


HE miniature two-stroke Model Aero

Engine has revolutionised model flying
in the last decade and the rate of develop-
ment has outpaced full-size practise ln many
respects. We have glowplug and compression
ignition, pressure fed induction and reed
valves, useful revolution ranges from 3,000
to 22,000 and power/capacity ratios in the
region of 100 BH.P./Litre, Such advances
are fully covered in the 208 pages of this
fine valume,

Thiz comprehensive Encyclopaedia will en-
able the readers to understand che whys and
wherefores of design, manufacture, opers-
tion and maintenance of every type of
miniature engine, Full descriptive stage-by-
stage detail of making one’s own racing type
15 cc, diesel engine or 22 Inch Pulse et
and Revolution Counter for R.P.M, tests are
bue three of the many subjects.

All the known World's Model Engines are
detailed in tabular summary with principal
dimensions and advised propellers. Power
analyses and R.P.M, test figures for all of
the most popular engines provide invaluable
references for model designers and rtorgue
shsorption data, weight compensation tables,
comparative test summaries, machining and
materials data cables give all the informa-
tion the most ardent enthusiast is likely to
reqiiire,

Beginners are by no means neglected, faor
three extensive chapters desl with initial
aperation of a firse engine whether it be
coll ignitien, diesel or glowplug while the
expert will find many a useful tip In these
sections and the advanced data on fuels,
horsepower, speed controls, silencers and
tuning of racing engines, Contributed by
nine of the leading model engine experts
and complled by Ron Moulton, Editor of
AEROMODELLER, the contents of this book
will be a standard reference for all model
aero enging owners.
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CHAPTER ONE

fPY111 ultimate performance of a

miniature two-stroke engine is
poverned largely by its porting—the
disposition and timing of those
punsiges which permit transfer of
the fuel mixture from tank to crank-
vane, thence to the top of the cylin-
der and, after firing, out through
the exhaust. Usually the “‘timing”’
pimploved has to be a compromise.
It can only be absolutely right for
wie particular speed, which means
thut it is less efficient at others.
limed  correctly for maximum
npecd, the engine may be difficult to
siart because the porting is too
“"open” for low speed running.
Limed for easy starting, the same
porting arrangement may ‘‘strangle”’
the pas flow at a fairly early period
on the speed curve, so the engine
will not run very fast,

Manufacturing technigque also en-
ters the picture, and physical design
limitations. What may approxi-
mite to “ideal” timing for a par-
ticular design may be cost- s
ly to make and is ruled out
in favour of a less efficient
compromise so that the
selling price of the engine
van be held to a reason-
able level. Or perhaps the
“ideal” leaves the cylinder
too weak so that it can
distort, or even break.

Side Port Induction

Prior to about 1948 al-
most all production en-

EXHALIT (£)

TRANSFER (8) \

Types

of
Engines

gines were of the side port type—the
classic three port system where all
the ports are formed in the cylinder
walls, opened and closed directly by
movement of the piston—Fig. 1. The
intake tube supplying the fuel mix-
ture via the needle valve and spray-
bar assembly (standard ‘‘carburet-
tion” on model engines) is therefore
attached to the cylinder, either cen-
trally or to one side. “‘Side” port
does not necessarily mean that the
intake tube is attached to the side
of the cylinder, although this is the
more usual arrangement, for reasons
which we will explain.

Simplifying the engine to just a
cylinder, piston, shaft and con rod
and intake tube, as in Fig. 2, the
“timing” of the engine can be ex-
pressed in terms of crankshaft rota-
tion (which is more usual) or
vertical piston movement (which is
a more correct geometric diagram).
Either are quite easy to understand,
and both are called timing diagrams

i

£6'8 -OPENED & CLOSED
8Y TOP OF PISTON

I~ OPENED € CLOSED

8Y BOTTOM OF PISTON

flg.f
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INTAKE 90°

8r-PASS 110,

How It Works

Approaching the top of its stroke
the piston must uncover the intake
opening or port so that the lowering
of pressure produced in the crank-
case can draw in the fuel mixture,
i.e., the intake port is so positioned
that it is uncovered so many degrees
of rotation, or a specific fraction of
the stroke, before top dead centre.
in the case of the side port engine
this timing must be symmetrical ;
ie., the same opening before and
after top dead centre. It cannot be
anything else. Also the actual
“open” time is governed by the
depth of the port opening in the
cylinder uncovered. A typical de-
sign value is 90 degrees either side
of top dead centre (T.D.C.). If ex-
cessively deep, i.e., opening

G )
too early, this may cause too flg's

much blowback through the
intake, interfering with car-
burettion.

Some time around T.D.C.,
of course, the mixture in-
ducted from the previous
stroke is fired (whether by

spark, glow-plug element, or guuuss e

self-ignition is immaterial) and

TIMING DIAGRAMS

% STRoKE Pisrov movemewr  the push for the down
INTAKE OPEN

stroke is provided by the
rapidly expanding gases.
Before the piston reaches
bottom  dead  centre
(B.D.C.) it must open an
exhaust port for these
burning gases to escape
and a transfer port to
transfer the fresh inducted
mixture from underneath
the piston (where it is be-
ing pushed down and com-
pressed into the crank-
case) in the upper cylinder.

The exhaust port opens first—a
“standard” value being about 115
degrees (crankshaft rotation) past
T.D.C.—and again it is obvious that
the “timing” will be symmetrical,
the exhaust staying open until the
piston reaches a corresponding point
on the next up-stroke (in this case
130 degrees exhaust opening). The
transfer port opens some 15 degrees
after the exhaust and therefore for
a period of some 100 degrees about
bottom dead centre both exhaust
and transfer are open. Gases are
free to flow both out and in off the
top of the cylinder. To prevent the
fresh gases flowing straight in and
out again is largely a matter of in-
ternal design arrangement. With ex-
haust and transfer ports diametrically

Br-PASSiB)
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(HIAWAY  JAPANESE 0.5,
MAN 15 reveals flat top piston
with  straight baffle, crankshaft
pirt, venturi section carburettor
wiwl forged connecting rod.

upposed, for example
(known as cross scaveng-
ing) a baffle or deflector
fitted to the top of the
piston  (in practice a
shaped piston top) will
direct the incoming gases
up and out of the way of
(he expanding, outgoing
puses—Fig. 3. A certain
outflow of the incoming
pases is not undesirable
us this promotes proper
“scavenging” so that the
remaining mixture trap-
ped in the top of the
cylinder as the up stroke
closes both ports is all fresh fuel-
nir mixture.

As before, timing is controlled by
the depth of the ports. Extending
the exhaust port (upwards) gives an
carlier opening, but means that the
burnt gases are free to escape whilst
still highly compressed, hence some
of the power available to push the
piston down is wasted. The designer
aims to delay the exhaust opening
until most of the useful power in
the expanding gases has been ex-
tracted, but, particularly with high
speed engines, is forced to compro-
mise, i.e., between the early open-
ing in order to get the necessary
time for (ransfer and maximum
utilisation of gas pressure. If the
transfer is opened too soon after the
exhaust there is a danger that the
burnt gases in the cylinder, still
under pressure even if they are now
escaping through the exhaust, will
tend to blow down through the

transfer, retarding the transfer of
the fresh charge and producing very
poor scavenging.

Some of the limitations imposed
by timing can be offset by increas-
ing the width of the ports, i.e., in-

creasing their actual area. It does
not necessarily follow, however,
that this will automatically improve
the - efficiency. Excessively large

‘port widths may also weaken the

cylinder unduly. With the side port
engine, in fact, due to its inherent
limitations at high speed, optimum
port width is about twice port
depth for engines of equal bore and
stroke and a similar effective area
of other bore/stroke ratios.
For Moderate Speed Only
Although a flexible enough ar-
rangement for low and moderate
speeds, the chief limitation imposed
by the side port arrangement is that
it cannot induct enough fuel for high
speed running, In other words, the
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intake port cannot be opened early
enough without also having an ex-
cessive opening time after T.D.C. to
cause blowback through the intake.
Some other intake timing system is
therefore invariably n%refcrrcd for
high speed engines and since most
modern engines are high speed types
the sideport engine is now a com-
parative rarity.

The advantage of a high operating
speed is primarily that the efficiency
of a two-stroke engine tends to in-
crease with speed and if a torque
output can be maintained then the
corresponding power output (being
the product of torque and speed)
will be that much greater. Thus
the early pre-war types of engines
which, perhaps, developed compar-
able low speed torque had a maxi-
mum speed of 5-6,000 r.p.m. could
only develop a maximum power
output of about one-quarter to one-
third of its modern counterpart
peaking at some 14,000 r.p.m.
Rotary Valve Induction

The two standard methods of pro-
viding a symmetric induction tim-
ing are the crankshaft rotary and
crankcase disc type valves in which
opening and closing points are in-
dependent of piston position and

-FORWARD FACING AMR-
INTAKE AT 45°

== JO CRAMKCAJE

TIMED BY ROTATION
OF SKHA

Fr
CRANKTHAFT
ROTARY VALVE

BEAN SHAPED CUT-
\ X\ OUT OPENS INTAKE

only related to it for the purpose of
timing—Fig. 4.

With the CRANKSHAFT ROTARY
VALVE the port is a round or square
hole cut in the crankshaft itself,
opening into a hole drilled along the
length of the shaft (and thus con-
necting directly with the crankcase).
This port is timed by its appearance
and disappearance past the intake
tube let into the crankshaft bearing.
This tube or carburettor is normally
raked forwards, but not invariably
so, although if a vertical tube is
employed the end is nearly always
cut off at an angle to produce a for-
ward-facing entry. '

The amount of forced draught
produced by a forward-facing entry
is quite small, as also are any im-
provements in induction resulting,
It can be shown, however, that with
a vertical squared-off tube, holding
a piece of flat material above the
end of the tube to deflect air down
into it can result in improved in-
duction, so some degree of forward
entry would appear worthwhile.
Most designers adopt a forward rake
of about 20-25 degrees for the in-
take tube and then angling the top
so that the actual entry is at about
45 degrees. A definite forward-
stream, tends to make
needle valve setting ex-
tremely critical and has
little to recommend it.

The choice of circular
or square port entry in the
crankshaft is arbitrary, es-
pecially as the end of the
 intake tube is almost in-
| variably circular. Since a
‘ square port gives maxi-
mum area for a given
width it is often preferred

TYPES OF ENGINES 9

fiom the design point of
view, whén it can also be

jwit entry produced is
more efficient in accelerat-
g the gas mixture into
the hollow portion of the
vtunkshaft—Fig, 5. About
{lie only objection which
vt be raised is that the !
form of stress raiser pro-
duced by “‘stepping” or
notching the shaft weak-

eny it more than a cir-

vitlar drilled hole. But as generous
vrnnkshaft diameters are common
with this type of engine, overall
srength is seldom a problem.

Induction port timing is now
linnted by the size of the “bite” the
designer is prepared to take out of
the crankshaft ; also, to some ex-
tent, by the size of the induction
tube.  Average figures for high-
speed engines are about 150 degrees
folul opening, positioned 116 de-
giees before and 34 degrees after top
lead  centre.  These figures are
mensured off Frog 2.49. See Fig. 8.

RoTARY DISC type of induction is
vittually unlimited as regards tim-
ing at the expense of being a more
entical proposition mechanically. It
I (uite obvious that to increase the
opening it is only necessary to in-
vicase the length of the slot in the
fotor  dise, without any resulting
wenkening of stressed parts. In
shich cases extremes of timing may
be encountered, such as the intake
npening as much as 130 degrees be-
fore top dead centre, or with the
piston only 17 per cent of its stroke
up from the bottom dead centre and
vlosing 52 degrees after T.D.C.
These figures measured off E.D.
246 Racer diesel. More significant

‘C

rfgd

dlwimed that the type of Jﬁgﬁégf&)

TIMED FOR DOWN DRAUGHT CARB.
ORILED PORT—A

from the development point of view
is that port timing is readily modi-
fied during testing simply by work-
ing on the rotor disc with *‘cut and
try”’ methods and without having to
alter any major feature of the en-
gine. Another advantage is the
shorter gas passage with this form
of induction.

On the debit side is the fact that
the rotor disc must provide a good
seal between the crankcase and the
backplate (which generally means
hand lapping the two surfaces):
mounting is a major problem since
it has to be driven at very high
speed ; and wear is inevitable. In
the main, therefore, production-
minded designers are more favour-
ably inclined towards the crankshaft
rotary valve.

“Flutter” Valves

An attractive alternative which
has been exploited on model engine
designs quite recently is the reed
valve, which appears to have
achieved for itself other designa-
tions of “Flutter”, *“‘Feather” or
“Clack” valve—Fig. 6. This acts
in essentially the same manner as
the rotary disc valve, but without
rotating parts; the opening and
closing action being provided by a
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NOTE - ACTION OF 807H
MALVES SIMILAR TO
ROTARY DISC INDUCTION
BUT TiING 15 ALTOMATIC
(VIEWT " DIAGRAMMAT/C)

flap of spring material (or a spring-
loaded diaphragm—Fig. 7. Tim-
ing is controlled automatically by
the differential pressure between
crankcase and induction tube, tend-
ing to pull the flap open for mixture
to be inducted all the time there is
suction in the crankcase and closed
when crankcase pressure is higher
than intake tube pressure. If spring
inertia is discounted this must pro-
vide ideal induction timing—a valve
open for induction for the whole
period there is suction in the crank-
case and closing immediately the
piston starts its downward travel
and begins to build up blowback. In
practice, with the right choice of
spring material, this ideal timing
does in fact appear to be ap-
proached closely.

Limitations are the fatigue life of
the spring material under operation
stresses and the inertia of the sys-
tem. The conventional reed valve
consists of a flap of beryllium cop-
per or phosphor-bronze of about
.002-.004 in. thick (depending on
size). How greatly this is stressed
can only be guess estimated. But
both beryllium copper and phosphor
bronze are materials with contin-
ually diminishing strength subject to
fatigue cycles and so eventually must
fail under any vibratory load, how-

ﬁé‘ is too great it will probably
be rel

Since however,
this should be measurable in

ever light.

millions and millions of
cycles of reversal there is no
reason why valve life should
not be quite long enough for
all practical purposes, with
the correct initial choice of
materials.

If the inertia of the valve

uctant to open at high speed

(the predominant pressure in a
crankcase being positive), or it may
tend to “float” in a partly-open
position with a considerable amount
of blowback on each revolution. It
is still possible, however, that an
engine could continue to run, and
run quite well, under such condi-
tions. Largely, however, reed valve
design is governed by ‘“‘cut-and-
try” methods—both the type em-
ploying a clamped reed unit and
that employing a spring-loaded dia-
phragm.
360‘%orting

Pushing up the engine speeds be-
yond the limits reached by side port
layouts also has the effect of mak-
ing the other ports more critical.
The faster the speed the less time
there is for the mixture to transfer
from crankcase to cylinder and for
scavenging to be completed. The
apparent solution is an increase in
port areas all round to maintain a
similar volume-time or flow rate
figure. Hence the appearance of the
so-called 360 degree porting where
the ports are cut all the way round
the cylinder wall, with only rela-
tively narrow columns of material
between to maintain the strength
and rigidity of the cylinder.

Here one must pay tribute to the
original Arden engine which ap-
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wared on the American market in
“Mh. The use of a steel cylinder
with almost 360 degree exhaust
porting cut in the walls (the top of
the cvlinder being carried by only
three small columns of metal re-
muining) and similar 360 degree by-
puss transfer formed by cutting out
passages in the bore at the lower

GeTicEw T e
/}—m oN J'AW&?% ' ¥x s :'nz o B

S

end of the cylinder, set a new stan-
dard which has been copied, modi-
fied and improved upon throughout
the world, but more particularly in
Great Britain, beginning with the
first of the modern diesels, the
Elfin 1.8.
“Diesels”

Concentration on compression ig-
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nition design where cylinder
stresses are much higher and
consequently stronger cylin-
ders are required, has led
British and most Continental
manufacturers to employ quite
rugged steel cylinders (some-
times referred to as cylinder
liners) with separate finned
jackets combining—or together
with a separate—head. The
common form of such cylin:
ders is plain, with a flange at the ex-
haust position and external surface
threaded above the flange if the
cylinder jacket is screwed on, and
below the flange if the cylinder is
fitted by screwing into the crank-
case—or merely plain in bolted up
assemblies, or where the cylinder is
located by the jacket screwing into
the crankcase.

Exhaust ports in such cases are
then cut into the thicker flange sec-
tion, their effective width (and area)
being the resulting opening on the
inside of the cylinder, From being
quite large, i.e., approaching 360
degrees circumferential porting.
there is now something of a trend
to reduce the port width. Simply
opening up the exhaust ports side-
ways does not necessarily benefit
scavenging and the actual size of
these ports is no real criterion at all
as to high speed performance. Some
very high speed engines in fact have
quite small exhaust port areas, al-
though frequently in such cases it
is to be found that the opening time
has been advanced to something
like 110 degrees past top dead
centre. Timing, of course, is gov-
erned by the depth of the ports (and
determined by the position of the
flange). On a design where scaven-
ging appears to be incomplete, en-

BAME/

7 rogrs o
Fig 9

larging the ports upwards is more
likely to give better results than en-
larging them sideways. The respec-
tive merits of slots as opposed to a
ring of holes is debatable, the latter
providing “‘progressive”” opening,
but more gas friction.

Transfer Porting Systems

By-pass or transfer porting on
such cylinders is often largely de-
cided by production requirements.
Where a free gas passage is pro-
vided between the bottom of the
cylinder and the surrounding crank-
case unit (i.e., the cylinder bedding
down on the flange), it is only
necessary to cut the by-pass ports
through the cylinder wall. This
must be done below the flange and
if the cut is made perpendicular to
the cylinder (slots or drilled holes)
the difference in timing between ex-
haust and transfer is governed by
the distance between the top of the
exhaust port(s) and the bottom of
the flange. The same practice can be
followed when the cylinder is screwed
into crankcase by milling by-pass
passages down the threaded portion
of the cylinder—see Fig. 9.

If the flange is thick and the
stroke of the engine short, this fre-
quently implies a restricted transfer
opening time and the higher the
bore/stroke ratio the more signifi-

-,
SAWNE DRILLED

FPORTS - EARLY ALLBOV ELFIN, AMEO,

FIRST ALLBON.
cant this feature becomes. The re-
sult is that at the higher speeds
there may be insufficient transfer
time for a full charge of mixture to
be transferred to the head, with ap-
preciable reduction in power. The
engine may run quite well at high
speeds, and may even have quite a
high peak r.p.m., but its torque out-
put will tend to fall off fairly rapid-
Iy as the speed is pushed up and the
brake horse power developed will
be only moderate as a consequence.

With this type of transfer porting
it is nearly always necessary to over-
lap the geometry of the exhaust and
transfer ports for sustained high
speed performance, such as by
angling the transfer ports cut
through the cylinder walls so that
they emerge on the side with the
top above the level of the bottom of
the exhaust ports: or by forming
passages to a similar level on the
side of the bore (which is a much
more difficult machining operation)
and so on. The main trouble is in
nchieving this without unduly weak-
ening the cylinder. One cannot cut
into the flange area, either from the
outside or the inside, without weak-
ening it. This, in fact, is a point
in favour of employing minimum
size exhaust ports so that more
metal is available in the walls for

TYPES OF ENGINES
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forming the transfer
passages to a greater
height. But restricted
exhaust port areas will
be equally effective in
reducing peak perfor-
mance by preventing
proper scavenging al-
though the size of the
transfer ports is far
more significant, as
regards performance.

The shape of the transfer pas-
sages themselves is also a matter of
some significance for peak perform-
ance and satisfactory high  speed
running (satisfactory in the sense
that a good torque output is main-
tained at high speed ; speed, with
little or no usable torque is of little
practical value). Hence again an
engine cannot be judged on its
“maximum speed”. Letting the
mixture find its own way, as it were,
from crankcase to the top of the
cylinder is satisfactory up to a point,
but an increase in gas velocity will
normally improve starting and peak
performance. Increasing transfer
passage area can only be useful up
to a point. After that it can be
harmful since the mixture may tend
to expand into these areas and slow
up after leaving the crankcase un-
less the area is progressively de-
creased, bottom to top. Starting
characteristics then deteriorate and
a similar loss of performance may
be experienced as that due to in-
sufficient transfer timing. Individual
“tuning” techniques frequently refer
to polishing the inside of the trans-
fer passages with a view to reducing
gas friction and hence minimising
any tendency for the flow to slow
up, but this, in general, has very
little effect if the transfer passage is
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already of adequate size.
“Glow-plug”

The timing for glow-ignition en-
gines is different from that of com-
pression-ignition  (diesel) types—
generally arrived to give optimum
timing at very high r.p.m., hence
tending to exaggerate the transfer
period. (Fig. 8.)

Thus the performance of an in-
dividual engine fitted with alterna-
tive “diesel” and “‘glow” heads is
usually quite different. There may
be exceptions to the rule, but in
general the torque output as a diesel
is markedly better than with glow
ignition, although with the latter
higher r.p.m. figures may be
obtained.

Starting Technique

All engines with “high speed”-
timing, too, are quite prone to
blowback when turned over by
hand—a feature which often makes
it difficult to draw the fuel line full
of fuel by finger choking. (The
secret here is to remove the finger
when the piston reaches top dead
centre and so cut off the blowback
effect.) Partial plugging of the in-
duction tube (e.g., with inter-
changeable venturi inserts), or even
special valves on the intake (e.g.,
the McCoy .049) are features some-
times adopted by manufacturers to
promote better starting characteris-
tics on engines timed for high speed
running. The point to bear in mind
is that for starting high speed en-
gines the faster the propeller is
flicked over the better. Quite a
number of such engines will not
smooth out and run satisfactorily on
their own below about 8,000 r.p.m.
and so they can hardly be expected
to start merely by pushing the pro-
peller over.

Quite a number of engines, too,
have the unfortunate trick of back-
firing when being started and then
running quite happily in the reverse
direction. The side port engine
with its perfectly symmetrical tim-
ing should run equally well in
either direction, although the inter-
nal geometry may be arranged to
favour the normal direction of
rotation. The reed valve engine,
although the timing is asymmetric,
will adjust this asymmetry to either
direction of rotation and will again
run equally well either way. But
the same characteristic is often pre-
sent with rotary valve engines, par-
ticularly when being started with
small propellers. Quite often this
feature is associated with restricted
transfer timing, making the mixture
a little late in getting to the top of
the cylinder. There is not much
one can do about it with a particular
engine, except to be prepared for it
to happen and avoid starting with
the engine over-compressed, which
is the condition most favourable to
backfiring. Also the sharper the
flick-over in the right direction the
better.

Modification

It should be emphasised, in fact,
that without the proper tools and
equipment, and the necessary skill,
the average user will probably do
more harm than good in attempting
to modify the timing of a standard
commercial engine. Most British
and Continental engines have har-
dened cylinders tc start with, which
necessitates either grinding of the
ports or softening of the cylinder
line and re-hardening after working.
This would also mean a new piston
would have to be lapped in to fit,
Also most crankshafts (including
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{UITAWAY JAPANESE 0.5.29
i ludes sectionalised glowplug and
shiiws  matched shaped cylinder
hewd and piston crown.

American engines) are
hurdened and will prob-
ibly be ruined if softencd
0y exact tempering is
important.

But for the man with
the necessary skill, re-
working an engine in
swearch of that little extra
in performance can of{.cn
be an attractive and in-
feresting, proposition.
I'he mass-produced com-
mercial engine, is, after all, a com-
promise between design for per-
formance and design for production,

W

with particular emphasis on good
starting characteristics in the more

popular ranges.

CHAPTER TWO

{INCE it is a practical impossibil-
*” ity to produce any macl}inc parts
{0 absolutely exact dimensions, it Is
ficcessary in manufacture to specify
limits of permissible differences or
{olerances corresponding to  the
margin of error which is permissible
{0 give the required degree of prac-
tical uniformity. Such tolerances
will vary according to the class of
work, and the capabilities of the
machinery used to manufacture the
parts. The skilled individual with
fine equipment can work to rﬂuch
finer or closer tolerances on a “"one
off”" job than the normal machine
operator on a mass production line.

Yet commercial engines have, of

necessity, to be tackled as a mass

Manufacturing
- Fits and
Tolerances

production item to keep the price
within reasonable limits. The re-
sult of a particular manufacturer’s
solution is largely passed on to the
customer either as a definite char-
acteristic of a particular engine or
can be responsible for a considerable
difference in performance and
handling qualities between indivi-
dual specimens of a certain engine

design. .
With first rate machines and a
competent operator a practical

tolerance figure for turned work is
about plus or minus .002 in. Bor-
ing can be held to about the same
limits. Drilled holes (or bored)
followed by reaming can be held to
plus or minus .0002 in. although a
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normal reaming limit is about .0005.
On castings, machining allowances
of the order of .030 to .040 usually
have to be allowed for on gravity
castings in light alloys, whilst with
good quality pressure die castings
where the molten metal is forced
under pressure into metal dies this
is reduced to about .005 in. and in
some cases nil.

It is now interesting to compare
these practical tolerances for pro-
duction against the sort of limits
which can be accepted for satisfac-
tory model engine performance on
mating parts. The fit between mat-
ing parts is simply the amount of
play or interference between them
when they are assembled together.
There are three general classes of
fits in engineering—clearance fits
where there is a positive allowance
between the largest possible shafi
or sliding member and the smallest
possible hole or bore ; interference
fits where the smallest shaft is
smaller than the largest bore; and
transition fits where the production
tolerances may produce either
clearance or interference fits be-
tween any two mating components
selected at random. '

The mating fits we are most close-

ONE OF THE FINEST EXAMPLES OF

produced Oliver Tiger Mk. I diescl.
mounted version on left has a fank built around
the crankecase, supported under engine bearers.

ly concerned with in model engine
manufacture are the crankshaft-
main bearing and piston-cylinder
assemblies. These are the main
generators of friction which to a
large extent govern the power out-
put of the engine. The big and little
end bearings on the connecting rod

(and the timing disc in the case of

crankcase rotary valve engines) con-
tribute negligible friction by com-
parison.

