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FOREWORD

One of the greatest tools of scientific men 1s the record of
past discoveries, cxperiments 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 it 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. 1t 1s 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. ﬁ(c
Copyright, 1947

by
MODEL AERONAUTIC PUBLICATIONS

PRINTED IN U.S.A.
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THEORY

LOW SPEED AERODYNAMICS

The goal of the contest model bullder 1s to have hls models re
main in the air for the longest possible time. To obtain maximum
duration from the pure merits of the model, he mnust know just how
the ailr 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 1léw speeds. The results of
such procedure will be the possibility of flylng models very econom-
ically, which in turn will prelong their limited power.

Although interest in low speed merodynamics 1s expressed by most
model bullders, very little testing has been done. However, the de-
sire for facts 1s spreading, and several clubs are constructing slov
apeed wind tunnels. Tt is quite possible that by next year we will
heve some posltive results. Unt1l 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 mlles 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 beat proofs thet we cannot sccept the present airfoil
chart values for model work, without modifications, 1s presented by
the followlgg photograsphs from sn erticle appearing in the Journal of
Aeronautical Sclences, Aug., 1936, prepared by H. C. H. Townend, Nat-
ional Physical Laboratory, Englsnd. The light lines showing the ailr
flow are streems of electrically heated air which were photographed
thrsugh the use of certain optical properties of heated air.

Increasing angie of attack

Increasing air speed =



4

In Photograph 1. the airfoil 1s at zeru 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
engle between the airfoll end the airflow) must be increased, and
that the greater the angle, the greater 1s the 1ift. However, there
is gn end, to this happy conincidence. After a certain angle 1s reach-
ed, the sir refuses to flow smoothly (see Photograph 2.), and it
spills over the leading edge snd becomes turbulent. When such a con-
dition arises the 1ift drops off, and consequedtly the plane stalls
because there i1s 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
alr speed 1s the same as that in Photograph 1. Note the low angle
of attack and also the rolling action of the sair behind the wing. In
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 slr would be tremen-

dous. This might explaln why certaln models with Improper llne-up
refuse to galn sltitude no matter how much power 1s applied.

Photopgreph 3. shows the alrfoll at the same angle of attack as in
Photograph 2., but wilth the sir speed increased. Notice how the bur-
bling or stalling air has straightened out, and so has restored the
1ift of the upper camber. From thls i1llustration we can see that a
high speed plane can fly at higher angles of attack than a low speed
job, without stalling. Photos 4., 5., and 6. emnlify the principle.

Speclal note should be made of the fact that by judging from the
spacing of the spark dots, the alr spead in Photogrephs 5. and 6. ia
about three times that of Photographs 1., and 2. Also note that the
angle of attack is 10° in Photograph 2., 189 in Photograph 4., and
28° In Photograph 6.

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

er gt low speeds than at high. Therefore we can assume airfoill
characteristios for model work to be spproximately 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 stendard drag coefficients. This cean
also be explalned by the photographs. Since the drag 1s the result
of disturbing the airflow, and the airflow 1s eassily disturbed at
low speeds, the drag coefficlents are much greater for low speeds
than for higher speeds. See Fig. B. for the coefficient difference
and slso Flg. A. which shows the drag curve assumed for model work.

These proofs should convince the most sceptical that 1t pavd to
streamline st low speed. We should not use the record 1list as a ba-
sis for an-argument against streamlining as.the record flights were
almost all made with the aild of thermal currents. What we want 1s a
much higher average flight. The chances of getting a ten mlmate
flight are about 1 in 50, and a five minute flight, about 1 in 20.
The odds awe getting better yenr by year, as we pay more heed to low
speed amerodynamics. )

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

The best possible shape for each part, as well as the effect of
streamlining on stabllity, will be considered under their own head-
ings.
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ADDITIONAL AIRFOIL SECTIONS may be found in N.A.C.A. Reporte
Noe. 93, 124, 182, 244, 286, 316, end 460. These reports may be
geen in your library or be purchased on application to the ---
Superintendent of Doouments,---Government Printing Office, ---
Washington, D.C. For further information write to the National
Advisory Committe for Aeronauvties, Navy Building, Washington, D.C.



AIRFOILS

The first step in deslgning a contest model 1s to declde upon
the size desired. After this is done an approximation of the welght
should be msade. From the weight estimate, the srea of the wing
should be determined. Bafore the final decision 1s made, remember
that the performance of the medel depends a 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 girfoil.

Since airfoils stall at lower angles, at low speeds, we must se-
lect a section that has sufficient ]ift at low sngles of attack.
The sections having this quality are those whose thickness exceeds 8%
of the chord and whose lower portions are flat or undercambered (con-
cave). Although 1ift increases with an increase 1n thickness, an ex-
cessive increase in drag and other disadvantages become evident with
the use of section of over 15% chord thickneas, at low speeds. A
thickness of 12% of the chord seems to be the best compromlse.

Fig. 2. ZigZ.
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One wey of increasing the 1ift without the addition of too much
drag 1s to use an undercambered airfoll. The reason that the under-
cambered section develops more 1ift than a zimilar section with a
flat bottom 1s that the alrflow acts at a greater sngle agalnst the
lower portion of the asirfoll. See Fig. 1. Thus we can increase the
angle of attack of the lower portion of the airfeill, 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 incresase of 1ift becomes especially prominent at angles greater
than 0°. Since wa usually set the airfoil at about 3° positive we can
use the undercamber advantageously. The undercamber may be guite
deep, but we must keep in mind that too much of 1t will cause apprec-
igble drag by the eddy behind the leading edge. See Flg. 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 undercembered sectlons have a greater center of
pressure travel and alsc a lower lift-drag ratlio. However, these
points should. not be used. as criterions in selecting the sirfoll.
What we went 1s enough 1i1ft, even at the expense of a bit of addi-
tional dreg (which 1s very small in comparison with the rest of the
model). The center of pressure travel 1s teken csre of by the abnor-
mal size of stabllizer used on models.

Every so often someone asks wky 8 stable section like an M-6
should not be used instead of an RAF 32. Then the fact that the RAF
32 1ifts es much at 09, as the M-6 does at 7° i1s pointed out. "But
why don't you set the M-6 at 7P and get the same 1ift as the RAF 32,
and get the esdvantages of s 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 wlll stall much sconer than the RAF
%2. For exsmple; 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 1s 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 airfoill, the structural requirements of the par-
ticular model must be kept in mind. The best airfoll is useless if
the wing does not keep 1ts shape, or 1f 1t breaks at the. slightest
collision. In fact, all the advantages of the finest airfoll can be
spolled by poor balance, improper incidence, and high total drag.

After consldering structural requirements of alrfolls, the fol=-
lowing standard seéctlions will be found sultable 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 bullders.) The specific recommendation is made under the
individual report. On these reports you will alsoc find the approx-
imate values for model work. Use them and check their accuracy.

The Editor belleves thst the best practicel section is the RAF
32 which was introduced to use on models by him several gears ago.
Its characteristics are very good, as i1t has all the desireble points
It may be used in thinner or thicker form for light or heavy models.
The Eiffel 400 almost matches it In characteristics, but the thin

tralling edge, and the comparatively high leading edge place it sec-
ond.

Airfoll Characteristics Charts

Alrfoll 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. Notlice thst the airfoils chosen for model
work have this line guite 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 1t 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 caleulations is
a8 shown 1n the example,

The next curve is the Cp line. This shows the drag values at
different angles of attack. For beat results this line should be as
close to the .00 mark as possible, providing that the sectlon has e-
nough 1ift. The Cp line Is the result of two kinds of drag, the para-
sitic and the induced. Parasitic drag 1is that part of the resistance
which 1s caused by movl objects disturbing the airflow. It is the
drag with which we are all famillar when streamlining 1s talked sbout.
The induced drag is evident mostly on incllined planes sueh as wings
and tall surfaces. It is caused by the airflow from the compressed
alr area under the alrfoil into the rarefied upper portion. GSee Fig.
3. At the tips this equalizing fluw 1s especlally great. The degree
depends upon the slze of the tip. The larger and blunter tips will
have & greater flow, while the small and gradually tapered tip will
have a comparatively small spill-over with consequent smaller dis-
turbence of the alr. The drag 1s calculated as shown. (The topic of
induced drag brings_ps right into the Aspect Ratioc question, but as
we sre on chart reaging, the Aspect Ratio wlll 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 1lifting components at the garticular angle. For example, in

the airfoll shown, the center- of 1lift at zero degrees is 45§ behind
the leading edge.



The 1lift over drag ratio 1s an Indlcator of how much the 1ift 18
greater than the drag. Remember the L/D line should not be the only
deciding factor in the selection of an airfoil.

The formulas used to calculate 1ift snd drag sre as follows, as
per the N. A. C. A. reports:
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fihen we have charts for low speed work, we will be able to find
out the minimum speed at which the winz will 14ift the welght of the
model. The calculation of total drag csen be based on this speed,
and once the drag is known,- the proper deslgn 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 o

Aspect Ratlo seems to be the favorite topic of most writers.
The only difficulty is that some recommend high aspect ratioc 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 ses just what mspect ratio is, snd how 1t affects
the wing afficiency.

Aspect ratioc is the ratio expressed by dividing the span by the
average chord. Its effect upon the wing's efficlency, 1s 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 grester tip losses than a
high aspect ratio wing. These losses result in less 1lift and great-
er drag. The drag is called induced drag, and has been deseribed be-
fore.
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As previously mentioned, the drag shown on a regular airfoll re-
port is composed of two parts, that due to tip losses, induced drag,
and the profile drag which 1s due to the friction of the airflow
by the passing wing. The formule for induced drag is:

Induced Drag = cL2
o x Aspect Ratlo

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

The exact aspect ratio depends on the design of the model. If
the model 1s large the aspect ratio may be fairly high as the alr-
foil is wide, but -for -small designs the aspect ratio should be low
enough to provide an airfoil shape sufficlently 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

late characteristics. Therefore, no matter what the aspect ratio
i1a, the tip airfoll should never be smaller than three inches. By
using three lnches as the minimum tip chord, the aspect ratic can be
very easlly decided upon if the wing area 1s know. An aspect ratlo
of gbont 7 to 10 will take care of most models, both in gvercoming
the torque and in providing stability. .
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The shape of the tips should be caretully designed, especlally
on low mspect ratlo designs. An elliptlical outline starting at a
distance of gbout twice the tip chord from the tip, 1s about the
best. When making tips, be sure that they are smooth and do not of-
fer s resistance turning moment to be overcome by the rudder.

Aerodynamic Characteristics of Wing Tips

It is 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 firat.

The tip stell on a tapered wing 1s explained by the fact that on
such wings we have two extreme slzes of mirfolls, the large at the
center snd the small at the tips. It is this difference in size
that ceuses the early tip staell on a tapered wing. The small air-
folls do not hold the alrflow as well as the larger sections at high
angled, with a consequent early stall for the small ai$folls. This
can be substantiated by noting that the smaller the airfoil becomes,
the closer it approaches the flat plate in i1ts characteristics (the
break of airflow at low angles). It may be noted here that the air-
flow breaks away very easlly from sharp corners, and since small
alrfolls have very little curvature, the early stall effects are es-
pecially prominent.

The reason that the center portion of a straight wing stalls
first 1s 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 sway from the alrflow, while the
tips still get a fairly smooth flow from the pressure differential,
thereby increasing the tip stalling angle.

The guestion, "Why does not the same phenomenon hold true for
tapered wings?", cen best be answered by noting that on a tapered
wing the alrfoll gradually decreases in size, so that “the tip sec-
tions are comparatively small for quite a.dlstance near the tip and
that the pressure differential i1s alsc smaller because of the grad-
ual taper.

The advantages of having the tips stall last are apparent when
we conslder that in a stall the tip portion of.the wing 1s behind the
C. G., and therefore will help to restore the model to & lavel or
flying position. See Fig. 4. The tips may be washed out to decrease
inclidence and stall later than the center section, but this gives us
g losa of 1ift. A much better method, which has been recently intro-
duced by engineers, 1s to thicken the tip airfoll, especially the
leading edge, as shown. See Fig. 4a. Thls provides the needed rib
curvabure for a lete stall.

MAKING QOOD /RS By 4
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STABILITY X

The stabilitg of a model moy be divided into several divigions:
longlitudinal or "up und down" stability, rolling or rptating stabil-
ity, and directional stsbillity. The longitudinal stabllity 1s taken
care of by the proper position of the C. 0. and the stabllizer. The
rolling stabillity 1s obtained by the proper dihedral and side area,
Elus the correct position of the €. G. The directlonal stabllity is

aken care of by having the center of side srea 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 tc be well under control becouse of
the present tendency to use large stesbllizers, which keep the wing
well within the narrow safety margin of angle of attack, caused by
low speed. Another present tendency 1a to use slightly 1lifting tails
to help lower the wing loading. The 1ifting tail can be used to ad-
vantage, providing the bullder knows how to use it.

The areas of the stabllizer may .vary a great deal wlthout affect-
ing the performance of the model, except for finer adjustments for
gmallsr aress, and a slight increasse of drag for larger areas. The
present trend in stablllizer deslign 1s to use frmm-30% to 40% of the
wing area for the stabilizer area. In fipguring this area, the mom-
ent arem the welght of the model, and the chord and ares of the wlng
should be taken 1nto conalderation. The light model and the model
with g small chord wing muy use & smaller stabllizer because llght
models are subject to less vlicvlent dlsnlacements. For heavier mod-
els and for models wlth large chord wings, the full 40% may be used
to enable the tall tc dampen out the upaetiing forces. The area of-
the stabllizer 1s also determined by the tall moment arm. A short
moment arm necessitates large area, whlle a long moment arm can
stabilize the model with a much smaller stabilizer. The slze of the
fuselsge in front of the wing alsc has a sllght bearing on the final
grea. The longer portion reguires s larger stsbilizer to dampsn out
any possible oscillutions csused by the lerge inertla distance.

The ideal stabilizer keeps the model just below the stalling
point afMd has s bhigher stelling angle than the wing, to bring the
model level withiout loss of altitude after the wing stalls. One way
of ralsing the stalling ungle of the stebillizer 1s to use a low as-
pect ratio on the stabilizer, with the tralling edge almost straight
and the leading edge swept back. In case of a lifting stabilizer,
use an airfoll that stalls later than the wing. Wallace McBride of
Winnepeg, Canadn,.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 stablllizer extrs high 1ift
at large angles, just when it 1s needed most.

Since 1t 18 a poor practise to approximete important areas, we
would benefit a great deasl 1f we were to formalate a simple equation
for the stebillizer area. The formula used by aeronautical enginears
fa:

Stabilizer Areaq = Wing Area x Coefficient x Average Chord
Stabllizer Moment Arm

0.6
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The coefficlents vary for different deslgns. The goefficlent 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 1s to
record the wing area, average chord, stabllizer area, and the moment
arm of every model we make. If we know these figures we can very
ea3lly determine the coefflclent for later reference by using the
following equation.

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

After o while we will hove a complete set of coefficlents for eanch
type of model, and also for stabilizers using different airfoills.

Although a flat cor symmetricel stubilizer may 11ft if 1t 1s set
at a positive angle, the practical difference between th® 1lifting
tail and the flst or symmetrical tail is that the 1lifting tall con-
tributez 1ift and brings the C. G. back, sometimes even behind the
wing, while for a non-lifting teil th: C. G. 13 not more than 30% of
the chord of the wing behind the leading edge.

To adjust a non-1ifting staeblillzer model, the C. G. should be
30% of the chord behind the leading edge. The wing should be left
at this point no matter how the model flies.  All the adjusting
should be done with incldences. The incldence of the wing should be
about 3° posltive and the stabilizer should be set nt zero, or even
slightly oplus, toc take cure of the downwash. Now 1f the morlel dives
with this setting, increese the incidence af the wing very slirhtly,
1f a thlck wing sectlon 13 used; and increase the incldence of tiue
stabilizer If a thin wing sectlon is used. Always keep in mind that
the wing musat 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
1s changed compllcatlons set in and ndjusting becomes difficult for
maximum efficiency. It 1s guite 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-lifting tail 1s shown in Fig.h

5y
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The 1ifting trll enrries part of the total loed of the model as
well as providing longitudinal stability. The C. G. can be almoat
any place behind the wing, the exact position depending upon the
size and incidence of the stabilizer. However, most model bullders
seem to favor the position of the C. G. just behind the troiling
edge of the wing. To adjust for flying this design, have the wing
at 3° positive incldence and the C. G. behind the trailing ecdge,
then do sll adfusting by varying the stubilizer's incidence until a
satisfactory flight 1s obtalned.
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The sectlons used in the stabilizer vary from symmetrical for
non-1ifting tells, to single surface cambered sectlons for 1lifting
talls. In selecting sirfoils for 1ifting tails, keep in mind the
fact that the stebilizer may develop too much 1lift end 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 i1deal wing-tail combination for a 1ifting tall model is to
have the force of the wilng's 1ift x its moment arm, greater than the
force of the stabifizer's 1ift x 1ts 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 stabllizer's force 1s larger than
thet of the wing at angles below 3° positive, the model will have a
tendency to fly tail high, or even dive. B8See Fig.é6 . It 1s there-
fore evident that the stabllizer should be so designed that the air-
foll will have relatively little 1ift at zero degrees angle of at-
tack. The safest sections that will fulfil this requirement are of
the M-6 variety. The flat bottom or Clark Y type should be gbout the
1limit in the direction of undercagmber. The hegvily undercambered
stabllizers work well sc long ss the incidence 1s positive and the
wing is able to take casre.of 1ts side of the load, but as soon aa the
model gets into a negative angle of attack, the undercambered sec-
tions will force the model into a dive because of their "1lift at low
angles" charscteristics, which provide the stabllizer with more force
and overbalances the wing/tail ratio.

