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FOREWORD

One of the greatest tools of scientific men 1s the record of
past discoveries, c¢xperiments and inventions. Just think of
the number of hours, effort and money that are saved in
knowing what has been done in the past in a particular field.
Not only can an experimenter start where others have left
off, but he can also co-relate facts of many researchers and by
applying his own experience discover new ideas that will bene-
fit mankind. We wonder where we would be today or what
we would be doing if 1t were not for the millions of books
that contain the records of man’s achievement in science and
other fields.

It 1s hoped that this first volume of MODEL AERO-
NAUTIC ENCYCLOPEDIA will be the beginning of data
collection in the model aeronautics field. Those of us who
have been making and flying models for a long time know how
often similar ideas and designs are presented under the im-
pression that they are original developments.

Another purpose of this book is to try to give credit for
the original work. It is about the cnly recognition that a re-
searcher in model aeronautics receives for his efforts. In this
respect, please mention the originators of the ideas which
you may be reviewing or incorporating in your design articles.

Major portion of the following material was taken from
the 1934, 1935-36 and 1937 MODEL AERONAUTICS
YEAR BOOKS. It was during this period, 1932-1937. that
model aeronautics as we know it today was developed. So that
besides being a scientific resume of that era, this book may also
be considered as a roster of pioneers of model aerodynamics.

January, 1947 .
New York, N. Y. /7?[6
Copyright, 1947

by
MODEL AERONAUTIC PUBLICATIONS

PRINTED IN U.S.A.



THEORY

LOW SPEED AERODYNAMICS

The goal of the contest model builder is to have his models re-
main in the air for the longest possible time. To obtain maximum
duration from the pure merits of the model, he must know just how
the air acts on models at their relatively low speeds. By knowing
just how the air behaves at low speeds he can pattern his model to
conform to a shape most efficient for 16w speeds. The results of
such procedure will be the possibility of flying models very econom-
ically, which in turn will prolong their limited power.

Although interest in low speed aerodynamics 1s expressed by most
model builders, very little testing has been dons. However, the de-
gire for facts is spreading, and several clubs are constructing slov
speed wind tunnels. It is quite possible that by next year we will
have some positive results. Until then, we can only review the
present thought about the subject.

It might be mentioned here that a great deal can be learned a-
bout low speeds from early Aerodynamics books, dated from 1900 to
1914. Unfortunstely, most of the formulas were assumed for speeds
over 30 miles per hour. The real low speed tests (2-10 miles per
hour) gre presented as comparisons, to show that certain laws do not
hold to specific bounds throughout the whole range of speeds.

.

One of the best proofs theat we cannot accept the present airfoil
chart valuyes for model work, without modifications, is presented by
the following photographs from an article appearing in the Journal of
Aeronautical Sciences, Aug., 1936, prepared by H. C. H. Townend, Nat-
jonal Physical Laboratory, England. The light lines showing the air
flow are streams of electrically heated air which were photographed
thrﬂugh the use of certain optical properties of heated air.

Increasing angie of attack =——————————">

Increasing air speed ————————————>
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In Photograph 1. the airfoil is at zerv degrees angle of attack.
The close spacing of the spark dots shows that the air speed is com-
paratively slow. In this position the 1ift of the airfoil is small.
You all know that to increase the 1ift, the angle of attack (the
angle between the airfoil end the airflow) must be increased, and
that the greater the angle, the greater is the 1ift. However, there
is gn end to this happy conincidence. After a certain angle is reach-
ed, the air refuses to flow smoothly (see Photograph 2.), and it
spills over the leading edge and becomes turbulent. When such a con-
dition arises the 1ift drops off, and consequerdtly the plane stalls
because there is not enough 1ift to keep it up. The stalling angle
depends upon the air speed and also upon the airfoil.

In Photograph 2. we see the airfoll in a stailed position. The
air speed is the same as that in Photograph 1. Note the low angle
of attack and also the rolling action of the air behind the wing. 1In
this position the effect of the upper camber 1s lost and we can only
depend upon the lower surface to 1lift. It would be very unwise to
try to pull the wing through the air in this condition, as the power
necessary to overcome the drag of the turbulent air would be tremen-

dous. This might explain why certaln models with improper line-up
refuse to gain altitude no matter how much power is applied.

Photograph 3. shows the airfoll at the same angle of attack as in
Photograph 2., but with the air speed increased. Notice how the bur-
bling or stalling air has straigntened out, and so has restored the
1ift of the upper camber. From this illustration we can see that a
high speed plane cen fly at higher angles of attack than a low speed
job, without stalling. Photos 4., 5., and 6. amnlify the princlp}e.

Special note should be made of the fact that by judging from the
spacing of the spark dots, the air spe=d in Photographs 5. and 6. is
gbout three times that of Photographs 1. and 2. Also note ‘that the
anéle of attack is 10° in Photograph 2., 18° in Photograph 4., and
28Y in Photograph 6.

It has also been proved that the 1ift coefficient is much small-

er gt low speeds than at high. Therefore we can assume airfoil
characteristios for model work to be approximately ss shown in Fig.A
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The drag will also be found to be actually greater for models
than that calculated from the standard drag coefficients. This can
also be explained by the photographs. Since the drag 1s the result
of disturbing the airflow, and the airflow is easily disturbed at
low speeds, the drag coefficlients are much greater for low speeds
than for higher speeds. See Fig. B. for the coefficient difference
and also Filg. A. which shows the drag curve assumed for model work.

These proofs should convince the most sceptical that it payd to
streemline at low speed. We should not use the record list as a ba-
sils for an-argument against streamlining as.the record flights were
almost all made with the ald of thermal currents. What we want is a
much higher average flight. The chances of getting a ten minute
flight are about 1 in 50, and a five minute flight, about 1 in 20.
The odds awe getting better year by year, as we pay more heed to low
speed aerodynamics. ’

Just where does the drag come in on sgll this? Well, the point
is that if, for example, it requires 2 oz. of thrust to fly a model,
gt least one oz. of this thrvst 1s used up in overcoming the drag of
the fuselage, landing gear, and tail. If we did not have all these
things, it would be possible to fly the model twice as long for the
3ame power, thereby doubling our duration in calm air, as well as
doubling our chances of catching a thermal. With this in mind, let
us remember how the airflow behaves at low speeds, so that we may
pattern the model to conform to the shape most suitable for low drag.

The best possible shape for each part, as well as the effect of
streamlining on stability, will be considered under their own head-
ings.
AZTERENCE ¥O.

708 Pezoent of Chord X.A.C.A. JETERENCE WO 516 Rasesny ot ool a7 wto
0 7! 90 1 30!
[T EETTY = [} _ 3
: i o | e X 2
ﬁ HE R DL AR
i) ot §o yu| oml §da
7| 03| or00| £ e fi| oiem| ol
10" | 8.%0| 0.30| & 10 | 9.48( oi07| Be
15 [10.48| o ° 15 | 10:88) o.00) " °
20 1,40 .50 | S % 20 ll.? g 1 10 & .36
B3R 5 : R [l o
8 é:olg ¥ 51 PR B3
g i ] 7.08 o 1
}’E ::5 :“ .64.32 g vl 8 h.6132
3l ® i 3 »
1.83| 0.14 » 1.80| o.
"LgsHi_om .00 w56 sep® | o] 0.0 [ s e
s 5 .26 “ ol
D 3l =~ S
# [s20 A P = va N »
i I EPY)
” 23 n n3
L L7 0.7, = E Rl
b { RS S [N n;
Iu 5 754 Eu 50 7o g / a8,
316 |géor— 7 ‘\ 7 s 16% 316 /’ | “%
S Ry7o— / 4 N wi o & nE
iR p, P, ¥ M /l la 6 ,,3
%12 80 .:.ng ,..u-_'.‘,l '/ a et E
210 | psol a0 210 SRR Fa0
3
HE ) v i.i’“\ / /| N v .08
£ [ V N
¢ / A & olE N o
L E 2-|.0n s /’ \ 2 -.0%
i S ‘TN /’ ol f
2|8 o .on 2§ = e
° .00 ° .00
a2 Bame of section:Eiffel 431 (Laobassagne) Bame of section: U.S8.A. 358
8ise of model: 33.68" x 3.94" - 8130 of model: 0" x 5"
o -.2/ ¥ind velooity: 91.88 ft./sec. 5 -.2| Mind welooity: 76 ft./eco.
Where tested: 8, T, Ad. Lab. Date:1928 : Where wested: L.MAL. Date: 1038
Az -10 -8 -6 % -2 2 % 6 & 10 1z 1% 16 18 BJ AF-10 8 6 % -2 T % 6 8 10 12 1% 16 18 B ©
Angle of Attack in Degress. Angle of Attack in Degrees.

ADDITIONAL AIRFOIL SECTIONS may be found in N.A.C.A. Reports
Nos. 93, 124, 182, 244, 286, 315, and 460, These reports may be
seen in your library or be purchased on application to the ---
Superintendent of Doocuments,---Government Printing Office, ---
Washington, D.C. For further information write to the National
Advisory Committe for Aeronautics, Navy Building, Washington, D.C.



AIRFOILS

The first step in designing a contest model is to decide upon
the size desired. After this is done an approximation of the weight
should be made. From the weight estimate, the area of the wing
should be determined. Before the final decision is made, remember
that the performance of the madel depends s great deal upon its wing
loading, so crowd in as much area as the rules allow.. The next and
perhaps the most important step 1s to select the sirfoil.

Since airfoils stall at lower angles, at low speeds, we must se-
lect & section that has sufficient 1ift at low angles of attack.
The sections having this quality are those whose thickness exceeds 574
of the chord and whose lower portions are flat or undercambered (con-
cave). Although 1ift increases with an increase in thickness, an ex-
cessive increase in drag and other disadvantages become evident with
the use of section of over 15% chord thickness, at low speeds. A
thickness of 12% of the chord seems to be the best compromise.

@’W‘ A\
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One way of increasing the 1ift without the addition of too much
drag 1s to use an undercambered airfoil. The reason that the under-
cambered section develops more 1lift than a similar section with a
flat bottom is that the airflow acts at a greater angle against the
lower portion of the airfoil. See Fig. 1. Thus we can increase the
angle of attack of the lower portion of the airfoil, without increas-
ing the angle of the upper portion. (Remember that it is the air go-
ing over the upper camber which burbles at high angles of attack.)
This increase of 1ift becomes especially prominent at angles greater
than 0°. Since we usually set the airfoil at about 3° positive we can
use the undercamber. advantageously. The undercamber may be quite
deep, but we must keep in mind that too much of 1t will cause apprec-
iable drag by the eddy behind the leading edge. See Fig. 2. From
this dlagram we can see that the highly undercambered section should
have the maximum helght at about 40% of the chord to minimize the ed-
dy tendencies. The undercambered sections have a greater center of
pressure travel and also a lower lift-drag ratio. However, these
points should.not be used. as criterions in selecting the airfoil.
What we want 1s enough 1ift, even at the expense of a bit of addi-
tional drag (which 1s very small in comparison with the rest of the
model). The center of pressure travel is taken csre of by the abnor-
mal size of stabilizer used on models.

Every so often someone asks wky & stable section like an M-6
should not be used instead of an RAF 32. Then the fact that the RAF
32 1ifts ss much at 0°, as the M-6 does at 7° is pointed out. "But
why don't you set the M-6 at 7® and get the same 1ift as the RAF 32,
and get the advantages of a more steble section?" --Well, the fal-
lacy here is that most sections stall within a few degrees of each
other. *The M-6 with 70 setting will stall much sooner than the RAF
32. For example; if the M-6 stalls at 20° it has 13° leeway, and if
the RAF 32 stalls at 18° it has 18° leeway. These figures, by the
way, are for full size work. The stalling angle is much lower for
model sizes-- possibly half of the above figures, and the leeway 1s
that much smaller.
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In choosing the airfoll, the structural requirements of the par-
ticular model must be Kept in mind. The best airfoil is useless if
the wing does not keep 1ts shape, or if it breaks at the. slightest
collision. In fact, all the advantages of the finest airfoil can be
spolled by poor balance, improper incidence, and high total drag.

After considering structural requirements of airfolls, the fol-
lowing standard sections will be found suitable for model work: RAF
32, Eiffel 400, U. S. 35B, Gottingen 392, Eiffel 431, Gott. 496,
Gott. 529, ISA 923b, and Clark Y. (Also see sections developed by
model builders.) The specific recommendation is made under the
individual report. On these reports you will also find the approx-
imate values for model work. Use them and check their accuracy.

The Editor belleves that the best practical section is the RAF
32 which was introduced to use on models by him several gears ago.
Its characterisiics are very good, as it has all the desirable points.
It may be used in thinner or thicker form for light or heavy models.
The Eiffel 400 almost matches 1t in characteristics, but the thin
trailing edge, and the comparatively high leading edge place it sec-
ond.

Alrfoil Characteristics Charts

Airfoll characteristics charts show the wind tunnel results,
translated 8o that they can be used for power planes and gliders.
Eventually we will have such cherts for model work, and therefore a
short summary of the chief curves will give an inkling as to what
they are all about, to those who do not know how to use them. The
curve labeled Cp shows the coefficient of 1ift at different angles
of attack. Note that the slope of the graph is almost the‘same for
all airfoils. The only difference is that the curves cross the 0°
line at different points. Notice that the airfoils chosen for model
work have this line quite high. The higher this crossing, the better
the section, providing that it is not too thick. The termination of
the upward trend just before the slope downward indicates that the
section has reached 1ts maximum 1ifting point, and that it is close
to the burbling point if not actually in it. This stalling point
occurs sooner at low speeas, and also occurs slightly sooner for high
aspect rations. The method of using 1ift graph for calculations is
as shown in the example.

The next curve is the Cp line. This shows the drag values at
different angles of attack. For best results this line should be as
close to the .00 mark as possible, providing that the sectlion has e-
nough 1lift. The CD line 1s the result of two kinds of drag, the para-
sitic and the induced. Parasitic drag is that part of the resistance
which is caused by movi objects disturbing the airflow. It is the
drag with which we are all familiar when streamlining i1s talked about.
The induced drag is evident mostly on inclined planes suech as wings
and tall surfaces. It is caused by the airflow from the compressed
alr area under the airfoil into the rarefied upper portion. See Fig.
3. At the tips this equalizing flow 1s especially great. The degree
depends upon the size of the tip. The larger and blunter tips will
have a greater flow, while the small and gradually tapered tip will
have & comparatively small spill-over with consequent smaller dis-
turbance of the alr. The drag is calculated as shown. (The topic of
induced drag brings us right into the Aspect Ratio question, but as
we are on chart reaging, the Aspect Ratio will be discussed later.)

The curves that remain are the C. P. (center of pressure) and the
L/D (the 1ift divided by the drag). The C. P. line shows the center
of all 1ifting components at the garticular angle. For example, in

the airfoil shown, the center- of 1ift at zero degrees is 45f behind
the leading edge.



The 1ift over drag ratio 1s an indicator of how much the lift ais
greater than the drag. Remember the L/D 1line should not be the only
deciding factor in the selection of an airfoil. )

The formulas used to calculate 1lift and drag are as follows, as
per the N. A. C. A. reports:
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Wihen we have charts for low speed work, we will be able to find
out the minimum speed at which the wingz will 1ift the welght of the
model. The calculation of total drag csn be based on this speed,
and once the drag is known,: the proper design of the propeller can
be easily selected. When we will make models in this way, we really
will be able to say without blushing that we design models.
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Aspect Ratio 9

Aspect Ratio seems to be the favorite topic of most writers.
The only difficulty is that some recommend high aspect ratio and
others recommend low. Sometimes opposite recommendations appear in
the same 1ssue of a magazine, which is rather confusing, to say the
least. Well, let's see just what aspect ratio 1s, and how 1t affects
the wing cefficiency.

Aspect ratio is the ratio expressed by dividing the span by the
average chord. Its effect upon the wing's efficiency, is that it
determines the size of the tip whorls and other whorls caused by the
pressure differential between the upper and lower cambers. A low
aspect ratio wing will naturally cause greater tip losses than a
high aspect ratio wing. Thess losses result in less 1ift and great-
er drasg. The drag 1s called induced drag, and has been deseribed be-
fore.

TIP pORI/ICES
W JAPLRED TIPS

\,5 7’{ }L\
- PN [ S
T/P WwRT/CES \‘YLL/ ; f

ON SQUARE 77RS

As previously mentioned, the drag shown on & regular airfoil re-
port is composed of two parts, that due to tip losses, induced drag,
and the profile drag which is due to the friction of the airflow
by the passing wing. The formuls for induced drag 1is:

Induced Drag = CL2
o x Aspect Ratio

As can be ascertained from the formula, an increase in the
aspect ratio decreases induced drag. From this we can see that
high aspect ratio is especlally important in soaring gliders
where the 1ift coefficient is very high because of the thick air-
foils used. On a model the 1ift coefficients are comparatively low
because of the low alr speed and comparatively low angles of attack,
and the section or parasite drag is comparatively very high, also
due to the low speed. For the reason that the parasite drag is more
important in models than the induced drag, it is best to reduce the
parasite drag by using a large section, which of course with a lim-
ited area means a lower aspect ratio. It 13 just one of the minor
differences between models and power ships.

The exact aspect ratio depends on the design of the model. If
the model is large the aspect ratio may be fairly high as the air-
foil is wide, but ‘for -small designs the aspect ratio should be low
enough to provide an airfoil shape sufficiently large for aerodynam-
ical effect. Judging from experience, airfoils with a chord of un-
der 3" are seldom of true shape, and have results approaching flat
plate characteristics. Therefore, no matter what the aspect ratio
is, the tip airfoil should never be smaller than three inches. By
using three inches as the minimum tip chord, the aspect ratio can be
very easily decided upon if the wing area is know. An aspect ratio
of gbout 7 'to 10 will take care of most models, both in overcoming
the torque and in providing stability.
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The shape of the tips should be caretully designed, especially
on low aspect ratio designs. An elliptical outline starting at a
distance of about twice the tip chord from the tip, is about the
best. When making tips, be sure that they are smooth and do not of-
fer & resistance turning moment to be overcome by the rudder.

Aerodynamic Characteristics of Wing Tips

It 1s a known fact that the tips on a tapered wing stall before
the center section, and that on a straight ‘wing the center portion
stalls first.

The tip stall on a tapered wing 1s explained by the fact that on
such wings we have two extreme slzes of airfoils, the large at the
center and the small at the tips. It 1s this difference in size
that ceauses the early tip stall on a tapered wing. The small air-
foils do not hold the alrflow as well as the larger sections at high
angled, with a consequent early stall for the small ai$foils. This
can be substantiated by noting that the smaller the airfoil becomes,
the closer 1t approaches the flat plate in its characteristics (the
break of airflow at low angles). It may be noted here that the air-
flow breaks away very easily from sharp corners, and since small
airfoils have very little curvature, the early stall effects are es-
pecially prominent.

The reason that the center portlon of a stralght wing stalls
first . is that the tips have a relatively continuous flow of air
from underneath the wing at all angles. When the wing does stall,
the overflow over the center breaks away from the airflow, while the
tips still get a falrly smooth flow from the pressure differential,
thereby increasing the tip stalling angle.

The question, "Why does not the same phenomenon hold true for
tapered wings?", can best be answered by noting that on a tapered
wing the airfoill gradually decreases in size, so that “the tip sec-
tions are comparatively small for quite a.distance near the tip and
that the pressure differential is also smaller because of the grad-
uwal taper.

The advantages of having the tips stall last are apparent when
we consider that in a stall the tip portion of.the wing 1s behind the
C. G., and therefore will help to restore the model to a level or
flying position. See Fig. 4. The tips may be washed out to decrease
incidence and stall later then the center section, but this gives us
a loss of 1ift. A much better method, which has been recently intro-
duced by engineers, is to thicken the tip airfoil, espeeially the
leading edge, as shown. See Fig. 4a. Thils provides the needed rib
curvature for a late stall.

Fig. #a.
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STABILITY I

The stabllity of a model may be divided into several divisions:
longitudinal or "up and down" stability, rolling or rotating stabil-
ity, and directional stability. The longitudinal stability is taken
care of by the proper position of the C. (. and the stabilizer. The
rolling stability i1s obtalned by the proper dihedral and side area,
Elus the correct position of the C. G. The directional stability is

aken care of by having the center of side area behind the C. G., to
enable the model to swing into the wind in case of sudden gusts.

Longitudinal Stability end the Stabllizer

Longitudinal stabllity seems to be well under control because of
the present tendency to use large stabilizers, which keep the wing
well within the narrow safety margin of angle of attack, caused by
low speed. Another present tendency 1is to use slightly 1lifting tails
to help lower the wing loading. The 1lifting tall can be used to ad-
vantage, providing the bullder knows how to use it.

