the practical use of sideslipping as a maneuver.
Evidently, the ability to sideslip and maintenance of
lateral stability involve opposite considerations eon-
cerning the dihedral and some compromise must be
made regarding them. As lateral stubility is probably
more important than the ability to sideslip, the opti-
mum diliedral angle for this airplane with the special
wing, considering hoth featnres, is probably of the
order of 5%—un angle that will give a fair amount of
lateral stabality and still will permit o limited amount
of deliberate sidesiipping.

Areas, Argas: sq.71
Wing Elavator 104
dileron Rudder &
Stabitirer Firr 3.1

Horsepower 35

il

&0

—

-‘_‘;.‘,.._.Q:.

Threo view driwing of Fairchild 22 alrplane,

FrouvRe &



33
CALCULATING THE DIHEDRAL ANGLE AND RUDDER AREA

Considering how important dihedral and rudder area are,one would
imagine that our libraries would be chocklfull of formulas whichwould
give us the correct answer to all our guestions. fHowever, the truth
of the matter is that full size craft do not have to be so inherent-
ly stable as models. Hesides they do not have to contend with such
out of proportio: torque as we do. They just allow 4 few degrees for
dihedral, and calcilate the rudder partly from the precedin: models
or by formulas which have a great many unknowns. Meost of these for-
mulas depend on accurate data. D3ince we do not have that, we cannot
use full size formulas as they are.

DIHEDRAL

The dihearal angle can be best decided upon from past exper-
ience with models having similar prop and power; especially since
a larpe dihedral is mostly used to counteract the torque. Or you can
check on other models which proved to be stable. An 1:" for every
foot of span under each tip seems to work well for fairly high po-
wer models around the 200 sg.in. class. Gas jobs, on the other hand
will pet away with 1" per foot on large spans of over 8 feet., Small
high powered gas jobs will need more, almost as much as high powered
rubber models. Just remember that the moment arm «f the counter-
acting force has a great deal to do with torque control. If you
think that your model does not have enough dihedral, do not hesitate
to add more if ‘you intend to use high power. Of course, there is a

loss of lift due to wing triangulation, but the first requirement
is stability.

The shape of the dihedral has been well covered beflore. A word
of caution on tip dihedral. We realize at what nigh drift angles
the wing works. WHow place your tip into this airflow and see how it
wauld react. If the reaction is not too high angled, and tip drag
normal you can safely use it. RBut if there is a danger of having the
tip stall, you had better help alons with polydihedral. The ellip-
tical would seem best from all viewpoints. Besides introducini long
moment arm, the shape of the tip also helps to have & more gradual
interflowing of high and low pressure, and so reduce the tip turbu-
lences which cause considerable drag.

RUDDER

In the past Year Books we recommended the side view pattern of
the model to obtain approximate rudder area. 1t is a fair methad if
the user knows its limitations. Just wha* affects the rudder area?
First we have to balance the fuselage area on each side of the C.C.
Normal reactangular cross section fuselapes have larde area in the
front, and a bit of rudder is needed to affect the balance. A streamlined
model does not have very strong resistance factors while at an angle
and its Center of Pressures are almost at the usual C.G6. So we can
treat streamlined models as sticks. WNext in line is the wing. A
wing in a drift angle usually has excess drag on the inside wing with
the result that it tries to pull the fuselage into the drift angle.
Since this is the exact action of a larie rudder we would forget the
wing in rudder calculation if it were not for the fact that the dra:
resultant might be weak if lifting tail is used and so brining the
C.G. far back, and also when drift angle is larze. So we add ano-
ther trifle of area to rudder. The landing gear should be used conm-
pletely, as the area presented is directly apposing the rudder. Tt
is in this side drift angle that we note how much more dras a wheel
has with streamlined than without them. From Lhis viewpointa thick
wheel would =seem best. Or we can attach the streamlined pants in
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castor fashion so that they will adjust themselves to the airflow.
The final object is the prop The prop is one member which usually
eats up most of our rudder area.

While under power and at drift angle the prop influences the
rudder by its slip stream and its thrust adjustments. The slipstream
is probably almost angled by the airflow by the time it reaches the

rudder, so its effect will be slight.

It would call for a bit of ex-

tra rudder area to keep the balance between the rudder and the wing.

The side thrust is a
area to keep it bala
glide the prop comes
2led into a drift.

ltogether another problem. It needs considerable

nced as it was shown in precedin? sections. In a
inte side area picture whenever the model is an-

The difference of prop reaction under power and

in glide is that under power the prop blades actually have higher

airstream than the rest of the model, while in a glide they have the
same, and thereby contributing to the general drag. Effect of a prop
in a glide during a side drift is to counteract the rudder area. It
is evident that we must have rudder area to take care of the idling

prop or the front portion of the model will dominate. A freewheeling

nrop needs more rudder area than one fixed. 4
definite area, while a freewheeling prop presents

fixed prop presents a

a partially com-

pleted circle because of the rotation of the blades.

EFFECT OF qikilow a4
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UPSETS MODEL BY
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CHARICTERISTICS GUESTINATING BUDDER AEE4
(CARBAED TEXRLYTE USABLE)

After reading these paragraphs you will very likely still be in
dark about how to calculate rudder area. However, do not blame your

ignorance as no one has the exact method. But you should have an idea

just what influences it. If you can work out a formula from so many
unknown variables, you may sure that something is wrong somewhere.
Our best method in finding the correct rudder area is to keep a re-
cord of ihe models and their behavior. After a while, the guestima-
ving of rudder area will be a second nature, we hope.

TEMPORARY ADJUSTMENTS

After you have built a model and found it unstable check over

all the points brought up, and if you think that you have reached the

trouble, do something about!

will begin to investigate systematically.

who have an unstable model,

You might be wrong but at least you
What good are the builders
repair it without a thought

crack it up,

of what ia wrong, and then go out again for another crack-up, They
are a menace to humanity and a black mark against the sport.

If we were to take the present trend in design most trouble will

come from using too large rudders. This fact will actually stare us

in the face, yet we will do nothing about it.

We would rather do any-

thing else but change the rudder. Ohno, not the rudder!

this
linel

top portion,

Undoubtedly

is because we spent so many hours drawing out the beatifool out-
And it would hurt our artistic taste if we were to cut off the-

But science recognizes no arts which would keep it from
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the truth. So use all your will power, and cut that rudder down if
you think that it is the cause of all the troubles. If you cannot
bear to do it have your friends do it for you, but do it!

Another way of temporarily adjusting for spiral instability is
to cock the wing in relation to the fuselage. In front view this will
give us extra incidence to take care of the torque without bringing
the rudder into play. Warping one side also helps if power lis not too
large. However, these adjustments usually produce a poor glide be-
cause they naturally bank the model to even up the lift-«of the wing.
In banking they usually produce a side flow which attempts to spin
the model to the right after the power ls out.

SUMMARY OF THE STABILITY CHAPTER

It is hoped that the discription of the different stability pro-
blems will give you a better insight of what goes on. If you can un-
derstand clearly the foregoing pages, the explanations should uncover
many mysteries. One of them being why streamlined models did not come
up to expectationa. A streamline fuselage is a very lively thing and
one cannot put & finger on its center of pressure for calculations.
Consequently,most streamlined models had stability problems which pre
vented them to show up against 'boxes' which in their very sluggish-
ness achieved a sort of balance. However, a picture of the airflow
about the model should prove that only a streamlined modei can hope
to achieve the acme of perfection. Let's sapend the next few years
working out the stability problems of streamlined models.

TESTING PROCEDURE

One of the most exasperatlng experiences is to bring, what we
thought a well adjusted model to a contest only to be bitterly dis-
appointed when we give it the "works", or to give the model full po-
wer wind-up and then have It fly beyond recovery. A cure for these
heart breaks is to equip your model with a pin-and-tube combination
about 10" from the nose. All you do is to divide the motor in the
fuselage and push a pin through the ring. Now only the front motor
is used which can be given the works without danger of losing the
model.

LARGE FACE - Py Hb wIBE Wil JAkE
BUSHING S R o

FOR FULL BONER TESTING WITH SHaeT
MOTOE BUN, BET STHL CARRYING FULL LENGTH
MOTOR FOE BALANCE -

TESTED~/937

NACDNIOD ALuS MITH

HF-CENTER SHME) HALE
~BOTHTE FO€ THEVST
ADJUSTING
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CANADIAN AVIATION

AS model fans who may have looked

thoughtfully at the shattered remains
of what a few minutes before was a
beauteous creation representing possibly
months of work, and wondered why the
erash geeurred, will do well to read care-
fully the feature article in this edition
of MALC, News. Jim Cameron, one of
the many gas model experts out Van-
couver way, has prepared an article on
this subject based on theory and indica-
tive of holding true in practice. We re-
commend that what Jim has lo say be
studied carefully and his advice put to
L&e,

THE GYROSCUPE AND THE GAS
E

By D. J. Cameron

Foreword: Of the fifty thousand or
s0 gas models in the United States
and Canada, probably forty thousand
will crash this year. If the fellows

lied the principles of correction,
and I believe this article will assist
toward that end, a total of about $60,-
000 would be saved in crack-up re-
pairs and far fewer builders would
get discouraped.

I have tried to write the article so
that everyone can understand. ‘The
development of the equation may be
beyond many, but the final equation
{No. 4) can be understood and used
by all. The eguation is necessary to
prove to a great many people that
what has gone before is correct. Tt
may seem like an odd mixture of
simple and technical terms, but T

don't think it could be pr iin

MARCH, 1938

as the cause of most gas model

any other manner,

It is desired to acknowledge the
help given me by my {friends, par-
ticularly Victor Hill, who aided in
bringing the equation to a simple
form and made many helpful sugges-
tions,

OU Gas Model builders have all zeen

a gas model crash, and nearly all of
you have crashed your own ship at least
onee, It wasn't due to bad workmanship
or design that your model crashed; it
was due, as is the case in nine out of ten
crashes, to the GYROSCOPIC T
of the Propeller of your machine. You
may have noliced that models using
motors that turn in a counter-clockwise
direction (Browns and Cyelones) are apt
to crash during right-hand turns, 1
crashed my first machine three times in
right-hand turns, and [ have seen more
than 50 other machines crash in similar
turns, but I have never seen a good model
<rash in a left turn. Rod Doyle, writing
in Zaic's Year Book, made a sgimilar
o' rvation; however, he made no at-
teaipt to explain the question,

Most of us eorrect for the torque of the
propeller. It is this correction that causes
the right-hand spiral dives that result in
acrash. You can prevent your model from
crashing by remembering just one simple
rule. ADJUST YOUR MODEL TO FLY
STRAIGHT OR TO TURN WITH
TORQUE.

In the following paragraphs I will
attempt to explain as clearly and simply

crashes, and to formulate an equation by
menans of which you can calculate the up-
setting forces developed by the propeller
of your machine,

The propeller of a gas model seems
insignificant when pared with the
whole of the model. However, because of
its extremely high speed of rotation
(4,000-7.000 Tpm.) the propeller has a
rotational or gyroscopic inertia of con-
siderable magnitude, a fact which we can-
not afford to overlook, When the propel-
ler is turned (as the machine turns) the
forees produced by its gyroscopic inertia
are sufficient to cause what is equivalent
to & 2" shift in the Centre of Gravity of
the model. T am sure you will agree that
a 27 shift in the C. G. will cause even
the best of designs to crash.

In order to understand clearly what
takes place, it is necessary to know some-
thing about a gyroscope. It is a well-
known fact in mechanics that a gyroscope
when forced to turn, reacts at right angles
to the turning forces. IHustration I shows
@ simple gyroscope rotating in a counter-
clockwise direction. The jnitial turning
forces are F, and F, two equal and
opposite forces. The resulting forces are
R, and R,; you will notice that R, and
R, are In a plane al right angles to that
of F, and F. The result is that the
gyroscope tips forward as shown by the
dotted lines. If F and F, were from the
opposite direction, the gyroscope would
tip back, not forward. To prove these
facts to yoursel, try twisting a spinning
bicycle wheel and notice how pronounced

eus. I

A B (assorsep) A R,
|
i
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g
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is the effect, We wun't go any further
into why the gyroscope reacts in this
manner, as it is purely in the realm of
physies, and can only be explained by
terms and quantities with which you
may not be familiar. Any good book on
elementary mechanics will explain the
phenomeénon, if it can be called such,
quite clearly,

Now consider R, and R, as though they
were applied to the solid assembly in
IMlustration II. This whole asgembly

(think of it as a "T" square with a nail at
the point C) is capable of rotating about
the point C. When R, and R, are applied
to this assembly it will move down and
around, If you do not see just why it
maves thus think only of the piece AB
AB would rotate in the direction shown
if there was no jeining piece CD, but as
€D joins solidly to AB and can rotate
about the point C, you can see why the
whaole assembly will rotate about C. The
two forces P and P, are the resultants of

R and R, P having no visible effect at
the fixed point C.

We can now apply this information to
our model. Consider Illustrations I and 11
applied directly to the model in [llustra-
tion III Let gyroscope in Hlustration T be
the propeller of the model and axls XX
the fuselage; then we ean consider the
member AB in Ilustration II to be the
prepeller, member CD the fuselage and
the point C, the €. G. of the model. The
initial turning moment of F, and F, (not
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RIGHT- HAND TURN

shown for reasons of clarity) is the same
as that exerted by the rudder during a
right-hand turn. R, and R, are exactly
the same. P, is also the same. P, acling
at the C. G. has no moment arm and is
not to be taken inte consideration, Now
the foree P, acting at the propeller, times
the moment arm X (distance to C. G. of
airplane) is the upsetting moment during
a right-hand turn and the direct cause of
our trouble, If you understand all this,
you will see that in a left-hand turn, P,
acts upward; conversely, in a dive it acts
to the right; in a climb it acts to the left.

