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INTRO DUCTION by Dave Gierke

ritics say that engines are loud, smelly, and

difficult to start. They're messy; they vibrate;

they pollute the planet. They need fuel,
plugs, batteries, and—occasionally—a fire extin-
guisher. Their performance is inextricably linked to
changes in altitude and atmospheric conditions ...
and these are only a few of the reasons why we love
the internal-combustion engine!

Useful internal-combustion engines have been
with us for more than 120 years. By 1900, the
4-stroke engine had emerged as the dominating
prime mover for the fledgling automobile; it beat
out the steam engine and the electric motor. During
this same period, rudimentary 2-stroke engines were
adapted for motorcycles, motorboats, chainsaws and
numerous types of lawn equipment. In 1934, the
first mass-produced miniature airplane engine, the
Brown Jr.,, sparked the rush to model aviation by
America’s youth.

Today, after more than 70 years of development
and optimization, miniature-engine technology has
matured. Nevertheless, successful engine operation
depends on additional requirements, including
fuels, propellers, engine mounting, fuel-delivery
systems, performance tuning and more. “Radio
Control Airplane Engine Guide” is designed to
enlighten the novice and add to the experienced
modeler’s bag of tricks.
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HORSEPOWER

4-stroke power—
the advantage?

what's

our-stroke engines: some

love them, some hate

them. Proponents say
they're quiet and sound scale
(unlike the aggravating, high-rpm
whine produced by 2-strokes).
They also claim that 4-strokes are
more fuel-efficient, run cooler and
produce higher crankshaft torque
to turn large propellers. Detractors
contend that 4-strokes are heavier
and less powerful than 2-strokes
and that because they have more
parts, they demand additional
care and are proportionally more
expensive. Four-strokes are also
said to be more susceptible to cor-
rosion than 2-strokes. Which of

these claims and counterclaims
are true? We report; you decide!

POWER
It has been said that 4-strokes
offer high-torque output. This is
based on superior cylinder filling
during the intake operation and
the resulting higher cvlinder pres-
sures during the power event.

Although this is true, there is only

one power stroke for every two
revolutions of the crankshaft, and
this reduces the engine’s mean
torque figures by half. A
comparison of the
torque produced by
representative

Two-stroke engines ultimately produce more horsepower than 4-strokes of equal displacement, as illustrated by the power
and torque curves of the Enya SS .40 2-stroke (red) and Saito FA-40 4-stroke (green). But peak power isn’t everything; with a
.40-size airplane, the 2-stroke produces more horsepower at the extreme high end of the rev range, but that power is gener-
ated above the usable rpm for most flyers. At anything below about 9,000rpm, the 4-stroke is actually stronger.

TORQUE (OZ.-IN.)

RPM RPM



Induction
port

examples of similar displacement
2- and 4-stroke engines shows this
(see “2-stroke vs. 4-stroke power
curves” sidebar).

Production 4-strokes from the
late '70s and early '80s were under-
powered compared with 2-stroke
engines of the same cylinder dis-
placement. In almost three decades
of technical progress, highly devel-
oped forms of the 4-stroke engine
have at last caught up to the

2-stroke operation

competition 2-stroke: horsepower
numbers were increased during
this period by improving the
engine’s volumetric efficiency
(breathing), increasing the valve
lift and duration, and enlarging
the valves and ports. Tinkering
with combustion-chamber shapes
also improved power while it sti-
fled combustion defects such as
detonation. Continued 4-stroke
development focuses on super-

charging and oxygen-bearing fuel
components such as nitro-
methane. At the 2003 AMA
Nationals, participants in several
classes of RC Aerobatics predomi-
nantly used the O.S. 1.40 (RX or
EFI) 2-stroke engine or the YS 140
(L or DZ) 4-stroke. Both use pro-
pellers of similar sizes and operate
at about the same flight rpm; this
indicates that shaft power is about
the same for both types. The O.S.

To understand how a 4-stroke engine operates, it helps to know how its glow-ignition 2-stroke counterpart works.

Exhaust port

Transfer

Rotary

f The crankshaft has
' rotated away from
BDC (bottom dead
center) and has moved
the piston up and
closed the transfer and
exhaust ports. The
air/fuel mix from the
port previous cycle is
trapped above the pis-
ton. The induction disc
starts to uncover the
induction port. As the

disc crankcase volume
increases, a partial vacuum forms and atmospheric
pressure pushes air through the carb, where it’s mixed

with fuel and enters the crankcase.

The piston moves to a
point at which the
power event ends and the

exhaust port opens. The
time between exhaust-port
opening and transfer-port
opening is called “exhaust
lead.” It provides time for
the high-pressure exhaust
gases to begin exiting the
exhaust port. The induc-
tion valve is still closed;

this allows the piston to
compress the fresh air/fuel mix in the crankcase until
the transfer port opens. The mixture then flows from
the crankcase to the cylinder above the piston.

Bypass

As the piston nears TDC

(top dead center) on
the secondary compression,
the air/fuel mix reaches
auto-ignition temperature
and combustion occurs. The
momentum of the rotating
components carries the pis-
ton beyond TDC, where the
expanding gases provide
peak pressure. Meanwhile,
the rotary induction valve
is almost closed as high-
pressure combustion gases
push the piston away from
the cylinder head.

The exhaust and

transfer ports are both
open, and the previously
compressed air/fuel mix
flows through the bypass
channel and transfer port
and chases the tail-end
gases out through the
exhaust port. The 2-stroke
may be simple in terms of
its mechanical compo-
nents, but the flow of
energy through its systems

channel s very complicated.



uses a tuned exhaust system
(supercharging from the exhaust
side), while the YS uses crankcase-
pumped supercharging with
30-percent nitromethane fuel. The
noise levels of the most advanced
4-stroke designs are on a par with
similarly developed 2-strokes,
although proponents of the
4-stroke engine claim that the
low-pitch exhaust damps the

While the 2-stroke engine has a power event for each revolution of the crankshaft, the 4-stroke requires two
crankshaft revolutions to create a power event. Stated another way: at a given rpm, the 4-stroke produces half
as many power events as the 2-stroke. The other primary difference between the two types involves the way
gases are moved into and out of the mechanism: the 2-stroke uses piston-controlled ports; the 4-stroke uses

cam-actuated poppet valves.

/ Intake valve

F The piston moves away
[ from the cylinder head
(known as the “intake
stroke”) because of the
momentum of the engine’s
rotary components. The
exhaust valve is closed and
the intake valve is opened to
allow air/fuel mixture to be
pushed into the partial vac-
uum of the expanding
chamber by atmospheric

/ pressure.

The second stroke is when

the piston moves away from
BDC toward the cylinder head.
During this “compression event,”
the piston’s motion is again
extracted from the momentum of
the engine’s rotary components.
Both the intake and exhaust
valves are closed as the trapped
air/fuel mixture is squeezed into
the relatively small combustion
chamber prior to ignition. The
ignition of the mixture occurs
somewhat before TDC, as it does
with the 2-stroke engine.

The expanding high-

pressure combustion
gases push the piston away
from the cylinder head
toward BDC. Known as the
"“power, or expansion, opera-
tion,” it represents the only
stroke in the cycle that pro-
duces (rather than consumes)
power. The intake and
exhaust valves are closed.

M

Exhaust valve

During the fourth = 1f

stroke, the piston :
moves from BDC toward
the cylinder head—also
driven by the engine’s
momentum. This is known
as the “exhaust opera-
tion,” and the exhaust
valve remains open
throughout the stroke. The
intake valve is closed.

10



high-decibel effect on the human
ear. The Academy of Model Aero-
nautics disagrees; noise attenuation
must be applied equally for all
internal-combustion engine types.

4-STROKE

RECOMMENDATIONS
If you own or plan to buy a
4-stroke, read the directions sup-
plied by its manufacturer. The
additional information presented
here is provided to help you avoid
potential problems and enjoy run-
ning vour engine.

* Fuel. Most modern 4-strokes
operate on methanol-based (alco-
hol) fuel. Why? Primarily because
of cost. The simple glow-plug igni-
tion system works well with
methanol (catalytic action) but not
with gasoline, which needs an
expensive spark-ignition system. In
fairness, gas and spark proponents
argue that over the long run, it’s
cheaper to buy the ignition system
and run relatively inexpensive,
fuel-efficient gasoline; glow fuel
doesn’t provide good mileage and
it isn’t cheap. From a safety per-
spective, gasoline is more
dangerous than alcohol fuel owing
to its volatility; having a fire extin-
guisher nearby is a must.

* Lubrication. Crankcase-
scavenged 2-strokes are lubricated

by the oil in their fuel; this is also
true of most 4-strokes. Petroleum-
based oil doesn’t mix with
alcohol, so glow-plug engines use
fuels that contain synthetic or cas-
tor oil or a combination of the
two. The oil percentage recom-
mended varies with manufacturer.
0.5. Engines suggests no less than
16 percent oil by volume; YS
Engines points to 20 percent as its
standard and to 24-percent, low-
viscosity (thin) oil for its
high-performance 140 DZ model;
Saito specifies that castor oil
should be used as part of the total
lubrication content.

Two-stroke oil passes through
the engine unburned (mostly) and
serves two functions: it lubricates
all the internal parts, and it cools
by transferring heat from the
hottest components, such as the
piston, to the lubricant that passes
out of the engine during the
exhaust operation. Lubrication
does the same for the 4-stroke, but
with one difference: since the
4-stroke produces only one power
stroke for every four strokes of the
piston, in all but the most power-
ful designs, it naturally runs cooler.
This has prompted many to think
that a 4-stroke requires less lubri-
cating oil. Cylinder pressures are,
however, very high during the
power operation; adequate lubrica-
tion is critical to the wristpin,

crankpin and connecting-rod
bushings. Higher oil percentages
also offer a degree of safety with a
lean needle-valve setting.
* Nitromethane. Adding nitro to
methanol-based fuels increases
power, improves idle and pro-
duces a better transition from idle
to wide-open throttle for most
engines, including 4-strokes. The
percentage of nitro recommended
varies with manufacturer and/or
distributor. Bill Baxter of Hobbico
suggests the use of 10- to 15-per-
cent nitro across the board for all
O.S. 4-strokes. YS recommends 20
percent for its 4-strokes. Again,
check your engine’s instructions.
Most commercial fuel blenders
offer both the lubrication and the
nitro content suggested by the
engine manufacturer.

* Glow plug. In the beginning of
the modern 4-stroke era, no one
thought that the glow plug would
work. With three non-firing
strokes, how could the platinum-
alloy wire element in the plug be
expected to maintain its tempera-
ture? The original O.S. FS-60 was
fitted with a special “hot” plug
designated the “FE" and it’s still
produced and used in all O.S.
4-strokes. The F plug is different
from other 2-stroke “hot” plugs
because its long snout extends
into the combustion chamber.
Within the snout, the wire ele-
ment is directly subjected to
elevated temperatures during
combustion, exhaust and com-
pression, and that helps it to
maintain ignition temperature
from cycle to cycle. There are sev-
eral versions of the original F plug
on the world market, but your
choice of glow plugs should be
dictated by your engine manufac-
turer’s recommendations.

* Propeller slippage. Because
4-strokes are prone to detonation

(a damaging, high-pressure spike

11
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Development of the 4-stroke

The first mass-produced, commercially available, miniature 4-stroke

engines available in the U.S. were manufactured by the Feeney Engine Co.

of Chicago. Announced in a full-page ad in the April 1940 edition of
Madel Airplane News, the engine was available in three cylinder displace-
ments: 0.604, 0.914 and 1.18ci. Like most modern 4-strokes, these
spark-ignition, single-cylinder designs used pushrod-actuated overhead
valves. Feeneys were crudely constructed, and wary modelers soon
rejected them as gimmicky, overpriced, overweight, poor performers. The
company was forced to cease manufacturing because it had wartime gov-
ernment contracts and faced shortages of crucial materials.

Although the 4-stroke has a long history after the Feeney, the most sig-
nificant event was the release of the O.S. FS-60 in 1976. This was the first
4-stroke to achieve widespread acceptance. It used a glow plug and ran on
ordinary 2-stroke fuel, so the transition from 2- to 4-stroke was easy: no
spark ignition, no gasoline and oil—no hassle! The FS-60 developed less
than half as much power as its highly refined, 2-stroke counterparts of simi-
lar displacement, and it was promptly dismissed as inferior by competition
fliers. Sport fliers, however, were quick to recognize the FS-60's attributes:
quiet, relaxed flying for slower models and great fuel economy. The FS-60
looked like a 2-stroke except for its rear housing, which contained the
camshaft, two exposed rocker arms and two thin pushrods behind the
cylinder. A well-built engine, the F5-60 remained in production for seven
years. After seeing modelers’ enthusiastic responses, other manufacturers
jumped on the bandwagon, and Kalt, DAMO, Shillings, Saito, Enya and
Webra soon followed with their versions of the single-cylinder 4-stroke.

Used for sport planes, scale models and aerobats, 4-strokes were soon
popular with model-aviation enthusiasts around the world, but with a
10cc (0.61ci) cylinder-displacement limit, they were not competitive
against the high-horsepower 2-strokes used in Fédération Aeronautique
Internationale (FAI) competition. In 1981, the rules were changed, and
that leveled the playing field. While the 10cc limit remained in force for
2-stroke engines, scale RC models could now use up to a 15cc (0.915ci)
4-stroke, and RC aerobats could use up to a 20cc (1.22ci) 4-stroke. This
was great news for manufacturers of 4-strokes, and they plunged into
design and development.

For FAl and national competition, 2-stroke engines are now allowed
the same displacement limit as 4-stroke engines. A steady improvement
in design, manufacture and operation of the most advanced 4-strokes is
responsible for this change.
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in the combustion chamber) and
considerable variations in torque
delivery throughout the operating
cycle (especially in single-cylinder
engines), propeller hubs tend to
slip against the serrated face of the
engine’s prop driver. This can
loosen the prop nut and result in a
“thrown” prop. A number of solu-
tions have been incorporated to
prevent this. Pinning the prop
driver to the rear face of the prop
hub was an early solution.
Another method involved the use
of full-length machine screws that
extended through the prop washer
and prop hub and into the drilled
and tapped prop driver behind it.
Four or six equally spaced screws
are used with the prop nut at the
front of the crankshaft.

Keeping the prop nut tight is
another problem. O.S. and others
use a second self-locking prop nut
(jam nut) to minimize the chance
of a propeller's being thrown.
Check prop tightness after every
flight. Because of torque and deto-
nation, the prop—even a pinned
or machine-screwed prop—will
still tend to slip slightly. Wooden
props can also split at the hub
and cause a catastrophic failure if
attention isn't paid to the grain in
the hub area; wood grain should
never be parallel to the pins or
the machine screws.

During wide-open engine oper-
ation, a prop might be thrown
because detonation (identified by
its “pinging” combustion noise)
reverses the piston’s direction
before it reaches TDC. In 4-strokes,
severe detonation causes the
prop shaft to immediately stop
spinning—with predictable results.
Even the best prop-restraining sys-
tems are sorely tested by the
relentless force of inertia.

TO PREVENT DETONATION
* Don't squeeze the last rpm out
of the engine by over-leaning
the high-speed needle valve.



® Run a couple of hundred rpm
on the rich side of peak. If you
hear pinging during needle-
valve adjustment, immediately
back it off rich.

When you run any engine—
especially a 4-stroke—the only
safe position is behind the beast;
be sure to also direct helpers and
spectators accordingly. Using a
fuel with a lower nitro percentage
will help to minimize detonation.
Reducing the propeller load by
using a prop with a smaller diam-
eter and/or pitch will also help.

Since detonation rarely occurs
at partial throttle, you may avoid
throwing a prop by snapping the
throttle closed at the first indica-
tion of pinging. Atmospheric
conditions also play a role with
detonation: hot dry air promotes
it, and cool, humid conditions
discourage it.

MAINTENANCE

The number-one maintenance
problem associated with all model
internal-combustion engines is
corrosion: the rusting of the inter-
nal parts. With 4-strokes, this is
especially difficult to control
because the crankcase, which
houses the ball bearings, crank-
shaft, camshaft, camshaft surfaces
and timing gears, is partly sealed.

There’s a controversy about
why these components rust. Is it
the result of the corrosive gases
generated during the combustion
process? Could it be promoted by
the hygroscopic (water-attracting)
action of the methanol in the
fuel? Is there a problem with the
modern synthetic lubricants in
the fuel? Does brass (the tube and
“clunk” in the tank) react with
fuel components to produce an
acid that encourages rust? Maybe
it's a combination of these or
something not yet considered.
One thing is certain: to control
rust, before you put your engine
away, you must purge the

crankcase of residual fluid and
replace it with after-run oil. Over
the past quarter century, a con-
sensus has gradually evolved.

At the end of every flying ses-
sion, run the engine at a peaked
wide-open throttle for about 20
seconds, and then pull the fuel
line off the carburetor (if you can).
Using a syvringe, inject rust-
inhibiting oil through the
crankcase breather fitting and
rotate the propeller. Tip the engine
in various directions to ensure
complete component coverage.

Eight to 10 drops of oil dripped
into the glow-plug hole while you
turn the engine over will lubricate
the valve components and ensure
that the meehanite (iron) com-
pression ring on the piston is
taken care of.

The amount and type of oil
you use in the crankcase will
depend on the engine’s displace-
ment and the recommendations
of its manufacturer. Example: for
a 10cc (0.61ci) engine, | would use
about two tablespoons of Marvel
Mystery Oil. Bill Baxter of Hob-
bico's engine-repair department
also recommends Marvel Mystery

Qil, Marvel Mystery Air Tool Oil,
automatic transmission fluid and
a non-graphite gun oil. He says
that if the engine is new, WD-40
is an excellent choice. Clarence
Lee points out that WD-40 isn't
recommended for engines that
have already rusted because it
breaks rust free of the parts and
allows this abrasive iron oxide to
wreak havoc on components.

FINAL THOUGHTS
Although the 4-stroke engine isn't
the newest prime mover on the
block, it offers a bright future for
modelers in terms of performance,
noise abatement, realism and
product longevity.
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4-stroke valve timing

BY DAVE GIERKE

~ he 4-stroke’s intake and

exhaust valves don't actu-

ally open and close at top
dead center (TDC) and bottom
dead center (BDC) (that is, every
180 degrees), even though, in
theory, they do. In modern high-
performance designs, engineers
extend the intake and exhaust
periods by opening valves early
and closing them late. For exam-
ple: the intake valve always opens
before TDC at the end of the
exhaust operation, and the
exhaust valve always closes after
TDC at the beginning of the intake
operation. This extension results in
both valves being open at the
same time around TDC. Known
as “valve overlap,” this seems
counterproductive to efficient,
powerful operation, but it isn't.

There are two reasons for this
extension of the intake and
exhaust periods. First, poppet
valves do not open and close
instantly; like all mechanisms,
they require time to move from
one position to another. In many
4-strokes, the crankshaft must
rotate as much as 30 degrees
before the valve is opened to 10
percent of its total lift. Restricted
valve openings restrict gas flow.

If the valves could open and
close instantly, TDC and BDC still
wouldn’t be the best choices for
their opening and closing; there-
fore, the second reason to extend
the intake-open and exhaust-open
periods involves the inertia of the
gases involved. Inertia is often
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defined as, “A body at rest or in
motion will continue in that state
unless acted upon by an outside
force.” As the piston accelerates
away from TDC at the beginning
of the intake stroke, fresh air/fuel
gases in the induction tract (the
carburetor and intake manifold)
are pushed into the cylinder by
atmospheric pressure, but because
of inertia, this isn’t immediate.
Moving slowly at first, the induc-
tion gases try to catch up with the
rapidly accelerating piston; next,
the piston decelerates rapidly as it
nears BDC, but the mixture
charge is now moving rapidly
because of the inertia of its
motion. [f intake-valve closure is
delayed until after BDC, the cvlin-
der will continue to fill even as
the piston begins its sweep toward
TDC on the compression stroke.
Extending the induction period
maximizes cylinder packing and
enhances cylinder pressure, crank-
shaft torque and engine power.
The principles of inertia also
apply to exhaust gases. The
exhaust valve opens before the
piston reaches BDC (toward the
end of the power event), and this
allows the still pressurized cylin-
der gases to leave the engine.
Dumping a bit of tail-end power-
stroke pressure may seem counter-
productive, but the tradeoff saves
some of the rotational momen-
tum that would otherwise be used
to help scavenge exhaust gases.
Because exhaust-gas acceleration
and cylinder scavenging begin

early, the slowing of the

piston near TDC allows the for-
mation of a negative pressure
zone in the combustion chamber.
The intake valve is opened before
TDC, and the partial vacuum
promotes the delivery of a fresh
mixture before the piston begins
its intake stroke. Like the intake
valve (which closes after BDC),
the exhaust valve’s closing after
TDC enhances cvlinder scaveng-
ing for the same reason: the
inertia of the exhaust gases. The
valves’ opening and closing
points affect the engine’s ability
to fill the cylinder with the fresh
air/fuel mixture that is necessary
for good torque and power pro-
duction. The ideal valve timing
will, however, depend on the type
of engine under consideration

by the designer: high-rpm,
maximum-power-output engines
require valves that open early and
close late. Fuel-efficient, lower-
power engines need valves that
open and close closer to the dead
centers with reduced valve over-
lap and less chance of the gases
mixing and for reversion (exhaust
escaping through the intake valve
and into the intake tract).

With 2-stroke cycle port tim-
ing, the same events take place
in the 2-stroke engine but are
completed in one crankshaft rev-
olution; you can imagine why
events overlap, gases occupy the
same space and the exhaust
mixes with fresh air/fuel mixture.



glow plugs .
exposed

BY DAVE GIERKE - PHOTOS BY PETE HALL - ILLUSTRATIONS BY RICHARD THOMPSON

With the advantage of 20-20
hindsight, I suggest that the glow
plug is the most important inven-
tion associated with the 70-year
production history of the model-
airplane engine, In its present
form, the glow plug has been pro-
duced for more than half a
century. Although glow plugs are
diminutive and simple in appear-
ance, the science behind their
design is surprisingly complex.
Numerous magazine articles have
been written about glow plugs
over the years by authorities such
as Nathan Gordon (1940s), Wal-
ton Hughes (1950s), Ted Martin
(1950s), Bill Netzeband (1960s),
Peter Chinn (1960s to ‘80s) and
Clarence Lee (1960s to present);
nevertheless, controversy and

Rl
Turning the compression adjustment
lever clockwise (as viewed from the top)
increases this model diesel engine's
compression ratio; turning it counter-
clockwise lowers the compression.

With the cylinder head removed from
the engine, the long-reach standard
glow plug should be flush with the
upper surface of the combustion cham-
ber (as shown).

uncertainty continue concerning
how to select and operate them.

As engine tuners, we are
required to understand a bit of
science and technology associated
with the glow plug, along with
an ability to observe, listen and
analvze how it affects engine
operation. Before addressing these
issues, let’s investigate two glow-
plug dilemmas: does your engine
need a short- or long-reach glow
plug, and will an idle-bar glow
plug improve performance?

SHORT- VS. LONG-REACH
GLOW PLUGS
Short-reach plugs are intended for

smaller engines with thin heads.
If you use a long-reach plug in a
short-reach head, it would
encroach on the combustion
chamber. In the days of baffle-top
pistons and wedge heads, the plug
might contact the piston at top
dead center (TDC), With modern

e

With the drive washer, prop washer and
shaft nut removed from this antique
Ohisson & Rice .23 spark-ignition
engine, you can see the interior of the
ignition-timer mechanism. By the
mechanical action of a cam that’s
machined onto the crankshaft inside
the timer housing, a movable electrical
contact opens and closes against a
stationary contact. By moving the
timer lever that's attached to the timer
housing, the engine’s ignition point
(spark) may be advanced (lever moved
up) or retarded (lever moved down) in
relation to TDC.

flat-top pistons and hemispherical
combustion chambers, the
extended plug would merely
increase the engine’s compression
ratio and possibly cause pre-
ignition due to hot-spot forma-
tions on the exposed threads.
Conversely, if vou use a short plug
in a thick, long-reach head, you'll
reduce the engine’s compression
ratio and, possibly, its power. The
engine’s instruction manual
almost always stipulates which
plug is required. If in doubt,
remove the cylinder head and
check how far the plug projects.
The bottom of the plug should

be flush with the top of the
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combustion chamber. If you're
using an idle-bar plug, no more
than the bar should extend into
the chamber. If any threads show,
change to a short-reach plug.
Keep in mind that short-reach
plugs can easily strip the threads
in the aluminum alloy head, so
tighten them carefully! Long-
reach plugs are less likely to strip
the threads, but they still have the
potential to do so. Other than
depth of the thread, there is no
other significance to a glow plug’s
reach. Short-reach plugs are gener-
ally used in engines of .15ci
displacement or less.

IDLE-BAR GLOW PLUGS
Idle-bar glow plugs are intended
for use with engines that are
equipped with throttles. While
idling, 2-stroke engines have a
tendency to form a pool of lig-
uid fuel in the crankcase; this is
called “loading.” When the
throttle is snapped open, the
puddled fuel rushes through the
cvlinder transfer ports, imping-
ing on the wire element of an
unshielded plug and instantly
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quenching it. In theory, the idle
bar is designed to deflect the
stream of liquid fuel away from
the plug’s element. If your
engine experiences a rich, erratic
idle and/or a rich “flameout”
during transition to wide-open
throttle (WOT), try an idle-bar
plug. If an engine doesn't need
to be throttled (e.g., in certain
racing events), it doesn’t need
an idle-bar plug. Idle bars pro-
trude into the combustion
chamber, disrupting normal
flame propagation and poten-
tially causing pre-ignition.
Pre-ignition, a combustion
defect, can originate from hot
spots that form on the edges
and corners of the idle-bar and
cause the air/fuel mixture to
ignite earlier than intended (see
the sidebar, “The Idle-Bar Glow
Plug: Treating the Effect” on p.
13) and potentially causing pre-
ignition. Pre-ignition, a
combustion defect, can originate
from hot spots that form on the
edges and corners of the idle bar
and cause the air/fuel mixture to
ignite earlier than intended.

1. This Merlin glow plug type 2001
features a nickel-plated plug body and a
cold rating. The type 2005 has black-
oxide plating and a hot rating. Merlin
offers several other plugs with tempera-
ture ratings that range from very cold
to very hot. = 2. The nickel-plated Fox
Standard long plug is rated medium.
The nickel-plated Pro Series no. 8 is
rated cold. The no. 8 plug has a smaller
cavity diameter. Fox, a longtime manu-
facturer of glow plugs, has many other
reaches and temperature ratings that
include: Std. Long (hot); Std. Short
(medium); and Std. Short (hot). = 3.
The black-oxide-plated Novarossi C4-S
plug is rated hot. The black-oxide-
plated C8-S is rated very cold. The only
discernible difference between the two
is the diameters of their wire elements;
the C8-S's element is thicker. Novarossi
also offers a C5-S (cold), C6-5 (cold)
and a C7-S (very cold). " 4. The nickel-
plated 0.S. A3 plug is rated hot; the
nickel-plated no. 8 is rated cold, and
the black-oxide-plated R5 is rated very
cold. 0.S. also offers an A5 plug that is
rated medium. " 5. The nickel-plated
Enya no. 3 plug is rated hot; the nickel-
plated no. 6 plug is rated cold. Notice
the thicker wire element in the no. 6
plug. Enya also offers a no. 4 plug that
is rated hot and a no. 5 that is rated
medium.

TEMPERATURE RATING
AND SELECTION

Glow-plug temperature rating
and selection are more compli-
cated and more difficult—but not
impossible—to understand and
to master. As [ see it, there are six
parts to the question:

1. How does the glow-plug
engine ignite fuel?
Crankcase-scavenged 2-stroke
glow engines have relatively low
compression ratios, averaging
between 7:1 and 9:1 with an
alcohol (methanol)-dominated
fuel blend. Methanol’s ignition



temperature (725 degrees F) can-
not be reached by the engine’s
compression alone; something
else is needed to attain this tem-
perature. The maximum possible
temperatures at compression
ratios of 7:1, 8:1 and 9:1 are: 692,
755 and 815 degrees F, respec-
tively; because there are losses
associated with compression leak-
age and heat transfer to the
cylinder wall and head (plus other
factors), these theoretical tempera-
tures are never realized. Here's
where the glow plug comes into
play. For engine startup, electric
current passes through the plug’s
coiled-wire element, causing it to
incandesce (glow) orange-white,
producing a temperature in excess
of 1,500 degrees F. When the
engine is cranked over by hand or
with an electric starter, the air/fuel
mixture ignites in the combustion
chamber. If the mixture ratio is
within the range of combustibil-
ity, the engine will continue to
fire, becoming self-sustaining.
When the starting battery is
removed, the plug element con-
tinues to glow and the engine
continues to run.

2. How do glow plugs work?
Glow-plug ignition of the air/fuel
mixture is controlled by three fac-
tors: combustion, catalytic action
and compression. Combining the
first two factors produces an ele-
ment temperature that’s high
enough to ignite the engine’s
compressed air/fuel mixture,
providing sustained (cycle-to-
cycle) operation.

Heating the coil via combus-
tion causes the glow-plug
element’s temperature to soar to
over 1,500 degrees E. Although it
cools rapidly, a significant portion
of this temperature is carried over
to the next cycle.

When alcohol vapor interacts
with platinum (silver-white
metal), an exothermic

(heat-release) reaction takes place.
Acting as a catalyst, platinum is
not physically changed by the
reaction, but its temperature
increases. Therefore, the plat-
inum-alloy wire element
experiences a further increase in
temperature as the vaporized
air/fuel mixture is transferred into
the cylinder and during compres-
sion. (Note: due to platinum'’s
brittle state at high temperatures,
a platinum-iridium or platinum-
rhodium alloy is used to improve
element longevity.)

Although the glow engine’s
compression process cannot raise
the temperature of the plug’s wire
element to the ignition point for
methanol-based fuel, it still has an
important role to play. By com-
pressing the gaseous air/fuel
mixture, its internal energy (heat)
is increased; heating speeds up the
motion of reactive molecules and

produces something we call “com-
pression conditioning.” The
thermal theory for ignition sug-
gests that burning starts only when
the gaseous mixture becomes hot
enough, and the molecules collide
often enough. Some of these colli-
sions result in an ignition reaction
at the glow-plug element.

3. Why do we need glow plugs
with different temperature
ratings?

Some call the glow-plug engine a
fixed-ignition-point design, but
nothing could be further from the
truth.Unfortunately, this myth
confuses the glow-plug tempera-
ture-rating issue; sweep it from
yvour mind.

Spark-ignition engines control
ignition-point timing with a
mechanical or electronic
advance-and-retard system.
Crankcase-scavenged model diesel

% 1. The number of coils within the plug cavity represents the total length of the
element wire. Note the single coil (left) compared with the muitiple-coil element.

W 2. The size of the element cavity affects the plug’s rating. The small cavity
(black-oxide plug) helps reduce the temperature rating; the large cavity (nickel-
plated) helps increase the temperature rating. © 3. The type of plating used for the
plug body helps control the temperature of the element wire. Nickel plating reflects
heat (infrared radiation), and that helps retain the element's temperature. Black-
oxide plating absorbs heat, so it helps reduce the element’s temperature. The
qualities of Rossi's copper-plated R.A. (cold) plug fall somewhere between those of
nickel-plated and black-oxide-plated plugs. ™ 4. The diameter of the plug's wire ele-
ment helps to determine its temperature rating. Smaller-diameter wires tend to
increase the element’s temperature, and larger-diameter wires tend to reduce its
temperature. Larger-diameter wire is more durable than small-diameter wire—an
important glow-plug design factor when you use fuel that has a high nitro-methane

content in high-performance engines.
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SPECIAL GLOW PLUGS

NELSON PLUGS. In the late
'70s, control-line speed flier Carl
Dodge modified a GloBee plug
into the first two-piece chamfer-
nose (angled) design. Although
the new design produced supe-
rior engine performance
compared with conventional
V4-32 plugs, the reason for this
increase remains unclear. The
problem with the 14-32 plug
seems to be associated with its
screw threads being exposed to
high-pressure combustion gases,
all the way to the sealing
washer. Dodge’s two-piece plug
differs from the conventional
glow plug in terms of fastening
and combustion-gas-sealing
methods; when the threaded
retainer sleeve is screwed tightly

Above, left to right: Nelson's two-piece,
GloBee-type, chamfered-nose plug closely
resembles the original Carl Dodge innova-
tion of the late 1970s; it's available in
STD (standard), heavy STD and with a
heavy (cold) coil. The one-piece, cham-
fered-nose Nelson plug is the granddaddy
of all “turbo” plugs; the STD is rated
medium. Henry Nelson also makes an HD
(heavy duty) that’s rated cold. The nickel
plated plug with the relatively small nose
chamfer is the 0.S. P6 “turbo” (hot). 0.S.
also makes a P7 (medium) and a P8
(cold). The black-oxide-plated plug is a
Novarossi “Turbo Ultra” (C8TGF) that's
rated very cold. Novarossi also makes a
C7TGF (cold) and a C6TGF (medium).

into place, the chamfered nose
of the element body matches a similar surface within the head, produc-
ing a sealed and seamless transition with the combustion chamber.

In the early ‘80s, Henry Nelson was the first to offer a one-piece plug
that incorporated a chamfered nose to match an angled seat within the
head, as with Dodge’s design. As before, the gas seal occurs before the
fastening threads. Today, these chamfer-nose units have '42-32 threads
and are known to airplane-racing enthusiasts as “Nelson plugs” and to
RC car modelers as “turbo plugs.” In conjunction with Ohlsson, the
assembler, Nelson also produces a version of the original GloBee two-
piece plug for various speed and racing competition events.

4-STROKE PLUGS. Four-stroke cycle engines are required to retain their
plug-element temperatures throughout the exhaust and intake strokes
before entering the compression event and the next ignition point. To
accomplish this, 4-stroke plugs must have a very high temperature rat-
ing. In 1977, O.S. Engines was the first to successfully incorporate a
glow plug (type F) into a mass-produced 4-stroke cycle engine: the rev-
olutionary FS-60 single-cylinder design.

Most 4-stroke glow plugs are characterized by an extended nose
projecting into the combustion chamber.

Because of their location, the nose and wire element are exposed to
higher temperatures than a standard plug, extending their useful tem-
perature to the next ignition point.

Special glow plugs for 4-stroke |/ =
engines (left to right): the o
0.S.F plug is the granddaddy |
of all 4-stroke glow plugs and
the originator of the extended-
nose concept of temperature |
retention; the Merlin k
“Hosenose” plug incorporates
interesting internal cavity ;
dimensions and element

design; Enya's latest entry :
features traditional technology.
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engines control ignition timing by
mechanically adjusting the com-
pression ratio through

a movable head known as a “con-
tra-piston.” Although adjusting
the glow engine’s ignition- point
timing isn’t as obvious, it happens
regularly by changing variables
such as the propeller load,
nitromethane content, lubricating
oil content, compression ratio and
glow-plug temperature rating. The
engine’s mechanical condition
and even the weather conditions
play a role. We adjust an engine’s
ignition point to attain the opti-
mum peak-pressure point (“sweet
spot”) after TDC that ultimately
produces the best engine perform-
ance and longevity. Changing
glow plugs within the “hot to
cold” range is often the first
adjustment made to an engine’s
ignition point.

4. How does a glow plug’s tem-
perature rating change the
engine’s ignition point?
“Heat range” isn't the best term to
describe what transpires within
the glow plug. Outside the world
of science and technology, words
such as “heat” and “temperature”
are often used interchangeably;
unfortunately, however, they don’t
have the same meaning. Without
belaboring the point, I'll just say
that [ prefer to use the term “tem-
perature rating,” which is more
scientifically correct for describing
how the glow plug advances or
retards an engine’s ignition-point
timing. As long as you understand
that the traditional words “hot”
and “cold” actually refer to tem-
perature, you can call the phe-
nomenon anything you wish!
There are times when “hot” and
“cold” are less clumsy to use.
Example: assume that a “hot”
(high-temperature-rated) glow
plug has replaced a “cold” (low-
temperature-rated) plug. How
does this affect the engine’s igni-



tion-point timing? The ignition
point advances; that is, it occurs
earlier in the compression event.
Why does this happen? During
normal engine operation (with
the starting battery removed), the
“hot” plug’s higher element tem-
perature allows the compressing
air/fuel mixture to arrive at its
ignition temperature before that
of the “cold” plug. Recall that
plug-element temperature is the
result of combustion temperature
and catalytic-action temperature,
with compression conditioning of
the air/fuel mixture acting to initi-
ate combustion. The opposite
happens when a “cold” plug
replaces a “hot” plug: the lower
temperature of its wire element
requires more compression condi-

tioning of the air/fuel molecules
to reach its ignition temperature,
This takes place closer to TDC and
therefore acts to retard ignition-
point timing.

With dozens of glow-plugs
brands available on the world
market—each offering a range of
temperatures—incremental
changes to the engine’s ignition-
point timing can, theoretically, be
made. Later, we will investigate
the promise and the reality of
“sweet spot” engine tuning by
glow-plug temperature rating.

5. How do manufacturers make
glow plugs “hot” and “cold”?

A plug’s temperature rating
depends on many factors,
including:

e Element alloy specifications:
platinum iridium or platinum
rhodium and alloy percentages.
e Element dimensions: wire-gauge
size, length, coil diameter, num-
ber of coils.

* Plug cavity and geometry (e.g.,
diameter and depth).

» Position of element in cavity.
e Plug-body finish: reflective or
absorbing.

The platinum-alloy element is
usually the focus of attention
when enthusiasts discuss a plug’s
temperature rating. The conversa-
tion often goes something like
this: “This plug has a thick wire
element, and it doesn’t have
many coils, either; it's a cold
plug.” This is likely, but many
other factors contribute to a plug's

The idle-bar glow plug: treating the effect

Early cross-scavenged 2-stroke engines were equipped with piston baf-
fles that deflected fresh air/fuel mixture toward the glow plugs, making
them susceptible to element quenching during idle and throttle-up. The
common boost-transfer-port variation of the modern Schnuerle-ported
engine often exhibits this same problem.

The idle-bar plug is a stopgap measure that treats the effect rather
than the cause of element quenching. Plug-element quenching results
from poor mixture control during throttle-down/throttle-up and idling,
in addition to the engine’s inability to keep fuel vaporized in the
crankcase. Simple model airplane engine carburetors are not up to the
task of maintaining the correct air/fuel ratio throughout its range of
throttlability. Complex automotive-type carbs couldn't do it; that's why
the auto industry moved to fuel injection when solid-state electronic
technology became available.

An important—and often overlooked—factor concerns fuel vaporization
in the crankcase. Vaporized fuel mixed with available air is in the best
possible physical state (a gas) in preparation for combustion. If all the
fuel is vaporized, crankcase “loading” and plug-element quenching
would not occur. Unfortunately, methyl alcohol requires a lot of heat to
change from a liquid state to a gaseous state, so the engine’s
crankcase quickly cools, and thus limits, the fuel-vaporization process
while forming a pool of liquid fuel. One solution to
this dilemma is to heat the crankcase, but this
severely reduces the engine’s ability to transfer a
dense mixture charge into the cylinder. Although
inconsequential at partial throttle, wide-open-
throttle performance suffers greatly, with a 20- to
25-percent reduction in brake horsepower. Some-
one should invent a crankcase heater that works
only when the engine is throttled, so we could
throw away the inefficient idle-bar glow plug! While
we're waiting, avoid directing cool air over the
crankcase (below the cylinder fins) of your cowled
2-stroke engine; this promotes crankcase loading.

Above: this Super Tigre fuel-
metering (twin-needle valve)
carburetor illustrates a major
technical advance in control-
ling the engine’s air/fuel
mixture during idle and
throttle-up during the 1960s.
Despite improvements in car-
buretion, crankcase-loading
and plug-element-quenching
continue to plague RC
engines. Left: modern engines
use Schnuerle transfer ports
(usually two) and a third
boost port. The boost port is
usually angled toward the
head causing plug-quenching
problems during idle and
throttle-up, similar to the
baffle-piston configuration.
Bottom: Older (cross-
scavenged) engines were sus-
ceptible to plug quenching
during idle and throttle-up,
due to transferred air/fuel
mixture being directed toward
the wire element by the
piston baffle.
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Ignition point

Before TDC

temperature rating. My friend
Clarence Lee once wrote:

“As simple ... as the glow plug
appears to be, it is actually more
complicated than you might
believe. You can't just stick a piece
of platinum wire in the machined
body and expect it to work. I had
a hand in the development of the
old Veco glow plug and can speak
with some authority on this. You

Top dead center

Power

Figure 1
TIMING DIAGRAM

can completely change the char-
acteristics [temperature rating| of
a glow plug by using either a
black-oxide or nickel-plate finish.
With all of these variables, just
think of all the possible combina-
tions you can come up with for
experimentation.”

The difficult part of glow-plug
design comes with assigning a
value to each variable; things

After TDC

change when the variables inter-
act! By modifying the plug’s
finish, how much will its temper-
ature rating change? What about
the length of the element wire in
relation to the diameter of the ele-
ment cavity? How about the
thickness of the element wire
compared with the number of
coils, etc., etc.? Although no sin-
gle factor determines a glow plug’s
temperature rating, some general-
izations can be made:

¢ A small-gauge element wire
tends to raise the plug's tempera-
ture rating.

* A small-diameter plug cavity
tends to lower the plug’s tempera-
ture rating.

* A reflective finish (nickel plat-
ing) within the plug cavity raises
the temperature rating.

* An absorbing finish (black
oxide) within the plug cavity low-
ers the temperature rating.

Left: typical glow-plug cross-section.
Plugs' designs, materials and fabrica-
tion techniques vary with their
producers.



* Extending the element coil
beyond the plug body elevates the
temperature rating.

* Pushing the element into the
plug cavity lowers the tempera-
ture rating.

Thermodynamics research
engineer Frank Vassallo says,
“There are some very complex
interactions taking place inside a
glow plug.” I think you get the
picture. At the risk of offending
glow-plug designers and manufac-
turers, there are no glow-plug
experts. Glow plugs represent a
form of black art, where empirical
knowledge (trial and error) reigns
supreme. In the end, determining
the engine’s ignition point in rela-
tion to TDC is probably the best
method of evaluating a glow
plug’s relative temperature rating
(see Figurel).

There are other design consid-
erations besides the glow plug’s
temperature rating. The physical
dimensions of the wire element

Nitromethane:

determine the voltage that must
be applied to the plug to achieve
white-orange incandescence for
engine startup. There are also
issues of element attachment,
electrical insulation, center elec-
trode retention and high-pressure
gas sealing.

6. What's the best way to select
a glow-plug temperature rating
for my engine?

Manufacturers supply us with
glow plugs that have been
assigned specific temperature rat-
ings. Unfortunately, these ratings
differ among manufacturers. An
example of this discrepancy is
the McCoy no. 59 glow plug
that's rated “hot.” Experience
has shown that the McCoy'’s
ignition-point temperature rat-
ing is equivalent to the Rossi RS,
which is rated “very cold.” In a
perfect world, all glow plugs
would he neatly arranged, from
the highest temperature rating to

its effect on ignition point

There has been some discussion on
whether nitromethane advances or retards
an engine’s ignition-point timing. I'll
attempt to clarify this issue with the
following example:

Problem: after the engine has been
started and the glow-plug battery removed,
the rpm immediately drops by 300 as indi-
cated by an accurate tachometer.

Analysis: an rpm drop suggests that the
ignition-point timing is retarded (late), com-
pared with when battery heating was
applied; this produces a later peak pres-
sure point (after TDC) with reduced cylinder
pressure, torque and brake horsepower.

Solution: a retarded ignition point may be
corrected in a number of ways including
the installation of a hotter plug.

The dilemma: since nitro is very slow
burning, adding it to the fuel blend would
seem to further retard the ignition point,
moving the peak pressure point even far-
ther away from its after-TDC sweet spot.
Therefore, why does increasing the fuel's
nitro content advance the ignition point?

THE THEORY

By increasing the percentage of
nitromethane in the fuel blend, we are cer-
tain that there is an additional
cycle-to-cycle heat release from the com-
bustion process. The extra heat shows up as
a temperature boost to the glow plug's wire
element, adding to its catalytic action. The
increased temperature forces the relatively
“cold” plug to act “hotter; initiating an ear-
lier (advanced) and comective ignition point.

The opposite is true concerning a plug
that's too “hot,” where the engine begins to
detonate when the needle valve is leaned
toward peak rpm. A “colder” plug will retard
the ignition point. Reduced nitro content,
however, will also retard the ignition point
by reducing combustion heat release and
lowering the plug element’s temperature,
making the “hot” plug act “colder”

Finally, “cold” glow plugs (usually with
thicker wire elements) hold up better under
the elevated temperature and pressure rig-
ors of high-nitro (more than 30 percent)
fuel blends. “Hot" plugs usually have
smaller-diameter wire elements and are
susceptible to melting or mechanical dam-
age under these conditions.
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“READING” THE GLOW PLUG

For decades, “reading” the condition of the
glow plug has provided experts with
information about the suitability of the
plug’s temperature rating as well as

the engine’s mixture setting. Because
speed fliers and pylon-racing special-

ists often replace the glow plug after
each run, they have the opportunity to
inspect the plug’s platinum-alloy wire
element on a regular basis. Here’s what
you can learn from its physical condition:

* Shiny coil with a clean element cavity. The shiny

coil indicates that the air/fuel mixture has been consis-
tently rich or the engine is under-compressed. The clean
cavity also suggests that the plug is relatively new.

* Gray coil with a brown or black element cavity. The
gray element represents a microscopically pitted surface
that could fail, i.e., a wire could break, at any time. The
varnished element cavity indicates that the plug has been
in use for quite some time, and its failure is imminent.

« Slightly gray coil with a slightly brown element cavity.
This plug has been in use for a while, but indicates a sat-

A relatively new-looking plug with a shiny coil

and a clean cavity indicates that the engine
has been run excessively rich and/or under-
compressed.

isfactory (slightly rich) air/fuel mixture
setting—especially if the coil hasn’t
been distorted (as in sport flying).
Note: to a speed or racing enthusiast,
this plug, along with a slightly distorted
element, indicates a nearly perfect run!

* Missing element, badly distorted element, or

element pulled from the plug cavity. Many factors
can contribute to these conditions, including a lean mix-
ture setting, excessive compression ratio, elevated
nitromethane content (fuel), too much propeller load,
adverse weather conditions, or a combination of the
above. Correction involves one or more of the following:
use a lower-temperature-rated (colder) glow plug; lower
the compression by adding a head shim(s); reduce the
fuel’s nitro content; and reduce the diameter and/or
pitch of the propeller. Because a missing glow-plug ele-
ment can ruin the engine’s piston and/or sleeve, the
cylinder head should be removed so that you can pick
out any pieces of the wire element (a toothpick works
well) that may remain on the piston,
head, or cylinder wall before running
the engine again.

Glow plugs with elements that are miss-
ing, badly distorted, or pulled from the
cavity; everything that has happened to
these plugs is bad!

the lowest; engine tuning would
be simplified, and we would all
live happily ever after.

Since the important elements
of glow-plug construction (that
affect its temperature rating) can't
be calculated with any degree of
accuracy, the best alternative is
trial and error experimentation:
» Listen for detonation as
engine rpm is peaked and
allowed to warm up.
ngine rpm (with a tachometer)
after removing the starting
battery trom the plug.
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* “Read” the plug (see sidebar

above, “’Reading’ the glow plug”).

An inexpensive, experimental
method for determining the tem-
perature rating of a glow plug has
yet to be demonstrated. Here are
some ideas. A glow plug’s temper-
ature rating could be determined
if it were possible to accurately
measure the engine’s ignition-
point timing in terms of degrees
of crankshaft rotation before top
dead center (TDC). The more
advanced the ignition point, the
“hotter” the plug (with all other

variables constant). A cylinder-
pressure transducer can do the
job, but it must be extraordinarily
fast to detect the first hint of pres-
sure rise due to combustion. The
necessary pressure transducer,
data acquisition and software
technology exist (e.g., Hi-
Techniques Inc. REVelation), but
the cost is prohibitive. Who is
willing to invest $75,000 to estab-
lish a temperature rating system
for glow plugs? Auto racing's
Formula 1 and certain NASCAR
teams use this technology to



= Meited element from detonation. A glow plug's platinum-alloy wire ele-
ment exists in the harsh environment of elevated temperature and pressure.
If the combustion temperature exceeds the alloy's melting temperature
(3,200 degrees F), as it would during prolonged detonation, it will melt, The
solution is to identify and eliminate the cause of detonation (compression
ratio is too high; nitromethane content in the fuel is too high: propeller load
is too high; glow-plug temperature rating is too high).

' Melted element from metal particles. Aluminum particles that contact the
glow-plug element will combine with the platinum alloy, lowering its melting-
point temperature and causing the wire to “burn” (melt) at that location.
Aluminum particles usually originate from the engine’s backplate, where they
are scraped off by the end of the crankpin or connecting rod. This clearance
problem can generally be corrected by installing a second backplate gasket.

= Silicon poisoning. Silicon compounds in the fuel blend produce a glass-
like deposit on the platinum-alloy wire element, causing it to slowly lose its
catalytic action. Although the plug element glows brightly and continues to
offer reliable start-up performance, its temperature rating slowly declines
(turns cold), and the engine’s ignition point retards. When the engine begins
to experience idle-performance problems, it’s time to replace the plug, Most

Increase glow-plug
life and effectiveness

* When installing a new glow plug, save
the package or write down the manufac-
turer, specifications (long; short;
temperature rating), engine and date of
installation. Most plugs lack identification,
so why trust your memory?

* Never remove or install a glow plug with
needle-nose or slip-joint pliers! This will

2

butcher not only the plug body but also Eliminating occasional t
imperfections with a %4-32 die can
prevent damage to the engine’s
cylinder head.

the engine’s cylinder-head fins. Always use
a glow-plug wrench.

» Before removing a glow plug from the engine, clean the area of the head
that surrounds it. A generous shot of cleaner from a spray bottle or a short
spray of fuel from a syringe will usually clear the opening of any dirt or debris
that might otherwise enter the engine as you remove the plug.

» Standard glow plugs have /4-32 threads. There have been instances where
incorrectly cut glow-plug threads have stripped the relatively soft aluminum

alloy cylinder head, necessitating its replacement or the installation of a Heli-
coil. Thinking ahead, engine experts check the threads of all new glow plugs

with a 14-32 die prior to installing them.

reputable fuel manufacturers have stopped using silicon compounds as an
anti-foaming agent, but some modelers still give each new gallon of fuel a
“shot” of Armor All—a kiss of death to the glow-plug element!

= Broken coil. Since it's impossible to balance a single-cylinder engine to
run smoothly throughout its practical speed range, glow-plug elements have
been known to break after having been literally “shaken to death." Vibration
is often the culprit if the element wire looks new but a coil is broken, Some-
where within a narrow rpm band of the single-cylinder configuration,
moderate to severe vibrations can be expected. Properly balanced multiple-
cylinder engines are less prone to vibrate. Because most engines shake to
one degree or another, it's important not to load (prop) them to operate
within their vibration zone.

« Leaking glow-plug gasket or stem seal. A leaking copper gasket or
glow-plug stem seal can cause the engine to run lean, overheat and dam-
age various internal components. Check for leaks by placing a drop of il
on the plug gasket and stem (center electrode) while slowly turning the
engine over by hand with the propeller in place. Watch for telltale bubbles
that verify the leak. If the copper gasket leaks, replace it. If the glow-plug
stem seal leaks, replace the glow plug.

Keep track of your engine’s glow plug.
Keep the package, and record important
information—date of installation,
temperature rating, etc.

hread

Using the correct glow-plug-removal tool
minimizes the potential for damage to the

plug and engine.

¢ When the engine is obviously flooded, turning over the engine with an electric starter may push the element to one
side of the plug cavity; this can change the plug’s temperature rating (making it colder), which alters the engine’s
ignition-point timing and performance. If the engine is flooded, take time to remove the plug from the engine and

blow out the flood prior to restarting.
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HISTORY OF THE GLOW PLUG

The statement, “There's nothing new under the sun” describes many
aspects of technology, including the glow plug, which straddles the history
of the internal-combustion engine. John Reynolds was the first to use a
hot platinum wire (battery-powered) in his unsuccessful engine design of
1845. Nicolaus Otto, inventor of the first successful 4-stroke cycle engine,
patented a platinum wire-bundle design that was mounted on a poppet
valve in 1878. Even Dugald Clerk, inventor of the 2-stroke cycle engine,
suggested using a grid of platinum wire within the combustion zone. Inven-
tors rejected the use of platinum-wire glow ignition for reasons other than
its effectiveness. In his excellent book, “Sparks and Flames" (Tyndar Press,
1997), Crawford MacKeand states, “The electric hot wire igniter ... pre-
sented an inordinately heavy load for the batteries of the period [1880s],
and so would have required an expensive dynamo [generator]”

Issued in
1949, the first
Arden glow-
plug patent
represents a
milestone and
a turning point
in American

modeling. %, =,

Thomas R. “Ray” Arden is credited with introducing the glow plug to
model aviation in the summer of 1947. Shortly thereafter, in January
1948, he filed for a patent, which was finally granted in September
1949. By then, there were at least four companies manufacturing and
selling glow plugs for the burgeoning glow-engine market in the U.S. The
glow plug was considered by many to be the most influential patent in
modeling history, but Arden didn't cash in on his invention; he was too
busy defending it in the courts. As a matter of fact, Kenneth Howie of
H&H .45 engine fame was granted a patent for an interchangeable
“hot-coil” ignition engine in 1937. Unfortunately, because of WW I,
Howie didn’t get his engine into production until 1947. The H&H engine
didn't sell well (in fact, it was a flop) because it looked old-fashioned
with its obsolete side-port induction system and tall, two-piece

Above: besides the pioneering Arden glow plug, the McCoy Hot

Point, Ohlsson & Rice Kwik-Start and Champion VG-2 plugs
were very popular with model-
ers. Left: Arden introduced the
first commercially available
glow plug to modelers in the
summer of 1947. Below: the
heavy-duty element-support bar
on Champion glow plugs was
not designed to be an idle bar.

optimize the performance of
individual cylinders on their
racing engines.