The area of the stgbilizer may.vary a great deal without affect-
ing the performance of the model, except for finer adjustments for
smaller areas, and a slight increase of drag for larger areas. The
present trend in stabilizer design 1s to use from-soé to 40% of the
wing area for the stabilizer area. In figuring this area, the mom-
ent arem the welght of the model, and the chord and area of the wing
should be taken into consideration. The light model and the model
with g small chord wing may use a smaller stabilizer because light
models are subject to less violent displacements. For heavier mod-
els and for models with large chord wings, the full 40% may be used
to enable the tall to dampen out the upsetting forces. The area of-
the stabilizer is also determined by the tall moment arm. A short
moment arm necessitates large area, while a long moment arm can
stabilize the model with a much smaller stabilizer. The size of the
fuselage in front of the wing also has a slight bearing on the final
area. The longer portion requires a larger stabilizer to dampen out
any possible oscillutions csused by the large inertia distance.

The 1ideal stabilizer keeps the model just below the stalling
point anfd@ has a higher stalling angle than the wing, to bring the
model level without loss of altitude after the wing stalls. One way
of raising the stalling angle of the stsbilizer is to use a low as-
pect ratio on the stabllizer, with the tralling edge almost straight
and the leading edge swept back. In case of a 1lifting stabilizer,
use an airfoil that stalls later than the wing. Wallace McBride of
Winnepeg, Canada,.reports that tip rudders help in recovery by pre-
venting the tip airflow from spilling over the end of the tips at
high angles of attack, thereby giving the stabllizer extra high 1ift
at large angles, just when it 1s needed most.

Since it 1s a poor practise to approximate important areas, we
would benefit a great deal if we were to formulate a simple equation
for the stebilizer area. The formula used by eseronautical engineers
is:

Stabilizer Area = Wing Area x Coefficient x Average Chord
Stabllizer Moment Arm
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The coefficients vary for different designs. The coefficient used
for transports is about .35, while for light planes, the coefficient
1s sometimes as much as .50. For model work, use 1.00 for light
ships and 1.35 for heavier jobs. A good procedure to follow is to
record the wing area, average chord, stabilizer area, and the moment
arm of every model we make. If we know these figures we can very
easily determine the coefficient for later reference by using the
following equation.

Coefficient r Stabilizer Area x Moment Arm
Wing Area x Average Chord

After a while we will have a complete set of coefficients for each
type of model, and also for stabilizers using different airfolls.

Although a flat or symmetrical stabllizer may 1ift if 1t 1s set
at a positive angle, the practical difference between thd 1lifting
tall and the flet or symmetrical tail is that the 1ifting tall con-
tributes 1ift and brings the C. G. back, sometimes even behind the
wing, while for a non-1lifting tail th: C. G. 1is not more than 30% of
the chord of the wing behind the leading edge.

To adjust a non-1lifting stabilizer model, the C. G. should be
30% of the chord benhind the leading edge. The wing should be left
at this point no matter how the model flies.  All the adjusting
should be done with incidences. The incidence of the wing should be
about 30 positive and the stabilizer should be set at zero, or even
slightly o»lus, to take cure of the downwash. Now 1f the model dives
with this setting, increase the incldence af the wing very slightly,
1f a thick wing section i3 used; and increase the incidence of the
stabilizer if a thin wing section 18 used. Always keep in mind that
the wing must have enough 1ift to fly the model with the C. G. at
the 304 of the chord position. As soon as the position of the wing
i3 changed complications set in and adjusting becomes difficult for
maximum efficiency. It 1s gquite possible to adjust for fair flying
and gliding by moving the wing back and forth, but what we want is
the best that the model can do.

The stabilizing action of the non-1lifting tail is shown in Fig.5.
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The 1ifting tail carries part of the total load of the model as
well as providing longitudinal stability. The C. G. can be almost
any place behind the wing, the exact position depending upon the
slze and incldence of the stabilizer. However, most model builders
seem to favor the position of the C. G. just behind the trailing
edge of the wing. To adjust for flying this design, have the wing
at 3° positive incidence and the C. G. behind the trailing cdge,

then do all adjiusting by varying the stabilizer's incidence until a
satisfactory flight is obtained.
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The sections used in the stabilizer vary from symmetrical for
non-1ifting tails, to single surface cambered sections for 1lifting
talls. 1In selecting airfolls for 1lifting tails, keep in mind the
fact that the stebilizer may develop too much 1ift and keep the mod-
el flying low andefast, or may forge the model into a dive from
which there is no recovery. See Fig. 6.
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The ideal wing-tail combination for a 1lifting tall model is to
have the force of the wing's 1ift x its moment arm, greater than the
force of the stabifizer's 1ift x i1ts moment arm, when the angle of
attack is from negative to about 3° positive. At greater positive
angles, the stabilizer should have a larger force, to keep the wing
within the safety zone. If the stabilizer's force is larger than
that of the wing at angles below 3° positive, the model will have a
tendency to fly tail high, or even dive. See Fig.6 . It is there-
fore evident that the stabilizer should be so designed that the air-
foil will have relatively little 1ift at zero degrees angle of at-
teck. The safest sections that will fulfil this requirement are of
the M-6 variety. The flat bottom or Clark Y type should be about the
1imit in the direction of undercagmber. The hegvily undercambered
stabilizers work well sc long ss the incidence 1is positive and the
wing is able to take care.of its side of the load, but as soon as the
model gets into g negative angle of attack, the undercambered sec-
tions will force the model into a dive because of their "1ift at low
angles" characteristics, which provide the stabilizer with more force
and overbalances the wing/tail ratio.

The sbove longitudinal stability suggestions will suffice if the
model flies on an even keel and 4n a straight line, and also for mod-
els having the thrust line at the center of drag, so that such flight
ad Justments will be the same as those in the glide. However, since
the power flight is ususally of a circular or spiral type, the final
flight adjustment depends upon the rudder end counter torque adjust-

ment. Whatever may be such adjustments, keep the position of the
wing and stabilizer fixed and work onlv on the turning controls
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SPIRAL STABILITY

Dihedral and Rudder

Most stability problems ere caused by the lack of knowledge con-
cerning the forces that tend to roll (barrel roll, bank) or turn the
model. On a stable model these forces are kept under control by the
dihedrel and rudder or fin. On an unstablg model these controls are
usually poorly proportioned with respect to each other. In designing
these elements, keep in mind that they must remain within certain
bounds, and that the "little extra to be on the safe side" usually
causes most of the trouble.

The purpose of the dihedral is to keep the model in its most ef-
fective flying position. To accomplish this, 1t must perform a large
variety of corrective functions, such as counteracting the torque and
preventing excessive side slipping and banking on the turns. All of
these things must be done with the minimum of dihedral, to keep the
wing efficiency high. See Fig. 8 for comparison.

£ 8.

The general impression among the model builders 1s that the di-
hedral functions as in Fig. 9. This 1s the o0ld theory, and does not
explain why some models with little dihedral possess certain definite
stability factors. = To explain the modern theory, we must realize
that the 1ift of the wing elements 1s always perpendicular to the
wing surface, and that the resultant of 1ift 1s passing through the
C. G. See Fig. 10. Now if the wodel is upset as shown in Fig. 11,
the 1ift of the wing and the weight of the model produce a side force.
This side force induces a side slip, so that the airflow now affects
the wing as shown in Fig. 12. From this figure it can be easily per-
celved that the lower wing has more 1lift than the upper by virtue of
its greater angle of attack. This tends to raise the model into a
level position. The important point to remember here is that every
such corrective tendency 1s brought about when the model is side
slipping, and that side slipping affects the surfaces seen in a side
elevation of the plane.
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Effect of a High Fin on Stebility L

Another method of obtaining stability is to mount the wing on a
fin. The stability 1s obtained when the model side slips, because
this fin area exerts a leveling force as shown in Fig. 13. However,
it 1s not as effective as the normal dihedral which makes use of the
1ift to bring the model level. The high fin may be used, in which
case the dilhedral mey be decreased, but not entirely eliminated.
When using a fin, remember that it acts as a rudder also, so be sure
to check its position before every flight.

#7913,

Torque and Dihedral

The torque of the motor is the most upsetting force with which we
must contend. It actually transfers the wing loading, so that one
wing must 1ift more than the other. See Fig. 14. If the wing 1is per-
fectly lined up, and the rudder and thrust line are set at neutral,
the only counter-torque element is the dihedral. The action of the
dihedral is as follows: the torque causes the model to roll into a
side slip. As the wing side slips, It produces more 1lift on one side
and the dihedral tends to straighten out the model. The torque roll
continues, however, until the wing produces enough extra 1lift to e-
qualize the torque force, thereby producing a balance. The reason
that the model now circles is because the lower wing has much more
drag due to its higher angle of attack. The danger of controlling
the torque by only this method 1s that the rubber torque is so vari-
able that the initial force might be so large that it will overcome
the dihedral counter-torque force, and force the model into a spiral
dive. There are other means of applying counter-torque, but they all
depend upon having the affected wing produce more 1lift. The manner
in which this 1s accomplished will be discussed in a later paragraph.
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So far, we know that the only time that the diheédral comes intc
play 1s when we get a side slip and a consequent side airflow. This
side airflow affects the side of the model, and the reaction of the
model depends upon the manner in which the side area 1s proportioned
around the center of gravity. It is apparent that if the areas are
balanced nothing will happen, but the moment that the balance is dis-
turbed, the side that has the most area will tend to swing into its
least revistance position. See Fig. 16. For our purpose, it is best
to have the tall portion of greater area so that the model will tend
to point into the alrflow whenever a side gust occurs. However, it
must not be too great or the wing will have but a small chance to re-
cover by the dihedral-side slip effect, since the tail portion will
always be tryling to polnt the model into the newly formed airflow,
and so eliminate the needed side flow for the dihedral to take effect.
The 1deal situation is that in which a sl¥ght side slip does not af-
fect the side area proportion.

Rudder

In a side gust or cross wind the model with a small rudder will
be turned so as to fly with the wind, and the model with a large rud-
der will point into the wind. Of the two, the large rudder is prefer-
gble, as a gust 1s liable to upset the small rudder model while it 1is
turning. See Fig. 16. 1In a side slip with its accompanying side
airflow, the model with a small rudder will tend to increase the side
slip by heving the tail portion drop. It 1s also possible that such
lowering of the tail portion will increase the angle of attack to a
stalling position in which case the entire model will be out of con-
trol. The larger rudder model will tend to face the side sairflow,
preventing the model from side slipping, and banking it instead. How-
ever, remember that the rolling tendency due to the torque is still
present and continues to produce the side slip, forcing the model in-
to a tight banking circle, with a consequent spiral dive. A rudder
of the correct area will allow the wing to have a slight.side slip,
and when that is exceeded, will bank it into a slipping turn. See
Fig. 17.
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Size of the Rudder and Dihedral

It 1s a rather difficult proposition at this time to give an ex-
act means of finding the correct dihedral angle and the rudder area,
as the effectiveness of “the vaerious p. ts is unknown. The only meth-
od is to approximate as closely as possible from experience, and then
to watch the performance of the model, noting its actions. If we can
tell which forces are dominating the situation, i1t is then a simple
matter to make the necessary corrections, if something is wrong.
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For the average model, the dihedral depends upon the span and
area of the wing, as well as the power used and the size of the pro-
peller. The dihedral should be large if the span 1s smasll or the
area 1s small, and the motor powerful and the propeller large. For
these extremes as much as 23" may be used at each tip for every foot
of span. At the other extreme we have large area and span, and low
power and a small prop. (Almost glider characteristics.) For such
models, 11" dihedral at eacn side for every foot of span, is suffic-
ient. These angles will allow for torque as well as other upsetting
forces. For models between these extremes the angle may be small if
the torque 1is small, or if it 18 neutralized by twin props.

The correct rudder area depends upon its distance from the C. G.,
the shape of the fuselage, the size of the prop and the wheels, and
the dihedral. The effect of the distance from the C. G. is self-evi-
dent. The effect of other elements can be best seen in Fig. 18, in
which the model 1s seen from the sliding or airflow direction. Since
we know that we must have slightly more area behind the C. G., we
therefore can asgume that the center of side area is slightly behind
the C. G. Now, the alm of the builder should be to have the areas on
each side of the vertical 'ine balance each other. This can best be
done by drawing a side view of the model and then celculating the
area-distance forces.
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Since the size and shape of the elements other than the radder
have already been determined, we can slowly build up the rudder
while we are calculsting. 1In calculating side area-distance, we
should assume a full side view of the propeller, 1% times that of a
single wheel, 1% times that of the total dihedral, asnd a full size
fuselage if a square or diamond shape 1s used. A round fuselage, be-
cause of its low drag at various angles, may be considered as a stick,
while the elliptical fuselage should be about 1/2 of its height, and
an octagonal one almost full size. In using this procedure, the rudder
should not exceed i1ts calculated size for that "just to be on the safe
side" reason. The above mathematical procedure is simple, but if you
want to, you can make a side view cardboard pattern of the madel with
the areas as recommended. The rudder portion is left large and bal-
ance 1s obtained by trimming it cautiously. If the calculations are
exact, you should have the correct rudder area. Check by flying the
model, and note if any changes are necessary. The above methods fa-
vor a generously sized rudder, providing that the propeller effect is
not greater than 1ts side view. For the average model, assume the
center of side area to be a flew inches behind the C. G.

Requirements for Ideal Spiral Stability

To have a model possess spiral stability, we must have enough di-
hedral to straighten it when it begins to roll or side slip, the rud-
der should be just large enough to bring the center of side area be-
hind the C. G. and so always tend to turn the model into a gust, and
the dihedral and rudder should be so proportioned that they will work
in harmony. The exact combination is hard to get, but we can easily
detect a model without it by the following flight examples.
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1f the rudder area or the srea behind the C.*G. is too large or
if the dihedral is too small, a side gust will tend to turn the model
into the wind. As it turns, the outside wing travels faster and pro-
duces more 1lift with a consequent bank. The moment the wing banks,
we get a side slip in which the whole side of' the model is gffected.
The greater side area behind the C. G. noses the model still further
Into the bank, and this 1s followed by more side slipping until even-
tually the model is in a vertical turn, and finally a2 tight spiral
dive. The above cycle may also be started by setting the rudder fur
a sharp turn, which is almost equivalent to the side gust effect.
Torque also rolls the ship into a side slip. The conclusion that may
be drawn is that if the center of side area is tao far behind the
C. G. and the dihedral is small, the model will be very unstable or
easlly affected by side airflows, asnd in great danger of spinning.
The cure for this is to decrease the rudder area or the side area be-
hind the C. G. or to increase the dihedral.

With the present tendency to make all controlling surfaces extra-
large, it 1s unlikely that the rudder area will ever be too small, or
the Center of Side Area in front of the C. G. However, if the model
tends to bank one way, and then the other, ar if it slips from side
to side, the indications are that the dlhedral must be too large or
that the side area 1s just on or is in front of the C. G. Check the
side area position, and if it is behind the C. G. decrease the dihed-
ral, and if it is in front of the C. G., increase the rudder area.

Position and Shape of the Rudder

It has been noted that the rudder has a powerful effect and that
it should be so placed and shaped so that its action w.ll be gradual
If the rudder is of high aspect ratio and placed above or below the
fuselage, the slightest side airflow will tend to upset the model.

Of the two, the upper position is preferable, as it tends to keep the
model on an even keel, while the lower design tends to overturn the
model. The logical solution to the problem is to make the rudder of
low aspect ratio, and to divide the area above and below the fuselage
as shown in Fig. 19.
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Round or elliptical fuselages offer comparatively small resistsnce
when exposed to the side airflow and they sre not very effective with
respect to side area control. 1In such cases, it is recommended that
fins be made on the front of the fuselage and that the rudder be made
as shown in Fig. 20. 1In g side slip, such 2an arrangement will tend
to slow down the sliding motion and also present forces of similar
strength, due to the flat fins in the front and rear.

Twin Rudders

Twin rudders seem to be aerodynamically sound, and it is quite
possible that they are more effective than the single rudder design,
because of their smaller fuselage interference. They also benefit
the longitudinal stability by raising the stabilizer's stalling angle.
Their total area should be slightly greater than that calculated for
& single rudder. When using double rudders, be sure that the line-up
iiiidentica] for both, and that they are well fixed to a strong stab-

zer.
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Counter-Torque Adjustments

As previously shown, the propeller torque transfers part of the
wing loading to one side of the wing and causes the model to roll,
unless corrective measures are spplied. One of these corrective
measures 1s the dihedral, ‘but since a large amount of dihedral lowers
the wing -efficlency, the dihedral must necessarily be as small as
possible. Another measure used 1s to change the incidence of the
wing so that one half has more than the other, with a consequent in-
crease of 1lift. A modification of this method is to increase the
area of one half of the wing. The only objection to these methods
1s that as soon as the power is expended the counter-torque setting
produces spiral instability if the adjustments are excessive. Re-
cently, the side thrust control of torque has been used successfully
when used with moderation. The principle here is that the angle of
thrust produces a turning tendency which causes the torque wing to
travel relatively faster and so praduce the needed counteracting 1lift.
While the model is under the side thrust influence, it is in a skid-
ding turn, and it is here that the danger lies. If the center of
gide area is not properly balanced, the model may become unstable.
See Fig. 21, for force diagram. The rudder may also be used but its
effect will not be as pronounced as the thrust. However, the prin-
ciple is the same-- that of forcing the model to turn in order to
produce the needed counter-torque 1lift. The rudder effect depends
upon the power and propeller, and the speed of the model. It is
small on low power ships, snd large on high power ships such as gas
Jobs.
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The logical solution of the counter-torque adjustment problem 1is
to use a small amount of each type of adjustment and to allow the mod
el to turn with the torque, so that when the power is completely ex-
pended, the model will turn in the opposite direction with no upset-
ting tendency. Another method is to have an automatic aileron con-
trol, self-adjustable by the motor torque. Whichever method you use
to counteract the torque, remember that 1t is the wing that actually
produces the result.
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THE THREE CENTERS

The Center of Gravity, the Center of Drag, and the Thrust Line

To enable us to get a good glide while using the power flight ad-
justments, we must consider the position and effect of the various
forces. The center of gravity and the thrust line can be fixed, but
the center of drag keeps wandering with every change in the relative
airflow. It is this varying position which often makes adjusting
difficult. The strength of these three forces depends upon their re-
lation to each other, as well as upon the flying conditions.

The vertical pocsition of the C. G. is usually determined by the
rubber motor line, the weight of the wing, and the weight of the
landing gear. Since the weight of the landing gear does not often
equal that of the wing, we can assume the C. G. to be slightly above
the rubber line. The fore and aft position also depends upon the
center of the rubber line. Since the welight of the tail surfaces
usually balances the welght of the prop, we have only to consider
the wing and landing gear. Since these two are in front of the rub-
ber motor center we can assume the final C. G. to be in front of this
center, with the exact position determined by the weight of each item
You may test this premise for yourself bv balancing a completed model.

The thrust line depends upon the axis of the propeller shaft, and
can be made independent of the rubber line by the use of a suitable
plug. In making these plugs, remember that there is side friction at
the rear of the junction of the shaft and the plug, and that this
friction should be minimized by the use of a metal tube, and eyelets
and washers.

The center of drag 1s the point at which the drag of the indiv-
idual parts is balanced. Since the drag changes with the speed and
shape presented to the airflow, the center keeps shifting under dif-
ferent flying conditions. On a normal model, the C. D. is high be-
cause of the high wing. The forces on a normal model are as shown
in Fig. 27, and the action of the various centers 1s as follows:

y 7%23
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During power fiying the thrust 1is the strongest forward force.
Gravity, acting through the C. G., contributes slightly when the ship
in a diving position, but 1t also detracts in a climb. The reac-
tion of the center of drag with the thrust 1line usually determines the
position of the model in respect to the flight line. A high center
of drag has a tendency to increase the angle of attack, and if no
counteracting force 1s applied will eventually stall or loop the mod-
el. However, we do have a counteracting force in the stabilizer,
which tries to keep the sngle of attack within safe bounds and so
preserve stabllity. See Fig. 23. Note that the stebilizer's cor-
rective force must take care of the drag force as well as the 1lift of
the wing.