The magnitude of the gyroscopic effect
depends on a number of things: the
radius of turn and speed of the model
determining the Angular Veloecity of
Precession; the weight, diameter and
r.p.m. of the propeller, and the length of
the moment arm X. The value of the
force P, can be found by an equation
developed for this purpose,

The following is the development of the
equation to find the value of P. You
can substitute your own values and
obtain the desired result even though
you may not understand the derivation

identally, this fon may be applied
to full scale aircraft as well as to ocur gas
models. The following symbols are used
lo represent the factors involved:

P,=The gyroscopic foree in Ibs

X=Distance of C. G. of propeller to

C. G. of model.

W=Weight of Propeller (lbs)

K=Radius of gyration of the propeller

in feet.

g = Acceleration due o Gravity =32.17

ft, per sec,

r —Radius of Propeller (fL)

R=Radius of model's turn,

N=R.PM. of propeller,

V=8peed of Flight (MPH.)

The average value of K in our case is
very nearly 3r fu, so that we may say
K'-=.00r*. Due to the difficulty of obtain-
ing this value experimentally, you will
have to take my word for it The mathe-
matical derivation iz too lengthy for
presentation here,

Ilustration IV shows a model making
a right-hand turn. @ representing the
angle traversed by the model in one sec-
ond, The propeller has turned through
this same angle ® as shown by dotted
lines.

The Arc SMQ=Distance traversad in
cne sec.=V

| s IF

wLus. oI B
5280
= —— V=1468V ft. . - (D
3600
SMQ v
Angle 8 (radians) = —— =1.466 —
R R

6 then, is the Angular Velocity of Pre-
cession of the Airplane about the point
A, and alsa of the Propeller about the
points §,

Turning Moment of Rudder about
Vertical Axis (through 8) — Pitching
Moment about Transverse Axis (also
through §) = Load at Centre of Prop %
Distance of Centre of Prop. from S=PX.

We can say therefore, that P X =Reluc-
tance of Prop. to swing about S5
=Muoment of Inertia of Prop. about
its centre x Angular Velocity of Prop.
about crankshaft x Angular Veloeity of
Centre Line of Machine.

w
CPX = — K Ww,

L@
B
where W=Angular Veloeity of Propeller
ATTN 1IN

= =——— = —— radians per second.
60
‘W, = Angular Velocity of Centre Line of
Machine during turn
Velocity of Prop, C. G. about 8

X
Velocity of Prop. about § = X6
v
= X 1.466 —
R

v
.*. W,= 1466 — radians per second.
R

w Ty v
S PX=—R — 1466 — 3
E 30 R
Since K* = 0017
(09) (1.466) (3.1416) y WNV
3=
(32.17) (30} ( XR )
WHNVFE

p= .m:mza(

This is the Equation in Usable Form.
We will now apply the conditions that

bring about & crash during a right-hand
furn.

W=4 ounces-= 25 lbs. (Wt. of Prop.)
N=6000 RPM. (Revolutions per
minute of Prop.)

F

XR

V=30 MPH. (Speed of model)
r = 583 ft. (Radius of 14" propeller)
X=127 =1 ftoot
R=20 ft. (Radius of turn)
P,=(.000429) (25) (8000) (30) (.3396)
11} (200
=.32799 1bs. = 5.248 ounces

Since P, is avting downward through
the C. G. of the Propeller, with a force
of 5248 ounces, the nose of the model
will drop. the speed of the model will
increase, and the RPM. of the propeller
will increase, As the R P M. of Prop. and
the speed of the mode! increase, the value
of the upsetting force inereases. With a
<peed of 40 M.P.H. and an R, P.M, of 7.000
the value of P, is aboul 9 ounces. suffi-
cient to move the C. G. forward 2. In
other words, the Gyroscopic Force varies
lirectly as the velocity of the seroplane,
the weight, radius and RPM. of the
provefler. and inversely as the distanee
from the prapelier to the € G. of the
‘plane and the Radius of turn, Now you
can see why it iz that so many models
vrash in right-hand turns, There is. of
course. a limit to the right-hand turn that
will eause a crash. A turn of radius
greater than 100 £t will not set up forces
sufficient to cause a crash,

Az we have already observed, a model
fying in a left-hand circle flies well—it
does not stall as might be expected even
though the gyroscopic effect is acting
upwards. The explanation is this: the
righting effect of the stabilizer is suffi-
went to counteract the gyrostoplc effect
at positive angles of attack since the
Centre of Pressure of the wing has moved
ferward. However, in the opposite case
during a right-hand turn, when the angle
of attack 15 negative and the Cenire of
Pressure has moved backward, the right-
ing moment of the stabilizer is insuffi-
cient to counteract the downward acting
gyroscopic  force.  Pitching Moment
Curves bear out these siatements, This
question may have been in your mind;
I hope the explanation is clear

In conclusion I will say thal by using
this knowledge of the gyroscopic effect,
an entirely new field of flight and flight
adjustment is open to you May good
fortune atiend you at future contests!
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PROPELLER

The power and propeller question seemed to have been well taken
care of in 1837. Most of us used large diameters propellers, and
if they proved suggish, we put on more power or cut down the dia-
meter. This is the simplest method of achieving high power to
weight ratio.

The propeller theory is undoubtedly known to all by now. The
blades beinp nothing else but twisted wings. The lift resolves in-
to a forward thrust, and the drag into torque. Treating the pro-
peller like a wing we can understand that the 1ift, or thrust, must
over come the drag of the model If the model has low drag, even a
small thrust will move it. While a high drag model will need larger
thrust forces. Reffering these extremes against wing theory, we note
that for ¢ small thrust the propeller can be small or have low rota.
tional speed. But to obtain large thrust force we must either in-
crease the speed of a small propeller, ot increase its size, or a
combination of both.

TORQUE AND THRUST

The importance of reducing torque force cannot oe overemphasized.
We have seen what awkward positions our models have to assume to con-
trol this power. Most of the instability forces can be traced to it.
If we knew how to achieve the best power, propeller and model combi-
nation, our troubles would be over. But these things are still in
the experimental stage. BSo the next-best thing is to review the fa-
tors which constitute the propeller forces.

If the propeller is too small, in size or rotational speed, for
the model, the blades will assume high angle of attack. And we know
how high the drag is at large angles, and how closely we are flirt-
ing with stall or ng thrust. On a model this is evident by high speed
prop whizzz with very small forward motion. Cure; larger propeller,
even if it means more power.

Then we have a high pitch propeller working on a sluggish model.
Working out the propeller and model distance covered during the same
period of time we find we have high angles at the point where we ob-
tain the needed thrust. Cure: Lower pitch. Increase of power would
be wasteful as we get very poor return for our power.

The ideal propeller lies between these two extremes. The ideal
prop woudd work at comparatively low angles at which the drag is still
small. This brings us right back to our streamlining. So if you want
maximum output for your power, start streamlining. You might have
crackups when you begin but when you have the stability pat,you will
really begin to notice the difference.

You need not be reminded that poorly outline prop blades,care-
lessly carved camber, poorly finished surfaces all contribute to the
torque because of skin friction, tip whirls and general interference
Some'of us still think that working long on a prop is useless effort,
This might hold true on gas props where the model is heavier and so
producing ‘large inertia force when the model glides into the ground.
However, rubber propellers can be made strong enough to withstand all
normal landings., Do not be afraid to use 'anchors for Queen Marie'
grade of balsa. Besides using tough balsa, be sure to cover the bal-
sa blades with silk and several coats of cement. This will give you
al} the strength you need.
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The carving oi a propeller need not be a tiresome chore if the
work is done intelligently and systematically. The time will actual-
ly be shorter in many cases as the prop will be balanced without trou-
ble. Try the following system on your next carving job: Carefully
blank the prop block in pencil. Drill shaft hole while you still
have a restangular cross section to provide a parallel for the drill.
Cut the blank to the exact penciled outline. If you did the work
carefully, the blank will balance. Next cut the under camber por-
tion so there will actually be no under camber, but a flat surface.
Now mark with pencil line the point of deepest camber, about 35%from
the leading edge. With the point of the knife cut-in veryslightly
along this line, and be sure to match both blades equally. Now cut
out the front or the 35% portion to this cut-in. When the front por-
tion is cut deep enough, cut away the trailing or the 65% portion.
You cannot help but get the carrect undercamber. The prop should now
be in balance, with both blades having identical underccamber cha-
racteristics. The lower camber can be completely finished with sand-
paper. The upper camber is guided by the lower.,As soon as you come
to the dangerous thickness, stop, and start carving a slice.at a time
with in-between feeling with fingers for the blade thickness. You will
be surprised to find how well your fingers will detect true or false
airfoil section. The final steps as with ordinary haphazardous car-
ving.--The results of using this method of definite stages will be
a guarantee that your prop has equal camber, thickness, weight and
outline of both blades.
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The selection of a propeller for a particular model cannot be
given in exact rules. We can make formulas galore but the will on-
ly serve for particular designs. As with other things, best process
is to keep a note of combinations which worked good.

FREEWHEELING

The drag developed by a freewheeling is surpri'singly high. Just
remove the prop, glide the.model and note the difference. This is as
it should be expected since some rubber model props have blade area
almost 10% of the wing. It takes power tg turn such props over. The
roughly finished props, or those whose freewheeling presses them a-
gainst the nose plug will naturally have the most drag. And the only
means of overcoming drag is to nose the model down to develop suf-
ficient speed for glide. So, keep away from freewheelers that use
& spring in the front to pull the shaft out. Also use ball bearing
washers between the prop and plug.



40 PUSH-PULL SPEED MODELS
by Stanley Clurman

There are two general arrangements for Push-Pullers, i.e., each prop with
its own power, or each prop at the apposite end of the same rubber motor. The
first type seems preferable at first glance since it permits a fuselage of nor-
mal length. But it requires a special winder to wind both motors in same direc-
tion, or each motor must be wound individually; too bothersome when+handling high
Jower. The second type is the one | have been experimenting.

My first mogel was a fuselage which is shown sumewhere in this book. It was
or a local contest which stipulated ROG and L?/100. The cross section rule
worked hardships since the second type must have a long body to have any motor
duration. A body that is, proportionately, very long has a large moment of iner-
tia, or a great decentralization of weight. The greater the moment of inertia,
leven.if body has same weight) the greater will be the tendency to resist rota-
tional motion. If such a model is perfectly adjusted and it is launched correct-
ly, it will keep its course with amazing tenacity. DBut if it's at all out of ad-
justment and goes inp a stall, and then a dive, don't expect it to straighten out
with ordinary tail surfaces. In heavy models with "super" long fuselages if a
1ive after power is to be avoided, the following precautions must be taken

I+ The model must balance exactly.

2. Despite the tail moment arm of almost twice the normal length, the stab
area must be greater rather than smaller than normal. It may even have to
be 0% of the wing area. This is all because of inertia of the long nose.

3. The C.G. must be very much below the line of thrust.
Another factor which is of specific importance to Push-Pullers is what Mr.

Grant vaguely calls "counter-gyroscopic force". The nature of this force, the true
name of which is "precession", is as follows [you can observe it on a toy gyro.):

V]
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If a wheel is spinning in direction'a'and a torque is exerted in direction'b'
the resultant of the two forces will cause the axle to rotate, slowly perhaps, in
the horizontal plame 'c'. In this case the torque 'b' is the wheel's own weight.
This phenomena is just as I have sketched it here. If the wheel were not spinning
and the axle was supported on just one end, the other end woulq natyrally dro? and
the whole business fall off the pivot. llowever, if the wheel is going at a high
speed you will have the astonishing sight of the axle, instead of dropping off,
spinning around and around.

The reason this is so important to Push-Pull speed models is that the pmgel—
lers have a very high épeed and therefore greater processional force. glso bot !
propellers exert this force so as to complement each other and ?plcauS;:gq:Z;iEyane

n they are very poweriul.

turn and because of the long moment arms ) C

::cessary in a Push-Pull to overcee this force 1s a largg amount of 5:23 :;ﬁ:é f:z
i and i in area soO as
I . fill-in the landing gear struts and increase
E::t:zcgi Side Area back of the C.G. This procedure uillltend ;Q kegglthe cou::i
i i i i ile merely a large fin will cause
t even if it is flown cross wind, whi . 2 c

?;;:;g:ite into the wind. Now, remember that precession isn't brought into play

unless some disturbing torque 1is brought to bear on the fuselage.
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Here is the trouble I had, both on fuselage and stick designs, the weight of
the rubber was so great that, even though the C.G. of the rubber was only a short
distance behind the wing, ittook an awful lot of clay to balance it. When I saw
about an ounce and * of clay and lead beng fixed to a 60 sq.in. job which already
had 4 ozs., 1 began to slow down. The resdt was that I was trying to fly a tail
heavy model with a positive tail---and it was awful to watch each time the power
went out. That is not all, though. The tail heaviness was the torque which
caused the body to'precess' with the result that the model kept swerving to the
‘right even with the rudder set a few degrees.it the contest in which I used the
fuselage model, I managed to have the model go upwind with a speed greater than
the winner. However, I kept adding power, thus increasing the tail heaviness and
'precession',and when time came to fly downwind, the "dachshund" couldn't hold the
course. Therefore, it is evident that the model must be balanced.

So much for stability. As far as the efficiency goes, the push-pull offers
the advantages of a twin pusher or tractor but none of their drag. I am positive
that 1 can get a Push-Pull to go 80 m.p.h. over a fairly long course, First would
come a change in the props. Those I used had too much area and diameter. The
seemingly high pitch is really efficient, in fact I would increase the P/D to 1.8
*or even 2.0. For we know that pitch alome does not determine efficiency. It is
the kinetic amgle of attack of the blades to the air which is important.

