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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 inveatigations 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

sirnce 1912,

The mathematical aspect of model engineesring ie not very
promising because of the great variations in basic designs.
In spite of the lack of systematic tests with models an
attempt his been made to use aerodynamies for large iir-
planes and low-velocity wind-tunnel reports in predicting
the performances and the stability of models, many of them
contradietory.

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 vrohlem of weight distribution,
to the relative position of the zero-1lift lines of airfoils
and the distance of the thrustline to the center of gravity.

Thinks to all model builders who supplied flying characteris-
tics of their models, that were incentive of many theoretic-
a4l investigations appearing in this booklet.

If following, poorly arranged pages contribute only in a small

shiare 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, shipe, 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 Arag coefficient. The drag
co=fficient of a flat plate vartical to the air stream is 1.28.
Other coefficients are given on page & . The area is usuilly
taken 2t the maximum eross sectionas 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 queation and air is transfsrad to the upper surface which may
flow past the lower surface. This transfer is the upwish. The
upwash can be analyzed as a combination of a streight flow and
8 circular flow about the airfoil. This circulation is acecepted
as the causs 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 aa it leaves the
plate or the airfoil. The air leaving at an angle is the down-
:ash. Th: turbulent wake behind the airfoil is the Karmn vor-
ex street.

The drag of a flat body can be reduc2d4 by streimlining, shap-

%ng it to a cross asectional outline similar to the one of a fish
trout). Sueh symmetrieal 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 thick-
ness depend on the required performances.

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

are resolved into two components, one parallel to the air
stream,the drag and one vertical to the flow the 1lift. Fer use
they are r2duced to CD, the drag coefficient and to CL, the 1lift
coefficient.The angles are measured from any line selecte d by
the laboratory. In addition to the coeffici=nts points are giv-
en on the bass line where the resultants intersect, which are
the centers: of pressure, c.p. 'With the angle of attack, the c.p.
and the coefficiants the resultants can be plotted. The resul-
tant can be resolvad into componsnts again at any other point

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

or drag even for the r=ason of simplifying investigation of
problema, except if the reference point is at a great distance.

The increase of the CL coefficiant 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 1ift coefficients, which howzver depends on the ratioof ths
span and the average chord, the ispect 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 ia also the same for symmetric-
al sections;and call them non-lifting because their zero-lift
linea 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=. The
angle to the zero=-1ift line is the abaolute angle of attack,
which is always used in stability calculations.

Increasing the angle of attack increases the 1lift until it resche

es a4 maximum and its coefficient is the CLmax. The CLmax varies

with the velocity of the air and with the velcocity the angle is
inersased or dacr=ased, as shown in a diagram. The spead obtaine

24 by the CLmax is the stalling or landing speed, which is only

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

and for the minimum power reguired for horizontal spe=d. This

i3 the reason to us2 the CLmax in comparing sections for perfor-

mances and especially for durationa. Maximum lift coefficlents

for rectangular and oval wings with warious 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 eatimating CLmax coefficients.

Stalling do02s not start at the same angle along the spin of a
wing. The point,a still starts depends on the plan view of the
wing,if all ribs are of the same design ani have tha same angle.
A few layouts give the places where 1 stall begins as the angle
of attack is increased. An elliptical wing is the only design
that stills evenly. It is howaver desired that the stall should
atart at the centaer of_ the spin 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
wishout of the tip section, which however reduces 1lift, but in-
creases lateral and horlzontal stability.

The radius of tha laading adge (nose) his 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 modz21s and stunt propellers should have a large
nose radius. Speed wings and speed propellers have always point-
ted leading edges. Some manuficturer 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
seetion. Cambering, using flaps, sucking, blowing, extending the
area for gliding or placing rotors in the leading =sdge. Attach-
ing such devices to models may increase th= 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. TDeduct the friction coefficiznt 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 ccefficient 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 is
used in equitions 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

2t 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 tur-
bulent flow would be the solution. Sandpaper located on various
places on 3 thick section gave negative results. Turbulators are
suggeste? to be carried close te the leading edge. Serrating the
leading eige or the trailing edge reduced the drag of wings and
propellera. Coincidently the spicing of the serrations are the
same 4s the pinz holding the turbulator. WNo fool proof theory

has been advanced but it seems that a slight helical moticn of

the air flow delays separation.

Prof.%chmitz suggested for low R.N. up to 20,000 to use sections
from 5.4 to 6 per cent thick with a cambsr 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 transformaticn of a circle into an airfoil.

The mechanism of the transformation is shown by & graphical cone
struction and by an instrument using the same principle. This
transfermaticn does not consider the drig of the airfoil. Others
are the Mises and the Trefftz constructicns, 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 2nd gener4lly used section is the Clark Y with its
flat lower surfice, which was used to dz2velop one of the N.A.C.A
basie =section. Th=2 thinning is usually done by reducing only

the h=ight 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 varjious locations is given by a diagram, which shows that the
low wing is the worat 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 smill, smooth and without ridge-

es.
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AIEFOIL SELECTION. The selection of an airfoil section for

models is very involved by the various characteristice demanded

by each category of modele. The sections should be ae thin as
possitle for the required performances with the necessary bend-
ing 4nd 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 requirss a section that has a mini-
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 thick-
ness at the fuselage and not less than 1/8 in. at tha tip.

The control line stunt rejuires a symmetrical section with a large
nose radius and sxtanded flaps to incrz2ase 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-1line gzlidsrs requirs a section that has the lowest sink=-
ing speed. Plotting sectisns 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.

Indnor glilers require a section that hdas 4 low minimum drag when
launched and 2 hizh camber when gliding downwird. 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 vectores by the CDmin. The low parasite drag
of balsa gliders will result in a mean line camber of 2 to 2.5
rer cent.

The section for free-flight models depends on the reserve power
over the required minimum power. Models flyini on minimum power
have the =ame selection as the tow-line gliders’ Lately many rub-
ber driven models are designed te fly at minimuwn power. The szct-
ion thus selected is tops Ffor low sinking spe=zi.

Gas jobs with their super power and short power run will follow
the same s2lection as the hand launched gliders. The sections
will be thicker 4nd the canbar larger because the parasite drag
is also greater. The problem to be solved becom2s more complicat-
2d if no limitation is aet for the wing area. The a23uation

should also include the weight variation with the change of area
and aspect ratio.
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AERODYNAMIC CRNTRR- One point on the airfoil that simplifies stabe
ility calculations is the aerodynamic center. This is the point
about which the moments of the air force resultants up to the stal-
ling angles arz the same, ind the coefficient Cmac. The Cmac is
Zero for symmetrical sections and usually negative for cambered sec-
tisns. The distance from the leading edge is 24 to 26 per cent of
the chord. To find the momant of any resultant about a point usu-
ally about the c.g., aid to tie moment about the a.c. the moment

of the parallel force pis3iag through the 3.c. The resultants of
the airforces or their coefficients are plotted through the 1.e.
and the moments ars obtiined by the shortest distances from the
reference point. Moment estimatea are simplifisd for designs with
the c.g. locations on the chord line by omission of the CD coeffi-
cienta. This simplified method is used in soms 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.e. ean be found.

SCALE EFFECT. The drag coefficiant is influenced by the spesd, the
length and the air coni%ti ns. The fictor d=noting this relation
is the Reynolds number (R¥/, which for atandard air is equal to
6300 times length of the body, times *he apeed in ft.p.sec. The
Raynolds number is applicable only to geometrical similar bodies

or airfoils. Tha R.N. for model units i3z equal 780 times the

chori in inches, times the velocity in m.p.h. In casas tne velocity
is given in ft.p.sec. the constint is 532. The scale affect de-
penis on the air moving ovaer the boiies, which miy be laminar or
turbulent. The air flow will stay laminar over models dus to the
low R,N,. A few diagrams give the change of coeffici=nts with
variation of R,N,

BOUNDARY LAYFR. Air moving over a body will stick to the surface
to 2 certain thickness and the rest of the air will move unre-
atrained. This stationary air is the boundary layzr. The thirk-
neza of the layer depends on the Raynolds number and on the con-
dition of the boundary layer, if laminar or turbulent. The flow

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

ke2p tha flow laminir over 4an airfoil at low anglss the surfaces
must te smooth and free from waves, Indoor gliders should be check-
ed with french curves for irregularities on the wing surfaces.

To praevant tranaition or separation of the boundary layer many
devicea were tried. Slots give only limited effect and its exact
locition on model wings cannot be determined. They usually create
high drag even at low angles. GSucking 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 losa of power may be greater than the
gxin in drag.



RERODYNAMIC CENTER 12

Cp=A-C-Cmo /CL -~
b 'y =
x [ IS | I b o1 A
{ Ac [ onsr, ST
AC e

CP LocaT/o.

R AL e FeF
‘. ~ —— o2 5 4 5 g . 1=FXDistMc=-FDis2
et cG-M=Mpt+ F(Disy + Disr2)
N D2 GIPAPHIC Ac. CortsTRUCTION =F Drst,
. [# = M6 +.002
24 m A.C. locaTion MovesTowAaros Cmac. -
THE T.E WiTH INCREASE o RN. CLARKY —07, 2409=-045
-26c. g2 A.C. o SYMMETRICAL  24/2 — 043,4409, 44/2-088
SECTIONS ARE LOCRTED 4409~ 4442=-.133,67/2=-021
ory THE UPPER SURFACE ALL SYMMETRICAL =0,
SCALE EFFECT o020 1. _ N L3, £
REYNOLDS NUMBER) — o, T BEERN 0015, ‘: 4
RN=6380V=L~V-FPS [-Fr <% - 75
RN-526 VxCH-V-FPSs ca-y. § 02 <_] s e !I“‘
For AIRFOILS: 9 s == [
U A ramineg - I~ .9
€O pruc=2.66/VFH. 004 | =] %, 0002
AN (MDOOR RuBBER 8000 50000100, a;?o Zﬁm 16000 /00000 }000000
e ’ UYa Repuces witn
SPEED Priiir fvﬁ&x T TURBULENCY.
Procecier L300 600 . Crmax HOWEVERINCREAS-
RN =35 Rimts CUoRom REM. 4| /596 =X 2 gﬁﬁ?ﬁ ;i:f ?;ij fzﬂi':
2% 3| #45%kER0 11 OMCLmAX.UPTO RH.150,000
x /: ‘rogg% o~ rErine W -/
3 =N rA I 02
T LA 20% 34 5 NI\ 25%
PP REvroLpsnumBER  INSNI~—T1120%%
1.0 =—FL34 Ce =.00242 THIN SECT. QIR = ’5%
Cr=.00328 Tricsr RN2840" §) —t——T1"70,12%
[ %)
5T 5 <106 | O 51 Z 5o
.IY. N
§ SURFACE FRICTION. rf/\ @CP ﬁ:i »:i: ?53920 ;i;tm:;
'§ Crer 074/ Vo o 75,000 125
v T 3 ;,\" \-/ 25000 /.08
£ JoER. | RN=L.vl p-00238
g S et M = 373210°9
P 472 FoR
\g‘ Cp=1-327/mHYz AIR Cr '(__é;;;? ) 258 TURBULENT
. Fow
Y 250,000 500,000
BOUNDARY LAYER ‘ ’

THICHNESS OF LAYER: THICKHESSoF LaYeRrp:

THICHNESS
> " LArIINAR ’ TuRBULENT
A 5 ,5:5,59!9_” 5:.37;/3_”‘2 7M. 1167
= X-DISTANCE inFT i

=

Bouroary-LayerConrroL ———— Rt i ot i
70 .;azvsnr.sepnﬁnnon =====_ E =
BY Jucrior oR BLow/HG BLOWING verrorn By GAs
: ENGINEINTAIE(?).
USUALLY AT 60% GF CHORD _Sr.grs E oy /2
Bouroary Laver Contrror SPACED ABOUT-6OCH,
\ SucTioN SMALL ANGLES :LAMINARY

HiGHANGLES :HiIGHLIFT,
@ﬁ&& &MTFLow.

“BLowrng e,
Sucking W CUSTER ~ , CLI~2)
; cHannEL Wing <27 A

Y

> Ct=2.87 cu3
— CHANGEoF StaGgrarion SUPER-CIRCULATION
FLigur-i/-r2-1954. Poimr w/ir# CL.



13

CENTER OF PRESSURE. Tha point on the base line through which

ths 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 cambersd sections moves toward the lsading edge with increase
of the angle of attack. Selecting the reference line below the
chord lin2 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 1lift coefficient. This addiition-
al flexing of the airfoil 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 fuselag=2s 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 1lift. Theoretically the

air affected is within the circle drawn through the wing tips.
The drag of an airfoil cian be divided into the profile drag and
the drag required to deflect the air downward. The profile drag
i= assumed to be conatant. The force to deflect the air is the
induced drag, its coefficient CDi, which is equual to the square
of the 1ift coefficient divided by 3.14 times the AR of the wing.
This indicates that by deducting the induced drag coeffici=nt the
profile drag coefficient 1s obtained, which is shown by its ap-
plication to the CLARK Y section. Most tests on airfoils are
made with an agpect 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-
mited 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 miy be obtzined by a 50 per
cent taper. FEndplates increase the effective aspect ratio as
given by an equition or determined by the graphical method shown.
The proximity of the ground increases the sffective 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 inecrease 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 propel-
ler. With its gyroscopic forces, high torque, side thruet, slip-
stream and high static thrust makes design and adjustment a com-
plicated 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 disec area. Higher efficiency
is obtained by imparting a low acceleration to a great miss of
air. The power required to rotate the blades is supplied by gas
engines or by twisted strands of rubber bands.

This accelaration 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 2 correct answer. Tha blade element
theory, which uses the 1ift and drag of an airfeil agrees fairly
well with tested propellers, if correction factors are used.

Th+: angle of the lower flat surface of the blade is used to esti-
mate the nominal or geometric pitch. Thias distance is equal to
the distance a blade will travel in one revolution sliding on

its flat surface. The diameter and the nominal pitch are usually
mirked on propellers. Mutiplying the distance from the axis teo
the blads section by 6.28 and marking it on a horizontal line
with a vertical on one end and the blad2 angl2 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 piteh angle and is denoted as tne advance angle. The ad-
vance ingle and the piftch angle have a certdin 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 efficienci=2s andi p/D ratios
raferred to the advance factor. In edse the pitch varies along
the bladz, the nominal pitch is taken at the 3/4 diatance from
the 1xis. Another faictor that simplifies sels2cting propellers i=
the zpesd-power coaflficiant, the Ca, which takes the speed, the
power and the r.p.m. of the drive shaft for designing the prop-
ellar. For rubber 4riven propellers most of the equations for
gas props are not diractly applicable, bscause even with a given
rubber the torque changes with the number of strands used. Any
anisntific approach is problematie.