There may be other ways to
measure the ignition point,
including an accelerometer
mounted on the outside of the
engine’s cylinder, as suggested
by engine authority Luke Roy.
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Could detecting the onset of the
engine’s shake be used to deter-
mine the onset of combustion?
Another tactic might be to
run the test engine with a glow
plug that has yet to be tempera-
ture-rated by adjusting the
needle valve to its maximum
rpm while allowing the engine

to temperature stabilize. Shut the
engine down. Next, switch to a
spark plug and spark-ignition
system. Restart the engine and
allow it to temperature stabilize
while retaining the previous nee-
dle-valve setting. By manual or
electrical means, adjust the
advance-retard mechanism to



crankcase, but it ran great on its glowing
platinum-wire element that was mounted hori-
zontally, just below the cylinder head. Modelers,
however, paid little attention; they were
enthralled with modern glow-engine designs
from Fox, McCoy and K&B, as well as the excit-
ing new “baby” (Y2A) glow engines from K&B,
Herkimer and Anderson.

After the courts upheld Arden’s original
patent, he next patented a glow plug with inter-
changeable hot and cold elements for those
who wanted to experiment with various fuel
blends. Complicated and expensive to produce,
the new plug was a commercial failure due to
an element-attachment problem. The hot/cold
idea, however, represented the first attempt at
controlling the glow engine’s ignition-point tim-
ing by altering the plug's temperature rating.
Arden glow plugs were the first to use
platinum-iridium alloy elements, which proved to be tougher than pure
platinum. By the mid-1950s, Fox and Enya began manufacturing glow
plugs with platinum-rhodium alloy elements; it was claimed that they
were less brittle and exhibited a superior idle.

The glow plug created excitement among modelers after 1947, but it
generated sleepless nights for manufacturers of spark-ignition engines
who were caught with large inventories. In his “The Glow Plug Engine,
1950-'65, the late Art Suhr summed up the dilemma: “Most [manufac-
turers] simply modified their [ignition] engines slightly and sold_them as
glow models. A common practice was to offer them as either a spark or
glow model. The glow model was usually [sold] minus the [ignition]
timer assembly and plastic tank, although a few companies modified
the heads, connecting rods and other critical components.”

For glow-plug manufacturers, the early days weren't exactly a picnic;
they often experienced serious quality-control problems. Modelers were
alarmed to discover electrical shorts, loose center electrodes, leaking
seals and insulating materials that softened when heated. Electrical
resistance varied within certain brands, indicating that adjacent coils
within the element were touching. Reduced resistance increased the
likelihood of burnout when connected to the starting battery. Modelers
were advised by magazine columnists to inspect element coils and
“adjust” them with a pin if they were touching! The learning curve for
glow plugs, like that of any new technology, was steep.

IDLE-BAR PLUG

Liquid fuel directed at the glow-plug element during throttling (idle
and acceleration) results in a quenching action. The idle-bar glow plug
helped to partially resolve the problem. Although its origins are
obscure, one thing is clear: Champion did not make a conscious effort

obtain the same engine rpm.
Shut the engine down. With the
aid of a crankshaft-mounted
degree wheel, carefully deter-
mine the ignition point in terms
of degrees of crank rotation
before TDC. Although tedious
and time-consuming, this proce-
dure might provide meaningful

glow-plug temperature ratings
that all engine-tuners could use.
With or without a tempera-
ture rating system, there is no
“best” glow plug for all engines
and applications. The good news
—there is a glow plug that's best
suited for your engine. The bad
news—you need to hunt for it!

A vintage K&B “greenhead” .19 (1952)
fitted with K&B's early speed-control
system. When operating from the low-
speed needle valve, the engine was
forced to run “4-stroking” rich. To avoid
a sudden flameout, the first idle-bar
glow plugs were employed.

to develop the technology. In fact, the Cham-
pion glow plug appears to be another splendid
example of serendipity—the faculty for making
fortunate and unexpected discoveries by acci-
dent. Ted Martin, an early engine expert who
wrote for Model Airplane News in the early
1950s, said: “One apparently excellent means
of securing filament [element] support is the
use of a bar across the mouth of the plug, with
the filament fused to its center, as featured in
all Champion plugs. This bar, incidentally, is not
a shield, and the Champion may be classed as a free-mixture-flow
type.” The first throttling, twin-needle valve, glow-ignition engines
weren't produced until 1952—three years after the introduction of the
Champion glow plug.

When the twin-needle engines of K&B, Fox and Cameron had diffi-
culty transitioning to high speed from a very rich idle, it was
discovered that the Champion glow plug offered better performance
than plugs that didn't have an element attachment bar. Other plug
manufacturers took note, and the idle-bar plug was born. Duke Fox is
credited with introducing the one-piece idle bar glow plug in the mid-
1950s. Prior to this, all idle-bar plugs used spot-welded bars that
occasionally broke loose, causing catastrophic mechanical damage to
the engine. Regardless, to this day, most idle-bar glow plugs continue
to be spot-welded.

ill.

Left: the Fox idle-bar glow plug has been in production for
almost 50 years. The bar is machined as part of the plug body
and will not detach during the rigors of engine operation.
Right: when spot-welded into place, idle bars have been known
to come loose and cause catastrophic internal-engine damage.

Special thanks to Frank
Vassallo and Luke Roy for their
valuable insights and suggestions
that helped immensely with the
theoretical and practical aspects
of this undertaking.
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gas engine

startin

o properly operate and

maintain models, you

need support equipment
that is up to the task. Two of the
most important concerns with
giant-scale models are safely
starting the engine and handling
the fuel (gasoline). When you
switch from glow engines to
gasoline burners, vou have to
change some of the equipment
—start thinking big!

guide

MIGHTY MEGATRON
Hand-starting gas engines is a
common practice, but it is much
safer to use an electric starter.

The old 12V starters that easilv

crank a standard glow-powered
2-stroke just won't work when
you attempt to start a big gas
burner. One solution is the
double-handled, 12/24V Mega-
tron starter from Sullivan
Products. The Megatron uses the

same powerful Model 4 motor
that powers Sullivan’s popular
model-boat starter, and it is
equipped with dual handles; it is
specifically intended for starting
large RC airplane engines. The
Megatron can start most gasoline
engines with up to 8ci in dis-
placements. The power switch is
incorporated into one of the
rubber-padded handles, and the
steel end plates prevent the




Figure 1.
ENGINE KILL-SWITCH
INSTALLATION

To make it easier

to remove the /
engine cowl,

mount your —

switch to a
bracket and /
attach the

bracket to the \
firewall. Position \

the switch so the
toggle passes
through a slot cut

into the cowl. \

FIREWALL

motor from slipping under load.

The Megatron comes with a huge

3-inch aluminum cone and a
sure-grip silicone rubber insert.
The starter can operate on 12 or
24 volts and at a maximum of
100 amps. At 12 volts, its torque
is 600 oz.-in.; at 24 volts, it's a
whopping 1,200 oz.-in. It has a
no-load rpm of 2,800 at 12 volts
and 5,600rpm at 24 volts.

Two silicone rubber adapters
are also available for the Mega-

tron. The small adapter (item no.

S636) is for 2%- to 42-inch-
diameter spinners, and the large
one (no. $637) fits spinners from
314 to 6 inches in diameter. Give
them a try!

Engine cowl

Slot cut in cowl

Engine kill switch

Mounting bracket attached to firewall

Big gas engines
require big elec-
tric starters.
The Sullivan
Megatron
starter (shown
with a standard-
size starter)
uses 12 or 24
volts and can
turn over
engines with

up to 8ci in
displacement.
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ONBOARD STARTING
Another way to increase the safety
factor is to install an onboard
starter. The simplest is a spring
starter that is attached to the aft
end of the engine's crankshaft. It
consists of a heavy-gauge spring,
attachment bolts and a coupler
containing a one-way roller bear-
ing. After you have installed it,
start vour engine by simply rotat-
ing your prop about '4 of the way
backward (clockwise) and then
release it. The spring flips the
prop counterclockwise in the
same way as a Cox '2A engine is
started. Though very simple, these
spring-starter systems work very
well and almost never wear out.

When it comes to all the “fire-
wall forward” parts, it's impor-
tant to use the correct equipment
for the job and to always be
careful—especially with gasoline-
powered engines.

SWITCH ON!
An easy-to-install, but often-
neglected, safety device is the
engine kill switch. A safety
requirement at any IMAA-sanc-
tioned event, an engine Kill
switch grounds the ignition sys-
tem (magneto) to the engine case
and makes it impossible to acci-
dentally start the engine. With

An engine kill switch is an important safety requirement for any IMAA flying event.
Here, you see the toggle switch sticking out of a slot that | cut into my Pitts Spe-
cial's engine cowl. The switch isn't anchored to the cowl itself; it is attached to the

firewall with a plywood bracket.

electronic-ignition-equipped
engines, the same thing can be
achieved by adding a switch to
the system's battery lead. Several
pre-made switch harnesses are
available, but vou can easily make
your own out of parts from an
electronics store. All vou need are
two lengths of wire and an on/oft
toggle switch. Route one wire to
the engine case (it's usually

|

Onboard spring starters, such as this one from Great Planes, are a great way to ease
engine-starting chores. They are attached to the aft end of the engine’s crankshaft
and have a one-way roller bearing within the coupler.
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attached under a bolt head with a
wire lug), and the other one is
connected to the magneto. Most
magnetos have either a wire lead
or a solder tab to which you con-
nect the grounding wire. Keep the
wires as short as possible.

To make removal of the engine
cowl easier, attach the switch to
the firewall with a plywood or
aluminum bracket, and let the
switch toggle pass through a slot
that has been cut into the cowl
(see Figure 1). Get into the habit
of using the switch to shut off the
engine, and make sure that it
remains in the off position when
the model is not in use.

PUMPING GAS

A tvpical gasoline fuel tank used
in giant-scale models holds any-
where from 16 to 32 ounces of
gasoline. It takes a long time to
hand-pump this much fuel into
our models, and a standard
electric fuel pump is not an
option. Gasoline is much more
volatile than glow fuel, and elec-



tric pumps can cause sparks—not
a good thing around gas fumes.
What's the answer? How about a
fuel pump specially designed for
gasoline that contains no electric
motor, diaphragm, bearings, or
any other part that could create a
spark? That's just what Sonic-
Tronics has developed with its
Nifty Gasoline Pump.

This totally sealed, solid-state
unit is self priming and operates
in only one direction, which is
clearly labeled on its case. To
empty your fuel tank, you must
reverse the fuel lines. Reversing
the battery leads with a switch
will not operate the pumping
mechanism; it won't hurt the
unit, but it won'’t work. Because
the pump produces a constant
6psi of flow pressure, Sonic-
Tronics recommends that you use
larger (1% to ¥42-inch i.d.) fuel
lines and fittings in vour model.

The Nifty Gasoline Pump
operates on 12 volts and requires
about 1 amp of power. The unit
comes completely tested and
ready to use, but you have to
supply your own power connec-
tors. To identify the wiring
polarity of the pump, the nega-
tive lead is marked with a black
band. Used with gasoline-com-
patible fuel lines and an
approved gasoline-storage con-
tainer, the Nifty Gasoline Pump
makes your pit area safer!

Tap and Drill Guide

By the time you get really involved in
giant-scale modeling, your supply of
workbench tools will have grown to
address more advanced aircraft-
building tasks. Drilling and tapping
metal brackets and fittings are a big
part of giant-scale modeling, and hav-
ing a good set of drills and taps is a
necessity if you plan to do all the work
in-house. Here's a list of basic tap sizes
and their corresponding drill sizes.

Tap size
2-56
4-40
5-40
6-32
8-32
10-24
10-32
1/4-20

The Nifty Gasoline Pump from Sonic-Tronics doesn't have any moving parts and is
completely sealed. There's no danger of sparks, and this makes it ideal for use with
giant-scale models.

Drill size
No. 51
No. 43
No. 39
No. 36
No. 29
No. 25
No. 21
No. 7
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troubleshooting

gas engines

BY GERRY YARRISH

asoline engines are usu-

ally very easy to operate.

Once they have been
properly adjusted, the carb set-
tings can normally be left alone
for a long time. Sometimes, how-
ever, things can go haywire, and
frustration replaces the jov of
burning gas. Here are some of the
more common problems and
solutions associated with running
gasoline engines.

fuel and heat.
All three are
concentrated
around the carb and
ignition svstem.
Let's start with the
carb. Fuel and air enter
it and mix together. If vou
can't get vour engine started,
check the following.
Needle valves. These should be

TROUBLESHOOTING 101
When vou're trying to figure out
why an engine doesn’t work
properly, you need to take a look
at the three basic elements that
make up the “fire triangle”: air

T——C b

Being able to trouble shoot your engine can save a day—or a weekend—of flying.

30

When troubleshoot-
ing a magneto-equipped
engine such as this
Cheetah 25 from Reid's
Quality Model Products, check
the three “fire” elements—air, fuel
and heat (see text for details).

about one turn out from fully
closed for the high-end needle
and about 14 turns out for the
low-end needle. Unscrew them
completely to make sure nothing
is blocking the fuel flow. Then
screw them in fully and back
them out accordingly.

Fuel fitting. Make sure the fuel is
flowing into the carb. A blockage
here is most often the culprit.
Also check to make sure that the
fitting is not cracked or leaking. If
it is, replace it.

Fuel pump. Place your finger
over the carb opening (or close
the choke), and flip the prop sev-
eral times. Is the carb working
and drawing fuel? If you have
recently taken off the carb, make



The fuel-inlet filter screen inside your Walbro carb should be checked and cleaned

after each flying season. A bit of workbench maintenance can help you avoid a lot of

frustration at the field.

sure that vou have replaced it cor-
rectly and that the carb
heat/spacer block is in the correct
position. A small pressure-feed
hole in the block allows
crankcase |’H'(_‘SSI.II"(_‘ |"JU1$L‘S to enter
the rear of the diaphragm pump.
If the hole in the carb and the
hole in the block don't line up,
the carb will not work. Also make
sure that the holes are not
blocked by debris.

Fuel screen. The small fuel-filter
screen in the carb can become
dirty after several seasons of fly-
ing, and this can affect the
engine's performance. Carefully
remove the screen, flush it clean
and replace it.

Fuel lines. The rich
and lean conditions
of the fuel mixture

depend on how

Sometimes, you need to improvise to get your throttle linkage to work freely. On this
Zenoah G-23-powered GSP.com Super Decathlon, a flat aluminum bracket has been

attached to the carb to support the bellcrank.

much air is mixed with the fuel. If
the engine begins to sag and over-
heat, the mixture is getting too
lean. A hole or cut in the fuel line
can cause the mixture to lean out,
so check the condition of your
fuel system’s plumbing. Start at
the clunk, and work toward the
fuel fitting. If you have an in-line
fuel filter (a good idea), make sure
it is tightly sealed. Also, gasoline is
relatively cheap compared with
glow fuel, so treat your engine to
fresh fuel once in a while. If your
gas can has been sitting in the
garage all winter, dispose of the
gas properly and mix up some
new fuel.

Another possible—though
uncommon—reason for the carb
to stop pumping fuel is an air leak
in the crankcase or cylinder. If
vour engine starts, runs briefly,
then stops after you have squirted
raw fuel or starter fluid into the

carb, check whether any of the

A closer look at this B.H. Hanson
G-23 shows the use of Bruce Hanson's
throttle-arm cap to attach the linkage
to the butterfly pivot shaft. Simple and
easy to use, the Hanson caps can be
used on other gasoline engines.

bolts that hold the cylinder to the
case are loose. If you have
installed a pressure tap in your
case to run a smoke pump, make
sure that it is properly sealed.

IGNITION PROBLEMS
The most likely problem here is a
dirty, fouled spark plug. Check the
plug’s condition often, and make
sure that the insulator isn’t
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cracked. Make sure the grounding
wire and Kill switch operate
properly and, if you have an
electronic-ignition system, make
sure its battery is properly con-
nected and fully charged.

Make sure that the magneto
and flywheel gap is correct. For a
quick check of the gap distance, |
use three layers of 100-grit sand-

paper for a makeshift feeler gauge.

This may seem crude, but it has
served me well for years. Spark-
plug gaps seem less critical, and
they work well from anywhere
between 0.020 to 0.035 inch.
Check the coil and the spark-plug
wire to see whether they have
frayed or cracked. Look inside the
spark-plug boot, and make sure
that the coil that fits over the top
of the plug fits properly and

The Cheetah 25DX has an
electronic ignition, so it
requires a battery to power
the ignition module. Make
sure that your battery is
connected properly and is -
fully charged. °
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“snaps” into place. If the boot fits
loosely, arcing and erratic engine
operation will result.

CUSTOM LINKAGE
An ongoing challenge for
gasoline-engine users is making
and installing throttle linkage.
Most Walbro carbs have the indus-
trial web-shaped throttle arm, and
this requires you to devise some
sort of throttle-linkage attach-
ment. To make this job easier,
Bruce Hanson of B.H. Hanson has
made little, molded- plastic throt-
tle-arm fittings that fit over the
carb’s butterfly pivot shaft. Inside
the cap is a locking collar that fits
over the Zenoah G-23 pivot shaft
and is locked into place with a
setscrew. As vou can see from the
photos, a simple ball link is all

that's needed to connect it to the
rest of the linkage.

In the inverted-engine setup, 1
used a simple, flat aluminum
mounting bracket to support the
throttle bellcrank; I attached the
bracket to the engine with the
carb-mounting bolts. The rest of
the linkage is made from Rocket
City ball-link clevises, a 4-40
threaded rod and some plastic
Sullivan Nyrod. The hole in the
cap's locking collar can easily be
drilled out to fit other gasoline
engines.

The G-23 that powers my
Super Decathlon from Giantscale-
planes.com is also from Bruce
Hanson, who offers “hopped up”
(G-23s and other Zenoah engines.
Stay tuned for more information
on Bruce’s engines.
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the peak
horsepower game

BY CHRIS CHIANELLI

‘e regularly get corre-

spondence here at

Model Airplane News
that, in one way or another, has
to do with many of vou guvs
making engine-purchase deci-
sions based on the horsepower
ratings claimed by manufactur-
ers. Now, before | get started, |
know I'm probably going to get
a few nasty letters from the sci-
entific and engineering
communities berating me for
oversimplifying, and I may hear
some complaints from engine
makers, too. So let me state in
advance that I'm sorry if | ruffle
any technical or marketing
feathers, but I really feel that
something needs to be said to
help us R/C sport flyers.

The horsepower ratings
claimed by manufacturers in the
specifications for anv given
sport engine (note, I said sport)
are, for all intents and purposes,
meaningless to us sport flyers.
There; 1 said it. Keep in mind
when [ use the word “sport,”
I'm referring to engine applica-
tions for sport/pattern,
sport/scale and the preponder-
ance of exact-scale applications
(depending on the subject mod-
eled). The groups just described
encompass some 85 to 90 per-
cent of the prop-driven designs
we modelers flv, and I'm sure
that this is a conservatively low
estimate. The exception, of
course, would be engines manu-
factured by a company such as
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Nelson, whose engines’ porting
is specifically timed to run at
much higher rpm because
they're intended to turn small-
diameter props, the potential of
which can only be realized on
comparatively very-low-drag air-
frames. But matching specific
props to a given airframe’s
inherent drag is another subject
for another time.

When looking at a given hp
rating in the manufacturer’s
specification table, the impor-
tant item to notice is at what
rpm the hp rating was taken.
Some manufacturers go as far as
to state only hp with no rpm
figure—shame on them! For
argument’s sake, let’s say that
the manufacturer’s claimed hp
figure for a certain engine is
2.3hp at 16,000rpm. I'm not

here to dispute the accuracy of
manufacturers’ stated figures or
their marketing motives for
wishing to state the highest pos-
sible figures, but | am asking
vou to consider the propeller
that will be needed to allow the
engine to turn these high rpm
levels and produce commensu-
rately high hp levels. You'll find
that the prop is far from appro-
priate for most of the models we
fly today.

Remember, no matter what
the hp rating, an engine alone
does nothing for us. It’s the
prop that produces sufficient
thrust to fly a specific airframe,
And the best prop to do the job
needs the right combination of
hp and torque.

All too often, we forget about
torque (which can be defined
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simply as “twisting force”—in
the case of our engines, a twist-
ing force at the crankshaft).
Torque is force times radius

(t = f x r); the force being
supplied by the piston via the
rod, and radius being the
distance from the center of

the crankpin to the center of
rotation of the crankshaft. It's
this twisting force that deter-
mines how quickly an engine
will accelerate from one rpm to
a higher rpm.

While an engine may produce
high levels of hp with a small
prop, it’s the right combination
of torque and horsepower that
enables it to turn a prop of suffi-

cient size to overcome the drag
presented by our models as they
move through the air.

If the engine delivers adequate
horsepower throughout its oper-
ating range (rpm), sport models
generally work best at lower than
peak horsepower rpm, where
torque is high—the domain of
larger props. The only caution
pertains to overloading the 2-
stroke engine. A good rule
suggests keeping rpm above
10,000; otherwise, without spe-
cial modifications, engines tend
to overheat and become erratic
below this rpm range.

For most of us modelers,
larger props—definitely larger

This shows the horsepower curve (solid
line) and torque curve of an Enya .60 XF,
one of the best sport engines available (in
my opinion), with standard muffier. Note:
while peak horsepower is obtained with
an APC 10x6 prop, this prop is far from
optimum for the .60-size models we fly.

If you know the torque curve of your
engine (whether from published reviews
or manufacturer’s literature), do this: prop
the engine to operate within the top 10
percent of its peak torque, but above
10,000rpm. Peak torque for the Enya is
118 oz. at 9,800rpm. Ten percent of this
is about 12 oz.-in.; 11812 = 106 oz.-in.
Track the torque curve to 106 oz.-in. and
you see (correction factors considered)
this falls roughly between 12,500 and
13,000rpm.

Note: the APC 12x6, 11x7 and 11x8
fall right in this rpm range and are opti-
mum for the sport/scale and
sport/pattern models we fly.

than those used to obtain
maximum peak horsepower
ratings that look good in a
spec chart—are far more effi-
cient at producing the thrust
needed to fly our models. For
happy modeling, the things I
feel you should look for when
making a buying decision are
reliability, good throttle
response, good idle, quiet
operation, vibration levels and,
of course, good metallurgy

for longevity. Just my opinion;
let me know yours.
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the power

factor

BY DAVE GIERKE - PHOTOS BY DAVE GIERKE

oralong as I can

remember, engine manu-

facturers have advertised
horsepower ratings for their
products. Unfortunately, this
activity has degenerated into a
meaningless game of one-
upmanship, possessing little—if
any—technical merit.

As | complained about this
sad state of affairs to my neigh-
bor and partner in aeronautical
investigation, Frank Vassallo
(remembered by readers of this
column as “Professor Physics”),
he politely but impatiently
allowed me to finish my ranting

Immediately above: careful adjust-
ment of the primary needle valve
ensures peak rpm for each propeller
tested. Above right: record the peak
rpm for each of the propellers tested.
Rpm data and the bhp constant
allow the power factor equation to
predict horsepower.
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before he exclaimed: “Dave, the
model aviation community has
suffered long enough!” Wagging
his forefinger for emphasis, he
continued, “In the never-ending
quest for truth, it’s time to arm
vour readership with a simple,
yet elegant, weapon from the
uncompromising discipline of
physics: the power factor.”

“Wow, professor!” |
exclaimed. “You mean there’s
something that can help curious
modelers learn the truth about
engine horsepower?”

“Yes, Dave; there's a simple
relationship between engine
power and propeller rpm.”

“What's the relationship,
professor?”

“Not so fast, Dave. You're
not getting off that easy! I'll
provide an illustration. When
I've finished, you tell me the
relationship. Fair enough?”

“Oh, no, here we go again—
Classroom Dynamics 101.”
(Professor Physics always enjoys
a lively game of “Know your
concepts.”)

The professor snatched a cal-
culator from my workbench and
scrutinized it closely, probably
suspicious that it was the TV
remote control he had mistak-
enly attempted to use a few
years ago. He finally rejected it
and pulled out instead a well-
worn slide rule from its holder
on his belt. After flashing
through some calculations, he
proceeded to outline the prob-

lem on the portable chalkboard
he keeps in my shop for
impromptu teaching sessions
such as this.

“OK, Dave: here’s the situation.
We have two engines: a sport .35
equipped with a muffler and a
racing .40 fitted with a tuned
pipe. We've run them both on
the same propeller, an APC 9x6.
Both were operated at wide-open
throttle with the needle valve
carefully peaked for maximum
rpm.” With a hint of a smile, the
professor continued, “The little
sport engine spun the APC at a
respectable 10,000rpm. At this
speed, the dynamometer tells us
that it’s producing 0.25bhp.
Conversely, the hot racing
engine developed 2.00bhp while
turning 20,000rpm.” With a sar-
donic grin, he asked, “What is
the relationship between power
and rpm?”

Note: over the years, I've tested
hundreds of model airplane
engines on a homebuilt instru-
ment known as a dynamometer,
From its operation, the accumu-



lated torque and rpm data allow
the calculation of brake horse-
power (bhp). The term “brake”
indicates that an absorption unit
(dynamometer) of one type or
another was used to load the
engine during an actual test.
Occasionally, a manufacturer
will supply a torque and bhp
graph from its own “dyno,” but
this is rare. Because the first pro-
duction gas engines were
applied to free-flight model air-
planes in the 1930s, the task of
providing such information has
been left to high-performance
engine enthusiasts and maga-
zine columnists.

Although uncomfortable when
put on the spot by the profes-
sor, | tried to act as though [
enjoyed the challenge. “Let’s
see; the rpm increased by
10,000, and the horsepower
improved by 1.75.” 1 could feel
the perspiration forming on my
brow. “Ah, let’s see ... as the
rpm doubles, the power
increases eight times.”

“That’s correct. Now, the
relationship; what is it?”

I gazed at the numbers on the
dusty board, anxiously searching
for a delaying tactic. Just as | was
about to excuse myself to mow
the lawn, a thought flashed
through my mind: wait a
minute, I've seen this before. It's
a ... that's it! “I've got it!" |
shouted, “It's a cube relation-
ship! Power increases as the cube
of the rpm!”

“Good,” said the professor,
“But take it easy; this isn't a rev-
elation. In fact, it's quite
simple.” As the professor erased
the board with one hand, he
scribbled the general power
factor equation with the other:

Power = constant x rpm3

“Now that [ know the answer,
that really was a simple problem,

A REAL-WORLD EXAMPLE

When | reviewed the Sport-Jett .46 in

the June 99 issue of Model Airplane

News, | also took a look at the Sport-

Jett .50. Although | didn’t run the

Sport-jett .50, | was able to predict its
horsepower from propeller rpm pro-

vided by the factory. This is possible

P2 = bhpy (rpm2/rpmy)3

P, = 1.40 (15,800,/15,000)3
P, = 1.40 (1.053)3

P, = 1.40 (1.167)

P, = 1.63hp @ 15,800rpm

because power is proportional to the cube of the rpm ratio of two
engines using the same propeller. Therefore, if you know the rpm for
each engine and the horsepower for one, you can accurately determine
the horsepower of the other. According to Dub Jett, the Sport-Jett .50
turned an APC 11x5 at 15,800rpm. During my tests, the .46 turned the
APC 11x5 at 15,000rpm. The Sport-Jett .46 bhp curve (Figure 1)
indicates that 1.40bhp is produced at 15,000rpm. Substituting this data
into the power factor equation produces an accurate horsepower
prediction for the Sport-Jett .50 (see box above right).

The Sport-Jett .46 and Sport-Jett .50 have the same outside physical dimen-
sions. As might be expected, the .50 develops more power than the .46 and is
considered to be the “animal” of the series by designer/manufacturer Dub Jett.

professor. But how does the
power factor help modelers
unscramble the horsepower-rat-
ing mess? After all, your example
used dyno horsepower data for
both engines.”

“I'm getting to that, Dave.
Let’s use some new rpm and
horsepower numbers for the
same engines using the APC
9x6 propeller.” As his chalk
clattered on the slate, he
muttered, “The .35 engine
produces 0.22bhp at 9,000rpm,
and the .40 turns 18,900rpm.
OK; can you solve this one?”

“I don’t know; you didn't
give the horsepower for
the .40.”

“That’s the point, Dave! If you
know the rpm for each engine on
the same prop and the horse-
power for one of them, the
power factor allows you to pre-
dict the unknown horsepower.”
With hands on hips and looking
somewhat annoyed, he contin-
ued, “Here’s the version of the
power factor equation that every-
one can use to ferret out the
horsepower frauds,” as the chalk
again danced across the board.

Power = constant (rpm)3
P, = bhp; (rpm»,/rpm;)3

“By multiplying the con-
stant—known bhp—by the cube
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of the rpm ratio—unknown hp
rpm divided by the known bhp
rpm—the unknown horsepower
can always be determined.”
Again, the professor’s chalk
rattled across the board.

P = bhp; (rpmy/rpm;)3
P, = 0.22 (18,900/9,000)3
P, =0.22 (2.1)3

P> =0.22 (9.261)

P, = 2.04 hp @ 18,900rpm

With his obligation to physics
temporarily satisfied, the professor
returned his slide rule to its holder
with a flourish reminiscent of a
medieval knight, and said, “You
can handle the routine material,
Dave; 1 must be on my way. Other
dragons to slay, you know.” With
that, he swiftly turned and exited
the shop while muttering some-
thing about the problem of
squeaky shopping-cart wheels.

POWER FACTOR AND

MANUFACTURER RATINGS
There are at least two good ways
to use the power factor. As men-
tioned previously, one involves
checking engine horsepower rat-
ings from manufacturer ads.

An engine is advertised to
produce 2hp at 15,300rpm. The
manufacturer claims that it spins
a 10x6 APC propeller at
15,300rpm. With this informa-
tion in hand, let’s use our newly
acquired knowledge to determine
if this ad has merit. Use the Sport-
Jett .46 bhp graph (Figure 1) and
the APC propeller rpm data from
the Sport-Jett .46, listed below:

PROP RPM

9x7 17,500
9.5x6.5 17,000
10x6 16,700
9.5x7.5 16,500
10x7 15,300
11x5 15,000
10x8 14,300
12x6 10,500
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Note: the best propellers offering
repeatable pitch and diameter
specifications are made out of
reinforced plastic in a mold. APC
props are an excellent example
and are often cited by manufac-
turers and engine columnists.

Again, if you know the rpm for
each engine and the horsepower
for one of them, you can find the
horsepower of the other. From
the rpm data chart, the Sport-Jett
.46 turned an APC 10x6 at
16,700rpm. The advertised engine
turned the same prop at
15,300rpm. From the Sport-Jett
.46 bhp graph, the engine is
found to produce 1.50bhp at
16,700rpm.

P; = bhp,; (rpmy/rpm,)3

P, = 1.50 (15,300/16,700)3

P, = 1.50 (0.9160)3

P> = 1.50 (0.769)

P, = 1.15hp @ 15,300rpm
This is only 57.5 percent of the
ad’s claim of Zhp!

YOUR ENGINE'S
HORSEPOWER

Determining the horsepower
characteristics of one of your own
engines is another good applica-
tion of the power factor equation.
This is accomplished by compar-
ing the engine’s rpm performance
to that of a published review
engine. The task is similar to ear-
lier examples, with one
exception: you must actually run
your engine and collect rpm data
with the same propeller sizes as
were used on the review engine.
To be meaningful, the review
engine must have an honest bhp
curve derived from a dynamome-
ter torque test (see Figure 2).

I have compiled APC propeller
rpm data for a make-believe
engine we'll call “sample .60.”
The equally anonymous Brand X
.60 review engine has been
bench-tested for rpm with the
same propellers; rpm data for

these engines are listed in the
chart to the right, along with the
dynamometer-generated bhp data
from the sample .60 graph.

As with previous examples
incorporating the power factor
equation, horsepower calculations
for the Brand X .60 were gener-
ated for each propeller size. From
this information, the Brand X
horsepower curve was plotted
(Figure 2), allowing its perform-
ance to be compared with the
sample .60. An analysis of this
comparison illustrates the tech-
niques’ usefulness: although the
sample .60 develops more horse-
power at higher rpm, the Brand
X .60 peaks about 2,000rpm ear-
lier and generates more
horsepower below 14,000rpm.
This allows the Brand X .60 to
turn relatively large propellers
with greater authority than the
sample .60. The sample .60 is
better suited to spinning smaller,
low-load propellers at higher
rpm, where it can make use of its
peak bhp advantage.

With newfound knowledge
about the power factor, multi-
tudes of modelers can finally
demand truth in advertising
from offending manufacturers
and distributors of model
engines. This, combined with the
ability to analyze the perform-
ance of personal powerplants,
should provide additional
breadth and flexibility to indi-
vidual modeling activities.
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how to choose
the right prop

BY DAVE GIERKE

or best tlight performance table “MDS .46 rpm on standard
of sport or scale model air- propellers” is self-explanatory, but
planes, the propeller it provides only half the perform-
diameter and pitch should match ance picture; the bhp curve
the characteristics of both the air- (upper) and the torque curve
plane and its engine. The fine (lower) give the other half.
engine reviews by Mike Billinton, In my experience, few mod-
Dave Gierke and the late Peter elers understand the
Chinn published in Model Airplane significance of these two curves,
News provide complete details on and even fewer use either in
engine performance. The MDS propeller selection. There is also
engine in Figure 1 is an example; some confusion about which
it appeared in “The Right Combi- curve to use—torque or bhp. I
nation” (August 2000 issue). The hope what follaws will explain

Figure 1.
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Figure 2.
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both curves and which to use for
prop selection.

B Torque. Torque is the elemental
force that rotates the prop. In Fig-
ure 1, the MDS .46 RC engine’s
maximum torque is 75 oz.-in. at
9,798rpm with a standard
silencer, as measured on a
dynamometer. The torque load
imposed on the engine by various

diameters, pitches and makes of
propellers is marked on the torque
curve. The 12x6 Graupner prop
spins at 9,780rpm and demands
the maximum torque. Larger
props would overload the engine
and cause a reduction in both
torque and Bhp—as indicated by
the steep downward slope of the
torque curve to the left—and risk
overheating the engine.

RPM on standard propellers

OPEN STQUIET  GENESIS PIPE
EXHAUST EXHAUST  MUFFLER
18x7 Mastro 6,160 5,605
14x14 APC 7,865 7,060
16x6 Merati 8.360 7,600
15x8 Graupner 9,060 8,360
16x6 Airflow 9,230 8,540
15x8 APC 9,440 8,640

16x5 Zinger 9,680 8,940
13x10.5 MK 9,900 9,080
15x7 Bolly - 9,290
15x6 Airflow 10,140 9,370
14x7 Graupner 10,220 9,580
12x12 APC 10,550 9,790
13x6 MK 12,770 12,250
12x6 Mastro 13,140 12,550
10.5x8 Bolly - 14,760
11x7 APC 14,960 14,180
10x6 MK 15,080 =

BOLLY PIPE
@ 510MM

7,960
B.640
9,100

9,600

9,740
11,200

@ 480MM

7,820

To the right, smaller prop sizes
demand progressively less torque
from the engine, permitting
increased rpm. A 9x4 Zinger prop
turns just under 18,000rpm; this
corresponds to just over 60 oz.-in.
of torque.

¥ Brake horsepower (bhp). This
calculated figure reflects force over
time. Dave Gierke’s bhp formula is:

Bhp = torque (0z.-in.) x rpm /
1,008,000

[Note: this is an approximation.
The exact figure to divide by is
actually 1,008,384; it has been
rounded off for simplicity.]

As torque demand diminishes
with the size of the prop, the
engine can spin more rpm. As
long as the rpm increase at a
greater rate than the torque
declines, the engine’s bhp (as
calculated above) will continue

Figure 4.
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to climb. At some point, this
figure will peak—specifically,
when the rate of torque
decline begins to exceed the
rate of rpm increase. The
engine in Figure 1 peaks at 1.1
bhp and 18,000rpm, which is
the speed at which it spins the
9x4 Zinger prop.

® Thrust. An engine and pro-
peller generate thrust by blasting

a column of air backward to pro-
pel the airplane forward. It is a
logical conclusion that the thrust
thus generated is proportional to
the volume of air per minute
being blasted back. The greater
that volume, the greater the
thrust and vice versa. The vol-
ume per minute is easily
estimated by multiplying the
area of the prop disc (in square
inches) by the static rpm and

Figure 5.
RPM on standard propellers

again by the nominal pitch. Disc
area can be calculated with the
following formula:

Disc area =
prop diameter? x pi (3.1416) /4

Or, simply, prop diameter? x
0.7854. Thus, the formula for air
volume per minute is:

Volume per minute = diameter?
X .7854 x rpm x nominal pitch

For the APC 10x9 prop at
10,710rpm, the air volume is:

102 x .7854 x 10,710 x 9 = 7.57

million ci/min.
pmx 1,000 ——— =
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] : e o e This air-volume-per-minute fig-
35 1 B E I 25| ure is conservative. In-flight rpm
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A | | o i=T | | E: : i
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. : humidity reviewed in Model Airplane News,
AES ' [ ﬁ:pnl YT I selected four that ranged from
S5 T T T 1] :'}'-_:.-.. [ l = .46 to 1.5ci. In addition to the
£45 T e T MDS unit in Figure 1, I chose the
835 | i SEEBES e I SuperTigre G90 (Figure 4, from
Sos I L '_ the December 1996 issue), the
oy . FRE T Webra Speed 1.20 .{Flgure 5, from
350 |[eQ AT [ his [~ standard length of 610mm —</110 the October 1994 issue) and the
300 tzt?nue[nlj ENEAEAWKN = - open 122 Irvine 1.50 (Figure 6, from the
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L T S i For each engine, the air vol-
il | “trash-can” muffler _| L] bineg ume per minute was calculated
Loz_~in. Torque Newton meter—| (Psi) in two ways; for prop
PROP OPEN W/“TRASH CAN” SLIMLINE W/TUNED PIPE  BOLLY EQ 2000
EXHAUST MUFFLER MUFFLER @ 610mm T/PIPE @ 650mm
20x10 Mastro 4,748 4,576 4,710 4,875 5,407
24x8 Zinger 4,903 4,420 - 4,615 5,258
2018 Top Fiite 6.783 6,052 6,052 6,580 7,340
18x7 Mastro 7,040 6,563 - 7,627 7,758
18x8 Merati 7,251 6,497 = 7.489 7,754
20x6 Zinger 7,350 6,907 = 7,930 8,010
16x12 APC 8,012 7,474 7,474 8,680 8370
14x14 APC 8,560 7.810 = 9,139 8,700
15x8 Graupner 10,150 9,261 - 10,484 9,866
15x8 APC 10,360 9,569 9,966 10,484 10,145
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diameter/pitch at or close to the
rpm where peak torque occurs,
and for prop diameter/pitch at
or close to the rpm where peak
Bhp occurs. The results are
shown in Table 1.

Obviously, “propping” the
engine near its peak torque
range produces the greater vol-
ume of air per minute, and,
therefore, the greater thrust.

® The model. In the table, the
prop sizes listed opposite
“torque” match the engine’s per-
formance characteristics, but
more than likely, they will not
match the model’s performance
characteristics. Models with
lower wing loadings require
props of larger diameter and
lower pitch to match their lower
flving speeds. Models with
higher wing loadings fly faster
and need smaller-diameter,
higher-pitch props. For best
results, however, both props
should load the engine into its
peak torque range.

This is where Dave Gierke's
“propeller load factor” (PLF) for-
mula is very useful. Note that
his formula should be limited to
families of props from specific
manufacturers.

PLF = diameter? x pitch

Its usefulness is best described
by examining, as a practical
example, the SuperTigre G90
engine with the ST Quiet
Muffler (Figure 5). The APC
14x14 prop most closely
matches the peak torque

because it spins at 7,060rpm.

By placing a straightedge on

the points corresponding to
pitch and rpm on the
rpm/speed/pitch nomograph,
the level flight speed is shown to
be 115mph. For a model that has
a moderate wing loading of 20
ounces per square foot and a

Figure 6.
RPM on standard props

PROP OPEN BISSON
EXHAUST 13303 MUFFLER
22x10 Menz - 4,395
24x8 Zinger 4,840 4,710
20x10 Menz - 5,290
20%10 Top Flite - 5,540
18x12 Menz - 5,920
20x8 Top Flite 6,650 6.510
18x10 Bolly (3-blade) 6,720 6.550
18x7 Mastro - 6,760
20x6 Zinger - 7.120
16x12 APC 7,720 7,535
15x8 Graupner 9,560 9,280
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level-flight speed of 80mph at
the same 7,060rpm, the nomo-
graph indicates a prop pitch of
10 inches and, obviously, a larger
diameter.

Consulting the catalog for
available APC 10-inch-pitch

props, | found a 15x10 and a
16x10. I also found 16x8 and
16x12 sizes. Plugging these
dimensions into Dave Gierke’s
PLF formula, along with those for
the original 14x14 prop, we get
the following values:
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Torque vs. brake horsepower

ENGINE AND TDREUE PROPELLER DIAMETER PITCH RPM
DISPLACEMENT VS. BHP OF PEAK
Fig. 1: MDS .46 RC Torque APC 10 9 10,710
w/std. silencer bhp Zinger 9 4 17,900
Fig. 4: SuperTigre G390 Torque APC 14 14 7,060
Bhp APC 11 7 14,180
Fig. 5: Webra Speed 120Torque APC 14 14 9,139
w/610mm tuned pipe  pp APC 15 8 10,484
Fig. 6: Irvine 1.50 Torque Top Flite 20 10 5,290
Bhp Graupner 15 8 9,280
PROP PLF APC props on many models.
14x14 2744 Consider the props in Figure 1;
15x10 2250 the closest to the torque curve
16x10 2560 peak are a 12x6 Graupner
16x8 2048 (9,780rpm) and the APC 10x9
16x12 3072 (10,710rpm). Calculated air

The APC 16x10’s PLF of 2,560 is
closest to the 14x14's value of
2,744 and would be a good
choice. However, consider also
the APC 16x12. Since there is a
direct relationship between PLF
and rpm, it is easy to estimate the
rpm that the new props will turn
based on their calculated PLFs
and the rpm of the original
14x14 prop. With a PLF of 3,072,
the 16x12 would spin at an esti-
mated 6,300rpm. Looking at the
torque curve in Figure 4, you can
see that 6,300 is just as close, if
not closer, to the peak of the
torque curve. Plotting 6,300rpm
and the 12-inch pitch on the
nomograph in Figure 7, level-
flight speed would be 85mph.
Using the formula from above, air
volume would be 15.2 million
cubic inches per minute versus
14.4 million cubic inches per
minute for the APC 16x10 prop.

& Propellers. All currently
available prop makes are good,
but some are “gooder” than
others. I've had success with

aa

volume for the Graupner is
6.63 million ci/minute; for
the APC it is 7.57 million
ci/minute.

W Tuned pipes. Tuned pipes
dramatically improve both
maximum torque and rpm by,
as Dave Gierke succinctly puts
it, “supercharging” the engine.
This is illustrated in Figures 4
and 5. For models with mar-
ginal power, or if you are in
need of greater speed, consider
a tuned pipe.

i Theoretical versus practical.
I have been in contact with
two local modelers who both
fly models powered by the
SuperTigre G90 with Quiet
Muffler. Neither had read Mike
Billinton’s review of this engine
in the December 1996 Model
Airplane News, so they were
unaware that the G90 devel-
oped its maximum torque of
186 oz.-in. at just under
6,000rpm to meet FAI noise
standards. Both used props

at or near 13 inches in diameter

AIR VOLUME PERCENTAGE OF
IN MILLIONS OF CI/MIN.  PEAK VOLUME
7.57 100%
4.55 60%
16.21 100%
9.43 62%
19.69 100%
14.82 75%
16.61 100%
13.11 79%

with 6-inch pitches, spinning
at between 11,000 and
12,000rpm.

Modeler no. 1 flies a pattern
ship and prefers relaxed flying
at moderate speeds.

He was surprised at the G90's
low rpm at maximum torque;
he tried 16x6 props and liked
the results. Modeler no. 2 flies a
scale P47D Thunderbolt with
713 square inches of wing area.
He test-tlew seven propellers
and found that the 16x8 APC
prop at 7,200rpm produced the
best overall result. Takeoff runs
were short; climb was much
improved; the engine idled
reliably at lower rpm, and the
model was surprisingly quiet

in flight.



Airframes

& prop

BY CHRIS CHIANELLI & DAVE GIERKE

n previous columns, | have

spoken about why peak

horsepower figures alone
were all but meaningless to us
modelers, and why horsepower
readings were only meaningful
when taken at rpm levels where

peak torque was being developed.

This has provoked much interest
and, to my delight, upbeat com-
ment. | would like to take this
opportunity to thank my main
mentor: Dave “Dr. Dyno” Gierke.
He supplied me with the Enya
.60X dynamometer curve I used
in the May 1999 “Air Power” and
further consulted with me on the
article. When I go out on a limb,
it's thanks to guys like Dave,
Andy Lennon, Mike Billinton
and Clarence Lee that I've man-
aged to keep my you-know-what
out of a “technical sling” over
the years.

The topic of propping an
airframe, and not the engine, is
so important—and so often
misunderstood—that we
thought the approaches of both
Dave and me (his technical,
mine practical) would be most
beneficial.

So often, I'm asked a question
to which, without more informa-
tion, I'm unable to give a
meaningful answer. That question
is, “Chris, which prop should [ run
on my .25, .45 or .60-size brand-X
engine?” The question that should
be asked is, “Which prop is appro-
priate for my model’s airframe?”
This is why engine manufacturers

often recommend a range of props
of varying diameters and pitches
in the instructions for a specific
displacement engine in their lines.

Let’s take, for example, a strong,
twin ball-bearing sport .45 and
consider it on three vastly differ-
ent airframes with broadly
disparate wing areas, wing load-
ings and drag factors. Let’s look
first at a very dirty, high-drag
Fokker triplane with 750 square
inches of wing area; then at a
super-clean, low-drag Ultra Sport
with retracts and 550 square
inches of wing area; and falling in
between these two, a medium-
drag Space-walker with 650 square
inches of wing area. To keep
things simple, let’s assume each
weighs in at 5.5 pounds (88
ounces, for a total weight of 100
ounces when the approximate 12
ounces of a sport .45-size engine is
added). This gives each airframe a
power loading (power-to-weight
ratio) of 222 ounces per cubic
inch. The preceding is one of the
factors designers consider when
determining the correct engine
displacement for a certain model
to ensure it will be adequately

selection

powered. But this still tells us
nothing about which prop will
make best use of the engine’s
power when considering a specific
airframe’s unique drag and lift
characteristics.

Since we are unable to devote
half of the magazine to this arti-
cle, there’s one thing that, for
now, you're just going to have to
accept on trust: ideally, a generic
prop with a given pitch, rotating
at a given rpm, will attempt to
achieve a specific airspeed (in
level flight) at which the
engine/prop combination will be
operating at peak efficiency. This
efficiency will be realized if, and
only if, the airframe it is matched
up with will allow it to do so.

To illustrate the point, let’s sup-
pose we have a 10x9 prop turning
at 12,000rpm on our sport .45
engine. Using the nomograph pic-
tured here from page 89 (figure
15) of Andy Lennon’s “R/C Model
Aircraft Design,” the estimated
speed this pitch/rpm combination
would produce is approximately
125mph; that is, if the airframe in
question and its inherent drag
will allow.
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Now let’s move this spinning
prop to the nose of the Fokker tri-
plane. Obviously, with the drag
presented by a .45-size model
with three wings, a round cowl,
fixed landing gear and cabane and
interplane struts, it’s never going
to fly anywhere near 125mph. If
you attempt to force the issue in a
power-on dive, dangerous control
surface flutter would surely result.
If, by wizardry, the Fokker's
engine displacement was magi-
cally doubled in the middle of
this already daunting power-dive,
the poor little triplane just might
self-destruct in a mass of airborne
confetti faster than you can say
“VNE" (velocity never exceed).
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The inherent drag of the
Fokker will not permit it to reach
sufficient speed, thereby not per-
mitting the engine to unload to
sufficiently high rpm levels that
would put it in its optimum
torque band range. Simply stated,
the engine is too “loaded” under
these conditions.

Conversely, let’s assume the
Fokker’s airframe allows a top
speed of only 60mph. Again, if we
use Andy’s chart, we find that in
the ballpark of 12,000rpm, a 4-
inch pitch would match this
speed nicely. Since the pitch has
now been drastically decreased,
we must now manipulate the
diameter to keep the engine turn-

Nominal
Pitch

m4 Using a straight-
edge on this

T nomograph, line up
theestimated top
— 5 speed for a particu-
lar design (center)
T and the full throttle
rpm (left) which

— 8 places the engine
on peak torque. At
right, the straight-
— 1 edge will reveal
what pitch will give
the speed you're

4 8 looking for. To

T maintain the rpm
— 8 level within the

1 engine's peak
torque-producing
band, you vary
prop diameter.

ing in the 12,000rpm range.
Moving from the original 10-inch
diameter to a 12-inch diameter
will probably do nicely. If the 12-
inch diameter happens to reduce
the rpm level to 11,500, for argu-
ment’s sake, this would bring the
speed to about 55mph which
would still be correct for a .40-size
model of this type. At the very
least, a 12x4 prop would be an
excellent starting point for the
Fokker. Using the 10x9 prop, or
anything close to it would be, in a
sense, kind of like driving uphill
in a pickup truck loaded with fire-
wood in fourth gear.

The other side of the picture, of
course, would be to put the .45
engine/10x9 prop combination on
a clean design like a .40- to .45-
size Ultra Sport. With retracts, this
airframe would have no problem
whatsoever attaining 130mph.
This would allow the engine to go
ahead and unload at 12,000rpm.
So a 10x9, or possibly an 11x8
would be a good match. In terms
of lift, drag and top speed, the
Spacewalker would fall somewhere
in between the Ultra Sport and
Fokker, making an 11x6 prop a
good starting point for this design.
At 12,000rpm, the 11x6 would be
looking in the neighborhood of
80mph—a very comfortable
neighborhood for a Spacewalker.

These are some practical exam-
ples that make use of Andy’s
ingenious nomograph, with some
empirical thought added to the
mix regarding the overall “draggi-
ness” of your model. If you'd like
more insight to nail your prop
selection dead-on, “The Load Fac-
tor Formula” on the next page
gives an easy-to-use arithmetic
tool you'll find very useful during
testing at the field. You'll truly be
an expert, not just sound like
one—like that guy in every club
who wears a windsock beanie and
mirrored sunglasses, walks the
flightline and bestows advice, but
never flies. —Chiris Chianelli



THE LOAD

FACTOR FORMULA
You're at the flving field trimming
out a shiny new sport model
when one of your more experi-
enced flying buddies asks, “Are
vou at full throttle? The engine
doesn’t sound like it's turning fast
enough. 1 think you're using too
much prop ... maybe you should
try one that doesn’t load the
engine as much.”

Too much prop? Loading the
engine too much? To many
modelers, these terms are mean-
ingless—something for the
experts to fuss about. After all,
engines are engines, right? Fas-
ten a prop to the shaft, fuel it,
fire it up and fly. What could be
simpler?

Why is it important to match
the propeller to the engine? If you
read the instructions that accom-
pany vour engine, the
manufacturer probably recom-
mends a size, right? In many
cases, this prop will put you in
the ballpark for a trainer-type
model. But what happens if your
model is somewhat different from
the hypothetical trainer? What if

A family of propellers (APC) to be flown with a given engine/airplane combination.

Chaim
=

It requires considerable tinkering to find the best compromise between engine, pro-
peller and airplane. Here, a new K&B .40 ABC runs on the test stand with an APC
10x6 propeller (PLF 600) turning 14,500rpm.

it's a biplane? It may be heavier,
generate more air drag and fly
slower, or it might require a pro-
peller with more diameter and less
pitch. A lightweight monoplane
with a relatively thin wing,
streamlined fuselage, wing fairings
and a low-drag cowl will probably
produce less drag, fly faster and

Labd

These have PLF numbers ranging from 363 to 605.

demand a prop with less diameter
and more pitch. How do you
determine which prop to use?

WHICH PROP
SHOULD | USE?

For a given engine displacement
and horsepower, there are pro-
pellers that are either too big or
too small to function properly.
Some foul up the engine’s opera-
tion; others are inadequate to fly
the model; some are guilty of
both. If the propeller is too large,
it has too much diameter and/or
pitch. Changes in diameter affect
engine load the most. Oversize
props force the engine to
operate too slowly, and this
limits the horsepower needed to
fly the airplane and invites over-
heating—especially with 2-stroke
cycle engines. Experience has
shown that most 2-stroke
engines abhor being operated
below 10,000rpm at wide-open
throttle without special
modifications.

Engines outfitted with props
that have excessive pitch
and marginal low-speed thrust
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production may not be able to
achieve minimum takeoff speed:
they run out of runway! After tak-
ing off into the wind, propellers
with insufficient pitch may not
maintain the minimum flight
speed required to avoid the
dreaded stall spin. In general,
undersize propellers allow over-
speeding, increase fuel
consumption and reduce engine
longevity.