6 = Angle of blade (disregard helix temporarily
and consider whole blade at same angle as tip)

Angle blade advances through to make actual pitch
9 - B = Angle of attack of blades to airflow

Theoretical pitch ¥ = spged of plane )
R.P.M. of prop R = Radius of prop

-1 _H “ -1 ¥
tan =R B = tan By

i <) B
p=0-p3~- [tan Eﬁ—i] - [tan §§~;-R] i

n

o 22X <S8 ™
n
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(2n R)Z n +.H ¥
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The efficiency of the props I used wae about 70% whfch is not bdd. The ex-
cessive area absorbed iuo much power though. I would use 6" props with a P/D of
2.0 or %" props with a' P/D of 1.8, Both would have very little blade area. The
next plane would be a "flying broomstick" as shown. The surfaces would be built
up to take off some weight. The boys taught me to make speed jobs light! Lastly
the nose would be just as long as the tail so that [ could change power without
affecting the balance.

I wish to call youy attention to the airfoil used, the Hambino 7, because of
its remarkable adaptability to spred models, where as we know, accuracy in airfoil
is more important than on regular rubber jobs. The wind tunnel test of the model
was at 98.4 ft./sec. (66.7 m.p.h.) which isn't any higher than some of the good
speed models can do. The amfoil has an L/D of 25 at s although the Cpis low as
you would expect on a speed airfoil. It is the most stable airfoil I have ever
seen. From 15% of the Chord at 2°, the C.P. moves to 33% at 169! It lends itself
to construction easily since it is flat on bottom from 0.05 to o0.60. --Speed
modls should have a minimum flying speed of about 30 m.p.h. if speeds of 6o to

70 m.p.h are to be top. As per: Teremtof Gurh 0o gooikkCi-mmans m, 17
AT T e h|iE iz
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42 GEARED RUBBER MOTORS

by Fred Rogerson

During past years much has been written on building of geared motors, along
with a few articles on the desipn of such motors for model use. But what of the
application of these motors to our models? Are users of geared motors still up
in the clouds or are they afraid to commit themselves on their own experiments,
If I may hazard a guess I would say that the former is the case, which would ac-
count for the very poor showing made by them in past years.

Neither is it my intentions to offer formula here, or even rule of the thumb
whereby you might get proper relations between model and motor unit, but to try
to present a new working angle, with which to approach the problem. For the a-
mount of success we get from geared motors, not only depends om ‘the gear ratios
used and the amount of rubber, but a very definite relation between the geared
rubber motors and the propeller.

Our troubles with rubber motors have also been increased with increase in
wing loading last year, since the speed of a model airplane is governed by the
wing loading. So that when the wing loading is doubled the speed is increased
by about 50%. This compulsory increase in speed demands a higher power cutput.
But to increase the rubber motor from say 2 to 4 oz, would give such a heavy
thick skein, that the turns would be considerably reduced., Also during the last
year we have gone to extremes in motor length, so that there is little hope of
adding revolutions in «that direction. Thus, we are forced to look for some o-
ther means by which we can retain our turns, increase the power and at the same
time try to reduce the tremendous strain on the fuselage structure.

A couple of years ago, while investigating torgue curves, for torgue de-
livered at the propeller, on geazed and straight drive motors, 1 became tho-
roughly convinced that the geared motor was far superior. Different gear ra-
tios have to be used, according to the demand placed on the rubber motors, for
models of different weights and performance required. Gearing up reduces the
slope of the power curve and increases the turns available. These two facts
alone I believe have led many builders to use geared motors, only to come to
grief later. If they had investigated further they would have found that, the
average torgue decreases, as the slope of the power curve decreases, with the
result that the useless turns at the lower end of the curve are increased. For
instance on 18 strand motor 30 inches long, direct drive, develops 46 in./oz.
of torque at 1020 turns, with an average torque of 19 in./oz. Now if we use
2 such motors and gear 2:1, the maximum torque is 45 in./0z, at 2040, while
the average torque is reduced to 16.5 in./oz, And from the viewpoint of pre-
sent design methods, the useless turns are doubled. Since the average torque
has been impaired we find it necessary to add two strands to each wmotor unit,
to retain our original average torque of 19 in./oz. Now summing up we have;
(1) The same average torque; (2)/Maximum torque increased 14%; (3) Stored turns
Increased 88%; (4)Slope of the power curve reduced 20%; (s)Stored energy increased
122%; (6)The (so called) useless turns increased go%. The increase in stored
energy alone should be sufficient to sell the idea of gearing, for provided it
is properly used, it is sufficient to lift an 8 oz. model to an altwtude of 320
feet.

The job we now have is to turn these advantages to actual ga§n in motored
flights. It is necessary that we consider the non-useless turms, if we hope for
maximum efficiency or maximum performance per oz. of rubber used. Since the
steeper the torque curve inrelation to the revolutions per second, the larger
we must make our propellers. It follows that we should use smaller propellers
on geared motor units where the slope of the torque curve is eeduced since the
propeller usually stalls first. In well designed models the blade angle should
nkt exceed a theoretical augle greater than 27° at 3/4 of the diameter fromthe
hub. (On all heavily loaded models, this value or less, has shown improved re-
sults on conjunction with geared motors, direct drive not having been tried.
This angle gives about a 19.5"Pitch on a 16"Dia, propeller.) In turn this me-
thod allows for more climb to be made on the first part of the power curve
where we have the greatest reserve of power and more of the so called useless
turns to be converted into useful energy. As a matter of fact, I have had pro-
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peller, motor unit combinations, that delivered sufficient power for climb un-
til practically the last turn. The power duration is nut greatly affected by
this type of propeller, due to the extra turns made available, while the alti-
tude gained is considerably greater in most cases. Propeller and motor or mo-
tor units, are much more closely related than are the model and propeller, and

I think builders would do well to consider this fact when laying out a new pro-
peller. The best torque value for a given model can be determined approximately
by the formula T= A x L x 10 where T-= Maximum torque, A = Wing area in sq.feet
L = Loading in 0z. per sq. ft., 10 = a constant. Maximum torque is controlled b
by the number of strands rather than the weight of motor. The above being true,
it is quite apparent that the diameter of a propeller should be in relation to
torque curve and indirectly in relation to the wing loading, rather than in re-
lation to wing span.

Figure | shows four relative power curves for various geared motors.

Figure 2 shows the method and equipment used for testing the torque of the
motor .

The Terms Rm and Rp are revolution for motor (or rubber! and revolutions
for propeller. The Averapge Torque is determined by adding,in a vertical column,
the maximum torque and torque values at each 100 turns down to zero, Divide the
total by the number of readings taken.

My preference is for a shorter motor run and high altitude. Theoretically
a low altitude and long power run plane has a slight advantage. In practice, how-
ever, their flights are approximately the same,with any wind or thermals in fa-
vor of the high climb job. However, the terrain over which the model must fly
may show large advantapes in favor of either. All of which tends to bring in
conflicting reports of various types of performance which is all very confusing.
But having flown on the same ground now for four years, under all forms of wea-
ther conditions, using direct drive and various gear dtive combinationms, com-
bined with fast and slow climb performances, all on the same model, I feel that
my comparison of results are guite reliable.

I would say that an automatic pitch adjuster would be an aid to geared mo-
tors in particular, provided, of course, it really worked. I have been working
on such a device for 2 years, which would just give the thrust required for a
predetermined performance of the particular model. About a year ago, I had it
to work as I had desired, absolutely no stall present regardless of the posi-
tion the model assumed in the air and no altitude lost om the down wind side of
a circle. The tension of the rubber had no influence on the pitch with this
arrangement. The springs which held the adjustment, however, were so deljcate
bhat after a few flights, they were hopelessly bent and the blades out of ad-
justments. Since that time I have been trying to design a much more positive
means of adjustment with only one spripg.

When fitting a power unit to a model, rubber should first be considered.
First, the weight of the rubber. Second; the length of motor or proper gearing
[both reducing the slope of the power curvel to reduce the power curve to where
a very litt'e or no sharp burst is present on the top end. Third; a propeller
design that will climb the model for 3/4 of the length of the power curve. The
balance of the curve going to level flight. The useless turns being a very
small percentage on such an arrangement.
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OUTDOCR MODELS

Reporte from the field would have us belleve that the rubber mo-
dels are losing out to the gas jobs, We are sure this 1s only & mo-
mentary pause because wlth the engines at the present low price all
of us want to have & try at the gas Jobs, And as soon as the boys find
out that the troubles begin after the gas model has been build, we are
sure they will swing right back again to rubber powered models with
which the fun begins as soon as the model is finished. How many of
you have seen a gas man pouring out sweat trying to start the engine,
look up enviously at a snappy and high climbing rubber job. You car
Just hear him sigh as he goes back to his work,

It 18 belleved that eventually it will be required of all model
builders to demonstrate their abllity with rubber powered mouels be-
fore they are granted & gas model license. Under the present set-up
it is not unusual to have a man start with 2 gas model kit without a
slightest knowledge of aerodynamics and adjusting procedure. Under
such conditions the hobby becomes expensive as well as dangerous., Of
course, if you are satisfied to be a chaufeur to a kit job, you ars
welcome to spent your days with gas jobs. But remember that 1t cakes
brains to get the utmost out of & rubber -powered model,

The plans disclose almost every conceivable type of construction.
According to the theory we should be definitely convinced that stream-
lining and elimination of protruding parts 1s the order of the day.
Our idea of an ideal job is as follows: Fuselage of streamline plan-
form and of round cross section. The prop to be blended into 2 spin-
ner, folded or perfectly freewheeled or have 1t idle for a long time
by an auxiliary motor. Landing gear might as well be fixed for 1938
until & simple and fool proof ritraction idea is found. The wing
should haeve an elliptical or polydihedral with falir outline. Aspect
Ratio of about 7. It should be mounted about 4" above the fuselage.
The tall sectlion of falrly low aspect ratdo stabllizer flanked with
twin rudders. Twin rudders will increase the effectiveness of the
stabilizer and have it approach the Reynolds Number of the wing. Thelr
total area should be very slightly more than that of a single rudder,

The model just plctured should present no difficultiss to bulld.
Although the fuselsge might be & bit out of ordinary for some of you.
The mounting of the wing above the fuselage should be done without
the usual cage like conetruction. It is simple to predetermine the C.
G. position, and with that fixed the wing mount can be made to Just
fit, or it can be even countersunk into the Wing and covered with cel-
lophane tape. To predetermine the C.G. just take the center of the
rubber motor. You may be sure that the C.G. will De plus or minﬁs 1
from this point. Why? Take an 18 strand, 3/16 rubber, motor, 36" long
which included 10" slack, When this motor 1s wound, every inch of it
will weigh .09 oz. Now move the C.G. point ahead or behind the“center
of the motor. 1" change will produce .16 oz. &t an end of & 13" M.A,
With motor having so much influence on the C.G, position, you might
as well use it as thedeterming factor for locating the C.G. Then you
will also be able to change the rubber without change 1n adjustments.
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Pegpape & more complete discription of how to go about in con-
struction of monocoque fuselages might entice more of you to build
them. The First Step: Declde on the cross sectlon shape, Round 1s
best. If you need room for two motors, use elliptical. If you want
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irregular shape, you will have to plot out individual bulkheads. Se-
cond Step: Draw full size plan and side views which provide the ma-
Jor and ainor axis. Use the aporoximate method for develooing ellip-
tlcal bulkheads. For ever changing cross-sectlons, draw two outlines
of the largest lulkhead over which are superimposed the smallest end
bulkheads. Count the number of intervenin- bulkheads and spzce them

between the two extresmes.
| ! I
- -x-- -—
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\\ ‘/ LAYING OUT IRREGULAR BulNEADS

The elliptical and varyinz cross section bulkhead ocutlines are
drawn on 'stiff paper. To transfer the outlines to balsa, trim and
smooth the paper to the filrst or largest bulkhead, Circumscribe the
outline on balsa, and &n extra one on paper to kesp the outline for
future use or if the bulkhead breaks, Cut away to the next outline &
carry on. In transferring the outlines to balsa, be sure to have
vertical and horizontsal reference lines on balsa over which to su-
perimpose pattern. The circular bulkheads can be outlined directly
from drawings by compass.

The bulkheads can be single balsa sheet providing that balsa is
fairly heavy and of "C" or quarter grained to provide the stiffness,
Rigidity counts mostly during assembly. Once the Job 1s completed
the cemented Junction between the bulkhead and planking provides the
"T" section. MNo stringers are needed If model is planked with 1/16
or thicker nlanks. 1/20 or under coverinz regquire stringers for ce-
menting surface, t might be mentioned that it takes twice as long,
with poorer results to cover with thin sheets than 1t is to use
planking, Since zingle sheet bulkheads are liable to crack if cutu
with razor, a fine scroll saw is just the thing.

ScpoLL i
san Ta |

EXACT PLUG b X

The assemblinz 1s begun by using two 1/16 x } masfer plenks on
which the bulkheads spaclng are marked, (2" spacing seems about the
maximum 2llowable.) Tack to the strips with cement the two bulkheads
which are on elther side of the largest. Be caréful in doing this as
it forms the base for the entire structure. Check up for line-up of
two strips by bringing the ends together, and pinning them tempora-
rily while the rest of the bulkheads are cemented into place. With
4ll bulkheads in place start planking,(Planks should be of ligth and
soft balsa.) Begin by cementing top and bottom, to prevent twisting
or curving, To cover angles, Just measure the length of the angle to
the point where the width eguals plank width, and cut a straight an-
gle. The softness of the wood will alldw jamming and so fill cracks.

