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The rotary engine was an early type of internal combustion engine , usually designed with an
odd number of cylinders per row in a radial configuration , in which the crankshaft remained
stationary in operation, with the entire crankcase and its attached cylinders rotating around it as
a unit. Its main application was in aviation, although it also saw use before its primary aviation
role, in a few early motorcycles and automobiles. This type of engine was widely used as an
alternative to conventional inline engines straight or V during World War I and the years
immediately preceding that conflict. It has been described as "a very efficient solution to the
problems of power output, weight, and reliability". A rotary engine is essentially a standard Otto
cycle engine, with cylinders arranged radially around a central crankshaft just like a
conventional radial engine , but instead of having a fixed cylinder block with rotating crankshaft
, the crankshaft remains stationary and the entire cylinder block rotates around it. In the most
common form, the crankshaft was fixed solidly to the airframe, and the propeller was simply
bolted to the front of the crankcase. This difference also has much impact on design lubrication,
ignition, fuel admission, cooling, etc. It alternates between rotary and radial modes to
demonstrate the difference between the internal motions of the two types of engine. Like "fixed"
radial engines, rotaries were generally built with an odd number of cylinders usually 5, 7 or 9 ,
so that a consistent every-other-piston firing order could be maintained, to provide smooth
running. Rotary engines with an even number of cylinders were mostly of the "two row" type.
Most rotary engines were arranged with the cylinders pointing outwards from a single
crankshaft, in the same general form as a radial, but there were also rotary boxer engines [3]
and even one-cylinder rotaries. Three key factors contributed to the rotary engine's success at
the time: [4]. Engine designers had always been aware of the many limitations of the rotary
engine so when the static style engines became more reliable and gave better specific weights
and fuel consumption, the days of the rotary engine were numbered. The late WWI Bentley BR2 ,
as the largest and most powerful rotary engine, had reached a point beyond which this type of
engine could not be further developed, [6] and it was the last of its kind to be adopted into RAF
service. It is often asserted that rotary engines had no throttle and hence power could only be
reduced by intermittently cutting the ignition using a "blip" switch. This was almost literally true
of the "Monosoupape" single valve type, which took most of the air into the cylinder through the
exhaust valve, which remained open for a portion of the downstroke of the piston. Thus the
richness of the mixture in the cylinder could not be controlled via the crankcase intake. The
"throttle" fuel valve of a monosoupape provided only a very limited degree of speed regulation,
as opening it made the mixture too rich, while closing it made it too lean in either case quickly
stalling the engine, or damaging the cylinders. Early models featured a pioneering form of
variable valve timing in an attempt to give greater control, but this caused the valves to burn
and therefore it was abandoned. The only way of running a Monosoupape engine smoothly at
reduced revs was with a switch that changed the normal firing sequence so that each cylinder
fired only once per two or three engine revolutions, but the engine remained more or less in
balance. Most rotaries had normal inlet valves, so that the fuel and lubricating oil was taken into
the cylinders already mixed with air - as in a normal four-stroke engine. After starting the engine
with a known setting that allowed it to idle, the air valve was opened until maximum engine
speed was obtained. This process was also tricky, so that reducing power, especially when
landing, was often accomplished instead by intermittently cutting the ignition using the blip
switch. Cutting cylinders using ignition switches had the drawback of letting fuel continue to
pass through the engine, oiling up the spark plugs and making smooth restarting problematic.
Also, the raw oil-fuel mix could collect in the cowling. As this could cause a serious fire when
the switch was released, it became common practice for part or all of the bottom of the basically
circular cowling on most rotary engines to be cut away, or fitted with drainage slots. By a
Clerget handbook advised maintaining all necessary control by using the fuel and air controls,
and starting and stopping the engine by turning the fuel on and off. The recommended landing
procedure involved shutting off the fuel using the fuel lever, while leaving the blip switch on.
The windmilling propeller made the engine continue to spin without delivering any power as the
aircraft descended. It was important to leave the ignition on to allow the spark plugs to continue
to spark and keep them from oiling up, so that the engine could if all went well be restarted
simply by re-opening the fuel valve. Pilots were advised to not use an ignition cut out switch, as
it would eventually damage the engine. Pilots of surviving or reproduction aircraft fitted with
rotary engines still find that the blip switch is useful while landing, as it provides a more
reliable, quicker way to initiate power if needed, rather than risk a sudden engine stall, or the
failure of a windmilling engine to restart at the worst possible moment. Millet had patented the
engine in , so must be considered the pioneer of the internal combustion rotary engine. A
machine powered by his engine took part in the Paris-Bordeaux-Paris race of and the system
was put into production by Darracq and Company London in Lawrence Hargrave first developed

a rotary engine in using compressed air, intending to use it in powered flight. Materials weight
and lack of quality machining prevented it becoming an effective power unit. Stephen M. Balzer
of New York, a former watchmaker, constructed rotary engines in the s. Balzer produced a
3-cylinder, rotary engined car in , then later became involved in Langley 's Aerodrome attempts,
which bankrupted him while he tried to make much larger versions of his engines. Balzer's
rotary engine was later converted to static radial operation by Langley's assistant, Charles M.
Manly , creating the notable Manly-Balzer engine. The famous De Dion-Bouton company
produced an experimental 4-cylinder rotary engine in Though intended for aviation use, it was
not fitted to any aircraft. The Adams-Farwell firm's automobiles, with the firm's first rolling
prototypes using 3-cylinder rotary engines designed by Fay Oliver Farwell in , led to production
Adams-Farwell cars with first the 3-cylinder, then very shortly thereafter 5-cylinder rotary
engines later in , as another early American automaker utilizing rotary engines expressly
manufactured for automotive use. Emil Berliner sponsored its development of the 5-cylinder
Adams-Farwell rotary engine design concept as a lightweight power unit for his unsuccessful
helicopter experiments. Adams-Farwell engines later powered fixed-wing aircraft in the US after
They were talented engineers and the grandsons of famous French engineer Marc Seguin. Louis
was joined by his brother Laurent who designed a rotary engine specifically for aircraft use,
using Gnom engine cylinders. Production of Gnome rotaries increased rapidly, with some 4,
being produced before World War I, and Gnome also produced a two-row version the h. By the
standards of other engines of the period, the Gnome was considered not particularly
temperamental, and was credited as the first engine able to run for ten hours between
overhauls. In the Seguin brothers introduced the new Monosoupape "single valve" series,
which replaced inlet valves in the pistons by using a single valve in each cylinder head, which
doubled as inlet and exhaust valve. The engine speed was controlled by varying the opening
time and extent of the exhaust valves using levers acting on the valve tappet rollers, a system
later abandoned due to valves burning. The weight of the Monosoupape was slightly less than
the earlier two-valve engines, and it used less lubricating oil. It was so good that it was licensed
by a number of companies, including the German Motorenfabrik Oberursel firm who designed
the original Gnom engine. I Eindeckers in combat, from the latter half of on. III of the same
power rating. IV fighter monoplane and Fokker D. III fighter biplane, both of whose failures to
become successful combat types were partially due to the poor quality of the German
powerplant, which was prone to wearing out after only a few hours of combat flight. The
favourable power-to-weight ratio of the rotaries was their greatest advantage. While larger,
heavier aircraft relied almost exclusively on conventional in-line engines, many fighter aircraft
designers preferred rotaries right up to the end of the war. Rotaries had a number of
disadvantages, notably very high fuel consumption, partially because the engine was typically
run at full throttle, and also because the valve timing was often less than ideal. Oil consumption
was also very high. This made engine fumes heavy with smoke from partially burnt oil. Castor
oil was the lubricant of choice, as its lubrication properties were unaffected by the presence of
the fuel, and its gum-forming tendency was irrelevant in a total-loss lubrication system. An
unfortunate side-effect was that World War I pilots inhaled and swallowed a considerable
amount of the oil during flight, leading to persistent diarrhoea. The rotating mass of the engine
also made it, in effect, a large gyroscope. During level flight the effect was not especially
apparent, but when turning the gyroscopic precession became noticeable. Due to the direction
of the engine's rotation, left turns required effort and happened relatively slowly, combined with
a tendency to nose up, while right turns were almost instantaneous, with a tendency for the
nose to drop. The Sopwith Camel suffered to such an extent that it required left rudder for both
left and right turns, and could be extremely hazardous if the pilot applied full power at the top of
a loop at low airspeeds. I triplane , also used a rotary engine, usually the Oberursel Ur. Even
before the First World War, attempts were made to overcome the inertia problem of rotary
engines. As early as Charles Benjamin Redrup had demonstrated to the Royal Flying Corps at
Hendon a 'Reactionless' engine in which the crankshaft rotated in one direction and the cylinder
block in the opposite direction, each one driving a propeller. A later development of this was the
reactionless 'Hart' engine designed by Redrup in which there was only one propeller connected
to the crankshaft, but it rotated in the opposite direction to the cylinder block, thereby largely
cancelling out negative effects. This proved too complicated for reliable operation and Redrup
changed the design to a static radial engine, which was later tried in the experimental Vickers F.
As the war progressed, aircraft designers demanded ever-increasing amounts of power. Inline
engines were able to meet this demand by improving their upper rev limits, which meant more
power. The rotary was not able to do the same due to the drag of the rotating cylinders through
the air. At lower rpm, drag could simply be ignored, but as the rev count rose, the rotary was
putting more and more power into spinning the engine, with less remaining to provide useful