24 23
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The opbjection to this arrangement is that with an increased angle
of attack, a greater frontal area is introduced which adds to the
total drag. The setting of the stabilizer required to counteract the
drag force is that of increased incidence or the use of a high 1ift
airfoll. This setting tends to dive the model in the glide, as the
drag force is decreased at lower speeds. To offset this, the wing
must be moved forward, which adds an additional corrective load to
the stabilizer while in power flight. The setting is now as shown in
Fig. 24. Note that this arrangement is the one used.on almost all of
the present types of models.. From the above we can see why we use
such large, and very often lifting, stabilizers, and why the C. G. is
almost at the trailing edge, when a high wing is used.
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Another way to counteract the high center of drag is to have the
thrust line pass through the C. D. as shown in Fig. 25. This relieves
the stabilizer considerably, but not altogether, as the center of
drag shifts from the thrust line, at different speeds and angles.
During the glide of a down thrust model, the stabilizer controls the
situation as degcribed.
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We have seen that a high center of drag requires balancing with
other forces, and that a greater frontal area 1s exposed, with con-
sequent lowered total efficiency. The 1deal theoretical combination
would be to have these forces meet at one point. Such a design calls
for a low or midwing. Comparatively few low-wing or midwing models
have been made, and the results have been merely average. It 1is
quite possible that a more thorough practical investigation will e-
ventually bear out the above theory for model work. At the present
time it would seem that a high center of drag provides an-automatic
adjuster of the angle of attack, i.e. when the speed is great, the
angle 1s increased, and when the speed is low, the angle is low. How-
ever, this setup places adjusting in the cut and try classs, and 1is
also responsible for many longitudinal stability problems.

The effeect of having the center of drag below the C. G. and thrust
line 1s évident from Fig. 26. The stabilizer corrections will be just
the opposite of those recommended for the high C. D.
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The degree of downthrust and stabilizer setting depends upon the
particular model. The first adjustments should be mgde to obtain a
good glide by setting the wing and the stabilizer. Then the power
flight should be adjusted with the aid of downthrust. If the requir-
ed downthrust is too great, increase the stabilizer's incidence and
move the wing forward slightly, and then try again with this combin-
ation. To obtain a fine downthrust gradation use a variable nose
plug as shown in Fig. 27.
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"PROPELLERS

The present tendency ol using a stanaard size propeller for a
particular type of model gives us very little opportunity to learn
exactly how the propeller operates. Although’the subject is well
covered in technical books, popular explanation still leaves us in
doubt about several important points. 8everal of the most important
are: What determines the slip of the prop? What effect has the air-
foill and what effect has the blade area? When should the piteh be
high or low? How is the angle of attack of the prop determined?
What pitch-diameter ratio is best? What is the best prop for a par-
ticular model?

Explanations that can be found in technical books are based on
the wing or airfoil theory. That is, it is assumed that the prop-
eller blades are a set of wings which are rotated in order to pro-
duce 1lift. As such, they are subject to all of the reactions attrib-
uted to the regular wing. (We should therefore be careful to use tha
most efficient blade outline and airfoil, just as for an ordinary
wing, especially since the propeller 1is the only means of converting
our limited power into forwerd motion.) The following text will de-
scribe the forces acting on the propeller while it is in various pos-
itions, and is presented in the wing principle theory.

Assuming that a rotating propeller has no load to pull and that
the airfoil is symmetrical, its psth would follow the line of least
resistance. See Fig. 28. 7You will notice that the path of that par-
ticular prop portion is along the line of the geometrical pitch, and
that the 1ift 1is zero while the drag is at its minimum value. (If a
cambered section were used the resulting pitch would be as shown by
the dotted line, due to the 1ift of such sirfoils at zero angles of
attack.) Very little power 1s required to rotate the propeller when
it is in this position. However, no work is being done since the
1ift is zero. The distance such a propeller travels in one revolu-
tion depends upon the angle of the blades. It is evident that a high
angle will give s greater distance than a smaller one.
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If we were to prevent the propeller from moving forward, but
8t11l permitted 1t to rotate, the reaction of the blades upon the alr
would be as shown in Fig. 29. The path of the blade 1s now perpendic
ular to the center line, snd the angle of attack is very high, with
consequent high 1ift and drag. The exact value of these two forces
can be calculated by breaking up the blade into several segments send
by cealculating with formulas, the 1ift and drag of the entire prop
while it 1s revolving at a certain speed. The important point to
remember is that the rotating action of the angled blade is produc-
ing a forward force and also an anti-rotating force. To get the
forward force we must overcome the anti-rotating force. We do this
by furnishing the necessary power.
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The above two examples showed the extreme positions in which the
propeller may be. 1In both positions, the useful work is nil; in the
first case, the propeller had no load to pull, and in the second case
1t was held stationary by a force greater than its thrust or 1lift.

Useful work 1s accomplished somewhere between these two extremes.

If, for example, the propeller were fixed to a trolley with a
load which requires a force of 10 pounds to start it and keep it in
motion, a one pound thrust will not budge it. To move the trolley
we must either increase the thrust or reduce the load, or perform
some sort of compromise. - Assuming that we compromise, and the load
is now 5 pounds and the thrust is also 5 pounds at a specific r.p.m.,
the trolley will still remain stationary as the forces are only neu-
tralized, because the propeller is still spinning with the blade path
at right angles to the center line. Now if the speed of the propel-
ler 1s increased ever so slightly, the increase of thrust will be
greater than the load, and the trolley will move forward. At the in-
stant that the trolley begins to move forward, the angle of attack is
decreased and the thrust is the same as it was before, when the trol-
ley was at a standstill. The difference is that the r.p.m. are high-
er and that the path of the propeller blades is in a forward cdirect-
ion. Consequently, with every prop turn, the trolley advances for-
ward. The exact distance it travels forward depends upon the angle
of the path of the blades, the dismeter of the prop, and the number
of revolutions per minute.

If the conditions do not change, the trolley will travel fQrward
at a uniform rgte for an indefinite period of time. However, let us
suppose that part of the load drops off the trolley so that the load
is decreased. At the moment that the load decreases the trolley
speeds up because the*thrust 1s greater. But as mentioned abovse,
the angle of attack also changes with the speed, until the angle is
reached at which the thrust 1is equal to the load. These conditions
are represented in Fig. 30. Here we see that the angle of the path
of the propeller blades has been increased and that the distance now
covered in one revolution is much greater, so that if the number of
revolutions per minute remain the same, the speed of the trolley in-
creases. .
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From the above example we can readily see that the thrust of the
propeller ‘always equals the load except at the moment that the cond-
itions change, that the distance covered in one revolution depends
upon the engle of the blade path, and that the speed depends upon the
number of revolutions made within a certain time.

To clarify the statement that the thrust and load are almost al-
ways equal, let us explain 1t by the use of the analogy of the trol-
ley. If the load 1s greater than the thrust it will tend to slow
down the trolley. But as soon as the forward speed 1s reduced the
angle of attack 1s incressed with 1ts consequent increese of 1ift,
for the increase of thrust, except that in this case the angle of at-
tack is lowered with an increase of forward speed, with a consequent
lowering of thrust, until it is equal to the load. The whole thing
may be boiled down to the fact that the propeller blades, in wishing
to go forwerd, are hindered by the drag of the model, and that this
drag must be neutralized by the thrust.



24

It 1s evident that the trolley may be replaced with a plane, and
that' as soon as the forward motion is fast enough for the particuler
model the flight will begin. Note that the thrust of the propeller
always equals the dreg of the model, regardless of the speed the mod-
el may be travelling. It cen also be seen that enough thrust must be
developed "to produce the necessary flying speed.

The above are tundamental principles, and we should keep them in
mind when designing a praopeller. From them we can see that a compar-
atively small propeller must be revolved at high speed, and that a
large propeller may' go slower. The choice of the propeller pitch
rests upon the power available. With gas engines we may use small
pitch, high speed props, and for rubber we must use the larger pitch,
slowly rotating type. To get the utmost efficiency from a propeller,
we must make 1t so that we get the maximum output for the power we
use. To achleve this end we must go into more detailed propeller op-
eration description.

The more exac. force dlagram of the propeller segments is shown
in Fig. 31. The most important point to consider is the direction of
the 1ift force. Notice that if it i1s placed into a force diggram it
produces an anti-rotation force. This force becomes greater as the
angle of the blades is increased. Besides the anti-rotstion force
produced by the 1ift, the power must also overcome the ordinary air-
foil drag. Thus the total torgue 1s equal to the anti-rotation
force produced by the 1ift and the airfoil drag. From this we can
see that low pitch props with large angles of atteck will produce the
most favorable 1ift forces, but that in such positions the props may
produce enough thrust only at high speed prop revolutions, which are
undesirable for rubber models.
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From the above force diggram and the wing 1ift formulas, we can
also see that i1f we increase the blade area, the thrust will bg in-
creased with the consequent increased model speed, without increas-
ing the r.p.m. The blade area increase will enable the prop to de-
velop sufficient thrust at comparatively low angles of attack, so
that the drag coefficient will be lower. The ideal sngle of attack
will be at the point where the L/D ratio of the particular section
1s the highest. At this point the efficiency will be the greatest
since we get the most 1ift for the power expended. (It is quite
vossible that model propellers do work at this angle when the prop
rotates at high speed under the initial burst of power of the rubber
motor. However, as the power slackens, the model slows down until
there 1is just enough power to produce the needed thrust for flying
speed, and the angle of attack i1s then quite high in order to pro-
duce the needed thrust.) To remain at this ideal angle of attack
the propeller must continue developing enough 1ift to keep it in that
position. If the total drag or load of the model is high, the thrust
must be great, while low drag or streamlined models can fly with a
smaller thrust. Prom this we can conclude that a high drag model re-
quires a larger prop area than does the low drag design. The exact
areas can be cglculated if we know the flying speed, the diameter and
pitch of the prop, the drag, and the power at the crulsing point.
However, some of these factors are still incalculable and for the
present we must be content with what experlience has shown.
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Pitch and Diameter

- We hseve seen that the forward speed depends upon the distance
that a segment travels in one revolution of the prop and its relation
to the angle of attack. The forward speed can be increased by in-
creasing the distance that the segment travels, as well as by setting
it at a steeper angle. Both of these are accomplished at the expense
of drag, and of the two, the increase of the distance of segment traw
el (or dilameter) is the most economical. However, if the diameter
becomes excessive for practical purposes, and we still have power to
spare, we can increase the angle or the pitch. These facts become
very useful when we are designing a model. If the model is intended
for high speed, the propeller should be of such diameter and pitch
that the power will revolve it at high speed at the maximum efficien-
cy. These conditions call for a prop whose angle of attack would be
such that most of the 1ift is in the flight direction, and whose di-
ameter would be as large as the power would allow for the speed.

This means that the P/D ratio should bYe small (pitch 20"/diameterl8",
1.1). See Fig. 32.

If the model i3 intended for crulsing then the prop should con-
serve the power for as long as possible. This can be accomplished by
using a large diameter as well as large blade angles. This type of
prop will revolve slowly but it will still give the needed thrust for
the flying speed. In this case the P/D ratio is high (pitch 36"/di-
ameter 18", 2.0). See Fig. 33.

The drag of the model should also determine the P/D ratio. It
can readily be seen that a streamlined model can have a high speed
with a slow but high pitch prop, since the needed thrust is lower
than for the blunter ship. However, the prop does not work at its
best efficiency point, and if 1t 1s possible to increase the motor
length, do so by all means, and decrease the pitch of the propeller.

From this text, you should know just what type of propeller will
ibe the best for your particular conditions. Although a list of stand-
ard prop sizes is given, keep the following points in mind, and try
to fit the most sultable prop to the model.

1. Thrust equals load. If the drag of the model is great, the
thrust must be large.

2. The speed of the model depends upon the r.p.m. and the dis-
tance that the prop travels in one revolution.

3. Thrust is the result of the 1ift force, and a part of the
1ift force produces sn snti-rotating force.

4. The power required must be equal to the drag of the propel-
ler's airfoill at the particular angle of attack, plus the anti-rotat-
ing force produced by the 1lift.
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Blade Outline and Construction Hints

The volume of air influenced by the rotating propeller is shown
in Fig. 34. VNotice that the airflow begins quite a distance in front
of the propeller, and that the increase of airspeed behind it reduces
the air pressure so that the slip stream is actually of smaller diam-
eter than the propeller. However, the peculiar flow formation near
the tips should not beguile-us into believing that the tips are un-
important . The tip losses or eddies are still there, and the tip
shape and aspect ratio are just as iwmportant on the propeller as on
ordinary wings. Conclusive proof of the fact that losses occur at
the tips was made by the Editor. The experiment was performed as
shown in Fig. 35. The interesting part is that the silk thread ac-
tually moved forward into the blades while held behind the propelier.
This effect was especially strong on a square tip design propeller.

The elliptical tip blade outline seems to be about the best. The
blade area should be concentrated at the one half point so as to min-
imize tip losses and high drag at the hub. In fact it is desirable
to cut the blenk so that the pitch angle will be about the same at
the hub vicinity. The blank layout, blade outline, and the recommend-
ed sizes of propellers are snown in Fig. 36.

For balsa props, use balsa blanks of about 10 1lbs./cu. ft. hard-
ness. If it is at all possible, try to have the grain crisscrossing
parallel with the width of the blank. This will provide identical
grain on both ‘blades, and also give a strong hub.

Very little can be said about carving for the youngsters, except
that practice makes perfect. However, no trouble should be experi-
enced if the blank is well laid out and carving is done slowly with a
sharp knife.
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Camber

Since the propeller works on the regular airfoil principle, the
airfoil section of the propeller has reactions similar to those of
the main wing. Therefore, the camber should be decided by the design
of the model. Fast and short motor propellers may have a Clark Y
section while slow, duration propellers may be very deeply undercam-
bered. Just remember that undercamber gives greater 1lift at a gilven
incidence than a flat-bottom section, but that the drag is also great-
er. If you have plenty of power which you went to be used up slowly,
use plenty of undercamber.
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Aerodynemic Reactions of Freewheeling Propellers

"To freewheel or not to freewheel..." has been the question for
quite a while. The best way to settle this soliloquy 1is to analyze
a propeller while 1t is standing still and while it is freewheeling.
The action of the airflow on a still propeller is shown in Fig. 37.
Note that.the angle of attack varies with the point on the blades.
That 1s, 1t is high at the tips and low .at the hub. The forces set
up are relatively great, due to the large angle of attack. The 1lift
force tends to rotate the model via the prop shaft, and tries to up-
set 1t unless counter adjustment is provided. This 1s an especislly
bed feature since the force is in the counter-torque dircctior, which
is also favorea by the normal model adjustments. The drag force is
directly backwards which make the total prop drag calculations com-
paratively simple.
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The airflow reaction on a freewheeling propeller 1s shown in Fig.
38. The angle of attack here is much lower. The exact angle depends
upon the component of 1ift needed to overcome the drag of the prop-
eller. Of one fact we can be sure, and that is that the angle is
negative to the normal airfoil to such a degree that the 1ift 1is al-
so negativa. If the angle were above that point, the propeller
would revolve in a counterpower turn direction. Since the zero an-
gle 1s determined by the center line of the ailrfoil we can see that
undercambered props will have much more drag than symmetrical or flat
bottom sections. This increase of drag will require a larger 1ift
component to overcome it, and since both the drug and 1ift forces are
in g backward direction, they both constitute drag. There 1is noth-
ing that we can do about this except to minimize drag as much as
possible so that the total will be reduced. This can be done by hav-
ing a very smooth finlish on the blades, by using the best ball bear-
ing washers, and by having a freewheeling that does not depend upon
a spring for 1ts operation. If a spring is used, the pressure it ex-
erts against the hub causes additionel friction which must be over-
come by the 1ift force. The logical solution is to use a freewheel-
ing of the spiral type or any similar type, and a rubber tensioner tc
spring the shaft out.

Note from the diagram that we have no rotating force trying to
roll the model. The only rotating force is the one which neutral-
1zes the drag, which in turn has a very slight rolling effect at the
hub caused by the friction. The exact drag of both types of propel-
ler action can be only estimated. An attempt was made (see Fig. 39),

t this should not be considered conclusive.

From the above it would seem that the freewheeling propeller 1is
better, as 1t usually has lower drag and does not affect the model
adjustments. The drag may be slightly higher thsn that of a still
prop on certaln occasions (such as in the case of very high pitch),
but 1t still secms better. The fixed position will be all right if
the blades can be made to straighten out and conform to the airflow.
Of course, a perfect folding prop would solve the whole problem.



28 THE GLIDE

Although it 1s the usual procedure to describe the glide at the
eonclusion, the Editor deemed it advisable to present it at this ear-
1y point, to emphasize the fact that the greater part of the duration
of the model depends upon it. Since It 1s so important, it is worth
our while to design the model with the idea of increasing the glide
as much as practically possible.

Once the power is exhausted the only thing left to produce propul
sion 1s the weight of the model. Gravity exerts a downward force on
the model equal to its weight, and the aerodynamic balance changes
this force into a sloping movement known as the glide. It is evident
that the model which uses this force most economically will remein in
the air longest. This can be done by having a well balanced snd
streamlined model. The following example shows why an efficient ship
has a better glide then an inefficient design.

We have two models of identical wing loading. The wings and
taills are identical, and the balance is perfect in both. The only
difference between the models 13 that one has smooth lines, while the
other 1s about as aerodynamically efficient as the cowcatcher on a
locomotive. Both models must fly at the same speed to produce the
seme 1ift. It 1s therefore evident that the model with poor lines
will need more power to keep up with the streamlined job. Now when
the models go into a glide, the streamlined ship will dip only slight
ly to keep up its flying speed, while the high drag model will have
to point down quite a bit to get to its flying speed. The conclu-
sion drewn 1s that the inefficient ship will come down much more
steeply, with a consequent loss of duration.

The gliding angle cen be very easily predicted if the 1ift and
drag of the model are known. For example, i1f the 1ift of a model 1is
four ounces, and it requires one half ounce of thrust to keep 1its
flying speed, the 1ift over drag (L/D) ratio is 8-1, That is, the
1ift is eight times the drag. This means that for every foot ‘the
model has to descend to keep up flying speed, 1t will travel eight
feet and the gliding ratio will therefore be 8-1. From this example
we evolve the following formula:

Gliding Ratio = Lift of the Model
& Drag of the Modgl

We can see from this simple relation that an increese of 1ift will
improve the glide, and that an increase of drag will detract from
it. The 1deal model should have a minimum of drag and the lowest
possible wing loading. (This allows the model to fly slower, thus
reducing the drag.) The low drag can be obtained by using stream-
lining at all practical points. If the model must confrom to the
weight rules do not make it heavier than necessary, and use high-
14ft airfoils, as recommended in the airfoil chapter. A small
additional amount of weight may be used if streamlining is Impos-
sible without it.

A steep glide 1s caused by low 1ift, high drag, or a combina-
tion of both. (It 1s assumed that the adjustments are as recom-
mended in the "Stability" text.) Lack of 1ift can be essily cor-
rected if a fairly high-1ift airfoil is used, by increasing the inci-
dence of the wing and tail. This will increase the 1lift greatly
without increasing the drag very much. However, if the model stalls
or mushes with such an adjustment, the glide can be improved only by
decreasing the drag.

For maximum pffliclency, unless an automatic varisble control 1is
used, the glide adjustments must be flight edjustments. How to ob-
tain this combination will be explained later.



Since gliding requirements usually necessitate a well designed
model, we .should remember the following facts about gliding.

1. The gliding angle depends upon the 1lift and drag (L/D) ratio.

2. The speed of the model 1s controlled by its wing loading; a
model with a light wing loading attains sufficient 1ift at low speed,
and one with a high wing loading needs high speeds to get sufficient
1ift. If the gliding angle is the same, the wing loading determines
the duration.

3. It 1s a poor policy to increase the angle of attack or incid-
ence too much for improved glide, as at low speeds thds procedure
places the model in a critical position in relation to the stalling
point.

4. The distance that a model travels with relation to the ground
depends upon the air conditions. Therefore the gliding ratio cannot
be determined by estimating the height at which the glide started,
and the distance traveled from that point. See Fig. 40. Nor should
the gliding ratio be assumed to be that distance between the point
of launching from hand to the landing point, 'as the initial speed 1is
greater than the normal glide, and the closeness of the ground also
has a cushioning effect, because of the compression of the air be-
tween the wing and the ground.

» ?‘fgna-x
\ Jo74c 4
\2/F7 (8aa-k) B | 2eag-mg 3
- ‘02~
%66 \ % —.
A . :
i oY 2AG (3mW)[ \ 4 crir s
: \ Deds 2ok

7. ComP
3
I

L a _ Begrsrofi

= 1
/;: i 2ET 5
% Pl
TOJAL LIFT =
e GLDE N
12279 7 AN
Gi // GNVDEE Convdyrvons :
(&or) [ =———1 T —]

WIND W/ND
For Clarification

"The angle of incidence i1s the angle between the chord line and
che thrust line'.

"Phe angle of attack is the angle between the chord line and the
path of relative wind".

The above definitions are official for power plane use:. Since
the construction and position of the elements of models vary greatly
from one design to another we might accept the following definitions
for model work:

"The angle of incidence is the angle between the chord line and
the line drawn from the center of the prop to the rear hook". Let
us make this definition semi-official, so that we will know what 1s
meant when we mention "two degrees downthrust" or "one degree posi-
tive", etc.