Tisgrams show forces on 4 blade, its =fficiency and the mixim-
um efficiency expected with the advance factor. One diagram
gives the thrust and torque along the blade; another the rela-
tive axial and rotational flow, and two sketches show the diresc-
tion of the air on the upper and on the lowsr aurface. The spin-
ner ailed to the propeller should not be greater than 25 per cent
of th= 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 ani five diagrams give the diameter for rubber props
ani the dizmeter ani the p/D ratio for gas propellers. Improving
the efficiency of propsllera were tried. End-plites to decrease
tip losses and angles fastened to the flat surfice to prevent rad-
ial flow 4i1 not improve effiscisnecy. Ducted propellars give great=-
ar thrust at low speeds, but their maximum efficisncies fell off
because the drag of the cowling wis greiter than the gain in thrust.
R2moving the boundary liy2r by the centrifugil improved the static
thrust slightly. Serrating tihe leading edge 2nd the trailing edge
gives hopes for higher efficiency. The gqusstion is alwiys- wis

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

An equation and a chart ara given for estimating tne approximata
static thrust of 2 propeller. For high p/D ratiss the thrust will
be lower than for lower p/D ratios, because the blide is above

the atnlling anglz. A diagram is given for zero thrust which will
help to layout the thrust curve.

The thrust of 4 prop2ller chinges its 4dirsction in a skid (yaw)
opposite to that of the skid, because the adivancing blaide has a
largar angla of attack than the retreating bladz. Its effact is
agaumed to be that of 1 plate with a span equil to the diamster
and an aspesct ratio of 8. Thia indicites that a tractor propela-
ler requires an additicnal stab and fin areas to equalize the ef-
feet and that a pusher prop will aid stability or sven fly a modal
without a tail if pliced at a sufficient distinca.

One condition is regrettarle, thit propellars are not manufactura4
with greater change in diameters. Th=2 change of 4 propallar from
8 to 9 inches in diameter increauses the power by 60 per cent, and
inereasing the pitch from 6 to 8 inches increas=ss the powsr by
only 30 per cent. Blade width has an influence on the thrust and
r.p.m. 2t the start, but if correctly d=signed the efficiency at
maximum spe=d is nearly the same., A diagram shows the difference
in performances of a narrow ind a widas blade propeller. Ths ad-
vint ge of a1 wide blade prop is that its selection is no* very
critical. The diamester and the pitch of 4 very narrow blade must
he correct to give top performinca.

A ona=blader mugt have a counter-weight for biluncing the centri-
fugzl forece ani the ons-aided thrust.to prevent vibrations and
friction losses. In ciss contra or tandem propellers ara usad, the
diameter and the pitch is estimated for half thz horse pover or
the 4iametsr i3 estimited for the totnl power ind the2n mutiplied
by .84.

Th= outline of gas propzller blud=zs 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 ilso be effected by
designing the blidie so it will flo2x to a higher pitch with the
high initial torque. The 2irfoil section for gis props is 4
Clark ¥ with 4 largesr nose ridiis and the section for 4 rubber
prop his a camber on the under surfica.
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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 eentrifugal force andi the bending moment of the thrust.
The distince of the pin must be at least four times its diameter,
because the shear strength is only 1/10 of the compression strength
of tha wood used. If the distance is lower metal capping must be
provided. Many designs for rubber driven folding props iares satise
factory. The problem is alwiys the slope of the hinge axis. To
fold 2 blade to the samz level, the axis must be in a 45 degree
plane half-way to ths fuselage. Ths slope depends on the angle

the blade should rotate. Ths slops of the hinge axis is given by

a4 diagram and an equation. It may be approximited by taking 70
per cent of the blade angle. The direction of the hinge axis is
with the piteh of the propeller. The rubber is kept under tension
to preventbunching which may upset stability of the model and af-
tar the remaining turns cannot keep the model flying on an even
layael the shaft lug hits the stép 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 torgqus. One was a
prop with two pitch settings actuited by the air pres=ure. One
used the centrifugal force to increase the diameter and thes pitch
by the action of a cam and the tension of a spring. Th=2 simpl-
est and miy be the best one is to dasign the blade with its flex-
ural center behind the 30 per cent diagonal axia of the prope
eller. This will flax the propeller to a4 higher pitch at ths
start. Ths flexural center for microfilm propesller blades is con-
trclled by the size of the leading and trailing esdge.

Gas prcpellers with aijust-ble pitch did not become popular be-
cauar of the initizl coest, the lack of extri blides and the time
required to =zet both bladzs to the desirel piten.

Two diagrams give the efficienciss of prop=llers with virious »/D
ratinsa. They indicate that the best propeller for a design will
not operite at the highest efficiency of th= pm peller, except at
very high p/D ratios. Another paradox that most "observing" mod=-
elers have found to be the fact that the wmaximun thrust of a prop-
gller in flight is not obtained 4t the muximum power delivered at
3 high r.p.m.. The highest effieiency is reached at about 1500 to
2000 r.p.m. below the revolutions for maximum power. For proof
gza page 60.

The material used in manufacturing pro pellers limits the efficien-
cy. Aluminum and Aur2l with thin sections give the highest. Next
is the compressed wood andi then regular propellers. Metal in-
creases th2 =2fficiency by 10 to 12 per cent; metil leading edges
by 5 to 7 per cent. Thick blade shanks (airplane props) redu-

ce the efficiency by 15 per cent. The gain however is from 3 to
10 per cent if a spinner covers the poor sactioms. If the prcpe-
allar is located too closa to the wing or tc a relative large
fusalage the effirizncy may fall as much as 20 per cznt. The
extendzd crankcase has added to the efficiency of propellers.
Tests also showed that the high r.p.m. of teday®"s eqgzines in-
creasad the efficiency by reduciag the profile drag. The sharp
l2ading edge of the blades,that give miximum efficlency is nct

in faver by modzlers, because thay may damage their fingears.
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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 dstails. Propellers
are microfilm covered, which are 50 per cent lighter than the
flimsiest balsa prop. Washers and bearings are amde small for
minimwn weights. The strength of indoor models 13 very low, they
can hardly carry twice their own weight. The maximum camber for
wing s=ction is at 40%, windtunnel tests howevar show that a 50%
1is tance will improve psrforminc=s, The wing should be a high
wing about 407 chord distance above the thrustline.to reduce tha
required stab area.

Falsa props are made from extra light balsa, cut and arranged so
that the rings are vertical to both of the blade sactions. The

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

Mierofilm is made by 3iding 2 few drops of castoroil to nitrite
dope and a few drops poured on water of a temperature of 65 deg.
The success of 4 contest for indoocr models depends on an auditor-
ium with a 80 te 100 feet ceiling without drop lights and a mini-
mum of super structure. Low ceilings will reduce the duration
by damiging the mierofilm prop.

A general layocut 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 arei is usually limited and an aspect ratio
of 10 to 12 may be used if the modesler can expertly cover a

narrow wing with a cambersd under surfice. Endplates on the tips
add only drag and r=sduce the duration. They will however in-
erease stability. Airfolils for a slow climb should have high
cambers and for a fast climb low cambers.

Fuselages may be square, octagon or round. Ths 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 endplatss if the aspect ratio is low ani the
plates are large enough to replace th= necessiry fin arsa. The
section is usually a thinned down Clark Y. The tail setting or
the difference of the za2ro-1ift lines depends on the weather con-
ditions; for calm weather smaller setting and the c.g. towirds the
trailing edge and for turbulent weather a greater setting with

tha c.g. far forward. Any satting will be critical for the ini-
tial burst, because the rubber torque is often 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 3 normal
attitude should have no part other than the take-off gear touch
the ground. This requires a thre=-point landing gear.
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FRER FLIGHT. Models with commercially produczd gas engine were
flown since 1912, The gis engine advanced from the throublesome
interim of spark plug ignition to a simpler glow plug and com-
pression ignition. The total weight of a4 model reduced from 8 .
pounds to less than 5 ouncas. A gensral design of a gas model 13
shown with the wing restirg on a low pylon, the engine closa to
the c.g. and the tail from 25 to 50 per cent of the wing area.
Tha aspect ratio is often a3 high as 11. If the wing arei is
restrioted the airfoil is a Ciark Y and if the area ic unlimited
the airfoil can be a4 thinned down Clark Y. The tail is usually
on top of the fuselage and the airfoil 1 € to 7 per cent flat
boettom section.

The modeler ha=s always bean puzzledi by the batter performinces

of 2 P gas over a 1/2A gas job, even if averything was in propor-
tion to thes 4isplacement. A numerical estimate is given for both
modals. The Auration of the B job will be 357 higher thin the
one for ths 1/2A job. Thz 1/2A jab has relatively largar prop,
larger fu=alage, however 4 lowsr slipstream. The worst offen-
Aer is the stopped propeller on an 1/24 job. Impravement may

be mide on streamlining th=2 engine, and folding tha2 propeller
when gliding.

TAIL FIRST (Canard)- Years ago the most popular models for con-
tests were the tail-first twin-propeller push2rs. They wersa
flown for distance and their adjustment ware easy because the
torgue and the gyroscopic precession were balinced by the coun-
ter rotating propellers. 1In addition pusher propz2llers 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 contestsz werz run for
time instead for distance.

Wind tunnel tests on cianards were mide by the Fiffel Laboratory
and are shown on pige 43. Tha spacing of the vectors and their

megnitude give an aspect of their resstoring power on the lcngi=-
tudinal stability.

The sanairds have 1 higher sinking speed than the wing-Tirst models
4nd conseauently the canards shouldi give a lower duration thin

na gt .odels if the slipstream effact is not takan int
gbﬁq?;i:igign% Sho tailefirst models should have at least a &

i . Propeller driven tail-
Jesree Aifferance of the zero-lift };1ea i )
fi%st models can bz made stable by increasing the tail sett1ni
eni the fin arsa. A rough graphic construction for locating the
¢.5. i3 illustrated.
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RADIO CONTROL, R/C. Radio controllzd modals should go inte a turn
without jerky mnvements when flying, gliding or diving and return
to a straight flight after rudier is neutralized. It should have
2 3 to 4 ft.per sec. climb in a straight flight, a slight Adescend
in a eireling flight und with full rudder it should dive. The
gliding speed should be sufficisnt to overcome a2 slight breeze in
ordsr to be able to raturn to the bass.

The average de=sign follows a certain relation of the total weight,
areda ani engine 4isplacement, which is given by an eguation ind
two nomograms. The total flying weipght is estimated by taking
twice the combin=d weights of the radio and power equipments.

The rasulting structur4l weight may give too rigid wings that may
=npap ei18ily in a glid=-landing. The2 Wing section is usually a
Clark Y and for the stabilizer a symmetricil 0009 to 0010 section.
Tha c.g. location at the 35 tn 40 per cznt chord distance slightly
above or on tha 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 t+il and the wing
should have 1 low aspect ratio. The thrustline is offset to

the right by 2 degre=s to nsutralize the torque =ffsct of the en-
gine. In 2 bank the resultant airfore= should piss close ibove
the c.g., which d=2mands a very desp fuselage with its masses evenly
distributed about a 1line at an upward slope pissing through the

Cege

This sloping line will ba ths reotating axis about which the medel
will rotate at the instant the ruddar is operaited. Firest it will
have a slight skid, the dihedral will take =ffect banking the model
with its thrustline pointing outward before it begins to turn.
This outward position of the thrustline prevents the model from
taking an initial dive which it will 4o in case the rcotition is
about the thrustline. The centroid of the vertical control sur-
face shouli be below the c.g. with 4 dersal fin to have =tability
at large angles of attack. Ths ruddier should bs of sufficient
width to overcome the shift of the resultant, the outwird yawing
force of the thrust and especially the precession forces of the
high spe=d prop=ller.

Manufacturers should give the exact position of the c.g., the
total weight, the engine and prupeller used for the final test.
Medels built from kits by old-timers dived right to the ground.
Other models built from kits kept on flying straight ahead with
full rudier. An addition of 2 inch to the rudder made it one
of the best rudder-only kit.
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SNOWBANK THEORY. Very interesting observations may be mide by
watching nature reduce dragz 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 hooi and 3 slight over=-
hang at the top. In the =2mpty space snow flakes will swirl. This
work of nature can be dangerows to airplanes entering a region
where a anow atorm wiy be active and climatic corditicns suitablsz.
In a short tims ice particles will settle on the nose of the wing
in a way to reduce the camber of the wing, which will 2liminate
lift. The cross section will depend on the size of the nose and
if the radius is large it will be on two pointas in the shape of
shells with two counter rotatingz whirls on the inside. Another
kind of streamlining may be seen on poles on a flat surfaice with
space laft 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 the reduction or the creat-
ion of turbulency.

One racing pilot used nature's indication for fiiring a LAIRD
biplane in 1928 by flying in a downpour and watzhing the col-
lection of water at the placea to be streamlined. Other places
were pointed out by darkensd spots on the covering caused by
awirling dust particles.

The profile of airfoil sections can be divided into the form drag
an1 ths friction drag. The reduction of the foram irag may be ac-
complished by making the flow turbulsnt far enocugzh forwarld of the
tody. It may be possible by roughening of the surfics of the bo-
dy. This increase may be greater than the decrsas2 in the form

drag if tha2 form 4rag is only a small paortion of the total drag.

This condition takes effect for apheras ut high R.NW. 33 shown in

two diagrams. It is doubtful that this will occur with model
wings of low thickness ratios.

Teats with fluii passing through pipes indicated that if the R.N.
is below a4 minimum.turbulence will not start by itself and any
turbulasnce startesd on the outside will convert to laminar flow
tgain, The question of minimum drag.for laminar or turbulent flow
must be dnswered by systematic tests. Mathematical formulation

of turbulent flow is unpromising except by averiging tests of sim-

ilar d2signs.
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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 Aiving moments. One is to lower the c.g.,
which may work in calm weather, but the incre=ase 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 fina of
high aspeet ratio abov2 the c.g. This ddsign will work only for
symmetrical s2ction or low cambersd airfoils, becauss the drag
moment of the fin or fina is not very great. This may work for
Jj=2ts and especially with pushz2r propellers Pusher props ire
ataible when operiting 4and may add to stability in a glide if
corractly folded and located at a certain distince.

The best arring2ment is 2 sweapback of the wings and a gradual
washout towarl the tip by about 10 d=2gr=es. This 4design cannot
be classed as 2 true flying wing becau~2 part of thes 7inz is used
as a stabilizer. Even the CLmax is reduced. A partial nega=-
tive dihedral may be the answer.

A rubbar driven model mada from 2 100 h.p. low aspect ratio fly=-
ing wing with zaro dihedral need=2d a largs dinedral ani an in-
creased fin with a large dorsal fin to mike it stable. The stab-
ility was vary gonod the luration howevar was low.

There are no information available on successful gas engine dri-
ven.straight flying #ings without washout.
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CONTROL-LINE MODELS~ Th= pesrformances of wvarious line controlled
models are judged for speed, high and low spseds, acrobatics, speed
with a2 1imited fuel supply, combat 2ni som2 naw ones in the ex-
parimental stages.