thrust through the propeller. One clever attempt to rescue the design, in a similar manner to
Redrup's British "reactionless" engine concept, was made by Siemens AG. This was achieved
by the use of bevel gearing at the rear of the crankcase, resulting in the eleven-cylindered
Siemens-Halske Sh. III , with less drag and less net torque. IV fighter, the new engine's low
running speed, coupled with large, coarse pitched propellers that sometimes had four blades as
the SSW D. IV used , gave types powered by it outstanding rates of climb, with some examples
of the late production Sh. IIIa powerplant even said to be delivering as much as hp. One new
rotary powered aircraft, Fokker's own D. Because of the Allied blockade of shipping, the
Germans were increasingly unable to obtain the castor oil necessary to properly lubricate their
rotary engines. Substitutes were never entirely satisfactory - causing increased running
temperatures and reduced engine life. By the time the war ended, the rotary engine had become
obsolete, and it disappeared from use quite quickly. The British Royal Air Force probably used
rotary engines for longer than most other operators. The standard RAF training aircraft of the
early post-war years, the origin Avro K, had a universal mounting to allow the use of several
different types of low powered rotary, of which there was a large surplus supply. Designers had
to balance the cheapness of war-surplus engines against their poor fuel efficiency and the
operating expense of their total-loss lubrication system, and by the mids, rotaries had been
more or less completely displaced even in British service, largely by the new generation of
air-cooled "stationary" radials such as the Armstrong Siddeley Jaguar and Bristol Jupiter. The
first version of the Michel engine , an unusual opposed-piston cam engine , used the principle
of a rotary engine, in that its "cylinder block" rotated. This was soon replaced by a version with
the same cylinders and cam, but with stationary cylinders and the cam track rotating in lieu of a
crankshaft. A later version abandoned the cam altogether and used three coupled crankshafts.
By the Soviet helicopter pioneers, Boris N. Yuriev and Alexei M. Although rotary engines were
mostly used in aircraft, a few cars and motorcycles were built with rotary engines. Perhaps the
first was the Millet motorcycle of A famous motorcycle, winning many races, was the Megola ,
which had a rotary engine inside the front wheel. In the Barry engine , also designed by Redrup,
was built in Wales: a rotating 2-cylinder boxer engine weighing 6. The earlys German Megola
motorcycle used a five-cylinder rotary engine within its front wheel design. In the s Cyril Pullin
developed the Powerwheel , a wheel with a rotating one-cylinder engine , clutch and drum brake
inside the hub, but it never entered production. Besides the configuration of cylinders moving
around a fixed crankshaft, several different engine designs are also called rotary engines. The
most notable pistonless rotary engine , the Wankel rotary engine has been used by NSU in the
Ro80 car, by Mazda in a variety of cars such as the RX-series, and in some experimental
aviation applications. In the late s a concept engine called the Bricklin-Turner Rotary Vee was
tested. Piston pairs connect as solid V shaped members, with each end floating in a pair of
rotating cylinders clusters. The rotating cylinder cluster pairs are set with their axes at a wide V
angle. The pistons in each cylinder cluster move parallel to each other instead of a radial
direction, This engine design has not gone into production. From Wikipedia, the free
encyclopedia. This article is about an obsolete type of piston engine with a rotating crankcase.
For the pistonless Wankel engine, see Wankel engine. For other engines described as "rotary",
see rotary engine disambiguation. Main article: Adams-Farwell. The Rotary Aero Engine.
Retrieved World Encyclopedia of Aero Engines. Wellingborough: Patrick Stephens. The Early
Eagles. Dodd, Mead. Australian Dictionary of Biography Online. National Museum of American
History. Smithsonian Institution. Retrieved 14 April Charles A History of Aeronautics. Kessinger
Publishing. Grub Street. Aircraft Engine Historical Society. Archived from the original PDF on
Eugene Larrabee Airplane Stability and Control. Cambridge University Press. Diesel Publishing.
Aircraft in Profile No. Retrieved August 7, Two Historians in Technology and War. In Spencer C.
Murphy eds. Tariff Commission Washington, D. Retrieved 12 December Engine configurations
for internal combustion engines. Two-stroke Four-stroke Five-stroke Six-stroke Two-and
four-stroke. W8 W12 W16 W Heat engines. Beale number West number. Timeline of heat engine
technology. Categories : Engine technology Piston engine configurations Motorcycle engines
Rotary engines. Hidden categories: CS1 French-language sources fr All articles with unsourced
statements Articles with unsourced statements from April Commons category link is on
Wikidata Commons category link is locally defined. Namespaces Article Talk. Views Read Edit
View history. Help Learn to edit Community portal Recent changes Upload file. Download as
PDF Printable version. Wikimedia Commons. Wikimedia Commons has media related to Rotary
aircraft engines. Wikimedia Commons has media related to Non-aircraft rotary engines.
Thermodynamic cycle. A rotary engine is an internal combustion engine, like the engine in your
car , but it works in a completely different way than the conventional piston engine. In a piston
engine, the same volume of space the cylinder alternately does four different jobs -- intake,
compression, combustion and exhaust. It's kind of like having a dedicated cylinder for each of

the four jobs, with the piston moving continually from one to the next. The rotary engine
originally conceived and developed by Dr. Felix Wankel is sometimes called a Wankel engine ,
or Wankel rotary engine. In this article, we'll learn how a rotary engine works. Let's start with the
basic principles at work. Like a piston engine, the rotary engine uses the pressure created when
a combination of air and fuel is burned. In a piston engine, that pressure is contained in the
cylinders and forces pistons to move back and forth. The connecting rods and crankshaft
convert the reciprocating motion of the pistons into rotational motion that can be used to power
a car. In a rotary engine, the pressure of combustion is contained in a chamber formed by part
of the housing and sealed in by one face of the triangular rotor, which is what the engine uses
instead of pistons. The rotor follows a path that looks like something you'd create with a
Spirograph. This path keeps each of the three peaks of the rotor in contact with the housing,
creating three separate volumes of gas. As the rotor moves around the chamber, each of the
three volumes of gas alternately expands and contracts. It is this expansion and contraction
that draws air and fuel into the engine, compresses it and makes useful power as the gases
expand, and then expels the exhaust. We'll be taking a look inside a rotary engine to check out
the parts, but first let's take a look at a new model car with an all-new rotary engine. The RX-7,
which went on sale in , was probably the most successful rotary-engine-powered car. But it was
preceded by a series of rotary-engine cars, trucks and even buses, starting with the Cosmo
Sport. The last year the RX-7 was sold in the United States was , but the rotary engine is set to
make a comeback in the near future. Named International Engine of the Year , this naturally
aspirated two-rotor engine will produce about horsepower. For more information, visit Mazda's
RX-8 Web site. If you've never seen the inside of a rotary engine, be prepared for a surprise,
because you won't recognize much. The rotor has three convex faces, each of which acts like a
piston. At the apex of each face is a metal blade that forms a seal to the outside of the
combustion chamber. There are also metal rings on each side of the rotor that seal to the sides
of the combustion chamber. The rotor has a set of internal gear teeth cut into the center of one
side. These teeth mate with a gear that is fixed to the housing. This gear mating determines the
path and direction the rotor takes through the housing. The housing is roughly oval in shape it's
actually an epitrochoid -- check out this Java demonstration of how the shape is derived. The
shape of the combustion chamber is designed so that the three tips of the rotor will always stay
in contact with the wall of the chamber, forming three sealed volumes of gas. Each part of the
housing is dedicated to one part of the combustion process. The four sections are:. The intake
and exhaust ports are located in the housing. There are no valves in these ports. The exhaust
port connects directly to the exhaust, and the intake port connects directly to the throttle. The
output shaft has round lobes mounted eccentrically, meaning that they are offset from the
centerline of the shaft. Each rotor fits over one of these lobes. The lobe acts sort of like the
crankshaft in a piston engine. As the rotor follows its path around the housing, it pushes on the
lobes. Since the lobes are mounted eccentric to the output shaft, the force that the rotor applies
to the lobes creates torque in the shaft, causing it to spin. The two-rotor engine we took apart
has five main layers that are held together by a ring of long bolts. Coolant flows through
passageways surrounding all of the pieces. The two end layers contain the seals and bearings
for the output shaft. They also seal in the two sections of housing that contain the rotors. The
inside surfaces of these pieces are very smooth, which helps the seals on the rotor do their job.
An intake port is located on each of these end pieces. The next layer in from the outside is the
oval-shaped rotor housing, which contains the exhaust ports. This is the part of the housing
that contains the rotor. The center piece contains two intake ports, one for each rotor. It also
separates the two rotors, so its outside surfaces are very smooth. In the center of each rotor is
a large internal gear that rides around a smaller gear that is fixed to the housing of the engine.
This is what determines the orbit of the rotor. The rotor also rides on the large circular lobe on
the output shaft. But in a rotary engine, this is accomplished in a completely different way. If
you watch carefully, you'll see the offset lobe on the output shaft spinning three times for every
complete revolution of the rotor. The heart of a rotary engine is the rotor. This is roughly the
equivalent of the pistons in a piston engine. The rotor is mounted on a large circular lobe on the
output shaft. This lobe is offset from the centerline of the shaft and acts like the crank handle on
a winch, giving the rotor the leverage it needs to turn the output shaft. As the rotor orbits inside
the housing, it pushes the lobe around in tight circles, turning three times for every one
revolution of the rotor. As the rotor moves through the housing, the three chambers created by
the rotor change size. This size change produces a pumping action. Let's go through each of
the four strokes of the engine looking at one face of the rotor. The intake phase of the cycle
starts when the tip of the rotor passes the intake port. At the moment when the intake port is
exposed to the chamber, the volume of that chamber is close to its minimum. When the peak of
the rotor passes the intake port, that chamber is sealed off and compression begins. By the

time the face of the rotor has made it around to the spark plugs , the volume of the chamber is
again close to its minimum. This is when combustion starts. Most rotary engines have two
spark plugs. The combustion chamber is long, so the flame would spread too slowly if there
were only one plug. The pressure of combustion forces the rotor to move in the direction that
makes the chamber grow in volume. The combustion gases continue to expand, moving the
rotor and creating power, until the peak of the rotor passes the exhaust port. Once the peak of
the rotor passes the exhaust port, the high-pressure combustion gases are free to flow out the
exhaust. As the rotor continues to move, the chamber starts to contract, forcing the remaining
exhaust out of the port. By the time the volume of the chamber is nearing its minimum, the peak
of the rotor passes the intake port and the whole cycle starts again. The neat thing about the
rotary engine is that each of the three faces of the rotor is always working on one part of the
cycle -- in one complete revolution of the rotor, there will be three combustion strokes. But
remember, the output shaft spins three times for every complete revolution of the rotor, which
means that there is one combustion stroke for each revolution of the output shaft. The rotary
engine has far fewer moving parts than a comparable four-stroke piston engine. A two-rotor
rotary engine has three main moving parts: the two rotors and the output shaft. Even the
simplest four-cylinder piston engine has at least 40 moving parts, including pistons, connecting
rods, camshaft , valves, valve springs, rockers, timing belt, timing gears and crankshaft. This
minimization of moving parts can translate into better reliability from a rotary engine. This is
why some aircraft manufacturers including the maker of Skycar prefer rotary engines to piston
engines. All the parts in a rotary engine spin continuously in one direction, rather than violently
changing directions like the pistons in a conventional engine do. Rotary engines are internally
balanced with spinning counterweights that are phased to cancel out any vibrations. The power
delivery in a rotary engine is also smoother. Because each combustion event lasts through 90
degrees of the rotor's rotation, and the output shaft spins three revolutions for each revolution
of the rotor, each combustion event lasts through degrees of the output shaft's rotation. This
means that a single-rotor engine delivers power for three-quarters of each revolution of the
output shaft. Compare this to a single-cylinder piston engine, in which combustion occurs
during degrees out of every two revolutions, or only a quarter of each revolution of the
crankshaft the output shaft of a piston engine. Since the rotors spin at one-third the speed of
the output shaft, the main moving parts of the engine move slower than the parts in a piston
engine. This also helps with reliability. Rotary engines are found in some powerful sports cars.
Want to learn more? Check out these car engine pictures. Principles of a Rotary Engine. The
rotor and housing of a rotary engine from a Mazda RX These parts replace the pistons,
cylinders, valves, connecting rods and camshafts found in piston engines. The Parts of a Rotary
Engine. Intake Compression Combustion Exhaust. Rotary Engine Assembly. This content is not
compatible on this device. The part of the rotor housing that holds the rotors Note the exhaust
port location. The center piece contains another intake port for each rotor. Rotary Engine
Power. Differences and Challenges. Fewer Moving Parts The rotary engine has far fewer moving
parts than a comparable four-stroke piston engine. Typically, it is more difficult but not
impossible to make a rotary engine meet U. The manufacturing costs can be higher, mostly
because the number of these engines produced is not as high as the number of piston engines.
They typically consume more fuel than a piston engine because the thermodynamic efficiency
of the engine is reduced by the long combustion-chamber shape and low compression ratio. A
rotary engine is an internal combustion engine that separates an engine's four jobs â€” intake,
compression, combustion, and exhaust â€” into four individual parts within the overall engine
housing. The rotor moves from chamber to chamber, expanding and contracting gas. Why are
rotary engines bad? There are a few disadvantages of rotary engines. It's more difficult to make
a rotary engine meet U. Rotary engines also tend to consume more fuel than piston engines. Is
a rotary engine better? Rotary engines do have some advantages over other engine types. They
can be more reliable because their parts and pieces move at a slower speed. They can also
operate more smoothly, eliminating the violent direction changes in piston engines. And rotary
engines tend to have fewer moving parts overall. Lots More Information. Related Content " ". Is
anyone developing lifetime engine oil? Is it true that a diesel engine can operate under water
while a gasoline engine cannot? How to Find Engine Oil Capacities. The Wankel engine is a type
of internal combustion engine using an eccentric rotary design to convert pressure into rotating
motion. Compared to the reciprocating piston engine, the Wankel engine has more uniform
torque and less vibration and, for a given power, is more compact and weighs less. The rotor,
which creates the turning motion, is similar in shape to a Reuleaux triangle , except the sides
have less curvature. Wankel engines deliver three power pulses per revolution of the rotor
using the Otto cycle. However, the output shaft uses toothed gearing to turn three times faster
giving one power pulse per revolution. This can be seen in the animation below. In one