Most fliers learn about propeller
requirements by trial and error or
copy what their buddies are using,
and sometimes, that’s a good idea,
especially with a new airplane. But
after the bugs have been worked
out, many desire improved per-
formance: better climbing ability
(vertical performance?), top speed,
or takeoff acceleration. Sorry!
Unless you increase the engine’s
horsepower, you probably can’t
realize these attributes simultane-
ously. Without changing the
power, propeller selection becomes
a compromise. A shorter ground
run prior to takeoff is accom-
plished with a lower-pitch prop,
resulting in improved acceleration
... at the expense of reduced top
speed. Top speed can be improved
dramatically with a higher-pitch
prop at the expense of a much
longer takeoff run and reduced
vertical performance. Most sport
fliers prefer a performance smor-
gasbord: a little of each, thank you!

UNDERSTAND

THE NUMBERS
If you like to experiment, the
following technique allows you to
manipulate flight performance
incrementally—not wildly, or
from one extreme to another. This
strategy allows you to change (or
modify) the propeller in terms of
its diameter, pitch, or both, while
maintaining or selectively chang-
ing the load on the engine.
Sounds complicated but you'll
find it really isn't.
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Propeller load and engine rpm
are inversely related: as load
increases, rpm decrease and vice-
versa. Load is represented by the
propeller; change propeller size,
and load is changed. By using the
propeller load factor (PLF) for-
mula, Lprop = DZ(P), incremental
propeller load changes can be
determined and applied to the
engine/model combination.

* Lprop = PLE.

* D = diameter.

* P = pitch.

For example, if the sport model at
the beginning of this article was
fitted with a 10x8 propeller, PLF
would be 800 (10x10x8 = 800).
Because propeller rpm increase as
PLF decreases, we need to find a
prop with a number that’s less
than 800. I have compiled a list
of APC sport propellers and
calculated their PLF to illustrate
the technique.

From the list. the next smallest
PLF is 729 and is represented by
the 9x9 propeller. This prop
allows engine rpm to increase and
would generate higher top speed
at the expense of a longer, slower
takeoff run. Climb performance
would probably also suffer. The
11x6 propeller with a similar PLF
(726) offers almost the same load
as the 9x9 but provides better
takeoff and climb performance
while sacrificing some top speed.
Another possibility would be the
10x7 (PLF 700). It allows the
engine to speed up a bit more
than the 9x9 and 11x6 while
allowing an in-between top speed
and takeoff potential.

Notice that I haven't included
propellers from a variety of manu-
facturers on the PLF list. Because
blade shape, area, airfoils and
pitch generation all have an effect
on load, you should limit PLF to
families of propellers from specific
manufacturers.

Although the PLF system doesn’t
provide an initial propeller size for

9x9 9x6 486
9x10 10x5 500
10x4 9x7 567
10x5 10x6 600
10x6 11x5 605
10x7 9x8 648
10x8 10x7 700
10x9 11x6 726
11x3 9x9 729
11x4 10x8 800
11x5 9x10 810
11x6 11x7 847
11x7 10x9 900
11x8 11x8 968

your engine/model combination,
it points you in the right direction
based on your observations of
engine rpm, takeoff distance,
climb rate and flight speed
(among others). You and your
friends can now make objective
evaluations of 2 model’s perform-
ance based on how the engine
and propeller function. You may
not agree, but now you have a
tool that tells you where you are
and in which direction vou
should head. —Dave Gierke



balancing props

BY DAVE GIERKE « ILLUSTRATIONS BY PAUL PERF

propeller converts the

engine’s torque into

thrust. “Prop” is slang
derived from the root word pro-
peller, which means, “It breaks on
landing.” Seriously, though, it
wasn'’t too long ago that pro-
pellers were primarily made of
wood—a good choice, except that
wood is vulnerable to breakage.
Today, the hobby industry sells
about 20 composite plastic props
for every wooden one sold. This
doesn’t necessarily mean that
wooden propellers are inferior;
many fliers still consider wood to
be superior in terms of strength
and aesthetics.

Wood’s high strength-to-weight
ratio and ability to continually
flex without fatigue are its main
recommendations. Unfortunately,
wood isn't the most stable mate-
rial. Although manufacturers try
to compensate for its inconsisten-
cies (bending, twisting and

A hand reamer in the
process of enlarging
the hole through a
composite propeller.
This is the best
method for keeping
the hole concentric.

T

A hand-held drill motor,
twist drill and propeller.
These units should be
mutually exclusive; never
enlarge a propeller hole
with a hand drill!

’ - gaSa
: §1-8E

warping), a wooden prop from a
hobby shop still needs to be bal-
anced before it's ready to fly.
Composite plastic propellers are
more stable in terms of maintain-
ing their shape, but they can have
problems caused by unsuspecting
or careless modelers who drill
them to fit the engine’s shaft; an
unbalanced propeller is often the
result of faulty technique.

Balancing is the process of
removing weight (material) in a
systematic manner from specific
surfaces of the propeller to bring
it to a state of equilibrium while
suspended from an accurate
balancing instrument. Because
propellers spin at high rpm, it's
important to precisely balance
them to avoid transferring damag-
ing vibrations to the engine and
airframe. Most propellers need to
be balanced. Occasionally, you'll
find one that doesn’t require alter-
ation, but you'll need a balancing
instrument to determine this. Bal-
ancing techniques vary depending
on whether the propeller is a
2-blade, 3-blade, or 4-blade unit.
Here’s how to balance each.

BALANCERS
Several types of balancers are
on the market today, but I'm
partial to the Robart High Point
unit, which has been used in
the industry for decades. The
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WHAT YOU’'LL NEED

WOODEN PROPELLER

I Balancer

W Abrasive paper (100-grit, 220-grit
garnet, 400-grit silicon carbide)

W Gap-filling CA and accelerator

1 Plastic sandwich wrap

COMPOSITE PROPELLER
¥ Balancer
W Half-round woodworking file (coarse)
™ Hobby knife with no. 11 blade
& Abrasive paper (100-grit,
220-grit garnet)

Materials needed to balance wooden
and composite plastic propellers.

Use a hobby knife with a no. 11 blade
to scrape the front side of the heavy
blade to lighten it.

The High Point balancer with
a 2-blade propeller. The heavy blade
always hangs to the bottom.
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Figure 1. Balancing a 2-blade prop

X — deflection from vertical
Y - deflection from horizontal

Heawvy blade

Figure 3. Airfoil shape

Front side

Light blade

Alirfoil shape

Heavy blade

2-blade propeller balancing

Light blade

Engine-shaft
hole

Figure 2. Removing
material from the
shaded areas

propeller balancing shaft is sup-
ported at each end by two large
aluminum discs that pivot indi-
vidually on Jewel-type axles.
Capitalizing on the balancer’s
large mechanical advantage, no
appreciable friction is trans-
ferred to the task at hand. The
High Point unit doesn’t need to
be leveled to function flaw-
lessly, either.

BALANCING A
2-BLADE PROP
Because balancing the common
2-blade propeller appears to be a

straightforward matter,
modelers sometimes take

the process for granted; this
often results in a botched job.
The process is simple, but it
must be performed correctly.

1. Enlarge the shaft hole
size to fit your engine (see
the sidebar, “Enlarging the
prop-shaft hole”). If the
hole is already too large, use
another prop.

2. Place the propeller horizon-
tally on the balancer to find the




heavy blade (see Figure 1).

3. Next, place the prop on

the balancer exactly in the
vertical position, with the
heavy blade at the bottom. If it
rotates to a new equilibrium
point, it has a heavy edge

(see Figure 2).

Two methods are commonly
used to balance the propeller.
The first involves lightening the
heavy blade until the propeller
balances in the horizontal posi-
tion and then removing material
from the heavy edge (at the
hub) to balance the unit verti-
cally. Unfortunately, removing
material from the hub weakens
it, so to be safe, don’t remove
material from the propeller hub.

4. The preferred method is to
lighten the heavy blade and the
heavy edge at the same time
without altering the hub. To
accomplish this, remove mate-
rial from the shaded area of the
propeller as in Figure 2.

When you remove material
from the heavy blade, sand,
scrape, or file it from the front
side, not the back side (this would
adversely alter the prop’s pitch).
When you remove material from
the front side of the blade, be sure
to maintain its airfoil shape (see
Figure 3). Don’t remove stock
from the blade tip and trailing
edge; these are already thin and
shouldn’t be reduced further.

5. When the propeller balances
horizontally and hangs verti-
cally with either blade in the
down position, the balancing
job is almost complete.

6. Wooden and composite plas-
tic props should be final-sanded
using a fine abrasive paper such
as 220-grit or finer garnet. For
wooden props, see the sidebar,
“Finishing a wooden prop.”

| don't have statistics, but it's my belief that
more propellers are ruined when they're
drilled out to fit the engine’s shaft than are
broken during landings. Sadly, many of
these dangerously out-of-balance props
get fastened to the engine’s shaft anyway!
What could be simpler: find a twist drill;
mount it in a drill motor, and drill the
hole—right? Probably not! Here's just a
partial list of things that can go wrong.

Wrong drill-bit size.
If the hole is too big, the propeller will rattle
around on the crankshaft and will be impos-
sible to balance.

The drill press is set up to
enlarge the hole through the
A hand-held drill motor  propeller hub. Although a
; 2 technically superior method
stam?ls little chance of pro cotmaNEL Wit tishng the
ducing a straight hole hand-held drill motor, the prop
through the hub. can easily get out of control
while being held by only one
= hand—a very unsafe practice!
When you use a
drill press, there's a
chance that the propeller (which you're holding with
= one hand) will be yanked from your grip, producing a

whirling weapon.

Twist drills can
bore off-center

—

If you're successful at producing a straight hole through the prop hub,
chances are it isn't concentric with the manufacturer’s pilot hole; twist drills
have an aggravating tendency to bore off-center (see figure), sometimes
making the propeller impossible to balance. The problem disappears if the
prop is clamped to the drill press table, but this is often difficult because of
the limited hub-clamping area—especially with smaller props.

What's the answer? Manual prop reamers! These are multi-fluted
cutting tools designed to enlarge cylindrical holes while maintaining
concentricity. In simple terms, the reamer is designed to avoid the
problems generated by the twist drilll Fox Mfg., Horizon and Great
Planes all make T-handle prop reamers for .15- to .60-size engines;
Dave Gierke Flying Models makes one for larger engines. These are
intended only for manual operation. As with the machine-driven twist
drill, safety is a concern; don't use a step reamer in a drill press or hand-
held drill motor.

BALANCING A 3-BLADE
PROPELLER

Figure 4), notice that one
blade will probably hang low;

"

The method for balancing a
3-blade propeller is a bit unusual
but is simple to do.

1. After you place the 3-blade
prop on the balancer (see

this is the heavy blade, “H.

The other two blades, “L”

(light) and “1” (in between),
will be positioned as shown in
the diagram.



Three-blade propeller balancing

Figure 5. Blades H and L
are of equal weight. | is the
new heavy blade.

Figure 4.
H is the heavy blade.

Figure 6.
The propeller
is balanced.

Smooth a vibrating engine
with an unbalanced prop

Balancing the 3-blade propeller on
the High Point unit. As with the 2-
blade prop, the heavy blade always
hangs lowest (your starting point).

2. The next step is to lighten the
front face of H until it allows
blade I to hang straight down,
becoming the new heavy blade
(see Figure 5). The old heavy
blade, H, is now equal in weight
to the light blade, L.

3. The final step is to lighten the
new heavy blade (I) until it

sits horizontally (see Figure 6),
thus becoming balanced with

L and H.

4. Finish-sand the 3-blade pro-
peller as you did the 2-blade unit,

and it's ready to run.
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Many antique model engines were notable for their
tendency to vibrate. Heavy iron or steel pistons were
usually the culprits, along with inadequate crank-
shaft counterbalancing. Here's a simple trick to
smooth things out.

B Make sure that the piston is at top dead center.

B Place an unbalanced propeller on the offending
engine's propeller shaft with the heavy end
pointing straight down.

B Install the prop washer and tighten the prop nut.

The heavy blade adds to the counterbalance
weight and results in smoother engine operation.
This will only work with engines that have inade-
quate crankshaft counterbalance weight. The only
other drawback concerns the poor position of the
propeller for hand starting; however, this isn't a
problem if you use an electric starter. This works
especially well with many ignition engines, as well
as with some early glow Fox, K&B Torpedo and
McCoy engines.

BALANCING A
4-BLADE PROP
A 4-blade propeller is the easiest
type to balance. Balance it as you
would two, 2-blade props that are
fastened (at the hub) 90 degrees
to each other.

1. Lighten blade 1 until blades
1 and 2 are horizontal
(see Figure 7).

Antique engines

with heavy pistons
can benefit from an
unbalanced propeller.

100-grit garnet abrasive paper wol
well for wooden propellers.



4-blade propeller balancing

Figure 7.
Lighten blade 1 until it and
blade 2 are horizontal.

Figure 8.
Adjust blade 3 until it and
blade 4 are horizontal.

2. Rotate blades 3 and 4 to the
horizontal position. If they
move to a new equilibrium point
(see Figure 8), remove material
from the front of blade.

3. Make adjustments until
blades 3 and 4 are balanced
horizontally. Recheck blades 1
and 2, making minor adjust-
ments until the propeller
remains in any position
around its rotation.

4. Finish-sand.

FINAL THOUGHTS
The time and effort it takes to
balance your propellers is well
worth the result; you'll be
rewarded with a longer-lasting
airframe and an engine that
runs more smoothly. You spend
so much time building vour
airplane and tuning your
engine that they deserve
a balanced propeller.

Finishing a wooden prop

Because the exposed wood
grain is susceptible to
absorbing water and oil, it
must be recoated with a
sealant. Try this quick and
effective method.

1. Apply a liberal drop of CA
to the balanced blade of the
wooden propeller to seal it
against water and oil.

2. With plastic sandwich
wrap protecting your finger,
spread the CA over the raw
wood portion of the bal-
anced propeller blade.

3. To speed the sealing
process, spray a bit of CA
accelerator to the still
liquid CA.

4, Lightly sand the hardened
CA with 400-grit wet or dry
silicon-carbide abrasive
paper. Recheck the balance.
If necessary, add a bit of CA
to the opposite blade.
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glant-scale
propeller tips

BY CHRIS CHIANELLI & DAVE GIERKE

With so many propellers available
from so many sources and with
the seemingly countless variations
of diameter and pitch values,
there is virtually an unlimited
supply of props to choose from.
One of the most frequently asked
questions I receive from readers is,
“What prop should I use with my
(fill in the brand name) engine?”
This question seems pretty
straightforward, but as we shall
see, it's anything but! What
should be asked instead is,
“Which prop should I use for my
model?” To answer that, let's dig a
little deeper.

To select the appropriate pro-
peller, vou have to take into
account both vour engine’s power
and your airframe’s weight and
structure. The prop requirement
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for a '4-scale Sopwith Pup is not
necessarily the same as for a
I5-scale AT-6 Texan even though
both models might be powered by
the same engine—a Zenoah G-62,
for example. The Pup, with its
rigging wires and two wings, has
more drag to deal with, and
because of its relatively light wing
loading, it can fly at low air-

There are many big props
to choose from. | prefer
wood to composite props,
but that's a personal
choice. Whichever type of
prop you use, you have to
balance it and make

sure that it fits your
engine’s output

shaft precisely.

PR

speeds. In comparison, the Texan
has retractable landing gear, a
single wing and a higher wing
loading; it needs to be flown
much faster than the Pup. It isn't
likely that you would use the
same prop for both planes.

What you have to ask vourself
is, “How do I want my model to
perform?” With the Pup, you
want good climb performance
and a maximum airspeed of about
40 to 50mph. With the Texan,
you want good climb perform-
ance, but you also want the
model to fly somewhere in the 60
to 80mph range. Also, you want
vour prop to load the engine suffi-
ciently for it to operate within its
optimal power band. So the infor-
mation needed to pick the correct

The first thing to do to your new prop is
to ream the prop hole so it fits the out-
put shaft. Use a metric or a standard
reamer, depending on your engine.



prop boils down to the model’s
weight, wing loading and esti-
mated airspeed and the engine’s
optimal rpm range.

With calculations by model
aerodynamics guru Andy
Lennon, Figure 1 will help you
to estimate your model’s top
speed given its engine’s static
rpm and the prop’s nominal
pitch value. Use a ruler to con-
nect the rpm (left column) to
the pitch value (right column).
The level flight speed in mph is
then found in the center col-
umn. In a nutshell, a prop with
a lower pitch is good for a slow,
draggy Pup, and a higher

For multi-bolt prop hubs such as on this
ZDZ 40 engine, use a drill press to drill
the bolt holes. Be sure to position the
holes so that there is a clear path of
wood from tip to tip.

I use a High Point balancer from Robart Mfg. for all my

props. Make sure that you set the
balancer on a level surface before you
start to work on your prop.

Figure 1
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Use this nomograph to estimate your
model’s top airspeed. Use a straight-
edge, and align the engine rpm value
with the pitch of the prop you plan to
use. The levelflight speed (in mph) is
shown where the straightedge inter-
sects the center column.

Figure 2

To balance the propeller spanwise,

the prop sits level horizontally.

SPANWISE PROP BALANCING

remove material from the heavier tip until

Remove material
from the heavier tip.
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pitch is good for the faster,
higher-performance Texan.

Of course, these are two
extreme model examples,

so the best way to find the
optimum prop/engine/airframe
combination is to test-fly vour
prop choices.

THE BALANCING ACT
It is very important to properly
balance your propellers, especially
with giant-scale models. An
unbalanced prop causes unwanted
vibration that can, over time,
damage both the engine and the
model’s airframe. Use a good-qual-
ity prop balancer that’s suitable
for the size of prop vou are bal-

Figure 3
CHORDWISE PROP
BALANCING

J/\/;ﬂ’ o

If the prop is not
balanced, the top
blade will fall to
the heavier side
of the prop hub.

Remove mate-
rial from the

heavy side of
the hub.

To properly balance the propeller,
you have to balance it both span-
wise and chordwise.
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B.H. HANSON ZENOAH G-26

Famous for his hopped-up Zenoah RC marine engines, Bruce Hanson
offers a hopped-up Zenoah G-26 model airplane engine. The B.H. Han-
son 260 has an internally mounted electronic-ignition system from RC
Ignitions. Bruce’s 260 is lighter than the stock G-26, and the ignition
conversion does away with the magneto flywheel and coil. The ignition
is sealed in the back part of the engine case between the engine and
the engine mount. The rear end of the crankshaft has also been cut off,
and an aluminum plate seals the rear of the case. The modified engine
weighs 2.8 pounds, not including the muffler.

The ignition system makes starting a breeze and requires only 200mA
at any rpm to operate. That's roughly 22 hours on a small 4.8V,
500mAh pack. The engine comes with a muffler, a spark plug and a
wrench, and it includes a socket and a removable RCA jack (RadioShack
audio cable) to connect your battery pack (not included) to the engine.

The engine is timed to fire at 28 degrees (BTDC) at any rpm above
4,000. | am told that the engine produces about 3hp and peak torque
at about 9,000rpm (no muffler). That's about the rppm you get while
turning a Mejzlik 18x6 prop. The stock muf-
fler brings the revs down to about 8,100.

The B.H. Hanson 260 is a great value for
the power and performance this little
dynamo puts out!

The B.H. Hanson 260 is a modified Zenoah
G-26 with an electronic ignition system.

The ignition
system is
installed in the
aft portion of
the engine
case. Note the
magnetic pick-
up installed in
the prop-hub
assembly.




ancing. I have used a High-Point
balancer from Robart Mfg. for
many vears. At the very least, you
should always balance your props
so that they sit horizontally on the
balancer’s spindle. But this is only
50 percent of the job: the prop is
balanced spanwise (Figure 2). You
should also balance it chordwise or
across the hub face. Placing the
prop in a vertical position will
show whether it needs further
attention. Whichever way the top
blade falls, that’s the side of the
hub that is heavy (Figure 3). The
propeller is perfectly balanced
when it can be placed in any posi-
tion and remains there without
moving at all.

The first thing to do before bal-
ancing a prop is to ream the prop
hole so it precisely fits your
engine’s output shaft. It makes lit-
tle sense to balance the prop if the
prop hole is too big or off-center.
Don't use a drill bit to enlarge the
hole; the bit could easily damage
the prop. Use a prop reamer and do
the job slowly by hand. Once the
hole has been reamed to the proper
size, slide the prop onto the output
shaft and see how the aft prop hub
face sits against the engine’s drive
washer. It should sit flat against it.
If it is off slightly, sand the hub’s
surface with a sanding block. If it is
off by a lot, replace the prop alto-
gether (Figure 4).

There are many ways to bal-
ance props, but I believe in the
“Keep it simple, stupid” method. |
simply remove material from the
very tip of the heavier blade or
from the heavier side of the prop
hub until the blades balance.
Many modelers sand the blades’
front or rear surfaces, but this can
change the prop’s airfoil cross-sec-
tion. This method also removes a
lot of the prop’s protective finish
and can allow moisture to be
absorbed by the sanded blade
area. By removing material only
at the very tip, I need only a

Figure 4
A GOOD FIT

Propeller

Drive washer

The back of the prop hub should
sit flat against the drive washer.

Figure 4
A BAD FIT

If the prop hub is slightly off and doesn't
sit flat against the drive washer, you can
sand it flat with a sanding block,

If the hub is off by
a lot, don't try to
sand it flat;
replace the prop
altogether.

\_/

After reaming the prop hole to fit your engine shaft, check to make sure that the
back of the hub sits flat against the drive washer.

small amount of paint or clear
varnish to seal the exposed wood.
You can also paint your props to
improve their scale appearance
and to further protect them from
moisture. And while you're at it,
paint those tips with a bright

color so they’ll be more easily
seen when the engineis running.
Once you have balanced your
props, store them lying flat in a
horizontal position. Don’t hang
them in such a way that one blade
is lower than the other. Over time,
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Figure 5

Uninterrupted

MULTI-BOLT PROP-HUB LAYOUT

spanwise -
path—yes!

Bolt holes

interrupt -

spanwise
path—no!

When you drill the bolt holes in your
prop, make sure the holes are
positioned so that there is a clear
path from prop tip to prop tip.

moisture will find its way to the
lower prop and will ruin all your
hard work.

MULTI-BOLT PROP HUBS
Several engines come with multi-
bolt prop hubs in which there
are six bolts around the central
prop shaft. Don't try to drill
these holes with a hand-held
drill; use a drill press if you can,
and use the prop washer as a
guide while you drill the holes.
The proper way to drill the bolt
holes is to position them so that
there is a clear path from prop tip
to prop tip (Figure 5).

Once you have drilled the
holes, check their alignment by
placing the prop on the engine
and installing the bolts by hand.
They should all thread easily
into the drive washer. If they
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don't, enlarge the misaligned
holes slightly so that the bolts
fit easily. When you're satisfied
with their fit, remove the prop
and balance it. To ensure that
the prop is always attached in
the same position on the shaft,
make a pencil mark on the prop
hub and the drive washer.
Whether you use a single prop
nut or a multi-bolt prop hub,
always make sure the prop is
securely attached to the engine.
Make sure the prop bolts are
tight, and always check the prop
for damage before you go flying.
When it comes to props, don’t
take any chances!




INSTALLATION

Flease note: prices and sources subject o change



firewall forward:
installing your engine

BY GERRY YARRISH - PHOTOGRAPY BY DERON NEBLETT

a

Za

hen it comes to pulling a model

airplane through the sky, it all

boils down to the stutf immedi-
ately in front of the firewall: the engine and
its mount. A properly set up engine and
mount helps to minimize noise and vibra-
tion, and it maximizes safety and power
transfer to the propeller. If you plan to install
an internal-combustion engine in your
model, you have to do it right. Here's how!

Having a properly installed mount that fits
your engine and airframe is the foundation
for trouble-free engine operation.




Engine mounts are available molded of
plastic (such as this one from Carl Gold-
berg Products) and made of aluminum.
Both types are easy to use and install.

Available from Dave Brown
Products, these Vibra-Damp mounts are
avalable for popular 4-stroke engines;
they come drilled and tapped.

These Du-Bro Vibra
mounts are very popu-
lar and come with
replaceable rubber
isolators.

Custom mounts are also available;
they're drilled and sized to fit a
specific engines, and they save you
some setup time.

Setup

considerations

Before you bolt your engine to the
firewall, consider the requirements
of the engine type and configura-
tion, the fuselage and firewall
layout, engine cooling, the cowl
construction, the horsepower out-
put and the carb position; these are
the factors that most affect the
engine installation.

Engine mounts

The hardware that supports the
engine and attaches it to the rest of
the airplane is the engine mount,
and it comes in a variety of shapes
and materials. One- and two-piece
mounts are available, and they are
made of metal (usually aluminum)
or molded plastic. Some engines
come with their own mounts, and
some mounts are designed as part
of the engine case. For large gaso-
line engines, a simple metal plate
serves as the mount; it comes
bolted to the back of the engine
case. There are also cup-shaped
engine mounts for gas engines;
these increase the distance between
the firewall and the propeller. They
mounts also help draw heat away
from the engine.

Several companies offer custom-
designed, predrilled mounts that fit
specific engines. Though they cost a
bit more than the mounts you have
to drill yourself, custom mounts
save time and offer precise machin-
ing for strong support. Also
available are adjustable mounts that
fit a range of engine sizes.

Engine mounts come in two
basic types: hard and soft. Hard
mounts provide a solid frame that
you bolt directly into place on the
firewall. Soft mounts provide a firm
but flexible engine installation that
helps to isolate the rest of the
model from engine vibration. Both
types work well, but | prefer to use
hard mounts on all of my airplanes
except those with very light, deli-
cate construction.
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Engine mounts are sometimes part of the
engine. Here, a Moki 1.80 has a radial engine
mount that replaces the engine's backplate.

Available from
Nick Ziroli Plans,
these gasoline-
engine soft
mounts offer
different levels of
vibration damping
according to the
hardness of the
mount you use.
They are color-

" coded for
Great Planes offers a large, gas-engine different engine
isolation mount that's made of plywood sizes.

and is installed between the engine and
the firewall. Four rubber pads help absorb
engine vibration.

Davis Model Products
makes these Iso-mount
inserts to isolate engine
vibration from the rest of
the model. They are easy
to install, and you can
adjust the amount of
vibration damping by

For most gasoline engines, the engine tightening and loosening
mount is a flat, aluminum plate that is the screws.

bolted to the back of the engine case. Here,
a Fuji 50cc engine has been “hard
mounted” to the engine-mount box struc-
ture in the front of a Great Planes Christen
Eagle. Notice the offset throttle linkage
using a 90-degree bellcrank.

62



Nuts and bolts

There are two ways to bolt your engine to its
mount: drill holes all the way through the mount
beams and use washers and locknuts to secure the
attachment bolts, or drill and tap the beams to
match the holes in the engine’s side lugs. Depend-
ing on the size of the engine, the attachment bolts
range in size from 4-40 to 8-32. The size of the
holes in the lugs typically dictates the bolt size.
Since engine cases are made of aluminum, it is
best to install flat washers under the heads of the
attachment bolts and under the locknuts (if you
use them). This will help to prevent the nuts and
bolts from wearing the mounts’ softer material.

This YS 1.20 4-stroke engine is side-mounted (horizon-

tally) and uses a Pitts-style muffler to guide the exhaust
straight downward. The plastic engine mount has been \
drilled and tapped for the engine-mounting bolts.

Adjustable mounts

To provide a one-size-fits-all
arrangement, several manufacturers
offer adjustable engine mounts.
These include mounts with slotted
attachment rails and those with
clamping plates that fit over the
engine-attachment lugs. Two-piece
mounts are adjustable by design, as
engine width affects how far apart
they will be bolted to the firewall.
Whenever you use adjustable
mounts, be sure to follow the
instructions closely for proper
engine support.

Several adjustable mounts come molded out
of durable plastic. These adjustable mounts
from Carl Goldberg Products have slotted bolt
holes so they can be made wider or narrower
to suit the engine.

Here is an adjustable
engine mount bolted to
a Hangar 9 Corsair. The
two mounting brackets
are made of aluminum,
and the attachment
holes are slotted to
accept a wide range of
engine sizes.




This engine installation is typical of most
.40-size sport models. The engine is inverted
and uses a one-piece, molded-plastic mount.
Notice the locknuts used to secure the
attachment bolts.

Firewall configuration
Typically made out of strong, multi-layer
plywood, the model’s firewall design
must be considered before you install
your engine and engine mount. In most
models, the firewall is a flat, vertical
structure in which you need only drill
holes for the bolts (Figure 1). You then
install blind nuts or locknuts to secure
the installation. Most trainer and sport
models use this arrangement, and so do
many scratch-built scale models. It is
simple and very strong.

Found in scale and aerobatic models,
the engine mount-box structure is
becoming very popular (Figure 2). Basi-
cally, this is a plywood box that’s built
into the fuselage to tie the firewall into
the first and second formers. The box
helps distribute stress loads and is a
strong, relatively light structure. In many
kit-built airplanes, this box can be slid
into and out of the fuselage to accom-
modate various engine lengths.

A recessed firewall (Figure 3) is used
when an engine is too long for the cowl.
Used primarily in scale airplanes, this is
an inverted box structure that protrudes
into the fuselage.

An old-time—but still very accept-
able—way to attach the engine to the
model is to build two long, hardwood
rails (usually made of maple) into the
firewall. This arrangement distributes
stress loads over a number of formers for
a very secure engine installation. The
rails are usually drilled and tapped for
the engine-attachment bolts.
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Throttle linkage

For reliable engine operation, make
sure that the pushrod or throttle cable
that operates the carburetor is installed
properly. Once the engine and mount
have been installed, mark the location
of the throttle-linkage exit so that the
throttle linkage will operate smoothly.
Make the exit hole large enough to
allow slight side play as the throttle arm
moves from full throttle to full idle. Sev-
eral connectors are available to attach
the linkage to the throttle arm, includ-
ing clevises, ball links and EZ
connectors. Avoid using a Z-bend with
an aluminum throttle arm, as this pro-
duces metal-to-metal contact that can
cause radio interference. Z-bends work
fine with plastic arms.

Fuel tank location

It is also important that you install your
fuel system properly. To maintain a
proper fuel flow, install the fuel tank so
that its centerline is at or just slightly
below the carburetor’s centerline. With
large gasoline engines, tank position is
much less critical; they are equipped
with pumper carbs that can draw fuel
regardless of where the tank is placed.
When you drill holes through the fire-
wall for the fuel and vent lines, make
them large enough for the lines to pass
through easily; a tight fit will chafe the
lines and eventually cause them to
leak. | prefer to drill a single large hole
and then pass all the fuel lines through
it. This also makes installing and
removing the tank easier than when
you try to feed three lines through
three different holes.

it —
Many modelers now install the throttle servo in front of the firewall and run a
short pushrod to the throttle arm. Be sure to avoid metal-to-metal contact by
replacing the steel throttle arm with a plastic one.

ENGINE COOLING

Regardless of which engine mount you use, cooling is critical to
any engine installation. When you use an engine cowl to improve
aerodynamics or appearance, make sure that there is an adequate
airflow to draw unwanted engine heat away. The basic rule is to
provide twice as much exit area as inlet area. If you have 2 square
inches of air inlet, the exit should be at least 4 square inches. With
large, roomy engine cowls in which there is abundant dead-air
space around the
engine, you may
have to install sheet
plywood or alu-
minum baffles to
direct the airflow
around the engine
head. You can't get
maximum engine
performance without
proper cooling

Tight engine cowls
such as the one on this
Great Planes Shoe-
string Racer require
proper engine cooling
to prevent the engine
from overheating.
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ANGLED ENGINES
ENGINE-THRUST OFFSET

Depending on the type of model airplane you have, a few degrees
of engine-thrust offset (usually right and down) is required for it to
fly properly.

To add offset, adjust the engine on its engine-mount rails or
angle the entire engine-mount assembly. The mount can be angled
by adding a wedge-shaped spacer or by installing a few washers
under one side of the mount. The thrust angle can also be built into
the firewall, where it is glued into place at the desired angle. The
engine mount is then simply bolted to it. When you add right
thrust, you should offset the engine-mount placement slightly to
the left of the firewall’s vertical centerline. Typically, 8 to %16 inch is
enough for 2 degrees of right thrust. Offsetting the engine keeps
the prop shaft centered at the cowl nose.

These engine-
thrust plates
from Ernst are
used to adjust
the engine’s right
and down angle.
They are installed
between the fire-
wall and the
engine mount.

CONCLUSION
All that's left is to check the
details and make sure that every-
thing is tight and properly
secured. Having a well-thought-
out, properly equipped engine
installation is the foundation for
trouble-free engine operation.
Keep everything simple and well
organized.



easy, accurate
engine mounting

ERICK ROYER - PHOTOGRAPHY BY ERICK ROYER

orrectly installing an RC

engine mount and engine is

one of the most important
steps when you assemble a model
plane, whether it’s almost ready to fly
(ARF) or scratch-built. Most ARF
model kits come with engine mounts,
and though some models come with
the mounting holes already drilled in
the firewall and with blind nuts
installed for the engine mount, others
require that you mark and then drill
the holes in the firewall and the
mounting rails. This critical process is
actually very simple when you take it
step by step; here, | show how |
installed an RCV .58 4-stroke in a
Model Tech Magic ARF. The steps to
follow will be the same for a 2-stroke.

.\ First, you'll need an engine,

suitable tools, a mount,
mounting hardware (the nuts,
bolts and blind nuts that are
included in many kits), a drill
(and drill bits to match the bolt
sizes specified in the instruc-
tions), a ruler, a pen or pencil,
thin and thick CA and a triangle.
| also suggest that you secure
the bolts with thread-lock com-
pound to prevent them from
vibrating loose.

I use a Great Planes Dead

Center Engine Mount Locator

to determine and mark the
correct positions for the engine-
mounting holes. This simple tool
makes it easy to mark the holes’
positions correctly every time.
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Refer to your instructions for the

positions of the firewall’s vertical and
horizontal reference lines. In some ARFs,
right thrust has been built into the firewall,
so the vertical reference line should be off-
set slightly to one side to account for this.

First, temporarily attach the engine to the

mounting rails with a few drops of thin CA.
Engines come in a variety of widths, and it's easier to
measure the distances between the holes when the
engine is temporarily secured to the rails.

9k

nﬂﬁﬂ\

\

Measure the distance between the
holes in the left and right mounting

\
\\\\\\\\\\

e |

=

rails, and then measure the distance =

=

between the holes on each end of each =

mounting rail. Note these measurements, et

and then lightly tap the engine to break it

free of the mounting rails.
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Depending on your plane, you may have to

mount the engine upright, inverted, sideways,
or at a 45-degree angle. Refer to the instructions
to find which way is best for your model. For a
cleaner appearance, | decided to mount my RCV
engine inverted. Divide the distance between the
left and right mounting rails by two. Here, the dis-
tance was 52mm , so | made a mark 26mm to the
left and right of the vertical reference line on the
firewall. Do this above and below the horizontal
centerline, and use a straightedge and a pencil to
connect the marks,

On planes such as the Magic, you'll need to

center the crankshaft on the horizontal centerline.
Using a ruler, | marked the back of each mounting rail
to indicate the center of the prop shaft.

To correctly position the engine, | had to offset the

mount toward the top of the firewall. The distance
between the holes in each mounting rail was 38mm. |
determined that the top holes should be 26mm above
and the bottom holes 12mm below the horizontal cen-
terline. Draw a line between the upper marks and the
lower marks to make two new horizontal reference
lines.

Using a drill bit of the

proper size, drill holes (a
total of four) where the lines
intersect, and then attach the
mount to the firewall with your
bolts. Install the blind nuts on
the rear of the firewall, using
the mounting bolts to seat
them. Add a few drops of thick
CA to the inside face of each
blind nut to ensure that it will
remain in place if you ever need
to remove the engine mount.
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Having marked the pilot-holes’

positions, | drilled the mounting holes
with the correct drill bit and then installed the
engine with the recommended hardware (put
a drop of thread-lock on every nut).

Place the engine on the mount at the correct

distance from the firewall, as indicated in the
model’s instructions. For models that have a cowl,
be sure to leave at least an Ys-inch clearance
between the spinner backplate and the cowl. For
planes such as the Magic, which doesn’t have a
cowl, you can position the engine to balance the
model (without adding weight). | balanced the
model before | marked the mounting holes, and |
determined that I'd have to mount the engine as
far aft on the rails as possible.

Here, the engine is securely mounted

on the Magic’s firewall. There are many
ways to mount engines, but these steps are
useful for most installations. With the proper
tools and accurate measurements (measure
twice and drill once!), you'll quickly and easily
have a perfectly mounted engine.

| placed the Great Planes mount locater in

each hole of the engine mount'’s lugs and
gave the locater a twist. The tool has a little Vi6-inch
drill bit that marks pilot holes on the mount rails.

70



rc fuel systems

Iving RC model airplanes

that are powered by glow

and gasoline engines
means that vou'll have to install
a fuel tank and other necessary
fuel-system components. This is
easy for experienced builders,
but newcomers often find it
challenging to choose, assemble
and install a proper fuel-
delivery system. This article
shows the basic makeup of typi-
cal fuel systems and how to
properly install and maintain
them. Whether you want to
pilot ¥2A sport models, speedy
pvlon racers, or giant-scale war-
birds, vou have to keep the fuel
flowing to the engine. These

tips will make all that plumbing
more understandable.

THE BASICS
The fuel tank holds the engine’s
supply of fuel. The tank is con-
nected to the carburetor with
flexible fuel line (fuel tubing),
and a rubber stopper seals it. For
a tank to operate properly, it
must have a vent line that allows
air to enter the tank as fuel is
drawn out. The vent relieves the
vacuum left in the tank. Model
airplanes don’t always fly straight
and level; they climb and dive
and often fly inverted. To allow
the fuel to flow at different atti-
tudes, the tank has a flexible

internal pick-up tube. A heavy fit-
ting (called a “clunk”) at the end
of the pick-up tube keeps the end
of the tube at the lowest part of
the tank for a continuous supply
of fuel. Lengths of brass tube pass
through the tank’s stopper, and
the flexible fuel lines that carry
the fuel to the engine simply slip
over the brass tubes. The rest of
the fittings and accessories help
the fuel system work properly
and make it easier to maintain
and operate.

Once you've chosen the correct
tank, fuel lines and accessories for
vour model, you'll be well on
vour way to having an engine
that runs reliably.
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Fuel-tank setup

7

Different types of airplanes have different fuel-system require-
ments. Most trainers’ engines are exposed, and this makes for
easy access to the fuel line. A simple two-line setup works well
with this arrangement. In scale models where the engine is
completely enclosed by a cowl, a three-line system is the

way to go. You can avoid many problems if you follow a few
simple guidelines :

= For glow engines, always use silicone tubing of the proper
inside diameter. Medium tubing works well with .15- to
.75-size engines. Use narrow fuel tubing for %2A engines;
wider tubing is best for engines larger than .75ci.

% For gasoline engines, use neoprene plastic or special
“Tygon"-brand tubing.

% Set up the internal fuel link properly inside the tank. The vent
tube must point upward and be as close as possible to the
top of the tank. Many tanks have a “bubble” molded at the
top; the end of the vent tube should fit into it. The vent tube
should extend about % inch into the tank and then bend 90
degrees upward in a smooth radius without any kinks. A
Du-Bro tubing bender works well,

The vent line can either be exposed (uncapped) or attached
to a fitting on the muffler to pressurize the tank.

The fuel pick-up line inside the tank must move freely and
should be just long enough to prevent the clunk from touching
the back of the tank.

' Always check for leaks or pinholes in the fuel lines; many fuel-
system problems arise when air gets into the lines.

Whenever possible, install the tank so that its centerline is
about ¥ to ¥ inch below the carburetor’s spray bar, If the
tank is too high, fuel will be siphoned into the engine and will
flood it. If the tank is too low, the engine will run leaner as the
tank empties.

" Wrap the tank in foam rubber to isolate it from vibration.
Vibration can cause the fuel to foam and the engine to run
lean. If the neck of the tank is inserted into a hole in the
fire wall, apply silicone around the neck to protect it
from vibration.

Stopper endcaps SIDE VIEW TANK END VIEW
Vent tube )
Sealing © o
screw Metal clunk 1)
o
Fuel-supply Pick-
g ick-up tube )

Rubber tank stopper

Fuel-tank shapes & sizes

Fuel tanks come in various shapes, sizes and styles. Capacities range from
1 to 32 ounces, and shapes include slanted, round, rectangular and oval.
Tanks are generally molded of polyethylene because it isn't affected by
glow fuel or gasoline. Some tanks, such as Sullivan's Flextanks, can be
heated and reshaped to fit into tight spaces. Be sure to use the proper
stopper in your tank for the type of fuel you're using. A stopper meant for
glow fuel will deteriorate very quickly when it contacts gasoline. If the neck
of your tank doesn't fit into a hole in the firewall, use a slanted tank or
one that has a “chin” on the front of it. The chin prevents the fuel line from
being pinched between the tank and the firewall.

Fuel tanks come in many sizes
and shapes. Note the slanted-
and chin-style tanks on the end;
they prevent the fuel lines from
being pinched by the firewall.



How many lines?
B Two-line setup. A two-line fuel system is very simple and almost foolproof. To set up the tank, you need
only two pieces of brass tube, a clunk, a rubber stopper and a short length of silicone tubing. Bend one tube
90 degrees to form the vent and insert it through the stopper. It lets outside air in as the fuel is drained out,
and it acts as an overflow indicator when you fill
the tank. The second tube is the fuel-supply tube;
the pick-up tube and clunk are attached to it.
This line is attached to the carburetor and is also
used to fill the tank.

B Three-line setup. In a three-line tank, you
assemble the tank just as you do a two-line system,
but the third line is used to fill the tank. It can be
made from a short length of brass tube and
doesn’t need a pick-up line in the tank; you can
also make it like the vent tube, except it is pointed
downward. Before you start the engine, you must
plug the third line to prevent fuel from leaking out.

To properly size and fit the brass tubes required in a
fuel system, it's handy to have a tube cutter such as
this one from K&S Engineering. It's designed to cut
soft metals such as brass and aluminum. With the
Du-Bro and K&S benders, you can safely make 90-
degree bends without kinks or breaks.

Basic two-line fuel tank
FIGURE 2

Vent line placed higher than tank or
attached to muffler pressure tap

X With a two-line fuel-
tank installation, the
vent line is attached
to the muffler pres-
sure tap or left to
vent to the outside
air pressure. If left as
is, the end of the vent
line should be above
the fuel tank so fuel
will not run out.

Fuel line to engine

Three-line fuel-tank setup
Vent line FIGURE 3

A three-line tank installa-
tion has an additional fuel
line that is used to fill
and empty the tank. Both
Supply line the vent and supply lines
are the same, but for the
tank to operate properly,
the third line has to be
capped before you start

y the engine.

Fill/empty line



Gasoline fuel systems

Perhaps the simplest fuel systems are those for
gasoline-powered engines. Unlike glow engines, which
use a venturi vacuum to draw the fuel into the carb,
most gas engines have a pumper carb to draw fuel out
of the tank. For this reason, the placement of the gas
tank is not nearly as critical as it is for the glow engine.
A gas engine can draw the fuel through several inches of
tubing without any ill effects. Also, because the gasoline
carb has a diaphragm pump, it won't allow fuel to flow
into the engine unless it is running.

An easy way to fill and empty the tank is to install a
T-fitting in the supply line and add a length of tubing.
When you pump fuel into this line, it will flow only into
the tank and won't flood the engine. When the tank is
full, you can use a plug to seal the fill line, and the
engine will draw the fuel from the tank. By adding a long
fill line and using a fuel dot fitting, you can place your
filler cap anywhere you like—great for scale models.

Gasoline-tank setup

FIGURE 4
Open vent
E THitting
[ ]
@ / Fuel line to engine
F
| | | Filler 1 . i
line With a gasoline engine equipped with a pumper carb, you can

add a T-fitting to the fuel-supply line to fill the tank. Because
the carb will not allow fuel to enter the engine when it is not
running, the fuel will flow into and out of the tank when you
& hook the fuel supply to the fitting. For the fuel system to oper-

ate properly, the filler line must be capped shut.

Filler cap

When your stopper wears out, buy a replacement at
your local hobby shop. Be sure to get a stopper that
is compatible with the fuel you use. The brown one
in the middle is for use with gasoline engines.

(...
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FUEL-SYSTEM ACCESSORIES

A fuel-filler valve makes it easier to fuel your model; several
are available. Used with two-line setups, they allow you to
fill or empty the tank without disconnecting the fuel lines.
They're easy to install and are simply connected to your
supply line like a T-fitting. Most fuel valves consist of a sim-
ple check ball design and can be installed on the model
wherever it’s convenient. Don't attach the filler valve to a
removable engine cowl; attach it to a convenient spot on
the firewall so you can get to it through a hole in the cowl.

Attach the feed line from the tank to the valve, and then to
the carburetor. The large Du-Bro filter (left) is used on the bigger

. . . glow and gas engines. The sintered bronze filter
If you use a three-line system, a fuel dot is a good choice g by Bro (center) can be used in the tank or in a

for a tank filler. The dot is attached to the third line; you sim-  fyel jug. The smaller Great Planes filter is perfect to
ply pull it from its retainer, remove the plug and fill your use between the tank and the carburetor; it can be
tank. To hold a fuel line securely in place and to ensure that ~ taken apart and cleaned.
it doesn’t accidentally become disconnected during flight,
use retainer clips, a zip-tie, or an ¥8-inch-wide piece of fuel line slipped over the main line.

If you want your engine to run reliably, a fuel filter is an absolute necessity. Some filters can be used either
in the tank as a clunk or in your fuel jug. A small filter can be placed in the feed line between the tank and
carburetor. Some filters can be disassembled and cleaned.

: : f N Sl e
Above left: valves such as these from Sullivan (top) and Du-Bro (bottom) can be installed on the firewall. The R/C City
fuel dot (center) is used in a 3-line fuel system, and it's foolproof. Above right: the Du-Bro spring clips come in sizes to
accommodate small-, medium- and large-diameter fuel lines. Aerotrend makes neat little clamps that work well on Tygon

fuel line. Trinity's nylon zip-ties are a quick and easy way to secure fuel lines.

Two-line fuel tanks with filler-valve fittings
FIGURE 5

[ |

Filler-valve fitting
2

—— Sk

A filler valve can also be used with a twoline tank setup. When you connect
your fuel supply to the valve, it shuts off flow to the engine so the tank is
filled or emptied. When the fuel supply is disconnected, the valve permits fuel
flow from the tank to the engine.
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Figure 6
FIREWALL PASSAGES

Troubleshooting your
fuel system

Properly installed, your fuel system will last a very long time and may never
need to be changed. During a hard landing, however, some of its parts
may be dislodged and stop working. Here are some common fuel-flow
problems and fixes.

“ If your engine begins to run lean, check for small pinholes in the fuel-
supply line. Check closely wherever there are tight bends in the line, or
where it comes into contact with your model. Leaks commonly occur where
the lines pass through the firewall. A better method of installation is to dill
small holes in the firewall and use lengths of brass tubes in the holes. You
can then slip the fuel lines over the brass tubes to complete the system
(see Figure 6).

1 After a hard landing, the flexible pick-up tube and clunk inside the fuel
tank may be forced all the way forward. This often goes unnoticed until the
next flight, when the tank stops delivering fuel to the engine in a nose-high
attitude. To prevent this, solder a short piece of brass tube to your clunk.
This decreases the pick-up tube’s flexibility but still allows it to draw fuel in
normal flying attitudes (see Figure 7).

If your engine begins to run erratically, chances are that debris has gotten
into the fuel system and is blocking the carb. It usually finds its way into the
fuel tank from your fuel jug, and if it blocks the fuel flow, your engine will die.
The easiest way to prevent this is with an in-line fuel filter. Install it just
before the carb in the supply line. You can also install a filter in your fuel-
pump line so that you'll fill the tank only with filtered fuel. Add a combination
fuel clunk/filter, and you'll have a triple defense against dead-sticks.

Figure 7
PREVENT YOUR PICK-UP TUBE FROM BENDING
3 —
Brass tube

J

In a sudden stop or a hard landing, the fuel pick- By soldering a short length of brass tube into the
up tube and clunk can be driven forward; this end of the clunk, you can stiffen the pick-up line.

can prevent the tank from delivering all the fuel This helps prevent the line and clunk from being

in the tank.
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break-in secrets for
longevity & reliability

BY DAVE GIERKE

he scene is all too famil-

iar: an engine is fired up

for the first time at the
flying field; that white-knuckle
first flight is almost at hand. The
anxious modeler surveys his
shiny new model and reflects on
the time and money required to
get to this moment.
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The engine, if it's lucky, has
had a few tanks of fuel run
through it before the pilot
advances the throttle for takeoff.
As the model breaks ground and
climbs for altitude, he may have
his hands full with an out-of-trim
machine when the worst hap-
pens: the engine quitsl—a nasty

thing to occur so close to the
ground with a nose-high attitude
and low airspeed. If down-elevator
isn't applied immediately, the
model will likely experience a stall
or stall spin; the consequences are
usually catastrophic.

If fortunate, the model lands
safely. Although the engine is
still smoking and too hot to
touch, opinions on its troubled
performance are offered by sev-
eral modelers: “This brand of
fuel isn’t any good.” “Did you
use the right glow plug?” “The
prop’s too big.” From the back-
ground, a timid voice is heard to
say, “The engine sounded a bit
lean to me. Does it have much
running time on it?”

All of these problems could be
responsible for the engine’s sud-
den stoppage, but in my
opinion, the number one cause
is the lack of proper break-in.
Some say they always achieve
satisfactory break-in while flying
the model. This is possible; I've
done it myself when pressed for
time. However, modelers should
become familiar with the run-
ning characteristics of their
engines while attaining reason-
able reliability before installing
them in models. Lean, hot-run-
ning engines are not only
unreliable but also often damag-

Preparing to start the large OPS 30cc
2-stroke engine for break-in on the
large American Hobby Products test
Stand, Gary Caruso tightens the hub on
the two-piece APC break-in propeller.



ing to internal components,
affecting both performance
and longevity.

The following discussion is
designed to convince those of
yvou who have no opinion about
the necessity and benefits of test
stand break-in. For the others
who routinely do it in the air:
good luck!

WHAT IS BREAK-IN?
The late Peter G.F. Chinn, long-
time engine review columnist for
Model Airplane News, defined
engine break-in as: “... the process
involved in aiding an engine's
transition from a newly assembled
conglomeration of assorted metal
parts to an efficient working
whole.” He elaborated, “It means
running the engine under care-
fully controlled conditions at the
beginning of its life in order to
avoid the risk of immediate dam-
age ... and to help working
surfaces to become properly
smoothed and aligned for maxi-
mum mechanical efficiency and
performance.” This statement,
made almost 40 years ago, still
holds true.

CONSEQUENCES
If vou don't take the time, or if
vou don’t perform the break-in
correctly, your expensive new
engine could be damaged almost
immediately. Here's a partial list of
deficiencies that will limit the
engine’s effectiveness:
» Difficulty in setting the high-
speed needle valve (narrow
range);
* Reduced peak power (at what
rpm the engine will turn a given
propeller);
¢ Difficulty in setting the idle
needle valve (narrow range);
» Difficulty maintaining an
acceptable idle (unreliable);
* Poor throttle-up characteristics
(poor mixture control through the
mid-range); and

. Start the engine (leave

. Adjust the needle valve B b -
for 4-cycling operation. o Vh |

LOG. Keep notes during break-in: include run time, rpm and any
special details for each run.

FUEL. Use low nitromethane content for non-ABC-type engines (5 to
10 percent nitro and between 24 and 28 percent lubricant).

MUFFLER. The engine will run cooler if the muffler is removed for
break-in; however, you'll lose the solid needle-setting muffler-pressure
advantage, and the neighbors won't appreciate the additional racket,
so leave it on.

PROPELLER. Use one that is smaller than the recommended flight
size, e.g., 12x6 for flight; 12x5 for break-in. Air-cooled 2-stroke
engines run cooler when the load is reduced.

PROCEDURE: 2
Set the needle valve for a
rich start (see engine
owner’s manual).

the glow heat on). B

|

A AN =
. Run for approximately % = (L=
1 minute. \ |
\=
Perform step 4 four to = i

six times with cooling-

off periods in between. et
When you can hold the The Fox .40 with an iron plstl)n and a Fapped-

. : steel cylinder sleeve runs for the first
cylinder head with time—very rich and 4-cycling. Until it loosens
out .getFlng burned, the 5 a new engine may require glow heat for the
engine is ready for

first few runs.
the next run.

. Run the engine for 3-minute periods, rich 4-cycling as before. Cool

completely between runs. Perform eight to 12 times. Remove the glow
heat if the engine will continue to run; if it doesn’t, leave it connected.

Start the engine. Lean the needle valve until the engine breaks into a
rich 2-cycling operation. Listen carefully to the engine and track the
rpm with a tachometer. If the engine begins to slow down, quickly
richen the needle valve. In such a case, the engine is still too tight
and needs to be run more. Revert to step 6 until the engine will hold
a setting at the leaner setting.

. At this point, lean the mixture (needle valve) to a fast 2-cycling setting.

Momentarily pinch the fuel line between your thumb and forefinger
while tracking the rpm with your tachometer. The rpm should increase
by at least 200 to 300 for this needle-valve setting to be correct. Adjust
the needle valve to achieve this.

The engine should hold its setting for at least 30 seconds without losing
speed. If it still doesn’t maintain rpm, richen the mixture and run
through step 7 again. Remember that the break-in process requires
relatively short engine runs during which cyclic heating and cooling
relieve internal stresses within engine components.
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e Hot running, cranky operation,
similar to a varnished engine with
a piston and cylinder that need to
be cleaned.

