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, 7 CHAPTER I
’ ’ GENERAL

HE petrol driven model aeroplane is an attractive proposition to
any air-minded person and represents the nearest’ approach
possible to the thrills and technique of full-sized flying. The general
term ‘‘petrol model’’ covers a variety of types and sizes of model aircraft
powered by miniature aero-motors. These models may have a wingspan
of omly 40 ins.—or even less on control line types—with an aero-
motor of about 1-5 c.c. capacity, ranging to very large models of
14 or 15 ft. span carrying radio control equipment. The majority

of models are from 4 to 7 ft, span, with corresponding aero-motor
- sizes of 3 to 10 c.c. ‘

The greatest developments in petrol model flying have taken place
in America, which country has specialised in the production of miniature
aero-motors and petrol model kits and accessories for a number of years.

But of the pioneers of the movement we must mention Colonel C. E.

Bowden of this country, who started building and flying petrol models

soon after the last war, held the first petrol model records and is still *

an active and leading authority on the subject.

The British petrol model movement received a severe setback in
1940 when the flying of this type of model was banned by the Air

* Ministry, owing to the state of emergency then existing. In May, 1944,

these regulations' were relaxed and flying, could be resumed in areas
north of a line between Southwold, Bury St. Edmunds, Bedford,

Gloucester and the Bristol Channel, subject to certain conditions. .

More recently Air Ministry Regulations have permitted the resumption

. of petrol flying all over the country.*

The American petrol model movement has continued®right through

‘the war and, although severely handicapped by shortage of materials

and the cessation of the production of miniature acro-moters for ‘‘the

duration’” some remarkable advances have taken place Most note-

worthy is the development of control line flying, an entirely new phase
of the aeromodelling hobby which has rivalled free flying models in
popularity. Full details of this are given in a companion volume to this
booklet—Control Line Flying—produced by the same publishers. Even
before the war the quality and performance ef British petrol models was
generally admitted to be inferior to those of our American friends, and

" with the gap of four years occasioned by the ban we have a consnderable

leeway to make up. :

" The object of this booklet is to review the present state of know-
ledge of the petrol model, to acquaint the confirmed enthusiast with the
latest design and construction method and present the newcomer to the
hobby with a sound groundwork knowledge of the subject and the best

. methods of tackling the various problems as they arise.

*See Appendix.
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The petrol model can be considered as two separate items. Flrst»
there is the model itself which, being generally quite large, is more costly
and takes longer to build than the popular rubber-driven or. glider
model; and secondly there is-the aero-motor, which is again quite costly
and easily damaged if mishandled. Since these models are larger and
“heavier than the popular duration types with which most people first
start their aeromodelling activities the consequences of a ¢rash are
usually more serious—not only to the machine and mdtor, but also to
property should the model fly away and “land” in a built-up area.

Before attempting to build and fly a petrol model the enthusiast
should have had some previous experience of model flying, so that he .
has at least a rudimentary knowledge of the frinciples of flight; some of -
the problems of balance and trim, and the behaviour of a model ‘aero-
plane in free flight. Experience, backed by sound knowledge, is the key-
note of successful flying and the avoidance of those often disheartening
crashes.resulting from.over-optimism or the desire to do things quickly.

PETROL MODELS
FREE LMNS ' cormzor‘ Line
[ | I - | ‘
DURATION SEMI~SCALE SCALE EX: ENTAL SCALE SEM)-SCALE FREE - LANCE
. L “ N
R ® . - snsleo AEROBATICS Gsmw.l FLYING

There are two main classes of petrol models:i—(i) free flying models
and (ii) centrol line models, of which only the former concern us here
Free flying petrol models generally fall into .one of four types, viz.:—

(a) Duration models, or models designed for sheer performance

(b) Semi-scale models which bear a resemblance to full-sized #ir-
craft, but incorporate many features of type (a) to avoid the
disadvantages of the true outline scale model.

(c) Outline scale models, or repllcas of full-sized aircraftte a deﬁmte
scale.