Considering the main bearing
first as the simpler of the two cases,
virtually the sole purpose of this
bearing is to provide alignment of
and support for the crankshaft. The
degree of friction or braking effect
it produces in so doing will be de-
pendent on the mating materials,
the fit, lubrication, r.p.m. and load
—and also the surface finish of the
shaft and bearing in the case of
plain bearings,

The choice of materials is import-
ant since this governs the frictional
rate or coefficient of friction, and
also the wear. The general rule is
that similar metals in contact gen-
erate high friction and high rate of
wear (such as the same metals in
contact, or two hard or two soft
surfaces in rubbing contact). The
crankshaft is invariably of steel,
usually hardened, and so the bear-
ing surface with a plain bearing is
best relatively soft. It has been
found, in fact, that the light alloy
used for crankcase castings is quite
satisfactory as a bearing material
and so a lined bearing surface is not
strictly necessary.

There are, however, certain ad-
vantages in using a lined bearing
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such as cast iron, bronze,
bearing alloy, etc., princip-
ally lower friction.  After
machining the bearing bore
(o size such liners are
pressed into place (or in
some cases shrunk in) and
then finished to give the re-
quired fit. Amongst the
latest practice in this coun-
(ry is to use split sleeve bearings of
sintered metal (e.g., Vandervell
bearings which are actually pro-
duced from flat material consisting
of sintered bronze welded to steel
sheet. The bearing is finished by
wrapping around a former and then
tumbled to remove sharp edges).
To make a sleeve it is generally
sufficient that the bore of the crank-
case casting be bored out to size in
a single operation. The outer dia-
meter of the sleeve can be similarly
machine finished to a tolerance of
about plus or minus :002 in. to en-
sure a definite interference fit.
Finishing the actual bearing sur-
face is rather a different matter,
considerations being the same
whether the material is “‘plain’ or
the inner surface of a tightly fitting
sleeve. A drilled hole is quite un-
satisfactory and reaming out to final
size is the least of the additional
operations required to ensure toler-
ances and surface finishes of the
order required for fit, and also the
degree of trueness throughout its
length., To reduce the tolerance
still further, and to improve the sur-
face finish, honing may be resorted
to as a further operation. There is
no definite agreement on this point.
Some manufacturers adopt honing
as standard practice for finishing the
hearing bore on plain bearing
engines (e.g., Davies-Charlton,

BARREL SHAPED BORE

PRESTURE POINT,

E.D., Allen-Mercury, Elfin): Frog
engine bearings are currently reamed
to size; some American engines
are broached.* (Reaming, theoret-
ically at least, results in a hole which
is always out of round to some de-
gree, with as many circumferential
high spots as the reamer has flutes,
the sharper the reamer the less
noticeable this effect. A spiral
fluted reamer produces spiral high
spots which are less significant, but
in any case such high spots are ex-
tremely small and do not normally
cause trouble. Honing after ream-
ing will not necessarily remove all
the high spots, but ideally should
produce a ** cross batched " pattern.
Much depends on the skill of the
operator in getting a first class fin-
ish. Probably broaching is the
nearest approach to finishing the
ideal round hole, although the
necessary equipment is very expen-
sive, and it is doubtful if any British

* BROACHING.—A broach is a
metal-cutting tool having a series of
teeth formed round it, in individual rows.
The teeth increase in size slightly from
one end of the tool to the other and are
also staggered from one row to the other.
Thus when the broach is pushed or
pulled through a hole the teeth success-
ively cut the hole to the required form,
removing metal evenly over the whole
of the bore.
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manufacturer would consider instal-
ling it for the job.

Probably more important from
the point of view of actual friction
generated by the bearing is the
longitudinal shape of the hole. If
the hole is barrel shaped—shown
exaggerated in Fig. 1—then this is
almost certain to cause trouble since
the shaft is supported by line con-
tact at each end. In a two-stroke
the web end of the crankshaft is al-
ways loaded in the downward dir-
ection and so the shaft will tend to
run on the two point contacts as
shown, considerably overloading the
bearing at these points. The bearing,
as new, may appear to be very nice-
ly fitted with very little play, but in
this case will soon score and wear
and run hot, denoting excess fric-
tion, at the effective contact points.

A bell-mouth bore, on the other
hand-—shown exaggerated in Fig. 2
—will allow the shaft to be
wobbled up and down in the hand
and appear very poorly fitted. In
practice it may well give excellent
performance, even with excessive
clearance, simply because there is
far more bearing area at the effect-
ively loaded points when the engine

JHAFT ROCKST” BELLMOUTH BORE

2 JHAFT iy
IN OFERATING
CONDITION (GREATLY
EXACGERATED)

Fig.2

GENEROUS CONTACT
AREAS

is running. As a generalisation, in
fact, it can be said that a plain
bearing engine (two-stroke) is only
as good as its bearing, and the
quality of the bearing cannot be
judged on apparent fit alone.
Shaft Fit Selection

Usual practice in fabricating the
crankshaft to fit the bearing is to
machine to normal allowances over-
size to harden and grind to a fin-
ished size some .0005 to .00l in.
above the nominal size. Crankcase
bearings are then individually honed
to fit a particular shaft, the degree
of interchangeability, if any, then

depending on the grinding limits and

the degree of fit obtained by the
honing operator. - Thus it is largely
improbable that a replacement
shaft could be bought to fit an en-

gine manufactured with a honed

bearing, since it is generally held
that the best fit is of the order of
.0002 to .0003 in. Hence it would
be necessary to have the crankcase
as well to select a shaft giving the
desired fit.

The same is true of typical
American engines where production
practice differs slightly in that fin-
ished crankshafts are usually graded
in batches to within .0001
in. size and shafts selected
from appropriate batches
with similar limits for the
required fit. Thus the
working tolerances on the
wo mating components
produce transition fits and
so must be selected indivi-
dually to match up as clear-
ance fits of the required
order, This is not neces-
sarily a disadvantage for
where replacements are
called for in such cases,
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il the bearing is available for
matching a *“good as new” fit is
obtained regardless of uniform

wear, provided the bearing sur- W(J‘;ﬁfj&‘
VALLENVT

luce is undamaged.

I'he main objection to a bear-
ing, with a generous clearance fit
i« that it tends to destroy the
seal on the crankcase. The

crankcase is effectively the casing A %%ﬂf

of 2 pump with a predominant
positive pressure inside it when the
engine is running. Hence a gener-
ous amount of oil is likely to be
pumped out through the front end
of a loosely fitted main bearing.
Only if the leak is excessive is the
efliciency of the pump action of the
cngine likely to be seriously affected.
In such cases also the necessary
lubricating film of oil between the
shaft and the bearing surface may
notl  be maintained resulting in
excessive friction and wear,

Bearing Tolerance

lhus there is a limit to the
umount of clearance which can
sufely be allowed on a main bear-
ing, again depending on the bearing
material.  With a clearance much
in excess of about .003 in. loss of
wwer may result, On the other
und, a fairly free bearing is to be
preferred to a tight one. The latter
i likely to pick up on localised high
spots, and at the effective loaded
areas, which effect can be exagger-
nted if the shaft is not finished true.
Centreless grinding, for instance,
will normally finish to a constant
diameter but the actual shape may
not be truly circular.—Fig. 3. Slight
chatter or vibration will result in a
series of very shallow hills and val-
leys, always an odd number so that
diametrically a ‘‘valley” always

TRUE CIRCLE

g 7
comes opposite a “hill” (hence the
constant diameter). So if the op-
erator is in a hurry, or the machine
is in need of attention, the actual
shaft section may be anything: but
truly circular, Faults can also oc-
cur grinding between centres, de-
pending on how the shaft is held for
grinding, so that it is possible to
produce (accidentally) barrel-shaped
or waisted shafts, and in some cases
even out-of-round shafts, although
the latter are relatively uncommon.
A barrel-shaped shaft is not neces-
sarily objectionable if this is only
slight, but a waisted shaft will again
produce line contact and highly
loaded localised bearing areas.

It could also be mentioned at this
point that since the shaft loading is
the direct result of pressure on the
piston, the greatest pressure is pro-
duced on the down stroke and pro-
portional to the mean effective
pressure in the cylinder. Since this
pressure and torque follow an iden-
tical pattern, as the r.p.m. of the
engine increases the actual bearing
loading decreases. Hence, taking
an extreme case, it is possible to
have a bearing which would seize
if run at a moderate speed, but not
be loaded to such a dangerous level
at a higher running speed. In other
.words, such an engine might dam-
age a bearing if run in at a low
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O/l GROQVES 1N
BEARING

SPIRAL® ON SHAFT
OR BEARING BORE

moderate speed, but not if run
straight away at a much higher
speed.

Lubrication Methods

Detail modifications are some-
times incorporated to improve the
lubrication of plain bearings, such
as grooves cut along the length of
the bearing—Fig. 4—to distribute
the oil; or a spiral formed along
the length of the shaft (or bearing
surface) to “pump’ oil along the
length of the bearing—Fig. 5—or
circumferential grooves in the shaft
to retain oil at certain points along
the bearing length. The method of
Fig. 5 can be used to pump oil back
into the crankcase on a “leaky”
bearing, if the pitch of the thread
is reversed. None of these devices,
however, is commonly employed in
engine design.

A fair test of a plain bearing is
that the bearing should feel relative-
ly cool as compared with the cylin-
der, touching this with the fingers,
as the engine is running or immed-
iately after it has been stopped after

CRANK PIN
DRILLEO THRO

KO

a run. If the bearing feels
excessively hot, it has
high spot or is too tight,
which, to the average en-
gine owner, means simply
that he must give it more
running-in time, preferably:
at fairly high r.p.m, If
necessary, the bearing may
be doused with fuel when
running to cool it down and
prevent local seizure, An
engine with a tight main
bearing or a tight spot on
the bearing will never de-
velop maximum power. A
normal well-lubricated bear-
ing will warm up until
the heat generated by friction
is equal to that dissipated by
radiation when it will remain at a
constant temperature unless the
speed or load changes, and this
temperature should be quite mod-
erate. The temperature will increase
on stopping the engine due to con-
duction of heat to the bearing area
from hotter parts of the engine.
Frictional Values

Friction (and heat) will increase
with increasing r.p.m. and, in gen-
eral figures, frictional values tend to
become excessive at speeds of 14,000
to 15,000 r.p.m. although at such
high speeds it is usual that the piston-
cylinder friction becomes the go-
verning factor.  Thus a plain
bearing engine generally reaches its
peak somewhat below this r.p.m.
figure. This is not necessarily true
of all plain bearing engines and is
tied up with the fit and shape of the
bearing. Thus the onset of exces-
sive friction may be delayed by
using a more generous fit or more
accurate bearing surfaces. Few
British plain bearing engines, how-
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aver, peak above 14,000 r.p.m. and
most peak at an appreciably lower
ligure—the larger the engine size
the lower the peak r.p.m, as a gen-
gralisation, With glow motors, a
lgher operating r.p.m. is desirable
since the torque figure is lower, but
lere the reduction in internal fric-
fion is generally achieved on the
piston-cylinder fit at the expense of
some loss of pumping efficiency.

I'riction is generally lower when
{he shaft is mounted on ball bear-
ings Fig. 6—with the additional
wlvantage that the frictional co-
¢llicient of a ball race is independent
ol speed. Thus ball races become
un cssential feature for the high
speced racing type engines which
may have to operate at speeds of
up to 20,000 r.p.m. and peak at
figures of from 15,000 to 18,000
rp.m.,

l3all races themselves are ex-
umples of precision engineering, but
apain produced on mass production
lincs. Hence they, too, are subject
1o normal tolerances. The outer
ring of a ball race, for example, is
never perfectly circular and is gen-
¢rally reliant on a true and substan-
tinl housing to minimise distortion
(which is seldom available on an
engine casing, particularly for the
front bearing). For minimum fric-
tion, too, it is necessary with most
single row ball races to ensure that
the races are mounted truly
ut right angles to the shaft
and with the right fit be-
tween shaft and ball race
bore to prevent distortion of
the inner ring. Further,
ball races are a relatively
expensive item so their use

both adds to the cost (and ;/,?‘ 6:

weight) of the engine and introduces
additional production difficulties.
Usual practice is to press fit the
races into housings machined to size
in the crankcase casting (a taper of
.010 in, per inch being a common
allowance on the casting for with-
drawing the core), finishing the
crankshaft to size by grinding, after
hardening. Vertical alignment of
the races (i.e., normality to the shaft
axis) is ensured by grinding the
crank web (front) face and/or the
step on the shaft in the case of en-
gines with two diameters on the
shaft. It is surprising that so far
no manufacturer has employed self-
aligning ball bearings on model en-
gine production, which are available
in single row bearings in suitable
miniature sizes, although probably
too expensive for any but the
specialised engines.

Main limitations of ball race
mounting of the shaft are the sus-
ceptibility of the front bearing to
pick up dirt and grit and the gen-
eral “porous™ nature of the bearings
as seals. The latter can be mini-
mised by the use of suitable cover
plates or seals. The Frog 2.49 B.B.
utilises a synthetic rubber cover
which both keeps out dirt and acts
as a seal to prevent the escape of
excess oil through the races (in the
latter respect a pair of ball races is
worse than a loosely-fitted plain

BALL RACES
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the actual change may be |

microscopic. Such changes
may well, however, be
within the “fit” limits re-
cognised as necessary for
optimum performance, par-
ticularly if the cylinder

. \ walls are thin. In other
£RONT RACE REAR RACE words, thin-walled cylinders

LN BEARING can be a source of trouble,
LENGTH

SPICER Lo
FRONT RACE  AGANST ﬁ%

bearing, unless steps are taken to
trap the oil flow in some way. This
can be done by incorporating a sec-
tion of “plain bearing” length be-
tween the two races effectively as
a capillary seal without actual
metal-to-metal contact (and there-
fore minimum added friction)—Fig.
7—or with a fitted spacer which
serves the same purpose, as in the
Elfin 2.49 B.R.—Fig. 8.

With the piston cylinder fit the
question of the seal between the two
sliding surfaces is somewhat more
important. This problem is aggra-
vated by the nature of the loading
—the piston exerting a definite side
pressure on the cylinder walls and
reversing the direction of this side
loading during each complete cycle.
Thus even with a perfectly circular
piston and bore, were this a prac-
tical possibility, this would distort
through a varying degree of ovality
throughout each cycle, even though

even distorting when screw-
ed down by bolts through
the head.

Contrary to popular opin-
ion, an extremely close fit
between piston and cylinder
is not necessary for good
performance. In fact, it is
more probably true to say
that the looser the fit the
better provided the pump-
ing action of the engine is
not impaired and that an oil film is
still maintained between the piston
and cylinder walls. On a test con-
ducted with a typical commercial 1.5
c.c. diesel, the piston fit was reduced
to the order of .0005 in. (as opposed
to the more usual average of .0002
in,) with the result that with the
same propeller loads corresponding
r.p.m. figures were increased by
some 10 per cent at the upper end
of the speed range. This gain can
be attributed entirely to reduced in-
ternal friction. Against this was the
fact that the excessive compression
leak at low speeds made the engine
very difficult to start—requiring vir-
tually a temporary seal of oil (which
could be injected through the ex-
hausts) to get the necessary com-
pression and crankcase pumping for
starting.

The ideal is obviously an inter-
mediate fit. A piston loose enough
to minimise friction at the operating
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speed required, and yet sufficiently
closely fitted to preserve the neces-
sary  compression seal,  Glow
motors are far less stringent than
diesels in this respect, requiring far
lower compressions to start. Hence
It is possible to get away with the
lower pumping efficiency produced
by a more generous piston-cylinder
fit.  Thus although the" geometric
compression ratio may be fairly
high, glow motors commonly appear
to lack compression when turned
over by hand, a feature which can-
not be tolerated to anything like
the same extent on diesels, if they
are to be easy to start. On the
other hand, an apparent compres-
sion leak past the piston on a diesel
when turned over cold is no indica-
tion at all of its potentialities.
With relatively few exceptions
the cylinders on model engines are
designed so that they can be bored
right through, then reamed. Normal
production technique in Gt. Britain
where hardened cylinders are used,
employs internal grinding which
corrects any out-of-roundness which
occurs when the bore is reamed, or
uny distortion following hardening.
I'inal finishing is then done by hon-
ing (although this is not universal).
or honing may be used in
place of internal grind-
ing. It is a characteristic
of honing that the stone
will tend to “dig in" at
cut-outs, thus tending to
form slight depressions
in the region of ports
KEY TO MUCH OF THE
success of D, Allen’s A.M.10 diesel
Is the perfect mating fit of the
piston in a heavy, distortion-free
cylinder. Crankshaft is also burly

for 1 c.c., giving excellent bearing
I in the k

formed in the cylinder walls. Being
towards the bottom of the stroke
this feature has little significance. It
is, in fact, becoming increasinly
common practice to deliberately in-
crease the diameter of the bore at
the bottom of the cylinder thus pro-
ducing a slightly tapered bore. This,
effectively, gives a loose piston fit
at the bottom of the stroke and a
relatively tight fit at the top for
maximum compressoin seal where
it is most required. j

In the casfel of engines with a blind
bore (e.g., the original Ohlsson and
Rice engines), the cylinder is made
from special steel with an integral
head and finished to size on the bore
with a fine grinding machine. The
cylinder was left soft and a har-
dened piston employed. _

In Gt. Britain the production
method commonly adopted for pis-
tons is to turn these .010 to .015 in.
oversize and grind down to final
size to limits of the order of plus or
minus .001 in. It is usual to make
in addition batches of pistons .0005
to .001 in. oversize to allow for
cases where the honing operator has
been rather too generous in the
amount of stock removed from the
bore of a proportion of the batch
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of cylinders. American practice is
then to grade finished pistons in
sizes to within .0001 in. for selective
fitting. The more usual practice in
this country is to hone the cylinder
to fit a particular piston, often using
a comparatively coarse hone. One
or two manufacturers still persist in
lapping pistons in to individual
cylinders (e.g., E.D. and J.B. Pro-
ducts). In general, a lapped piston
will be much tighter in a finished
engine and require a longer running-
in time than one in which the piston
has been ground to size and the
cylinder bore honed to fit.

It will also be appreciated that
any of the techniques described can
result in appreciable differences in
the actual bores (and thus displace-
ment) of a batch of engines of the
same nominal size. Usually the
greatest differences are found in
those engines whose bores are not
ground after hardening and may

vary as much as .003 to .005 in.,
depending on hardening techniques
and accuracy of machining in the
first place. In some cases the dif-
ferences possible within the manu-
facturing tolerances accepted, and
the production technique and jig
limits, can be responsible for an en-
gine of nominal “class” size being
found slightly oversize on sub-
sequent checking.

From the previous comments re-
garding centreless grinding, it will
also be seen that a ground piston is
not necessarily truly circular, al-
though would indicate so with
micrometer measurement (the jaws
spanning the minute ‘hollows™).
Pistons ground by other methods
should be circular as finished (pro-
vided the grinding wheel is reason-
ably true). This is quite distinct
from any deliberate “waisting” of
a piston attempted to reduce the
the bearing area and so reduce
friction.

CHAPTER THREE

HE timing diagram of an engine
—expressed in terms of crank-
shaft rotation, as explained in
Chapter I—gives us only part of the
picture. The actual opening and
closing time of the various ports—
expressed in fractions of a second
(or more truly milliseconds)—will
be dependent on the bore/stroke (or
stroke/bore) ratio for a given capac-
ity, the length of the connecting rod
relative to the stroke, whilst any
asymmetry of the cylinder axis re-

Bore and
Stroke

lative to the crankshaft centre line
will alter the relative speeds of port
opening and closing.

To illustrate the effect of varying
the sizes of the bore and stroke for
a given capacity we can take the
three different arrangements for an
imaginary 0.1 cu. in. (1.6 c.c.) en-
gine—one with a stroke appreciably
longer than the bore; one with
equal bore and stroke (usually re-
ferred to as a ‘‘square” layout) ;
and one with the stroke much short-

BORE AND STROKE

¢r than the bore, or an "4
“over square” layout. These 5 g
are shown diagrammatically 2
in Fig. 1. f_
Shortening the stroke
(f.e., increasing the bore/
stroke ratio or decreasing
the stroke/bore ratio for a
given capacity) has two ob-
vious effects. The distance
iravelled by the piston per
revolution is reduced ; and -‘(Mf
the load on the crankpin is in-
creased for a given shaft torque (due
(o the reduced “throw’). Also ghe
resulting engine is squatter, enabling
its external dimensions to be re-
duced, with the possibility of an ap-
preciable saving in weight. And
for very high revving engines the
reduction in friction and wear re-
sulting from a Jower piston speed
mukes the short stroke design more
(0 be favoured than the long stroke
counterpart.  This advantage 1s
pained at the expense of higher
loads on the crankpin and main
bearing for the same torque and a
preater leakage path arounfi the
piston (due to the increased circum-
ference). Although it was at one
(ime held that the advantage of a
short stroke for high speed engines
wis not so apparent 1n 10€
model sizes, with most stan- é
dard engines having a nor- gp
mal operating speed of i
10,000 to 12,000 r.p.m. and
above, a near “‘square” ar-
rangement is almost always BDC
adopted in modern designs. <s=EN—
(Notable exceptions include VELOCITY
the Oliver and Elfin 2.49
radial). This, too, is In
direct contradiction to the
early conception that a long
stroke engine was best for F é "2__

Y4 BORE  ~/CUM DISFLACMENT. ﬁ‘ '/f_

‘5 BORE

“6BOR|

Jrote  Spor! Byole Overguare

high compression ratios and essen-

tial for model diesels. In general
terms, the improved performance of
model diesels has largely been due
to “tailoring” them for high speed
operation by increasing the bore-
stroke ratio. .

In a long stroke engine the piston
has to be accelerated from zero at
bottom dead centre (B.D.C.) up to
a maximum one-quarter of a revo-
lution later, then decelerated to zero
again at T.D.C.—Fig. 2. The cor-
responding velocity gradient for a
short stroke engine is appreciably
flatter. This means that, apart from
the mid position and B.D.C. and
T.D.C., the piston is sweeping any
other point on the cylinder faster
with a long stroke than with a short
stroke at a given r.p.m. If, there-

1.0C

FOR SAME_ PISTON
SPEED, SHORT STROKE

ENGINE RPM= 156 x
R.PM LONG STROKE
ENGINE.
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o DWeLL : press it in terms ot per-
up centage stroke.
= The timing period is
also modified by the
e £ length of the connecting
PISTON  rod, relative to the stroke.
VELOCIT 7 ;
¥ VELOCHTY Lengthening the con. rod
LONG CON. ROD SH%RT CoN. (for a given stroke) will

fore, the port depth is limited the
gas flow will have to be correspond-
ingly faster, a feature which may
not be clear from a study of a tim-
ing diagram alone. For the same
opening period, compared with a
short stroke engine, port depth
would have to be increased to cor-
respond to the same percentage
length of stroke in each engine.
Thus the only way to compare port
timing without taking the bore/
stroke ratio into account is to ex-

YUGOSLAVIAN
Aero 2.5 e,
diesel  illustrates
use of conical
piston crown with
matching contra-
piston, T.D.C.
biston position
serves  to  illus-
trate  the com-
pression ratio of
3 the average diesel,

modify the “velocity grad-
ient” of the piston so that
it tends to dwell about
T.D.C. and accelerate
more rapidly through
B.D.C. Similarly, shorten-
ing the con. rod will have the op-
posite effect—the piston tending to
dwell about the B.D.C. and acceler-
ate more rapidly through T.D.C.—
Fig. 3.

Thus, con. rod length can be an |

important factor in engine design,
although usually once the prototype
has been made it cannot be changed
without a major re-design. It will
be appreciated, however, that a re-
latively long con. rod length could
be an advantage in a sideport en-
gine with its inherent limitations as
regards induction timing; and a
short con. rod an advantage with
rotary valve induction to increase
exhaust and transfer port opening
periods for a given physical depth
of ports (strictly, retarding their
closing).

An alternative method of promot-
ing piston “dwell” is to offset the
cylinder relative to the crankshaft,
known as the Desaxé arrangement
—Fig. 4. If the cylinder is offset in
the direction of rotation
the piston accelerates fast-
er away from B.D.C., pro-
moting quicker opening
and slower closing, giving
in effect a larger opening

for a given size of port.

Such an arrangement is relatively
uncommon on present-day model
engines although it has been em-
rln_wd on a number of published
dritish designs and in some versions
of the K & B series of engines. As
i general rule it is applied to cross-
scavenged engines with the exhaust
on the “‘displaced” side of the
cylinder. Compared with the other
methods of promoting  piston
“dwell”, too, the system is essen-
tially uni-directional. It cannot
operate with equal efficiency if the
direction of rotation is reversed.
Hence a sideport engine with a
Desaxé cylinder would have a pre-
ferred direction of rotation (the
sideport engine having previously
heen described as the only layout
which would run equally well in
cither direction).

Actually the timing feature of a
Desaxé cylinder is not necessarily
the reason for its adoption. It may
be employed for mechanical reasons
in that it greatly reduces the side
thrust of the piston during the power
stroke.  As Fig. 5 shows, once the
piston has moved away from T.D.C
on its power stroke, in a symmetric-
al cylinder design, the pres-
sure is being transmitted at
an angle via the con, rod,
thus causing the piston to
hear against one side of the
cylinder. For a given stroke,
the Desaxé cylinder of Fig. 5
reduces this angular thrust
effect to the minimum pos-
sible, at the expense of in-
creased piston side thrust on
the up or compression

stroke, this being almost neg- 14
ligible by comparison sinceféj"
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the load is very much lower,
Normally, however, side thrust
loads on pistons do not appear to
be a critical problem with model
engines. The side thrust generated
will be proportional to the stroke,
but independent of bore/stroke
ratio if the ratio of con. rod length
to stroke is the same in each case.
The longer the con. rod (for a given
stroke) the lower the side thrust be-
cause of the reduced angular dis-
placement—Fig. 6. Likewise, the
greater the stroke, the longer the
con. rod required to maintain the
same value of side thrust, which
means that the overall height of the
engine tends to become still further
exaggerated, if this particular
SIDE THRUST(MAX) SIDE THRUST (MAX)

/ SIDE THRUST

GAS
PRESSURE 4

.%cnon
\__ “ (CON-ROD
= THRUST)

Zorce
,D/afram .
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EFFECTIVE SIDE
THRUST.

