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FOREWORD.

The purpose of this booklet is to appeal to a wider circle of
readers to use the contents and take further steps in advancing
model aeronautics to a higher level. The collection of referen-
ces and investigations is the result of fifty years of experi-
ence in engineering, which includes designing of airplanes from
20 to 1200 h.p. since 1909 and scientific testing of models

aince 1912,

The mathematical aspect of model engineering is not very
promising because of the great variations in basic designs.
In spite c¢f the lack of systematic tests with models an
attempt his been made to use aerodynamics for large 3ir-
planes and low-velocity wind-tunnel reports in predicting
the performances and the stability of models, many of them

contradictory.

The relatively large forces of torque, power, gyroscopic
moments of high speed propellers not present in large air-
planes makes model aeronautics a new field of engineering.
Attention is called to the vroblem of weight distribution,
to the relative position of the zero-lift lines of airfoils
and the distance of the thrustline to the center of gravity.

Thanks to all model builders who supplied flying characteris-
tics of their models, that were incentive of many theoretic-
al investigations appearing in this booklet.

If following, poorly arranged pages contribute only in a small

share to greater interest in model aeronautics the labor in-
volved was well rewarded.

The Author.
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THE AIR- Moving an object through the air or any other fluid
requires a force to overcome the resistance called the drag.

The drag is influenced by the size, shape, velocity, surface
texture of the body and the condition of the air. The drag is
equal to the velocity squared, times half of the standard densi-
ty, times the area and times the drag coefficient. The drag
coefficient of a flat plate vertical to the air stream is 1.28.
Other coefficients are given on page# . The area is usually
taken at the maximum cross sections of the bodies.

Inclining a flat plate in an air stream the air is deflected
downward. The forming of a vacuum on the upper surface is out
of question and air is transfesred to the upper surface which may
flow past the lower surface. This transfer is the upwash. The
upwash can be analyzed as a combination of a strfaight flow and

a circular flow about the airfoil. This circulation is accepted
as the cause of 1lift. The upwash is not sufficient to meet the
air flowing past the lower surface at the trailing edge and tur-
bulent vortices will form in the air stream as it leaves the
plate or the airfoil. The air leaving at an angle is the down-
wash. The turbulent wake behind the airfoil is the Karman vor-
tex street.

The drag of a flat body can be reduced by streamlining, shape

%ng it to a cross sectional outlins similar to the one of a fish
trout). Such symmetrical sections are basic for designing sect-
ions for wings by bending, cambering the meanline with its maxime

um point at the 25 to 60 per cent of the chord and also varying

the maximum thickness. The camber of the meanline and the thicke

ness depend on the required performances.

Sections are te2sted in wind-tunnels at various angles. The ree
sultants are inclined to the air stream, and for simplicity

are resolved into two components, one parallel to the air
stream,the drae and one vertical to the flow ,the lift. Fer use
they are reduced to CD, the drag coefficient and to CL, the 1lift
coefficient.The angles are mgasured from any line selecte d by
the laboratory. 1In addition to the coefficisnts points are giv-
en on the base line where the resultants intersect, which are
the centers: of pressure, c.p. With the angle of attack, the c.p.
and the coefficients the resultants can be plotted. The resule
tant can be resolved into components again at any other point

on the resultant. This shows that there is no center of 1lift

or drag even for the reason of simplifying investigation of
problems, except if the reference point is at a great distance.

The increase of the CL coefficient with increase of angle for
regular airfoils is the same, except the zero-lift line will be
at different angle of attack. The change per degree is the slope
of lift coefficients, which howzver depends on the ratioof the
span and the average chord, the aspect ratio. Tests on slopes
are plotted on a diagram and an empirical equation is formulated
which simplifies estimate that includes function of aspect mtio
of areas.
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The slope of 1lift coefficients is also the same for symmetric-
al sections;and call them non-1lifting because their zero-lift
lines coincide with the chord lines is 2 misnomer. The locat-
ion of the zero-1lift line for a cambered section is found by
equations or by halving the thickness at the 40 per cent chord
distance and connecting the point with the trailing edg=s. The
angle to the zero-lift line is the absolute angle of attack,
which is always used in stability calculations.

Increasing the angle of attack increases the lift until it reache

es a maximum and its coefficient is the CLmax. The CLmax varies

with the velocity of the air and with the velocity the angle is
increased or dacr=ased, as shown in a diagram. The spe2d obtain-
24 by the CLmax is the stalling or landing speed, which is only

a few degrees higher than the angle for the minimum ginking speed

and for the minimum power reguired for horizontal speesd. This

is the reason to use the CLmax in comparing sections for perfor-

mances ,and especially for durations. Maximum 1lift coefficients

for rectangular and oval wings with various aspect ratios are
lotted that shows that an oval wing with an aspect ratio of 1.28
flying saucer) has the highest CLmax. Up to-date no equation

is available for estimating CLmax coefficients.

Stalling does not start at the same angle along the span of a
wing. The point,a stall starts depends on the plan view of the
wing,if all ribs are of the same design anil have th= same angle.
A few layouts give the places where 21 stall begins as the angle
of attack is increased. An elliptical wing is the only design
that stalls evenly. It is however desired that the stall should
start at the centaer of_the spian in order to have lateral stabili-
ty and to stop spiral diving. To overcome a probable stall at the
tip the mean camber of the outer section of the wing is increas-
ed or stall strips are added to the center section. Some use
washout of the tip section, which however reduces lift, but in-
creases lateral and horizontal stability.

The radius of the leading edge (nose) has a certain influence on
the CLmax, shown in a sketch. The larger the radius, the greater
the movement of the stagnition point, This indicates that the
effective mean line will increase with the increase of the angle
of attack. Stunt mod:1s and stunt propellers should have a large
nose radius. Speed wings and speed propellers have always point-
ted leading edges. Some manufiacturer even give the size of the
radius for their wings to insure performances predicted.

Many devices have been tried to increase the maximum 1lift of a
section. Cambering, using flaps, sucking, blowing, extending the
area for gliding or placing rotors in the leading edge. Attach-
ing such devices to models may increase the weight but may not
lower the sinking speed.

The minimum drag coefficient can be corrected for other speeds

than the one given by the report by using the nomogram with the
triple scale. Deduct the friction coefficiant on the center scale
for the R.N. of the report and add the friction coefficient for the
product of the chord in inches and the velocity in ft.p.sec. The
R.N. Reynolds number is explained in another section.
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The combination of all drag forces excepting the one of the wing
is the parasite drag ani its coefficient the CDpar. The parasite
irag is redueed to a flat plate area of equivalent resistance and
the ratic of the equivalent area and the wing area times 1.28 ig
used in equations for performance calculations as a constant. This
however will not give the correct answer if the investigation in-
volves a great variaticn in wing areas.

The air flow reaching an airfoil will part at the leading edge, the
stagnation point, its upper flow passing close to the surface in
a laminar flow. Later it becomes turbulent at the point of tran-
sition until it breaks away at the point of separation, leaving
eddies in its wake. Airfoils with laminar flow have a low drag

at small angles and a low maximum 1ift; airfoils with turbulent
flow have a high drag at low angles and a high maximum 1lift. Most
models perform at large angles, especially when gliding and a ture
bulent flow would be the solution. Sandpaper located on various
places on a thick section gave negative results. Turbulators are
suggeste? to be carried close to the leading edge. Serrating the
leading edge or the trailing edge reduced the drag of wings and
propellers. Coincidently the spacing of the serrations are the
same as the pins holding the turbulator. No fool proof theory

has been 24vanced but it seems that a slight helical moticn of

the air flow delays separation.

Prof.Schmitz suggested for low R.N. up to 20,000 to use sections
from 3.4 to 6 per cent thick with a camber of the mean line from
4.5 to 6 per cent and a leading eige radius up to 1 per cent of
the chords. His design should automatically give a turbulent
flow.

Many theoretical designs of airfoils are available. The best one
is the Joukowsky transformation of a circle into an airfoil.

The mechanism of the transformation is shown by a graphical con-
struction and by an instrument using the same principle. This
transfermation does not consider the drig of the airfoil. Others
are the Mises and the Trefftz constructions, and many designs deve=-
loped by the N.A.C.A. Another ssctions were evolved by Davis from
empirical equations of power and wing loadings of airplanes.

The simplest and generally used section is the Clark Y with its
flat lower surface, which was used to davelop one of the N.A.C.A
basic section. The thinning is usually done by reducing only

the height of the section, instead in reference to the mean line,
which would keep the quality of the Clark Y section.

The interference of the fuselage on the coefficiants of the wing
at various locations is given by a diagram, which shows that the
low wing is the worst location if no changes are made in the de-
sign. Saggirg of the wing covering will not effect the efficien-
cy of the airfoil if the waves are small, smooth and without ridge

es,
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AIRFOIL SELECTION. The selection of an airfoil secticn for

models is very involved by the various characteristics demanded

by each category of models. The sections should be as thin as
pessitle for the required performances with the necessary bend-
ing and torsional strength. The thickness will vary from 4 to

18 per cent of the chord and the camber of the mean line from zero
to 6 per cent.

The control-line speed model requires a section that has a minie-
mum drag at the 1lift coefficient for top speed. The section can
be selected from N.A.C.A. reports because the Reynolds number

may be the same as the one for the model. The camber should be
10 times the 1ift coefficient at top speed, if expressed in per
cent of the chord. The wing is tapered, has a 10 per cent thicke-
ness at the fuselage and not less than 1/8 in. at the tip.

The control line stunt requires a symmetrical section with a large

nose radius and extended flaps to incrzase the CLmax. The select-
ion is based on the 1/2 power of the CLmax divided by the 1/3 power
of the CDmin or the cube of the CLmax divided by the square of the

Chmin. The CDmin must include the parasite drag coefficient.

The tow-line gliders require a section that has the lowest sink-
ing speed. Plotting sections CL on a 3/2 power scale and the CD
on a straight scale the tangent to the curve gives the angle for
the lowest power or for the lowest sinking speed. The tangent
drawn from the parasite coefficient indicates that the higher the
parasite drag is the greater will be the camber.

Indoor gliiers require a section that has a low minimum drag when
launched and a high camber when gliding downward. The gliders
have usually wings with flexible rear portion to reduce the drag
during the high speed launching. Disregarding the amalysis on
page 65, the selection may be simplified by dividing the slope of
the tangent to the vectors by the CDmin. The low parasite drag
of balsa gliders will result in a mean line camber of 2 to 2.5
fer cent.

The section for free-flight models depends on the reserve power
over the required minimum power. Models flyinz on minimum power
have the same selection as the tow-line gliders’ Lately many rub-
ber driven models are designed té fly at minimwn power. The sect-
ion thus selected is tops for low sinking speed.

Gas jobs with their super power and short power run will follow
the same s=lection as the hiand launched gliders. The sections
will be thicker and the canbar larger b=2cause the parasite drag
is also greater. The problem to be solved becomes more complicate
ed if no limitation is set for the wing area. The 2quation
should also include the weight variation with the change of area
and aspect ratio.
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AERODYNAMIC CENTER- One point on the airfoil that simplifies stab-
ility calculations is the aerodynamic center. This is the point
about which the moments of the air force resultants up to the stale
ling angles ares the same, and the coefficient Cmac. The Cmac is
zero for symmetrical sections and usually negative for cambered sec-
tions. The distance from the leading edge is 24 to 26 per cent of
the chord. To find the moment of any resultant about a point usu-
ally about the c.g., aid to thie moment about the a.c. the moment

of the parallel force p2ssiag through the a.c. The resultants of
the airforces or their coefficients are plotted through the a.c.
and the moments are obtained by the shortest distances from the
reference point. Moment estimates are simplified for designs with
the c.g. locations on the chord line by omission of the CD coeffi-
cients. This simplified method is used in some textbooks with the
c.g. located well below the chord line and the moments obtaind are
often twice of the actual moments. A graphic construction shows

how the position of a.c. can be found.

SCALE EFFECT. The drag coefficizsnt is influenced by the specsd, the
length and the air conditigns. The factor d=noting this relation
is the Reynolds number (RN), which for standard air is equal to
6300 times length of the body, times the speed in ft.p.sec. The
R2ynolds number is applicable only to geometrical similar bodies

or airfoils. The R.N. for model units is equal 780 times the

chordi in inches, times the velocity in m.p.h. 1In cass tane velocity
is given in ft.p.sec. the constant is 532. The scale effect de-
pendis on the air moving over the bodies, which may be laminar or
turbulent. The air flow will stay laminar over models due to the
low R,N,. A few diagrams give the change of coeffici=nts with
variation of R,N,

BOUNDARY LAYFER. Air moving over a body will stick to the surface
to a certain thickness and the rest of the air will move unre-
strained. This stationary air is the boundary laysr. The thick-
ness of the layer depends on the Reynolds number and on the con-
dition of the boundary layer, if laminar or turbulent. The flow

is usually laminar at the start and later becomes turbulent. To

ke2p the flow laminar over an airfoil at low angless the surfaces
must bte smooth and free from waves. Indoor gliders should be checke
ed with french curves for irregularities on the wing surfaces.

To prevent transition or separation of the boundary layer many
devices were tried. Slots give only limited effect and its exact
location on model wings cannot be determined. They usually create
high drag even at low angles. Sucking and blowing seems to give
the most promising device. Suction may be applied to model wings
if the engine intake can be connected to the slots located at the
60 per cent distance. The loss of power may be greater than the
g3in in drag.
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CENTER OF PRESSURE. Thz point on the base line through which

tha air force passes is the center of pressure (c.p.). The base
line is an arbitrary line selected by the testing engineer, usual-
ly the tangent line to the lower surface of the airfoil. Now all
base lines are from the leading edge to the trailing edge. In some
reports one may find the base line far below the chord line.

The best symmetrical sections have no c.p. movement. The c.p.

for cambered sections moves toward the leading edge with increase
of the angle of attack. Selecting the reference line below the
chord line may reverse the movement of the c.p.. Bending the
trailing edge downward moves the c.p. toward the trailing edge

and also increases the maximum 1ift coefficient. This addition-
al flexing of the 2irfoil is used in adjusting models for bet=

ter atbility. Reversing the c.p. movement can be accomplished

by bending the trailing edge upward. This is used in making

a cambered airfoil stable without the use of a stabilizer. the
angle of deflection is for regular sections about 6 to 7 de-
grees. The c.p. movement on fuselages are similar to the one

on symmetrical airfoils.

ASPECT RATIO. The ratio of the span and the average chord is
the aspect ratio (AR). The higher the aspect ratio the smaller
the angle of the wing for the same lift. Theoretically the

air affected is within the circle drawn through the wing tips.
The drag of an airfoil can be divided into the profile drag and
the drag required to deflect the air downward. The profile drag
is assumed to be constant. The force to deflect the air is the
induced drag, its coefficient CDi, which is equal to the square
of the 1lift coefficient divided by 3.14 times the AR of the wing.
This indicates that by deducting the induced drag coefficisnt the
profile drag coefficient is obtained, which is shown by its ap-
plication to the' CLARK Y section. Most tests on airfoils are
made with an aspect ratio of 5 to 6 and to use the results for
higher aspect ratio the angle of attack for the corresponding

CL must be reduced by the difference of the induced angles esti-
mated by the equation 18.24xCL/A.R. N.A.C.A. simplified this
by giving the drag and the angle of attack for the infinite as-
pect ratio to which the induced drag and the induced angle is
added.

Flliptical wings give ideal load distribution for any aspect
ratios. Similar load distribution may be obtained by a 50 per
cent taper. Endplates increase the effective aspect ratio as
given by an equation or determined by the graphical method shown.
The proximity of the ground increases the effective aspact ratio
and its value can be obtainel by the empirical equation present-
ed. Gliding tests with models should be madeat a certain dist-
ance from the ground, and the distance of a glide should never
be measured to the point where it touches the ground.

An interesting relation of profile drag and induced drag is deve-
loped, which shows that the higher the AR the lower the total
drag. The increase of structural weight with increase of A.R.

is not included in the investigation.
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PROPELLERS. The least understood unit of a model is the propela
ler. With its gyroscopic forces, high torque, side thrust, slipe
st;eam and high static thrust makes design and adjustment a com-
pllcgted task. The thrust necessary to move a model through the
air is obtained by rotatirg one or more inclined blades that ac-
celerate a mass of air through the disc area. Higher efficiency
is obtained by imparting a low acceleration to a great mass of
air. The power required to rotate the blades is supplied by gas
engines or by twisted strands of rubber bands.

This acceleration is used in the momentum theory for estimating
the thrust and the required power. This theory, however does not
take into consideration the profile drag of the blades. There is
no theory which would give a correct answer. The blade element
theory, which uses the 1lift and drag of an airfoil agrees fairly
well with tested propellers, if correction factors are used.

Th2 angle of the lower flat surface of the blade is used to esti=-
mate the nominal or geometric pitch. This distance is equal to
the distance a2 blade will travel in one revolution sliding on

its flat surface. The diameter and the nominal pitch are usually
marked on propellers. Mutiplying the distance from the axis to
the blade section by 6.28 and marking it on a horizontal line
with a vertical on one end and the blad2 anglz on the other end,
then the intersection of “he line on the vertical is the nominal
pitch. A sketch shows how to find the angle at any section along
the blade if the pitch is given. The pitch measured to the zero-
thrust line is the aerodynamic pitch.

The angle made by the flying speed, divided by the rev.p.sec. of
the propeller and the circumference it traveled will be lower

than the pitch angle and is denoted as the advance angle. The ad-
vance angle and the pitch angle have a certain relation to the
efficiency of the propeller, which is the ratio of the power out-
put and the power input.

In reports the advance angle is simplified by using the advance
factor v/nD. The reports give the efficienciss and p/D ratios
referred to the advance facter. 1In case the pitch varies along
the blade, the nominal pitch is taken at the 3/4 distance from
the axis. Another factor that simplifies selecting propellers is
the speed-power coefficient, the Cs, which takes the speed, the
power and the r.p.m. of the drive shaft for designing the prop-
eller. For rubber driven propellers most of the equations for
gas props are not directly applicable, because even with a given
rubber the torgue changes with the number of strands used. Any
sciantific approach is problematic.

Di2grams show forces on a4 blade, its efficiency and the mixim-

um efficiency expected with the advance factor. One diagram
gives the tnrust and torque along the blade; another the rela-
tive axial and rotational flow, and two sketches show the direc-
tion of the air on the upper and on the lower surface. The spin-
ner adiled to the propeller should not be greater than 25 per cent
of the diameter.
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Propellers with equal pitch distribution tested on a spindle lose

6 per cent of their efficiencies when mounted on a fuselage. Prop-
ellers with increusing pitch toward the tips lose only 2.5 per

cent when tested on a fuselage.

Two nomograms and five diagrams give the diameter for rubber props
ani the diameter and the p/D ratio for gas propellers. Improving
the efficiency of propellers were tried. End-plates to decrease
tip losses and angles fastened to the flat surfice to prevent rad-
ial flow 4i1 not improve efficienecy. Ducted propellars give great-
er thrust at low speeds, but their maximum efficiencies fell off
because the drag of the cowling was greater than the gain in thrust.
Removing the boundary layer by the centrifugal improved the static
thrust slightly. Serrating the leading edge 2nd the trailing edge
gives hopes for higher efficiency. The question is always- was

the improvement due to the design or the thinning of the blades.

An equation and a chart are given for estimaiting the approximatz
static thrust of a propeller. For high p/D ratiss the turust will
be lower than for lower p/D ratios, because the blade is above

the st2lling angl=2. A diagram is given for zero thrust wnich will
help to layout the thrust curve.

The thrust of 2 propeller changes its direction in a skid (yaw)
opposite to that of the skid, because the advancing blade has a
larger anglas of attack than the retreating bladz. 1Its effzact is
agssumed to be that of 1 plate with a span equil to the diamster
and an 2spect ratio of 8. This indicates that a tractor propel-
ler requires an additicnal stab and fin areas to equalize the ef-
fect and that a pusher prop will 1id stability or even fly a model
without a tail if placed at a sufficient distance.

One condition is regrettable, that propellars are not manufactursad
with greater change in diameters. Thz change of 4 propeller from
8 to 9 inches in diameter increises the power by 60 per cent, and
increasing the pitch from 6 to 8 inches increuases the power by
only 30 per cent. Blade width has an influence on the thrust and
r.p.m. at the start, dbut if correctly d=signed the efficiency at
maximum spe=2d i3 nearly the same. A diagram shows the difference
in performances of a narrow ind a wide blade propeller. The ad-
vant:ge of a wide blade prop is thit its selection is no* very
critical. The diameter and the pitch of a very narrow blade must
be correct to give top performince.

A one-blader must have a counter-weight for balancing the centri-
fugal force ani the one-sided thrust.to prevent vibrations and
friction losses. In case contr2 or tandem propellers are used, the
diameter and the pitch is estimated for half the horse power or
the diametzr i3 estimated for the total power and then mutiplied
by .84.

The outline of gas propeller bludzs is similir to the one shown
in the sketcn. Rubber driven propellers use wider blades in order
to reduce the r.p.m. at the start. This may 1i1lso be effected by
designing the blide so it will flex to 4 higher pitch with the
high initial torque. The 2irfoil section for gis props is a
Clark Y with 4 larger nose radiuas and the section for 4 rubber
prop has a camber on the under surfaca.
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The advantages of folding props over stopped or wind-milling

props are the lower drag and consequently a lower sinking speed.
Folding props for gas engines must take into consideration

the high centrifugal force and the bending moment of the thrust.
The distance of the pin must be at least four times its diameter,
because the shear strength is only 1/10 of the compression strength
of ths wood used. If the distance is lower metal capping must be
provided. Many designs for rubber driven folding props are satis=-
factory. The problem is 2alwiys the slope of the hinge axis. To
fold a blade to the same level, the axis must be in a 45 degree
plane half-way to thes fuselage. Ths slope depends on the angle

the blade should rotate. The slope of the hinge axis is given by

a diagram and an equation. It may be approximated by taking 70
per cent of the blade angle. The direction of the hinge axis is
with the pitch of the propeller. The rubber is kept under tension
to preventbunching which may upset stability of the model a#nd af-
ter the remaining turns cannot keep the model flying on an even
level the shaft lug hits the stop and the prop will fold due to

the air pressure.