These problems are directly
related to the condition of the pis-
ton and cylinder fit. Excessive
piston to cvlinder clearance
produces:

* Combustion gas blowby (wasted
power, high piston temperatures
due to poor heat transfer to the
cylinder, poor cylinder-wall lubri-
cation retention, piston skirt
and/or ring damage); and

* Poor crankcase compression (2-
stroke idle and throttle transition
problems).

INSIDE THE

RUNNING ENGINE
When the engine is running, we
can't see what's happening inside,
but here is what researchers tell us
probably occurs:
* Cool air and fuel mixture enter
the cylinder on one or more sides
of the piston while hot exhaust
gases exit the other; unequal pis-
ton expansion and distortion is
probable in a 2-stroke engine.

ABC ENGINE SAMPLE BREAK-IN

LOG. Keep notes during break-in; include run
time, rpm and any special details for each run.
“ FUEL. Use the highest nitromethane content

recommended by the engine’s manufacturer—
usually between 5 and 15 percent nitro. 7. Start the engine. Allow it to warm for at least 20

Lubrication content should be 20 percent. Use

some castor oil.

“I MUFFLER. The engine will run cooler if the
muffler is removed for break-in; however, you'll
lose the solid needle-setting muffler-pressure
advantage, and the neighbors won't appreciate
the additional racket, so leave it on.

PROPELLER. Use one that is smaller than the
recommended flight size, e.g., 12x6 for flight;
12x5 for break-in. Air-cooled 2-stroke engines run

cooler when the load is reduced.
PROCEDURE

1. Set the needle valve for a 2-cycling start (see engine

owner’s manual).

2. Start the engine; if
necessary, leave the glow
heat turned on to keep the
engine running.

3. Adjust the needle valve for a
rich, 2-cycling operation.

4. Run for approximately
1 minute.

o

Perform step 4 four to six
times with cooling-off
periods in between.
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¢ Cylinder temperatures are
greater above the ports where
combustion occurs; therefore, the
cylinder expands more at the top
than at the bottom, affecting the
wear pattern of the piston in a 2-
stroke engine.

e In 2- and 4-stroke engines, as
the piston is being pushed away
from the cylinder head by
expanding, high-pressure gases,
the connecting rod forms an
angle with the axial centerline of
the cylinder. This produces a side
thrust (vector force) that generates
a distorting load for the piston

6. Run the engine for 3-minute periods, rich 2-cycling
as before. Cool completely between runs. Perform
five to eight times.

seconds. Lean the high-speed needle valve until the

engine peaks (attains maximum speed) as deter

mined by a tachometer. Back off (richen) 200 to
300rpm. Check this setting by pinching the fuel
line while you watch the tachometer; rpm should
increase by 200 to 300 and then return to the

original rpm. Listen to the engine closely and watch

the tachometer. If the engine begins to slow, quickly
richen the needle valve to the rich 2-cycling position
of step 6, as the engine needs more running time.

8. The engine should hold its semi-peak setting for at
least 30 seconds without losing speed. If the engine

still doesn’t maintain rpm, richen the

mixture and run through step 6 again.

Remember that the break-in process
requires relatively short engine runs
during which cyclic heating and cool-
ing relieves stresses within engine
components. ABC-type engines usually
take 30 to 45 minutes to break in.

Pro-Magnum .36 ready for break-in. You
should run an ABC engine on the test
stand for at least 45 minutes, 2 to 3 min-
utes at a time, with adequate cooling
periods between runs.



against the cylinder. This load
isn't nearly as great on the oppo-
site wall for the return stroke
because the force is minimal.

* In 2- and 4-stroke engines, if air
cooling to the cylinder is uneven,
the aluminume-alloy jacket
(crankcase) may distort the cylin-
der which adversely affects the
running fit of the piston.

The extent to which each of these
factors affects an engine’s per-
formance is the subject of debate
among experts. One thing is cer-
tain: you can'’t force these
changes to occur unless the
engine is actually run, brought up
to temperature and then allowed
to cool, time after time.

HEAT CYCLING
Some argue that the accuracy of
modern machining technology
eliminates the need for break-in.
Others (including me), believe
that molecular instabilities
within the parts due to manufac-
turing processes need final stress
relief; this is accomplished by
the repeated heating and cooling
cycles within the engine itself.
Known as “heat cycling,” the
process consists of short engine
runs and complete cooling
repeated multiple times.

ENGINE CATEGORIES
Since design and metallurgy dif-
fer from engine to engine, so
does the break-in procedure
somewhat. The type of piston
and cylinder combination deter-
mines which of two general
categories the engine falls into;
there are only two break-in pro-
cedures (one for each category).

* Non ABC-type (2- and 4-stroke)
—Lapped iron or steel pistons
(no compression ring) running
in iron or steel cylinders. Exam-
ples: several modern Fox and
Enya engines; many nostalgia

period engines including K&B
(green head), Veco, Johnson,
Fox, O.S., etc.

—Ringed aluminum-alloy piston
running in steel, iron, or brass
cylinders and known as “ABCD”
(aluminum piston, brass cylinder,
chrome-plated with Dykes ring).
Examples: most modern, large-dis-
placement engines, e.g., Moki,
MVVS, Aviastar and GMS; Saito,
Enya and O.S. 4-strokes; and
many antique and nostalgia
engines including McCoy, Super-
Tigre, K&B, Enya and Webra.

* ABC-type (2-stroke)

—ABC. Lapped aluminum alloy
piston (no compression ring)
running in chrome-plated brass
cylinder.

—AAC. Lapped aluminum alloy
piston running in chrome-plated
aluminum cylinder.

—ABN. Lapped aluminum alloy
piston running in nickel-plated
aluminum alloy cylinder.

NON-ABC ENGINE
BREAK-IN

To break in a non-ABC engine,
the running temperature must
be reduced and its internal com-
ponents flooded with lubricant.
Let's take a closer look at these
concepts:

» Temperature. When a 2-stroke-
cycle engine is operated very
fuel-rich, it begins to 4-cvcle, or
fire on alternate crankshaft revo-
lutions. Without exploring the
reason for this at this time, it may
be stated that reducing combus-
tion events by 50 percent over a
period of time reduces the operat-
ing temperature—a very desirable
condition for breaking in non-
ABC-type engines.

There's a pronounced differ-
ence in sound between 2-cycling
and 4-cycling. The human ear
senses this as a change in exhaust
frequency. As a 2-cycling engine is

progressively richened by the pri-
mary needle valve, a point is
reached on the speed range at
which a sudden loss in rpm is
experienced, along with a change
in exhaust note. This is 4-cycling.
Get to know it; it’s the sound of a
cool running engine.

 Lubrication. Four-cycling also
enhances lubrication. Coupled
with oil volumes of between 24
and 28 percent, break-in require-
ments are adequately satisfied.
After break-in has been achieved,
these percentages may be
reduced to the engine manufac-
turer’s recommendation.

Castor oil should always be
included as part of the lubrica-
tion package. It offers
unsurpassed protection from
hot, lean runs that would other-
wise damage engine components
if only synthetic oils were used. |
suggest using castor for at least
one third of the oil package, e.g.,
if the total oil volume is 24 per-
cent, the minimum amount of
castor should be 8 percent.

* How long does break-in take?
As you might expect, break-in
time varies for each engine type,
also from manufacturer to manu-
facturer. During the 1930s
through the 1950s, engine com-
panies recommended 3 to 5 hours
on the bench before all-out opera-
tion of their lapped iron and steel
piston and cylinder engines.

Back in the old-old days ('30s
and '40s), many modelers
attempted to shorten the lapped
piston break-in period by “motor-
ing” the engine. This consisted of
mounting the engine on a drill
press or metalworking lathe,
where it was turned over for a
number of hours using lots of
lubricating oil, which also acted
as a coolant. This procedure did-
n't help the piston and cvlinder
fit because combustion tempera-
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tures and pressures were absent,
but the connecting rod and wrist-
pin holes usually polished up.

In the old days ("50s and "60s)
some enthusiasts ran their new
engines continuously on a large
supply of fuel. The rich needle-
valve setting kept them cool,
and they assumed that after sev-
eral hours, the break-in job was
complete. Tests have shown that
little, if any, break-in occurs
unless the engine is heated to
normal operating temperatures
and then allowed to cool. As
mentioned earlier, heat cvcling
does the job.

Ringed-piston engines require
less break-in time than lapped
versions, but patience is still nec-
essary. The Moki 2.10 engine
that I tested in the October 2001
issue wasn'’t fully broken in until
after completing 3 hours of care-
ful running. Now, it's a
tremendous engine, exhibiting
great compression and high
torque and brake horsepower.
The K&B .40 low-tension-ring
RC engine (no longer in produc-
tion) is another good example.
K&B recommended a 1-hour
break-in. My experience with
this engine suggested that 2 to 3
hours were required for a top-
performing long-lasting unit. Fox
recommends running its .40 RC
“... rich for the first few tanks of
fuel.” Mine still isn’t fully broken
in after 4 hours!

* When is it broken in? Time
alone isn’t an indicator of when
break-in is complete. Break-in
requires short running periods
during which the needle valve is
occasionally leaned to a point
where the engine comes up to
speed and temperature, then is
immediately richened to cool
it down.

A general rule suggests that
lapped and ringed non-ABC-type
engines are broken in when
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they'll hold a peak rpm setting
without sagging (slowing down)
for at least 30 seconds. For
ringed engines, there is a visible
sign that break-in is probably
complete: when the machine
marks have disappeared from the
visible edge of the compression
ring (as viewed through the
open exhaust). Lapped engines
are more difficult to assess
through observation, although
some experts are guided by the
color and uniformity of wear on
the piston. Also, if the piston
doesn’t leak a little compression
at top dead center (TDC), it
probably needs to be run more.

ABC ENGINE BREAK-IN
The newer ABC-type engines
require less time for break-in
than the lapped or ringed iron
and steel combinations described
earlier. For an ABC engine to
attain and maintain maximum
performance levels, however, an
entirely new set of break-in pro-
cedures is required.

As mentioned earlier, ABC-type
engines include ABC, AAC, and
ABN piston and cylinder combina-
tions in the lapped configuration
(ringless). They rely on a very
close fit between the piston and
cylinder to prevent combustion
gas blowby at operational temper-
atures and speeds. The primary
advantage of the ABC concept is
the ability of the piston and cylin-
der to expand from ambient to
operational temperatures at almost
equal rates, thus avoiding the
damaging seizures occasionally
experienced by non-ABC types.
Complications arise because the
portion of the cylinder above the
transfer and exhaust ports operates
at a much higher temperature
than below the ports, allowing the
upper cylinder to expand more
than the bottom. To compensate
for this, the cylinder bore is
machined with a taper, producing

a smaller bore at the top than at
the bottom.

Trial-and-error experimenta-
tion in the 1970s discovered that
ABC engines performed best
when the piston actually inter-
fered with the cylinder (zero
clearance) at TDC (ambient tem-
perature). This is a squeak that
may be heard and the resistance
felt when turning these engines
over without the glow plug
installed. Since the high-silicon-
content aluminum alloys used
for the piston allow the plated
brass cylinder to expand slightly
more at running temperatures, a
free-running assembly is
achieved while maintaining a
gas-tight, blowby-free combus-
tion chamber.

The problem with this system
centers on a narrow band at the
top of the piston’s head, just
below the crown, where it con-
tacts the cylinder at TDC.
Typically measuring only about
0.060 to 0.125 inch in height,
depending on the size (displace-
ment) of the engine, it controls
the operational fit of the piston
within the tapered cylinder. Wear
it slightly (smaller diameter), and
the delicate balance shifts; a great
running engine is now only ade-
quate. Wear it a bit more and the
engine is worn out. Unfortu-
nately, all of this can happen
during the first few runs of a new
ABC-type engine, perpetrated by
an unsuspecting operator.

The objective of ABC-type
engine break-in is to maintain the
delicate top-of-the-piston fit while
allowing the internal components
to heat-cycle for the purpose of
stress relief. Sound simple? Let’s
look at the requirements:

* Fuel. From the outset, use the
highest factory recommended
nitromethane fuel content. If the
instructions say to use 5 to 15
percent nitro, then use the



higher 15 percent. This generates
the highest combustion tempera-
ture, resulting in the greatest
expansion and therefore the
most clearance between the pis-
ton and cylinder (when they're
the tightest they’'ll ever be). After
break-in, this same fuel must be
carried over to the flying phase
of the engine’s operational life.

After running the engine for a
season or two, you'll probably
notice that performance begins
to diminish (nothing lasts for-
ever!). Performance can be
determined by comparing
tachometer readings on a stan-
dard propeller from when the
engine was new to the time of
comparison. If rpm drop by sev-
eral hundred or more, the piston
and cylinder clearance is proba-
bly excessive, so you should
reduce the nitro content to 5 per-
cent. Less nitro means lower
combustion temperatures and
less component expansion; this
results in a tighter piston and
cylinder fit with less blowby and
lost power. Experience has shown
that reduced nitromethane con-
tent is compensated for by the
improved piston and cylinder fit
at running temperatures. That'’s
why some “worn-out” sport
pylon racing engines make very
acceptable fun-flving engines:
less nitro!

* Lubrication. For break-in, use
20 percent lubrication by vol-
ume. This is the standard oil
content [ use throughout an
ABC-type engine’s life—break-in
and flying. One-third of this vol-
ume is castor oil, the greatest
insurance policy you can buy
against engine damage due to a
hot, lean run.

Competition racers sometimes
experiment with oil percentages
of less than 20 (percentages of
18, 16, 14 and less have been
used). Reducing the mass of
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This all-wood, American Hobby Products test stand is

.

designed to be clamped to a

bench top or cinder block (as shown). It incorporates a novel throttle-lever assembly
that allows the operator to make minute carburetor adjustments. Moderately priced,

it's suited to occasional to moderate use.

lubricants in the air and fuel
mixture may improve flame
propagation (burning) in the
combustion zone, which ulti-
mately affects power output.
These are minor performance
gains and best left to the experi-
menter. Similar reductions in oil
content have been tried with
questionable results by individu-
als attempting to improve an
engine’s idle and throttle-ability.

* Two- vs. 4-cycling operation.
If it were possible to completely
eliminate 4-cycling within an
ABC-type engine, it would be a
great day for its longevity. Four-
cycling operation is cool
operation, which leads to prema-
ture wear. Never purposely run an
ABC-type engine 4-cycling rich;
the relatively cool temperatures
generated by firing every other

revolution of the crankshaft
accelerate piston wear and the
onset of reduced performance.
Because ABC-type engines
were originally designed as wide-
open throttle racing engines,
their pistons and cvlinders oper-
ated happily. Today, ABC engines
are also expected to idle and
throttle reliably. Unfortunately,
this allows them to cool exces-
sively, especially below Y2
throttle, where poor cylinder
scavenging causes them to 4-
cycle, rubbing away at the
critical piston and cylinder fit.
Because throttling is a neces-
sary component of RC flying,
you can't simply eliminate it
from your routine; however,
never throttle the engine during
break-in. Afterward, when
engine components have been
stress-relieved through heat-
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cycling, the effects of throttling
will be minimized. These effects
may be further reduced by set-
ting the idle needle valve on a
fuel-metering carburetor to its
leanest position while still main-
taining a reliable idle and
transition to wide open throttle.

* Tight ABC piston and cylinder.
When new, some ABC-type
engines are so tight at TDC that
the possibility of damage to com-
ponents (connecting rod, wristpin,
crankpin or piston) exists the first
few times the engines are cranked
over. To avoid this situation, warm
the cylinder and head with a heat
gun before the first few starts; this
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will cause the cylinder to expand,
pulling away from the piston,
permitting vou to easily crank
over the engine.

TEST STAND
If you're serious about preparing
your engines for that first flight,
a test stand is essential. The test
stand must be sturdily con-
structed and able to hold the
engine securely with a minimum
of vibration. It actually consists
of two parts: the test stand itself
and its base. The test stand can
be of superior quality, but if it’s
mounted on a flimsy base, such
as a wooden box, the assembly
will probably vibrate and could

become a safety hazard by mov-
ing forward or tipping over.

Provisions must be made for
mounting the fuel tank at the
proper level in relation to the hori-
zontal centerline of the carburetor
metering jet (spraybar), and some
method of throttle control is
needed. American Hobby Products
manufactures several different
sizes of well-designed wooden test
stands that meet all of the criteria,
at very reasonable prices.

Wear vour hearing protectors,

get out a lawn chair and a nice
cool soda, and drive your neigh-

bors nuts—just kidding!



engine life

BY THE STAFF OF MODEL AIRPLANE NEWS

Today's 2-stroke glow engines are
technological marvels; they're
powerful, lightweight, easy to use
and, with proper use and care,
will last for many years. Next to
the radio system, the engine is
one of the most expensive invest-
ments we make in RC. Over the
years, we've learned a lot about
the care and feeding of engines,
and we know there aren’t any
secrets to operating a model air-
plane engine correctly. From
adjusting the fuel mixture and
choosing the best glow plug to
proper maintenance and using
common sense to improve relia-
bility, this article is full of helpful

hints and information to help vou
have a happy relationship with
vour 2-stroke glow engine.

EASY STARTING
Nothing is more frustrating than
owning an engine that's difficult
to start. Our frustration often
leads to a flight that ends with a
dead-stick landing or a crash.
When vou start any engine, there
are three things to remember. For
combustion to occur, yvour engine
needs air, fuel and fire (heat). If
your engine won't start, check the
carb to make sure that air and fuel
are available, and check your glow
plug to ensure that it provides

= L |

ne adjustments from

¥ .
Always make engi
behind the prop.

enough heat to ignite the air/fuel
mixture. Remove the glow plug
and attach the glow driver; its ele-
ment should glow brightly. If it
doesn't, replace it; if it does, rein-
stall it. Close the needle valve and
then open it three full turns. Place
your thumb over the carb, and
flip the prop several times until
fuel is drawn through the fuel line
and into the carb. If you remove
any one of these three elements
from the equation, your engine
will not start.

SECURE FUEL LINES
Proper fuel-line installation is very
important. If your fuel line is too
big, it may leak air or even slip off
in flight. Fuel lines come in several
diameters, so use the size that best
fits the carburetor’s fuel fittings.
Air bubbles in the fuel line may
cause the engine to run lean, and

The fun we have flying our glow-pow-
ered models is directly proportional to
how well our engines run. Proper care
of and knowledge about how they run
are the keys to engine performance
success.
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if the line slips off, the engine will
die. Be sure that there is adequate
slack in the line, and secure it to
the fuel fitting with a wire clip or
a small length of fuel line slipped
over the end of the main line.

Make sure the carburetor is securely
fastened to the engine. There is an O-
ring at its base, and if this is damaged,
air may leak into the crankcase and
cause the engine to run lean.

TIGHT SEALS
If your engine begins to run errat-
ically, and the mixture leans out
even after you've adjusted the
needle valve, vou may have an air
leak in the carb. Make sure that
the carb is firmly and properly
attached to the crankcase. If the
intake is sealed with an O-ring,
check it for cracks or breaks and
make sure that it's seated properly,
lies flat and isn't distorted when

EXPLODED VIEW: ENGINE PARTS DESCRIPTION.
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Piston/cylinder set
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Cover plate

(backplate) ||\

Crankcase
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Piston/cylinder
set (ABC).

Needlevalve assembly

the carb-attachment screw is
tightened. Make sure that all the
adjustment screws and the needle-
valve assembly are properly sealed
and work correctly.

Last, check that the fuel-
intake fitting is tightly screwed
into place and that it isn't dam-
aged or cracked. The fuel tank
and fuel lines must be properly
and securely installed. If you

A good mix

When you hear someone talking
about adjusting an engine, you'll
often hear them refer to “the mixture.”
This is the mixture of air and fuel that
is combined in the carburetor. Fuel
and air enter the venturi, become
atomized and enter the engine
through the intake port. The atomized
mixture then enters the crankcase
and is transferred to the combustion
chamber through the bypass ports.
The needle-valve assembly brings the
air and fuel together and controls the
ratio between the two. If there is
more air in the mixture than the
engine needs, the mixture is “lean.” If
the mixture has more fuel than is
required, it is “rich.

Of the two, a too-rich mixture is
preferred, as little (if any) damage
will result from running your engine
on the rich side. Running your engine
too lean, however, will overheat it
and, if you do it too frequently, you'll
damage the engine.
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A reliable idle is very important, espe-
cially during landings. A carburetor can
have either a low-end needle-valve
adjustment (above) or an air-bleed hole
in the front of the carb housing (below).
Adjust the high-end needle valve before
you adjust the idle.

have previously nosed the model
over or made a hard landing, the
fuel pick-up clunk may have
shifted forward in the tank; this
can pinch off the fuel supply.
The clunk and pick-up line
should move freely, and you
should be able to hear the clunk
rattle in the tank.

FUEL FLOW
If vour engine always runs rich or
floods easily, check the position
of the fuel tank. The tank should

Above: fuel lines come in several sizes
and materials. It's important to match
the line to your engine and fuel. Right:
make sure the fuel line fits the fuel fit-
tings tightly. Clamp the line, or slip a
short length of tubing over the end of
the main line to secure it.

Why use a tachometer?

A tachometer (tach) is one flightline accessory that |
can’t do without! | started using one to adjust my
engine’s needle valve a few years ago, and now |
find that using one ensures that my engines run
consistently. A tach shows minute changes in
engine rpm that you cannot detect by ear. Hav-
ing the engine set a couple of hundred revs
below maximum rpm is ideal. Using a tach to
count the prop revs is also much safer than
pinching the fuel line to check the mixture set-
ting. Note that the engine should be well
broken in; a tight, new engine will rarely hold a
good needle-valve setting.

Here are some tips to help you properly
adjust your engine.

¢ Set the high-speed (main) needle valve to
the recommended factory setting, and start
the engine. The engine should run some-
what rich.

* While using the tach, gradually lean the
mixture (turn the needle-valve adjustment
screw in, or clockwise) until there is no longer
an increase in rpm. Adjust the mixture slowly,
and allow the engine speed to stabilize.

* Once you've achieved peak rpm, richen the
mixture slightly (again, using the tach) to
reduce the rpm by 200 to 300.

A tachometer is a very
important accessory to
ensure proper engine
operation. Use one
whenever you adjust the
engine's air/fuel mix-
ture to check the
change in rpm.

Once you've set the high end, check the idle setting. After you have
properly adjusted the engine, avoid the temptation to tweak the needle
valve whenever you restart your engine. If atmospheric conditions
(humidity, air temperature, etc.) change, however, then a click or two of
the needle valve may be necessary. Again, use the tach to check rpm
while making these adjustments. —Rick Bell




Two-stroke engine operation

A 2-stroke engine is relatively simple in operation. The crankshaft makes one complete revolution for every power
cycle. During the piston’s upstroke, the fuel/air mixture above the piston is compressed for combustion. At the same
time, a fresh mixture is drawn into the crankcase below the piston. After combustion, the piston is forced downward,
and the spent fuel charge is expelled through the exhaust port. At the same time, a fresh fuel/air mixture is drawn
through the carb and into the crankcase. The intake valve is sealed, and the mixture is forced through the transfer
ports and into the cylinder above the piston to start a new power cycle.

1

.. As the piston
reaches top dead center
(TDC), a fresh air/fuel
mixture charge is drawn
into the crankcase
because of the low pres-
sure created as the
piston travels upward.

be installed in the fuselage so its
centerline is at or slightly below
the carburetor’s spray bar. Use
scraps of foam to position it
securely so it can’t move around
in the tank compartment. If the
tank is too high in the fuselage,
fuel will tend to be siphoned out
and run freely into the carb. Con-
versely, if the tank is too low or

Glow plugs come
in several sizes
and types; here,
you see (left to
right) a short-
reach plug, a
standard (or long-
reach plug) and a
standard plug with
an idle bar. Use
the type of plug
recommended by
your engine's
manufacturer.
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2. The piston then
compresses the mixture
in the combustion
chamber, and it is
heated and ignited by
the glow plug; this forces
the piston down.

2. As the piston comes
down, it opens the exhaust
port, and the spent fuel
begins to exit the combus-
tion chamber, At the same
time, the piston com-
presses the new fuel/air
mixture in the crankcase.

At bottom dead center
(BDC), the piston opens
the bypass port, and the
new air/fuel mixture
charge flows from the
crankcase into the
combustion chamber as
the last of the spent

5. The piston comes
back up and seals the
exhaust and bypass
ports, and the entire
process begins again.

charge leaves.

too far away from the carb, the
engine may have difficulty draw-
ing fuel into the carb, and it will
run lean. To improve fuel draw,
attach a line from the pressure fit-
ting on your muffler to the tank’s
vent line. If you use a third filler
line with vour tank close it off to
allow the muffler pressure to
enhance fuel draw.

IDLE RELIABILITY
An engine that idles poorly can
be frustrating. The last thing vou
want is for your engine to quit
during a landing. Proper fuel
mixture, too much fuel line
between the tank and the engine
and the tvpe of fuel and glow
plug yvou use can all affect an
engine’s ability to idle reliably.
The most common problem is a
too-rich mixture. Adjust the
high-speed needle for a slightly
rich mixture and then adjust the
idle. Start the engine and adjust
the throttle for an idle of 2,100
to 3,000rpm. After several sec-
onds, advance the throttle to full
open. If the engine sputters and
spits raw fuel out of the carb, the
idle mixture is too rich. Stop the
engine, and turn the idle adjust-
ment clockwise (in) about ¥ turn



to lean the mixture. Repeat this
procedure until the engine transi-
tions smoothly from low to high
speed. If you have an air-bleed
carburetor with a small hole at
the front of the carb body and an
adjustment screw control idle,
turn the idle screw in to richen
the mixture.

HAPPY GLOW PLUGS
The glow plug is a critical part of
the engine’s overall performance;
you can choose from several
types, but always refer to your
engine’s instructions for the rec-
ommended plug. Glow plugs
come with long and short thread
parts, with or without an idle bar
and are rated for hot or cold oper-
ating temperatures, but they don't
last forever. The first sign that a
plug is on its way out is a drop in
rpm when you remove the glow-
plug driver; also, when an engine
that normally idles well suddenly
doesn’t run well at low rpm, you
have a problem. If you use a plug
that is too hot for your engine,
the engine may suffer from deto-
nation and pre-ignition and
might overheat and run lean.
Using a plug that is too cold will
result in lower top-end rpm and
poor idling. Small engines (.15
and smaller) should use short-
reach plugs; a plug that's too long
may hit the top of the piston and
damage the engine.

STAYING COOL
A cool engine is a happy engine.
One of the worst things you can
do to an engine is to run it lean.
This increases its temperature
and can drastically shorten its
life. Always use a tachometer to
adjust peak rpm and then richen
the mixture slightly for a 200 to
300rpm drop from the peak
reading. If your engine is inside
a cowl (such as in a scale
model), make sure you provide
adequate ventilation. Ideally, the

Make sure that your glow plug is in good shape before you use it. It should glow
brightly when energized by the glow driver.

PROPER COMPRESSION
Compression is important to a
glow engine. As well as affecting
the density of the fuel mixture,
compression is also necessary for
the glow plug to fire. If your

air-exit area should be at least
twice the size of the air-entry
area. Don'’t block the air outlet
with the engine’s muffler, or
you'll greatly increase the
engine's operating temperature.

Troubleshooting

SYMPTOM:

CAUSE

Low voltage on glow-driver battery

Bad glow plug

Insufficient fuel prime

Flooded owing to excessive priming
Pressure lines and fuel lines are reversed
Needle valve not set properly

SYMPTOM:

CAUSE

Idle set too low

Low-speed needle is set too rich
Low-speed needle is set too lean
Glow plug is loose

Glow plug is bad

Mixture is too rich

SYMPTOM:

CAUSE

Low-speed needle is set too rich
Low-speed needle is set too lean
Glow plug is too cold

Mixture is too rich

Mixture is too lean

SYMPTOM:

CAUSE

Air leak (hole) in pressure or fuel lines
Low-speed needle set too lean

Bad glow plug

SYMPTOM:
CAUSE

Mixture is too rich
Mixture is too lean

CURE

Replace/recharge battery

Replace glow plug

Repeat priming procedure

Remove plug, and rotate prop to clear cylinder of fuel
Remove fuel lines and reinstall them correctly

Set adjustment needles to factory settings for starting

CURE

Reset idle for higher rpm

Lean out low-speed mixture

Richen low-speed mixture

Tighten glow plug

Replace glow plug

Lean out main needle valve ¥ turn

CURE

Lean out low-speed mixture
Richen low-speed mixture
Install hotter glow plug
Lean out main needle valve
Richen main needle valve

CURE

Replace lines

Richen low-speed mixture
Replace glow plug

CURE
Lean out main needle valve
Richen main needle valve
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Fuel filters

There has always been debate about whether or not

to use a fuel filter between the model’s tank and the

engine’s needle valve. For years, I've run my engines

without an in-line filter, and | have never had a prob-
lem with fuel blockage. This is because | filter the fuel
three times before it gets to the tank.

First, | use a sintered-bronze filter as the pick-up
clunk in my main fuel jug. It prevents any large par-
ticles from leaving the jug.

After the fuel exits the fuel pump, it passes through
a Sullivan Crap Trap, which removes any fine particles
the first filter may have missed. The Sullivan filter has a
transparent body and a fine mesh screen at both ends;

you can see whether there is anything in the fuel.

The last filter | use is a Du-Bro Final Filter. It has two
micromesh screens to remove the tiniest particles
from the fuel. | use this filter between the fuel-pump
line to the model’s filler line. The filters are progres-
sively finer, and this keeps out any contaminants that

might be in the fuel.

To minimize the chances of your fuel becoming
contaminated, change the pick-up lines in your jug

twice a year. The nitromethane in the fuel can

degrade the lines, and they are inexpensive to replace.

—Rick Bell

engine becomes difficult (or
impossible) to start, compression
may be low. To fix this, check the
glow-plug and engine-head bolts
to make sure they are tightly fas-
tened. You should also check the
backplate attachment bolts. If the
cylinder-head bolts are loose, air
can leak into the combustion
chamber, and this will affect per-
formance. If you have been
running vour engine too lean, the
piston and sleeve fit can be worn
out, and this will prevent your
having a tight seal. If this is the
case, you'll have to replace the
worn components.

KEEP YOUR ENGINE CLEAN
If you fly off grass, there’s always
a chance that your airplane will
nose over or overshoot the run-
way on landing. The odds are
pretty good that debris will get
onto and inside your engine.
Always clean your engine after a
mishap, and never turn the prop
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shaft until you're sure the engine’s
inside is clean. If they aren’t
removed, dirt and grit can impede
engine cooling; even worse,
ingested debris can ruin the inte-
rior of the engine. Clean the
engine by plugging the muffler’s
outlet and the carburetor’s venturi
with small wads of paper towel.
Stand the plane on its nose, and
spray a mixture of dishwashing
liquid and water onto the engine.
Scrub the engine with a tooth-
brush, and use a toothpick to
remove debris from between the
cooling fins. Wipe the engine
clean and let dry.

ENGINE CORROSION
Corrosion is the main enemy of
our engines. It forms on the bear-
ings and other ferrous
components. The alcohol con-
tained in glow fuel is hygroscopic
(it attracts moisture). To prevent
corrosion, at the end of the flying
day, always run your engine until

Filtering your fuel greatly decreases the chances of having
contaminants clogging a fuel line or getting into your engine.

it is dry of fuel and use after-run
oil. When you've finished flving
for the day, empty the fuel tank,
start the engine and let it run
until it quits. This will ensure
that there isn't any fuel residue
left in the engine. Squirt after-run
oil into the carburetor and the
glow-plug opening, and turn the
prop manually several times to
fully coat the inside of the engine
with the protective oil. Before
storing an engine for an extended
period, remove it from your
model, oil it well, wrap it in a
cloth and place it in a sealable
plastic bag for safekeeping.

How much fun we have when
we fly our models is directly pro-
portional to how well our
engines behave. Taking proper
care of them is the best way to
keep them happy. It's time well
spent and an investment that
keeps paying us back.



4-stroke valve
adjustment made easy

BY JOHN REID

our-stroke engines are If a gap is too large or small, it can
marvels of miniature greatly affect how an engine runs.
mechanical engineering.
They're small enough to fit in the WHEN IS VALVE
palm of your hand, and they pro- ADJUSTMENT REQUIRED?
duce up to Zhp. Even though they Engine-valve clearances are usu-
have twice as many moving parts ally correctly set at the factory.
as 2-stroke engines, 4-strokes pro- You may never need to adjust
vide hours of reliable service with your engine’s valves; it depends
very little maintenance. With so on how much vou use it. There
many moving parts, it is easy to are certain symptoms, however,
see that timing is critical to that indicate a need to check and
smooth operation. Over time, a adjust the valve clearances.

4-stroke’s moving parts wear, and Check the valve clearance if
this increases the gaps between there is a noticeable loss of
them. Among the more crucial power and after you've dis-

gaps are those between the rocker assembled and
arms and the intake- and exhaust- reassembled you
valve stems. These gaps control engine. Here's
valve timing, which in turn how to do it.

affects an engine’s power output.

To adjust the valves on an O.S. 4-stroke engine, you'll

need a thin (0.04mm) and a thick (0.10mm) feeler
gauge, a 1.5mm Allen wrench and a 5mm wrench. Engines
by other manufacturers may require tools of different sizes.

Begin by removing the valve cover to

expose the rocker arms. Check and reset
the valve clearances only when the engine is
cold. If you check when it's hot, the metal will
have expanded, and the clearances will be
smaller than when the engine is cool.
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Before you adjust the valves,

make sure that both rocker
pushrods are at their lowest posi-
tions, i.e., the piston is at top dead
center (TDC) between the compres-
sion and power strokes. There is
also a TDC position between the
exhaust and intake strokes. To find
the TDC of either stroke, remove
the glow plug and watch the piston
while you turn the prop shaft.
When the piston reaches its highest
point in the cylinder, it has reached

TDC. Insert a toothpick in the glow-plug hole and watch as it rises; stop turning the prop just before the toothpick
starts to drop back into the cylinder. On the prop washer/hub, scribe a thin line that lines up with a line on the
crankcase. (The O.S. 4-stroke shown already has a TDC mark on its prop hub.)

Next, find the correct valve and pushrod ori-

entation between the compression and
power strokes. Install the prop and glow plug,
then turn the prop counterclockwise until you
feel compression. Turn the prop Y revolution
more until the mark on the prop washer/hub is
lined up with the one on the crankcase. If you
rotate the prop shaft back and forth about Y&
inch and the rocker arms move, this is the wrong
TDC position; the engine is between the exhaust
and intake strokes. Rotate the prop one full turn
counterclockwise until the marks are again lined
up. This is the TDC between the compression and
power strokes; rotating the prop shaft back and
forth will not make the rocker arms move.

To check the rocker-arm valve clearance, insert the thin (0.04mm) feeler gauge; it should slide easily into the

gap. Now try to insert the thick (0.10mm) feeler gauge; it should not fit into the gap. Be careful here; it does-
n't take much force to depress the valve and allow the thick gauge to slide into the gap. The valves need to be
adjusted if the thick gauge slides easily into place or if the thin feeler gauge doesn't fit.




To adjust the gap, carefully use a wrench to

loosen the locknut on the rocker arm about %2
turn. Then use the Allen wrench to back the adjust-
ment screw out about one turn (usually
counterclockwise).

 Insert the thin feeler gauge between the valve
stem and the rocker arm, and gently tighten the
adjusting screw until the rocker arm and the valve
stem lightly touch the gauge. The adjusting screw can
make a big difference, so use a light touch when mak-
ing this adjustment. Grasp the Allen wrench using
only your thumb and index finger as shown.

" Retighten the locknut while you hold the

" adjustment screw firmly with the Allen wrench.
Remove the wrenches and the feeler gauge, rotate
the prop a couple of revolutions, and recheck the
gap. If the clearance is correct, repeat these steps
for the other rocker arm and valve assembly. After
you have properly adjusted and checked every-
thing, replace the valve cover. That's it!

When you set the gap for valve adjustments, it's
important to remember that it is better to have too
much play in the valve assembly than too little.
With a wide gap, the valves won't stay open as long
as they should. This doesn't really hurt anything
and incurs only a small loss of power, but having a
very small gap or no gap at all can burn and erode
the valves and valve seats. You can always avoid this
by making sure that the thin gauge slides easily between the rocker arm and the valve stem.

Periodic valve adjustment will ensure that your engine runs smoothly and will help provide hours of
reliable 4-stroke engine service.
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engine cooling tips
explained

Il engines, whether

they're in your RC air-

plane or the car parked
in your garage, produce heat as
they run and operate best at a cer-
tain temperature; but too high a
temperature is detrimental to per-
formance and, if left unchecked,
can lead to engine failure. Many
factors affect cooling in ABC
engines (and with it, engine per-
formance), and you can adjust or
change them. We'll consider most
of them here, but let’s first look at
what happens when cooling isn't
controlled.

HOW FUEL COOLS
A 2-stroke RC engine is partially
liquid-cooled by its fuel. Lubricat-
ing oil also helps cool the engine.
Here'’s how:
» Methyl alcohol (methanol):
the methanol in the fuel enters
the crankcase in liquid droplet
form and is heated by conduc-
tion. Conduction takes place

Nitro facts

Nitromethane produces more energy
per cycle, combustion-chamber pres-
sure and crankshaft torque than any
other common fuel component. Com-
busting nitro also adds excess heat.

Nitro isn't without its problems:
burning it produces sharply elevated
combustion temperatures that encour-
age detonation—especially with higher
percentages of nitro mixed in the fuel.
If you raise the nitro level, you should
also consider shimming the head to
reduce the compression ratio.
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To maximize its performance, your engine should be run at between 350 and 375
degrees, and temperature is most accurately measured on the glow plug or near the
glow-plug opening at the top center of the head.

when materials (solid, liquid, or
gas) that have different tempera-
tures are in contact with one
another. Heat always flows from
the hotter material (the engine
parts) to the cooler substance (the
liquid fuel). As the methanol
reaches its boiling point (147
degrees F), it vaporizes and mixes
thoroughly with inducted air mol-
ecules. This change-of-state
process, called “latent heat of
vaporization,” consumes great
quantities of heat and is especiallv
effective in cooling the piston,
wristpin and upper connecting-
rod bushing. As the air/fuel
mixture is transported through
the bypass channels and cvlinder
transfer ports, additional evapora-

tive cooling takes place.

* Fuel oil: all RC fuel mixtures
contain oil to lubricate and cool
the engine. To be successful, the
lubricant must effectively wet
moving surfaces while resisting
surface boiling and vaporization.
Two types of oil are typically used:
castor and synthetic.

* Castor oil: this lubricates and
cools well beyond the tempera-
tures at which most synthetics
can function. As temperature
increases, castor oil becomes ther-
mally unstable and rapidly
polymerizes (a chemical reaction
in which two or more small mole-
cules combine to form larger
molecules), becoming a better
lubricant while consistently carry-



ing away waste engine heat
through the exhaust system.
Some enthusiasts consider castor
oil a nuisance, since it decom-
poses into a soft varnish that
must be removed from internal
and external engine components
from time to time.

* Synthetic oil: synthetic lubes
are excellent but can also have
limitations in the presence of
overheating. Most can burn in
the combustion chamber if the
needle valve is set too lean; they
can also boil on the cvlinder
walls, piston skirt and wristpin

If your engine runs too hot, the piston
might burn through. The piston on the
left has a small depression while the
one on the right has been burnt right
through its center.

areas. Under extreme tempera-
tures, they can degrade into the
materials from which they were
formulated, and these are gener-
ally less suitable lubricants.

SOME (DON'T) LIKE IT HOT
When excess combustion heat
doesn’t dissipate fast enough,
engine temperature soars. Today’s
ABC components (aluminum pis-
ton, brass cylinder, chrome-
plating) have closely matched
expansion rates; this allows them
to operate at temperatures well in
excess of any other combination
of metals without seizing. The
piston is in direct contact with
hot combustion gases, however,
and it has no efficient heat-dissi-
pation path, so its cooling is
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HOT ADVICE

CAUSES OF OVERHEATING
I The engine is being operated
leaner than the “peak power
air/fuel ratio” for a given fuel.
i The propeller is mismatched
and does not allow the
engine to rev up to an
appropriate rpm.
The piston/sleeve
combination is worn out.

L]

TO AVOID HEATING
PROBLEMS . ..

W Set the engine slighly rich
when you achieve maximum
power.

' Use 18 to 22 percent
lubricant and add castor oil
to the mix.

% Don't change the nitro
percentage.

SOLUTIONS TO HEATING
PROBLEMS

“ Detonation, caused by an
overheated, over-compressed
air/fuel mixture, can be
fought by shimming the
head to reduce compression
and/or by switching from a
hot to a cold glow plug.
If head temperatures rise
above 400 degrees, increase
the airflow over the head,
and reduce compression by
shimming.

dependent on other events and
circumstances. In extreme cases,
the best silicon aluminume-alloy
pistons will melt if temperature is
allowed to climb unabated.
Known by racers as “burning a
piston,” the phenomenon may
be more accurately described as a
blowhole through the crown.
The piston isn’t the only com-
ponent that suffers; the wristpin
and the upper portion of the con-
There are two ways to measure an engine's
temperature accurately: with an onboard temp
gauge (see the small, light MIP gauge on the

right of the photo) and with an infrared sensor
(the Raytek “gun” on the left).
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ENGINE COOLING REVEALED
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necting rod that operates within
these furnace-like conditions are
prime candidates for temperature-
related failure. Many 2-stroke
engines fail because the rod bush-
ing seizes on the crankpin as a
result of overheating. That takes
care of the “worst-case” scenario;
now let’s look at how we can
avoid it!

HEAD TEMPERATURE &
ENGINE COOLING
The most accurate place to
measure an engine's temperature
is on the cylinder head near the
glow-plug opening, or better, on
the glow plug itself. The temper-
ature reading at this location is a
good indicator of engine cooling
but a poor gauge of a correct or
optimal air/fuel mixture.
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A general temperature range of
between 350 and 375 degrees F is
a safe bet for most applications.
I've seen ABC engines run per-
fectly at 400 degrees F (which is
about as hot as [ want to run an
engine). This is usually an exam-
ple of a correct needle-valve
setting with marginal cooling. I've
also seen engines self-destruct
operating at below 300 degrees F;
this is usually an instance of over-
cooling with a lean needle-valve
setting, and that combination
limits oiling to critical engine
components.

Even though an engine is run-
ning “cool,” it isn't necessarily
running right. If extracting the
optimal torque and horsepower
from a particular setup is the
objective, higher cylinder-head

temperatures are desired from a
slightly rich primary-needle-valve
setting. But keep in mind that
every combination of engine
design, fuel, compression ratio,
glow plug, propeller, forced con-
vective cooling and other
considerations will modify the
ideal temperature.

HOW TO MEASURE HEAD
TEMPERATURE
There are two common ways to
accurately measure cylinder-head
temperature: use an onboard sensor
or an infrared temperature gauge.

* Onboard systems. The units
offered by MIP and Traxxas, two
prominent RC car manufacturers,
are very convenient and afford-
able, and they sense engine
temperature via bi-metallic ther-
mocouple sensor wires. Onboard
units work well for relative tem-
perature comparisons but do not
measure actual temperature very
accurately because the thermo-
couple wires are difficult to secure
closely to the glow plug.

e Infrared temperature gauges.
Hand-held infrared units, usually
referred to as “temp guns,” are
more accurate because they can
be aimed precisely to zero in on
the glow plug. Some use laser
sighting devices; others use
tapered cones around the sensor
tip; both methods work well.

NEEDLE-VALVE SETTING FOR
MAXIMUM PERFORMANCE
& AND BEST COOLING
For any phase of engine operation

(idling, transition or wide open
throttle), fuel must be added to
the available air in the correct
proportion (the “air/fuel ratio”),
or the combustion process, torque
and power will degrade. While
extremely rich needle-valve set-
tings should be avoided with
ABC-type engines owing to



HIGH-SPEED NEEDLE

Richen

Clockwise rotation: causing
an engine to run hotter.

piston-wear considerations,
extremely lean runs will cause the
engine to overheat and will
severely damage it in the process.

It's important that you never
operate an engine leaner than the
peak power air/fuel ratio for a
given fuel. This is the needle-valve
setting at which maximum rpm is
obtained for any given load. Prac-
tical experience has shown that a
slightly richer than peak setting
will act as insurance against a
lean, hot, damaging run.

Some guys insist on adjusting
the needle valve to its leanest
position in an attempt to squeeze
the highest rpm and performance
from their engines. This is asking
for trouble. The engine may be a
click away from disastrous, high-
temperature operation. Lean
mixtures also promote combus-
tion defects such as pre-ignition
and detonation; these add to the
engine's already burdensome cool-
ing load. Rich, relatively cool
operation reduces the possibility

Inside the main, or
high-speed, mixture
needle: counterclock-
wise rotation richens
the mixture allowing an
engne to run cooler.

of these problems. Engines can be
set noticeably rich and still pro-
duce nearly maximum power
without fear of temperature-
related damage.

COMPRESSION RATIO
AND COOLING

When a fresh air/fuel mixture is
squeezed in the combustion
chamber by the piston, it is said
to be compressed. The amount of
compression is determined by
comparing the volume before and
after compression—hence the
term “compression ratio.”

As the compression ratio
increases, so does the pressure in
the combustion chamber. Along
with the pressure, temperature
also increases. High-compression-
ratio engines exert more force on
the piston; they produce greater
torque and power at the crank-
shaft than low-compression
engines. They also generate
higher temperatures in the com-
bustion chamber, and these must

Mixing your
own fuel

As a general rule, using a mixture of
synthetic and castor lubricants can
optimize engine performance. A good
starting point is 20 percent lube by
volume. | particularly recommend the
addition of castor oil to the lubrica-
tion package when you're dealing
with the higher cooling loads and
heavier wristpin pressures encoun-
tered with high-performance engines.

If you currently use an 18 percent
straight synthetic fuel, try adding
some castor oil. You can obtain Bak-
ers AA or Klotz Bean oil from your
local hobby or motorcycle shop. If
the hobby shop doesn't carry castor
oil, it can get it from a distributor.

| suggest that for our applica-
tions, a mixture of one part castor oil
and two parts synthetic is an effec-
tive combination.

This formula tells you exactly how
much castor oil to add to your fuel
blend:

0z to add = (F-1) / 100 - F

F = final percentage of oil desired

| = initial percentage of oil already in
the fuel

A = number of ounces of fuel you
are treating

Example: if you have a gallon (128

ounces) of 18-percent-synthetic-oil

fuel and you want to add castor oil

to bring it up to 20 percent, find the
following:

F=20

1=18

A=128

(20-18)x 128 / 100-20=3.2

So, add 3.2 ounces of castor oil to
the gallon of 18-percent-synthetic-oil
fuel. Be aware that since the new vol-
ume is larger than the original gallon
(now 131.2 ounces), the actual per-
centage of nitromethane and
methanol will be decreased slightly
but not enough to affect performance.
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be dissipated, partially by the
engine's cooling system.

between the top of the cylinder
and the bottom of the head, the
engine's compression ratio and
cooling load are reduced.

If vou have an over-compressed
engine, its sound will likely tell

WHEN TO ADD A GASKET
Since higher compression ratios
mean greater engine performance,
why would anyone knowingly
lower the compression by adding
a gasket (a shim)? The answer is to
control the engine's internal tem-
peratures. When a gasket is added

ate attention. Over-compressed
engines are prone to pre-ignition
and detonation. It's difficult to
identify which defect is present

When to change from a hot
to a cold plug

By selecting the correct glow-plug heat range, the engine's cooling load
may be reduced for a given fuel blend and compression ratio. Here’s
how it works:

Glow plugs have platinum-rhodium- or platinum-iridium-alloy wire
coils (elements) that heat up and glow orange to orange/white when a
low-voltage direct current is passed through them. When the engine is
running and the current has been disconnected, the coil continues to
glow. This is the result of an exothermic (heat-releasing) catalytic reaction
between the platinum-alloy coil and the fuel's methanol, plus heat
absorbed during combustion.

A “hot” plug retains much of its heat from the previous cycle and helps
to ignite the fresh air/fuel mixture during the early part of the compres-
sion stroke. A “cold” plug carries less heat from the previous cycle and
therefore ignites the air/fuel mixture later in the compression stroke.

By changing from a hot plug to a cold plug, an experienced tuner can
retard the ignition point (ignite the air/fuel charge closer to top dead cen-
ter) and quench a detonation or pre-ignition problem that is sapping
power and forcing extra heat into the cooling system without having to
reduce the compression ratio. Sometimes, a combination of changing the
heat range and the compression ratio works best to restore power and
lower the cooling load.

Tl 4

-You‘ll note that the many available glow plugs are listed as having a varlefy of
heat ranges. You can fine-tune your engine just by changing its glow plug.
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you that something needs immedi-

Explosive
results of high
temperatures

High combustion-chamber temperatures
produced by lean air/fuel mixtures often
promote combustion defects such as
pre-ignition and detonation. These can
adversely affect performance and dam-
age the engine.

PRE-IGNITION

If a portion of the combustion chamber
such as a sharp edge from a tapped
glow-plug hole or a carbon particle
becomes overheated under operating
conditions, it's possible to pre-ignite the
fresh combustible charge. This poten-
tially damaging early ignition isn't
desirable because of erratic and uncon-
trollable combustion accompanied by
soaring temperatures.

DETONATION

Detonation is a major factor that causes
designers to limit the compression ratio
in any internal-combustion engine. Vio-
lent pressure fluctuations accompanying
detonation can cause severe mechani-
cal engine damage. Unlike pre-ignition,
which occurs before combustion, deto-
nation happens after burning has
started. As the normal flame front is
progressing across the combustion
chamber, the unburned mixture is being
compressed. If this mixture reaches its
auto-ignition temperature, it will ignite,
causing two colliding pressure fronts;
detonation is the result.

because they sound alike (the sizzle
of a frying egg or a sharp crackling
sound from the exhaust) during
operation. Detonation sometimes
produces a metallic pinging sound,
but this is usually reserved for
larger-displacement engines.

Signs of pre-ignition or detona-
tion damage can be found on the
engine's piston crown and cylin-
der head. If otherwise shiny
aluminum components look
sand-blasted, you have a combus-
tion-defect problem.

The number-one solution to
eliminating either of these prob-
lems is to reduce the compression
ratio: add a head gasket. Engine
manufacturers sometimes include
an extra head shim in the 0.004



ENGINE CONDITION & LOAD

If the piston/cylinder combination is worn out, the engine will over-
heat. When the ABC-type piston loses its "pinch" (interference fit) near
top dead center (TDC), it's a sign that clearances between the piston
and cylinder are becoming excessive. When operating at temperature,
hot combustion gases will blow by the piston and into the crankcase,
increasing friction and adding more heat. The piston can't efficiently
transfer heat to the cylinder walls, and hot spots promote pre-ignition.
As head temperatures rise, the cooling system will appear to be

overloaded. When any of a number of correc-
tive actions are taken, the engine will lose
power. It's time to purchase a new piston,
cylinder, connecting rod and wristpin set!

ENGINE LOAD

An engine that is overloaded with too much
propeller (diameter and/or pitch) will often
overheat at prolonged wide open throttle

(WOT) operation.

Rather than changing the glow plug, com-
pression ratio, air/fuel mixture, or other factors, the best solution may
be to change to a prop with a smaller diameter and/or pitch that will

allow the engine to speed up.

to 0.008-inch thickness range.
Don't be afraid to experiment
with compression ratios, but lis-
ten for the telltale frying egg
sound, and carefully monitor the
head temperature.

WHEN TO INCREASE
AIRFLOW

If you have a high-compression
engine that runs strongly at the
correct needle-valve setting, you
want to maintain this perform-
ance. But if the head temperature
continues to rise (say, above 375
degrees F), vou need to decrease
the temperature, or chances are
good that something will fail.
Your best bet is to increase the air-
flow over the existing fins. Resist
reducing the nitro content to
lower the temperature, as this will
change the expansion rates of the
piston and cylinder. That can
affect their fit, cause friction and
reduce performance and even
damage your engine.

WHAT ABOUT COWLS?

The only engine parts that require

Every ABC-type
engine piston has an
interference fit near
top dead center. If an
engine wears and
loses this fit, it can
overheat because hot
combustion gases
blow by the piston
and enter the
engine's crankcase.

cooling are the cylinder and the
head—from the bottom of the
exhaust stack up. (The crankcase
operates at a lower temperature
owing to fuel vaporization, which
draws most of the heat from that
area.) On a .40 sport-model
engine, the cowl’s air-inlet hole
doesn’t have to be very large, but
it should direct the air onto the
front of the cylinder, particularly
the cylinder head because convec-
tion and radiation direct most of
the waste heat there. How big
should the hole be?—2 inch wide
by 2 inches high should sutfice.
Equally important is the exit
hole; if you don’t provide

one, airflow over the
engine will be
reduced greatly.
The rule is

that vou should make the exit
hole at least 1% times the size of
the inlet hole.

TOO MUCH COOLING

A cold running engine—one that
operates at below 300 degrees F
(head temperature)—is inefficient
because it wastes fuel. More
important: a cold running engine
isn't nearly as powerful as it could
be. Although such an engine is
often free of pre-ignition and det-
onation, it's likely to display
power-robbing, erratic pressure
pulses from cycle to cycle. Fuel

An air-inlet hole
doesn’t have to be

very large, but it

must direct the cooling air

onto the front of the cylinder.

w

F
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vaporization in the crankcase suf-
fers from lack of heat, and that
compounds the problem. A sug-
gestion: run vour engine safely on
the cool side—less than 400
degrees F but above 350 degrees F.