)
‘4_".
feature is pursued.  Generally
speaking, the only troubles which
are likely to arise, within conven-
tional design proportions, is if the
piston depth is greatly reduced,
relative to its diameter. It is norm-
ally considered inadvisable to make
the depth of the piston less than
£ x diameter.

As a matter of interest, the table
summarises measured data extracted
from a number of typical engines

illustrating the range of proportions
encountered in practice. The short
stroke or near square engine is un-
doubtedly the present standard for
design with a connecting rod length

of 1.7-1.8 x stroke (average), result-

ing in a relatively squat, com-

SAME BORE pact layout as compared with
& STROKE,

earlier engines.

Increasing the bore/stroke
ratio, however, is no cure-all
for high performance design
#4% problems. In fact a large
bore can become something of
a disadvantage with high-compres-
sion ultra-high performance engines
where particular attention is paid
to the design of the combustion
chamber of optimum flame pro-
pagation.  Clearances within the

head are very small and the rela-

tively large piston and head areas
exposed may tend to reduce ther-
mal efficiency. Invariably, however,
all high speed engines are of short

TECHNICAL DATA ON BORE/STROKE OF BRITISH ENGINES
{ -
* Piston Speed — ¥ o s : £
stroke x r.p.m. ft./min. g 3 E = g
_,___._‘ T wvi [ ﬁ- v
= column factor x r.p.m. % e S
£ & |2
g . | Displace- “ 3 B
s Sl 4 g -‘é ment e % § ": ‘::
B 5 :
ENGINE { 1yee | M it 8 B SR R -5
( Induction) I"c.e. 1 cu. in, | I
Allbon Dart Crankshaft Rotary |.350 |.350 55
; 1 .55| .0036 (1.0 | 1.0 |.0583 ]| . i
Allben ﬂ::l:::i" £ W .375 | .420 | .76 | .0464| .89 | 1.12|.07 §§ }?:
A"bﬂ“{hb;e thr'l'mmv;- .520 | .420 | 1.49 | 0909 | 1.24 | .81 |.07 718 171
1.4 vy
Frog 3,_50 Crankshaftkonry; 500 | 460 | 1.48( .0903 | 1.09 | .92 |.076 | .844| 1.83
Oliver Tiger Cub 432
ST " i 625 (1.5 | .092 | .69 | 1.45].
ED. 2;29 g |Dic Valve .591 | .562 | 2,46 | .150 |1.05 | .95 _531 {3:% 1'59
i L0 (S SR 10 | K| g o) a0 L
AM 228" Crankshaft Rotary | (370 |:362 | 24 | 115 | 1:02 | 98 | 10936 | 38 | 1.%7
AW 3y i 5 .590 | .567 | 3.44| .210 |1.59 | .63|.0936 | .88 | 1.57
g i ik .750| .680 | 4.93| .30 | 1.1 91].113 [1.375] 2.02
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siroke design ; and long stroke en-
gines, where still made, designed for
generating high torque at low or
moderate speeds. The true “‘gener-
al purpose’” engine, it has been sug-
pested, should have a stroke slightly
greater than the bore, this being
what we would classify as a
“sports” type engine with a maxi-
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mum life. Obviously, however,
many other factors come into ac-
count in commercial productions—
following proven practice estab-
lished by earlier designs ; designing
for “reworking” to a different
capacity later for a new model in a
different class; and so on.

CHAPTER FOUR

’l‘HE effective compression ratio of

an engine is determined both by
(he geometry of the engine and its
efficiency as a pump. The latter
{eature is commonly overlooked and
the geometric compression ratio
(aken as the absolute criterion for
performance,  (For example, full
size engines normally have the com-
pression ratio lowered when super-
charged, except the low pressure
blowers fitted to series production
cars to improve performance.) But,
for example, suppose the (geometric)
compression ratio of any particular
engine is 10 : 1 and its pumping ef-
ficiency 60 per cent. Then its ef-
fective compression ratio is only
6 : l—or the same as, say, an en-
gine with an apparent compression
ratio of 6:1 with a pumping
efficiency of 100 per cent (although
the latter would be impossible in
practice). This, in part at least, ex-
plains why some “hot” engines have
(apparently) a relatively low com-
pression ratio, compared with other
racing designs which do not perform
so well. It also explains why in-

Compression
Ratio

creasing the pumping efficiency of
an engine can considerably improve
its effective compression ratio and
performance, although physically
the engine is apparently unchanged.

Compression ratio is defined as
the ratio of the total volume within
the cylinder above the piston bottom
dead centre position to the unswept
volume, i.e., the small volume left
in the head when the piston is at
top dead centre—Fig. 1. The two
“yolumes” involved are the head
volume (v) and the swept volume
(V). The latter is readily calculated
as the area of the bore ftimes the

JTROKE

' CARPACITY = V4 W
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stroke and is also called the dis-
placement. The full capacity of an
engine, on the other hand, is equal
to the swept volume or displacement
plus the head volume, ie., V + v.
For “‘class” assessment, it is the
swept volume that is always ac-
cepted as the c.c. or cu, in. figure.

The actual value of the head vol-
ume (v) is often difficult to calculate
and, in fact, the actual volume re-
quired for a particular design is
usually “‘guesstimated’ rather than
calculated, or arrived at by trial and
error. methods in altering the shape
of the head, or the top of the piston,
or both. Thus the only true “size”
rating of an engine is displacement
and to speak of the capacity of an
engine without knowing the head
volume or compression ratio is quite
wrong. In fact, nearly always when
an engine is stated as “X” c.c.
capacity, when it is meant that the
swept volume or displacement of
that engine is X c.c.’s.

In the case of diesels, of course,
the head volume and thus both the
capacity and compression ratio is
made variable. Although a few
fixed capacity diesels have been
made, it is now universally recog-
nised that a variable compression
ratio is the most satisfactory method
of adjusting the engine to run on
different fuels and at different
speeds.

Self-ignition Stage

Without going too deeply into the
technology of fuels it can be stated.
in simple terms, that to get the fuel
to ignite in the cylinder it must be
raised to its spontaneous self-
ignition temperature. If the self-
ignition temperature of the fuel is
low enough, it can be ignited by the
heat generated by the compression

of the fuel-air mixture in the head,
this heat of compression being dir-
ectly related to the effective com-
pression ratio of the engine. If the
self-ignition temperature of the fuel
is too high for this to be realised
employing practical compression
ratios, then some other method of
supplying the heat must be pro-
vided, such as a spark plug or
heated element. In the latter case,
as in the glow plug, the fuel also
has a catalytic action on the ele-
ment, tending to heat it to red heat
(e.g., as in the simple science ex-
periment where a piece of platinum
wire held in alcohol vapour will heat
up to incandescence and set the
vapour alight). The actual tempera-
ture at which the element will be
maintained, however, is greatly in-
fluenced by the compression ratio,
which has led to the variety of so-
called *“hot™ and *‘cold” glow plugs.

The significance of compression
ratio with diesels need not be dis-
cussed in detail since the working
ratio is readily adjustable to give
optimum running conditions. The
main criterion, in fact, becomes the
fuel. It can be mentioned, how-
ever, that conventional compression-
ignition fuel oils, which are mainly
paraffin-type oils, have a self-
ignition temperature too high to be
ignited by the maximum heat of
compression normally generated in
model engines. Hence they have to
be mixed with a substance which
has a lower self-ignition temperature
(usually ether) and is a relatively
poor fuel, as such. Add necessary
lubricant and you have the basis of
all diesel fuels—a paraffinic oil
(which is the base fuel), ether to
promote easy starting and lubricat-
ing oil.

In the case of glow motors, the
jwsition is rather different. The base
’n.-l is methanol, which has a self-
jgnition temperature nearly twice
thut of diesel fuel and nearly three
fimes that of ether. Hence a heated
¢lement is required to ignite it. (It
is un interesting fact that an ether-
methanol mixture can te used to
stnrt and run a diesel, although such
i fuel mixture is not recommended!
Similarly a *‘diesel” fuel can run a
“plo” motor, with the same reser-
vition!)

Chapters 11 and 14 detail the fuel
requirements  for self-ignition en-
Rincs,

I'he significance of compression
tatio can thus be summarised in this
form, For use with a ‘‘straight”
plow fuel (i.e., no added nitro-
methane), a glow motor must be
made with a high compression ratio.
Ihe geometric compression ratio
required will depend a lot on the
’mmping efficiency and may need to
e as high as 14 :1 for good start-
ing and continued running with the
lead disconnected. On the other
hand, such a high compression ratio
will tend to make the engine kick
hack, particularly hand starting on
small propellers, and be prone to
start and run backwards, especially
on “‘symmetrically” ported designs.

Decreasing the compression ratio
will improve starting and enable the
engine to go faster, because it has
o do less internal pumping work.

But unless nitromethane is
idded to the fuel it will

DTCH TYPHOON 2.5 c.c. DIESEL
drwwn  to illustrate piston at bottom
dend  centre when transfer passages
wiound the lower cylinder are opened
wnd fresh gases are forced into the
upper  eylinder, helping to expel re-
wiinder of the cxpanding exhaust

whnes,
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Le prone to stop, or run in-
consistently, once the starting bat-
tery is disconnected. With a
lower compression ratio still and a
“straight™ fuel, starting may be dif-
ficult even with the battery lead
connected and the plug just goes out
once the engine is running and the
lead disconnected.

The average commercial des'gn
will therefore probably aim at a
compromise  compression  ratio
where a relatively inexpensive fuel
can be used, i.e., with about 5 per
cent nitromethane. The use of a
fuel with a higher proportion of
nitromethane will still improve per-
formance, because this is a charac-
teristic of such a dope, but probably
at the expense of shortened element
life on a standard plug, if this were
originally correctly matched to the
design. A change of plug to a “hot-
ter” type might well be advisable,
or even necessary.

l—__l.




CHAPTER FIVE

T is a fact that liquid fuels in
liquid form are reluctant to burn.
To render them combustible, they
have to be in finely divided or
vaporised form, mixed with air. Or-
dinary paraffin provides a good ex-
ample of this. It does not vaporise
at room temperatures and so a
match plunged into a tin of paraffin
would merely be doused, almost as
if you had plunged it into water.
Yet gently heated so that the surface
of the liquid was covered with a film
of vaporised paraffin and a match
brought near it would readily set it
alight. (You get a similar effect
with a wick used with a paraffin
lamp, the wick promoting evapora-
tion and thus vaporisation of the
paraffin.)

Thus for fuels to ignite properly
inside an internal combustion en-
gine they must be fed to the cylin-
der in vaporised form. Also for
them to ignite properly and efficient-
ly, the vaporised fuel must be mixed
with the correct proportion of air.
This principle is utilised in almost
all model engines, irrespective of the
type of ignition or method of firing
the fuel. In some larger engines,
and with nearly all “‘full size” diesel
engines, air and fuel are introduced
separately into the cylinder, the lat-
ter being injected into the top of the
cylinder in the form of a fine spray
as the piston approaches the top of
its stroke. In the sense that it in-
ducts a fuel-air mixture the model
diesel is, therefore, not a true

Carburettion

“diesel” in the accepted sense (a
true “‘diesel” employing “solid™ fuel
injection) and is more correctly, a
compression-ignition engine. In
model engine sizes, and particularl
because light volatile fuels are used,
supplying a fuel-air mixture to the
cylinder is by far the simplest solu-
tion and gives quite satisfactory
results.

The part of an engine concerned
with metering and atomising the
fuel and mixing it with air is gener-
ally termed a carburettor. Again,
in model sizes, the type of carburet-
tor used is about the most elemen=
tary form that it can take—again
because of simplicity and the fact
that it will do the job satisfactorily,
Whereas the carburettors on large
engines have to incorporate throttl
controls, model engines are, largely.
one speed engines with any particu-
lar load.

Because of its simplicity the
model engine carburettor is seldom
termed as such, although it per-
forms the basic function of “car-
burettion”—i.e., metering and mix-
ing the fuel and air supplies to th
engine. Nearly all forms are basi
ally similar and consist of a meter:
ing jet inset in a tube, the latte
called either the choke tube or in
duction tube. The metering jet i
either of fixed size (comparativel
rare) or with variable size of orifi
brought about by means of an ad-
justable needle which can be ad-
vanced into or withdrawn from t
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orifice and so vary its effec-
tive opening or area,

The needle valve and jet
assembly is usually of one
of two forms. The jet open-
ing can be located in one
side of the intake tube with
the needle valve entering it;
or the jet tube can be ex-
tended across the width of
the intake tube with a hole
(or holes) at its centre, the
cifective jet orifice area be-
ing varied by adjustment of
a needle valve running in-
side the tube—Fig. 1. A
majority of modern engines
cmploy the latter type, the
cxtended jet tube being
known as the spraybar. It
is far less critical and rather
more efficient (for most
purposes) than the jet in
the side of the tube, It is also less
sensitive to changes in fuel level due
1o better capillary attraction between
needle and spray bar.—Fig. 2.

Whichever design is employed the
principle involved is that of creating
1 reduction in pressure within the
intake tube at the region of the jet,
thus producing a suction effect to
lift the fuel out from the jet in the

WIARE T08E N\ FUEL

Fig 7

FUEL AL
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form of a spray. The simplest way
to ensure a suction effect in a
straight tube is to give it a venturi
shape, as in Fig. 3, incoming air be-
ing speeded up in passing through
the convergent section, reaching a
maximum velocity (and thus having
minimum pressure or maximum
suction) at the narrowest section or
throat, The jet orifice is thus
placed at this point. Air pas-
sage through the tube into the
engine is, of course, produced
by the reduction in pressure
within the crankcase of the
engine during the induction
period of the timing cycle, and
with the induction port open.

This type of carburettor has
a number of limitations. The
airflow immediately adjacent
to the walls of the tube will be
slowed down by friction,
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hence the actual suction effect
will be less on the walls than
at the centre of the tube—Fig. 4.
Thus the fuel will be less ready to
emerge in the form of a fine spray
and also the size of the orifice will
tend to be very critical. In other
words, even with a finely tapered
needle valve the setting for correct
fuel proportions will tend to be ex-
tremely critical, a fraction of a turn
making all the difference between a
mixture which is too weak or too
lean.

10 e, racing en.  4g€ can be minimised by

e forusr we  using a good venturi shape
wes much to the 3 v
Dooling 61 wsimx  in the first place, which en-

area ports inciaa.  sures that there is a reason-

ing the carburet- i
g o able amount of suction at

This inherent disadvant-!
AMRO

large

the walls and a high finish
on the walls to minimise
gas friction. Also it be-
comes less important where
relatively large quantities of
fuel are involved, with pro-
portionate large air volumes
and high velocities. This
type of carburettor is still
widely used on the larger racing en-
gines, where the intake diameter
may be quite big in order
to pass the necessary air and
the fuel flow rate is also propor-
tionately high. Engines of this type.
too, usually have rotary disc in-
duction, which itself induces swirl
and “‘chops” any solid fuel particles
into more finely divided form. All
two-strokes inherently tend to have
good atomisation characteristics,
due to the heat of the combustion
chamber, swirl induced by crank-
shaft rotation, etc. And because of
the large quantity of fuel passing the
sensitive nature of the needle valve
control it is not so apparent. With
such carburettors, however, it is
quite common for low speed suc-
tion to be poor so that prolonged or
(apparently) excessive choking
may be necessary to get the en-
gine started and initiate the
proper flow conditions through
the venturi.

Choking, of course, consists
merely of blocking off the free
end of the intake tube so that

#ow vetocsmer the whole of the crankcase

suction is applied through the

fuel system, thus provid-
ing an extremely power-
ful suction lift to draw
raw fuel up into the in-
take tube—Fig. 5. It nec-
essarily results in  an
over-rich mixture because
of the absence of air.
Partial choking implies
leaving the intake tube
partly open so that a
very rich mixture is pro-
duced (i.e., limited air
induction)—Fig. 6, and
may be used to promote
firing and initial running
after full choking. Par-
tinl choking will not,
normally, draw in raw
fuel unless the fuel level
in the tank is at the same
horizontal height as the
jel

With the spraybar type
carburettor—Fig. 7—the
spraybar itself acts as a
constriction in the intake
tube and therefore a ven-
turi shape is not essential
to promote suction at the
jet hole. It is also appar-
ent, looking at the as-
sembly from the top, that
there are three regions of
suction—one at each side
produced by ‘‘venturi”
cifect, and one behind the

VARIETY IN CARBURETTORS.
A An American K & B 15 with
straicht spraybar. B—Shows Amro
10 with Dooling type needle en-
lering  separate valve body. C—
Viutler valve version of the same
tngine vsing a valve gear afier the
style of the Dyna-jet and shows
weedle valve orifice near mid-point
of carb. D—Webra Mach 1 with
spraybar using flattened sides to
Increase throat area, E—American
Ihimbledrome or Thermal Hopper
temote needle assembly which has
multiple jets around inside face of
tollar.  F. The American McCoy
surfuce needle valve with 90 deg
fucl line conmection.

CARBURETTION
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INIAK i Fig. 8(a). On some de
€L05E . CRANKCASE SUCTION Si;;ls Evi)th this type @

PRESSURE Reouciiw spraybar, the engine wil
Fhiank - CRANKCASE only  run  consistentl
with the jet hole so la
cated. On others consi
ent running can b
obtained with the hole a
one side, but where thi
is so a slightly coarsel

-
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produce the required volume of
mixture at the highest design speed
of the engine, In simple terms, the
fuster the engine is to run the larger
the intake tube required. Coupled
with the increased gas velocities re-
silting from high speed operation,
inlequate suction will be maintained.

At lower speeds, however, the
larpe bore intake will prove an em-

no insert for maximum perform-
ance. Plugging the intake with a
piece of balsa or hardwood, was at
one time a common method of
“taming” high speed flow motors
for moderate speed performance—
Fig. 10. :
An apparent solution to getting
more air through the intake tube is
to have the intake facing forwards

PARTIAL
COKE

INTAKE TUBE

e

Fig 6.

SLIGHT Suerion
PRESS {j’ﬁf APRLIED

70 TaN,

DRAG SUETION”

needle valve setting
usually required to sup
ply the same mixture.

If the spraybar ha
twodiametrically-opposed
holes, then it will usually
perform satisfactorily in
any position. In othe
words, you do not have
to worry about how you
reassemble the spraybar,
if removed but again the
most economical posi:
tion (i.e., as reflected by
the leanest needle valve
setting) will be specific
with the holes in the
position shown in Fig,
8 (b).

(J‘W‘U; SUCTION,

'

Locating the spraybat
with one hole facing for-
ward and the other back]

—Fig. 8 (c)—will mea
that only one hole is ef
fectively spraying, but
this action will be as-
sisted by a positive pres

spraybar due to its drag effect. Also
these effects will be maximum in the
centre of the tube.

If the spraybar has a single jet
hole, then the best effect is pro-
duced if this is faced downstream—

- 'y =
Y

CONSTRICTED LORAG JUcTion

FLow

sure build-up through the
other hole. In any othe
position—Fig. 8 (d)
either one or both holes may spray,
but in all cases adequate carburet.
tion is produced.

The actual bore of the intake tube
must be proportioned so that it is
large enough to pass enough air to

barrassment, Increasing the bore into the airstream and thus utilise
means a marked reduction ;; f

in suction effect with lower é B A
pas velocities so that even _ oy i

il the engine can be started — Oﬁ S :
initially by choking, suction =

in the intake during (heA_ THOLE Baxalzr

period when it is running ATANY ANGLE AT
on its own and building up LEAST ONE HOLE WL SPRANG
speed, may be unsatisfac- SN Y e

gt

tory and so the engine does — 1%—_—-> —— : : >
not get the proper mihx‘tulje e C'ﬂ"‘* —

fo sustain running. This is o

the reason why some high? Z2HOLES . D). ZHOLES

speed engines are hard 10 gm0 20
start and often difficult, or

even impossible, to run at

low or moderate speeds (al-

though other design factors By

nlso enter into the question syeslfope 7 ===-- (

of low speed running, ofMAr SUczoN’

vourse). The solution may S

be a definite venturi shape 2

for the intake or, more 2 I
usually, interchangeable PR G .
venturii which can be in-

serted into the throat of the i
. BE

intake tube—Fig. 9. A™”

whole range of such ven- ::

turii may be used, the one

7
with the smallest opening ' { i
making for good starting J##4Y G4R. J
and low speed running (but oo // i

starving the engine and thus

limiting its high speed per-
formance), and so on up to
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FORRARD ANGLE

ENTRY ANGLE
EFFECTIVE IV
CREATING TURBULENCE

ram effect at speed. This, however,
is highly unsatisfactory in practice
and normally so upsets the mixture
setting as speed builds up that the
engine just stops. In point of fact,
it seems to make very little differ-
ence which way the intake tube
faces, as long as it does not point
straight ahead. It is also interesting
that it can “breath” in quite con-
fined spaces, such as close up to a
bulkhead, provided a ready flow of air
can reach the region of its open end.

The practice of raking forward the
intake tube and/or cutting off the
top of an angle to face forwards on
shaft-induction engines—Fig. 11—
is probably more a concession to
appearance than performance, but
in this case there is no direct air-
flow into the bore of the tube and
the adverse ram effects just men-
tioned are not present. There ap-
pears to be little possible gain in
experimenting with rake angles, as
such.

The high speed performance of

é JMO_‘DI;'IED _NEEDLE VALVE ASSEMBLY
s ] =

blanking pluz and uses a needie valve with shaped
fet orifice and 90 deg. fuel line attachment. Counld
also be employed in pairs either side for two-
speed control.

" ginal crankcase design fol

"

some engines can, however
21 be improved by increasiny
* the bore of the intake tubx

. and giving the entry a bell
mouth shape. It may wel
be that production demand:
a rather generous safe
margin on wall thicknes
in the first place and pei

.

- haps adherence to an ori:

* which the moulds have
" been fully utilised,

The manufacturer of
standard commercial ens
... gines has nearly always, of
necessity, to produce a compromise
design. To satisfy a majority of his
customers, starting characteristics
must be good (which means good
low speed suction and therefore a
fairly small bore intake); the needle’
valve control needs to be relatively
non-sensitive, but still positive en-
ough for accurate setting at around
peak r.p.m, '

As such, the spraybar type with
two jet holes has become almost a
standard and as an example of how
relatively non-critical such a car-
burettor control is, the same spray-:
bar unit will often perform satisfac-
torily in a range of engine sizes
from, say .5 c.c. up to 2.5 c.c. (as!
for example the entire Davies-
Charlton range) even if in the form-.
er case it appears to be almost
blocking the intake tube,

CHAPTER SIX

'ITHOUT exception, model aero-
engines are designed for air
cooling and are seldom critical
about this particular requirement.
I'hat is to say they will run satis-
factorily over a wide range of tem-
perature  with little difference in
performance, provided the *“stand-
ing” heat is not so high as to cause
distortion of the cylinder or burn or
“carbonise” the oil in the fuel mix-
ture so that its lubricating proper-
ties are destroyed. High surface
speed will also break down castor
o1l, but not Castrol ‘M’.

I'here are three sources of heat
peneration when the engine is run-
ning—rubbing friction between the
moving parts, heat generated by
compressing the gas mixture and the
heat given out by the mixture when
fired. Theoretically, at least, this
flame temperature is subject to
cooling as the gases expand and es-
cape through the exhaust, but the
residual heat is still quite high and
the overall heating effect
pronounced.

Thus in the complete
engine the cylinder, and
particularly the top of
the piston and upper part
of the cylinder, is subject
{o the most heating—
Fig. 1. Friction heat

FOX 29R ILLUSTRATES THE
weed for deep section fin area on
w cylinder head in a high speed
engine of this type of design em-
ploying  volum'nous  carburettor
Intake.

Cooling

should be tolerably low. Excessive
friction means bad running fits and
these are to be avoided. In th‘q case
of new engines set up on the *“tight

side, this condition is relieved by
running in, which is a process o‘f.
wearing down to size and fit

under controlled conditions, e.g.,
not letting the frictional heat become
excessive by limiting the speed and
duration of the initial runs. = Thus
the friction of a main bearing should
always be low so that the bearing
continues to run cool, and thus does
not require any particular form of
cooling. If it does run hot on any
one point it is quite likely to burn
away the lubricating oil film at this
point, increasing local friction (al_ld
local heating) still more until partial
seizure can occur. If this condition

is suspected when the engine is
running, dousing the outside of the
bearing with a liberal dose of cool-
ant (e.g., pouring fuel over it) will
momentarily

often relieve  the




40 MODEL AERO ENGINE ENCYCLOPAEDIA

GAS  COMPRESSION HE
FLAME HEAT - i
HEAD

FRICTION HEAT

HEAT ENVELOPE.

on heating to a degree pro-
portional to the tempera-
ture rise, it is fairly ob-
vious that distortion of the
cylinder can take place.
such distortion can have
several effects. It can ob-
viously affect the piston-
cylinder fit at the top of
convveriow; the  stroke, perhaps to a

does become excessive, so

resulting in loss of power

—and still more heating
to make matters worse, If

GAS €

:w..w g mrr.?'}'}%%
ﬁg. ¥ CO0LING)
trouble. But the real cure in this

case is not improved cooling but a
better running fit (see previous
chapter on fits and tolerances).

The cylinder, on the other hand,
normally receives unequal heating.
Frictional heat, again, should be
quite low and normally a negligible
part of the total heating effect, pro-
vided there is adequate lubricant in
the fuel. The practice of relieving
the cylinder bore at the bottom part
of the stroke to reduce friction is
far more concerned with reducing
power losses than with reducing
heating.