The above longitudinal stability suggestions will suffice 1if 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, 3o that such flight
adjustments will be the same as those in the glide. However, since
the power flight 1s ususlly of a circular or spiral type, the final
flight adjustment depends upon the rudder and counter torque adjust-

ment. Whatever may be such adjustments, keep the position of the
WInS_de stabllizer fixed and work cnlv on the turning controls
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SPIRAL STABILITY

Dihedral and Rudder

Most satability problems sre caused by the lack of knowledge con-
cerning the forces that tend to roll (barrel roll, bank) or turn the
model. On s stable model these forces ere 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 rmust 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 1s to keep the model in its most ef-
fective flying position. To accomplish this, it must perform a lerge
variety of corrective funetions, such as counteracting the tobque and
preventing excessive side slipping and banking on the turns. All of
these things must be done with the minimum of dlhedrsal, to keep the
wing effliciency high. See Fig. 8 for comparison.

Zip 8,

The general impression among the model bullders 1s that the d4di-
hedral functions as in Fig. 9. This 1a the old theory, and does not
explain why some models with little dihedral possess certain definite
stability factors. To explain the modern theory, we must reslize
that the 1ift of the wing elements is always perpendicular to the
wing surface, and that the resultant of 1ift 1s passing through the
C. G. B8ee Fig. 10. Now 1f the shodel i3 upset as shown in Filg. 11,
the 1ift of the wing and the welight 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 1t can be saslly per-
celved that the lower wing has more 1lift than the upper by virtus of
its greater angle of attack. This tends to ralse the model into =
level position. The important point to remember here 13 that every
such corrective tendency 1s brought about when the model 1s side
slipping, and that slide slipping affects the surfaces seen in a silde
elevation of the vlane.

VB AS SEEN
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Effect of a High Fin on Stebility £

Another method of obtaining stability 1s to mount the wing on a
fin. The stability is obtmined when the model side slips, because
this fin areas 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 dlhedral mey be decreased, but not entirely eliminated.
When using a fin, remember that it acts as a rudder also, so be sure
to check 1ts position before every flight.

Fiy.23,

Torque and Dihedral

The torgue 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 1ls per-
fectly lined up, and the rudder gnd thrust line are set at neutral,
the only counter-torque element 1s 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 1l1ft on one slde
and the dihedral tends to straighten out the model. The torque roll
continues, however, until the wing produces enough extrs 1ift to e-
qualize the torque force, thereby producing a balence. The reason
that the model now circles 1s because the lower wing has much more
drag due to its higher angle of attack. The danger of econtrolling
the torque by only thils method 1s that the rubber torque is so vari-
able that the initlal force might be sc large that 1t 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 1ift. The manner
in which this 1s asccompllished wlll be discussed in a later parsgraph.
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So far, we know that the only time that the dihedral comes intc
play is 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 1s apparent that if the areas are
balanced nothing willl happen, but the moment that the balance 1s dis-
turbed, the slde that has the most area will tend to swing into its
least re-istance position. See Fig. 16. For cur purpose, it is best
to have the tall portlon of greater area so that the model will tend
to point into the sirflow whenever a side gust occurs. However, 1t
must not be too great or the wing will have but & small chance to re-
cover by the dihedral-side slip effect, since the tail portion will
always be trylng to polnt the model into the newly formed airflow,
and so eliminate the needed slde flow for the dihedral to take effect.
The ideal situstion i1s that in which a sl¥ght side slip does not af-
fect the slde area proportion.

Rudder

In a slde gusat or cross wind the model with a small rudder will
be turned so as to fly with the wind, and the model with a lerge rud-
der will point into the wind. Of the two, the large rudder 1s prefer-
gble, as a gust 1is liable to upset the small rudder model while it is
turning. B8ee Fig. 16. 1In a slde slip with 1ts accompanyling side
airflow, the model with a small rudder will tend to increase the side
slip by heving the tall portion drop. It 18 also poasible that such
lowering of the tail portion will increase the angle of attack to a
atalling position in which case the entire model will be out of con-
trol. The larger rudder model will tend to face the slde airflow,
preventing the model from side slipping, and banking it Instead. How-
ever, remember that the rclling tendency due to the torque 1s still
present and contlnues to produce the side slip, forclng the model 1in-
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 1s exceeded, will bank 1t into a slipping turn. Ses
Fig. 17.
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S8ize of the Rudder and Dihedral

It is a rather difficult proposltion et this time to glve an ex-
act means of finding the correct dihedral angle and the rudder area,
as the effectiveness of “the various p. ts is unknown. The only meth-
od is to approximate &s closely ss possible from experience, and then
to watch the performance of the model, noting its actions. If we can
tell which forces are dominsting the situation, 1t 1is 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 13 smsell 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 end a small prop. (Almost glider characteristics.) For such
models, 14" dihedral at escn side for every foot of span, 13 suffic-
ient. These angles will allow for torque as well as other upsetting
forces. For models between these extremes the angle may be smell 1if
the torque 1s small, or If it 1s neutrslized by twin props.

The correct rudder area depends upon its distance from the €. G..
the shepe of the fuselage, the slze of the prop and the wheels, and
the dihedral. The effect of the distance from the C. G. is self-evil-
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
wa know that we must have slightly more area behind the C. G., we
therefore can asgume that the center of sids area 1s 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 slde view of the model end then celeculating the
area-distance forces.

INYLL TR ACEY
N LOVE 44 BY-
LANCES LABSE Mase
AIASS
7 { g :l
§ : e PHEELS
E g
s
N v
e
BILINCE LINE (;/f

S/DE AREAS EXPOSED ’
N 4 SDE SLP et Z2g.78,

[
rear BADDER CALCOLATIONS

Since the silze and shape of the elements other than the rudder
have slready been determined, we can slowly bulld up the rudder
while we are calculsting. In 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, and a full alze
fuselage if a square or diamond shape 1s used. A round fuselage, be-
cause of 1ts low drag at verious angles, may be considered as a stick,
while the elliptical fuselage should be asbout 1/2 of its height, and
an octagonal one almost full size. In using this procedure, the rudder.
should not exceed 1ts 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 maske a side view cardboard pattern of the model with
the arems as recommended. The rudder portion is left large and bal-
ance 1s obtalned by trimming it cautiously. If the celculations are
exact, you should have the correct rudder erea. 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 1is
not greater than i1ts side view. For the average model, assume the
center of side area to be a few inches behind the C. G.

Requirements for Ideal Spiral Stability

To heve a model possess spiral stability, we must have enough di-
hedral to stralghten it when 1t begins to roll or side slip, the rud-
der should be Just large snough to bring the center of side erea 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 egsily
detect a model without it by the following flight examples.
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If the rudder area or the srea behind the C.*G. 1s too large or
if the dilhedral is too amall, a side pust will tend to turn the model
into the wind. As it turns, the outside wing travels faster and pro-
duces more 1ift with a consequent bank. The moment the wing banks,
we get a side slip in which the whole slide of* the model 1s affected.
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 a tight spiral
dive. The above cycle may also be started by setting the rudder fur
g shearp turn, which 1s elmost equivalent to the side gust effect.
Torgue also rolls the ship into a side slip. The conclusion that may
be drawn 1s that if the center of side area 1s too far behind the
C. G, end'the dihedral is small, the model will be very unstable or
easlly affected by slde airflows, snd in great danger of spinning.
The cure for this is to decrease the rudder area or the side area be-
hind the C. G. ur to increase the dihedral.

With the present tendency to make ell controlling surfaces extra-
large, it 13 unlikely that the rudder area will ever be too small, or
the Center of Slde Area In front of the C. G. However, if the model
tends to bank one way, and then the other, oar if 1t slips from side
to side, the indicatlons are that the dihedral must be too large or
that the side aresa 1s just on or is in front of the C. G. Check the
slde area position, and if it is behind the C. G. decrease the dihed-
ral, and if it i1s in front of the C. G., increase the rudder area.

Position and Shepe of the Rudder

It has been noted that the rudder has a powerful effect and that
1t should be so placed and shaped so that its action w.ll te gradual
If the rudder i1s of high aspect ratic snd placed above or below the
fuselage, the slightest side airflow will tend to upset the model.
0f the two, the upper position is prefersble, as it tends to keep the
model on gn even keel, while the lower design tends to overturn the
model. The logical solution to the problem 1z to make the rudder of
low aspect ratio, snd to divide thes area apove and below the fuselage
as shown in Fig. 19.

1&?&{9 Fg.L0.
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Round or elliptical fuselages offer comparatively small resistence
when exposed to the side airflow and they sre not very effective with
respect to silde area contreol. In such cases, it 13 recommended that
fins be mede on the front of the fuselage and that the rudder be made
a3 shown in Fig. 20. 1In @ side slip, such an arrangement will tend
to slow down the sliding motion and also present forces of similar
strength, dus to the flat fins in the front and rear.

Twin Rudders

Twin rudders seem to be aercdynamically sound, and it is quite
possible that they are more effective than the single rudder design,
because of thelr smaller fusslage interference. They also benefit
the longitudinal stability by raising the stabilizer's stalling angle
Their total asrea 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 steb-

zer,
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Counter-Torque Adjustments

As previously shown, the propeller torque transfers part of the
wing loading toc one side of the wing and causes the model to roll,
unless corrective measures are gpplied. One of these corrective
measures 13 the dihedrsl, 'ut since a large amount of dihedral lowers
the wing -efficlency, the dihedral must necessarily be as small as
posaible. Another measure used i1s to change the Incidence of the
wing so that one half has more than the other, with a consequent in-
crease of 1lift. A modificstion of this method is to incresse the
area of one half of the wing. The only objection to these methods
1s that as socon as the power 1s expended the counter-torgque setting
produces spiral instability if the adjustments are excessive. Re-
cently, the aide thrust contrel of torque has been used sucecessfully
when used with moderatlion. The principle here is that the angle of
thrust produces a turning tendency which causes the torgue wing to
travel relatively fester and so praduce the needed counteracting 1lift.
While the model is under the side thrust influence, it is in a skid-
ding turn, snd it 1is here that the danger lies. If the center of
slde area is not properly bslanced, 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 sgme-- that of forecing the model to turn in order to
produce the needed counter-torque 1lift. The rudder effect depends
upon the power and propeller, amnd the apeed of the model. It 1s

small on low power ships, and large on high power ships such as gas
lobs.
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The logical solution of the counter-torque adjustment problem is
to use a small emount of each type of adjustment and to allow the mod
el to turn with the torgque, so that when the power ls completely ex-
pended, the model will turn in the opposite direction with no upset-
ting tendeney. Another method is to have en sutomatic aileron con-
trol, self-adjustable by the motor torque. Whichever method you use
to counteract the torgque, remember that 1t is the wlng that sctually
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 8 good glide while usaing the power flight ad-
justments, we must consider the position and effect of the various
forces. The center of gravity and the thrust lins can be fixed, but
the center of drag keeps wandering with every change in the relative
airflow. It i1s this varying position which often makes edjusting
difficult. The strength of these three forces depends upon their re-
lation to each other, as well as upon the flylng conditions.

The vertical pcsition of the C., G. is usually determined by the
rubber motor line, the welght of the wing, and the weight of the
landing gear. 8ince the weight of ths landing gear does not often
squal that of the wing, we can assume the C. G. to be slightly above
the rubber line, The fore and aft posltion also depends upon the
center of the rubber 1line. Since the weight of the tail surfaces
usually balences the welght of the prop, we have only to conslder
the wing and landing pear. Since these two are in front of the rub-
ber motor center we can assume the finsl C. G. to be in front of this
center, with the exact posltion determined by the welight of each item
You may test tnis premise for yourself bv balancing & completed model.

The thrust line depends upon the axis of the propeller shaft, end
can be made independent of the rubber line by the use of a suitable
plug. In making these pluzs, remember that there 1a side friction at
the rear of the junction of the shaft and the plug, and that this
frictlon 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-
1dual parte is belanced. Since the drag changes with the speed and
shape presented to the alrflow, the center keeps shifting under dif-
ferent flving conditions. On a normal model, the €. D. 1is high be-
cause of .he high wing. The forces on a normal model are as shown
in Filg. 2%, and the actlon of the wvarlous centers 1s as follows:

FgZz,

During power fiylng the thrust is the strongest forward force.
Gravity, uzcting through the C. G., contributes slightly when the ship
in a diving position, but 1t alsc detracts in a c¢limb. The resac-
tion of the center of drag with the thrust line usually determines the
position of the medel In respect to the flight line. A hlgh center
of drug has a tendency to increase the angle of attack, and if no
counteracting force 1s applied will eventually stall or loop the mod-
el. Howaver, we do have a counteracting force in the stabilizer,
which trles to keop the ungle of asttack within safe tounds and so
preserve stabllity. Sea Fig. 23. Note that the stabillizer's cor-
recplve force rust take cure of the drag force as well as the 1ift of
the wing.




21

The opjection to thia arrangement is that with an increased angle
of attack, a greater frontal area 1s introduced which adds to the
total drag. The setting of the stabilizer required to counterdct the
trag force is that of Increased incidence or the use of a high 1lift
airfoil. This setting tends to dive the model in the glide, as the
drag force is decreased at lowsr speeds. To offset this, the wing
must be moved forward, which adds an additional corrective load to
the stablillzer while In power flight. The setting is now as shown in
Flg. 24. Note that this srrangement 1s 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 1lifting, stabilizers, and why the C. G. 1s
almost at the trailing edge, when & high wing is used.
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Another way to counteract the high center of drag 1s to have the
thrust line pass through the C. D, as shown in Fig. 25. This relieves
the stabllizer conslderably, but not altogether, as the center of
drag shifts from the thrust line, st different speeda and angles.
During the glide of a down thrust model, the stabilizer controls the
situation as described.

We have seen that a high center of drag requires balancing with
other forces, and that a greater frontal area 1s exposed, with com-
sequent lowered total efficiency. The 1deel theoreticel combination
would be to have these forces meet at one point. Such a design calls
for s 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 esbove 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 1s great, the
angle 13 increased, amd when the speed 1s low, the angle is low. How-
ever, this setup places adjusting in the cut and try class, and 1s
also responsible for meny longitudinal stebility problems.

The effeect of having the center of drag below the C. G. and thrust
line is &vident from Fig. 26. The stabilizer corrections will be just
the opposite of those recommended for the high C. D.

|
/
Fig 26.

The degree of downthrust and stabilizer setting depends upon the
particular model. The first adjustments should be made to obtain a
good glide by setting the wing and the stabilizer. Then the power
flight should be amdjusted with the aid of downthruet. If the requir-
ed downthrust 1s too great, increamse 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 varlable 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. 8Several of the most important
are: What determines the slip of the prop? What effect has the alr-
foil and what effect has the blade area? When should the plteh be
high or low? How 13 the engle of attack of the prop determined?
What pitch-diameter ratio 1s best? What 1s the best prop for a par
tlcular model?

Explanations that can be found in technical books are based on
the wing or airfoil theory. That 1s, it 1s assumed that the prop-
eller blades are a set of wings which are rotated in order to pro-
duce 1ift. As such, they are subject to all of the reactlions attrib-
uted to the regular wing. (We should therefore be careful to use the
most efficlent blade outline and airfoil, just as for an ordinary
wing, especially since the propeller 18 the only means of converting
our limited power into forwrrd motion.) The following text will de-
scribe the forces sncting on the propeller while it is in various pos-
itions, end is presented in the wing princlple theory.

Assuming that a rotating propeller has no load to pull and that
the airfoil is symmetrical, 1ts psth would follow the line of least
reslstance. See Fig. 28. You will notice that the path of that par-
tlcular prop portion 1s along the line of the geometrical pltch, and
that the 1ift is zero while the drag is at its minimum value. (If &
cambered section were used the resulting pitech would be as shown by
the dotted 1line, due to the 1ift of such slrfolls at zero angles of
attack.) Very little power 1s requlired to rotate the propeller when
it 13 in this position. However, no work 1s being done since the
1ift is zero. The distance such a propeller travels in one revolu-
tion depends upon the sngle of the blades. Tt is evident that a high
angle will give a greater distance than a smaller one.
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If we were to prevent the propeller from moving forward, but
still 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 1s wvery high, wlth
conaequent high 1ift and drag. The exact value of these two forces
can be ealculated by breasking up the blade into several segments snd
by csleculating with formulas, the 1lift and drag of the entire prop
while it 1s revolving at a certain apeed. The important point to
remember is that the rotating action of the sngled 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 furnlshing the necessary power.
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The above two examples showed the extreme positions in which the
propeller may be. In both positions, the useful work is nill; in the
first case, the propeller had no load to pull, and in the second case
i1t was held atationary by a force greater than its thrust or 1ift.