Many propeller designs were tried to reduce the starting burst

of rubber motors due to their high initial torque. One was a
prop with two pitch settings actuited by the air pressure. One
used the centrifugal force to increase the diameter and the pitch
by the action of 4 cam and the tension of a spring. Th2 simpl-
est and may be the best one is to d2sign the blade with its flexe
ural center behind the 30 per cent diagonal axiz of the prop=-
eller. This will flex the propeller to a higher pitch at tha
start. Th=z flexural center for microfilm propeller blades is con-
trolled by the size of the leading and trailing edge.

Gas prcpellers with adjusttble pitch did not becomes popular be-
cause of the initizl cost, the lack of extra blades and the time
reguired to set both blada2s to the desireil pitcn.

Two diagrams give the efficiencies of propellers with various p/D
ratios. They indicate that the best propeller for a design will
not operate at the hignest efficiency of the pro peller, except at
very high p/D ratios. Another paradox that most "observing" mod=
elers have found to be the fact that the maximum thrust of a prop-
gller in flight is not obtained a4t thne maximum power delivered at
2 high r.p.m.. The highest efficiency is reached at about 1500 to
2000 r.p.m. below the revolutions for maximum power. For proof
see page 60,

The material used in manufacturing pro pellers limits the efficien-
cy. Aluminum and dural with thin sections give the highest. Next
is the compressed wood and then regular propellers. Metal in-
creases th2 2fficiency by 10 to 12 per cent; metal leading edges
by 5 to 7 per cent. Thick blade shanks (airplane props) redu-
ce the efficiency by 15 per cent. Tha gain however is from 3 to
10 per cent if a spinner covers the poor sectioms. If the prcp-
sller i3 located too close to the wing or tc a relative large
fuselage the effirizncy may fall as much as 20 per cent. The
extended crankcas2 has added to the efficiency of propellers.
Tests also showed that the high r.p.m. of tcday's eqagines in-
creasad the efficiency bty reduciag the profile drag. The sharp
leading sdge of the blades,that give mximum efficiency is nst

in faver by mcdzlers, because thay may damage their fingsrs.
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FREE-FLIGHT MODELS. Indoor models are for experts. They are not
only microfilm covered, but also must use selected, light weight
balsa for the frame work. The weight of each part msut be the
same on both sides. A scale illustrated on page 77 can be built
that may give weights within 1/10,000 of an ounce. A lavout is
shown with dimensions of a few structural details. Propellers
are microfilm covered, which are 50 per cent lighter than the
flimsiest balsa prop. Washers and bearings are amde small for
minimum weights. The strength of indoor models 1s very low, they
can hardly carry twice their own weight. The maximum camber for
wing ssction is at 407%, windtunnel tests howevar show that a 50%
dis tance will improve performances, The wing should be a high
wing about 407 chord distance above the thrustline.to reduce the
required stab areca.

Balsa props are made from extra light balsa, cut and arranged so
that the rings are vartical to both of the blade ssctions. The

heok distance is 15 inches , the motor is a loop of 16 to 18 in.
in length and about 50 per cent of the totzl weignt.lhe durations
of three wing-fuselage combinations as sketched gave very close .

Microfilm is made by 24ding a few drops of castoroil to nitrzte
dope and a few drops poured on water of a temperature of 65 deg.
The success of a contest for indoor models depends on an auditor-
ium with a 80 to 100 feet ceiling without drop lights and a mini-
mum of super structure. Low ceilings will reduce the duration
by damaging the microfilm prop.

A general layout for outdoor models shows that the wing should

be made adjustable for c.g. corrections. A cradle is used if pos~
sible to insure a fixed position without misalignment for sur-
ceeding flights. Th2 are2 is usually limited and an aspect ratio
of 10 to 12 may be used if the modeler can expertly cover a

narrow wing with a camberzd under surface. Endplates on the tips
add only drag and reduce the duration. They will however in-
crease stability. Airfoils for a slow climb should have high
cambers and for 2 fast climb low cambers.

Fuselages may be square, octagon or round. The duration will not
vary much if folding props are used. The adjustment with a round
fuselage belongs to the expert. A low pylon will simplfy adjust-
ment .

The tail may have endplates if the aspect ratio is low and the
plates are large enough to replace the necessary fin area. The
section is usually a thinned down Clark Y. The tail setting or
the difference of the zero-lift lines depends on the weather con-
ditions; for calm weather smaller setting and the c.g. towards the
trailing edge and for turbulent weather a greater setting with

the c.g. far forward. Any sa2tting will be critical for the ini-
tial burst, because the rubber torque is oftzn 10 times the one
used in level flight.

A gear drive may be advantageous for unlimited rubter by saving
weight and friction of a shorter fuselage, which will compensate
for the weight of the gears and their frictional power.

R.0.G., rise-off-ground type models while at rest in a normal
attitude should have no part other than the take-off gear touch
the ground. This requires a three-point landing gear.
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FRER FLIGHT. Models with commercially produced gas engine were
flown since 1912. The gis engine advanced from the throublesome
interim of spark plug ignition to a simpler glow plug 2and come-
pression ignition. The total weight of a model reduced from 8
pounds to less than 5 ounces. A general design of a gas model is3
shown with the wing restirg on a low pylon, the engine close to
the c.g. and tha tail from 25 to 50 per cent of the wing area.
The aspect ratio is often as high as 11. If the wing area is
restricted the airfoil is a Ciark Y and if the area is unlimited
the airfoil can be a thinned down Clark Y. The tail is usuzally
on top of the fuselage and the airfoil a € to 7 per cent flat
bcottom section.

The modeler has always been puzzled by the better performances

of a B gas over a 1/2A gas job, even if everything was in propor-
tion to the diesplacement. A numerical estimate is given for both
models. The duration of the B job will be 357 higher thin the
one for ths 1/2A job. The 1/2A job has relatively larger prop,
larger fuselage, however a lowar slipstream. The worst offen-
der is the stopped propeller on an 1/2A job. Impr ovement may

be made on streamlining the engine, and folding the propeller
when gliding.

TAIL FIRST (Canard)- Years ago the most popular models for con-
tests were the tail-first twin-propeller push=2rs. They were
flown for distance and their adjustment were easy because the
porque.an? the gyroscopic precession were balinced by the coun-
ter rotating propellers. In addition pusher propesllers are self-
stabilizing. The fin area on tail-firsts is replaced by a high
dihedral of the tail. The higher duration of tractor models soon
replaced tail-first models and from then on contests werec run for
time instead for distance.

Wind tunnel tests on canards were made by the Eiffel Laboratory
and are shown on page 43. Thz2 cpacirg of the vectors and their

mégnitude give an aspect of their restoring power on the lcngi-
tudinal stability. =P ‘ v el

The canards have 2 higher sinking speed than the wing-first models
snd consequently the canards should give a lower duration than

tnha standard models if the slipstream effect is not taken intg
considieration. Trhe tail-first models should have at least a
degree differsnce of the zero-1ift lines. Propeller drlven.tail-
first models can b2 made stable by increasing the tail septxng
ani the fin area. A rough graphic construction for locating the
¢.g5. i3 illustrated.
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RADIO CONTROL, R/C. Radio controllad mod2ls should go intc 3 turn
without jerky mnvements when flying, gliding or diving.and return
to a straight flight after rudder is neutralized. It should have
2 3 to 4 ft.per sec. climb in a straizht flight, a slight Adescend
in a circling flight and with full rudder it should dive. The
gliding speed should be sufficisnt to overcome a4 slight breeze in
ordar to be able to raturn to the base.

The average design follows a certain relation of the total weight,
area ani engine displacement, which is given by an equation and
two nomograms. The total flying weight is estimated by taking
twice the combined weights of the radio and power equipments.

The resulting structural weight may give too rigid wings that may
snap easily in a glid~-landing. The wing section is usuz2lly a
Clark Y and for . the stabilizer a symmetricil 0009 to 0010 section.
The c.g. location at the 35 to 40 per cent chord distance slightly
2bove or on the thrustline. To reduce the mass moment of inertia
the tail is short coupled and the tail setting has a 8 to 9 de
gree difference of the zero lift lines The t2il and the wing
should have a1 low aspect ratio. The thrustline is offset to

the right by 2 degre=s to neutralize the torgue effect of the en-
gine. In 2 bank the resultant airforcs should pass close ibove
the c.g., which d2mands a very deep fuselage with its masses evenly
distributed about a line at an upward slope passing througn the

c.g.

This sloping line will be the roctating axis about which the model
will rotate at the instant the rudd=r is operated. First it will
have a slight skid, the dihedral will take effect banking the model
with its thrustline pointing outward bafore it begins to turn.
This outward position of the thrustline prevents the model from
taking an initial dive which it will 40 in case the rotation is
about the thrustline. The centroid of the vertical control sur-
face should be below the c.g. with a dorsal fin to have stability
at large angles of attack. The rudier should be of sufficient
width to overcome the shift of the resultant, the outward yawing
force of the thrust and especially the precession forces of the
high speasd propesller.

Manufacturers should give the exact position of the c.g., the
total weight, the engine and propeller used for the final test.
Models built from kits by old-timers dived right to the ground.
Other models built from kits kept on flying straight ahead with
full rudder. An addition of 2 inch to the rudder made it one
of the best rudder-only kit.

REFERENCE - COMPUTATION. 6YNOMOC§I74M5 (TIPS I I PN [ 1 22
BY RAOUL_J-HOFEMAN ~ PORAVIA. 1938 500 8 1 R PR W '\I, 1
FIVE [0GScaALES OF /,2,3,4.5 POWER
PR O I W (O S (" 1 . 1
M /2 S S A S L S ) 1AL
4L
-0 ~ w -
| I S (Y I Y 4 TETE -l P —
Sl g L py & t ﬁ..l.”i 4 L. +—+— + 15L



26

SNOWBANK THEORY. Very interesting observations may be made by
watching nature reduce drag of an obstacle by minimam of work. A
snow blizzard will streamline an antique car by creating an em-
bankment of snow at the front end of the hood and i slight over=
hang at the top. In the empty space snow flakes will swirl. This
work of nature can be dangerovs to airplanes entering a region
where a snow storm imay be active and climatic conditicns suitablsz.
In a short timz ice particles will settle on the nose of the wing
in a way to reduce the camber of the winz, which will eliminate
lift. The cross section will depend on the size of the nose and
if the radius is large it will be on two pointe in the shape of
shells with two counter rotating whirls on the inside. Another
kind of streamlining may be seen on poles on a flat surface yith
space left around the pole in the shape of a doughnut. In time
all this free space is filled with snow. This action of nature
can be applied to model design to reduce drag of exposed engines
or balloon tires. It was also used in a suggested design of air-
foil sections. A few sketches shows tne reduction or the creat-
ion of turbulency.

One racing pilot used nature®s indication for faiiring a LAIRD
biplane in 1928 by flying in a downpour ani watcaing the col-
lection of water at the places to be streamlined. Other places
were pointed out by darkened spots on the covering caused by
swirling dust particles.

The profile of airfoil sections can b= divided into the form drag
ani the friction drag. The reduction of the form drag may be ac-
complished by making the flow turbulent far enough forward of the
tody. It may be possible by rougnening of the surfics of the bo-
dy. This increase may be greater than the decreass in the form
drag if the form drag is only a small portion of the total drag.
This condition takes effect for spheraa at high R.N. as shown in
two diagrams. It is doubtful that this will occur with model
wings of low thickness ratios.

Tests with fluid passing through pipes indicated that if the R.N.
is below a minimum. turbulence will not start by itself and any
turbulence started on the outside will convert to laminar flow
1gain. The question of minimum drag.for laminar or turbulent flow
must be answered by systematic tests. Mathematical formulation

of turbulent flow is unpromising except by averaging tests of sime
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FLYING WINGS= All straight flying wings, planks or all-wings
with a straight or cambered mean line will dive. Many arrange-
ments can counteract the 4iving moments. One is to lower the c.g.,
which may work in calm westher, but the increase of the drag may
be greater for the needed structure than for the tail to make it
stable. Another one is to place a large fin or two tip fins of
high aspect ratio abovs the c.g. This d€sign will work only for
symmetrical section or low cambered airfoils, becauszs the drag
moment of the fin or fins is not very great. This may work for
j2ts and especially with pushar propellers Pusher props ire
stable when operating and may add to stability in a glide if
correctly folded and located at a certain distince.

The best arraing2ment is 2 swespback of the wings and 2 gradual
washout toward the tip by about 10 degr=es. This des3ign cannot
be classed as 2 true flying wing becau~e part of the ~ving is used
as a stabilizer. Even the CLmax is reduced. A partial nega-
tive dihedral may be the answer.

A rubbsr driven model made from a 100 h.p. low aspect ratio fly=-
ing wing with z2vo dihedral needesd 2 large dihedral ani an in-
creased fin with a large dorsal fin to mike it stable. The stab-
ility was vary good the duration however was low.

There are no information available on successful gas engine dri-
ven.straight flying wings without washout.

SNOW BANK THEORY
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CONTROL-LINE MODELS~ The performances of various line controlled
models are judged for speed, high and low speeds, acrobatics, speed
with a limited fuel supply, combat and some new ones in the ex-
perimental stages.

Modelers shy away from speed job, because souped-up engines

are used. The preparation of such engines involves a great
d=3l1 of machine work and ruining a few engines. To increase the
speed,models are flown now on a single line. Th2 design for 8pe=d
is for 2 minimum frontal area, minimum inlet and outlet arsas for
the cooling air and a direct intake of cool air to th2 cengine.

The direction of the exhaust gases and th2 cooling .air should be
inline with ths path of flight in order to aid the speed of the
model. The wing area should be sufficient to give a fair landin
speed, about 50 m.p.h. The tip of the wing should be not over L/%
in. and 3/4 taper with 4 157 thickn2ss ratio at tne center. The
fuselage shouli be beuf to follow the circle. The setting of the
zero-1ift lines should be about 4 degrees. The camber 10 times

the CL,in per cent of the chord. 1In .case the connections are

mide within the wings the speed will increase by about 5 m.p.h.

The total weight will be about three times the weight of the en-
gine, the c.g. at 20% of the chord. Use maple wood and metal skids.
The drag of two lines is 70 per cant of the total drag; 10% for

the wing and 20 per cent for the fuselage. For estimates the drag
of the lines is -equal to 1/4 of tae lines moving with the speed

of the model.

The team racers must have a minimum area of 125 sq.in.,a fuel
tank of one fluid ounce, 1.80 cu.in. miximun capacity and a
3.75 by 2 in.minimum fuselage cross section. The contest is

for a minimum time of a number of laps on 60 ft. lines. The time
for refueling is included. On engine shut-cff operated by one

:f t?g lines must be installed. Engine displacement is from .15
o . Cu.in.

Thz category of stunt models havse the greatest number of followers
becaus2 anyone who can hold a handle and follow the model im a
circle will be able to enter a contest. The wing section is a 1%
to 18 per cent symmetrical airfoil. Lateral balance is corrected
by w=ights for the wsight of the control lines. The c.g. location
is at the 20 to 22 per cent of th2 chord. The flaps ars usually
external, tapered if for the full length of the span. To insure
lateral stability flaps are only used for half of the span at the
center section, bacause the flapped wing will stall 2 to 3 degrees
ahead of the tips. The tail is at a very short distance and with
a zero setting of the zero lift lines.

Combats ars arranged to cut off paper strips attached to the model.
The wing area is about 80 per cant of the rsgular stunt models or
just plain flying wings. Some use plywood rudder and eadplates
sharpered to cut the streamer,if missed by the propeller. Also the
center line of the span is moved about 10 per cent toward the in-
side of the circile.

The CARRIER DECK EVENT MODELS. This contest gives the contest-
and three points for each mile difference bestween the high speed
andl the low speed flying 7 laps for each speed. In 2ddition 100
points for a scale copy and 100 points for a hooked landing on a
simulated carrier deck. Ths tcotal weight of the model will be
about 70 times the cu.in. displacement in ounces. The wing will
weigh about 5.5 0z./100 sq.in. A .35 cu.in. will do the job.



L/INE CONTROLLED MODELS

u

K 3
v 2 3 50-_
6‘3 o
R ]
2 ’ . 108}

~ 3
S 10 s
E /50 \; 200/
o2 N ]
P3 L 3e0
t“, NETH.R 406
FOR 2 LINES E':
- THxRxERs3 | %
Mo 106 §

TH~DIa. WIRE-1rcH
SPEED
ZEROLIFr J—4.5cH

Nor7o
ScALE

ek?_é._

CLASS DISPLT - Wire

=60xCU.IN. oz

/h

f

ro J/
e ./aserr/
Y 5 y
§ i‘:/‘/]g, Fuse |//
IRE P
Q 7
g A
‘ft) /.059;7/
Q ‘j 7 FUSE
T 13 wirE
50 100 50 200
VELOCITY Iy FI.RSEC.
TEAM RACING
27 S5—-.40 CU.IN.

AR 3-5
ToFLY COUNTER

Puvwooo 74"
©2" Engine LO°7
INCLOSED
SPECIF/CATIONS
1255Q.14 MIN.AREA
20GTEST. CIRCLE 65FTRAp,
RACE: 21,35,70 LAPS
MAINFEATURES MILE 140 LAPS

Y2 A 000-.050cuiny 35Fr 7ANK:]Fi0z=/-Scuin:29.5¢c.

A .05/ -.200+~ * 52/2 "
5 .20/ =300 60 *
Cc .30/-.650 70
FORP MAX CU.IN IN CLASS
L=90 cu.In’3
ﬂeég=/5059,m, CUIN.
V=100 550 HPxEFF,
8.3A4 (o+.95Ld
A= SQIN,L=FT, C{-—/o—lao nw
V=FFS, For 2 WirEs

STDp HetGHT /15FT. 25FT,
APPROY SPEED w T+
29ENG. 75-90 M.RH.
MusT Have ENGINE SHuT-OFF
OR ENGINE COHTROL..
WIRE .15-200 1-016 2-010
" .201-.300 1-018 2-012.
N .301-.4001-020 2-014

FOR APPROXIMATION:
TIME 1 Tarn=227040/cu.IN.

LAPs 17a08K=9.5-16/¢y ;1%

IFLINEISISFT ~ 6 raps SPEED=/)9cu.in.BM.AH.
5250 —~ Ly v FROMCONTE.ST
70 Y -~ 3
VinMPHx 900"  ToraLlime iwSec -
ToTALTIMEInSec. [aps/ 2.4 ,_,cu./(zéz-“)
7/”?;02“ 1%L Qs 7 cLT)' //v/sr 9}?5574,7,—
£ CArM. 2 =7imEFor
or /0 ‘-"-?,Eﬂa e RS N SEC. 2Min.Max.

THRUST LINE
OFF-SET

- TAKE-OFFWiTH CENTRIFUGAL

et kel

iy DECK
# &8 LANDING
TAWE-OFF |Lanp g

EIGHT oF SPEED JoBs

CLOC/KUWISE

s T~ —
2/: i

105 }

For SPEEpMonELs
THE DIm ENVSI0HN ARE
REDUCED InN ORDER

To SAVESPACE AND
MORE SENSITIVE.

D
LINE
&Y< :

STUNT
6CI

k

O0)5-00i18
4 S ————>

Wingsecrior /8%

29710 .35Ccu.1M.
40070500 S@. 1.
WEIGHT 25027033 oz.
-60cu./n. 625 SQ.IN

W;=500z.
DESIGH: 3
CUIN=CxWor Y/ R, '72
C=033-045

CGar.20-23 or
AVERAGE CHORO
ELEVATOR 40-50%

QF STRB AREA.

HALFFLAPS BETTER
THEY STLL2T0O3°
AHEAD OF THE WINGTIRS

Ry

~LATERAL BALANCE ~

conTROL
LivES lEna_l{s/qyr

—_—r
-

OMBAT: 6OFT/INE
2-WiRES.OM, lWwiRE.020
0—49¢cuIN G-8F7. LEVEL
DURATION EMIN.
PULLTEST
2FTSTRING,SFTFPER
Cur-0FF HO-350 PoinTs
AREA For ComBAr

1000 SQ./N/Cu.IN.



3l
WeigHT Fo.
Wirno Tunpee WeiGur Fore

CournrerWEIGHT WeiGHr wWiTH Weig # art
Eﬁ.i L D " b i )j Z2ERO.
= ! jﬁ—f [
HonEY ComB
— ||\ OIsSTANCEToHiINGE

DrRAG o LtFT= WEIGHTX Dz LEss Mom.Tor Surrporr %

4
2 =

CL= LirT \ HINGE
vZx. 0012xAREA To FIND AIRSPEED USE DR: G 0F
o DOrAG A DISC. 1N EQUATION

\
Vex.00/12xAREA . L3

- DRrAaG
Disc AREAx 0OI2X//

AR=\/LIFT?+ DRAG?

. D= Mo/vzﬂrgo%‘?
\ C.P. LocATED BrGRAPHIC
f.

FrRSEC.

For CENTER of PRESSURE
WATCHFOR+ g —-MOMENTS

—1}—_‘_'~_

TEST WingG VarTICAL
Fory LiIFTANDDORAG.

THENRoTtaTs 90°
ANOD FINO MOoplEHNT

COMNSTRYCT/ION-

REF POP. AUVIAT. 1937 -RH.

e Sppy —=

(mr)
SENE S
|

’} START \ ' /
o \ ' PRop BEH/ND

/ LY . Srasiiry \ | WheEs Fore

// X Disraiies @ c g’ ] STABILITY.
| o Vo
[ e Vo
\ / .
\ / \i/
\
S L // \ ! /
TAKE-OFF



32

SLIPSTREAM- The accelerated air behind the propeller is the
slipstream, which incr=2as2s the drag of parts in its wake. Ths
slipstream is not evanly distributed over the propellar disc area
and is not passing directly to the rear. The inclined propel-

ler blades give the slipstream 2 slightly helical motion. The
fin due to this spiral movement is often off set to prevaat the
moiel from turning to the 1left. Ian flight the angle K at a dis tance
equals to the diameter of the propeller, is about 1:20. The bene-
ficial effect of the slipstream is used for adjusting the longi-
tulinal stability by increasing the upforce or ths downforce of
th2 stabilizer. The upforce is usually used to =liminatz the
looping tendencies.of pylon gas models and a balance is obtained
when the thrust times the distance to the c.g. is =2gqual to the
adiitional 1ift times the distance to the tail.