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

are used. The preparation of such engines involves a great
d=3l of machine work and ruining a few engines. To increass thse
speed,modela are flown now on a single line. Th2 design for 8pe=d
is for 2 minimum frontal ar=za, minimum inlet and outlet ar=as for
the cooling air and a direct intake of cool air to ths 2sngine.

The direction of the exhaust gasas and ths cooling air should be
inline with th= path of flight in order to aid the speed of the
modal. The wing area should be sufficiant to give a fair landi
speei, about 50 m.p.h. The tip of the wing should be not over 8
in. and 3/4 taper with & 157 thickn2ss ratio at the ceatar. The
fuselage shouli be beut to follow the circla. The setting of the
zaro-lﬁft lines should be about 4 degrees. The camber 10 times

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

midi= within the wings the spesd will incr=ase by about 5 m.p.h.

The total weight will b2 about thres timea the weight of the en-
gine, the c.g. at 20% of the chord. Use maple wood and metal skids.
The 4rag of two lin=s is 70 per cent of the total drag; 107 for

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

of the model.

Th2 team racsrs must have a minimum area of 125 sq.in.,a fuel

tank of on2 fluid ounce, 1.80 cu.in., miximum capacity and a

3.75 by 2 in.minimum fuselage cross szction. 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

gg t2§ lines must be installed. Engine displacement is from .15
- CU.1n.

Thz category of atunt models have the greatest number of followers
becaus2 anyona who can hold & handle and follow the model im a
circle will be able to enter a contest. The wing section is a 1%
to 12 per cent symmetrical airfoil. Lateral balance is corrected
by waights for the wa2ight of thes control linea. The c.g. location
is at the 20 to 22 per cent of th2 chord. The flaps arz usually
externil, tapered if for the full length of the span. To insure
lateral astability flaps ars only used for half of tha span at the
center section, because ths flapped wing will stall 2 to 3 degrees
ahead of the tips. The tall i3 at a very short distance and with
a zero setting of the zero 1lift lines.

Combats ar= arranged to cut off paper strips attachad to the model.
The wing are2 is about 80 per cant of the rsgular stunt modsls or
just plain flying wings.  goms use plywoed rudder and €adplatea
sharpered to cut the streamer, if missed by the propeller. Also the
centar line of the apan is moved about 10 per cent toward the in-
aide of the circle.

The CARRIFR DECK EVENT MODELS. This contest gives the contest-
and three points for each mile difference bztwesn the high speed
ani the low speed flying 7 laps for each speed. In addition 100
points for a scale copy and 100 points far a hooked landing on &
simulated carrier deck. Th=z total 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.
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SLIPSTREAM- Tha accalarated air behind tha propellsr is the
slipstream, which incr2nsss the drag of parts in its waks. Ths
slipstream is not evanly distributed over the propellar disc area
and is not passing dirsctly to the rear. The inclined propel-

lar blades give the slipstream 2 slightly helical motion. The
fin du=s te this spiral movament is often off set to prevaant the
mod21l from turning to the 12ft. 1Ia flight the angle, 6 at a dis tance
equals to the diameter of the propeller, is about 1:20. The bene-
ficial effect of the slipstream is us=2d4 for adjusting thz longi-
tulinal stability by increasing the upforce or th= downforce of
th2 atgbilizer. The upforce is usually used to =liminatz the
loeoping tendeancies of pylon gas models and & balance is obtained
when the thrust times the distance to the c.g. is =2gual to the
ad1itional 1ift times the distance to the tail.

The wvelocity of the slipstr2am can be estimated for static or
flying propellers with the given 2quaticns and nomograms. The
slipstream of the flying propzller cannot be higher than the on=
found for the static propaller. The thrust for eatimating the
slipstream is obtained by A nomogram given in the propesller s=sct-
ion. Usually only a portion of the =tab is affected by the slip-
stream and the eatimata of the =2fFf2ect bscom2s more complicatadi when
the dirsction of the slipstream changas in a circling flight.

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

To eliminate the increazse 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 inerease the 1ift of the wing il the propel-

ler is placed ahead of the leading edge and will decresse the lift if
placed slightly below the wing. Placing the propsller 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 con8aquantly the tips may stall ahead of the cen-
t=r of the wing, reducing the lateral stability.

In a 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 ahead of the c.g.

WIND TUMNELS. Sx2ll wind tunnels are very useful for cumparing
component parts und for eliminating poor design dstails. They
are excellent for ~ducaticnal purposes, Open throat tuansle are
tetter than venturi tycpe onee. A 1/4 h.p. motor driving a 14
inckh fan will gzive an airepeed over 30 ft.p.see., which is suf-
ficient for designing light airplanes. All small turnels are
turbulent.
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LOCATION OF THE CEWTER OF GRAVITY. The attraction of the earth
is indicated hy the gravitational forces acting on the masses of
the model. If any mass is allowed to drop without the drag of
the air it will accelerate by about 32.2 f.p.szc. The resultant
of all gravitational forces will paas thnrough the c.g. Balance
ing the model horizontally the line through the c.g. is eazily
located. For easy adjustment the c.g. location should b2 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 thne baseline of the average chord of the wing.
Thia point ahouli be given in all plans of manufactured kits.

The c.g. of a plain glider is lecated on the air resultant of
the wing and the tail that giws the lowsst sinking speed. By
adding 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 bacause the resultant will change considerab-
ly with the addition of tha drag forces of fuselage and lianding
geir. Therefors the location of the c.g. will depend on the iz-
sign ani on the magratude of the adiitionial drag of eaca unit.
Yeara ago when aijustment was not so simple ani competition wis
not so0 keen corrections were maie by wrapping solder wire around
landing geara or increase the size of the whesls to eliminate
climbing moments.

The 4Arag of the deflected rudder on a radio contrelled model
affects the longitudinal stability. In case tne drag resultant
pisses belcow the c.g. the model will dive ani if it paases above
the c.gz. 'the model will climb; the effect may be huridly noticeable.
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BIPLANES. The advantages of 3 biplans is its concentration cof
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 deczlage is given to the
upper wing the biplans becomes stible by itself, as shown in a
vector diagram. In case this arrangement is changed by moving
the lower wing farther to 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 disgastrous results. Increasing the distance of th= lower
wing the biplane ends up as a tandem with reduced afficiency due
to the downwash from the main wing.

TORQUE AND COUNTE? TORQUE- The counter-torque is the reaction
of the 2ngine or the motor which drives a propeller or any other
unit of propulsion. The counter torque will roll the modiel to the
left if the propeller is a right-hani propeller used 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 b= creatsd. 0On= method is to offse=t the wing to the left

and s»t the rudder to the right. Another arrangem=snt is to bend
the boom carrying the taill to the left. The 1lift of the tail

and the new location of the c.g. will give the model the required
right-hani moments. These aijustments ar2 for indcor models

with a single bearing. For outicor models the correction is

mide by off-zelting the thrustline to tha right with the rudder
set to the left for left.hand turning glide. For l=ft-hand glide
the stab 1= tilted with th= 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 squation is given for estimating the
off-set angle.

In case the pylen i= low the torque and ths gyroscopic moments
are fairly balanced th= rudder is eet for a left-huand turn. The
medel elimbing in a slow spiral does not need a thrust adjust-
ment. Auto flaps are effective at the take-off and in a glide,
but in a steep climb they 4o not affect thz spiral. The flap is
loosely hinged made of thin aluminum, attzched to the left panel.

The counter-torque of helicopter models were balancei by the slip-
stream acting on tnree vanes havirg 1/7 camber ratics. 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
stavility. There is no PENDULUM stability.

To simplify investigation of stability only three main axes about
which the medel will retate 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.

Th=s restoring airforce must locate in the dirsction of ths change.
Three sketches indicate their locations. The restoring velocity
depends on the magnitude of the force times its distance from the
c.g., its weight distribution and on the genesral 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 mement the model will loop or dive.
With the correct amount of restoring moments the model will have
amall oeeillations about their axes, which is an indication of
dyrnamic stability. Moments are positive if they increase the
angle of attack and negative if they decrease thne angles. Climbe
ing moments are positive and diving moments nggative.

Plotting the moments or their coefficisnts for various angles of
attack will give a line which has a certain slope. The magnitude
of the alope 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. Thes 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
caleulated for dynamic stability. The graphic method used in the
early stages of airplane designs can bz applied to mod=1l design
in which the c.g. is well below the wing. Nomograms, aliznment
charts are very useful for stability caleulations of modéls with
the wing, fuselage, tail and thrustline on the same line. Moment
calculationa are based on the distance of the c.g. to the air re-
sultants, on the magnitude of the air forces, on the area and on
the dynamiec pressure, 9« Usually in comparing moments the dynamic
presuure is omitted.
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The propeller momsnts are estimated by an equation or a nomogram
that give tha value for one degree of yaw. To obtain the fuse-
lage moments the maximum cross sectional area and the length are
used, ln summation the moments, the plus and thes minus signs should
be consider=d.

A graphic method uses a plan or a scalzd-down irawing on which
the CL and the CD coefficients are plottesd for varicus ingles of
the wing, with an interval of two, three or even four degrees.
Similar layouts are mide for the fuselige and the stabilizer. The
relative angles betwsen the units must be coordinated, especiale
ly the effect of the downwish must be considerzd when plotting
the vectors of the tail. Adding all moments for 4 certdin ungle
of attack, dividing it by the wing area and by the wing chord,
the pitehing moment coefficient is obtained. To find the ictual
moments in oz.in. the sum of the moments is mutiplied by the dye
nimic 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 dizgram for the wing is based on an A.R. of 6. Two sets of
vectors are plotted; one set gives the resultants of the 1lift and
induced drag coefficients; 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 vala
ue noted on the vector. One such moment is found for the 1lift veo-
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 coefficient, by the wvalue 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 diatince and multiplying it by the
diameter and by the cross-sectional grea. The prop fuctor 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 ani connscting the points, a line

i3 obtiined whose slope is indizative of the dynamic stability
for each specific dzsign. To estimats the ictuial moments in

oz.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 cilculated with the equations if the speed of the model is

gas:m;d. In the above estimates the elipstream affect is nege-
ected.
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Another method uses a greater amount of mathematical operations.
The wing and the tail momsntfactors are eatimated by equations
and nomograms given on page 41. The propeller factor is estima
ated by a nomogram on the page 40. Ths 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. Subtricting a cer-
tain distance, called the stitic margin, should give the location
of the c.g. for dynamic stubility. The static margin is about

15 to 25 per cent of the chord. An equation is given for close
astimate of the neutral point. For approximition 2 nomogram may
be used, which ies plotted by assuming that a few variables are
conatant. Ths static margin should bs ottained for =ach specific
design. It ie obvicus that static margin decreases as the diet-
ance of the wing from the fuselage increases.

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

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 miy chinges the lceaticn of the c.Z.,
bacause it will give a rertiair climbing moment, which is balanced
by moving the c.g. slightly ahead.

To obtain the c.g. lecition of a contrel-line flying wing with
the aid of nomograms, it is assumed that the area and tha aspect
ratic of the wing ani the tail are the same, and that the diste
ance is taken from the 14 poirt to the elevator. The chord of
the elevator shouldi be at least 15 per cent of tne wing chord.
The location of the c.g. on a flying saucer cain be zssumed to be
at 22 to 24 per cent of the maximum chord.

RUBBER: [NDOOR CLASS B 30-1005¢.14.,C ~100-1505G.ir, D~150-300
SsTAc 50% May. HAND-L'D srick~ FUSE L%150 mar.
FLYING WiNG lrct. CLass B, Caro D
R.0.G. CABIN: (LassB,C. WHEEL DIA.B-¥4'[C-1" Fuse
12/100 Min. 90 % COVERED, OUTRIGGERS+BOOMS
/7.0 W RISE-0FF-WATER CABI/N~B 55EC. FLOTATION.
ALL GFLIGHTS ~ 3 BESr-TerAL.
QUTDOOR:H.L.LIMITED,2005¢.1n. (omB., 5 07.MN.6 FLigHTs, 3 BEST.
R.0.w.LiriTED . 30 SEC.FLOTATION
WAKEFIELD,R.0.G. 263.5-294.55G.11.8.113 02 Mirt, fuBBER. 2.B210z. MAX.
PAA-LorRD
GAS FREE FLIGHT %A ~.050 coimA-051-200,8 .201~300,C -30i-.650. 60% FOR
4 -StroxeCycre. -OG 100 0z. P.cu.N. /55Ec o 205E<.”
RO. ~ G fuGurs -3 BesT.
Pan-~liono 12a.4,6.- /2 AD4or.Dummy+fox. lce.®4oz.Dums 2 0.
PAA CLirrER CARGO PAA INT. Hoz. Dum+Baz.

F AL 115.60z/coN Min, .1525¢v.14 MAX.3.93 oz/s@.Fr M. 15 sEc.
RO.G. 20s6c.0FF. 2TiriERS, 5 1. 3MINUTES .~6™H



STABILITY 40

(éi}) i

-
New Resutranrs
NOPENDULUMSTABILITY. VAN G MOPMEHT

fLip (=
l \\‘o’br.? g 94qe& 5
\,.q\\ C; = BOLLINGMomENT AuTOROTATION
oo 2565 ANGLEAT HALE SPAN

a Cm: By TekIN G MomENT s Et S PAN

< ‘Sg"f}‘ g5c¢c = pavetociry
NEVTRRL = &=5Par, S=ArEA P=ANGULAR VELOCITY
S7TABILITY C=CHORD ANG LESINRADIANS

>,
loor  Fr B SYSTEM

LONGITUDINALSTABILITY ~GRAPHIC METHOD

a0 .5°a Fon Py DIMENSIONS ININCHE S

C ME
’ ’/- ° DRAG — /2 3 4
ST +fORThacTor & [ 5
4 — —los 5o~ FOR PUSHER x
o ‘Z L] Prop "a: Ly 4
Q. = L [
e 3 $ E N © a
? 41 Yol 3 Lt 38
SR I ST § 1R
T TN Yok T v 1,8 2
WO -] 's‘n T g
8 \ z F- 8 p
S TR S5t owek R =
PR § ST ER L
BRI IEN o | 3T £
77 3 ojvs}?;f‘fzs 3
4 22.3.4.5.67 B8 910 K
HORIZ. DIST. I CHORDS FaRr PROP DISTANCESIN
ORI TRCTOR & E;ﬂc“roﬂ D;fﬂ»ﬁ;’fﬂa orF Wheel
BT T b VATION, FOR Mortr MULTIPLY DIST.
4 ROXWIrG AREA Fo=-010ia 15T EY WHEEL DiA,CRoSS-SECT,
FOR FUSELAGE FACTOR-
3 L MULTIPLY DISTHATIO BY LENGTH Ano CAOSS SECTION ARER
= S /@ 4
2 80 /4 Cp rorinGgs ., ® \dﬂ(& A
Q 4;\. ~PROFILE~ A
o ,,.}-\ A low SPEED .04 /N o
| Vi Ipo Meo. » il :
) po | _|aws Meo. v 025 4 | 2° laws
. \ or HiGH « 0l0 T /-0
L T —f NN [ -5
o / 2W% &% 5 -6 7LENGTH CDFO,? 0 -1 .2 \ ‘o -5
G SQUARE Fuse TVSELAGES LengTH -&'@ N goumo
B IF - FUSELAGE

THRUY,
< THRUST Y T Dhs

__@_‘_h y NEGATIVE My Fooz unxs

<G ¥ p Positive L00/9VE e N\ szfé'q L
THRUST ? id‘ én

Yawls Homor WiNG « Ay g Span Lau + 5a%/4) Y T el
4170 AR Ty, RAODIC STUNT
RotLgMomor Wing -ﬂwgspnmaa: .03 9:48{2,/2 ELsvrron CoTIPOL.
YawG Mom'rorFin= Agyq B. 039}9)?? Dusr. BALANCE os FoR cES: LXTOIs=THRx OIS,
Q= ABSOLUTE ANGLE or ATTRCK 4?006332%;’5 C;%Errz clenr
BoSws nie & e SR BIUDEBY Wins e an rois ™

THEN App Cma.c.