While planking be sure to mark all cut-outs deeply, such as the
%ing mountinge, and also cement-in all wire fittings to the bulkheads
with plenty of cement. When planking is complete, sand with medium
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paper as lon; &8s the planks resist tending or have no llcht spots.
final fine sanding after a ligcht coat of dope. Cover with paper,lizht
color prefered as dark color will show up Junction streaks and also
cover un the natural wood gréin, coat with 6 application of banana
01l with final fine sanding and waxing. The banana oll is best as it

@ries up rock hard %ith lishtnsss, --- You nov have a light fuselage
which will take 40 strands of 1/8 with ease even if they smash back,
After & while you will find parts of bulkheads missing without weak-

ness showlng up. Or after a series of head on spéshes the front mizh:
weaken and crack off, but you just fit:it back and smear it with ce=-
ment, The model Will be ready to fly as soon a&s cement dries.
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LANDING GEAR: The beauty of wire landing gear 1s that 1t never breaks.
But it sometimes proves a disappointment in way of ground stabllity.
Single wire strut seems ideal but the gauge will have to be large to
sustain the weight of the model. Abamboo or hardwood stiffener helps,
but there 1is still another weakness; the ease with which the wire may
be twisted. Sketch shows how bends weaken the landing gear struts.The
ideal strut would be as shown which juet enough free wire to provide
the needed "epring". Be sure to use silk to bind wire to wood.
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INHERENT RUBBER TENSIONERS: The original was developed by H.White of
the Nothern Heights M.F.C.,London. The idea 1s sketched below. The
initial turns are critical as they decide the tightness of the en-
“Wined motor. Used extensively in England. ---Bob Copland

FROM AMERICA: Use few strands with an &pposing prewind., This pre-
wind will turn the motor backwards until both torques are equal.
While unwinding, the entire motor will only turn to this balance of
prewound strands and main portion. -=--- Albon Cowles,

PUSH-PULL WINDING: To obtain equal number of turns and wind at the
same moment With ordinary winder, wind in tamdem. --Walter Erbach.

TESTING DIFFERENT GRADES OF RUBBER: Wind the two grades in tamdem.
Weaker will break first. Winding and then unwinding ONLY ONE, shows
Wwhich has most torgue. The more powerfull will naturally have less
turns. This test may be applied to many variations. ----by Editor
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RUBBER
Turns per inch on Two Strands--Weight per inch of Single Stram

Size | 1/32|3/64 |1/16| 6/64 | 3/32 | 7/64 | 1/8 | 5/32 | 3/16 | 1/4

Turn| 225 189 163 145 | 130 | 124 115 108 |94 80

Wte |40005644 .0011288 +0016932 «0021576 0035864

0z 0008466 .0011411 «0019756 .0028220 .00431562
Turns per Inch on Multiple Strands (For 1/30 Brown Rubber)
No.Str, 4 6 8 10 12 14 16 18 20
1/8 80 64 55 50 44 40 36 34 32
5/32 68 59 50 46 41 38 34 29 24
3/16 60 54 46 42 38 35 32 27 24
1/4 56 | 44 | 27 | 33 | 20 | 27 | 25 | 23 | 22




50 GEODETIC CONSTRUCTION
by Roy Marquardt

Two years ago British Enginoers brought a sensational new developement in
aircraft construction --geodetic or surface construction. By it's use much
longer and more efficient wings could be used with still a weight saving. Al-
tho some work has been done along model lines (see 1937 Year Book) model builder
have been slow to take advantage of the things this now construction has to of-
fer. Model results do not seem to indicate that longer wings are advantageous.
However, a distinct weight saving are easily made, both indoor and outdoor.

The indoor design shown in this edition has the wing and tail weighing only a-
bout 2/3rd as much as the lightest similar model the writer has used successful-
ly and yet the wings show not the slipghtest sign of washing out @n dives or un-
der power. A microfilm prop so constructed is as stiff as a solid prop of twice
its weight. A round fusebhge has been turned out using this type_of comstruction
around a solid form. The weight was low but so far the comstruction is difficult.

Geodetic construction is especially effective outdoors. Excellent rubber po-
#er wings have been made and a gas job is under construction. The best method
is to use ribs cut as top and bottom strips with a template from sheet balsa.With
a tapered wing simply cut ribs from the rear to size. Place ribs same as on the
indoor model. Use a single thin spar the same height as the rib. Use standard
leading and trailing edge. With a light wing, cover the leading edge only with
sheet balsa. On a weight rule job the entire wing may be covered and still the
wing will not weigh more than the usual type. In plotting ribs the horizontal or-
dinates of the diagonal ribs should be lengthened by about yo%.

SOME OF MY FINDINGS
by William W.Saunders

DIHEDRAL----Too much dihedral makes a plane rock back and forth. asd too
little makes it spiral dive or take too long to recover from a side slip. For
this reason in recent years I have made all my planes with adjustable dihedral.
For rubber bank models it consists in taking 3/16" birch dowels and drilling the
ends to take a 1/16" music wire. The dowels | 2 to each wing located at approx.
30% and 70% of the Chord) are glued in the wing at the root. The dowels need mot
be any longer than about 14", The 1/16" wire is bent to the desired dihedral.
Such a plane is very flexible and practically crash proof.

C.6.----T found that the C.G. can be located within the "A" dimension shown
n the sketch and be stable depending upon the size of the stabilizer. The larger
the stab. the further to the rear the C.G. can be located. With the C.G. av the
furthest forward positionm,the plane will have the poorest glide but the most sta-
bility in very rough weather. As the C.G. is moved toward the rearythe stab.be-
comes. a lifting tail and the plane squashes out of stalls and has that {loating
characteristics. I have found the C.G. locatien to be independent of the location
of the wing above or below the body. A low wing Plane will definitely fly with
a lifting tail. Sipce a low wing plane does not have the pendulum stability of
& high wing plane the stab. must do a little more of the correcting of stalls
and therefore the C.G. is moved forward"

VERTICAL POSITION OF WING---- | have had my best luck with mid-wing planes,
High wing planes require too much down thrust. Strange as it seems I have found
that low wing planes require more down thrust than high wing planes. [ dislike
downthrust because it is the same as adding weight to the mose of the plane whe
under power. I do not think that a down thrust plane flies along it's thrust
line. My wings are always placed on the body at the best L/D,
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AIRFOILS----For rubber models modify a RAF-32 by reducing the upper camber
20%. For tail surfaces whether lifting or non-lifting use a thick section. T al-
vays use a M-6. When the plane starts to stall the tail snaps up in place and the
plane does not lose atltitude. Take advantage of the late stalling angles of
thick tail sections.

TAIL SURFACES ———- The larger the stabilizer the greater the stability and
flatter the glide. I use stab. on rubber models about 4o% of wing area and for
gas jobs about 30%. A plane will fly in a calm with astab equal to 15% of wing
but keep the C.G. well forward. The glide will be poor. The fin area is inde-
pendent of the stab., area. Keep it small --about 13% of the wing for rubber mo-
dels and 8% for pgas models.

FORMULAE FOR CALCULATING MODEL AIRPLANES
By ARVID PALMGREN

The following formulae are approximately valid for single skein rubber po-
wered model airplanes of standard design.

SYMBOLS

rubber skein sectio, sqmm
total weight of model, ar
Span of main wing, cm
motor torque, mmgr
propeller speed, r.p.m.

Propeller Diameter, cm

max. propeller blade width, cm

model flying speed, m per sec.

specific main wing loading, gr per sqdm
mumber of winding turns

propeller slip, % ariginal skein length, cm

propeller thrust, ar : total rubber weight, ar

: propeller pitch, cm (spec. gravity : 0.9

Recommended maximum rubber section ==-= R = 0.1‘&] [ }Z sqmm

[Conversion for 1/30" Gage-—-1/8 = 2.7 sgonm  3/16 = 4.0 sgmm 1/y = 5.4 sqnm

OoOr=zo < oo

MW D EWED

Rubber torque ====-= Mpean = 8 R nmgr  me=e=e—==Moo = 20 g3 mmgr
{Valid for 30 R oo sgmm Black Rubber and recommended degree of winding)

Propeller Speed ---- n = 47000 L r.p.m.
J paD3
Propeller Thrust (assumed) ----T = 0.13 2 ‘Q| s - 10 gr

|l s = 15% M'Mmean ~—— s2% at M, )
Model flying speed (minimum horizontal speed] v = I.54 g m per sec.
Winding turns (black rubber) Ng; = 65 L Ng o = 80 —
first ‘Tl final =
4 3
Propeller Pitchemaeen (for max. altitudel: Pgin = 12 %

3
(for good altitude): Ppggq = 18 k= cm  (for moderate altitude): By,

3
oy R
=y

(Phay to be used for handlaunched models only)

Propeller Diameter:--- D = 5.7 qug cm

Maximum Altitude (above starting point! and flight duration (no vertical wind)

Maximum alti- | Motor time |Total time; sec.| Total time in seconds
Propeller | tyde in meters | in seconds | freewheel prop | Ret.Ld.Gr. & Free prop.

" ¢ - e 1800
Piiin 175 & 600 - | 1500 e h

¢ 00 S | 1525 £ _ 1850 L
Pueun 130 v 300 e 525 e "

105 & 1200 £ | 1g50 £ lso0 &
Pmax. W 200 Ve 650 s R




&2 EXTRACTS FROM CORRESPONDENCE RECEIVED

from Hlenry Stiglmeier

After making a long list of data gathered from flight experimenting on va-
rious wing sections, the comment.was: "Power - variable, weather - variable, ad-
justments variable, effort- too much, no fun.---Now I thinkkthat almost any air-
foil will ride thermals. However, the glide seemed to be more affected by the
airfoil than the climb."

"l tried a feathering prop with large‘blades on a stick model. After the
blades feathered the tail of the model would swing from side to side on the plide
I thed the same prop on a cabin model which flew well but trouble was again expe-
rienced in tail swinging. I increased the rudder area but it did not help. Next
I found that if the prop was given a chance to {reewheel, it would do so rather
than feather until the speed of the model was slowed down very much at some time
during the flight. Usually if the model stalled slightly the blades would fea-
ther and then the plane would weave sideway or stall depending on whether the
prop stopped vertically or horizontally, respectively. Later I made tests on
of the drag of the feathering prop by putting it on a shaft with a weak spring
behind it and then running ino the wind, I would start with the prop feathered
and when I gained enough speed, the prop would suddenly begin to freewheel and
continue until I slowed down to a walk. When the prop was freewhceling the com-
pression on the spring was about twice as much as that of feathering position."

"llarry Johnson tried a number of different % stabilizers, while I tried the
airfoils on my stick. General impressions gained from the tests was that 4s5%
tail area gives best results for stick models and about yo% for cabin jobs.-

We also reduced the size of our props for the increase in weight rule,--I've
learned a few things about rubber tensioners. The spring must not be too weak
the stop arm must really be soldered to the shaft, and there must be plenty of
clearance around the motor for large knots.--1f a tow line glider tows up with
side diving tendencies, place the hook on the side of the fuselage apposite the
tendency and the glider will make a straight up tow."

GAS MODELS

"The winning model had a crank thru the fuselage with cords fastened to
short heavy rubber, which was fastened to the wing. [le cranked until the wing
was held on tight.—-The best position of the wheels on small gas jobs is about
half way between the prop and leading edge of the wing. This position prevents
the tail from banging to the ground and it improves the taxing ability of the
model very much. Broken props from nosing over the grass are rare.——-The size
of the fin on high powered gas models is very important for good flights. About .
757 of the wing area is the best to start with. The area should be changed if
necessary after flight tests have been made .--—Tempered dural is very good for
engine mounts, however, plain aluminum or soft dural nounts crack before long
from vibrations."

TWIN ENGINED GAS MODELS

"The original idea in mind for flying a twWwin engined model,_which was made
by my brother, was to set the thrust line of each motor so that it would counter-
act its off-center turning moment. If each engine could be separately adjusted
to fly the model by itself, then it would not be necessary to synchronize the
engines. flowever, in practice the idea did not work so well. Bither engine, with
the other dead, would fly the ship but even with a large outward slant of the
thrust line, the plane could not be made to fly the same way. Then we obtained
an engine ignition circuit which would keep the engines synchronized. Also, if
one engine stopped, the other would also. This special circuit did operate but
then we experienced considerable trouble in getting the engines pertect;y syn-
chronized and also to prevent both engines from stopping. About four flights of
short duration were made with the engines running on the special circuit and
about ten flights on regular circuit. On two occasions onme engine stopped and
the plane flew in tight circles and lost altitude until it struck the grgund.
However, slight damage resulted. In summing up, the troqb}e'encounter?d in try-
ing to synchronize the two engines and the two fold posibility of engine trouble
made this particular arrangement of engines undesirable.
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by Dick Fverett

During last summer and fall I made many experiments with wings. I found that
Aspect Rato does not matter but it is more to the liking of a model builder. All
I can say is that whoever said that a low Aspect Ratio wing is better than a liigh
Aspect Ratin wing never took time to build and try a good Aspect Ratio that was
fairly high (18-1). And also, whoever said that Low Aspect ratio is poor never
took time to build a good low Aspect Ratio wing. Now these are very strong state-
ments. But I have really gone to extremes by building wings of 3-1 and some of
18-1 Aspect Ratio. I have tested models with medium ratios lfi-1, 9=1 and 121
The extremes climbed and glided better than those commonly used. If one makes
wings with identical wing loading, Aspect Ratio does not seem to matter as long
as you use a good airfoil IRAF-32 can't be beat). It wonld seem that Aspect Ra-
tio is a matter of preference rather than practicability.

1f someone woud publish full size airfoils instead of ordinates, | think
that better times could be made. It takes an expert draftsman to draw an exact
airfoil.l also think that it would be a good idea if the balancing point is gi-
ven when plans are drawn. This would give the builder a much better chance to
duplicate the modelin all respects.

Wing construction varies with individuals. Cleveland fellows use the multi-
spar type and they get some wonderful flights but breakage is very high. Some of
their wings have small braces on top of the airfoil to keep the wing from fold-
ing yp. (I realize that in* New York your models last for years and years. llow-
ever in CLEVELAND we usually lose our models on the second or third flight.--
from Jim Ryanms letter, ED.) Another design is the single spartype which is good
in having low breakage. But did you ever notice the sag between the ribs? Then
we have balsa sheet covered leading edge with full depth spar. This is trong but
the sga behind the spar ruins the airfoil section. A type I developed is to build
a skeleton wing of two spars and leading edge, space ribs 3" apart, cover topwth
sheet balsa, and cement 1/32 x 1/16 ribs every 1" on the bottom which is covered
with paper. (Jf course all balsa covered would be best.