Useful work 1s accompllshed somewhere between these two extremes.

If, for example, the propeller were fixed to a trolley with a
load whlch requires a force of 10 pounds to start it and keep 1t in
motion, a one pound thrust will not budge it. To move the trolley
we must elther 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 remaln 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 1f the speed of the propel-
ler 18 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 1s in a forward direct-
ion. Consequently, with every prop turn, the trolley advances for-
ward. The exact dlstance 1t travels forward depends upon the angls
of the path of the blsdes, the diameter of the prop, and the number
of revolutions pser minute.

If the conditions do not change, the trolley will travel forward
at a uniform rate for an indefinite period of time. However, let us
suppose that part of the load drops off the trolley so that the load
1s decreased. At the moment that the load decreases the trolley
apeeds up becguse the”thrust 1s greater. But as mentloned abovs,
the angle of attack also changes with the speed, until the angle is
reached at which the thrust i1s 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 squals the load except at the moment that the cond-
itions chenge, that the distance covered in one revolution depends
upen the angle of the blade path, and that the speed depends upon the
number of revolutions made within a certaln 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 losd 13 greater than the thrust 1t will tend to slow
down the trolley. But as soon as the forward speed 1s reduced the
gngle of attack 1s incressed with its consequent incresse 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 conseguent
lowering of thrust, until it 1s equal to the load. The whole thlng
may be bolled down to the fact that the propeller blades, in wlshing
to go forward, are hindered by the drag of the model, and that this
drag mist be neutralized by the thrust.
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It 1s evlident that the trolley mey be replaced with a plane, and
that as soon as the forward motion 1is 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 wod-
el may be travelling. It cen also be seen that enough thrust must be
developed "to produce the necessary flying speed.

The apove are tundamental principles, and we should keep thew in
mind when designing a propeller. From them we cen 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 avsilable. 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 50 that we get the maximum output for the power wa
use. To achleve this end we must go into more detailed propeller op-
eration description.

The more exac. force diagram of the propeller segments is shown
in Fig. 31. The most important point to consider is the direction of
the 1lift force. Notice that if it i1s placed into a force diaggram 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 totel torque 1s egual to the anti-rotation
force produced by the 1ift and the alrfoll 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 pProps may
produce enough thrust only at high speed prop revelutions, which are
undesirable for rubber models.

From the above force dlesgrsm and the wing 1ift formulas, we can
also see that if we 1ncrease the blade ares, the thrust will be 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 coefflcient will be lower. The 1deal zngle of attack
will be at the point where the L/D ratio of the particular section
is the highest. At this point the efficiency will be the greatest
since we get the most 1ift for the power expended. (It is quite
posalble that model propellers do work at this angle when the prop
rotates at high speed under the initlal burat of power of the rubber
motor. However, as the power slackens, the model slows down until
there 1s just enough power to produce the needed thrust for flying
speed, and the angle of attmck i1s then quitle 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 13 high, the thrust
mist be great, whille low drag or streamlined models can fly with a
smaller thrust. Prom this we can conclude that a high drap model re-
quires a larger prop ares than does the low drag design. The exact
areas can be calculated if we know the (lying speed, the diameter and
pltch 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 experlence has shown.
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Pltch and Diameter

. We heve 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
8l (or diameter) is the most economical. However, 1f the dlameter
becomes excesslive for practical purposes, and we still have power to
gspare, we can increasse 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 pltch
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 11ft 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 be small (pitch 20"/diameterl8s",
1.1). BSee Fig. 32.

If the model 18 intended for crulsing then the prop should con-
serve the power for as long as possible. This can be accomplished by
using a large dismeter 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 ratlo 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 1is lower
than for the blunter ship. However, the prop does not work at 1its
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 & 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 egquals load. If the drag of the model is great, the
thrust muat 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 anti-rotating force.

4. The power required must be equal to the drag of thas propel-
ler's airfoll at the particular angle of attack, plus the anti-rotat-
ing force produced by the 1ift.
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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 ailrflow begins gquite s distance in front
of the propeller, and that the increase of alrapeed behind 1t reduces
the alr pressure so that the slip stream 1s actually of smaller diam-
eter than the propeller. However, the peculiar flow formation near
the tips should not beguile-us into belleving thet the tips are un-
impertant . The tip losses or eddles are stilll there, and the tip
shape and aspect ratio asre Just as important on the propeller as on
ordinary wings. Conclusive proof of the fact that losses occur at
the tlps was made by the Editor. The experiment was performed as
shown in Fig. 35. The interesting part 1s that the ailk thread ac-
tually moved forwsrd into the blades while held behind the propeller.
This effect was especially strong on a square tip design propeller.

The elllptical 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 1is desirable
to cut the blank so that the piltch 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 1bs./eu. ft. hard-
ness. If 1t i1s at all possible, try to have the grain crisscrossing
parallel with the width of the blank. This will provide identicsal
grain on both blades, and also glve a strong hub.

Very little can be sald about carving for the youngsters, except
that practice makes perfect. However, no trouble should be experi-
enced if the blank is well leid out and carving 1s done slowly wilth a
sharp kmife.
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Camber

Since the propeller works on the reguler airfoll principle, the
airfoil section of the propeller has reactions similer to those of
the main wing. Therefore, the camber should be decided by the design
of the model. Past snd 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 glven
incidence than a flat-bottom sectlon, but that the drag is slso 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 guestion for
quite a while. The best way to settle this solilogquy 1s to analyze
a propeller while 1t is standing still and while 1t 1s freewheeling.
The action of the airflow on & still propeller 1s shown in Fig. 37.
Note that.the angle of attack varles with the point on the bladas.
Thet 1s, it 1s high at the tips and low at the hub. The forces set
up are relatively great, due to the large angle of attack. The 1ift
force tends to rotate the model vla the prop shaft, and tries to up-
set 1t unless counter edjustment is provided. This 1s an especislly
bed feature since the force is 1in the counter-torgue Aircction, which
is also favorea by the normal model adjustments. The drag force is
directly backwards which make tha totsl prop drag caleulstions com-
paratively simple.
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The airflow reaction on a freewheeling propeller 1s shown in Fig.
38. The angle of amttack here i1s much lower. The exact angle dapends
upon the component of 11ft needed to overcome the drag of the prop-
eller. Of one fact we can be sure, and that 13 that the angle 1is
negative to the normal airfoll to such a degree that the 1ift is al-
so negatlva. 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 alrfoll we can see that
undercambered props wlll have much more drag than symmetricnal or flsat
bottom sectlons. This incrense of drsg willl require a larpger 1ift
component to overcome 1t, and since both the drog and 117t forcesa are
in a backward direction, they both constitute drag. There 1s noth-
Ing that we can do about this except to minimize drag as mich as
posaible so that the total wlll be reduced. Thls can be done by hav-
ing & very smooth finish on the blndes, by nsins the best ball bear-
ing washers, and by having a freewheeling that does not depend upon
a spring for its operation. If a spring is used, the pressure 1t ex-
erts agalnst the hub csuses addltionel frietion whlech wmust be over-
come by the 1ift force. Tne logical solution is to use a freewheel-
ing of the spiral type or any similar type, and a rubber tensioner tc
gpring the shaft out.

Note from the dlagram that we have no rotating force trylng 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 (3es Fig. 39),

t this should not be considered conclusive.

From the asbove 1t would seem that the freewheeling propeller 1s
better, as 1t usually has lower drag and does not affect the model
adjustments. The drag may be slightly higher thsn that of a stlll
prop on certaln occasions (such as in the case of very MQh pitch},
but i1t sti1ll secms better. The fixed position will be all right if
the blades can be made to straighten out and conform to the alrflow.
Of course. a perfect folding prop would solve the whole problem.



8 THE GLIDE

Although it is the usuasl procedure to describe the glide at the
eonclusion, the Editor deemed it advisable to present i1t at this ear-
ly point, to emphasize the fact that the greater part of the duration
of the model depends upon 1t. Since It 1s so important, it is worth
our while to design the model with the 1dea of increasing the glide
as much as practically possible.

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

We have two models of 1dentical wing loading. The wings and
tails are identicel, 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 aerodynamlcally efficlent as the cowcatcher on a
locomotlive. Both models muat fly et the same speed to produce the
seme 11ift. It 13 therefore evident that the model with poor lines
will need more power to keep up with the streamlined job. Now when
the models go intec a glide, the stresmlined 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 ita flylng speed. The conclu-
slon drewn 13 that the inefficlent ship willl come down much more
ateeply, with a consequent loas of durstion.

The gliding angle cen be very easlly predicted if the 1ift and
dreg of the model are known. For example, 1f the 1ift of a model 1s
four ounces, and 1t requires one half ounce of thrust to keep 1ts
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 flylng speed, 1t will travel eight
feet and the gliding ratio will therefore be B-1. From this example
we evolve the following formula:

Gliding Ratio = Lift of the Model
Brag of the Nodgl

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
1t. The 1deal model should have a minimum of drag and the loweat
possible wing loading. (This allows the model to fly slower, thus
reducing the drag.) The low drag can be obtalned by using stream-
}ining at all practical points. If the model must confrom to the
welght rules do not make it heavier than necessary, and use hlgh-
1ift eirfoils, as recommended in the alrfoll chapter. A small
additionsal amount of weight may be used if stresmlining is impos-
sible without 1it.

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

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



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

1. The gliding angle depends upon the 1ift and drasg (L/D) ratio.

2. The speed of the model ls controlled by its wing loading; a
model with s light wing loading atteins sufficient 1ift at low speed,
and one with a high wing loading needs high speeds to get sufficient
1ift. If the gliding angle 1s 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 this 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 helght 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 dlstance between the point
of launching from hand to the landing point, as the initial speed is
greater than the normal glide, and the closenesa of the ground also
has a cushioning effect, becsuse of the compression of the alr be-
tween the wing end the ground.
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For Claerification

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

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

The sbove definitions are official for power plane use. Slnce
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 1s 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 seml-official, so that we will kmow what 1s
meant when we mention "two degrees downthrust' or "one degree posi-
tive", etec.

"The angle of attack in smooth air is the angle between the chord
1ihe 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 agaln 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
1t a fevorlte among bullders, especlally those who have little time
for model work. This type has served well under the prevailing welght
rules, because the low wing loading of the model has helped to offset
many of the disadvantages. Howaver, the expected change in weight
rules will put it into the discard and new types of construction will
become popular.

The offlcial 1937 Wakefleld rules require a minlmum welght of 8
ocounces for the 190-210 sq. in. model. The N. A. A. rules are almost
sure to be Jumped up to 3 oz. per 100 sqg. in. (just mltiply the wing
area by .03 to obtain the required welght in oz.). It 13 highly im-
probable that these rules wlll 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 moat 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 ard colllslons. We must remember
that the increamse 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 1t
is posaible that a well made bullt-up stick will hold up under the 2C
odd strands. It 1s amazing how strong balsa can be if 1t 13 used
correctly. The next proposition 1s the all-balsa fuselage deslen,
and 1t 1s 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-
eribed in the plans or individually, end there 1s no need for describ-
ing them here. Therefore this particular sectlon 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 exceptlon. of the time re-
quired to construct it and the necessity of using high grade supplies
The next best 1s the round cross section type. This is much aimpler to
make &3 the bulkheads are round, and the covering balsa can be made 1in
patterns. On such fuselages the work will be slmplified if the model
Ea: straight lines. On all circular jobs the bulkheads should be of

C" stock and the covering of "A". The other forms consist of varla-
tiona of the several flat-sided type, and also those with curved tope
and bottoms.
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The Edltor 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 throuﬁh-
out. By using this graln the sheet need not be more than true 1/32
thick for any model using up to 20 strands. 8-9 1b. balss should be
used. The corner type of jolnts glve a stringer effect, making long-
arons unnecessary. The beauty of this conatructlon is that the
welght compares favorably with the ordinary type of fuselage with a
mich greater safety factor. It is quite possible to have a bilp 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 scon as the
patch is set for a hold-on, while & broken longeron calls for a major
operation with splints and upsets the sdjustments as well. The con-
§truction time with balse sheet is leas, providing that the lsyout am
material are on hsnd,
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The balsa sheet conatruction requires very accurate work and exact
bulkheads and patterns. If the parts are well made, 1t is a rerl jou
to see everything just e¢lick Into place and the whele fuselupe smooth
throughout. Before starting to work, declde on the cross aectlon
shape desired, making sure that 2" sheets can be used throughout. A
wider section calls for joining, as 3" stock is expensive as well a3
difficult to obtain in the reguired grain and welght. Now draw tha
side wiew on a plece of ,stiff white paper, and lay out the buikheads.
The slde pattern should be transferred to s temrlate or directly %o
the balsa. Coat the bulkhead outlines with wox sand begin to sisemble
them. There are several forms shown, and you can use the one most
sultable 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 and bulkheads first, and
then cement the center to the sides. Be sure toc cement them on the ex-
act spots. After all of the bulkheads are in place, the landing goar
tubes cen be fixed In plece. The remaining sides are cemented on
without the aid of a psttern. The surplua 13 trimmed off after the
cement is set. In joining the balsa sheetsa, uze n genarous amount of
cement to fPom a bead along the joint. The finsl finish 1s 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 size the slids patterns and cement them in the
proper places. If the fuselage 1s absolutely asquare or equilateral,
all strips can be cut at one time and set aslds. The sides are as-
sembled by cementing the upper and lower strips and then coverilng with
sheet. This method 1s especlally recommended for enclosed rubber
stick models. It compares well with the tubular type of construction.
This type of construction lends 1tself 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 satlsfactory design is
reached

/ SINPLIEED RIS CONSTRUCTION 8Y AL oTTine

EXACT GOME MTTLRNS AYD BEARSADS

AITEEN [ CIECEN.

-

AITAG L/ TTING EDSES
NS BT SHNNG
SRLEETS

0 NUNE A BEREECT BeTi JOINT,
SUAPLINROSE TR SHEET.S 45

P SN IND COT SOTH EDESS
£ PATTEL: 8 SN0 AT THE SANE TINE

WILRKEARS ARE
EXQCT, NO FITTING

TRINMING Wikt BE g <
NECESIAEY
_— WY AE KA @G

ABON/ING LPORED LrOAEE NOToL
¥ A CLOSED HOOK

o KTasc~fb Sl

Although the fuselage design can be lmproved a great deal, the Ed-
itor believes that we should concentrate more on the wing and general
layout, for the next few yeara. By using the same fuselage we can get
a better plcture of what oeccurs with different wings and different ar-
rangements. We can modify the fuselage to a high wing, midwirg, 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 engine fuselage jobs on the sume
form and yet worked out numerous designs.

HPAPAED
TN ErOBEL

DLAPSIBLE WIEE
LANDING GLAR

Aerodynamical Notes

The maln consideration in fuselage models 1s to have the fuselage
as much as possible in line with the flight psth. It 1s here that the
round and elliptical jobs shine above the square sectlion. The square
Job of streamlined outline 1is fair if kept in line, but the moment it
becomes angled the drag lncreases tremendously. It 1s for this reason
that a fuselsge. set on edge 1s better than one which 13 level. Try to
come as close as poasible to the ellipse by breaking up the perimiter
into numerous sides or else by rounding off the top and bottom. De-
B8ign the models so that the thrust line will go through the center of
the fuselage, or gt least adjust 1t 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 merodyn-
amical points are covered in the Theory chanter.



WINGS 33

The most common wing failure is the breakage of the spars when
an excessive up or down force 1s 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 3 tri¥cture
1s sufficiently strong due to the rib and cover ing 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 1ir
which the spars are deep and narrow. Tt therefore seems advisable
to follow regular alrcraft practice, by using deep and narrow spars.

The strength of a deep spar can be increased without additlonal
welght 1f 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 & normal model a single spar will be sufficient for models
having a chord of not more than five inches. 4 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 seections 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
igrprisin& how strong parts can be made with the use of these sec-

ons .

BT TR BV RO CLOSEST PECK/MATIAV
THEY CONNECT ENDS “ DP/DE SR 7425

by £ Mamce
TAPECLD TUBS

The spar and rib combinatlons shown in the plans will prove sat-
isfactory 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 moat aatis-
factory, as all points are taken care of., The leading edge does not
have any sef, 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 1s continued for the full chord length. The construction
procedure 1s simple providing that the ribs are accurately cut. The
between-rib spar 1s usually fitted in by individunl sectlions.

The ribs must be made of "C" stock to obtain the greatest bene-
fit from the welght of the wood. Here again the grsin serves the
purpose of keeping the desired airfoil section and also provides ad-
equate torslonal strength. 1In designing the wing structure always
be sure to have a full chord rib. Such ribas keep their shape well
and alsc lessen the chances of having the leading edge rip off. If
the rib is cut 1n two to proylde 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 riba at the cen-
ter and tip. The tip rib should recelve specinl consideration s 1t
takes the brunt of most collisions. If the tip rib and the tip 1t-
self are woeak, it takes a comperatlvely smell force to break them,
and once they are gone, the rest of the ribs amd spars just crumble
as the force i1s now concentrated on each individuel item, and not on
the wing as a unit.
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INDOOR 69

The construction aml 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.