The velocity of the slipstream can be estimated for static or
flying propellers with the given 2quations and nomograms. The
slipstream of the flying propsller cannot bz higha2r than the onz
found for the static propeller. The thrust for estimating the
slipstream is obtained by a nomogram given in the propeller ssct-
ion. Usually only & portion of the stab is affected by the slip-
stream and the estimate of the effzct becomes more complicated when
the direction of the slipstream changes in a circling flight.

The slipstream has a pulsating flow, which increases with the numn-
ber of blades. This however also decreases the efficiency of the
propeller. This seems to be contradictory tc the use of multi-
bladers on airplanes,which has its answer that the diameter is li-
mited by the Mach number (speed of sound) and the available power
must be absorbed by the increase of the total blade area.

To eliminate the increase of the drag by tne slipstream, pusher
propellers are used. They aid stability and may increase the
efficiency of the wing if in line with the downwash.

The slipstream will increase the 1ift of the wing if the propel-

ler is placed ahead of the leading edge and will decrease the lift if
placed slightly below the wing. Placing the propesller in front of
the wing may delay the stall due to the reduction of the angle of
attack by the resultant of the flying speed and the velocity of the
3lipstream, and condsquantly the tips may stall ahead of the cen-
ter of the wing, reducing the lateral stability.

In 2 rare case a condition may arise in which the change of the
thrustline to the right will turn the model to the left. This
i3 possible if a large flat surface area lies zhead of the c.g.

WIND TUNNELS. Sm3ll wind tunnels are very useful for comparing
component parts and for eliminating poor design details. They
are excellent for =ducational purposes. Open throat tuanels are
tetter than venturi type ones. A 1/4 h.p. motor driving a 14
inch fan will give an airepeed over 30 ft.p.sec., which is suf-
ficient for designing light airplanes. All smzll turnels are
turbulent.
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LOCATION OF THE CENWNTER OF GRAVITY. The attraction of the earth
is indicated by the gravitational forces acting on the massss of
the model. If any mass is allowed to drop without the 4rag of
the air it will accelerate by about 32.2 f.p.sec. The resultant
of all gravitational forces will pa3s through the c.g. Balance
ing the model horizontally the line through the c.g. is easily
located. For easy adjustment the c.g. location should bs obtaine
ed on the sideview by balancing the moiel with the wing in a ver-
tical position. This will give the distance of the c.g. to the
thrustline and to the baseline of the average chord of the wing.
This point shouldl be given in all plans of manufactured kits.

The c.g. of a plain glider is located on the air resultant of
the wing and the tail that givwes the lowest sinking speed. By
adiding the drag of the fuselage and the rudder the location of
the c.g. will not change,tne slope of the resultant however will
be steeper. This well defined position of the c.g. does not hap-
pen on a pylon job bzacause the resultant will change considerab-
ly with the addition of tha drag forces of fuselage and landing
gear. Therefore the location of the c.g. will depend on the de-
sign ani on the magnitude of the adlitional drag of eaca unit.
Years ago when aijustment was not so simple ani competition wis
not so kesn corrections were madie by wrapping solder wire around
landing gears or increase the size of the wheels to eliminate
climbing moments.

The drag of the deflected rudder on a radio controlled model
affects the longitudinal stability. In case the drag resultant
pisses below the c.g. the model will dive andi if it passes above
the c.g. ‘the model will climb; the effect may be hardily noticeable.
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BIPLANES. The advantages of a biplane is its concentration of
areas and masses, which makes it one of the best stunt control
line model and also the easiest to adjust. Change of the stagger
and the decalage give very versatile wing combinations. Stagger
improves stability and if a 4 degree decalage is given to the
upper wing the biplane becomes stable by itself, as shown in a
vector diagram. In case this arrangement is changed by moving
the lower wing farther tc the rear it converts into the basic
combination of a light plane known years ago as the "Flying
Flea", with the lower wing used for an elevator control, often
with disastrous results. Increasing the distance of the lower
wing the biplane ends up as a tandem with reduced =2fficiency due
to the downwash from the main wing.

TORQUE AND COUNTER TORQUE- The counter-torque is the reaction
of the engine or the motor which drives a propeller or any other
unit of propulsion. The counter torque will roll the model to the
left if the propeller is a right-hand propeller uged as a tractor.
The counter torque is usually denoted as the torque of the drive.
To overcome the rolling moment an equal moment of opposite sign
must be created. On=2 method is to offset the wing to the left
and set the rudder to the right. Another arrangem=snt is to bend
the boom carrying the tail to the left. The 1lift of the tail

and the new location of the c.g. will give the model the required
right-hand moments. These ajjustments arz for indoor models

with a single bearing. For outdoor models the correction is

made by off-setting the thrustline to the right with the rudder
set to the left for left-hand turning glide. TFor left-hand glide
the stab is tilted with the right side down or with the wing

down on the left side. Tilting the wing is very sensitive due

to the great moment arm. The adjustment of the thrustline is
about 2 to 3 degrees. An equation is given for estimating the
off-set angle.

In case the pylon ie low the torque and the gyroscopic moments
are fairly balanced th=2 rudder is set for a left-hand turn. The
medel climbing in a slow spiral does not need 3 thrust adjust-
ment. Auto flaps are effective at the take-off amd in a glide,
but in a steep climb they do not affect the spiral. The flap is
loosely hinged made of thin aluminum, attached to the left panel.

The counter-torque of helicopter models were balanced by the slip-
stream acting on three vanes having 1/7 camber ratios. They may
not work for very high pitch settings.
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STABILITY. A flying model should keep on its intended path. Any
deviaticn should be corrected by a force that will return it to
its original position. The model will rotate about its c.g. at
the instant it is disturbed. This restoring by an airforce is
stability. There is no PENDULUM stability.

To simplify investigation of stability only three main axes about
which the model will rotate are to be considered. The movement
about the lateral axis for longitudinal stability, about the ver-
tical axis for directional stability and about the longitudinal
axis for lateral stability.

The restoring airforce must lccate in the direetiom of the change.
Three sketches indicate their locations. The restoring velocity
deperds on the magnitude of the force times its distance from the
c.g., its weight distribution and on the general design.of the
model. If the restoring moment is too large or too small the model
is unstable. With too large a rolling moment the model will flip
over, too large yawing moment the model goes into a spiral dive
and with a too great pitching mcment the model will loop or dive.
With the correct amount of restoring moments the model will have
small oscillations about their axes, which is an indication of
dynamic stability. Moments are positive if they increase the
angle of attack and negative if they decrease the angles. Climba
ing moments are positive and diving moments negative.

Plotting the moments or their coefficients for various angles of
attack will give a line which has a certain slope. The magnitude
of the slope is indicative of the dynamic stability of each speci-
fic design. The point where the sloping line intersects the zero
moment line is the angle of trim, the angle at which the model
will fly on an even keel if conditions are fair.

LONGITUDINAL STABILITY.- An airfoil with a cambered mean line
is unstable, its resultants move forward with increase of angle.
Lowering the ¢.g. may make the model stable in calm weather. If
the camber is small, a large, high aspeet ratio fin slanting backe
wards may give stability by the positive moments created by the
drag of the fin.

The simplest means to make a wing stable is to place a tail in
front or in the rear. The tail or stabilizer placed in back of
the wing is more efficient. The incidence angle of the stab is
always smaller than the one for the wing. This setting increases
the moments faster than the ones created by the wing, a moment
balance called longitudinal stability.

Many methods are possible for obtaining numerical values for che
moments. All are only approximations and especially the ones
calculated for dynamic stability. The graphic method used in the
early stages of airplane designs can be applied to modz=1 design
in which the c.g. is well below the wing. Nomograms, alirnment
charts are very useful for stability calculations of modéls with
the wing, fuselage, tail and thrustline on the same line. Moment
calculations are based on the distance of the ¢.g. to the air re-
sultants, on the magnitude of the air forces, on the area and on

the dynamic pressure, Qe Usually in comparing moments the dynamic
presuure is omitted.
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The propeller moments are estimated by an equation or a nomogram
that give the value for one degree of yaw. To obtain the fuse-
lage moments the maximum cross sectional area and the length are
used. In summation the moments,the plus and the minus signs should
be considered.

A graphic method uses a plan or a scaled-down drawing on which
the CL and the CD coefficients are plotted for varicus ingles of
the wing, with an interval of two, three or even four degrees.
Similar layouts are made for the fuselage and the stabilizer. The
relative angles between the units must be coordinated, especiale
ly the effect of the downwash must be considered when plotting
the vectors of the tail. Adding 2ll moments for 4 certain angle
of attack, dividing it by the wing area and by the wing chord,
the pitching moment coefficient is obtained. To find the actual
moments in oz.in. the sum of the moments is mutiplied by the dy-
namic pressure and divided by 9.

In case a drawing is not available the diagrams on page 40 should
be used and the positions of the c.g. are located on the diagrams.
The diagram for the wing is based on an A.R. of 6. Two sets of
vectors are plotted; one set gives the resultants of the lift and
induced drag coeffic ients; the other gives only the direction of
the profile drag coefficient, because the coefficient is assumed
to be constant. Two diagrams are given for estimating the effect
of the fuselage. For any powered model use the diagram for the

rectangular fusealge. The diagram for the wheels is based on a
drag coefficient of 1.00.

In all estimates the shortest distance from the c.g. to the vec-
tor is used. The moment or the moment coefficient is positive-
if it tends to increase the angle and it is negative if it causes
the decrease of the angle. The pitching moment coefficient is
obtained by measuring the distance and multiplying it by the valw
ue noted on the vector. One such moment is found for the 1lift veca
tor and one for the profile drag coefficient. Adding to these
two moment coefficients the Cmac and mutiplying it by the chord
and the area of the wing the factor for one angle is determined.
The same procedure is followed for the other angles of the wing.

The factor for the fuselage is obtained by measuring the distance
and multiplying it by the drag coefficisnt, by the value on the
vector, by the length and by the cross-secticnal area of the fuse-
lage. A similar method is used for estimating the factor for the
wheel or wheels by taking the 4distance and multiplying it by the
diameter and by the cross-sectional grea. The prop factor is ob-
tainei from the nomogram on page 40. The tail factor is found by
the nomogram on page 41. Summing the factors for each angle and
dividing them by the wing chord and the wing area, the pitching
moment coefficients are determined. Plotting the coeffizients
agiinat the angles of attack and connecting the points, a line

i3 obtained whose slope is indicative of the dynamic stability
for each specific de=sign. To estimats the uctual moments in

0z.in. the sum of all factors is multiplied by the dynamic pres-
sure and divided bv 9,

In case the thrustline is at a distance from the c.g. the factor
can be calculated with the equations if the speed of the model is

ies:m;d. In the above estimates the slipstream effect is neg-
ected.
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Another method uses a greater amount of mathematical operations.
The wing and the tail momentfactors are estimated by equations
and nomograms given on page 41. The propeller factor is estima
ated by a nomogram on the page 40. The fuselage moment factor
is omitted.

Dynamic stability can be estimated by finding first the neutral
point that is a location about which the static moments of the
wing and the tail are the same for all angles of attack. The
distance to the neutral point is from the a.c. Subtracting a cer-
tain distance, called the static margin, should give the location
of the c.g. for dynamic stability. The static margin is about

15 to 25 per cent of the chord. An equation is given for close
estimate of the neutral point. For approximition 2 nomogram miy
te used, which is plotted by assuming that a few variables are
constant. Thz static margin should be okttained for each specific
design. It ie obvicus that static margin decreases as the dist-
ance of the wing from the fuselage increases.

Vector diagrams,illustrated on a following page were taken from
the reports of the Fiffel Laboratory 1915 give the airforces of
regular and tandem combinitions, and the loads carried on the
tail.

Nomograms on page 42 are for finding the neutral point of a model
withe c.g. inline with the propeller axis, the wing and the fuse-
lage. The exposed engine may changs the leccaticn of the c.g.,
because it will give a certair. climbing moment, which is balanced
by moving the c.g. slightly ahead.

To obtain the c.g. location of a ccntrel-line flyirng wing with
the aid of nomograms, it is assumed that the area and the aspect
ratic of the wing and the tail are the same, and that the dist-
ance is taken from the 1/4 point to the elevator. The chord of
the elevator should be at least 15 per cent of the winz chord.
The location of the c.g. on a flying saucer can be assumed to be
at 22 to 24 per cent of the maximum chord.
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DIRECTIONAL STABILITY. Diresctional stability is not only the re-
storing effect of vertical surfaces that keeps a model from yaw-
ing but alsc to keep it intentionally in a circling position. The
resultant sideforce of the balancing moment should pass just above
the c.g. This sideforce could be created by large vertical sur=-
faces placed above the c.g. but the same effect could be obtain-
ed by a slight lateral (dinsdral) anglzs of the wing. This in-
terchange of wing dihedral for the necessary vertical surface ef-
fect brings the fin and the dihedral in a direct relation.

The size of the fin depends on the relative location of the wing,
the fuselage, the propeller, the gyroscopic forces and many other
disturbing forces. Fuselage and fin tested separately did not
give the same result with the fin attached to the fuselage. This
relation makes estimate of the fin area an approximation not only
for the model designer but also for the large airpline designer.

The area of the fin depends on its aspect ratio, The higner the
agpect ratio the greater the effect, as illustrated in a diagram.
It indicates that an aspect ratio higher than 4 will only add weight,
especially to models with low wing loading. The dynamic stability
will depend on the weight distribution, the moment of inertia of
the masses. The dorsal fin is not included in the estimate of
the fin because it action starts only after the yawing angle pus-
ses 20 degrees as given in a diagram. For approximation for each
specific design a nomogram gives the fin area in per cent of the
wing area if the span and the distance to the fin is known. Two
diggrams shows the interaction of fin area and dihedral angle.

If the fin area is too large the model will go into a spiral

dive if its too sma2ll it will have a dutch roll, weaving from

one side to the other. A slight dutch rcll is preferred.

The fin area required to balance all yawing moments will give
only neutral stability, to which 5 to 10 per cent area is added
for dynamic stability. The yawing moments of an oval fuselage
are sr4ll and therefore the estimate of the required fin area
must be accurate. Designing and adjusting models with oval or
round fuselages are only for experts.

Twin ruddsrs should only be used if the height is at least half
of the stab chord and the aspsct ratio of the stabilizer is low.
In any case it should be 20 per cent higher than a single fin.
To reduce the interferanc2 drag of a single fin a Vee-tail or
butterfly tail is used which gives the combinesd effect of the
horizontal stab and the vartical fin. An equation is given for
th2 estimate of the dihedral angle of the tail. Care 3hould be
taken not to make the angle higher -than 15 degrees.

Radio controlled models use a portion of tane fin for a rudder
for performing most of the flying patterns a model can do with
the addition of elevator control. The rudder should be aerody-
namically and statically weight balanced. The rudder should be
an extension of a symmetric2l section. Many rudders have failed
to overcome the gyro forces of an over-running propeller in a
straight or spiral dive.
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CENTRIFUGAL FORCE. A model in a curved flight path is subject to

2. centrifugal force (c.f.), which is considered to be acting
thrcugh the c.g. In a steady circular flight the c.f. is usually
balznced by aerodynamic forces or by the tension of the lines held
vy the modeler. Equating the weight with the c.f. the speesd is eli-
minated and the radius of a loop iz fcund to be 4 function of wing

loading and the CL. Therefore the smallest diameter of a loop
will te performed if the model flies with the angle of CLmax. The
power however must be sufficient to gensrate 2 lcop. The centri-
fugal force is reduced on tcp of the loop by the weight of the
model and increased 2t the bottom.

Theoretically the model should foliow a descending oval . Many
times however free flight models made ascending loops due to the
increase of the proveller thrust in the upward flight. The prop-
eller thrust may finish a loep without the aid of the c.f.

Equations and a nomogram for estimating the c¢.f. arz given. OJn2

is to give approximate estimite for the diameter of the steel

wires used in control line flights. The stress is assuned to be

150,000 pounds p.sq.in. if the weight, the lengtn of the line and

the velocity of the model are known. Somz of the wires, the ge-
nuines piano wire may go as high as 230,000 p.s.i.

GYROSCOPIC FORCES=- The force created by the angular movemant

of tha axis of rotating bodies, such as propsllers, =ngines ani the
moiel itself, is th= gyroscopic moment, wnich acts 90 d2gre=2s to
its forced displacem=2nt in th= dirz2ction of the rotation. If the
1isplacing force is steady the axis of the masses will follow the
surface of a cone, its velocity is the precession and the rate it
may straighten out is the nutation.

To visualize the direction the rotating axis will deflect, a

finger is pressed against a rotating pencil, which moves into

the direction of the gyroscopic moment. Thus the gyro force of

a right-handedi propeller makes the model climb in a left turn and
dive in a right-hand turn. The model turns to the left if its

nose is turned downward and turns to the right is its nose is
turned upward. The gyro force is one of the MAIN force affecte-

igg ghe flying characteristices of propeller driven models in a
climb.

Two general equations are given for estimating gyro moments. A
nomogram will 2id in finding the gyro force of an average waight
propeller and of a 1/32 in. tunick steel plate. For a heavier plate
the gyro force is in direct proportion to its thickness. For dur:l
discs use only 1/3 of the forces estimated.

In order to use th= eguztions th=2 moment of inertia-I-or ths weignt
of the body with its raiius of gyraticn about its axis of rotaticn
must be known. Th= radius of gyration can be found by the bifilar
suspension m2thod. The time indicited in ths equation is for one
full free axial, backe-ini-forth swing in szsconds. The length of
the lines should be at least 10 times their spacing. The moment

of inertia should bs carafully invastigated for radioc control
moiels. The I may be also c2lled th= weight distribution.

Testing 2 5 ft. propeller-driven h2licopter,the gyroscopic moment
was mistaken for the torque of the 2lectric motor ani the power
2stimated to b2 2 h.p., whicn was impossible because it was only

a 1/8 h.p. motor. R=2locating ths motor the gyro forces wv2r=2 =21lim-
inated from the torqu= met2r and ths rioht answer was obtained.
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DIHEDRAL. A banked straight wing will sideslip due toc the result-
ant of 1lift and weight of the model. The resultant will, within
limits, not move and the wing will keep on diving. Vertical sur-
faces placed on top of the wing will create small righting moments
not sufficient for safe flying.

Greater moments are obtained by giving the wing a lateral amgle,
called a dihedral. In a sideslip a dihedraled wing increases its
angle of attack on the downwing and decreases it on the upwing.
Two equations and a nomogram give the increase. The dihedral may
be 1007 or less of the semispan. A numerical example shows the ad-
vantages of a tip dihedral and the poor showing of a vertical sur-
face equal to the projected wing. Th2 comparison is for one wing
only. The height of a vertical surface must be at least 4C7 of
the span to give the same moment as a wing with a 10 dsgree di-
hedral. Square tips give greater moments than round tips. FEqual
moments are obtained by a 1007 semi-spen with a 10 degrae dihed-
ral, a 50% semi-span with a 15 degree Aihedral and a 257 semi-
span witha 25 degrase dihedral. The dihedral of a 257 semispan
may be increased to 45 dzgrees for greater moments. To estimate
the momente the distanes must be taken to the c.g. of the model
and subsequently the higher the wing the grezater the righting
moments. Normal dihedral will not increase the gliding angle but
it will slightly decrease the 1lift.

Dihedral setting of the wing in cooperaticn with the fin gives
lateral stability against gusts, torque and gyroscopic moments.
Bquations and 2 nomogram give dAihedral angles for gas, rubber and
gliders. No safe dihedral cam be given for rubber models to coun-
teract the maximum torque of a rubber motor weighing over 507 of
the total weight of the model. A wing with A zaro diheiral has
actuzlly 2 2 degree effectiva slope. At very large 2ngles of at-
tack the zero dihedral wing will give greater moments than the
wing with dihedral. A negative dihedral, cahedral may produce

the so elusive lateral stability of flying wings.

Tests on a radiio control model.gdve perfact smooth flying with

a 4 degree dihedr2l. Increasing-to 6 degrees,stunting with rud-
der-only became easier. The amount of dihedral, fin area and c.g.
position will be specific on any design category.
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TAKE-OFF DISTANCE. Some models will take off without any rol-
ling on the ground, others need a long starting run. The distance.
depends on the design,wing loading power loading, thrust at the
take-off and the resulting velocity of the slipstrecam.

Propellers of high powered free-flight models usually have a thrust
greater than the weight of the model, which may 1lift the model

off the ground, if the angle of the wing ani the angle of the
thrustline are over 15 degrees. This direct take-off will depend
on the streamlined fuselage and on the cowled engine, because the
drag of the parts affected by the slipstream reduces the result-
ing thrust, which is not sufficient for a non-run take-off. The
take-off distance from a smooth surface is approximated by an
equaticn, which includes the static thrust of the propeller.

CLIMB PATTERN A well designed and adjusted model will climb to
the lert, straight or to the right, and after the power is cut
will glide to thz left. The reason for the left glide is to take
advantage of the ever present thermals. The highest altitudes
are reached with modz1s climbing with a slow spiral.

The climb pattern depends mainly on the distance of the c.g. to
the thrustline and also on the distance of the c.g. to the wing
chord. In a steep climb the aerodynamic lift is reducei and two
forces will decide on the pattern, the torque moment and the gy-
roscopic moment of the fast running propeller. The final pattern
is fixed by the air forces of the rotating model about a vertical
axis. The rotating model creates additional gyro forces which
realy complicates the problem.

All models are set for a minimum sinking speed in a glide. This
setting has a large difference of the zero-lift lines, which gives
the tail a negative angle of attack in a steep climb. This un-
wanted drag can be reduced by climbing in a slow spiral, which
may even place the tail into a zeroc angle of attack and give the
mod=1 a maximum climbing velocity.