A small streamline section mount seems to be'the best means for fixing the
wing to the fuselage. The mount can either be fixed to wing or fuselage, or free
from both. If this type of wing mount is used the dihedral can be decreased to
1"for every foot of span., While a wing-on-fuselage needs at least 1 1/4" per ft
of span under each tip. I prefer the tip type of dihedral a= it seems that the
model is stable with less dihedral and at the same time the flat center section
give full lift. --- When adjusting plane never warp the wing unless itis abso-
lutely necessary. Warpage will weaken the the wing as well as jam up the glide.
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54 RUSBER TURNS & TORQUE and PITCH
by J.P.Glass

Basic formula for {inding number of turns that can be stored ln a

rubber mgtor 1is:; eriath
rRNs = X Lensth
Area of Rubber Cross Segtion

The following calculatione are based on 1 strand of 1/8 x 1/30
Brown Rubber as a unit of Area (A), and on 'K' whose value was found to
be 163 when using Brown Rubber. Our turn formula (good only for Brown
Rubber,T56,) is as follows:
163 x Lerngth of motor of new rubber inches

e Number of 1/8 strands
EX: 10 Strands, 1/8 4890
width, 30"iong. Turns = 163 x 30 __ 20 _ 1540 Turns

10 3.16

It was found by experience that as the strands multiply or have &
thick motor, you will fall a 1ittle short of the above formula value.
Therefore, for 10 strands you can safely expect 1500 turns. With thick
er motors you will have to subtract even more. With motors using less
than 6 strands the formula will produce the correct number of turns.
The length of the motor has no bearing on the number of turns, Turns
calculated from this formula are on gafe side. (Turn tablesshown else-
where 1n the book were originally calculated by this formula. Edlitor
made actual tests to check the values, and test turns were so close
that the above formula can be accepted as & sure thing.Ed.)

Do not forget that the formula is besed on cross section of rub-
ber in terms of number of 1/8 strands, For example: 2 strands of 1/16
will equal 1 strand of 1/8. Or: 18 =trands of 1/4 will equal 36 of 1/8.

) T i VALUE ROR ] PONEE ~BA5ED W
1&%:;2:m? :\ /g BUBBER. . (54/0E EULE F/isih
BLADE —T\
L] NOTE ToTAL
a \ o WHCH
N L K aee. 4
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R 50250 » ”;—ﬂx = Y 8L4 fuﬁ?
INITAL 4 -~
Ses LAavgE PowsEe = T2
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Fuis reens o ST S Lo WIOSTE Luse 2o 3Tk
TCRQUE .
Basie Torque Formula ——— Torque = K (1 A )3 or (K Qﬁ}

For convenience 1t 1s better to express tordue as a matter of work
done 1in one revolution, which is really 2% x Torque. If we use inches
in the 21 product the results will be in inch/ounce, This 2T factor is
already taken care of in the 'K' value. Formula for torgue on rubber
motor is:

Work per Revolutlon = K x (Number of Strands of‘l/&j%

'K' or the coefficient varies with toraue curve, For example;iWhen
you start to unwind a rubber motor the torgue at 'a' 12 several times
greater than at center 'b', The average torgue is at point 'c', But for
practical purposes 1t is much better to use the torque at 'b' or half
unwound polnt because the propeller is very ineffilclent at high torque
and throws away the initial burst of power. Since we are most interest
ed in the portion which last longest and on which we hope to contlnue
having a good cruilse or moderate climb, we should use the polnt 'b' as
the determining factor in finding the value of 'K'. Experlence and pree
tice showed .4 as a good value for 'K' when T56 Brown Rubber is used.
Cur torque formula then 1is:

3
Work per revolution = .4 x (Number of strands of 1/8)# in/oz.
Ex: Using our 10 strands of 1/8 motor (Length has no bearing) we get:
Work per revolution = .4 x (10)z2= .4 x (31.6) = 12.65 in./oz. per rev.
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The power % means to extract s uare root of the_number and raise to
hird power Ex: (10)3 = (Y10.)° = ( 3.16 )2 = 1.6

This means that one turn of the 10 strand motor will 1ift one oz,
12,65 inches Af pulley is 100% efficient. At start it would of course
11ft several times as much, This applies only at the instant when the
motor has been tighly wound and half unwound., It represents & good ave-
rage value on which the model should crulse.---This alsoc means that if
the plane has a drag of 1 oz. and Af the prop is 100% efficlent, the
rubber has enough power to pull the model 12,65 inches in one prop re-
volution. Or if the drag 1s 1/3 oz. the pull will 38" ine one rev. But
experlence has shown that props are inefficlent:

55% to 40% for Indoor, 60% to S50% Outdoor. (Depending on care and finid)

This means that our 12,65 inch pull is reducel to 7 inches, and the 38"
to 20" if the prop efficiency if 55%. --We now have numerical values
for torque, developed aud delivered,.(Del.Tor.sWark per rev, x prop eff,

PITCH

Geometrical Pltch 1s found by knowing torque, drag of the model,
actual pitch and 8lip percentage. We have already calculated for torque
The drag is found by gliding the model, in still air, without prop
whose welght is substituted. EX: If model glides 100 feet from launchig
height of 16 feet, the L/D is about 6. If the plane weighs 2 oz, the
drag is 1/3 oz. For 8 oz. model the drag is 1 1/3 oz. Actual Pitch. is

found by:
Actual Pitch - York gi;grzg-t§e°gggeiff1°19“QY Ans .= inches

EX: 10 Str., 12.65 in/oz, 12.65 infoz. x.55 o Aa ?
1/8 motor W35 0Z. 1.35 oz, - 2¢

Before giving values for Slip Percentsge we must make clear the
difference between 1t and the prop efficlency. Slip is the difference
between actual and geometrlical plitch, and 1t determines the angle of
attack of the blades. While prop efficiency depends almost entirely
on the L/D of the blade section under actual operating conditions.That
is, high angles of attack, rough surfaces, poor airfoll sectlon will
produce low efflclency value because so much power 1s wasted in over-
coming the prop defects,While low angles of attack, highly polished
blades and good airfolls will produce high efficliency props. By know-
ing these requlrements you can estimate the efficiency values. EX: IT
we assume that of the 100% aveilable power or Work per Rev. we use 45%
to overcome the drag and other factors of the prop, we will only have
55% of 1t to convert into forward action or thrust through the prop.

X220 _20.9"AcP

Under most conditions, of proper blade area, rubber length, P/D
ratio and ete,, 25% added to the above Actual Pitch 1s a good guéss
for Geometrical Pitch. Therefore, our 20.9" A.P. becomes a 26" Geo.P.
and 5.2" A.P. will be 6.5" Geo.P. The exact S1lip Percentage will de-
pend mostly on blade area, Comparatively large blade area will have
less slip so that 26" Qeo.P. can be cut down to 23". But if the area
is small, you cannot add more Geo.P. because the blades will stall &
20 lncrease drag., It is better to be on the safe side with enough a-
rea, especially since large blades would be more efflcient at start.

We can now calculate for Ceo.P. on Which we can base the size of
our prop block. Pitch/Diameter Ratio determines the Dlameter. P/D for
models using rubber motor is 2, Take our word for it. Ex: 26"/X =2
X = 13" diameter, Next job is to determine width and thickness, -----
Sorry but we have no simple formula avallable to take care of this.
But we can keep this in mind. A low pitch travels at high speed and
needs less area, A high pitch travels slow and needs larger blade A-
rea, Perhaps we could evolve a formula based on wing area and loading
which would furnish us with speed, weight and drag of the model. But
until more tests are made, we will resist the temptation of working
out theoretical values., However, it might be mentioned that correct
Geo. P. 18 more lmportant than the blade area, especially under pre-
sent trend of using considerable blade area. So usé the calculated
Pitch and estimate the blade area according deslgnt cleanliness.
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GASOLINE MODELS

The most pressing problem in gasoline model [leld 1s the spiral
stabllity. It 1s hoped that pefore you attempt your next ceslign you
will have a good mental nictures of what goes on by getting thorough-
ly up with the theory herein presented, If your present molels are
giving you trouble, check on the points specified and do not be af-
raid to meke chanﬁes. It i1s the one and only sure way of tracking
down the trouble.

The new weight rule changes the plcture conslderably. Heretofore
we stressed the wing loading, low az prudence allowed. But with the
wing 1oad1nﬁ fixed to a minimum of 1C oz, per sq.ft. cur next bag of
tricks is "low power loading, or 1ls it high power loading. A lot of
povier for the welzht is what we want. For example: Say we need 1/5
H.P. to fly & seven pound model with & wing loading of 10 oz. per sq,
ft. It is evident that if we deerease the Nei‘ht to 3; 1lbs. 8nd still
have the same wing loading, the power coulad be almost cut to 1/10 H.P
The H.P. required formula belng: y p = Drag x Ve%g;igy _or Speed
Wing loading rema&lining the same, the velocity stays as on the heavier
model., But because of smaller size the Drag will become much smaller
and the extra power can be used for the climb. 3ecause any poVer ex-
cess of that required for horizontal flight can be turned into a clioh
So, the new rule defeats 1its purpose of keepin- the model in the field
but 1t does comple the bullder to build stroncer models which is a
step in right direction. Duration should not suffer because of increase
of wing loading since most of the duration comes from the glide, If we
are careful in our selection of airfoils and especially the trimuing
¥e can almost make up for the increased win: loadling.

Since 1t 1s our &im to get the maximum performance out of & mo-
del ve are compelled to @ssume the high power means of trying to keep
ahead of the fleld. The ideal joo would be & streamlined power plant
with imaginary wing anc tail. The closger you achieve this polnt in
practice, so much better are your chances. But this hizh power will
bring up new problems which usually crop up With increase of speed.

So that the discussions on -rubber models should be timely for gas mo=-
dels, Alsp, it will be doubly more lmnortant to know your aerodyna-
mics, The models will also have to be made stronger to stand up a-
gainst the gaff., We have seen nany Jobs fold up in air because of too
light construction. The plans shown in the book have fair spar sizes
but you must be careful to use hara balsa, The construction of mono=-
coque fuselages is similar to that deseribed under Rubber Models. The
only difference being 1s that plankling should be thicker, the bulk-
heads need not be cut out, model covered with silk and doped with co-
lored dope. Ordinary "bozes" are also showing up with balsa sheet &
8ilk covering sombination.

Cocensus of opinion on wing construction is for standard frame-
work with £ilk covering. Also thazt color doping should be thin to al-
low 1light to show throush the covering for better visibility. Airfoll
G8ttingen 497 seems to be the favorite now, Inapection of the plans
and *their performace should give you & gocd idea what is best. In
fact, the reason for including so many plans is to nresent a fair
crosé section of the art so that you may profit by others' experience
The prop brekage is going on day in and day out. The folding prop pre-
sented here has hid a great many succesful flishte with landlings that
#iped off the landing gear., It was a&lso noted that too strong props
either wood or metal tend to crack crankcases with sad regularlity.

Engine recommendations: Plana list the make of engine used. We
are sorry that we cannot tear every engine apart and give you the low
down. Some engines are excellent while others need immense patlience &
and kindness of heart. A good stunt would be to have the club pool to
buy & particular engine, cive it the works, and order in the future
according to the performance.



CANADIAN AVIATION
The Single-Bladed Propeller
By DON G. McLEOD

VER since the single-bladed prop was
given publicity in the United
Stales some time ago cn a Taylor Cub, a
great deal of interest has been aroused
smong aviation fans in all walks and

Equlwed with a single-bladed propeller,

Don McLeod's UW-3 soared oul of sight

after 30 minutes. The ship and its builder
are shown above,

particularly in model buwilding circles
Two thoughts have sprung up, those for
and those against. Ta those die-hards
who are afraid of their crankshafts, the
author begs their undivided attention
later in the article. He also wishes to
state that there is quite & field open in
this direction and the words, siatements,
ete, hereunder are subject to some de-
bate, This i{s written with the hope ihat
other experimenters may profit by his
oxperience.

The first experiment that [ can re-
member took place about ten years ago
An old standby, an R. 0. G., cracked up,
shearing off one of the detachable prop
blades; a safety pin and a paper clip
restored balance and the R O G. flew
very well until its ultimate destruction
took place as iz wont to happen. Obser-
vation showed a faster climb and flight.
Several subsequent models, when acel-
dentally flown with broken prop blades
twhat model builder has not done this?)
showed a beauiiful series olg’galloping
oscillations,” rendering the flight of the
model unfit to be talked about exceph
after contests, In spite of the wiggles,
they did manage to speed along a bit

Nothing further was done along this line
then, due to pressure of schoolwork
brought about by thoughtful parents

In 1833 it was my intenfion to use a
single-bladed prop on my Wakefield
model, but unfortunately for some reason
or other the idea was discarded. Conse-
quently it was not until 1935 that it was
mgain tried, this time on a semi-scale
Dewoitine of some 44 in. span. Driefly
some improvemen! was noted bul the
model was washed our on a house top
and lack of time prevented following up

Then came gas models. In,the spring
of ‘37 the first single-bladed prop was
iried on my Biown Jr. Several experi-
ments followed until the final design as
tried on CW-3 resulted In 8 new npen
class record. Let me state here that 1 do
not believe the flight was due cntirely
tov the prop in this case but it was parfly
responsible

The lirst prop used was, for simplirity
made with a fixed pitch. This gives
much better results at the take-off than
the two-bladed prop as the single travels
in undisturbed air and takes a perfect
bite; consequently the climb after the
take-off is alse better. The actual
results of the L/'D ratio of the prap will
more nearly reach the theoretical: thos
a much higher L/D section may be used
A slightly higher pitch may be used and
the diameter may be increased; the
latter should not be more than eight to
ten per cent of the original diameter.
Bath P and D should, of course, depend
on the type of aireraft; T have found here
that practice 15 ahead of theory. The
angle of pitch of the blade should not be
excessive, however, as the blade will
siall

The area of the prop showld be at least
B) per cent of that of the standard prop.
It should have a laper ratio of at least
two to one, i.e., the blade should be twice
as wide at the centre of the radius as at
the tips; in fact it can quite profitably
be 2.5 or 3 to one. One must remember
that the tip speed is twice as greal as
half way out; also remember that double
the speed gives four times the lift. A
good clean blade shape with as narrow
@ hub ae possible is essential to cut down
any blanket areas.