Succesas in indoor building and flying depends mostly upon the in-
dividual. High"time can only be attalned 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
so 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 1s indlspensable. But remember, there 1s 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
deslgned 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 celling don't forget to let out turns, and use plen-
ty of slack rubber. By keeping in mind that a contest model does not
necessarlly have to be a record-breaking one, you should be able to
develop a cup-getter suitable for your particular condltions.

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 conslder the
final double ellipse ss being a comblnation of two halves of the same
length but of different widths. It is from this fact that the name
"double ellipse" 1a derived.
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70 MICROFIIM

A satisfactory microfilm solution can be made from standard
good clear lacquar, model dope or a mixture of the two, amd the right
amount of castor oil or +iricresyl phosphate, The last two mention-
ed are called plastieisars and are usad to give the film flexibility.
Without flexibility, the Tilm is brittle and breuks very easily and
when a tear 1s mede, 1t spreads very rapidly.

Bafore pouring any solution on the water it is advisable to
check tha 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 ocause this. The water should bte of normal Bum=-
mer temperature. lot water will spread the film, and ocold water will
retard it.

The 1ifting hoop should bs mads of 1/8" diameter aluminum wire,.
{Costs about 2¢ per foot.)

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

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

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 ithe same amount of solution is used on similar
space.

Now that we have tha proper equipment we can try our solutions.
The Tirst solution should be of just olear lscquer. Pour a short,
steady stream on the wataer 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 inm
the solution. lore plasticiser is added in small quentities with
trial tests in between. The satisfactory solution proportion will
bs reasched when the edges 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 tabls shows the col-
ors of the film which zpuld be used on different classes of models.
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The color depends on the amount of solution used and on the
water srea upon which it is poured.

To make small sheets, the solution can be poursd on one spot.
For large and long sheets the solutionm muet be poursd in a long con-
tinuous stream.
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PM1lms can be removed from the water by hoop under or abovs it.
Just be sura that the film overlaps the wire end 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. DPeginners should not uge o
hoocp 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 ropidly, edge firsi, so that the opposite edge of the hoop leaves
the water last. Most of the film that is lost 1s done so by lifting
it too slowly., Never raisa the hoop on & level planae, 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 ar¢ iz a hurry, it can be plucad right on the wing frame. The
best adhasive is saliva, which 1s aopplied only to the outline of the
wing or tell surface. i foir adhesive solution can be made from 1
part of rubber cement to 5 parts of benzine. However, this increasss
the waight os it does not evaporatle as completely as the saliva.

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

Thare are two methods of trimming the film. One is with banana
0oil or dope on a small btrush. The other is with a hot wire or elec=-
tric soldering iron.

Do not use 8 very liquid solvent such as mcetons me it is liable
to run over the spars ruining the covering. The trimming stick or
wire should be held about 3/8" from the slde of wing freme. The film
should melt before the stick, and the edge of it should form a small
bead along the spur. HRaeplenish the trimming liquid, or reheat the
wire as soon as the film stops melting and touches the trimming ma=-
dium,

Wings are usually covered inm sections, espeelally if they ars
large. omaller wings, sueh as R.0.G's, can be covered in one oper-
ation by the following=methods:

1. Cover the wing first and then mske the dihedral and crease
the surplus film with the breath. or water.

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

3. DBand 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 wuter by placing the hoop on
top of it.

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

Mierofilm jobs can be transported om long trius by using the
packing methods snhown below.

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

Microfilm Formula used by Mayhew Wabster

Nete~ Littng sitm by ﬁ/ac‘-f:'?j heek < Jép kas sogrested by voe Herval Wis,



72 INDOOR CONSTRUCTION

The sizes of the particular components 2re shown in the draw-
ings of the record ships.

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

Tha ribs are sliced from "C™ stock balsn sheet, sanded to the
required thickness. Use an eluminum, fiber or a bristol board for
a template. The ribs are cut to size while ussembling the wing.
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ASSEMBLING THE WING

Draw the full size plan of the wing on & pieca of corrugated
board, Stick pins on the spar line just ovpposite the rib linas.
Place the spars on the outline and hold them in place with pins.
Cement =1l the ribs to the lesding edge. When dry, trim the ribs
by snipping off the part that overlaps the rear spar. Cement in
placs.

Tips are made by the method shown:

The tail surfaces sre made in & similar manner:

MOTOR STICKS & BOOM

Make former out of hard wood or metal. Cut blank to shape:
moisten it and bend it arocund the form as shown.
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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 erdimary

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.
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74 MICROFIIM PROPELLERS

Developed By Lawrence Smithlina

The advantages of microfilm props are evident, and there 18 no
doubt that they will be used more extensively in the future. The
highest time made, up to date, with mierofilm 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 place with pin.
Moisten it so that it will retain ite shape when removed.

2. Position the T.E., epar. 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 job. 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.B. with razor or curved scissors. Cement and let dry.

5, RHRemove the ocutline and prepare the other blade in similar manner.

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



COVERING 75

Make a rectangular frame of balsa strips. Cover it with film
by transferring the film from a regular hoop. (Four hands required

for the following opsration.) Twist the frame, equivalent to the
prop piteh, 2nd have your partner contact the seliva moistemed prop
outline on the concave side of the frame. (The prop is covered on

the outside or convex side, Trim with hot wire or banana oil. Use
the seme procedure in covering the other blade. Wrinkles ecan be
removed by passing the prop over =n electriec bulb, soldering iron,
or a hot stove.

While using the prop be careful to hold it at the center at
all times, It can be patched up by transferring film to it from
small hoop of spare film. Superfine will also do in & pineh. Just
moisten the areaz around the break and the film or the paper will
adhere to it.
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Indoor Pusher .............cc00iiiiinnnns .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 indcor pushers.

1. Have a sturdy elevator and boom. More ships are erratic and
unsuccessful because of this than from any other cause. The motor
sticks 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 willl still atand 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 smell. The rudder in front snd below has better con-
trol with less area with a consequent saving in welght and a lowering
of the C. G. A high Center of Gravity 1s 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 bellieve that the pusher stands an egual chance with the tractor.
The model shown would tick off 15 minutes conaistently. With rede-
signing and the incorporation of the lstest ideas, maximum ereas, and
e good microfilm prop, the pusher will be msble to fly more slowly and
will come into the 20 minute class. I hope to demonsatrate this feact
in the Open class, if time permits.

AERONUTTICS
COPY TGHT » =P
"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 itl"

Poor Chap; so young; calm most of the time but keeps mut-
tering, "why! oh why! d1d I back stroke!"

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

"I owe 1t all to Assco," sald NMr. Peguln after his first solo.
It's always swear weather when model bullders compete together,
A contestant's greatest asset 1s his lie-abllity.

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

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

"All I sald was,'It looks nice with all that lacquer but
will it 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 Microfllm  Prop

Develoved by Sldney Axlerod
Suggested by Curl Goldberg

The propeller design as shown is the sixth of the experimental se-
ries. Tt 1s 164" in diameter and welghs only .007 oz.; with a variable
plteh device i1t welighs .015 oz., which 1a sti1l] below the average of
the wooden propeller. It has had mumercus flight tests and 1t ihna
proved to be superior to the ordinary microfilm prop. The center spar
and the double surfacing remove all the dissdvantages formerly sttrib-
uted to the mierofilm prop.

The construction procedure is simllar to wing construction, and 1ia
comparatively simple if directions are followed falthfully. The result
will be a perfectly true and sturdy projp.

1. Make the form from a block of wood with the desired pitch and
diameter dimensiona. Cut the hellx perfectly flat from the leading to
the tralling edge. This 1is important and should be done cerefully.

2. Draw the prop outline and cut the pattern 1n the wood,

3. Cut the spars and ribs to speeification. Note ths ecurve of the
center spar to accomodate the undercamber varlations. Also note thet
the ribs are of quarter-grsin stock, and that the curve glven will it
all points on the diameter.

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

5. The lesnding and tralling edpges are mads of cne plecs, which 1s
cemented onto the center and leading edge ribs first and thien rolled
-around the form and cemented to the trailing edge Tibs.

6. Reenforce the hub with 1/32" balss ss shown, and also cemont
tungsten to the top and bottom of the ribs to keep the film from stick-
ing togetner. The vrop nalf is nuw ready to be removed from the form.

7. Make the other half. Assemble bv lapping the huba for extra
strength. Insert the prop shaft and cover with film. After covering
let the water adhesive set and dry befeore trylng the prop out. The
conatruction time la sbout 4 houra, in comparison to th= 5-6 hours re-
quired for the carving of a wotden vropeller.
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80 FLYING AND ADJUSTING MODE
By Carl Goldberg

When launching an Indoor Tractor, hold thq 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 stiek, and at the
same time allow you & firm grip. Inspect the prop shaft to ses that
thera sre no knots of rubber whioch might make the procp wobble in
flight., Ususlly such knots are present when the movor is tightly
wound. Pull them toward the center of the shoft 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, latting the winds from the rear come into
the front part of the motor, allowing the prop to spin meanwhile.
When it is apparent the knmot will no longer give trouble, hold the
model up in launching position, which is banked over about 10° in
the direotion 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 climb; 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 & series of test flights starting with
about 800 winds, snd 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 agni% on the
game number of winds, If it works 8ll right, on the rext flight
again begin adding 200 winde, 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 beck towards its original
vosition a trifle and also turn it so that the prop faces Jjust 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 tha angle of attack is increased, the 1ift
developed is greqater than the 1ift for a flat section, providing the
areas are equal. For this reeson, it is apparent that & cambered
stabilizer will have better "anti-stalling" qualities.

But spother, and even more wvaluable asset of the cambered stabil-
izer is its use in pulling the ship out of a dive. When a cambered
Bection 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 wesk enough so that when-
evar 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 snough to
maintain its angle when the ship is in normsl flight. The proper
strength can be found only by experience, as 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 mo tick, etc.
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100 Petrol Model Hiats

by Captain C. E. Bowden
General

The testing period 1s the most dangerous peried of the life of
the petrol model. It 1s 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 hes proved 1t-
self very satisfactory and has been alsoc 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 certaln features that I incorporate into all my gas models,
whether they are high wirg, low wing, cr biplane. These features I
consider a help toward testing and subsequent flying without damags.

Firstly, all of my models have a detachable nosepisce upon which
the engine is mounted. This nosepiece is held into the nose of the
fuselage by rubber bands to wire hooks, in the gasme way that the
nosepiece of many rubber models 18 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 thelr cantilever wings and tailplanes at-
tached by rubber bands to wire hoocks that protrude from the fuselage.
Thus the rubber bands hardly show, and yet allow the wings, etec. to
be knocked off in the event of a crackup.

Thirdly, I always fit & 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 a gas model 13 naturally
not "flattened off" and stalled to a three point landing by s pilot.
It glides into the ground. The undercarriage must therefore be well
forward and glve backwards first.

AL THOVEH OR(S/NVAL NAS CAST
JHE NOSEPIECE MAYBE AADE
oF METAL AND WOOD ~/T NST
AF STEONS T0 NEEP SETTINGS

LA/SED SQUABE
72 AT /N SPVARE

s 78 ar/iN oW F1esT
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#rg .

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

demage to a fuselage, owing to their large range of travel in the
right direction. ' s "
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FPourthly, 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 1n test work
as the reader will shortly see.

The best control device i1 nuow of 1s mde from the "works" of a
half-dollar small clock. The mechanlsm operates an ignition switch
and cuts the current from one of the battery leads after any prede-
termined time.

The mechanism 1s extracted from the case of s cheap clock, and
the case, the hands, and the disl are scrapped. The escapement move-
ment 12 next removed and discarded wlith the exceptlon of the eacape-
ment whesl 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 welights on the enda of their strips
of sheet metal, but not touching the tin cylinder which 1a 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 1light frictional contact with the walls of the cylirier.

A small starting and stopping device 1s next fitted to a three
ply top to the clock. See Fig. 3., which 1a a side elevation of the
clock timer.
ngarlmﬂlzmﬂAtVﬁt :
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The top portion of the clock's winding key 13 now replaced with
& 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 top and start lever is ralsed and
the pointer wound up to the required number of seconds as shown on
the dial. The switch 1s connected and the engine 1s started up. Just
before releasing the model, the clock starting lever 1s 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 gradumlly increasing the duration untll perfect trim is obtained.

It is also possible to fly a model in a smell field. Mr.. Allman,
a former winner of the Wakefield Cup, designed thls 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 snd the methods of de-
sign elready described, I very seldom indeed do any damage during
this critical pericd.

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 sllowed for the correct an-
gles of incidence of the wing and tailplane in the deslgn, the model
should be glided carefully by hand into & slight wind, and any amall
ad justments made so that the model makes good flat glides: The mod-
el must be a good glider 1f good landings nfter power flight 1s com-
pleted, are to be obtained. :

Now a five second hop can be tried under power, controlled by the
clock mechanism. But before this is t.ried', the detachable noseplece
must be tilted downward (1. e. "downthrust") by packing wood slips
between the detachable engine mount and the fuselage nose. The nose-
piece must also have a slight offset to counteract the engine torque.
Release the model, and i1f it willl not rise during its five secornd
run, reduce the downthrust s little at a time untll the model just
starts to get off the ground. Now try a longer flight and if all 1s
well and a goocd landing 1s obtalned, as it should be after a good
glide, the wood packings between the detachable noseplece 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 give it a trial
and give up crackupsl

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
atall. Many people firs. 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 erackup.

The correct method is to gilve 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.



BIND WiTH BUASER
7o c#ass Daces

BND T
LUBAHE

AETER #tEL

‘5 heED

"3

aND rEEY TEHT )
wITH PrBGE€

GAS MEDEL LANVDNG GLEAR

Ay £ Savmee Ay TN Boon
SBUDER AUTOAN/IPS

;ﬁcﬁ: £ sedss
WSyLTIRY UND Wi

. I MUBT BE 1= Aane
SoLpseEr | = SULATED WieE
BEASS oL || = | PEON BEARS
ENEA5ES
&rren S | AODAK
AWvELS 2 TINER
R PAviiiE
SETTINGS

SELF-TINER SHITEHES b FRare

i =L FTYBsS UL E
CELL TvBE
/

Ve

Y wone
" MHOPNS
cCrra L4SiL 4
FoLo ALeISTED O

— WriEesay
JoL D ED

LL8ALR RELLACED 4
SIMELE LGITRY CASE FIER S RISEN =
by £ 2us
BAN B0 Parse 5mer
FILLETING N
4y 7E0 Ko7/

SIMLE ROTTIVE F0R
2-3 R4V ALLIPIES-
ARCS JUED THENEHNT

¥ impicare
STEAS
PLACING BASY
CYCLaNE TANK 1N
LINE &7 TH ENGNE

ACRANGED A FRarc




NING A/RLDIL
CLARK Y

MODEL COVEVERED
WITH BAM PAPER

D

|
—
|
|
—_—
T

—
|

g

Z

/.

NOTE

8F7. GAS MODIL
M55 PHILADEL PHIA TV

3
Bl S ] IRk
i - e FULL SIZE PLANS MAY THME ~Zhrs 35w IS5 (AT02.G45)
— == BE DBTAINED FROM
Ml FROP DIA I4" PITCH 10, PERY MEOEL AIRPLANECE. DES/ISHED BY
' 3PeucE BLOCK 1hsErl FOR 4 NOMINA. CHARGE MAXWEL L BASSET
z 53 PHIUADEL PHIA AE/




DETAALED PLANS

AAY BE OBTAINED
FROM JOE NOVEL FPR
A NOMINAL CHARGSE

NOTE

STAB/L/IZER & RUDDER
AVERABCE RIS SP4CINe 25

/5

Ok

WING

] |
| N
| | ll l|| lﬁl'r. lll

POWER
AROWN SR,

NE/STN L5 LBS

AG-2
CONVSTRUCTION DETAILS ARE
AOENT/CAL TO THF n82
APOFARING W THE APRIE
WARY (1935) PASUES OF MODEL
A/RPLANE NEWS /ST ADD
THE EXTRA LENGTH 70 THE
WING B STAB/LIZER

WORLD RECORD

GAS MOLEL

TINE ~ far Fm 405

DESISNED BY
JSOSERYY AOVEL

BROOCALYN MY

gor



g
|

T FOR ADIUSTING

WING CONVSTRYCT/ON T

BLOT RIBS —F FOR COVERING
SLIT SRARS AND CEMENT R/ZS
NEXT—LEAD. S TRAN. L0555

COVER WITH §x § STRIPS TRoA FPARS
- SANEg AR

P %

RUDDERS

J. ThO HALVES - HOLLOWED

STABILIZER
CONSTRUCTON SIATILAR
7O THE RUDDERS

S LT
- .v J DorE -
285 & : |
Lay Srees - g ms |
BN FOGLES N ) e |
: . ©
e R s
WING AIRFON. 2R2/Z (Fge. 26C) ‘
== == = _1._ ,
/ .:ﬁx Tty iy maly
st P ﬁﬁa’h
e . s =
B ap ) i
,:r:'""“'mp_ __“,!.‘.
_,,,:rr“’"u_‘ st el |

T
DOVBLE AANNING |
o OENTER

POWER
BRONN JR.