revolution, the rotor experiences power pulses and exhausts gas simultaneously, while the four
stages of the Otto cycle occur at separate times. For comparison, in a two-stroke piston engine
there is one power pulse for each crankshaft revolution as with a Wankel engine output shaft
and, in a four-stroke piston engine , one power pulse for every two revolutions. The four-stage
Otto cycle of intake, compression, ignition, and exhaust occurs each revolution of the rotor at
each of the three rotor faces moving inside the oval-like epitrochoidal housing, enabling the
three power pulses per rotor revolution. The definition of displacement applies to only one face
of the rotor as only one face is working for each output shaft revolution. The engine is
commonly referred to as a rotary engine , although this name is also applied to other completely
different designs, including both ones with pistons and pistonless rotary engines. The design
was conceived by German engineer Felix Wankel. Wankel received his first patent for the engine
in He began development in the early s at NSU , completing a working prototype in The Wankel
engine has the advantages of compact design and low weight over the more common internal
combustion engine, which employs reciprocating pistons. These advantages give rotary engine
applications in a variety of vehicles and devices, including automobiles , motorcycles , racing
cars , aircraft , go-karts , jet skis , snowmobiles , chainsaws , and auxiliary power units. Certain
Wankel engines have a power-to-weight ratio over one horsepower per pound. In the Wankel
engine, the four strokes of an Otto cycle occur in the space between each face of a three-sided
symmetric rotor and the inside of a housing. The oval-like epitrochoid -shaped housing
surrounds a triangular rotor with bow-shaped faces similar in appearance to a Reuleaux
triangle. The central drive shaft, called the "eccentric shaft" or "E-shaft", passes through the
center of the rotor being supported by fixed bearings. The rotors both rotate around the
eccentrics and make orbital revolutions around the eccentric shaft. Seals at the apices of the
rotor seal against the periphery of the housing, dividing it into three moving combustion
chambers. The power output of the engine is not transmitted through the synchronizing gears.
The force of expanded gas pressure on the rotor exerts pressure to the center of the eccentric
part of the output shaft. The easiest way to visualize the action of the engine in the animation is
to look not at the rotor itself, but the cavity created between it and the housing. The Wankel
engine is actually a variable-volume progressing-cavity system. Thus, the three cavities per
housing all repeat the same cycle. Points A and B on the rotor and E-shaft turn at different
speedsâ€”point B circles three times as often as point A does, so that one full orbit of the rotor
equates to three turns of the E-shaft. As the rotor rotates orbitally revolving, each side of the
rotor is brought closer to and then away from the wall of the housing, compressing and
expanding the combustion chamber like the strokes of a piston in a reciprocating piston engine.
The power vector of the combustion stage goes through the center of the offset lobe. While a
four-stroke piston engine completes one combustion stroke per cylinder for every two rotations
of the crankshaft that is, one-half power stroke per crankshaft rotation per cylinder , each
combustion chamber in the Wankel generates one combustion stroke per driveshaft rotation, i.
Thus, the power output of a Wankel engine is generally higher than that of a four-stroke piston
engine of similar engine displacement in a similar state of tune; and higher than that of a
four-stroke piston engine of similar physical dimensions and weight. Wankel engines generally
are able to reach much higher engine revolutions than reciprocating engines of similar power
output. This is due partly to the smoothness inherent in circular motion, and the fact that the
"engine" rpm is of the output shaft, which is three times faster than that of the oscillating parts.
The eccentric shafts do not have the stress-related contours of crankshafts. The maximum
revolutions of a rotary engine are limited by tooth load on the synchronizing gears. National
agencies that tax automobiles according to displacement and regulatory bodies in automobile
racing variously consider the Wankel engine to be equivalent to a four-stroke piston engine of
up to two times the displacement of one chamber per rotor, though three lobes exist per rotor
because the rotor is completing only one-third rotation per one rotation of the output shaft, so
only one power stroke occurs per working per output revolution, the other two lobes are
simultaneously ejecting a spent charge and taking in a new one, rather than contributing to the
power output of that revolution. Some racing series have banned the Wankel altogether, along
with all other alternatives to the traditional reciprocating-piston, four-stroke design. The basis of
the DKM type of motor was that both the rotor and the housing spun around on separate axes.
The DKM motor reached higher revolutions per minute up to 17, rpm and was more naturally
balanced. However, the engine needed to be stripped to change the spark plugs and contained
more parts. The KKM engine was simpler, having a fixed housing. NSU was to concentrate on
low- and medium-powered Wankel engine development, with Curtiss-Wright developing
high-powered engines, including aircraft engines of which Curtiss-Wright had decades of
experience designing and producing. Many manufacturers signed license agreements for
development, attracted by the smoothness, quiet running, and reliability emanating from the

uncomplicated design. General Motors seemed to have concluded the Wankel engine was
slightly more expensive to build than an equivalent reciprocating engine. General Motors
claimed to have solved the fuel-economy issue, but failed in obtaining in a concomitant way to
acceptable exhaust emissions. Mercedes-Benz fitted a Wankel engine in their C concept car.
The design was proposed as the power source for United States Marine Corps combat vehicles
and other equipment in the late s. By mid-September , even Wankel model engines became
available through the German Graupner aeromodeling products firm, made for them by O.
Engines of Japan. Despite much research and development throughout the world, only Mazda
has produced Wankel engines in large quantities. This two-rotor engine was included in the
Commander and F1. Norton improved on the Sachs's air cooling, introducing a plenum
chamber. Suzuki also made a production motorcycle powered by a Wankel engine, the RE-5 ,
using ferro TiC alloy apex seals and an NSU rotor in a successful attempt to prolong the
engine's life. Mazda and NSU signed a study contract to develop the Wankel engine in and
competed to bring the first Wankel-powered automobile to market. NSU had problems with apex
seals' wear, poor shaft lubrication, and poor fuel economy, leading to frequent engine failures,
not solved until , which led to large warranty costs curtailing further NSU Wankel engine
development. This premature release of the new Wankel engine gave a poor reputation for all
makes, and even when these issues were solved in the last engines produced by NSU in the
second half of the '70s, sales did not recover. The engine was installed in an Audi hull named
"Audi ", but was not mass-produced. Mazda, however, claimed to have solved the apex seal
problem, operating test engines at high speed for hours without failure. The company followed
with a number of Wankel "rotary" in the company's terminology vehicles, including a bus and a
pickup truck. Customers often cited the cars' smoothness of operation. However, Mazda chose
a method to comply with hydrocarbon emission standards that, while less expensive to
produce, increased fuel consumption. Unfortunately for Mazda, this was introduced immediately
prior to a sharp rise in fuel prices. Curtiss-Wright produced the RC engine, which was
comparable to a V8 engine in performance and fuel consumption. Mazda later abandoned the
Wankel in most of their automotive designs, continuing to use the engine in their sports car
range only, producing the RX-7 until August The company normally used two-rotor designs. A
more advanced twin- turbo three-rotor engine was fitted in the Eunos Cosmo sports car. In ,
Mazda introduced the Renesis engine fitted in the RX The Renesis engine relocated the ports for
exhaust from the periphery of the rotary housing to the sides, allowing for larger overall ports,
better airflow, and further power gains. Some early Wankel engines also had side exhaust ports,
the concept being abandoned because of carbon buildup in ports and the sides of the rotor. The
Renesis engine solved the problem by using a keystone scraper side seal, and approached the
thermal distortion difficulties by adding some parts made of ceramics. Mazda ended production
of their Wankel engine in after the engine failed to meet the more stringent Euro 5 emission
standards , leaving no automotive company selling a Wankel-powered vehicle. Mazda states
that the SkyActiv-R solves the three key issues with previous rotary engines: fuel economy,
emissions, and reliability. Chapin Jr. Meyers , AMC's vice president of the engineering product
group, suggested that AMC should buy the engines from Curtiss-Wright before developing its
own Wankel engines, and predicted a total transition to rotary power by The oil crisis played a
part in frustrating the use of the Wankel engine. Rising fuel prices and talk about proposed US
emission standards legislation also added to concerns. Those findings were not taken into
account when the cancellation order was issued. Most of the production went to the security
services. A rotary version of the Samara was sold to Russian public from Aviadvigatel , the
Soviet aircraft-engine design bureau, is known to have produced Wankel engines with
electronic injection for fixed-wing aircraft and helicopters, though little specific information has
surfaced. In , Henry Ford II stated that the rotary probably would not replace the piston in "my
lifetime". Felix Wankel managed to overcome most of the problems that made previous rotary
engines fail by developing a configuration with vane seals having a tip radius equal to the
amount of "oversize" of the rotor housing form, as compared to the theoretical epitrochoid, to
minimize radial apex seal motion plus introducing a cylindrical gas-loaded apex pin which
abutted all sealing elements to seal around the three planes at each rotor apex. In the early
days, special, dedicated production machines had to be built for different housing dimensional
arrangements. However, patented design such as U. Patent 3,, , G. Patent 3,, , "Device for
machining trochoidal inner walls", and others, solved the problem. Rotary engines have a
problem not found in reciprocating piston four-stroke engines in that the block housing has
intake, compression, combustion, and exhaust occurring at fixed locations around the housing.
In contrast, reciprocating engines perform these four strokes in one chamber, so that extremes
of "freezing" intake and "flaming" exhaust are averaged and shielded by a boundary layer from
overheating working parts. The use of heat pipes in an air-cooled Wankel was proposed by the