‘The blade profile is also very impori-
ant. Too many fellows are inclined to let
any old thing do. It may do for' fooling
about with but no real value will ever be
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learned. Pick cul a good 'foii and slick

to this as closely as possible. Absolute
accuracy i= impessible for us as the
section is too small

Here alsn 15 where the single

sver Lhe standard prop. Due (o the
arofile shape 11 i pracilic imp :
to get both blades identical. With 1'h:
single this is not necessary and
statically and dynamicallv balane
s more easily obltained. Neve
profile shape important.  One

¥ masst
remember that slight changes affect the
performance guite readily

This may be
Iy understood when e res that
he tip specd with the Brown for
instanee. runs from 250 mph a1 6,000
rpm o to 400 moph at 10000 rpm

The weighted end of *he pr
ballast here consicts of jead) s
be greater than 20 per cert of the prop
radiug. The closer the better but natur-
ally the weight will be ¢
is not used. The we
securely fastened on by a cleat el
melal as the eentrifugal foree is guite
high and increases tn the square of the
rpm

The design of the blade should be such
as 1o allow the C. G. il possible to be
right on the rentre line. Thiz makes it
sasier to balance as well as giving a
smoother running prup. To those die
nards, please note: the cenirituga’ fore
of the hlade i« balanced bv the contri-
fugal foree of the lead, only, however, if
the prop is in slatic .balance to begin
with. The crankshafi iz in noe danger of
being twisted off as many gassies and
aircraft men were wont to think

In closing, tests showed that the flow
of air behind the single was much
smocther than that of the two-bladed
prop, especially as the speed jncreased
IThis was accomplished by cementing
threads to a rod at intervals of an inch
and then placed in the slipstream The
higher the speed the more poticeablr was
the difference.)

Unfortunately the thrust balance nec-
cssary for making a direct comparison is
not* completed as yet. However. very
shortly data on the single fixed piteh, a
constant speed single. o standard prop.
apd a controllable piteh two-bladed prop
will be available, Space pernutting, this
will be published in & future issue of
TANADIAN AVIATION.
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LAMINATED BULKHEADS: CASCC Caseln glue is best for 3-ply gas model
bulkheads., Of course the 2 in. wide sheets are cemented with cellu-
lose cement edge to edge, The the plys are joined with CASCQ. It is
excellent for large "urrmce balsa Joints such &s leading edge spli-
ces on gas models. CASCO does not Soak away,and while it is setting
it is partly 1ndcpendent on Ehe exnosure to the air, It does not
take more than overnisht to harden.----- Herbert J. Droke Haston,Pa.

FOR TYING PARTS with rubber on mas jous, usze strips of inner tube
cut splrally under water with sclssors. This rubber is less affected
by llght and 2lr. It streches enouch for most uses.--Curtis Janke

BABY CYCLOWE SUCTION FEED: "I use suction feed on Cyclone to keep it
from revving down in & steep c¢limb when it is inverted, or when the
intake 1s too close to the level of the tank. The 1dea is sketched.
That is all there is to 1t, Jjust stopping up one of the holes in the
nesdle valve seat, The tube idea is not original with me, I saw 1t
first used by Howard Roberts of Palo Alto on an inverted Cyclone.The
motor 1s started on gravity feed, but once running, it will feed by
suction from the tank, even though it is far below the intake.Since
the Gyclone'is so economical on fuel, it has not enoush suction to
be able to start well on it, although some of the boys manage to do
it e Peter Bowers

ANOTHER MAN with same idea, "I have had it en my motor for 5 months
and if you shut your eyes and start the motor you would think it was
& Brown,--From now on always mount the gas tank below the level of
the intake and you-can forget a@bout turnlng the needle off. The mo-
tor will run on same needle adiustments."----Clement Turansky
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GAS MODEL ADJUSTMENTS: "For slow and medium shipe I use just enough
right thrust to counteract the engine torgue, so that the turn is con-
trolled by the rudder, and the circle in the glide and under povwer 1s
always the same slze.--- On high power thirty seconds motor run jobs
I use the good old hand launch glider adjfustments; right turn-under
power and left circle for the glide. It sure grabs altitude! On these

fast Jobs, too

turns flatter."----Peter Bowerg,

I mount the batteries and coil high. This makes the

IDENTIFICATION SLIPS:"Instead or typing the identification slip on

white card, do it on the covering tissue.

This® makes & neat and per-

manent job after it 1s doped over,"---Gilbert Wehrenberg.

ELECTRICAL REMINDER: For best results use fresh batteries, solder all
connections and do not mount coil with metal straps.--N.Smith MFG.Co.
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60 THE |IMPORTANCE OF STREAMLINING GASOLINE MODELS

by Carroll P. Krupp

A group of young men from Akron, Ohio, under the able puidance of !r.(eurge
Evans, of the Goodyear Zepplin Corp., went into the subject of streamlining ga-
soline models in the spring of 1936, and as a result several wind tunnel tests
were made on gasoline model fuselages and landing gears. Although the work was
never completed, sufficient information was gained to prove that streamlining
would not only help but would be of the utmost importance in the future develop-
meat of gasoline models.

The necessity for keeping down the drag of a model airplane is evident, al-.
though the means of accomplishing this end is not at all obvious. What little is
known about streamlining has been learned [rom long experience, for knowledge of
the subject is still so incomplete that no scientific system or theory about it
exist as yet.

Before the various charts and graphs are discussed, one should first have a
clear idea of what drag (Parasitic" drag) is, and what terms it is measured and
calculated. To save space and time the explanation of drag and its measurements
is given in short statements rather than as a complete discussion. It has been
found that air resistance may be reduced to a minimum by streamlining, whichmeans
that the shape of all parts of an airplane exposed to the air stream are moulded
s0 as to permit the air to flow around them with the least amount of resistance,

Information concerning "Parasitic" drag has been gathered through tests in
wind tunnels and by practical experience. The drag of the component parts of an
airplane as given in aeronautical handbook is given in their drag areas or in the
form of their drag coefficients.

. Drag area is defined as the 'area having a drag coefficient of I, and the
same resistance as the part to which the coefficient applies. It is computed by
the following formula: Drag = ,00256 (drag area) X (velocity)<.

2. The equivalent flat plate area is the area of a circular plate at right
angles to the airstream having the drag equal to that of the parts compared.

(Drag area and the equivalent flat plate area must not be confused because
the drag coefficient of a flat plate is greater than I|. It is 1.28; Hence:
Drag-Area = 1,28 (equivalent flat plate area.)

3. The drag coefficient is computed by dividing the drag area by the cross

section of the object, at right angles to the path of motion.

RESULTS OF WIND TUNNEL TESTS

The group mentioned in the beginning of the article planned to make complete
drag tests of the component parts of gasoline models and the effect of stream-
lining the fuselage, landing gear, struts, control surfaces and motors. The re-
sults of the tests ran at the Guggenheim Mirship Institute at the Akron Airport
are presented in this article,

Two types of fuselage were used in these tests. Ship A-- a simple fuselage
with no fairing on the motor or landing gear. Ship B -- a fuselage with the nose
rounded off to a fa#r degree, and the motor cowled, except for the cylinder,ti-
mer arm and carburetor. Both fuselage were of rectanpular cross section and had
1/8 dia. wire landing gear. Ship A had 4 x 3/4 wooden wheels. Ship B had 3 1/2"
M &M airwheels.

Fig. |. Gives the relative shapes of the models tested.

Fig. 2. Is a graphic illustration of the drag found in terms of eguivalent
flat plate area, in both square centimeters and in square inches, of the A &B
models with and without landing gear and wheels.

Fig. 3. Is also a graph of the drag found for the two models with and withe
out landing gear and wheels as given in the actual amount recorded in the instru
ment in grams at various speeds.

~_If one looks over these various charts you can get a good idea of what a
little streamlining will do for the reduction of drag. The comparison of A and B
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in Fig.3 should be proof encugh that streamlining is a’sure step in the right di-
rection. At the speed of 24 m.p.h. the ship "B" has only 1/2 the drag of ship A.
From these graphs we also see that the landing gear and wheels constitute about

1/2 of the total fuselage drag and that the wheels alone produce about 1/2 of
that amount.

When we consider that the "Parasitic” drag of an airplane is very near to
90% of the total drag and when this is thought of in terms of power required to
overcome this resistance one begins to wonder and worry; for the climbing abili-
ty of an airplane is proportional to the available horsepower divided by the
weight. Since this available horsepower, (which is the amount in excess to that
which is required to sustain the airplane in level flight) as equal to the pro-
duct of the total drag of the airplane and the velocity at which it flies divi-
ded by a constant, thatis. -D-h = The Available Horsepower. It places direct
bearing on the importance of the“reduction of drag om gasoline models, to in-
crease the climbing ability as well as other flight characteristics.

There are many ways in which gasoline models maby "cleaned up" and their per-
formance materially improved. By the streamlining of the landing gear or possibly
the elimination of it in favor of a wheel protruding from the bottom of the fuse-
lage, the total drag of a gasoline model may be reduced by as much as 40 or sof.
General improvement in gasoline model design is not far off as the "fever stage'l
is over now and the model builders are trying to improve their design and conse-
quently their performance; and not being satisfied to merely "turn out" models.
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RADIO CONTROL

The thought of Radio Control is old; the actual development work is in its
second year. Fair results have been produced by those who knuw something about
remote controL by radio. It was done by sweat of the brow since the requirements
are mighty tough, and most of the work if of experimental nature. It is a spe-
cialized field into which very few radio techmicians stray, so that even radio
engineers are in quandry about the exact specifications. So, until the radio end
is perfected for commercial distribution the average model builder can only dream
of the possibilitdes. But if you want to be one of the early birds in this field
get into the amateur radio game. It is a mighty fine hobby. Our only fear is that
you will desert the model field. But we will take our chances eince you will un-
doubtedly combine the two and give us tke perfect radio control.

Mr.Ross A.Hull, associate editor of (ST, is undoubtedly one of the most sy-
stematic experimenter in this field. He has been succesful in controlling a
large model sailplane, not once but time after time., Quoting from his article
in Oct. 1937 issue of QST: "(asual glance at the problem would lead anyone to
imagine that it is all a perfectly simple business. All one needs is some sort
of receiver that produces enough change in the plate current of an output tube
to operate a relay of some kind, the relay then being connmected to a control de-
vice which produces the necessary effect. Closer examination, however, reveals
a host of problems which are juicy morsels for any experimentally inclined man.
-=~Our only hope is to open the subject wide in knowledge that a few hundred of
us hammering at the same objective will have the problem really licked in short
time. " The receiver and rudder control which did the trick on the sailplane are
snowu. We strongly recommend that you obtain this issue of the QS1. If you have
a slightest thought of working on the radio control, or if you wish to know just
makes a radio tick, govermment regulations on transmitting and licensing, and
construction of receivers and tramsmitters, obtain a copy of the RADIO AMATEUR's
HANDBOOK from American Radio Relay League, West Hartford, Conn. Price $1.00 P.
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RADID CONTROL FOR MODEL PLANES
by John S. Lopus W8LUZ

There have been many systems of radio conmtrol built for use in model planes.
Most of them are simple and inexpensive, in fact they are too simple. ]_}ue to this
the writer has made an‘attempt to build a system which is not necessarily simple
but embodies the features which a good control system should have. These good
features consist of two thing, flexibility and rapid control actionm.

To achieve flexibility one must be able to operate three control; eleva-
tor, rudder and motor. With these controls one can do most of the plane ma-
aeuvers. [Rach control must be able to move instantly either side of neutral,
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and also the degree of movement must be under the operator's control, The
system developed by writer and which was shown at the 1947 Yationals is still
in process of develooment but it holds promise of being something really dif-

ferent. Since the wor? is incomplete, only an explanation of the system will
be given,

In this system, a tone signal is f[irst penerated and impressed upon a ra-
dio wave. This wave 1is picked up by the receiver and the "tone sipnal” portion
fed into the circuit mlector which operates the desired motor via relay. The
tone generator is of tuning fork variety. This is not too much trouble as
each sipnal penerator consists of few parts. The different control signals are
obtained by using differeat generators.

The circuit selector is most important or "brains” of the whole control
system. It is of the resonant reed type. In this circuit selector the control
sipnal is fed into a coil which is wound on a transformer core that has an air
gap cut into it. Across this air gap there are mounted six steel reeds. The
control signal causes a varying magnetic flux across the air gap, which causes
all the reeds to vibrate slightly. One of the reeds, however, has the same na-
tural frequency as the control signal and it will vibrate atrongly due to reso-
nance. The reed rapidly makes and breaks a contact and acts as a switch which
closes a small relay. There are six reeds which control six relay, one for
each control function. The controls are operated by small reversable mutors
which work through worm and gear to push or pull the contral rod. When the mo-
tor stops the control will stay in position because of the worm and gear com-
bination.