Bun 47 F-f THROTTILE

(rF00RRPM) FOR RVING

P
&

1

ENTIRE SHIP COVERED
WITH SLK

RASHT HAND PRIP |

PINE
o 3 e 9 7z " gp,
[T N A

SCALE

Block mxlfag
 —

b

£* oFLSEr o
COUNTERRET
TORRUE

PITCH

RSELAGE '
BND TRSE hig
AN =3
meroR 2.5
FOTAL 57788

ARE MELD N
FLREE ArTH
HyBBER

FYSELREE CONSTRUCTION
TREG MALVES - SHAFED FTOSETHER
MOLLONED 3IELLIRY TELY -CENENIED

FOIETHEFZ - DOPFD & SHELLACKED

. TEE

204
-

DOFD & SKELLAENED
CRE LIGHT B4l34q
re#RovETOrT

FpSELR G & THL

/935 TEXACO WINNER
GAS MODEL

TIME - EDrm (25

DESIENED BY
LEO WE/SS

NEW YORAN MY

LEQ WE/SS /5 A CONTRIBUTRTY FLVING ALES *MAGITINE -

ABOVE NMODEL Mill BE DESCRIBED WV KTAI IF THERE 1S ENOUEH BEFVLESTS 7O JHE EL/TPR




PN
HE7 7L S/ONVSL

h AW CFANS/STT

LSHINTNAT

= SHE WSt~ FWlL
7770N S¥9
IINN /A OIEXFL 966/ 2N

TEIHN TG

TOONT VY

SITIHM FIY 0T

oL L7008

— (wE w8 sk

7 wena £
LAnOw &OLOW

SLNIOP TIY TTIM

(oopfe) xo 48

watid 4~ wxfre &-sni -aoe

I 57 -FOLOW

ropé - S74 *
‘209 — VL

Togs — Paum f P_u

LHO/TH = __e . SAIIVAS B/, §
T T T W T ~
TR :....;::LEE.E.“? J:____ il LI WA
| x f

TG

SAO/LITS TVIHILIWAT
— ¥FCONY § YFZ/GVLS —

L, = || ] Yn-v_.r
< =, .|.. —= = e

>
- _

(zr6) &0/ |
¥ P SONOW
O0F TFAAIT
— QAN —
S sowrIens
FNOOI0NOW

MG HLIN oINS
FY/LNG &¥FAOD




RiBS Smaceo 3y

L

iy STEEL TVBE |

/ =

=~

4
b
b o = 1 i iy
= w5 = i

o I e 0

HWE/FH T~ b LES.

HISTORY r s - -_—t p——" ]
ENSTERN STATES CONTEST {_ =i ] o
Fhom OFFFOVAL ZLIGHT NOTES ¥
Lhrs LATER SAoNI=D B 1 \\ '\ LA p«/ WING 8 TAlL FIXED &
DOUGLAS AT 2000 ~L N L1 P WITH RUBBER A g
DOWN OVER Mms e YWin =1 0 L BRLSH USED THROUGHOGT »
AFTER Hhis B FEMUES 5’#“" 3 S | > )
3 - ~{ L= ()
A ﬁ“— =75 ——p-2 3 STABLILER 8 RILOER N . \
h 1
J ,,{/f;j' —F = it i %
-~y ¥ + ¥
3.3/ % R é&
=& 4B secrron = \X éi}
CLARK Y MTH BALZZ BOTTOM ; E
RIBS F SHEFT PR
; sqd
FL77

27 A5 MODEFL
; I TIME RAps
: ‘ AOTIRE MINT "j ’j DES/GNED By
T CHRRT FRANA £HLING
JERSEY CITY M




NG JSONTS

e
' "'.

.E e \\,
““3.. s\?

.’.., "q‘.

/85 SPaceL 3°

COVER NoTH BAULSH 25
OUTLINED AND Sk
orER-ALL

N = g
i == = =
-
S
ﬁ— ; 4% Avp 3}
> HEELS
S DA, W/RE

BuiLy- P
OUTRITEER T

—_— AT

é‘(}’{ _,Qf /2

NACLLLE BUKT-LP
B KHEQDS 4ND STRNGERS
COVERED BiLSA SHEET
AND S/LK

POWERED W/ITH BRIWN JR
/5 Blae

G477 GAS MODEL
THIN BooM

Desgned by Ben Shereshar
Built by Chapdes Ainney
NEWLEA N,




~AUSELAGE CONSTRUET/ON ™~
BULKNAEADS, STRNGER S,
ANVD X I HANNING.

S —

POWER
BpowN € O
EQVALENT

GasMode/ CAVALIER "
Desigred By B SHERLLESHAN

PLANS PUBLISHED By

\BLRAELLY MODEL S4AP

BROOKLIN s




ans Yo NN,
FIHF0L NOoNITA

- A& A7NE/FT

N by — T
LLNEIE FHL .
TTA0N CVEH Y& LLF

PG AFUIM TLITANOD

FHOTIMDAEYE, AR AFITNGL

P @FObas s&F

SN OTE
FTIHL NS ENN

-

AT e

s Fw

wE LS

vewe %%
SNOIZINOT 7Y 77507

wF T S/

5200 102
avers morers /v s \m % verow @rros Yi%
:

N, Q580 oo
b naum%m 8
e f——

IH\ _________________

(T

#| ___:_
ﬁ

I

i

- 0¥




— 12

=~ 2o

i
FUSELAGE CONITRUCTION— 7_ o

RECTANGLLAR BASE = ~—
WITH STR/INGERS T
PRODUCE CURFED S/DES I

FULL S/XTE BLUELRNT 00
OBTA/NED AROM DON ~
ALS50 MOTOR PLANS

WNE/GHT FL8S.

PONERED 8
O.CH4BMMaN'S 143
Mmh AOMENADE NOTOR

STABLE FLyER
WON IEVERN CONTESTS

S GAS HODEL

DES/GNED BY
DON DONAKLE
F/EHLAND THEA™ CAL.




|

- —

TA/L SECT/ON

BEND ON FORM AND
G kg BALSASTEIPS

7%

CENENT FOCZ

5748 & £UDIER - . BB8S
COVER WHOLE TrPicqe " e /‘
FUSELAGE WITH FUsElqsE
SILK AND DoBE JEcTION

{,_,_ o ﬂ{ eXFr

N ) NNG R TR
——g - - COPERED WITH
e SVLA

RPLLY N/TH oL
THPEE HEQVY CORTS OF
DOPE ~ THEN SERY 2YNT

ENGIVE OEARERS [ x5 BASSKooD

WESHT 3 /b3
FHABY CHLONE EVSINVE

CRE»rED
ERon
JaLrs
Lok

BUKNHEADS & SIE/NGHRS
PUANKED WFTH g
SEEET GALSE

AT

i
it

GATT iy

CARLED FEom
Jel/D Block

657 GAS MODEL
SALLETER”

£

2ES/6NED BY

SUE CULVER
BERNELEY _ CMLIE




WING.

AL o7 A0
LEADNE T T ins LS -
BS54 BOE 58P DES/#Y

BEONN SR MOTIR

BEPRINTED Fieow
AODELE AlR-CLeid
gde IPANCE
BULLETIN = (5

— ] ————Fﬁﬂ-{-“——-f”

CHNETER GAS MODEL
FLYING BOA7T

-
-~
L]

; DESIGNED BY
I METER = 3937,
N Y M LART/GUE
245 FOANCE

INENSIINS 1Y

m . MILLNETERS (i,




- |

= -i—- r ——-‘
Nora —\ /4 “'1“—3 ’ }) [ M
L ‘1 2. lh 2 _~T EN \ & 3 5
=73 H Ry 22
i v =i S7TA8 & LHODER M-3 [, T RIBS ¥ N ¢
——h—.3 - X =% =
= g x38 PvE 7 . b b=
My TTRINSERS ‘“ $ ¢ S¥ 5
r ¥ Xy “n
FUsELAGE o $Rpey -
FUSELAGE SEcTVON LOTLINE MIE BRI A00 T s ss;& % -
4 . R Shvon  MOD. M~ FIRST COVER Aiva AND Ta/L -
s K o L i g
COVER NATH _ﬁ-ﬂ&‘-‘r ANVD T CEEVEPRCE CEVTER JENT NiTH { -Wﬁ"" X E’ 5 8 *
' h ]
IR G okt | P &
1 T | .
| _
R/BS SPICED ‘%" [ 2 2
coioe el
DO A Blacn ca2 s —: G
4 PEOP ~ BB TCH D =
. 1" -
- | =2
WESHT T2 ibs, S T Re i 33
FUSELRGE 45- 3 Ry
i BLvE PEINTS g,
PLANT XTS5 3
T A~ fome 25 65 7 GAS MODEL
. ~, - 2
oot ere Desrie oF R/‘&L — /g wos JORFFDO IT
T tiBon NuEsLS LANDING G L FRRES NITH -
. Bayvro-cengEr JF FINED T8 MAN BALIA S/ DES/GNED 8Y Lo
‘{ .f v SYOES % Bl STENGER W7¥ COHEEED ész/f /y jmf;/j
T FYED T2 fHRE @) DUCAL AP A ’
AITH WIRE CLPS .. . . NOTT AND SOLTT ATLANTA G4.




116

NOTE
THIS DES/GN HOLDS

OFEN CLASS BECORD e i —t.
OF §3m O7ds ~MADE BY = =
Dog Spaciaing ~DEVICCOL.

.NN\\

Lr_;

SN

3
-
T e i

Gas Moper BUYCANAER"
PONER Designed by iy LFFNGER

Y~/ M2 ArOTOR PUANS PUBLISHED BY
BERAEL LY MODEL SUFPP

BRIONLIN MY




. PN MV
DN THON VAN |
& A GIIILNSINIH

S HO/ATNE S,
7700 SPS LY THWOI

SO QTTaE§ YIMNOT SO
PAbD bl OL TIONTNNOI
~F¥ 6,4 OL EYZION Ny
YTAPN O ~ SCITS HOT F0
SRtV & TOHCTINC, S -TLON

—Hﬂn\[l_

T

A -NEFD

AOILITE TONXLTHAS
ST IS TIPL

< I —

xeuow 2w G-




— 18

g8
L

st

NEIGHT T fbs.

COIM K77 GAS MODEL

; &§-% »= worox MANUFAC TURED 8y
. MECONS

FHHLA. P4,




AN NATYO0ZE

ONSAYOF M7d0NY
s A% OINDSTT

= Gz 7/l

77000 5Y9 S6FTT/H/

ATIQVILS SIT/79
aNY 5775 TIToN

n

Zr,

o77d Yaw

Ir = = CIITT TN
. et
T

.
LIS FLE TOTT PN/ TOFL

_— OSSO

ﬁ LU MLIN T

NN 7w _
b VLS

WalLo8 KoL
rerow
zrey

oL GIYwOL
PASYTIN
-FONPCONS BTN

LN LT0E |
TINDG SipL |

HITENY
HLIN FHTS NS

HOUBLTIME o PT

L3772




- S| [ e

AN

- I g
wE —=
SYRSURIE [}
‘ | ) *--%%_%jj " ﬁf}; g SPAR JOINT
GAS MODEL HINTS *— 7
® ‘5} 1:- Place .-:heels before prop to save
Qi TS prop, motor and etec. when model hits =
3‘- & obstructiona or when it dives
ey )
aa A 21= To keep model in sight have wing
™ ﬁ transparent with clear dope and use
g ; color dope for outline and scallops. |1
x [ N —
o
? Ry !E-S 33~ Place the battery track on the
‘§ | ™ bottom of the fuselage for low C.G.
2 RN and easy balancing.
L] & D
\ _hqu 4:- Use moderate thick sections. A
¥ — N s ™ thin sectlon climbs well but the glide
T ¥\ RN is poor. A thick section is slightly [ |
[ ]~ L » A slower but it glides much better. L
j g [\ ispiaiRaa Y PR
[ %1l T itk
JREEREE . I Lo : y

=

v
&
¥

e

) 19

x

.,.

k3~

LI aNE TN

.

RIS TG MLAF ONE

.l'”

‘& coveEr sorrem SR
| W B4LSA

TG O NL AN TSN N
i
A

X

T,

JBACE o FIT
ENGIVELIED :

S 12 GAS MODEL
HYING STHA

DES/ENED BY

FRANK LHLING
JEBSEY QITY Vo




For e it 6 77000 588 TN 7 X7

2z

I T~ EET .&\\t&w\ TAY TN

STy WIS VL Nﬁ&\k\.ﬁ SAILETITY - LEVS o IFTTHS g
A TITOHN PO -y G SAVCHTT PALY
ATNEVTT SHISSYT

AT IGUNS
OB - DAL FHL A7
OFENTCMND D T/

TORE T A TN TN
G Ay QU CTX/T STIPMF TV
LAATN FOLON

B 7 A DAT

A NG OF SAN
gy h»,.m. ~LASTH
wheg) whssgc. pIgy

) Ed
@EFINTD 745 dtes Y1 iy eorirr
NS INTTV STINVED TL~ AOLUZZS DA

ML/ TTT ML
DN - THIIZ 0T
AT TN

DFRID APVLINT TIREAGN Ay

PICE Y LI ORN STATALNE

caeviraus K

TFITHOS ¥ TVl FOGIYT

LY NEUITE 7O/ oL TIUS (3 AL B
STIIE Tivd 'S /r Yrsazw L
R PECEVERERE S0




zz

25 - —2f
* 1 | A _ e e —
T | S48 * Buopie SEcriav
ey ;"_ SYMETRICAL ~ Y% 17 W q \m_ ?K ¥
NED, BALSA OUTLIVE—~ o] Y o
y ayz.w am \_\L\ nm\\wuw& SAE- R 774 » f./_// § 2
Yo PLYWDOD SIREWALL Lol B 1A Led o+ 83 H _ =
N0 BULTHEAD ) M Sy .W ~N m o
s * | i
~
9 3 * i
m —2f \.T.u.w Yy s0e7 m | SR "
m | Teusa vi8s 3 | Wy
L : / u/w.a/wz ) fur M ~
WW ¥, &ewmd 7. & 7 I —— SNy __ mm =
T4 v movr " 1 _ pe R b
3 % &g piser Yumed,  Yb of ¥ ) s
Y4 LovaEesvs » a, ﬂw | 8% -
RIIND CoenEes GOrr 497 LENTER R/B N w EN =
S0L/D 339 -
- F— % b
. : [ rs | 5 e _ -
| e | | e
8 _ _ > *Mv i rdl e
] _ _ _ s _ i A i I ! =
k ._._.__. o] o Jidufiunl infufind _____;________m______ (il _,Lﬁm‘._w__ s T T TN [TV ~
2 ] : COVERED WiTH =
CENTER SECTION Q LB s2ceo T - . d -
i S | deewcmw §3% | w
= s - __%  Feow Scoex A ~
62
\ PowsREs HiTs _.r g
e B4y Cycioms
; ( ! Biecy PR Bk
Ay MIODEL IN SHALL _ o) | o s N e 6 AT 45 MHODEL

TS 4vD BoosTER

Fp wres f_.,./ g s 70 foii AT 12 THE FOLLY
3imem - wrsrees” DESENLD BY
! ./r m §RAGE (f36 WATL L 123 POD DOYZE

: . F CAL . S7TRTE T
) o AL e HANED]  CALIE




r——_v'———-—-— — /4—-151
SBAR CONSTRUCTION 1 TTH.T \-‘[ WELGHT 28z ] T {g
LY “
o 3 __ear l S RS e TEu
wES ! L a8
~ WEB LENGTH = ¥ B ! W
ek : L 7 S7aBIIZER & RUDDER 259 : o
—earp gi #uBs ;& STOCK R § Sa
£/8 4 2 LS
Jo Err EARS « Sy b P _,.|_ Py o 5
STERPS :{ = i | ; B -+ ".‘,_ __,E i‘lh
/52 -CENTER /B —L.E~TE B LOWER CAP 5 'z =, %
20l -~ NES -/ Br— BB R/E ~ LT — — e
3% FLACE For CAP B s (P D) vy
| + WING SEQTION — MODIF1ED A€ . q > é;«‘
| RUBS 77 STOCK i : B R
54 s
-—‘--rj-l RIBS SPRCED 37 | ] b
—t \. 'I — . 7o X BAN - T s
ax o . | i o 81,
: | " §
( Ll ) 2
L ES : 1 (T 7 ||| H
MPOLEL LANC: WINE NELD SN |'
SO LS, PRESIVEE LASTS = S - v wesom " AUCE NTH "\1 L 5, T
60 S, - MO FNRVIT ON | LLACE By RODBER. STRANOS RUGHErR ITROS. rul t
LAST fO5ec. AFERASE P arere CLANPING THLE WIRE SENNST ® ° \ g
FiiamT QOSee &;‘.!‘ THE TANA :’1_ ; ]
)
1 23
- i "
- — oy lloren I
— R i e i 15 DA 55 cross cemn Y 37} TET MIDEL SIINE
NOT. 2o Aires LN HATED
EAS MOTOR SOBSTITUTED U COMPR. LIS5L0 AIR
FORCIA. ~ NEW N7 550z i MOTOSR. = JIME 3om /05

TOTRL FLVING HORS &P

7O OQrE /T —— (406 /F35) wic

DES/GNED 8Y

LESLIE M. ADANS
AZLANTE GA.