A model with 2 shoulder or top wing has its thrustline close to
the c.g. If the model is not adjusted, it will, after take-cff,
due to the torque moment,bank to the left.. The generated gyro
forces will pra2ss the nose upard, circling to the left. The c.f.
may flip over the model to the left side and dive in a tight spi-
ral with the aid of the torque and gyro forces.

To adjust a model for a climb to the left in order to take advan-
tage of the nose-up tendencyof the gyro forces a wash-in is given
to the left wing and to meutralize the torque a right turn is given
to the fin. A slight left direction to the thrustline forces the
model into a left climb. Left turn adjustment of pylon jobs is

32 chalenge to many old-~timers.
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A model with a high or pylon wing has the thrustline at a distance
from the c¢.z. anl from the chord of the wing. If the model takes
off in a straight line it will turn under the influence of the
torque to the left. This turning produces precession that forces
the modzl into a circling to the right, and the same time adds
gyro forces to the counter rotating model. This rotation of the
moedz1l is retarded by the drag of the wing.

The adjustment iz usually a right-hand thrust and a left-hand
fin. Down thrust may increase spiraling. Some designers suggest
a s8light wash-in of the left wing.

In 3 spiral of a high-thrust pylon job th2 propeller axis describes
a4 congywith the c.g. and the wing on the inside. This conical
rotation may increass tc such an extend that the revolutions of

the prop are reduced and the model stops climbing. The wing ro-
tating on the inside of the cons gives a lower drag than rotating
it on the outside. Giving the prop axis of a stick modz21 suffi-
cient downthrust to pass over the c.g., the model will climb with
a slow spiral, with the c.g. on the inside of the cone,ind the

wing and the prop axis on the outside.

Sketches show the climb of models witn pylon and high wings, Also
sketches give the positions of a wing rotiting on the inside and
on the outside. Two equations give the expected revolutions of a
model with the wing on the inside.

The upward spiraling is also affected by the relative position of
th2 propeller axis and the minimum inertia axis. The lower the
angle difference, the higher the number of counter revolutions.
The aerodyn2mic qualitizs of a pylon job has small effect on the
climbing velecity. The pylon model flizs with the thrust and the
gyro forces of the prop.

It is apparent that the distance of the thrustline to the c.g,
decides on the flight pitteran. The torque predominates on mcdzals
with a small distance to the c.g.,and with a great distance the
gyro forces take over. To take advantage of the helpful gyro-
Forces and balance them partly by the torque, 2 model can b2 de-
signed by placing the wing on a low pylon and the rudder below
the fuselage in order to have the axis of minimum moment of in-
ertia is at angle with the thrustline. This model may not need
thrust adjustment, but must have a left-haind fin setting. The ef -
fect of the gyro forces of high speed propellers is the reason for
reducing the r.p.m. on radio controlled models.

UP-GUSTS. Up-gusts will influence the stability of models , be-
cause they do not reach the complete model at the sgme time. They
reach the wing ahead of the stabilizer and if the c¢.z. i3 behind
the air resultant the model will balloon, and if the c.g. is a-
head of the resultant the gusts will decrease the angle of attack
and in some designs the model will fly on an even level with a
slight oscillation, the model is dynamically stable.
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SPIRAL STABILITY. Models may circle on the end of a line or in
a free-flight attitude. Control-line models require only horie
zontal stability, which is often replaced by the dexterity of the
operator. Spiral stability covers a large section of the gene-
ral stability problem.

Free-flight models will rotats about an axis through the c.g.
which has the lowest mass-mom2nt x distance value. The first
force acting on a model starting a circling flight is the c¢.f.,
which causes the model to skid and consequently increase the
lift on the outer wing. This places the model into a bank,
followed by downward spiraling, which would become tighter if
a rolling moment started on the inside wing is not adequate to
keep the model on an even keel.

In a steady circling flight the outside wing has a smaller angle
and a higher velocity than that of the inner wing. In a bal-
anced condition the resultant air forces should meet at the 1line
of symmetry passing through the c.g. Also the resultant of the
c.f. and the gravitational forces should balance the air forces.
This is an ideal balance of forces in which the fin moment may
be equal to the propeller and fuselage moments. The torque and
gyro moments need additional corrective measure to balance their
effect. In an ideal circling flight, known to pilots of light
planes, the yawing moment of the fin is equal to the combined
moments of the propeller, the fuselage and the wing.

A model stalls in a straight glide and flies in a large circle
to the left and with power on, however it stalls flying to the
right. If moving the thrustline closer to the c.g. (downthrust)
and the action of the slipstream cannot be made to correct the
stall, the model should be adjusted to fly in a smaller circle.
A diagram shows the moments of a model with the thrustline be=-
low the c.g. causing a positive (stalling) moment of 12 oz.in.
The effective tail setting is minus 6 degrees when flying in a
straight line. Adjusting the model to fly in a 60 ft. circle
the stabilizer will add a 12 oz.in. negative moment, which was
obtained by the change of the tailangle from minus 6 degrees

to minus 4 degrees. In case smillar circles are required for
stability the reserve power and the vertical component of the
lift forces must be sufficiznt for a banked flight.

Another case of spiral stability occurs when a2 model flies into

a rising air column. This rising air (thermal) moves upward to
the right in a slow spiral. A modz21 reaching this column of
circling air will reduce its tail setting by increasing the 1lift
on the tail, whizh makes the model dip immediately. This dive
ing is the result of the movement of the vectors towsard the traile
ing edge due to the reduction of the tail setting. This places
the c.g. in balance with a resultant of a smaller angle of attack
of the tail, which increases the gliding and the sinking speeds.
Two diagrams show the two position of balance. After the model
reaches the thermal and the diameter of the rising air is suit-
able for a balance it may stay with the riser. The high peri-
pheral velocity of the riser will give the model a large banke
ing angle.
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Too high directional, weathercock stability will result in a
spiral instability. In crease of the fin area should follow
with an increase of the dihedral angle. The increase of the
iihedral is of less influence on directional stability than the
increase of the fin area. Spiral instability is easily observed
by longer spirals in the direction of the disturbance. Due to
the everpresent thermals some models are stable to the left and
others flying to the right.

In circling the ratio of rolling moment and yawing moment is dif-
ferent for each kind of design. The rolling moment is proportio-
nal to the lift coefficient and the yawing moment to the change
of induced drag. The greater the ratio the faster the recovery.
The ratic shows that the recovery increases with the increase of
the aspect ratic of the wing. This however does not give the
real condition of dynamic recovery, which must use the functicn
of mass distribution, the moment of inertia of the wing in the
equation. The moment of inertia is in direct relaticn to the
aspect ratio, and the rolling moment js affected in a greater
amount than the yawing moment is. therefore dividirg the ratio

by the aspect ratioc an equation is obtained that favors lower
aspect ratio for recovery, a characteristic observed by pilots

of racing planes. The equation also indicates that the recovery
ijs slower with increase of the angle of attack.

A fast diving, spiraling model is the outcome of an oversized fin,
a low dihedral or a low tail setting. This kind of diving is ob=-
served when flying indoor gliders in the outdoor. This spiraling
does not signify spinning, which is the descend of a model at an
angle past the stall angle on the inside wing. Diagrams shows

the inclination to spinning of a rectangular wing and a wing

with rounded tips. Another diagram give the range of the angles
of attack that tend to induce spinning of a monoplane and a bi-
plane.
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CENTER OF LATERAL AREA.-  Years ago the center or centroid of

the lateral area of a model was assumed to be the ultimate reason
for its spiral stability if the line through the c.g. and the
c.l.a. had a certain angular position with the thrustline . The
c.l.a. is the center of the sideview of a model with twice the
wirg 2nd wheel projecticns. The displac=ment axis about which
the model should roll is the line drawn through the c.g. and the
c.l.a. No fixed rules were given for the c.l.a. as long it was
behind the c.g. location. It was suggested to uesa the c.l.a. for
estimaiting the size of the fin, without the consideration of as-
pect ratic. Some radic model designers suggest to apply the c.l.a.
to obtain a smocth flying. Others again go as far as to deny any
effect by placing the fuselage area above or below the c.g. It
should be mentioned that any change will affect flying character-
istics of models. For clearer percepticn of the c.l.a. each major
unit of a2 model will be compared with its known values.

A fin with an aspect ratic of 3 is placed vertically gives twice
the moment if placed horizontally. The sideview of a stopped pro=-
peller will give the right value; a running propeller however will
give higher values, because its effect is assumed to be equal to

a surface with an aspect ratio of 8, as suggested by the N.A.C.A.
Tests on model propellers indicated that the p/D ratio of the pro-
peller influences the moment about the c.g. The effect of the pro-
Jjected area of a wing can be given by an example. The projection
of a wirg with a2 6 degree dihedral has a2 10 per cent height of

half the span. Assuming that the distance to the c.g. is 1,/2 of
the chord. The wing woth an aspect ratio of 8 will have its incease
at the 2-chord distance and about the same distance to the c.g.
Assuming that the aspect ratioc of the projected area is 3, then

the moments of the wing will be 6 times the one given by the pro-
jecticn. This difference will be greater if the wing is built

with tip dihedral.

The projected area of a landing gear can be assumed to follow the
c.l.a. value. One unit that may give values in the regverse is an
exposed engine if it is compared with a cowled engine. The expos-
ed engine has a CD of 1.0 and if the engine is cowled the side

are2 increases threz times the CD however is only .25. This in-
dicates that the error amy be 12 times the assumed one. A simil-
ar divergence will be found with pylons, which usuilly have symmet-
rical cross-sections.

A big error is made by applying the c.l.a. to fuselages, which have
their c.l.a. at the 40-45 per cent distances and their c.p. at the
25 to 30 per cent distances. Two basic designs with equivalent
side areas, a square and a round fuselage are shown with their
forces at a 10 degree angle. The force for the sugare fuselage is
three times higher than one for a round fuselage.

The side area and its c.l.a. has no relation to the assumed rol-
ling moments created in a skidding of 2 model and its rotating

axis about the c.g. and c.l.a. line. All bodies rotate about the
c.g. when displaced. There is however an axis arout which it will
rotate with the least force The force resisting rotation depends
on the moment of inertia (I) of the body. The moment of inertia
with respect to a given axis is the sum of the weights or masses
times the square of their distances from the axis. Plotting the
moment of inertias on varicus axes the ellipse of inertia is obtaire
ed. The axis of the minimum inertia is vertical tc the axis of
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maximum irnertia.

Applying the mass or weight distribution to models miny observa-
tions made by designers and builders will explain some of their
flying characteristics. Radio equipment may be located at a dis-
advantageous place which may make it unstable, because the in-
crease of the inertia required greater control moments.

A certain inertia is required for each free-flight design to slow-
down violent angular displacement by the prevailing outdoor air
disturbances. Similar to the birds and boats for bad weather

and for higher wind speeds the loading per sq,ft. of the sup-
porting area is higher. The moment of inertia of a model

can re determined by the bifilar suspension or other methods sug-
gested by bocks on aerodynamics. In case the length and the spac-
ing on the bifilar suspension is kept the same, the time of the
oscillations will give comparative values. The momant of iner-
tia may be estimated mathematically. The value of the inertia
will be too low because the air moving with the model when tested
is from 5 to 10 per cent higher.

The use of the axis of the minimum inertia instead the neutral

and the displacement axes menticned with the c.l.a. theories

(Ch. H. Grant 1941) will follow closer to the mass dynamics than
the area distribution. It is obvious that the replacement of the
areas by the masses, or weights would have given a closer stabili-
ty estimate than the one obtained by the c.l.a.

The angular setting of the axie of minimum irertia with the thrust
line will give variocus flight patterns especially a model goirng
into 2 turn when operated by a radio controlled rudder. The
inertia axis may point downward, or be inline or pocint upward

from the thrustline.

In case the axis of minimum moment of inertia is in line with the
thrustline and the rudder ie operited, the model will skidi and
the dihedral effect a bank without changing the angle of the
thrustline.and if the circling will not increase the angle of
attack the mod21l will spiral downward. 1In case the axis points
downward and the rudder is operated the model will turn, bank

and the thrustline will point downward and the model will go into
a fast spiral dive. In case the axis of inertia points upward
and the rudder is operated the model will skid outward, bank and
the thrustline pointing outward adis to the skid. The angle of
attack irncreases which balances the 1lift for a level circling
flight. The return to a straight flight will be without viclent
maneuvers. The advantage of the inertia axis pointing upward is
observed by the performances of models with pylon wings and
models with their fins below the fuselage. The performances will
also be influenced by the location of the c.g., the propeller and
the r.p.m. of the engine.

In order to produce a min. I axis that has a positive angle with
the thrustline, the units or weights must be distributed about
that axis. This may be evolved by moving only the wing higher or
placing the tail or the rudder below the fuselage.
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DURATION. Contests for free-flight models are conducted for
maximum duration, with specified time limit accepted for each
flight. 1In a tie an additional flight is made without limit to
fix the winner. Clipper cargo planes are designed for a maximum
time of 48 seconds, which is accepted a3 an official flight.

The duration depends on the power available und the power required
to fly horizontally. This minimum power is also equal to the weight
times the minimum sinking speei. The difference betwesn ths power
available and the min. power is utilized for the climb. For each
value of reserve power and weight a certain climbing angle will
give a maximum climb distance. A diagram shows the climbing ve-
locities for varicus angles and for varying thrusts. After the
power is shut off the subsequent gliding time is added to the

total duration.

If the power delivery is limited, as for gas and jet engines

the fastest climb and the slowest sinking speed will decide the
duration of the flight. A diagram shows the power required for

a model and the power delivered by an 8-4 and 8-6 propellers. The
difference indicates that the apparent flying speed does not

give the highest climbing speed. The grz2atest difference of the
powers gives the fastest climbing speed.

The duraticn for a limited engine run and the model climbing on
a medium angle is given by a simple equation, which is the ratic
of power available and power required for horizontal flight.

By interpolation and assuming that the power delivery of an eng-
ine is proportional to the cu,in. displacement, an equation is
formulated, which uses the function of the area and the weight
of a model in estimating the duration.

In some contests the area is not limited and the maximum duration
will depend on the ability to build extra light tut strongz wings.
Because the weight of a wing increases with the 3/2 power of the
area, there is a limit to the size of a wing a given engine is
able to take off. An equation shows the relation of the area

for maximum cargo and the displacement of the engine.

The thrust of the propeller driwen by gas engine is usually higher
than the total weight of regular free flight mod=1ls ani a steep
climb will give maximum duration. The nigh thrust is divided bet -
ween lifting the weight and overcoming the drag of the model. The
steep climb eliminates the induced drag and by adjusting for circ-
ling flight the negative angle of the tail is reduced , which con-
sequently reduces ths total drag. The moiel will climb with the
lowest drag possible.

To estimate the climbing speed,the ns2t horse power delivered by the
propeller is assumed to be o60Xcu.in., the CD equal to the CDpar
and the CDmin of the wing. {lse the diagram for direct est@mxte of
the climbing speed. For medium climb the ratio of.the available
power and the required power multiplied by the engine run should

bs the duration. In estimating the sinking speed, the drag of

the stopped propeller should be included. An approximate sink-

ing speed my be estimated by an equation, which is based on a

1lift coefficient of .80 and a gliding angle of 9.
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The same procedure is used in estimating jet driven mecdels.
Rubber driven models have a problem by themselves, because the
torque varies with ths number of turns left on the motor. It
has always been the contention to reach a thermal with the fast-
est climbing speed, without any thoughts about efficiency of
performances until the contests were conductel at a time when
thermals were supposed not to be present. This started the de-
signs of propellers tc fly the moilel horizontally at the end

of the motor run. This increased the motor run close to twice
of the former time. No theoretical equation has been devzloped
that uses the varying tcrque of the rubber motor. Equation

can be formulated by assumirng that the altitude reached is in
iirect proportion to the weight of the rubber and that the dur-
ation is equal to the weight of the rubber divided by the sink-
ing speed corrected with a constant derived from performances.
An equation and a nomogram are given for direct estimate of the
duration.

Other a2quaticns for rubber driven models are given for hydros,
ornithopters, hslicopters and autogyros. ’ The areas in all
rubber driven models are given in the square root of the areas
and therefore the rotors are expressed by their diameters.

For detailed estimate of performances of rubber driven models
the work stored in one ounce of rubber should be taken from
30,000 to 35,000 in.oz. and the efficiency of propellers from
4C to 50 per cent.
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DETHERMALIZERS. After a free-flight model comes close to its
maximum time accepted by the contest rules a mechanical device
or fuse should release a dethermalizer unit that increases the
sinking speed considerably over the velocity of the riser, but
do not damage the structure when landing, and keep the model
within the contest area.

The simplest device seems to be a parachute. Analysis by equa-
tion shows that a small parachute increases the sinking speed by
100 to 150 per cent. A large parachute will not increase the sink-
irg speed, it will however steepen the glide. The chute should

be at least 12 inches in diameter, with a bleeder opening and at
least 6 shroud lines to insure opening.

The safest and generally used arrangement is to increase the angle
of the wing or the angle of the tail. Increasing the angle of

the wing is used on jet models, which have a very thin rear body
section for mounting a reliable hinging tail. On regular rubber
or gas jobs the tail angle is increased by 35 to 45 degrees, which
gives the wing a 60 degree angle of attack, increases the sirking
speed 5 to 10 times and the gliding angle from 1:20 to 1:1/2.

A diagram shows the balance of forces after the pop-up of the

tail and of the wing. It also shows the relative positicn of the
fuselage in the glide. Timers should be used to realease the de-
vice and in case fuses are permissible the burning length is ad-
justed to 1 to 2 inches for each minute.

COMPARING DESIGNS. To compare designs belonging to the same cate-
gory an equation is derived from the two basic equations for speed
and power, which gives a combination of the design units against
the combination of the aerodynamic coefficients, the values of
power or sinking speed. The power in the equat;on may be replaced
by the weight of the rubber, the weight of the jet pellets or by
the cu.in. of the engine. The combinations of the coefficients
is applied to selections of airfoil ssctions for minimum power or
for minimum sinking speed. Squaring this ratio a simpler one is
obtained, which is the cube of the 1lift coefficient divided by
the square of the drag coefficient. Secticns should not be com-
pared without the additional parasite drag coefficient. A nume
erical example shows the effect of the CL and CD coefficients

on the gliding angle and on the sinking speed by having two c.g.
locations; one at the 1/3 chord distance and the other at the

2/3 distance. Many assumptions are made in order to obtain an
answar to the investigation.

ZERO-LIFT LINFE SETTING. Each category of.model design.will have
a specific zero-lift line setting for satisfactory 20r1zontal
stability. It will be less for indoor models than for ou%;oosif
jobs, especially when windy and gusty weather prevails. ng -
Terence of the zero-lift lines is also called the longitudinal
iihedral. The increase of the setting moves the c.g. closer to
the lesading edge and the slope of the pitching momen§ coeffici-
ents becomes steepar. Suggested values for the setting of the
zero-1ift linzs are given on the following page.
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GLIDERS. Nature's best glider is the leaf of the Zanonia Macro-
carpa, which carries a seed and has washout tips; it will glide

up to 5 miles. Its dimensions were used for construction of a

man carrying glider. After many successful glides it was power=
ed but could not take off because the landing gear prevented the
increase of the angle of attack for take-off. Another plane with
a standard tail, the "Taube" (pigeon) was built which after a short
term of success was abandoned, because its spiral stability was
poor. An era of biplanes followed which gave way to monoplane,

a design aviation started with.

Not many glider models were built before the turn of the century.
Some used solid mica wings for scientific tssting. Usually the
maiterial was stiff paper, silk stretthed between bamboco, wire or
ratan frames without cambere? ribd. For structural connections
cork was used. The real interest started when balsa was commer-
cially obtainable.for building paper covered or solid balsa glide
ers.

Gliders are hand-launched or released by a towline. Fach has a
different problem. Hand-launched indoor gliders should have
a minimum drag traveling upward and a maximum 1ift gliding dowr-
ward. An equation has been developed for the duration and height
of indoor gliders. Diagrams give performances of gliders with
various weights and launching speeds. The height reached is in
close relation to the weight; the duration however is limited to
the initial speed. Contests are won with thin airfoil sections
and flat lower surfaces. and polydihedral wings. Better time
could be made if the rear section of the wing were made flexible,
with an undercamber and a straight dihedral. The glider shouldi
climb in a slow right-hand spiral to the ceiling and glide downe
ward to the left. The high launching speed flexes the wing and
the gspiral climb reduces the tail setting, which add to the height
to be reached. The average time for the upward travel is 1 sec.

The material for the wings is 5 to 6 lb.p.cu.ft. balsa,with a
hardwood leading edge. For the body a 7 to 8 pound balsa will
give the necessary sytength and slenderness. The same weight bal-
32 is used for the tail surfaces. The dihedral break corners ars
roynded with small fillets. To balance the glider clay should be
omitted because the clay increases the drag of the body by 100
per cent. The whole glider is coated with a glider polish, a
clear dope plastisized with a few drops of castor o0il. This will
pervent war ping by slowing down the drying. Some model build-
ers protect the lealing edge by placing a steel wire into the
nose. The finished glider should weigh betwean 3/4 to 1 oz. for
100 sq.in. of wing area. The tail setting of the zero 1lift lines
is from 3 to 4 degreses, usually not sufficient for out door fly-
ing, especially when risers are present.

The towline glider has only one problem for delecting an airfoil
section, the thinnest section suitable for a strong, high aspect
ratio wing with the lowest sinking speed. This section may be

the N.A.C.A 6406 with an aspect ratio as high as 11 to 12, The
wing at the 1/3 length of the fuselage and balanced with weight if
necessary. Triangulation for the wing amd stab will be required
to prevent warping, which also may call for bass wood spars. The
auto-rudder construction may have to be balanced by a swmall fin
ahead of the wing.
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The location of the vertical control surfac=s below the fuselage
not only gives the rudder ani the fin an undisturbed airflow but
also eliminates blanketing by the fuselage and by the stabilizer.
A vee-tail will counterbalance the negative rolling moments of
the vertical surfaces below the fuselage.