(d) Experimental mod¥s, which include all such unorthodox types '
as pterodactyls, rotaplanes, canards, etc., etc. |

Models of type (a) incorporate the features of the normal rubber
driven model, namely, good stability, good performance and reasonable
freedom from crashes. To the layman or the beginner the outline scale
model is the most attractive, but both performance and. stability suffer

_from the fact that a full-sized prototype is designed to be cositrolied by @ .

pilot, whereas in a.model the‘‘control” or stablhty factor must be in-

herent in the design. In trying to effect a-compromise in models of this-

type usually the outline shape must be distorted or changed from true
' 3
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scale to some extent or the inherent stability of the model is ‘insuffEcient.‘
The great secret of all successtul flying is a stable model and beginners
especially should choose a model of type- (a) for their first attempt.

“The fact that model requirements are somewhat different from full- »

sized conditions has resulted in high-performance models -of type (a)
being developed which have little or no resemblance to a full-sized aero-
plane, This has led the uninitiated to call them ‘‘freaks,” when in fact
they are high-performance aeroplanes, in the true sense, spectfically
designed under model conditions. . ‘
However, there are many aeromodellers with a def:mite_ full-size
complex, and to them a model aeroplane mus? look somet'hmg 11ke?fun-
. sized aeroplane,irrespectfize of whether this is good design practme.or
niot. This has led to the semi-scale model of type (b) which does look like

a full-sized aeroplane, generally incorporating a cabin and other full- -

sized features, but is designed on duration lines with ample stability.

The performance ‘of a well-designed model of this type compares very
favourably with that of models in type (a). : :

‘ . It is the writer’s own opinion that free flying petrol models should

" be either of type (a) or type (b), and the experimental types of.class (d).

leaving true outline flying scale petrol models for.control hr'le work

where the instability factor inherent in such types 1s no handicap. Of

course, there are some full-sized designs which will fly reasonably well
when scaled down to model sizes, and a great part of the secret of any

free flying scale model is a good choice of prototype in the first instance.
Experimental models arg a class unto themselves and beyond the

scope of this booklet. The petrol-driven model aeroplane does, however,

present an excellent medium for experiment, and many full-sized ai.r-'
craft designs have first been tried out in this form. The Germans in

- particular bave done much work on these lines, also the Americans in

connection with pterodactyl or tailless aeroplanes. : ,

+. The flying scale model is also a specialist undertaking, although the
general design principles-of the duration and semi-scale types and many
of the structural features apply. o

 CHAPTER II

‘ DESIGN PRINCIPLES

HE chief requirement of the free-flying petrol model is that it

should have an ample reserve of stability under all conditions; that

it should fly on an even keel both under power and on the glide
and return quickly to this equilibrium position if upset by any dis-
turbing force, such as a gust of wind. Structurally it must be strong
enough to absorb quite heavy landing shocks, which may not always be
made on the undercarriage, for it may “land” in a tree, or a ploughed
field, as well as taking normal handling loads such as sustained during
launching, assembling, etc. Flight loads may be considered relatively
unimportant, for if the aeroplane is stressed to stand up to normal

- model usage it will be more than strong enough to take any loads likely

to be sustained during flight. .
Aerodynamic and structural design may be considered separately,

' _ the main requirements of the first being ample stability with high

efficiency, and of the second ample strength with light weight.

The principal features governing the stability of a model aeropla'ne
are:— - : - . ’ -
(i) Location of the centre of preésure (i.e., centre of lift).
(id) Location of the centre of gravity.
(iii) Position of the thrust line. ,
(iv) Location of the centre bf resistance of the whole model.

- (v} Location of the centre of lateral area (CL.A), ie., the centre
of all the side dreas.

Each factor is related to the others and each must be in correct propor--
tion to the others. - :

Happily, there is considerable latitude permissible in most designs,
although as a general rule the faster the model flies, i.e., the more
powerful the motor fitted, the more marked any tendency towards in-

. stability becomes. General design rules applying to all types of models

can be laid down for factors (i) to (iv) above and any adjustments
necessary can be made first during rigging before flying and then

during the actual test flying. Correct location of the C.L.A.—factor (v)—

is simply a matter of designing the right size and right shape of fin for
the particular model and is a design feature which must be fixed before

the model is built, and hepce of considerable importance.