-
L]
=

J




124 Low Speed Airfoils

by Frea J. Rogerson
Reprint from "Canadian Aviation"

Reallzing that we have been handicapped by lack of data concern-
ing low speed airfolls, I decided to make a series of free flight
testa. I built a weight rule model and a number of wings with iden-
ticael plan forms, areas, and welghts, but with different alrfoll sec-
tiona. Then with the ald 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 airfoll sections at low speed. The
rule adopted by the Germans for comparing glider sectlions seems more
sultable for our purpose, especially since the speed of soaring glld-
ers 1s reasonably slow, and the prime requisite of a model is to socar
well., This comparison rule i1s based on the medlian line (mean chord
line). The greater the arching of this line, the maximum thickness
remelining the same, the slower wlll be the sinking velocity and great-
er the soaring ability. See Filg. 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 greatesat helght with the limlted
power. Although eirfolls 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 crmber to get in 1ts work., I found that the pow-
er required depends a great deal upon the angle (N) at which the lead-
ing edge meets the alr, and alsco the maximum thickness of the asirfoil.
See Filg. 2. A "Phl1llips" entering edge can be used to reduce the
value of N and yet retain the good mean camber. See Fig. 3. In the
tests, pointed leading edges, and those of wvery small radius showed
up reasonably well for this purpose. They also provided better stab-
111ty 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 of a modsl airfoll 1s too‘'low to builld up high pres-
sure at the leadirng edge, a2 in commercial practise. The absencs of
this condition ceuses a very hesvy boundary layer of turbulent alr a-
bout the airfoil which reduces the 1ift/drag value. However, the
pointed airfoils cut their way cleanly through the eir, ceusing very
little resistance, although the 1ift value is alightly reduced with
this feature.

3 EcESSINE UunDEe

N SMALL CAMALR
’gf':‘f:ﬂ LEAD/NVG B W CAHORD i N

. ANGLES NYS& LREECT OF CAMNSING AEAN CAMBER
LINE NHILE BETAINING TH/AWESS
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N in B in Max. Thick.
AIRFOIL Degrees | Degrees | ¥ of Chord
St.Cyr 52 Caudron 8,0 545 10.
* Gottigen 436 9.0 4.0 11.08
c=-72 9.0 4,5 11,73
Ge Light 9.5 5.25 11.7
U.S.A. 40 8,5 4,5 13.72
Driggs 11.0 35 13,72
N.A.CJA. 6409 13.0 6.75 9.0
Eiffel 385 8.0 545 13.3
Grant 11,5 6,0 135.4
Gottigen Bl 16.0 7.0 Ted
R.A.F. 32 10.4 55 12.7
Martin 40 11.5 6.3 22.1
Clark Y 12.0 5.0 11.7

The 1ift of an airfoil i1s 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 traillng edge.
It should not be confuséd with the datum line, from whiech the alrfoll
is layed out. Undercamber carefully applied 1s an efficient method
of incressine 1ift

These are the nost important airfoll characteristic requirements,
and cen 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 and
mean camber lines (B), and the sirfoll. 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 wes doped w.th water and two coats of clear dope. On & highly
cambered section, the sag in the covering was found to be as much as
1/8" at a polnt about 20% 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 1lncrease in duration of 25 to 30%. Still
greater improvement should be obtained from wings covered entirely with
balsa

Speaking generally, an sirfoill 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 1s 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 thls may mean excess-
ive drag with no compensating increase of 1lift.

5. No excessive cnmber below the chord line of the "M" type of alr-
foils, as this willl decrease the 1ift.

6. A méan 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 finlshed
wing rmust have no sag in the covering. I might add that In tests a .1
0z. 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 Pasher

oy Edward I. Manulkin

You old timers will remember thaet 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-
lenced bullders began to understand more thoroughly the Ilmportance
of atreamlining, of design, and of proper adjusting. Since the sin-
gle tractor wns the easlest to streamline and to adjust, the twin .
pusher was grestly neglected, so that at present most of the records
are held by tractors. You will note that it wss the application of
stresmlining and adjusting that ceused the incresse of tractor time.
Of the two, probably adjusting is the more important.

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

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

2. The use of sosring ajrfolls.

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

It can readily be seen that the standard "A" frame with exposed
rubber 1s ot a disadvantage against the slick tractor. Such twins
fly by the use of sheer brute power, and 1t 1s this feature that 1s
their downfall, as in the case of all brutes. However, new atream-
lined versions of the twin pusher began to appear early in 1934, but
not very much attentlion was panld 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 buillt my firat streamlined twin, my dursation-in-
creesed tremendously. My first official flight in a contest resulted
in an out-of-sight flight. It was recovered a few days luter, about
3 miles from the starting point. During the second contest, 1t climb-
ed 1ike an elevator until the power was exhsusted and then sosred out
of sight af'ter about 17 minutes. Thls time it was recovered after I
was Informed of 1ts whereabouts by maill. The distance of thias flight
was gbout 15 miles from the starting point. This flight strengthened
my belief that tractors were not as superlor 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, especlally when the new welght rules are put into effect.
A conservative estimate of the duration of that remarkable flight is

two hours or more. The point to keep in mind though, 1s that every
flight was of top-notch gquality.

1 have never had any real difficultles with twin pushers. How-
ever, I have found the following sdjusting hints hsandy, and they may
prove of wvalue 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 exceasslve incid-

ence. 1° negative for the wing and 3° positive for the elevator 1a
Just about right.
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2. If the model refuses to turn, the trouble may be caused by too
mich dihedral in the wing or elevator. A sefe rule to follow is to
use 1 inch per foot of wing <pan for the wing, on each side, and 1%

inches per foot of elevator span for the elevator, on each side.

3. Use freewheelings that work every time. You nevar can tell
which flight will use them most.

4. Props should spin very freely and not grind at the bearing.
Ball bearing washers are excellent for eliminating such friction.

-5. Make sure that props are in 1line and do not hit each other un-

aer power or in the glide. Use double bearings to prevent this and
also to insure true runnirg.

6. The "A" frame should be very rigid. When your twin does a
half-roll-loop into the ground, You can be sure that the torque has
twisted the frame.

7. Use plenty of power and have

a light, streamlined ship. This
combination has broken many records.

If the above remarks are kept In mind at the next contest or
while making a new model, you mey be reasonably sure of seelng your

handiwork "a slight speck in the blue celling", giving those tractor

boys something to worry about. (Ed. note: and anyway 1t takes a man
to wind up a powerful twin!)

BLSE S)E/P05e A SN (e W osE
= aass
e FOEE MLV
Ao = au
=| soas
4+ =| oaw
FAE AND THAEREN W/TH STONE = mrs
STANDARD NARNING oo rTEe =
GACE  au corree =| mner
By soesov a5l

AL arsiE ) R
70 ANxE THE CEMER, "
SAw o Bais4
RYELNG SHD VT Dy ABED #desar 8y LOHS GABAN/
W NoToRS : MND €Y TIET WITH RUSBE
' paiitllin 1
A, LAECEENCY BNDING -BETTER M
i ) THaN TWEEAD ~4450 U5ED A
M LURD I\ ARLEMKEEL AL SN/ A PULROSES
y-v-aali Pl oz
&4
e dm ]
Miceee [ ;ﬂﬂﬂl’
Dusreé WeswwD ARG B
womimom )
K esce oot THOUST LINE ADILSTER
O e T TENNER ASSEN. £

husyee g o 5 by £ HAMMER by John Yornd " peiss mre




129

X” Ribbed Wing by John Whitehouse

After seeing an article in a magazine on the geodetlc system of
wing constrme 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 sgpar load; and thirdly, they also provide a diag-
onal brace effect.

The construction 1s as follows: rib "A" is normal while the rast
of the ribs are so plotted that the chord thlckness 1s the same as
used on & normal curve whille the length 1s increased because of the
disgonal position. BSee the drewing. The exact length can be easily
determined by trigonometry, or by a full size drawing.
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Although 45° w.agonals are best, the angle may be chenged if the

chord is too wide. For lesrger models and gas jobs, the number of

5ibs. mpy be increased. The ‘size of the leading armd trailing edge

spars should be slightly greater then on a normal multi-spar wing.

The leading edge can alsc be covered with sheet balsa ar stiff paper
to prevent segging at the triangle.

The wing mentioned above had a 1/8" sq. leading edge and a 1/8" <
by 1/4" trailing edge. The span waos 44" with a 4" center chord taper-
ing to a 2" tip. The span of the gas model wing 1s 15 feet and is
made up of three 5 foot sectlons. 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 1s covered with 1/16" balsa sheet. To date, no troub-
le has baan experienced in covering the undercamber.
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130 Papier-Mache Model
by Fred Mayfield

Usually papler-mache work 1s*made by soaking paper in water un-
til it becomes pulpy and then making a mixture from this ruln and a
small amount of Plaster of Paris. This mixture is vlrstio enough to
be worked with the hands or moulded from patterns, into any desired
shape. When the water evaporates, the result is s light and falrly
strong form. For model work the procedure used is slightly differ-

;gﬁ, 11 that the paper 1s not reduced to a pulp, but is used in shesat
m.

The first step in preparing the parts of a papler-mache model 1is
to carve & 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 buillt up with elay. Any other
protuberances (such as headrests, wing fillets, etc. )Lcan also be
bullt up of elay. The pine form should then be sanded smooth and
varnlshed. If balsa is used, several coats of shellac should be an-
plied. The form should also be rigged up so that it can be rotated
on 1%ts 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 wlth Vasellne, cold cream, or
some other greasy substance. Be sure to apply it liberally so that
the paper will not stick to the form. WNext, 'mix a bowl of wallpaper
paste. (Common library paste may be used if 1t iz 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 apiral direction by rotsting the
form. Hepeat this process with other strips until the foqy is com-
pletely covered with one coat of paper. Be sure to have a slight
overlap at the junctlon of the strips.

Angther layer of paper 1s to be applied In the same manner, ex-
cept that the sapiral should run in the opposite directlion. We need
8till another layer to obtain a safe margin of strength. This third
coating 18 applied in the same direction as the first. For normal
xork, three coats willl suffice. Use more layera 1f grester 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 thée form, cut the fuselasge on the
bottom either in front or in the back and slide it off the form. If
it sticks, or iIf the shape does not allow the removal to be made in
thls fashlon, cut 1t 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 snd fitted in and then cut out of laminsted 1/16" sheet. Afcter
the bulkhesds heve been glued in place, the seam should be glued and
sealed with a 1/2" strip of bamboo paper.

COWL/NES
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Tne tall surfaces ard the landing gear may be cemented in placa
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&salaga should be reenforced with balsa bulkhesds to accomodate the
plugs. *

The use of papler-mache in model work is practically unlimited.
I have found that.excellent cowlings may be made for ges models with
this method. Mould a clay form right onto the nose. When this is
dry, remove it from the plane and apply paper, using the above pro-
cess . Instead of using three coats of bamboo paper, however, use
from thres to five layers of newspaper and one or two coats of bam-
gooipaper. The final finish 1z 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 13 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. In 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 & -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 useu, finishing with ten nought.

The wing is mede in two halves, and the halves are bernt on the
same form, one efter 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 bsked in an oven. When
dry, carefully sand the raised grain on the top surface, while the
wing 1s still on the form. Dope twice with thin shrinklesa 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 halfl in the same manner.

Before cementing the two halves together, set them at the desired
angle:and carefully sand the edges for s perfect joint. Cement them
together and hold in place with.pins. When the unit 1is dry, coat the
JoInt well with two or three coats of cement. BEe sure that the init-
lal jolint does not lossen with the fresh cement.

If the work is done csrefully, the balsa wing will be more effic-
lent 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.

v Koo

S BuNO wiRE

v
Lrgrazanii|

SOLDER

MING CLIPS AND )
JHE LitE —~Ay Marpin Jalr Ae

THO FIECE WING ™ By Laward Lagard




132 Co-Axial Propeller
by Jim Haffey

The torque problem in models is very important due to the large
propeller snd relatively powerful rubber motor. It i1s a source of sur-
prise to me to see that more model bullders are not interested in this
solution of the torque problem.

The main drawbacks of co-axial props are the weight, the difficulty
of mseking sultable 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 torguse
tube, but with modifications, to enable me to wind the motor with a
winder. Incidentally, flight results have been more than satlsfactory.
The above method may be used on all types of models. The only change ls
in the sizes of the component parts.

The torque tube system 1s used by providing a béaring in the front
and rear snd a revolving anchorage. There 1s very little bearing fric-
tion, end the ‘prop pull i1s taken care of by the ball bearing washer.

Construction: The torque tube is made of 3/64" sheet balsn. For ex-
tra powerful models it 1is advisable to use two or three 1/32" sheets,
rolled one on top of each other. The front portion consiats of plug "A"
which fits snmugly 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 rotste freely without vibration. The 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 1t contacts the beasrings.

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 1s made
to fit snugly. The spinner "T" must te very smooth in operation. For
light jobs a light trout fishing troll will d&, but for heavier motors
make as shown in the sketch. If the model 1s of the fuselage type, the
whole assembly can be made removable by providing the anchor pin "M".

The rubber 1s wound by the front prop shaft, and may be stretched
by removing the plug "A1. Freewhesling need be applied to only the
front prop in the 'usual msnner. Be surc to use plenty of Vaseline on
the torque tube bearings as well as all other revolving polnts.
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Feathering Propeller 1ae

Developed by Marvin Setzke
Suggested by Carl Goldberg

"Feathering: the ability of = pivoted or free surfnce to sutomati-
cally assume 1ts best L/D position or present minimum frontsl area."

The propelldr as shown in the plens 1s 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 ston, fluttered but
it nevertheless improved the glide beyond my expectations. Since then,
I have made mumerous excellent flights when using the fenthering pProp.
Ome evening at about 7 o'clock with the temperature close to 60%, I
wound up the rubber about 340 turns for » test flight. The model rose
to approximately 250 feet with = 30 second prop run. The glide lasted
for 3 minutes, turning in a flight of 3m. 303. under atill alr condi-
tions. The prop may be used in conjunction with freewheeling to frci-
litate removal as well as to take care of any possible accidental fall-
ures. It may be stopped In any desired position by using the rubber
tensioner and any appropristely placed stop. The exsct combination can
beat 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 1B strands on o 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 hardwere. Be sure to slip the aluminum tubing into the hinge
wire bei'ore bending the ends as shown.

2. Cement the tube to btlades 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 plvot points. Cement the coil spring %o
assure positive actiun.

5. Face the prop snd equalize the upper and lower areas. Fix them
in position temporarily with pins and cement .01l4 wire stops.
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R34 Finishes and Flying Seale
by Roger Hammer

Flying Scale Models

It is possible to make almost exact scale models fly well pro-
vided that care 1s tasken so that they will be adjusted propsrly.
Before attempting the initial flipght, check the Incidences, which
should be the scale settings. Remove all unintentlonal warps. The
C. G. position should correspond with that of the full size ship;
that 1s, 1t should be at a point 304 of the chord behind the lead-
ing edge. If necessary, weigh'%t the nose with lead or clay.

The first step in testing is to place the model on smooth ground,
raise the tall until the model 1s in a horizentel position, and then
to glve the model a sufficlently strong shove to make 1t clear the
ground. Make any necesssry corrsctions with intermediate flights
until a smooth glide and a slight right turn are obtalned. If the
model stalls, weight the nose, and if 1t dlves set the stabllizer at
negative. The turn is obtalned 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 1s cor-
rectly adjusted, 1t will remain at the 10° negative angle and have a
slight right turn. The next step 1s to wind the motor about 1 of 1ts
maeximum turns snd 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 1s overpowered, it
will zoom and stall. The model that iz cerrectly powered will rise
about ofe foot and then graduslly assume the gliding position. Not-
ice the turn carefully at this stage. If it is excessive, the mod-
el will spiral dive when full powsr is used. If the model behavea
corrabtly, the same testing procedure may be carrled through % turns
and § turns, until the maximum wind up is reached. If the model does
not c¢limb, 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 sgain‘after checlking the balance. If 1t now mushes to
the ground, the trouble probably lies in the thrust line,. Replace
the rubber and sgt the prop to point down unt!l a satisfactory flight
is obtained.

Be sure to go throupgh this test procedure before attempting full
turn flights., Many good models are ruined just because the builder
1s too impatient to take his time 1in ironing out the kinks.

Flight, Characteristics of Different Designs

‘PARASOL MONOPLANES should be capable of tight and steeply climbing
tﬁi?g wlth the torque and should obtain good altitude. Ex.: Falr-
c 22. 4

CONVENTIONAL MONOPLANES should circle with the "torque in circles
of' about 40 to €60 feet dlameter, with very shallow benking but climb-
ing rapldly. Ex.: Falrchild 24, Cessna and others.

MIDWINGS are a blt more tricky to obtain satisfactory results.
Thease models should turn in large dilameter circles of sbout 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 cf about 100
feet and flat climb. Ex.: Bull Pup, Corbin Racer, Art Chester Racer.