S7A8/LITY oF MODELS LONGITUDINAL

CLIMBING A7 %‘
+e655%
T
— .604
‘—.SSE
T
Meay ZERO ASSUMING: 50
Lime LET A1 =.0VAR 3 ~~.45§
29% 20 VALID FOR - +403
5% 3k° cqqsazro;o /- 1.04 -..353
6y 5° # D.RATY ARWY>
" o / WINGMOMENT _ CracxCH Aw + Aw*Distic 20397 Ak Aney,
(GEREE T | T aons e T e

IMPROUVES STABILITY.
Disrarc.

ZEROQ LIFTLINE
OFWirg

DOWNWASH
AB.S OLUTE
ANGLE OF ATTACKH
> ZERO LI FT LINE
AR oF TA/L
APP#WE”?"’”G-’-E) LACTLM{ ANGLE OFATTACH

OF ATTACH
=——ANGLE VAL

Ut———-"'l
2 0
T AL MOMENT /0019 V= ~TAIL AREAxD)STx Fno»f nG Wirg (- —‘75‘— =5E
2/ r gﬂcﬁ;ﬁz,s&?fnuﬁ;m} ‘Hr@ q '"iﬁoo-?m 4*ﬁﬁw'f2) ,j

A =

- .- a
" 100 Cmac=.08%

d (Horp=5"A-2005+.
SPAN 40" ARuw=8
ﬂr 67_5“!'- t"f? =4
EFrF-80 Pfsrﬁ%nj
Disr ToTen /157
Dowriw. Facror-73

.G ToAC. 3"

Moy =—E4+15 Dis.x

Miau =363+ 5051

Fﬁ‘

|

\

\

bl s

5 L 2 -£0
203 - . 40
30

20
- 15

hew B
Tt

{

TAN AREAsGin X EFF
Disy; o

it}

ARTan. 3
ENT FRACTOR

Ll

AriGee
VALUE

L& r200 ==

ul

-4

13

&

W

50

,E‘q

/At Mom

P
f———STATIC MARGIN

|

-2
L5
"y

X M0

FEan

0

L L)
vy
NG

<)

o,
=

t
|

DOWHWASH FACTOR (/=
W gspecrRAriosb/ivg
™ DIVIDED A-RatTAIL

LY |] ]

El~| I&'F? },

EQUATIONS For DownwasH By Diert Woop, DommAascr &

NEUTRAL POINT FORWINGHTAIL

[Il,i l T T neHOROS
1 1

Ay Ft w Ot

ISTANCE
AcTocg 3"

B
Wy
Neurrat Poinr v

_deVdar/ds 9e 5 €
o 4 E&:—r}dcm/;q g Swc

& DOWHWASH ANGLE
520._{ )—..38(}, U-.Z-B
E= X+ +
AR
X=DIST. BEHINDTR.ED

Y= n BELOW TR.ED.
INCHORDS

.3 .25
E=20 cz‘g_&?zsfﬂzﬁ}

E=36.5ci/ar " T7CET

£ _ 4-Lr/3C
AR+ 2

Ll 1I!I1I

T rﬁué

:

tr

TAILARE
% orlt)in




CENTER OF GRAVITY L OCATION

FOR MIDWING MODELS e
3 u g 000
% g “ g Q 600 |
M a §§  Fweo | 000
b Plx X —800 0
Q W N m Y] Q ] — 900 0 —
L N Y13 Qfo +rooe ¢ 000
AN Sk e P 4]
NN ] I [ L -/,
bl 4l Sy o0 £ "E e
0 alf X ] g 9 T~
Q TR 1 = o
3 Tp oF20% § 3 $ 31000
RES X g 1900
60 NE, ~ F800
6 = g—‘—Jaao A 3 % 700
54 N +-40 + ] 600
41 > Fao f—_"_‘zf :——4000 N ] E 00
>T 20 3%y 15000 Y3 00
& ™ Ntso00 5
i s o N 300
\‘/ =¥ -~ 3
/= A ::3000 Q 7
—/0,000 o0
'y ] +
= PrROP 150
%000 FACToR
s u AL
TAIL FACTOR #9000 §r e
Q e 3000
30T & 10+ 8
Lol 88 N ¥ 1oy f & E T
QL ¢ y e —-2000
P i lqg£ g&‘ 42 ..§, =+ R 2+ b |'Q:::
I 33z N 23 F s 1 F208 15
T eoF 3% 3| 1%, % ¢ JF o500
W T 2 uc"a—— e s il o
S Nf 2l 30 £ ~ 2 +75 L 1
T %: 5+ t4+ W T K T 1.7 wFooo
g 2of s & <4304 R4+ e
e B K RT9OWw T w I —de. (dyp 3800
¥ F et “—'-5004 g aF9 700
2..F v PR i el 9% 5 $+5 uwtseoo
sol = LJtsogd, 1 ~61 ST7 31
- S W 7T h s —500
t-r 31 g—“""o ":g‘ L wgt Ol WTT
2 o= 2l ‘§:$ 'S 0:___ E‘\p 7 s ?‘\ -‘1__5 ——400
- o W + 4
= 1700 8o+ <« i 3
T X 300
309:‘ I 04— Q § -:ﬂB s
s A 5 -
4001 - 8§17 deoo
5001 —200 E
i .
g"’::‘ 4250 T /50
06-1— v
4 —300 4
09— 1 4 FUSELAGE 100
b —400 FACTOR
WING FACTOR
LORPRO oy & HOW TO USE NOMOGRAMS:
.;6 SUBTRACT PROPAND FUSELAGE
FACTORS FROM TAIL FACTOR. pi/IDE
BY WINGFACTOR. THEN ADD 25,
__ DISTANCE TO GETTHE CG LOCATION INPERCENT
TO TAI OF THE CHORD FROM LEADING
40Ny puseLacE EDGE oF WING SUBTRACTISFORGLIDERS,
< LENGTH " 20 FOR FREE FLIGHT MODELS AND

ﬁﬂswfﬁofon INDICATEPFXAMPLE ;5 rop co NTROL LINE MODELS.
7o BEZ3}C THE SUBTRACTIONS52015-ARE STATIC MAaRGING



3

Wing
ALONWE [ 9 —
o [
== "

AR =
0, o)
ErFFeL 33 3 265 monp-»-l e
5" /
4
. AR
2 7
o g
-4 9 I I 6 > /.33
s |, £ icks
TEANDEM _é°
i 3 Jo0% STA8 SHORT TAIL 2
—- —LI- _——
3 47
0
S7ABLECONDITION
DUETo Downiiasy
0° 5528 SETIING _5?_
"” =
7811 FirsT.
9
TAIL 509, 61 s o 7an. 50%, 12y 5: WiNG
ﬁ - L e e— o5 |67 ———
o¢ 3of ‘6° AR3 3 AR S
<11 Il
/ CANARD P L ?
00
é + 40 TAILSG +2°TAILSETTING
L
2 [ g
s 7
: ; S
W WA
i ¢ NSOz &
\.,: I swomr |V J (
Iy | T/ \'t :
3 S \! i
LONG N
il DRAG COEFEICIENT ORAG
DRAG COEFFICIENT
Diviston aF
50% 1AL % STAB/LIZER FFFECT
t6° +2 °) " /
—p - = RAan
i e g O :‘4,;‘_‘;’*‘;‘" betrikg
i i d / -2° P l\,:
3 e 497 Z AN
RS el T /] é o g -
3 }/ A o % =78 NorArPLI CABLE
§ A Ddany 7 70 ALL MODELS.
-§ /_/___ponc; 5Q %47as
Jd .2 3 4 £ -6-4-2 02 4 6 810

= ANGLE DFWING
DISTANCEINCHORDS . f " o

LOADonE0 Yo TAIL. 29 -426°
CAMBERED SECTIoN e B S Ll



4

DIRECTIONAL STABILITY. Dirsctional 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 the2 balancing moement should pass just above
the e¢.g. This sideforce could be created by large vertical sur-
faces placed above the c.g. but the same effect could be obtain-
el by a3 slight lateral (dihsdral) angls of the wing. This in-
terchange of wing dihedral for the necessary verticil 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 largs airpline designer.

The area of the fin depends on its 4spect ratio, The higner the
aspect ratio the greater the effect, as illustruted in a diagram.
It indicates that an aspect ratio hignher than 4 will only add weight,
egpecially 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 4after the yawing angle pus-
ses 20 degress 4s given in a diagram. For approximition for each
epecifiec design a nomogram gives the fin 4rea in per cent of the
wing area if the span and the distince to the fin is known. Two
diggrams shows the interaction of fin 4rea and dihedral angle.

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

dive {f its too small it will have a duteh roll, weaving from

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

The fin area required to balance all yawing moments will give
only neutral stability, to whiech 5 to 10 per cent area i=s added
for dynamic stability. The yawing momenta 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 i3 at least half
of the atab 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 interferanca Arag of a single fin a Vee-tail or
butterfly tail is used which gives the combined effect of the
horizontal atab and the vertical fin. An equation is given for
th2 estimit2 of the dihedral angle of the tail. Cares should be
taksn not to meke the angle higher than 15 degrees.

Radio controlled models use a portion of thz fin for a rudder
for parforming most of the flying patterns a model cun do0 with
the addition of elavator control. The rudder should be aerody-
namically and statieally weight balanced. The rudder should be
an extension of a symmetricil section. Many ruidera have failed
to overcome the gyro forces of an over-running propeller in a
straigkt or apiral dive.
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CENTRIFUGAL FORCE. A model in a curved flight path is subject to
2 centrifugal force (e.f.), which is considered to be acting
through the c.g. In a steady circular flight the c.f. is usually
balznced by aerodynamic forces or by the tension of the lines ha1d
ty the modeler. Equating the weight with the c.f. the speed iz eli.
minated and the radins of 2 loop iz frund to b2 2 runction of wing

loading and the CL. Therefore the smallest diametar of a loop
will bte performed if the model flies with ths angle of CLmax. The
power however must be sufficlent to gensrate 2 lcop. The centri-
fugal forcas is rzducsed on tcp of the loop by the weight of the
model and increased it the bottom.

Theoratically the model should follow a descending oval . lany
times however free flight models made ascending loops due to the
inerease of the propeller 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. ar2 given. On:

is to give approximate sstimate for the dizmster of ths stzel

wires used in control line flights. Tha strass ia dssunad to be

150,000 pounds p.sqg.in. if the weight, the l2agth of ths line und

the velocity of the modal are known. Som: of th2 wires, the ge-
nuine piano wire may go as hign as 230,000 p.s.i.

GYRNSCOPIC FORCES- The forece create1 by the angular movem=ant

of tha axis of rotating bodies, such as prop2llers, engines ini the
modiel itself, is th= gyroscopic moment, which acts 90 d:gre2s to
its forecad diaplacamant in th=s diraxtion of the rotation. If the
1isplacing forcs is steady the 4xis of the massas will follow the
surface of a cone, its velocity is the precession and the rate it
may straighten out iz the nutation.

To visualize the direction the rotating axis will deflect, a

finger is pressed againsat a rotating pencil, which moves into

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

3 right-handed propeller makes the model climb in a left turn and
dive in & rightehand turn. The model turns to the left if its

nose is turned downwird and turns to the right is its nose is
turned upward. The gyro force is one of tne MAIN force affect-

ing the flying characteristices of propeller driven models in a
elimb,

Two general equations are given for estimating gyro moments. A
nomogram will 2id in finding thes gyro forece of an 4veragas waight
propeller ani of a 1/32 in. thick steel plats. For a heavier plate
the gyro force is in dirsct proportion to its thicknass. For dur:l
discs use only 1/3 of the forces estimated.

In ordar to use the eguitions th2 moment of insrtii-I-or thz weignt
of tha body with its railius of gyraticn about its axis of rotaticn
must be known. Th=2 radius of gyration cin be found by the bifilar
guspension m2thod. The time iniiecited in the equation iz for one
full free axial, back-ini-forth awing in ssconds. The l=2ngth of
the lines should be at least 10 times their spacing. The moment

of inertia should bz carafully invastigated for radio eontrol
moiels. The I may be also cilled th2 weight distribution.

Testing 2 5 ft. propeller-driven h2licopt=r,the gyroscopic moment
was mistaken for the torquas of ths a2lactriec motor ani the power
estimated to b2 2 h.p., which was impossibls becausz it was only

a 1/8 h.p. motor. Ralocating the motor the gyro foreas var=2 2lim=-
inated from the torgqu= metar ini the ri.ht answer was obtained.
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DIHEDRAL. A banked straight wing will sideslip due to the resulte
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 angle,
callaed a dihedral. In a sideslip a dihedraled wirg 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 100% or less of the semispan. A numerical example shows the ad-
vantages of a tip dihedral and the poor showing of 4 vertical sur-
face equal to the projected wing. Th2 comparison is for onm 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 degree di-
hedral. Square tips give greatar moments than round tips. FRgual
momente 4re obtained by a 1007 semi- -3pan with a 10 degr=ae 4ih=1-
ral, a 507 semi-span with a 15 degree dihedral and a 25"3 sami-
span witha 25 degr=e dihedral. Tha dihedral of a 257 semispzn
may be increased to 45 dzgres for greater moments To eatimate
the momente the distanes must be taken to the c.g. of the model
ani subsequently the nigher the wing the grsater the righting
moments. Normil 4ihedral will not incr=sase the gliding angle but
it will slightly dscrease the 1lift.