"The angle of attack in smooth air is the angle between the chord
line and the path in which the model is moving". Sudden gusts change
the angle of attack until the model readjusts itself to the new flow,
when 1t will again be’ about the same.
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Fuselage

The four longeron type of framework construction still dominates
fuselage construction. The simplicity and ease of construction make
i1t a fevorite among builders, especially those who have little time
for model work. This type has served well under the prevailing weight
rules, because the low wing loading of the model has helped to offset
many of the disadvantages. However, the expected change in weight
rules will put it into the discard and new types of construction will
become popular.

The official 1937 Wakefield rules require a minimum welght of 8
ounces for the 190-210 sq. in. model. The N. A. A. rules are almost
sure to be jumped up to 3 oz. per 100 sq. in. (just multiply the wing
area by .03 to obtain the required weight in oz.). It 1s highly im-
probable that these rules will ever be lowered. The heavier wing
loading will not change the general design very much except that the
various points of junction will be cleared up, and the fuselage will
have to be strengthened to take more power. The builder who makes
the most efficient use of the high power ratio will undoubtedly win
the contest.

The strength of the regular longeron type of fuselage can be
greatly by using larger and stronger balsa and covering it two ply or
with bamboo paper. However, the mortality ¥ate will still be high--
mainly because of rubber breakage armd collisions. We must remember
that the increase in weight will speed up the model and endow it with
plenty of kinetic energy.

It is problematical how well the removable motorstick will fare
with this change. The removable motor stick hes its points, and it
is possible that a well made built-up stick will hold up under the 20
odd strands. It is amazing how strong balsa can be 1f 1t 1s used
correctly. The next proposition i1s the all-balsa fuselage design,
and 1t is the opinion of the Editor that this type deserves most at-
‘tention for the coming era of half-pound jobs.

There are several different types of fuselage constructions des-
cribed in the plans or individually, and there 1is no need for describ-
ing them here. Therefore this particular section will deal with only
the sheet balsa design

There are many forms or the all-balsa fuselage, ranging anywhere
from the elliptical to the square section. Of course, the elliptical
one is best from all viewpoints, with the exception. of the time re-
quired to construct it and the necessity of using high grade supplies
The next best i1s the round cross section type. This is much simpler to
make as the bulkheads are round, and the covering balsa can be made in
patterns. On such fuselages the work will be simplified if the model
Eas straight 1lines. On all circular jobs the bulkheads should be of

C" stock and the covering of "A". The other forms consist of varia-
tions of the several flat-sided type, and also those with curved tops
and bottoms.
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The Editor has made the several models shown in sketches during
the past summer, and all of them have held up well under all condi-
tions. The secret here 1s to use "C" or quarter-grained stock throu%h-
out. By using this grain the sheet need not be more than true 1/32
thick for any model using up to 20 strands. 8-9 1b. balsa should be
used. The corner type of joints glve a stringer effect, making long-
erons unnecessary. The beauty of this construction is that the
weight compares favorably with the ordinary type of fuselage with a
much greater safety factor. It i1s quite possible to have a blg sec-
tion knocked out of a side without losing stiffness, and the repair
work 1s a matter of minutes, as the model can be flown as soon as the
patch is set for a hold-on, while a broken longeron calls for a major
operation with splints and upsets the adjustments as well. The con-
struction time with balsa sheet is less, providing that the layout amnd
hmaterial are on hand.
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The balsa sheet construction regquires very accurate work and exact
bulkheads and patterns. If the parts are well made, it is a resl joy
to see everything just click Into place and the whole fuselsge smooth
throughout. Before starting to work, decide on the cross section
shape. desired, making sure that 2" sheets can be used throughout. A
wider section calls for joining, as 3" stock 1s expensive as well a3
difficult to obtain in the required grain and welght. Now draw the
side wiew on a plece of :stiff white paper, and lay out the buikheads.
The side pattern should be transferred to a template or directly to
the balsa. Coat the bulkhead outlines with wax and begin to assemble
them. There are several forms shown, and you can use the one most
suitable to your own particular conditions. Be sure to make them ex-
act and do not spare the cement.

The assembly is quite simple. Cement the ond bulkheads first, and
then cement the center to the sides. Be sure to cement them on the ex-
act spots. After all of the bulkheads are in place, the landing gear
tubes can be fixed in place. The remaining sides sre cemented on
without the aid of a psttern. The surplus 1s trimmed off after the
cement is set. 1In joining the balsa sheets, use u generous amount of
cement to ffom a bead along the joint. The finsl finish is to sand
and dope. For super-strength, cover with paper.
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The above covered the polylateral fuselage. If a square or a tri-
angular fuselage is used, the bulkheads can"be made while assembling
is taking place., Cut to slze the side pastterns and cement them in the
proper places. If the fuselage 1s absolutely square or equilaterad,
all strips can be cut at one time and set asids. The sides are as-
sembled by cementing the upper and lower strips and then covering with
sheet. This method 1s especially recommended for enclosed rubber
stick models. It compares well with the tubular type of construction.
This type of construction lends itself very well to mass production.
This idea should be especially appealing to clubs as the side patterns
and bulkhead jigs can be passed around, once a satisfactory design 1is
reached
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Although the fuselage design can be improved a great deal, the Ed-
itor believes that we should concentrate more on the wing and general
layout, for the next few years. By using the same fuselage we can get
a better picture of what occurs with different wings and different ar-
rangements. We can modify the fuselage to a high wing, midwing, or
low wing design, keeping the general shape the same. A good example
of this practise in the commercial field is the system of the Lockheed
Co., which made all of their single englne fuselage jobs on the same
form and yet worked out numerous designs.
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Aerodynamical Notes

The main consideration in fuselage models 1s to have the fuselage
as much as possible in line with the flight pgth. It 1s here that the
round and elliptical jobs shine above the square section. The square
Job of streamlined outline is fair if kept in line, but the moment it
becomes angled the drag increases tremendously. It i1s for this reason
that a fuselage set on edge 1s better than one which is level. Try to
come as close as possible to the ellipse by breaking up the perimiter
into numerous sides or else by rounding off the top and bottom. De-
8ign the models so that the thrust 1line will go through the center of
the fuselage, or st least adjust it so that the fuselage will be in
line in the glide. All of these points will mean a great deal when
the wing loading is increased during the coming year. Other aerodyn-
amical points are covered in the Theory chapter.
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The most common wing failure is the breakage of the spars when
an excessive up or down force is applied. A head-on collision u-
sually only dents or cracks the leading edge. From this we see that
we must improve the vertical structure, as the horizontal s tri¥cture
1s sufficiently strong due to the rib and covering combination. It
has also been noticed that the wings with many small spars of almost
square cross section have a higher breakage ratp than those wings ir
which the spars are deep and narrow. It therefore seems advisable
to follow regular aircraft practice, by using deep and narrow spars.

The strength of a deep spar can be increased without additional
weight if quarter-grained or "C" stock balsa is wsed. This cut is
very stiff and when the spar is under pressure, will ‘tend to keep
the spar in line instead of crinkling. The moment the spar wood "~
rolls, its value as a spar is lost.

On a normal model a single spar will be sufficient for models
having a chord of not more than five inches. A larger chord nec-
essitates more spars or a strong single spar with a built up lead-
ing edge to serve as a box spar. Structural sections also give a
high strength-weight ratio. If they are unobtainable ready made,
the simplest to make are the box spar and the I section. It is
zgrprising how strong parts can be made with the use of these sec-

ons .
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The spar and rib combinations shown in the plans will prove sat-
i1sfactory for the increased wing loading, except that the spars will
have to be strengthened on some. In the opinion of the Editor, the
construction shown on the sketch should prove to be the most satis-
factory, as all points are taken care of. The leading edge does not
have any seg, and at the same time the weakness of an ordinary sheet
leading edge 1s removed by the addition of a solid spar. Note that
the rib is continued for the full chord length. The construction
procedure 1is simple providing that the ribs are accurately cut. The
between-rib spar 1s usually fitted in by indivigual sections.

The ribs must be made of "C" stock to obtain the greatest bene-
fit from the weight of the wood. Here again the grain serves the
purpose of keeping the desired airfoil section and also provides ad-
equate torsional strength. In designing the wing structure always
be sure to have a full chord rib. Such ribs keep their shape well
and also lessen the chances of having the leading edge rip off. If
the rib is cut in two to proyjide for the spar structure, the cement
and covering are the only things that keep the structure together.

Another point to keep in mind is to use strong ribs at the cen-
ter and tip. The tip rib should receive special consideration s it
takes the brunt of most collisions. If the tip rib and the tip 1t-
self are weak, it takes a comperatively small force to break them,
and once they are gone, the rest of the ribs and spars just crumble
as the force is now concentrated on each individual item, and not on
the wing as a unit.
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INDOOR 69

The construction amd the flying proceaure of the indoor model have
been well covered in the preceding Year Book and in numerous articles
appearing in the model magazines. Therefore only new hints of the
last year have been sketched.

Success in indoor building and flying depends mostly upon the in-
dividual. High'time can only be attained by knowing how to adjust,
as well as how to make strong models with the minimum weight. Fairly
good duration may be achieved by most builders, providing that they
build a smooth steady model and pay particular attention to adjusting
8o that the counter forces will be at a minimum.

The most important point to remember when making a model from a
plan, 18 to have all parts the same weight as shown on the plan. An
accurate scale 1is indispensable. But remember, there is a difference
between the contest model and the record model. In most cases, the
record model was flown under the most favorable conditions, while a
contest model usually has to overcome many difficulties, mainly low
ceilings and drafts. Therefore, the contest model should be built and
designed to meet any expected conditions. For wintry days, the mod-
el should be strong, so that it can be handled with stiff, cold fin-
gers. For a low ceiling don't forget to let out turns, and use plen-
ty of slack rubber. By keeping in mind that a contest model does not
necessarily have to be a record-breaking one, you should be able to
develop a cup-getter suitable for your particular conditions.

The speediest method of laying out the ellipse is to use the meth-
od shown by J. P. Glass in the 1935-36 Year Book. Just consider the
final double ellipse as being a combination of two halves of the same

length but of different widths It is from this fact that th
. e name
"double ellipse” 1s derived. o
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20 MICROFILM

A satisfactory microfilm solution can be made from standard
good clear lacquer, model dope or a mixture of the two, and the right
amount of castor oil or tricresyl phosphate. The last two mention-
ed are called plasticisers and are used to give the film flexibility.
Without flexibility, the film is brittle and breaks very easily and
when a tear is made, it spreads very rapidly.

Before pouring any solution on the water it is advisable to
check the following points:

The film should be made, if possible, in a tank used exclusively
for microfilm., If a bathtub is used, be sure that it is scrupulously
clean, as the slightest trace of soap will break up the cohesion of
water molecules. If the air is too humid or the water too cold, the
film will become smoky, by collecting moisture before drying. A
cold draft will also cause this. The water should be of normal sum-
mer temperature. Hot water will spread the film, and cold water will
retard it.

The 1lifting hoop should be made of 1/8" diameter aluminum wire.
(Costs about 2¢ per foot.

Have at least six inches of cleared space around the hoop, 8o
that the film spreads evenly over it.

Divide the tank into small portions for small size frames. An
unlimited water surface area will tend to spread the film until it
is too thin for practical purposes.

It is advisable to have some way of measuring the amount of sol-
ution used, as it is possible to get film of the same color time
after time, providing the same amount of solution is used on similar
space.

Now that we have the proper equipment we can try our solutions.
The first solution should be of just olear lacquer. Pour a short,
steady stream on the water and watch the film spread. After a while
the edges will begin to crinkle and the whole film will begin to
confract. This is a sign that not enough plasticiser is present in
the solution. MNore plasticiser is added in small quantities with
trial tests in between. The satisfactory solution proportion will
bs reached when the sdges do not contract and the film is not tacky
after 3 mins. of drying.

Now that we have the solution we can begin to make the sheets
which can be used on the model.” The following table shows the col-
ors of the film which sbuld be used on different classes of models.

i f i Pt G e gy e

Blue Violet--ROG tail ! |

et

- ’ @ /
Red Violet--ROG wing | ¢ | §3 l,lzlxte 8/80 1§ 2]
Violet Red--Class B and | w | S | E FREEEEE N - ELS u
C tails ' b, | g R N ‘ N ’_‘g 5 v '@wuz: N
Apple Greem Class Band | » | » | 5 [ | 5 |3 ugdc g 5™ ¢
C wings S| gi9la8 |28 3 8 ¢ ¥ al
Dark Green--Fuselages \% \ A \1 \ 3 S < iz
s

1 nrll\'x

The color depends on the amount of solution used and on the
water area upon which it is poured.

- S

sl s g coe de A

To make small sheets, the solution can be poured on one spot.
For large and long sheets the solution must be poured in & long con-
tinuous stream.
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Films can be removed from the water by hoop under or above it.
Just be sure that the film overlaps the wire and that it dces not
slip once it is on the hoop. The narrower the hoop, the easier it
is to remove the film in one piece. Beginners should not use a
hocp more than 10" wide. The film should be removed by gently 1lift-
ing one side, until it begins to clear the water, and then raising
it rapidly, edge first, so that the opposite edge of the hoop leaves
the water last. Most of the film that is lost is done so by lifting
it too slowly. Never raise the hoop on a level plane, as the water
will break or crease the film in the middle.

The film is normally used when the water has evaporated but if
you arc in a hurry, it can be placad right on the wing frame. The
best adhesive is saliva, which is applied only to the outline of the
wing or tail surfacse. i fair adhesive solution can be made from 1
part of rubber cement to 5 parts of benzine. However, this increases
the weight as it does not evaporate as completely as the saliva.

The film is applied either by placing the surfaces on it, or by
placing the film on the surfaces. The last method is recommended
for the beginner, Be sure to have the table area around the wing
frame or other parts to be covered, moist so that the film sticks to
it and naturally presses on the wing frame.

There are two methods of trimming the film. One is with banana
0il or dope on a small brush. The other is with a hot wire or elec~-
tric soldering iron.

Do not use & very liquid solvent such as acetone as it is liable
to run over the spars ruining the covering. The trimming stick or
wire should be held about 3/8" from the side of wing frame. The film
should melt before the stick, and the edge of it should form a small
bead along the spar. Replenish the trimming liquid, or reheat the
wire as soon as the film stops melting and touches the trimming ms-~
dium.

Wings are usually covered in sections, especially if they are
large. Smaller wings, such as R.0.G's, can be covered in one oper-
ation by the followingsmethods:

1. Covér the wing first and then make the dihedral and orease
the surplus film with the breath.or water.

2. Divide the film on the hoop and remove the side nearest to
the handle. “he remasining filin is applies as shown on the sketch.

3. Bend the hoop into the dihedral and place the wing on it.
In this case the hoop is bent after the film is placed on it. Ine
this case the film is removed irom the water by placing the hoop on
top of it.

To cement wing sections together, it is best to cement the cen-
ter portion of the ribs first, and them to bring the spars together.

Microfilm jobs can be transported on long trips by using the
packing methods shown below.

12 Mitrate Dope 4 Collodian
1 Castor 0il 2 Amyle Acetate

Microfilm Formula used by Mayhew Webster

Note~ Litting rilm éf lé/ac/;l7 hook cn Jop mas sepgested Ly Joe Herva? Wis,



72 INDOOR CONSTRUCTION

The sizes of the particular components nre shown in the draw-
ings of the record ships.

The spars are tapered by sanding the whole balse sheet into a
taper. The strips or the spars are tapered by slicing them off the
shest at an angle. The final shaping should be done with fine sand-
paper. :

The ribs are sliced from "C" stock balsa sheet, sanded to the

requirecd thickness. Use an alunminum, fiber or a bristol board for
a template. The ribs are cut to size while assembling the wing.

Cur rO7APER SANO TO TAPER e
e
E TEMPLATE

ASSEMBLING THE WING

Draw the full size plan of the wing on & pieca of corrugated
board. Stick pins on the spar line just opposite the rid lines.
Place the spars on the outline and hold them in place with pins.
Cement all the ribs to the leading edge. When dry, trim the ribs
by snipping off the part that overlaps the rear spar. Cement in

placs.
Z mMoisT
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&
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Tips are made by the method shown:

The tail surfaces are made in a similar manner:

MOTOR STICKS & BOOM

Make former out of hard wood or metal. Cut blank to shape;
moisten it and bend it around the form as shown.
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STANDARD NDOOR PACAING
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Ing over heat

A perfect indoor propeller can be suc-
cessfully used for years. It should be in
balance by weight, blade area, shape and
flexing. Carving should never be rushed.
Four to six hours is not too long. Cut
block to “X” blank and follow the carving
system as shown for outdoor props. Use a
very sharp knife and carve in long thin
slices. Constantly inspect for thinness and

Use every bit of will
Your workmanship

avoid “windows”.
power to sand away.

on the propeller mirrors your ability as a
craftsman.

& Finish
as erdinary

Tungsten Wire has amost twice the
strength of ordinary steel wire. It is rust-
proof; will not stretch under strain and can
be obtained in sizes small enough for in-
door work. It only has about 1/10th the
drag of finest thread.

Successful application requires experi-
ence. Use the following suggestions: Work
on white paper so you can see the wire.
Cement ends to balsa strips for ease in
handling. A kink will break wire when
pulled. Double end for larger cementing
surface. When applying diagonals on mike
fuselage do not pull tight or you will get it
out of line.

) Ny 3 “
N/ | @i et e / /
N Bent around / - Breaks
ZDia Rod / / Tunq:zn



74 MICROFIIM PROPELLERS

Developed By Lawrence Smithline

The advantages of microfilm props are evident, and there is no
doubt that they will be used more extensively in the future. The
highest time made, up to date, with microfilm prop is the 22m 1ls
flight which Herbert Greenberg made at the 1935 National in St.
Louis.

The method of constructing microfilm props, as shown below, has'
been used for several years and has been proven to be dependable.
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ASSEMBLING PROCEDURE

1. Place the L.E. spar as snown and hold it in placa with pin.
Moisten it so that it will retain its shape when removed.

2. Position the T.E. spar. Moisten the tip and bend it around the
form by holding it at the extremity. Always have presswre on
it or it will kink and spoil the Jjob. Hold it in place with pin.

3. Let the spars dry and cut ribs while waiting. All the ribs can
be of the same chord.

4., Cement the ribs to the L.E. When set,. trim the excess at the
T.BE. with razor or curved scissors. Cement and let dry.

5, Remove the outline and prepare the other blade in similar manner.

6. Attach the two blades to the center block as shown.



COVERING

Make a rectangular frame of balsa strips.
by transferring the film from a regular hoop.
Twist the frame, equivalent to the

for the following operation.)

75

Cover it with film
(Four hands required

prop pitch, a2nd have your partmer contact the saliva moistened prop

outline on the concave side of the frame.
Trim with hot wire or banana oil.

the outside or convex side.,

the same procedure in covering the other bladse.
removed by passing the prop over an electric bulb,

or a hot stove.

(The prop is covered on
Use
Wrinkles can be
soldering iron,

While using the prop be careful to hold it at the center at

all times.

small hoop of spare film. Superfine will also do in a pinch.

It can be patched up by transferring film to it from

Just

moisten the area around the break and the film or the paper will

adhere to it.
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Indoor Pusher ..................... TP .by Jimmy Throckmorton

There has not been very much written about pusher models, and the
hints listed below were found by the tedious but practical "test and
try" method, during six years of experimenting with indoor pushers.

1. Have a sturdy elevator and boom. More ships are erratic and
unsuccessful because of this than from any other cause. The motor
saticks must also be straight and strong, or the ship will almost im-
possible to adjust.

2. It is of the utmost importance to have the Center of Gravity
near the elevator end of the model. This calls for the prop to be as
light as possible. The wing, you will find, can be made lighter than
a tractor wing, and will still stand up.

3. I have seen dozens of pushers fly well for a minute or two
and then begin to spin or settle down prop first. I found that by
placing a rudder in front, the flight is normal throughout and is def-
initely improved. The rudder is needed In the front to balance the
slde areas caused by the wing and prop. The dihedral of the elevator
is usually to small. The rudder in front and below has better con-
trol with less area with a consequent saving in welight and a lowering
of the C. G. A high Center of Gravity is usually the main fault of
most pushers.

4. I balance the torque by offsetting the thrust line and I get
my turn with the use of the rudder.

I believe that the pusher stands an equal chance with the tractor.
The model shown would tick off 15 minutes consistently. With rede-
signing and the incorporation of the latest ideas, maximum areas, and
a good microfilm prop, the pusher will be sble to fly more slowly and
will come into the 20 minute class. I hope to demonstrate this fact
in the Open class, if time permits.

AERONUTTICS

COPY THGRT by MAP
"And when I die, I want to go where lubbed knots stay tied."