University of Florida to overcome this uneven heating of the block housing. This gives a more
constant surface temperature. The temperature around the spark plug is about the same as the
temperature in the combustion chamber of a reciprocating engine. With circumferential or axial
flow cooling, the temperature difference remains tolerable. Problems arose during research in
the s and s. For a while, engineers were faced with what they called "chatter marks" and "devil's
scratch" in the inner epitrochoid surface. They discovered that the cause was the apex seals
reaching a resonating vibration, and the problem was solved by reducing the thickness and
weight of apex seals. Scratches disappeared after the introduction of more compatible materials
for seals and housing coatings. These approaches did not require a high-conductivity copper
insert, but did not preclude its use. Increasing the displacement and power of a rotary engine by
adding more rotors to a basic design is simple, but a limit may exist in the number of rotors,
because power output is channeled through the last rotor shaft, with all the stresses of the
whole engine present at that point. For engines with more than two rotors, coupling two bi-rotor
sets by a serrate coupling such as a Hirth joint between the two rotor sets has been tested
successfully. Research in the United Kingdom under the SPARCS Self-Pressurising-Air Rotor
Cooling System project, found that idle stability and economy was obtained by supplying an
ignitable mix to only one rotor in a multi-rotor engine in a forced-air cooled rotor, similar to the
Norton air-cooled designs. The Wankel engine's drawbacks of inadequate lubrication and
cooling in ambient temperatures, short engine lifespan, high emissions and low fuel efficiencies
were tackled by Norton rotary engine specialist David Garside , who developed three patented
systems in A problem with rotary engines is that the engine housing has permanently cool and
hot surfaces when running. It also generates excessive heat inside the engine which breaks
down lubricating oil quickly. The SPARCS system reduces this wide differential in heat
temperatures in the metal of the engine housing, and also cooling the rotor from inside the body
of the engine. This results in reduced engine wear prolonging engine life. This is
self-pressurised by capturing the blow-by past the rotor side gas seals from the working
chambers. The reactor, located in the exhaust stream outside of the engine's combustion
chamber, consumes unburnt exhaust products without using a second ignition system before
directing burnt gasses into the exhaust pipe. Horse power is given to the reactors shaft. Lower
emissions and improved fuel efficiency are achieved. Unlike a piston engine, in which the
cylinder is heated by the combustion process and then cooled by the incoming charge, Wankel
rotor housings are constantly heated on one side and cooled on the other, leading to high local
temperatures and unequal thermal expansion. While this places great demands on the materials
used, the simplicity of the Wankel makes it easier to use alternative materials, such as exotic
alloys and ceramics. With water cooling in a radial or axial flow direction, and the hot water from
the hot bow heating the cold bow, the thermal expansion remains tolerable. Among the alloys
cited for Wankel housing use are A, Inconel , and treated to T6 hardness. Several materials have
been used for plating the housing working surface, Nikasil being one. For the apex seals, the
choice of materials has evolved along with the experience gained, from carbon alloys, to steel,
ferrotic, and other materials. The combination between housing plating and apex and side seals
materials was determined experimentally, to obtain the best duration of both seals and housing
cover. For the shaft, steel alloys with little deformation on load are preferred, the use of
Maraging steel has been proposed for this. Leaded gasoline fuel was the predominant type
available in the first years of the Wankel engine's development. Lead is a solid lubricant, and
leaded gasoline is designed to reduce the wearing of seal and housings. The first engines had
the oil supply calculated with consideration of gasoline's lubricating qualities. As leaded
gasoline was being phased out, Wankel engines needed an increased mix of oil in the gasoline
to provide lubrication to critical engine parts. Many engineers agree that the addition of oil to
gasoline as in old two-stroke engines is a safer approach for engine reliability than an oil pump
injecting into the intake system or directly to the parts requiring lubrication. A combined
oil-in-fuel plus oil metering pump is always possible. Early engine designs had a high incidence
of sealing loss, both between the rotor and the housing and also between the various pieces
making up the housing. Also, in earlier model Wankel engines, carbon particles could become
trapped between the seal and the casing, jamming the engine and requiring a partial rebuild.
Further sealing problems arose from the uneven thermal distribution within the housings
causing distortion and loss of sealing and compression. This thermal distortion also caused
uneven wear between the apex seal and the rotor housing, evident on higher mileage engines.
However, Mazda rotary engines solved these initial problems. Current engines have nearly
seal-related parts. Bentele, C. The Wankel engine has problems in fuel efficiency and emissions
when burning gasoline. Combined, these factors waste fuel that would have created power,
reducing efficiency. The gap between the rotor and the engine housing is too narrow for
gasoline on the compression cycle, but sufficiently wide for hydrogen. The narrow gap is

needed to create compression. When the engine uses gasoline, leftover gasoline is ejected into
the atmosphere through the exhaust. The shape of the Wankel combustion chamber is more
resistant to preignition operating on lower- octane rating gasoline than a comparable piston
engine. This would result in a larger amount of unburned hydrocarbons released into the
exhaust. The exhaust is, however, relatively low in NOx emissions, because combustion
temperatures are lower than in other engines, and also because of exhaust gas recirculation
EGR in early engines. This allowed Mazda to meet the United States Clean Air Act of in , with a
simple and inexpensive "thermal reactor", which was an enlarged chamber in the exhaust
manifold. By decreasing the air-fuel ratio , unburned hydrocarbons HC in the exhaust would
support combustion in the thermal reactor. Piston-engine cars required expensive catalytic
converters to deal with both unburned hydrocarbons and NOx emissions. This inexpensive
solution increased fuel consumption. Sales of rotary engine cars suffered because of the oil
crisis of raising the price of gasoline leading to lowering of sales. Toyota discovered that
injection of air into the exhaust port zone improved fuel economy reducing emissions. The best
results were obtained with holes in the side plates; doing it in the exhaust duct had no
noticeable influence. However, Mazda eventually shifted to the catalytic converter system. The
limiting factor for this widening was mechanical, especially shaft deflection at high rotative
speeds. Automobile Wankel rotary engines are capable of high-speed operation. However, it
was shown that an early opening of the intake port, longer intake ducts, and a greater rotor
eccentricity can increase torque at lower rpm. The shape and positioning of the recess in the
rotor, which forms most of the combustion chamber, influences emissions and fuel economy.
The results in terms of fuel economy and exhaust emissions varies depending on the shape of
the combustion recess which is determined by the placement of spark plugs per chamber of an
individual engine. This was achieved by a number of innovations. The exhaust ports, which in
earlier Mazda rotaries were located in the rotor housings, were moved to the sides of the
combustion chamber. This solved the problem of the earlier ash buildup in the engine, and
thermal distortion problems of side intake and exhaust ports. A scraper seal was added in the
rotor sides, and some ceramic parts were used in the engine. This approach allowed Mazda to
eliminate overlap between intake and exhaust port openings, while simultaneously increasing
the exhaust port area. The side port trapped the unburned fuel in the chamber, decreased the oil
consumption, and improved the combustion stability in the low-speed and light load range.
Peripheral ported rotary engines have a better mean effective pressure , especially at high rpm
and with a rectangular shaped intake port. Mazda is still continuing development of
next-generation of Wankel engines. These lead to greater rotor eccentricity equating to a longer
stroke in a reciprocating engine , with improved elasticity and low revolutions-per-minute
torque. Research by T. To improve fuel efficiency further, Mazda is looking at using the Wankel
as a range-extender in series-hybrid cars, announcing a prototype, the Mazda2 EV, for press
evaluation in November This configuration improves fuel efficiency and emissions. As a further
advantage, running a Wankel engine at a constant speed gives greater engine life. Keeping to a
near constant, or narrow band, of revolutions eliminates, or vastly reduces, many of the
disadvantages of the Wankel engine. In a new system to reduce emissions and increase fuel
efficiency with Wankel Engines was developed by UK -based engineers AIE UK Ltd, following a
licensing agreement to utilise patents from Norton rotary engine creator, David Garside. The
CREEV system Compound Rotary Engine for Electric Vehicles uses a secondary rotor to extract
energy from the exhaust, consuming unburnt exhaust products while expansion occurs in the
secondary rotor stage, thus reducing overall emissions and fuel costs by recouping exhaust
energy that would otherwise be lost. AIE UK Ltd is now utilising this patent to develop hybrid
power units for automobiles [51] and unmanned aerial vehicles. Traditional spark plugs need to
be indented into the walls of the combustion chamber to enable the apex of the rotor to sweep
past. As the rotor's apex seals pass over the spark plug hole, a small amount of compressed
charge can be lost from the charge chamber to the exhaust chamber, entailing fuel in the
exhaust, reducing efficiency, and resulting in higher emissions. These points have been
overcome by using laser ignition, eliminating traditional spark plugs and removing the narrow
slit in the motor housing so the rotor apex seals can fully sweep with no loss of compression
from adjacent chambers. Hixon et al. The laser plug can fire through the narrow slit. Laser plugs
can also fire deep into the combustion chamber using multiple lasers. So, a higher compression
ratio is permitted. Direct fuel injection , to which the Wankel engine is suited, combined with
laser ignition in single or multiple laser plugs, has been shown to enhance the motor even
further reducing the disadvantages. Homogeneous charge compression ignition HCCI involves
the use of a pre-mixed lean air-fuel mixture being compressed to the point of auto-ignition, so
electronic spark ignition is eliminated. HCCI engines achieve gasoline engine-like emissions
with compression ignition engine-like efficiency, and low levels of nitrogen oxide emissions NO