Thus the cylinder is heated,
mainly, by the compression and fir-
ing of the fuel mixture at the top of
the stroke. The top of the cylinder
is heated directly by this means
whilst the lower portion receives
heat indirectly through conduction
of some of this heat through the
cylinder walls. The final heat “en-
velope” is of the form shown in
Fig. 2 with the top of the cylinder
receiving by far the most amount of
heating. And since metals expand

1.7

the temperature reaches
the point where the oii
itself is carbonised lubri-
cation will break down and the pis-
ton will soon seize. Distortion can
also lead to gas leakage, further af-
fecting efficiency, and is a problem
which engine designers are always
up against. It is more apparent in
diesels than in glow motors, largely
because of the higher working
pressures and ‘‘tighter” piston fits,
which is the main reason why the
cylinder liner or cylinder of a diesel
is usually much thicker in the wall
and much more robust than that of
a glow motor of similar size. The
faster the engine is made to run the
hotter it is likely to get (due to the
increased rate of “‘heat™ cycles) and
the bigger the problem. In the end
the “best” engine is usually the one
which experiences minimum cylin-
der distortion and it is significant
that some engines with exceptional
performance for their size—like the
AM. “10” —have exceptionally
robust cylinders,

Fortunately only a relatively
moderate amount of cooling is
necessary to restrain the heat ‘‘en-
velope™’.

point where piston friction
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EXTRA LARGE FIN DIAMETER
wid  increased number of fins on
ihis ETA 150 Mk. II is the work
of Mans Hagberg (Sweden). The
lever is a method of remote com-
pression control for team racing.

Finning

The ideal arrangement
is a series of very thin
fins formed integral with
the cylinder walls, their
individual lengths cor-
responding approximate-
ly to the shape of the
aforementioned ““heat
envelope”—Fig. 3.

American manufactur-
ers commonly do adopt
this method, machin-
ing thin fins directly on to the
cylinder barrel, British and Con-
tinental engine design is more or
less standardised around the use of
of a separate cylinder jacket screwed
on to or bolting down against a har-
dened steel cylinder which becomes,
in effect, a sleeve or liner—Fig. 4.
It is not practicable to reproduce
the jacket as a series of very fine
fins. Equally it is impractical to
form fine fins on a hardened steel
cylinder as these would be extreme-
ly brittle and readily broken. There
is also the point that the cylinder
steels used on American engines are
not readily available in this country.

This cylinder jacket is 4z
nearly always made from
light alloy, to save weight.
Aluminium, too, is a very
good conductor of heat, so
that the whole of the finned
area readily heats up and
dissipates engine heat to
the cooling airstream. This
more than offsets the inher-
ent disadvantage that the 11 g_ 3,

fins cannot be made so thin,

B*

EFFECTIVE (O0Li

R S B

and so closely spaced, as would
be possible with steel.

Nearly all aluminium alloys, how-
ever, have the characteristic of re-
latively high expansion with heat.
If the jacket is, at first, a tight fit
against the cylinder it will tend on
heating up to expand away from the
cylinder walls and so leave a de-
finite air gap between—Fig. 5.

Air is a very poor conductor of
heat and so this gap is effectively
a “heat dam” or barrier preventing
free transfer of heat from the cylin-
der to the outer jacket. Thus the
cooling effect of the airstream is not
readily passed back to the cylinder.
HEAT ENVELOPE

ACKET

'ﬁgo 4’ ' OHNDER.

INTEGRAL FING
MACHINED ON
YLINOER
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AIR GAP BETWEEN JACKET
& CYLINDER IS POOR
HEAT CONOUCTOR.

YLINOER
LINER.

L}
F"g-s
The most satisfactory way to mini-
mise this is to make the cylinder
jacket a really snug fit to start with.
On such a layout, too, the head may
become the most effective cooling
area since it receives its heat by
direct conduction through the metal-
to-metal contact, The problem is
not necessarily as serious as would
appear, and in fact, most “‘jacketed”
cylinders are quite satisfactory from
the point of view of adequate air
cooling. They may, however, show
signs of overheating when this cool-
ing airflow is restricted, such as
when the majority of the slipstream
is blocked off.

Head cooling seldom appears to
be critical. A plain, hemispherical
shape generally provides adequate
cooling area and where fins are used
on the head these are usually chosen
primarily from the point of view of
appearance. On the other hand,
the heads of modern high speed en-
gines do get extremely hot and on
diesels it is generally to be recom
mended that in a cowled-in instal-
lation there should be an adequate
passage for airflow over the head
In the case of glow motors the head
may deliberately be unfinned to
maintain glow plug heat when in

GASKET ACTS
AT HEAT
JACKET EXPANSION BARRIER,
ER JACKET — HFAD

CYLIND. ’

“heat barrier”” where fitted

under a detachable head to

act as a gas seal—Fig. 6. If

the actual combustion space
Fig

the air (e.g., Dooling and
Carter) with cowled-in glow
engines no cooling flow over
the head should be necessary.

A gasket will act as a

is distant from the head, as

in a diesel, this would prob-

ably make the head much
cooler without affecting “the
running of the engine. On a
glow motor where the flame plays
directly on the underside of the
head the gasket may play an ap-
preciable part in determining the
working temperature of the plug.
With complete cooling in flight, i.e.,
a slipstream all over the engine, the
head may be too cool if gasketed.
If in direct contact with the cylinder
(no gasket) excessive cooling would
be offset by a transfer of cylinder
heat by conduction.

The unequal expansion rates of
light alloys and steels mitigates
against the use of the former mater-
ial for contra-pistons, although this
is quite common practice on certain
Continental engines. The top por-
tion of the cylinder is nearly the
hottest point of the whole engine
and so there exists in this region the
largest expansion differential. As a
consequence, as soon as the engine
warms up, the light alloy contra-
piston virtually seizes in the cylin-
der, providing an excellent gas seal
but making it extremely difficult, or
even impossible, to adjust the com-
pression setting from that point on.
It is usually possible to increase the
compression with the contra-piston
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seized, but it will not blow back on
its own if the compression screw is
backed off. :

lhe higher rate of expansion
common to light alloys also affects
choice of this material for pistons,
the top of the piston being the hot-
test part of the working engine.
Where light alloy pistons are em-
ployed they are not used to provide
i gas seal, so need never reach the
condition of being a “‘seize” fit. The
necessary seal is produced by fitting
the piston with rings so that the
piston itself need only be a relatively
slack fit in the cylinder to start with.
In such cases, too, it is general to
use a low-expansion light alloy (a
standard “full-size” piston alloy).
Alloy Pistons

A number of engines have been
tried with plain aluminium pistons
(and one, the American *‘Thor”,
cven had an aluminium cylinder to
go with it), but no such combination
has worked out successfully in
practice. There may, however, be
possibilities here in using deep
anodised aluminium as anodised
light alloy surfaces have been used
with considerable success for gears
in the engineering world. Thus the
use of a plain aluminium
piston is not entirely ruled
out.,

The cooling effect of a
propeller slipstream under
static conditions is some-
what different to that in
flight. In the latter case
cooling should be much
more effective and may
even affect engine layout at
high speeds—e.g., the plain
head on a glow motor. as
mentioned previously. Where

the engine is completely ﬁ'g,f

GLOW,

cowled in it should be satisfactory
to provide a flow of air to the depth
of the cylinder, and over the head
in the case of a diesel, but not ne-
cessarily so with a glow motor—
Fig. 7. The small amount of heat-
ing received by the crankcase should
normally be nothing to bother about
as this will be dissipated by con-
duction through the rest of the en-
gine. Crankcase cooling can, how-
ever, be important on an engine
where the bearing is not too good.
Often an engine with a main bearing
a little on the tight side, or with
tight spots, will run much better in
the air than ‘“‘static” because the
bearing is receiving continuous
cooling in the former case but not
in the latter.

The out-in-the-open engine will
always receive adequate cooling in
flight. The completely cowled-in
engine will receive adequate cooling
provided there is a good air entry
and exit to the cooling. A failing
on some free flight installations is to
provide an air entry into the cowling
space and the engine may overheat,
although this is unlikely on a short
run. The main objection is the high
drag of such an installation.

D/IESLHL

FLOW AROUND
CYLINDER & OVER
HEAD

FLOW AROUND
CYLINOER ONLY.
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Fig'g'

Most engines will run satisfactor-
ily at quite high speeds for limited
periods without any cooling at all,
other than radiation of heat to the
lower ambient temperature of the
surrounding air. On the Aero-
modeller dynamometer tests, for
example, where the engine is driving
a rotor with no generated air blast
or slipstream, cooling is provided by
a separate centrifugal blower mount-
ed by the engine and blowing a
constant stream of air over the en-
gine. Without this, the cylinder of
t};e engine on test will quickly
L ry!"

Fan blades incorporated on a
flywheel are not a suitable means of
providing a cooling airstream for
static running unless the engine is
properly shrouded so that the air-
stream is directed up and past the

JHROUD,

BLADES ON F
PERIPHERY, s

TLET MUST OF
PROVIDED,

=k COOLING ZowWe
WITHOUT sHROUD

#ig 1

cylinder—Fig. 9. Otherwise
what slipstream was gener-
. ated by the flywheel peri-
_____ phery would be directed

only along the bearing and
"~ crankcase. Any type of
. “blower™ driven directly by
the engine will, of course,
absorb power, which means
that unless useful power
can be extracted from the
engine crankshaft.

For Model Boats
Water cooling does not suffer
from this limitation and is the
logical choice for prolonged static
running with no fan-type loads, or
for marine installations. Most air-
cooled engines are readily con-
verted to water cooling by replacing
the cylinder jacket with a hollow
jacket (usually of brass) through
which water can be circulated. Cir-
culation can be achieved by
thermo-syphon action provided the
pipes are of generous diameter
(usually at least 4 in. bore is re-
quired for satisfactory circulation),
the main reservoir or water holder
also acting as a cooling tank and
thus constantly feeding the cylinder
jacket with cooled water—Fig. 10.
The thermo-syphon is particularly
adaptable to static running, but
marine units usually draw
in a supply of water by
means of a scoop under
the hull and discharge it
. overboard again after cir-
culation through the jack-
= et. Thus the engine is fed
= with a constant stream of
cool, fresh water without
any mechanical pump be-
ing involved. Mechanical
pumps driven off the en-

gine are, however, employ-
¢d on some types of marine
engines, or where a closed
circuit is preferred.  The
latter must have a cooling
tank. The main limit to any
water cooled system is that
water boils at 212° F. (100°
(') and this is the maxi-
mum fluid temperature
which can be realised in the
cooling system. Flow rates
must, therefore, be adjusted
.'n'L'OI‘.‘dil'lgly.
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CHAPTER SEVEN

IN discussing engine tuning for

s , we can do no better than
(o study the World Record break-
ing products of F. E. Carter, a
watch repairer by trade and himself
at one time a pretty good control
line flyer. His speciality, and in-
deed his sole practical interest in the
movement, is in making motors
which will go faster than anyone
clse’s. Starting point may be a
“recognised” racing motor, like a
stock McCoy, Dooling or Eta, but
the end product may well include
only the crankcase casting of the
original unit.

Let us examine the Carter tech-
nique in altering a new McCoy 29
for team racing. The McCoy is
favoured for this duty, as it has the
stroke to deal with the large pitch
and blade area (compared with
speed toothpicks) needed, and it
offers the best speed/range ratio of

Tuning
for Speed

up to 112 m.p.h. over 24 laps. Its
crankcase will not shatter, and it
lends itself to the Carter treatment
without complaint.

McCoy Modifications

What happens to this new motor
is roughly as follows, The alloy
induction disc and steel spring shim,
the rear ball race, and the head gas-
ket are consigned to the waste bin.
A Tufnol disc is made, with the
same timing (provides better run-
ning fit and obviates worn alloy disc
scrapings from going through the
engine to spoil other bearings) and
a new cylinder head turned to give
a leak-free metal-to-metal fit on the
cylinder.

The short-life rear ball race is
exchanged for a Hoffman and the
front race (for which there is no
British equivalent) is given a thor-
ough overhaul to see that it is doing
its job properly. On the cylinder
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porting only the bridges between
port-holes are touched, to give less
restriction to gas flow. The rest of
the treatment is no more than good
honest workmanship of the very
highest standard. In fact the work-
manship is such that in terms of
running hours, all of Fred Carter’s
products are comparatively youth-
ful. They are not tested by him
before leaving his charge—and such
is the confidence that the fliers have
in his work that they fit the motors
directly into their models and only
use them when required for com-
petition.

Speed performance—and that in-
cludes team racing—is ultimately
dependent on how much power you
can get out of a particular motor.
Right from the start, tuning and
“hotting up’’ standard motors has
been established practice, the only
trouble being that tuning up a
motor is a rather intangible subject.
As soon as one authority lays down
a set of general rules, another comes
along with equally good results by

ignoring these rules and doing some-
thing else. A lot of the so-called
“reworking” of an engine does no

good at all, and may even produce
the potential performance of a stock
motor.

On the other hand Fred Carter
himself makes the rather sweeping
statement that none of the recog-
nised stock racing engines are any-
where near as good as they could
be. Presumably this could be re-
written as a statement that no mass-
produced engine can be built with
the precision necessary to get the
maximum B.H.P. per c.c. out of it.
Further, world class performances
in speed have now quite surpassed
speeds which can be achieved with
stock engines and that a “special”
is essential to compete on equal
grounds with the state and manu-
facturer-sponsored teams of other
countries.

Put it down in facts and figures
and you begin more and more to
respect Fred Carter’s views, A
standard Dooling 29 which is just

about the best of the stock racing

motors of its size, can achieve about
125 m.p.h. The Carter Special, re-
built around the Dooling 29 has
turned in official speeds in excess of
146 m.p.h. That 20 m.p.h. gain is
the product of extensive reworking
—virtually, indeed, a complete re-
design of engine along the same
basic lines.

All this really dates back to about

THE FAMOUS
Carter Special 5 c.c.
based on the Dool-
ing 29 as described
in this chapter.

1950 when Fred Carter was flying
control line stunt, was being tempted
by speed and had the feeling in the
back of his mind that having found
out a little about commercial en-
pines and their limitations that he

could do a bit better. Perhaps the
contrast between a precision watch
mechanism and the precision stan-
dards adopted for engine manufac-
ture was too much! At any rate,
his first serious attempt to rework
an engine was on a Nordec 10 c.c.
(virtually a copy of the American
McCoy 60), which he accomplished
with no mean success. At a time
when the other speed flyers were
still finding the “ton” elusive, Fred’s
reworked Nordec carried his “Little
Rocket” well past the 100 m.p.h.
mark and was fairly consistent at
about 116 m.p.h. Modifications in
this case consisted mainly of a new
piston and new head.

From Nordec to McCoys to Etas
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and Doolings, Fred Carter’s fame
was soon established, locally, at
least. But speed flying itself was in
the doldrums and not until the first
British Nationals at Cambridge did
people begin to sit up and realise
that there was something very spec-
ial about a Carter reworked engine.
Davenport turned in a speed of over
160 m.p.h. with a Carter-Dooling
which was more ‘“Carter” than
“Dooling” and set many a person
arguing that the timekeepers had
missed counting a lap. But that
performance was real enough, as
Gibb’s record speeds with both 5
c.c. and 2.5 c.c. engines have shown.
They are performances which can
be duplicated under similar condi-
tions. The real point is that the
jump in performance is so startling
that it confounds people’s previous
ideas of control line speed stan-
dards. It also makes some of those
apparently fantastic American speed
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THR‘.EE VIEWS OF THE CARTER
carburettor

1 il the
mer  attachment,
over-hang and “‘solid” head.

The obvious question at
this point is, why not start

right from scratch and make

the crankcase too? The an-

E case casting is usually quite

1] intricate on a motor of this

HALF SIZE

claims quite logical, especially as the
Gibbs-Carter combination have bet-
tered some of them!

As far as the suitability of the
engine is concerned, there is only
one type of motor which Fred Car-
ter considers worthwhile for speed.
That is the cross-scavenged glow
motor with rotary disc induction and
ball bearing crankshaft—as exem-
plified by the McCoy Dooling, and
the British Eta. Fred will just not
consider diesels in any form, plain
piston engines, plain bearing engines
or those with circumferential port-
ing. He is interested only in getting
maximum peak performance, and
that is his starting formula.

Reworking is essentially an appli-
cation of a “basic” modification
plus any little extras which he thinks
worth trying out—a sort of calcu-
lated guess as to whether or not a
small alteration here and there will
improve performance or not. And
that is something which cannot be
put down in words ! The reworked
engine invariably ends up with the
same crankcase, but that may be the
only original part. In other cases
the original crankshaft and bearings
may be used, but inevitably there is
a new cylinder liner, piston, rotor
and back cover assembly.,

type and to have this unit
as a starting point saves a
lot of time and trouble. That is the
only reason ; and we should not be
too surprised if one day Fred does
start from “‘basic stock”’,

The Carter “5”

The particular motor we can re-
view in detail is the 5 c.c. reworked
Dooling which retained the standard
Dooling crankcase, crankshaft con-
necting rod and front ball race (this

only being because of a size difficult

to duplicate in Britain). Everything
else is new, although externaily the
only noticeable difference with the
finished engine is in the head with
centrally-located plug, plus the ex-
tremely high finish on all the new
parts. Internally however, it is
quite a different story.

The original shrunk-in liner was
removed and replaced with one
made from Meehanite bar stock
carried down to the full depth of the
casting. Ports were filed by hand.
duplicating the layout of the original
but with a slightly later exhaust

opening and slightly later transfer,

(Shallower ports providing less area
than on the original Dooling.)

The piston is a new casting in
standard piston alloy, cut with ports
in the wall in Dooling fashion but
with a curved skirt the full depth
of the liner each side. Some 120

swer here is that the crank-

degrees of the piston on the exhaust
side is generously relieved and a
single ring is used just below the
crown. The deflector is straight but
sharply peaked, the head machined
away to a matching shape. Con}-
pression ratio, by rough estimate, is
nbout 8 : 1. .
I'he top of the piston and the in-
side of the head are highly polished,
this being the only internal polish-
ing done. Here, in fact, is one of
those contradictions in engine tun-
ing. Nearly everyone who has
written anything about the subject
emphasises the importance of
polishing and careful shaping of the
ports to minimise gas friction with
fillett radii on “square” corners, etc.
Carter does not consider this neces-
sary, or worthwhile. About the
only concession in this direction is
filing down the vertical columns
across the exhaust port to minimum
size (about ¢ in. wide), ) As to the
importance of plug location, Carter
holds here that if it gives the ex-
pected performance with the plug
in the middle, then leave it there.

YILUNWRAPPED” CYLINDER FOR CARTER
Special shows how the Dooling ports are actually
reduced in area to a degree, while transfer is
opened wp.  This is a characteristic of most Carter

engines.

LINER TOP ———_
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If performance does not come up to
scratch, a new head and piston
would be an obvious “‘second try
We get the impression, however,
that with Fred Carter, second tries
are a bit of a rarity,
“One-way” Fits ;
Undoubtedly particular care is
taken over the piston-liner fit to get
optimum compression seal and
piston support with minimum fric-
tion. It makes a noticeable differ-
ence on the 5 c.c. engine for in-
stance (and the same would apply
to similar types reworked in the
same way) if the cylinder unit is
rotated through 180 degrees to bring
the exhaust to the left hand side,
i.e., transposing the side thrust to
the other side of the piston. An-

other interesting fact was that the
CRANKPIN.

]

—CYLINDER HEAD.
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compression seal was slightly better
going down than up, ie., a better
seal on the firing stroke.

A common source of trouble on
stock rotary disc engines is the
mounting of the rotor disc itself. In-
variably this unit is re-made by
Carter, with a Tufnol disc and back-
plate unit with integral choke tube
machined from solid. On the 5 c.c.
special the disc itself is mounted
perfectly on a generous size spindle
and long bearing. There are abso-
lutely no signs of play and, in fact,
the static fit appears quite tight, al-
though this is due to oil drag and
will practically disappear at high
speeds. Intake timing appears to be

MODEL AERO ENGINE ENCYCLOPAEDIA

INTERNAL DETAIL OF THE
Carter

national success in the speed feld

and dominated team race Class lr
in Great Britain.

reduced at both ends,
compared with a stan-
dard Dooling, this being
180° induction period.
The front end of the
engine is quite conven-
tional, beautifully made
and with perfect shaft
support. The only modi-
fication to the crankshaft

meter of the end of the
chrome plated pin which
engages in the rotor disc.
The front bearing re-
mains the standard ball

rear ball race is of Bri-
tish origin. The unit,
like the
assembled without gaskets. It is
perhaps an indication of the ac-
curacy of fitting that although the
standard Dooling crankcase unit
is reamed right through, the back
oon;er was too tight to fit the “front™
end.

Low speed performance was
moderate, which is only to be ex-
pected with a racing engine. At this
stage needle valve setting was com-
pletely non-critical, but the more
and more speeds went up the more
necessary it became to adjust the
mixture carefully for best perform-
ance. At 18,000 r.p.m. plus mixture
setting was quite critical.

Recommended fuel as used by

o

is a reduction in dia-

race by Doolings but the

backplate, is

AEROMODELLER ENGINE
ANALYSIS DATA
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Specification

Bore : 792 in.
Stroke @ .594 in.

Displacement : 4.8 cc. (.293 cu.
in.}).

Bore/5troke ratio :

Weight : 7 ounces,
Max, B.H.P, ; .595 at 18,000 r.p.m.

Max torque : 421 ounce-inches at
11,000 r.p.m.

Power rating : .125 B.H.P. per c.c.

Power[weight ratio: .086 B.H.P.

per ounce.
Availability : Special racing engine
by F. Carter. Mot available

commercially.

Gibbs is equal parts of nitromethane
and methanol, plus about 20 per
cent Castrol “R”. The mixture
used on the test runs was obtained
by adding 25 per cent nitromethane
to standard Mercury No. 7 to arrive
at a similar nitro content. No in-
crease in performance was apparent
with more nitromethane.

The torque is well sustained and
the engine, as tested, peaked at just
over 18,000 r.p.m. at an equivalent
B.H.P. of almost exactly 0.6. The
actual power figure is a little lower
than that which could be achieved
in the air, although the peak r.p.m.
point appears about right for the
official speeds obtained on given
propeller sizes. Propellers used by
Gibbs were Stant 7 x 10 and Truflo
7 x 11 with re-worked blades, giv-
ing something like 15,000 and

PROPELLER R.P.M. FIGURES

Propeller r.p.m.
dia. pitch
11 x 8 (Whirlwind) 6,300
9 x 4 (Stant) 13,600
9 x B (Stant) 10,600
9 x 10 (Stant TR) 10,500
8 x 4 (Stant) 17,800
Bx8 {Snnt 13,800
8 x 9 (Stant 12,500
7 % 10 (Reworked Stant) 15,000

Fuel: Mercury No. 7 plus added 25 per cent
Nitromethane,
14,000 r.p.m. respectively, on the
ground. Gibbs and Carter esti-
mated that actual flight r.p.m of
the motor at record speed was
18,000-18,500.

Summarising we can only say that
the Carter Special is one of the most
beautifully made motors it has ever
been our pleasure to examine. For
the rest, its performance on the
flying field speaks for itself.




CHAPTER EIGHT

COMPE'I‘IT[ON in free flight

power international classes has
become so keen, that it is now al-
most essential to have an engine
which produces above average
power output, to stand any chance
of winning.

The following notes describe a
number of improvements which can
be made to a standard engine to
improve performance using a mini-
mum of tools. The description ap-
plies in particular to the E.D. 2.46
c.c. in which a particularly high
standard of workmanship is main-
tained, and which Peter Buskell has
used to such good purpose in many
British Power Teams.

Notes on other types are included
where relevant.

Tuning a diesel
for Free Flight

The points at which improvement
can be expected are as follows: —
(1) To increase the charge in-
duced into the crankcase by
removing obstructions in the
induction system,

(2) To improve burning by mix-
ing fuel and air more fully,

(3) Reduce obstructions in trans-
fer system.

(4) Reduce wear and friction by
attention to bearing align-
ment and lubrication.

(3) To decrease vibration by im-
proving the balance of re-
ciprocating parts.

For optimum results, ‘“tuning”

should be carried out before the
motor is run at all. Should running-

in be completed, the bearings will

have become polished and mated to
each other and any dismantling and
reassembly will result in parts hav-
ing to bed down again. This is a
more lengthy process as they are
already polished.

Siii.rt b};ldismantling the unit and
washing all parts in petrol.
The Crankcase i

When used for free flight the ex-
haust stack cast into a 246 is not
normally required, as the cylinder

THE E.D.246 AS
modified by P, Bus-
kell. The only ex-
ternal difference s
complete lack of ex-
haust stack—compare
with drawing op-
posite.
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if not the whole engine is usually

exposed. It does in fact partially
block off the exhaust ports, adds a
fraction of drag to the model and a
fraction of unwanted weight, and is
therefore best removed.

Before starting operation, ‘‘stack
removal”, seal the front ball race
housing with adhesive tape and
block up the crankcase mouth with
clean rag rammed
in tight to obviate
the entry of metal
dust and filings.

Clamp the crank-
case in a vice un-
der the bearers, us-
ing soft vice clamps
and not too much
pressure, the stack (
can then be sawn S o
off carefully, using the thick raised
portion into which the cylinder
holding-down bolts screw, as a guide
line. File off to this line and finally
emery-cloth to a smooth finish.
Clean off all metal dust and remove
protective cloth and tape.

The Back Plate

Begin by checking the end play
on the timing disc. On a new com-
ponent the ideal figure is about 1 to
I} thou. inch, i.e., so that the disc
appears to rub on the back plate
slightly ; this will wear off with
running-in to a free close fit. A
maximum of about 2 thou. is per-
missible in a new component after
which serious loss of crankcase com-
pression and poor starting will re-
sult. To remedy, open the vice jaws
just sufficient to pass the disc pin,
carefully position the backplate and
tap the pin through gently, check-
ing frequently until the desired fit
is obtained. A suitable punch for

CUTAWAY DRAWING
of the original E.D.246
shows the breakdown of
component parts with the
timing disc assembly shown
inset. This chapter details
modification of major
components.

the job can be made from a length
of +% in. rod, the face being filled
to a slight dome—Fig. la.

Afterwards mount the punch up-
right in the vice and get a friend to
support the backplate with the disc
pin head resting on the punch; then,
using a blind punch—Fig. 1b—
spread the end of the pin so that it
cannot shift in future.