Dihedral setting of the wing in rooperation with the fin gives
lateral stability against gusts, torgue and gyroscopic momsnts.
Fauation=s ani 2 nomogram give 4ihedral angles for gas, rubber ani
glidera. WNo safe dihadral canm be given for rubber moiels to coun=-
teract the maximum torques of a rubber motor weighing over 50% of
the total weight of the model. A wing with 4 zaro diheirul has
actually 2 2 degree gffectiva slope. At very lirge angles of at-
tack the zaro dihedral wing will give great=r moments than the
wing with dihedral. A negative dihedral, cahedral may produce

the so elusive lateral stability of flying wings.

Teats on @ radio control model.gdve perfact smooth flying with

a 4 degree dihedral. Increasing:'to 6 degress,stunting with rud-
der-only became easier. The amount of dihedral, fin area and c.g.
position will be spacific 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 velooity of the slipstream.

Propellers of high powered free-flight models usually huve z thrust
greater thin the weight of the model, which may 1lift the model

off the ground, if the angle of the wing and the ungle 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 slipstresm 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 statiec thrust of the propeller.

CLIMB PATTERN A well designed and adjueted 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 1l=ft glide is to take
advaintage of the ever present thermals. The highest altitudes
are reached with mod=1s climbing with a slow spiral.

The climb pattern depenis mainly on the distance of the c.g. to
the thrustline and also on tne distance of the c.g. to the wing
chord. In a steep climb the aerodynamic 1lift is reduced and two
forces will decide on the pattern, the torque moment and the gy-
roscopic moment of the fast running propeller. Ths final patyern
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 modals are set for a minimum sinking speea in @ glide. This
settipg has a large difference of the zero-lift lines, which gives
the tail a negitive 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 zero angle of attack and give the
med=1 a maximum climbing velocity.

A moiel with a2 shoulder or top wing has its thrustline close to
the e.g. If the model is not adjusted, it will, after take=-off,
due to the torque moment,bank to the left.. The genarated gyro
forces will pr2ss the nose upardi, 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 advane
tage of the nose-up tendencyof the gyro forces a washein 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 eclimb. Left turn adjustment of pylon jobs is

1 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 ¢.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
torqua to the left. This turning produces precession that forces
the modal into a circling to the right, and the same time adds
gyro ferces to the counter rotating model. This rotation of the
med21 is retarded by the drag of the wing.

The adjustment iz usually a2 right-hand thrust and a left-hand
fin. Down thrust may increase spiraling. Bome designars suggest
a slight wash-in of the left wing.

In 3 spiral of a high-thrust pylon job ths propeller axis describes
a cong,with the c.g. and the wing on the inside. This coniecal
rotation may increas2 t¢ such an extend that the revolutions of

the prop are reduced and the model stops climbing. The wing ro-
tating on the inside of thz2 cone gives a lowsr drug than rotating
it on the ocutside. Giving the prop axis of & stick mods=1 suffi-
cient downthrust to pass ovar the c.g., the model will climb with
a4 slow spiral, with the c.g. on the inside of the cone,ind the
#ing and the prop ixis on the outsidas.

Sketeches show the climb of models witn pylon and high wings, Also
sketzhes give the pesitions of a wing rotiting on the inside and
on the outaide. Two eguations 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 aerodyn=zmic quiliti=zs of a pylon jot has small effect on the
climbing velocity. Ths pylon model fli2s with the thrust and the
gyro forcea of the prop.

It ia apparent that the distance of the thrustline to the c.g,
decides on ths flight pitteran. The torque predominates om modals
with a small distance to the c.g.,and with a great distance the
gyro forces tike over. To take advantage of the helpful gyro-
Forces and balance them partly by the torque, 4 model cin be de=
signed by placing the wing on a low pylon and the rudder below
the fuselage in order to have the axie of minimum moment of in-
ertia is at angle with the thrustline. This model may not need
thrust adjustment, but must have a left-hind fin setting. The ef-
feot of the gyro faorces of high spsed propellera is the reason for
reducing the r.p.m. on radio controlled models.

UP-GUSTS. Up-gusts will influence the stability of models , bea
cause they do not reach the complete model at the sgme time. They
reach the wing ahead of the stabilizer and if the c.g. is behind
the air resultant the model will balloon, and if the c.g. i3 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 iz dynamically astable.
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SPIRAL STABILITY. Models may circle on the end of a line or in
a free-flight attitude. Control-line modesls require only horie
zontal atability, which is often replaced by the daxterity of the
operator. Spiral stability covers a large section of the gene-
ral stability problem.

Free-flight models will rotatz about an axis through the c.g.
which has the lowest mass-momznt 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 ateady cirecling flight the outside wing has a smaller angle
and a higher velocity than that of the inner wing. In a bal-
anec=2d condition the resultant air forces should meet at the line
of symmetry passing through the c.g. Also the ressultant of the
c.f. and the gravitational forcea 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
£YTo moments need additional corrective measurs to balance their
effect. In an ideal circling flight, known to pilots of light
planes, the yawing moment of tne 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 2 positive (stalling) moment of 12 oz.in.
The effective tail setting is minus 6 degrees when flying in a
striight 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 smillsr circles are reguired for
atability the reserve power ani the vertical component of the
1lift forces mu=t b2 sufficiznt for a banked flight.

Another ec4se of spiral stability ococurs when 3 model flies into

a rising air column. This rising air (thermal) moves upwurd to
the right in a slow spiral. A mod=21 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 toward the trail.
ing edge due to the reduction of the tail setting. This places
the c.g. in balance with a resultaint 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
redaches the thermal and the diameter of the rising air is suit-
able for a balance it may stay with the riser. The high peri-
pharal velocity of the riser will give the model a large banka
ing angle.



53

Too high directional, weathercock stability will result in a
spiral instability. In crease of the fin area shouli follow
with an inerease of the dihedral angle. The increase of the
4ihedral i= of less influence on directional stability than the
inerease of the fin area. Spiral instability is easily obzerved
by longer spirals in the direction of the disturbance. Due to
the everpresent thermals some models are stable to ths left and
others flying to the right.

In circling the ratic of relling 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 function
of mass distribution, the moment of inertia of the wing in the
equation. The moment of jnertia is in direct r=laticn to the
aspect ratio, and the rolling moment is affected in a greater
amount than the yawing moment is. therefore dividing the ratio

by the aspect ratio an equation is obtained that favors lower
aspect ratio for recovery, 2 charactaristic observed by pilots

of racing planes. The eguation also indicates that the recovery
is 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
ths 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 & bi-
plane.
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CENTER OF LATERAL AREA.- Years ago the center or c2ntroid of

the lateral area of a model wias 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 positicn 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=ement axis about which
the model should reoll is the line drawn through the c.g. ani the
c.1l.a. No fixed rules were given for thne c.l.a. %s long it was
behind the c.g. location. It wus suggested to ues the c.l.a. for
estimating the aize of the fin, without tine 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 bslow the c.g. It
should be mentioned that any change will affect flying charactera
istics of models. For clearer percepticn of the c.l.a. each major
unit of 2 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 rignt value; a running propeller however will
give higher values, because its effect is asaumed 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-
jected area of a wing can be given by an example. The projection
of a wirg with 2 6 degree dihedral has 1 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 diatance to the c.g.
Assuming that the aspect ratio 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 gedr can be assumed to follow the
c.l.a. value. One unit that may give values in the reverse 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

area increases threz times the CD however is only .25. This in-
dicates that the error amy be 12 times the asaumed one. A simil-
ar divergence will be found with pylons, whieh usually hdve symmet-
rical cros=-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 andl 4 round fuselage ars shown with their
forces at a 10 degree angle. The force for the sugudre fuseluge is
three times higher than one for a round fuselage.

The side area and its c.l.a. has no relaticn tu the assumed rol-
ling moments created in a skidding of & model und its rotating

axis about the c.z. and c.l.a. line. All bodies rotate about the
c.g. when displaced. There is however an axis akout which it will
rotate with the least force The force resisting rotation depenis
on the moment of inertia (Ij of the body. The moment of inertia
with respect to a given axis is the sum of the weights or masses
times the squiare of their distances from the axis. Plotting t.he
moment of inertias on varicus axes thne ellipse of inertia is obtair
ed. The axis of the minimum inertia is wvertical tc the axis of
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maximum irertia.

Applying the mass or weight distribution to models miny observa-
tions made by designers ani builders will explair some of their
flying characteristies. Radio equipment may be located at a dis-
advantigeous place which may make it unstible, 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
disturtances. Similar to the birds and boats for bad weather

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

can te determined by the bifilar suspension or other methods sug-
g2ated 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 wvailuea. 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. thecries

(Ch. H. Grant 1941) will follow closer to the mass dynamics than
the area distributicn. It is obvious that the repliacement 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 axis of minimum irertia with the thrust
line will give various flight patterns esypecially a model going
into 2 turn when operated by a radio controlled rudder. The
inertia axis may point downwurd, or bte inline or pecint upward

frem the thrustline.

In case the axis of minimum moment of inertia is in line with the
thrustline ani the rudi:r is operited, the modsal will skid and
the dihedral effect a bank without changing the angls of the
thrustline.and if the circling will not increase the angle of
attuck the modzl will spiral downward. In case the axis points
downward andl 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 ia opertated the model will skid outward, bank and
the thrustline pointing outward adis to the skid. The angle of
attack increases which balances the lift 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 loeation 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 gistributad about
that axis. This may be svolved by moving only the wing higher or
placing the tail or the rudier below the fuselage.
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DURATION. Contests for fres-flight models are conducted for
maximum duration, with specified time limit accepted for each
flight. Ia 3 tie an additional flight is made without limit to
fix the winner. Clipper cargo planes are dasigned for a maximum
time of 408 seconds, which is accepted as an official flight.

The duration depenia on the powar aviilabls ani the power reguired
to fly horizontally. Tals minimun power i3 also =qual to the weight
times the minimum sinking speai. The 1iffereace batwesn the 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 vew
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 disgram 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 olimbing speed. Ths 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 3 simple equation, wnich 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 ared is not limited and the maximun duration
will depend on the ability to build extra light btut atronz 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 driven by gas e2ngine is usuilly higher
than the totai weight of regular frez flight moda2ls ani a4 steep
¢limb will give maximum duratisn. The high thrust is divided bet-
ween Llifting the weight and overcoming the drag of the model. The
steap climb eliminates the induced drig and by adjusting for circ-
ling flight the negitive angle of the tiil is reduced , @which con-
sequently reduces the total drag. The moisl will climb With the
lowest drag possible.

To estimate the climbing speed,the n2t horse power delivered by the
propeller ia assumed to be «60Xcu.in., the CD egual to the CDpar
and the CDmim of tha wing. {se the diagram for direct estimate of
the climbing speed. For medium climb the ratio of_the available
power and the required power multiplied by the engine run should

ba 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

1ift coefficient of .80 and a gliding angle of 9.
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The same procedure is used in estimating jet driven models.
Rubter driven models have a problem by themselves, because the
torque varies with th2 number of turna laft on the motor. It
has always been the contention to reach a thermal with the fast-
st climbing spesd, without any tnoughts about efficisncy cof
performances until the contestes weres conducted at a time when
thermals were supposed not to be present. This started the de=-
signs of propsllers tc fly the moiel horizontally at the =nd

of the motor run. This increassd the motor run clecse to twice
of the former time. WNo thecorstical equition has been devzloped
that uses the varying tergue of the rubber motor. Equation

can be formulated by asszuming that the altitude reached is in
diirect proportion to the weight of the rubber and that the dur-
atien is equal to the weight of the rubber divided by the sink-
ing speed corrected with a constant derived from performances.
4n eguation and a nomogram are given fer direct estimate of ths
duratien.

Other equaticns for rubber driven models are given for hydros,
ornithopters, halicoptars and autogyros. - The areas in all
rubker driven modela ares given in the square rcot of the areas
and therefore the rotors are expressed by their diameters.

For Aatailed estimate of performances of rubber drivan 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
4¢ 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 eqgua-
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 ies to increase the angle
of the wing or the angle of the tall. 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 gae jobs the tail angle is increased by 35 to 45 degrees, which
gives the wing a 60 degree angle of atgaok, increases the sinking
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 ie ad-
justed to 1 to 2 inches for each minute.

COMPARING DESIGNS. To compare designs belonging to the sams cate-
gory an equation is derived from the two basic equations for speesd
and power, which gives a combination of the design units against
the combination of the aerodynamic coefficients, the wvalues of
power or =inking speed. The power in the equation 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
js 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. Sections snould not be com=
pared without the additional parasite drag coefficient. A num-
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
anawar to the investigation.

_LIFT LINF SETTING. Each category of model design will have
iﬂﬁggiific zerp=-1ift line setting for satiafactory Eorizontal
stability. It will be less for indoor models than‘;or ou%;ooair
jobs, especially when windy and gusty weather prevails. ne -
Farence of the zero-lift lines is alsc called the longitudinal
dihedral. The increase of the setting moves the c¢.g. closer to
the lsading edge andi the slope of the pitching mome nt coeffici-
ents becomes steepar. Suggested values for the setting of the
zero-1ift linss 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=
2d but could not take off because the landing gear prevented the
incresase 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 tasting. Usually the
miterial was stiff paper, silk stretehed between bamboo, wire or
ratan frames without cAambere? rikda. For structural connections
cork was used. The real interest started when balsa wis commer-
cially obtainable.for buildiing paper covered or solii balsa glid-
BTs.

Gliders are hand-launched or released by a towline. Puch has a
diffarent problem. Hand-launched indoor glidars should have
a minimum dArag traveling upward and a maximum 1ift gliding down-
ward. An equation has been developed for the duration and height
of indoor gliders. Diazgrams give performances of gliders with
various weights and launching speeds. The height reached is in
close relation to tne 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 flaxible,
with an undercamber and a straight dihedral. The gzlider shouli
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 spiral eclimb reduces the tail setting, which add to the height
to be reiched. 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 ths boly a 7 to 8 pound balsa will
give the nacessary sytength and slenderness. The same weight bal-
sa is used for the tail surfaces. The dinedral break corners ara
roynded with small fillets. To balance the glider eclay should be
omitted because the clay increases the 4rag of the body by 100
per cent. The whole glider is coated with a glider polish, a
clear dope plastisized with a few dropes of castor o0il. This will
pervant war ping by slowing down the drying. Some model build-
era protect the leadling edge by placing a steel wire into the
nose. Thas finishad glider shouldl weigh betwean 3/4 to 1 oz. for
100 sq.in. of wing area. Thz tail setting of the zero 1lift lines
is from 3 to 4 dsgr=es, usually not sufficiznt for out door fly-
ing, e2speciilly when risers are pressnt.