x without a catalytic converter. However, unburned hydrocarbon and carbon monoxide
emissions still require treatment to conform with automotive emission regulations. A constraint
of rotary engines is the need to locate the spark plug outside the combustion chamber to enable
the rotor to sweep past. Mazda confirmed that the problem had been solved in the SkyActiv-R
project. Rotaries generally have high compression ratios, making them particularly suitable for
the use of HCCI. SPCCI incorporates spark and compression ignition combining the advantages
of gasoline and diesel engines to achieve environmental, power, acceleration and fuel
consumption goals. A spark is always used in the combustion process. A spark is always used
to control exactly when combustion occurs. SPCCI gives high efficiency across a wide range of
rpms and engine loads. SPCCI gives a rotary the ability to switch from the ideal, stoichiometric,
The spark plugs ignite a small pulse of lean mixture injected into the combustion chamber.
When fired a fireball is created acting like an air piston, increasing the pressure and
temperature in the combustion chamber. Compression ignition of the very lean mixture occurs
with a rapid and even and complete burn leading to a more powerful cycle. The combustion
timing is controlled by the flame from the spark plug. Research has been undertaken into rotary
compression ignition engines and the burning of diesel heavy fuel using spark ignition. The
basic design parameters of the Wankel engine preclude obtaining a compression ratio higher
than or in a practical engine, but attempts are continuously being made to produce a
compression-ignition Wankel. The Rolls-Royce [80] and Yanmar compression-ignition [81]
approach was to use a two-stage unit, with one rotor acting as compressor, while combustion
takes place in the other. SAE paper , by D. Eiermann, resulted in the Wankel SuperTec line of
compression-ignition rotary engines. The engines uses spark ignition. The prime innovation is
flame propagation, ensuring the flame burns smoothly across the whole combustion chamber.
The fuel is pre-heated to 98 degrees Celsius before it is injected into the combustion chamber.
Four spark plugs are utilised, aligned in two pairs. Two spark plugs ignite the fuel charge at the
front of the rotor as it moves into the combustion section of the housing. As the rotor moves
the fuel charge, the second two fire a fraction of second behind the first pair of plugs, igniting
near the rear of the rotor at the back of the fuel charge. The drive shaft is water cooled which
also has a cooling effect on the internals of the rotor. Cooling water also flows around the
external of the engine through a gap in the housing, thus reducing the heat of the engine from
outside and inside eliminating hot spots. In a rotary engine each pulse of the Otto cycle occurs
in different chambers. The rotary has no exhaust valves that may remain hot and produce the
backfire that occurs in reciprocating piston engines. These structural features of the rotary
engine enable the use of hydrogen without pre-ignition and backfire. A Wankel engine has
stronger flows of air-fuel mixture and a longer operating cycle than a reciprocating piston
engine, achieving a thorough mixing of hydrogen and air. The result is a homogeneous mixture
with no hot spots in the engine, which is crucial for hydrogen combustion. Emissions are near
zero, even with oil lubrication of apex seals. Another problem concerns the hydrogenate attack
on the lubricating film in reciprocating engines. In a Wankel engine the problem of a
hydrogenate attack is circumvented by using ceramic apex seals. All these points lend the
Wankel engine as ideal for hydrogen fuel burning. Mazda built and sold a vehicle that took
advantage of the rotary's suitability to hydrogen fuel, a dual-fuel Mazda RX-8 Hydrogen RE that
could switch on the fly from gasoline to hydrogen and back. Prime advantages of the Wankel
engine are: [18]. Wankel engines are considerably lighter and simpler, containing far fewer
moving parts than piston engines of equivalent power output. Valves or complex valve trains
are eliminated by using simple ports cut into the walls of the rotor housing. Since the rotor rides
directly on a large bearing on the output shaft, there are no connecting rods and no crankshaft.
The elimination of reciprocating mass, and the elimination of the most highly stressed and
failure prone parts of piston engines , gives the Wankel engine high reliability, a smoother flow
of power, and a high power-to-weight ratio. The surface-to-volume-ratio in the moving
combustion chamber is so complex that a direct comparison cannot be made between a
reciprocating piston engine and a Wankel engine. The flow velocity and the heat losses are
quite different. Surface temperature characteristics are completely different; the film of oil in the
Wankel engine acts as insulation. Engines with a higher compression ratio have a worse
surface-to-volume ratio. The surface-to-volume ratio of a reciprocating piston diesel engine is
much poorer than a reciprocating piston gasoline engine, but diesel engines have a higher
efficiency factor. Hence, comparing power outputs is a realistic metric. A reciprocating piston
engine with equal power to a Wankel will be approximately twice the displacement. When
comparing the power-to-weight ratio, physical size or physical weight to a similar power output
piston engine, the Wankel is superior. A four-stroke cylinder produces a power stroke only
every other rotation of the crankshaft, with three strokes being pumping losses. This doubles
the real surface-to-volume ratio for the four-stroke reciprocating piston engine and the

displacement increased. This difference is more pronounced when compared to four-cylinder
reciprocating engines and less pronounced when compared to higher cylinder counts. In
addition to the removal of internal reciprocating stresses by the complete removal of
reciprocating internal parts typically found in a piston engine, the Wankel engine is constructed
with an iron rotor within a housing made of aluminium , which has a greater coefficient of
thermal expansion. This ensures that even a severely overheated Wankel engine cannot seize,
as is likely to occur in an overheated piston engine. This is a substantial safety benefit when
used in aircraft. In addition, the absence of valves and valve trains increases safety. GM tested
an iron rotor and iron housing in their prototype Wankel engines, that worked at higher
temperatures with lower specific fuel consumption. A further advantage of the Wankel engine
for use in aircraft is that it generally has a smaller frontal area than a piston engine of equivalent
power, allowing a more aerodynamic nose to be designed around the engine. A cascading
advantage is that the smaller size and lower weight of the Wankel engine allows for savings in
airframe construction costs, compared to piston engines of comparable power. Wankel engines
operating within their original design parameters are almost immune to catastrophic failure. A
Wankel engine that loses compression, or cooling or oil pressure, will lose a large amount of
power and fail over a short period of time. It will, however, usually continue to produce some
power during that time, allowing for a safer landing when used in aircraft. Piston engines under
the same circumstances are prone to seizing or breaking parts, which will almost certainly
result in catastrophic failure of the engine, and the instant loss of all power. For this reason,
Wankel engines are very well-suited to snowmobiles, which often take users into remote places
where a failure could result in frostbite or death, and in aircraft, where abrupt failure is likely to
lead to a crash or forced landing in a remote place. From the combustion chamber shape and
features, the fuel octane requirements of Wankel engines are lower than in reciprocating piston
engines. The maximum road octane number requirements were 82 for a peripheral-intake port
wankel engine, and less than 70 for a side-inlet port engine. This leads to greater suitability for
direct fuel injection and stratified charge operation. Although many of the disadvantages are the
subject of ongoing research, the current disadvantages of the Wankel engine in production are
the following: []. Although in two dimensions the seal system of a Wankel looks to be even
simpler than that of a corresponding multi-cylinder piston engine, in three dimensions the
opposite is true. As well as the rotor apex seals evident in the conceptual diagram, the rotor
must also seal against the chamber ends. Piston rings in reciprocating engines are not perfect
seals; each has a gap to allow for expansion. The sealing at the apexes of the Wankel rotor is
less critical, because leakage is between adjacent chambers on adjacent strokes of the cycle,
rather than to the mainshaft case. Although sealing has improved over the years, the
less-than-effective sealing of the Wankel, which is mostly due to lack of lubrication, remains
factor reducing its efficiency. In a Wankel engine, the fuel-air mixture cannot be pre-stored
because there are consecutive intake cycles. There are various methods of calculating the
engine displacement of a Wankel. The Japanese regulations for calculating displacements for
engine ratings use the volume displacement of one rotor face only, and the auto industry
commonly accepts this method as the standard for calculating the displacement of a rotary.
When compared by specific output, however, the convention resulted in large imbalances in
favor of the Wankel motor. An early revised approach was to rate the displacement of each rotor
as two times the chamber. Wankel rotary engine and piston engine displacement, and
corresponding power, output can more accurately be compared by displacement per revolution
of the eccentric shaft. The results are directly comparable to a 2. Measuring a Wankel rotary
engine in this way more accurately explains its specific output, because the volume of its air
fuel mixture put through a complete power stroke per revolution is directly responsible for
torque, and thus the power produced. The trailing side of the rotary engine's combustion
chamber develops a squeeze stream which pushes back the flame front. With the conventional
one or two-spark-plug system and homogenous mixture, this squeeze stream prevents the
flame from propagating to the combustion chamber's trailing side in the mid and high engine
speed ranges. A side-port exhaust, as is used in the Mazda Renesis , avoids one of the causes
of this because the unburned mixture cannot escape. The Mazda 26B avoided this problem
through the use of a three spark-plug ignition system. At the 24 Hours of Le Mans endurance
race in , the 26B had significantly lower fuel consumption than the competing reciprocating
piston engines. All competitors had the same amount of fuel available due to the Le Mans
limited fuel quantity rule. A peripheral intake port gives the highest mean effective pressure ;
however, side intake porting produces a more steady idle, [] because it helps to prevent
blow-back of burned gases into the intake ducts which cause "misfirings", caused by
alternating cycles where the mixture ignites and fails to ignite. Peripheral porting PP gives the
best mean effective pressure throughout the rpm range, but PP was linked also to worse idle

stability and part-load performance. Early work by Toyota [69] led to the addition of a fresh air
supply to the exhaust port, and proved also that a Reed-valve in the intake port or ducts []
improved the low rpm and partial load performance of Wankel engines, by preventing blow-back
of exhaust gas into the intake port and ducts, and reducing the misfire-inducing high EGR, at
the cost of a small loss of power at top rpm. David W. Garside, the developer of the Norton
rotary engine, who proposed that earlier opening of the intake port before top dead center TDC ,
and longer intake ducts, improved low rpm torque and elasticity of Wankel engines. That is also
described in Kenichi Yamamoto 's books. Elasticity is also improved with a greater rotor
eccentricity, analogous to a longer stroke in a reciprocating engine. Wankel engines operate
better with a low-pressure exhaust system. Higher exhaust back pressure reduces mean
effective pressure, more severely in peripheral intake port engines. The Mazda RX-8 Renesis
engine improved performance by doubling the exhaust port area compared with earlier designs,
and there has been specific study of the effect of intake and exhaust piping configuration on the
performance of Wankel engines. All Mazda-made Wankel rotaries, including the Renesis found
in the RX-8 , burn a small quantity of oil by design, metered into the combustion chamber to
preserve the apex seals. Owners must periodically add small amounts of oil, thereby increasing
running costs. Some sources, such as rotaryeng. Liquid-cooled engines require a mineral
multigrade oil for cold starts, and Wankel engines need a warm-up time before full load
operation as reciprocating engines do. All engines exhibit oil loss, but the rotary engine is
engineered with a sealed motor, unlike a piston engine that has a film of oil that splashes on the
walls of the cylinder to lubricate them, hence an oil "control" ring. No-oil-loss engines have
been developed, eliminating much of the oil lubrication problem. In the racing world, Mazda has
had substantial success with two-rotor, three-rotor, and four-rotor cars. Private racers have also
had considerable success with stock and modified Mazda Wankel-engine cars. Yojiro Terada
was the driver of the MC It was also the only non-piston engined car to win Le Mans, which the
company accomplished in with their four-rotor B 2. However, it had reportedly the worst fuel
economy of any competitor at the event. Formula Mazda Racing features open-wheel race cars
with Mazda Wankel engines , adaptable to both oval tracks and road courses, on several levels
of competition. Since , the professionally organized Star Mazda Series has been the most
popular format for sponsors, spectators, and upward bound drivers. The engines are all built by
one engine builder, certified to produce the prescribed power, and sealed to discourage
tampering. They are in a relatively mild state of racing tune, so that they are extremely reliable
and can go years between motor rebuilds. The Malibu Grand Prix chain, similar in concept to
commercial recreational kart racing tracks, operates several venues in the United States where
a customer can purchase several laps around a track in a vehicle very similar to open wheel
racing vehicles, but powered by a small Curtiss-Wright rotary engine. In engines having more
than two rotors, or two rotor race engines intended for high-rpm use, a multi-piece eccentric
shaft may be used, allowing additional bearings between rotors. While this approach does
increase the complexity of the eccentric shaft design, it has been used successfully in the
Mazda's production three-rotor 20B-REW engine, as well as many low volume production race
engines. Mercedes-Benz used split bearings. The small size and attractive power to weight ratio
of the Wankel engine appealed to motorcycle manufacturers. Both Yamaha and Kawasaki
claimed to have solved the problems of poor fuel economy, high exhaust emissions, and poor
engine longevity, in early Wankels, but neither prototype reached production. In , Hercules
produced W Wankel motorcycles, but low production numbers meant the project was
unprofitable, and production ceased in From to , Suzuki produced its RE5 single-rotor Wankel
motorcycle. It was a complex design, with both liquid cooling and oil cooling , and multiple
lubrication and carburetor systems. Dutch motorcycle importer and manufacturer Van Veen
produced small quantities of a dual-rotor Wankel-engined OCR motorcycle between and , using
surplus Comotor engines. In the early s, using earlier work at BSA , Norton produced the
air-cooled twin-rotor Classic , followed by the liquid-cooled Commander and the Interpol2 a
police version. Despite successes in racing, [] no motorcycles powered by Wankel engines have
been produced for sale to the general public for road use since The two different design
approaches, taken by Suzuki and BSA may usefully be compared. BSA's collapse put a halt to
development, but Garside's machine eventually reached production as the Norton Classic.
Wankel engines run very hot on the ignition and exhaust side of the engine's trochoid chamber,
whereas the intake and compression parts are cooler. Garside cooled the interior of the rotors
with filtered ram-air. This very hot air was cooled in a plenum contained within the semimonocoque frame and afterwards, once mixed with fuel, fed into the engine. This air was quite
oily after running through the interior of the rotors, and thus was used to lubricate the rotor tips.
The exhaust pipes become very hot, with Suzuki opting for a finned exhaust manifold,
twin-skinned exhausted pipes with cooling grilles, heatproof pipe wrappings and silencers with