The radio Transmitter is a standard five-meter transreceiver. The control
tone signals are fed into the microphone circuit of the transmitter. The com-
plete system used on the planc weighted a little over five pounds. Since then
1t looks quite likely that the total will not exceed four pounds. This is a
very sketchy description of the control system but one can readily see that it
has features which are not contained in any other system. For instance, each
control can be operated instantly without going through any gequence. This makes
for rapid control selection. Also many control signals can be impressed on the
same racio wave so that more than one control can be operated at a time.

RADIO CONTROL CIRCUITS
By Chester Lanzo

[ have drawn a group of different types of radio control apparatus for the
experimentally inclined radio control enthusiast. | cannot say which is the

best receiver as each has its advantages and disadvantages; experiment alone
will tell.
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I seem to have most success with this type of receiver using the 80 Heter

Band. T will switch to the 160 Meter Band as I think more consistant results
will be obtained,
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Two types of circuit have proven their
perhet and the superregenerative receivers.

worth on the s meter band, the su-
The superhet rrquires many tubes

and high plate voltage to obtain consistant results,

The superregenerator may

not equal the results obtained by the superhet but it is a lot easier to com-
struct and operate and it uses few tubes

Trees, hill and fences decrease or cut off the signal to a great extent.
The lower frequency seem to produce a more stable and dependable receiver.
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The relays respond to different tones transmitted.
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I am working on this device at the present time. The receiver is installed
in a car. No more lost gas jobs with this idea. The transmitter can be built to
weigh about 10 ounces and is installed in the plane. If after a length of time
the model goes out of sight or is lost the transmitter signal is picked up by
the loop antenna and the direction in which the model lies is determined. Then
the volume of the received signal will tell wether you are approaching or going
away from the model.
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SPECIAL NOTES ON MODELS SHOWN AS GLEANED FROM CORRESPONDENCE
Page 66 Peter Rower Amphibian Gas Model

The biggest problem was the design of the hull. T took it up with*the prof.
of the Guggenheim Aeronautical Lab down at Stanford, but he was not much help.
ALl he said was that once it got up on the step, it would be able to get off the

water, if [ kept to the wing area and power loading I lad designed for. llis only
suggestion was the addition of step vents, to cut down the water suction and en-
able the ship to get on the step itself Ofcourse, a push will get it up, hut

what is the fun of that? Another reason why I am sure it will be able to take
off the water is that the wing and tail have 4 positive angle of attack, rela-
tive to the foreward motion of the ship on the water. This means that before
the plane is moving fast enough to get lift from the top surface of the wing, it
1s sort of kiting on the lower surface and so helping to ease the ship off water.

The model was first tried as a seaplane, and it did not get off the water,
althought it got up on the step quite nicely. Next I tried it as a landplane, and
it still did not get off the ground. Adding a couple of degrees of up-thrust o
cured the high-thrust-line trouble, and she got off alright for three.sweet flights-
She is quite fast, and not as steady as biy light jobs go, but she is stable, and
that is what counts. [ue to the very high line of thrust, she flies with tail high
and starts a loop when the motor cuts. She pulls out of that, and comes in on a
flat circling glide.

The upthrust cured her water troubles too, and she takes off like a real
boat, planing along for nearly a hundred yards before breaking off and climbing.
I got only one water-hop out of her as something slipped in the air. The only
damage was a smashed pilots cabin when the model hit the water. I shudder to
think what would have happened if she had hit on land. I forgot to mention that
on one of the previous tries, when she was planning at full speed, one of the
wingfloats snagged a floating bush and flipped the ship over on it's back. I
pulled it out,took the cylinder off the enpine, dumped out the water, put it
back together and tried it again. The bus was bujit to take just such beatings.

The ship does and is strong enough for a Cyclonc. I had it in mind when 1
designed it as | had my douhbts about the Brat Being able to get it off the wa-
ter. However, the fBrat has plenty of power and takes that plane to places ina
hurry. It is quite faster than any of my,other ships, even though it is big for
a Brat. It does not need much headwind to get off, just enough to ruffle the
water 15 all that is necessary.

Page 94 Lawrence Faulkner Geared Model

"The gear arrangement is very good for flying scale models. These models
are usually smaller, requiring shorter motors which would be easy to handle. The
gears put weight in the nose and make possible a short fuselage and small propel-
ler, all of which are very desirable in flyinp scale models. The model and the
pears were finished in NOV. 1937. It has had approximately oo flights. I live
close to a lake and most of the flights were made using the ice of the lake as a
flying field. I make about 5 flights before the motor becomes so cold that the
model will not climb. Winder wound, the average duration is 70s. 1 expect bet-
ter flights in wammer weather."

"During first flights ] used right hand prop but later changed to a left
hand so that the motor could be wound right. I spent about a week experimenting
to build the gears. The chief trouble wasin finding bushings to fill the space
between a 1/16 shaft and the shaft hole already in clock gears. Also I had such
a large collection of wheels and clocks that I did not know what I wanted to use.
I have tried rear gear arrangements, but I had trouble in getting the lower mo-
tor to unwind. After considerable’experimenting with gears I have decided that
a fairly long fusdage with rubber tensioner combination is better for purely du-
ration models. I might mention that I nad bent shafts with my front gear assem-
bly but this did not bind the runningof the gears, very likely because of thin
lower gear which can swing on upper teeth without binding."
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Page 82 J.E. Adams Geared Wakefield Entry

"The biggest bug in using a gear device is the general weakness of the as-
sembly cqupled with a terrific loss of power in friction. Now on my motor I went
through a lot of trouble reducing friction in it, and except for a weakness which
I have now rectified, the gear device was as strong as necessary. To my way of
thinking using a large supply of rubber is the best way to bring up the weight.

I definitely approve use of gears.

Hy model flew perfectly on its very first test and according to Rushy when
he flew it, it was the most stable of ships. Lovely climb and good duration. The
first flight was well over three minutes and the model most cértainly would have
placed high had not one of the gear shafts given away. You see, instead of bend-
ing the hooks in the ends of the shafts to take the "S" hooks I foolishly went &
drilled small holes in them. This so weakened the shafts that they would not take
strain imposed by so much rubber

The motor was made up from brass gears procured from Boston Gear Works, and
the box containing the gears was machined from a piece of celeron, a very tough
sort of fibre composition. Ball bearings eliminated a lot of friction.l certain-
ly expect to hang on to the gear idea."

Page 96 Pred Mayfield Paper Maché

"] have nothing new on the paper mache but P might say that such mode !s work
out swell with the new weight mle because a large model may now be given an extra
coat of paper and a couple of coats of dope thereby making the model much stronger
than before. All class "C" and ¢'D" models should have four layers of paper excepy
in an unusual case such as the oner] drew plans for where I used a wing mount to
bring the fuselage up to the correct cross section. All paper mache fuselages
should be given one or two coats of clear dope with a light sanding after each
coat, They may then be given a coat of colored dope."

Page 112 Jacob Kosofsky Twin Pusher

"This pusher will fly without much trouble, just push the wing and elevator
forward and backward until suitable adjustment is found. The plane made ym on its
first flight before it entered a cloud about 1500 feet overhead. It was seen co-
ming in and out of the cloud several times before it was completely lost. Since
then three more pushers have been built, identical with exception of using one
bladed props on the last one. The model with half blades also flew 4m on only
half possible winds. This design of the prop helps to reduce drag in the glide
which brings the design in par with single prop models. It is my belief that with
the rise of the weight rule, the twin pusher will come into its own since they
have normally been always over weight. With tractors and pushers on almost e-
qual weight rule conditions, all we need is proper streamlining on pushers to
make the tractors watch out for its standing."

Page 102 Norman C. Schaller Push-Pull Fuselage

"To convert the ship to 3 oz. per 100 sq.in., use 16 strands, 304" motors.
The fuselage will easily take this extra rubber as I am now using 18 strands.
The only other change is in the props, use 30" Pitch with no greater than 16"
diameter. A greater diameter effects the spiral stability too much. The props
could be cut Trom 14" x 1% x 16 blanks. The new props should not weigh more
than § and 4 gr. for front and rear respectively. You may think my props ex-
tremely light for outdoor shjp but I found that light flexible props survive
crashes better than rigid. Also, there are very few crashes with this type of
ship as a stall results in no spiral dive or crash. The only real danger is that
the model may not stall but continue on up and over. And then, what speed! Warn-
ing: Make sure the surfaces are held with tightly streched bands so that they
will take high external load without 'givimg® but will break if there is an ex-
cess load due to a mishap

HISTORY: Tb start with, the P-P’idea seemed to.me the practical method by
which a "argr amount of rubber could be used and at the same time to do away
with large torque reaction which is ordinarily evident on fuselage models, It
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seemed better than to use gears or co-axial props for a number of reasons. With
a gear d ive quite a bit of weight is added and they are rather hard to get ope-
rating efficiently in actual service. Also there would still be the torgque of
a single prop even though it was running at a high speed and comparatively low
torque. Co-axial props bring up the mechanical difficulties and efficiency of
props working one behind the other.

These considerations led me to experimenting with small stick jobs. I found
that I could almost double the length of power flight but the glide was poor.How-
ever with the advent of freewheeling props and with the application of a good
type of freewheeler particularly .o the rear prop - [ am able to ger a glide ana
sinking rate comparable with the best tractor models.

The first fuselage design had consistant flights but maximum duration was
only 1m 30s. It would cruise at low altitudes and them just settle to earth. It
showed no soaring tendencies. T changed the wing design, high lift, low drag &
thin airfoil section. The uodel then tried to loop under power and "gallop" in a
glide. 1If it did not loop, it stalled, slipped back, recover and etc. Tt be-
haved better when both thrust lines were adjusted to go through or above the C.G.
but then it had a crdzy tendency to come down in diving spiral. The real solu-
tion came when I used a larger and a lifting elevator and by experimenting set
the rudder so that the ship would fly right or left circle according to which
way it wanted to fly naturally.

The stability attained when the model was correctly and finely adjusted was
as good as that of a tractor. The lateral stability and freedom from dives or

stalls was also improved by experimesting. Proof; the original 1913 fuselage is
still servicable.

ADJUSTING P-P-: The tail should be set to give enough lift so that the plane
has a good glide when the ship balances between the rear third and half of the
wing. The prop thrust angles are then adjusted accordingly so that the ship does
not stall or turn over when under power. Poth thrust lines should be changed at
once so that their intersection lies along the vertical C.G., of the ship.

Both, lomgitudinal and spiral stability can be improved by using a fuselage
whose shape does not contribute much lift or which has a negative Center of Pres-
sure travel, llence the reason for the odd shape of uy fuselage. It would have
been still better if the general contour was followed but use an elliptical cross
section instead of rectangular. The important thing to keep in mind about P-P
cabin design is to minimize the effect of the side fuselage area. Use high lift

Wing, li?t:ng taii, adjust tnrust lines very carefully and allow the ship to
turn on its natural circle.

Page 103 Richard Schumacher Brown - 3 Flying Scale

" As for flying scale, before the advent of the gas model, it was the most
popular model around here. And as the result, I think the State Tair has the best
set of rules used. 1 picked the Brown because it had fairly simple lines and was
to my estimation, well proportioned for a model, i.e., enough rudder, stab area,
snappy looks and some dihedral, which means that by putting some more dihedral
for good stability it would not go as hard with your rating as if the real plane
was rigged with none. The results proved very gratifying.

I had one at the '36 Fair that had a M-6 airfoil and a motor stick. The mo-
del flew well but the glide was not the best; placed 2nd with it. Last year I
built another one and put a rubber tensioner and an undercambered wing section
and took away the motor.stick. The performance was, as you would suspect,remark-
ably improved The airfoil section lsuggested by Rod Doyle and drawn up by me)
worked like a charm and the model has a good glide as the average fuselage design.
The ten strands of 3/16 gives the model a near 'Tulsa Climb'. I hadn't played a-
round with it enough but I think that it would almost give the fuselage a com-
petition if it was pr perly tuned up

Incidently, the fact that it is a low wing doesn't seem to hurt the perfor-
mance a bit. As you notice, it has no down thrust which helps a bit to prove
that the right thrust adjustment is better than putting more negative in the
stabilizer of a low wing. It allows the model to be adjusted for the best glide
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and power flight, and not the best power flight alone. Also note that if you
choose the right plane, it is not necessary to enlarpe the tail surfaces and so
make people ask if you desipned it all by yourself."

'37 CALIF. STATE FAIR FLYING SCALE MODEL EVENT

SPECIFICATIONS: A flying scale model shall be as nearly as possible a replica of
a U.S, Military or Commercial man carrying airplane manucatured in the U.S. since
Jan, Ist, 1936 and shall represent to scale all the essential parts rccessary for
controlled stahle flight. Airfoils shall be double surfaced. Plans must accom-
pany the entry blank.

DRAWINES: Cf the actual airplane model are to be obtained from U.5. Chawher of
Comnerce Year Book, Aero Digest, or the Annual Directory of Hational Aviation.
The scale to which the model is constructed shali be clearly indicated on the
drawing.

SCALE: Models built to any of the follewing scales will be given a bonus for con-
struction: §" equals | ft.; ;" eguals | ft.; 3" equals | ft.; and I" equals | ft.
Models may be built to other scales but are not desired.

PROPELLER: May be any shape, but shall have a ground ciearqnce of 2" neasured
to the same scale to which the model is built. The propeller diameter shall
not be greater than 1/3 the wing span unless the authentic drawing call spe-
cifically for a larger propeller.

WING LOADING: Shall be at least | oz. (Av.) for each area unit of 50 sq.in.
of effective wing area when ready to fly.

CREDIT: A maximum of 200 points may be credited to the wodel for construction
features based on the following score:

Craftsmanshipesmeemcemenmee= 50 pts. Power plant, etC.e=-memeem= 100 pts.
(Fidelity to the authentic drawing, Color and Finish-ememmmeane 26 pts.

fusel age, wings, empenage, Originality in indication
landing gear) of parts =--=---mmmmmmoaenn _25 pts.
Total 200 pts.