"The only tree in the place and my model had to nit 1t!"

Poor Chap; so young; calm most of the time but keeps mut-
tering, "Why! oh why! did I back stroke!"

Air Molecule Altimatum from the city of Airmoleculistia:
"T4t for Tat. You mess us and we will mess you."

"I owe 1t all to Assco," said Mr. Peguin after his first solo.
It's always swear weather when model builders compete together.
A contestant's greatest asset 1s his lie-ability.

Statiscally speaking: If all model builders were laid end *o
end, a steam roller would come very handye.

"Oh, so that's dopel I always thought dope was something the
pilot had to take before going up."

"All I said was,'It looks nice with all that lacquer but
will 1t fly?' Then his eyes went queer,"

Correction: Substitute'GUESSTIMATED' for Scientic Design.
(Merrifield)

"How do you like the new 'ANTI-AIRCRAFT' rules?
(Schumacher)
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Double - Surfaced Monospar Microfilm Prop

Developed by Sidney Axlerod
Suggested by Carl Goldberg

The propeller design as shown is the sixth of the experimental se-
ries. It 1is 163" in diameter and weighs only .007 oz.; with a variable
pitch device 1t weighs .015 oz., which 13 still below the average of
the wooden propeller. It has had numerous flight tests and it has
proved to be superior to the ordinary microfilm prop. The center spar
and the double surfacing remove all the disadvantages formerly sttrib-
uted to the microfilm prop.

The construction procedure is similar to wing construction, and 1is
comparatively simple if directions are followed faithfully. The result
wlll be a pertfectly true and sturdy prop.

1. Make the form from a block of wood with the desired piltch and
diameter dimensions. Cut the helix perfectly flat from the leading to
the trailing edge. This is important and should be done carefully.

2. Draw the prop outline and cut the pattern in the wood.

3. Cut the spars and ribs to specification. Note the curve of the
center spar to accomodate the undercamber variations. Also note that
the ribs are of quarter-grsin stock, and that the curve given will fit
all points on the diameter.

4. rosition the spars on the E-F line, and begin to cement the low-
er ribs into place. After the lower ribs are set, the upper ones can
be cemented. Trim the ends to the outline line.

5. The leading and trailing edges are made of cne plecs, which 1s
cemented onto the center and leading edge ribs first and then rolled
-around the form snd cemented to the trailling edge ribs.

6. Reenforce the hub with 1/32" balsa as shown, and also cement
tungsten to the top and bottom of the ribs to keep the film from stick-
ing togetner. The prop nalf is nouw ready to be removed from the form.

7. Make the other half. Assemble byv lapping the hunbs for extra
strength. Insert the prop shaft and cover with film. After covering
let the water adhesive set and dry before trying the prop out. The
caonstruction time is about 4 hours, in comparison to the 5-6 hours re-
quired for the carving of a wooden vropeller.
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80 FLYING AND ADJUSTING INDOOR MODELS
By Carl Goldberg

When launching an Indoor Tractor, hold the model in your natu-
ral writing hand, placing the thumb and the first finger on the spot
where the wire saddle of the rear wing clip encircles the motor stick.
The wire will keep your fingers from crushing the stick, and at the
seme time allow you & firm grip. Inspect the prop shaft to see that
there are no knots of rubber which might make the prop wobble in
flight. Usually such knots are present when the movor is tightly
wound. Pull them toward the center of the shaft hook and grip the
rubber with your free hand about $" from the hook, allowing the rub-
ber in front of your fingers to unwind until the knots disappear.
Loosen your grip slowly, letting the winds from the rear come into
the front part of the motor, allowing the prop to spin meanwhile.
When it is apparent the knot will no longer give trouble, hold the
model up in launching position, which is banked over about 10° in
the direction in which the model will normally bank, and with the
nose pointing up at exactly the same angle at which you expect the
model to c¢limb; then push it gently into the air along the line the
motor stick is pointing, and at about the speed at which the model
flies.

The best method for adjusting that I know is to set the wing in
such a position that the model glides well, and flies smoothly on a
few hundred turns. Then make a series of test flights starting with
about 800 winds, and adding 200 to each flight. If the model shows
any stalling tendency on one of the flights bend the bearing slightly
so that the prop leans forward very slightly then try agai? on the
same number of winds. If it works all right, on the rext flight
again begin adding 200 winds, until you run into more stalling dif-
ficulty, which requires a little more of the same medicine. Event-
ually, by this method you will approach and reach full winds. If
the model dives then, bend the bearing back towards its original
vosition a trifle and also turn it so that the prop faces just a
shade in the direction in which the ship is to turn.

The writer has been asked a great many times about the advan-
tages of a cambered stabilizer as compared with a flat stabilizer.
When using a camber, as the angle of attack is increased, the 1lift
developed is grgqater than the 1ift for a flat section, providing the
areas are equal. For this reeson, it is apparent that a cambered
stabilizer will have better "anti-stalling" qualities.

But apother, and even more valuable asset of the cambered stabil-
izer is its use in pulling the ship out of a dive. When a cambered
section is set at zero angle or a few degrees negative in the air
stream, the section tends to dive. A flat section set at negative
angle tends to straighten out to zero degrees. So cambered stabil-
izers are made with the leading edge just weak enough so that when-
ever the ship's speed increases, no matter how shallow the dive, the
leading edge will bend down, increasing the negative angle of the
stebilizer, thus slowing down the ship, and bringing it out of the
dive. However, you must be careful to make the leading edge strong
enough to withstand the pressure of diving, and rigid enough to
maintain its angle when the ship is in normal flight. The proper
strength can be found only by experience, &s it must not only be
strong enough to remain at the proper angle in normal flight, but
must also be delicate enough to start assuming a larger negative
angle whenever the ship goes a bit faster due to drafts getting
under the tail, a weak mote g
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100 Petrol Model Hiuts

by Captain C. E. Bowden
General

The testing period 1s the most dangerous period of the life of
the petrol model. It is therefore worthwhile thinking out a system
that ensures the maximum smount of success that can be achieved.

The method I have adopted for several years now has proved it-
gelf very satisfactory and has been also used by a number of my
friends, with very little damage to their models.

Before describing the actual mecnod itself, I would like to de-
scribe certain features that I incorporate into all my gas models,
whether they are high wirng, low wing, or biplane. These features I
consider a help toward testing and subsequent flying without damage.

Firstly, all of my models have a detachable nosepiece upon which
the engine is mounted. This nosepiece 1is held into the nose of the
fuselage by rubber bands to wire hooks, in the same way that the
nosepiece of many rubber models is attached. The engine on striking
any object can therefore be knocked out and the rubber bands give to
the blow instead of the crankshaft. Again, this method allows slight
alteration of the thrust line and offset of the thrust to counteract
engine torque, by the simple method of inserting slips of packing
wood between the detachable mounting and the fuselage. Fig. 1. is a
sketch of the method.

All of my models have their cantilever wings and tailplanes at-
tached by rubber bands to wire hooks that protrude from the fuselage.
Thus the rubber bands hardly show, and yet allow the wings, etc. to
be knocked off in the event of a crackup.

Thirdly, I always fit a type of undercarriage that assures a
backward movement -twist followed by an upward movement. This takes
up the blow of gliding into the ground, for & gas model 1is maturally
not "flattened off" and stelled to a three point landing by a pilot.
It glides into the ground. The undercarriage must therefore be well
forward and glve backwards first.

L THOVGH ORIS/NAL WAS CAST,
JHE WOSEPIECE MAYEBE MADE

oF METAL AND WOOD ~/7 N/ST
BE STRONG 70 NEEP SETTINGS

LBU/SED SPUARE
70 AT /N SPVARE

dIMENSION 7O ar/N oN FIesT

S0/7 INDIV DL BUNHEAD LLEKTRON CASTING
1 ]

2o iy

Fig. 2. shows the type of undercarriage I fit. I have never
known one of these to become damaged and seldom do they allow any

demage to a fuselage, owing to their large range of travel in the
right direction. ¢
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Pourthly, I consider it essential to fit a model with a device
that will definitely control the duration of flight to within sec-
onds. This is both a safety device and a great help in test work
as the reader will shortly see.

The best control device 1 suow of is mde from the "works" of a
half-dollar small clock. The mechanism operates an ignition switch
and cuts the current from one of the battery leads after any prede-
termined time.

The mechanism is extracted from the case of a cheap clock, and
the case, the hands, and the dial are scrapped. The escapement move-
ment is next removed and discarded with the exception of the escape-
ment wheel which is converted into a governor. Little metal strips
are attached at one end to the escapement wheel opposite each other
and the other ends of the strips are left free but have blobs of sol-
der attached. A small tin cylinder is then made for the escapement
wheel to revolve inside with its weights on the ends of their strips
of sheet metal, but not touching the tin cylinder which is soldered
into position in the works of the clock. The above is a governor
which et a certain speed whirls the strips with their weights out in-
to a light frictional contact with the walls of the cylir‘ier.

. A small starting and stopping device 1s next fitted to a three
ply top to the clock. See Fig. 3., which is a side elevation of the

clock timer.
STRLT AND S]OP ALYER

__ gupe PATH” %F/ﬂé TELNTE s
5 i v

BALNHARDS Y VPWARAS
DUOwy 70 ONOER CARR/ABL

Q0RAL TVBES
™ LLo0R OF
ALONE 8/DE OF Binwd

&7 OK SOLPER R T
GIVERNIRX CYLINIER

vse fon STan wies

NVIBE
CcavrAcT

DETHHABLE LANDNE GLEAE

SEY miTH POINTER

The top portion of the clock's winding key 1s now replaced with
a pointer made from a nsil. A paper dial is next fitted to the three
ply top. See Fig. 4. which shows the top of the device.

Electrical contacts are also fixed as shown, and the dial is cal-
ibrated with a stop watch in seconds.
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70 operate the time switch, the vop and start lever is raised and
the pointer wound up to the required number of geconds as shown on
the dial. The switch 1s connected and the engine 1s started up. Just
before releasing the model, the clock starting lever is pressed and
the time switch will stop the engine after the correct time as set on
the dial.

. With this ‘device 1t 1s possible to test out a model with com-
plete safety, starting with a short hop of, let us say, five seconds,
and gradually increasing the duration until perfect trim 1s obtalned.

It is also possible to fly a model in a small fileld. Mr.. Allman,
a former winner of the Wakefield Cup, designed this device. This
clock device can be made detachable and fitted into various models.

Testing a Gas Model

I invariably carry out the following procedure when trying out my
new models, and as a result of this procedure and the methods of de-
8ign already described, I very seldom indeed do any damage during
this critical period.

Having obtained the correct wing position in relation to the Cen-
tre of Gravity of the model, 1. e. the C. G. at about 1/3 from the
leading edge of the wing, and having also allowed for the correct an-
gles of incidence of the wing and tailplane in the design, the model
should be glided carefully by hand into & slight wind, and any small
ad justments made so that the model makes good flat glides.: The mod-
el must be a good glider if good landings after power flight is com-
pleted, are to be obtained. i

Now a five second hop can be tried under power, controlled by the
clock mechanism. But before this is tried, the detachable nosepilece
must be tilted downward (1. e. "downthrust") by packing wood slips
between the detachable engine mount and the fuselage nose. The nose-
pilece must also have a slight offset to counteract the engine torque.
Release the model, and if it will not rise during its five second
run, reduce the downthrust a little at a time until the model just
starts to get off the ground. Now try a longer flight and if all is
well and a good landing 1s obtained, as it should be after a good
glide, the wood packings between the detachable nosepiece and fusel-
age can be permanently glued into position and covered over with silk
and doped to keep into position.

If you have never tried the above method, just gilve it a trial
and give up ‘crackups!

As the reader, will probably know, if the wirg 1s placed very high
in relation to the engine thrust line (as in a parasol or high wing
model), then there will be a tendency for the engihe to pull the nose
up around the very high centre of pressure of the wing and so cause a
stall. Many people fira, test their models under power and in order
to stop stalling under these circumstances they move the wing back a
little. When the power ceases the model becomes nose heavy and dives
to a crackup.

The correct method is to give the right amount of downthrust to
counteract the stalling tendency and to leave the wing in 1ts correct
gliding position over the C. G. Good landings and glides will then
be obtained. The detachable nosepiece allows this to be obtained
very easily.
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GAS MODEL HINTS .* Enad

1l:- Place wheels before prop to save
prop, motor and etc. when model hits
obstructions or when it dives

2:- To keep model in sight have wing
transparent with clear dope and use
color dope for outline and scallops.

33~ Place the battery track on the
bottom of the fuselage for low C.G.
and easy balancing.

4:- Use moderate thick sections. A
thin section climbs well but the glide
is poor. A thick section is slightly
slower but it glides much better.
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124 Low Speed Airfoils

by Fred J. Rogerson
Reprint from "Canadian Aviation"

Realizing that we have been handicapped by lack of data concern-
ing low speed airfoils, I decided to make a series of free flight
tests. I bullt a weight rule model and a number of wings with iden-
tical plan forms, areas, and weights, but with different airfoil sec-
tions. Then with the aid of a stop watch, a 100 foot tape line, and
plenty of blue sky, I proceded to make some tests.

Early in the experiment, I found that the Reynolds number is not
a reliable measure for comparing airfoil sections at low speed. The
rule adopted by the Germans for comparing glider sections seems more
suitable for our purposé, especially since the speed of soaring glid-
ers 1s reasonably slow, and the prime requisite of a model is to soar
well. This comparison rule is based on the median line (mean chord
line). The greater the arching of this line, the maximum thickness
remaeining the same, the slower will be the sinking velocity and great-
er the soaring ability. See Fig. 1. This I found to.hold true with
the airfoils tested.

The above rule serves gliders very well, since they are continu-
ously gliding down, but for power model work we must consider other
factors, mainly, that of getting the greatest height with the limited
power. Although airfoils with a thickness relation of 1:5 have proved
successful, it would be next to impossible to design a propeller of
reasonable proportions that would fly such a wing to sufficient al-
titude for the mean cember to get in its work. I found that the pow-
er required depends a great deal upon the angle (N) at which the lead-
ing edge meets the air, and also the maximum thickness of the airfoil.
See Flg. 2. A "Phillips" entering edge can be used to reduce the
value of N and yet retain the good mean camber. See Fig. 3. 1In the
tests, pointed leading edges, and those of very small radius showed
up reasonably well for this purpose. They also provided better stab-
11ity at large angles of attack. I believe that the reason for this
latter characteristic 1s that the dividing line between the upper and
lower airflow 1s determined by the form of the leading edge. The
blunter edge will tend to change the C. P. gradually, while thg point-
ea edge delays the 'shifting, until at large angles of attack it shifts
suddenly, causing a stable moment.

The airspeed af a model airfoil is too’low to build up high pres-
sure at the leading edge, as in commercial practise. The absence of
this condition causes a very heavy boundary layer of turbulent air a-
bout the airfoil which reduces the 1lift/drag value. However, the
pointed airfoils cut their way cleanly through the air, causing very
little resistance, although the 1ift value is slightly reduced with
this feature.
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N in B in Maxz. Thick.
AJRFOLL Degrees | Degrees | % of Chord
St.Cyr 52 Caudron 8.0 345 10.
* Gottigen 436 9.0 4.0 11.08
: c=72 9.0 445 11,73
Go Light 9.5 5.25 1L
U.S.A. 40 8¢5 4,5 13,72
Driggs 11.0 3.5 13,72
N.A.C.A. 6409 13.0 6.75 9.0
Eiffel 385 8.0 345 13.3
Grant 11le5 6.0 13.4
Gottigen 81 16.0 7.0 Te3
R.A.F. 32 10.4 6.25 127
Martin 40 11.5 663 2241
Clark Y 12.0 5.0 11.7

The 1ift of an airfoil 1s in proportion to the maximum thickness
and the angle (B) made by the chord line and the mean camber line at
a point 50% from the trailing edge. See Fig. 2. The chord is defin-
ed as the line between the extreme leading edge and the treiling edge.
It should not be confuséd with the datum line, from which the alrfoil
is layed out. Undercamber carefully applied 1s an efficient method
of increasine 1ift

These are the n.ost important airfoil characteristic requirements,
and csn be applied to any section we choose. Table I shows the angle
of the leading edge to the airflow (N), the angle between the chord amd
mean camber lines (B), and the airfoil. The choice will be left to the
reader as the requirements depend upon the wing loading of the model.

The test wing construction consisted of a 3/32" x 1/4" leading edge,
a 1/16" x 1/8" top spar, a 1/16" x 1/4" trailing edge, and rib spacing
of 13". The grain of the tissue was parallel with the chord and the
wing was doped w.th water and two coats of clear dope. On a highly
cambered section, the sag in the covering was found to be as much as
1/8" at a point about 204 from the leading edge. After the first tests
these wings were covered with 1/64" sheet balsa from a point 30% from
the leading edge on the upper surface to a point 204 on the lower sur-
face. This gave an average increase in duration of 25 to 30%. Still
greater improvement should be obtained from wings covered entirely with
balsa

Speaking generally, an airfoil should have:

1. A general pleasing streamlined appearance, without any very ab-
rupt changes in the curvature.

2. A leading edge of small radius, or one that is pointed.

3. The maximum height of the mean camber line at a point 40 to 50%
from the leading edge. )

4. No excess upper camber or under camber, as this may mean excess-
ive drag with no compensating increase of 1lift.

5. No excessive camber below the chord line of the "M" type of air-
foils, as this will decrease the 1lift.

6. A mean camber of .045 to .055 of the chord, as this seems to
give the best. performance.

To predict or calculate the performance of any wing, the finished
wing must have no sag in the covering. I might add that in tests a .1
oz. greater wing loading per sq. ft. makes the difference between soar-
ing and a straight glide in. I have found that the "Grant Section", as
used on C. H. Grant's twin pusher and twin tractor, a very good all-a-
round section. The greatest draw-back is that it absorbs considerable
power from a single motored job.
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Twin Pusher

oy Edward I. Manulkin

You old timers will remember that in the days before 1934, twin
pushers were winning almost every contest, bringing to their build-
ers every sort of prize, from kits to trips to Europe. Usually the
winning flight time was about three minutes. Very few of the pre-
1934 tractors compared well with-twins in performance.

This state continued until about two years ago, when the exper-
ienced builders began to understand more thoroughly the importance
of s treamlining, of design, and of proper adjusting. Since the sin-
gle tractor was the easiest to streamline and to adjust, the twin -
pusher was greatly neglected, so that at present most of the records
are held by tractors. You will note that it was the application of
stresmlining and adjusting that ceaused the increase of tractor time.
0f the two, probably adjusting is the more important.

Some reasons why the tractor has superseded the standard twin
pusher are:

1. The enclosing of the rubber motor, thereby eliminating that
gource of drag in glide and flight, as well as eliminating rubber
shifting.

2. The use of soaring ajrfoils.

3. The use of larger and slower props, permitted because of the
jecrease of drag.

It can readily be seen that the standard "A" frame with exposed
rubber is at a disadvantage against the slick tractor. Such twins
fly by the use of sheer brute power, and it is this feature that 1s
their downfall, as in the case of all brutes. However, new stream-
lined versions of the twin pusher began to appear early in 1934, but
not very much attention was paid to them in the grand rush to get on
the tractor's bandwagon. Those who did build these new designs were
pleasantly surprised when they found that these stresmlined models
would fly with less power end larger props, as well es have a flat-
ter glide.

I have been building outdoor twin pushers for about five years.
I obtained durations of up to 12 minutes with the orthodox designs,
after patient surface layout and numerous adjustments. Howevér,
when I designed and built my first streamlined twin, my duration-in-
creased tremendously. My first official flight in a contest resulted
in an out-of-sight flight. It was recovered a few days later, about
3 miles from the starting point. During the second contest, it climb-
ed l1ike an elevator until the power was exhausted and then soared out
of sight after about 17 minutes. This time it was recovered after I
was informed of its whereabouts by maill. The distance of this flight
was about 15 miles from the starting point. This flight strengthened
my belief that tractors were not as superior as some would have us
believe. The combination of a staggered "A" frame and enclosed mot-
ors seems to point the way toward wresting the duration record from
tractors, especially when the new weight rules are put into effect.
A conservative estimate of the duration of that remarkable flight is

twa hours or more. The point to keep in mind though, is that every
flight was of top-notch quality.

1 have never had any real difficulties with twin pushers. How-
ever, I have found the following adjusting hints handy, and they may
prove of value to other twin pusher flyers.

1. If the model flies well under power but stalls in the glide,
check the relative incidences. The cause is usually excessive incid-

ence. 1° negative for the wing and 3° positive for the elevator 1s
Just about right.
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2. If the model refuses to tur
mich dihedral in the wing or eleva

3. Use freewheelings that work
which flight will use them most.

4. Props should spin very freel
Ball bearing washers are excellent

-5. Make sure that props are in
aer power or in the glide.
also to insure true running .