heat shields. Garside simply tucked the pipes out of harm's way under the engine, where heat
would dissipate in the breeze of the vehicle's forward motion. Suzuki opted for complicated
multi-stage carburation, whilst Garside choose simple carburetors. Suzuki had three lube
systems, whilst Garside had a single total-loss oil injection system which was fed to both the
main bearings and the intake manifolds. Suzuki mounted the massive rotor high in the frame,
but Garside put his rotors as low as possible to lower the center of gravity of the motorcycle. In
principle, Wankel engines are ideal for light aircraft, being light, compact, almost vibrationless,
and with a high power-to-weight ratio. Further aviation benefits of a Wankel engine include:.
Unlike cars and motorcycles, a Wankel aero-engine will be sufficiently warm before full power is
asked of it because of the time taken for pre-flight checks. Also, the journey to the runway has
minimum cooling, which further permits the engine to reach operating temperature for full
power on take-off. This makes ideal the use of peripheral ports. An advantage is that modular
engines with more than two rotors are feasible, without increasing the frontal area. Should icing
of any intake tracts be an issue, there is plenty of waste engine heat available to prevent icing.
The first Wankel rotary-engine aircraft was in the late s being the experimental Lockheed Q-Star
civilian version of the United States Army 's reconnaissance QT-2, essentially a powered
Schweizer sailplane. The same engine model was also used in a Cessna Cardinal and a
helicopter, as well as other airplanes. At roughly the same time as the first experiments with
full-scale aircraft powered with Wankel engines, model aircraft -sized versions were pioneered
by a combine of the well-known Japanese O. By , the first prototype air-cooled, single-rotor
glow plug -ignition, methanol-fueled 4. Aircraft Wankel engines are increasingly being found in
roles where the compact size, high power-to-weight ratio and quiet operation are important,
notably in drones and unmanned aerial vehicles. Many companies and hobbyists adapt Mazda
rotary engines, taken from cars, to aircraft use. Others, including Wankel GmbH itself,
manufacture Wankel rotary engines dedicated for that purpose. Wankel engines have been
fitted in homebuilt experimental aircraft, such as the ARV Super2 , a couple of which were
powered by the British MidWest aero-engine. Most are Mazda 12A and 13B automobile engines,
converted to aviation use. These conversions were initially in the early s. With a number of
these engines mounted on aircraft, as of 10 December the National Transportation Safety Board
has only seven reports of incidents involving aircraft with Mazda engines, and none of these
were a failure due to design or manufacturing flaws. Peter Garrison, contributing editor for
Flying magazine, has said that "in my opinion However, the real challenge in aviation is to
produce FAA-certified alternatives to the standard reciprocating engines that power most small
general aviation aircraft. Mistral Engines, based in Switzerland, developed purpose-built rotaries
for factory and retrofit installations on certified production aircraft. Mistral claims to have
overcome the challenges of fuel consumption inherent in the rotary, at least to the extent that
the engines are demonstrating specific fuel consumption within a few points of reciprocating
engines of similar displacement. While fuel burn is still marginally higher than traditional
engines, it is outweighed by other beneficial factors. At the price of increased complication for a
high pressure diesel type injection system, fuel consumption in the same range as small
pre-chamber automotive and industrial diesels has been demonstrated with Curtiss-Wright's
stratified charge multi-fuel engines, while preserving Wankel rotary advantages [] Unlike a
piston and overhead valve engine, there are no valves which can float at higher rpm causing
loss of performance. The Wankel is a more effective design at high revolutions with no
reciprocating parts, far fewer moving parts and no cylinder head. With relatively low torque,
propeller driven aircraft must use a propeller speed reduction unit to maintain propellers within
the designed speed range. Experimental aircraft with Wankel engines use propeller speed
reduction units, for instance the MidWest twin-rotor engine has a 2. The rotational shaft speed
of a Wankel engine is high compared to reciprocating piston designs. Only the eccentric shaft
spins fast, while the rotors turn at exactly one-third of the shaft speed. In , e-Go aeroplanes,
based in Cambridge , United Kingdom, announced that its new single-seater canard aircraft, the
winner of a design competition to meet the new UK single-seat deregulated category, will be
powered by a Wankel engine from Rotron Power, a specialist manufacturer of advanced rotary
engines for unmanned aeronautical vehicle UAV applications. The first sale was A propeller
speed reduction unit is eliminated. The electric motor uses electricity stored in batteries, with
the generator engine off, to take off and climb reducing sound emissions. The DA36 E-Star first
flew in June , making this the first ever flight of a series-hybrid powertrain. Diamond Aircraft
state that the technology using Wankel engines is scalable to a seat aircraft. Due to the compact
size and the high power to weight ratio of a Wankel engine, it has been proposed for electric
vehicles as range extenders to provide supplementary power when electric battery levels are
low. There have been a number of concept cars incorporating a series hybrid powertrain
arrangement. A Wankel engine used only as a generator has packaging, noise, vibration and

weight distribution advantages when used in a vehicle, maximizing interior passenger and
luggage space. Mitsueo Hitomi the global powertrain head of Mazda stated, "a rotary engine is
ideal as a range extender because it is compact and powerful, while generating low-vibration".
Mazda of Japan ceased production of direct drive Wankel engines within their model range in ,
leaving the motor industry worldwide with no production cars using the engine. The company is
continuing development of the next generation of their Wankel engines, the SkyActiv-R. Mazda
states that the SkyActiv-R solves the three key issues with previous rotary engines: fuel
economy, emissions and reliability. However, with a range extender you can use a rotary engine
at a constant 2,rpm, at its most efficient. It's compact, too. However, in November Mazda
announced to the motoring press a series-hybrid prototype car, the Mazda2 EV , using a Wankel
engine as a range extender. SPCCi incorporates spark and compression ignition combining the
advantages of gasoline and diesel engines to achieve environmental, power and fuel
consumption goals. Mazda confirmed that a rotary equipped range extended car would be
launched a year late in There may be a choice of a larger battery bank to give full EV running
with battery charging from the grid, with the engine performing the dual functions of a
range-extender and battery charger when the battery charge is too low. When running on the
engine, the electric motor is used to assist in acceleration and take off from stationary. Small
Wankel engines are being found increasingly in other applications, such as go-karts , [] []
personal water craft , and auxiliary power units for aircraft. Japanese diesel engine
manufacturer Yanmar and Dolmar-Sachs of Germany had a rotary-engined chain saw SAE paper
and outboard boat engines, and the French Outils Wolf, made lawnmower Rotondor powered by
a Wankel rotary engine. To save on production costs, the rotor was in a horizontal position and
there were no seals in the down side. The simplicity of the Wankel engine makes it well-suited
for mini, micro, and micro-mini engine designs. Materials include silicon and motive power
includes compressed air. The goal of such research was to eventually develop an internal
combustion engine with the ability to deliver milliwatts of electrical power; with the engine itself
serving as the rotor of the generator , with magnets built into the engine rotor itself. Miniature
Wankel engines struggled to maintain compression due to sealing problems, similar to
problems observed in the large scale versions. In addition, miniature engines suffer from an
adverse surface to volume ratio causing excess heat losses; the relatively large surface area of
the combustion chamber walls transfers away what little heat is generated in the small
combustion volume resulting in quenching and low efficiency. The displacement per rotor was
41 liters, with each rotor being approximately one meter in diameter. The engine was derived
from a previous, unsuccessful Curtiss-Wright design, which failed because of a well-known
problem with all internal combustion engines : the fixed speed at which the flame front travels
limits the distance combustion can travel from the point of ignition in a given time, thereby
limiting the maximum size of the cylinder or rotor chamber which can be used. That was
particularly well chosen, since one of the major uses of the engine was to drive compressors on
natural gas pipelines. Yanmar of Japan produced some small, charge-cooled rotory engines for
chainsaws and outboard engines. Aixro of Germany produces and sells a go-kart engine, with a
cc-chamber charge-cooled rotor and liquid-cooled housings. It has a high-power-density cc
rotary engine, modified to operate with various fuels such as standard military JP-8 jet fuel. In
addition for use as an internal combustion engine, the basic Wankel design has also been used
for gas compressors , and superchargers for internal combustion engines, but in these cases,
although the design still offers advantages in reliability, the basic advantages of the Wankel in
size and weight over the four-stroke internal combustion engine are irrelevant. In a design using
a Wankel supercharger on a Wankel engine, the supercharger is twice the size of the engine.
The Wankel design is used in the seat belt pre-tensioner system [] in some Mercedes-Benz []
and Volkswagen [] cars. When the deceleration sensors detect a potential crash, small
explosive cartridges are triggered electrically, and the resulting pressurized gas feeds into tiny
Wankel engines which rotate to take up the slack in the seat belt systems, anchoring the driver
and passengers firmly in the seat before a collision. From Wikipedia, the free encyclopedia.
Combustion engine using an eccentric rotary design. This article is about a particular
pistonless rotary engine. For other pistonless rotary engines, see pistonless rotary engine. For
piston designs arranged in a rotary configuration, see rotary engine. This article needs
additional citations for verification. Please help improve this article by adding citations to
reliable sources. Unsourced material may be challenged and removed. The "B" marks the
eccentric shaft, and the white portion is the lobe of the eccentric shaft. The shaft turns three
times for each rotation of the rotor around the lobe and once for each orbital revolution around
the eccentric shaft. Main article: Wankel Diesel engine. Automobile Magazine : 76â€” Archived
from the original on Retrieved Columbia Electronic Encyclopedia. Applied Energy. Only 4-stroke
engines with reciprocating pistons are permitted. Craig's Rotary Page. Spiegel Online in
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from the original PDF on January 18, Aircraft Owners and Pilot's Association. Mistral Engines.
Archived from the original on July 10, Retrieved 31 August Automotive News. UK: Cars. The
Truth About Cars. Auto Express. IT: Italsistem. Archived from the original on April 21, JP: O.
Archived from the original on February 16, Retrieved April 7, Carlos; Pisano, Albert P. Archived
from the original PDF on July 10, Archived from the original PDF on Archived from the original
on March 11, Engine configurations for internal combustion engines. Two-stroke Four-stroke
Five-stroke Six-stroke Two-and four-stroke. W8 W12 W16 W Car design. Hot rod Lead sled
Lowrider Street rod T-bucket. Compact executive Executive Personal. Compact Mini. Front Mid
Rear. Portal Category Template:EC car classification. Categories : Wankel engines Piston
ported engines Pistonless rotary engine Motorcycle engines German inventions 20th-century
inventions. Namespaces Article Talk. Views Read Edit View history. Help Learn to edit
Community portal Recent changes Upload file. Download as PDF Printable version. Wikimedia
Commons. Wikimedia Commons has media related to Wankel engine. Connecticut-based
company LiquidPiston is developing a portable generator for the US Army that uses its
X-Engine, a fresh and extremely powerful take on the rotary engine that'll deliver as much power
as the Army's current-gen-set at one-fifth the size. We've written a few times before about the
fascinating LiquidPiston rotary engine. It's not a Wankel â€” indeed, it's closer to an inside-out
Wankel â€” and with only two moving parts, it's able to deliver extraordinary power density at
up to 1. According to co-founder and CEO Alec Schkolnik, the X Engine design combines the
high compression ratio and direct injection of a diesel engine with the constant volume
combustion process of an Otto cycle engine and the over-expansion abilities of an Atkinson
cycle engine, while solving the lubrication and sealing issues of the Wankel rotary engine and
delivering huge power and efficiency. Check out the design being used in a go-kart and an
unmanned aircraft in the video below. We have the opposite, a peanut-shaped rotor in a
tri-lobed housing. So take everything you know about the Wankel and turn it literally inside out.
They have a long, skinny, moving combustion chamber, we have a stationary combustion
chamber that's nice and round. You can drive it to a high compression, just by making the
chamber smaller. And because it's stationary, we can directly inject fuel where the Wankel
could not. So those are the two key advantages of the diesel: high compression ratio and direct
injection. They move at a high speed, and bounce around, they're very hard to lubricate. In our
case, they're stationary, they don't bounce around, and you can lubricate them directly from the
housing. Those oiling challenges caused both durability issues and emissions problems. By
making those components stationary, we solve the challenges of the old rotary. And we also
upgraded its cycle to give it much higher efficiency. The X-Engine's ability to eliminate bulk and
weight is extraordinary; to give you an idea, the team pulled a lb kg , 6. It replaced a generator
that needed a truck to move it around with something 20 percent the size: a lb Smartly designed
to work in conjunction with a battery in a hybrid system, the 2-kW CAPS generator impressed
the Army enough that LiquidPiston has been awarded a Small Business Innovation Research
contract to develop it further as a kW Small Tactical Generator for a range of military use cases,
running on diesel with compression ignition. The company projects that a 5-kW version would
weigh around lb 45 kg and take up between 4 to 6 cubic feet to L , replacing the currently fielded
MEP, at lb kg and 30 cubic feet L. Could it come to the automotive world? Absolutely, says
Shkolnik. It could be an excellent primary propulsion system for cars, or it could be part of a
hybrid system. It'd work well in both conditions. But as you can appreciate, it takes a lot of time
and money to develop an engine for the automotive world. When GM puts out an engine, it's got
hundreds of millions of dollars worth of development behind it. And that's for one that's based
on known technology. Here, we're changing the thermodynamic cycle, we're changing the
architecture, we're changing everything. So we've made a business decision not to start with
the automotive world. We want to go into a niche application first and prove it out. Then we can
go into something like automotive. It would certainly look attractive as an ultra-lightweight