HEAT-SINK ENGINE MOUNTS
Under normal operating condi-
tions, a methanol-burning 2-stroke
engine should be cooled from the
bottom of the exhaust manifold to
the top of its finned heat-sink
head. Although some may dis-
agree, [ recommend that nothing
below the exhaust manifold be
cooled because a substantial
amount of the heat being con-
ducted to the lower block can be
diverted to the atmosphere rather
than into the crankcase. This
retards fuel vaporization. When
unvaporized fuel droplets enter
the combustion chamber, they are
poorly mixed with the available
air and burn erratically, if at all,
before being scavenged (cleared)
from the engine.

To prevent this type of
unwanted cooling, |1 do not rec-
ommend the use of heat-sink
engine mounts. Some experts
even believe that conventional
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metal engine mounts should be
thermally insulated from the
engine. This can be accomplished
by inserting a piece of ¥s4-inch
plywood or card stock between
the mounts and the engine-
mounting flanges.

HOW MUCH LUBRICATION
IS ENOUGH?

Experienced modelers know that
using lower percentages of lubri-
cant in the fuel blend—14 to 16
percent—will allow their engines
to develop more torque and
horsepower. It will also provide a
crisp throttle-up.

For Sunday fliers, this can be a

dangerous tactic. If the engine
begins to run hot, the lubricant
will have difficulty wetting the
metal surfaces while trying to
absorb additional excess heat.
Lean oil percentages are often
spread too thinly and boil off
hot cylinder walls, piston skirts
and wristpins.

The best strategy is to use a
higher percentage of lubricant
(minimum 18 to 20 percent) in
the fuel. The difference in peak
power and throttleability is
hardly noticeable.

There is no need to drain heat from an
engine’s crankcase area. Put a thin
piece of plywood or card stock between
the engine block and the engine mounts
to reduce cooling in this area.

The 10hp .40!

If .40 engines were perfectly efficient,
they would produce an amazing 10hp!
Why? Only about 20 percent of the
fuel's energy is converted into work.
Here's where the other 80 percent goes:

= 40 percent of the energy is blown out
though the exhaust in the form of waste
gases and unburned fuel.

= 10 percent is “ground away” by fric-
tion within the engine.

w 30 percent of the fuel's energy is
shed in the form of heat.

High cooling loads result
when increased engine tempera-
tures must be controlled by the
cooling system.



vanquish
the varnish

ontrary to what vou may
have heard, clean engines
perform better than dirty
engines! A clean engine is easier
to adjust, runs cooler, and ulti-
mately, will last longer. The dirt
I'm talking about is not ordinary
abrasive dirt; I'm referring to com-
bustion-generated varnish. If it's
ingested, abrasive dirt is public
enemy number one; varnish runs
a close second.
Ordinary dirt can be prevented
from entering an engine by:
® using an air filter;
* minimizing the time an engine
runs while sitting on the runway;
e rinsing away dirt after an unin-
tended encounter with terra firma.

A heavily varnished exterior
of a nostalgia-era engine.

Varnish is a more insidious vil-
lain; it sneaks up on you.
Although an affected engine
seems to run well one day and
poorly the next, the problem
develops over time and will show
effects sooner or later depending
on the fuel blend you use and the
amount of flying you do.

=

S

I remember the first time one
of my engines needed to be de-
varnished; the plane sounded
good while running on the
ground, but “ran away” in the
lean and hot. After | had
struggled with the problem for
the better part of the morning,
someone at the field informed me
about castor-oil-generated var-
nish. He said it was produced by
lean, hot operation and collected
on the piston and sleeve. “Var-
nish is good,” he said. “It
prevents metal-to-metal contact.
Unfortunately, the stuff has to be
removed occasionally.”

air

For exterior engine cleaning

only: remove accessories (in
this instance, the needle valve
and tank); pack a piece of
paper towel into the exhaust
port and another into the air
intake. Seal the needle valve
and spray-bar holes with a
length of fuel line. Attach a sim-
ple holding stick to the engine
crankshaft, then lock the assem-
bly with wire wrapped around
the glow-plug stem and stick.
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Using rubber gloves and goggles, brush engine

surfaces and components vigorously with an old
toothbrush under warm tap water (in some cases, a
heavy-duty nylon or wire brush is needed). Dry,
lubricate and reassemble the engine.

At first | thought this corn-cob-
smoking adviser was just blowing
smoke rings—pulling my leg.
After all, I had been running
engines since [ was 11 vears old
and I had never had this problem
before. Those were the days (early
1960s) when we used commercial
fuels that contained 100 percent
castor oil; Fox Superfuel and K&B
100 are two that come to mind.
Anyway, after vet another lean
flight, I decided to exorcise the
varnish. I removed the engine

This heavily varnished, antique spark-ignition

engine required complete disassembly for inside
and outside cleaning. Note the severely varnished pis-
ton as viewed through the exhaust port.

102

Hold the engine over a catch-pan (a pie tin works

well), and apply a liberal coat of chemical cleaner
with the application brush. Always wear protective
rubber gloves and goggles. Give the cleaner 30 to 45
minutes to do its work. (Note: Demon-Clean chemical
cleaner may be left on metal surfaces for days or weeks
without its causing damage; however, never use it on
painted or anodized surfaces.)

trom the airplane and hurried
home; then I cleaned it according
to my advisor’s instructions. Back
at the field, my skepticism ended
when the little .35 performed
beautifully. It goes without saying
that since that day, | have been a
believer. Thanks, Pappy deBolt!

CASTOR OIL, VARNISH AND
ENGINE PERFORMANCE
Castor oil in fuel is the best pro-
tection against high-temperature,
over-lean operation in miniature



Right: after cleaner has been applied, the

catch-pan provides a place for the engine to
sit while the chemical does its work. Difficult-to-
clean areas may require a second application.
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2- and 4-stroke engines. During a
high-temperature episode, castor
oil forms a tough, protective var-
nish on the piston and cylinder,
and this usually prevents cata-
strophic damage from the heat.
Unfortunately, varnish buildup
ultimately, through overheating
and viscous piston drag, degrades
engine performance.

When fuel spills, castor oil also
varnishes the hot outside surfaces
of the engine, especially the
cvlinder head, exhaust stack and
muffler. Acting as a thermal insu-
lator, varnish buildup (both
inside and out) reduces the
engine’s ability to cool, thus pro-
moting high-temperature, erratic
operation. Revealing itself as an

After the engine has been

correctly disassembled, the
major components are ready for
cleaning with chemical cleaner.

Left: warm water and a stiff toothbrush are used to

complete the cleanup. Remember to wear rubber
gloves and goggles. Parts must be thoroughly dried and
lubricated before reassembly.

ugly, dark brown smear, varnish
stubbornly resists removal with
common solvents.

Forty years ago, we removed
engine varnish mechanically,
using a variety of techniques
incorporating wire brushes, steel
wool, sandpaper and abrasive
soap. Although these products
worked satisfactorily to remove
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Ready for

action or ready
for the display
case, these engines
sparkle like new!

buildup, there was alwavs a
chance of damaging precision
engine components.

Today, we have chemicals that
have been specifically tailored to
safely and effectively remove var-
nish without subjecting the
engine to potential damage. Keep
in mind that it's important for
engines to be disassembled and
reassembled using the correct
tools and techniques. Two refer-
ence books concerning these and
related topics are “All About
Engines,” available from Higley &
Sons and my “2-Stroke Glow
Engines for R/C Aircraft, Volume
1,” available from Air Age Media.



death to evil
air leaks

here’s only one place

you want your 2-stroke

engine to be sucking
air: through the carburetor. If
even a little bit of air is leaking
anyvwhere else, it will destroy

the necessary negative
crankcase pressure—the force
that sucks the air/fuel mix
into the engine. If your
engine isn't drawing the right
amount of fuel and air at all
rpm levels, it will run

A

Garden-variety silicone lean the engine thor-

sealants contain ingredi- oughly before you begin; |

ents that can corrode
the Iinside of the engine. use a can of carburetor cleaner.

poorly—or not at all. When you shop for a The spray pressure really gets
Sea'ft"“- 'e:d the F‘t:‘:t‘ out the fine dust. If you think
: make sur . .
Follow these steps closely, ?t.gses;tableefm h?gh- an air leak is bad, watch what
and when the last part has temperature applica- happens when you seal dirt
been bolted back onto your tions and that it is inside the engine! Clean it, and

“sensor-safe” or “oxy-

engine, you should be ready gen sensor-safe.”

to go. This procedure is great
not only for resealing a
poorly running, leaky
engine, but also for rebuild-

wear safety glasses.

ing older engines for which ess is more. Squeeze some sealant onto a
gasket sets may be too piece of scrap paper and apply it with a piece
expensive or not readily of thin wire, such as an unbent paper clip, or a
available. In the past, when toothpick. Use just enough to ensure a proper seal
I've been unable to obtain a and no more. You don’t want excess sealant to
certain gasket for an other- get into the engine; it could cause more problems
wise good engine, 1 used this than it solves.

system in place of the gas-
kets and was rewarded with
a perfect running engine.

Fuel-inlet nipples are a
potential source of air
leaks. Sometimes, they're
improperly sealed at the
factory, especially when
plastic gaskets are used
instead of paper ones.
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any air leaks occur in and

around the carburetor. Carb
retainers and the area under the
carb where it mates to the engine
are usually the trouble spots.

Torn backing plate gaskets can be a source
of air leaks. If you don't have a new gas-
ket—no problem. This method works
extremely well in place of the gasket. Don't
be fooled into thinking that a backing plate
with an O-ring is always properly sealed. It
can leak just as badly as a torn gasket.

tisn’t essential to seal the

exhaust, but doing so will
keep your model’s engine com-
partment cleaner. Use a bit more
sealant with exhaust stacks, since
the mating surface between the
muffler and exhaust stacks is
sometimes less than precise. Yes;
this stuff will hold up to exhaust
temperatures.

ith a clean cloth,

wipe away any
excess sealant that oozes
out of the joint when the
screws are tightened. It
makes disassembly easier
and, if nothing else, the
engine will look better.

eal the backing plate with a small bead of silicone. Seal right

over an O-ring if one is present. Don't apply any sealant to
the engine block because it might permit a tiny bit of it to be
pushed into the
crankcase when the
backing plate is installed.

When you re-install

the backing plate, apply
an equal amount of
torque to all of the
bolts and wipe things
clean before the sili-
cone dries.




maintain your gas
carburetor

BY RICK EYRICH

Remove the Walbro

from your airplane’s
engine, and clean the
carburetor thoroughly
before internal inspec-
tion. A clean exterior will
prevent you from con-
taminating the interior
of the Walbro, which
could result in mislead-
ing signs of an internal
carb problem.

nlike the carburetors found

on nitro engines, most gaso-

line-burning powerplants rely
on the basic Walbro butterfly-valve
pumper carb. Walbro carbs share the
same fundamental layout of fuel
pump/metering diaphragms,
high/low mixture screws and needle-
valve parts. Routine maintenance on
these square carbs involves disassem-
bly, a few simple checks and
reassembly—certainly within the
capabilities of most model builders.

The fuel-pump diaphragm is beneath the

single-screw plate that usually contains the
idle-screw-adjustment arm. The sealing gasket
should be pliable, and the pump and gasket
should be free of debris; both “flaps” must lie
flat against the carb body.

The fuel inlet filter—a small, round screen that

prevents debris from passing into the metering
section—sits inside this recessed area. Lift the screen
free with a small pick or screwdriver. Do not push the
screen past this lip when you replace it; doing so
might reduce the fuel flow through the carb body.

Note the variation in the color of these two inlet screens.

Tiny contaminants can block the small openings in the
screen and cause the engine to run poorly. Use low-pressure
air and denatured alcohol to clean the screen. Savvy com-
petitors replace this screen at the beginning of each flying
season—not a bad idea for sport fliers, either.
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Opposite the fuel pump area

is the metering/diaphragm
zone. Both flat metal plates and
primer are held here by four
small screws; you'll find a similar
diaphragm/gasket combination
underneath.

Once you have removed the

metering arm, spring, pivot
shaft and needle valve, inspect
for any marks, embedded gunk
or deformities; pay particular
attention to the tapered rubber
tip of the needle.

Last, check the high- and

low-end mixture screws,
At this point, you're ready to
clean the Walbro's internal
components completely.

If you find that replacement

gaskets are needed, be sure to
completely remove the old gasket
material, but never use sharp tools
to do so. Scratches and nicks in
the carb and sealing plates can
cause the engine to run poorly.
The raised sealing rib on this
pump’s cover could easily be dam-
aged by a scraper. Use soft tools or
paint remover on the old gaskets.

This side of the Walbro

houses the carburetor’s
fuel-measuring parts. If any
debris has managed to get
into this area, you'll likely

find it on the inner rim of the After you've cleaned the carburetor, reassemble the Walbro; do
gasket seal area. Condensa- so in the reverse order from which you disassembled it. Be very
tion can find its way to this careful to line up all the components correctly. The fuel pump and

point, and if left unattended, metering diaphragms are often reinstalled incorrectly. The diaphragm

it will ruin the carb body. lies flat against the carb body and is followed by the gasket and the one-

screw cover plate. On the metering side, the gasket goes on first, then
the diaphragm, which is followed by the four-screw cover plate.

Your Walbro's reassembly should be straightfor-
ward; when the carburetor is back together,
inspect the mounting gasket, fuel lines, fuel
filter and tank. Replace any questionable
components. Reinstall the Walbro on your
model’s engine, and head for the flying field!
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.40 engine
comparison

he following analysis of
nine popular low- to
intermediate-price .40ci
(cubic inch) engines is
based on cost, performance, dura-
bility and warranty. All fall into
the 2-stroke-cycle category; all
have single cylinders and incorpo-
rate front-rotary-valve mixture

non-tuned expansion-chamber-
type mufflers. Internally, they
differ widely with respect to piston
and cylinder design and materials.
It should be no surprise that all
engines use the Schnuerle system
of cylinder porting (a standard for
the industry). Crankshafts are sup-
ported either by bushings (plain

induction with rotary-barrel throt-
tle carburetors. All are designed
with side exhausts and use simple,

bearings) or dual ball bearings;
modelers often turn up their
noses at bushings, but most of

We all want value for our money, but when it comes to evaluating our
miniature RC engines, which criteria should we use to determine value?
Cost? Performance? Warranty? Durability? Manufacturer and distributor
reputation? Availability of parts? Service? Some of this information is rela-
tively easy to obtain.

* Cost. Search for the best .40 prices; look at magazine ads, and check
discount houses and hobby shops. But are you sure that you want the
least expensive engine out there?

* Performance. Manufacturers don’t always include horsepower data,
and they never consider torque. Then there’s the matter of truthfulness;
engine reviewers such as yours truly can evaluate only 10 to 20 engines
a year, and more than 600 are available worldwide!

» Warranty. Most manufacturers offer a limited replacement policy to
cover defective parts and workmanship; a few offer full replacement for
any reason, including crash damage!

* Durability. This is very subjective; circumstances play a large role,
e.g., if you consistently set the needle valve too lean and use bargain-
basement fuel with questionable contents, your engine will wear out
quickly (or suddenly!). Likewise, if you buy an engine made of inferior
materials or inadequately prepared components, you might need a
new one before you’re ready!

* Manufacturer’s reputation, availability of parts and service. When
the manufacturer or distributor is respected and has a history of acting
honorably (word travels fast), you can expect fair prices for repair service
and parts when you need them.
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these will outlast certain cheap
(inferior) ball bearings. Unfortu-
nately, ball-bearing failure usually
occurs after several hours of oper-
ation—beyond the scope of this
comparative review.

Sound complicated? It really
isn't, provided you understand
the pluses and minuses associated
with the technologies. A simple
way to determine this is to check
the materials and technologies
used by the manufacturers of
more expensive engines (Nelson,
Jett, Rossi, YS, etc.), but don't be
fooled. Sport flyers don’t always
need true chromed ABC engines
with high-quality ball bearings.
There’s a big difference between
running a high-dollar engine at
20,000rpm plus and a sport
engine at 13,000. Don’t be swayed
by suggestions that ABC-type
engines are superior to all others.
Truth is—for sport engines—
lapped iron and steel components
and compression rings are more
than satisfactory. Two advantages
of ABC-type engines are: a rela-
tively short break-in period and
reduced chance of piston damage
brought about by running a lean
mixture setting. Properly broken




Thunder Tiger
GP-42 (plain
bearing)

in and operated iron and steel
assemblies have doubled and
tripled the durability of certain
ABC engines while maintaining
their peak performance.

SIMPLIFYING THE SPECS
Study the engines’ specifications
(see table). Compare engine and
muffler weights; notice the differ-
ences between carburetors
(air-bleed or fuel-metering type).
Popular opinion suggests that fuel
metering is better; in my opinion,
that isn't always the case. Let’s
take the carburetor bore and
cross-sectional area into consider-
ation. Although most small-bore
carburetors work nicely with
single-needle air-bleed systems,
some fuel metering (2-needle)
units with relatively large choke
bores don’t work as well. Among
this group of engines, the largest
cross-sectional area is 2%2 times
greater than the smallest; not only
is this a good indicator of which
engine will produce the most
power and torque (the largest) but
also which will have the most dif-
ficulty idling and transitioning
reliably (the largest) owing to fuel-
mixture-control deficiencies.

Enya SS .40BB
(ball bearing)

THE ENGINES AT A GLANCE

Enya SS .40 ($68.08)
Steel and iron piston/cylin-
der engine with sweptback
needle-valve design for
safety. Although it takes
awhile longer than others to
break in, it will have an
extremely long and reliable
service life because of its
high-quality castings and
materials.

Idle: good at 2,500rpm,
after extensive break-in with
Enya G-type carburetor.
Mid-range: good, with a
slight hesitation (rich)
through mid-range transition,
Best props: 11x4, 9x6, 9x7.

Enya SS .40BB
{$95.98)
The most expensive .40
tested here, this steel and
iron lapped piston/cylinder
engine features extremely
high-quality craftsmanship
and materials. It starts eas-
ily and provides good
torque. Its relatively longer
break-in time also equates
to longer service life.
Idle: very good at
2,500rpm, using a twin-
needle fuel-metering
carburetor.
Mid-range: excellent with
thorough break-in; engine
exhibits flawless transition
through mid-range, with an
average bore-size carburetor.
Best props: 11x5,
10x6, 9x7.

Magnum XL .40 A2
(§70)
This ABC engine is equipped
with ball bearings and a
remote needle valve for
safety. It has a short break-
in time and is especially
suited to high-shaft-speed
applications.
Idle: fair at 2,700rpm with
a fuel-metering, average
bore-size carburetor.
Mid-range: very good
transition, with no hesitation
through mid-range.
Best props: 10x6, 9x7, 9x6.

Enya SS .40 ‘
(plain bearing)

MDS .38 FS Pro
{$74.95)
This ABC, ball-bearing-
equipped engine is
especially suitable for high-
speed applications using a
low-drag airframe and rela-
tively small propellers.
Idle: good at 2,500rpm, for
advanced crankshaft and
cylinder timing.
Mid-range: fair; experienced
hesitation (rich) at mid-
range with a relatively large
bore, twin-needle fuel-
metering carburetor.
Best props: 10x5.5,
9x7, 9x6.

0.5. Max .40 LA Silver
($56.99)
This ABN engine has a
remote needle valve for
safety. It runs well with a
hotter glow plug, such as a
McCoy MC-59.
Idle: fair at 2,500rpm, with
non-fuel-metering, air-bleed
carburetor design,
Mid-range: excellent
transition, due to a tiny car-
buretor bore.
Best props: 11x4,
10x6, 9x7.

SuperTigre GS .40
[574.99)
This ringed engine has
ball bearings and an
aluminum alloy piston and
press-fit steel cylinder. It
requires a hotter glow plug,
such as a K&B 1L The GS
40 performed well through-
out the tests.
Idle: fair at 2,600rpm, with
a fuel-metering carburetor.
Mid-range: good transition
with some spitting (rich) at
mid-range, with large-bore
carburetor.
Best props: 11x5, 10x6,
97, 10x7.

Tiger GP-42 ($64.99)
This plain-bearing, ABN
engine performed favorably
compared to the other
plain-bearing engines. It has
a sweptback needle valve
for safety.

Idle: fair at 2,500rpm;
about the best to be
expected from a non-fuel-
metering air-bleed
carburetor design.
Mid-range: excellent
transition through mid-
range, due in part to a tiny
carburetor bore.

Best props: 11x4,

10x6, 9x7.

Thunder Tiger Pro .40
(584.99)
This ball-bearing, ABN
engine has a sweptback
needle valve. It performed
well with some additional
torque added from a
partially tuned expansion-
chamber muffler.
Idle: good at 2,400rpm
without loading fuel into the
crankcase.
Mid-range: very good
transition, with a slight
richening at mid-range.
Best props: 11x5, 10x7,
10x6, 11x6.

Tower .40 R/C ABC
[554.95)
This plain-bearing ABC
engine has a sweptback
needle valve. The least
expensive engine tested, it
has the highest torque per
dollar ratio.
Idle: fair at 2,600rpm, with
a non-fuel-metering air-
bleed carburetor design.
Mid-range: excellent
transition, due in part to a
tiny carburetor bore,
Best props: 11x5, 10x6,
9x7, 9x6.

Magnum XL .40 A2

M
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FUELING TIPS
Pay attention to the fuel used for
each engine type. It's important to
note that all fuel-component per-
centages are calculated and
measured by volume—never by
weight. Wildcat Fuels was kind
enough to supply me with two
custom blends that worked beauti-
fully for all the engines I tested. |
used the 24-percent-lubrication
tuel in all the iron and steel pis-
ton/cylinder engines and the
ringed SuperTigre. All ABC-type

SuperTigre
GS .40
Ring R/C

combinations used the 20-percent-
lubrication fuel—half castor oil
and half synthetic. After break-in,
I used less lubrication—20 percent
for all except one iron and steel
unit that also featured a bushed
crankshaft bearing (with this, |
used 24 percent for break-in and
subsequent performance tests).

Behind the scenes

MDS .38 FS Pro

WHAT TO COMPARE
Don’t pay much attention to the
peak brake horsepower produced
by these engines; it's meaningless
for sport applications. You'll notice
that the high horsepower levels are
achieved with tiny propellers (APC
8x6, etc.), none of which can be
used with typical .40 sport models.
High-horsepower, small-prop appli-
cations are the domain of racers
and the far more sophisticated
(and expensive) engines that are
bolted into low-drag, high-speed
airframes.

Torque is a more useful perform-
ance parameter for sport engines.
Torque determines the size of the
prop your engine is able to turn
within a useful rpm range. If
yvou're really interested in the true
horsepower story, take the rpm
value for a given prop on the chart
above, and look up that value on

I inspected and photographed the engines after | had read the instructions that

came with each one. | mounted each engine on a stand, and after break-in, tested

each proposed flight propeller’s rom. Then | mounted each engine in my

dynamometer stand and tested it again. After | dismantled the engines and meas-

ured and checked their internals, | cleaned and photographed the parts then

reassembled them. How long did all of this this take? Approximately 118 hours!

gl

A disassembled
0.S. Max .40 LA.

the engine’s power graph. Notice
how much less power is generated
at that rpm than is produced at the
peak horsepower? Now check the
torque for the same prop and rpm.
You'll notice that for props used to
fly sport planes, the rpm they turn
put us closer to peak torque than
brake horsepower.

For any sport engine, it's practical
to look at peak torque per dollar
invested (street price). For example,
if the engine produces 100 oz.-in.
of torque and costs $100), it gener-
ates 1 oz.-in. for each dollar spent.

Finally, compare the noise (deci-
bel levels) of the engines. This is a
useful indicator as to how well
your new mill will be accepted at
vour flving field. Remember that
every 3 decibels (dB) represents a
doubling or halving of the per-
ceived noise. Have fun comparing!

0.S. Max .40 LA Silver
(plain bearing)

[ ]

An engine is torque-tested on t.he
dyno.

wl |
S




RPM

PROP ENYASS [ENYASS MDS 0.5. MAX  SUPERTIGRE THUNDER THUNDER TOWER  MAGNUM
40 .40 BB 38FS 40 LA GS .40 TIGER GP-42 TIGER PRO .40 .40 XL .40

8x6 15500 16,800 17,200 15400 17,100 16,500 16,900 15,900 17,400
87 14500 15,700 16,200 14,100 15,900 15,100 15,800 14,600 16,000
9%6 14,100 15300 15500 13,400 15,600 14,600 15,700 14,100 15,400 L‘thﬁm‘*
97 13200 14,400 14,200 12,700 14,800 14,000 15,200 13,400 14500  fuel was used: 10
106 12,500 13,300 12,900 12,100 14,000 13,000 14,900 12,700 13,600  percent nitro/20 per-
10x7 11,100 11,600 11,200 10,900 12,600 11,600 13,200 11,300 12,100  cent lube (castor
116 10,500 12,100 10,400 10,400 12,000 10,900 13,000 10,000 < 11:300;  S0d synthetio oll)

! ! £ ! g A r ' and 10 percent
11x7 10,100 11,000 10,000 10,200 11,400 10,500 12,700 10300 10,900  pitro/24 percent
12«6 9,000 9,500 8500 9,100 10,000 9,200 12,100 9300 9,600 lube worked beauti-
12x7 8,800 8,700 7,700 8,500 9,000 8,400 10,100 8600 83800 fully for all engines.

i

Magnum XL .40 A2

% General impressions. ABC cylinder seems remarkably similar to '70s ST units— Schnuerle and
boost transfer ports; carburetor action is rough (barrel in carb housing); finish on crankshaft and pis-
ton is rough; | found a few aluminum chips inside. (You should inspect any new 2-stroke with its rear
plate removed for any residual factory machining chips.)

™ Features. Expansion chamber type muffler is fitted with an internal baffle, pressure fitting
and a gasket; remote needle valve assembly is mounted off rear cover; engine is fitted
with a removable back cover that's fitted with a gasket; a twin-needle fuel metering
carburetor is sealed to the front of the crankcase with an O-ring; carburetor is held in
the crankcase by a cinch bar; narrow squish band aluminum-alloy head is fitted with a
soft aluminum gasket; true chrome plating used with the brass cylinder; piston contains high-
silicon aluminum alloy; piston wristpin hole is blind-bored and has a Teflon end pad; the wristpin is
press-fit into the piston; ST-type bar-stock aluminum connecting rod is bushed at both ends and
has drilled oiling holes; crankshaft is held on the inner race of the front bearing by a truncated
split-cone locking system (this maintains an interference fit at the rear of the drive washer); crank-
shaft is made of a single piece of steel and features a massive counterbalance; twin ball bearings (both
shielded) support the crankshaft in the crankcase; the piston is interference-fit in the cylinder at top dead
This ball-bearing Magnum XL center in typical ABC fashion.

.40 A2 has a remotely located g
needle valve and a true chrome @ Performance. Wildcat 10-percent g -
ABC piston and cylinder. nitromethane, 20-percent oil fuel; after i ==l = 2
only 20 minutes of break-in, the engine o4 JL_'_J‘"lJ o B - k4

held a peak rpm needle setting without overneating—a significant advantage e rT'aurTu'-p_} E——g - e :g
(you can get into the air more quickly). After that, engine immediately needled 12 L 155
to a rich 2-cycle setting at which it was allowed to operate for approximately 2 b P 4 e
minutes before being shut down for cooling. After several runs of this type, | b = :, - b
peaked rpm for several seconds by momentarily pinching the fuel line. At the e ..—; 72 I el
end of the procedure, the engine held a slightly rich peaked setting of [ 0-;: o § i —1 1 :?:;
15,400rpm with the APC 9x6 break-in propeller. 075 2 10w

At one point during break-in, the two-piece muffler came apart and had gu_%;._a_%‘ 2 = :gé
to be retightened. Since the mating surfaces didn't have a gasket, the joint P -y - IME g ____g-:::
leaked. This can be a problem on many 2-strokes; a simple fix is to form a ug: tiva _-ﬁ—%g __%:g— : £—Fes
gasket using high-temp silicone sealant. 04 233 | - = I

In the performance graph, note that torque and horsepower peak at a very Yo =S gig_!_ — 2
high rpm (82 oz.-in. at 16,000 and 1.42 bhp at 17,400). Although these e ] 5 o
absolute values are impressive, they occur beyond the practical operating °N - s
range for most sport flying. 0.05 1 1 9

BOOO B000 10000 11000 12000 Im 14000 15000 16000 17000 18000
The engine produced 82 oz.-in. of torque at 16,000rpm. The horse-
power at this rpm is 1.35. Depending on the type of airframe, the best Magnum XL .40 A2
flight propellers seem to be 10x6, 9x7 and 9x6. Do 2030 I
‘Wet bulb temp. - 61 deg. F
Bhp corr. factor - 1.04
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Specifications

Enya SS .40 Enya SS .40 BB Magnum XL .40 A2 MDS .38 FS Pro
Cylinder bore and stroke (mm) 20.9x18.9 20.9x18.9 20.66x19.28 21.0x18.1
Displacement 0.396¢i 0.396¢i 0.40¢ 0.38ci
Engine weight w/muffler 14.1 oz. 15.2 oz. 16.4 oz. 15.7 oz.
Muffler Enya M402X Enya MA02X Baffled, expansion chamber Expansion chamber
Carburetor type Enya Type G Enya 2-needle Twin-needle fuel metering  Twin-needle fuel metering
Carb. bore and cross-sectional area 0.238 in./0.044 in 0.295 in./0.068 in. 0.295 in./0.068 in.? 0.315in,/0.078 in.2
Crankshaft nose thread 14-28 14-28 14-28 14-28
Fuel (break-in/running) 10% nitro, 24% lube 10% nitro, 24%/20% lube  10% nitro, 20% lube 10% nitro, 20% lube
Glow plug Enya no. 3 Enya no. 3 Not supplied (K&B 1L used) Supplied (not known)
Idle rpm (best reliable after break-in) 2,500 2,500 2,700
Sound level (decibels) 97 @ 14,100 98 @ 14,400 95 @ 14,500 94.5@ 14,200
Peak torque 67.4 oz.-in, @ 14,500 80,5 oz.-in. @ 14,400 82 oz.-in. @ 16,000 84 oz.-in. @ 16.200
Peak bhp (corrected) 1.01 bhp @ 15,500+ 1.27 bhp @ 16,800 1.42 bhp @ 17,400 1.38+ bhp @ +17,200
Warranty 5-year (full to limited) B-year (full to limited) 2-year (limited) 3-year (limited)
Price $68.08 $95.98 $70 $74.95

0.S. Max .40 LA Silver
% General impressions. As is usual for 0.8, products, a high degree of machining excellence
(casting, grinding, honing, turning and milling): an extremely thin cylinder wall (0.030 inch); provisions
were made in the crankcase for a boost transfer port bypass passage, but none was machined or cast
in place; cylinder porting consists of two Schnuerle transfer ports and a single exhaust; engine was
very clean inside; no gaskets were included for the two-piece muffler or its interface with the
exhaust stack ... and none were needed: the components fit so closely that nothing leaked.

Wl Features. Expansion chamber muffler fitted with an internal cone-type baffle, and
pressure fitting; a remote rear cover mounted needle valve assembly; rear cover is
molded from reinforced-plastic—one piece, includes gasket; air-bleed type carburetor (40D) with
0O-ring seal to front of crankcase; carburetor is held on the front of the crankcase by two 180-degree
opposed Phillips-head machine screws; the cylinder head, retained by four machine screws, is of the
wide-squish-band variety with a soft aluminum gasket; the cylinder is rotated 45 degrees clockwise
(viewed from the head side of the engine); the thin-wall brass cylinder is nickel-plated and has Schnuerle porting
(no boost); the lapped piston is made of
high-silicon aluminum alloy; the wristpin is

This plain-bearing 0.S.
Max .40 LA Silver has a
remotely located needle

:a::;;:r;l:\gﬂinptll?::n and free-floating and is fitted with two Teflon end o8 = I ;———g T 190
pads to prevent cylinder scoring; the connect- oesd—T m orque & ;—-—g—g— 15
ing rod is machined from bar-stock aluminum alloy and is bronze bushed at A o cor e | g i*ig il
both ends before being drilled with lubrication holes; the crankshaft is pro- Lb e — £7 ii 105
duced in one piece; the shaft portion of the crankcase is bronze bushed for o . § 7 [ o
support; an interference fit between the piston and cylinder at top dead cen- e S_g/ [ .
ter is evident, indicating the use of a typical tapered cylinder. o“ § % |”‘_E"j
o | 5
" Performance. Wildcat 10-percent nitromethane, 20-percent-oil fuel; break-in if’: /] | ” il
was achieved with an undersize APC 9x6 reinforced-plastic propeller. E . 5 / ] ‘ - §
The engine started easily and was immediately needled to a rich 2-cycle set- o g/ 2 Ele B
ting. After 20 minutes (total), the engine ran roughly and rattled—possibly o s = s W] g__g_ 5
because of a combustion defect such as detonation— when peaked to maximum it §—§ == il o0 .
pm. | changed from the K&B 1L glow plug to a hotter McCoy MC-59 hoping to a . | =
solve the problem. Aithough the noise subsided, it was still there. | decided on e A : "
extra break-in to see what would happen; after 15 minutes of running, the con- = g/ Z
dition had disappeared. Who said that break-in was a waste of time? 2/ -
Although the .40 LA operated smoothly during the torque tests, its overall 7 |]i 0
performance was disappointing. Part of this can be attributed to the carbure- 800 00 10000 Rt A e R

tor's tiny choke diameter.

) 0.S. Max .40 LA Silver
The engine produced 63 oz.-in. of torque at 12,700rpm. The horse- Temp. - 58 deg. F

power at this rpm is 0.81. Depending on the type of airframe, the best et gg;,';ﬂf;-,";m =
flight propellers seem to be 11x4, 10x6 and 9x7. Bhp corr. factor - 1.02
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0.S. Max .40 LA Silver SuperTigre GS .40 Thunder Tiger GP-42 Thunder Tiger Pro .40 Tower .40 R/C ABC

21.2x18.4 0.846x0.701 Not applicable 20.9x19.0 Not applicable
0.42ci 0.398¢i 0.40¢

12.6 oz 18.26 oz. 12,5 oz. 16.6 oz. 115

Baffied, expansion chamber ST Silent Thunder Tiger Baffled, expansion chamber Tower no, TOWG4720
Air-bleed type ST Mag Air-bleed type 2-needle, fuel metering Tower no. TOWG4100
0.220n./0.038 in* 0.350 in./0.096 in * 0.220 in./0.038 in.* 0.295 in./0.068 in.* 0.240in./0.045 |n.*
14-28 14-28 14-28 14-28 14-28

10% nitro. 20% lube 10% nitro, 24%/20% lube 10% nitro, 20% lube 10% nitro, 20% lube 10% nitro. 20% lube
Not supplied (see text) SuperTigre and K&B 1L Not supplied (K&B 1-L used) Not supplied (K&B 1L used) Not supplied (K&B 1L used)
2,500 2.500 2,600 2,500 2450 2,600

94 @ 14,100 94 @ 14,000 94 @ 14,000 95.5 @ 14,600 95@ 14,100

63 oz-in. @ 12,700 85.1 0z.-in. @ 14,800 70 oz-in, @ 14,000 85.2 az.-in. @ 13,6f 0.1 0z.+in. @ 14,100
0.78 bhp @ 13,400 1.36 bhp @ 17,100 1.11 bhp @ 16,500 1.29 bhp @ 16,000 1.02 bhp @ 14,600
2-vear (limited) 2-year (limited) 3-year (limited) 3-vear (limited) 2-vaar (limited)
$56.99 §74.99 $64.99 $84.99 $54.95

MDS .38 FS Pro

= General impressions. Smooth-acting throttle-barrel carburetor; rough cylinder-port machining
(chromed-over burrs); bead-blasted exterior, including the muffler.

¥ Features. Large, heavy (4.6-ounce) expansion chamber muffler with pressure fitting but no
exhaust-stack gasket; twin-needle fuel metering carburetor with O-ring seal and a unique cinch-
clamp way of attaching it to the crankcase; squish-band-type head with soft aluminum gasket;
truncated split cone attaches the drive washer to the crankshaft; O-ring-sealed rear cover (diffi-
cult to remove); ABC cylinder and piston construction with a heavy wall cylinder (0.080 inch);
high silicon aluminum alloy lapped piston; full-floating wristpin is held by two music-wire clips
in the piston; the SuperTigre-type bar-stock aluminum-alloy connecting rod is bushed only on
the crankpin end; one-piece crankshaft; twin ball-bearing-supported crankshaft with dust
shield on the front unit; lower crankcase is grooved; the supplied idle-bar glow plug is only
intended for break-in. The instructions state, “It's common for these plugs to burn out within
several runs of the engine.” I'd prefer to have the engine sent out without a plug, as other
manufacturers do.

)

\ul‘.ll '.. .
) & i % Performance. Wildcat 10-percent

»(17200;1.38

\ @(16200;1.38

This ballbearing nitmrnethaneém-percent lube fuel; break-in M = — res
propeller—APC 9x6. After the first start-up and o I o] |§:ﬂ !
MDS .38 FS has a needling to a rich 2-cycle setting, | noticed that 1“; — g 4 %
large expansion- the muffler/exhaust-stack interface leaked. e e A ) s
chamber muffler and S e o 1" s/ 135
a true chrome ABC Again, this could be fixed with high-temp sili- 1.08 7 2oy
piston and cylinder. cone sealant. As predicted in the instructions, ot 2 7 =
the idle-bar glow plug burned out after only 7 o0 - 1
minutes of running. | replaced it with a McCoy MC-59 non-idle-bar unit. a 08 §—{ A% = 105§
The engine required a 15-minute break-in to a point at which it held a E”’;; g-,ﬁ_‘jﬁ P4 |- ::JE Eﬁ_;:"ﬁ
peaked needle setting without overheating. At this point, it turned the 9x6 S g —§/ § '_-ég::g g
propeller at 15,500rpm. 058 25 L5 = S L 1
Torque tests revealed that maximum torque and horsepower were achieved | ouas I3 &= 70
at very high mm—beyond the speed range of the average sport model. | %] E: /’: 18 %
The MDS appears more suited to use as a high-speed racing engine; tiny Fesei B 4 2 >
propellers and low-drag airframes could make full use of its power. 0z24-5 s
For example, if you look at the 10x6 prop (recommended for the .38) in °;,,‘__§ 3 o
terms of rpm (12,900), torque (67 oz.-in.) and brake horsepower (0.88), the L B %
engine operates at below its stated potential. SEEE 0001 1RN 1000 JR000. 13000, V4000 71000, 100 1001900
MDS .38 FS Pro
The engine produced 84 oz.-in. of torque at 16,200rpm. The horse- Temp. -62 deg. F
power at this rpm is 1.38. Depending on the type of airfframe, the wm'ﬁff;ﬂ%@ F
best flight propellers seem to be 10x5.5, 9x7 and 9x6. Bhp corr, factor - 1.02
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Tower .40 R/C ABC

M General impressions. Nice machine work; no chips or dirt inside; clean; extremely
crisp cylinder-port machining and chrome plating; piston has minimum wristpin boss
material for support.

W Features. Expansion- chamber type muffler with pressure fitting and no gasket pro-

vided between muffler and exhaust stack; air-bleed type carburetor with swept-back

needle-valve assembly and O-ring seal between carburetor neck and front of the

crankcase; squish-band combustion chamber cylinder head retained by six Allen cap-

screws; rear cover is held by four Allen capscrews (gasket included); crankshaft has a
hardened and ground steel washer behind the drive washer to absorb crankshaft
axial thrust (starter motor application); high-silicon-content cast-aluminum alloy
lapped piston with chrome-plated brass cylinder (ABC); cylinder porting consists of
two Schnuerle transfers and a single boost; free floating, hardened and ground steel
wristpin with Teflon
end pads; the con-

z 8
necting rod is of the o B ;.:__E oo -
SuperTigre type with Ao || E_g_g 3 148
two bronze bushings and drilled lubrica- ' 1 ﬁ——g;?‘éﬁg—-—-m
A plain-bearing tion holes; crankshaft is one piece with a ¥1-28 °0,, 3 7 = :i
Tower .40 R/C nose thread; crankshaft is supported by a bronze oes = /i 125
ABC with swept- bushing within the crankcase casting; the cylinder is 2o B 120
back needle valve; music-wire pin aligned with the top of the o ‘E_E-Z‘E?/— e ::z
it features a true crankcase; an interference fit of the piston top to nes ___lg £ L ! 1053
chrosig ARG piston the tapered cylinder occurs at top dead center, % os e : 1004
and cylinder. P y P ; 5055 == _-g_,f [ S con 20 ] o
) - e T 0 B = 2
W Performance. Wildcat 10-percent nitromethane oas4—8 j —TE—&8 8 g
and 20-percent lubricant fuel was used for all break-in and performance test- o 'E___g’__g’jé__ o
ing. An APC 9x6 propeller was used for break-in; a K&B 1L glow plug was used 03 g o8 3_;;_5___*—;\ 3 70
for all tests. This engine produced some of the cleanest (*textbook”) torque A = é—,—g—g-g . | r g—'“
and bhp curves of the combined testing sessions. 24 [ '::g_f_ -0 [ i i
; - ./ |
o142 . 50
0.05 ' — 45
T OO0 A1a00 1500, 19800 1400, AAGED. 18000 - Ace
RPM
The engine produced 70.1 oz.-in. of torque at 14,800rpm. The horse- Tower .40 R/C ABC
power at this rpm is 1.01. Depending on the type of airframe, the best ;‘"'"“a?;,‘,’,?":
flight propellers seem to be 11x5, 10x6, 9x7 and 9x6. Wet bulb temp. - 55 deg. F

Bhp corr. factor - 1.03

I General impressions. Cylinder is press-fit into the crankcase; to extract it, heat had to
be applied to the crankcase. When installed at the factory, the cylinder badly scored its
interface with the crankcase, causing a series of rolled-up burrs.

The crankcase has huge transfer and boost port bypass channels. The skirt on the
single-ring aluminum alloy piston is heavily cross-hatched for oil retention. The hardened
steel cylinder is ground and honed with little or no cross-hatching. Of thenine engines,
the SuperTigre (ST) Mag carburetor has the largest choke diameter/ cross-section.

I Features. The large, heavy muffler has a positionable fitting off its round header
pipe; muffler comes complete with pressure fitting and header to exhaust stack gasket;
muffler header pipe fastens to engine crankcase with two bolts and nuts; muffier fas-
tens to the header with an integral clamp-ring; Mag carburetor is a large, 2-ounce,
2-needle fuel-metering unit with a positionable output arm; the cylinder head has large
fins and a squish-band combustion chamber; head is outfitted with a bronze glow-plug
thread insert and a copper gasket; an O-ring seal is used for the rear cover; the aluminum alloy piston is
;hsb :;l mcs::':@e et_zuipped with a gast-iron (meehanit‘e]_comprgssian ring, which Fs immohi_lized at i_:s end-gap by a rafjial music-
large, positionable expan- wire pin pressed into a small hole within the ring groave; the cylinder porting consists of two conventional
sion-chamber muffler, a hard  Schnuerle transfers with a single boost supplemented by two flow-control ports; the hardened and ground steel
steel cylinder and a ringed, wristpin is held in the piston by two music-wire clips; the connecting rod is a standard ST bar-stock aluminum
aluminum-alloy piston. alloy unit with bronze bushings at both ends, including the appropriate oil holes; the crankshaft is a one-piece
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Thunder Tiger GP-42
W General impressions. Above average castings, machine work and finish on all The plain-bearing Thunder
components. Excellent attention to detail, e.g., bushings, gaskets and deburring of Tiger GP-42 has aswept-
components. Interference fit between piston and cylinder at top dead center, indi- back needle valve (for
cating a tapered cylinder with consistent, precise tolerances; ABN (aluminum piston ::Le?;“z:gra“ ABN piston
with nickel-plated brass cylinder). Allen-head capscrews used throughout (one was :
completely loose on the rear cover—check this periodically on all of your engines!);

engine was very clean inside.

W Features. Bolt-on air-bleed carburetor (similar to that on the Fox); swept-back needle valve;
squish-band cylinder head retained by four machine screws; nickel-plated brass cylinder;
two Schnuerle ports and a single boost transfer port; 45-degree rotation on the
cylinder as viewed from the top; cast aluminum alloy, high-silicon-content
lapped piston; one Teflon pad for rear-facing wristpin end. The other end of

- ~ wristpin
‘-,: = T 3 =T sits in a
o w e | & & R B blind-bored
i T L §j§_i B_| s seat within the for-
‘: § 4t :z ward facing piston boss; an alignment pin in the top of the
i s w2 | Crankcase keys with the cylinder to ensure perfect internal positioning of the
ou »';'/ = ::: | ports; bar-stock aluminum alloy connecting rod is brass bushed at both ends
s ] e | and drilled for lubrication; one-piece crankshaft is incorporated; a bronze bush-
L1 £ v @ 00 ing is used for crankshaft support; a baffled expansion-chamber muffler with
g“” T8 ¢ i o 2 pressure fitting and exhaust stack gasket is provided. Also, an O-ring sealing gas-
Eo_-. E‘/ § 85 g ket was provided between the two halves of the muffler body to prevent exhaust
;: 5| ____g :g:g £ residue from becoming a problem.
05—l 14 ﬁl & = o B . _ )
oss—s A :g g : o 5 Performance. Wildcat 10-percent nitromethane/20-percent lube; break-in
s o s | Prop—APC 9x6; engine was started and needled to a rich 2-cycle. Perfor-
03 ¥ o | mance data revealed that the Tiger .42 peaked at 14,000rpm for torque and
s 2 16,500rpm for brake horsepower. Although a bit fast for typical sport air-
048 5 3s planes, individual propellers compared favorably with other engines in this
01 2 plain bearing category—especially when the tiny (0.220-inch) carburetor choke
§ é § § § § % g S % § % S § S § § E diameter is taken E:to consideration.
RPM
The engine produced 70 oz.-in. of peak torque at 14,000rpm. The
ThundfﬁnTjg.e,_rpG P-42 | horsepower at this rpm is 1.01. Depending on the type of airframe,
“:::I‘;m-lgﬁﬂd';g. . | the best flight propellers seem to be 11x4, 10x6 and 9x7.
Bhp corr. factor - 1.04 |
‘ _ 3= ¥
§ g‘: g
unit; drive washer is retained on the crankshaft by a truncated split cone; twin | s} L1 —e—§ ;g _t_-E:?,
ball bearings support the crankshaft. £ = ) §—v o
19 == BT 4 ==
W Performance. Break-in was accomplished with Wildcat 10-percent i — =814 —fes
nitromethane fuel and 24-percent lubricant. The standard APC 9x6 propeller was it —5_:13.:2' 4]
used throughout. Because the Tigre is a ringed engine, break-in procedures are 4 i 125
similar to those used with the lapped steel and iron engines: short running peri- 08 i jies
ods (3 minutes) at a rich 4-cycle to maintain a cool and oily condition. Because i = S ) Hog
the engine refused to continue running after the glow heat had been removed, | s S| - —-— |
replaced the SuperTigre glow plug with a hotter K&B 1L; this solved the problem. osst—E 4 i
After 45 minutes of running (using the pinch technique to briefly elevate rpm into i = e s e peo
the 2-cycling mode of operation), the engine began showing signs of improve- e ! I 7
ment. Shortly, it held a peaked needle setting without sagging. osd— 8§ = e
Dynamometer torque tests and propeller rpm determination were performed oo =1 s
with Wildcat 10-percent nitromethane and 20-percent lubricant fuel. These tests o] =] o
confirmed that the Tigre .40 was performing admirably. e T e At
APM
The engine produced 85.1 oz.-in. of torque at 14,800rpm. The horse- Super Tigre GS .40 Ring R/C
power at this rpm is 1.29. Depending on the type of airframe, the best Bar. - 20.37 In. Hg
flight propellers seem to be 11x5, 10x6, 10x7 and 9x7. biksdegisiol o
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= | Thunder Tiger Pro .40
! General impressions. Beautiful machine work and castings; high attention to detail
(gaskets, finish, etc.); precise (interference) fit between piston and tapered cylinder at
top dead center; high squish-band angle on cylinder head; clean, chip-free interior; initial
inspection revealed that the rear cover machine screws were loose.

W Features. Baffled, expansion chamber muffler with pressure fitting and gasket; 2-
needle-valve fuel metering carburetor retained to crankcase intake manifold by a
cinch-bar-type fastener; O-ring seal between carburetor and crankcase; squish band
v cylinder head with six machine screws; soft aluminum head gasket; gasket between
—-f" rear cover and crankcase; cylinder is nickel-plated brass with two Schnuerle and
one boost transfer port; silicon aluminum-alloy piston completes the ABN set; Super-
Tigre-type connecting rod with brass bushings at each end and drilled lubrication
holes; one-piece crankcase; twin ball-bearing supported crankshaft; split tapered
cone drive

washer lock to T § E =
crankshaft; blind- - = f,_ﬁ_,_g,_i— v il SRS

This ball-bearing bored piston for free-floating wristpin, retained by a o g‘:' T§1 s '—.:i: 3 B
Thunder Tiger Pro .40  music- wire clip; Allen-cap machine screw fasteners kv - b
has a non-swept nee- are used throughout; top of the crankcase is pinned e ¥ i
d!e valve and an ABN for cylinder location, rosd——1- — ;{ s
piston and cylinder. g —TerE—{ e we 1T o

¥ Performance. The 10-percent nitromethane/20- oss 2 g o e ] 1352
percent lubrication fuel was used for all break-in and torque testing. Accepted A —— 252}, VA — = Town | 1258
ABC-type break-in procedures were applied for 30 minutes, Dynamometer testing E{-E‘_ _E :‘a:g
produced an unusual torque and brake horsepower graph; torque jumped begin- 0.85 | E_ﬁ 18
ning at 12,500rpm. This trend can be attributed to the tuning effect of the oA I g Z%ZZEZZFE__E o
expansion chamber muffler in conjunction with the design specifications of this P Ielelel ;,;—-::ﬁ:?g;r::_,; o
engine. This was probably serendipitous but resulted in flight propellers turning Jar—e— 2 é__g i«—i:—g:; Tl
higher rom than otherwise expected. Although | didn’t have time to experiment, the Aot :§ l%i;"}’ ~gTEln
best propeller might be the APC 10x7 trimmed in diameter to about 9.75 or 9.5 il 1 &
inches (allowing it to “jump up on the pipe”). o 50

B e 5 5 ¢ 85§83 ¢:§§¢§¢
RPM

The engine produced 85.2 oz.-in. of torque at 13,600rpm. The horse- Thunder Tiger Pro .40
power at this rpm is 1.16. Depending on the type of airframe, the best gy
flight propellers seem to be 11x5, 10x7, 10x6 and 11x6. Wet bulb temp. - 55 deg. F

Bhp corr, factor - 1.01

Enya SS .40 BB
' General impressions. High-quality castings, materials and clean
machine work (no chips left inside); attention to detail is evident in
gaskets, bushed connecting rod ends and the threaded brass glow plug
cylinder-head insert. The steel and iron lapped cylinder and piston set
requires a relatively long break-in with a higher percentage of castor oil in the
fuel. The ball-bearing-supported crankshaft suggests that after break-in, good per-
formance and longevity can be expected with less lubrication (20 to 22 percent). The
removable front crankcase housing requires more machine work than the more usual
one-piece crankcase and removable back cover.

" Features. Expansion-chamber-type muffler with pressure fitting and gasket between
muffler and exhaust stack; twin-needle-type, fuel-metering carburetor with angled-back
needle valve; carburetor is held on the front housing by two Phillips-type machine
screws; synthetic rubber gasket between the housing and carburetor body; crankcase
housing is removable; crankcase is unusual—one-piece unit without a removable rear
cover; provision is made for a pressure fitting at the rear of the crankcase; narrow
squish-band head with brass glow-plug threaded insert is an interesting touch; twin ball-

This ball-bearing Enya SS .40 has a swept-back bearing-supported crankshaft; one-piece crankshaft with ¥-28 nose thread; internally
needle valve and a meehanite iron piston and tapered steel cylinder (hardened, ground and honed); cast-iron piston (no baffle) with
steel cylinder (requires a longer break-in). two music-wire clips holds the wristpin; bronze-bushed cast-aluminum-alloy connecting
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Enya SS .40
W General impressions. High-quality castings, materials and machine work; attention to detail is evident in items such as
gaskets, bushed connecting-rod ends and the threaded-brass cylinder-head insert for the glow plug (these suggest good
performance). The steel and iron lapped cylinder and piston set requires a relatively long break-in with a higher per-
centage of castor oil. The bronze-bushed crankshaft support is as good as a ball bearing unit as long as the
engine is always given enough lubrication. The removable front crankcase housing requires more machine work
than the more common one-piece crankcase and removable back cover.