The towline glider has only one problem for delacting an airfoil
section, the thinnest section suitable for a strong, high aspect
ratio wing with the lowest sinking speed. This section mauy be
the N.A.C.A 6406 with un 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 apars. The
auto-rudder construction may have to be balanced by a small fin
ahe2ad of the wing.
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The location of the vertical control surfzc2a below the fuselage
not only gives the rudder ani the fin an undisturbed airflow but
also eliminiates blanketing by the fuselage and by the stabilizer.
A vee-tail will counterbialance 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 ahsad of the c¢.g. depeniing on the drag of the fuselage
and the losation of the aerodynamic chord. The hook is attached
to the left side if the glidar is set for a left glide and placed
in the center if an auto-rudder is used. The auto-rudder is con-
nect24 to a hinged hook in order to set the rudder inline during
the launching and after release will move it for a left glide.
The tail distance i=s from 3.5 to 4.5 chord-widths and the tail
has an aspect ratio from 5 to 6. Thz ar2a is from 15 to 20 per
cent of the wing area. This low ratio is due to the absence of
the moments crzated by a rotating propsllar. It may be also
caused by the inclusion of the tail area into the total allowable
ared.

In case the climb during the launching is too fast, the gzlider
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 specificatione are in use for cont2sts. One ia for limitad
gliders with a4 maximum total supporting areas of 550 sg.im. and
a minimum weight of 10 ounces. The othar ia for Nordic gliders
with a total surface arsza from 263.5 to 294.5 sq.in. and a mini-
mum weight of 14.46 ozs. or 3200 to 3400 sg.cm. and 400 grams.
The limit21 will give 2.85 0z./100 sq.in. and an approximate
ainkinspeed of 2.04 f.p.s. and for a Nordic 3.65 0z./100 sq.in.
and 3 sinking speed of 2.3 f.p.s.

EFFICIENCY OF STABILIZER. The effectiveness of a stabilizer is
reluced by the proximity of a fuselage or a fin. This inter-
ference depends on the relative size of the portion of the fuse-
lage next to the stab, the aspz2ct ratio and the plan view of the
stabilizer. The angle of attack also influences the efficiency.
The slipstream and the downwaish mike adiitional inroad on the 2f-
ficiency 6f the atabilizer.

If the elevator is a part of a thick symmetrical section, it may
not work for 2 desgree deflesction, because it is within the turbu-
lent air leaving the airfoil at the separition point. This is cor-
rected by drawing a aymmetrical section of a shorter chord and

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

Leak is stopped by sealinz the hinge gap. A chart gives eslevatar
tests, which indicatas that the larger the ratio, the greater ths
1ift. A sketch shwos the connsction of flap and elevator on a
oonirol line model. The flap angle should be 1/3 of the eslevator
angle.
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FLOATS ani YULLE. Yodels taking off tha water {(R.0.W.) use floats
c¢r hulls. The floats should be of simpla construstion with a low
drag neir to faz take-off and in the air. The tuoyancy should pe
3 t¢ 5 times the load they carry ir the norwal condition. The
valume is estimited for .54 oz, per cu.in. displacersent. The
weight of the total displaced water will be equal to tne wveigat
cf tre modiel.The c.g. of tae 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 buoydncy parallel to the
gravity line will intersect the line of symmetry at 1 point cal-
la2d the metacenter. Heticenters are determined for warious lat-
eral angles and if tne metacenters are above the c.z. cf thne
model, the model is hydraulically stable. Tais investization

is usually 4pplied for checking stavility of flying boat hulls.

A nomogram and an eguallon give the displacement of floats if

the lapgth is twice the width and five timass the height of th2
I'lzat. The volume of 2 float or hull can te estimited by the
vreduct of the three dimenzicns and a design facter, which varies
from 4% to 270, A flat step givas th2 bLsat lcail-drag ratio, but
wi'l often porpaise and must be ventilatzd. A Vee-step is bete
ter but hird on construstion details. The best all arsund iz the
rointed flat step for smocth ani greatsr range of "planirz". 1In
cas: any perpcisirng appears aad no other adjusiment helps, =
plate placed back of the step at & negative angle will aié in
bringing the model to the "top". This plate 1a :ftzn noeescary
on scale models. The location of the ster is 1/5 ahsad of %ne
c.g. for narmal loads. TFor top lcads the step is slishtly forward
:f the 175 ratio. Th2 hull has ysually w dead risa of 22 de-
zre23 4t the bow and reducing to zaro at tiae =tep. Some wodel-
ers like a flat bottom at the bow to preven’ iiving undsr wsater
on a steep landirg. The step shouldl b2 an inverted Vee., A small
spriy strip will step slimbing of water on th2 side of ths hull.
The zero-lift line of the wing snould be 2 to 3 degree positive
with the bottom of the hull. The 1iffersnce of the zero-lift
lines to b= 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 normil loiding is prop-
ortional to the square root of the wing arax, For highsr wing
loading the beam should be wider or the power loiding shoull be
iecreased for 4 possible take-off. The design of tae hull is bassd
on the dimensicn of the beam. The overall langth ie from 8 to

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

iz used feor the fore body of the hull., Models witu hulls of

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

Models on fleats are seaplanes. Floats should be apaced at the
same distance the wheels were locdated, but farthner anead, bea
cause the resitance of the floats is higher tnan the rolling re-
gitarce of th2 wheels. Thay should be designed to carry the ai-
ditionil torque load of the irive.
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LANDING GEAR. Tha landing gear is designed to take the landing
shock of a model, tc 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 positicn cof 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 oceasional steeper landings. A load factor of 5 to 6 seesms
a good figurs, bscause load tz2sts on winga gave 36 times the
total weight of the models. Part of the kinetic snergy is ab-
sorbed by the deflection of the integral unite of the model and
by the flexible support of batteries and radios equipments. Some
fuselages are so close to the grouni that only the deflection
of the tirss can bte uzed for absorbing the shock. The front
wheel in a tricycle design should haye & greater travel than
that of the rear wheels.

The energy to be absorbed by the shock unit is equal half the
iistance 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 ths shock is taken by rubber
about 40 per cent of the energy is dissipated. An ideal shock
apsorber is a hydraulie shock strut controllsd by valves and

orfices.

The diatance of ths propeller from the ground should bes at lease
2 inches in the deflacted position of the landing gear. The
torgue of high spead gas engines cannot upset morels wlth‘atand-
ardi whael spacings. The aigh initial torque of rubber driven
models means ground looping. This is avoided by setting the
tkrustline at a high angle with the grouni in order to be aided
by the thrust for a faster takxe-off. A good launching without
pushing depenis on the experisnce of th2 contestant.

Groundlooping, circling on the ground is often caus=di by a poor
1ligment of the tail skid or by the tail wheel. It may be alsp
tha result of unequal loads on the wheels caused by the torque or
the drive, by a soft ground or by small diameters and widthe 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 thne
gpan of the wing. A single front-wheel is offset to the left.

The angle of incidence with the ground depends on the basic de-
aign of the model, Many airplanza 12 the beginning of aviation
could not take off because the landing gear prevented the in-
crease of the angle of attick or high grass becam= entingled
#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=-
creiaes the 4drag but should be used only on hard , smooth takee
of f grounds. Magnesium disk wheels rsduce air drag, rolling
resistance and weight, which aay be final cause for top perfor-
mances in a loal carrying contest.
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FLAPPING WINGS- ORNITHOPTERS. The movement of 4 bird wing was
used for the first successful flying model. BEvan the first man-
carrying gliders had thz outline of a1 bird. Complicated mecha-
nism to imitate the automatic changes of the incidence angle and
airfoil sections never produced wvaluazble informaticns on the aero-
dynamies of flarring wirngs, because all chinges of angles, air-
foils, streading and closing of the tip feathers ire inherently
actuated by the direction and strength of the relative airflow;
the bird doe= ncthing 4bout it., Mountad birds pliced into wind
tunnels gave a gliding angle of only 1 to 4.5, ani the actual
gliding angle of flying birds is more than 10 times ths dead bird.
Airfoil sections of a bird wirg give only laminary (?) flcw ani
any pozsitle turbulent flow is pade laminiry by nature to zrow
feathers at the right place, 3s seen on egrets and pelicens. Thers
two theories to be formulated for the presence of the thumb
feather (alula) aad for the scalloped trailing edge of a2 bird,

In 1901 Marey took movies of bird flights 4nd attached inatru-
ments to pigecns toc meagure the pover reguived for flying. H2
1141 not obtain the minimum powar or the actual gliding sugle of
virds, Some of the reaults are given in the diagrdms shcocyn. The
best information were collected by movies taken of a large rube
ter band driven model amd from wind tunrnal fasts of 2 =mall wging
cscillating at high speed. The piclures give tne speed, ithe angles
mezsured frem th2 outline of the ribs and ths powsr by the rub-
ter used, A twirn grnithopter tezted in 1312 gave an appirent CL
of 1.56 but only a gliding angl=s of 1.32. Tae tests indicuted
that the lift is done by the irrer seecticn of the wing and the
prepelling by the ocuter section.. Also thal the body dues not
move into tne .oppesite to thz direction of that of the2 wing, but
is 90 4degrees off phaise. This phase difference reduces the
atrain on the muscles of the birdz.

The tip of the inaect wing de2scrikes figure~ of elghtis with vary-
ing tracks in ordsr %¢ aove 3 gredter gas= of air. Its prineiple
is similar to the aetizn of 1 tird wing, exc=spt the wing has a
groater axial rotaticn, whieh ls due to the eantrifugil force.
¥odels with wings deasriving 2ights and rotating »2oul tozir lit-
aral axas gave vary nign lift. Th2 weight of tne machanism will
te toe h2avy for efficient flyiag modela.

Many other ideas warae t2st2d with wings moving in 4 horizontal

or ir 1 vartical plane. Oraat sums were wastsd 50 years ago to
tulld an alrpline by oscillating upturned cupe up 2nd dswn. Oaeil-
latisg winga back and forth gave a 1lift as estimit2d with stan-
dard 2quaticna. Fristion indl a=ight tlways precludes cdonst ruct-
iop of 2fficient modela with oscilluting winge. Oseillatirng solii
wing= about their 25 per cent lateral axes gave no =ffect at all.
To be affactive 2 wing must huve = double ieticn. It must move
4p 2nd down, and rotate about it~ laterdal axis, which msy bte ac-
tuatedl by its innerent flaxibility. Tests snowel that the oscil-
latirg pline snould be 20 deprees ahead of ths vertical and that
the maximur flap angle should be 100 dagrees. The duraticn of
rut tear Ariven ornithoptare is lzsa than 50 per cent of propeller
Adriven xoiale,

Winga 4rz usually Tlapped by 4 crankahift 2apl conmecting roda. A
tensicner will not inereaas duration;it @iy howsver improve =2f7i-
cienny if the nusber of =strands «re reduced. To eliminate oscil-
iaticn of the fusalage twin wings wera tried; they increased tns
apparent CL to 1.5€ btut the gliding wis resduced teo 1.32,
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VIBRATIONS. Many kinds of vibration are possible on models. They
are greatly dampensd by the extensive use of balsa. Vibrations
may be caused by poorly balanced engines, propellers or by the
vertice= 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 rol and tne piston.

Another unit that causes vibrations is the propeller. The gyros=-
copic couple of a two-blader in cireling flight is sinosoidal,
whizh become smecther with three-bladers, which however have lower
ef{ficiencies. A hani-sanded propellsr is often unhalanced by weight
hy an unequal thrust. This unejuil thrust is present with any
propellsr flying in a cirele. 1/1200 oz. on the tip of a4 10 in.
propeller gives a 2 c¢z. centrifugal force ruaning at 15,000 r.p.m.
For top performances propellers should be checked for weight ba-
lance and for equal piteh distribution on both blades. Engines
should be tested mountsd in the model to make certain that it

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

on the bench.

Another vibration way occur by the resonance of the natural fre-
queney of the blade with the r.p.m. of the 2ngine. To-iay prop-
2llers have at least twice the nitural frequency of the r.p.m.

of the engina. Some propellers manufactured yeirs 4ge had vary
thin hub sections whizh gave a frequenecy of 15,000. Th: natural
frequeney of an average wing is about 2500 to 3000, whizh is too
low for resondance. The only fime wings may be damag=zd by flutter
i3 in powszr dives. Usuilly the losa of 4 wing is dues to weak rube
ber banida or shift of the wing on the support.

Flut ter miy occur with statically unbalanced elevators or ruiders
if the control rods have play in their connections. A weight and
an derodymamic balance will remedy this situation to a certain d=-.
gree. An unbalanced propeller or engine can cause to flip the
escipement and the relay.

Vibration loek or raszonance of 2 leng fuel line amay stop the flow
or it may even drain the whole line. Long lines should be fas-
tened to prevent resonance.

The turbulent air leaviqg the trailing edge may start a resonance
in very thin tail surfaces. The vortices have a frequency of the
apeed divided by four times the thicknz=ss of the wing. An 8 in.
wing moving at 30 f.p.sac. give vortices pulsating at 9000 times
per minute, whizh may be close tc the natural frequznciss of a
thin 3tab. Tha fraquoncied of an avarags stab is much higher ani

placing it into the wake may not start any vibrations, but an
added slipstream of the propeller, which is also pulsating may
reach the frequency of the stakilizer.

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 ani gas engines. Some rotite the lifting unit about their
ho;izontal axes and others about their vertical axes. With cer-
tain arrangements all models lifting by rotation about any axie
can glid= by self-rotation, auto rotation. The big problem is
always stability and how to overcome the gyroscopic precession
ani tha counter torgue.

Varioug ideas were tried, such as levitaion by centrifugal force,
accelerating downward the boundary layer of a cup rotating at
high speed. The closest to success came the cyclogire. 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 straizht 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 rotora. Indoor helicopters obtain half of tneir duration
by hovering about halfl of the diameter above the grouni. 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.

Halicopters with a single rotor rust have a drag plate placed on
a rod or at the tail of the fuselage in crder to slow down coun-
ter rotation. The loss is about 5 to 10 per cent of the power.
Similar reacticns ars cobtained on flying saucers by using the
surface friction of the large lenticular todies. In order to ba-
lance precesaicnal forces the angular moment of 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 counter-torque rotors are driven by placing power
drives on outriggere 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 precessiocns are balanced, the gyro forces how-
ever are not eliminated.

The locaticn 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 fuselags, usuilly slightly behind the rotor axis.

Propellaers of gas driven halicopters 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 reotor can correct the 4if-
ference of the torque and counter torague.
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The forward speed is induced by the slipstream bYlowing on an in-
c¢lined surface placed on each side of the fuselage. The axis of
the rotor slopes slightly to the side in order to balance the ac-
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 pitch-
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 autorotaticn. 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 ani for autcrotation zero or negative. Some
helicopter models control the pitch by the coning angle, which is
the resultant of the centrifugal force and the 1lift moments. The
hinge at the hub should be about 35 degrees meusured forward in
the direction of the tip of the btlade. The total width of the
blades shouldi not be over 30 per cent of the diameter. Coning
angle improves stability; placing however both rotors below the
c.Z£. will give automitic stability, bvecause they become pusher
propellers, which are stable.
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RUBEER. A motor made of rubler strands stores the highest tor-
sional 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
againat 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 i= 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
ia 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
tehasicner is set to engage the shaft at a stop that allows the
prop te fold at a predetermined positien. The turna left un-
wound are not sufficient to keep the model in a horizontal flught.