6. The "A" frame should be very
half-roll-loop into the ground, you
twisted the frame.

7. Use plenty of power and have

combination has broken many records.

n, the trouble may pbe caused by too
tor.

use 1 inch per foot of wing 8pan for the
inches per foot of elevator span for the elev

A safe rule to follow 1is to
wing, on each side, and 1&
ator, on each side.
every time. You never can tell

¥y and not grind at the bearing.
for eliminating such friction.
line and do not hit each other un-

Use double bearings to prevent this and

rigid. When your twin does a
can be sure that the torque has

a light, streamlined ship. This

If the above remarks are kept in mind at the next contest or

while making a new model, you may be reasonabl
handiwork "a slight speck in the blue ceiling"

boys something to worry about.

(EQ
to wind up a powerful twinl)

¥ sure of seeing your
sy 81lving those tractor
. note: and anyway it takes a man
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"X” Ribbed Wing by John Whitehouse

After seeirg an article in a magazine on the geodetic system of
wing constrwc tion, I made a simplified design for model use. I test-
ed it on a contest model and the results were better than I expected
Although the aspect ratio was 12 to 1 the strength equalled that of
a 7-1 wing of the same spar and rib sizes. Below 1s shown a sketch ™
of the principle, By placing the ribs at 45°, they.assume several
functions. First, they provide the airfoil curvature; secondly, they
assume part of the spar load; and thirdly, they also provide a diag-
onal brace effect.

The construction 1s as follows: rib "A" 1is normal while the rest
of the ribs are so plotted that the chord thickness is the same as
used on a normal curve while the length 1s increased because of the
diasgonal position. See the drawing. The exact length can be easily
determined by trigonometry, or by a full size drawing.
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Although 45° u.agonals are best, the angle may be changed if the
chord 1s too wide. For lerger models and gas jobs, the number of
nibs mpy be increased. The -size of the leading armd trailing edge
spars should be slightly greater than on a normal multi-spar wing.
The leading edge can also be covered with sheet balsa ar stiff paper
to prevent sagging at the triangle.

The wing mentioned above had a 1/8" sq. leading edge and a 1/8" ¥
by 1/4" trailling edge. The span was 44" with a 4" center chord taper-
ing to a 2" tip. The span of the gas model wing 1is 15 feet and is
made up of three 5 foot sections. The leading edge is 1/2" square,
and the trailing edge is 13" x 3/8". The ribs are built up of 1/8"
8Q. A capped channel beam 13" x %" 1s placed. close behind the lead-
ing edge, which is covered with 1/16" balsa sheet. To date, no troub-
le has bean experienced in covering the undercamber.
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130 Papier~Mache Model
by Fred Mayfield

Usually papier-mache work is*made by soaking paper in water un-
t11l 1t becomes pulpy and then making a mixture from this pulv and a
small amount of Plaster of Paris. This mixture is plestic ehough to
be worked with the hands or moulded from patterns, into any desired
shape. When the water evaporates, the result is a light and fairly
strong form. For model work the procedure used 1is slightly differ-

;gﬁ, 1y that the paper is not reduced to a pulp, but is used in sheet
m.

The first step in preparing the parts of a papier-mache model 1is
to carve a form or a pattern of the part to be constructed. This
form can be made of white pine or balsa. The flat wing mounting of
a fuselage can be carved to shape or built up with clay. Any other
protuberances (such as headrests, wing fillets, etc. ) can also be
built up of clay. The pine form should then be sanded smooth and’
varnished. If balsa is used, several coats of shellac should be ap-
plied. The form should also be rigged up so that it can be rotated
on 1ts lateral center line as shown. The papler-mache construction
procedure is as’ follows:

Cut a sheet of bamboo paper into strips approximately 2" x 8",
Cut up only one sheet at a time until you know just about how many
you will need. Grease the form well with Vaseline, cold cream, or
some other greasy substance. Be sure to apply it liberally so that
the paper will not stick to the form. Next, -mix a bowl of wallpaper
paste. (Common library paste may be used if 1t is mixed with water
until creamy. However, it 1s quite expensive.) Now drag one of the
paper strips through the paste. Wipe off ‘the excess. Apply this
coated paper strip to the form in a spiral direction by rotsting the
form. Repeat this process with other strips until the fogm is com-
pletely céovered with one coat of paper. Be sure to have a slight
overlap at the junction of the strips.

AnQther layer of paper is to be applied in the same manner, ex-
cept that the spiral should run in the opposite direction. We need
sti1ll another layer to obtain a safe margin of strength. This third
coating 1s applied in the same direction as the first. For normal
work, three coats will suffice. Use more layers if greaster strength
1s desired. Let the completed job dry for about 24 hours to allow
the paste to set and dry.

To remove the fuselage from the form, cut the fuselage on the
bottom either in front or in the back and slide it off the form. If
it sticks, or if the shape does not allow the removal to be made in
this fashion, cut it full length. If 1t sticks too hard to the form
it may be necessary to cut it along the top as well. I found that
two bulkheads situated directly beneath the wing moynts are the only
necessary internal supports. These should be made first of card-
board and fitted in and then cut out of laminated 1/16" sheet. After
the bulkheads have been glued in place, the seam should be glued and
sealed with a 1/2" strip of bamboo paper.

2 STREMNLINELS CoL/nsS
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The tail surfaces anmd the landing gear may be cemented in place
in the usual manner, except that the landing gear should be fixed so
that 1t contacts a large area. The front and rear portions of the
f:selage should be reenforced with balsa bulkheads to accomodate the
plugs. G

The use of papier-mache in model work 1s practically unlimited.
I have found that.excellent cowlings may be made for gas models with
this method. Mould a clay form right onto the nose. When this 1is
dry, remove it from the plane and apply Pbaper, using the above pro-
cess . Instead of using three coats of bamboo paper, however, use
from three to five layers of newspaper and one or two coats of bam-
gooipaper. The final finish is the standard one of sanding well amd
oping

All—-Balsa Wings by Teen Becksted

A sheet of quarter-sawed, 5 1b./cu. ft., 1/8" thick balsa is need-
ed for the wing. (If the exactly specified wood in unobtainable, use
the best you can get. The width may be built up by cementing two or
more sheets.) Cut to outline and sand the bottom free from saw marks.
Next, sand the upper camber to the desired wing section. 1In the case
of a tapered wing, be sure to taper ‘the thickness evenly from the cen-
ter to the tip. A hard balsa leading edge, and a -bamboo tip are ad-
visable in order to save the efficlency of these highly important
edges. They should be cemented in place before the top surfaces are
worked down: It is °n easy job to finish balsa wings if three grades
of sandpaper are usew, finishing with ten nought.

The wing is mede in two halves, and the halves are bent on the
same form, one after the other. To bend for the lower camber, moist-
en the top only, and bind the half on the form with 1/2" gauze. It
may be left to dry overnight, or it may be baked in an oven. When
dry, carefully sand the raised grain on the top surface, while the
wing is still on the form. Dope twice with thin shrinkless dope,
sandiry, between.coats, and wrx with Simoniz or a similar wax, except
in the center where a cement skin of about 1" is applied. Make the
other half in the same manner.

Before cementing the two halves together, set them at the desired
angle:and carefully sand the edges for a perfect joint. Cement them
together and hold in place with.pins. When the unit is dry, coat the
Joint well with two or three coats of cement. Be sure that the init-
ial joint does not lossen with the fresh cement.

If the work is done carefully, the balsa wing will be more effic-
fent and will also stand up better than any paper covered wing of the
same size. The method has been used on several ships, and has been
thoroughly te.ted.
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132 Co-Axial Propeller
by Jim Haffey

The torque problem in models is very important due to the large
propeller and relatively powerful rubber motor. It is a source of sur-
prise to me to see that more model builders are not interested in this
solution of the torque problem.

The main drawbacks of co-axial props are the weight, the difficulty
of making suitable gears, and alse the difficulty of winding the rubber
with e winder when a torque tube in heliocopter form is used. The meth-
od which I have used successfully for over a year 1s to use a torgue
tube, but with modifications, to enable me to wind the motor with a
winder. 1Incidentally, flight results have been more than satisfactory.
The above method may be used on all types of models. The only change is
in the sizes of the component parts.

The torque tube system is used by providing a béaring in the front
and rear and a revolving anchorage. There 1is very little bearing fric-
tion, end the ‘prop pull is taken care of by the ball bearing washer.

Construction: The torque tube 1s made of 3/64" sheet balsa. For ex-
tra powerful models it i1s advisable to use two or three 1/32" sheets,
rolled one on top of each other. The front portion consists of plug "A"
which fits smugly in the spinner "8" which 1s cemented to the tube. The
two bearings "B" are made of sheet aluminum. The holes are made to al-
low the tube to rotate freely without vibration. Theé holes should be
finished with a blunt reamer to provide a'round contact surface. Coat
the tube with 5 or 6 coats of cement where it contacts the bearings.

Do this every 30 or 40 flights to make up for wear. The rear plug is
not cemented to the tube because of replacement of rubber, but is made
to f1t snugly. The spinner "T" must be very smooth in operation. For
light jobs a light trout fishing troll will 4%, but for heavier motors
make as shown in the sketch. If the model is of the fuselage type, the
whole assembly can be made removable by providing the anchor pin "M".

The rubber is wound by the front prop shaft, and may be stretched
by removing the plug "A'!. Freewheeling need be applied to only the
front prop in the ‘usual manner. Be sure to use plenty of Vaseline on
the torque tube bearings as well as all other revolving points.
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Feathering Propeller o

Developed by Marvin Setzke
Suggested by Carl Goldberg

"Feathering: the ability of = pivoted or free surface to sutomati-
cally assume its best L/D position or present minimum frontel area."

The propelldr as shown in the plens is the third of the experiment-
al project to determine the value of feathering props. The first one,
hinged but without a spring and with only the main stop, fluttered but
1t nevertheless improved the glide beyond my expectations. Since then,
I have made numerous excellent flights when using the feuthering prop.
Ome evening at about 7 o'clock with the temperature close to 60, I
wound up the rubber about 340 turns for a test flight. The model rose
to approximatelvy 250 feet with a 30 second prop run. The glide lasted
for 3 minutes, turning in a flight of 3m. 30s. under still air condi-
tions. The prop may be used in conjunction with freewheeling to fsci-
litate removal as well as to take care of any possible accidental fail-
ures. It may be stopped in any desired position by using the rubber
tensioner and any appropristely placed stop. The exact combination can
best be determined by individual requirements. The best duration: ob-
tained to date with a feathering prop is 2 hours and 30 minutes, with
an 18" prop with 18 strands on a 2.8 oz. N. A. A. Cabin Fusclage job.

1. Carve the prop in usual manner. Determine and mark the hinge
point. Cut in 3/32" for the wire and tube parts. Cut and shape the
needed hardware. Be sure to slip the aluminum tubing into the hinge
wire before bending the ends as shown.

2. Cement the tube to blades and wire to the hub. Reenforce
with-staples and tissue or silk covering.

3. Cement the wire stop "A" and reenforce it with staples and silk.

4. Cut the blades at the pivot points. Cement the coil spring to
assure positive actioun.

5. Face the prop and equalize the upper and lower areas. Fix them
in position temporarily with pins and cement .014 wire stops.
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e Finishes and Flying Secale
by Roger Hammer

Flying Scale Models

It is possible to make almost exact scale models fly well pro-
vided that care 1s taken so that they will be adjusted properly.
Before attempting the initial flight, check the incidences, which
should be the scale settings. Remove all unintentional warps. The
C. G. position should correspond with that of the full size ship;
thet 1s, 1t should be at a point 50% of the chord behind the lead-
ing edge. If necessary, weight the nose with lead or clay.

L)

The first step in testing is to place the model on smooth ground,
raise the taill until the model is in a horizontal position, and then
to give the model a sufficiently strong shove to make 1t clear the
ground. Make any necessary corrections with intermediate flights
until a smooth glide and a slight right turn are obtained. If the
model stalls, weight the nose, and if it dives set the stabllizer at
negative. The turn is obtained by the rudder adjustment. The model
is now ready for the next test.

’

Launch the model with a strong and‘straight forward throw from
a three foot altitude at a 10° negative angle. If the mod#l is cor-
rectly adjusted, it will remain at the 10° negative angle and have a
slight right turn. The next step is to wind the motor about L of 1its
maximum turns and to launch the model about 12" from the ground down
about 10°. If the model 1s underpowered, the glide will just. be-pro-
longed and the model will land with winds. If it is overpowered, it
will zoom and stall. The model that is correctly powered will rise
about ote foot and then gradually assume the gliding position. Not-
lice the turn carefully at this stage. If it is excessive, the mod-
el will spiral dive when full power is used. If the model behaves
correttly, the same testing procedure may be carried through % turns
and % turns, until the maximum wind up is reached. If the model does
not climb, increase the power and recheck from the beginning for the
C. G. and other points. For the zooming model, remove a bit of rub-
ber and try again‘after checking the balance. If it now mushes to
the ground, the trouble probably lies in the thrust line. Replace
the rubber and sgt the prop to point down until a satisfactory flight
is obtained.

Be sure to go through this test procedure before attempting full
turn flights. Many good models are ruined just because the builder
i1s too impatient to take his time in ironing out the kinks.

Flight, Characteristics of Different Designs

PARASOL MONOPLANES should be capable of tight and steeply climbing
tﬁrns with the torque and should obtain good zltitude. Ex.: Falr-
child 22. '

CONVENTIONAL MONOPLANES should circle with the’torque in circles
of about 40 to 60 feet diameter, with very shallow banking but climb-
ing rapidly. Ex.: Fairchild 24, Cessna and others.

MIDWINGS are a bit more tricky to obtain satisfactory results.
These models should turn in large diameter circles of about 100 feet
with medium climb so that the climb will be comparatively shallow to
prevent a stalling tendency at the end. The midwing adjustments
should be for a slight zoom at the beginning, turns cof about 100
feet and flat climb. Ex.: Bull Pup, Corbin Racer, Art Chester Racer.

LOW WINGS usually take a straight run and begin to bank after
they reach about 20 feet altitude. Low wings made by the writer
have climbed fairly steeply in large circles. No difficulty was ex-
perienced with stalling when the power was exhausted. Ex.: Howard
Ike end Pete, and numerous commercisl and military designs.
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BIPLANES have the same flight characteristics as the convention-
al monoplanes. The adjustments are practically the same as mentioned
at the beginning of the article. Double check for incidences and any
warps. Note: the right turn should occur on all models after the pow-
er has been expended.

Flying Scale Propellers

Since the diameter is restricted by the scale landing gear, the
needed thrust is obtained by making the blades very wide, almost a
paddle shape. For example, a 7" diameter prop should have blade width
of about 13". The blade section should be a regular airfoil section
with about 1/4" undercamber. 'The props should be made of very hard
balsa (15 1bs./cu. ft.) or pine especially since weight is usually
needed at the front.

Paint and Lacquer Finishing

The method of finishing depends upon the surface upon which the
finish is to be applied. However, the pores of the surface must be
filled in first, in all cases. Several coats of clear dope will do
the trick for paper, which has a rather poreless but absorbing sur-
face. On wood and silk, which has deep pores, use Jasco Prepared
Wood Filler. It has a nitro-cellulose base upon which dope, lacquer,
or paint cen be applied without fear of the filler rising from un-
der the finished surface. It also contains the lightest possible fil-
ler ingredients obtainsble and which no standard commercial filler
has. It is of & clean white color, and is plasticised to prevent the
warping of thin surfaces. It can be sanded smooth with ordinary sand-
paper without fear of clogging the sandpaper. It should be applied
with a brush.

The pain or lacquer should be flowed on the surface with a good
soft brush, preferably a red sable brush. For a paper finish, one or
two coats will be sufficient. For wood and silk, the number of coats’
‘depends upon the type of model. If lightness is desired, about two
coats will do, but for the best possible finish, add as many coats as
are necessary to completely hide the surface normally seen through the
lacquer and paint. After several coats have been applied, they should
be rubbed down with 320 "Wet or Dry" paper. Add several more coats
and rub down with 400A "WoD" paper. For the final finish, rub down
with a polishing compound such as Valspar Rubbing and Polishing Com-
pound. For additional weather and molsture protection apply two coats
of Simonize. Apply it with a wet cloth to prevent the burning of the
finish. A high gloss may be obtained by rubbing briskly with a soft
cloth like flannel.

NOTE: Be sure to let the lacquer, paint, or dope dry thoroughly
between each coat, and allow 1t to harden before rubbing.

For a glider finish, just use one or two coats of Jasco Prepared
Wood Filler, sand very smooth with 10 Nought and finish with Simonize
For welght rule gliders, several coats of plasticised dope should be
applied before Simonizing. Be sure to apply the Filler evenly, first
with the grain and then against it. The surface should be sanded un-
til the paper begins to scrape the top of the wood.




136 Thermals

by Dick Everett

Thermals utilized by models are mostly of the convection type.
Such currents are developed by the differences of air temperature.
As you all know, heated sir expands and:increases in volume and so
tends to rise above the colder air. Such phenomena occur whenever
there are grounf spots that have different rates of heat absorption.
For example, bodies of water require a large amount of heat to raise
their temperature, while concrete requires s relatively short exvpos-
ure to the sun before becoming heated and acting as a mirror to the'
sun's heat. ’

The following types of terrain have a quick heat-saturation pe-
riod, after which the air in immediate contact with the ground is
warmed: concrete, asphalt, sand, hard ground, plowed fields with a
hard-crusted surface, ripened grain fields, and the 1like. Bodles
,of water, green 'fields, treées, and objects which keep on absorbing
the heat, do not heat the surrounding air.

From the above explanation we *can see that for best results we
should fly the model in duch thermal-producing areas. On the air-
port, the best spot i1s in the center of the runway or the large cir-
cle of concrete or asphalt. The tops of adminlstration buildings
amd the concrete aprons in front of the hangars also give up hot
risers. However, these risers have a limited altitude and 1%t is
best to wait for cumulus clouds if there are any in the sky. These
cumulus clouds are the peaks of upward convectlon currents formed
'somewhere sand carried over the countryside by the wind. Therefore
our objective 1is to have the model raised high enough by the local
thermals to have 1t contact the cloud thermals. The rest 1s up to
your eyesight and possible horizontal velocity.

If the clouds are high, release the model just when the clouds
are apnroaching the field, to enable the model to rise to, its high-
est point just when the cloud 1is passing over it. For low clouds,
release the model when they are about across the field. 1In this man-
ner the model will not be drawn up into the clouds too fast, as it
will more or less be on the outskirts of the thermal. Thermals can
be found as late as 6 o'clock in the afternoon, and on many occasions
we have clocked over 12 mimutes on risers over Pittsburgh Airport at
this, time.

On windy days there are few ground thermals as the wind cools the
ground and at the same time sweens them away in case they are forming.
On such days we should also be csreful where we launch the model. The
behaviour of the wind 1is such that it provides an upcurrent in front
of an obstacle and a down current behind it. (This current Is util-
ized by soarers to glide in front of a hill.) Therefore we should
launch the model away from such obstacles unless the model is a pow-
erful climber, in which case the upcurrent would be rather helpful.
This upward deflection of wind can be used advantageously for tow-
line or hand.leunched gliders.

General Hints

Place clay on the bottom of your glider wingsgy at the C. G. to
get the gliders up higher, outdoors. This increases the speed which
in turn flattens the glide considerably. For best result have the
glider highly polished. Dope propellers silver for visibility. The
shining propeller reflects the light. Also cover the fuselage silver
or yellow. Cover the wing red and the stabilizer yellow, anmd dope
three times to obtain a colored transparenty.



Hand Launched Gliders e

by Tex Rickard

In my experiments with gliders, I have found that there are two
types of designs which are dissimilar but which can be made to give
almost 1dentical- performance indoors. The first type and the one most
often used, 1is the one with a short elevator arm and a long nose. I
have used as high as a 2-1 ratio; that is, a 4" elevator arm and an 8"
nose length. I find this to be an excellent arrangement for low ceil
ing flying, although altitudes of up to 100 feet may be obtained with
1t 1f 1t 1s adjusted correctly. The second type uses just.the oppos-
ite ratio relation; 1.e., an elevator arm of 8" and a 5" or 6" nose.
The tall surfaces can be made much smaller because of the longer mom-
ent arm. Such gliders seem to get up higher, and also have better
floating tendencies. When using these gliders, 1t is necessary to
wash in the elevator. If this is not done, the glider will require
too much clay for balancing at the 1/3 chord position.

I still use cambered rudders on all my gliders. They give a much
more uniform circle and make adjusting easier during the contest. The
thicker section also provides a larger cementing surface to take care
of the terrific launching heaves.