LOW WINGS usually take a stralght run and begin to bank afrter
they reach sbout 20 feet altitude. Low wings made by the writer
have climbed fairly steeply in large circles. No difficulty was ex-
perienced with stelling 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 adJustmenta are practically the same as mentioned
at the beginning of the article. Double check for incldences 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 1s obtalned by making the blades very wide, almost a
paddle shape. For example, a 7" dismeter prop should have blade width
of about 1z". 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. S8everal 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 Flller. 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 obtalnsble and which no standard commercial filler
has. It is of =& clean white color, and 1s plasticised to prevent the
warping of thin surfaces. It can be sanded smooth with ordinery send-
paper wlthout fear of clogglng 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 sufficlent. For wood and silk, the number of coats’
depends upon the type of model. If lightness 1s desired, about two
coats will do, but for the best possible finish, add mas 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 additlonal 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 obtalned by rubbing briskly with a soft
cloth 1like 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 Flller, sand very smooth with 10 Nought and finish with Simonize
For weight rule gliders, several coatas of plasticised dope should be
applied before Simonizing. Be sure to apply the Filler evenly, first
with the grain and then against 1t. The surface should be sanded un-
t£11 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 alr temperature.
As you all know, heated sir expands and: increases in volume and so
tends to rise above the colder air. Such phenomena occcur whenever
there are groun8 spots thnat heave different rates of heat sbsorption.
For example, bodies of water require s large amount of heat to ralse
their temperature, while concrete requires s relatively short expos-
ure to the sun before becoming heated and mcting as s mirror to the
sun's heat. '

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

From the above explenation we +can see thet for best results we
should fly the model in duch thermal-producing areas. On the air-
port, the best spot 1s in the center of the runway or the large cir-
cle of concrete or asphalt. The tops of adminlstration bulldings
ard the concrete aprons in front of the hangars also give up hot
risers. However, these risers have a limited altitude mnd 1t 1s
best to walt for cumulus clouds if there are any in the sky. These
cumulus clonds are the peaks of upward convectlon currents formed
'somewhere snd carried over the countryside by the wind. Therefore
our objective 1s to have the model raised high enough by the local
thermals to have it 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 fleld, to enable the model to riss to, i1ts high-
est point just when the cloud is passing over it. For low clouds,
release the model when they are about scross the fleld. In 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 nave clocked over 12 mimites on risera over Plttaburgh 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 cnreful where we lsunch the model. The
behaviour of the wind 1s such that it provides an upcurrent in front
of &n obstacle snd 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 1s 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.lsunched gliders.

Generul Hints

Place clay on the bottom of your glider wingsy at the C. G. to
gat the gliders up higher, outdoors. Thls increases the spesd which
in turn flattens the glide considersubly. For best result have the
glider highly polished. Dope propellers silver for vlsibility. The
shining propeller reflects the light. Alsoc cover the fuselage sllver
or yellow. Cover the wing red and the stabllizer yellow, and dope
three times to obtaln a coloraed transparency.



Hand Launched Gliders o

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, 1s the one with a short elevator arm and & long nose. I
have used as high as a 2-1 ratio; that is, a 4" elevator srm and an 8"
nose length. I find this to be an excellent arrangement for low ceil
Yng flying, although altitudes of up to 100 feet may be obtalned with
it 1f 1t 13 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 1s necessary to
wash in the elevator. If this 1s not done, the glider will require
too much cley 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 easler during the contest. The
thicker sectlon also provides a larger cementing surface to take care
of the terrific launching heaves.

I have made seversl 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 weight difference, and in practice the hard balss is.a
bit lighter. I was definitely convineed 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 amd the other flew into a post armd snapped
the stick. Then I rebuilt the gliders using the 1/8" stock. The
woelghts decreased to .44 and .45 ez., showing that there is some dif-
ference in the welght even though the wood 1s as hard as osk. The new
fuselages stood the knocks better than eny 1/4" stock I have seen. It
gseems 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 wimg, ard I use all the
latest tricks to get the utmost out of the throw. I undercamber the
wing slightly for low celling flying and use a flat bottom for high
¢limb. I use three coats of polish until the wing has a smooth glass-
like surface, with intermediated 10 nought sardings. I make certain
that the wing am fuselage Junction 1s strong by applying several lay-
ers of cement until the joint has cement flllets. ‘For s final finish
I use Cedar Wax Floor Polish. This 1is rubbed on the completed model
with a soft cloth. Remember that the cement will not hold to waxed
surfaces.

My wing 1s set at zero incidence but the rignt wing is glven 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
stabilizer 1s 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 pesk 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 lsunch the glider as stralght up as possible without
banking it at sll. By launching the glider without much bank, all the
speed end 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 will
have on your glider untll you have actually tried it out.
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From EXxperiemee

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

Alrfoils

I have tried all types of alirfoils amd I find that the undercam-
bered type, especially the Eiffel 431, 1is best for duration models.
I used that airfoll 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 minmutes and eventually flew out of sight. I find that the Clark
Y i3 not so good far weight rule models.

Power and Propellers

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

\ .
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Pusher v. Tractor

I have made many pushers and almost as many tractors. I find
that tractors are easler to adjust, and I am sure that they climb
a8 well as pushers. I dislike pushers far three reasons:-- first,
1t 1s difficult to make them circle satisfactorily throughout the
entire flight; second, 1t 13 hard to determine the correct amount of
elevator dihedral to prevent the model from swinging; third, since
the leading sirfoll 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 1s desirable without overceambering
the elevator section. In ell, I belileve the tractor to be just as
stable as the pusher, and thst 1t 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 satiafactory. A
asmall rudder will allow the model to spln when side thrust 1s used.
The area of a 1ifting tail should be about 40% of the wing area, when
the model balances at the tralling sdge of the wing.

Aspect Ratlo

The aspect ratlio of 1ifting talls may be as high as 7 with good
results. High aspect ratio rudders are not good. I have tried sev-
eral high aspect ratlo wings and I believe that 12-1 is sbout 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 ratioc. For
all-around per formance, I prefer an aspect ratic of 10-1 or 11-1,
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Tapered Wings send Sweepback

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

Incidence

I once had the 1dea that i1f I increased the angle of incldence
of thé wing and tall, keeping the difference in angle the same, I
would need less down thrust. However, after much exparimanting6 I
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 dreas-anaps for fastening noseplugs cannot be over-
emphasized. Besides having the nose readily removable, the props
will not bresk, 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 1it-
tle judgment in using the right strength smep.

The freewheeler shown has been in use for a long time, and fail-
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.
Visibilit

I belleve thet I have done sbout as much chasing of models that
were almost in the clouds ms anyone, and I find that the use of col-
ored tissue 1s very satlisfactory. Red, yellow, and white combined
can be seen in any weather. The thing that makes models covered,
with colored tissue so vlsible 1is that the sun shines right through
the peper. Colored tissues are strong enough if the grailn runs span-
wise. The specific color combination that I use 1s & red wing und
rudder, a yellow stabilizer, and a white fuselage. Use two cosats
of three to one dope. More dope makea the paper brittle and warps
the surfaces.

Balance

One thing that 1s 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 same point, they will have the same diff-
srence in angle between the wing and tall surfaces when each model 1s
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 scele 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 8. average without thermals). The best size far biglanea seems
to be from 20" to 24" wing spen, end for monoplanes, 24* to 30" wing
span. The construction i1s strong to be on the safe side, so that I
can fly the model in any afternoon breeze. Quite often I come up to
the welght rule requirements.
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The main deviations from scale are the sizes of the stabilizer,
the rudder, and the prop. The stabllizer area 1s about 30% of the
wing area and the rudder is about 10% to 12% of the wing area. 'The
dihedral 1s also slightly increased; about " for every foot of span.
The wings are fixed normally and the model 1s balanced at 50% of the
chord. If welght 1s needed for balancing, most of it should be in
the form of heavy wheels and a little extra in the noss. The wing
sections used were malnly the M-6 and Clerk ¥, but I recently tried
the Eiffel 431 on a Falrehild "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. 1In case of rubber breakage;
mich less damage 1a done if the rubber goes through the front part
of the fuselage. I use enough rubber to fly the model well. If a
acale model needs so much rubber in order to fly, that an excesslve
amount of welght is required to balance the model, it 1s wise to re-
duce the pitch of the propeller.

My best scale monoplane 1s a Fairchild "24" with an in-line en-
gine. The fuselage was lengthensd slightly in all directiona. “The
rubber ircrease required enough balancing weight to bring the model
up to welght rule. The span was 30" and the prop 11". I used 12
strands of 1/8" flat.brown rubber. The wing had 1" of dihedral,
and the weight of the wheels was 1/4 oz. each. The atabilizer was
30% and the rudder 10% of the wing area. A Clark Y weas 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. 1 De-
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:

WING STABILIZER RUDDER
Ei:;gifngtén.sgs Airfoll CI:;R LaigiELkGES in.
(4"under ca;her) ENGINE g?é% ?aii FﬁSeizée
Welght 3% 1bs. 5:;‘: B Rignt 30 g;ﬁbmsgomrgﬁin
Fd -

GOAD NMING COMSTRUCTION
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Performance: Almost perfect stability 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 three to five times the motor run. Can fly well
in 18 m. p. h. wind ss well as teke off in a c.7ss wind. The only
woakness is that it won't circle in circles of less than approximate-
ly 75 feet, without slowly spiral diving. But in spite of this, 1t
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 1s 27.

General Gas Model Hints

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

Dihedral: In general, one inch on each side for every foot of apan
8 8 clent.

Stabllizer and Rudder: A lift-sectlon stablllzer is excellent in
my opinlon. It 13 very effective and strong. An adjusteble rudder
18 good, but the tabs must not 'be too big, or they will be szuper-
sensitive. Use small screws for setting the tabs. A moment-arm
length of from 40 to 504 of the wing span is good.

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

Time Switch: Almost all models 1n Southern Californis are equipped
wIthH them: For hoolup, see the diagram. The flashlight cells are
connected when the switch 1s set, which should be done before the
boosters are disconrected. Allow about 7 seconds for launching time.

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

Exhaust for Brown: A piece of 3" aluminum tubing mekes 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 2450 wlll stand
up for a short while, i1f not in too many smeshes which require some
stralghtening.
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How to Operate a Brown Motor

I always leave the spark lever in the vertical position. Why ad-
vance it unless you have a 10 ft. job? I adjust the needle valve and
forget about it. All T use for adjustment 1s the choke mut. When
1t 1s wide open the engine 1s 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 meximum and minimum
depending upon the choke setting. With this arrangement I can get 23
minutes on the grovnd with a full tank of fuel and the ehoke 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 efter painting,
putting your ship out of adjustment. The C. G. should be somewhere
betheen 30% and 509 of the mean chord of the wing. If the tall sur-
faces are non-lifting or less than 25% of the wing area, the C. G.
should be at 30%. After g final check on fastenings and line-up you
are all set for testing.

The flrst step 1s to shove the model on the ground to determine
if you have made any bad mistakes in adJustments. The shove should
be hard enough to Jjust 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 sttempting 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 sbout 50 feet in front of you. It must not swoop or stall but
should glide slightly under-elevated. The corrective adjustments are
mede by changing the wing or stabllizer settings or by changing the
balance slightly. Do not give the wing less than 1° nor more than 3°
incldence. Sharp banking should ?e corrected before attempting 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
glve a stralght flight; shove the shlp 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 1s 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 ami 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 1928B. He,

has made over 192 models, of all types, to date. He has been a cu:-
sistent contest winner. His best durations are as follows:
Less thsn Wt. Rules Wt. Rules
Cabin Model 36 min. 46 min.
Stick Model ay " 19 "
H. L. Glider 150 M

Flying Scale ply 8 "
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Being the results of Aerodynamic experiments
with eight single surface airfoils.

by J. Wallace McBrids

The National Advisory Committe for Aeronautics (N.A.C.A.) has
published numerous reporte on the asrodynamic charsctaristics of air-
foils, none of which are accsptable to the present indoor expert.
(R.B.F. 1) Endeavoring to remedy this situation the author began in
1931 to test the single surfaoce airfoils of the "Seven Outetanding
Tractors of 1930." (R.E.F. 2) Work waes 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 thess & Emall
windtunnel was built and placed in operation.

Power for the tunnel was supplied by & one-sixteenth horsepower,
rheostat controlled, electrie fan, Air was forced through a 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 pilled and glued on top of
one another formed the honeycomb, tne purpose of whioh 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 ssotion
without distwrbing it., (See drewing 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 sirfoil braces esimilar to those now used in mul-
tiple covered microfilm wings. The very low aspect ratio 3.44 was
neceesary in order to get a chord large enough to give a Reynold's
number approaching that of flight.
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144 The test sections were mounted inverted on the drag balence 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 offeet
measurements from the spars, when the angle of atteck indicator read
zaro. 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 t-en recording
the drag. Speed was obtained by solving the equations+-Drag=Cd ¥ 3
(Use of this type explained leter.) with the drag coefficient (Cd)
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

wae 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 variatioms in
airspeed due to changes in the power loads on the powsr 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.s3. is a 1little foo great., Although
the error may be largely due to the low Reynold's Number. A free
flight test with another single surface airfoil gave & C1 of 1.4 at 1%
8o the error 1s probably not great. He, howaver, hesitates to guaran-
tee the mocurscy and suggest that the reader test his own airfoil in
flight by obtaining speed. It is then possible to calculate the 1lift
coefficient for the angle at whioh the wing was flying. With this
data it 18 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 Buch & test the author will be glad to hear the re-
sults or 1f information is desired &as to the method he will be glad
to be of assistance.

The ,sections treated were those supplled by tine A.M.L.A. in
their booklet (Ref. 2). There are in addition two sectlons de=-
veloped by the author and two others tested elsewnere that will
be of interest, &nd are included for comparlson. The sectlons are
called by the names glven them ln the booklet &lthough correspon-
dence with some of the gentlemen have shown that the sectlon flown
by them were considérably different.# For example, the sectlon
shown to be that of Carl Goldberg varled by more than 3/32. The
sectlon had & thinner maximum ordinate and was somewnat more
bulbous at the entering edge.

The centrs section sirfoll of Fay Stroud and that of Samuel
Balkan were practically ldentical and gave such & poor showlng 1n
the free flight tests that they were left out of the test program.
The airfoil known as the B-6 was an alrfoll used by thne author in
1931 and was the forerunner of the B-7 which was developed &g a
result of these tests. The aerodynamic characteristics of these
alrfolls are presented in the standard form. It should be noted
though that the GYttingen section and the Flat Plate are plotted
to one half the other scale.

# The author wishes to thank Ray Thompson and Carl Goldberg
for their ald and ocourtesy.
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Haiis Ordinates and Positions in Percent of Chord
O, 5. | 10.| 20.| 30.| 40.| 50.| 60.| 70.| BO.| 90.]|1Q0.

Ray Thompson |0.0|2.30|4.00|6.20|7.50|7.75|7.40|6.76|6.75]|4.10[3.60]0,0

Carl Goldberg |0.0|2.70|4.60|6.80(8,00/6.40(8,00|7,00(/6.90(4.30|2,30(0.0

Pay Stroud (tipf0;0|3.00(4.60|7.00[8.10(8,20|7.90|7.00|6.70|4.10|2.30|0.0
L. Henkemmer [0.0[3.90|4.75|6.80|8.00|7.95(7.80|6.25|4.90|3.50|1.90(0.0

Jeck Fisher 0.0{4.25/5,00|7.80[9.00]|9.20|8.80|7.20|65.80]|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

Mc—Brida B-6 0.0|2,90(|5.10|7.40|8.25]|8.30|7.9016.90(65.60|3.90(2.00(0,0

MeBride 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

Gblitingen 417a)0.6|2.86|4.28(5.70|6.46(6.53|6.10(5.38(4,38(3.,10(1.60(0.0

Flat Plate 0.5|0,60[0.50[0.50(0,60]0.,60|0,50|0.50|0.,50]0.50|0.50|0:50
AERO. Q G FACE A
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
Testad by; MeBride, March 1932 Tested by: MoBride, Maroch 1932
Where tested: Winnipeg, Can, Where tested: Winnipeg, Can.
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Name of section: Fay Stroud
Wind velocity: 7 f.p.s

A,R. test secotion: 3.44
Tested by: MoBride, Marcn 1932

Name of section: L., Hankammer
Wind wvelocity: 7 f.p.s.
A.R, test section: 3.44
Tested by: McBride, March 1932

Where tested: Winnipeg, Can. Where tested: Winnipeg, Can,
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Nams of section: Jack Fisher
Wind velooity: 7 f.p.s.
A.R. test sectiom; 2.44
Tested by: McBride, March 1932
Where tested: Winni 8g, Cani*

Name of section: Ernie MeCoy

Wind velocity: . 7 feDPeBe

A.R. test section: 3.44

Tested by: McBride, March 1932

Where tested: Winnipeg, Can,
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Name of section: McBride B-6 Name of sectidn: MeBride B-7
Wind velocity: 7 f.p.s. Wind veloeity: 7 f.p.s.
A.R., test saction: 2.44 A.R. test section: 3.44
Tested by: lecbBride, March 1932 Tested by: McBride, March 1932
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Some of the readers may not be familiar with thls eystem of
coefficlents. The system ls that used by the N.A.C.A. and is known
as the Absolute system. The coeffleclent of 1ift 1s denoted as Cl
and the coefficlent of drag Cd.