range extender for electric cars â€” or indeed an aircraft motor for the aviation world, in which
every pound is an enemy. Electric aircraft could get a lot further by topping up their batteries on
efficient, low-emission generators; even with powertrain efficiencies taken into account, says
Shkolnik, fuel carries around 35 times more energy than today's batteries. How is the engine
going in durability testing? We're working through that, it's part of what we're going to be doing
over the next year. We're running engines for tens of hours, dozens of hours, we're not yet in
the hundreds of hours where we want to be. We had some challenges with the gearing, for
example; that's been addressed. Then it was some challenges with the bearings, and it looks
like that's been addressed. So right now, I don't even know what the weak spot is in the engine.
I need to build five or 10 of these engines, run them as long as I can, see what's breaking, and
make adjustments until we break through the durability numbers we want to hit. There's nothing
known right now that's a show-stopper for us. It's just time and engineering and resources. It's
certainly been interesting watching LiquidPiston's technology progress, and we look forward to
the results of the reliability testing. Stay tuned. LOG IN. Menu HOME. Search Query Submit
Search. Facebook Twitter Flipboard LinkedIn. The tiny X-Mini engine is a radically different,
high-powered and very promising take on the rotary engine. View 8 Images. The rotary X-Engine
promises the performance of a trailer-mounted generator in a size that can be carried by two
men. The Liquid Piston X-Engine with three spark plugs. A Honda 49cc single-cylinder piston
engine left alongside a 70cc X-Mini. The X-Mini engine in a generator and a go-kart. Loz Blain.
Loz has been one of our most versatile contributors since Joining the team as a motorcycle
specialist, he has since covered everything from medical technology to aeronautics, music gear
and historical artefacts. Since he's branched out into photography, video and audio production.
Sign in to post a comment. Please keep comments to less than words. No abusive material or
spam will be published. Good story, it is great to see people working on simple high tech.
Thanks Loz. Eddy December 15, PM. A bit late in the day for a new type of IC engine but this one
sounds radical enough with huge weight savings to make its development worthwhile. It seems
it will have a future replacing many small appliances power source like generators which are
huge in the RV industry alone. Small enough to be included in most electric cars to save that
range anxiety. So many uses for an efficient small light motor that could be petrol or diesel. As
it's low emission IC I hope it's not suppressed by the green brigade or auto industry spare parts
empire for uses where electric is totally imprectical. Raycon December 15, PM. I can see it has
potential, but you'll come up against the same longevity, lubrication and sealing problems that
both Wankel and Orbital came up against. I think the Liquid Piston rotary engine has lots of
potential; since it is a flex fuel engine. I think it has a future even when there are those saying
ICE doesn't. Chris Coles December 16, AM. It would have been nice to see some fuel burn
figures; some comparison to existing engines. Having said that, considering the size and weight
differences; if they can prove long term reliability, they have a definite market to address that
will serve them very well indeed. Well done! Bob Stuart December 16, AM. Sastry Dasigi
December 16, AM. Good to see Wankel engine's successor, without Wankel's problems. Good
luck to Liquid Piston. Wish them great success! ICEs are going to disappear just like paper
printing 'disappeared. I think we will add 'cleanup' operations to mitigate pollution before we
shift to renewable energy. Hence why 'old' ideas can become practical with new materials.
Unless it is powered by biofuel,it is just another way to destroy the climate. Kpar December 16,
AM. Bob Stewart go ahead and google Liquid Piston good stuff on Youtube. This story is
several years old- the military has been looking into use of this engine to power drones, I'm glad
to see they're still working on it. This is a marvelously simple device, and I could see it very well
making huge inroads into power generation, both for hybrid autos and portables. Load More.
Related Stories. Most Viewed. So why did rotary engines never really take off, and why has the
concept been all but abandoned by the one manufacturer that championed it? The NSU Spider
was the first production car in the world to melt the rear tyres under the power of a Wankel
rotary engine. This leads us to several questions:. The process of the rotary engine is very
similar to what occurs in a traditional piston cylinder engine. As the rotor moves within the
housing, a small pocket of air expands into a larger pocket, thus creating a vacuum. This
vacuum is exposed to the intake ports, which air and fuel are then drawn from into the
combustion chamber. The rotor continues to rotate, compressing the air-fuel mixture against
the flat side of the rotor housing. Two spark plugs are used to ignite the air-fuel mixture, helping
to speed up the combustion process and ensure the majority of the fuel burns, and this forces
the rotor to continue to rotate. Similar to the intake stroke, the rotor moves until exhaust ports
are accessible, and the exhaust gases at a high pressure are then forced out as the rotor closes
off the housing. This means that while intake is occurring on one portion of the rotor, a power
stroke is also occurring, leading to a very smooth power delivery and a large amount of power
in a small package. One of the biggest advantages of the rotary engine was its size. The 13B

engine of the Mazda RX-7 took up about one cubic foot of volume, yet produced a significant
amount of power for its small proportions. Often in engineering, the simplest solution tends to
be one of the best solutions. The rotary engine drastically reduces the number of parts required
for combustion to occur, with just three main components spinning in a two-rotor motor. The
rotary engine has no reciprocating mass, like valves or pistons in a traditional engine. This
leads to an incredibly balanced engine with smooth power delivery, and the ability to rev high
without concern of things like valve-float. The Mazda RX-8 was the final production vehicle with
a Wankel rotary, the 1. Whether or not the RX-8 lived up to the rotary name, we all shed a tear at
the loss of this innovative and unique approach to internal combustion. What dealt the final
blow? The RX-8 was unable to meet Euro 5 emissions regulations, and thus it could no longer
be sold in Europe after Though still legal in the states, sales had significantly dropped as the
model had been around since Due to the long and uniquely-shaped combustion chamber,
thermal efficiency of the engine was relatively lower compared to piston-cylinder counterparts.
This also often led to unburnt fuel leaving the exhaust hence the tendency of rotary engines to
backfire , which is obviously as awesome as it is inefficient. By design, the rotary engine burns
oil. There are oil squirters in the intake manifold, as well as injectors to spray oil directly into the
combustion chamber. Not only does this mean the driver must regularly check oil levels to keep
the rotor properly lubricated, but it also means more bad stuff comes out the tailpipe. And the
environment hates bad stuff. Remember, intake and combustion are occurring simultaneously,
but in very different locations in the housing. This means that the top of the housing is relatively
cool, while the bottom of the housing is much hotter. By using coolant jackets to help even out
the heat load, this problem can be reduced, but never fully diminished. When you put it all
together, emissions killed off the rotary. The Corvette, with a significantly larger engine, 47 per
cent more power, and five per cent more weight still manages 11 per cent better fuel economy.
Although the buyer may not necessarily view this as a negative point, without passing
emissions there is no car to buy. Please confirm you agree to the use of tracking cookies as
outlined in the Cookies Policy. Sign in or register. Engineering Explained 5 years ago Remind
me later. Share Tweet Email Whatsapp. This leads us to several questions: How does the rotary
engine work? What advantages does this engine have? Why was it made? What disadvantages
does the engine have? Why did it die? Intake As the rotor moves within the housing, a small
pocket of air expands into a larger pocket, thus creating a vacuum. Exhaust Similar to the intake
stroke, the rotor moves until exhaust ports are accessible, and the exhaust gases at a high
pressure are then forced out as the rotor closes off the housing. What advantages does the
Wankel engine have? Weight-to-Power One of the biggest advantages of the rotary engine was
its size. Fewer Moving Parts Often in engineering, the simplest solution tends to be one of the
best solutions. Smooth and High Revving The rotary engine has no reciprocating mass, like
valves or pistons in a traditional engine. What disadvantages are there to the rotary design?
Just three major moving parts in a two-rotor Wankel engine. Low Thermal Efficiency Due to the
long and uniquely-shaped combustion chamber, thermal efficiency of the engine was relatively
lower compared to piston-cylinder counterparts. Burn Baby Burn By design, the rotary engine
burns oil. This hole in the housing is where oil is directly injected into during the intake "stroke"
of the engine. Emissions When you put it all together, emissions killed off the rotary. How does
the RX-8 stack up against competitors? The infamous apex seal from an RX-7 13B rotor. Sort by
Best Sort by Latest. Show Comments. Sign in to your Car Throttle account Before you sign in
Please confirm you agree to the use of tracking cookies as outlined in the Cookies Policy. I
agree. Engine Size. MPG Combined Rating. Imagine triangles spinning around a shower curtain
rod inside a beer kegâ€”that is an elemental description of the screaming Wankel rotary engine.
This powerplant is beloved by gearheads the world over because of its simple design with a
minimum of moving parts, the way it runs smooth from low RPM to high, and the huge amounts
of power that come from its tiny displacement. However, the iconic triangular-rotor Wankel is
rev-limited by the way its triangular rotors mount eccentrically to its crankshaft, meaning the
engine is limited to about 9, rpm because the crankshaft would bend if it spun faster. Sure, a
9,rpm redline is high for a street car, but being able to rev higher could allow for greater power
in other applications. For more than a decade, Australian engineers working under the name
Rotary Engine Development Agency REDA have developed a new design of a rotary engine that
is based on a deforming rhombus rather than the conventional triangular rotors. The engine's
main advantage is a greater power density than a Wankel can achieve because a more-balanced
design allows the motor to rev higherâ€”so says Peter King, one of two partners at REDA. The
other main advantage King claims is that the Szorenyi's rev limit isn't constrained by the
crankshaft bending that results from the Wankel's eccentric rotors. The Szorenyi's balanced
rotors in which the crankshaft that turns them is at the center of the rotor allows it to rev higher
than a Wankel, whose rotors have a center of gravity eccentric to its crankshaft. The Wankel