A model will be disqualified in this event if the construction credits are below
100 pts. To the construction will be added the total time for three official
flights.

LAUNCHING TECHNIQUE: The Model shall be launched by holding it by the tip of
one wing and the propeller to prevent an initial start. The model is required
to R.0.G. from a standstil] under its own power.

Page 81 Frank Zaic 1937 Wakefield Entry

The model has had many changes since it was built. During the initial
trials the model flew normally under low power of 24 strands of 1/8. llut spun
while under full power of 18 strands of 1/4. Very sensitive to rudder con-
trol. Dihedral increased from 4" to 6". OSpinning tendency almost removed
but the model still banked steeply while under full power, and also still
sensitive to rudder control. Later changes reduced the rudder area to out-
line as shown in dotted lines. Also a short motor trial idea was used for
full power testing. The results with reduced rudder area were satisfactory,
the model would almost keep level under full power. The climb was steep in
a large circle. The only fault left was that the model tended 10 rock every
once in a while.

From these tests our theory of correct rudder, dihedral and power combi-
pation seems to be substantiated. A dihedral decrease to 3" should cure the
rocking. Therefore, the design may be accepted for prupurtion§. The stabi-
lizer area was also reduced to 33% by cutting off the tip portion. No loss
of longitudinal stability noticed.
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OFFICIAL LIST OF UNITED STATES MODEL AIRCFAFT RECORDS

Approved by Contest Board of the i.A.A.

INDOOR

STItK  CLASS 'A' (30. sq.in. or under)
RISE OFF GROUND

JR: Ralph Brown Arlington,Mass 12m 278
SH: Er‘vgn Leshner Ph.j.la:'ielpéin,?a. 15m 47.4s
OP: Joe Matulis Chieago, Tll. 11m 33.88
RISE OFF WATER

JR: W.N.Hewson Aﬁami: City,N.J. Tm %‘;:
3R: George Micott  Allentown, Fa. 5.43
3}’: Eru.ng Marchi Medford, Hasa. fm 42.2a

STICK  CLASS 'B' f30-100 sq.in.)
HAND LAUNCHED
JR: John Stokes,Jr. Huntingdon Val.Fa. 16m 12.2a
Sr. Wallace Simhers Chicago, I1l. 2im s
OPF: Erpest A.Walen Springfield,Mass. 18m 46.5a
RISE OFF GRCUND
JR: John Stokes,Jr. Huntingdon Val,Pa, 17m 19.33
BR: Hilton Huguilet Chicago, ILl. 17 36,43
AP: Frnest A.Walen Springfield,Mass. 17m 42.Ps
RISE OFPF WATER ;
: David Call Philadelphia,Pa. 10m 41.2s
gg; Dalter Tacs Philadelpbia,Pa. l4m 35.4s
OF: Wm, Latour Philadelphis,Pa. 13m 15e
STICK CLASS 'C' (100-150 sq.3m.)

HAND LAUNCHED
20m 53s

JR: John Stokes,Jr. Huntingdon Val.Pa.

SR: szert Jacobeon %mlndolphia.?a. 26m 208
OF: Carl Goldberg Chicsgo, Ill. 23m £9.3s
CABIN FUSELAGE CLASS '8’

RISE OFP GROUND

JR: John Stokes,Jr. Huntingdon Val.Pa. 14m 15.%
SH: Charles Heints Philadelphia,Pa. 13m 15.3s
JP: John Ginmetti  Atlantic City,N.J. 17m 48.6s
RISE OFF WATER

JR: Matthew Smith  Washington, D.C. m 50s
8% Siduey Axelrod Chicago 11, fm 32.28
OP: Wm. Latour Philadelphia,Pa.  5m 428
CABIN FUSELAGE CLASS 'C'

RISE OFF GROUND

JR: John Stokes,Jr. Huntingdon Val.Pa. 15 5.6s
SR: John Haw Philadulﬂiu, Pa. 17m 14.8s
OF: Roy Wriston Tulsa, Okla. 14m 44.03
HAND LAUNCHED GLIDERS CLASS 'A!

JR: Milton Huguelet Chicago, I11, 44. 58
3R: Wallace Simmers Chicago, Ill. 49, 3a
OF: Carl Goldbery Chicago, Ill. 45. 4a
HAND LAUNCHED GLIDERS CLASS 'B"

JR: FRobert Gelbard Chicago, I11. 40.23
SR: Wallace Simmers Chicago, Ill. 56,48
OP: Carl Goldberg Chieago, Ill. 47.5a
AUTOGIROS, Launching Optsonal No Classes
JR: Milton Huguelet Chicago, Ill. 4m 29.2s
SR: Richard Obarski Chicage, I11. 2m 26.53
0P: Carl Goldberg Chicago, Ill. G4s
FELICOPTERS, Launching Optional, so Classes
JR: Ralph Erown Arlington,Mass. ©om 15.58
SR: Richard Obarski Chicago, 11l.  4m 35
OF: Carl Goldberg Chicago, Ill. Zm 46.2s

ORNITHOPTERS, Launching Optional, No Classes

JRa Milton Huguelet Chicago, I1l. Im 36,88
SR: Denais Turner Chicage, Ill. 4m 19.2a
OP: Carl Goldberg Chicage, Ill. 1n 1B8

March 1st, 1938
OUTDOOR

STICK CLASS 'C' fio00/150 sg.in.)

HAND LAUNCHED

JH: William Jacksen  Hornell,N.Y, Tm 44,28
SR: Jerry Kolb Cleveland, Ohic 41m 15s
OP: Berparr Anderson Akran, Ohio 12m 52a
STICK CLASS 'D' (150-300 sg.in.)

HAND LAUNCHED

JR: Henry Falkowski Buffalo,N.Y. Lm 1ls
SR: Edward Swort Chicago, I11, 2m 35.58
OF: Harry Walker Cleveland, Chio 3% 3A.4s
CABIN FUSELAGES CLASS 'C’

RISE OFF GROUND

JH: Wealey Peters Akron, Ohio 16m 42. 4%
SR: Wayne Fullmer Camillus,” N.T. 41lm 30,58
OF: R.E‘Bﬂﬂa Akron, Ohio im Bls
RISE OFF WATER

SH: Roy E. Stoner Rockford, Ill. im 128
CABIN FUSELAGES CLASS 'D'

RISE OFF GROUND

JR: HRobert Guilfe; 5t Louis, Mo, 1m

5R: Alvie Dague,Ji. Tuisa, Okla, 22n 1.2s
OF: Richard Xords  Cleveland, Ohio 5dm 13s
RISE OFF WATER

SR: Roy E. Stoner Rockford, Ill, Im 13a
GASOLINE POWERED FUSELAGES CLASS 'E'

RIS" OFF GROUND {900 sq.in. and over)
SR: Fiske Hanley Fort Warth, Tex. Hom 208
OF: Maxwell Bassett Philadelphia,Fa. 7Om Zs
OUTDOOR GLIDERS CLASS '8
HAND LAUNCHED
JR: Martin Philli Everett, M . 1m .
SR Syd Wallerstein Dosten, Mass:  13a 598 "
OP: Bruno Marchi Medford, Mass. 168
OUTDOOR GLIDERS CLASS 'C!

HAND LAUNCHED
JR; Horace Smith Jacksonville,Fla, =]
8R: Colin Edwards weg , N.Y. 3.48
OP: James McPheat,Jr. New knrk, N.T. 31. 58
TOW LINE LAUNCHED
JR: Ralph Brown Arlington,Mass. Bm 328
SH: Hob File Celumbus,bhic 2 12
COP: Everett Tasker Boston, Yass. 4m Z5s

QUTDOOR GLIDERS  CLASS 'DvY
HAND LAUNCHED
SR: Bdward L.Smith Jacksonville,Fla. 38s
TOW LINE LAUNCHED
JR: Paul Durup Boston,Mass 57.8a
SR: Dick Everstt Elm Grove,W,Va. Zm 38s
OP: Roland Buhrig Canostota, N.Y. 1lm 188

OUTDOOR GLIDERS CLASS 'E'

TOW LINE LAUNCHED
SR: Jack Smith,Jr, Dayton, Ohio Im 23.4a

AUTOGIROS, Launchsng Optvonal, No Classes
SR: Sanford Clevinger Kansas City, Mo. 21.4s
HELICOPTERS, Launching Optional, No Classes
SR: Glen O'Roak Boston, Mass. 158

b ORNITHOPTERS, Launching Optional, No Classes

SR: Leonard Elgenson Chicago, Ill. Ge

QUALIFICATIONS: Min.Fuselage cross section area L?/100.

Min. weight for outdoor

models is 3 0z./100 sq.in., except gliders for which the min, is 2z oz./100 sq.in.
Max.Towline, 100 feet. Rest flight of three trials. Delayed flights and model fol-

lowing by timer allowed.

JR: Up to 16 years. SR: Between 16-21. OP: (Over 21.




GAS MODEL PLANS

Carl Goldberg----66 E,J, Weathers----74 Peter Bowers—---- 82
Carroll Krupp----57 Bob Jeffery=----= 75 Frank Ehling----- 83
Al van Wymersch--68 Chas, T. Marcy---76 Lelghton Webb=---84
Otto Michalicka--69 J.Tom Laurie----- Vil L., M,AdamSeemmawa 85
Michael J, Roll--70 H. Stiglmeler----78 J,E.Coppagg===—=- A6
Bob Jeffory=---=-- Tl Frank Ehling--=-=-=- 79 Leon Shulman----- 87
M, Lartigug------ 72 Frank Ehling----- 80 J.& R. GuillemardB88
R, Schumacher----73 Ted Fotl----=a=—-= 81
W-AKEFIELD PLANS

Emmanuel Fillon--89 Dick Korda--=---- 94 M.E, McKinney----89
Jim Cahllle=ee---00 Alvie Dague=-=-=- 95 G, Hamgg--—acaaa 100
Andre Vincre-----91 Robert Copland---86 J.E, AdamS—m==q=--102
Al van Wymersch--92 H., Kerkhoff----=- a7 B. Andersone=---- 103
Frank Zaic---=- -=-93 K. Schmidtberg---98 Bob Chatelain---104

Harald W, Orvin-101
W.C.Schaller----105

OUTDOOR FUSELAGES PLANS

Wayne Fulmer----109
Vernon Grey-----110

Chester Lanzo---114
Richard Korda---115

John EKubills Jr-106 L.Faulkner------ 111 Pred Mayfield---116
H, Stiglmeler---107 W.B.Mackley-=-== 112 R. Schunacher---117
Dan Halagy-=---- 103 Stan Clurman----113

OUTDOOR STICK PLANS

John Kubilis Jr-106
H, Stiglmeler---107

INDOOR STICK PLANS
Thos. G.Harris--125
Walter Erbach---126
Roy Marquardt---127
Vernon Parker---128

Stan Clurman----113
Lockton Park----118
J. Stormont-----119
Roy Marguardt---120

INDOOR FUSELAGE PLANS

Ernie Barrie----12g
Vernon Grey----- 130
John T. Dilly---131

Harry Walker----121

A, C.ComleSmeen--123
Jacob Kosofsky--124

INDOOR R.O.G. PLANS
Vernon Grey=-~---132
Ralph Brownes=e=-- 133
Milton Huguelet-134

HELICOPTER AUTOGIRO ORVITHIPTER
Richard Obarski-135 Milton Huhuelet-136 Dennis Turner=---137
CONTRIBUTIONS
Resume of W.A.C.A, Report i#586----by Jacobs and Sherman--------12
Aerobalance-------- e mmmmm—m—m———— by A.G. VMymeyer---—c-cammemn= 17
Action of Dihedral in Side Drifts-by Albon Cowles Jr,-------=-- 25
Effect of Dihedral:WACA Rep.#494--by Weiclk, Sould and Gough----31
The Gyroscope and the Gas liodel---by D.J,CaMeroN=—=-—-ceoeeaeua- 36
Push-Pull Speed lodels=----c-==w== by Stanley Clurman----------- 40
Geared Rubber ModelS-=--memeceemea= by Fred Rogerson------------- 42
Geodetlec Constructlon-------e--n--- by Roy Marquarft--------co-a- 50
Some of my Findings-----co-ocaoeoun by William W, Saunderf------- 50
Calculationas Formulag=-------=-=== by Arvid Palmgren------------ 51
Extracts from Correspondencé------ by Henry Stiglmeler---------- 52
Wingse==------ e ———— by Dick Everett------=-=ce--- 53
Rubber Turns, Torgue and Pitch----by J.P.GlASS---mccemmmemomaean 54
The Single BRladed Gas Props------ -by Don G, McLeod=—=ce=m=uana= 57
Streamlining Gas Models=—--mceeau~- by Carroll P. Krupp---------- 60
Radio Control for Model Plans----- by John S, LOpUS==-=——=—uea_- 62
Radlo Control Circuilts------------ by Chester LanzZo=ee--emmee—=- 63
GENERAL THEORY & PRACTICE
Aerodynamics-======= 5 Spiral Stabllity---23 Outdoor Models----- 45
Low Speed Aerodyna.-9 Dihedral & Rudder--33 @Gas ModelS=-=--=--== 56

Select,of Airfoils-14
Longitudinal Sta.--19

Testlng Procedure--35 Outdoor Model Hints48
Propeller Theory---38 Speclal Notes-----138



If you have the above two books and this
Volume #2, you have the world's most complete
collection of data on Model Aerodynamics and
a grand total of 220 plans of every type of
model known, If you lack one of them, it can
be obtained from your dealer or direct. The
price is $1,00 each, Postpaid.

At present we only have three books., We
would 1like to prepare and publish a new Year
Book, but circumstances are not very favorable

right now., We will advertise it when and if
it 1s published.

MODEL AERONAUTIC PUBLICATIONS
203 EAST 15tu STREET ~ NEW YORK

by Fred Colbus, Sun Francls
(vla Keathers)

Fhe End