RISFR. The rising air increases thz 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 3 cold front. The strength
and the slope of tke wind is not steady ani 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

is 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 reducta-
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 condit-
ions. If the tail setting is sufficient the modal may keep withe

ir the riser, which is due to the higher air speeds on the -
phery of the revolving air. = e

Risers are created by air moving over sloping terrain or hill.
Mod=1s 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 fronte, ridges or even sea waves to
redch rising thermals.
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ENGINES. FEngines used for models ire of the two-stroke cycle
syatem. The two cycle operates by creating 1 partial vacuum in
the erankeise on thes up-stroke of the piston; this draws in 4an
air-gas rvapor mixture through the side, through the hollow shaft,
through 2 rear rotor valves or through a reed valva. In the up-
stroke the piston compress=s tha mixture, which is ignited by a
aparx, by a glow plug or bty the high campression itself. The ex-
plosion 4rives the piston iownward, compressinz the mixture in
the crankeise. The axhaust ports open and after that the by-
pass opens, which allows the mixturs to rush towird the top of
the chuambar. Some of the mixturzs may escipz through the 2xhaust
openings. The timing of 1 two-cycle engine is shown in 4 diae
gram, which variss with the ratio of the length of the conngct-
ing rod and the stroke. Taz higher the powsr output iz the har-
isr it is to stirt 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 zngine

iz ealled 2 diesel, which is 2 misncomer b2caus2 the original
DIFARL is a four-stroke with a fuel ignition at the end of the
up-stroke. The =fficiency of 2 model engine is wsually compared
with its delivery of h.p. per cu.in. displucement. The thermal
efficisncy is based on the power output (heat power-B.T.U.) of
the fuel. The indicited efficizncy is the work done by the ex-
plosicn pressure on tne piston area and the volumetric efficiency
is bised on the volume of the mixture i1 the chamber. The vol-
umetric efficiency dep2nds on the ascavenging of the exhust gases
and miy be assumed to be the h.p. output per cu.in. displucee
ment. Its miximum miy be as high as 66 per cent and the h.p.
eaqual to 1.2 {0 2 timazs the ecu.in. displacement. Deducting the
h.p. delivered 4t the end of the shaft from the indicatzd h.p.
the mechaniedl power losses are obtiined. Th2se iare usually fric-
tion losses. The indieatzd h.p. arz calculated from the indicate-
or diagram. The averige pr2ssure on thz piston during the down-
strokz is from 40 to 80 p.s.i.

Improving the power output shoull come undar thne heading "souping"
up an engine. Some of the improvements may be incorporated in
future =2ngine da2signs. A soupei-up engine however may not stand
up unier steady power delivery ani may bz good for only one cone-
t2st. These doctorzi sngines ares usuilly carefully cowlad to
ramove the additional heit pasaing through the eyliniler wills.
Spray bara are replaced by 3priy nozzles to rz2duce the drag of
the intale. A vary smill hole 4rillesd close to the jet should
4id wvaporization of fuel by the adled uir bubbles. Baffle

plit=s on piatona follow un'form curves. Smoothaning all pag-
aqges, removing 111 ragged edges left from machining, tapering
alots on eylinder slseves, enlirging intaks puassiges, increas-
ing the compression ratio by turning down eylinder ani crankcase,
Replacing flat gasketa by smull round gaskets will reduce blowa-
outs.or omit gaskats.

The avsrage crainkshift is poorly balanced, whizh is partly due

to the mnuficturing costs involved. Reducing vibrations by
balancing the crankahaft will 244 powsr to engines mounted in
modela., Old-timera in the auto business sugg2st that the erank-
ahaft of a single engine should bilance with the endi of the con
rodl and with ibout 7 to 1,72 of the remiunier of the con rod

ini the piston pliuced on th2 erink pin. The crank pin is made
hollow and solder is add2d4 to the lower eni of the count~rv weight.
No perfect balancing ie possible with a singls cylinder engine.



19

Cowling an engine not only reduces the drag but also dissipates
the heat generated by a high compr=ssion engine. The sides of
the engine are tapered, the cooling fins are fil=ad 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 Tubber and only the plug point is accessible.
Thus the slight vibrations will not damags the engine or the
fuselage. The hot air leaves the fuselage with the aid of the
centrifugal force. The exhaust stack is cut on 2 bias so0 that
the gases pass into the diresction of ths 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 improvemsnts may ruin a4 few good 2ngines
before the correct doctoring is found.

Testing engines for h.p. is made on 4 torque stand shown in a
gketch. The engine is bolted to a swinging support, which has

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

The distance the weight wus moved, the weight and the r.p.m. are
used in estimiting the h.p. Varying the diameters and the pitch
of the propellers many readings are obtained, which are plotted,
the torque and tne h.p. against the revolutions. The connect-
ing lines must give smooth curves to prove that the results are
acceptable. The revolutions are measursd with a reliable tacho-
meter. A simple home-made instrument that uses the resonance
effset at maximum amplituds, can be constructed with a 1/32 in.
wire sliding on a rod and calibrated with the dimensions estim-
ated from the equation. This instrum2nt may not be suitable
abo'ﬁ;e 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 sach
engine, which will give a fixed r.p.m. if working correctly. A
pisce 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 estimiting the power loading. A
sketech shows how to hook up an engine operating with spark plug.
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JETS= The principle of jets is the accelsrated ejection of gases
at high spe2ds. The higher the scceleration the lower the effi-
ciency of the power unit. The low efficiency of a jet cannot

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

The ajasction of ignit=d air- gas mixture is incorporated in ths
pulse jet and the ram jet. Ram jets will work only if the ram
presaure of the air reaches a certain height, this requires a
valocity out of reach of model speeds. A two-pouni ramjet gave

a 2 ounce thrust at the stand-3till, which is too low for operation.

The pulses 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 fragu2ncy of the gas column in the
attached tube. The freguency of the ignited gas column is equal
tc the speed of sound divided by twice the length of the tube.

The length of the tube is made longer than the valye oacillations
would calculate in order te hawe the flams front not too close to
the valves. The apeed of th2 sjected gases is about 3000 ft.p.sec.
which indicates that the speed of a modiel will reduce the thrust
of the jet only slightly. This great difference of the ejected
gases and the speed of the model gives the pulsa jet a 1 to 2 per
cent efficiency which is low compared with the efficiency of a

£as engine driven propeller of 12 per cent of the B.T.U. supplied
by the fuel.

A combinition 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 affective for helicopter designs based on the
ducted fan priciple. Many usa2ful equations for basic thermal re=-
lation of fuel and v2loeity ur=s given.

A pulse jet with a 3.5 pound static thrust traveling at 200 ft.
per sec. delivers 1.8 net horse power. Pulae jets 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 do not need the outside air for oper-
ation. The CO2 capsules use the axpinsion cof the carbon iigxide
in the eteel cylinders. Slow burning gun powder jets (Tetex) are
lighter than the CO02 cylinders. The apsed of the exhaust gases
are from 1200 to 1400 ft.p.see. A few notes on powder jets are
given.

The design of jet moda2ls 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 tnrust. For
highly etreamlined models the ratio is increased. The airfoil
ssction is 2 medium cambered section, because of the absence of
torque and propesller forces. The dihedral is from 6 to B 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. Far straignt
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 fuseluge 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 heighta at twe points and the distance
between the two pints. These three dim=nsions will give only

the gliding angle. If the time of the glide between the two
pointas is taken, the gliding =apeed, the sinking aspeed and the
aerodynamic coefficients can be svaluated. A more scientific
method is to glide the model in front of a camera and taking two
expoaurea on the same film. The camasra on 4 tripod, a dark back-
ground and a plumbline simplifies the procedure. The time 213
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 obtainsd. Changing the weight and
the location of the c.g. the coafficients for other angles can

be determined. The advantige 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 drig of the carriage ie
obtained by loading it with two different weights and timing their
down travelgs. Two equations will give the rolling and air coef-
ficients, which are used to deduct the drag from the thrust of

the teat results. The torque values of the unwinding moters are
plotted first. A certain numbsr 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 coniucted by this method in 1930 showed that the highest
afficiency was obtained by 1.3 pitch-diameter ratio balsa prop-
allers. The number of tests were over 2000. This method can be
improved by placing flashers on two points of the wire.

To 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 t dimensions for the terms in the equition ths bend-
ing stress (modolus of rupture} is found in lb.p.sqg.in. psi?.
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 coefficisnts which could be
used in standard equations.
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STRENGTH OF MATFRIAL. 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 1b. 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 lb./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 obtzined in fast work. Bal-
sa with a weight of 13 1lb./cu.ft. will have the same structural
weight as bas-wood. Basswood should be doubls glued. First coat-
ed with a thin surface, which is allowed to dry; then glued again
and pressed together. Lately hardwood is specifisd for many struc-
tures with limited dimensions.

By removing all moiature from wood the strength incrzases by 350
per cent, but will stabilize to about 15 per cent moisture cont-
ents. There may be a2 method to prevent the moisture from return-
ing without increasing the weizht. 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 increasea. The adied advantages are a smooth surface
and & very high shear strength.

Steel wire is used for control lines. Usually the steel has a SAE
1045 specifincation with a 140,000 lb.per sg.in. strength. Other
steel wire go aas 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
coila and should be relieved by heating it to 350 degree F. for one
hour. Steel wiras 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 micromster.

Aluminum 1lloys are used for engiens, landing geras, bell cranks
whe=l hubs, spinners and for parts thit must have & high strength-
weight ratio. Heit treated they may go 48 high as 90,000 p.s.i.
The specific weizht iz 1/3 of that of steel.

Bending tests on wings give the breaking poads as high as 40 times
the total weizht of the mod=l. Thia high strength may not be nec-
cessary, but the adiitional torsional forces may justify the con-
struction. The covering adds zbout 20 per cvent to the bending
strength ind 80 per cent to the torsional strength. The shrinking
of the tissue prestresses the structure by 2 to 5 pounds per inch
run. This stress will suport a loid of 2 to & 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 4 finished model should be known
in order to come within the regulaticn of 4 contest. Except for
indoor models no itemized data are available. The modsler should
know the expesected weight of euch component unit, bscause the re-
quirements are only for minimum weight and maximum wing area.

The weight of each part and its location ibout an axis will soon
be realized by modelers as a decisive factor for top performan-
ces. Indoor microfilm coverel models are the most trying to
puild because each part must hive a minimum weight within
1/10,000 oz. to come close t¢ the record time of duration.

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

the structure. These units are the radio squipment and the pow-
er plant. The total weight is found by multiplying the sum of
the uhits by 2. In the future the conatunt will be reduced by
closer stress estimate.

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

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

& nomogram from the length and the number of strands of 1/8 cr
ite equivalent.

A nomogram gives the weigznt of 36 inch long balsa strips if the
apecific weight per cu.ft. of the balsa is known. It also gives
the weight of metal blocks of a volume less than oane cubie ineh.
Weights ars given for ~sontrol lines, telescoping aluminum and
brass tubing with 1/64 in. (.015) wall thickness. For modelers
who own sentive sciles the weights of coins dre given in grains.
4374 grains make ons ouncs.

Th> weight of a 7/8 in. diameter solid rubber whesel is .15 oz. ani
a 2-3/8 in. diametsr wheel waighs 1 oz. One 2 in. semi-pneumatic
wheel weighs .70 o0z. and & 3 in. diama2ter weighs 2 0z. Streaum-
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 shrinkforeces, beam distribution and to the airforce
resultants. The shrinkforces developed by subsequent coatings
are assumed to be evenly distributed ovar the outline of the air-
foil section, with the rasultant passing through the centroid of
the outline. Another characteristiec of a wing to be considered
is ;he flexural eenter or center of twist, which is a point con

& wing, where a vertical foree causes only vertical and parallel
displicement of the structure without rotation.

In an ideal wing the resultant air forces pass through the a.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 ani locating them st the right
places. To eliminate higher matnematics for determining the flex-
ural center an approximation will give satisfuctory answer if

the center of balance of the cross-sectional arsas of the beams
is used in the estimats. To move the centroii of the shrink for-
ces from its normal .42 positiosn 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 cambersd sections the
balance of the forces cannot be obtained. If the areas of the
lateral members are closer to the top surfuace, the wing will warp
downward; if the areas are closer to the lower surfice, 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 standari wings, which provides
2 30 to 40 load factor, gives suffisient rigidity to all unbal-
anced forces against warping. Double glued joints are necessary
for full strength of the construction.

Triangulation gives exceptional high strength-weizht 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.

Riba should be in line with the flizht directisn te reduce tur-
bulency. Trailing edges should be notched and also gusssattesl if
the sections are thin and the material is lignt weight balsa. The
strenzth 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 3 the strength of solid beams.

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

of three times the thickness of the beam. Th=2 center section of
the wing is usually sheetasd in order to distribute the holddown
forces exerted by the tension of the rubber buands.

The high torsional moments of spiraling models are carried over
to the wiag by the platform of 2 pylon job or by the top of the
fuselage. The width of the platform should be 4t least half the
chord length. To prevent shiftimg or misalignment the wing should
be connacted to the platform with key and chunnel or pegas. If a
dihedral breik is at the ceniar of the winz 4 close fit of plat-
form and wing must be made, and the beam straps should be hard
balsa or plywood.

Equation for sstimiting tne number of 1/8 rutber strands to
hold down wings on platforms or fuselages is given on page 28.
Use twice the estimited numter if only two pegs are used.
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A fuszlige is desipned to carry the torque
forces, the stabilizing forces of the tail
The framed structure follows the desizn of
Warren trussing or a full balsa planking.

the three are used in one model. The Howe

of the drive, its gyro
and the landing loads.
a Howe trussing, the
Often a combination of
trussing carries verti-

cal members and the torsional stresses ars absorbed by the tis-
sue covering, which mak=s it flexibls. The Warren trussing

has balsa diagonals, fully triangulated and tissue covered,
which gives this kind of design a rigidity that may shatter in a2
bad landing. Planked fuselages are easily built, very strong

for their weights ani 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 fuaselages used for control line mod=2ls often aplit at the
trailing edge of the wing, which is dus to the low cl=avage
strength of balsa. Reinforecing this portion of the fuseluge

or drilling a reliaf hole a8t the trailing edge will prevent
splitting. Solid balsa wings, stabilizers or fins are used to
aaye weight and for extra saving the doping is omitted (7).

Sharp cornars should be avoided, smoothened and tapered to di-
veraify the horizomtal shear, which is very low for balsa.