Fore-und—dft location of Centre of Pressuve
Basically there are two methods of rigging an aeroplane for flight ' |
. (i) With the wings contributing all the lift, o
(ii) With the tailplane carrying part of the load.
. b ’
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* TAILPLANE RGGED AT O° TO DATUM- .
-~ ACTUALLY AT NEGATIVE ANGLE OF
ATIACK DURING FLIGHT.

=

ANGLE OF ATTACK — -—_ .
; - O
DATUM (i FUGHT PATR) K e . / ?A )

TALPLANE
WING
F1a. @

"In case (i) the wing is rigged at an efficient angle of incidence and -

the tailplane set at that angle of incidence whicl.l corr.espopds‘to the
angle of attack for zero lift when in flight. To clarify this point it must
be understood that the airflow over a mpdel is ,deﬂ‘ec‘.ced downwards after
passing over the wings, and if the tailplane was rlgged parallel to the
‘flight path or datum, ie., at zero incidence, the angle f’f attaﬁk of_ the
tailplane, i.e., the angle at which the airflow meets the tailplane in flight,
would be some small negative angle—see Fig. 2. This downwa:sh angle
is approxin{ately equal to one half the incidence of the wings and

must always be allowed for when rigging the tailplane. Evensif the wings.

and tailplane are not in a direct line, ie., the tai}plane is well above, or
below, the wings, downwash effect is still appremabk?. A more acgqrate
formula giving the downwash angle at any point behind the wings isi—
- 55-7Cy, —38 —23
— X (x+1)738 X +1
o= g X &+ (y+1)
where e=downwash arigle. )
x=height above, or below, wing, expressed in chord 1engt1?s._
-y=nhorizontal distance from wing trailing edge, expressed in
chord lengths. :
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DESJGN PRINCIPLES

This is rather cumbersome to use and the simple approximation
of one-half the wing incidence is more convenient for the average de-
signer. The correct tailplane rigging angle can also be found by test-
gliding as detailed in a later chapter. : .

Thus with a symmetrical or so-called “non-lifting” tailplane the
tailplane rigging angle will be a small positive angle, equal to one half
the wing incidence—Fig. 3/1. With a “lifting section’ tailplane inci-
dence is adjusted until the angle of attack equals that for zeroliftforthat
particular section. Most “lifting section’ model tailplanes employ a thin
modified Clark Y or similar aetofoil section when the angle of attack for
zero lift of that section is about —2 degrees—Fig. 3/2.

Since in both thes¢ cases the wings are the sole contributors to the
lift the centre of gravity is placed directly under the centre-of pressure
of the wings, which is about 35 per cent. of the average chord back
from the leading edge at the flight angles of most normal models.
Actually this position is also dependent upon the location of the centre
of resistance and height of C.P. above the C.G., but the calculations
involving this factor are lengthy and rather tedious. Any adjustment
necessary is best found during the initial flight tests. .

With the tailplane rigged at some lifting angle, and this carrying
part of the load, the C.G. position is moved farther aft. Actually by
suitable adjustment of the rigging angles a C.G. position of anywhere
between 40 and 100 per cent. of the average chord can be obtained, or

~ even beyond the trailing edge, but the farther aft the C.G. the more

critical adjustment becomes. ,
For best longitudinal stability there should be between three and

. five degrees between the angle of affack of the wings and the angle of -

attack of the tailplane when in. flight, the wings being at the greater
(positive) angle. Considering this with the above it can be stated that
the most stable arrangement is with the C.G. positioned under (or