I have made several tests with the fuselage sizes, and I find that
1/8" hard balsa stock will stand up better than the 1/4" stock. There
i1s very little welght difference, and in practice the hard balss is.a
bit lighter. I was definitely convinced of this fact when I made two
.46 oz. gliders whose fuselages were of 1/4" stock. One ship lost its
tail portion when lauched and the other flew into a post amd snapped
the stick. Then I rebuilt the gliders using the 1/8" stock. The
welights decreased to .44 and .45 ®z., showing that there 1s some dif-
ference in the welght even though the wood 1s as hard as osk. The new
fuselages stood the knocks better than any 1/4" stock I have seen. It
seems that the hard wood bends and absorbs the shock much more readily
while the softer but thicker stock shatters.

It takes me ahout 2 or 3 hours to finish a wing, and I use all the
latest tricks to get the utmost out of the throw. I undercamber the
wing slightly for low ceiling flying and use a flat bottom for high
climb. I use three coats of polish until the wing has a smooth glass-
like surface, with intermediated 10 nought sandings. I make certain
that the wing aWd fuselage junction 1is strong by applying several lay-
ers of cement until the joint has cement fillets. ‘For a final finish
I use Cedar Wax Floor Polish. This i1s rubbed on the completed model
with a soft cloth. Remember that the cement will not hold to waxed
surfaces.

My wing is set at zero incidence but the rignt wing is given u
slight washin (wash in the left wing for a left hand throw). The cam-
ber on the rudder 1s set for a left turn, and the trailing edge of the
gtebilizer is warped down about 1/32". This gives the elevator a
positive angle which will tend to make the model go over the hump at
the peak of the throw without dipping. The exact warping has to be
determined experimentally. Too much of it will dive the model* and too
little will make the model dip and stall. The best launch for this
setting i1s to launch the glider as straight up as possible without
banking it at all. By launching the glider without much bank, all the
speed and momentum are saved for the climb..It also lessens the strain
ordinarily applied to wings on vertical climbing turns. You cannot
imagine the difference that the positive elevator adjustments wkll
have on your glider untll you have actually tried it out.
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From EXperienee

by Henry Stiglmeier
President of the.Centinela M. A. C.

Alrfoils

I have tried all types of airfoils and ‘I find that the undercam-
bered type, especially the Eiffel 431, is best for duration models.
I used that airfoil on a 150 sq. -in. cabin job which did not fly
less than 20 minutes for three Sundays in a row. It did 46, 32} and
20 minutes and eventually flew out of sight. I find that the Clark
Y is not so good for weight rule models.

Power and Propellers

In general I use two less strands of 1/8" flat rubber than the
diasmeter of the propeller in inches. Large diasmeter, low pitch props
gseam to work best for me. A pitch-dlameter ratio of 1%:1 1s good.
(Exsmple: 16' diameter, 20" pitch.) My props range in diameter from
42 to 45% of the ,wing span. I find that a 14" x 2" block is.very
goad for 16", 17", and 18" props. I cup the back side of a two inch
blade from 1/16" to 3/32". The prop layout that I use is as shown:.
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Pusher v. Tractor

I have made many pushers and almost as many tractors. I find
that tractors are easier to adjust, and I am sure that they climb
as well as pushers. I dislike pushers far three reasons:-- first,
it 1s difficult to make them circle satisfactorily throughout the
entire flight; second, i1t i1s hard to determine the correct amount of
elevator dihedral to prevent the model from swinging; third, since
the leading airfoil in either a pusher or a tractor should be of
higher camber than the following airfoil, the main wing of a pusher
cannot have as high a camber as 1is desirable without overcambering
the elevetor section. In all, I believe the tractor to be just as
stable as the pusher, and that it rides the thermals better.

Rudder and Stabllizer

For the average cabin or stick model, I found that rudders hav-
ing an area of about 14% of the wing area are very satisfactory. A
small rudder will allow the model to spin when side thrust is used.
The area of a 1lifting tail should be about 40% of the wing area, when
the model balances at the trailing edge of the wing.

Aspect Ratio

The aspect ratio of 1lifting tails may be as high as 7 with good
results. High aspect ratio rudders are not good. I have tried sev-
eral high aspect ratio wings and I believe that 12-1 is about as high
as one should use. It seems to me that the model will not soar or
fly very well when using wings of more than 12-1 aspect ratio. For
all-around per formance, I prefer an aspect ratio of 10-1 or 1l1-1.
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Tapered Wings and Sweepback

I have built many tapered wings and have not as yet been able to
see any aerodynamical advantage over straight wings of medium and
high aspect ratio. The sweepback design seems to make the models
bank and circle exsessively.

Incidence

I once had the 1dea that i1f I iIncreased the angle of incidence
of thé wing and tail, keeping the difference in angle the same, I
would need less down thrust. However, after nmuch experimentingé T
found the opposite to be true. It 1s best to use about 2° to 3
incidence on the main wing.

Nose Plug and Freewheeling

The use of dress-snaps for fastening noseplugs cannot be over-
emphasized. Besides having the nose readily removable, the props
will not break, nor will the shafts bend (as they tend to do if pins
are used), because the nose merely snaps off. Be sure to use a 1lit-
tle judgment 1in using the right strength smap.

The freewheeler shown has been in use for a long time, and fall-
ures have been rare. The most important factor 1s to make it work
freely before the model has been flown. I wind all my models from
the front, hooking the winder on to the freewheeler.

Visibility

I believe that I have done about as much chasing of models that
woere almost in the clouds as anyone, and I find that the use of col-
ored tissue 1s very satisfactory. Red, yellow, and white combined
can be seen in any weather. The thing that makes models covered.
with colored tissue so visible 1s that the sun shines right through
the paper. Colored tissues are strong enough if the grain runs span-
wise. The specific color combination that I use 1s a red wing and
rudder, a yellow stabilizer, and a white fuselage. Use two coats
of three to one dope. More dope makes the paper brittle and warps
the surfaces.

Balance

One thing that i1s missing in the majority of plans, 1s the exact
position of the wing and the C. G. I contend that if any two simi-
lar models balance at the seme point, they will have the same d4iff-
srence in angle between the wing and tall surfaces when each model 1is
properly adjusted. Therefore, please give the balancing point when-
ever you have occasion to draw plans. Then, regardless of whether or
not the surfaces are warped, when the ship is finally adjusted, it ’
must have the same effective differences in angle between the surfaces.

Flying Scale Models

Since I bulld flying scale models primarily for duration, I at-
tempt only those that have flying possibilities, and I also modify
the model to suit this purpose. Scale models with cowlings (radial
engines) and round or oval fuselages make good .flyers (45 s. to 1 m.
10 s. average without thermals). The best size far biElanes seems
to be from 20" to 24" wing spen, and for monoplanes, 24% to 30" wing
span. The construction 1s strong to be on the safe side, so that I
can fly the model in any afternoon breeze. Quite often I come ugp to
the welght rule requirements.
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The mgin deviations from scale are the sizes of the stabilizer,
the rudder, and the prop. The stabllizer area is about 304 of the
wing area and the rudder is about 10% to 12% of the wing area. The
dihedral is also slightly increased; about z" for every foot of span.
The wings are fixed normally and the model 1s balanced at 50% of the
chord. If weight 1s needed for balancing, most of 1t should be in
the form of heavy wheels and a little extra in the nose. The wing
sections used were mainly the M-6 and Clark Y, but I recently tried
the Eiffel 431 on a Fairchild "24" with good results.

The propellers are slightly larger than 1/3 of the wing span,
and are made to freewheel. I wind all of my models from the front
by use of the loop on the freewheeler. In case of rubber breakage;
much less damage 1is done if the rubber goes through the front part
of the fuselage. I use enough rubber to fly the model well. If a
scale model needs so much rubber in order to fly, that an excessive
amount of weight is required to balance the model, it 1is wise to re-
duce the pitch of the propeller.

My best scale monoplane is a Fairchild "24" with an in-line en-
gine. The fuselage was lengthened slightly in all directions. “The
rubber increase required enough balancing weight to bring the model
up to weight rule. The span was 30" and the prop 11". I used 12
strands of 1/8" flat.brown rubber. The wing had 13" of dihedral,
and the weight of the wheels was 1/4 oz. each. The stabilizer was
50% and the rudder 10% of the wing area. A Clark Y was used with
many full and false ribs. The model had a fast and steep climb and
picked up thermals best when gliding in fast right circles. I be-
lieve that a fast circle 1s one way of getting the model up high.
My best times with this model are: 17 m., 10 m. out of sight in a
naze, and 14 minutes. My best time with a 27" Udet Flamingo biplane
using an airfoil similar to the M-6 1s 17 minutes out of sight.

Gas Models

My second and best gas model has the following specifications:
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Performance: Almost perfect staebility in the glide, and under power
the TongItudinal stability is excellent. If the engine stops with
the nose up, the galloping oscillations (Very appropriate--Ed.) are
reduced to nothing very quickly. Climbed to 5,000 feet in 9 minutes
(checked from a following plane), with the spark adjuster in the cen-
ter. Glides from bhree to five times the motor run. Can fly well
in 18 m. p. h. wind as well as take off in a c.»ss wind. The only
weakness 1s that it won't circle in circles of less than approximate-
ly 75 feet, without slowly spiral diving. But in spite of this, it
has spiraled only once, when the rudder was warped, and that was the
first broken prop in 136 flights. To date I have had 150 flights
with only three broken props. The most flights that I've had in any
one day 1is 27.

General Gas Model Hints

Alirfolls: I nhave found the Gott. 398 with undercamber to be very
good. The Eiffel 431 gives a good glide.

Dihedral: 1In general, one inch on each side for every foot of span
Ts sulf icient.

Stabilizer and Rudder: A lift-section stabilizer is excellent in
my opinion. It 13 very eoffective and strong. An adjustable rudder
is good, but the tabs must not 'be too big, or they will be super-
sensitive. Use small screws for setting the tabs. A moment-arm
length of from 40 to 50% of the wing span is good.

Covering: Bamboo paper 1s strong enough and takes paint well.

Time Switch: Almost all models in Southern California are eguipped
wIth them: For hookup, see the diagram. The flashlight cells are
connected when the switch 1s set, which should be done before the
boosters are disconnected. Allow about 7 seconds for launching time.

Tail Wheel or Skid: I prefer a small doughnut wheel. The tall sup-
ports should be soldered to a sheet of metal before wrapping and ce-
menting to the fuselage.

Exhaust for Brown: A piece of 3" aluminum tubing makes an excellent
exhaust. Just bend a radius in the middle of the tube, flatten, and-
file to fit the cylinder. Cut two small slots for the first fin. -

The exhaust fits over the bottom fin.

Motor Mounts: I recommend wood for mounts. Dural or 24S0 _will stand
up for a short while, if not in too many smashes which reguire some
straightening.
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How to Operate a Brown Motor

I always leave the spark lever in the vertical position. Why ad-
vance i1t unless you have a 10 ft. job? I adjust the needle valve and
forget about it. All I use for adjustment is the choke nut. When
it is wide open the engine is running full speed for that particular
spark setting, and closing the air intake slows the engine down until
it just chugs over. It runs at any speed between maximum and minimum
depending upon the choke setting. With this arrangement I can get 23
minutes on the ground with a full tank of fuel and the choke nut open.

Testing and Adjusting

Be sure you have your plane completely finished, especially in
regard to paint or dope. Surfaces are apt to warp sfter painting,
putﬁing your ship out of adjustment. The C. G. should be somewhere
betWeen 30% anmd 50% of the mean chord of the wing. If the tail sur-
faces are non-1lifting or less than 25% of the wing area, the C. G.
should be at 30%. After a final check on fastenings and line-up you
are all set for testing.

The first step 1s to shove the model on the ground to determine
if you have made any bad mistskes 1n adjustments. The shove should
be hard enough to just about 1ift the model. The model should be
stable in that it does not stall or bank sharply. If 1t does, make
the necessary corrections before attempting the next step. The next
step 1s to glide the model. If you cannot glide it, get someone who
can. Run with the ship and then throw it straight at a point on the
ground about 50 feet in front of you. It must not swoop or stall but
should glide slightly under-elevated. The corrective adjustments are
made by changing the wing or stabilizer settings or by changing the
balance slightly. Do not give the wing less than 1° nor more than 3°
incidence. Sharp banking should pe corrected before attemptin& power
flight .

Start the engine and-get it running perfectly before attemptirg
any flights. Set the timer for a 20 second motor run. With the en-
gine running slowly and the model adjusted for what you think will
give a straight flight; shove the ship moderately into the breeze.
In all probability, 1t won't fly straight. Immediately adjust the
ship for a circle and an even glide. Make all test flights short
and run the engine slow. If the plane stalls under power it 1is be-
cause of the thrust line setting. By all means, don't allow you
ship to fly under power to the right. Adjust the rudder for a. left
turn and set the thrust line right or left until the ship flies to
the left. I have tested amd flown five gas models ranging in size
from 4 ft. 8 in. to 8 ft., all with 1/5th H. P. motors, by this meth-
od. All tests were successful.

Editor's Note: Henry has been bullding models since 1928. He,

has made over 192 models, of all types, to date. He has been a con-
sistent contest winner. His best durations are as follows:
Less than Wt. Rules Wt. Rules
Cabin Model 36 min. 46 min.
Stick Model g7 " 19 "
H. L. Glider 35

Flying Scale 17 " 18 "
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Being the results of Aerodynamic experiments
with eight single surface airfoils,

by J. Wallace McBride

The National Advisory Committe for Aeronautics (N.,A.C.A.) has
published numerous reports on the asrodynamic charactaristics of air-
foils, none of which are acceptable to the present indoor expert.
(R.B.F. 1) Endeavoring to remedy this situation the author began in
1931 to test the single surface airfoils of the “Seven Outstanding
Tractors of 1930." (R.E.F. 2) Work was begun using free flight tests
but the method was soon abandoned because of the larger number of va-
riables involved. In an attempt to eliminate some of these a small
windtunnel was built and placed in operation.

Power for the tunnel was supplied by & one-sixteenth horsepower,
rheostat controlled, electric fan. Air was forced through & stiff
parer transition piece, going from 13 inches in diameter at the fan
to & honeycomb 14 x 5 inches at the entrance to the working chamber.
One and one- half inch lengths of soda straw piled and glued on top of
one another formed the honeycomb, the purpose of which was to bring
the air into the working chamber in parallel streams. (See drawing.)

The aerodynamic balance mounted on the top of the working chamber
was of the pin jointed parallelogram type. Lift was measured by an old
druggist's balance which had the drag balance mounted on one upright
arm. The drag arm was so mounted that its position could be varied
at will and then locked in position. The angle of attack which was
controlled by this movement was read off a protractor attached to the
same upright. Thus one could control the angle of the test section
without distwrbing it. (See drawing of the balance.)

The test sections were constructed according to current model
building practice. Weight bsing no objection the sections were built
very substantielly. The tissue covering was supported by, one inch
spaced, hard balsa ribs faired into one-sixteenth diameter (being the
mean size of the average indoor tractor spar) pine spars., Sag at the
tips was prevented by airfoil braces similar to those now used in mul-
tiple covered microfilm wings. The very low aspect ratio 3.44 was
necessary in order to get a chord large enough to give a Reynold's
number approaching that of flight.
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pi The test sections were mounted inverted on the drag balance clip
arm (1/8 x 1/4, oross section) by Pond type double grip clips. The
1ift balance was then counterbalanced for the weight of the section
with the power off. The test section was then tested to see if it was
on the same plane as the top of the test chamber, by taking offset
measurements from the spars, when the angle of attack indicator read
zero. The power was then turned on and the airspeed obtained. There
being no micro-manometer available the airspeed was obtained by moun-
ting a square flat plate normel to the airstream and tren recorging
the drag. Speed was obtained by solving the equations-Drag=Cd s v2
(Use of this type explained lster.) with the drag coefficient de)
taken as 1,040 for a plate 10 cms. square. (REF. 3 & 4) The test
seetion was then replaced and its angle of attack again checked.
Readings were taken for 1ift with the drag arm locked. The process
was repeated for every two degrees throughout the working range. The
power was then shut off and the incidence of the test section again
checked, If the test seotion was found to have shifted the process
was then repeated.

The tests were carried out either in the mid afternoon or about
4 AM. in an effort to reduce the error resulting from variations in
airspeed due to changes in the power loads on the power line. Compa-
rison of the results with those of the N.A.C.A. have led the author to
believe that the airspeed of 7 f.p.s. is a 1little too great. Although
the error may be largely due to the low Reynold's Number. A free
flight test with another single surface airfoil gave & Cl of 1.4 at 1%
80 the error 1is probably not great. He, however, hesitates to guaran-
tee the accuracy and suggest that the reader test his own airfoil in
flight by obtaining speed. It is then possible to calculate the 1lift
coeffioient for the angle at which the wing was flying. With this
data it is only necessary to transpose the 1ift curve so it passes
through the point obtained by the flight test. The drag curve will
also be transposed but the L/D ratio will remain the same. Should
anyone carry out such & test the author will be glad to hear the re-
sults or if information is desired as to the method he will be glad
to be of assistance.

The ,8ections treated were those supplied by tne A.M.L.A. in
their booklet (Ref. 2). There are in addition two sections de-
veloped by the author and two others tested elsewhere that will
be of interest, and are included for comparison. The sections are
called by the names given them in the booklet &lthough correspon-
dence with some of the gentlemen have shown that the section flown
by them were considérably different.# For example, the section
shown to be that of Carl Goldberg varled by more than 3/32. The
section had a thinner maximum ordinate and was somewhat more
bulbous at the entering edge.

The centre section airfoil of Fay Stroud and that of Samuel
Balkan were practically identical and gave such &a poor showing in
the free flight tests that they were left out of the test program.
The airfoll known as the B-6 was an airfoll used by the authar in
1931 and was the forerunner of the B-7 which was developed as &
result of these tests. The aerodynamic characteristics of these
alrfolls amre presented in the standard form. It should be noted
though that the G8ttingen sectlon and tne Flat Plate are plotted
to one half the other scale.

# The author wishes to thank Ray Thompson and Carl Goldberg
for their aild and courtesy.
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Haths Ordinates and Pogitions in Percent of Chord
O.| 5. 10.] 20.] 30.| 40.| 50.| 60.| 70.| 80.| 90.]|1GO.
Ray Thompson [0.0/2.30(4.00(6.20|7.50(7.75(7.40/6.76(5.75/4.10|3,60/0,0
Carl Goldberg |0.0(2.70/4.60|6.80(8.,00|8,40|8,00|7.00|5.90(4,30|2.30|0.0
Fay Stroud (tipj0;0|3.00|4.60|7.00[8.10(8,20|7.90|7.00[6.70|4.10[2.30]|0.0
L, Hankammer 0,0/3,90/4.75|6.80|8.C0|7.95|/7.80|6.25|4.90]|3.50|1.90(0.0
Jack Fisher 0.0(4.25(5.00|7.80[9.00|9.20|8.80(7,20|5.80|4.,00 2.30/0.0
Ernie McCoy 0.0/2.70(4.50|6.80|7.90|8.,10|8,00(7.20{6.00|4.,60|2,75]0,0
Méfride B-6 0.0|2,90|5.10(7.40|8.25|8.30(7.90{6.90(5.60|3.90(2.00]0,0
McBride B-7 - 0.0(2,35|4.40(6,70{7.80|8.30(7.90]|6.90|5.60{3.90|2.00(0,0
G8ttingen 417a§0.6|2.86(4.28|5.70/6.48/6.53|6.10(5.38(4.38|3.10[1.60|0.0
Flat Plate 0.5|0,50|0.580]0,50{0.600,50]|0.50/0.50]0,50]0.50|0.50 0.50
AERODY 0. NGLE FACE AIRFOILS
Name of section: Ray Thompson Name of section: Carl Goldbarg
Wind velocity: 7 f.p.s Wind velocity; 7 f.p.s.
A.R. test section: 3.44 A.R. test section: 3.44
Tested by; MoBride, March 1932 Tested by: MoBride, March 1932
Where tested: Winnipeg, Can, Where tested: Winnipeg, Can.
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Name of section: Fay Stroud

Wind velocity:

7 f.p.8

Name of section: L. Hankammer
Wind velocity: 7 f.p.s.
A.R. test section: 3.44
Tested by: McBride,
Where tested: Winnipeg, Can.

A.R. test section: 3.44
Tested by: McBride, Marcn 1932
Where tested: Winnipeg, Can.
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29 . . :
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Coefficients are Absolute

Name of section: Jack Fisher
Wind velocity: 7 f.p.s.
AR, test section; 3.44
Tested by: McBride,
Where tested: Winnipeg, Can;
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Name of section: Ernie McCoy
Wind velocity: ., 7 f.p.s.
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Tested by: McBride, March 1932
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Name of section: McBride B-6
Wind velocity: 7 f.p.s.