I Features. Expansion-chamber-type muffler with pressure fitting; gasket between muffler and exhaust ‘
stack; fuel-metering single-needle carburetor with air-bleed mixture adjustment; swept-back needle-valve
assembly for safety; carburetor is sealed to the front housing with an O-ring-; carburetor is held on the front
housing by two 180-degree opposed machine screws; removable front-end housing (no back cover); all
fasteners are Allen-cap type; one-piece crankshaft (no pressed-in crankpin); gasket interface
between front crankcase housing and crankcase; bronze-bushed crankshaft support; bushed
connecting-rod ends;
threaded-brass

11 I l 33-5_ eﬁ-m cylinder-head
e g LI 5 —5:3 5 [ insert for glow
asil _,—m_{—‘ ol e plug; hardened,
09 2 120 | ground and honed (tapered)
o 2 ::: steel cylinder; two Schnuerle transfer ports with A plain-bearing Enya SS
078 = » 105 ‘ boost port opposite exhaust; wristpin is held on .40 with swept-back
or E-g—é // w | the piston by two music-wire clips; piston is the ~ needle-valve; it has an
o g:E_E' * % | lapped cast-ron variety; provision at the rear of ~ iron piston and a steel
dss g 2/ e e s crankcase for pressure fitting; interference-fit cylinder, so it ":q""es
e : g E—é—é—“g—-:" g between piston and cylinder at top-dead-center 2 longer break-in.
= @ 3 j§__§"‘j,: {unusual for a steel and iron piston and cylinder set).
o a5 5 _Ju i-i-__.____%-‘l 8
n‘:: = _ :E;E s W Performance. Easy first start and run at a rich 4-cycle with APC 9x6
i EEY x A break-in prop; 10-percent nitromethane/24-percent lube. After 12, 3-minute
o1s 5 rich runs (with cool-down between runs), the engine held a steady peaked
O“M 2 | needle setting at 14,100rpm. Enya suggests that up to three hours of careful

73 ] 20 operation may be required for complete break-in. Torque tests ran with 24-

00RO 1004010 GG A0 AIY a0 percent-lubrication fuel.

Enya SS .40 (plain bearing) The engine produced 67.4 oz.-in. of torque at 14,500rpm. The horse-
l‘.?%f.?.& power at this rpm is 0.99. Depending on the type of airframe, the
YA buyy e - e 000 best flight propellers seem to be 11x4, 9x7 and 9x6.

Bhp corr. tactor - 1.02

rod (both ends) with oil holes; two Schnuerle cylinder transfers with single ':::4 =] T 51 I e (e — S Lles |
boost port; interference-fit between piston and cylinder at top dead center— 128 i i I ] §— a0
unusual for an iron and steel setup. |‘=3._r-.7;,,,7] ] ] te s 5

. V.“ ] ; A 140
1 Performance. Easy start and first run at very rich 4-cycle with 24- 2 =F 1%
percent lube; very steady operation during early break-in; no loss of rpm e ; ‘:é:g’L = s
when glow heat was removed, (indicates a good piston-to-cylinder seal and g 98— - i—S -3 Hex
the correct glow-plug-heat range). After 15 minutes of very rich 3-minute Tt P = ] ez
runs to allow a complete cooling and heating cycle, | leaned the engine to gnn‘ > o = 5 55l = .Ss°°§
a fast 4-cycle. During the next 15 minutes, | pinched the fuel line occasion- o ZE___‘/”K__ e ;--——2:;5;; :g 2=
ally to elevate rpm toward the 2-cycling peak. After 30 minutes, the engine ”;3;:§—/- —;_;B;g.—-%-:/‘-"““f =] s
wouldn't hold a peaked setting without overheating; | had to run it rich for o I 5
15 more minutes before it would maintain a slightly rich peaked setting i _;JVii— = %
(15,300rpm with APC 9x6 propeller). Enya suggests that a complete break- orsd-3_—" L%
in may take as long as three hours. Torque tests were conducted with 20 ot ! — P
percent lubricant in the fuel mixture. T 5t o T R e e o

APM

The engine produced 80.5 oz.-in. of torque at 14,400rpm. The horse- Enya SS .40 BB
power at this rpm is 1.16. Depending on the type of airframe, the api bt
best flight propellers seem to be 11x5, 10x6 and 9x7. [ wm:-;"-_mﬁ;gmr
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.60 engines
which is right for you?

BY DAVE GIERKE

his analysis of 10 popular,

low- to intermediate-price

.60 engines is based on
cost, performance, durability and
warranty. All are 2-stroke-cycle,
have single cylinders; they use
front rotary-valve induction sys-

tems with rotary-barrel

carburetors; they have side

exhausts and are fitted with non-

tuned expansion-chamber

mufflers. Two of the group were
first designed, produced and sold

decades ago.

Certain design features, tabrica-
tion techniques and materials are
similar for each engine; rather
than repeat these in each review, |

discuss deviations.

Thunder Tiger Pro
.61 BB ABC

Fox Eagle .61 ABC

120

Tower .61 BB ABC

Magnum XL61A

BB FSR

Engine characteristics

ABC- or ABN-type piston
and cylinder sleeve.

All engines are either ABC
(aluminum piston, brass
cylinder sleeve and chrome-
plated) or ABN (aluminum
piston, brass cylinder sleeve
and nickel-plated).

Ringless (lapped) pistons
are made of silicon-
aluminum alloy.

ABC assemblies offer two
primary advantages over
ringed aluminum pistons
that have steel or iron
cylinder sleeves: a relatively
short break-in period and
a reduced incidence of
piston damage during
prolonged lean, high-tem-
perature running.

Cylinder-sleeve ports. All 10
engines use Schnuerle ports
with boost transfer ports,

MDS .58 FS Pro

including a single or double
(bridged) exhaust port.

Wristpin supported by a
film of oil within the piston
bosses (free floating).
Made of alloy steel, they're
bored for lightness, hard-
ened for durability and
precision-ground to final
size; with the exception of
two engines, they are
retained within the piston by
music-wire clips that snap
into shallow grooves.

Connecting rod. Made of
bronze-bushed aluminum
alloy with a single lubricat-
ing hole at the wristpin end
and two holes at the
crankpin end.

Crankshaft. With the

exception of one engine,
the steel-alloy cranks are

0.S. Max FX61

)

machined, one-piece, sur-
face-hardened and ground
to final size; with the excep-
tion of two engines, they
have %16x24 nose threads.

Muffler. Some use a baffle
and provide sealing gas-
kets, and others don't; all
have positionable exhaust
outlets and a brass fitting
(nipple) for tank pressuriza-
tion.

Cylinder head. Units are
fastened to the crankcase
with four, six, or eight
machine screws; heads use
the squish band/hemi-
spherical combustion
chamber design.

Crankshaft. Supported by
bushings (plain bearings)
or dual ball bearings.

Thunder Tiger
GP-61 ABC

T

Megatech M-61

Irvine .61 MK Il ABC



THE ENGINES AT A GLANCE

Fox Eagle .61 ABC
Although this engine has most of
the desirable components, includ-
ing a truechrome/brass cylinder
sleeve, twin ball bearings, etc., it's
a very unconventional design.

Performance comparison.This
came first in the torque, specific
torque and torque-to-weight ratio
tests and second in bhp, specific
horsepower and horsepower-to-
weight ratio. This performance was
produced with the least powerful
fuel (5 percent nitromethane) and
the fourth smallest carburetor-
choke bore; the engine/muffler
combination is the third lightest.
The Eagle is the easiest to start
when hot and the smoothest run-
ning overall. It's also the loudest
engine/muffler combo tested.

Idie: excellent at 2,400mpm;
midrange: crisp acceleration to
wide-open throttle; best props: APC
12.5x9, APC 13x7, APC 11x10, APC
12x8. Price $110

Irvine .61 MK 1l ABC
The crankcase’s glossy, maroon,
baked-on finish is beautiful! The
true chrome/brass cylinder sleeve is
part of the engine's ABC subassem-
bly; twin ball bearings support the
crankshaft; the slick,
2-needle, fuel-metering carburetor
is made of bar-stock aluminum; its
rotary barrel and needles are made
of hardened, precision-ground steel;
its other components are brass.

Performance comparison. The
second largest carburetor-choke
bore helped the Irvine .61 to crank
out the third highest bhp and spe-
cific horsepower. But it’s the
second heaviest engine/muffler
combination tested, so its torgue-
to-weight and horsepower-to-weight
ranks are mediocre (ninth and
sixth, respectively). It was the sec-
ond loudest engine/ muffler
combination tested.

Idle: good at 2,500rpm; midrange:
rich, hesitant acceleration to wide-
open throttle; best props: APC
13x7, APC 12x8, APC 11x11. Price
$206.99

Magnum XL61A BB FSR
This has several desirable features,
including a ball-bearing-supported
crankshaft, a fuel-metering carburetor
and chrome plating for the brass
cylinder sleeve (ABC); some machine-
tool operations are rough, as is the
engine's general appearance.

Performance comparison. With
the largest carburetor-choke bore,
the Magnum XL61A ranks in the
bottom half of those tested for
torque, specific torque, bhp and
specific horsepower; its
engine/muffler combination is,
however, the second lightest, so it's
fourth in the torque-to-weight
category.

Idle: very good at 2,450mpm;
midrange: excellent throttle-up;
best props: APC 13x7, APC 11x11,
APC 12x7. Price $109.99

MDS .58 FS Pro
A relatively small, light engine, the
MDS .58 is the only one tested
with a displacement of less than
.60ci; it's also the only one
equipped with a smallish—Yax28-
inch—crankshaft nose thread; twin
ball bearings support the crank-
shaft, and it comes with a
good-quality fuel-metering carb.

Performance comparison. From
the aspect of torque and power
production, the MDS is handi-
capped by a relatively small
displacement (.58ci), and it has
the third smallest carburetor-choke
bore, so it finished last in these
four categories. Because it is the
lightest engine/muffler combination
tested, it ranks better in torque to
weight and horsepower to weight,
finishing second and third, respec-
tively, in these areas.

Idle: excellent at 2,400mpm;
midrange: crisp, smooth transition
to wide-open throttle; best props:
APC 13x7, APC 12x8, APC 11x10.
Price $89.95

Megatech M-61
The brass cylinder-sleeve is a cast-
ing that includes all of the ports;
chrome plating has been applied in
a conventional manner; the engine
has twin ball bearings and a fuel-
metering carburetor that is similar
to the 0.S. type 7H but doesn't
have the mid-range adjustment.

Performance comparison. With the
third-largest carburetor-choke bore,
the Megatech M-61 ranks fourth in
bhp and specific horsepower; sixth
in torque; fifth in specific torque. It is
the heaviest engine tested and fin-
ished lastin torque to weight and
harsepower to weight.

Idle: excellent at 2,400rpm;
midrange: slightly rich; hesitant
acceleration to wide-open throttle;
best props: APC 13x7, APC 11x10,
APC 12x8. Price $99.99

0.5. Max FX-61
A beautifully built ABN engine with
a ball-bearing-supported crank-
shaft and remotely mounted
primary needle valve.

Performance comparison. With
the fifth smallest carburetor-choke
bore, the 0.S. Max FX-61 was
eighth in torque and tied for sev-
enth in horsepower. The fifth
lightest engine, it ranks seventh in
torque to weight,and seventh in
horsepower to weight. It's the
second quietest engine/muffler
combination tested.

Idle: excellent at 2,400mm with its
twin-needle, fuel-metering carbure-
tor; mid-range: slightly hesitant
(rich) throttle-up; best props: APC
11x10, APC 11x11, APC 12x7.
Price $149.99

0.S. .65 LA
Highlighted by flawless castings
and precision machine-tool opera-
tions, this ABN engine has a
cylinder sleeve made of thin-wall
(0.057-inch) seamless brass tube;
it has a bronze bearing for crank-
shaft support; an air-bleed carb is
standard equipment.

Performance comparison. With
the smallest carburetor-choke bore
of the group tested, the 0.5, .65 LA
also has the largest cylinder dis-
placement (.65); it ranks sixth in
bhp and ninth in specific horse-
power. Torque and specific torque
were similarly low—possibly an indi-
cation of a breathing problem.
Because it's the sixth lightest engine
tested, the 0.S. performs reasonably
well in torque to weight and horse-
power to weight. It's the quietest
engine/muffler combo tested.

Idle: excellent at 2,400rpm;
midrange: excellent, crisp throttle-
up; best props: APC 13x7, APC
12x8, APC 11x11. Price $104.99

Thunder Tiger GP-61 ABC
Great castings and machine-tool
operations; an ABN piston and
cylinder-sleeve set; a traditional
bronze bushing for crankshaft sup-
port; an elementary air-bleed-type
carburetor with an angled-back
needle-valve assembly (a welcome
safety feature).

Performance comparison.This
engine tied with the 0.S. .65 LA for
having the smallest carb-choke
bore among the engines tested. This
probably explains why its bhp and
specific horsepower rank in the
lower half. With its ability to breathe

somewhat restricted, the GP-61 still
ranks a credible fourth in torque
and specific torque. As the fourth
heaviest engine/muffler combo, it
ranks sixth in torque to weight and
eighth in horsepower to weight.
Idle: very good at 2,450mpm;
midrange: excellent throttle-up;
best props: APC 12.5x9, APC 13x7,
APC 12x8. Price $84.99

Thunder Tiger Pro .61 BB ABC
Thunder Tiger mass-produces high-
quality engines that have fine
castings and accurate machine
work, and the Pro .61 displays
these throughout, including in its
ABN piston and cylinder-sleeve
assembly. The crankshaft is sup-
ported by two ball bearings; the
carburetor is a 2-needle fuel-
metering type with a sweptback
primary needle valve and a healthy
choke diameter of 0.357 inch.

Performance comparison. This
engine tied for the fourth largest
carburetor-choke bore. It is third
best in torque and specific torque;
this confirms its ability to breathe
efficiently and to tum high-load
props at relatively high speeds. Its
bhp and specific horsepower rank in
the middle of the pack. The
engine/muffler combination is the
third heaviest and puts it at the bot-
tom of the pack for torque to weight
and horsepower to weight.

Idle: fair at 2,550mm; midrange:
sputtering (rich) acceleration to
wide-open throttle; best props: APC
12.5x9, APC 13x7, APC 12x8. Price
$99.99

Tower .61 BB ABC
Twin-ball-bearing-supported crank-
shaft and fuel-metering carburetor;
true ABN piston and cylinder sleeve;
a remotely located primary needle
valve enhances safety.

Performance comparison. First in
bhp and specific horsepower, this
has a carburetor-choke bore that
tied for fourth largest. As the fourth
lightest engine, it ranks first in the
horsepower-to-weight category and
has a second-best ranking in
torque and specific torque. The
Tower .61 can turn large propeliers
faster than all except one other
engine tested. It ranks third in
torque to weight.

Idle: good at 2,500mm; midrange:
very good throttle-up (slight hesita-
tion); best props: APC 12.5x9, APC
13x7, APC 11x10, APC 12x8. Price
$89.99
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WHAT TO COMPARE
Don’t pay much attention to the
peak brake horsepower (bhp) pro-
duced by these engines; you'll
notice that the highest horsepower
levels are achieved with small
(low-load) propellers (APC 11x6,
etc.), none of which are used with
typical .60 sport models. High-
horsepower, small-prop
applications are the domain of rac-
ers with more sophisticated (and
expensive) engines that are used in
low-drag, high-speed airframes.

Torque is a more useful per-
formance parameter for sport

Dynamometer “load beams” are pitch-
less propellers that allow uniform
increases in rpm from one size to the
next; the author's beams are in ¥a-inch
increments from 2 to 10 inches.

engines. Torque determines the
size of the propeller your engine
is able to turn within its usable
rpm range. If you're interested in
the true horsepower story, take
the rpm value for each given prop
on the “Comparison of rpm with
various APC propellers” table, and
look up that value on the engine’s
power graph; do you see how
much less power is generated at
that rpm than is produced at the
peak horsepower point? Now
check the torque value for the
same prop and rpm; you'll notice
that for sport-plane props, the
rpm they turn is closer to peak
torque than to peak bhp—a good
thing. Example: engine: O.S. .61
FX; propeller: APC 13x7; prop
rpm: 9,900; torque: 99.8 oz.-in. at
9,900rpm; horsepower: 1.02bhp
at 9,900rpm.

For any sport engine, it's prac-
tical to look at peak torque per
dollar invested (street price). For
example, if the engine produces
100 oz.-in. of torque and costs
$100, it generates 1 oz.-in. for
each dollar spent.

None of the engines featured
in this article have exactly the
same displacement (they range
from .58 to .65ci), so it's useful to
know their “specific torque” (oz.-
in./ci) to “neutralize” this
discrepancy. Example: if a .58ci
engine produces 100 oz.-in. of

torque, its specific torque is 172
oz.-in./ci (100/.58). If a .65 engine
also produces 100 oz.-in. of
torque, its specific torque is 154
oz.-in./ci (154/.65).

Since the weights of the
engine/muffler combinations also
vary, it's useful to compare them
in terms of torque to weight (oz.-
in./lb.). Example: if an engine
produces 100 oz.-in. of torque
and weighs 1.34 pounds, its
torque-to-weight ratio is 74.6
oz.-in/lb. (100/1.34). If a 1.74-
pound engine also produces 100
oz.-in. of torque, its torque-to-
weight ratio is 57.5 oz.-in./lb.
(100/1.74).

If you're interested in neutraliz-
ing the cubic-inch-displacement
discrepancy for the bhp of the
shootout engines, you can use
specific horsepower (bhp/ci);
horsepower to weight (bhp/Ib.) is
also useful,

Finally, compare the noise
(decibel levels) of the engines.
This will tell you how well your
new mill will be accepted at the
flying field. Remember that
every 3-decibel (dB) increase or
decrease represents a doubling or
halving of the perceived noise.
All of this information is listed
in the “Performance compar-
isons at a glance” table. Have
fun comparing!

APC 0.5. 0.5. MAGNUM
PROP  FX-61 H65LA XL61A
11x6 13,150 13,350 13,250
11x7 13,000 13,250 13,000
11x8 12,250 12,350, 12,350
126 11,750 11,760 11,750
12x7 10,950 11,000 10,950
11x11 10,450 10,550 10,500
12x8 10,300 10,150 10,150
11x10 10,000 10,350 9,750
13x7 9,900 9,950 9,750
12.5x9 9,250 9,450 8,950
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RPM
THUNDER TOWER  THUNDER
TIGER GP-61 .61 TIGER PRO .61
13,150 14,450 13,450
13,050 14,150 13,300
12,350 12,850 12,450
11,925 12,150 12,050
11,150 11,250 11,200
10,650 10,950 10,750
10,350 10,800 10,450
10,250 10,650 10,650
10,150 10,450 10,250
9,450 9,750 9,500

IRVINE  FOX MEGATECH MDS
61 EAGLE .61 M-61 .58
13,600 13,850 13,500 12,950
13,400 13,550 13,300 12,650
12,600 12,900 12,600 11,800
12,000 12,300 12,100 11,200
11,200 11,550 11,200 10,450
10,800 11,150 10,650 10,100
10,500 10,950 10,500 9,700
10,100 10,850 10,200 9,250
10,100 10,650 10,100 9,250
9,100 9,850 9,400 8,550



Performance comparisons at a glance

ENGINE '!’P(EJHIIOSI.IE PRICE TORQUE %E(&IJEC II.I DRQUB. E BHP SEECIFIC BHP/LB. %&D{DB]
Thunder Tiger GP-61  1.26 $85 106.7 175 69.7 1.24 2.03 0.81 95.0
Tower .61 1.25 $90 112.7 185 76.7 1.59 2.61 1.08 98.5
Thunder Tiger Pro .61 1.07 $100 107.2 176 64.2 133 2.18 0.80 98.0
Fox Eagle .61 1.05 $110 115.6 190 82.0 1.41 231 1.0 103.0
Megatech M-61 1.05 $100 105.1 172 60.4 1.34 2.20 0.77 99.0
MDS .58 1.03 $90 92.6 160 T2 1.16 2.00 0.97 96.0
0S. .65 LA 1.00 $105 105.6 162 70.4 131 2.02 0.87 92.0
Magnum XL61A 0.90 $110 98.9 162 73.8 1.24 2.03 0.93 98.0
0.S. FX-61 0.68 $150 101.3 166 66.6 1.24 2.13 0.82 94.0
Irvine .61 0.50 $207 104.5 171 62,2 1.39 2.28 0.83 102.0

Fox Eagle .61 ABC

¥ General impressions. The Fox Eagle design has been around since 1979, and it looked ancient back
then! Disassembling the current Eagle reminded me of tearing down a postwar Homnet .60 racing engine: its
two-piece crankcase (split horizontally below the exhaust) brought back a flood of memories.

W Performance. As recommended by Fox, for break-in, propeller-rpm determination and
dynamometer testing, | used Sig 5-percent-nitromethane fuel with 22-percent lubricant. An
APC 11x6 2-blade propeller was used for low-load break-in. The Fox idle-bar long-reach
glow plug allowed the engine to slow almost
600mpm from peak when glow-heat was

TESTING CONDITIONS removed; a hotter Thunderbolt RC long-reach
plug solved the problem and was used for
Barom pre: n. Hg all subsequent runs. For break-in, the

Wet-bulb temperature—60 deg. Eagle was run uneventfully
Correction factor—1.03 for 20. minutes; after-

ward, it peaked at a

Dynamometer-generated strong 13,850rpm.

torque and horsepower

curves indicate:

W torque peak—115.6 oz-in. =
@ 9,850rpm (rank: 1st) 15 5 «‘-’_4_—%—-170
corrected bhp peak—1.41 ‘ . = g 3
@ 13,850rpm (rank: 2nd) e _5 5 & 1S
% specific torque (oz.-in./ci) g § = g >
—190 (rank: 1st) z |§ B g L
i specific horsepower 1.3 §——E—%;:—-—-3/ 150
(bhp/ci)—2.31 (rank: 2nd) e - o cor v |
I torque-to-weight ratio s /
(0z-in./Ib.)—82 (rank: 1st) er—g o
I horsepower to weight 2 L4 ;
(bhp/1b.)—1 (rank: 2nd) @ 11 3 130w
g @ b 3
o z = § L &
1 g § £ 3 — 120"
Sig Champion = ? é g g =3
Fuel was used = = = = = g ®
for break-in o. LF\ g g A 110
bpdiog e e
peller-rpm and w8 gk
dynamometer
tests. 0.7 : 20
8500 10000 10500 11000 11500 12000 12500 13000 13500 14000
APM
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Specifications

0.S. Max FX-61 0.5.65 LA Magnum XL61A  Thunder Tiger GP-61  Tower .61 Thunder Tiger Pro .61
Bore-stroke (mm) 24x22 24x24 24x22 24.2x23 24x22 23.5x23
Engine & muffler weight 243 oz 24 oz. 2150z 21.46 oz. 23.45 oz 26.75 oz.
Carburetor type 0.5. 60C 0.5. 60J Fuel metering 9241N TOWG 4106 9240N
Fuel metering Air-bleed Air-bleed Fuel metering Fuel metering
Crank nose thread UNF %16-24 UNF %6-24 8mm UNF %16-24 UNF %46-24 UNF %16-24
Glow plug (all long) 0S.no. 8 0S.no. 8 Thunderbolt R/C  NS; 0.S. no. 8 NS; 0.S.no. 8 NS; 0.S. no. 8

NS = glow plug was not supplied by the manufacturer

Irvine .61 MK II ABC
General impressions. You would have to be blind not to notice the Irvine .61 crankcase's glossy,

baked-on maroon finish—beautiful! Although I'm not familiar with the factory process used to

apply this great-looking, fuelproof paint, it appears to be a powder-coating technique

because the interior bypass channels are also colored; all the machining was done

after the coating had been applied.

Performance. Break-in, propeller pm determination and dynamometer tests were all
run using Sig 10-percent-nitromethane fuel containing 20 percent lubricant (the stan-
dard blend for ABC-type engines equipped with ball-bearing crankshaft support). An
APC, 11x6, 2-blade propeller and a Thunderbolt R/C long-reach glow plug were used.

For break-in, the Irvine .61 MK |l was run for 20 minutes. It started, needled
and maintained a steady operation throughout; at the end of this period, it
peaked at 13,600rpm.

TESTING CONDITIONS? 83
Temp. 79 deg. F L z gé_”ao
Bar. pres. 29.30 in. Hg 1.4 = ‘ﬁ é = %_ L 170
Wet-bulb temp. 67 deg. F ] E = ]
Cor. fact. 1.06 13 58 g = 160
- 2 i
Dynamometer-generated torque and 12 5 /:'__.i--‘ 150
horsepower curves indicate: o & arierl i
torque peak—104.5 oz.-in. @ 10,800rpm - 3 / — a
(rank: Tth) T 1 a8 — ] 1305‘?
bhp peak—1.39 @ 13,400mpm 8 s _ = 5
(rank: 3rd) 09 o 38 = = = 1202
specific torque (o0z.-in./ci)—171 s é g 5 2 g als
(rank: 6th) 98 & 5 &8 g |2 gl&—f"°
specific horsepower (bhp/ci)—2.28 § | —a— 5 s ] 3 g
(rank: 3rd) o7 L i _'ii_—wo

= torque-to-weight ratio (oz.-in./Ib.) s
—62.2 (rank: 9th) ) | W torque
' horsepower to weight 05 80

(bhp/1b.) —0.83 (rank: 6th) 8500 9500 10500 11500 12500 13500
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Irvine .61 MK Il ABC  Fox Eagle .61 ABC Megatech M-61 MDS .58 FS Pro
& e Engine performance was

24x22 23x23.8 23x23.8 23.7x21.6 determined by measur-
A 0.604ci 0 604 Lo ing torque and rpm at
various load points
26.81 oz. 22.5 oz 27.78 oz 19.21 oz while operating the
=T - 10262 Expansio 4600300 engine at wide-open
- ; Exnansior throttle. The author's

1k

dynamometer measures

CJ-1900 270508 E-Z Fuel metering C-2 torque while a precision
Fuel metering Air-bleed Fuel metering tachometer measures
rpm; by running the
engine many times with

. " " i a progressively smaller
UNF %45-24 UNF %48-24 UNF ?‘16 24 UNF %46-28 load. e ol Gaka
i/ 20 022 10/ 10721 that allows him to plot a
Thunderbolt R/C NS; Fox idle bar NS; 0.S.no. 8 MDS graph of the engine’s
05.no.8 torque and rpm. Brake
! horsepower was calculated from the torque/rpm
: data, and it’s also graphed with respect to rpm.

Magnum XL61A BB FSR
= General impressions. This engine has several desirable features, including: a ball-bearing-supported
crankshaft, a fuel-metering carburetor and state-of-the-art piston/cylinder-sleeve materials. Some
machine-tool operations are rough, as is the engine's general appearance.

Performance. Engine break-in, propeller rpm determination and dynamometer testing
were all run using Sig 10-percent-nitromethane fuel containing 20 percent lubricant (my
standard blend for ABC-type engines equipped with ball bearings for crankshaft support). |
used an APC, 11x6, 2-blade propeller and a Thunderbolt R/C long-reach glow plug.

For break-in, | ran the Magnum XL61A for a total of 20 minutes; afterward, the engine
peaked at a smooth and steady 13,250rpm.

TESTING CONDITIONS? 14 = == T
Temp. 79 deg. F 8 = g
Bar. pres. 29.30 in. Hg 13 @ g 59; —1 160
Wet-bulb temp. 67 deg. F o < al gz
Corr. fact. 1.06 12 ? é -“"3 & 32
Dynamometer-generated torque and 14 g 140
horsepower curves indicate: N % = z
¥ torque peak—104.5 oz.-in. @ 10,800mm 5 5 /gi’ L]
(rank: 7th) T § / §
M bhp peak—1.39 @ 13,400rpm (rank: 3rd) 3o —e> 120g
& specific torque (oz.-in./ci)—171 5 = £
(rank: 6th) 08 = § 8—8 5 ) = 110
1 specific horsepower (bhp/ci)—2.28 3 2 g g & @ S 2
(rank: 3rd) 0.7 2 5 —= _&; g——g —4 100
W torque-to-weight ratio (oz.-in./Ib.)—62.2 — ] @ 5_
(rank: 9th); 06 i—_ = \ii;.so
™ horsepower to weight (bhp/Ib.) —0.83 =
(rank: 6th). 05 80
8500 9500 10500 11500 12500 13500
RAPM
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MDS .58 F'S Pro
W General impressions. A relatively small, light engine with delicate features; it's the only one of
the 10 engines tested to be equipped with a ¥4x28 crankshaft nose thread and a thin-wall
(0.066-inch) cylinder sleeve.

¥ Performance. For break-in, propeller rpm determination and dynamometer testing, |
used Sig 10-percent-nitromethane fuel containing 20 percent lubricant (the standard
blend for ABC-type engines equipped with a ball-bearing crankshaft support). | also
used an APC, 11x6, 2-blade propelier and an MDS long-reach glow plug.

For break-in, | ran the MDS .58 for 30 minutes; break-in was uneventful, as the
engine started, needled and maintained a steady operation throughout. At the end of
this period, the engine peaked at 12,950mm.

TESTING CONDITIONS -~ T 170
Temp. 65 deg. F : : é
Bar. pres. 29.41in. Hg 1.2 § %—?j 160
Wet-bulb temp. 59 deg. F = = g 3
Cor. fact. -1.04 1 §—§ g = // 02y
g S 3 =
Dynamometer-generated torque and ! g 5 s
horsepower curves indicate: o5 S § 18672
torque peak—92.6 oz.-in. @ 9,250mm - S // [ @ comerp | 8
(rank: 10th) = 0.8 <7 120
bhp peak—1.16 @ 12,950mm (rank: 10th) 8 g
specific torque (oz.-in./ci)—160 o1 @ & - i
(rank:10th) be ) & g 8 = = R -
specific horsepower (bhp//ci)—2 : B g 5 % § 3 38
(rank: 10th) osf & _—&—m.5 |8 ¢ S P
I torque to weight ratio (oz.-in./Ib.) L . ——— =
—77.2 (rank: 2nd) ol [m wrque | 80
= power to weight (bhp/Ib.)—0.97
(rank: 3rd) 0.3 ' 70
8000 8000 10000 11000 12000 13000
RPM
|
Tower .61 BB ABC o=

! General impressions. If the Tower .61 BB ABC looks familiar to old-timers, it should; it's the lat-
est variation on the ltalian SuperTigre S.61 that began in 1982 as a lapped ABC engine. This
latest Tower Tiger is made in China with much of the original ST tooling.

My initial inspection revealed a roughness when | turned the engine over. After removing
the backplate, | discovered grinding compound in the crankcase and the rear crankshaft ball
bearing, so | had to take the engine apart and clean it.

% Performance. Using Sig 10-percent-nitromethane fuel containing 20 percent lubricant (my
standard blend for ABC-type engines equipped with ball-bearing crankshaft support), | broke
the engine in for 28 minutes while also determining propeller pm and doing the dynamometer
tests. My prop was an APC, 11x6, 2-blade, and | used an 0.S. no. 8 long-reach glow plug.

Initially, the engine was very difficult to turn over because of a tight piston/cylinder-sleeve
pinch fit; considered normal, this condition can be overcome by briefly heating the
cylinder/cylinder-head area with a heat gun or a hair dryer to expand the sleeve away
from the piston and allow the mill to be started normally. After break-in, the engine
peaked at a strong 14,250mpm.

The torque peak for the Tower .61 is interesting: there are actually two—one
between 9,750 and 12,150rpm and another between 12,150 and 14,450mpm.
This anomaly produces the stepped bhp curve shown on the graph. Testing error was
ruled out when similar data were collected during a dyno rerun. Engines occasionally display strange performance characteristics that seem to defy
logic; in this case, | suspect a serendipitous supercharging effect from the muffler/manifold and cooperative cylinder-port timing.
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Megatech M-61

General impressions. The chrome-plated brass cylinder-sleeve is cast with the ports in place (a new tech-

nology emerging?); the carburetor is very similar to the Q.S. type TH (a fuel-metering type) but doesn't
have the midrange adjustment. My initial inspection revealed loose cylinder-head and backplate
screws. Including the muffler (7.5 ounces), the M-61 is the heaviest engine evaluated.

Performance. | used Sig 10-percent-nitromethane fuel containing 20 percent lubricant (the
standard blend for ABC-type engines with ball-bearing crankshaft support) for break-in,
propeller pm determination and dynamometer testing. | also used an APC, 11x6, 2-blade

propeller and an 0.S. no. 8 long-reach glow plug.

For break-in, | ran the Megatech M-61 for 20 minutes; the first two runs resulted in burned-out
glow plugs. | added a 0.010-inch-thick aluminum head shim, which improved the situation. The rest
of the break-in was uneventful: the engine started, needled and maintained a steady, if
somewhat rough, operation. At the end of break-in, the M-61 peaked at 13,200rpm. A

parting thought: the M-61 may still be over-compressed; this would account for

its roughness at high speeds.

TESTING CONDITIONS

Temp. 72 deg. F

Bar. pres. 29.30in. Hg
Wet-bulb temp. 62 deg. F
Corr. fact. 1.05

Dynamometer-generated torque and
horsepower curves indicate:

torque peak—105.1 oz.-in. @

9,400rpm (rank: 6th)

bhp peak—1.34 @ 13,300rpm (rank: 4th)
specific torque (oz.-in./ci)—172

(rank: 5th)

specific horsepower (bhp/ci)—2.20
(rank: 4th)

torque to weight ratio (oz.-in./Ib.)—60.4
(rank: 10th)

horsepower to weight (bhp/1b.)-0.77
(rank: 10th)

TESTING CONDITIONS

Temp. 63 deg. F

Bar. pres. 29.46in. Hg
Wet-bulb temp. 58 deg. F
Cor. fact. 1.03

Dynamometer-generated torque and
horsepower curves indicate:

torque peak—112.7 oz.-in, @ 9,750rpm
(rank: 2nd)

bhp peak—1.59 @ 14,150rpm (rank: 1st)
specific torque (oz.-in./ci)—185

(rank: 2nd)

specific horsepower (bhp/ci)—2.61

(rank: 1st)

torque to weight ratio (0z.-in./Ib.)—T76.7
(rank: 3rd);

horsepower to weight (bhp/Ib.)—1.08
(rank: 1st)

.~
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0.S. Max FX-61
! General impressions. Beautiful casting and machine work throughout—0.S. trademarks. The hemi-

head combustion-chamber components are not machined but are bead-blast finished—an unusual
but time-saving procedure.

The engine’s drop-in cylinder-sleeve shows a dedication to excellence that's rarely duplicated in
the miniature-engine industry. Technical highlights include: precisely machined ports, smooth nickel-
plating and flawless taper honing. The impressive unit should be mounted on a display stand for
all engine lovers to admire.

Performance. For break-in, propeller-rpm determination and dynamometer testing, | used
Sig 10-percent-nitromethane fuel containing 20 percent lubricant (my standard blend for
ball-bearing-equipped ABN engines). For low-load break-in, | used an APC, 11x6, 2-blade pro-
peller, and for all runs, | chose an 0.S. no. 8 long-reach glow plug.

| ran the 0., Max FX-61 for 20 minutes of break-in; at the end of this, it held a
peaked setting of 13,150rpm.

TESTING CONDITIONS 20 _
Temp. 70 deg. F = § q
Bar. pres. 29.39 in. Hg 1.3 o g 5 Fieo
Wet-bulb temp. 60 deg. F B o
o =
Corr. fact. 1.04 12 ﬁ/ ® Liso
o
Dynamometer-generated torque and g = .
horsepower curves indicate: S % [o cor 6w o
! torque peak—101.3 oz.-in. @ 9,250rpm % "—s%,f” ‘Wé
(rank: 8th) - u
! bhp peak—1.24 @ 13,000mpm goo9 = 1203
(rank: tied for Tth) I = 5 T @ P
! specific torque (oz.-in./ci)—166 0.84— é g s—32 N——a —+- 110
i 3 3 & < =
 Aeanje 7ty , 8§ g % B : | 2 S
 specific horsepower (bhp/ci)—2.03 0.74 = = E—1-§—8 2 Lioo
(rank: tied for 6th); "‘“‘-—-L_i______gig
! torque-to-weight ratio (oz.-in./Ib.)—66.6 0.6+ 4[ ® torque = %0
(rank: 7th)
! power to weight (bhp/Ib.)—0.82 0.5 80
(rank: Tth) 9000 10000 11000 12000 13000
RPM

Thunder Tiger GP-61 ABC

" General impressions. Beautiful castings, lathe turning, milling, grinding and honing
operations; a traditional bronze bushing supports the crankshaft. This engine is meticu-
lously produced.

¥ Performance. For break-in, propeller-rpm determination and dynamometer testing, the
Thunder Tiger GP-61 was run with Sig 10-percent-nitromethane fuel containing 22-percent
lubricant (my standard blend for plain-bearing-equipped, ABC-type engines). | used an
APC, 11x6, 2-blade propeller for low-load break-in and installed an 0.S. no. 8 long-reach
glow plug for all runs. For break-in, | ran the GP-61 uneventfully for 22 minutes; afterward,
the engine peaked at a smooth 13,150rpm.

When | had a technical difficulty while testing this engine, |
was pleased by the prompt and courteous attention of the
Ace Hobby representatives.
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0.S. .65 LA

General impressions. A powder-coated external finish; a remote, backplate-mounted needle-valve assem-
bly; an inexpensive air-bleed carburetor; a cylinder sleeve made of seamless brass tube; a composite-plastic
backplate; a bronze bushing for crankshaft support; flawless castings and precision machine-tool operations
are standard for 0.S. engines.

Performance. Engine break-in, propeller rpm determination and dynamometer testing were all done ' :
using Sig 10-percent-nitromethane fuel with 22 percent lubricant (my standard blend for ABC-type 7 .
engines equipped with plain bearings). | also used an APC, 11x6, 2-blade propeller along with an 0.S. 5
no. 3 glow plug (later changed to an 0.S. no. 8 long-reach glow plug). }\. [ f“
For break-in, | ran the 0.S. .65 LA for 20 minutes and noted a moderate crankshaft-seal leak. G
Although high-speed performance didn't seem to be affected, fuel consumption increased slightly. With
the engine almost peaked (about 300mm on the rich side), | noticed that it dropped about 500rpm
when the glow-plug heat was removed. A number of factors may cause this, but the quickest fix is to
change to a hotter glow plug. | changed to an 0.5, no. 8; subsequent runs showed a marked

improvement. After break-in, the .65 held a steady, peaked 13,350rpm.

s,

TESTING CONDITIONS ) 8
Temp. 67 deg. F 1' 5 §_§
Bar. pres. 29.40 in. Hg 13 __S j‘_‘g 160
Wet-bulb temp. 57 deg. F I =1 '8 ¢
Corr. fact. 1.04 ” §_§ 2 / 150
Dynamometer-generated torque and g 0‘3} % =
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Thunder Tiger Pro .61 BB ABC

¥ General impressions. My first reaction to all Thunder Tiger engines is always admiration because of their
spectacular castings and machine-tool work.

Performance. | used Sig 10-percent-nitromethane fuel containing 20-percent lubricant—my
standard blend for ABC-type engines equipped with ball-bearing crankshaft support—for engine :
break-in, propeller-rpm determination and dynamometer testing. | also used an APC, 11x6, 2- e \
blade propeller and a Fox R/C long-reach glow plug.

For break-in, | ran the Thunder Tiger Pro .61 for 20 minutes; initially, it quit when | removed
the glow-plug heat, so | changed to a hotter 0.5. no. 8 plug, which improved the situation. Also
during the first run, the front bearing leaked fuel; since little can be done to correct this—other
than to replace the crankcase—| tolerated it. If my tight testing schedule had permitted, | would
have returned the engine for a replacement.

Early break-in runs produced two burned-out plug elements; this suggested that the
engine's compression ratio was too high, so | removed the cylinder head and
inserted an additional 0.010-inch-thick aluminum shim (gasket). The engine then
ran more smoothly and didn't trash any more plugs. | had difficulty obtaining
a reliable idle below 2,550mpm; this may be the result of the reduction in
fuel draw caused by the pressure/vacuum leak at the
crankshaft seal. At the end of break-in, the Pro .61

ran steadily at 13,450rpm.
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gas engines for
glant scale

hen you make the

transition from

normal-size sport .40
models to giant-scale airplanes,
the biggest difference yvou have to
deal with is the gasoline engine.
For many, these big-bore hunks of
metal are a mystery because they
look and operate so differently
from the more familiar glow-pow-
ered (nitro) engines. In practice,
however, starting, running and
adjusting a gasoline engine is only
slightly different and no more dif-
ficult than operating any other
internal combustion engine. If you
can operate a chain saw or a weed
trimmer, then you'll be right at
home powering vour next giant-
scale project with a gas burner.

Gas engines are much easier to

adjust and have excellent fuel effi-
ciency; a gas engine consumes
roughly %3 as much fuel per
minute as a glow engine of the
same displacement burns. Gaso-
line engines tolerate heat much

BME

better than glow powerplants,
and they require fewer fuel-mix-
ture adjustments to keep them
happy. You might need to adjust
your gasoline carburetor only
once during a flying season!
Though the typical gas burner
produces less rpm than its glow-
powered cousin, it produces more
low-end torque. Thrust is pro-
duced more efficiently with that
bigger, slower turning prop.
Because they are heavier than
nitro engines, gas engines are
often used in scale airplanes that
have a shorter nose moment, and
their weight helps eliminate some
of the lead ballast needed to bal-
ance the airplane. In giant-scale,
unlimited Tournament of Cham-
pions and International Miniature
Aircraft Club (IMAC) events, big-
bore gas engines are the norm,
and you can’t argue with success!

If you're leery about using a
gas engine, this guide will clear
evervthing up.

ell Motoren

The German-made 3W engines have
been used in several giant-scale com-
petitions, including the Tournament of
Champions and many giant-scale
unlimited air races. 3W engines come
with an electronic auto-advance ignition
system and are designed to operate at
lower rpm for more thrust and less prop
noise, 3W 601 (shown)—5$519.

Distributed by Aircraft Intl.

(732) 761-0997; aircraft-intl.com.
Cactus Aviation

(520) 721-0087; cactusaviation.com.

Designed specifically for light overall weight while retaining excellent
crankcase stiffness and crankshaft support, BME engines are known for their
smooth operation and user-friendliness. Most BME engines come with the
CH syncro spark-ignition system and fiber-reed induction (except the
BME 44 single, which is piston ported), plus a 2-year
warranty. BME 102 (shown left)—$1,149;
BME 44 (shown right)—5$499.

BME Engines
(254) 836-0835;
bmeengine.com.
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Desert Aircraft

Using some of the latest tools and techniques, including 3D CAD and stereo
lithography, the DA-150 has been designed from the ground up with Tournament
of Champions and World Masters-style competition aerobatics in mind. The
DA-150 is ideally suited to aircraft for which existing 120cc and 140cc engines
aren't quite enough. It can also power aircraft that are designed for heavier, 4-
cylinder, 160cc engines.
DA 150 (shown)—

Brison Aircraft
Designed with giant-scale modelers in
mind, Brison engines’ enhanced power
and reliability make them ideally suited
to Sunday fliers, scale modelers and
IMAC competitors. Available in six sizes,

ranging from a 2.4¢i (39.33cc) single Desert Aircraft
to a big 6.4ci (104.64cc) twin cylinder, (520) 722-0607
all Brison engines come standard with desertaircraft.com.

nicasil-lined cylinders, metal bellcranks
and anodized cases, and all the crank-
shafts are unconditionally guaranteed
for one year. Every engine is test-run
and tuned before being shipped.
Brison 3.2 (shown)—$549.

Brison Aircraft
(972) 241-9152;
brisonaircraft.com.

Fox Mfig.
With its long history of manufacturing
model airplane engines, Fox Mfg. offers
custom-built RC aircraft engines. Each has
a nicasil-lined cylinder/piston assembly
(made by MakitafDolmgr USA), a Walbro First Place Engines
g‘;ﬁga";m": ::;:‘:z‘f&? Distibuted by Sig Mig, the First Place Engine
24NF-thread) prop hub. Each is (FPE) line consists of four, light, powerful gas
: : : engines designed specifically for large RC air-
equioped i mgchan:cal e ; craft use. They offer a good power-to-weight
fg"na.rg‘o :i‘;ﬁmzrg:gsﬁ"‘“ ratio and come with a light, tig-welded, cus-
nachined a!urr;inum with a polished tom aluminum muffler that may be mo@iﬁed
finish; the cylinder is bead biasted to acoept a smoke sys_tefn.{ﬁ!l four engines
Fox 3:2 ( }—$575 3 come with an electronic ignition, complete
shown ” instructions and a one-year warranty; a 50:1
oil/gas ratio is recommended.

Fox Mfg. .
(479) 646-1656; x ::g $ ::;tl}t]s 6: 9,9'9:‘
foxmanufacturing.com. sl

Sig Mfg. Co. Inc.

(800) 247-5008;

J L sigmfg.com.

132



FIRING UP A GAS ENGINE

Before you start a gasoline engine for the first time, it is best to review
and become familiar with its operation manual. Even for bench-running,
always have a helper. If the engine is already installed in a model, fully
assemble the model and have your helper hold it securely. Tell him how
to turn the ignition on and off and how to operate the choke, if the
engine has one.

If your engine has an electronic ignition system, make sure that it is
attached properly and that the ignition battery is fully charged. If you have
a magneto-equipped engine, always install a kill switch to stop the engine.

For the very first engine run, close both the high- and low-end needles
fully, and then open the high-end needle 1%2 turns and open the low-
end (idle) needle 1% turns.
These settings are a good
starting point for a reliable

Use premium-quality 2-stroke engine 5 3 2
oil when you mix your fuel. idle and a rich high end.

Check the manual for the

recommended oil-to-gas
mix ratio, and fill the tank

Oil-to-gasoline ratios with fresh, filtered fuel. :

The 2-stroke, air-cooled, giant-scale engines we N A T LT O T RS er T

use to power our models do not have separate STARTING THE ENGINE Always ask a helper to assist you when you start
oil tanks (unlike full-size aircraft engines), so we Be sure that the ignition, or a gas engine; make sure he knows how to oper-
must add the oil to the gasoline. Your engine the kill switch, is turned off. ate the choke and how to shut off the engine.

manufacturer provides a mixture ratio recom-
mendation in the engine’s operation manual.

Set the throttle full open, and close the choke. If the carb does not have

Hte are/sorie boman ratics: a choke, use your thumb to cover the venturi to choke it. Turn the prop
counterclockwise several times until fuel starts to flow through the fuel
RATIO OUNCE OF OIL PER i i i i isi
GALLON OF GASOLINE line to the carb. Flip the prop a few more times until fuel is in the carb.

If your engine does not have a choke, turn the ignition on, set the

;D;-'il :jg throttle to ¥4, and flip the prop until the engine begins to run. If you

. 5;1 ll.? have a choke-equipped carb, leave the choke closed, turn the ignition
641 9 on, open the throttle fully, and flip the prop until you hear the engine
50:1 25 cough as it tries to start. Then open the choke, set the throttle to ¥4, and
401 32 flip the prop several times until the engine starts. If it does not fire, begin
321 4 again from the start; let the engine warm up for a few minutes before
24:1 5.3 you advance the throttle.

16:1 8

Fuji

Distributed by Tower Hobbies, Japan’s Fuji engines are very popular.
They come with a one-piece, solid-state capacitive discharge ignition
system (no breaker points). The Walbro carburetor is standard, and the
propeller hub is knurled to hold the prop securely. Three hub lengths
are available. The muffler is designed specifically for RC use.

Fuji BT-508A (2.1ci, shown)—$399.99. .

Distributed by Great Planes Model Distributors Co.
(217) 398-6300-7660; (800) 628-8948;
fujiengines.com.
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Quadra-Aerrow Inc.

Engine-ignition systems

Magneto ignition

High+oltage lead —_

Coil —»

Magnet

(

This Brison 3.2cl engine has a mechani-
cal timing-advance ring coupled to its
throttle arm. The ring advances and
retards the engine timing as the throttle
settings are changed.
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Quadra-Aerrow

Manufactured since 1975, Quadra-Aerrow engines are among the most reliable
and durable in the RC industry. Available in nine sizes and 17 varants, they pro-
duce from 3.9 to 45hp and can be equipped with battery-powered or magneto
ignition systems. Ideal for aerobatics competition, all except one feature a reed-
valve induction system for quick throttle response and high-torque midrange
performance. Features include chrome or nicasil-plated cylinders with high-
silicon/aluminum pistons, single and dual piston rings (pegged and chamfered),
ball-bearing and needle-bearing support throughout, and on some models,
semi-automatic compression release. Q758 (shown)—$734.

(613) 264-0010; quadraaerrow.com.

Hall effect sensor

and attachment

~Saik g bracket \ é) @ é: Connector
Magnet T

», —
A E
1 1)

Electronic-

/ I ignition
Flywheel hub edule

Electronic ignition

IGNITION TIMING

Many manufacturers offer their engines with
either a magneto or an electronic ignition sys-
tem. Depending on your requirements, either
type will provide reliable performance. In addi-
tion to supplying the spark plug with current,
ignition systems also regulate engine timing.
Magneto ignitions have fixed timing, while with
electronic ignitions, you can advance or retard
the timing. Electronic ignitions can be micro-
processor controlled (with auto-spark advance)
or equipped with a mechanical timing-advance
ring that is coupled to the throttle.

® Fixed timing. With a fixed ignition timing, the
engine must operate in a timing range that
maintains a good power setting while still being
fairly easy to start. Since a good starting timing
is between 0 and 5 degrees before top dead
center (BTDC), and maximum power is achieved
at somewhere around 25 to 30 degrees BTDC,
engines with fixed timing cannot offer optimum

-— |gnition kill switch

4.8 to 6V

battery pack

performance. Engines that are timed for opti-
mum high-end output offer good overall
performance but do not idle as low as those
with adjustable timing.

® Microprocessor control. There are several
microprocessor-controlled timing units on the
market. They have a fixed timing sensor placed
at a specific timing setting and use a micro-
processor to change the timing to suit the
engine’s rpm. They work very well, but they are
usually limited to about 25 degrees of timing
(advance or retard).

W Mechanical advance. Engines with a mechan-
ical timing-advance ring tend to be very easy to
start and can be adjusted to optimize an
engine’s full power range. Usually made of a
non-metallic material, the ring holds the timing
sensor; this ring is coupled to the throttle arm,
and it moves the sensor to change the timing
from O degrees BTDC for starting up to about 30
degrees BTDC for optimum top-end performance.



ZDZ
Manufactured in the Czech
Republic and distributed in the
U.S. by RC Showcase, ZDZ giant-
scale gas engines have rotary disc
valves and rear-induction carbure-
tors (complete with control links for
the choke) and throttle arms. All
have a solid-state microprocessor-controlled electronic ignition
with auto-advance and are completely shielded to minimize
interference. Even the spark-plug lead is fully metal-shielded.
ZDZ engines come with a 30-month warranty. ZDZ 40 RV-L
(2.4ci, shown)—5$410.

\

-a

Distributed by RC Showcase
(301) 374-2197; rcshowcase.com.

Cheetah

Reid's Quality Model Products offers the Cheetah engine with
magneto ignition, and the 42DX version with the CH electronic-
ignition system with syncro-spark throttle linkage. Suitable for
15- to 25-pound airplanes, the Cheetah 42DX has a chrome-
plated cylinder bore and includes a backplate engine mount and
spacer, an adjustable velocity stack, a muffler and a 2-year
limited warranty. Cheetah 42DX (shown)—$399.95.

_ Reid’s Quality Model Products
= i (315) 548-3779; reidsmodels.com.
|

Magneto
Magic

A magneto ignition
is nothing more than
an old-fashioned
generator used to
create a pulse of
electrical current to
fire the spark plug.
The magneto igni-
tion system consists
of a permanent mag-
net mounted on a
flywheel attached to the crankshaft and a field coil
that induces the current when the magnet passes the
ends of the coil shoes. The magnet is embedded in
the flywheel’s rim, and the coil sits right next to the
flywheel. A battery isn’t required for ignition.

Many magnetos have an external secondary coil (or
condenser); the current builds up in the primary coil
and is then dumped into the condenser to produce a
stronger spark while starting the engine. Magneto
ignitions are completely self-contained, and if set up
properly, they will supply current to the spark plug for
as long as the engine is running. To stop the engine,
the coil must be grounded to the engine case. A kill
switch grounds the magneto coil to the engine case
and prevents current from firing the spark plug.

To operate properly, the spark-plug gap and the
coil gap (space between the flywheel magnets and
the primary magneto coil) must be set up according
to the engine’s operating manual. For most engines,
a spark-plug gap of between 0.018 and 0.025 inch
and a coil gap of between 0.020 and 0.025 inch is
recommended.

Kill-switch installation

With a magneto-equipped
engine, use a kill switch to stop
it safely. The switch simply
grounds the magneto coil to the
engine case and prevents cur-
rent from firing the spark plug.

BN

Kill switch

Engine ground

To avoid accidentally
starting a magneto-
equipped engine, install
a kill switch that will
ground the ignition
circuit when the switch
is in the off (closed)
position.
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Troubleshooting

A properly adjusted gasoline engine
will run smoothly and produce max-
imum power for a long time. But
sometimes, even a well-running
engine can become difficult to start
or begin to run erratically. Here are
some common problems and fixes.

* Engine doesn't start. Check the
fuel, air and ignition system. If any
one of these three isn’t correct, it will
prevent the engine from firing. Make
sure that the kill switch is off (open).
Check for a fuel-line blockage and
debris in the needle-valve assemblies.
Make sure that the choke and “but-
terfly” operate properly and that the
carb body is firmly bolted into place.
The pulse pressure passage between
the carb and the crankcase must be
clear. If you have an electronic igni-
tion system, be sure that the battery
is properly charged.

¢ The engine runs erratically in
flight. If the engine runs properly
on the ground but then operates

To operate a gas engine, use gasoline-
proof fuel plumbing. Always replace the
fuel-tank stopper and all fuel and vent

lines with gas-compatible ones.
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RCS

Aftermarket items such as these veloc-
ity stacks can help smooth fuel flow

through the carb.

erratically (too rich or lean), espe-
cially when climbing or diving, the
problem might be uneven airflow
into the carburetor. This can cause
fuel to be siphoned out of the ven-
turi, and the mixture will be
incorrect. A %- to 1-inch-long veloc-
ity stack will help stabilize the
airflow. If this does not improve
engine performance, install a small
fairing, or a shield, to help direct air-
flow away from the carb.