- nearly ander) the centre of pressure. of the wings and the tailplane

rigged at zero lift. This holds good for most semi-scale and duration
types, although with the parasol wing arrangement of certain high-

efficiency designs it is better to have the tail carrying part of the load._

- : POSITIVE TAILPLANE RIGGING INCIDENCE
POSITIVE WING INCIDENCE - PG @ ~TALLPLANE CARRYING PART OF LDAD
. IN FLGHT.
\ N
=. N
| / ! A
; {
g—% // I\_‘ | \\
. T e A
,b_j CAG %
e i
7 - e S A
iy s ™ N
‘ />~ S RN
(3 . N ) : NG +2°D+4° |
(\';/ / 'TYPCAL RIGGING ANGLES FOR THIS TYPE OF MODEL {TA.L,;LANE +1°10+13°
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Wing p051t1onmg has some considerable bearmg on stability and
rigging. The various positions are illustrated in Fig. 5. Duration types
are almost invaridbly parasol or high-wing, although fully streamlined
modéls may employ a shouldér or mid-wing. In general, the higher the
‘wing the more stable the model, and in fact models with extreme parasol
mountings have proved exceptionally stable, especially under high
power, provided that the side areas are correctly proportioned. Be-

ginners to the hobby should alwa.ys gain expenence with parasol or high

wing types before attemptmg other designs.

N

HIGH- WlNG

///1 stounoms Q g\—/

- - LOW- WING.
[ MID-WING o

, e -

The tailplane should deﬁmtely be rigged to carry part of the load -

on a parasol model. Authorities differ as to how far aft the C.G. can be

- located with safety, but the writer favours a p051tion 50 per cent. of '

the average chord; never further aft than 66 per cent. of the average
chord from the leading edge: Similar rigging may be adopted on high

‘wing models, although the ‘“‘non-lifting” tailplane is here less tricky,

ie., rigged as in 31 or 3/2.
Position o f the thrust line

The position of the thrust line and the’ 1ocat1on of the centre of
re51stance will have considerable bearing on the difference between
“engine-on’’ and “engine-off’”’ flight. In the case of the parasol. model—

- Fig. 6/ 1—where the centre of resistance is high and the thrust line low
* there is'a considerable nose-up tendency during power fhght which
mlght well stall the model unless compensated. The same is present to
some extent in most high wing models—6/2. Actually this is:quite
simply overcome by tilting the thrust line slightly downwards, ie.,

adding downthrust, the amount required being easily found by practice.
- This nose-up tendency can, however, be used to advantage on models '

of type 6/1 by trimming for a tight circling climb. This type of climb is
most spectacular—-—-a rapid upward spiral—but there is always the

danger of it developing into a spiral dive if the model is slightly out bf

adjustment, or the side areas are not correctly p;roportloned The use of
downthrust is safer for the beginner. -
On a low wing model, Fig. 6/3, there ma.y be a nose-down force

s 8 S ;

DESIGN PRINCIPLES

F1G. B). EFFECT CF THRUST
T, ON LONGITUDINAL
STABILITY.

At e

under power, which may make ti1e model stall on the glide, or, if ad- .
justed for glide, may cause a dive under power. Shght upthrust is
indicated here to cure this fault.

The ideal arrangement would be to get the line of actlon of the
thrust and the centre of resistance co-incident, but this is not always
possible, since it may mean sacrificing some otherdesirable characteristic,
such as stability. ' :

Centre of Lateval Avea

One of the most important features in any design is the correct size
and shape of fin required to give adequate directional, lateral and spiral
stability under all conditions of flight. Good directional stability is
ensured by a fin of between 7 and 10 per cent. of the wing area, the
which size fin, together with adequate dihedral, also takes care of lateral
stability. Spiral stability is given by correct placement of the centre of

“lateral area with respect to the C.G.