The hook for attaching the twoline for launching should be 60 to
80 degrees ahead of the c.g. depending on the drag of the fuselage
and the location of the aerodynamic chord. The hook is attached
to the left side if the glidsr is set for a left glide and placed
in the center if an auto-rudder is used. The auto-rudder is con-
nect2d to a hinged hook in order to set the rudder inline during
the launching and after release will move it for a left glide.
Tne tail distance is from 3.5 to 4.5 chord-widths and the tail
has an aspect ratio from 5 to 6. Thes arza is from 15 to 20 per
cent of the wing area. This low ratio is due to the absence of
the moments cresated by a rotating propeller. It may be also
caused by the inclusion of the tail area into the total allowable
area.

In case the climb during the launching is too fast, the glider
will move on the outside of the circle, which will increase the
download on the stabilizer and move the vectors toward the lead-
ing edge. This may make the glider laterally unstable.

Two specifications are in use for contests. One is for limitzd
gliders with a maximum total supporting areas of 350 sg.im. and
a minimum weight of 10 ounces. The other is for Nordic gliders
with a total surface arsa from 263.5 to 294.5 sq.in. and 2 mini-
mum weight of 14.46 ozs. or 3200 to 3400 sq.cm. and 400 grams.
The limit=21 will give 2.85 0z./100 sq.in. and an approximate
sinkinspeed of 2.04 f.p.s. and for a Nordic 3.65 0z./100 sq.in.
and a sinking speed of 2.3 f.p.s.

EFFICIENCY OF STABILIZER. The effectiveness of a stabilizer is
reduced by the proximity of a3 fuselage or a fin. This inter-
ference depends on the relative size of the portion of the fuse-
lage n2xt to the stab, the aspzct ratio and the plan view of the
stabilizer. The angle of atteck also influences the efficiency.
The slipstream and the downwash make additional inroad on the 2f-
ficiency 6f the stabilizer.

If the elevator ias a part of a thick symmetrical section, it may
not work for 2 degree deflection, because it is within the turbu-
lent air leaving the airfoil at the separation point. This is core
rected by drawing a symmetrical section of a shorter chord and

two tangent lines from the trailing edge of the original chord.

Leak is stopped by sealing the hinge gap. A chart gives elevator
tests, which indicates that the larger the ratio, the greater the
1ift. A sketch shwos the connsction of flap and elevator on a
control line model. The flap angle should be 1/3 of the elevator
angle.



GLI/IDERS 65
DIHEDRAL
\ ([RESULTANT
ZAroNIA iy L .
— As 24 ANGLEB T
. \\SSINH//YQ
PE
NATURE'S BEST GLIDER }V Rt + o
‘f' - CH[‘/'75C{/:1 \ /NDOORGLIDER N _
102 30,% L BcH 3 0ATS PoLisr €
oPE 45%A135%
\‘rZ'//'C (,LIDIHG 2.5% AT 40,
~ |
45 /.75011"-’%’ .
cH & A
K1 = Y5 T GLIDER AIRFOILS
VAR 4-5-6 . L=WcosB 2
Yot | cra Vs-Vgsima 8; - ?g
A ¥ 1 ™ Z
Frcér or fBﬂLnr/?cg $=.00238 .61+ LN 6N
NV 3 —/oz/10050.4% W ce 3 0.5 /3 e = 53
OUNCES PER 100 SQ.IN V5=r605‘9@ ¢ /'/% = 4o
9 32 .3 - S
4 .5 6 -7 8 9 10 i e /ITO00OR ~
3 0y & -Power 5 GLIDER 23
2 L EN CLY2 Facror {
p [ tg Cp .02 .04 06 .08 -10 .12 -14 -16
~N
00 VgFRs=\ /Moz coshs HARDWo00
120 SQINC, ‘006 WIRE
s, 8 SINKING SPEED+A.R.
100 3085 L
80|\ S T
i i W LW i i —
40 I Qlo ﬂF?Eﬂ/V ci=)/ SEMITRANSPARENT
20 " 3 2 90 7 SHouto FLex [nlauncy
P S % 3 8 2Rpr o WHENUsInG UnDER
e 15 Vel y b | gemead
40 g o / : :
T\ 02 4 Nooor GLIDER
30 10p 3|3 ﬂsspgclg e # s Aor
For TuRNTOLEFTINGUOE CLay —~ FUSE 0T~

INDOOR: WEIGHT 3/4~l0z Ji00s@Iry ONf LEFTTIP o LEFT L £.0F
LEADING EOGE: WIRE,
HﬁﬁDWﬂOD, SCOTCH TAPE.
WING To FLEX., FUSE./8"
- LEAD.EDPGE cUBIC PARABOLA
TRAIL.EDGE ELLIPSE
Ao WEIGHT For OUrDOOR

HAND LAUNCHED GLIDER

CD oF CROSS<SECTION

MﬂfHEMﬂT/CﬂL DE VELOPME/’/rofHﬂND
FORCE REQUIRED f=mxa=mdv/dt DRAG=

m dv/dt=-nviw w=mxg=mxszz V= ds/dt,
mydv/ds = -nviw  as=m Va’y/(—n'b’g w) JNTE

Jds=fmdyftrvE

S=0 /NITIAL SPEED Vo
AT Maximum HEIGHT
S-= m/ZKrLoy'g( v mg)/.
S-HEIGHT, rnq =W, k= Ax00//
COMBINING WITH SINKING SPEED
EY
cosB°~1.0

SsrasUParo RIGHTTE . DowHA.
GLIDER BODY; TESTED! 950 ~yH.

= /20 o] Zurrr

30°sq/N 300Z
ForlARGE ANGLES
OF RTTACH 30290°

Usk Cr={cp)h

CoOMPARATIVE
VALUES For Vs

Vs'g CD/C‘RS/Z

LAUNCHED GLIDER
Consranrxvztfss WeiGHT

Ydt=V/ds

GRATING

w) &—l:g’,‘-, loyﬁ(vﬁm g]v*c ToFinD C ASSUME
S=m/l2K)x ZO_gﬁ»rvﬁmgymvimgj

Vis ZERO.THEN THE HEIGHT [TEACHED

imq) Durarion= S, ) SinKING SPEED

9% CDpm) Vo INITIAL SPEED FT/SEC
Vs =29 W zxcos 8% cOficLY2A%)

) 2 %
purArion=.0005 W% Q/Z[Z-Oﬁm/nfw (:%



GL/IDER 66
P WING 6406 6412 or

MEANCAMBER /14 12212 __10°
5-7%T7HICKN ESS AT m
ey 25~-30% DISTANCE. == _— ——=7
7 OIHEDRAL]'FP Foor SRArH
vO Q1D 5%
AR9 -12 4 MomENT= cp
3-5cH SEC7/0N OF FUSELAGES
TRILE-6% CLARKY @ DraG
or ME/}/’/ CamBER 7% §
5:5-7 Y THICH Ty MOMENT of
-6 ~FA.L NORDICGLIDER~ WS
AR 4 Tordl SurFAce AREA 53 =& - TRk
25_404,7 - - ~i’2—_'9;5a0cp2=495.9—525.35,,sw —
! / 4
OF W/r&% 355, | 0/” E1GHr 4l0GEN 144601 g T MOIT/E "7\ s inGrTAN-
¥ *4 7% 6%MAxTH/0rNE§;y S| eFwWirs comeineD
AT o Q
Zerolines 67° ﬂ‘{u 120K T SECTION Possrran
- OF /oK
ar 910 ||RX €6, 5055 7I8s e \\
4 SUGGESTED AT TAKE-OFF c.G
C Id Z— ) SETTING .=
Vsinw P
A KRR /5 54 W Barance

- NGLE
TArL N 5 Genoras 2 oF FORCES
sl N Mrm 2 ATTanEe-OFF
' x| 2 AND
AR 4- 5‘& l * FELEASE

FUSELA LsryE Wy TH
/5% == L/SELORCig/IIUUHGUDE Hook~Cair 8070 CG.
AVE SAME SINIING Wrroy Wearner 60°
For FA-INo FUSELAGEVELOCITY. LIFT OF =0 -
CROSS5~ .55"70””[90/750 F(ISEL AGE EQUALIZES sooFirv | !
DOED DRAG. ;_oﬂﬁngzvcs AuroKuoper

HORIZONTAL TAIL

EFFICIENCY IN 0/0 - —;eﬁ‘é’i— et EELEF ﬁ’
% 700 "]%c‘" G Lineconrror
9 o >< ———==- EHﬂPﬂHGLE Y30r
g * E PER CENT. CHOROD REVETGT AR,
‘E 80 A7 ) ° “ wiITH
SLIP
] L 40 50 .60 . =,/ \ MORMAL
70 FACTOR. TIMES STRERM - \-

0° 5% 10° 15° 20° DEFLECTION ANGLE

2 R
6 6% 59, LIFT DISTRIBUTION

N
'y S7A8 LC
3 ELEVATOR
I O I O CE;Cxo V4 Ys /z
TAB
g 6% 3% ELey20° .44 <64 70
41;5 { |._Q_,|+_O+ Max.CL 115 115 /22
WT E.arAHgGLE 13° 1375 /4°
jE ADDITIONAL PROFILE
- f DRAG FROMCORNER
z3 INTERFERENCE : 2 < —

RUBBER CLOTH
TOSTOPLEAK



67

FLOATS ani HULLS. Models taking off ths water (R.C.W.) use floats
or hulle. The floats should be of simple construction with a low
drag near to taz take-cff ani in the air. The tuoyancy should be
3 te 5 times the loadl they carry ir the normwal conditiocan. The
volume is estimated for .54 oz. per cu.in. displacexent. The
weight of the total displaced water will be equal to thne weigint
of the model.The c.g. of the displaced water is a point through
which the line of the righting moment passes. Tilting the model
and drawing a line through the center of buoyancy parallel tc the
gravity line will intersect the line of symmetry at i1 point cale
led the metacenter. Metacenters are determined for various late-
eral angles and if the metacenters are above the c.Z. cf thne
model, the model is hydraulically stabla. This investigation

is usually applied for checking statility of flying boat hulls.

A nomogram and an equalion give the displacement of floats if
tre langth is twice the width and five times the height of ths
flcat. The volume c¢f a float or hull can be estimzted by the
greduct of the three dimenzions and a design factor, which varies
from .45 ts .70, A flat step gives ths bsat lcad-drag ratio, but
#i'l often porpoise and must be ventilatzd. A Vee-step is bet-
ter but hird on construction details. The best all around is the
roint24 flat step for smooth anl greater range of “planing”. 1In
cass any porroising appears aad no other adjustment helps, =
plate placed back of the step at a negative angle will aid in
bringing the model to the "top". This plate is <ftan nccessary
on scale models. The location of the ster is 1.5 ahzad of *he
c.g. for normal loads. For top lcads the step is slightly ferward
of the 1/5 ratio. Th2 hull has usually a dead rise of 22 de-
grees it the bow and reducing to zero at tne step. Some mcdel-
ers like a flat bottom at the bow to preven® iiving under wuter
on a steep landirg. he step should b2 an iaverted Vee. A small
spray strip will step climbing of water on the side of ths hull.
The zero-lift line of the wing should be 2 to 3 degree positive
with the bottom of the hull. The differsnce of the zero-lift
lines to be 8 to 9 degrees. The thrustline should be set at 4
degrees with the zero-1lift line of the wing.

The maximum width or beam of the hull for normal loading is prop-
ortional to the square root of the wing area. For higher wing
loading the beam should be wider or the power loiding shoull be
decreased for 4 possible take-off. The design of tae hull is based
on the dimension of the beam. The overall length is from 8 to

12 times the width of the beam. About 45 per cent of tne length

is used for the fore body of the hull. Models witn hulls of

large length-beam ratios may have low hydraulic stability by the
resulting porpoising.

Models on floats are seaplanes. Floats should be spaced at the
same distance the wheels were located, but farther anead, be-
cause the resitance of the floats is higher tnan the rolling re-
sitarce of the wheels. Thay should be designed to carry the ad-
ditional torque load of the drive.
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LANDING GEAR. The landing gear is designed to take the landing
shock of a model, to prevent damage to the propeller, to stop
turnover by the torque of the drive, to hinder ground loops and
to place tha model into a position of easy take-off.

To take the shock of landing the minimum sinking speed must be
known in order to estimate the minimum energy to be absorbed.
Also a certain load factor, or safety factor should be assumed
for occasional steeper landings. A load factor of 5 to 6 seems
a good figure, because load tssts on wings gave 36 times the
total weight of the models. Part of the kinetic energy is ab-
sorbed by the deflection of the integral units of the model and
by the flexible support of batteries and radio equipments. Some
fuselages are so close to the ground that only the deflection
of the tirzs can be usei for absorbing the shock. The front
wheel in a tricycle design should have a greater travel than
that of the rear wheels.

The energy to be absorbed by the shock unit is equal half the
distance the c.g. will travel times the maximum load. A metal
landing gear will return the same energy to the model, which
may bounce it into the air. If the shock is taken by rubber
about 40 per cent of the energy is dissipated. An ideal shock
abgorber is a hydraulic shock strut controlled by valves and

orfices.

The distance of ths propeller from the ground should be at least
2 inches in the deflected position of the landing gear. The
torque of high speed gas engines cannot upset models with stand-
ard wheel spacings. The high initial torque of rubber driven
models means ground looping. This is avoided by setting the
thrustline at a high angle with the ground in crder to be aided
by the thrust for a faster take-off. A good launching without
rushing despends on the experience of thes contestant.

Groundlooping, circling on the ground is often caused by a poor
aligment of the tail skid or by the tail wheel. It may be also
the result of unequal loads on the wheels caused by the torque of
the drive, by a soft ground or by small diameters and widths of
the tires. Other causes are the relative position of the wheels
ahead of the c.g. and the tread of the wheels. The spacing of
the wheels is determined by the height of the c.g. and from the
span of the wing. A single front-wheel is offset to the left.

The angle of incidence with the ground depends on the basic de-
sign of the model. Many airplanea ia the beginning of aviation
could not take off because the landing gear prevented the in-
crease of the angle of attiack or high grass becams entangled
#ith the wire bracing of the gear.

To reduce the drag of the landing gear the struts are stream-
lined or made of flat dural stock. Cowling balloon tires de=-
creagses the drag but should be used only on hard , smooth takee
off grounds. Magnesium disk wheels reduce air drag, rolling
resistance and weight, which may be final cause for top perfor=-
mances in a loal carrying contest.
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FLAPPING WINGS- ORNITHOPTERS. The movement of a bird wing was
used for the first successful flying model. Even the first man-
carrying gliders had th2 outline of 4 bird. Complicated mecha-
nism to imitate the automatic changes of the incidence angle and
airfoil sections never produced valuible informaticns on the aero-
dynamics of flapring wings, because all changes of angles, air-
foils, streading and closing of the tip feathers are inherently
actuated by the direction and strength of ths relative airflow;
the bird 1oe= nothing about it. Mounted birds pliced into wind
tunnels gave a gliding angle of only 1 to 4.5, and the actual
gliding angle of flying birds is more than 10 times the dead bird.
Airfoil secticns of a bird wing give only laminary (?) flcw and
any possitle turbulent flow is nade laminairy by nature to grow
feathers at the right place, as seen on egrets and pelicens. There
two theories to be formulated for the presence of the thurb
feather (alula) aad for the scalloped trailing edge of a bird.

In 1901 Marey took movies of bird flights and attached instru-
ments to pigzcns to measure the powver reguired for flying. He

4i1 not obtain the minimum power or the actual gliding augle of
tvirds. Some of the results are given in the diagrams shcyn. The
best information were collected by movies taken of a large rube
ter band driven model and from wind tunnel tests of 2 zmill wing
°s lating at high speed. The pictures gave tne speed, tne 2ingles
ured from the outline of the ribs and ths power by the rube
Yer used. A twin cornithopter tezted in 1312 guve an appirent CL

of 1.56 but only a gliding angle of 1.32. Tae tesats indicated
that the lift is done by the irner section of the wing 2and the
prcepelling by the outer section.. Also that the body doues not
move into the .opposite to tha direction of thaut of thz wing, but
is 90 4degrees off phise. Tnis phase differenc2 reduces the

atrain on the muscles of the biris.

The tip of the insect wing d=scrites figures of eights with vary-
ing tracks in ordsr to move 2 gr=ater mas=s of air. Ito principle
iz similar to the acticn of 2 bird wing, except the wing has a
creater axial rotaticn, which is iue to the centrifugal force.
Models with wings deseriYing esights and rotating aboul tazir lat-
erzl axes gave vary nign 1lift. Tk weight of the m2chunism will
te too hz2avy for efficient flyiag modlels.

Many other ideas wers te2st=2d with wings mcving in 2 horizontal

or ir. 2 vertical plane. Creat sums were wasted 50 years 2go to
tuili an airplane by oscillatiag upturned cups up wnd dsown. Oscil-
lating wings back and forth gave a lift as estimut2d with stan-
dard 2quations. Friection ind w=ight 2lways precludes construct-
ion of 2fficient models with oscillating wings. Oscillatirg solid
wing= about their 25 per cent lateral axes gave no effect at all.
To be affective 2 wing must huve 2 double acticn. It must move
up 2and 4down, and rotate about it~e lateral axis, which may be ac-
tuzted by its inherent flexibility. Tests snowed that the oscile
lating pline snould be 20 depgrees ahead of the vertical and that
thz maximnr flap angle snould be 100 dagrees. The duraticn of
rutrar Ariven ornithopters is less than 50 per cent of propeller
driven modsle,

Wings ars usually flapped by o crankshaft and conmecting rods. A

tensicner will not increase duration;it may howevsr improve effi-
ciency if the nuaber of strands xre reduced. To eliminate oscil-

laticn of the fuselage twin wings were tried; they increased the

apparent CL to 1.5€ but the gliding was reduced to 1.32.
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VIBRATIONS. Many kinds of vibration are possible on models. They
are greatly dampened by the extensive use of balsa. Vibrations
may be caused by poorly balanced engines, propellers or by the
vertices in the wake of the downwash. A single cylinder engine
cannot be balanced. A great deal of reduction of the vibrations
can be achieved by making the piston as light as possible and by
balancing the crankshaft with a portion of the weights of the con-
necting roil and tne piston.

Ano?her unit that causes vibrations is the propeller. The gyros-
copic couple of a two-blader in circling flight is sinosoidal,
whizh become smoother with three-bladers, which however have lower
efficiencies. A hand-sanded propeller is often unbalanced by weight
by an unequal thrust. Thnis unequal tarust is present with any
propeller flying in a circle. 1/1300 oz. on the tip of a 10 in.
propeller gives a 2 cz. centrifugal force running at 15,000 r.p.m.
For top performances propellers should be checked for weight ba-
lance and for equal pitch distribution on both blades. Engines
shculd be tested mounted in the model to make certain that it

will run with the same r.p.m. with the same propeller as tested

on the bench.

Another vibration may occur by the resonance of the naturil fre-
quency of the blade with the r.p.m. of the 2ngine. To-3lay prop-
ellers have at least twice the natural frequency of the r.p.m.

of the engine. Some propellers manufactured years ago had very
thin hub sections which gave a frequency of 15,000. Ths natural
freguency of an average wing is about 2500 to 3000, which is too
low for resonance. The only time wings may be damag=d4 by flutter
is in power dives. Usuilly the loss of a4 wing is due to weak rube
ber bands or shift of the wing on the support.

Flutter may occur with statically unbalanced elevators or ruiders
if the control rods have play in their connections. A weight and
an aerodynamic balance will remedy this situation to a certain d=-
gres. An unbalanced propeller or engine can cause to flip the
escapement and the relay.

Vibration lock or resonance of a long fuel line may stop the flow
or it may even drain the whole line. Long lines should be fas-
tened to prevent resonance.

The turbulent air leaving the trailing edge may start a resonance
in very thin tail surfacez. The vortices have a frequency of the
speed divided by four times the thickn2ss of the wing. An 8 in.
wing moving at 30 f.p.ssc. give vortices pulsating at 9000 times
per minute, which may be close tc the natural frequzncies of a
thin stab. The frequancies of an avarags stab is much higher and
placing it into the wake miy not start any vibrations, but an
added slipstream of the propeller, which is also pulsating may
reach the frequency of the stabilizer.

Basic equations are given for vibration of beams of uniform cross=-
section supported on one end.
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ROTATING WINGS. The lifting power of rotating wings, cylinders
and other objects was demonstrated with models driven by rubber,
steam and gas engines. Some rotate the lifting unit about their
horizontal axes and others about their vertical axes. With cer-
tain arrangements all models lifting by rotaticn about any axis
can glid= by self-rotation, auto rotation. The big problem is
always stability and how to overcome the gyroscopic precession
and the counter torque.

Various ideas were tried, such as levitaicn by centrifugal force,
accelerating downward the boundary layer of a cup rotating at
high speed. The closest to success came the cyclogiro. By that
time the autogirc made its first flight, which was soon followed
by powering the rotor, the helicopter.

Helicopter models driven by rubber bands are flown since 1880.
Most rubber driven models fly up straight without any forward
velocity. Lately however gas driven models are adjusted for for-
ward flight, with an added autogiro trim for landings without da-
mage to the model. This combination may be instrumental for a
new spot landing contest.

Helicopter models use extensively balsa wood with retors of solid
balsa or tissue covered. Indoor models usually have microfilm
covered rotors. Indoor helicopters obtain half of their duration
by hovering about half of the diameter above the ground. The
height of the room has little influence on the duration because a
small prong on the tep rotor protects the rotor from touching the
ceiling.

Helicepters with a single rotor must have a drag plate placed on
a rod or at the tail of the fuselage in order to slow down coun-
ter rotation. The loss is about 5 to 10 per cent of the power.
Similar reacticns are obtained on flying saucers by using the
surface friction of the large lenticular todies. In order to ba-
lance precessicnal forces the angular moment cf inertias of the
propellers and the rotating bodies must be the same. The slip-
stream of the rotor blasting on an inclined surface attached to
the fuselage is not sufficient to balance the torque. Three 3/7
to 1/10 cambered surfaces however will do the work if the rotor
has a low pitch setting and a low solidy. Model helicopters have
seldom adjustable tail rotors.

