ROTARY & RADIAL INTERNAL COMBUSTION ENGINES
Some early stages of development of aircraft powerplant
equipment and mechanical operation of engine components
are mentioned here as an introduction to how an engine works.

INTERNAL COMBUSTION ROTARY ENGINE PIONEERING Is
said to have begun with Félix Millet’s 1888 patent of a 5cylinder rotary engine. The engine was built into a wheel of
a bicycle at the Exposition Universelle in Paris in 1889
possibly as the first motorcycle designed. The engine
powered a machine during a race in 1895 that was put into
production by Alexandre Darracq of France in 1900. The
Darracq automobile company developed four models of
cars that captured 10 percent of the French auto industry
by 1904.

Millet’s motorcycle

RADIAL ENGINES HAVE SEVERAL ADVANTAGES
WWII brought in a new era of engine development with
the radial engine which is a reciprocating type internal
combustion engine configuration. This configuration has
pistons connected to the crankshaft using a master-and
articulating-rod assembly. One piston has a master rod
with a direct attachment to the crankshaft. The remaining
pistons have their connecting rod fastened to a ring that
joins to the master rod assembly that allows for the
articulating action as the pistons are cycling.

Darracq Motors

FACTORS DISTINGUISHING THE ROTARY ENGINE
Rotary engines delivered power very smoothly because
there are no reciprocating parts and the rotation of the
massive cylinders acted as a flywheel. Rotary engines were
lighter than conventional engines by having no flywheel
gaining a substantial advantage of power-to-weight ratio
but were difficult to control due to excessive torque. The
rotating cylinder block created its own cooling airflow.
This type of engine was mainly used in aviation during
WWI applications but was rendered obsolete by the 1920s
as greater demands were required in overcoming airresistance and gyroscopic action developed by the spinning
engine. A suggested reference: Herschel Smith’s A History of Aircraft
Piston Engines (Sunflower University Press, 1991).

ARTICULATING ROD AND PISTON MOTION
The big end of the master connecting rod is attached to the
crankshaft and will travel in a circular motion. The travel of
the knuckle pin follows an elliptical motion. The design of
the pin location allows the piston attached to the
articulating rod to move as close in relationship to the

shows a splined end that will provide an extension for
driving accessories attached to the rear of the engine.
The counterweights (dampers) are required on heavy
propeller driven aircraft. As an example, a nine-cylinder
radial engine will develop torsional vibrations from power
impulses which will occur 4½ times with every revolution.
The rear counterweight (damper) forms a free-swinging
pendulum that oscillates with the plane of the crankshaft
rotation corresponding to the frequencies of the power
impulses.

THE USE OF PROPELLER REDUCTION GEAR

movement of the master rod piston as possible. This will
create timing variables as much as 6˚ of crankshaft travel
between the master rod piston and articulating rod
pistons.

ACCURATE IGNITION TIMING
A lobe is provided on the magneto that provides accurate
ignition timing on all cylinders regardless of variations in
piston travel. This causes the engine to perform more
smoothly and allows for higher compression ratios and
reduces unwanted detonation of fuel mixtures due to
inaccurate timing of ignition on some cylinders.

CRANKSHAFT ROD ASSEMBLY
Crankshafts are constructed as solid or two-piece. The
split big end master rod is used with the solid crankshaft.

This photo shows a tapered shaft on the front for use with
a propeller reduction gear. The rear shaft on this model

In the development of larger aircraft it became necessary
to provide propeller drive assembly’s that can limit the tip
speed of the longer propellers required for improved
performance in a variety of design conditions and
eliminate high frequency vibrations which might cause
failure in the power plant.
There are propeller reduction
gear assemblies of varying
designs that use gears and
pinions to set up gear ratios
appropriate for a variety of
conditions such as locations
where propeller tips operating
near the fuselage may produce

aerodynamic flutter. Changing the reduction gear ratio
might remove the vibration condition between the
propeller and the engine eliminating the excessive stresses
and unwanted vibration.

INJECTION CARBURETOR
After 1938 high performance aircraft engines were
equipped with pressure carburetors that did not use a float

BERNOULLI’S PRINCIPLE
When the engine is started air passes into the air scoop
and through the boost venturi. A partial vacuum is created
and is identified as being lower than the atmospheric
pressure. This drop in pressure creates air flow according
to the Bernoulli’s principle.
As the air enters the venturi from the air scoop, some of it
will flow through the boost venturi
and then over a row of impact
tubes. These tubes will measure
the average pressure at the
entrance of the venturi.