Next fit the backplate to the
crankcase and check that the disc
does not bind. There are two pos-
sible faults: —

(1) the register hole in the disc
does not line up with the
crankshaft so causing the
disc to be pulled against the
pin. The remedy is to scrape
out the hole slightly, a suit-
able tool being a small screw-
driver filed and stoned on
one edge.

(2) the crankshaft is too long or
the hole in the disc not deep
enough, so pushing the disc
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CHAMFER ROUND
OFF

TIMING DISC,

against the backplate. The
simplest remedy here is to
pack out the backplate with
a paper gasket of suitable
thickness.

The next step is to open the choke
diameter out. The effect of this is
to reduce obstruction to the incom-
ing charge so increasing power, but
as the diameter is increased so the
velocity of the air passing the jet
decreases resulting in the motor be-
ing more difficult to start.

For free flight work, starting is
not critical and the standard % in.
choke can be opened to 1 in. in
safety. Mount the backplate in the
vice using soft clamps and drill
through from the disc side using
light pressure and high revs.

The choke can now be faired into
the timing cutaway on the backplate
face. A power drill and rotary files
or burrs ease this work considerably
but it can be done just as well with
a 4 in. coarse cut rat tail or needle
file. The intake should also be filed
out to trumpet shape and the whole
finally smoothed with emery, Cham-
fer off the square edges of disc tim-
ing cutaway on the outside—Fig. 2,
and radius the corners of the cut-
away on both disc and backplate on
the working face with a superfine
file—Fig. 3. Finally clean thorough-
ly with petrol until all traces of
metal dust are removed.

The next item for attention is the
spraybar, the sides of which are
waisted by filing so as 'to reduce

obstruction in the

(@ choke to a minimum

RADIUS THESE
CORNERE WITH
SUPERFINE
FILE

far otherwise there is
a danger of it break-
ing in two when the
peame  fixing nut is tightened.,
n$3 Another worthwhile
modification is to
the jet. The standard E.D, ar-
rangement is a v in. hole facing
toward the crankcase, this does not
give a good mixture and gives rise
to a hard exhaust note indicating
large globules of fuel reaching the
combustion chamber, Solder up
the existing hole by scraping the
sides and surround, then insert the
needle with a blob of grease on it,
and apply a dab of acid flux and
solder with a hot iron in one quick
dab.

The new jet arrangement consists
of two rows of holes at the ‘“‘guess-
timated” point at which airflow
breaks away from the spraybar—
Fig. 4—about 60° apart around the
section.

These are best drilled on the op-
posite side to the original hole.
Clamp the bar lightly in the vice
and scribe two lines 4 in. apart
along it.
four holes with a 68 drill or 5 with
a 75, depending on your patience (!)
along each line. A pin vice is a
necessity and the drill should be
chucked so that only about J; in.
is exposed. It may be necessary to
waist the needle to allow fuel to
reach all holes. Check this before
assembly.

On shaft valve type motors any
work on the induction system is
severely limited by consideration of
crankshaft strength. Generally it is
safe to open the port in the shaft

Do not carry this too

You can now drill either
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und choke up to square
section and round off any
shaft bends or corners—
Fig. 5. Also check that
the choke tube cross-sec- (
tion minus the spraybar
cross-section is not less
than that of the shaft. If it
is, open out the choke tube if suffi-
cient wall thickness is available
(‘heck the timing by mounting a de-
gree marked disc to the crankshaft
(the piston can be refitted to find
I"D.C.). A suitable timing for free
flight is: —

Inlet opens 50 deg. after B.D.C.

Inlet closes 50 deg. after T.D.C.

If the open period is less than this
it is usually possible to file out the
crankcase port by the required
amount. Finally radius all port
¢dges with an oil stone slip.

"
DRILL NEW J

Cylinder

The transfer system of the E.D.
246 consists of a gap left between
(he outside wall of the cylinder and
the inside crankcase wall. Work on
the cylinder is directed towards en-
larging this passage and smoothing
the entry and exit.

Since the same method of produc-
tion is employed on many other en-
pines, Davies Charlton, Allen-Mer-
cury, Zeiss, etc., the following is a
general improvement for a wide
variety of engines. ;

First a means of holding the cylin-
der firmly in the vice is required.
I'wo lengths of 2 in. by 1 in. batten
are required. Place these
together in the vice with
the edges flush and bore a
hole of cylinder diameter
into the ends centred on
the joint—Fig. 6a and Fig.
6b show the work to be

=1

AS INDICATED.

AE HOLE TO TAKE
" LINE
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AIRFLOW BREANS AWAY
FROM SPRAY

- ] ROUND OFF
AIRFLOW CORMERS AS
INDICATED
=

==

ET nm.t\‘\\ - T:g‘;
done on the cylinder. This is best

done with a 4 in. bastard file, grind-
ing can be used if done very care-
fully but has a tendency to distort
the liner. Take your time to avoid
any chance of distortion. The bot-
tom end of the liner may be found
to be hardened, this is of small
depth and can be removed with
coarse emery cloth. When dealing
with the transfer port, cut a semi-
circle of liner diameter out of a
piece of tin plate and use this to
protect the cylinder seating face.

Work on the Piston

This requires the use of a lathe
and } in. power drill or a flexible
shaft set. If you cannot get the use
of these items do not attempt the
work. The idea is to remove as
much metal from the inside of the
piston as possible, so decreasing
mechanical losses at high r.p.m. and
improving the balance of the engine
The piston is the heaviest recipro-
cating component of the engine and
the more we can remove from its in-
terior, the greater our chance of a
more powerful engine.

;
syt (Ss oo
ARCUND SIDES

o+ RADIUS THESE
\ CORMERS TO
| SHAPE SHOWN.

21" BATTEN
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In the motor cycle engine world
an approximate balance factor of
60 per cent of the reciprocating
weight is used and it is worth noting
that using a cast iron piston and
normal manufacturers’ techniques it
is not possible to achieve this factor
in a model diesel engine, If the
flexible shaft set only is available
the work of lightening is best done
by grinding.

o
4> 1

f USE GUDSEOHN

. PIN TO PREVENT
PISTON TURNING

7

g

METH OF CHECKING COMN ROD
BEARING ALIGNMENT

PisTON J1G_ (OPENED wp)

Y22 Thick
AT EDGES.

VL
/It THICK
CENTRE

ﬁgs HEW CON.ROD SHAPE.
—REMOVE BLACK

PORTIONS.
FEELER

CON ROD \

CENTRALLY -
PLACED ON i
Aunatu o

PHOTO SHOWS THE METHOD OF RELIEVING
the rotor load as de

:

Make up the jig as shown in Fig.
7 for holding the piston, and work
slowly and carefully. The piston
walls can be tapered off to about
#5 in. thick at their lower edge and
an appreciable amount of metal can
be removed from the crown and
around the gudgeon pin bosses. If
a lathe is available for re-lapping

the piston, advantage can be taken

of lightening operations to improve
the piston fitt The materials used
in the 246 liner piston set are such
that the liner expands more than the
piston when hot so causing a loss
of power, If the lightening is done
with rotary files and a fair amount
of pressure the piston walls are ex-
panded, particularly on the working
faces. The piston is then lapped to
be a tight push fit in the top portion
of the barrel. The writer has found
it preferable to use a coarse paste
for initial lapping rather than a fine
one all through. This leaves
scratches of slight depth on the pis-
ton surface which retain oil and
hence decrease wear and
friction. Radius the top
and bottom edges of the
piston with an oil stone

_Yéz ar Ecces slip.

Con-rod

Considerable lightening
can be carried out on this
component—Fig. 8 gives
details. When finished,
drill oil holes through big
and little ends (No. 68
drill) and file a narrower
groove across the bearing
surface where the hole
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meets it. A fine half round file does
the job nicely. )
The alignment of big and little
ends should also be checked. Pur-
chase two lengths of ground silver
steel rod (obtainable from most tool
shops) to the big and little end dia-
meters ; these should be a close fit.
Fig. 9 shows how to check using a
length of steel bar and feeler
gauges. If slight errors are present
they may be corrected by bending—

Fig. 10—but if they are more than

about 2 degrees out of
line or if the bearings
are slack a new rod
should be purchased or
if a lathe is available,
made.

Mark off the centres
on dural plate of the re-
quired thickness and
mount on the face plate,
drill slightly undersize
and finish with a reamer
or “D” bit.

The rod can then be
sawn out and filed to
shape by hand. A square
or oblong cross-section
rod is, of course, prefer-
able to a round one.

Assembly and Running

Clean off components
in petrol and assemble
the disc and big and little
end bearings with graph-
ite. Smear cylinder and
piston with light machine
oil.

REFORE AND AFTER PHOTOS
show the Buskell modifications.
Top, to the rotor disc with modi-
fied wversion at right, centre, the
crankcase, con. rod and exhaust
stack, ete., revision at left, snd
spraybar and needle valve assembly
at bottom.

VICE JAWS——

SHAPED STEEL
BENDING

§_T“i‘§1?m"l
FORMER 3

For initial runs keep the speed
down and the mixture rich. A good
running in fuel is: 35 per cent Cas-
trol M 35 per cent Ether, 30 per
cent Derv. (Road Vehicle Diesel Oil)

When the initial stiffness has
worn off, change to smaller props
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and run for short high speed bursts
starting with about one minute dura-
tion and slowly increasing as the
motor becomes free.

Initially the compression will have
to be slackened off from the start-

ing position as the motor warms up
but this will become less and less
necessary as the motor runs in, A
fully run-in motor with the correct
piston fit should start and run on
the same setting. -

CHAPTER NINE

ALTHOUGH the basic results are

the same, i.e., determination of
brake horse power, the technique of
testing model engines is consider-
ably different from that of most
“full size” internal combustion en-
gines. The chief difference lies in
the fact that a model engine has no
throttle, as such, and running speed
is mainly limited by the size of the
load being driven. Fitted with a
given load (e.g., a certain size of
propeller), and the controls set for
most efficient running, there is only
one speed at which that propeller
(load) will be driven. Any variation
in speed obtained by further mani-
pulation of the controls can only
result in less efficient operation and
loss of speed. In other words, pro-

Horsepower

and Torque

vided the design is sufficiently flex-
ible, the engine can be slowed by
making it run less efficiently, such as
by making the mixture excessively
rich (opening the needle valve), but
such a control is never as positive as
the normal throttle control on a

‘larger internal combustion engine.

The only positive control over
speed is to vary the size of the load
using a smaller propeller to increase
speed and a larger one to decrease
speed. The size of the propeller
then limits the power which that
particular engine can develop. To
make this clear, we must study the
relationship between horse power
and speed in more detail. -

Horse power is a measure of the
work done by an engine. It is a
derived function. That is
to say, it cannot be mea-
sured directly. The two
factors we can measure
are the speed or revolu-
tions per minute of the
engine crankshaft, with a
tachometer or strobo-
scope ; and the torque or
turning moment imparted
to the crankshaft.

Work, basically, is the
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product of a force and t_he
distance through which
the point of application of
the force moves in the
direction of the force. In
the case of a simple
torque testing rig—Fig. 1
—the counterweight on the
torque arm is subjected to
gravity, but the gravita-
tional effect is overcome by the
torque imparted by the motor. The
“force” is thus just the value of the
weight W. The corresponding
“distance™ is 2 7 D times the rate
of revolutions of the crankshaft.

To reduce this to practical figures:

27DNW

Horse power = ———,
g 33,000
where N is revolutions per minute.
Now “DW” is the actual torque—
balancing weight multiplied by dis-
tance from the axis. In working
units, expressed the other way round
as “WD”, this is the measured
torque in ounce-inches—Fig. 2. To
correct the basic formula for these
units: —

BEAM TENDS TO
ROTATE THIS WAy

BALANCED BEAM "
PIVOTED AT CENTRE
= .

brake horse power (B.H.P.) of
a model engine can be found by
measuring the torque at any speed
(in ounce-inches), multiplying by
the r.p.m. and dividing by one
million.
i.e., Torque x r.pm. = BH.P.
1,000,000.
The manner in which the brake
horse power curve of an engine on
test is built up should now be clear.
The tests are concerned with fitting
the engine with different loads, in
turn, and measuring the correspond-
ing r.p.m. and torque figures. The
product of these related readings
then lie on a more or less smooth
curve—the B.H.P. curvc—-whigh is
also plotted against r.p.m.—Fig. 3.

10

Horse power = 3 |
27NQ o Flh S
=08 k
33,000 x 12 x 16 :
where Q = WD i s #\
; 106 -
If this equation is sim- © A N
plified, we find that: — ‘05
NQ =
Horse power = m o ! 1 |
In other words, with suf- g “E =
ficient accuracy for mostg 4 .
practical purposes, the 9 §
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[ Engine C—Fig. 6—is

relatively inefficient at low

o FiE4 2
_@ / \\ B.H.P. CURVE.

speeds and, again, essen-
tially a high-speed type,

\ peaking at a high r.p.m.

\ value.
Quite a number of prac-

 in them, ie., plotted
torque readings do not lie

] .
vongue curve_| On @ smooth curve. This

is largely due to varying

~ engine efficiencies at dif-

TORQUE oOZ*

ferent r.p.m. It may also

ENGINE W\

Now one of the facts which the
average person finds most difficult
to understand is that the torque
tends to decrease with increasing
r.p.m. This is because he confuses
torque with horse power. Although
the engine may produce more power
at higher speeds, its capacity to turn
a load at these higher speeds is re-
duced, hence calling for lighter
loads, i.e., smaller propellers.

The manner in which torque
drops off with increasing r.p.m.
varies with individual engines.
Three contrasting examples are
shown in Figs. 4-6, With engine A
—Fig. 4—torque falls off steadily
with increasing speed, giving a fair-
ly low peak B.H.P. and low r.p.m.
figure corresponding to peak power.
Engine A, in other words, is essen-
tially a low-speed engine.

With engine B—Fig. 5—torque is
maintained approximately constant
over a wide range of r.p.m., and
then starts to drop off. The differ-
ent effect on the B.H.P. curve is
quite clear. This is a high-speed
engine, producing its peak power at
very high r.p.m,

be due to vibration setting
in and the effect of other
practical test conditions.

The *‘peak’ previously mentioned
refers to the B.H.P. curve—corres-
ponding to the region where the
B.H.P. output no longer increases
with increasing r.p.m., but now
starts to fall off again. The top of
the curve represents the peak or
maximum B.H.P. which that engine
can develop. Operated at that
speed it is developing all the work
that it possibly can, on the fuel
used. It will be appreciated, how-
ever, that the load capable of being
driven at that r.p.m. may be quite
light, representing too small a pro-
peller size for practical use in many
types of models.

Theoretically it may be advisable
to use a propeller size enabling the
engine to operate at peak r.p.m.
(i.e., the r.p.m. corresponding to
peak B.H.P.) for contest models
(free flight duration and control line
speed). The small propeller size in-
volved may make starting difficult,
however, and extremely high r.p.m.
may involve trimming difficulties
with the model due to the gyroscopic
action of the propeller. There may

tical curves have “kinks”
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also be definite demands on #° P R
the propeller characteristics g _@_ﬁ
desired, setting other limits. \ B.HP. CURVE.
: 16 / \ -

Important Points to =ir -

Consider a A \

; 42 \

Another point to consider /
is that the test figures re- S
present static running con- -os; y - % = % -
ditions. Under flight con- R.P.M. X 1000
ditions, propeller r.p.m. will _ s T BT,
tend to increase due to a®; -
change in the propeller¥ 12 \\
load. Propeller load will § ¢ e
actually decrease when it*" § e

is both rotating and travel-
ling forwards. equivalent, very
roughly, to an increase in r.p.m,
of about 10 per cent. To op-
erate an engine at peak r.p.m.
under flight conditions, therefore,
the propeller load would be selected
to give a static figure about 10
per cent below peak r.p.m., as
determined for that particular
engine.

Another danger with engine test
data is that results from one par-
ticular specimen on test cannot be
guaranteed as representa-

In addition there are numerous
other possible causes of variation.
Atmospheric conditions have a
bearing on the efficiency of the fuel
charge so that, strictly speaking,
test data should be related to stan-
dard atmospheric conditions (e.g.,
relative humidity, temperature and
pressure). It is not considered
worthwhile to introduce these com-
plications in presenting test data,
however, since their proportionate
effect is not particularly great com-

tive of all other engines of

Fio]
the same type. Even with e ﬁ-‘ |

the close tolerances held

2 A
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on production engines, o

P

there must be manufactur- = 44
ing differences and, with ©

/

the small sizes involved,

Vi

such differences between o

individual engines can be X L !
most marked. The smz;ll- 4 s I

ler the engine size, the I T
greater, proportionally, % g A
such variations are likely y [ __ 23

to be. E

ENGINE 'C’




62 MODEL AERO ENGINE ENCYCLOPAEDIA

pared with other practical factors.
The effect of different fuels is
quite a different matter. As far as
the engine is concerned, it is the
pressure of the igniting fuel charge
on the top of the piston which
basically governs the torque gener-
ated by the crankshaft, In general
terms, a more powerful fuel will
generate more torque, to drive a
larger propeller load at the same
speed, or the same propeller load at
a higher speed. Strictly speaking,
true comparative tests on different
engines should be conducted on one
standard fuel, and AEROMODELLER
tests use Mercury Nos. 5, 7 and 8
fuels exclusively for this purpose.
This is a reasonable compromise,
since it does approximate to the
operating conditions which the aver-
age user of the engine will follow.
Comparatively few of the thousands
of engines produced anually are

used for specialised duties where

absolute peak performance is of
paramount performance and in such
cases the engines concerned are
usually subjected to considerable
individual attention by their owners.
Engine test data applicable to per-
formance on standard fuel then still
forms a useful background for fur-
ther experimentation.

Probably the most interesting
conclusion to be drawn at this stage
is that the majority of model engines
in use are operated at well below
their peak power, i.e., at compara-
tively moderate r.p.m., even in con-
test models. Peak r.p.m, has in-
creased steadily with production en-
gines over the past decade with the
result that few peak at under
10,000. Glow motors tend to peak
at somewhat higher r.p.m. than
diesels, but both have outstripped
the spark-ignition motor.

CHAPTER TEN

S a rough and ready rule, a brake

horse power rating of 1 h.p. per
10 c.c. can be used as a guide. That
normally holds true for about the
middle range of model engine sizes.
With increasing engine size volu-
metric efficiency tends to increase,
so that the good 10 c.c. motor may
actually develop more than 1 h.p.
With decreasing size, the opposite is
true. The average 1 c.c. motor will
probably develop less than .1 h.p..
the .05 c.c. size something less than
.05 h.p.—say around .04 h.p. as a

Test
Apparatus

reasonably good figure—see Fig. 1.

Some difficulty was experienced in
reaching satisfactory conclusions on
a series of tests and the eventual re-
sult was production of the Eddy-
Current Dynamometer by AERO-
MODELLER magazine. The problem
was that of replacing the inconsis-
tancies of the torque reaction beam
which was suspect.

The high mass or inertia of the
machine was soon proved not to be
the trouble. The original torque
beam was built at a time when large

THE AEROMODELLER EDDY CURRENT
Dynamometer as described in this chapter with an
American K & B 15 engine mounted on the unmi-
versal clamp, to line-up with the main rotor,

capacity engines were current. A
baby half c.c. motor was virtually
lost on it. A special lightweight
beam built for these small motors
produced no more flattering results.

About the only thing left to sus-
pect was that the slipstream effect of
the propellers used on the engines
might appreciably modify the torque
readings obtained. After the first
two or three test efforts were, in
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Froude, undoubtedly world leaders
in the design and manufacture of
large dynamometers for brake test-
ing all kinds of “full size” engines.
The question of measuring fraction-
al horsepowers was well outside
their normal sphere but their com-
ments on the types of dynamometers
and their various limitations were
most enlightening. Some typical
forms of dynamometers and their

fact, made, to shield the .

apparatus from the slip- rst——

stream, with some notice- "?l—_'
able improvement. Since _,
such shields or baffles had
to be mounted as close be-

rop - -

hind the propeller disc as

possible, and certainly in

front of the cylinder, such
an expedient could only
be regarded as a tem-
porary one.

MAXIAUAM BHP DEVELOPED
H L

the opportunity arose to

4
J
At about this time .;
i/

discuss the whole problem

with Messrs. Heenan and ,,,

°
3
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limitations are shown in Fig, 2.

The principle of the torque reac-
tion beam, which is the basis of the
original AEROMODELLER apparatus
and probably the majority of other
“power testing”” machines, was des-
cribed in the previous chapter. The
engine is centrally mounted on a
freely pivoted counter-balanced arm
or beam. When the engine is run-
ning, driving a propeller, fan, air-
brake or flywheel, etc., it is apply-
ing a torque at the shaft to drive
that particular load at that particu-
lar speed. By the principle of re-
action an equal and opposite torque
is produced on the fixed part of the
engine (i.e., the crankcase-cylinder
assembly), which will tend to rotate
in the opposite direction. The
crankcase being fixed to the beam,
the beam tends to rotate in the op-
posite direction to the shaft.

The amount of reaction torque
can now be measured, quite simply,
by sliding a weight along the “high”
side of the beam until it balances
exactly horizontal. Reaction torque
at this balance, which is equal to
shaft torque, is then the product of
the weight required to balance the
beam, times its distance from the
pivot point. The relationship
between B.H.P. and torque
is explained diagrammatical-
ly in Fig, 3. y

Large Margin of Error g
Now torque reaction ap- 2
paratus of this kind was used g
in the 1920’s for testing full
size aircraft engines. It was ¥
fairly soon abandoned in g
favour of alternative means
since the errors achieved
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due to slipstream effect, caused by
the spiralling slipstream striking the
side of the fixed engine, etc., and
modifying the turning moment tend-
ing to tilt the beam. Slipstream ef-
fect tends to give a false low reading
of torque, irrespective of the direc-
tion of rotation of the engine.
Other error-contributing factors
are the jet effect of side-facing ex-

~haust ports or exhaust stacks, the

unbalance effect of an asymmetric
engine immediately the beam is ro-
tated away from the ‘horizontal,
resistance of any leads (e.g., to
plug) and so on. The smaller the
force being weighed the greater the
cumulative effect of such errors
could be.

Now slipstream effect could be
eliminated by using a load which
does not produce a stream of air
flowing past the engine, such as a
flywheel. The whole principle of
brake horse power determination,
however, depends on measuring the
torque produced over a range of
speeds, from which a curve can be
plotted either of torque against
r.p.m. or, more usually, brake horse
power against r.p.m. The former
curve tends to decrease with r.p.m

NCREASE SPEED ILE FIT SMALLER
LOAD § TORQUE DECREASES. o DT

|

were of the order of 30 to ﬂgé APM

50 per cent! Mainly this was
c

wtd
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The latter curve increases at first,
reaches a peak of some high r.p.m.
figure (maximum b.h.p, of the en-
gine) and then drops with increasing
r.p.m. again,

A family of propellers is one of
the most useful ways of getting a
series of runs at different r.p.m.
figures (and equivalent, thus taking
a series of torque readings, con-
verted to b.h.p. figures) since r.p.m
figures with different propeller sizes
are also of interest of engine users.
An inconvenience, from the operat-
ing point of view, is that the engine
has to be stopped, the propeller
changed and the engine restarted at
each step.

Bottom photo shows the main rotor
and its surrounding feld coil.

Replacing the family
of airscrews with an air-
brake does not eliminate
slipstream, since the
blades of the airbrake
have to be adjusted at
each step, usually by
twisting, to slow down or
speed up the engine, as
required.  Again the
whole test is conducted
in a series of runs. This
time there is no compar-
able propeller-r.p.m, data
and also there is the very
real danger of getting the
brake dynamically un-
balanced setting up vi-
bration, is inevitably a
source of loss of power.

Flywheels can be used
for loads for high speed
running — and in fact,
proved the only satisfactory form of
load for very high speeds. The
equivalent size in ‘““propeller load”
renders hand starting too hazardous,
or too difficult. A series of fly-
wheels of different weights, how-
ever, would be impractical for a
complete range of tests. Band
brakes or similar devices operating
on a flywheel to vary the speed are
likewise subject to practical ob-
jections.

The best solution to the problem
of accurate testing of fractional
horsepower motors, was, therefore,
pretty obviously another form of
test apparatus which would not be
subject to such working errors (of a

largely unpredictable value) or ob-
jections on the grounds of practic-
ability.
Props and Power Absorption

A possibility which occurred was
1o work strictly on a family of pro-
pellers of similar geometric propor-
lions but different pitches and
diameters, basing b.h.p. figures on
power absorption figures to the
r.p.m. at which individual propellers
were driven. One major difficulty
was how to calibrate the family of
propellers. The other, more im-
portant, objection was that the high
speed runs necessary to carry the
tests past the maximum b.h.p. point
on the performance curves would

have to be attempted with very tiny

propellers.

The first alternative in-
vestigated was a motor-
generator or, virtually, a
dynamo coupled to the
engine  shaft. Shaft
torque driving the dyna-
mo would then be mea-
surable in terms of
current produced. This
method, however, did
not lend itself too read-
ily to accurate speed
control and overall ac-
curacy was likely to be
of a low order. The heat-
ing effect in the coils and
varying electrical effic-
iences could play havoc
with the final results. Al-
though motor generators
of this type are used for
full scale testing, more

STAGES OF ASSEMBLY ILLUS-
STRATE how the

Dy ter rotor is |

in the field cofl and casing, and
in bottom view, other casing half
and ball race bearings are shown
fitted on to the solid base plate.
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often than not torque is determined
by weighing the torque on the float-
ing casing of the machine.

In full scale work there are two
main types of dynamometers in cur-
rent use—one a water brake and
one an electric brake, working on
eddy current principles. The form-
er was ruled out as impractical for
the size of dynamometer contem-
plated but the potentialities of the
latter were investigated in some de-
tail. A tentative design for the
latter was suggested by Heenan and
Froude with a nominal capacity of
1 h.p. at 10,000 r.p.m.
Eddy-Current Dynamometer

The principle of the eddy-
current dynamometer be ex-
: e "
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FIELD CO/IL AROUNL

N ECT/ION
AS ROTOR. BALANCE IN
EQUILIBRIUM WITH SLIDING
WEIGHT ON ARM.

plained with reference to Fig. 4.
The rotor constructed of a special
form of iron, is in the form of a
toothed flywheel rotating with small
clearance inside a cylindrical casing
or housing. Surrounding the casing
is a field coil which can be con-
nected to a source of electricity. The
casing itself is freely mounted on
trunnions.