* Engine suddenly runs erratically.
If your engine has been running
properly and suddenly starts to act
up, you should check several things.

Make sure the ignition battery is
fully charged and is supplying the
proper voltage. Be sure that all elec-
tronic ignition connections are
securely plugged in and that the
ground strap is still attached to the
engine case. Inspect the spark plug
and the spark-plug wire and boot.
The plug may be fouled with
carbon deposits, or the wire
connections may be faulty.

Often, the carburetor’s internal

inlet screen can become blocked,

RCS engines are available in displacements that range from 1.4
to 18ci. Designed to replace large glow engines, they deliver as
much or more power as glow engines of the same displace-
ment. The engines are equipped with electronic auto-advance
computerized ignition. Available as side- and rear-exhaust ver-
sions, RCS engines are very easy to hand-start and have linear
throttle response. RCS 140 (shown)—$345.

RC Showcase (301) 374-2197; rcshowcase.com.

restricting fuel flow. To remedy this,
remove the carb’s outer cover on
the fuel-inlet side, and then care-
fully remove the gasket. The filter
screen sits in a shallow depression
and can be inspected easily. If it is
clogged, carefully remove and clean
it by flushing it with fresh gasoline.
Then carefully reinstall it and
replace the gasket and cover plate.
If it is not clogged, remove both

" needle valves and flush the entire

carb with gasoline.

* Preventive maintenance. Use
only freshly mixed gasoline and oil;
if the fuel is several months old, dis-
pose of it properly and mix a new
batch. Always drain the fuel out of
the tank after every flying session.
When you store your model for an
extended time, first empty the tank
and then run the engine until it
quits; this will remove unburned fuel
from the carb. Remove the spark
plug and squirt some after-run oil
into the cylinder, and turn the
engine over by hand. Put a few
more drops into the carb, and then
plug the venturi and exhaust pipes
with some small wads of paper
towel. Remove the ignition batter-
ies, charge them and store them in
a safe place. Store your engines in a
warm dry area; avoid areas that are
subject to drastic temperature
changes and dampness. Remove
and inspect the prop occasionally to
check for cracks and other damage;
always balance a new prop.



RADIO CONTROL AIRPLANE ENGINE GUIDE

Pumper carburetor basics

For a gasoline engine to run reliably and to produce maximum power, the carburetor
must be adjusted correctly. The throttle “butterfly” controls how much air enters the
engine, and the needle valves meter the fuel. Walbro-type pumper carbs have two
needle-valve screws: the low end—identified with an “L"~and a high end—"H"; the
marks are stamped into the carb body. Turning the adjustment screws clockwise (in)
leans the mixture (restricts fuel flow). When turned counterclockwise (out), the mixture
is richened and allows more fuel to flow through the carb.

Fuel is constantly delivered to the engine by the low-end (idle) needle. As rpm
increase to about 2,000 to 3,000 (the midrange), additional fuel is drawn from the
high-end needle. The higher the rpm become, the more fuel is drawn from the high-end
needle. A properly adjusted carb will deliver fuel evenly throughout the entire throttle
range to produce a smooth throttle transition from idle to full power.

Always adjust the low-end needle first. The low-end mixture should be set as lean as
possible but not so lean that the engine doesn't instantly transition from idle to the
midrange. If the idle mixture is set too lean, the engine will hesitate and might quit when
you advance the throttle quickly. If the idle mixture is set too rich, the engine will sputter
and burble with excess fuel as you advance the throttle. You will know the mixture is cor-
rect when you advance the throttle quickly and the engine responds cleanly and quickly.

Set the high-end needle so that the engine will produce maximum rpm without over-
heating. If the high end is set too lean, the engine will sag and slow down as it
overheats. Don't run your engine too lean, as this can damage it. If the high-end mixture
is set too rich, the engine will run roughly and won't develop full power.

Make small needle-valve adjustments— Y16 turn at a time for the idle and ¥ turn for
the high end. Use a tachometer to adjust the high end until maximum rpm is achieved.
After each new adjustment, allow the engine to run for a short time, and continue to lean
the mixture until the rpm begin to drop. When this happens, back the needle off Ya turn
(rich). Check the idle setting again, and you're done. If you do have to readjust the idle
setting, readjust the high end also, as both needles affect overall performance. Once
you've set it properly, you shouldn't have to adjust the carb for a long time.

To check the engine’s fuel mixture, inspect the spark plug's condition. If the fuel mix- Not all carburetors have chokes; if yours ;
ture is correct, the electrode should be a light tan color (the color of a brown-paper doesn’t have a mechanical choke, use your
bag). A lighter color (pasty white) typically indicates a too-lean fuel mixture, and a thumb to choke it while you rotate the prop to

darker brown (or oily black) indicates an overly rich mixture. draw fuel into it.
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U.S. Engines

These economical powerplants are available in 35¢cc and 41cc
displacement versions and come with a limited 2-year warranty.
Each is equipped with a solid-state capacitive discharge ignition
system and a nicasil-coated piston liner. The Walbro carburetor is
standard, and throttle linkage for RC use is also included. The
engine also comes with a two-exhaust-port muffler, an engine
mount that's part of the rear crankcase, and a spring starter. The
spark plug comes installed. U.S.41 (shown)—$249.

Great Planes Model Distributors Co.
(800) 682-8948;
bestrc.com/usengines.

Taurus Engines

Taurus Engines offers single- and twin-cylinder engines. The
singles range from the TS 42 (2.6ci) to the TS 95 (5.8ci),
while the twins (in-line and opposed-cylinder configurations
are available) range from the TT 85 (5.2ci) to the TT 240
(14.6c¢i). Taurus Engines also offers its Signature Series HP
engines in displacements of 3.5ci to 7.2ci (call for prices).
The 2.6 and 3.2 engines have double-web crankshaft coun-
terbalances, 5-hole radial engine mounts, nicasil cylinder
liners, auto-advance ignition systems and single-bolt prop
hubs. A full 3-year warranty covers workmanship and defects
on all engines. TS 52 (shown)—$559.95.

Taurus Engines
(734) 283-4813; www.taurus-engines.com.

Zenoah
Zenoah, a division of Komatsu Zenoah, manufactures 2-stroke engines to exacting tolerances at its factory in
Japan. Available in 1.3 to 4.87cl displacements, Zenoah engines come with chrome-plated piston liners and
are equipped with compact, maintenance-free CDI-type flywheel/magneto ignition systems. Each engine

comes with a muffler, an engine mount, a spark plug and plug wrench and a Walbro pumper carb. The G-23
is available in airplane gasoline and glow-plug (nitro), helicopter and marine versions. The twin-cylinder
GT-80 has a cast intake manifold and a spring starter. G-23 (on left)—$289;

GT-80 (on right)—$999.95.

Horizon Hobby Inc.
(800) 338-4639;
horizonhobby.com,
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RADIO CONTROL AIRPLANE ENGINE GUIDE

Q: What is “RF” noise, and how
can I eliminate it?

A: This refers to radio-frequency
noise, and it’s electrical interfer-
ence created by the firing of the
spark plug. It can affect radio
reception, but most of the newer
receivers are less susceptible to it.
Installing a resistor spark plug will
minimize RF noise but won’t
completely eliminate it.

Use a non-metallic throttle
pushrod to further help shield the
radio from the interference. Also,
install your radio gear (including
ignition battery packs) as far from
your engine as is practical; 8 to 10
inches should be enough (the far-
ther apart, the better). Also check
the engine, engine mount, throt-
tle linkage and muffler for any

Some modelers use soft mounts such
as these B&B Specialties mounts to
cushion their engine on the firewall,
and they isolate the airframe from
engine vibration.

loose metal-to-metal contact. If
your electronic ignition system
has a ground wire, make sure that
it is grounded to the cylinder
head or engine case.

Q: Which gasoline should I use?
A: High-octane gasoline will make
your engine run slightly hotter
but won't increase power output.
[ use standard 87 octane. Higher
grades of gasoline (premium or
ultra) contain fewer impurities
and may help your engine to run
more cleanly. Do not use gasoline
that contains alcohol; it can dam-
age the rubber parts of the carb.
Don'’t use aviation-grade gasoline

(AVGAS); it contains lead and has
a 100-octane rating. It will make
your engine run hotter, and the
lead can foul the plugs. Always
filter your fuel to remove contam-
inants and any small particles of
debris that can clog your fuel sys-
tem. Always use gasoline-grade
fuel-tank plumbing and gasoline-
rated fuel line.

Q: Which type of oil should I use,
and at what ratio should I mix
it with the gas?

A: Always use top-quality
2-stroke oil for air-cooled

. engines; it's found at most auto-

motive- and motorcycle-parts
stores. There are several brands. I
have used Zenoah, Klotz and
Honda XP2 high-performance
synthetic oil, but you may also
use high-quality petroleum-based
oils. Check your engine manu-
facturer’s recommendations;
many suggest the use of petro-
leum-based oil during break-in,
as it helps the piston rings seat
faster. After about 10 hours of
break-in, you can switch to syn-
thetic oil. The ratio of gas to oil
depends on the oil type (petro-
leum or synthetic). I usually use
a ratio of between 40:1 and 64:1
(gas:oil) when using petroleum-
based oils and 75:1 to 100:1
when using high-quality
synthetics.

Q: Should I use a soft mount for
my engine, or should I hard-
mount it directly to the firewall?
A: Whether or not you use soft
engine mounts is a personal pref-
erence. Most single-cylinder
engines produce a fair amount of
airframe vibration. Soft engine
mounts absorb a certain amount
of this and so shield the airframe
from it. They also allow the
engine to move and shake more.
On lightly built aircraft structures,

The spark-plug boot and wire should
always be in good condition. Here is a
standard rubber boot with a grounding
strap and a metal boot with shielded
wire. Make sure you connect

the boot to the spark
plug properly.

Spark plugs come in
several types and sizes;
always use a resistor
spark plug to minimize
RF noise. Always use a
spark-plug wrench to
loosen or tighten your
glue plugs; if you use
the wrong tool, you
may damage the plug,
and that could
increase RF noise.

RCJTY

I use very stiff soft
mounts, but I do not use them on
stronger, stiffer airframes. Try
them and see; it's up to you.

Q: Which kind of spark plug
should I use, and what should
the gap be?

A: Always use a resistor spark plug
(indicated by the letter “R” in the
model number). I have used
Champion RCJ7Y, Bosch WSR6F
and NGK BPMR6A and have
found them all to work very well.
Use a plug of the type and size
recommended by the engine’s
manufacturer. Always check the
plug gap before you use it; on
most engines, a 0.018- to 0.020-
inch gap works well. I use 0.022
on my Brison 3.2 as recom-
mended by its manufacturer. Use
an inexpensive spark-plug gap
gauge to get it right.
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Engine Information

ENGINE BORE (IN.) STROKE CYLINDERS DISPLACEMENT (Cl) WEIGHT (LB.) HORSEPOWER OVERALL DIMENSION (IN.)
3W Modell Motoren

3W-100iB2 1.73 1.26 2 59 7 9.3 11.1x4.6x7.6
3W-105STR3 1.58 11 2 43 10.1 11 14.4x4.4x9.4
3W-120iB2 1.8 1.42 2 7.2 8.47 115 12.4x3.9x6.9
3W-120iB2F 1.8 1.42 2 7.2 8.47 115 12.4x4.9x7.7
3W-140iB2 1.88 1.49 2 8.3 8.58 13.5 13x3.9x6.9
3W-140iB2F 1.88 1.49 2 83 8.58 135 13x4.9x7.7
3W-150iB2 1.93 1.57 2 9.2 8.47 16.5 13x3.9x6.9
3W-150iB2F-TS 1.93 1.57 2 9.2 8.47 175 13x4.9x7.7
3W-150iB2-TS 1.93 1.57 2 9.2 8.47 17.5 . 13x4.9x7.7
3W-150iR2 1.93 1.57 2 9.2 10.14 16.5 6.5x8x10.25
3W-150iR2-TS 1.93 1.57 2 9.2 10.56 175 6.5x8x10.25
3wW-156B4 1.65 11 4 9.4 11.88 148 11x6.3x8.7
3W-170B4 1.73 1.1 4 10.3 11.7 16.5 11x6.3x8.7
3W-240i82 2.26 1.8 2 14.4 14.74 22 14.17x5.5x8.7
3W-24i 1.34 1.03 1 1.5 2.32-2.65 2.5 6.5x2.75x3.9
3W-38i (42.5¢cc) 1.34 1.03 1 15 397 4 7.2x3.5x%4.6
3W-48B2 1.34 1.03 2 29 4.11-4.45 5 10.3x3.5x5.5
3W-50i 1.73 1.26 1 3.0 4.36 6 3.5x5.8x5.8
3W-60i 1.81 1.45 1 37 5.32 6 3.9x6.2x6
3W-70i 1.88 1.49 :L 4.1 5.32 6.5 3.9%6.4x6
3W-T0iUS 1.88 1.49 1 4.1 4.73 6.5 3.9x6.4x5.5
3W-75i 1.93 1.57 1 4.6 5.32 75 3.9x6.4x6
3W-T75iTS 1.93 1.57 g 4.6 5.42 79 3.9x6.4x6
3W-75iUS 1.93 1.57 1 46 473 7.5 3.9x6.4x5.5
3W-75iUS-TS 1.93 1.57 1 4.6 4.83 79 3.9x6.4x5.5
3W-85iB2 1.73 Ll 2 5.2 6.49 78 11x3.5x5.7
A.J. Machine

Wolf Predator 1.8 INS INS 1 1.8 3.28 3.6 5.5x4.5x4.3
Wolf Predator 3.2 INS INS 1 3.2 3.75 52 6x6x4.5
BME

BME-102 1.77 1.26 2 6.2 4.7 9.1 10x6x8
BME-44 1.69 1.18 1 2.7, 2.7 4.2 6.75x4.3x6.25
BME-61 1.42 1.18 2 3.7 4.2 6.4 8.62x6x8
BME-80 1.57 1.25 2 4.9 4.7 1.5 10x6x8
BME-50 1.77 1.22 24 3 3 4.8 NS
Brison Aircraft

2.4ci 1.57 1.22 1 2.4 2:75 4.5 5.375x5x4.625
3.2¢i 1.73 1.34 1 3.2 3.25 '] 6x 5.375x5.25
4.2¢i 1.92 1.41 1 4.2 4.75 D 6.75x6x6.4.9
4.8ci 1.57 1.22 2 4.8 5.63 8.5 5.5x5.875x8.75
5.8¢i 2.16 1.57 1 5.8 6 9 6.5%5.75x6
6.4ci 1.73 134 2 6.4 6 9.4 5.5%6x9.75
D&B Engines

3.7ci 142 118 2 3.7 5 INS 10.2x5.9x8.8
5.1ci 1.65 1.18 2 5.1 6.4 INS 10.9x5.5x8.9
Desert Aircraft

DA-100 1.68 1.38 2 6.1 58 9.8 11.5x3.5x6.3
DA-150 193 1.57 2 9.2 8 16 13.4x4.5x7.7
First Place Engines

FPE 2.4¢i 1.65 1.22 1 2.4 3.2 4 5x6.1x7.6
FPE 3.2¢i 1.73 1.34 1 3.2 36 5 6x7.25x7.58
FPE 4.2¢i 1.92 1.42 1 4.2 5.5 6.5 6.5x8.3x9.3
FPE 5.8¢ci 217 1.57 1 5.8 59 9.5 7x8.1x9.5
Fuji

Bt-32A 1.14 1.49 1 1.5 3.74 2.2 7.5x5x4.4
Bt-86 1.18 1.68 2 3.7 6.38 1.5 7.75x8.6x3
Bt-50SA 1.26 1.69 1 21 528 5.2 8.5%5.5x4.8
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RADIO CONTROL AIRPLANE ENGINE GUIDE

ENGINE BORE (IN.) STROKE  CYLINDERS  DISPLACEMENT (CI)  WEIGHT (LB.) HORSEPOWER OVERALL DIMENSION (IN.)
Quadra-Aerrow

A 1508 1.97 15 2 9 9.5 13.5-17 7.8x10x8.8
A 200B 2.25 1.5 2 11.9 11.3 17-21 7.8¢10.3x8.8
A 200RSS 2.25 15 2 11.9 10.4 23.5-27+ 7.8x10.3x8.8
Q 10008 1.65 1.5 2 6.4 6.5 9.4 min. 6.1x10.3x6.8
Q 1008 2.25 15 2 6 6.9 9.5-11.9 9%6.8x6
Q 100M 2.25 1.5 2 6 8.3 9.5-11.9 9x6.8x6
Q 100RSS 2.25 15 2 6 6.6 11.5-16+ 9%6.8x6
Q 4008 1.58 1.18 1 23 3.19 3.9 6x5%6.38
Q 400M 1.58 1.18 1 23 4.16 39 6x5x6.38
Q 52B 1.65 1.5 1 3.2 4.1 4.5 7.6x5x6
Q 52M 1.65 1.5 1 3.2 5.1 4.5 7.6x5x6
Q 65M 1.88 1.44 1 4 6.5 6.8 8.6x6.2x6.95
Q 758 197 1.44 1 4.4 5.2 8-10 8.6x6.2x6.95
Q 75M 1.97 1.44 1 4.4 6.5 8-10 8.6x6.2x6.95
Q 75RSS 1.97 1.44 1 4.4 5.1 10-12 8.6x6.2x6.95
RC Showcase

RCS 140 INS INS 1 14 1.75 29 4.5x2.35x3.6
RCS 180 INS INS 1 1.8 3 4 7.3x4x4.92
RCS 215 INS INS 5 13.1 12 135 11.5x7.9
RCS 44 B2 INS INS 2 2.8 4.2 4.8 10.5x4.5x7.25
RCS 75 INS INS 1 4.6 5 175 7.88x4.3x5
RQ Model Products

Cheetah 42 INS INS 1 25 4.5 3 5x6x6.5
Cheetah 42DX INS INS 1 25 39 3 5x6x6.5
Taurus Engines

1S 42 INS INS 1 2.6 313 39 5.9x5.6x5.44*
T8 52 INS INS 1 3.2 331 5 5.8x2.58x4.61*
TS 62 INS INS 1 3.7 4.5 5.8 7.29x3x5.13*
15 69 INS INS 1 4.2 4.75 6.4 7.29x3x5.13*
18 72 INS INS 1 44 4.94 8.1 6.68x3x4.8*
TS 95 INS INS 1 58 5 7.2 7.29x3.22x5.55
1T 85 INS INS 2 5.2 4.5 NS INS
1T 107 INS INS 2 6.6 NS NS INS
Tm122 INS INS 2 7.5 NS NS INS
1T 144 INS INS 2 88 NS NS INS
1T 185 INS INS 2 11.4 NS NS INS
1T 240 INS INS 2 14.6 NS NS INS
US Engines

US 35cc 1.57 1.28 1 25 4.5 2.4 6.5x6x6
US 41cc 1.44 1.28 1 21 4.5 3 6.5x6x6
ZDZ g _
120 B2 RV 1.77 1.50 2 73 6.4 10.5 12.6x3.3x7.8
160 B2 RV 2.05 1.50 2 9.8 6.6 16 12.75x3.3x7.7
210 B2 RV 2.05 1.97 2 12.8 9.6 21 14.3x3.9 x10.8
40 RvV-L 1.50 1.38 1 24 2.9 4.8 6.2x3.35x5.2
60 RV 1.77 1.50 1 3.7 42 54 7.75x3.33x5.9
80 B2 RV-L 1.50 1.38 2 49 4.2 8.1 11.5x3.33x7.95
80 RV 2.05 1.50 1 4.9 4.3 8.5 11.5x3.33x7.95
Zenoah

G-23 1.3 1.1 1 14 3.19. 2.0 7.09x6.67x7.09
G-38 15 1.3 1 25 4.19 25 7.72x3.55x5.38
G-45 1.7 1.2 1 28 431 3:3 7.99x3.94x6.78
G-62 1.9 1.4 1 38 4.56 4.75 8.55x3.94x6.75
GT-80 1.2 =2 2 49 6.75 5.8 7.99x3.94x6.78
INS = Manufacturer did not supply info.

*Height is from crankshaft center to top of cylinder.
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the magic of
radial engines

BY GERRY YARRISH < PHOTOS BY DERON NEBLETT

/. nold aviation adage
says: “The only real air-
«% 5 planes have two wings

and round engines!” It's that
second part—the round
engines—that makes a model
airplane really stand out. There’s
something magical about radial
engines; whether they have
three, five, seven, or nine cylin-
ders, round engines capture
everyone’s attention. The sound
is unmistakable, and the look?
As I said, they're in a class all by
themselves.

This guide highlights some of
the most popular radial engines
available today. Whether you
love classic civilian biplanes,
early turn-of-the-century WW |
dogfighters, or round-nose
WW II warbirds, there’s a radial
engine to hang on each plane’s
nose. Let’s check out some of
this round-engine magic!

DESIGN BASICS
Though this article is specific to
the radial engine, there are two
types of round engine. The earli-
est was the rotary engine, and in
this configuration, the propeller
was attached to the engine case
and the rear-facing crankshaft
was attached to the airframe. The
engine and prop revolved in uni-
son around the fixed crankshaft.
This was the most popular engine
type during WW I and was used
by almost all countries to power
many of their flying machines
(see “Replica Engines” sidebar).

Developed soon after WW |,
the radial engine had its case
mounted solidly to the airplane,
and the propeller was attached to
the crankshaft. Powered by multi-
ple pistons moving up and down
in their cylinders, the crankshaft
faced forward. Both engine types
were air-cooled. Basically, a radial

engine is made up of multiple
4-stroke cylinders attached to a
common engine case. Each cylin-
der has its own intake and
exhaust valves, and commonly,

a single carburetor feeds all the
cylinders. For exhaust systems,
radials have either individual
exhaust stacks or they are
attached to a single collector ring.
Either way, the sound of a
running radial is unforgettable!

Above left: almost all radial .erlglnes are equipped with a single, rear-fnounted carburetor feeding each cylinder with its own Inda:lc-

"~

tion tube. Second from left: to expel its spent fuel charge, each cylinder has a short exhaust stack. Center: many engines have an
optional exhaust-collector ring that's attached to each cylinder's exhaust stack; the ring directs all the exhaust to a single outlet.
Second from right: in 4-stroke engines, each cylinder head contains valves and rocker arms. On the RCS 215, the rocker arms and
pushrods are exposed! Far right: the Robart R780 has enclosed rocker arms, and the pushrods are inside the rod tubes.
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ONBOARD IGNITION

Several radial engines come with
their own ignition system, or they're
available separately from the
engine’s distributor. Some do not
come with an ignition system, but a
recommended aftermarket system is
usually available. For several reasons,
radial engines should be equipped
with an onboard ignition system.

Each cylinder has its own glow
plug, and it is very difficult—if not
impossible—to use several hand-
held glow-driver batteries to start a
radial engine. Chances are that a
battery igniter could flip off the
plug and hit the prop; not good!

The onboard ignition system is
the best setup; it is wired with
enough connector caps and leads
to power each plug, and the caps
are securely locked onto the plugs.
A rechargeable battery pack sup-

plies power to all of the plugs and is Y 1 \

turned on and off with a master Top: the engine Installation for Nick Ziroll's Stearman PT-17. Notice the multiple

ignition switch. All you do is flip the orange ignition-system wires that lead to each of the Robart R780's glow plugs.
itch and. startthe sncihe Below left: most radial engines are 4-stroke, glow-powered engines. Each cylinder

NG gRic: head has one or more glow plugs. Below right: many radial-engine makers recom-
Many ignition systems can also mend the McDanlels onboard Ignition system. It Is avallable in several versions for

be controlled by the position of the single- and multi-cylinder engines up to 18 cylinders! Bottom right: the onboard
throttle stick. Typically, the ignition Ignition module lr:nr;‘;hee RCS 215 engine. Note the robust wire connector for the

system supplies power to the plugs
when the throttle is below V4. As
the throttle is advanced to ¥z or %5,
it shuts off because the engine is
operating at high enough rpm, and
the increased heat keeps all the
plugs lit. This type of setup is rec-
ommended for two reasons. First, it
conserves power because the bat-
tery doesn’t keep the plugs
energized all the time. Second,
when the throttle is lowered for
cruising around and for landing, the
engine turns at lower rpm. This
cools the plugs and decreases the
chances that one or more of the
plugs will stop working. Losing one
or more plugs greatly reduces the
engine’s power. The best way to
maintain a happy radial engine is to
keep all of its plugs firing.
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RCS 215
No. of cylinders: 5

Displacement: 13.1ci (215¢cc)

Bore: 1.535 in. (39mm)

Stroke: 1.417 in. (36mm)

Power output: 13.5hp (turns a 30x12 prop at 5,600mpm)
Weight: 11 Ib.

Major diameter: 12.25 in. (311.15mm)

Price: $2,375

Comments: this big radial runs on gasoline and comes with a
4.8 to 6V microprocessor-controlled, auto-advance onboard
ignition system. It has a 6-bolt prop hub and uses miniature
NGK CM-6 spark plugs. A standard choke-equipped Walbro
carb is positioned center aft on the engine case and inside
the circular cast-aluminum engine mount.

RC Showcase (301) 374-2493; rcshowcase.com.

The radial connection

To build a radial engine, you can't just take several single-
cylinder engines and stick them all together with a common
crankcase. The challenge lies in joining all the connecting
rods to a single crankshaft. Unlike a conventional multi-
cylinder engine, a radial engine has all its pistons arranged on
a single plane, and only one connecting rod (the master rod)
is attached to the crankshaft. All the other connecting rods
(link rods) are attached to the bottom of the master rod. The
large web of the master rod follows the path of the crankpin
and transfers the
power from all the
pistons to the crank-
shaft. Pins similar to
the wristpins that
connect the pistons
to the connecting
rods attach the link
rods to the master
rod’s web. This sim-
ple setup works very
well and contributes
to the radial
engine’s reliable
power output.

This illustrates how the
many cylinders and pistons

|
Link Rod Ve

©)

ROBART R780

No. of cylinders: 7

Displacement: 7.8ci (128cc)

Bore: 1.125in, (28.57mm)

Stroke: 1.125 in. (28.57mm)

Power output: 10hp (turns a 26x12 prop at 5,500rmpm)

Weight: 7.65 Ib.

Major diameter: 10 in. (254mm)

Price: $4,000

Comments: the Robart R780 is a 22.5-percent-scale miniature of a Jacobs 7-
cylinder radial engine. The output shaft has a 6-bolt prop adapter that is slipped
over a tapered brass collet and is attached to the main output shaft with a single
nut in the center. Pistons feature twin rings, and the hemi-head design uses large
valves with steel seats and bronze guides. Roller lifters and ball bearings are used
throughout, and the engine is equipped with an oil pump. A boost fan aids air
intake. A steel tube mount with rubber dampers is included. Collector-exhaust ring
and 7-cylinder onboard glow driver, battery and charger are available separately.

Robart Mfg. (630) 584-7616; robart.com.
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0.S. SIRIUS FR5-300
No. of cylinders: 5

Displacement: 3.035ci (49.763cc)
Bore: 0.945 in. (24mm)

Stroke: 0.866 in. (22mm)

Power output: 4hp at 8,500mpm

Weight: 5 Ib. 5 oz.

Major diameter: 9.25 in. (234.95mm)
Price: $1,400

Distributed by Great Planes Model Distributors

Saito also offers the
FA-170R3 ($799.95)
and FA450R3D
($1,069.95) 3-cylinder
radial engines.

SAITO FA-325R5D

No. of cylinders: 5

Displacement: 3.234ci (53cc)

Bore: 0.976 in (24.8mm)

Stroke: 0.866 in. (22mm)

Power output: 3.8hp (tumns 20x8 to 20x10 props)

Weight: 84.86 oz with muffler

Major diameter: 9.125 in. (231.775mm)

Price: $1,450

Comments: this powerful 5-cylinder, 4-stroke ABC engine is equipped with two
glow plugs per cylinder (10 total). To start the engine, only the rear five plugs
need to be lit; the front plugs come online after the engine reaches operating
temperature. The engine comes with a strong, formed-metal engine mount with
mounting hardware, engine primer lines and fittings, a fuel primer injector, five
short exhaust stacks and five glow-driver attachment wires with plug clips
attached. It also includes basic tools and a high-efficiency fuel filter.

Horizon Hobby (800) 338-4639; horizonhobby.com.

RADIAL CARE & OPERATION

Well-known scale-RC designer Nick Ziroli Sr. has been flying for many years and
has used all types of engines to power his designs. Nick was one of the first
modelers to operate the Robart 7-cylinder R780 engine, and he has used itin a
number of his competition models. Here's what Nick says about operating and
caring for round engines.

One of the great things about radial engines is their scale appearance. This and
their smooth operation make them ideal for many scale models. The Robart R780
is, in fact, a 22.5-percent-scale copy of a Jacobs 7-cylinder engine. It has enclosed
rocker arms and pushrods and a welded, steel-tube engine mount. | have flown
both my 87-inch-span Stearman PT-17 and my 100-inch SBD Dauntless dive-
bomber with the R780.

For fuel, | use my own mixture of alcohol, 8-percent Klotz Benzoil and just a
kick of nitro to improve its idie. Typically, | run a 24x12 prop. On my Dauntless, |
flew with a 3-blade 25x12 that gave very good performance. | use a McDaniels
onboard glow driver and 0.S. F plugs to fire all the cylinders.

To start the engine, | close the choke, turn it over a few times, advance the
throttle slightly and hit it with my belt-reduced Miller RC starter; when it starts, |
open the choke. | use a 3000mAh battery for the onboard glow driver, and it is set
to supply power only when the throttle is below Y. This makes engine starting easy,
and it ensures that the engine operates reliably at idle and at reduced throttie settings. | charge the glow-driver battery between each fiight.

For extended engine storage, | run the engine dry of fuel and then remove the cylinder-head oil-supply line from the crankcase. | add a bit of after-run oil
(Marvel Mystery Oif) and tum the engine over several times to draw it into the crankcase. Aside from checking valve clearances, very little maintenance is required
to keep the R780 happy. —Nick Ziroli Sr.
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SAITO FA-90R3

No. of cylinders: 3

Displacement: .92¢i (15.09¢cc)

Bore: 0.787 in. (20mm)

Stroke: 0.629 in. (16mm)

Power output: .95hp (turns 13x6, 13x8, 14x6 props)

Welght: 29.98 oz. with muffler

Major diameter: 7 in. (177.8mm)

Price: $699.99

Comments: the FA-90R3 3-cylinder, 4-stroke engine is the small-
est in Saito's radial lineup and is ideally suited to .60 to .90
biplanes and other models with round engine cowls. It has a
formed-metal engine mount, ABC cylinder/ piston construction
and a single, rear-mounted, twin-needle carb. Basic valve-adjust-
ment tools, three glow-plug driver wires and three short exhaust
pipes are also included.

Distributed by Horizon Hobby (800) 338-4639;
horizonhobby.com.

TECHNOPOWER 9C
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Replica Engines Gnome
Monosoupape Rotary

No discussion of round model engines would be complete without mention
of the Replica Engines rotary Gnome. This Ya-scale miniature is an exact
copy of the engine made famous during WW |, and it operates in exactly the
same way: the prop and engine case revolve around the fixed crankshaft. If
you are a lover of giant-scale Great War aeroplanes, this is the ultimate
powerplant for you!

Engine: Y4-scale 1913 Gnome
Monosoupape Rotary
Number of cylinders: 9
Displacement: 3.97ci (65.057cc)
Bore: 0.750 in. (19.05mm)
Stroke: 1 in. (25.4mm)
Prop: 24x10
Rpm: 2,800
Price: $3,800
Comments: first used around 1909,
the full-size Gnome was the first
really successful aircraft engine, and
all future rotary engines were variations on its simple, effective design. The
single-valve Gnome had no carburetor as such; air and fuel entered the
engine through the stationary, hollow crankshaft, then entered the cylinders
via a series of ports opened by the piston at the bottom of the intake
stroke. The valve timing was such that air was admitted into the cylinders at
the end of the exhaust stroke. The cylinder was already filled with air when
the very rich fuel mixture was admitted through the ports. The air/fuel mix-
ture was then compressed and combusted to complete its power cycle. The
engine had no throttle and ran wide open, or not at all. An interrupt-ignition
switch cut power to some, or all, of the spark plugs to control engine pm.
The Replica Engines ¥4-scale Gnome faithfully reproduces the design
and operation of the full-size engine. It has 4-cycle, ported intake and
poppet-valve exhaust, a hardened, ground crankshaft and valves, roller
cam followers and ¥-32 spark plugs. An electronic-ignition and coil
system is also available.

Replica Engines

Number of cylinders: 9

Displacement: 4.06ci (66.51cc)

Bore: 0.875 in. (22.23mm)

Stroke: 0.750 in. (19.05mm)

Power output: turns 18x8 to 24x6 props

Weight: 73 oz

Major diameter: 9 in.

Price: $2,580 (call for pricing updates as engine develop-
ment continues)

Comments: under new management, TechnoPower has
plans to re-release four of the company’s most popular
radial engines—the 7A (0.625-in. bore), 7B (0.750-in.
bore), 9B (0.750-in. bore) and the 9C (specs above).
TechnoPower is updating the engines’ designs and drawings
using CAD programs and upgrading engine materials and
manufacturing processes. The first engine to be offered will
be the 9C along with an optional exhaust-collector ring and
an engine mount. The 7-cylinder 7B (¥ scale) and the 9-
cylinder 9C (¥ scale) are shown.

TechnoPower Engines (800) 741-8150; technopower.com.
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UNRELIABLE 4-STROKE
#%, I bought a Thunder Tiger
£ F-91S during a stay in Man-
hattan, but I've never been able to
get it running smoothly in an air-
plane; that’s why it has mostly
been sitting in a box. The engine
has been broken in nicely (accord-
ing to the manufacturer’s
specifications) on a Graupner
11x11 propeller; I used a test
bench to do this. I've now fitted
the engine with an APC 13x9
prop running at top revs of
10,500rpm, static. The fuel I use is
S-percent nitro with 18-percent
castor oil. (I'm not sure about this
because the manufacturer doesn’t
specify oil content or type,
although it certainly has castor in
it.) The fuel is claimed to be suit-
able for 2- and 4-stroke engines.

When mounted in an air-
frame, the engine performs well
when flying horizontally, but it
leans out drastically when the
nose is pointing upward. When I
set the high-speed needle valve,
it takes only four “clicks” to run
it either lean or too rich, and
both show as a power loss.
When the high-speed needle is
set rich on purpose, the engine
still leans out excessively on ver-
tical climbs, and it stops at a
nose-down attitude due to the
extremely rich mixture.

A conventional clunk-type
plastic tank is used with exhaust
pressure; | have tried setting the
tank as close as possible to the
engine; | disassembled the
engine and fuel system to check
for leaks (none found); I checked
the piston and cylinder for
excessive wear or signs of over-
heating (none found), and I
re-lapped the valves on their
seats. Compression is very good
for a ringed engine; I used an
0.5.-F plug throughout.

Dave, I'm absolutely lost. I've
never lost an airplane in all my
years of flying 2-stroke engines,

Saito 1.50 Black Knight

and I don't intend to let it hap-
pen with an unreliable 4-stroke.

/% Since your engine leans out in
L0 a vertical climb, runs dead
rich in a dive and you haven't
found fuel-system or engine air
leaks, it suggests that the problem
originates elsewhere. I'm suspicious
of your fuel; anytime the ingredi-
ents and percentages aren't
disclosed on the label, a red flag
should go up.

Three factors are critical to suc-
cessful 4-stroke engine operation:
type and percentage of lubricant in
the fuel blend; glow-plug type; and
nitromethane percentage in the
fuel blend.

Although I usually recommend
using a liberal percentage of castor
oil in 2-stroke fuel blends, it isn't a
good idea with 4-stroke engines.
Here’s some background: in 1979,
when the first modern production 4-
stroke engine was released (O.S.
FS$-60), many of us tried using stan-
dard 2-stroke glow fuel with

all-castor-oil lube; after all, castor
provided the best protection against
damagingly hot, lean runs (and still
does). Although the new engine was
able to fly our models, it ran roughly
at wide-open throttle (WOT), had
poor throttling characteristics and a
narrow needle-valve range between
rich and lean operation.

The late George Aldrich discov-
ered that by reducing the fuel’s oil
content from 20 to about 14 per-
cent (by volume), the engine ran
much better. George guessed that
castor oil droplets in the 20-percent
mix cooled the glow plug’s heating
element during the non-firing por-
tion of the cycle and caused a
misfire or flameout. Because 4-
stroke engines fire only once on
every other revolution of the crank-
shaft (half as often as their 2-stroke
counterparts), his theory made
sense. Although the lean oil trick
worked OK, it didn’t leave room for
mistakes; inadvertent lean needle-
valve settings quickly deprived the
engine of vital lubricant and wal-
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lowed-out bearings, wristpin bores
and scored pistons.

Today, we have a better under-
standing of the problem and how to
handle it. First, “hot” 4-stroke glow
plugs have been developed to help
continue ignition from cycle to cycle.
Your choice of the O.S.-F plug is a
good one. Second, castor-oil content
has been severely curtailed or elimi-
nated altogether in 4-stroke fuel
blends. Why? Castor oil does a very
effective job of carrying away excess
heat—not a good thing with rela-
tively cool-running 4-stroke engines.
The next time you're at the flying
field, identify two models powered by
2-stroke-cycle engines: one that uses
all synthetic oil and one that uses all
castor oil in the fuel blend. After
each engine has been started,
warmed and adjusted to peak power
at WOT, place a finger or two in the
exhaust stream far enough behind
the muffler outlet to avoid getting
bumed but close enough to feel the
heat. You may be surprised to find a
cooler exhaust with synthetic lube.
Synthetic oils do a better job of lubri-
cating than they do of cooling the
4-stroke engine; a greater percentage
of the engine’s waste heat, with its
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higher temperature, is carried over to
the next cycle and helps to keep the
plug element hot.

Finally, increased percentages of
nitromethane release more heat into
the cycle, and that enhances glow-
plug operation. Four-stroke engines
tolerate elevated percentages of nitro,
although cost is a concern; however,
since the 4-stroke is more fuel-effi-
cient than a 2-stroke, fuel expenses
are somewhat offset.

Your fuel is deficient in two of
three areas: it’s too low on nitro con-
tent, and you're using the wrong type
of lube; try some 15- to 20-percent-
nitromethane fuel with 20- to
22-percent synthetic lubricant; I
think your engine will like it.
—Dave Gierke

4-STROKE BREAK-IN

I have heard several meth-

ods and different advice on
4-stroke break-in procedures.
Some say that the manufactur-
ers’ directions are not the best
way to break in new 4-strokes.
Can you help?

After reading about break-in
procedures for 4-stroke engines

in dozens of instruction manuals, I'm
also left scratching my head. Without
reviewing all of the contradictory
information, allow me to detail how I
handle the situation: since the vast
majority of 4-stroke engines have
ringed pistons, I break them in as I
break in ringed 2-stroke engines for
which the words “cool” and “oily”
are most important; “cool” is gener-
ated by a rich needle setting, and
“oily” is provided by the lube percent-
age (see the previous letter).

Since most manufacturers recom-
mend that their engines be run at %2
throttle at the beginning, that’s what
I do—with a rich primary needle-
valve setting; this ensures that the
connecting-rod bushings and valve-
train components are polished up a
bit before break-in is attempted for
real. I do this for 10 minutes, 2 min-
utes at a time, with a recommended
flight propeller. Undersize props are
not used for 4-stroke break-in as they
are with 2-strokes; 4-strokes need
some flywheel effect (weight) to carry
them through the cycle; plus we don’t
want to float the valves by over-
revving. Finally, use the fuel you
intend to use for flying.

Next, operate the engine at WOT
for relatively short periods (2 min-
utes) with a rich needle setting
(about 1,000rpm off-peak) while
using the same prop and fuel. The
idea is to heat the piston/cylinder set
and then allow complete cooling,
over and over again (full operating
temperatures won’t develop at %
throttle). This is called heat cycling;
it stress-relieves the components, and
that is what break-in is all about in
modern engines.

After at least an hour of running
in this manner, peak the rpm (adjust
the primary needle valve) and use a
tachometer to measure the engine’s
operation; if it holds steady without
misfiring or running roughly, it’s
probably ready for you to set the idle
and check the throttle-up characteris-
tics. Don’t waste your time trying to
fine-tune the idle before the engine



has been completely broken in; in
addition to ensuring satisfactory
cylinder pressure and torque, a prop-
erly seated piston ring controls fuel
draw and idling—DG

THROWN PROPS

After carefully reading the

instructions, I spent several
days trying to get a Thunder Tiger
.54 to run. Unfortunately, two out
of three times, the engine spits
back and throws the prop! Then it
runs OK if not provoked (e.g., by
a quick throttle-up or nose-high
operation). [ have changed the
fuel lines, the tank, the propeller,
the glow plug, etc., but nothing
works. I can get it running smoky
(rich), but after I let it cool down,
the next start-up produces a bang,
and the prop is loose again! I esti-
mate that this engine has spent
about 20 minutes in the air and
12 hours on the test stand. Do
you have any suggestions?

It sure sounds as if you aren’t
. o having much fun! The kick-

back that results in loose and thrown
propellers is the result of detona-
tion—a combustion defect.
Detonation is produced when the
original flame front, which is pres-
surizing the unburned mixture in
front of it, progresses at such a rate
that this mixture combusts sponta-
neously when it reaches its
auto-ignition temperature. The burn
rate within this zone is many times
faster during normal operation; this
causes a sharp spike in temperature
and pressure before the piston reaches
top dead center. In automotive
engines, this is referred to as “ping-
ing” or “knocking.” In addition to
mechanically damaging the piston
crowns, cylinder-head chambers and
other engine components, the piston
(primarily in single-cylinder engines)
is often forced to reverse direction; we
know this as “kickback.”

Causes of detonation include lean
air/fuel ratio; elevated compression
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ratio; unsuitable nitromethane con-
tent and atmospheric conditions.

e Air/fuel ratio. Many 4-stroke
engines will detonate if the engine is
set too lean; trying to squeeze out
the last couple of hundred rpm by
screwing in the needle valve a bit
more will often produce detonation
or kickback, and it may loosen or
throw the propeller.

* Elevated compression ratio.
When a glow engine’s compression
ratio is increased, the compression
pressure and temperature increase,
and so does the chance of detona-
tion. To make matters worse, the
increased compression forces the
ignition process to begin earlier dur-
ing the compression stroke by adding
heat to the plug element. The best
fix for an over-compressed, detonat-
ing engine is to add head shims to
reduce the compression ratio.

* Nitromethane content. Nitro is
the power-boosting, heat-generating
chemical in a glow engine’s fuel
blend. Although 4-stroke engines
generally tolerate greater heat loads

than 2-stroke engines, there are lim-
its to the nitro percentage that can
be tolerated before the onset of deto-
nation. Depending on the engine’s
design, using between 20 and 50
percent nitro often requires reducing
the compression ratio from that pro-
vided by the factory. Do this by
adding head shims.

* Atmospheric conditions. Deto-
nation often occurs when ambient
conditions are hot and dry; con-
versely, cool, humid days reduce its
likelihood. Juggling prop load
and/or nitro content will help to
control detonation to suit the pre-
vailing conditions.

Never lean the engine to or
beyond its maximum rpm. It's very
easy to produce a lean, detonation-
plagued run; back off a couple of
hundred rpm. Before you remove the
cylinder head to prepare for the addi-
tion of a head shim, try running the
engine with less propeller load (diam-
eter andj/or pitch); by allowing the
engine to speed up, you'll reduce the
effective compression ratio and retard
the ignition point (both help to
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reduce the likelihood of detonation
and kickback). In addition to taking
heat out of the system, reducing the
fuel’s nitro content automatically
retards ignition, and this also reduces
the likelihood of detonation.

No, I haven't forgotten the glow
plug. There are scores of glow plugs
on the market, each with a unique
wire element that has a heat-retain-
ing capacity. Since a plug’s “heat
range” influences the engine’s ignition
point, your choice of plug can help to
provide detonation and kickback
control. Unfortunately, there is no
universal standard for rating glow
plugs’ heat-retaining capacity; every
plug manufacturer has its own stan-
dard. The problem can be simplified
by saying that the 4-stroke engine
usually requires a very hot plug; the

O.S. type F plug has been proven to engine to
work well; but don’t let this stop freeze.”
you from experimenting with
others—DG K&B's 2-speed
Torpedo .19
FOULED FOX et

I have owned a Fox

.19 for several
years, and it has never
been run. I tested the
engine the other day and
discovered that I could not
turn it over. The throttle barrel
had also seized. What is the
best way to loosen up this
engine?

Your Fox .19 is probably

gummed up; the factory ran
all new engines on castor-based fuel
before it sent them out. Over a
period of years, residual castor oil
within the engine thickens, produc-
ing the gumminess. To correct this,
first attach a propeller securely to
the shaft. Next, wearing an old oven
mitt for protection, heat the engine
a bit with a propane torch; be care-
ful to keep the flame moving. When
the castor begins to smoke, stop.
Using the prop for leverage, apply a
light to moderate twisting force
(careful; you don’t want to break the
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connecting rod) to the shaft; the cas-
tor-o0il gum should have softened. If
not, heat it a bit more. When the
engine has broken free, it should
then be disassembled and cleaned
with an engine cleaner such as
Demon-Clean. —DG

NITRO: HOT OR COLD?
Does a higher percentage of
nitro in fuel make the
engine run cooler or hotter? 1
have heard people argue this
issue both ways.

Nitro’s heating ability—or lack

thereof—reminds me of what
control-line speed champion Luke
Roy said 30 years ago concerning the
same controversy: “The continued
addition of nitro to a fuel blend will
eventually cause the

Luke’s
tongue-in-cheek

statement equates
freezing with piston seizure—the
unfortunate and often catastrophic
result of nitro’s heating effect on cer-
tain engine types.

The truth is, the higher the fuel’s
nitromethane percentage, the hotter
the engine runs. The technical
explanation for this phenomenon is
a bit complicated, but many readers
want to know about fuel, so let’s
give it a try.

As the percentage of nitromethane
within a given fuel is increased, more

power and heat are produced within
the engine. This happens because
increased chemical/thermal energy
passes through the engine during a
given period of time. Nitro has a very
low heating value—pound for pound,
about the same as burning firewood
(5,000 British thermal units [BTU]
per pound)! In contrast, gasoline has
a heating value of almost 20,000
BTU per pound—abetter than nitro by
a factor of 4. So why is nitro such a
powerful ingredient?

The answer is in the fuel-to-air
ratio (F/A). The “A” in the F/A ratio
refers to the mass of air that the
engine is capable of inducting
because of its design and the prevail-
ing atmospheric conditions. Since
piston engines are air pumps, fuel
must be added in the correct propor-
tions if combustion is expected to
occur efficiently. Nitromethane has a
peak power F/A ratio of about 1:1 (or
higher), while gasoline’s peak power
F/A ratio is roughly .1:1—%o that of
nitromethane. Because 10 times the

weight of gasoline can be added to
engine air in the form of
nitromethane, its low heating value
is more than offset. Example: if an
automotive drag-race engine con-
sumes 10 pounds of nitro per
second, this is equal to 50,000

BTU/sec. (5,000 BTU x 10

Ib./sec.), while 1 pound of gaso-
line per second is only 20,000
BTU/sec. (20,000 BTU x 1 Ib./sec.).
In terms of energy delivered per unit
of inducted air, nitro is better than
gasoline by a factor of 2% during the
same delivery time period. Of course,
we don’t use 100 percent nitro in our
fuel, so the advantage over gasoline
is reduced, but it is still substantial.

There’s much more to the story of
nitromethane, including its aggravat-
ing habit of detonating (combustion
defect), which limits the engine’s
compression ratio, and a real thirst
that requires very large tanks. Add its
cost (about $35 per gallon), and you
can see why some modelers switch to
other fuels. —DG



Photo 1. Place the copper glow-plug
washer on top of the piston with its
edge protruding into the sleeve’s
exhaust port. 2. Uniformly heat the
upper crankcase with a low flame; hold
the engine with an insulated glove (I
use High Heat gloves). 3. The sleeve as
it emerges from the crankcase.

UNCOOPERATIVE FOX
Can you tell me how to get
the wristpin out of the con-

necting-rod assembly of a Fox
.50? The piston doesn’t have any
wristpin retainers.

It sounds as if you have an

early Fox .50 that has a mee-
hanite (fine-grain, cast-iron)
compression ring installed on an alu-
minum piston that runs inside a
steel cylinder sleeve. Fox fastened the
wristpin to the piston in a unique
way; he drilled a hole through the
bottom of the piston’s wristpin boss
and the wristpin. Fox then pressed a
roll pin into place. If you have one of
these engines, it's probably impossi-
ble to disassemble. If you clean the
internal parts, leave this subassem-
bly together. If the assembly needs
repair, return it to the factory. Newer
versions of the Fox .50 secure the
wristpin to the piston with the more
conventional E-clip.

Many modelers become confused
when they remove the piston-
rod/wristpin subassembly from an
engine that has a one-piece crank-
case (no removable front housing or
upper and lower segments). After the
cylinder head and backplate (rear
cover) have been taken off, you
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must first remove the cylinder sleeve
and slip the conrod off the crankpin.
To dislodge the sleeve, place a soft
copper glow-plug washer on top of
the piston so that it protrudes less
than the thickness of the sleeve into
the exhaust port (Photo 1). With a
prop securely fastened to the crank-
shaft, turn the engine over until the
washer engages the top of the port;
if you lightly turn the prop, the
sleeve should lift from the case. If it
doesn’t, don't force the issue!
Instead, apply a few drops of 3-In-
One oil (or a similar product) to the
piston crown, and a little even heat
from a propane torch to the upper
crankcase (Photo 2). When the oil
begins to smoke, stop heating and
try again to turn the prop. In most
cases, the sleeve will now slide right
out (Photo 3). If it doesn't, send the
engine back to the manufacturer for

servicing before you damage it.
Speaking of damage, never use any
tool that’s made from a harder
material than the engine component
you are working on. For example,
the copper glow-plug washer is
softer than the piston or sleeve
material, so if you need to push on
the bottom of the sleeve to remove
it, a wooden ice-cream stick would
be a great tool to use. —DG

BALANCING SINGLE-

CYLINDER ENGINES

I'm looking for information

on how to balance a single-
cylinder engine. I believe this
involves weighing the big
end/small end of the connecting
rod [along with] the piston, wrist-
pin, etc., and calculating how
much and where to grind material
from the crankshaft.

Numerous formulas have been

developed for balancing the
single-cylinder engine, but all contain
a flaw: single-cylinder engines can’t
be perfectly balanced for all rpm
ranges. In other words, if the engine
runs smoothly at one speed, it will
run roughly at another. Balancing is
a compromise, at best.

The most commonly used formula
suggests that all of the rotating
(internal) engine parts and 50 per-
cent of the reciprocating weight
(back and forth motion) should be
balanced by the crankshaft counter-
balance. Because the conrod both
rotates and reciprocates, weighing
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Groove

Single-edge
razorblade

individual ends is a difficult and
inaccurate process—especially if you
don’t have a very accurate scale.
Over the years, various methods for
weighing rod ends have been sug-
gested, but my old friend Clarence
Lee has found a way. “If you balance
all of the conrod and wristpin weight
and Y to ' of the piston weight, you
will be pretty darn close to having an
engine run as smoothly as is possi-
ble.” From this point, Clarence
suggests that you add or remove
weight from the crankshaft counter-
balance by trial and error to discover
the smoothest run within a given
rpm range.

There are many variables associ-
ated with balancing an engine:
stroke/bore ratio, rod length/stroke
ratio, piston weight and the engine’s
primary operating speed range.
Engine designers know that an
engine’s piston/wristpin weight must
be kept as low as is structurally pos-
sible to reduce the inertia loads that
increase by the square of shaft speed.
Stated another way, if you double the
engine’s shaft speed, the reciprocating
inertia forces increase four times (22
= 4). In general, short-stroke engine
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designs run more smoothly than their
long-stroke, low-rpm counterparts.

Balancing can be performed on
the crankshaft as it is supported by a
homemade razor-blade balancer (see
illustration). Hang the conrod on its
own crankpin balanced by the wrist-
pin, and decide which percentage of
piston weight (slide flat washers onto
the wristpin) you will start with.

If you determine that the crank’s
counterbalance is too light, how can
you add weight? If the crank’s coun-
terbalance hasn’t been hardened, you
can drill it and fill the hole with lead
or solder. As I've mentioned when
discussing propeller balancing, you
can also externally balance an
under-balanced crank. With the pis-
ton at top dead center (TDC),
position an unbalanced prop heavy-
end down, adding to the
counterbalance weight. Another way
to achieve the same end is to add
weight to the inside of a spinner
backplate and fasten a
washer/machine-screw combination
into a drilled and tapped hole
through the backplate in line with
the crank’s counterbalance.

All of this seems unscientific, but

with careful trial and error experi-
mentation, you can coax most
vibrating engines into smoother oper-
ation. —DG

SETTING UP A
PUMPED ENGINE

I have a brand-new O.S. .61

SF-P (2-stroke) without
instructions, and I'm trying to fig-
ure out how to hook this puppy
up. From the size of the carb
opening, I would say that this
machine gulps fuel quickly, so it’s
unlikely that it will work properly
without the pump. I want to
install this engine in my new -
scale model. Can you help me?

Your O.S. .61 SF-P ringed

engine is a side-exhaust, front
rotary crankshaft-induction unit
with a PA-102 fuel-pump system,
which includes the O.S. Type 86 spe-
cial carburetor.