AIR AND FUEL METERING

for fuel regulation. Mechanically these were carburetors
that were counterparts to modern fuel control computers.
The purpose of the carburetor is to provide exactly the
correct amount of finely atomized fuel and mix it with air
that is entering the engine. In order to be burnable the
mixture of air to fuel ratio must be in a range between nine
and sixteen pounds of air to one pound of fuel. A
carburetor must always provide the correct air to fuel
mixture ratio at all times, under all operating conditions.
The exact amount of fuel needed changes as the engine
operating conditions changes. It takes seven pounds of air
passing through an engine to create one horsepower.
Aircraft carburetors operate in all conditions including
maneuvers in several dimensions that require regulated
control of air to fuel ratios under these rapid changes in
weather, G loading of the aircraft, gravity, and inertia. A
pressure injector carburetor solved these problems by the
use of a regulator that uses four chambers for air and fuel
metering.

The outlets of the boost venturi
will measure the suction at the
throat of the boost venturi that
will be several times greater than
that exiting at the throat of the
main venturi. This causes a
negative pressure in chamber B in
proportion with the partial
vacuum in the boost venturi. Air
entering the carburetor compresses the air in the impact
tubes, generating a positive pressure in chamber A. This
pressure is proportional to the density and speed of the air
entering the engine and the difference of pressure
between chamber A and B creates the air metering force
to open the Poppet Valve allowing fuel into the fuel
regulator.
Fuel flows from the fuel strainer, past the Poppet Valve
when it is open and enters chamber D providing
unmetered fuel at nozzle pressure and metered pressure.
From chamber D fuel passes through the various jet and
needle controls into chamber C.
The air metering chambers and the fuel metering
chambers work together in relationship to atmospheric
pressure and air flow. The partial vacuum of the boost
venture and scoop pressure from the impact tubes act on
the air section diaphragm while the fuel nozzle pressure
and unmetered fuel nozzle and metering pressure act on

the fuel section diaphragm providing the exact amount of
atomized fuel directly into the engine supercharger.

LOCATION OF FUEL INJECTOR
The throttle is located at the bottom of the throttle body
and above the fuel discharge nozzle (fuel injector) where it
will not be subjected to being chilled by incoming air from
the scoop. A refrigeration effect can occur on the walls and
surfaces of the venturi or occur with changes in fuel
temperature during vaporization of the fuel. The discharge
nozzle is spring loaded to open at approximately 5 pounds
per square inch of fuel pressure and is not affected by the
vacuum developed in the throttle body or amount of fuel
available to the discharge nozzle. The effect of carburetor
pressures between the top and bottom flange is very little
so the mixture of air and fuel will remain constant even
though the engine revolutions and throttle opening are
varied.

ADVANTAGES OF THE RADIAL ENGINE
Radial engines are still around and continue to be part of
the historical aircraft shows that are basic to the
recreational flying public. For the most part they have
been replaced by lighter gas turbine engines that are more
efficient in operational costs. The radial engine technology
is still used in a number of industries and will still be found
in the motorcycle industry that had its early start in the
1700s with the invention of the bicycle.






A radial engine powerplant can produce a lot of
power. A typical nine-cylinder radial engine
displaces 1,800 cubic inches (29.5 liter) produces
1,200 horsepower.
Radial engines have a low maximum rpm (rotations
per minute) rate reducing the need for propeller
reduction gearing.
Radial engines are made lighter by the
arrangement of the cylinders in a circle around the
propeller shaft providing the cylinders equal air
cooling rather than using water cooling equipment.

VARIENTS OF RADIAL ENGINES
The Wright J-5 Whirlwind radial
engine of 1925 had the distinction
of being very reliable and a J-5C
200-HP engine was Charles
Lindbergh’s choice of engine for his
famous “Spirit of St. Louis” built by
Ryan Airlines of San Diego, California.

J-5C WHIRLWIND

Pratt & Whitney was founded in
1925 and produced the R-1340
Wasp and later produced nearly
175,000 14-cylinder, R-1830 Twin
Wasp engines used on the B-24
and other aircraft of World War II.
R-1830 PRATT & WHITNEY
Packard Motor Corporation purchased a 1928 Stinson
Detroiter and equipped it with their new diesel radial
aircraft engine. The 9-cylinder 980 cubic inch displacement
engine also powered a Bellanca CH-300 that set a flight
record of 84 hours and 32 minutes without refueling. The
Packard diesel failed because it
was not a good engine but was
an ingenious engine having
several features it pioneered.
The two features that survived in
the modern reciprocating engine
design are the use of magnesium
and a dynamically balanced
crankshaft.
DR-980 PACKARD DIESEL

1928 Stinson SM1DX Detroiter at
the Golden Wings
Museum

Display of historical
panel on the side of the
“Detroiter”