A.R. test section: 3.44
Tested by: McBride, March 1932
Where tested: Winnipeg, Can,
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Name of section:
Wind velocity:

G8ttingen 417a
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A.R. test section: 5/1
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Name of section: McBride B-7
Wind velocity: 7 f.p.s.
A.R., test section: 3.44
Tested by: MocBride, March 1932

Where tested: Winnipeg, Can.
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Some of the readers may not be familiar with thls system of
coefficients. The system 1s that used by the N.A.C.A. and is known
as the Absolute system. The coefficlent of 1ift is denoted as Cl
and the coefficlent of drag Cd.

The 11ft equation for this system is: Lift=Cl-%§ s V2
The drag equation for this syatem is: Drag= Cd-ﬂ-s V2

Where p = .002378. The density of the air.
S = the effectlve area of the wing, square feet.
V = the speed of the air, feet per second. (f.p.s.)

It should be noted that this system of coefficients hold for
any consistent system of units, such as the English or the Metric.

Conversion factors are presented here in case one wishes to
compare tne airfoils with those published using other systeas.

Cl
Ccd

2 Lc
2 Ld

391 Kp
391 Kp

.01 German system
.01 German systen

L]

For the benefit of those not acquainted with the use of Ab-
solute Coefficient Systems the following design is given.

EXAMPLE 1,

Type of aircraft: Indoor Tractor, weight complete .08 oz.
Effective wing area: 100 square inches.

Wing section ie. airfoil: GYttingen 417a.

Angle of attack: 8 degrees 40 mins.

Note the angle of attack is the angle of incidense between the
wing and the airflow. The angle of inocidence is the angle of inclina-
tion between the wing and a fixed line in the aireraft usually the
line of thrust.

Lift Coefficient by chart: 1,00=C1
Air density 0,002378 at £9 degrees F. and 29.92 inches of
meroury.

As the conditions mentioned above are the average of the condi-
tions in the temparate zone one will not be greatly in error it den-
s8ity corrections for change in temperature and pregsure are not made.

Lift={1.00 x D012 x{%x v2) = (L=C13 8 v2)

It is assumed that there is no down or up load on stabilizer at
this angle of attack,

Therefore- ,08 x .0685=1.00 x ,0012 x .H% x V2
(.08 0z.=weight of the model) (.062611bs.~Ca at 8° 40')

Solving for V one gets:- V=Root of 6.26 or 2.5
Therefore speed in level flight at 8 degrees 40 mns. is 2.5 f.p.s.

Many model builders will question the mse of data of this kind
in the design of indoor models, and in an endeavor to answer them,
these last paragraphs are written.

One of the major uses of scientific information of this kind is
that one may compare wing sections and find the effect of making small
ehanges, Thus he will kmow that flattening out a section between O
and 30% of the chord will, if oarried out within reasonable limits,
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increase 1lift and efficiency, thus producing a better endurance airfoil
(B-6 and B-7) while humping an airfoil at the 40% station will in-

crease at the expense of efficiency.

(Jack Fisher.) Thus by careful

comparison of the characteristics of section one may finally develop

a very superior airfoil.

Data of this kind is most useful in design work as it is possible
to make preliminary endurance calculations, calculate changes in pos-
gible duration due to changes in wing area, incidence atec.
example of its use in this kind of work is given below.

EXAMPIE 2.

An indoor tractor of 100 square inches

at 6 degrees attack.
for an endurance airfoil.

setting improve duration?
Area: 100 sq. in.
Airfoil: G3tt. 417a.
Flying weight: 0,10 oz.

6 degrees attack

f area was being flown

A check of values of 7y (One of the criteria

Should be & minimum. (REF.5) of the airfoil
has shown that 9 degree is a better angle for the airfoil

Would this

.Cd of stick ete.: 0,0824
(this includes area.)
Available energy: 35.0 ft.oz.

9 degrees attack

v2= (9,10 x 0,0625 x 100 x 2)
- 0.8 x 144 x 0,0024
V= 2.12 f.p.s.

Cl at 6 degrees being 0,08
L/D at 6 degrees is 15,2

Motor and stick dr 2
(0,08%4 x 0,0024 x 22,132
0.,0625 x 2
=0,00715 oz.

Wing drag is %gl% = 0.00658 oz.

Total drag 0.01373 ox

Power used for flight
0.,01373 x 2.12=0.02911 £§r°§éc.

Possgible duration
36,0
e S S
0.01373 x 2.1z _ 1202.4 secs.

S— 1 X 1 M
0,01283 x 1.88

= (0,10 x 0,06256 x 100 x 2 )
1.02 x 144 x 0,0024
V=1.88 f.p.s.

Cl at 9 aegrees being 1,02
L/D at 9 degrees is 14,1

Motor aad stick dre 2
V.0824 x 0,0024 x

0.0625 x 2
=0,00578 oz.

Wing drag is 2210 -4 50707 .02

14.1
Total drag 0.01283: oz

Power used for flight

0.,01283 x 1,88 = 0,02412 §3f 8%a

Possible duration
35,0 = 1452.3 secs.

This is an improvement of 20.7% resulting from using the proper

wing adjustment.

This is-an interesting calculation in view of the

present trend to reduce the angle of attack in order to reduce resis-
tance coefficient forgetting that the power required depends greatly

on the aircraft's speed.

In conclusion the author wishes to state that he believes- that
flights of an hour or more will be possible in a few years if the
model designer pays careful attention to the science of low speed
aerodynamics, to which he hopes this article will be a contribution.

REFERENCES

l. N.A.C.A. Technical Reports Nos. 93, 124, 182, 244, 286, 315, 460,

2. "The Beven Outstanding Tractors of 1930,"

Airplane Model League

of America data published by Geo, D. Wanner, Dayton, Ohio. Page 7.
3. Eiffel, "Resistance de l'air at Aviation", Hunsaskar translation.

Page 38.

4. Engineering Aerodynamics, Diehl. Page 65.

5. Simple Aerodynamics, Carter.

Chapter on airfoil selection.
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RUBBER

The turn tables given were first calculated from the par and
coefficient formula and then checked with actual winding. The num-
ber of turns given will prove to be a bit on the safe side and can
be achieved on a day of normal temperature providing that the rub-
ber is stretched as much as possible. An excessively hot or cold
temperature will materially decrease the possible number of turns.
The number of turns can be brought close to thg normal if the rub-
ber is kept under shade, wrapped in moist paper on hot days, or in
a pocket or near a radiator on cold days.

Straight green soap slightly thinned with glycerine will %erve
as a good lubricant. Be swre to spread amd rub it in evenly. Af-
ter every wind up check for cracks and grit,’and relube the motor.
Since lube messes up the handkerchief considerably, it is much bet-
ter to wear white athletic cotton socks for cleaning your hands
whenever they get dirty.

The actual number of turns that can be obtained from a motor
depends upon your strength and will power. After a prewind of 75%
and 90% of the maximum, the wind-up should be made by stretching
the rubber at least five times its length (17 feet for a 40" motor).
Wind about one half of the maximum at this length amd then slowly
come in so that there iy at least 2" .or 3" of elasticlity left. The
best way of knowing just when the motor has enough is to practise
so that you will get the feel of the rubber just before it is about
to break.

Turns per inch on Two Strands--Weight per inch of Single Strard

Size| 1/32|3/64 |1/16| 5/64 | 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 0033864

0z .0008466 20011411 «0019756 .0028220 .0043152
Turns per inch on Multiple Strands ’
No.Str. 4 6 8 10 12 14 16 18 20
1/8 80 64 55 50 a4 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 37 33 29 217 25 23 21

The tables are for 1/30 Gage Special Brown Rubber (MRL, T56).
A complete table of all numbers of strands and lengths of motors
would require too much space. Make your own chart for the motors
which you usually use most, and paste it in your model box. The
1/4 motors of over 14 strands are hard to handle. It is advisable
to wind the motors before begining a design using this size.
(Extracted from J.P.Glass article in 1935-36 Year Book wi addi-
tions by Editor.) B A 4 sk woen HATTENED TVBE —~

]
[ voase B ™ C———
(;:i::::>é2ﬂai)'——-—— C)*——— N covreass amo sune woe vee 17
. N\ 0t masw. T smpLe - sumEe
sqpor &/ @’.ii;ZZE!ilﬁ! SUFETY -ALLOWS
P 6LasS ) onos/su EASY B8~ I REN.

Prader roVSIER b R24/C
RUBBER TENSIONER i1s a British invention. Its purpose is to prevent

a long motor from unwinding completely and so prevent shifting.
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Sept. 30, 1936.

OFFICIAL LIST OF UNITED STATES MODEL AIRCRAFT RECORDS

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

INﬁOORs (No weight restriction)

STICK

Rise off Ground
Junior: William Wert
Senior: Ervin Leshner
Open : Joseph Matulis

Rise off Water
Junior: William Wert
Senior: Colman Zola
Open : Beorgevin Becksted

Hand Launched
Junior: John S. Stokes Jr.
Senior: Wilbur F. Tyler
Open : Ernest A. Walen

Rise off Ground
Junior: John S. Stokes, Jr.
Senior: Hyman Oslick
Open : Ernest A. Walen

Rise off Water
Junior: wWilliam Wert
Senior: Mayhew Webster
Open : William Latour

CLASS A (30 sqe in. or under)

Philadelphia, Pa.
Philadelphia, Pa.
Chicago, Illinois

Philadelphia, Pa.
Brooklyn, N. Y.
Chizago, Illinois

CLASS B (30-100 sqg. in.)

Huntington Valley, Pa.
Boston, Mass.
Springfield, MWass.

Huntington Valley, Pa
Philadelphia, Pa.
Springfield, Mass.

Philadelvhia, Pa.
Philadelphia, Pa.
Philadelphia, Pa.

CLASS C (100-150 sge in.)

Ham Launched .
Junior: John S. Stokes, Jr.
-Senior: Robert Jacobsen
Open : Carl Goldberg

CABIN FUSELAGE

Rise off Ground
Junior: John S. Stokes, Jr.
Senior: Charles Heintz
Open : Beorgevin Becksted

Rlse off Water
Junior: John S. Stokes, Jr.
Senior: Sidney Axelrod
Open : William Latour

Huntington Valley, Pa.

Philadelphia, Pa.
Chicago, Illinois

CLASS B

Huntington Valley, Pa.
Philadelphia, Pa.
Chicago, Illinois

Huntington Valley, Pa.
Chicago, Illinois
Philadelphia, Pa.

CLASS C

Rise off Ground
Junior: John S. Stokes, Jr.
Senior: John Haw
Open : William Latour

GLIDERS

Hand Launched
Junior: M. Hugelot
Senior: Wallace Simmers
Open : Joseph Matulis

Huntington valley, Pa.

Philadelphia, Ph.
Philadelphia, Pa.

CLASS A

Chicago, Illinois
New Lenox, Illinois
Chicago, Illinois

CLASS B

Hand Launched
Junior: Robert Gelbard
Senior: Wallace Simmers
Open : Carl Goldberg
AUTOGIRO
Junior: Raymond Steinbacher
Senior: Alton H. DuFlon, .Tr.

Chicago, Illinois
New Lenox, Illinois
Chicago, Illinois

Ridgefield, N. J.
Ridgefield., N. J.

(Min. Fuselage Section (L§§§EE)2

10m
15m
om

Tm
Tm
5m

18m
18m

17m
17m
17m

9m
1lm
13m

20m
25m
23m

14m
13m
1lm

3m
5m
15m

17m
12m

19.3s
03.8s
42.8s

27.68
55.08
15.0s

53.0s
29.0s
29.3s

156.3s
12.2s
26.0s

23.0s
32.23
42.0s

05.6s8
14.8s
31.8s

34.68
43.68
38.8s

QUTDOORS (Min, Wing Load. 50 sq. in./ 1 oz.

STICK

Hand Launched
Junior: Junior Dague
Senior: Harry Cornish
Open : Joseph Frady

Rise off Water
Senior: Larry Low

Hand Launched
Junior: Fred Skafec
Senior: Daniel Clini
Open : Chester Lanzo

Rise off Water
Senior: Larry Low
Senior: Malcom Abzug

CABIN FUSEIAGE

Rise ‘off Ground
Junior: Fred Smith
Senior: Robert Cahill
Open : Beorgevin Becksted

Rise orf Water
Senior: Alan Orthoff

Rise off Ground
Junior: Arthur Koslow
Senior: William Ying
Open : Chester Lanzo
Rise off Water
Senior: Louis Milowitz

Gasoline Engine
Senior: Joseph Kovel
Open : Don Spaulding

GLIDERS
Hand Launched
Junior: Walter Weitner

Senior: Harry D. Soper, Jr.

Open : Willis C. Brown

Hand Launched
Junior: Horace Smith
Senior: Colin Edwards
Open : James McPheat, Jr.

Tow Launched
Junior: Ralph Brown
Senior: Bob File
Open : Everett Tasker

Hand Launched
Senior: Edward L. Smith

Tow Launched
Junior: Paul Durup
Senior: Dick Everett
Open : Roland Buhrig

Tow Launched
Senior: Jack Smith

AUTOGIRO
Senior: Ralph Kummer

CLASS C (100-150 sq. in.

Tulsa, Oklahoma
Denver, Colorado
Tulsa, Oklehoma

New York, N. Y.

CLASS D (150-300 sq. ind)

akron, Ohio
Springfield, Masc.
Cleveland, Ohio

New York, N. Y.
New York, N. Y.

CLASS C

Denver, Colorado
Indianapolis, Ind.
Chicago, Illinois

New York, N. Y.

CEASS D

Philadelphia, Pa.
Rosebank, S.I., N.
Clevelamd, Ohio

New York, N. Y.

CLASS E (300 sg. in. and over)

Brooklyn, N. Y.
Denver, Colorado

CLASS B

New York, N. Y.
Rockford, Illinois
Arlington, Mass.
CLASS C
Jacksonville, Fla.
Oswego, New York
New York, N. Y.

Arlington, Mass.
Columbus, Ohio.
Boston, Mass.

CLASS D
Jacksonville, Fla.

Boston, Mass.
Elm Grove, W. Va.

(tie)

Canastota, New York

CLASS E
Dayton, Ohlq

Saint Louis, Mo.

2lm
61m
27m

2m

8m
ZQ

18m

1lm

im

27m
33m
35m

1m

om
41m
48m

1m

64m
63m

6m

y § &¥

04.0s
09.08
07.0s

00.0s

21.6s8

&N 0=
SC.0s

10.0s
12.0s

12.0s

40.0s
00.0s
30.0s

07.0s

47.0s
19.0s
45.0s

14.3s

40.0s
07.4s

46.5s
52.0s
35.1s8

36.08
30.43
31.5s8

32.0s
13.0s
25.0s

38.0s

57.8s8
38.0s
18.0s

23.4s

06.0s



GAS MODEL PLANS

Maxwell Basset ... 104 Vernon Boehle ... "The Quaker” ... ...118
Koe Kovel ... ....105 Don Donahue ... Andrew Borysko .........119
Leo Weiss ................. 106 Joe Culver .. Frank Ehling ............120
Francis Tlush .. 107 M. Lartigue ... Frank Zaic 121
Frank Ehling Lester M. Adams ... Rod Doyle 122
Ben Shershaw ... 109 Wm. Effinger ... Lester M. Adams =123
Ben Shershaw ... wwinl 10 "Miss America”
OUTDOOR FUSELAGES PLANS
Albert A. Judge ... 34 Fred Rogerson ... 41 Leonard Zeldow
Robert Copland ... 35 Paul Verdier ... 42 Bob Jetfery . 49
Chester Lanzo ....... ... 36 Frank Zaic ............. 43 Bob Jeffery ... . 50
William Ying ... ... 37 B.Becksted ... 44 Ervin Leshner . .. 5]
Edward Lidgard .......... 38 Robert Cahill ... 45 Frank Zaic .. 52
C. S. Rushbrooke .......... 39 Roy Wriston ... 46 Jim Cahill . 53
C. S. Rushbrooke ........... 40 R. Schumacher ... 47 G. Paris ... . 54
OUTDOOR STICK PLANS
Dick Korda .......... ... 55 Larry Low ... 61 Carl Schmaedig ......... 66
Dick Korda 56 Ira Fralick ... 62 William L. Butler ... 67
Daniel Clini .......... .. 87 Frank Zaic ... ... 63 Richard Obarski ......... 68
Roy Marquardt ... 58 Torrey Capo ............. 64 Edw. Manulkin ....... 127
G. Ritzenthaler ... 59 Wallace Simmers .......... 65 Jim Haffey 132
Bruse Luckett ... ssavees DO
INDOOR STICK PLANS
Jim Throckmorton ... 77 Joe Kovel ... ...152 R.O.G
Carl Goldberg ... ... 82 Frank Zaic ... 153 iatihad
Robert Jacobsen ........... 83 Marvin Setzke ... 96
Mayhew Webster ... . 84 R.O.W. Carl Goldberg ... 97
Ralph Kummer ... 85 Hyman Oslick ... 98
John Stokes .......... ... 86 William Latour ... 93 Ervin Leshner . .. 99
Carl Goldberg ... 94 Colman Zola ... .85 Herbert W. Owen veeenn 182
INDOOR FUSELAGE PLANS
John Stokes ... 87 John Stokes ... ... 90 Lynn Radcliffe ... .....150
John Haw ... Bob Cahill ... 91 John Zaic ... 152
Alvie Dague Richard Obarski ... 92 Allan B. Penn ... 153
HAND LAUNCHED GLIDERS C. Belsky...154 HELICOPTER
Milton Huguelet ... 155 Robert Gelbard ... 155 Blair Bennet .............152
CONTRIBUTIONS

Indoor Pusher By Jim Throckmorton . 76

Microfilm Prop By Axelrod-Goldberg 78

Microfilm Prop By L. Smithline 74

Petrol Model Hints By C. E. Bowden . . 100

Low Speed Airfoils ...By Fred Rogerson . 125

Twin Pusher .By Ed Manulkin 126

"X" Ribbed Wing By John Whitehouse 129

Papier-Mache Models By Fred Mayfield 130

All Balsa Wing By "Teen’ Becksted .. .. 131

Co-Axial Prop By Jim Hatfey ; 132

Feathering Prop ....By Setzke-Goldberg 133

Finishes and Flymg ..By Roger Hammer . 134

Thermals ....By Dick Everett ) 136

H.'L. Gliders .....By Tex Rickard ... ’ 137

From Experience ....By Henry Stiglmeier ... 138

Indoor Airfoil Tests ..,By ]. Wallace McBride . ... 143

Rubber Turns and Care ... 156

HINTS: Outdoor
HINTS: Indoor

32 128, 129 131 150, 151, 156, 157
.72, 73, 75, 81, 151



MODEL GLIDER DESIGN

A model on the ground and the sume model
in the air are two different creatures as you
may have already found out. This is true be-
cause the model on the ground is the result of
your handiwork. While the model in the air is
the result of your brain power. Check your-
self on this score. Does the model in the air
do you credit?

Frankly, if you are interested in improving
your {lying, "MODEL GLIDER DESIGN" will be
of enormous help. Aftqr all, every model be-
comes a glider at.the end of the power run.
After you start reading “MGD” you will wonder
how so much precise, true, clear-cut and useful
material on model aerodynamics managed to
be crowded into 192 pages. Second printing
made possible price reduction.

Partial listing: 60 plans, model and full size.
75 Photos. 20 Airfoil Charts. Cver 450 Ex-
planatory Skeiches. Complete coverage of aero-
dynamics, construction and theory. An excel-
lent article on Thermals. Hints and instructions
never published before. You need this book
more than you know.

NEW PRICE! Only $1.00

MODEL AERONAUTICS ENCYCLOPEDIA

VOLUME TWO — Edited by FRANK ZAIC
This volume is a complete reprint of the 1938 MODEL AERONAUTICS
YEAR BOOK with the exception of glider plans which are included in
the MODEL GLIDER DESIGN. The original 1938 edition of 10,000 copies
was distributed within a year all over the world. So many requests
have been received that it was decided to reprint it under the new name.

The great value of this book is its collecticn of 70 plans of the.world's
best pre-war models. (22 gas models, 16 Wakefield and 32 other rub-
ber model designs.) It is one of the finest source of design “inspiration”
you can find. It is a sort of a book that is seldom "idle.”

Its technical model aerodynamics and contributions section is one
of the best data collection published to date. You may not be able
to understand all of it at the first reading but as you reread and re-
read and try to find answers to your problems you will be surprised
how many perplexing quesions will be cleared up. If you like solid
information without fancy frills, this is the book for you.

PRICE Only $1.00
See your dealer or order direct, postpaid, from

MODEL AERONAUTIC PUBLICATIONS
203 East 15th Street New York City 3
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