The C.L.A. should lie within an aréa bounded by a line parallel
to the datum through the C.G. and another line through the C.G.,
making an angle of 10 degrees with it—see Fig. 7. The size (i.e., area)
given above should then fix the exact p051t10n of the C.L.A. as about ~
one half to one times the root chord of the wing behind the C.G. If this
latter requirement is not met the fin area must be adjusted accordingly.

re. @D

CL.A MUST LE IN THIS TRIANGLE
APPROKX UNDER TRAILING EDGE OF WING
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FIG. PROJECTED SDE N
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The simplest method of finding the C.L.A.is to plot the side view of
the whole model (or a scale reduction of the-side elevation) on thick
card of uniform texture, projecting the side area of both wings, etc., as
in Fig. 8 ; cut out carefully, leaving plenty of surplus card around the
fin, stick a pin through the design C.L.A. and trim down the fin shape
until the card form will balance horizontally and vertically about the
pin. The pin is then at the centre of area of the card form, ie., the
centre of side area of the model. Alternatively, this method or a modi-
fication of it may be used to find the C.L.A. of any design, i.e, by first
cutting out a card form of the side elevation of the model and finding

the centre of area of the form.

Concerning dihedral little need be said. Straight dlhedral of type
9/1 is generally adequate for all medium powered models. A dihedral
angle of 10-11 degrees is. then sufficient. This should be increased

slightly on low wing types, or where a more powerful motor is used.

~ Polyhedral of type 9/2 is better suited to high powered models and
is about the only safe type to use if a steep spiralling climb is desired.

This type of wing fits in well with a parasol mounting.

The basic aerodynamic proportions of the high-performance'dura-
" tion and semi-scale types of petrol model are given for convenience of

reference on the page diagrams, Figs. 10 and 11.
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CHAPTER III
SIZE OF MODEL

HE overall size of a petrol model depends primarily upon the size
and power of the aero-motor-to be used, Even this is not a strict
definition, for quite small models may be fitted with powerful
motors, giving an increased performance. In such cases the wing loading
is also increased, due to the greater weight of motor, hence the landing

. speed is increased and also the liability to damage:

Again the charactetistics of aero-motors of similar sizes vary con-
siderably. Some motors are lighter than others ; some give more power,all
for the same size or capacity. In this country before the war the petrol
model movement had not reached the stage where definite classes of

" sizes of miniature aero-motors had been established. The majority or

the early commercial motors were imported from America and were
mainly of the popular 9 c.c. and 6 c.c capacity. Later followed smaller
motors, both British and American, of 2-3 c.c., 3 to 4 c.c,, 7.5 c.c., etc.

Since 1940 the capacities of all American miniature aero-motors
have been quoted in cubic inches, whilst in this country the standard
cubic centimetre (c.c.) unit has been retained. Conversion from one
system to another for quick comparison involves the use of conversion
factors and calculation. To avoid this the instantaneos conversion -
scale on page 15 should be used, which gives accuracy well within the
limits required by the modeller.

Duration types

- The best criteria for deciding the size of a duration type petrol
model are wing arvea and wing loading. The proportions of the model then
follow from Fig. 10.

The wing loading should be kept within 12 ozs. per square foot.
About 8-10 ozs. per sq. ft. is the figure to be aimed at for duration
work. The area can be roughly determined from the examples below,
which give typical model sizes for various sizes of aero-motors. Knowing
the weight of the aero-motor to be used, and.the weight of the coil,

‘condenser, timer, and flight batteries the structural weight of the model

can be worked out and the structural design completed accordingly. It
is best, wherever possible, to design a model around a specific motor,
rather than around a partlcular size of motor although a good design
can often be powered by various types of motor, even of slightly dif-
ferent size, and difference in trim necessary being taken up during the
flight testing stage. The examples given beloware worked out for various
motor sizes since there is little indication as yet of the characteristics of
the various post-war commercial motors.

13
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Swmall aevo-motors of 1-5 to 2.5 c.c. capacity

Although attractive from the point of view of economy in material,
h:%ndy size and relatively low cost, the weight problem is rather acute
with such models. Structural weight must be kept to a minimum,
o‘Fherwise the resulting wing loading will be too high for safety. Another
disadvantage is that although the bare weight of the motor is small the
vs./eight of the coil, condenser, and flight battery is quite out of propor-
tion, generally being greater than that of the motor.

s Such models are not suited to the beginner, or the modeller with
ht‘tle “petrol” experience, but are interesting to tackle later when the
trickiness of a motor of this size is better appreciated and the modeller’s
constructional and flying skill greater.