To eliminate countaer-torque rotors are driven by placing power
drives on outriggers or on the tips of the rotor blades. One
design uses powder jets, which works very well; another design
has propellers tc pull the rotor around. If both rotate in the
same direction the precessions are balanced, the gyro forces how=-

ever are not eliminated.

The location of the c.g. depends on the pitch setting, the gyro
forces of the rotor or rotors and the location of the air resultant
of the fuselage, usually slightly behind the rotor axis.

Propellers of gas driven hslicopters run at 15,000 r.p.m. and the
rotors al 600 r.p.m., which will balance the precessional moments
if the weights are just right. A tail rotor can correct the 4dif-
ference of the torque and counter torque.
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The forward speed is induced by the slipstream blowing on an in-
clined surface placed on each side of the fuselage. The axis of
the rotor slopes slightly to the side in order to balance the ec-
centric resultant of the advancing blade.

Helicopter designers suggest hinging the propeller and the rotor.
Some models have hinged propellers but no hinged rotors. A pitche
ing hinge at the 35 per cent chord distance and the c.g. of the
blade at the 25 per cent of the chord distance gives automatic
pitch adjustment for flying and autorotation. One design has two
fixed blades and two hinged for pitch adjustment for flying at
high r.p.m. and autorotating at low r.p.m., controlled by a
weight placed ahead of the blades. The pitch for flying should
be about 9 degrees and for autorotation zero or negative. Some
helicopter models control the pitch by the coning angle, which is
the resultant of the centrifugal force and the 1ift moments. The
hinge at the hub should be about 35 degrees measured forward in
the direction of the tip of the blade. The total width of the
blades should not be over 30 per cent of the diameter. Coning
angle improves stability; placing however both rotors below the
c.g. will give automatic stability, because they become pusher
propellers, which are stable.
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RUBBER. A motor made of rubter strands stores the highest tor-
gsional energy per unit weight. It will deliver as high as 55,000
in.oz. of work for each ounce of weight. The best coil epring
will deliver only 25,000 in.oz. of energy. Plotting the torque
against the number of turns the curves indicate that the winding
and the unwinding energy lines are not the same, The difference
is called the hysteresis, a characteristic of rubber used in
dampening shock and vitraticns.

The maximum power is delivered if a rubber power motor is wound
up to 80 to 86 per cent of the breaking point and the restoring
time for the following winding is close to an hour. The winding
is done under a steady tensicn, starting with 2 to 3 times of the
original length of the motor and lubricated with a solution of
liquid soap and glyecerin. A spring keeps the motor from bunch-
ing, which may upset the stability or damage the fuselage. This
tehsicner is set to engage the shaft at a stop that allows the
prop tc fold at a predetermined positien. The turns left un-
wound are not sufficient to keep the model in a horizontal flught.

RISER. The rising air increases ths duration of a free-flight
model. Risers or thermals are always present, especially over
an open, level contest ground, usually increasing their speeds

up to midday. Due to the rotation of the earth thermals move in
a slow spiral to the right and consequently most of the models
are adjusted for a glide to the left. Added factor influencing
the flight is the strength of the wind, which has an upward slope
in a warm front and a downward slope in a cold front. The strength
and the slope of the wind is not steady and theories could not
supply proofs that dynamic soaring is possible by use of the va-
riation of the strength of the wind.

A riser starts horizontally and increases its vertical velocity

as it moves toward the center. This results in a curved air flow,
a circular flow. A model reaching such an airflow will dip immed-
iatly because the negative tail setting is reduced. This reduct-
ion moves the vectors of the resultants toward the trailing edge
and the c.g. will be at a lower angle of attack, which increases
the gliding speed. Models that have low tail settings such as in-
door gliders may go into a dive, because there is no horizontal
stability left. Sketches show vector diagrams for both condite
ions. If the tail setting is sufficient the model may keep withe

in the riser, which is due to the higher air speeds on th ie
phery of the revolving air. g ! ¢ perd

Risers are created by air movirg over sloping terrain or hill.
Models should be launched on or close to the edge of the hill, in
order not to be blown into the region of the down-wind. Large

gliders use thermals, cold fronts, ridges or even sea waves to
reach rising thermals.
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ENGINES. Fngin2s used for models are of the two-stroke cycle
gystem. The two cycle operates by creating a2 partial vacuum in
the crankcase on the up-stroke of the piston; this draws in an
air-gas vapor mixture through the side, through the hollow shaft,
through 2 rear rotor valvs or through a reed valve. In the up-
stroke the piston compressss the mixture, which is ignited by a
3park, by 2 glow plug or by the high campression itself. The ex-
plosion drives the piston dovnward, compressing the mixture in
the crankcise. The exhoust ports open and after that the by-
piss opens, which allows the mixture to rush toward the top of
the chamber. Some of the mixture may escapz through the sxhaust
openings. The timing of 2 two-cycle engine is shown in a dia-
gram, which varies with the ratio of the length of the connect-
ing rod and the stroke. The higher the power output is the har-
jer it is to start the engine. Usually starters are used on
high compression engines.

The spark plug ignition allows a more flexible running than the
glow plug or the compression ignition. The compression 2ngine

is called a diesel, which is 2 misnomer bzcause the original
DIRSRL is a four-strokxe with a fuel ignition at the end of the
up-stroke. The efficisncy of a model engine is usually compared
with its delivery of h.p. per cu.in. displacement. The thermal
efficiency is based on the power output (heat power-B.T.U.) of
the fuel. The indicated efficisncy is the work done by the ex-
plosion pressure on the piston area and the volumetric efficiency
is based on the volume of the mixture in the chamber. The vol-
umetric efficiency dep2nds on the scavenging of the exhaust gases
and may be assumed to be the h.p. output per cu.in. displace-
ment. Its maximum may be as high as 66 per cent and the h.p.
equal to 1.2 to 2 times the cu.in. displacement. Deducting the
h.p. delivered at the end of the shaft from the indicatesd h.p.
the mechanical power losses are obtained. Th2se ire usually fric-
tion losses. Ths indicat2d h.p. are calculated from the indicat-
or diagram. The average pr2ssure on ths piston during the down-
stroks is from 40 to 80 p.s.i.

Improving the power output should come undar the he2ading “souping"”
up an engine. Some 0f the improvements may be incorporated in
future engine designs. A souped-up engine however may not stand
up unier steady power delivery and may bs good for only one cone
test. These doctorzi engines are usuilly carefully cowled to
reamove the addition2l heat passing through the cylinier wills.
Spray bars are replaced by spray nozzles to re2duc=z the drag of
the intile. A very smill hole 4rilled close to the jet should
4id vaporization of fuel by the adiled air bubbles. Baffle

plites on pistons follow un‘form curves. Smoothzning all pas-
sages, removing a1l ragged edges left from machining, tapering
3lots on cylinder sleeves, enlarging intake passages, increas-
ing the compression ratio by turning down cylinder and crankcase,
Replacing flat gaskets by smill round gaskets will reduce blow-
outs.or omit gaskats.

The average crankshaft is poorly balanced, whizh is partly due

to the manufacturing costs involved. Reducing vibrations by
balancing the crankshaft will 241 powsr to engines mounted in
models. Old-timers in the auto business suggzst that the crank-
shaft of a single engine should balance with the end of the con
rodl and with about 1/7 to 1/2 of the remiinder of the con rod

ind the piston pliced on th2 crink pin. The crink pin is made
hollow and solder is addz4 to the lower eni of the count~r weight.
No perfect balancing is possible with a singls cylinder engine.
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Cowling an engine not only reduces the drag but also dissipates
the heat generated by a high compression engine. The sides of
the engine are tapered, the cooling fins are filed to a sharp

taper. A very close cowl will force the air over the fin sur-
faces and to prevent air to escape at the plug. the opening is
filled with sponge rubber and only the plug point is accessible.
Thus the slight vibrations will not damage the engine or the
fuselage. The hot air leaves the fuselage with the aid of the
centrifugal force. The exhaust stack is cut on a bias so that
the gases pass into the direction of the flight. The hot air
leaving the fins should not be used for intake, because the
power of a gas engine increases with cooler air. A special
screened opening is provided close to the venturi for fresh air.
The spinner for the prop should not be over 25 per cent of the
diameter. All these improvements may ruin a few good engines
before the correct doctoring is found.

Testing engines for h.p. is made on a torque stand shown in a
sketch. The engine is bolted to a swinging support, which has

a weight sliding on a horizontal rod. The engine is balanced
and the attached propeller run at full throttle, the weight
moved on the rod until the running engine is again balanced.

The distance the weight was moved, the weight and the r.p.m. are
used in estimating the h.p. Varying the diameters and the pitch
of the propellers many readings are obtained, which are plotted,
the torque and the h.p. against the revolutions. The connect-
ing lines must give smooth curves to prove that the results are
acceptable. The revolutions are measured with a reliable tacho-
meter. A simple home-mgde instrument that uses the resonance
effect at maximum amplitude, can be constructed with a L/32 in.
wire sliding on a rod and calibrated with ths dimensions estim-
ated from the equation. This instrumant may not be suitable
above 17,000 r.p.m.

The horse power outpui cannot be estimated from the design of

a propeller and its r.p.m. A propeller should be kept for each
engine, which will give a fixed r.p.m. if working correctly. A
piece of 1/32 in. wire fastened to the engine mount is trimmed
until it vitrates with the maximum amplitude at the revolutions
the best propeller should run.

The weight problem of the smooth running four stroke cycle may
be lessened by the contest regulations that uses only 60 per
cent of the displacement for estimating the power loading. A
sketch shows how to hook up an engine operating with spark plug.

/2 ?
Q 7 TURBYLENT SECTIONS
&0 For Low R.N.
g ) DEVELORPEDBY
S8 7\'2‘ PProF F.W.ScHMITZ
G
" 7 NeAeER

Vv
&
& e of U E
Q 700,000 200,000 REF. AEROMODELLI
AN, Ocr. 1954



ENGINES

N *’/30

R

o

IGN.CoItS OPERATE AS HIGH
As 23,000 R-PM.
DELIVER 7000 Vorts .5 MiLciame
ORAINII AMP~ 2.9 VoLT S
CONDENSERS USED -03MICROFARAD
BHP=/3~200xCUIN.~12,000R"M.

TESTING For BHP wirH PROPS

N7, Max2/0
Expausr e (;; T

80

TQP
DErfD CENTER

GENERALDESIGN DATA :

. STROWE BoRERATIO 90~1.14
ConN.RoD STRoOKE RAT10=/.90
EXHAUST/cu.in = .98

INTAKE]CLIN. = .10
BYPASS/cu.IN.= .39
P SPE, T RE
1T e ST RO 1
FUEL CONSUMPTION :
FOR STUNTS L45-1.70 Oz/cuin/Miry.

BT.U-HEATINGVALUE P.LB.

HYDROGEN 60,640
METHYL ALCOHOL 10260
ETHYLALcoHoL 13,160
WEROSENE 20,500
BENZINE 18,160

MAX. THERMAL EFFICIENCY
GAS ENGINES 22 % wiTH PROPS I2Y,

L/
01ST—> 57 JEST STAND. ~ET ENGINES ’%,"’2 % -
A0 1) ps WrDis.xRPM o ﬂ»x&cg#,z;qma
Baiance /000,000 - EYHAUST
/ ovs 0 THROUGH
1.0 £ C PROPS. 5““5”’?”’6 SCAVENGING
-8 A X| CHANGEOFPowER
.6 o WITHALTITUDE T 1 | /mET
Q .z 3% P. 1000 FT. VP TO T
2 10,000 FT.
X 2| W ‘ TH.6
: RPM. LOoSE 4 Yo Fo /1.674
Q Eact 1009 FT/ gl 7M. 783
6.8 1012 R.AM.BY RESONANT e SPARKFLUG
R.P.M. WIRE
"
NOQUTLET /Y4 FREE /370,
EIN SPACE AREA WIRES BRASS
W s 779iY)
CoorLing ZOWREs/7B-278
oF ==
od Hoor-UprP FOR /G N17/0rY
GASENGINES L=1280f2— 7%5F2§E%(00”r,?0£
L,ad im. R £/C DELS
/, 4 SIS
F%g zZ 1127TREE  Comaysrior —o-
ACEARER Yt ociries 12-25FR5.  Byrrermrey
FUELCONSUMPTION= FLAME PROPHC;HTIO/*/ VALVE

VAPORLOCK: GASOLING 2014

GASOLINE 40F.P.S.
METHANE 201N BENZOL 6OIN. &"Dya 3 Fr 2 SEC

VALVE
OPERATED BY A THIRD LINE
O BY A IRELAY+INSOLART

—ED CoNTROL LINES
FEECT OF Ir rareE o PrRorPrGATION
EOH powé’,’{a,,’;,m”,",fe 5/32TyBE-METHANIL.  H.P REQUIRED
e 5 1. 501, +AIRMIXTURE. I '9,[ 1]
LETHRER Fory Coocing ComBusTrorn VeLociry JF CD 15 HNownH
EHGINES 0 SPEED Jatss TMG68.  BESTIFZERGQTHRUST

Cu.ir/2,5qr1. QUTLET oMYy sl FUEL MIXTURES* Y iyt
GLOFUEL: Metnnmow 653 1FUer Wiort o(BL2)712.8

4 2
NITROMETHANE ;0% 75""";5 =0, Wiorn @/,—2’%’//244
CASTOR O/ 25% / ) y
f . FFUELLINEISLOoNG REDUCE
g Isfoq,Hor U({Eﬂ 7/;/ ER: VENTURY (INTAKE) 2/75.4- B
d 7 58%,28%,/13% REsP (PLUG RESTRICTOR)
« |AVERAGE _ _i /Yo AMYL ACETATE -
: A 1 ”
0. (o]
TORQUEDIAGRAM CASTOR O/L 20 %0 THREADEREXOR FLUGS

FOUR-CYCLE ENGINE.

DIESEL FUEL:ETHER30% Y4~32 Hex -3, Y24, /2
GAGOLINE38% CASTOR THREADS ONSHAFTS
OIL30Y% AMYLNITR 2% 6-~32,8-32, 3/I16~32
Y4-28,5/)6-24 3/8-20

SpEcIFIC WEIGHT &
METHYALCOHOL .78
GASOLINE 69

O/L. Y] !/ FLuio0Oz=]-8cu.IlN



8l

JETS- Tne principle of jets is the accelerated ejection of gases
at high spe2ds. The higher the acceleration the lower the effi-
ciency of the power unit. The low efficiency of a jet cannot

be compared to the higher efficiency of a propeller drive, which
gives a low acceleration to a great mass of air.

The ejection of ignited air- gas mixture is incorporated in the
pulse jet and the ram jet. Ram jets will work only if the ram
pressure of the air reaches a certain height, this requires a
velocity out of reach of model speeds. A two-pound ramjet gave

a 2 ounce thrust at the stand-still, which is too low for operation.

The pulse jet i3 the only jet available for steady high speed operat-
ion of models. Its principle is based on the resonant vibration
of the inlet valve with the frequz2ncy of the gas column in the
attached tube. The frequency of the ignited gas column is equal
to the speed of sound divided by twice the length of the tube.

The length of the tube is made longer than tne valve oscillations
would calculate in order te have the flams front not too close to
the valves. The speed of the sjected gases is about 3000 ft.p.sec.
which indicates that the speed of a2 model will reduce the thrust
of the jet only slightly. This great difference of the ejected
gases and the speed of the model gives the pulse jet a 1 to 2 per
cent efficiency which is low compared with the efficiency of a

gas ewngine driven propeller of 12 per cent of the B.T.U. supplied
by the fuel.

A combination of a gas engine driven blower with an attached tube
for the jet effect will give a very low thrust at higher speeds.
Such blowers are effective for helicopter designs based on the
ducted fan priciple. Many useful equations for basic thermal re-
lation of fuel and velocity 4are given.

A pulse jet with a 3.5 pound static thrust traveling at 200 ft.
per sec. delivers 1.8 net horse power. Pulse jete are only used
for speed and in cities they are not favored by club members due
to the occasional anti-noise law enforcement.

Rockets,selfcontainea jets ao not need the outside air for oper=-
ation. The CO2 capsules use the expansion of the carbon dioxide
in the eteel cylinders. Slow burning gun powder jets (Tetex) are
lighter than the CO2 cylinders. The speed of the exhaust gases
are from 1200 to 1400 ft.p.sec. A few notes on powder jets are
given.

The design of jet models is based on the thrust and the weight of
the unit. The area of the wing is 40 to 45 sq.in. to one ounce
of thrust and the total weight 3 to 4 times the thrust. For
highly streamlined models the ratio is increased. The airfoil
section is a medium cambered section, because of the absence of
torque and propeller forces. The dihedral is from 6 to 8 degrees.
The thrustline should pass below the c.g., adjusted for a climb
to the right and a glide to the left. The adjustment is made by
an aluminum rudder is the stream of the jetblast. For straight
climb the thrustline is slightly below the c.g. Slow spiral
climb will be the best. Twin fins are used in case the jet is
above the fuselage. Sufficient fuselage area is placed below
the c.g. in order to eliminate violent stability recovery. In
all stbility problems the recovery force should pass clese to

the c.g.
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TESTING. Simple aerodynamic tests can be conducted by gliding

a model and measuring the heights at two points and the distance
between the two pints. These three dimensions will give only

the gliding angle. If the time of the glide between the two
points is taken, the gliding speed, the sinking speed and the
aerodynamic coefficients can be evaluated. A more scientific
method is to glide the model in front of a camera and taking two
exposures on the same film. The camera on a tripod, a dark back-
ground and a plumbline simplifies the procedure. The time 13
measured by the ticking of a watch which is fives times a second.
Knowing the length of the model, the area and the weight all aero-
dynamic coefficisnts can be obtained. Changing the weight and
the location of the c.g. the coefficients for other angles can

be determined. The advantage of this kind of tests is that the
model flies in an undisturbed air, which a wind tunnel cannot
supply. These glide tests may eliminate poor designs and may
show the direction in which improvements can be made. A good
practice for junior aero engineers.

Balsa propellers can be tested by pulling a carriage by a rubber
driven propeller up on an inclined wire for about 60 feet and
stopping the propeller at the top. The drag of the carriuage is
obtained by loading it with two different weights and timing their
down travelg. Two equations will give the rolling and air coef-
ficients, which are used to deduct the drag from the thrust of
the test results. The torque values of the unwinding motors are
plotted first. A certain number of turns are given to the motor
and the whole unit allowed to climb to the top and the time mea-
sured with a stop-watch. The power delivered by the propeller is
the weight of the unit, times the height it traveled in unit time.
The energy used by the propeller is the number of turns, times

the average torque, times 6.28 and less the energy used to over-
come the drag of the carriage. The efficiency of the propeller

is then the energy delivered divided by the energy used.

Tests conducted by this method in 1930 showed that the highest
efficiency was obtained by 1.3 pitch-diameter ratio balsa prop-
ellers. The number of tests were over 2000. This method can be
improved by placing flashers on two.points of the wire.

Tc test materials for bending strength, rectangular or round
strips of the material is fastened on one end and the other end
is loaded up to the breaking point. By substituting the max.
load and the dimensions for the terms in the equation the bende
ing stress (modolus of rupture) is found in lb.p.sq.in. ?psi?o
Many other simple tests can be made if the limits of measuring
dimensions and loads are known. Most of these simple tests give
only comparative results and not coefficients which could be
used in standard equations.

FUSELAGE EvarvmrEo From RemH2~TesT 407 sec. L-24"

SeuAarE Rour/o
Crass Secrion CO=./33 CROSS SECT/ION CD=./09
J10° CD=.208 /0° CO=./42
dCllda =-092 dclfoda = 0178
SIDE 4/?570 " gg::ggfg SI0E ARER CO=.0/73
dlt/dax. 00635 P Raigliciica

dct/fda= 00227



83

PULSEJET Wsany LENGTH OF TUBE  L/miTING EFFICIENCY
~ ) -2
=—=__ =
Cﬂ@ - sPEEporsounn | 2*R CRUI0CE,
P Py it o VALVE  rrequency YawveVisr
! GNITOR THERMAL EFF. [)p-2 Y =M-TH/ /2

SPARKPLUG

o EXHAUST 3000FP.SEC. 2 [BSTHRUST FOR
P 5.3/400 °FABS. /5SQ./INTuBCROSS SECT:
- HOUR GAS _ 2 sT ¥
. 2 For EAcH LBTHRUST 1= T7 i v Fivimey
004 —~007 THICK GAS BTU.~20,000/LB. HP=MASSICYIV/550
STA/NLESS STEEL EFQUATIONS:
: o Vi Putse Jer
I = BTus 17(B1)M, [ 520% 150 Gar Gas, 20 M.
o yergace 72/r)7%=Vi/vo, THRUST=Wd 600 HE TUBE J0Fr <<
ROCHET VALVE FREQU.=H,TH/1 2 VALVE FREQU. 19/sEC

\ —3'- THRUST DuraTioN EQUATION
Ya So0z. ~ TEN SEC THRUST =/MASSxACCH
< 296~ ? 202 ~ r""?"‘/’l:’/ @=1200 FRSEC.
cA D/0X1D u A% THRuysT= WE, ¥V
s O O] XtoR CAPSULE puRaTION= /40 —7—3’;‘ sec. HRUST= Xy 14LBS
SPRING—, WIRESCREEN REGULAR GUN Pow'osfe JETEX

COVERY 7000-8000 FRSEC. Wy WrueL THR DUR.
40

%6 "0l% ; .2 .60z I125EC
76 v/ /8 S5PAN oF MODEL o6 ‘B Aoz 125ec

402.THRUST 32%54"
FUEL  COMPRESSION g0z #7220 Q.02

CHAMBER
AUGMENTOR TUBE 4 sec losTin START o
o,

INCREASETHRUST WiTH

LARGE JETEX ONLY 20 3 40
r/ ‘\

0837 % V-[coos o)V /./ﬁos\ ‘
VE)

(Wo + 330/5 e

407.TH. —-—_—1

~

NETHR

DURATION sgc=
= Wﬂl

Vs=/2 Hoz_ rrs.
TH=THRUST~ OUNCES -
V=CL/mB FFS. = .