In use, the rotor shaft is coupled
to the engine shaft and thus driven
by it. A direct currént is fed to the
field coil, producing a magnetic field
within the housing. The teeth of
the rotor cut this field, introducing
eddy currents which resist the rota-
tion of the rotor, i.e., exert a brak-
ing effect. The amount of braking
is readily controlled by adjusting the
current flow through the field coil.

The rotor, in other words, is try-
ing to drag the casing round with it
by a magnetic coupling effect and
measuring the turning force or
torque on the casing is a measure
of the shaft torque, i.e., the torque
supplied by the engine driving the
rotor. This torque is readily found
by a sliding weight on a graduated

EDDY CURRENT DYNAMOMETER
(AGRAMMAT/

RIT

arm, as in the case of the torque
reaction apparatus, This time, how-
ever, the only losses are the very
small friction in the bearings carry-
ing the outer casing and any stiff-
ness in the lead connecting to the
field coil. These should be neg-
ligible. At the same time there is
a fully variable speed control. The
speed of the rotor (and thus the en-
gine on test) is dependent on the
braking effect produced by the cur-
rent flowing through the field coil.
Vary the current and the speed can
be varied at will. Torque readings
at different speeds can therefore be

“taken without stopping the engine.

Construction of the AEROMODEL-
LER eddy-current dynamometer has
been carried out by E. Hook to
Heenan and Froude’s basic design
and from start to completing took
some 120 hours of careful work,
Other problems had then to be met,
such as a suitable means of coupling
up the rotor shaft to the individual
engines, and also a means of start-
ing the engine once coupled up—to
say nothing of a “universal” mount
for the engine, capable of taking all
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sizes likely to be encountered.

It became evident that even be-
fore the basic dynamometer was
completed that the rotor size would
be beyond the capacity of the smal-
lest sizes of engines. Windage alone
would limit maximum r.p.m. at-
tained at too low a figure. Operating
on exactly the same principle, alter-
native rotor designs, which can be
interchanged, one of filled-in (plain
periphery) and one of lightweight
construction (plastic with inset slugs)
are in the course of building to
cover the full range of model en-
gines from .05 c.c. up to 10 c.c. or
larger with maximum test r.p.m. of

the order of 20,000, if required.
Interchange of rotors will not affect
the accuracy of the results.

Considerable development work
is still necessary to bring it to the
final state required. Such develop-
ments will not affect the accuracy
of the readings, or make the mach-
ine more efficient. It is being aimed
at finding the best rotor designs for
different sizes of engines and de-
veloping the control gear to the
point where all the readings—torque
r.p.m. and b.h.p. can be read off
direct from dials, retaining means
for a mechanical cross-check on
both r.p.m. and torque.

CHAPTER ELEVEN

T must be every young aero-
modeller’s aim and ambition to
have a model engine to call his own
—and these days it is inevitable that
his first power unit will be a diesel
of 1 c.c. or less, With this in mind,
we intend to run through the pro-
cess of purchasing and learning how
to operate a small diesel. Really,
we should be calling our engine
“compression ignition” but the
name of diesel is so widely used for
these miniature two-strokes that it
will now continue to be used for
ever.

Mention of “two-stroke’ recalls
the method by which our engine will
work. It will fire, or explode a
combustible mixture every second
stroke. (Unlike a four-stroke, where
the firing is every fourth stroke and

Operating
a First Diesel

mechanical valves are employed to
control intake and exhaust.) The
fuel is drawn from the tank, through
the carburettor where it mixes with
air and into the crankcase via a rear
disc, crankshaft or piston controlled
valve. The descending piston com-
presses the mixture in the c/case,
drives it up the transfer passages
and through the transfer ports into
the upper cylinder. As the rising
piston compresses this mixture to
the order of 20: 1 it is self ignited
and combustion gives a power
stroke. The piston descends rapid-
ly, and a further charge of mixture
comes up from the c/case to help
scavenge the burning gases out
through the exhaust.

Now all this effort is transmitted
through the crankshaft to the pro-
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peller, and according to the mixture
we give the engine, and the com-
pression ratio we can adjust, so can
we vary the power and r.p.m. (revo-
lutions per minute) of our engine.
All we have to do is to learn the
right way to go about the job.

With money in hand go to the

»

model shop and ask the owner’s ad-
vice on engine selection. You have
a good choice, and for your part,
you ought to have some idea of the
kind of model you want this engine

for, not only

in the immediate

ful_urg:, but also for next year’s
building programme too. The en-

THESE PHOTOS show

how one shouid follow
the manufacturer’s in-
structions. Mount the
engine rigidly, fill uwp
with the right fuel and
set the propeller cor-
rectly for starting, us-
ing the proper spanner.
Below right, how to
choke carburettor ; left,
altering the needle valve,

gine you buy
will last for
years — again
providing  you
use the right ap-
proach to it
Don’t listen to
the first model-
ler you hear in
the shop: he is
bound to say,
“Oh, I wouldn’t
buy a so-and-so,
the gudgeon pins
are too weak”,
for he will be a
classic example
of one who has
used the wrong
approach Let’s
call him Com-
pression Charlie
—or *oe”,

Having made
the big decision,
take the engine
home and read
every single
printed word in
the instruction
leaflet. Then fix
yourself up with
a suitable pro-
peller — perhaps
an 8 x 6—for
low r.p.m. run-
ning-in on an
engine of about
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AFTER PURCHASE
of the engine one
should check the con-
trol positions against
the manufacturer’s
setting card. Test
clamp, diesel fuel and
manufacturer’s full
instructions are ready
for the first power
run.

1 e ito 1.5
c.c., and pur-
chase some
ready - mixed
fuel. We shall
not dabble with
home - made
mixtures here,
for the begin-
ner can do no
better than use
a branded fuel with all its easy start-
ing additives. Most engines have their
ownspecial brews, and the modelshop
will see that you are well equipped.

A test mount is a fine accessory
you will be able to use over and
over again, and if the pocket money
will stretch that far, we suggest that
you get one and mount it on the
bench with long woodscrews or
bolts, A facing of tinplate, avail-
able from most ironmongers for a
shilling or two, will help keep the
bench tidy and allow you to wipe
it clean of exhaust. Now we are
ready to start.

Mount the engine firmly and fit
the propeller on the shaft by slip-
ping it in position, turning the en-
gine until the piston can be moved
no further against compression, and
tightening the prop nut with the
propeller pointing at “twenty to
two’’ as on a clock. Left handed
people should treat this as “ten to
four”. Now swing the propeller
over in an anti-clockwise direction.
The engine is dry, stiff and there is

little “‘feel”” about it. Fill the tank,
open the needle valve by unscrew-
ing it the required number of turns
from fully closed, and choke the

engine. This means placing the
spare forefinger over the carburet-
tor and rotating the propeller one
turn. Engines with the carburettor
in front will indicate that fuel is en-
tering the engine as you observe the
flow through the tubing. Should
there by a conglomeration of
bubbles in the pipeline, then we
must choke again to get the line full
of fuel. Now try another swing al
the propeller. Don’t be afraid of it.
it certainly will not fire, as all you
are doing is filling the crankcase
with a mixture, and creating a fine
mist of fuel throughout the moving
parts. This little amount of lubri-
cation will change the engine from a
lifeless object to something with the
urge to ‘‘go”, and as you continue
to swing the propeller, you'll find
there is an active “‘plop” as com-
pression drives the propeller over.

Choke again, and repeat the swing




MIXTURE FROM
PREVIOUS CYCLE
BEING COMPRESSED

PISTON RISING
EXHAUST PORTS
CLOSED.

TRANSFER PASSAGE
NEW MIXTURE
FROM 1

CARBURETTOR '

at the propeller, only this time put-
ting a real effort into it. Start by
putting your forefinger against the
topmost blade, about halfway along
and push the propeller over com-
pression with a smart swing of both
wrist and arm. At the same time
take a firm grip on the compression
screw at the cylinder head, and hold
this set at the position indicated in
the instructions. After a few sharp
flicks of the propeller, there should
be some reaction in the form of a
mild firing stroke—or if you are
extraordinarily lucky, the engine
may burst into full song straight
away.

If the engine refuses to show any
inclination to work, look through
the exhaust ports and see if the top
of the piston is at all wet with fuel.
If it is, then use the compression
screw as though you have your
hand on the pulse of the engine ;
treat it as you would a human, and
raise the compression by screwing
in the “vernier”” as one maker calls
the tommy bar or comp. screw. But
do not be a “CC” for over-com-
pression is dangerous, and is signi-
fied by a hydraulic lock when it is
impossible to rotate the propeller.

MODEL AERO ENGINE ENCYCLOPAEDIA
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SO\ MIXTURE IGNITES

u’* PISTON DESCENDING
ON POWER STROKE
ALL PORTS CLOSED

MIXTURE IN CRANK-
CASE BEING COMPRESSED

This also indicates that our choking
has been too generous, the cure be-
ing to set the piston at the bottom
of its stroke, and to blow hard
through the exhausts to clear the ex-
cess mixture, and to release com-
pression,

Should the piston be completely
dry on inspection through the ports,
then the choking has not been suf-
ficient, or the needle valve setting is
not open enough. It is better to err
on the rich or “open” side for first
starts—providing you release the
comp. screw when compression
seems too great.

After a while, you get into the
swing of things, and soon you are
rewarded with a start. Once the
engine has begun to run, leave it as

valve can be al-
tered with the
engine  mounted
in the test clamp.
Centre, prime ex-
haust with foel
and at right, pre-
pare to relax
compression s
needed and flick
start from near
the boss of the
airscrew.

MIXTURE FROM
WKCASE VIA THE
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set for a few seconds and take stock
by watching the exhaust and listen-
ing to the note. Smoky, rich exhaust
is cured by screwing in the needle
valve, and a staccato misfire indi-
cats the need for more compression.
Most engines start for the first time
in this condition, and will not harm
themselves if allowed to run rich.
Should the note sound laboured,
gradually dying off in r.p.m., then
the engine is over-compressed to
some degree, and the comp. screw
must be slackened off.

Now all of the foregoing has
made one very critical assumption.
That you have purchased a trouble-
free engine (and it should certainly
be so if brand new), and with it you
have obtained some ready-mixed

fuel of the advised brand for the
particular engine. It may be that
you do not have a local source of
supply for commercial ready-mixed
fuel, which cannot be transmitted by
postal services. You may have
purchased this manual for that very
reason, and here is where we must
apply special instruction for that
most needy of modellers, the un-
attached man out in the bush of
Africa, the Outback of Australia,
or perhaps the Highlands of Scot-
land. All of you have one thing in
common, an urge to build a suc-
cessful power driven model: but
lack of personal model shop de-
monstration and local advice
throw one into the “‘pioneer’” stage
where to experiment is usually a
waste of time and effort.

The procedure for mounting the
engine, checking the fuel flow and
getting oneself accustomed to the
“flick” start as described in the first
part of this chapter are simple
enough to follow and will not need
further enlargement: but let us pre-
sume that before we can start, we
have to obtain the fuel.

The model compression-ignition
engine will not run on pure diesel
fuel as used in tractors and road
vehicles. This is a paraffinic hydro-
carbon which has a spontaneous

C!
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UNUSUAL PROPELLER IS THE FROG PLAS-
TIC three blade, here applied to a Frog 50, must
be flicked very near the boss. At right, after
running-in the engine, inject pure oil and wipe off
excess fo prevent any corrosion.

ignition temperature (known tech-
nically as an S.I.T.) of around 250°
Centigrade, and when forced by in-
jection into a large capacity engine
cylinder under very high compres-
sion conditions, it will fire. Our
model diesel takes in its mixture as
described before, by the two-stroke
principle and the degree of injection
pressure is so negligible that such
combustion is impossible. So we
have to have “‘additives” in the fuel
to reduce the “S.I.T.” to a suitable
level. This is quite simple. We
add Ethyl Ether, having an S.I.T.
of 188" C. and very wide explosive
limits. We also have to add a
lubricant as is customary with all
two-strokes not employing a separ-
ate oil pump, and just one more
component can also be mixed in the
formula to ensure smooth even run-
ning. Such are usually referred to

rather baldly as “dopes™, for they
do in effect, drug the mixture by
preventing detonation and thus im-
prove the maximum revolutions
figure because the engine is allowed
to run more consistently. These
dopes are Nitrates or Peroxides, and
the most widely used for diesel fuels
are Amyl and Ethyl, Nitrites and
Nitrates. It is emphasised that they
are not essential for the formula:
but offer a noticeable improvement
of great benefit in competition fly-
ing.

Seldom is more than a drop re-
quired in a tankful of fuel, and if
mixing by the pint or quart, then
3 per cent of the total volume is
ample. The Amyl Nitrite has a
terrific rate of expansion and is used
medicinally as a heart stimulant so
it should be treated with absolute
caution. When the Nitrite or Ni-
trate is added to the mixture one
can perceptibly feel the stimulant
effect and it is recommended to mix
fuel in a well ventilated area.

'l.‘i
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Thus we know that we want four
components to make up our fuel.
(A) Paraffinic base fuel, can be
diesel engine fuel sold as D.E.R.V.
in Great Britain, or straight paraf-
fin sold as “‘petrol” on the Continent
just to add to confusion (Petrol,
Gas or whatever you call auto-
mobile engine fuel in your country,
is not suitable and should not be
used). (B) is Ether. This can be
obtained in several grades, with
consequent variety in cost. Ether
sold in the chemists for surgical
cleaning is quite good enough for
us. (C) is the Lubricant, and here
we have a wide choice. Castor
based racing engine fuels for motor-
cycles is ideal, and Castrol M is most
suitable. Medicinal castor oil can
be used, but creates black sludge in
the exhaust; Castrolite or any
summer grade lubricant for big en-
gines will suffice. (D) is the dope,
either Amyl Nitrate or Nitrite ad-
vised, and purchased with a tactful
approach at the dispensing chem-
ists. A small 2 ounce quantity lasts
for a long while if kept cool and in
a dark area, but is expensive,

Quantities of the fuel compon-
ents can fluctuate by wide margins.
Simplest mixture, and one advised
by Messrs. Electronic Developments
Ltd. for their engines over a ten
year period is equal parts (33 per

cent) of each, Paraffin, Ether, Cas-
tor Oil plus additive. If you want
to run faster then reduce the lubri-
cant to a 20 per cent minimum, and
increase the paraffin accordingly,
keeping the ether a constant 33 per
cent of the whole. A medicine
bottle or graduated flask is a great
asset when blending one’s own
brew.

More on fuels will be found in
chapter 17, but now we know the
basic principles, we can assume that
the first diesel is now ready to run
on our own concoction.

Let us make one more presump-
tion for the “‘Outback™ modeller—
the engine arrives without any
guide as to its working settings, or
it does have such a guide, but the
Customs & Excise people have been
playing with the engine so much
that factory settings cannot be iden-
tified on the controls.

To find the average carburettor
setting, connect fuel tubing to the
needle valve body and remove the
needle valve itself, Blow through,
and clear the line. Air should hiss
through the jet and needle entry
Close the needle entry with a fore-
finger and check that air flows free-
ly through the jet(s). With this
A KINKED FUEL LINE AS AT LFFT OR

bubbles in the line as at right, can prevent an
engine from i h i signify

an air leak at the l'ucI"tuhe“inncﬂon.
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point clear, no obstructions present,
screw the needle fully home and try
to blow through the fuel feed tube.
It should be impossible for any air
to pass the needle. If it does, check
that the needle /s fully home, and
that it is soldered securely in its
thimble or outer body. Sometimes
this solder joint works loose with
enthusiastic handling. To find the
setting for running, which can be
anywhere from one turn open up to
eight turns on the modern fine con-
trol diesel, blow through the tube
again, slowly opening the needle
valve at the same time. The jet will
soon be partially exposed and a
gentle hiss observed. When the
needle is about one turn open from
the time the hiss first becomes
noticed, should be our “average”
setting.

So muqh for the mixture, now for
compression, We should already
have checked that all screws are
tight and joints sealed so that there
are no air leaks in the engine. Turn
the motor over, after priming
throu_gh the exhaust to make sure
the piston has some lubrication, and
at the same time, screw the com-

7 A REY. COUNTER WHICH CAN
be made uwsing 20 s.w.g. piano
wire. Lengths are 82, 78, 73, 68,
65, 61, 58 mm. for the scale of
6-12,000 r.p.m.

pression adjustment tom-
my bar so that the con-
tra piston is forced down.
By rotating the propeller
slowly or just oscillating
it either side of top dead
centre position, we can
carefully ascertain the
moment at which the
3 main piston and contra
piston contact one another. At this
compression setting one should stop
screwing “‘down” and noting the
angle of the tommy bar relative to
the engine, should “back-off”” the
compression one turn. This is
usually a safe rule of thumb method
of finding the correct setting. Now
we have the settings, let’s try to start
just as described earlier. It won’t
go? Well let us try to find out
whether the fault is hidden within
the engine or the operator.

_ Nine times out of ten, the “flick”
is at fault. One must be quite
vicious with a diesel, the propeller
has to go over T.D.C. with a very
sharp snmap if ignition is to take
place, and one must always be ready
to adjust the compression ratio to
suit the “feel” of the engine. Herein
lies the secret of success in starting
a diesel. The needle valve can be
left alone providing it is open
enough to supply fuel, all we need

to worry about is the compression
ratio.

With a prime in the exhaust ports
of several fuel drops, start to flick.
Should the prop go around to
T.D.C. and suddenly freeze hard, as

though against an obstruction, then
you have primed too generously.
The condition now created is known
technically as a hydraulic lock, and
the cure is to swing the engine
backwards 180° so that the exhaust
port is opened, and to blow into the
port to distribute some of the excess
mixture, One must also back-off
the compression setting a half turn,
then carefully rotate the engine us-
ing full prop leverage by turning
with a prop tip. This ensures that
there will be sufficient inter-piston
clearance for the next flick.  Try
again. It will still be a wet motor,
so one cannot expect a firing stroke
for a few flicks. When it does fire,
it will be at lower compression, sO
the spare hand must quickly react
to any misfiring by screwing down
the compression ratio until smooth
running is achieved.

It may be that instead of running
at all, the motor chooses to oscilate
back and forth rapidly about T.D.C.
This is due to a combination of too
high a compression ratio and (00
rich a mixture in the cylinder, but
the needle valve still does not have
to be altered. Back-off the comp.
screw a half turn and
you will find that the en-
gine stops oscilating, in
some cases runs correct-
ly and mostly stops,
ready for an immediate
start if flicked correctly.

The tank position
should not be any higher
than the jet during these

FOR LONGER RUNNING PER-
I0DS, a standard tank can be
fitted with filtered Ffunnel which
can be reloaded whilst the engine
is still running.

OPERATING A FIRST DIESEL i}

early stages of learning how to
operate the diesel, and it is best to
use the manufacturer’s integral tank
if one is fitted. Should the tank be
high, then there will be gravity feed
to the jet all the time, and if there
is any delay in starting, this could
completely spoil one’s hopes of suc-
cess by flooding the crankcase. This
is a situation only remedied by re-
moving the engine from the bench
and turning it upside down, oscillat-
ing the shaft so that excess fuel
flows from the exhaust ports.

We have avoided touching the
needle valve through the initial
stages because, if near enough to
average running setting by the
“blow through” test, then the diesel
can be fully adjusted to run con-
tinuously by means of the compres-
sion alone. For maximum perform-
ance the needle valve should be
used to adjust consumption and
here we begin to learn the idiosyn-
cracies of the compression-ignition
power unit.

As the carburettor is “leaned-out”
or made to run with a restricted fuel
supply, then the engine will speed
up at normal compression settings,
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THIS SKETCH ILLUSTRATES THE USE OF
hard d engine b if a cast test mould is
not amvallable or desired.

then begin to misfire as the lean
mixture takes effect. To compen-
sate, the natural thing to do is to
increase the compression ratio: but
if the needle setting is too lean, then
the reaction of increasing comp.
ratio is to cause the engine to slow
down, give the impression of drying
up, and then to apparently seize. It
does not actually seize (in all our
experience with thousands of aero
engines large and small, and hun-
dreds of makes, we have only ever
had one seizure and that was due

CLEAN  casting
of the 1965 wver-
sion of the
Australian “Tai-
pan” 2.5 diesel
extends to the
deiachable ex-
havst manifold.

to leaving an engine unwashed after
testing a potent fuel—it seized
through corrosion!)

Obviously this is taking the
leaning-out stage too far, we have to
enrich the mixture and try again, So
it goes on, turning first on the
needle, then the compression until
the sound of the engine is smooth,
the exhaust clean, and the revs as
high as possible.

During these stages of adjustment,
one appreciates the feel of a lapped
contra piston, and one can sense the
necessary adjustment through the
tommy bar. Some modern engines
do not have lapped contra pistons,
employing an alloy slug which ex-
pands rapidly to seal any fit, or
what is known as an “O” ring or
plastic insert to give a pressure seal
between the contra piston and cylin-
der. The latter two systems do not
unfortunately, offer the same ‘‘feel”
characteristic of the lapped piston
common to most British engines.
They do, however, work most satis-
factorily, and once employed, are
soon appreciated for their design
simplicity.

Another new feature of modern
diesels is the reed valve as opposed
to the rotary or piston port valve.
This brings a new requirement for
the diesel operator to understand,
for there is a lengthy delay between
time of needle adjustment and actual
effect on all diesels using reed, clack
or vibra-matic systems.

One must also allow for the diesel
being a vintage type of the era when
the contra piston was considered
unnecessary and obviated by use of
a blanked-off cylinder head. Such
engines, with fixed comp. ratios de-
mand a fuel with large ether con-
tent, and a quantity of mineral oil,
RedEx being specially suitable. A
typical formula would be 60 per
cent Ether, 40 per cent RedEx.
Arrange slight gravity feed for such
engines if the fuel can drip away
from the carburettor, and prime
very carefully as there is no adjust-
ment. Engine speed depends entirely
on the heat of the cylinder and the
amount of fuel supplied.

Above all, whatever the type of
induction, cylinder head of manu-
facturer, your diesel will not run
properly unless it is securely
mounted on the bench or in a
model, the former to be preferred
if it is your first engine. Use strong
hardwood measuring at least § in.
square, larger if possible, and screw
the pair of beams on to the top of
the workbench with long wood-
screws. Nails will not do, and the
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THE AM-10 AND AM-15 ARE IDENTICAL IN
external appearance except for the colour of the
fins. This is the radio conirol wralion will'l m:

baffle above the needle. valve  con
_rlg:.t::: engin:: have a great reputation for simple
single channel R/C.

space between bearers should be
just enough to clear the crankcase.
Use all four of the mounting holes
in the cast lugs on the engine so that
the running stresses are distributed
around the casting as the manufac-
turer intended and make sure that
all bolts are tight after each lengthy
run.

DO follow the maker's instruc-
tions most carefully, and DON'T
dismantle the engine unless you
know that something has been

damaged.

THE ETA 15 Mk. II FITTED WITH A REVISED
Edmonds® carburettor by ieam race specialists
who have also removed the fin area to crankease
width for easy assembly of the model. The needle
valve is a Cox type.




CHAPTER TWELVE

ITH the elementary form of

carburettor used on all model
aero engines (i.e., a jet hole opening,
normally controlled by a needle
valve) anything other than suction
feed will result in a continual flow
of liquid fuel when the engine is
stationary, unless the needle valve
is closed right down. It is therefore
more or less standard practice to
arrange the tanks so that the stand-
ing fuel level is not above the level
of the spraybar jet hole. For static
running this is generally quite satis-
factory for the suction head result-
ing (i.e., the head or height through
which the fuel has to be sucked to
reach the jet hole) can be made
quite small and there is little varia-
tion between this head with the tank

full and empty—Fig. 1.

_ The actual suction available to
lift the fuel varies a lot with differ-
ent engine designs, although all may
operate perfectly satisfactorily when
running. By this we mean that
some engines do not readily suck up
fuel from the tank to fill the fuel

RAISE TANK 7O FILL (INE
G PRIME ENGINE FOR

/

i

STARTING.

11444

gt

i
!

Hhl)

I

FUEL LEVEL (TaNK FULL)
IN LINE WITH SPRAY BAR. far less

Fuel Tanks and
Fuel Feeds

line for starting, even when fully
choked and with a minimum suction
head. For bench running, in fact,
with a set-up like Fig. 1 the easiest
way to fill the fuel line may be to
lift the tank bodily and so momen-
tarily apply gravity feed.

To a large extent the “suction”
power is governed by the crankcase
compression ratio. This can be de-
fined as the ratios of the *“‘under
piston” volume with the piston at
top dead centre and bottom dead
centre. If the displacement of the
engine is X cc. and the actual
crankcase volume at BD.C. is Y
c.c., then this ratio is X + Y/Y.
The higher this ratio the more work
has to be done on the piston travel-
ling down to the B.D.C. position.
Hence to minimise power losses a
designer may deliberately use a low
crankcase compression ratio, which
may result in the engine having very
poor choking characteristics. It
should be appreciated that for a
given speed the volume of mixture
inducted is unaffected, but factors
giving a rapid suction effect,
e.g., high crankcase com-
pression ratio, small intake
S diameter, shorter induction
timing, etc., give more pro-
nounced suction and easier
starting characteristics. The
method of induction also
affects the issue, side-port
engines generally having
good suction and thus are
susceptible to
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suction head. Most side-

and run satisfactorily with
the tank well below the
intake position. Most reed
valve engines have similar |
characteristics, but rotary |
disc induction is at the~{

port engines will suck in ;c'g j,
, o

opposite end of the scale,
with rotary crankshaft in-
duction intermediate.