Wing area—220-240 sq. ins. -

Total weight—14-16 ozs.

Motor weight—2 ozs.

Coil, condenser and flight batteries—4-6 ozs.
Airscrew diameter—8-10 ins.

Motors 2:5 to 3+5 c.c.

Apart from the fact that a small motor of this size may tend to be
somewhat tricky this size of model is easy tobuild and handle and allows
a good strong structure within the weight limits.

Wing area—a300 sq. ins.
Total weight—1-1% Ibs.
Mo'tor weight—3-4 ozs.
Coil, condenser, and flight batteries—4-6 ozs.
Airscrew diameter—9-11 ins. ‘

Motors 4 to 5 c.c.

An excellent class of model for the beginner and of a size large
enough to have a good aerodynamic efficiency. With weight to spare,
by careful structural design, full streamlining may be introduced, as in
thg larger sizes of models. Below this size streamlining means extra
weight, which can only be gained by sacrificing local strength.

Wing area—440-480 sq. ins.

Total weight—2-2% 1bs.

Motor weight—6 ozs.

Coil, condenser and flight batteries—10-12 ozs.
Airscrew diameter—10-12 ins.

Motors 6 to 8 c.c.

.A relatively large contest model which can be made extremely
efficient and have an outstanding performance. Motors of this size and
over are relatively trouble free and the greater total weight permissible
means that a larger coil can be carried, with consequently a more
reliable ignition system.
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Wing area—650-700 sq. ins.

Total weight—24-3% 1bs.

Motor weight—8-10 ozs.

Coil, condenser and flight batteries—35-7 ozs.
Airscrew diameter—12-14 ins.

Motors 8 to 10 c.c.

The large contest model, which needs plenty of packing space, but
has excellent aerodynamic efficiency and a fine performance.

Wing area—700-900 sq. ins.

Total weight—33-4 1bs.

Motor weight—9-10 ozs.

Coil, condenser and flight batteries—6-8 ozs.
Airscrew diameter—13-15 ins.

Semi-scale models

The semi-scale type of model designed primarily with an eye on
performance should have the same characteristics as the above, de-
pending upon the size of motor used. The typically ‘British’ semi-scale
models of pre-war days were mainly designed around three distinct sizes

of motor, 9 c.c., 6 c.c. and 3-4 c.c. Corresponding average figures for

size and weight were: span 7-8 ft., weight 4-6 lbs.; span 6 ft., weight
3-4 Ibs.; span 4ft. 6in., weight 2 1bs. '

Most of these models were heavier than they need have been, with
the result that a stronger structure was needed to absorb all landing
loads—a vicious circle, for added strength generally means added
weight. Where performance is not necessarily the main aim the figures
for duration models may be taken, with the total weight increased by .
about 10 per cent., except for the smallest class, which already has a
wing loading of optimum value. )

Larger models with motors of 15 c.c., 25 c.c., or greater may be
built, but are mainly individual efforts and beyond the scope of this
present book.

INSTANTANEOUS CONVERSION SCALE .
CUBIC INCHES (cu. ins.)
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CUBIC CENTIMETRES (c.C.)

This scale may be used to convert motor capacity in c.c. into
capacity in cu. ins., and vice versa. Corresponding values are read off
on opposite sides of the scale. The range may be extended by multi-
plying top and bottom by 10, or by 100, as desired.
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CHAPTER IV
STRUCTURAL FEATURES

The components to be considered are —the wings, fuselage, tail-
plane, fin (and rudder or trim tab) and undercarriage. Motor mounting
is dealt with in a later chapter. N

The material used for the airframe’is chiefly balsa, with certain
harder woods, such as bass, pine, spruce and birch for highly stressed
members, the proportion of these woods increasing as the size (and
total weight) of the model increases. Jap tissue, bamboo tissie, silk,
and certain proprietary cellulose coverings and special papers, such as
planefilm, silkspan, etc., are all used for covering, depending again upon
the size of the model and the