Wp =WEIGHTof MoveL Less Mﬂq ALuminum 5 70 15 20 25 30

FOR ADIUSTMEN T CLIMBING F.P SEC.
TESTING

Tarusr- Wsima+DRag, - ~ MoTToolLose  proms lfs-
JESTED L‘TRAC —t 70 GROUND ~/°%a+ LIk Vv S
/. — a7 - -~

@6 o= T b — 17 T Wiz
Sl DIN i
,n/%p oo Yourziel \ T
- /
4 . b 2 EXPOSURES

7 Z L S IR EL >
ForRESTIMATING DRAGor(ARRIAGE FROM THRUST, Comera l oLy

- . o Ve L/TIME
W, sina=WeosaG +V °C=Drag vl it
f’OLLm!‘ﬁD aw"“f’g—‘:ﬁgf{fﬂyg Y/nD anp m-EFFicly
wo WEIGHTSTO 4
G Ao ch_ . USE STOPWATCH PRE DSTAINED

For Timing DISTANCE L. FNERGYUSED-No or TURMNS Lo OF TURNS

Y 7 JHRST VW @ M. TimES AVERTORQUE X6.28 in #7185
2 T Cosin 4 &—C Sricw, ToweLine
7

1.2)
io q‘ig Nw.GLo
. & Gloer
< il é S——INOCABIN
<6 P -8 FUSE
. 8 |- ApSEarLane, B-FUsE
LA 2—0 HYOROPLANEIIS
Z >

= CD’ZO—A uléo or 76 ScaLE |,

/90 s. .-7’,(,, AA“« 50\
ZEAEA

F- iy
200 s |\ SN
e L I ~d

203 THrys,

h N
388

DURATION

-

/ORQUE

AVER. TORQUE
| 2
ENERG,

Q©

NENESN

: o

/—/H 2 Z o @
@.I L6.P50./m=315L0AD g ooy .6250130n0

) D Wx 2
= L,OHW=In. [oao-oz.

¥
oz.



84

STRENGTH OF MATERIAL. A material used in model building is balsa
wood. It is easily shaped and glued with any kind of cement. Its
weight varies from 4% to 20 1lb. per cu.ft. and even higher. The
lighter balsa is used for indoor glider wings, leading edges and
details where dimensions or stresses are not specific. Fuselage
stringers, spars or thin control surfaces use 8 yo 9 1b./cu.ft.
balsa. Comparing balsa with spruce or bass wood shows that bass-
wood is superior to balsa in construction of beams and longerons;
The disadvantages are poor glue joints obtained in fast work. Bal-
sa with a weight of 13 1b./cu.ft. will have the same structural
weight as bas=wood. Basswood should be double glued. First coat-
ed with a thin surface, which is allowed to dry; then glued again
and pressed together. Lately hardwood is specifiesd for many struc-
tures with limited dimensions.

By removing all moisture from wood the strength incrceases by 50
per cent, but will stabilize to about 15 per cent moisture conte
ents. There may be a method to prevent the moisture from return-
ing without increasing the weight. Treating wood with chemicals
will add only weight. Impregnating however the wood with resin
and compressing it increases the strength with the same ratio as
the weight increases. The added advantages are a smooth surface
and a very high shear strength.

Steel wire is used for control lines. Usually the steel has a SAE
1045 specification with a 140,000 lb.per sq.in. strengtn. Other
steel wire go as high as 250,000 p.s.i. Many modalers use such
wire if only a pull test is specified. This kind of wire comes in
coils and should be relieved by heating it to 350 degree F. for one
hour. Steel wire landing gears are used on most of the models.
Steel wire will %“end by its own weight to a certain distance if
supported on one end. If the same length is used the deflection
will give the diameter without the use of a micrometer.

Aluminum 1lloys are used for engiens, landing geras, bell cranks
wheel hubs, spinners and for parts that must have & high strength-
weight ratio. Heat treated they may go 4s high as 90,000 p.s.i.
The specific weight is 1/3 of that of steel.

Bending tests on wings gave the breaking poads as high as 40 times
the total weight of the modz1l. This high strength may not be nec-
cessary, but the adiitional torsional forces may justify the con-
struction. The covering adds about 20 per cent to tne bending
strength ind 80 per cent to the torsionil strength. The shrinking
of the tissue prestresses the structure by 2 to 5 pounds per inch
run. This stress will suport a load of 2 to 3 times the weight

of the model without noticeable deflection.

Data for strength of material for models are given on page 85.
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WEIGHT ESTIMATE. The weight of a finished model should be known
in order to come within the regulaticn of a contest. Except for
indoor models no itemized data are available. The modeler should
know the expected weight of each component unit, because the re-
quirements are only for minimum weight and maximum wing area.

The weight of each part and its location about an axis will soon
be realized by modelers as a decisive fuctor for top performan-
ces. Indoor microfilm coverei models are the most trying to
build because each part must have a minimum weight within
1/10,000 oz. to come close tc the record time of duration.

The total weight of a radioc model may be the only design that
can be estimated from the units that do not add strength tc

the structure. These units are the radio equipment and the pow-
er plant. The total weight is found by multiplying the sum of

the units by 2. In the future the constant will be reduced by
closer stress estimate.

A few charts give distribution of the tctal weights of typical
designs. Usually the weight of the wing is determined first.
Three nomograms give the expected weights of wings for gas, rub-
ter and indoor models. Another nomogram is for estimating the
weights of regular wood or compressed wood gas propellers. Data
are given for estimating the weight of light or heavy tiesue

and for each doping. The weight of engines is estimated from
the displacements, and the weight of a rubber motor is found by

a nomogram from the length and the number of strands of 1/8 er
its equivalent.

A nomogram gives the weight of 36 inch long balsa strips if ;he
specific weight per cu.ft. of the balsa is known. It also gives
the weight of metal blocks of a volume less than one qubic inch.
Weights are given for sontrol lines, telescoping aluminum and
brass tubing with 1/64 in. (.015) wall thickness. For modelers
who own sentive scales the weights of coins are given in grains.
4374 grains maks one ounce.

The weight of a 7/8 in. diameter solid rubber wheel is .15 oz. and
a 2<3/8 in. diameter wheel weighs 1 oz. One 2 in. semi-pneumatic
wheel weighs .70 o0z. and a 3 in. diameter weighs 2 oz. Stream-
lined wheels weigh less.

One 1.25 in. diameter plastic spinner weighs .30 oz.
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CONSTRUCTION DETAILS. Two pages, 90 and 91, are covered with
many construction details, which are mostly selfexplanatory.

The designs of warp-free wings will be examined of their relat-
ion to the shrinkforces, beam distribution and to the airforce
resultants. The shrinkforces developed by subsequent coatings
are assumed to be evenly distributed over the outline of the air-
foil section, with the resultant passing through the centroid of
the outline. Another characteristic of a wing to be considered
is @he flexural center or center of twist, which is a point on

2 wing, where a vertical force causes only vertical and parallel
displacement of the structure without rotation.

In an ideal wing the resultant air forces pass through the ia.c.
which is also the flexural center and the centroid of the shrink-
ing forces. This may be obtained with a symmetrical section by
careful dimensioning the beams and locating them st the right
places. To eliminate higher mathematics for determining the flex-
ural center an approximation will give satisfactory answer if

the center of balance of the cross-sectional areas of the beaums
is used in the estimats. To move the centroid of the shrink for-
ces from its normal .42 position toward the leading edge, the
covering and the coating is increased toward the leading edge.
Due to the varying location of the c.p. on cambered sections the
balance of the forces cannot be obtained. If the aresas of the
lateral members are closer to the top surface, the wing will warp
downward; if the areas are closer to the lower surface, the wing
will warp upward. The hygroscopic characteristic of the coating
varies the shrink force, which can be taken from 2 to 4 pounds
for one inch width. The design of standard wings, which provides
a 30 to 40 load factor, gives sufficient rigidity to all unbal-
anced forces against warping. Double glued joints are necessary
for full strength of the construction.

Triangulation gives exceptional high strength-weight ratio and
for very thin sections the thin beams may be made of basswood
instead of balsa, except if made of 12 1b./cu.ft. balsa.

Ribs should be in line with the flight direction to reduce tur-
bulency. Trailing edges should be notched and also gussetted if
the sections are thin and the material is light weight balsa. The
strength of such balsa is lower than that of tae cement. The
weakest connections are butt jointed beams, and if made of light
balsa the strength is only 1/3 the strength of so0lid beams.

For full strength use a two-strap construction or a lap joint

of three times the thickness of the beam. Ths center section of
the wing is usually sheeted in order to distribute the holddown
forces exerted by the tension of the ruobber bands.

The high torsional moments of spiraling models are carried over
to the wiag by the platform of a pylon job or by the top of the
fuselage. The width of the platform should be 1t least half the
chord length. To prevent shifting or misalignment the ~¥ing should
be connscted to the platform with key and channel or pegs. If a
dihesdral break is at the centsr of the wing a4 close fit of plat-
form and wing must be made, and the beam straps should be hard
balsa or plywood.

Equation for estimating tne number of 1/8 rubber strands to
hold down wings on platforms or fuselages is given on page 28.
Use twice the estimated numbter if only two pegs are used.
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A fuszlage is designad to carry the torque of the drive, its gyro
forces, the stabilizing forces of the tail and the landing loads.
The framed structure follpws the design of a Howe trussing, the
Warren trussing or a full balsa planking. Often a combination of
the three are used in one model. The Howe trussing carries verti-
cal members and the torsional stresses are absorbed by the tis-
sue covering, which makes it flexible. The Warren trussing

has balsa diagonals, fully triangulated and tissue covered,

which gives this kind of design a rigidity that may shatter in a
bad landing. Planked fuselages are easily built, very strong

for their weights and especially favored for models that do not
require a minimum of cross sectional areas. Engine mounts should
be of hardwood and the load distributzd on two or more bulkheads.
Solid fuselages used for control line modzsls often split at the
trailing edge of the wing, which is due to the low cleavage
strength of balsa. Reinforcing this portion of the fuseluge

or drilling a relizsf hole a8t the trailing edge will prevent
splitting. Solid balsa wings, stabilizers or fins are us2d to
save weight and for extra saving the doping is omitted (?).

Sharp cornaers should be avoided, smoothened and tapered to di-
versify the horizontal shear, which is very low for balsa.

Sharp corners shouli be avoided. Smoothened ind taperei connect-

jons will distribute horizontal shear, which is very low for
balsa.
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DRAFTING EQUATIONS. Advancing scientific engineering is usually
induced by formulating squations which conform to the laws of
physics or by assuming a certain relation of design d=2tails and
performances. Plotting variables of models of the same design
will generally result in empirical equations tanat will indicate
the direction in which improvements may be made. Most equat-
ions have one or more constants that are obtained by substitut-
ing the variables of well performing models. Systematic tests
is the solution. Tn case the conception of the forces acting

on the model is not recognized a few simple tests may clarify
their actions. Substituting mod=1l components in equations used
for airplane designs will result in equations that ne=d only
their conversion to the inch-ounce system and the establishing
of the constants from top performing models. Performinces aided
by thermals should not be used.

The development of equations for rubber driven models is shown.
The diameter is evolved from the equation used for airplane
propellers with the assumption that the torque is equal to the
moment one wing will give carrying the total weight of the model.
The speed is presumed to be the one for the minimum power or the
gliding speed at the minimum sinking speed. An equation for the
minimum number of strands should be developed from the given a-
re2a and weight of the model.

Many modelers observed the fact that the more rigid the wings were
built the more they shattered at hard landings. The shock of

any moving object is absorbed by the distance it travels times
half of the maximum stress. The longer the distance a shock ab-
sorbing unit will travel the lower will be the stress imposed on
the structure. Two beams of the same dimensions are compared for
their shock absorbing qualities by subjecting them to the dece-
leratad forces of their own weights. Applying standard equations
only comparative valuss will be consider=2d. The beam placed ver-
tical is 4 times stronger than the one placel horizontal. The
deflection of the vartical beam will be only 1/4 of that of the
horizontal beam. The kinetic energy absorbsd by the beams is e=-
qual to the 1l0ad multiplied by the deflection, which is the same
for both beams. So this was a poor trial for comparing rigidi-

ty.

Some equations arz developed by empirical methods. Taking vari-
ables that are assumed to be functional tc each other and plot-
ting them on logarithmic paper. If the line connecting the po-
ints is straight the equation for the variables is a simple power
function expressed by the slope of the line. To eliminate mathe-
matical operations the equations are replaced by nomograms. To
simplify the construction of alignment charts the scales are

made equidistant. Five log scales will suffice for most of the
charts to be made. OSee scales on page 25.
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DEVELOPING EQuATIONS For RUBBER DRIVEN MODELS.
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PROPELLER MACHINES. Manufactured propellers advanced interest

in airplane models. The first ones (192%) were machine-cut

balsa propellers, followed by tte machine-carved gas props. All
plastic or plastic impregnated,compressed wood propellers are
reacdy for use without additior2l manufacturing propcesses.
Illustrations show basic principles us2d in desigzring machines or
fixtures for cutting or carving propellers. Balsa props are cut
with a bundsaw adjustable to a P/D ratio as low as 1.2. The sawe
blade is narrow with a large teeth setting. The twist or pitch
is generated by an arm ¢n tne right side sliding on a sloping
bar. This bar is adjustable for pitch and liameter. The thick-
nes3 of the prop blank is controlled by 2 stcp. The thicknesas of
the tip is not sufficiant tc carve a cambered blade, which is
overcomz by gluing a small piec2 of balsa to the lealing edge.
Machine-cut basswocdi props were tried but the cost cf btroken
bandsaw blzdes made the prcduct nunprofitable.

Gaz propa are manufactured by a series of operaticns. Rectangue
lar blanke with trhe shift holes drilled are shaped tc thelr ocuc-
lires by a single fixture or fed tc a half-autcmatic carver. Then
two cutters are used to finish the carving. A straight one for
the flat side and a profile cutter fcr the top side. The pro-
file cutter is a combinaticn of all thie shapes of the blade. The
viteh is form=4 by the sides of a Lox into which the blaak is
placed and pressad Agiinst the ball bearings next te the culter.
A better design uses the pitch bar gia!lar to the one used for
cutting of balsa props. Ancther machine alids a shift of the car-
ver to the rotation of the blank fer specisal prop designs. All
carved preps ar2 hind-sanded and stitic-balanced. Lacquering will
finish tne product. Props are checked for warp ani are kept off
th=2 market if piteh varies by 1 inca.
A diagram gives the pitchediameter ratio by placing the eni of
a prop block on “ke chart and the line passing through the dia-
gonal cf the tlack is the ratic. To obtain the glopes of the
other stations the radius of the prop is miarked on a horizon-
tal line and a vertical 4rawn at the asis. The slope obtained
from the diagram is drawn frcm the tip; it will inters=2¢ct the
vertical at a point that is used to connect with any station
along the radius to geht the slope or the angie at th:t station.
This methed will give the same pitch at all station or a uni-
form pit:h distribution.

ESTIMATING SIZE orF LEROIG rrvo 777.«:/1.' ING FOGES
To HAVE FLEXURAL CENTER AT Y3 CHORD DrsramceE.

&~
r . i r*}gﬁ_’*
5 ||| .
loss S, &
BEary inTHIs Race ot
2 WILe NOT CHANGE //3“/ MOUVES THE Fi.CR
3 W FLEXURAL CENTER Tow AarD THE
IRAILING FDGE.

HSSUrMING EDGES REDYCED TOTRIANG UL AR SECTIONS
2AME WEIGHT BAL SA, TENSION OF (QUERING NEGLECTED
DeEFLECTION PROPORTIONAL TO LoAao~W DIvioED BY I MomenT oF
(NERTIA OF SECTION. LOAD FRONT 2/3 W, IFEAR 3. T= &x}3/48
FROMNT Bfﬂjm H=.6656 REAR BEAM Hs. 25& BorHDEFLECTION FQUAL
Swxbp6658/48 = fawnbx.25%8/48  2xEX.295< 83./56
.59 8=15665 e «g‘: .264"%= 72 Br=7285
éx V- witH NoseRADIS Ee= .55 b
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FOR SINE

MULTIPLY:one number on scale
1 with second number on
scale 2, read answer on
scale 3,

DIVIDE:dividend on scale 3
divisor on scale 1, read
answer on scals 2,

AREA of CIRCLE;dot over
scales 2,6 and diameter on
scale 4, read on scale 3,
Scale 1 are squares of
scale 1. Scale 2 are square
roots of scale 1. Scale 6
are cubes of scale 2. Bcale
2 are cuba roots of scale 6,
First section of scale 3

ten times the logs on scale
5; second section 100 times
sines on scale 5; third sec-
tion 1000 times tangents on
scale 5.



~AooI1T10n To MoOELHERONAUTICS 87
PuBLISHED JUNE ]955 ~
/n0ROERTo Abvarce MoDEL AERODYNAMICS, FinsT ATHEORY Musr BE

FORMULATED,WHICH IS FoLLOWED BY SYSTEMATIC EXPERIMENTS FOR
/Us ) FICATIoN. RALSO EQUATIONS GIVEN ToUSE /N DESI GRING

VioDELS.
/5
CoMPARING AIR - ——
Fo/Ls FORSTEEP 12%
CLimaINnG GAsMODELS.
e 70%

~
O

THE DIAG RAM onPAGEEO
15 CORRECT FORCLIMBING
ESTIMATE , WHICH /N —
CLUDES THE WEIGHTOF
THEMODEL.

DISREGARDING THE WEIGHT,
THE PowERr REQUIRED IS
PROPORTIONAL To THE CUBE
OF THESPEED 0RTHE SPE
PrororrionacToTHE Cp75.

THE SINKING SPEED /s

FuNCTIONAL C¥2/CD

THE Accormpanying DIAGRAM
/5 PLOTTED onA C1¥2 SCALE
AND THETANGENTTO THE
CURVE FROM THE CORP PoINT
(;'_/UES THE COEFFICIENTS

O THE LOWEST SINKIN
SPEED or For THE MiNnirmmum
Power PEQUIRED Fore
HORIZONTAL FLIGHT; SUCH
s For R/C MoDELS .

ALwaAavs ADOTHE Para~
SITE ORAG CoOEFFICIENT
70 7HE DA COEFF T oF THE

ﬂ/ﬁFOLI'L Fz /o (DPOS o 5 10 15 20 25
HE CLimBING FACTOR 4 : . de s '
WiLL BE 1 /(COMn+COnp ) D Cotrrr THicwnessRario 4% 6% 10% 12%

~
W

/ /
//
%,
/ '/// 7%
/) A p———
- e il

VoW TPV VI
TCW T L Oy
LIV 1" IV =
2U0{ACC

~ 00~
N N

Y2 o PAGE /0.

~
Q

0

®

CL~LIFT COEFFICIENT
VaLvEs For Cy

N

o &

N

SR WS

ANO THE FACTOre FQ .
SINWING SPEED. CL’/"?/CD f&"i’é'wm L 0.9,? 09,22 '%'g -’q g g
DIVIDINGTHETwo Fac - SINKING Tep .05 .10 .70 103
ToRS Wit BE INDI CATIVE gps?raz/p 27 232 ‘/8 8
;O”F HEDURRTION o FTHE WrrngG ALONE ’ ’ o
ODEL.

- CLUMBING SPEED THICH NESS FPATIO 4% €% /OZO 2%

OUR SimminG SPEED ForMINPOWERR/C &/ 65 8.5 8-9
CL3/2 ForpSTEEPCLIMBING [5.8 165 /8 2.2

orR 7 FREEFLIGHT.
(c it COPpar)"”> ( CotCpPAR) Apoue DoesNorTane Inro Cord SIDEFATION
RESEARCH In DEsigNS THE VARIATIOoN o VELOCITIES, WHICH INFLU-
To RPEDUCE TAKWE-OFF ENCETHE COEFFICIENTS, ANO THE INCREASE
DI1STAMNCE. 0F WEIGHT WiTH INCREASE 0F THE THICKNESS
gYroc RATIO oF THE WING .

K/lDfH No
Rer: WIDMk/NO. I_‘ > / b
INTERAVIA,JAN.1956. , .
TroL q“f FE

TAmE-OFFDISTANCE

ALTITVDE

~ NumBEROrRUBBERSTRAND s

VToL~veryicar Taxe-0FFoms Yax!
LANDING.USUALLY " TAILSITTERS” Dstae T HOLE DB Wi, %
STOL~SHORT TAHE-OFFEAND Mary Goop MoDELS D15 1NTEGRATED
LANDING. USING SLIPSTREAM. INTHEAIR ORLOST ACONTESTBECAUSE
OTOL -~ 0BLIQUE Tane-oer INSUFE/CIENT NUMBER OF STIRANDS
AND LANDING. ALLowWEDo THEWINGTOo SHIET o LIET
TTIOL~TANGENTIAL TaKE-OFF FROMTHESUPPORT. THETENSION oF THE
ANDLANDING.CLASSICA L STRANDSTIMESTHE WIDTH oF THEPLATFORM
3-PoiNT LANDING. SHouLD BE EQUAL TOTHE MOMENT CREATED

BYTHE VIOLENT MANEUVERING ANOD Ti
’,,"/"Mf”’ 2; Wirng = Wozxs PANIN/G MASS ACCE LERATION ORTHEMODEL .
./6¢’+_94” =NoygxWrorh, ASSUMINGTHATTHE MOMENT SHOULD
8 INO ¥ SoamXW, Wior BE TWICE THESTATICLOAD, ACTING

0 Y SpannXWoz /64X WIDTH, 0N ONE SI0E O Y. Y8%3pRvB8ER 16 0z.
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MAIN FACTORS INDESIGHINGMODELS :
NZERO-LIFT LINE SETTING 0FlING anoTarL. 2)LOCATION oF C.G LONGITUDINALLY
3)LocAarioN or CGIN /i’zLﬂT/ogg TOTHETHRUSTLINE. 4)LERO-LIFTLINE /1Y
ELATION TOTHE THRUSTLINE. 5)DISTRIBUTION o WEIGHTS &) O1R aND IPITCH
EPROPELLER T)CHECK ONSLIDSTRERPM, TORQUE ANO G RO FORCES .