The predominate pressure inside
the crankcase of an engine is posi-
tive and suction pressure is realised
only over a proportion of the cycle.
Thus finger choking and turning the
propeller over by hand to suck up
fuel will apply both positive to
blow-back and suction pressure to
the fuel line. Particularly with rac-
ing engines or engines designed for
high operating speeds the timing
may be such that there is apprec-
iable “blow-back’” when turned over
slowly. The correct technique for
priming the fuel line in such cases
is to move the propeller forwards
and backwards across compression,
apply finger choke only on the for-
ward movement. In this way the
intake is sealed only on the suction
movement and blow-back can es-
cape, through the intake on the re-
turn movement, the finger having
been removed. This seems a small
point but is one which gives trouble
to many engine operators who are
puzzled by the apparent lack of suc-
tion with a particular engine and
perhaps have to resort to blowing
through a fuel tank vent, holding a
model up on its nose, etc., for prim-
ing the fuel line for starting. Pro-
vided there is only a small suction
head to start with, once the fuel line
is properly primed no further

MODEL IN
JSTEEP, CLIMB.

troubles should be experienced with
it draining again, unless there is an
air leak in the line connections.

Once running the engine can
tolerate a far greater suction head
without interrupting the fuel flow to
the engine, although there are ob-
vious limits. In the case of free
flight power models, provided the
tank is mounted on a level with the
spraybar to start with, few troubles
should be experienced due to chang-
ing fuel level in flight. It should be
borne in mind, however, that to
minimise the effect of changing atti-
tude on suction head the tank
should also be fitted as close behind
the engine as possible—see Fig. 2
Almost any form or shape of tank
is usually suitable, provided the fuel
feed remains submerged for the
duration of power run required. For
example, mounting a circular tank
with the feed to one side might re-
sult in the engine being starved in a
steep climb or when the model is
accelerating (when inertia will throw
the fuel to the back of the tank)—
see Fig. 3. Normally, however,
on free flight models the fact that
the engine will speed up due to the
propeller becoming “‘unloaded” in
forward flight will have more effect
on needle valve setting than tank
position.
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MODEL ACCELERATING. ,
aianainy Fig. 3, er oum.

ﬁg.%

CENTRIFUGAL
FORCE. ¢

i

\ﬂlfﬂm’f INTAKE
FUEL LEVEL-STATIC
/UL LEVEL ATTFEED

This effect can be cal-
culated quite easily. Cen-
/N trifugal force is equal to
3 MVv:
~——, where M

»
mass, V the speed and r
the turning radius. For a
given weight W of fuel,

wv:?
centrifugal force = ——

is the

ar
which for 136 m.p.h. (200
ft. per sec.) and a 52§ ft.
radius circle is centrifugal
force = 23.7 W.

22 Thus in the case of the
example sketched in Fig.

4, at the start of the run
with the tank full condi-
tions are equivalent to

placing the tank some

TN FULL ALF UL

NEIRLY EWPTY

23.7 X D, inches above

MODEL AT SPEED.

In the case of models subjected
to considerable accelerations—e.g.,
aerobatic radio control models and
control line models—the question is
far more important for inertia ef-
fects are exaggerated. On a control
line model, for example, fuel will
tend to be piled up with a near-
vertical surface in the tank—Fig. 4.

Assuming that the engine intake
is on a level with the top of the tank
and the fuel pipe arranged suitably
to pick up from the tank from full
to empty, conditions for starting
and adjusting the engine on the
ground are zero suction lift. Now
with the model flying and tank still
nearly full there is effectively a
positive pressure feed due to centri-
fugal force, which becomes a nega-
tive feed force after the tank is half
empty.

the spraybar (i.e., equi-
valent to nearly 12 inches
gravity feed on a 2 inch wide
tank). At the end of the run, con-
ditions are equivalent to suction
feed of a somewhat reduced order
(due to the smaller weight of fuel
left). But even so the total change
of head from tank full to tank
empty is considerable, and the
greater the speed and the smaller the
radius of the circle, the greater the
effect.

Most tanks for speed models are,
therefore, made tall and thin, a
minimum practical width ensuring a
minimum change of fuel head dur-
ing flight. At the same time the
lateral position of the tank with res-
pect to the intake is significant. If
too far towards the inboard side of
the model (i.e., large D, dimension)
the motor may have a marked ten-
dency to richen up, slowing the
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model down when the motor will
lean out again, and the process may
be repeated until the tank is half
empty. Conversely, with the tank
too near the outboard side of the
model (large D, dimension) the
motor may tend to lean out too
much—Fig. 5. Adjusting the lateral
position of a speed tank is often a
cure for such troubles.

Some of the more common shapes
used for control line models are il-
lustrated in Fig. 6. Actual shape
will depend on the type of model.
A rectangular shape is

positions are shown for
two types. Where the tank
has to be negotiated
around an engine bearer
or in a confined space, the
piano shape is good as it g
allows for the wall of fuel i
to be constant when -cen-
trifugal force comes into
effect.

Some advantage is
claimed for utilising ram
air pressure to provide a
positive pressure in the
tank, e.g., most simply
achieved by using forward
facing vents.  Straight
(vertical) vents may ac-
tually have fuel sucked
out of them at speed if
normal to the airflow ; or
have fuel thrown out by
centrifugal force (pressure
build-up) if located on the
outboard side of the tank,
It is therefore the general
rule on speed tanks to lo-
cate vent pipes on the in-
board side, either facing

popular for team racers, ;;’ .j,
and variations in vent
510, :

forwards or outwards—Fig. 7. If
only one vent is facing forwards
there will be no pressure build-up
in the tank due to ram air.

Since the fuel pipe requires al-
ways to be submerged, the obvious
location for this is as near to the
outboard wall of the tank as pos-
sible, usually terminating near the
bottom rear corner. A point to
watch here is that the pipe should
end well short of the actual corner—
e.g., by at least } in. and preferably
more—as there is a tendency for

CENTRE OF
CIRCLE .
IO s
J INTAKE
’/ o = i “
i » A
= i 1
73w | i
i o

JOCURE 70 CURE

RICHENING  LEANING
MIXTURE  OUT MIXTURE

VUL
WHEN TANK (5 &F
UL

THIS FACE MUST

Mf BE HORIZONTAL
[ WHEN MOUNTED,
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‘mmocm& [-, 7 COMPOUND more or less standard and
{5. ¢ WEOGE perfectly satisfactory for

BTMPLE WEDGE
o

Ven ;

FORWARD FACING STRAIGHT — ANGL

cavitation pockets to appear in the
extreme corner when the pipe may
momentarily be sucking air instead
of fuel.

Tanks for stunt control line mod-
¢ls are developed on slightly differ-
ent lines. A wide variety of differ-
ent shapes have appeared from time
to time but the wedge has become

most needs. This takes the
form of either a triangular
wedge of a compound
wedge, with the fuel feed
taken from the apex—
Fig. 7—and the vents on
the inboard side again. A
wedge tank is symmetrical
as regards feed both up-
right and inverted al-
though, of course, there is
a change in fuel head un-
less the spraybar of the
engine is on the same level
as the fuel pipe to start
with. This will give gravity feed to
the spraybar under static conditions
with the tank full and it is more us-
ual to arrange for zero head for
“‘upright” running and accept the
small change in head (tending to
ng:hen the mixture) in inverted
flight. Usually this is not significant

THIS MOTOR IS A CZECHOSLOVAKIAN STATE PRODUCT, TH
M.V.V.8.25, first seen at the World Championships, Paris, lcss.crre'utmn:

off-set needle wvalve, slipstream directed ind

AR VENT
and other potent racing detalls. The M.V.V.S. also employs @ unique fuel e~
“l AL . .

feed system as sketched at right. S is the

port

the tank is virtually 2-in-1. Both sections of the tank are filled through
detachable screw plug with the model held on its side. Fuel filters Emlll

to the feed compartment vin a cen-
tral pipe and when in Might, this
feed compartment is continually sup-
plied from the inboard, main section,
Principal advantage of such a method
is that there is a minimum of cen-
trifugal force effect on the smaller
feed section of the tank, yet the
overall capacity is sufficient for the
required full kilometre run for com-
petition speed record attempts,

principle,

cnough to cause trouble, except on
a very “fussy” engine. Internal
baffles are sometimes included in
stunt and combat model tanks to
minimise fuel surge during violent
manoeuvres but this normally not
necessary except on the larger sizes
feeding the bigger engines. Baffles
should be quite unnecessary on a
wedge or “speed” tank used on any
size of team racer.

Most wedge tanks are “‘handed”
by arrangement of vents (i.e., are
usually designed for normal anti-
clockwise control line circuits). A
non-handed type of stunt tank
which has regained popularity with
radio control models is the de Bolt
—Fig. 8. The original de Bolt tank
was rectangular in form N
with a weighted swivelling
tube attached to the fuel
pipe so that its end always
tended to remain in the
fuel, irrespective of the at-
titude of the tank. Ne

It will be appreciated
that this arrangement also
compensates for displace-
ment of the fuel sideways
under centrifugal force, ¥/
the same force that dis-
places the fuel tending to
carry the tip of the swivel
in the same direction. It
cannot, however, compen-
sate for fore and aft dis-
placement of the fuel, so
to minimise such changes
the de Bolt tank is made
tall and relatively short. A VEAT.

later de Bolt swivel tank sy ouriér
SUMP TANK.

peared in the later 1940’s) ﬁ‘g, 9.

(and a British counterpart,
the EmDee, which ap-

was cylindrical in shape

|
LARGEST
OIMENSION VERTIGAL
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and not so satisfactory in this
respect.

For Radio Control

The de Bolt tank is well suited to
the modern aerobatic radio control
model since it can be made of ample
capacity for the size of engine used
and is generally fool-proof and
trouble-free in operation. Some
special forms of tanks developed
specifically for radio control models
are as sketched in Fig. 9. Normal
stunt tanks, where used, generally
benefit from having internal baffles
fitted. :

=

SWIVELLING —T
PIPE

BALL CHECK VALVE
FROM FUEL PUMP

TUBES (4) COMNECT
MAN & SUMP TANKS
TOGETHER.
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BALLOON TO ENSURE
GLADDER EM)
COMFPLETE Kpﬂﬂi

FEN BLADDER,

70 ENGINE,

RESTRICTOR OF

/ FUEL TUBING. NOTCH~Z D
=2 FND A5 SHOWN, hh

Pressure tanks have a definite
value for supplying fuel under con-
ditions where marked changes in
head may occur, such as in speed
control line models and highly
manoeuvrable models—control line
and radio control again. Even
radio models with moderate
manuoevrability are subjected to ex-
tremely severe accelerations, changes
in attitude and inertia forces which
may serious affect the mixture set-
ting of an engine,

The simplest form of pressure
tank can consist of nothing more
than a fountain pen bladder (for
small capacity tank, such as on a
speed model) or a rubber balloon
(more suitable for a stunt model)

BANDS,

RIGID PRESS
PLATE, i

ﬁ;@: {1, renvsie fm

REGULATOR

FORCE TUBING 70 ToP OF

GALLGON. A 2
PRESSURE tggf m‘ﬁﬂ{’” An ordinary rubber bal-

OUT AIR BEFORE FITTING

loon is satisfactory for ac-
commodating glow fuels
but with diesel fuels a
synthetic rubber variety
must be used. A pen blad-
der can be filled in situ
(i.e., still attached to the
engine) by means of a
veterinary hypodermic to
contain up to 30 c.c. of
fuel. Alternatively, it can
be filled with a pressure
bulb. Balloon tanks are usually
best filled by removing from the
fuel line and pumped up with a
pressure-type oilcan—Fig. 10.

Jim Walker introduced a com-
mercial pressure tank on these lines,
the tank material being synthetic
rubber, Pressure is applied by rub-
ber bands looped over the cover
plates—Fig. 11—and the tank is
connected to the engine via a pres-
sure regulator. The regulator is
necessary to equalise the pressure
of the fuel as fed to the engine, as
otherwise the change between
“maximum” and “low™ pressure
would be too great for consistent
running on a single needle valve
setting.

Another very successful
approach to the effect of
centrifugal force on fuel
feed is the “‘Chicken-Hop-
per” tank, working vir.
tually as Fig. 9, but on its
s:c_ie’ as sketched. This
minimises the change in
fuel head during flight and
= is sometimes taken to the
extreme of using two sep-
arate tank components,
one to act as reservoir
for a small feed tank,

FUEL TANKS AND FUEL FEEDS

Invariably the
* plumbing ™ in
any fuel system is
Jdone with plastic
(ubing. A major-
ity of the com-
mercial tubing is
manufactured in
clear form and is
o be preferred
{o opaque tubing
since the state of
the contents can
be observed. It is
of considerable advantage, for in-
stance, with a cowled-in installation
(0 take a length of the fuel line out
through the cowling so thal one can
readily see when the line is full for
starting.

Tubing is normally made either
from synthetic rubbers or PVE,
both of which materials are fully re-
sistant to fuel and oils. Neoprene
tubing is the best from the point of
view of remaining flexible in contact
with fuels. Most of the plastic tub-
ing age hardens to a rigid, brittle
state in a matter of weeks after being
in contact with fuel and the length
usually requires renewing should it
be disconnected for any purpose.

Most of the fuel tubing sold
through British model shops is
manufactured originally for surgical
drain tubes, etc., and is therefore
expected to remain flexible. A good
tip for softening the hardened type
is to warm it slowly then flush
through with petrol.

SIMPLEST AND PROBABLY ONE OF THE
most effective stunt tanks for radio control is the
use of an ordinary polythene bottle fitted with a
metal screw cap and two brass tubes
sketches, Lower diagram iflustrates how the Hex-
ible surgical tube—or cycle valve rubber, with wide
end to fill the fuel to any position in the bottic
and thus maintains a good flow to the engine.
Tank also has the advantage of being quickly
detachable and its transiucent material offers an
immediate gauge of fuel supply.

THIS IS THE KUZNETSOY 10 c.c. EN
World Speed record of 196 m.p.h, at
is a melal type, using crankcase pressure
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GINE WHICH ESTABLISHED A
Leningrad on 30th Sept. '62. The tank
for high rate of fuel consumption.

Many modellers are quite happy
to coil a length of fuel tubing about
18 in. long and use this to form a
free-flight tank for contest models
By measuring the flow of fuel
through the tubing it is possible to
graduate an exact engine run for
contest purposes with a tolerance of

| \
PLASTIC |
'SQUEEZE" |

o THIN WALL
\ SURGICAL
\ TUBING

ENGINE \
FUEL SUPPLY  puggER BAND
RETAINING
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1 to 3 secs. allow-

ance for precise
judgment.  Others,
too, with an eye to
simplicity  employ
the most useful
transparent casings

supplied with tooth-
brushes as fuel re-
servoirs. These can
be cemented to ply-
wood brackets and
adhered to the side
of the fuselage offer-
ing visible flow for a
rr_linimum of expen-
diture.  They are
not, however, robust
enough to withstand
rough treatment and
for reliability one
should always use
the commercial pro-
ducts which have

NON RETURN

SYSTEM ]
5 FILLED HERE

(FUEL & AIR.)

BALLOON :
e been in use for many
! = CHES ABOVE SHOW APPLICATION OF season
: pressure in a main fuel tank, connecting to a 0 s and have
oat chamber as used by Geoff Pike to establish a additional features,

radio control duration record at Nottingham

Photos illustrate speed expert Pete Wricht's use D". such 5

the pen bladder tank on his Dooling 29, Be-

tween the tank and needle valve (see below) is a

::::lle l:l:;. which can be triggered as the engine is
ng, thus allowi

s, By ng the fuel to flow from the

non-spill
tops. and engraved
graduations on the
side as an indication
for the fuel content.
One last point con-
cerns filling the tank.
The arrival of the
flexible  polythene
bottle now makes
this a simple matter,
and all that is neces-
sary is to fit a suit-
able length of brass
tube through a tight
fitting hole in the
screw top, then to fit
to the tank and
squeeze the contents
out.

CHAPTER THIRTEEN

HE model engine is a remarkably
noisy piece of machinery—a
feature which cuts both ways. Noise
implies power and so, to a large ex-
tent, the noisier and faster an en-
gine the more potent it appears, and
the greater its sales appeal. But to
the outsider the nuisance value of a
model engine being operated any-
where in his vicinity is considerable.
It was noise more than the danger
element which brought down drastic
restrictions on the flying of power
models in public parks—and, in
fact, continues to get model flying
banned in many areas. Even the
test running of an engine in an aver-
age house or garage is apt to upset
dozens of neighbours and although
this problem has been with us for a
number of years, very little attempt
even had been made to find any sort
of solution until 1965.
The apparent (complete)
answer is an efficient silenc- 'g, 1,

F EXIT SLO. gf}fﬂ Vo
is a oL
er. Periodically one hears-_‘/ ,;?ﬁiﬂz’o ' / ]
JECTION. |
==

engine manufacturers con-
demned for not —
thought to produce a fully- —
silenced engine for ‘‘ur-" |_
ban”, as opposed to “‘coun- —
try” flying, but seldom
have the critics given much
thought to the implications
involved. There have been
commercial silencers pro-
duced for model engines
(the American Mart-Lee
unit appeared in 1947), and
individual ~ manufacturers

having :’jﬂaf 70 AIT
EXHAUST JIA

COLLECTOR AING WITH
EXIT PORTS DIAMETRICALLY | /
OPPOSED CLAMPED DOWN ¢ 7,

BY CYLINDER JACKET.

Silencers

have supplied silencer adaptations
for their engines (Davies-Charlton
and E.D., for example). But the
silenced engine applied to a model
acroplane only became a reality
when National rules required them
in 1965. RIS _

The original Mart-Lee silencer
consisted of an aluminium -tube of
roughly 1 in. diameter, blanked off
at each end. A port was cut near
one end of the tube to fit closely
the exhaust stack of the engine and
the other end of the tube cut with
a number of slots for escape of the
exhaust gases. This end of the
tube was stuffed with steel wool--
Fig. 1. One purchased the silencer
as a complete unit, filed the slot to
match the exhaust stack and held
the contraption in place with a
length of spring rod passed round
the cylinder.

As an attempt to produce a

)
e




simplg commercial unit the Mart-
Lee silencer had many points in its
favour. Provided the fit on the en-
gine stack was reasonably close
silencing was quite effective on the
engines then current. It reduced
the crackle of an Ohlsson to a
“‘sewing machine” hum, with some
rather peculiar side effects.
Silencing as such was quite ef-
fective, but even so the size of a
unit required for the low-speed
spark ignition motors of that period
was quite considerable, A 5 c.c.
motor needed a tube at least 5 in.
long: a 10 c.c. motor a 10 in.
silencer length. A big problem is
that in sealing off the exhaust ports
in this manner, direct priming

through the ports to assist starting
is ruled out.

SIMPLE TUBULAR SILENCE

S rus o O
the fevel of a baby diesel in 1954,

High Frequency Notes

The problem of silencing is not so
much a question of reducing the
noise level as one of filtering out and
absorbing the objectionable high
frequency notes. Size for size, the
two-stroke engine is far the noisiest
of the reciprocating internal com-
bustion engines. For the same
speed it has twice the explosion fre-
quency of a four-stroke, and also a
lower brake mean effective pressure.
That means that the exhaust is open
with the gases at a higher pressure,
hence the more violent their escape
of the gases, not the actual explosion
or firing cycles.

The actual exhaust note varies
considerably with different engines.
and even with the same engine un-
der different operating conditions
The “crackle” associated with high-
performance engines is a welcome
feature from the sales appeal angle
and full size car and motor cycle
manufacturers may go to consider-
able pains to achieve it (e.g., in fit-
ting exhausts of “resonant” length
although of course another reason

for this is to improve cylinder
scavenging).

Collector Banjo for 360°
Exhausts 2

Wher? an engine has an exhaust
stack, fitting of a silencer is a re-
latively straightforward problem. In
the case of circumferentially-ported

OHLSSON 23 IS DWARFED BY
this American Mart-Lee tubular
silencer with saw-cuts for outlets
and partly filled with steel swarf.
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engines a collector “banjo™
is required, as sketched in
Fig. 2. The groove should
approximate to the depth of
the port opening and the
exit ports cut in the walls
(for connection to the silen-
cer) should be as large as
possible. Preferably, there
should be two such porls

diametrically opposed.
The fitting of such a CYUNILRAT LXHAUT
banjo may affect the per- ‘2% LEVEL. LORWARD

formance of the engine. If gj}{ﬁ?ﬁ gbr}'ﬂﬂfj;%a
i i = 70 X
the design relies on sub- 700N S ANGNG.
/N BOTH 'A°6 8" NON-
will no longer be effected. JHAOED TRIANGULAR
AREAS ARE AREAS

piston induction of air, this

%3

SLIPSTREMM
JECTION THROUGH

LOOFRS REPRESENT
i, £ATENT OF SCAVENGING

VIEW OF
W TOP OF PIITON

fig 4

In fact, the engine Will iguln)asy uusr putars.

suck back exhaust gases
instead of air (when the silencer is
attached).

Another way in which running
characteristics may be affected is
that slipstream scavenging is Now
eliminated. With “‘open” porting,
the slipstream playing back around
the cylinder may materially improve
scavenging—Fig. 3. On some en-
gines the effect of removing such
scavenging effect may be quite
noticeable, on other negligible.

Incidentally, a fair idea of the
normal “‘escape path” for the ex-
haust gases can be had by examin-
ing the top of a piston on a new
engine after some twenty minutes
running. Areas subjected to gas
flow will be carboned up far more
than “shaded” areas. A symmetrical
pattern (with the light triangular
patches indicating the *“shading”
effect of the exhaustpillars) as in
4(a) would indicate that there is no
effective slipstream scavenging. A
strong asymmetric pattern could
mean strong slipstream effect—Fig
4(b).

As to the silencer units them-
selves, a ‘‘packed” silencer tube
will provide most effective silencing,
but the higher the operating speed
of the engine the greater the adverse
effect on performance through back
pressure. The most satisfactory
type of silencer is undoubtedly the
straight-through layout with a sur-
rounding expansion chamber. The
length of pipe inside the expansion
chamber is perforated, the expan-
sion chamber itself being just a hol-
low cylinder—Fig. 5—or a cylinder
packed with steel or glass wool.

A straight-through silencer offers
virtually no resistance to the pas-
sage of the exhaust gases (other
than friction of the walls of the
pipe) and by opening the flow
radially into an expansion chamber.
most of the objectionable high notes
will be filtered off. In other words,
a straight-through exhaust will only
remove the high notes, whereas the
packed silencer of Fig. 1 will re-
move both high and low notes. The
effect of packing in the expansion
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fig5

LY
m_
EXHAUST PIPE

WIGH NOTES' o
£SCAPE AND :
ARE DAMPED —,
our 8Y
EXPANSION

JTEEL OR GLAST WOOL PACKING
GIVES GREATER DAMPING EFFECT

chamber of a straight-through silen-
cer is to rapidly dampen the ‘“‘high”
notes rather than relying entirely on
“‘expansive’” damping and so should
result in a lower overall noise level
than the type of Fig. 5. The un-
packed expansion chamber can,
however, be quite effective if large
enough.

The final note of such an exhaust
(whichever type is used) will be af-
fected by the total length of exhaust
pipe. With a resonant length of
pipe the final note can be quite loud
(although not necessarily ‘‘objec-
tionable™ since it will be lacking the
high notes). But it must be re-

membered that resonant effect will
be achieved at only one speed. Thus
if the normal operating speed cor-

Hﬁz)\am coamass

1ig 6

responds to a resonant
length of pipe, altering
the length of pipe will
cut down the overall ex-
haust note, Conversely,
with a non-resonant
length at operating speed,
the exhaust may resonate
at some lower or higher
speed. Resonant length
will also correspond to
most efficient cylinder
scavenging.

The size of expansion
chamber required for ef-
fective silencing is quite large from
an aeromodelling point of view. On
power boat installations, where silen-
cers are obligatory, a 5 c.c. engine
commonly has twin exhausts and

twin silencers, each with an expansion

chamber some 1% in. to 1% in. dia-
meter and 7 in. long, i.e., a total
expansion chamber of some 250 to
300 c.c.—more than 50 times the
internal displacement of the engine!
It is, therefore, difficult to think of
an effective silencer for existing
modern control line or free flight
models fitted with an engine of more
than 1.5 cc. where the silencer
would not be either too heavy or
too large to accommodate on other
than a specially designed model. A
solution would be to design the fuse-
lage around a
silencer of the re-
quired size.

The extractor - venturi
megaphone added (o this
exhaust aft of a sound
absorption chamber shews
one early approach to
the noise problem by a
speed flyer.

A i, =

SILENCERS

On small diesels of up
to 1 c.c. or possibly
slightly larger, a reason-
able degree of silencing
can be produced by fit-
ting a collector ring and
attaching a fairly long
length of neoprene tub-
ing for the “pipe”. A
length of at least 6 to 8
in. is usually required
and the tubing diameter
must be at least 1% in.
bore, preferably slightly
larger. Some power loss
will result but the noise
level can be reduced
substantially. Such an
exhaust system is, neces-
sarily, limited to short
engine runs-—a maxi-
mum of about 30 sec-
onds—otherwise the tub-
ing will melt. Also it
cannot be used on glow motors.

Apart from the reduction 1n
noise level, by collecting the exhaust
objectionable oil waste need not be
spattered all over the place and the
exhaust fumes themselves can be

VARIOUS DAC.
“Spinafio™ silencers
with the core of one
removed to show (riple
vanes or baffles, Later
versions have round
noses.

STE k. I
E ETA SILENCER SYSTEM ON A 15D Mk.
Il[elsel employs a manifold and a pair of venturi shaped

tors. 1
:?am:.;mn holes in a low pressure area. Display of parts

indicates the complexity of such a system.

Exhaust feeds inio the central venturi tube

led out of the test room (e.g.,
through a window) by extending
the length of tailpipe used. Some
further suggested designs which

should prove effective are sketched
in Fig. 7.
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CHAPTER FOURTEEN

HE glowplug form of ignition for
an internal combustion engine
is one of the very original principles,
used before either diesel or the
spark ignition systems. The Wright
Brothers flew with a motor of their
own construction, using glowplugs,
although of rather different charac-
ter to those employed in the minia-
ture two-strokes of today.
Our glow is provided by a wire
element, usually platinum, which
becomes incandescent when short

Operating
Glow Plug
Engines

circuited in a 1.5 volt (for U.S.A.
plugs) or 2.2 volt (British plugs)
circuit, and retains incandescence
once the engine is firing, so that the
short circuit can be removed and
the engine runs as a self-contained
unit.