Sharp corners shouli be avoided. Smoothened ini tupere! connesct-
jons will distribute horizontal shear, which is vary low for
balsa.
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DRAFTING RQUATIONS. Advancing scientific engineering is usually
induced by formulating =squations which conform to the laws of
physiecs or by assuming a certain relation of design d2tails and
performances. Plotting variables of models of the same design
will generally result in empirical equations that will indicate
the direction in which improvements may be made. Most equat-
iong have on2 or more constants that are obtained by substitut-
ing the variables of well performing moiels. Systzamatic tests
is the solution. Tn eciz2 tha conception of the forces acting

on the model is not recognized a few simple tasts may clarify
their actions. Substituting modal componsnts in =quations used
for airplane designs will result in equations thut nesd only
their conversion to the inch-ounce system and the estaiblishing
of the constants from top performing models. Performinces aided
by thermalas should not be used.

The davelopment of epquations for rubber driven models is shown.
The diametsr is evolved from the squation used for airplane
propellers with the assumption that the torque is equal to the
momesnt one wing will give carrying the total weight of the model.
The apesd is presumed to be the one for the minimum powar or the
gliding speed at the minimum sinking speed. An equation for the
minimum number of strands should be developed from the given a=-
rea and weight of the model.

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

any moving object is absorbed by the distance it traveals times
half of the maximum stress. The longer the distince 3 shock ab-
aorbing unit will travel the lowar will be the stress imposed on
the structura. Two beams of the same dimensions are compared for
their shock absorbing qualities by subjecting them to the dece-
lerat=d forces of their own weights. Applying standard equations
only comparative valu=ss will be consider=d. The beam placed ver-
tical is 4 times stronger than the one placei horizontal. The
ieflectiun of the vartical beam will be only 1/4 of that of the
horizontal beam. The kinetic energy absorb=d by the beams is e=
nual to the load multiplied by the ieflection, which is the same
for both beams. So this was a poor trial for comparing rigidi-

ty.

Some equations arz devaloped 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 viriables is a simple powsr
function expressed by the slope of the line. To eliminate mathe-
mitical operations th2 equations are rsplaced by nomograms. To
simplify the construction of alignment churts the scales are

made equidistant. Five log scales will suffice for most of the
charts to be made. O5ee sciles on page 25,



93

DEVELOPING EQuATions For AusBEerR DRIVEN MooELS.
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REVPS=3G4x W AJatexry %) pia=300 ‘W/{ﬁgmﬁm%Mﬁb’) UsiING C FoR
ANYCONSTANT ~ POwER [6.26 RES = Torquein-CYTorQuE /R R Sx V)
Dia=C A4 N4%/W”  Use D1, or RECORD MOOELS (= /.15 &
PITCH = Ve ¥l2/RRS. BySuestiturion P=2.82NY2/W,, Pp :2554’?:‘,4
CONSTANTS For FircHano Plp Too HigH,To BE ComRECTED.

Jo EsTimMATE Noor STranos: ONE Wing SHouLo CounterAact TorQUE
ToRQUEN" rax ToRQUE - .6 %= WhSpanly N-.56 W% Span™?

[/ 4
!-fffth" w Svasrituring NinDia 0/,9:.635ﬁ/3x SPa Y2
CONSTANT Jo BE /INCREASED

INVESTIGATION o LANDING SHOCH
7 w4 = Weignr loap Deriec ENERG
.“U/A o = 4 4 / 4 d

S— Y
777 — = DEFLE
/é R S I] 4 16 Y 4

SAME ENERGY ABSORBED forR Bort FOS/7/0NS.

WiDrH oF Prarromm For WinGg

ASSUMING STRENGTH or WiING
PRoPORTIONALTO BAh%0F THE BEAMS
Ario BEARING SurPPORT Plrorore -

Trorac To Wiorn%a.
2 514/2 STRESSForR THEBEAM~/0LB. BaLsa

g x 3200 = G ~50 3200P5./ AHD FoRTHE ParForm
l:: 3200:‘:6‘4 1 70 GRA/nw 50 RSy,

# 50 NuMBER or FUBBER STRAMDS FOR

CHoRL -
=8 Las ING M =08 HoLoinGg WING To PLaTFoRm FROPOR
SUMiNy /2 TIoNAL ?o STIFENGTH GF WING .

W=8H, W=8xtt/12 =.67 CHORD = WIDTH Cart BE REpucED I Loap 15 D15TRIBUTED
BYPLanrinG oR USE FuiL WIDTH AT THE PLACE OF THE BEAM.

~ Examprie FornUsE of [0G. [rER ~
1954 NarioNA. SrPeepConrroL LinE

Batsa
SHEET

1954 Narions L N
Yo B85.6 | Coplsmarr —
44 2o T ok ey | PR
B /36.93 e
c 15937 L =l 1
SPEED=cy/N *C b =
o /e =, 80
X:=SLOPE Y/5=.2 0 70| ST @ LINES
C AT CuN=1 ~ 174 THEH 3
SPEED,, . <l cvan e T i3
PEPH . oF 20 .30 40 -60- 72
Line INDIc aTEs SpEED iy - ° ol s
For Y24 Spourr crass

FEactr 96 m.r.H. 13) PLOTTED oM LOG.ScALES .
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PROPELLER MACHINES. Manufactured propellera advunced intereat

in airplane modela. The firet ouss (1329) were machine-cul

balsa propellers, folluwad by the machine-carved gas props. All
plastic o- plastiec impregnited;compressed wood propellers are
ready for use without addition2] manufacturing propcesses.
Illustrations show bagic prineiples ugsd in desigzrning machinsa or
fixtures for cuttiang or carving propellars. Bialsad props 4ars cut
with 3 bandeaw adjustable tc 2 P/D ratio as lew as 1.2, The sawe
blade is narrow with a large teeth setting. The twiat or pitch
is generated by an arm on tae right side sliding on a sloping
bar. This bar is adjustabl: for pitch and iiametar. The thicke
ne=ga of the prop blank is econtrollel by 3 atcp. Tine thicknaeas of
the tip is not aufficiznt tec carve a cambered blade, which is
orverzomz by glulng a small piesce of balsa to the lealing edga.
Machine-cut basswoci props were tried but the cost ef broken
banisaw blides mide the preduet nunprofitable.

Gaa propa 4re manufactured Ty 4 sgeriea of ozeraticns. Réctangu-
lar blanks with tke shift holes drilled are shiped tc their cuc-
lires by a aingle fixture or fed tc a half-autcmatic carver. Than
two cutters are used 1o finish the carving. A straight one for
tn= flat side and a profile cutter for the top slde. The pro-
file cutter is a combimaticn of all the snapes of the blade. The
piten 15 formsd by Lhe s des of a hox into which the blank is
placed and pressad agiinat the ball ts=arings next to the saltsr,
A batter design uses the pitch bar giaflar to the oGne ussd for
cutting of balsa props. Anctlier michine adds a2 shiiift of the car-
ver (o ths rotation of the blink fer spznial prop desigpns. All
cirved preps arz hand-aanded Aal stitic-balancad. Lacquering wil)
finish tnes protuct. Props are checkxed for warp anil are kept off
th« market if pitch vuries by 1 inca.

A disgran gives the piteh-diameter ratio bty placing the end of
a prop block orn *he ehart ant the lins2 passing throagh the dia-
gonal! cf the tloek is the ratlc. To obtain the slopes of the
other stitiona ‘he riadiue of the prop is markad oa i hori=on-
tal line and a wverticul 4rawn at the asis. The slop2 obtuained
from the diagram is drawn from the tip; it will interussct the
vartieal at a poink that is used to ronnect with any station
along the radius to gel the alope 0r tha urngle 2t thst station.
Trils metned will give the saie pitch at all station or a uni-
form pltrh distribution.
ESTIMATING SIZE 0F LEROING ane TREaILING £pGEs
To HAVE FLEXURAL CENTEIR AT Y3 CHORD Drsramce

By
r I r‘]57_i+
.q | I : .
logd, _—— S
Beany inTHis Race e ‘Ef;;f,;‘ff;’”
2 WILLNOTHANGE |t/ MovEs Tre Fi.Cr
3 W FLEXURAL CENTER Towaro THeE

IRAINING FOGE.

.-‘:'f» SUAMING EDGES REOUCED TOTRIONG (/L AR SECTIONS
SamE WEIGHTr BALSA, TENSION OF (1 CUERING NEGLECTED
DeFLECTIONn FROPORTIONAL TO Loao W Diviocp By I Momenr or
(NERTIA OF SECT/onN, LoAap FRoMT 2/3 W, FEAR an. J= ep3/48
FRorrT BEam H=6656 ReEARBeam H=.25& BorH DEFLECTtor EQuUAL
2 wnbr G65E/4B < fawnbr. 2578048 2:6%.295= E2.156
59 B'=1568;  Br_|[1%. 264"=.72 8r-126g

éx 1= wirw MoseRaorws Be= .55 o
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Lay & straight edges across
two known values ani read
the answer on the third
scale.

MULTIPLY:one number on scale
1 with second number on
scile 2, read anawer on
acals 3,

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

ARFA of CIRCLE:dot over
scales 2,6 ani diameter on
scale 4, read on scals 3.
Scale 1 are squares of
scale 1, Scale 2 are 8guare
roots of scale 1. Scale 6
are cubes of scale 2. Beale
2 are cuba roota of scale 6,
First saction 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
scile S,
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Mooers.
15
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PRoFPOARTIONAL To THE CUBE U s
OF THESPEED o THE SPE " ( 7
ProrporrionaLTo THE Cpa. Yo / 6Yo
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THE CLimBING FACTOR ldpﬂﬁfsﬁ; e © 5 10 U8 .20 25
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MopEL. i
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OUR. SinxirG SPEED ‘f_or;';f;‘ﬂpoté)fﬁ'ﬁ’/c 6/ 65 8--8 3’92
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RESEARCH I DESIGNS THE
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gc¥roc

Boue DoesNorTawe Inro Consiperparion

VARIATIor o VELO CITIES, WHicH INFLU-

ENCETHE COEFFICIENTS, AMO THE INCREASE
O0F WEIGHT WiTH INCREALE oF Tve THICKNESS
RAaTIO oF THE WiNG .

ReE:
INTERAVIA,JAN.

ALTITUDE

TEamE-OFFDISTANCE

VT OL~VERTICOL Tawe-OF Famp
LANDING.USUALLY * AILSITTERS”
ST‘PL*_SHOQV 7@ M E-OF F AND
LANDING. USING SLIPSTREAM.
OTOL - O0BLIQUE Tarwe-ocF
ANp LAMDING.
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ANDLANDING.(LASSICA L
3-PoinT LANDING,
TR TR A T

WiorsH

TF

~ NumBERorRUBBERSTRAND
YexaoTo HoLo Down WJHH(“:. ~S

Many Gooo MODELS DI1S1HTEGRATED

INTheAIRorloSTACONTESTBECAUSE
InsvEEICIENT Numssg OF STIRANDS
ALLowEp THEWINGTO SHIET o LiET
FROMTHESUPPRORT. THETENSION oF THE
STRANDSTIMESTHE WIDTH oF THE PLATFORM
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ByYTHE VIOLENT MANEUVERING AND THE

Mom!-c‘(ﬂo.
1956,

"u‘:,GMgNT ezwmq =Wozxs PANIN/G MASS ACCE LERATION opTHEMODEL .
LZESPANIXZ. = Noyey WIDTH,, ASSUMING ﬁﬂrfﬁsﬂom&wrﬁﬂow.o
G6x8 BE TWicE THESTATICLOAD, ACTING

INQ 2 SoannXWoz/c4xWioTH,

ON ONE SIOE ONLY. Ygk/3pRuBBER I6 oz,



MAIN FACTORS INDESIGHINGMODELS :
DZERO-L 1FT [INE SETTING 0FliiriG anoTare 2)LOCATION oF € G LONGITUDINALLY
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2 | Sw j00 38 /5.5 7.76 5.2 5.88 3./ 2.6 46,
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Induced Drag 13,14, 24,
Jets {Jetex & Rockets) 81,83,
Joukowsly Section 5,7,77
Landing Gears 68, 69
Lift 3,4,7,4,12, 31, 43, 66, 98,103
Loengitudinal Stability 37-43,99
Looping 46
Mat erial, Strength of 4o, 54, 85
Mean Camber 7,9, 41
Microfilin 21,22, 85, 87 103
Moment of Inertia 25, 28, 46, 48, 55=57,
Neutral Point 39, 41
MN.A.C,A. Number System 4
NOMOGRAPHS

Aspect Ratio 14

Centrifugal Force 48

Circular Airflow Angle b4

Prop, Dia, Gas Model 18, 20

Frop Dia. Rubber Model 18
Dihedral, Skid Angle 45
Iuration of Rubber Models 60
Fin Area 45

Flying Thrust 34

Gyro Force 48

Lift, Drag 62

Multi., Div., Power & Roots 96
Power - Velocily 62

R.C. Weight Estimates 28

Reynolds Number 7
Stability & C.G. Caleulations 41, 42
Static Thrust 19
C/L Power Required 30
Ornithopters 70,72,103
Parachutes 6, 61, b2
Performance 62
Profile Drag 14, 24, 101 94, 95599
Props b,15-20,22, 32, 34, 38, 42, 48, 51,

R« GoModels 25,28, 33, 44, 56,103

Reynolds Number 4,5,6,7,11,12, 26,27,
Rubber 19, 68,76, 77, 87, 93 79, 98
RUBBER MODELS
Indoor 6,7, 18, 21, 22, 36, 60, 62, 87
Outdoor 9, 18,19, 21, 22, 60, 62, 87,
Rudder 44, 45, 104 91
Scale Effect 11
Serrations 8,19
Side Area 55, 56, 57
Side Slip 47, 48

Sinking Speed 58, 62,65, 97, 101
Slipstream 32, 34, 66,74, 98, 103
Specs, Gontest (1955)22,33, 39, 47, 59
Spinning 53, 54

Spiral Stability 52-54

Stabilizers 37,43, 64, 66

Stress Calculations 93, 100
Sweepback 10, 27, 28,102

Take-Off 31, 49, 51, 97

Testing #2,83

Thermals 52, 76,77, 102

Thrust Line 35, 36, 38, 49-51, 98, 102
Torgue 16, 35, 36,79, 8O

Towline Gliders 9, 62, 63, b4, bt
Turbulaters 5,8, 26

Up Gusts 50, 52, 102

Vee Tails 45, 64, 66

Vibrations 71, 72, 78

Weights 22,24,28,65,77, 86, 87
Wind Tunnels 31, 32

Yawing 44,45, 53, 54
Zero Lift Line 3,4,7, 8, 21,22, 23, 25,
29, 30, 41, 49, 61, 62, 66, 67, 69, 98, 103

REFERENCES ABBREVIATIONS
T.R« =NACA Technical Report
T.M,= NACA Technical Memo
T.N. = NACA Technical Notes
G = Goettingen E » Eiffel

{Index Tabulated by Charles Sotich)
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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
perpetuated his 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 totalin Class "A'" Free
Flight Gas Event at the Nationals,
A plague is also given to the win=-
ner to keep.