Mirs DUCTION: SMALLVARIATIONS SHoULD Nor (/Jﬁﬂqf FLYING
GLIDETESTrMADE / e it e
1916 ~ ScHErT 2R 1..C) GYRO MoMENTS oF PROPS

INDOOR TRACTOR ;?'M': RRMYDY/(Tx3.500.000) 0z.1. or
e opil Hokemaly | L | = LPMDIAN Vipe, FAD py x22,000,000~ D=D1A. /Irv.

.8 OFFroP.T-TirtE of I LAP 1N SEC.
. VaLues For 9% D1A,12, 000 RE M
-6 MWeeo 10 25 50 75 100 126 150 Fr
34 kw25 9.7 39 /94 13 .97 .78 65
2
o

X 50 /94 7.7 3.9 2.6 /94 156 /-3 PagE
SW /00 38 /5.5 7.76 5.2 3.88 3./ 26 46,
N 50 58 232 //.6 78 5.9 4.6 3.88 48

co 0 2:0 200 77 3/ 155 0.4 77 62 5.2 49
GLIDERTESTED BY THE For 6°0i,12.000 RP M Tare 20 %
M
collsf’écs;‘fi:"zly’gz.ﬂﬁf;mnﬂ CENTRIFUGAL FORCE :MuTIPLY VALUES By. W.
1, debriesAd [ RAD - 5 )0 25 50 75 /00 Fr
/ pTAEP w25 39 19 78 .39 .26 ./9
9 AREA 225 sy Z‘“ 50 /5.5 7.8 3. 1-55 (03 .78 PAG
MEZER P /UVSe 75 35 yz5 7 35 233 175 g,
MPZArEEERY, oy ‘99 3/ /24 62 4/ 34 54
I b/Avd 4% 45 gL /%0 /40 30 28 4 9> 70
-6 200 249 124 496 265 16 12
; AueckackE || CF=V2/(322/7)PER UMT WEIGHT-MPH=.682 F 7 Sex.
NEREZ b FUSE
| Sksco ComparINGGYROMOME oIm.
VAT T 0 NA CIRCING MO DEL WITH
JE e THE SOME PowER, SPEED AND

| CIRCLEDIAMETER . THE T.RM.
/.2.3.4.5 .6.7.8.940 oFHETwo ENGINES HOWEVER

co REDIFFERENT.
ARTAPYLT LAUNCHING THE EQUATION onPRGE4S

- SHOWS THAT THE G.M. 15 A

tz? FuNcTion OF R.P.MxD% THE

Rl ps EQuation FoRDIA.on Fagelg  EMPIRICALMETHODS

:{ Vi GIVESTHE VARIATIONWITH UsSeD INAIRPLANE

i VAR 2L LA I/ RPMY2, DESI1GHNS(1930) FEDUC-

S 2177 . SuB STITUTING DIAIN EDTHEFUSEDIPMEN -

N Y AR ] SIONINGTO ASSUMING

{ d o G,/e';/}/ RLU% mE;’y ACERTAINLOAD PER.

S = G.M=1l/rprmI*PPM)=].YrPM. :

SN —— ngmo/cnrzs ﬂl;”r rm_f ik S@.FT. ON THE STAB ANO

OF—Rgi— HIGHERTHE REM.THELOWER — FJUDDER, THELOADING
11 THE G.M. 1F onLYTHE R.PM FORMODELS SHoULD

VarmesTHE Pow ER WiLLBE  DEPEND On THE (RTEGORY
DRAGCOEFFICIENT THE SﬁME. ) OF 7HEDE$IGN. G

PENG.82,000 AR.5.

REF:BRUNo ECk-1953,
THETESTS INDI CATE_ THATTHICK
RIRFOILSECTIONS ARE /N -
EFFICIENT AT LOW SPEEDS (R.N. )
WIRE WILLHELP BYyT IT WiILL / >

Nor IMPROVETHIN CAMBERGD RN. /168,000

SECTIONS.

RN.B3l0go

MAx. Z
X.GLioine AncLe Yo

i .

4
#_
| RN.21,.000

_E

Beypriis 3
P T
Fi il U =—
#

~Ltr7 COEFFICIENT-

Fd FLRTPLATE

4 — — o = -

ORAG COEFFICIENT

O 20 40 GO 80 100 120 /40 160 /80 ) -
RE. Mo :BRUNOECH:

GLIOING ANGLEL/D
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fUSELAGE
‘fl 80 AUJAILABLE / f,” g%ﬁ";gﬂs"' - ExampLE :
3‘05 NET H. 91 bEG@EEE,P ZONG’Z STaBILITY
¢ 04 ¥ = D _ pes WEST/MA)TE :
.03 4 T QAL ING 6405.1. G, 4 A.K.
R P A TEE ?f - STaB 234 5.0 3.7 AR
% .02 F=IUSELAGE 35 PerCenT OF WING =
8] ¥ | REQUIRED| CIPOSS-SECTION Srgm DisrFromM A.C~3.2
X0/ | NerHP L‘lb;__NGT/"W Wt 3202. , RupDER3854.
Q USE. S708 EFF: 96) I-déjda = .80
X 0 10 20 30 40 50 TR7105,/94l. (CLy=,0725a, CLT=.060X

Verociry v Fr.p SEcono

For SimpLE EsTiMmATE OF
CLuMBING SPEED 7i& DIFFER-
ENCEOFTHERAWVAILABLE AND
THE REQUIRED H.P DIFF.Is.02HP TR- 589.
CLIMBING SPEED = .@Lg’rfs-i

. 550x%.02

oF WING DVE
To YAW —

; =2.6F.P SEC.
OR /56 FT- PERMIN.

-HowEquaTtionForDa. y=\|Z560 Wer_ 24,6

OFRUBBERDRIVEN PrR0PS AcCe Yez
Hps BEEN DEVELOPED.~ . WiV _C
Eouvarion For DiA. On Fagel8 8800 Ct/cp™

. HP H.P.-
Dia=300 RPM2IXY i 205xCL/co

AleConsrarrs AREOMIT-
TEO Qrio OrLY Funcrion (€]
OF FACrorRS /NVOLYED

RotrunG MoMENT

=~.33(Dg py,i+.043(0;

~Prop (aLcuLAaTion~ %”
.09 cuv.iN.MayDELVER

Esrimare Fory .G5,.85 €.G.
CHoRO DIST. WING RITER 00,
TarL ARERA -6, MopELTO BE
IRIMMED AT /5°ABS.
For .G5¢qG Disr., Tan Disr285
HigunUhnG,Low C G .Cmac==097
ACAT.30C SEEPRGE
Awve. 0O 5° /5° 20°
CMmAC =047 ~047 047 - Q47
02560 0 -]28 384 .5/2
WinGg =047+081+337 + 465
TanMomenr-.0445a +.0555€ET
TiisMon To Barance M 337
Ar15°085. 337 - 667+ 0555=0
SETT 5667-.,337)/055= 6°
5148~ o° ° 15° 20°
-065S5€67.330.33Q 330 330
-04450 - ©0-,222 667890
+330 +108 ~337 560
ADOING W+ Tae~
ANGLE

0o 5 /15 20
47408/ t337 X465
4+ 230+%/08 337 :560

=

B -
dncborTiocmee,  y LESENAZSSNNE i i ane
HP= M"ze"y‘f/ "Wé)=f_‘§z LOOPSTHEENGINE!S ESTIMATE FoR i 85%
A72 A%  RuNAT9300rR.PM., WinGa 0 5 /5_ 20
ALSo WP/ TorGuEX R.FS) DELIVERS . OB Buxi», A< ~047 <047 027 <047
Tor@uE~FNYo (PAGE 77) THE SPEED (S 35FRs. ‘Jipa=0 200 600 800
UsiNG DIAGRAM o~ rorar -047+/53 +553 +753

_rﬁakauE
Din= RErX

Pm‘;s
BE 9"DIA,3.2P/0 nno

‘4//13/22/’2
RPSxWw%

20 THE Pror WL

TaLD1sT 3.2-55-2.75
Tan~-413105! SErTInG

/2. 50% EFF. To FINO SETTING Fo R Tipim Ar/5°
R.Ps =f/ Ty ”*:fh’ " s 553 ~.04/3%)5+.05) SET = O
4 Y% %N .553 -.G2Q + O35/ 5T =0
Duasf \| BB 3 WOk
» Mran = +.0 =
3, y) W A ANGLE O _ 5 15 20
Dia=Corsy YA 270 y, 505 E s067 1067+.067 +067
W7z 60 7 ~04/3X__0 -20G 20;;55
e AR L T R
~ T i 3 o2 2
SimpLIFIED EQuaTion N3 % JorAL +0620+014 € -006
FoR FIN ARERA. ~ T, THE RESOLT MmrCocrr. ARE
£EQuarion Given OnlaGe 04 ', Too Low 70 STRBILIZETHE
CANnBE SIMPLI FIED BY EFFECToF PROP + FUSE
ASSUMING THRT For THE 0 762030 40506010 8

SAME CATEGORY OF ~VELOCITY—~

DESIGN X, AR 1 AR w 1%
To BE FreeD . THEN WE 7 CHGE Se Ve

Span xWinG ARER
FinAreaDisiiofite . Pow ER CURVE

RATI0" wiTH VariaTION INSPEED

090100 70 BE CONSIDERED ForR

FREEFLIGHTGASMODEL.,
I/rMay GLIDE INCoaLm
Arkp BUTMAY SPIH I
A FsTTHERMAL .

SHoyLo BE For 5505¢.1r.4 4oz ToTAL WEIGHT W —T—+t
cg::;:g:r; .09cu.i1n. 9300 RPM. CLARKY .20.','\ G6p%
ForEFGAS 46 ~IRFOIL SECTION. TWELIFrorTHE _ )
W EFosser20 7AIL NorCONSIDERED, v<G|a5%
1 TowGU DERZO USE COEFFIcIENTSFOR CLarKYoN o e — w
u /INDOORGLID. 14 PRGE 7 Arp ADO Parasime DRAG, " 3 pe  /p°
T——— COEFFY COpar=.05 To CO COEFFTS. *
AnGLE -2° O 2 4 6 8 16 TueSLopEcrTHESTABIL-
€. 253 395.54 .683 .828 .97 /.25 17y CoEFF/CIENTSHOULD

V — 487392334 297 27 25 22 BE/Noicrrive Fog Eacy
€/0+COp 070 .074.081.092 105 423 .210 BASIC DESIGH. 7

cL/co 3.6 535 6.657.45 7.9 7.9 695
HP =.066.035.024.0!9 0/7 .05 .0./5
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£QuATIONSs For ALTiTuDE APLANE FiYiG AT Irs Min. HR
f?exq/«r/ﬂ FEET I; H AarlVetories, gmrﬂﬁz Inor-  IF fofowzﬁ CURVE
H=32000 loc. LLavansse RECTLY PROPoRTIONALTO /3 L0 Y lg;HER LEVEL
7 10 4P REQUIRED THE SQUARER0OTS OFTHE 5 bay o o Arrack
veTH Pavan. - 3).000 -. 434  A1R DENSITIES. THEROWER DurING Tie ESTIMATE
NETHPREGQUD 3/,000T.5 OEINTERNALCOMBUSTION  p oes Nor Vary.
PEQUIRED H.P.1s Min.HP ENGINESISINDIREC T Te EQuaTion DoesNor
For HORIZONTRL FLIGHT— PROPORTION To THE AI INCLUDE THE EFFI
Oep5ITY. COMBININGTHESE et 5 LLE;IENCY
RELATIONS FOLLOW/ING ROPE -

EQuUATIOoN 1S FORMULATED
“ REF.:N.A.C.ATR 368

MM NETHR (DENSITY GROUND V) (Nor o
M. NET HO(DENSITY ALTITUDE, 2 ;,406 g 33”5 Qs
From WHICHTHE CEILING,

VELOCITIESAND PowER

REQUIRED AT ANYALTITUDE

LEVELCAMH BEQLCULATED

SrariclHrusT/BHP -3 Co- L
Fuee LINES rs"l.ﬂ. TipSPEs P n3psp
Wooo PROPELLERS .2 (TSP Cr- I
BLaoe W' oTH D/, A Ve P2 s N ntp4p
Oorrep Lines METAL — AL .,
Pitert AT .75 R ¢ = . Cr_THRusi pllin
G - _T¥4 p2 i B3 P BHP 1727
7P~ BHP j0? 2
e /23495 .67.8910171213 nip=
& /3/7-/?514 : :’Z PECIFIED /D/rcn//)m RATIO . SPrECTIP SPEED
T /o THRUSTZ fatips 90 D10 S W
Dir.SpPECIFIED. Yo -3 -5 -7 .98 //-/ ,/3/ 70"0-0
SUBSTITUTE THIS Difa— ¢r -o00/5 .Jo00 /42 /6 479 181 TRoPS

GRAM+ EQUATIONE Forp Cp 0234 .0477 077 1032 1242 .1458
THE ONES oM [2GE 75,

”, LA
Fovars r 9.6 D1A 5 PrrcH Frop TESTED
H,Go)_‘;/;i@ _OC’ZO’,’ AGE 62 ArGOTTINGEN LAB 1932,
W L3619 15 1M THE REM. /13770 /0,490 8820 7430

Fr-1L8 SYSTEM.THE HP Max. EFF 70.7% 69.4% 6/% 57%

és ;#5 ,’;’ET'L"R DeLveErRED AT V/ND .ad) 46 45
YTHE PROPELLER. /41,00

CONVERTINGTHE EQUATION H'N“"7527/ﬁ? g

/12,000 94,000 gp,000
ITI70 THE 02.-56.I1N.SYSTEM

101 H.PAY%_ CO STRESSESTIMATE HowToEsTimare e
w¥2 cL¥2 OF PLANKING ,BOXING. LOCATION oF ANOTHER

ASSUMING THAT THE H.P Wi M w. ENGINEIFTug ENGINE

DELIVERED BYANENGINE 2 onMSporlsEXCHANGED,

/SPRQPORTIONAL TOTHE X HEEPINGTHE SAME C.G-

CU.IN.O1SPLACEMENT.THE ” H>

RACTUAL AP URRIES FROAT Hels

1.2C0.47 To 2.00CU.IN. THE THICINESS /16,7-8 L8.BALSA . ?
Lo wWERVALUE SHouiD BE 2000 Lg.P.SG IN. PAGESS -
USeD. RADIOCONTROLLED  BENDING STRENGTH ’ Dis C.G.LiNE
MopFLSUSE ABoUT V4 RRM. 4y W W, A
OF THE FEVOLUTIONS oF Max, | 10M. = WIOTHATHXH/3 LB.IN. W By
Po wsz;DEuusrey. THIS Pre- APPROXMAxMom. Ar Roor NeyDisy = WEIGHTALIS]
VENTS THE MODEL FROM FLYyING OF WinG.SPAN 60/Wr 4.2 WEIGHTEW ENg,
0H§Y/ROSCOPIC FOREES. Pourios. E1GHT=ENGINE+PROP
THEBASIC EQUATION Wit MoMuax=WrxsPan/8 WD iy OUNCESHINCHES.
s2x 3 Mom=4.2460/8=3/5 18y -
COIN<CxW32/%2, C A cCor~ MASSUMINGTHAT3)30E THE Fronr8eam MelOr2!
STANT,WHICH Var1eslWirH Lo®ROIS CARRIED BY e oL x
DES)GH - e T™ME FRONT BEAMAND /3 2/0:5 W 2x.5 x] /g * 2000
ONPAGE 24 ForrCARGOTHE BY THE REARBEAM ANB 1,2 1508 (y=3.18"
CONSTRANY/SGIVEN AS.006. AR LOARD FAcrorW/iTH A A = BEAM M =I0xIO
USINGTHE /1955 cHarmpion  MARGIN oFr SRFETY 7o BEJO. E-zﬁﬁ M M=2/0x
CRRGOMODEL:A=600s.14. THE MomeENT Carriep W3 ./00//35 16 x2000)
Wr:553/40z2 .049 cu.In. BYTHE BOXING - W= 6.85, W=2.62*
THECONSTANT Wit BE.0OO3, Mors= L WxTiyxH. ws/ 82 -
THE ENERGYETORED IN om= 3 WxIHxHxLBS/sy SrminGgERS ADOED
RUBBES I5/N DiRECT Preoe- IETHE Wi10TH /s Nor KnowN To Prs EVENT CrpiNmling

THESLOPE H/W IS U
ORTION TOTHE DURATION. s Useo
USING mESPECZ’/ cATIons FRONTBEAM MW= .5 THE LOADFACTOR For
OFA RECORD INDoorMODEL REAR BEAM Hjy=.35 STEEP CLIMBING £F
Wr=.0686, Wryp-0396 M I/3 Wx.5W>TH*2000 MOOELS SHOULD BE
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WiLL BE: 7, Mompg=/3Wx.35wWrTHx2000
WRX” 2 E

= R fadals M)
Durazion=70 Wiz SEEPRGES4 on Wing TEsTs.



EFFECTIVE AR. WITH Z, 101

ENDPLATES. L —

AREA=738 CHORD xTHICK~
Ti=.046% CHORDXTHICH 3
To= O©464CHORD3XTHICH

—~ MEAN AERODYNAMIC CHORD ~
o

30—
3 Toral AREN:16x20 H20+10))/,x30=770

Ave RAGE CHORD=770/46 <1675
20cATIoN orAY.CHORD
(8x320+3/x450)/770= 2/.5
70 FIND LocATioN oF
B ‘TTHE l.E oF Au.CHORD

3 . 10 UsE Ya Pornrs . ﬂvdvmc
A A o T e R L
How SinKwiInG SPEEO WiTH T'L‘_y_ 46 ‘__—""l AREA.GIVES /2 Poirr
omeuﬁzl,/qp /SpsorM . 280 o (5 x320)+ (11x450) /77085
Psgee 8 %ﬁ/o .42’2 copgp-15 Di1570eL.£ of Bv.CHORD =(8.5- 16.75/4) = 4.33"
TOTHE CO COEFFiCIENTS
FORSINKING SPEED SEEIPGEGS THEHEIGHT of THEAVERA GECHORD INTHE ELEV-
Vs=W ’/e/oo, 2A% ¥(co co ¥25/c132) ATIoN ISTHESUMOF THE AREASTIMETHE HEIGTS
FORSMALLB~GLIDING ANGLE~ OFTHE CG-SDIVIDED BY THETOTALAREA:
Cos¥28% /.00 ASSUMING A 14° T1P DIHEDRALTHE HEIGH T
EquAatS(320x0+450x1551114°)/770 = 2.1"

wm-lz;ur 3.54A.R,wWITH DIsC
EFF AR= ITHTRAPEZ-
Ol0AL ,E?N‘aqggiruegs Z;o 20

Wyrtour 6,00A.R. WitHDisc

7.8 WirtH TRAPEZOI1 DAL
HBNDPLATES €-8 .

IN GLIDE W BaLances F.

wD

THEN L=/RC058B o~ Clfcos8 =CR 5 A5°40°
CAR=Ye,2+cp? Vs%’(ﬂ/cﬁ-’/: =
ANGLE 40° 50° 60° 65° 70° ) ' =
cL -8 72 .60 .50 .40 ~<~—.24Cc> ANGLEOFATTRLK '
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SMOHELE 5SS POWDER 2000 2/ Yo THICH
Beacrk Powo epr
C+0 10 CO2 3832
2H+03 To H20 = /83, 000
2H Aromic HYDROGEN

O3 7TRIATOMIC O XY
5 1T OXYGEN ~Ozons
S7ABILLZER TOBEINVENTED

|
|
i

“F27 FRIENOSHIP”
A.rP=/2

EF AIRFPICTORIAL
DEC.1955.

= TR. 730
"'FLYING Boars ~ foLe INgMomEH r
STtanoARD EQuATIon DUETo
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Boundary Layer 11,12,104
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Ornithopters 70,72,103
Parachutes 6, 61, 62
Performance 62
Profile Drag 14, 24, 101 94, 95,99
Props 6,15-20, 22, 32, 34, 38, 42, 48, 51,
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Sinking Speed 58, 62, 65, 97, 101
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Stabilizers 37, 43, 64, 66

Stress Calculations 93,100
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Testing 82,83
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Torque 16, 35, 36, 79, 80

Towline Gliders 9, 62, 63, 64, 66
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GRS CONTENTE ofAIR

of AIR.0765/ LBJCU.FT.
“ HYDROGEN - 00502/
7 HELIUM .0/a56
" SATURATED AIR-073 #
PRESSURESTID2942" MeR
/4.7 LBS. P. SQ./N-
THOUSANDS or FEET
HEIGHT © 2 4 &6 8 10
DENSITY |-.94.89.84.78 131
Pressure |.93.86.80 74 €8
1/DENY2 fo 110 119/.3 [45/.56
FRESERVE HP 931622
Bt ik,
1908 T.R.638
Humiorry:

RELATIVE : PERCENTAGE
o~ SATURATION
ABSOLUTE:
WEIGHT oF WaATER PER
uUnt1T Vor.oF A/R.
SPECIFIC:MASS oF Ware:
Varor InUniT Mass of fve

MILES HEIGHT

AroIo
SPEED RapioWaAveES
186,000 MiLES P.SEC.
300,000 MeT/sEC.
MEGA-~/,000,000
Micro—~//1,000,000
HiLo~1000, DECI /1o
MiLrys /1000

av. - SPeeo
WAVELey Grr= —EES
FOR 27.255 MEGACYCLE
186,330x5280/2 27, 255 000

=36F7=042 QF 7

Newrow'slaws= F-Ma
FO?CE:F/ M:W,g =MAass
9-32.2,@=acceterarion
Woru =FORCEXDISTANCE
Power=Work INA GIver

IME
BHP=550FT.LB/SEC
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RAUL J. HOFFMAN THROPHY

Raul J. Hoffman was technical ad=-
viser to the Chicago Aeronuts until
his death in 1956, The Club has
perpetuatedhis name by sponsoring
a throphy bearing hisname, This
throphy is annually awarded to the
modeler, regardless of age,whose
model accumulates the highest
three flight total in Class "A'' Free
Flight Gas Event at the Nationals,
A plaque is also given to the win-
ner to keep.