Since pumped engines are more

expensive than standard suction-
feed engines, what advantages do

they offer?

* Extra power. Enhanced power
delivery throughout the maneuvers,
regardless of aircraft attitude or fuel-
tank location within the model.

* Reliable operation. Regulating
fuel pressure during throttling
(between wide-open and idle) allows
better mixture ratios and throttle reli-
ability.

Although different pump systems
have been developed over the years,
the O.S. unit operates from positive
and negative pressure pulses within
the engine’s crankcase that act on a
diaphragm—similar to the well-
known Perry pump system. The O.S.
pump is fitted directly into the back-
plate with components that are
sandwiched together. It has alu-
minum castings, a metal pump
diaphragm, a plastic regulator
diaphragm, valves, springs and gas-
kets. It has four inlet and outlet



nipples that are labeled on the
pump’s rear cover: an inlet (in)
through which fuel is drawn from the
tank; an outlet (out) to deliver fuel to
the carburetor’s primary needle valve;
a return (R) that flows excess fuiel
back into the tank; and a nipple (S)
that connects the pump-regulator
chamber to the carb (below the throt-
tle) to sense manifold pressure.

The matching Type 86 carburetor
has a massive 12mm bore that is
only slightly restricted by a butterfly-
type throttle valve (95 square
millimeters). In addition to the high-
speed needle valve, the carb has an
automatic mixture-control valve that
ultimately releases fuel to the spray-
bar at the center of the throttle
butterfly. This valve is very easy to
adjust by means of an eccentric
screw head riding within a yoke.
When correctly set for best idle per-
formance, it automatically adjusts
the air/fuel ratio throughout the
throttle range. There aren’t any other
adjustments. The pump has two
adjusting screws, but these are fac-
tory set and sealed; the owner is
advised not to fiddle with these or
disassemble the pump—under

Richening the mixture.
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penalty of law! Seriously, if you take
it apart, you may never get it back
together again; it’s that complex.
Two final thoughts; the tank must be
vented to the atmosphere and use an
in-line fuel filter. —DG

HOT & COLD

When the weather gets

warmer, you normally have
to open the needle valve due to the
temperature. When the weather is
colder, do you run leaner because
the air is “heavier”? This is a subject
for discussion at our flying site.
Here in northern Idaho, we fly
year-round, even in snow.

The idea of opening the needle

valve as the temperature
increases is backward. If the goal is
to produce peak engine rpm (power)
for a given air temperature, the pri-
mary needle valve must be adjusted
in the following manner: lean the
needle valve (reduce fuel flow) when
the ambient (surrounding) air tem-
perature increases; and conversely,
richen the needle valve (increase fuel
flow) when air temperature decreases.
Although the explanation for this

phenomenon is a bit lengthy, here’s
what happens:

When a non-contained gas such
as atmospheric air is cooled, its den-
sity increases. The opposite is true
when it’s heated. For our purposes,
density may be defined as the quan-
tity of material occupying a given
space. The density of heated or
cooled air changes due to the relative
motion of nitrogen, oxygen and
water-vapor molecules—most of
what air is made of. Increased
motion pushes the molecules farther
apart; reduced motion moves them
closer together. Increased density
means more oxygen is available to
the engine. For engines, the most
important component of the air is
oxygen. When mixed with fuel mole-
cules, oxygen produces power after
ignition and combustion. In terms of
engine power, cool air is good, and
hot air is bad.

The term “heavy air” is often
used by modelers referring to hot,
humid, summertime air. This has
more to do with the physiological
effects than with engine performance,
which is relatively poor under these
conditions. Your reference to winter-
time “heavy air” corresponds to high-
oxygen-density air.

Atmospheric pressure and humid-
ity also have an effect on needle-
valve settings and engine perform-
ance, but that’s a story for another
time. —DG

FUEL-STARVED
POWERPLANT
I hope you can help me
with a problem I'm having
with my MDS 1.48. The engine is
mounted inverted and powers a
Hangar 9 Y4-scale Cub. I originally
used the remote needle-valve
setup with very poor results. It
seemed that no matter how much
the engine was turned to the rich
side, I could never get it to “four-
cycle.” At first I thought that I
might have an air leak somewhere
in the fuel system, so I replaced
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the [fuel] lines and used wire-ties
to cinch down every connec-
tion—no luck. I've now
eliminated the remote needle
valve all together. Using the nee-
dle in the carb helped, but not
much. Frustrated, I gave up; the
Cub has been hanging in my
garage ever since! [ purchased a
test stand, hoping to figure out
the problem with the 1.48, but I
didn’t. Before I ran the engine on
the test stand, it had about 20
ounces of fuel through it. I was
finally able to get the engine run-
ning at a rich four-cycle, but it
took seven (!) turns to the rich
side on the needle valve. This
seems excessive. ['ve tried the old
trick of using a small piece of fuel
line around the needle valve to
eliminate air leaks, but that didn’t
work either. When [ go from
seven to six turns out, the engine
runs at peak rpm; there is no
adjustability. I've considered
replacing the carb but have no
idea what to replace it with.

A: It’s a shame that you've had all
this trouble with the MDS 1.48 2-
stroke engine; it seems like a good
match for the Cub. The first thing
that comes to mind is, what size fu
line are you using? You didn’t say i
your letter. Is it the large variety or
the medium? If the latter, I suggest
that you change to the larger size.
Fuel-flow rates can exceed 2 ounces
per minute at a rich “four-cycling”
mode of operation with this engine,
and that’s a lot of flow for medium
size fuel line.

Another possible cause of the
problem is a restriction within the
carburetor itself. A piece of flashing
or a chip from manufacturing
processes could be lodged sormewhere
within the metering jet tube. Remove
the carb from the engine and care-
fully disassemble it, looking closely
at the jet and idle-needle
assembly/interface. With the primary
needle valve removed, blow air or
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force fuel through the spraybar with
a fuel bulb/syringe to see whether it
behaves as if it’s restricted. Try run-
ning a piece of small diameter music
wire, or a pipe cleaner, through the
spraybar.

Last, make certain that the carb is
tightly sealed to the neck of the
crankcase; even a small air leak can
lean a fuel mixture in a hurry. —DG

NEW BEARINGS FOR A MOKI
I have a three-year-old Moki
1.8. It starts very easily, runs
very reliably and has plenty of
power. In midflight the other day,
however, the engine stopped. The
front [ball] bearing had failed, and
a small piece of steel from the
failed bearing had lodged at the
very front of the crankcase hous-
ing, between it and the
crankshaft. This caused only very
minor damage to the housing,
just behind the front bearing, and
didn’t damage the crankshaft at

Ball bearings
for crankshaft
support—front
and rear.

all. Using 600-grit wet/dry abra-
sive paper and some mild
detergent mixed with water for
lubrication, | was able to com-
pletely clean up the inside of the
housing. The large, rear ball bear-
ing seems fine, but I figured that
while 1 had the crankcase housing
unbolted from the crankcase, 1
would change out both bearings. |

had previously acquired replace-
ment bearings from a local
supplier, but unlike the unsealed
originals, these are sealed. The
new bearings are good-quality
units from SKE. Would it be all
right to replace the old bearings
with the sealed units? Does it
make a difference?

The seals on your replacement

bearings won't hurt a thing, so
install them as is; the grease will sim-
ply wash out during engine operation.
You may remove the seals if you don’t
like the slight frictional drag they pro-
duce. Pry them from their seats with
a tiny, slot-type screwdriver (such as
those used by jewelers), or use a
hobby knife with a no. 11 blade.
Don't touch (and possibly damage)
the balls in the process (unlikely,
since you'll be careful!). You can then
wash out the grease with a solvent; |
like to use lacquer thinner because it
doesn’t attract rust-producing water
from the air (caused by hygroscopic
action, as occurs with alcohol). Allow
the bearings to dry naturally. Don’t
use compressed air to hasten drying;
dirt in the airstream could contami-
nate the bearing assembly. Lubricate
them with Marvel Mystery Oil and
install them in your Moki. —DG

OLDER FOX ENGINES

I purchased four old Fox

engines, including an early
.78 with an exhaust baffle coupled
to the carburetor. Two Fox .36s
and a Fox .29 completed my find;
all engines are new in the box!
When I told my fellow club mem-
bers that I was going to use one of
the .36s in a Balsa USA Stick 40,
they told me that Fox .29s and
.36s were hard to start, the carbu-
retors were difficult to adjust, and
they really vibrate—especially in a
lightly constructed model such as
the Stick 40. They also informed
me that the Fox .29 and .36
require a minimum of 15-percent
nitromethane in the fuel. Can



you tell me how much of this
information is fact and how much
is fiction?

It sounds as though your Fox

.29 and .36s are equipped with
cast-iron pistons and steel cylinders.
This combination required several
hours of patient break-in before the
iron and steel were “bedded-in" and
heat-cycle stress relief was achieved.
The break-in fuel was very important
to the “iron Fox"; it required a mini-
mum of 25-percent castor oil
(preferably 28 percent, with a low
nitromethane percentage—about 5
percent). Although the Fox instruic-
tions were clearly written, marny
modelers ignored them and tried to
fly the engine right out of the box;
this never worked and gave rise to the
problems described by your club
members. In my opinion, this was
not the fault of the manufacturer or
the engine. Properly broken in, Fox
engines are great runners.

In reference to Fox carburetors, I'd
like to note that Duke Fox produced
more carburetor designs than any
other manufacturer during the '60s
and '70s. Another prolific producer of
carb designs, SuperTigre, had to take
a back seat to Fox in this arena.
With proper break-in and fuel (5- to
10-percent nitro is plenty), Fox R/C
.29s and .36s are easy to start,
smooth running and very throt-
tleable—if the owner follows Duke’s
detailed instructions. As an added
benefit, a properly maintained “iron
Fox” will run and last forever. —DG

GAS TO GLOW
I would like to convert an
0.S. BGX-1-3500 from glow
to gas, primarily for economy of
operation. Would you recom-
mend this conversion?

Converting the BGX-1 to gaso-

line is a pretty straightforward
procedure, provided you are prepared
to invest in a spark-ignition system
and, possibly, a new carburetor. One
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ignition unit that I'm familiar with
is produced by CH Ignitions of River-
ton, WY. This company markets a
capacitive discharge ignition system
with Syncro-Spark timing control,
which is widely used throughout the
modeling community. The Syncro-
Spark feature automatically retards
the ignition timing when you hand
start (no kickbacks here) and during
idle. For relatively large engines such
as the BGX-1, CH offers a Syncro-
Spark unit that completes its spark
advance curve by about 4,000rpm,
and this ensures that low-rpm torque
and horsepower performance aren’t
compromised.

A second consideration involves
the carburetor. Although the glow
carburetor supplied by O.S. will func-
tion satisfactorily on gasoline, there
are advantages to using an aftermar-
ket unit that both pumps and
regulates fuel to the engine. Wal-
bro, a Japanese company, is one
of several manufacturers that
provides diaphragm-type carbu-
retors intended for small engines
that power weed-whackers, chain
saws, leaf blowers and other equip-
ment. Over the years, these
carburetors have been success-
fully adapted to many
miniature aircraft
engines such as
the BGX-1.

Fuel-tank
positioning (vertical
and horizontal) within the airframe
is critical for proper engine operation
with the O.S.-supplied throttle-barrel
carburetor that uses muffler pressure.
With a Walbro-equipped engine, the
tank can be placed anywhere within
the model without affecting the
air/fuel mixture. This means that
you can place the tank at the model’s
balance point, if you wish. The stan-
dard O.S. carburetor can be made to
work more reliably by adding a Cline
regulator, which has a diaphragm-
type pressure regulator and is driven
by timed engine crankcase pressure to
pressurize the fuel tank. CH offers a

gasoline conversion kit for the BGX-

1; it includes a Walbro carb, a carb
adapter, bolts, a gasket, an O-ring
and a pressure fitting.

You can’t run lean gas/oil mixtures
(50:1, for example) with this engine
because it isn't fitted with needle-bear-
ing-type connecting-rod bearings. Its
plain-bearing bushings require about
10-percent lubricating oil in the fuel
(9:1). CH suggests using Klotz KL-
100 (half synthetic and half castor
oil) for this application.

If you have never used gasoline
fuel in one of your miniature engines,
there are several things to remember.
Safety is the first consideration.
When using gasoline fuel, I always
carry a fire extinguisher to the flight-
line because the chance of fire is
much greater than with glow fuel.
Transporting gasoline

0.s.
BGX-1

in an approved container vented to
the outside of your vehicle is another
important safety and health consid-
eration.

Relative to glow fuels, gasoline
engines run at higher temperatures,
so it’s important to provide good
ducting through engine cowls—espe-
cially to the cylinder and head fins.
Don’t worry about cooling the
crankcase; it operates at a reduced
temperature because of the fuel
vaporization (a physical change dur-
ing which heat is absorbed)
happening there. Although gasoline
removes less heat than methanol-
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Older-style K&B .48

dominated glow fuel, it’s still enough
to keep the crankcase cool without
external airflow considerations.

As always, avoid setting the nee-
dle valve right at its peak rpm;
instead, back it off a few hundred
rpm (rich). You won't notice an
appreciable reduction in performance,
and besides, you can't afford a dam-
aging hot, lean run. Remember that
gasoline doesn’t have the power
potential of glow fuel, so the engine
will produce a few hundred less rpm
on any propeller size.

Requiring only about half the
tank size for an equivalent run
time—depending on how rich or lean
you set the needle valve—the gaso-
line mix is much less expensive than
glow fuel, and it promises improved
idle and throttling with less oil
residue deposited on your model. Are
the benefits worth the additional
costs and concerns? Many believe
they are. —DG

TIGHT ABC PISTON

% A while back, K&B sent me

.one of its new .48s ... a
pretty engine. | attempted to use
it, but it was so tight I couldn’t
get it to turn over—no way! So, I
set it aside. Recently, I needed an
engine, so I loosened the K&B pis-
ton by hand lapping it to the
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cylinder; now it starts normally
and runs fine. Anyhow, I won-
dered if you have had a chance to
play with this one? From what |
see, it seems to be very, very
potent. For my flying, I used a
12x8 Master Airscrew that tached
11,500rpm (like most .60s). I have
it in a Jenny which would tear up
most pylon courses—too fast for
me these days!

N Yes, I've experienced the same
L7 problem with the K&B .48
and many other ABC-type engines
over the years. ABC-type piston and
cylinders include: ABC (aluminum
piston with chrome-plated brass
cylinder), AAC (aluminum piston
with chrome-plated aluminum cylin-
der) and ABN (aluminum piston
with nickel-plated brass cylinder).
These are designed to have a slight
interference fit near top dead center;
this disappears after the engine heats
up because the brass and aluminum
cylinders expand faster than the
high-silicon-content piston.

These lapped (ringless) piston
engines will leak compression and
combustion gasses if the piston is too
loose. It’s advantageous from the
point of peak performance to keep
this tight cold fit.

Although your method of loosen-

ing the piston worked, there’s a much
easier way to accomplish the same
results. In the future, use a heat gun
to warm the cylinder before the first
few starts during the break-in period;
this will loosen the assembly and
permit you to crank it over without
breaking the crankpin, connecting
rod, or piston. An additional benefit:
only the top portion of the piston will
wear to the tapered cylinder, thereby
ensuring the best possible fit.

Because ABC-type engines were
originally designed as wide-open-
throttle racing engines, they operated
at close to their design temperature
for most of their useful lives. Today,
these engines are expected to both
idle and throttle reliably. Unfortu-
nately, this permits them to cool
excessively, which causes the piston
to rub away the critical fit near top
dead center.

Although there isn’t much we can
do about the cooling-related wear
that the engine experiences during
idling and throttling, a few tricks can
extend its life:

* From the beginning, use the highest
factory-recommended nitromethane
fuel content with a new ABC-type
engine. If the instructions say to use
5 to 15 percent nitro, then use the
higher 15 percent. This generates the
highest combustion temperatures
and, therefore, the greatest clearances
between the piston and cylinder,
when they are the tightest they’ll ever
be. After running the engine for a
season or two, you will probably
notice that performance begins to
diminish. Performance can be deter-
mined by comparing tachometer
readings on a standard propeller from
when the engine was new to the time
of comparison. If rpm drop

by several hundred or more, the pis-
ton-cylinder clearance is probably
excessive ... 5o you should reduce the
nitro content to 5 percent. Less nitro
means lower combustion tempera-
tures and less component expansion,
and this results in a tighter



piston-cylinder fit with less blowby
and lost power. Experience has
shown that reduced nitromethane
content is compensated for by the
improved piston-to-cylinder fit at
running temperatures. That's why
some “worn-out” sport pylon racing
engines make very acceptable fun-fly-
ing engines—less nitro!

® Never run an ABC-type engine 4-
cycling rich. From the first time the
engine is started to the end of its use-
ful life, the relatively cool
temperatures generated by firing
every other revolution of the crank-
shaft accelerate piston wear and the
onset of reduced performance. —DG

4-CYCLING CONTROVERSY

¢~ There has been some discus-
. sion on the Internet

concerning 2-stroke- cycle engines
and the term “4-cycling.” Some
participants have indicated that 2-
stroke engines can’t 4-cycle, or fire
every other revolution of the
crankshaft. Have you changed
your mind about this controver-
sial issue?

" Because some readers may not
-\ be familiar with the 4-cycling
issue, I'll repeat what I said about 4-
cycling in a 2-stroke-cycle engine: “If

an engine’s fuel is richened to just
inside the rich limit of the combus-
tion range, it will begin to misfire
every other cycle. Why? As the com-
bustion process takes place, not all of
the exhaust gases are scavenged
(flushed) out of the cylinder. This is
normal. However, as the next air/fuel
charge is moved into the cylinder
from the crankcase through the cylin-
der’s transfer port(s), it mixes with
leftover exhaust gases. Waste gases
impede the oxygen molecules’ access
to fuel molecules just enough to move
the mixture ratio outside the combus-
tion range. The engine misfires!

“The unburned mixture does a
good job of purging the cylinder, so
the next fresh air/fitel charge enters a

Basic components of a torque-reaction dynamometer: semi-rotation, ball-bearing-
supported engine mount; air-blast deflection disc; forced-air cooling; oil-filled
vibration damper; load beam (propeller substitute); and rpm sensor. At the rear of
the unit are a pendulum weight attached to the engine-mount shaft and a torque-
recording instrument.

A tachometer frequency-to-voltage con-
verter (bottom) was required for rpm
data retrieval. The unit above the con-
verter is a digital readout for exhaust
gas temperature (used to set the nee-
dle valve to peak power).

A water-cooled piezo-electric pressure
transducer (right) has been mounted
adjacent to the spark plug in a spe-
cial cylinder head, which also
contains a head temperature probe
(foreground).

relatively unpolluted chamber where
it again is within the combustible
range and ignites. The engine alter-
nately fires and misfires in this
fashion, forming the familiar 4-
cycling pattern.”

Last year, Frank Vassallo and I
conducted combustion experiments at
Veritay Inc. as part of a contract
with the Navy for developing a 2-
stroke engine for an unmanned aerial
vehicle (UAV) required to operate on
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Pressure-PSI

Pressure-PSI|

Figure 1

Pressure vs. time with engine peaked (JP-8 fuel) 14525 RPM
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Pressure vs. time during four stroking (JP-8 fuel) 10380 RPM
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so-called “heavy” fuels (JP-5, 8 and
11). These kerosene-like jet fuels pos-
sess special physical and chemical
qualities, hence the need for our tests.
To measure cylinder pressure ver-
sus time, we outfitted the head of our
trusty Enya .61 “mule” with a spe-
cial water-cooled piezo-electric
pressure transducer, while time was
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measured in terms of rpm using a
custom tachometer made by Tony
Criscimagna of TNC Electronics.
Tony fabricated and calibrated a fre-
quency-to-voltage converter for his
standard tach, which allowed us to
mate it to our computer data retrieval
system. After our project work was
completed, I suggested to Frank that

we run a 4-cycling test. Notice that
with the engine peaked to maximum
rpm, it fired every revolution of the
crankshaft, or about every 4 millisec-
onds; this corresponds to 14,525rpm
(Figure 1). Notice that the average
peak pressure during this sample was
approximately 438 pounds per
square inch (psi). Now look at the
pressure versus time graph (Figure 2)
for the very rich air/fuel mixture
(four-stroking) mode of operation:
the three highest cylinder-pressure
spikes represent firing events while
the others show compression with no
combustion. Again, the time between
a firing and non-firing event
(approximately 6 milliseconds) corre-
sponds with 10,380rpm; stated
another way, the time between firing
events is about 12 milliseconds, or
once every other revolution of the
crankshaft. The engine is 4-cycling.

The three firing peak pressure
spikes average about 497psi, or
about 59psi greater (13.5 percent
higher) than the average
firing pressure for the peaked 2-
cycling sample. This seems to
indicate that a more completely scav-
enged cylinder—as with the 4-cycle
example—produces more work per
firing. The 230psi produced by the
other non-firing spikes can be
accounted for through standard ther-
modynamic computations for an
adiabatic compression with a known
effective compression ratio.

Frank has two other proofs that
support the 4-cycle theory from a
mathematical perspective based on
our retrieved data. We think that 4-
cycling truly exists and, more
important, is very desirous during the
running-in of ringed and ferrous
lapped piston engine designs. Reduc-
ing the number of firing operations
by half through 4-cycling drastically
reduces the engine’s temperature.
Heat is removed by conduction to the
unburned liquid fuel, and more is
taken away by its vaporization. The
rich needle-valve setting coupled with
firing on every other revolution



ensures that an abundant supply of
lubrication passes through the engine
at all times. As I've said many times,
“Cool and oily; that’s the secret to
breaking in non-ABC-type engines.”

Last, 4-cycling is detrimental to
the longevity of ABC-type engines,
which include ABC, AAC and ABN
units. Very rich 4-cycling cools the
normally tight-fitting piston and
cylinder to the point where they con-
tact (at the piston crown) when
passing top dead center in the
tapered cylinder. In a relatively short
time, the very top circumference of
the piston wears to a point where it
no longer seals properly when the
engine heats up after being peaked
(needled) for maximum performance,
since the cylinder is designed to
expand faster than the piston. ABC-
type engines should be broken in at a
rich 2-cycle mode with occasional
short peaked periods such as those
produced by momentarily pinching
the fuel line. —DG

POLISHING FOR

PERFORMANCE
{ If I polish the internal parts of

my .40 to .46 2-stroke

engines, will I gain some power?
These parts include the crankshaft
(internal channel), crankcase
(including both transfer and boost
bypasses), filing and polishing all
cylinder ports, exhaust outlet in the
crankcase, and inside the muffler.

This question has been asked
Ao 2 in various forms since the first
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model airplane engines were mass-
produced more than 65 years ago.
Generally, what you're trying to
improve is the engine’s ability to
induct fresh air/fuel mixture into the
crankcase, transfer it into the com-
bustion chamber where it is burned,
then clear the cylinder of exhaust
gases. Mechanical engineers have
terms related to these processes that
include: induction efficiency,
crankcase scavenging, delivery ratio,
combustion efficiency and cylinder
scavenging, but the goal is always
the same: to improve the cylinder
pressure throughout the cycle, provid-
ing gains for torque and horsepower
or improved fuel economy.

Although polishing may actually
improve air/fuel mixture flow in
some engines, other design factors are
generally more important; some of
these include: carburetor design,
induction timing, induction and
bypass channel geometry, port tim-
ing, compression ratio and exhaust
system design. Experimenters such as
Gordon Blair, professor of mechani-
cal engineering at the Queen'’s
University of Belfast, Ireland, have
devoted a lifetime to attempting to
isolate and understand the effects
and influences of these factors on the
performance of the 2-stroke-cycle
engine. Although a great deal has
been learned, much more remains to
be discovered; I believe the effects of
component polishing fall into the Iat-
ter category.

Over the years, most engine modi-
fication specialists found (through

The Enya .60
engine with
water-cooled
pressure
transducer and
spark ignition.
A special air-
induction
venturi was

consumption in
other tests.

trial and error) that polishing was a
waste of time. However, removing
burrs and chips from induction chan-
nels, crankcase and cylinder port
surfaces ensures that they won't
break loose and possibly ruin vital
engine components such as the
piston-cylinder interface and a crank-
shaft ball bearing. Spend your time
in those areas; it'll be a lot more
productive!—DG

ENGINE EFFICIENCY

I have your book, “2-Stroke

Glow Engines for R/C Air-
craft.” It says a lot about speed
but little about economy. Is there
a formula or guideline concerning
timing, etc., for attaining fuel effi-
ciency?

Although I don’t know of any

formulas for reaching this goal,
there are some guidelines that should
lead you in the right direction.

The best way to extract the maxi-
mum mechanical energy from any
chemical fuel in a heat engine is to
raise its operating temperature. In the
case of a piston engine, this is
accomplished by raising the compres-
sion ratio. There are limits in terms
of combustion defects such as
“knock” (detonation) and pre-igni-
tion. Some fuels are better suited
than others in terms of their ability
to tolerate increased compression.
Methanol (methyl alcohol), for
instance, allows higher compression
than straight-run gasoline under
ideal conditions. Of course, high
compression ratios require sturdy,
heavier, engine construction to with-
stand elevated cylinder pressures.

Although gasoline has compression
ratio limits that are significantly lower
than certain other fuels, its air/fuel
ratio for chemically correct economical
burning is about 15 parts of air to 1
part gasoline (15:1). Because lean
air/fuel ratios are necessary for eco-
nomical engine operation, gasoline is
hard to beat. Compared to gasoline,
methanol is about 9:1, and
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nitromethane is 4:1. On the negative
side, gasoline engines run hotter than
methanol-buming engines and are
more likely to produce accidental fires.

Lower shaft speeds, smaller trans-
fer and exhaust ports, a longer
expansion (power) period and the
reed-valve induction system all con-
tribute to more efficient engine
design. However, efficiency and
power are mutually exclusive; eco-

- nomical engines aren’t powerful
engines.

If all this sounds like “back to the
future,” it is! Our earliest production
engines from the 1930s were
designed very similarly. Unfortu-
nately, engineers couldn’t use high
compression ratios because metal
alloys for pistons, lightweight cast-
ings and other critical construction
components were inferior; they
couldn’t withstand the temperatures
and pressures. —DG

HOT RESTARTS, ROD
WEAR & BEARING RUST

What causes the connecting

rod on my Fox .40 ABC
engine to wear when it’s run very
rich [4-cycling] for long periods? I
thought the extra oil I use in the
fuel would help, not cause harm.

The worst thing you can do to

an ABC-type engine—other
than running it lean—is to run it
4-cycling rich for long periods. When
new, most ABC (aluminum-alloy pis-
ton with chrome-plated brass
cylinder) engines exhibit an interfer-
ence fit (components that actually
touch) as the piston crown passes top
dead center (TDC) when turned over
by hand. In many cases, you can
actually hear the piston squeak; this
is normal. Originally designed for
fast, 2-cycle operation, the piston
and cylinder expand similarly
(slightly more for the cylinder), main-
taining a good gas seal without
enduring the mechanical drag of a
piston ring. Unfortunately, when
operated at a rich 4-cycle (engine fir-
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Fox .40 Schnuerle
with Fox Quiet
muffier.

# / 4
/ ing once every
1 other revolution), the
piston and cylinder never
reach design temperature and
the piston rubs at TDC, causing
great wearing loads (pounding) on
the piston wristpin bosses and both
connecting-rod holes. The piston fit
also is worn away at its crown, fur-
ther degrading the engine’s
mechanical condition. In the future,
always try to run ABC-type engines
(including the AAC and ABN types)
in the 2-cycling mode, especially
when they're new. —DG

What causes an engine not to

start when it’s hot? The Fox
.40 starts fine when it's cold, but it
won't even ‘pop’ when it’s hot!

When hot, most ABC-type

engines are relatively difficult
to start. The hot clearance between
the piston and cylinder reduces com-
pression to a point at which
combustion chamber start-up condi-
tions are questionable. This is
magnified if the squeaky fit has been
worn away because of cold, 4-cycle
operation. You didn’t mention
whether you are attempting to hand-
start or are using an electric starter.
By richening the carburetor’s high-
speed needle valve a bit and using an
electric starter, the hot ABC engine can
often be coaxed into starting. —DG

I am having rust problems
with the crankshaft ball
bearings in all of my engines. Any

suggestions?

You aren’t the only one
with bearing rust prob-
lems. Here are a few
suggestions:

* At the end of a running session
(bench or flying), run the engine
completely dry of fuel from a wide-
open throttle setting (pinch the fuel
line or run the tank dry).

* Load the engine crankcase with
after-run oil (I use Marvel Mystery
Oil). For a .40-size engine, I squirt
at least Y2 ounce into the venturi
while turning the propeller over
slowly. Rotate the induction valve
to the closed position so the oil
won't run out.

* When not in use, set the engine on
its nose to ensure that oil floods the
bearings. Place a rag under the nose
because some of the oil will probably
escape through the front crankshaft
seal. Note: never use WD-40 on
rusty bearings. My good friend
Clarence Lee discovered that it breaks
the rust loose, but then the rust runs
through the engine the next time it's
fired up, and iron oxide (rust) is very
abrasive. —DG

How can I check for con-
necting-rod wear without
disassembling the engine?

It’s difficult to check for con-

necting-rod wear without
disassembling the engine. I've seen
experts attempt to do it this way:
with the glow plug and propeller in
place, slowly turn the engine over
until the piston is at TDC (with
compression gases above it). Gently
rock the crankshaft from side to side
without allowing the piston to
move. The relative movement on
either side of TDC indicates how



(crankpin end) with a small hole gauge.

much play, or clearance, there is
between the crankpin and the bot-
tom hole in the connecting rod. This
technique is very subjective, though;
one person may find the amount of
play acceptable, while another will
conclude that the rod is badly worn.
Also, it’s difficult to accurately tell
whether a connecting rod is worn
out by wiggling it back and forth
after removing the engine’s back-
plate. In my opinion, the engine
must be disassembled to the point
at which the rod can be removed
from the crankpin. Before measur-
ing, both components must be
cleaned and dried. The crankpin can
be measured with a 0- to 1-inch
outside micrometer or a vernier
caliper. With a small hole gauge (or
vernier caliper), take a few measure-
ments of the rod-hole diameter.
Don’t be surprised if it’s oblong; this
is how rod wear usually shows up.
Accumulated clearance data
show that the range of acceptable
tolerances for a connecting rod is
between 0.0015 and 0.002 inch. If
the crankpin end of the rod meas-
ures 0.0025 inch or more, it’s
considered to be too loose. Gener-
ally speaking, if the hole is more
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Left: measuring the crankpin diameter with a 0- to 1-inch outside micrometer. Right: measuring the connecting-rod-hole diameter

than 0.000S inch oblong, there’s a
problem, and the connecting rod
should be replaced. —DG

ENGINE MODIFICATIONS

I have an idea to improve

the operation for two of my
engines: the O.S. 40FP and the
Thunder Tiger 40 GP. They each
have cylinders where the transfer
and boost ports are machined
squarely through [90 degrees to
the cylinder centerline] the cylin-
der wall. Can I file these ports at
an upward angle to gain a
smoother running, more powerful

engine? Can you tell me some
tricks for increasing power?

/% By angling the transfer and

="\ boost ports toward the head,
you will change the transfer timing
of the engine. As a result, these ports
will remain open longer, as measured
in terms of degrees of crankshaft
rotation. By performing this modifi-
cation, you will reduce the exhaust
lead (the period between the exhaust
opening and the transfer opening),
which affects the blowdown event
(exhausting prior to the transfer port
opening). This increases the likeli-
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Checking connecting-rod play.

hood that fresh air/fuel mixture will
be contaminated by exhaust gases,
resulting in reduced engine power
and efficiency.

Engine designers and engineers
have spent considerable time and
effort developing successful produc-
tion engines for the modeling
community. If there were helpful
modifications, they would have been
incorporated into the final product.
Of course, certain changes can be
made to improve power, but these
are almost always compromises
made at the expense of other attrib-
utes, such as reduced fuel efficiency,
engine life and the possibility of cat-
astrophic failure due to an
overloaded component.

My suggestions for improved
engine operation are:

® Read and follow all written instruc-
tions supplied by the engine
manufacturer.

» Thoroughly break in your new
engine according to accepted opera-
tional practice.

e Use fuel that contains adequate
percentages of lubricant (as suggested
by the engine manufacturer).

® Only use fuel from a manufacturer
who clearly states the lubricant com-
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ponents and percentages on the label.

* Never adjust the high-speed needle
valve for maximum rpm and fly with
the engine that way. Always back off
(rich) several hundred rpm because
most engines lean out in the air.

* Run the engine dry of fuel at the
end of the operating session and use
generous quantities of after-run oil to
prevent bearing rust.

If you desire improved engine power,
investigate commercially available
engines with a greater displacement
(size). —DG

SURGING MAGNUM

I recently purchased my first

4-stroke engine—a Magnum
.52. 1 followed the engine’s break-
in instructions exactly, but at full
power, it surges, and if I make any
attempt to adjust the needle valve
in either direction, the engine
instantly quits. It has had two to
three hours of run time, and I use
Byron 15-percent-nitro/16-percent
synthetic/castor-blend fuel and a
Fox 4-cycle glow plug. Please let
me know what might be causing
the problem.

First, put an O.5.-F plug in
the engine. Second, check the

fuel-delivery plumbing for pinhole-
size air leaks. Third, bring the
engine up onto compression manu-
ally. After three to four hours of
break-in, the engine should hold a
good compression seal. If it doesn’t,
it won’t have proper fuel draw and
will run erratically. There are several
possible causes of poor compression
in a new engine: one of the valve
clearances might have been set too
tight, so the valve doen't rest com-
pletely on the valve seat. In a few
Magnum engines, it took a very long
time for the piston ring to fully seat
on the cylinder sleeve. Check that
the valve clearances are set accord-
ing to the instructions (cold), and
run the engine for another hour or
so. If this doesn’t help, it’s time to
send the engine back to Global for
servicing. —CC

TIME TO REPLACE
THE PLUG?

Last summer, I purchased an

ARF Hirobo Shuttle helicop-
ter with an Enya .35 engine, and
I greatly enjoyed learning to fly
it. I use PowerMaster fuel; the
first gallon was 15-percent-nitro
RC aircraft fuel; the second and
third gallons were 20 percent
nitro, and the last two gallons
were 25 percent nitro. The engine
has a very smooth idle that is
slow enough to disengage the
clutch. The top-end power seems
very good for hovering and flying
circuits. I still use the original
glow plug. In your opinion, how
often should I change the glow
plug and how long can I expect
the engine to last?

It’s hard to say how long a

plug will last; plugs in sport
2-stroke and 4-stroke engines can
last a very long time. Plugs in
ducted-fan use have far shorter lives;
helis fall somewhere in between, but
closer to sport use. Being run often in
hot, humid weather can shorten the
life of a plug—and of an engine,



especially if you tune it for all-out
max power all the time instead of
going for a slightly richer mixture.

Because helis are more sensitive to
engine misfiring, which can cause
drive-train vibration, the RC heli
community considers plug replace-
ment smart preventive maintenance,
and I suggest you adopt the same
view. Don’t skimp on a fresh plug
supply; the costs of replacing bent
heli parts that result from an engine
flame-out and consequent crash can
add up really quickly!

Enya engines have some of the
best metallurgy in the industry and,
again, if you tune for a slightly rich
mixture that supplies more oil and
more expelled unburned alcohol
(both of which carry away heat and
yield cooler running), you will have
that engine for a very long time.
And, of course, don't forget proper
after-run care. —CC

INVERTED OK?
Please discuss the disadvan-
tages or possible
complications of installing an O.S.
70 inverted. The instructions don't
list a contact for technical help.

I've run 0.S., Saito and Mag-

num 4-stroke engines inverted
with no problems at all. Four-stroke
engines don’t seem to suffer from
inverted operation as 2-stroke engines
sometimes do. The 4-stroke’s higher
combustion-chamber temperatures
and more efficient fuel consumption
characteristics probably have some-
thing to do with this. On some
brands of 4-strokes, the glow plug
has been moved closer to the exhaust
valve—a hot area that helps keep the
plug’s filament glowing. Such a move
also takes the plug farther away from
the intake valve and its incoming
cool fuel/air mixture. The only thing
you must be aware of is not to flood
the engine while it’s inverted. If a 4-
stroke engine becomes seriously
flooded to the point of hydra-lock,
damage to the engine’s internal parts

RADIO CONTROL AIRPLANE ENGINE GUIDE

can result if a strong electric starter is
applied under such condition. No
matter which brand of 4-stroke you
are running, make sure it is equipped
with an O.S.-F glow plug. It is simply
the best., —CC

WATCH OUT FOR

THOSE “EXPERTS”

I have just bought my first

four-banger, an O.S. Surpass
91 FS engine, and I am a little
concerned about the manufac-
turer’s recommendations: “At least
18% oil content” in the fuel to be
used. I am concerned because at
the field, we can only get 16 per-
cent oil with 10 to 15 percent nitro
Byron fuel, which is very good for
our 2-cycle engines, right?

My friend has a 4-cycle 1.20;
he bought castor oil from a lab
and added a measured quantity
to a brand-new gallon of 16-per-
cent-oil-content fuel to increase
the oil/fuel ratio. Is this practice

T a b s Paindl M i i i S

This 0.S. .52 Surpass has fantastic idle

throttle response characteristics even

bt

needle valve so the engine runs
cooler is more than enough pro-
tection. Is this a valid practice?
Should I “break in” the engine
first with 18-percent-plus-oil-con-
tent fuel and then switch to a
glow fuel with a lower oil content?

If simply opening up the needle

is an acceptable offset to too
little oil, what happens if your engine
inadvertently goes lean in the air?
(And sooner or later, it will.) Obvi-
ously, this is not an adequate
safequard. I'm sorry, but I do not
think 16 percent oil is enough for a
4-stroke—or a 2-stroke—period! And
I'm not alone in this belief.

If the engine manufacturers state
“18-percent oil,” don’t second-guess
them; and be careful of self-
appointed “experts” who claim to
know more than the guys who made
the engine. If you have fuel with 16-
percent oil, there is nothing wrong
with adding another 2 percent (2.56

when mounted in the inverted position. This Is true of other brands of 4-strokes as well.

adequate, or should I get the
correct fuel?

The “experts” at the field have
always recommended using the
same 2-cycle 16-percent-oil-con-
tent fuel, but they say opening the

fluid ounces per gallon) of castor.
Lots of guys add extra oil all the
time, and none of them have hurt
their engines doing so. Just make sure
the castor is of degummed, premium-
grade quality. —CC
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WANKEL WONDERINGS

I have just obtained a

Wankel engine, new in the
box but with no instructions.
What fuel is recommended? Is it
OK to tap into the muffler to pres-
surize the fuel tank? Are any
upgrades available to improve the
performance of the exhaust-port
timing? I'm guessing, but I believe
the engine I have is about a 1973
vintage: no. B211.

Although O.S. improved the

situation in later years, the
apex wipers on the first Wankel
could be damaged in just one overly
lean run. I used to add an extra 3 or
4 percent Klotz synthetic oil to my
fuel as a “special blend” for the
Wankel. Mind you, this was in the
days when 20 percent lubricant was
normal in model aircraft glow fuel.
You might want to try adding at
least 3 to 7 percent Klotz to today’s
fuels. The amount, of course,
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depends on whether your Wankel is
an old- or new-generation design.

It’s fine to tap the muffler, but I
used to leave off the muffler because
this would allow the engine to run
cooler. Since the Wankel has 120
degrees of exhaust-port length, leav-
ing off the muffler does not produce
the “crack” sound as it does with a
conventional piston engine. With the
right prop, a Wankel with no muf-
fler can pass certain noise-level
restrictions.

I recommend breaking in your
Wankel with a 10x6 APC (cool, low-
humidity days are best) and running
it on a 10x7. The new Wankels are
lighter and don’t seem to be quite as
Sensitive to lean runs, but generally, |
feel all Wankels need more oil than
piston glow engines. —CC

HOW MUCH TO ADD?

I am about to break in a

Saito 150. Saito’s instruc-
tions simply say to use a

good-quality 2-cycle oil; too sim-
plistic for my engine. Most people
recommend that break-in oil be
straight castor, at least in the 20
percent range. My problem is that
I was given a gallon of racing fuel
with only 10 percent
synthetic/castor blend. How
much castor and/or synthetic do |
add to bring this up to 18-percent
oil content? Is it even wise to use
this fuel? I can buy all the ingre-
dients, but what do I do with a
whole gallon of break-in castor?

For my 4-strokes, I like about

3 to 4 percent of my total oil
mix to be castor. You don’t want the
entire oil content to be castor. The
collateral benefit of some castor oil is
as an anti-corrosive. If you run all
castor, you're going to have to per-
form varnish clean-off sessions much
more frequently. If you have access to
fuel with only 10-percent lubricant,
for break-in, I would add another
10-percent oil: 6-percent synthetic
(7.7 fluid ounces) and 4-percent cas-
tor (5 fluid ounces). For running after
break-in, I would change to adding 4
percent each of both synthetic and
castor. I use Klotz for the synthetic
and a premium grade of degummed
castor. —CC



AB&A Engineering (714) 952-2114; a-aengineering.com.

ABC Radio Control Hobbles (956) 722-2845,

Ace Hobby Distributors (949) 833-0088;
acehobby.com.

Aerospace Composite Products; acp-composites.com.
AeroWorks (303) 366-4205; aero-works.net.

AirBorne Models (925) 371-0922; aithome-
models.com.

Alrfoll Aviation Inc. (217) 938-4473; airfoilaviation.com.

Airplane Factory Inc. (800) 264-7840.
Alrtronics (714) 978-1895; airtronics.net.
America's Hobby Center; ahc1931.com.
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Cal-Grafx; cal-grafx.com.

CAMODEL USA (786) 999-6253; camodel.com.ar.
Carden Aircraft (828) 697-7177.

Carl Goldberg Products Ltd. (678) 450-0085;
carigoldbergproducts.com.

Castle Creations (785) B83-4519; castlecreations.com.
Cedar Hobbies (832) 202-7343; cedarhobbies.com.

Century Helicopter Products (800) 686-8588;
centuryheli.com.

Cermark (562) 906-0808; cermark.com.
Chase-Durer (800) 544-4365; chase-durer.com.
CheapBatteryPacks.com (503) 356-5567.

Chief Alrcraft Inc. (877) 219-4489; chiefaircraft.com.
Choppahedz LLC (310) 787-9909; choppahedz.com.
Cleveland Model & Supply Co. (317) 257-7878.

Communications Specialists Inc. (800) 854-0547;
com-spec.com.

Composite ARF Co. Ltd. composite-arf.com.
D&L Designs (520) 887-0771.

Dave Brown Products (513) 738-1576;
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Dave Patrick Models (815) 457-3128;
davepatrickmodels,com.
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E-flite; dist. by Horizon Hobby Inc.
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G and P Sales (707) 965-1216.
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Global Hobby Distributors (714) 963-0329;
globalhobby.com.
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Great Northern Models (905) 320-7979.

Great Planes Model Distributors (217) 398-6300;
(800) 682-8948; greatplanes.com.

GWS USA (909) 594-4979; gws.com.tw.

Hacker Brushless Motors (480) 726-7519;
hackerbrushless.com.

Hayes Products (714) 554-0531.

Hitec RCD Inc. (B58) 748-6948; hitecrcd.com.
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Hobby Group Inc. (562) 240-2134; nwhobbyexpo.com.
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Hobby People; dist. by Global Hobby (800) 854-8471;
hobbypeople.net.

Horizon Hobby Inc. (800) 338-4633; horizonhobby.com.
Hydrimax by Hobbico; dist. by Great Planes.

ICARE Sallplanes (450) 449-9094; icare@telts.com;
icare-rc.com.

Ikarus USA (239) 690-0003; ikarus.net.
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tivehomeproducts.com

Internet-RC (602) 347-1600; Internet-RC.com.
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ironbaymodelcompany.com.

J&Z Products (310) 539-2313.

Jet Hangar Hobbles (562) 467-0260.
Jeti; dist. by Hobby Lobby Intl.

JR; dist. by Horizon Hobby Inc.

Multiplex; dist. by Hitec RCD.
Nick Ziroli Plans (516) 467-4765; ziroliplans.com.

Northeast Sailplane Products (802) 655-7700;
nesail.com.

Northeast Screen Graphies (800) 557-5617;
majordecals.com.

0.5. Engines; dist. by Great Planes.

Palmer Plans (818) 348-0879.

Paul K. Gullow Inc. (781) 245-5255; guillow.com.
Peck-Polymers (619) 448-1818;
peck-polymers.com.

Performance Devices Inc.; perfformancedevices.com.
Performance R/C (504) 832-2028.

Plastruct Inc. (626) 912-7016, plastruct.com.
Polk's Hobby polkshobby.com.

PowerMaster Hobby Products Inc. (512) 285-9595;
powermasterfuels.com.

Propwash Video (800) 355-7333; propwashvideo.com.

Quantum Models (877) 738-9270;
qyantummodels.com.

Quique's Alrcraft Co.; somenzini.com.
R/C Direct (858) 277-4531; rc-direct.com.
R/C Showcase (301) 374-2197; rcshowcase.com.

RAm Radio Controlled Services (847) 740-8726;
ramrcandramtrack.com.

RC Superstore; rcsuperstore.com.

RCAT Systems (408) 292-9794; rcatsystems.com.

RCV Engines Ltd.; dist. by Wildcat Fuels.

Richmond RC Supply (877) 727-2329; richmondrc.com.
Robart Mfg. (630) 584-7616; robart.com.

RTL Fasteners (800) 239-6010; rtifasteners.com.

Sherline Products Inc. 170 Navajo St., San Marcos,
CA 92069-2593.

Slig Mfg. Co. Inc. (B0O) 247-5008; sigmfg.com.

SKS Video Productions (800) 988-6488; sksvideo.com.
Sky Hooks & Rigging (905) 257-2101; microrc.com.
Skyshark R/C Corp. (866) 854-6100; skysharkre.com.
Smithy (800) 476-4849; smithy.com.

SoarSoft Software (810) 225-1165.

Sullivan Products (410) 732-3500;
sullivanproducts.com.

T&D Plan Sales; classicairplanemodels.com.
Tekoa: The Center of Design (909) 763-0464.
The Ornithopter Zone (800) 445-4215; omithopter.org.

The World Models Mfg. Co. Ltd,; dist. in the USA by
AirBorne Models; theworidmodels.com.

Thunder Power Batterles; dist. by Hobby Lobby and by

K&S Engineering (773) 586-8503; ksmetals.com
Kangke USA (877) 203-2377; kangkeusa.com.
Kondor Model Products (888) 761-0500; kmp.ca.
Kress Technologles Inc. (845) 336-8149;
kressjets.com.

Kyosho Corp. of America (800) 716-4518;
kyoshoamerica.com.

Landing Products (916) 661-0399,

Lanler RC (770) 532-6401; lanierrc.com.
Litefly RC Litefiyrc.com.

Macs Products (916) 456-6932; macspro.com.
Magnum; dist. by Global Hobby.

Maiden Model Products (612) 730-7151.
Master Alrscrew; dist. by Windsor Propeller Co.

Maxx Products Intl. (MPI) (800) 416-6299;
maxxprod.com.

Micro Fasteners (908) 806-4050.
Miller R/C Products (707) 833-5905.

Model Machining Service (949) 631-2982;
innerdemon.com.

MonoKote; dist. by Great Planes.

Mosquitobite Plans (613) 256-0008;
mosquitobiteplans.com.

MP Jet; dist. by Hobby Lobby; mpjet.com.
MRC (732) 225-2100; modelrec.com.

Northeast Sailplane Product
thunderpower-batteries.com.

Thunder Tiger; dist. by Ace Hobby.

Tower Hobbles (800) 637-4989; towerhobbies.com.
Trick R/C (310) 301-1614; Zagi.com.

Tru-Turn Precision Model Products; dist. by Romco Mig.;
tru-turn.com.

LS. Engines Products; dist. by Great Planes.
UltraCote; dist. by Horizon Hobby.

Vanguard Vancouver pacifier.com/~wancou.
WattAge; dist. by Global Hobby.

WeMoTec; wemotec.com.

West Mountaln Radio (203) 853-8080;
westmountainradio.com.

Weston USA (508) 520-1170; westonusa.com.

Wide Canyon Engines (253) 653-9481;
widecanyonengines.com.

Wildcat Fuels (859) 885-5619; orders only
(888) 815-7575; wildcatfuel.com.

Windsor Propeller Co. (916) 631-8385.

Wing Mfg. (269) 665-9630; wingmfg.com.
WRAM Inc.; wram.org.

Zap (800) 538-3091; zapglue.com.

Zinger; dist. by J&Z Products; zingerpropeller.com,
Zurich Intl. (B00) 533-5665.
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ARF MUST HAVE!

RC AIRPLANES
FLIGHT READY

ITEM #2030 $24.95 + 118 PAGES

Almost-ready-to-fiy (ARF) models are the
single most popular type of RC aircraft on
the market today. They're easier, more
affordable and more diverse than any
other segment of the hobby. With “Flight
Ready" you'll have all the knowledge you
need to choose, assemble, set up and
personalize any ARF! This must-have
book contains expert advice and the tips
you need to get started and be success-
ful—everything from restoring an ARF to
| like-new condition after one of those
| inevitable “mishaps” to personalizing
| an ARF by adding retracts or a scale

ULTIMATE RC
FLIGHT GUIDE

ITEM #2029 $29.95 + 181 PAGES

Becoming a better pilot just got
easier! Written by the pro's, the
articles in this book cover many
aspects of advanced flying—
from how to determine your
plane's center of gravity to pro-
gramming a computer radio to
piloting a scale model. No matter
what you fly, this book has the |
information you need to improve |
your piloting skills. |

2-STROKE

GLOW ENGINES
W S - FOR R/C AIR-

GINE CRAFT, VOL. 1

R/C AIRCRAFTY
; MEM#2015 $19.95
175 PAGES
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This comprehensive work by David
Gierke explains how to run 2-stroke
glow engines; everything from
engine-design basics to adjusting
carburetors to maintenance. It's
the definitive engine reference!

ARPLANE
Building——
Techniques

MASTER MODELER SERIES

RC AIRPLANE
BUILDING
TECHNIQUES

ITEM #2004 $17.95 146 PAGES

This “Master Modeler Series”

edition contains 108 of Randy Ran-
dolph's superb “How To" articles from
Model Airplane News. Randy takes you
[ step by step through everything from

[ making your own miter box and jigs to
stripping balsa and making a precise
ellipse. This book will be your guide to
becoming the master modeler you've
always longed to be.

RC AIRPLANE
WORKSHOP
SECRETS

ITEM #2027 $19.95 191 PAGES

This third volume in the “Master Mod-
eler Series” contains a wealth of
information on basic and advanced
building techniques from the hobby's
most highly regarded experts. Learn

| how the pro’s use tools and jigs to

[ work with metal and foam, and how to
[ select the proper wood for your proj-
ect. Your reference library isn't
complete without this valuable
resource.

RADIO CONTROL

RC AIRPLANE
FINISHING &
DETAILING

ITEM #2026 $19.95 146 PAGES

This volume in the “Master Modeler
Series” contains the best how-to
articles on finishing and detailing
from the masters of the hobby.
Everything you ever wanted to know
about

covering, paint, graphics, scale
detailing and more is collected in
this one easy-to-read volume. This
book is a must for those who enjoy
scale competition.

COVERING
RC AIRPLANES

ITEM #2005 $17.95 54 PAGES

This volume in the “Master Modeler
Series” by Faye Stilley—the award-
winning master of covering—offers
techniques that will make you look
like an expert! Advice ranges from
proper surface preparation to the
application of unique multicolored
trim schemes for a custom look. This
hands-on guide to working with
heat-shrink covering materials was
designed for one purpose—to add
beauty to your airplane!



RADIO CONTROL

AIRPLANE 7
ENGINE GUIDE

This Master Modeler

Series volume brings
together all of the best
articles about RC model
airplane engines from
Model Airplane News
magazine.

Whether you're a novice or have been
flying with engines for a long time, our
expert advice will help you better under-
stand the terminology and will guide
you in selecting the right engine for
your aircraft. You'll find extensive
guides on engines of all sizes

with comprehensive information

on more than 50 engines from
many manufacturers. Detailed photos,
diagrams and step-by-step articles show
you how to mount an engine, install a
fuel system and balance a prop.

You get break-in and troubleshooting
advice along with tuning tips for
2-stroke, 4-stroke and gas engines.
Expert answers to tough questions will
help you to solve problems with your
own engine. From how to mix your own
fuel to understanding dyno-test results,
The Radio Control Airplane Engine
Guide is the resource that you need to
help you with the most challenging
aspect of RC airplanes.

2031 09/05 3M HG

| 15BN 0-911295-63-1

LTI

o
”

|
|
9 "780011
PRINTED IN THE USA $24.95 |

=>
m=

o>
-
>l



	Gierke D. - Airplane Engine Guide
	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064
	065
	066
	067
	068
	069
	070
	071
	072
	073
	074
	075
	076
	077
	078
	079
	080
	081
	082
	083
	084
	085
	086
	087
	088
	089
	090
	091
	092
	093
	094
	095
	096
	097
	098
	099
	100
	101
	102
	103
	104
	105
	106
	107
	108
	109
	110
	111
	112
	113
	114
	115
	116
	117
	118
	119
	120
	121
	122
	123
	124
	125
	126
	127
	128
	129
	130
	131
	132
	133
	134
	135
	136
	137
	138
	139
	140
	141
	142
	143
	144
	145
	146
	147
	148
	149
	150
	151
	152
	153
	154
	155
	156
	157
	158
	159
	160
	161
	162
	163
	164
	165
	166
	167