The invention, or rather the ap-
plication of glowplugs to our power
units should be attributed to a bril-
liant American engineer, responsible
for the greatest single advance in
engine design and manufacture

methods, by the name of

Ray Arden. He intro-
duced the plug as an ac-
cessory, for his own
specially created engines.

OPERATING GLOW PLUG ENGINES
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Overnight ‘he idea swept LARGER THAN LIFE PHOTO OF ASSORTED IIRITIS['-[I““:NDN&‘A:MEI;}&A‘N“

he US.A fowplugs illostrates the diversity in design of the hend conned s oy &

Eo e T g came & :nldtr is an Ohllson, extremely squat whilst llmlscI :e'lth :m?cﬂp:::&r Det;ched
popul feved nierna .

Europel T plugs o K &Ia; El‘dutgis?n ?m?w&l::hmmagle ;mhns:l‘r:-hidium wire coil and copper gasket.

ey aeadweisnt most common means of fitting the

away deadweight in

wire element is to have it in a tightly
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tor lubricants. Additives to provide

RESISTANCE
OF LEADS extra oxygen content have to be

NEGLECTED.

~—

L' LENGTH OF STANDARD
FLEX REQUIRED SELECTED
FROM TABLE IIT
NOTE. FOR RESISTANCE PURPOSES
ACTUAL LENGTH OF WIRE
EMPLOYED IS 2XL"

spark ignition systems
and models were thus
simplified, with higher
performance.

But conversion from
spark to glow is not quite
that automatic. Firstly,
the piston seal has to be
fairly good. Then the
compression ratio has to
be in the region of 8 : 1
minimum, and a good
many ignition motors are
less than that. Thirdly,
the fuel has to be spec-
ially concocted, using
alcohol base and cas-

employed in racing glowplug en-
gings,yNi{ro Methane being the
greatest oxygen generator, and used
in quantities up to 40 per cent of
the whole. The fuel chapter pro-
vides a variety of formulae ; but for
the first glow engine, you are re-
commended to adhere to a commer-
cial fuel.Il oy
Glowplugs are m )
thread é)ts,gfor 1 in. or § in. bodies,
and in some cases, an adaptor can
be employed to fit say, a } in. plug
in a & in. hole. Plugs also vary in
construction, even come integral
with the cylinder head, and the

wound coil of about 5 to 7 turns,
Platinum-Iridium wire of about .015
diameter. Current drain on the
booster battery is high, being around
2 to 5 amps, so it is better to remove
the battery terminal connection as
soon as the engine fires, or for any
period when the engine is not ac-
tually being flick started. Dry bat-
teries of the large bell-cell type, ar-
ranged in parallel pairs, are satis-
factory: but for British plugs in
particular the lead acid accumulator
as used for Low Tension in 2 bat-
tery radio set, is far better. When
fully charged, the wet accumulator
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THE M.V.V.S5, REAR EXHAUST 2.5 cc.
glowplug engines were made for the 1964 World
Championships and since then imparted a great
influence on model engine design. Screw in reur
plate is for pressure tapping.

may be giving as high as 2.4 volts,
so a resistance in one line, .25 ohm
being average, is a safeguard against
blowing the plug. See Figs. 1 and
2, Tables 1, II, ILI for precise details.

To connect the glowplug to the
battery, one can either employ
stranded insulated cable, braided as
a black and red pair for identifica-
tion, or of the twin-flex type, about
a yard long, and connect an alligator
clip at each end. Have one lead
shortened so that it cannot contact
its opposite number and create a
short circuit when the engine has
started and the leads discarded
hurriedly.

One more very important pre-
caution arises before we can run the
glow engine in a model for the first
time. The model has to be “fuel-
proofed’ with a special varnish, as
the fuel with castor, alcohol and
nitro methane in it will soon act as
a paint stripper and spoil the finish
of any model decorated with cellu-
lose dopes. The fuel proofer need

only be a thin covering, not adding
much weight, and certainly little
trouble to apply. Two coats are ad-
vised around the areas in contact
with the exhaust and filler positions
on the fuselage.

To set the engine ready for start-
ing, mount it securely in a test
stand, arrange a fuel supply with
the tank on a level with the crank-
case, and fit a prop at the “‘quarter
to three” position as on a clockface,
securely tightening the prop-nut.
Now blow through the fuel supply
tube with it connected only to the
needle valve body, and adjust the
needle valve control until a steady
hiss is heard at the jet in the centre
of the intake tube. This will be the
average setting for the carburettion
when starting.

Next remove the plug, and con-
nect with the battery. One lead to
the top of the plug, the other to the
plug body, or earth if the plug is
left resting by its body on the en-
gine cylinder head. There is no
need for concern over polarity, just
as long as one lead cannot touch the
other, and that the alligator clips
are safely spaced on the plug, then
the element should glow bright or-
ange. Dull red will indicate a poor
contact, low battery or current leak
in the circuit. If the plug glows
rapidly to white heat, disconnect
immediately as it is most probable
that there is too much current going
through the element and there is a
danger of blowing out and fusing
unless a resistance is fitted. Ameri-
can plugs on lead acid accumulators
are specially susceptible. Once
satisfied that the glow is present, we
should inject a little of the special
fuel through the plug hole, fit the
plug and flick over a few times
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without connecting the plug. A
drop of fuel in the intake also helps
this way to free up the engine ready
for a quick start and the lubrication
helps to seal the piston fit with a
rich mixture.

When thoroughly prepared and
ready to start, connect the fuel line
to the tank which should be filled,
do not choke the carburettor and
then hook up the plug immediately
prior to flicking over. A precaution
is to take the prop tip and slowly
rotate at one rev. per second, over
the T.D.C. position of the piston. A
“knock” should be felt at the fuel
inside the combustion chamber is
partially ignited especially if a trifle
wet. Now flick hard: the engine
should fire, continue to run, sucking
fuel through the tube from the tank
and giving the impression of running
rich. Allow to pick up for five
seconds or so, disconnect the lead

off the top of the glowplug (the
other can be more or less permanent
for test purpose on a mounting lug
or other convenient earthing point),
then watch the characteristics.

The engine should be rather rich
for the first run, not two-stroking
but nevertheless operating smoothly
with copious fumes from the ex-
haust and lots of noise. To get the
engine to two-stroke, simply lean
out the mixture by screwing the
needle valve into its body, quarter
turn at a time and waiting a
moment between adjustments to
check the effect in revolutions per
minute. To stop the engine, simply
screw the needle valve fully home
and the effect will be that the engine
speeds up to a peak speed, dies off
and stops fairly abruptly through the
fuel starvation. This will give the
experience needed to identify too
lean a fuel setting, which may in

TABLE I. LENGTH OF SOFT COPPER WIRE (SOLID) FOR .166 OHMS RESISTANCE

Size (s.w.g.) ... 14 16 18 20

22 14 26 | 18 30 32

Length (ins.) ... 1,250 80O 450 | 250

150 95

63 l 2.5 30 23

TABLE Il. LENGTH OF COPPER-NICKEL RESISTANCE WIRE FOR .166 OHMS RESISTANCE
sie (swg) ] 20 | 29 22 |23 |24 | as | 26 |27 |28 | 30
Longeh (m) .| 875 | 70 | 53 | 3¢ | 33 |2y [ 22 | 185 15 | 105

TABLE 11l. TYPICAL PERFORMANCE DATA “STANDARD' (WOOLWORTH) FLEX LEADS

Nominal Length Recommended
Voltage at Plug* for 1.5 Volts Lead Length
Price Wire Size Insulation 4 Yards Flex at Plug (yards)
24. 7 Strands .0076 | Plastic 0.5 1 yard 13
4d. 14 Strands .0076 | Rubber and Plastic 0.95 2 yards 2.2}
5d. 14 Strands .0076 | Rubber and Braid 0.95 2 yards 2.24
6d. | 23 Strands .0076 | Rubber and Braid 1.2 2} yards 243

* 1.95 Volts at Battery on Load
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SILENCERS IN SILVER SOLDERED BRASS
are made down to the smallest size shown here
for the diminitive Cox ‘“‘Pee-Wee” .31 e.0.
mziEe. ‘Known as the *308" silencer it is a

hamber and manifold.

fact have occurred instead of the
pre-supposed rich start. If the en-
gine bursts into life and dies out,
firing only the prime given through
the ports, then obviously it is not
getting enough fuel and the needle
valve should be opened. If the en-
gine still does not get the fuel
through with the needle valve wide
open, then there is a blockage in the
supply from the tank, either a re-
stricted ventilator preventing air
getting into the tank and causing a
vacuum, or perhaps a blob of solder
lying loose and getting sucked
across the fuel supply tube. Both
are common complaints, rarely
diagnosed by the beginner.

Run the engine rich for the first
30 minutes of its life, and after the
first minute or so, stop it and
tighten the head bolts while still
warm.

If the engine just “plops” each
time it is flicked, it needs an upper
cylinder prime in most cases, but

there is also the
chance that the
crankcase is flood-
ed. The engine is
then in a very rich
state and will not
clear until the plug
is glowing bright,
and the engine fires
out some of the
excess, Shut the
needle off, connect
the plug to battery
and listen with the
exhaust port open,
to the plug sizzle.
If silent, look at
the wet reflection on the piston
crown, and you should see a glow ;
if none, and no sizzle, then the plug
is “out” and should be removed for
examination. If it has burned out,
a discouraging fact which is signi-
fied by a crumpled appearance of
the coiled element, then the only
answer is replacement. If it appears
to be whole then the connections
are at fault. Whichever has hap-
pened, examine the cause and effect
so that you can profit by mistakes.

A fouled plug can give the same
impression, as for example one of
long-reach type touching the piston.

There are also hot plugs or cold
plugs. Makers vary wire thickness
and length according to the engine
In America, many engines are sup-
plied with special plugs and call for
different fuels. These are usually
the small .8 c.c. (.049) units known
as the 1A class.

The differences between hot and
cold plug requirement are decided
by engine compression ratio. Low
compression calls for a hotter glow.
being provided by thinner gauge
wire. High compression needs less
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glow to absorb less heat units and
also to stand up to the compression
itself. Such a cold plug may need
to have the batteries connected for
a longer period until there is no rev.
drop on disconnection. This fault
may persist, and will not therefore
be entirely the cause of the trouble,
so the fuel should be treated as sus-
pect. A glow engine must have its
special fuel, and cannot be expected
to run on the mixture offered for
diesel or spark ignition. If the cor-
rect fuel is being used, and the en-
gine still will not run without the
plug being boosted by the battery,
then the compression ratio is not
high enough and the cylinder head
should be lowered if at all possible.

RIGHT IS THE COX SPECIAL 15 Mk. IT WITH
single exhaust port. thick ecylinder and revised
cylinder head contour.

Rough running indicates low
compression and this is especially
the case when a plug is well recessed
in the head and the element shielded
from the combustion chamber as de-
signed. Manufacturers have found
amazing gains in speed and power
simply by moving the plug around
the head experimentally. Most
“special” engines use a solid un-
finned head, with plugs at fancy
angles and in all sorts of positions.
One will find power with the plug
over the transfer side, others on the
exhaust side!

In the case of some mass pro-
duced miniature engines, the begin-
ner’s main problem is usually that
of applying sufficient power in the

MOST EFFICIENT OF THE 2.5 c.c. glow engines
is the Super Tigre G.15, At left are specials
(note non-siandard carbs) seen in the 1965 World
F/F Championships. That at right was possibly
most powerful at the contest in Finland, was
prepared by Benno Schlosser.

THE K & B ENGINES PRODUCED UNDER
the supervision of World Speed Champion Bill
Wisniewski have a family resemblance, obvious
in the 15 and 29 here.
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flick of the prop. to get the engine
started. A tip we can advise is to
inject a spot of machine oil on the
piston crown when the exhaust is
open, and so helping to seal com-
pression. The engine should al-
ready be wet with a fuel choke,
otherwise the plug may be fouled by
the oil and does not glow enough to
fire on those vital first few flicks
after injection, but in most cases,
machine oil will come to the rescue
of any baulky engine.

Until now, we have been consid-
ering only the starting side of glow.
The most desirable feature of this

form of ignition is that it is self-
timing. There is no question of
having to set the make and break
for advanced or retarded position
and we do not have to alter the
compression as in a diesel. When
the fuel compresses in the combus-
tion chamber, it meets a glowing
element and the firing is smoothly
spread over the precise timing re-
quired according to the load. A
big propeller brings the r.p.m. fig-
ure down, and the combustion takes
place in a retarded position to suit.
On a small prop., the revs. obtained
from most glow engines are such

PRODUCED FOR EXTREME POWER IN SPITE
of weight penalties with tough castings, the ad-
vanced OS5 60 design has many unusual features.
This is one of the 1965 prototypes for Radio
Control.  Above is the Ohllson Midget 8 e.c,
with **feather valve” and an incorporated tank, a
very small engine. Bottom left is a Cox Special
15 ted in a iaily cast bearer which is
also the landing skid for Frenchman Landeau’s
model, Below is the L. M. Cox “Thermal
Hopper” a forerunner of today’'s successful small
ziow engines.
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that combustion could only be ad-
vanced.

It is here that the glow motor has
special applications. Its flexibility
allows it to take a high speed model
off the ground, gain up to 4,000
r.p.m. in the air and use the full
power of the engine without the
operator having to worry about re-
setting the needle valve. A diesel
will not do this and petrol/spark/
ignition just does not have the
power, unless in extra special mag-
neto equipped engines.

This advantage has been explored
by many manufacturers in turning
out products which will provide
their maximum performance high
up in the r.p.m. scale. For this
reason, they have intake or induc-
tion ports which are not favourably
inclined to slow speed starting, and
possess little suction. Such motors
are best started with a finger par-
tially blocking the ‘intake, sensing
the exact amount of choke needed
until the power is built up to a point
where it continues to gain speed
after the needle valve is closed
(there are few engines which only
run with a pressurised fuel system.

. DUKE FOX'S
characteristic
* square intakes,
offset  zlow

. case finming are
" seen in the Fox
. AoxBB a
. very powerful

These are of course only for experts
and are employed for speed work
only).

If ever in difficulties, check the
plug first. Then sec if a crankcase
leak is preventing the motor picking
up from just an exhaust prime, fol-
lowed by an examination of the
fuel flow and jets in the needle as-
sembly, that is all one needs to con-
sult in 99 per cent cases of glowplug
engine failure.

REARWARD FACING EXHAUST ON THE MVVS 2.5 RL (COMPARE VITH “production
version” on page 96) as used by Czech National Speed team flier and designer J. Sladky.
Metal tank and cast pan mount are units in a well engineered system.




CHAPTER FIFTEEN

newcomers the spark-ignition
engine will be something of a
mystery. Few are sold now that
compression ignition and glowplug
have simplified model engine design,
but the spark motor remains a fav-
ourite for “heavy’ duty, such as in
a large radio controlled model. It
is complicated by comparison with
modern counterparts, though very
satisfying in its operation which is
by far easier, cleaner and more con-
trollable than either diesel or glow.
The engine has an ignition system
identical to that of many cars and
motorcycles. It runs on a mixture
of petrol (gasoline) and lubricating
oil grade SAE 70 (medium to heavy
grade) in the ratio of three parts
petrol to one of oil. For ignition.
there is a miniature sparking plug in
the cylinder head which is electric-
ally connected to a high voltage coil
and interruptor or timing gear on
the engine, plus batteries either 3 v.
or 4.5 volt.
To start, one invariably employs
a booster battery so that the flight
batteries are not drained, and these
are so arranged that the flight timer
acts as a switch and transfers the
power from booster to internal bat-
teries when actuated ready for
launching—Fig. 1. In the circuit
we also have a condensor which
consists of a series of tinfoil sheets
separated from one another by an
insulated wrapping of wax paper.
The even numbered tinfoils are

Operating
Spark Ignition
Engines

connected to one end and the odd
numbers to another terminal so that
we can position the condensor in
circuit (average value .05 mfd.) be-
tween the earthed engine bearer and
the insulated or non-moving point
on the distributor or contact break-
er. The purpose of the condensor
is to absorb the self-induced current
of the primary circuit, thus allowing
the magnetic field to collapse as
quickly as possible and eliminating
to a great extent, sparking at the
contact points. Without a satisfac-
tory condensor, we get very inter-
mittent running, hard starting and
arcing of the contacts to the extent
of burning the faces badly.

The coil is a more important com-
ponent, for it boosts 3 or 4.5 volts
one thousandfold so that a high ten-
sion spark can jump the plug gap
in the cylinder under compression.
A weak coil, or weak batteries can
only result in good sparks out of
the cylinder, none whatsoever in the
place where needed!

The coil consists of a core made
up of laminations to prevent them
becoming permanent magnets, and
multiple windings of insulated cop-
per wire built up to a diameter of
about 1 in. and length about 17 in.,
or even longer. The coil is a heavy
item, and in order to conserve
weight in duration models, the
majority of spark ignition operators
were obliged to use lightest possible
batteries of the pen-cell type. For
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radio control, weight is less critical
and batteries with larger reserve can
be used.

There remains the plug as the
completing accessory in the spark
circuit and this consists of an elec-
trode, conducting high tension from
the coil, and insulated from the plug
body by a porcelain body. The gap
between the pointed end of the elec-
trode and the body is adjustable by
force, just as with the full size en-
gine, and this setting can be critical.
A setting of .008 in. is average but
the actual gap varies according to
the purpose of the engine, and in-

deed according to the efficiency of
the coil.

On the engine, one very important
component that determines the tim-
ing of the whole spark ignition sys-
tem is the distributor, also referred
to as the contact breaker, make and
break, timer or interruptor gear. It
contains a set of points which are
usually made with tungsten facings.
one of them following a cam on the
engine shaft and known as the mov-
ing point, while the other is fixed
and insulated. The insulated point
is normally the one which has screw
adjustment for the gap between

FIG. 1.—THIS CIRCUIT INCORPORATES ALL THE POSSIBILITIES LIKELY TO BE INVOLVED
in a coil ignition system. For the basic circuit, eliminate the two-speed control side and relay, complete
with 45 volt booster lines. For free-fight, eliminate the on/off switch which is replaced by a flizht
timer, The 3 volt ignition circuit booster should always be refained to save flight battery drain during
the initial starting period ; 45 volts are applied for control fine only, being the necessary allowance for
voltage drop alongz 50 ft. of insulated lines from the pilot’s handle to the model.
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THIS ASSORTMENT OF COILS AND THE CONDENSOR IN THE CENTRE FOREGROUND
illustrate the diversity of shapes and approaches to the principal item in the petrol igllt.ltlnn
circuit, some coils have plastic insulated casings, others are encased in a fibre tube.

points: but of course there are ex-
ceptions to the rule.

On the engine shaft there will be
a cam facing. This is simply a flat
cut across the cylindrical section
shaft, and as the moving point has
an extension following the shaft face
at this position, then the point
“bobs™ up and down following the
contour. For 320° or more of the
shaft rotation, the points will be
open or closed according to the
make of engine. If open then the
battery consumption rate is lower,
but since the closed system is easier
to make, the majority of engines
use the latter. The gap at the points
will vary according to type, .005 in.
being a minimum, with .009 in
more suitable on most makes toi

counteract the tendency to oil up
with lubrication scraped from the
shaft by the cam follower.

The timing of the engine depends
upon the moment the contact points
break apart. While they are to-
gether, the coil is being energised
by battery current, and the moment
contact is broken, then the high ten-
sion circuit of the coil releases itself
in a flash across the electrodes in the
cylinder. For this reason, the H.T.
lead is of heavier gauge wire than
the rest of the circuit, all of which
should be multi-strand and well
insulated.

If instructions are not provided
with the engine, one should first as-
certain whether the points are in
fact breaking correctly, and at the
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TYFiCAL SPARK IGNITION PLUG IS THIS
approximately actual size Lodge i, a true miniature
of the full size plug.
right moment relative to the piston
movement. This can be decided by
removing the plug so that the engine
can be turned over easily, with the
points visible. Rotate the shaft so
that the piston is on the up stroke
and place a piece of balsa strip
through the plug hole, resting one
end on the piston top so it forms an
indicator. Mark a line on it flush
with the outer cylinder head when
at T.D.C., and turn over slowly in
the normal anti-clockwise direction.
watching the points. They should
break when the piston is just before
the top dead centre position. If at
exact T.D.C., then the points are
retarded, if long before T.D.C., then
they are well advanced. Point as-
semblies usually possess an arm for
movement to adjust the timing, so
for our initial start it is better to ar-
rive at a setting just about T.D.C.
Hook up the circuit, using an ac-
cumulator (two cells of a car or
motor-cycle accumulator are ideal),
and fill the tank. Arrange a switch
in the circuit to save the coil and
battery when not running, and
check that the needle valve and car-
burettor are satisfactorily clear by
blowing through the fuel tube and
obtaining a gentle hiss at the ap-
proximated needle setting. Now
connect the high tension lead to the
plug, and lay the plug across the
head. Switch contact ‘“on” and
flick over. There should be a spark
at the plug sufficient to give an aud-
ible “crack” and bright blue/white
flash. With the plug disconnected,
EARLY PETROL IGNITION ENGINES OF
pre-war years were characterised by thelr large
plugs and small ports. Note the particularly small

exhausts on this version which counld be built from
kits of parts.

p*
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the spark should jump a § in. gap
to earth on the engine, and will give
a shock through the arm of anyone
holding both engine and the H.T.
lead. :

Fit the plug, hook up leads, and
as a last check, one can oscillate
the prop. around T.D.C. piston
position and hear an echo of the
spark in the dry cylinder. Now
prime the exhaust port and flick
over.

Spark ignition engines have the
advantage of firing first time if any-
where near correct settings and run
on a smell of fuel so as the motor
picks up, open the needle valve or
just give a momentary choke with
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a forefinger on the carburettor, and
the motor will roar away.

If retarded, there may be a ten-
dency for slow running with smoky
exhaust, so push the advance lever
over and speed up things with a bet-
ter timing. If one takes the ignition
point too far advanced, the motor
will backfire and stop altogether.

This also happens if trying to
THIS FINE F -5 3 1
B T L0 om e

in. # r.p.m. Twin

exhaust stacks and valve covers add an appear-
ance of power.

AN ENGINE WHICH REALLY SET POWER

valve and added facility, a carb. choke. It
long l?tul’!;mhlg con. rod and its light ::i’ﬂal
m&lhﬂ. easy to start favourite with many

start with the engine too far ad-
vanced and the backfire often
loosens the prop. nut which can be
the source of starting difficulty. Al-
ways ensure that the prop. is bolted
on really tight. Symptom of a
loose fit is a “‘crack’ in the backfire
note.

A petrol engine will run with
fairly poor compression and piston
seal but must have a good spark.
Most of the starting problems will
be centred around the electrics and
it is as well to familiarise oneself
with the circuit to be able to check
back on any possible fault. Mis-
firing at high speeds can be due to
oily points and insufficient gap al-
lowing “bounce”. A loose H.T.
lead on the plug gives the same
symptom, while an oiled up plug
(which happens often due to the
3:1 Petroil mixture) can be de-
tected by visible sparks outside the
plug down the porcelain insulator.

The easiest way in which one can
check the condensor if it is sus-
pected, is to carry a new spare all
the time (they are cheap accessories)
and double up on a test run with
the new one in circuit, the other
temporarily de-earthed or discon-
nected from the insulated points.
The difference in running will soon
show if the condensor is working
satisfactorily. o

To check the spark points, ar-
range to have them open and with
the plug lead fitted, ignition “on”,
short circuit with a screwdriver be-
tween the moving and insulated
points. Touching the cylinder with
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one end while the 'driver rests on
the insulated point will suffice. In-
side the cylinder, one will hear the
spark jumping the plug gap if the
exhaust is just open, and this indi-
cates that any faulty running must
have been due to the points being
burned or dirty.

Clean with a fine weltstone as
used to sharpen knife blades. In
emergencies a piece of fine sand-
paper would do, and a lady’s mani-
cure file consisting of sandpaper
fixed each side of a card finger,
should be part of all spark-ignition
operators’ tool Kkits.

Battery check by torch bulb is
useless. One can use discarded
batteries for the torch, and the only
safe means of a battery check is
the ammeter, which most radio con-
trol enthusiasts happen to possess,
but which falls outside the scope of
other modellers. When batteries
were scarce, all sorts of means were
taken to rejuvenate the dry cells
Heating in the oven for an hour
works wonders, but the cheap dry
cell cannot compete with the Venner
type dry accumulator for amp-hours

MOST RENOWNED OF ALL
petrol  ignition engines, are the
Ohlison Marque, here a “29” (5
c.c.) is being started with slight
finger choke in a pylon model.
Note the ignition circoit lead to
the make and break behind the

i engines  were

que in ing the cylinder liner
spot welded to the alloy crankense
and this later version had an alloy
head also attached to the cylind
making it virtually impossible to
dismantle the liner, apart from
removing the front rotary housing
and extracting the piston by amg-
ling the con. rod

and these are thoroughly advised for
anyone intending to use spark ig-
nition extensively.

One more point arises. Most
spark engines are older designs,
created before minor mechanical
problems were overcome in engine
construction. One of these is the
carburettor system. Earlier carbs
were made for attached tanks and
unless a special leather gasket made
to suit was fitted on Ohlsson en-
gines in particular, the air leak be-
tween the carb and the spraybar
assembly spoiled the carburettion.
This is overcome if a separated tank
is used and the spraybar made a
tightly sealed fit where it passes
through the tubular intake pipe.

To eliminate the oil splash on
engines with exposed contact break-
ers such as O.K. engines, Anderson,
Atwood and Cyclone, it is possible
to solder a small tinplate oilguard
on the moving point arm.

Despite the intricacies of electrics,
the spark engine is more easy (O
handle than many of its counter-
parts and will always find a place
for itself in aeromodelling.