The 1ift equation for this system ls: Lift= Glﬂg 5 V2
The drag equatlon for thls syatem ls: Drag= cu-@-s V2

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

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

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

cl
Cd

no

2 Lec = 391 KL = .01 German systen
2 Ld = 391 Kp .01 German system

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

EXAMPLE 1,

Type of airoraft: Indoor Tractor, weight compleste .08 oz.
Effective wing area: 100 square inchses.

Wing seotion le. sirfoil: GSttingen 417a,

Angle of attack: 8 degrees 40 mins,

Note the angle of attack is the angle of incidenae between the
wing and the airflow. The angle of inoidence is the angle of inclina-
tion between the wing and & fixed line in the aireraft usually the
line of thrust.

Lift Coefficient by chart: 1.00=Cl
Air demsity 0.,002378 at E9 degrees F, and 29.92 inohes of
mercury.

A8 the conditions mentioned above are the average of the condi-
tions in the temparate zone one will not be greatly in error it den-
8ity corrections for change in temperature and pregsure are not made,

Idft:{l.OO x 0012 x nl-gg-x Yz] = [L=Cl-§- 3 Y2]

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

Therefore- ,08 x ,0626=1.00 x .0012 ='}£% x V2
(.08 0z.=weight of the model ) (.062511bs.~Cd at 8° 40')

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

Many model builders will question the mee 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 ocompare wing sections and find the effect of making small
ehanges, Thus he will lmow that flattening out a section between 0
and 30% of the ochord will, if oarried out within reasonsble limits.
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and efficiency, thus producing a better endurance airfoil
(B-6 and B-7) while humping &n 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 alrfoil.

increase 1lift

Data of this kind is most umeful in design work as it is possible
to make preliminary endurance calculations, calculate changes in pos-
8ible duration due to changes in wing area, incidence ete. An
example of its use in this kind of work is given below,.

EXAMPIE 2.

An indoor tractor of 100 square inches _gf area was being flown
at 6 degrees attack. A check of values of ¥4 (One of the criteria
for sn endurance airfoil. Should be & minimiim. (REF.5) of the airfoil

has shown that 9 degree is & better angle for the airfoil  Would this
setting improve duration?

Area: 100 Bq. im.
Airfoil: G3tt. 41Va.
Flying weight: 0,10 oz,

.Cd of stick etec.: 0.0824
(this includes area.)
Available energy: 35.0 ft.oz.

6 desgrees attack
v2=19l%9 x 0,065 x 100 x 2)
0.8 x 144 x 0,0024
V= 2.12 f.pan

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 ig.lgi
0.0626 x 2

9 degrees attack
ve= 10,10 x 0,0626 x 100 x 2 )
1.02 x 144 x 0,0024
V=1.88 f.p.s.

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

Motor sad stick dr 2
(V.0B24 x O,an% X ii,ﬁﬁ}
0.062b x 2

=0,005678 oz.

=0.00716 0z.
%5-1% =0.00658 oz.

Total drag 0.01373 ox

Wing drag is

Power used for flight
0.01373 x 2.12=0,02911 £§?o§§c_

Wing drag 1&-%3%% =0.00707 .02

Total drag 0,01283 oz

Power used for flight
0.01283 x 1.86 = 0,02412 §3f 85&

Possible duration

Possible duration
36,0 _ 35,0 .
0.01373 x 2.1z _ 1202.4 secs. 5.01285 x 1.88° 14b2.3 seos.

This is an improvement of 20.7% resulting from using the proper
wing ad justment. This is an interesting calculation in view of the
present trend to reduce the angle of attack in order to reduce resis-
tance coefficient forgetfing 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 posgible in a few years if the
model designer pays careful attention to the science of low speed
aserodynamics, to which he hopes this article will be & contribution.

REFERENCES

1. 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 Amgrica date published by Geo, D. Wanner, Daytom, Ohio., Page 7.
3. Eiffel, "Resistance de l'air at Aviation"”, Hunsakar translationm.
Page 38.
4, Engineering Aerodynamics, Diehl. Page 65.
5. Simple Asrodynamics, Carter. Chapter on airfoil selection.
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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 radlator on cold days.

Straight green sogp slightly thinned with glycerine will %erve
as a good lubricant. Be swe to spread amd rub it in evenly. Af-
ter every wind up check for ecracks and grit,”and relube the motor.
Since lube meases up the handkerchief considerably, 1% is much bet-
ter to wear white athletlc cotton socks for cleaning your hands
whenever they get dirty.

The sctual 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 maxirum at this length aml then slowly
come in so that there ik at least 2" .or 3" of elasticlty 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--Welght per inch of Single Strand

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

Wt. |[40005644 .0011288 »0016932 0021576 0035864

0z. +0008466 .0011411 «0019756 0028220 .0043152
Turns per inch on Multiple Strands
No.Str, 4 6 8 10 12 14 16 18 20
1/8 80 84 55 50 44 40 36 34 3z
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 27 25 23 21

The tables are for 1/30 Gage Specisl Brown Rubber (MRL, T56).
A complete table of all numbers of strands and lengths of motors
would require too much spece. Make your own chart for the motors
which you usually use most, and paste 1t in your model box. The
1/4 motors of over 14 strands are hard to handle. It 1s advisable
to wind the motors before begining a design using this size.
(Extracted from J.P.Glass article in 1935-36 Year Book with addi-
tions by Editor.) 3. me0m ot wmDER MOIK | ALATTENED TVBE —~

rvoace w2 R O=— = Ca——
S B © i R
: ' =\ e ez | AT g sumee
SR b "E;:ﬁ Avsnse rvas SAFETY ALl owS
R 64435 LISy pae mnoaek  Warwe ST BESimReY

RUBBER TENSIONER is a British invention. Its purpose 1s to prevent
a long motor from unwinding completely and so prevent shifting.
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Sept. 30, 1936,

OFFIGIAL LIST OF UNITED STATES MODEL AIRCRAFT RECORDS

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

INDOORS (No weight restriction)

STICK

Rise off Ground
Junior: Willlam Wert
Senlor: Ervin Leahner
Open : Joseph Matulils

Rise off Water
Junior: William Wert
Senior: Colman Zola
open t Beorpgevin Beckated

Hapd Launshed
Junior: John S. Stokes Jr.
Senior: Wilbur F. Tyler
Open : Ernest A. Walen

Rise off Ground
Junior: John S. Stokes, Jr.
Sanlor; Hyman Oslick
open : Ernest A. Walen

Rise off Water
Junior: William Wert
Senlor: Mayhow Webater
Qpen : Willlem Latour

CLaSS A (30 3ge. in. or under)

Philadelphia, Pa.
Fhilndelphia, Fa.
Chicago, Il1linols

Philedelprhla, Pa.
Brooklyn, N. Y.
Chizago, Illinola

CLASS B (30-100 sq. in.)

Huntington Valley, Pa.
Boston, Meas.
Sprirgfield, Mass.

Huntington Vslley, Pa
Fhilasdelphla, Fa.
Springfleld, Mass.

Philadelphia, Pa.
Fhiladelphia, Pa.
Phlladelphla, Pa.

CLASS © (100-150 sg. 1m.)

Haml Laounched
Junior: John S. Stokesa, Jr.
Senior: Rotert Jacobsen
Open : Carl Goldberg

CABIK FUSELAGE

Rise off Ground
Junior: John 5. Stokes, Jr.
Senlor: Charles Heintz
Open ¢ Beorgevin Bedksted

Rlase ofl Water
Junlor: John S. Stokea, Jr.
Senlor: Sidney Axelrod
Open : William Letour

Huntington Valley, Fa.
Philadelphia, Fa.
Chicago, I1linola

CLASS B

Huntington Yalley, Pa.
Fhiladelphia, Pe.
Ohicsgo, I1lincis

Huntington Valley, Pa.
Chicago, Illinois
Philedelphia, Fa.

CLASS C

Rize off Oround
Junier: John 3. Stokes, Jr.
Senior: John Haw
Open : William Latour

GLILERS

Hand Launched
Junior: M. Hugelot
Benior: Wallace Slmmers
Open : Joseph Matulls

Huntington Valley, Fa.
Philadelohia, Fh.
Philadelphia, Pa.

GCLASS A

Chicago, Illinois
New Lenox, Illinols
Chicsgo, I1llinois

CLASS B

Hand Lsunched
Junior: Rebert Gelbard
Senior: Wallace Simmers
Open : Carl Goldberg
AUTOGIRO
Junior: Raymond Steinbacher
Senlor: Alton H. TuFlon, Tr.

Chicago, Illinols
Hew Lenox, Illinocia
Chicage, Illinols

RAidgefield, N. J.
Ridgefleld. N. J.

{Min. Fuselage Hection (Li.;‘gg]z

10m
Gm

Tm
5m

18m
18m
1Tm

17m
1Tm

9m
1lm
13m

20m
25m
25m

lém

1im

1m

2m

26.48
47 . 48
59.0a

19.4a
4l.1ls
38.288

12.2s
50.1s
46.52

19.%s
03,.Ba
42.Bs

27 .68
55,08
15.08

55.0a
29.0s
29.0a

16.3a
12.2a
26.0s

23.08
A2.2a
42.08

05.68
14.83
31l.8s

34.68
43.68
38,83

49.2a
58.48
47.58

57.2a
0l.2s

QUTDOORS (Min, Wing Load. 50 20. in./ 1 oz.

STICK CLASE © (100-150 sg. in.
Hand Launchsd
Junior: Junicr Daguo
Senior: Harry Cornlsh
Open  : Joseph Frady

Rlse of f Water
Senior: Larry Low

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

Rise off wWater

Tulas, Cklahoma
Danver, Colorado
Tulaa, OkKlahoma

New York, N. Y.

CLASS D (150-300 ag. ind
Alxon, Uhic
Springfield, Mas-,
Cleveland, Uhio

Senlor: Larry Low New York, N. Y. (tie]
Senlor: Malcom Abzug New York, N. ¥. !
CABIN FUSEIAGE CLASS C

Rise off Ground
Junlor: Fred Smith
Senior: Robert Cahill
Upen : Beorgevin Heckated
Rize off Water
Senior: Alan Orthoff

Denver , Coloradc
Indianapolis, Ind.
Chiceago, Illinols

New York, N. ¥.
CLASE D

Philadelphia, Fa.
Rosebank, 3.7., N. ¥.
Clevelanl, Ohlo

Rise off Ground
Junior: Arthur Koslow
Senior: William Ying
Open  : Chester Lanzo
Rise off Water
Senlor: Louls Milowitz New York, N. Y.
ULASS E (300 =g. in. and over)
Brooklyn, N. Y.
Denver, Colorado

Gasoline Engine
Senlor: Joseph Kovel
Cpen 1 Don Spaulding

GLIDERS CLASE B
Hand Lasunched
Junior; Walter Weltner Hew York,

Senior: Harry D. Soper, Jr. Hockford, I
Open : Willlas C. Brown Arlington, Mass
Hand Launched CLASS €

Junfor: Horace Smith
Senior: Colin Edwerda
Open : Jamesa McPheat, Jr.

Tow Launched
Junior: Ralph EBrown
Senior: Bob File
Cpen i Everett Tasker

Jacksonville, Fla.
Oawego, New York
New York, H. Y.

Arlington, Maan.
Golumbus , Ohlo.
Boston, Mnas.

CLASS D
Hand Launched
.‘le:iur: Eaward L. Smith Jacksonville, Fla.
Tow Leunched
Junlor: Paul Durup
Senior: Dick Everstt
Opan ¢ Roland Buhrig

Hoaton, Mass,

Elmn Grove, W. Va.

Canaztots, New York
CLASS E

Dayton, Ohig

Tow Launched
Senior: Jack Smith

AUTOGIRO

Senlor: Ralph Xurmer Saint Louis, Mo,

2lm
27m

em

Bim
]

18m
Im

im

27m
3m
Som

1m

&m
41m
48m

1m

Gdm
f8m

Bm

04.0a
08.0a
07.0a

00.0s

£1.68
£0.0s

10.0=

12.0a

12.0s

40.08
00.08
A0.Ga

07.08

47.0s
19.08
456.08

14.3s

40.08
07.4a

46.08
52.0s8
a5 1la

6.0
50, 4a
31.5a

¥y § &5F

38.08

57.88
38.0s
18.08

23.4s

06,03



GAS MODEL PLANS

Maxwell Basset 104 Vernon Boehlea 111 "“The Quaker” .
Koe Kovel .. . 105 Don Donahue 112 Andrew Borysko
Leo Weiss 106 Joe Culver 113 Frank Ehling
Francis Tlush ... ... 107 M. Lartigue 114 Frank Zaic
Frank Ehling 108 Lester M. Adams ... 115 Rod Doyle

Ben Shershaw 109 Wm. Effinger 116 Lester M. Adams

Ben Shershaw

Albert A. Judge 34 Fred Rogerson ... 41 Leonard Zeldow
Robert Copland ... .. 35 Paul Verdier 42 Bob Jeffery .. .
Chester Lanzo 36 Frank Zaic 43 Bob Jeffery
William Ying 37 B. Becksted 44 Ervin Leshner
Edward Lidgard . 38 Robert Cahill 45 Frank Zaic
C. 5. Rushbrooke ... ... 39 Roy Wriston ... .. 46 Jim Cahill
C. S. Rushbrooke 40 R. Schumacher . ... 47 G. Paris

OUTDOOR STICK PLANS
Dick Korda ... 55 Larry Low . . 61 Carl Schmaedig
Dick Korda 56 Ira Fralick . B2 William L. Butler
Daniel Clini v Y Frank Zaic 63 Richard Obarski
Roy Marquardt 58 Torrey Capo 64 Edw. Manulkin
G. Ritzenthaler 59 Wallace Simmers 65 Jim Halfey
Bruse Luckett 60

INDOOR STICK PLANS

Jim Throckmorton 77 Joe Kovel ... ... IR . R.O.G
Carl Goldberg B2 Frank Zaic O] 1) S
Robert Jacobsen .. B3 Marvin Setzke
Mayhew Webster . B4 R.O.W. Carl Goldberg
Ralph Kummer 85 Hyman Oslick
John Stokes ... s B6 William Latour 93 Ervin Leshner g
Carl Goldberg .. .. 94 Colman Zola . 95 Herbert W, Owen

110

“Miss America’

117

OUTDOOR FUSELAGES PLANS

INDOOR FUSELAGE PLANS

John Stokes 87 John Stokes a0 Lynn Radclitfe

JohnHaw ..., 88 Bob Cahill 91 John Zaic . ..

Alvie Dague ... 89 Richard Obarski .. 92 Allan B. Penn

HAND LAUNCHED GLIDERS . Belsky . 154 HELICOPTER

Milton Huguelet . 155 Robert Gelbard oo 113 Blair Bennet
CONTRIBUTIONS

Indoor Pusher
Microfilm Prop
Microfilm Prop

Petrol Model Hints
Low Speed Airfoils
Twin Pusher

"X" Ribbed Wing
Papier-Mache Models
All Balsa Wing
Co-Axial Prop
Feathering Prop
Finishes and Flying
Thermals .
H. L. Gliders .. ..
From Experience
Indoor Airfoil Tests
Rubber Turns and Care
HINTS: Outdoor
HINTS: Indoor

By Jim Throckmorton
By Axelrod-Goldberg
By L. Smithline

By C. E. Bowden

By Fred Rogerson
By Ed Manulkin

By John Whitehouse
By Fred Maylield
By "Teen" Becksted
By Jim Haffey

By Setzke-Goldberg
By Roger Hammer
By Dick Everett

By Tex Rickard

By Henry Stiglmeier
.By ]. Wallace McBride

76

78

74
100
125
126
129
130
131
132
133
134
136
137
138
143
156

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

118
119
120
121
122
123

48
49
50
51
52
53
54

66
687
68
127
132

96
97
98

. 99
152

150
152
153

152



MODEL GLIDER DESIGN

A medel on the ground and the sume model
in the uir 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-
selt on this score. Does the model in the air
da you credit?

Frankly, if you are interested in improving
your llying, “MODEL GLIDER DESIGN"” will be
of enormous help. Alter all, every model be-
comes a glider at.the end of the POWET run.
After you start reading "MGD" you will wonder
how so much precise, frue, clearcut and useful
maleriol on model cercdynamics managad to
be crowded inle 192 pages. Second prinling
made possible price reduction.

Parlial listing: 60 plans, model and full size.
75 Photos. 20 Airfeil Charts. Cver 450 Ex-
plunatory Sketches. Complete coverage ot aero-
dynamics, construction and theory. An excel-
lent article on Thermals. Hints and instructions
never published belore. You need this book
maore than vou 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 areat value of this book is its collection of 70 plans of the.world’s
best pre-war models.: (22 gas models, 16 Wakelield 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
ol 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 vour problems you will be surprised
how many perplexing quesions will be cleared up. If you like solid
inlormation without fancy frills, this is the boock 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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