was never the only rotary design, but it would become the signature type. Mazda, along with an
enormous list of automotive and aircraft manufacturers and a couple of motorcycle makers,
licensed the Wankel from NSU and developed their own versions. Only Mazda really went for it,
using rotaries most famously in sports cars such as the RX-7 and grand tourers such as the
Cosmo. NSU went belly up in the s because its early Wankels kept self-destructing, and
although the company worked out the kinks eventually, its reputation was shot to hell. Mazda
was in the midst of converting almost all its production line to Wankels when the oil crisis of hit.
From then on, the rotary was reserved mostly for niche lightweight sports cars and luxury grand
tourers, until Mazda disappointed Wankel lovers everywhere by stopping production after The
Szorenyi endured its own saga. REDA had been developing a four-chamber Szorenyi for years
and built a functioning prototype in But when the group published its white paper with the
Society of Automotive Engineers in , things hit a snag. Engineers from a prominent British
automotive engineering firm reviewed the engine and told King the corner hinges would
experience extreme pressure loads and would be difficult to adequately lubricate. That
simplified the engine and eliminated the lubrication and high-load problems, but also brought
the Szorenyi back to a three-chamber rotary closer in concept to the Wankel. The Szorenyi
rotary retains the Wankel's basic features for the nonmoving parts of the engine, however, it
still has a key advantageâ€”the Szorenyi uses a rounder shape for its stator the
beer-keg-shaped stationary part of the engine. Its rotors experience centrifugal forces that
deform them against the apex seals lining the combustion chambers, which improves the
sealing of those chambers. By contrast, King argues, the Wankel's eccentric rotors experience
a force acting toward the center of the engine, and that can cause the apex seal to lift, resulting
in gases leaking between chambers. Losing the fourth chamber reduces the displacement of the
engineâ€”if all else stays the sameâ€”but the three-chamber Szorenyi retains the balanced
rotors that let it rev higher than an equivalent Wankel. It'll be the first version of the Szorenyi
that we'll see, although King doesn't say for which application it'll debut. Presuming its final
design comes to fruition, the Szorenyi faces an existential question: What is the rotary's place
in the world? Like the air-cooled engine, the rotary engine saw interest and production among
big manufacturers peter out around the turn of the century. The Wankel survived until , when
Mazda killed the rotary-powered RX Toughening emissions and fuel economy standards had
signed the Wankel's death warrant. Except it's experiencing a minor revival. Around the same
time REDA decided to concentrate on the three-chamber Szorenyi, Mazda announced it would
reviving the Wankel as a range extender for electrically driven cars. This way, the Mazda Wankel
would not directly turn the wheels but act more like an onboard generator that, in a pinch,
generates extra electricity for the electric motors that drive the car's wheels. Suddenly the
rotary found yet another life. The immediate fate of the Szorenyi remains unclear. As opposed to
finding its way into a carâ€”a long and arduous processâ€”the design could be used first in
unmanned aerial vehicles and light aircraft, places where the Wankel has been popular for
years. The Szorenyi would be an ideal engine in ultralight aircraft and gyrocopters for the same
reasons as the Wankel: good power, low weight, small size. After all the positive reception from
the industry, the only hurdle left is for REDA is to convince someone to build it. Type keyword s
to search. Today's Top Stories. How to Stay Warm Without Power. Maybe they couldâ€”if we
went beyond the spinning triangles. Szorenyi engine, exploded diagram. The iconic Mazda
Wankel rotary engine. Getty Images. Related Stories. Face of the three-chamber Szorenyi rotary.
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rotary engine turbo radial engine rotary engine wankel rotary engine 13b mazda rx-7 rc rotary
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experience - opens in new window or tab. This page was last updated: Feb Number of bids and
bid amounts may be slightly out of date. See each listing for international shipping options and
costs. The Wankel rotary engine has been an ideal choice for many owners and operators of
small, propeller-driven aircraft. Compared to conventional piston engines, Wankel rotaries are
small, lightweight, and has a high power-to-weight ratio. While the stator, or stationary part of
the Szorenyi engine is similar to that of a Wankel engine, the geometric shape of the engine
rotor is a rhombus, which deforms as it rotates inside the contour of the stator. Each revolution
of the crankshaft produces one revolution of the rotor and a complete engine cycle in each of
the four chambers: or four power strokes. In contrast, the Wankel engine produces one power
stroke per crankshaft revolution. Wankel rotary engine cycle A typical Wankel rotary engine
uses a three-sided rotor to create cavities within the stator for a seamless intake, compression,
ignition, and exhaust cycle. The ability to easily configure multi-rotor, four-stroke engines could
result in rotary powerplants that generate power equivalent to 8-, , or cylinder reciprocating
engines. Furthermore, the development of standardized modules could reduce the
manufacturing and life-cycle maintenance costs. Free to speed Typically, Wankel engines are
limited to a rotor speed of 3, revolutions per minute rpm because of the excessive crankshaft
bending caused by the centrifugal forces of the eccentric rotor. The Szorenyi engine is not
rev-limited in this regard, as it used a balanced rotor. Higher potential rpm limits mean the
Szorenyi engine has a higher power density than the Wankel engine, which could translate into
greater aircraft range, endurance, and payload capacity. Furthermore, the Szorenyi engine has
more space for internal cooling of the rotor and no need for a reduction gear in aircraft and
unmanned aerial vehicles UAVs with large propellers. According to the paper, the Szorenyi
engine could be made to run on gasoline, aviation gasoline avgas , butane, or hydrogen as the
inlet and exhaust ports are well separated. REDA also noted that if a pre-compression phase
was introduced, the engine could use diesel fuel â€” aligning with the U. The book covers
several UAV propulsion technologies such as traditional heavy-fuel engines, hybrid-electric
architectures, distributed hydrogen-fueled fans, the aforementioned Szorenyi rotary engine, and
experimental plasma propulsion â€” or dielectric barrier discharge. His interests include literally
anything that has to do with space, past and present military aircraft, and propulsion
technology. Welcome To Pineapple Racing! If you are looking for something and cannot find it
in our catalog, please call. We can source just about anything or refer you to someone who can.
If you have a special need, custom engineering and fabrication are available. All Rights
Reserved. Your Price: Machined for running alternative spark plugs at no added cost.
Recommend replacment in pairs. Front housing is different part number, so order separately.
Take advantage of Pair pricing! Modified S3 tail housing with relocated shifter, aprox. No mods
necessary. Your Price: 8. Shim to allow use of the metal RX8 front cover gasket. Package of
3pcs. S45 RE, includes tension bolt washers. Our Viton pan gasket is highly resistant to heat
and oil. It should be the last pan gasket you need to buy for your '08 MSP engine! We are in the
process of transferring all the products from the old store, so it may be a while before you see
all the products appear. We will also be expanding the number of stock Mazda parts and adding
other products. The store is fully functional, so if you find a product you wish to purchase, go
ahead and do so through the store. If there's something you don't see, just give us a call at:.
Email Address:. Rotary Engine Rebuild Videos. An oem spec replacement. Tension bolt
washers included. Your cart is empty. In an era of increasing alternatives to the
gasoline-powered internal combustion engine â€” from plug-in hybrid and battery electric to
propane and hydrogen powerplants â€” the Wankel rotary engine has largely been brushed
aside. The Wankel is an internal combustion engine, but uses an eccentric rotary design to
convert pressure into rotating motion. For half a century, Wankel-powered cars caused
considerable excitement in the auto industry. There were even a handful of Wankel-engine
racing cars and low-volume production motorcycles. Yet the Wankel engine lives on through a
vibrant aftermarket scene. Specialist shops are building versions producing up to 1,
horsepower. Mazda only ever manufactured such screaming powerplants for race cars like the
B which won the 24 Hours of Le Mans. In a traditional piston engine, the intake, compression,
combustion, and exhaust all happen in the cylinder. In a Wankel engine, these same four
actions each happen in separate parts of the housing. Just the lack of valves and heads alone
simplifies working on them tremendously. In simple terms, a standard Wankel engine typically
comprises two rotor-shaped pistons that rotate on a stationary gear with an eccentric motion.
The Wankel engine takes its name from its designer, German engineer Felix Wankel. He
received his first patent for the engine in His work was interrupted by World War II. Serious
development of the Wankel engine only began in the s at the now-defunct NSU, which produced
the first working prototype in The smoothness, reliability, and quiet running of the
uncomplicated Wankel engine caught the attention of automakers worldwide, with the likes of

AMC, Alfa Romeo, GM, Mazda, Mercedes-Benz, Toyota , Porsche, and Rolls-Royce all signing
license agreements for development. But while some of these went as far as producing
Wankel-powered prototype cars, such as the futuristic Mercedes-Benz C, it was only NSU and
Mazda that really ran with the idea in cars. There were also production Wankel-engined
motorcycles. But these were only ever manufactured in small numbers, and the last of them, the
Norton Commander, disappeared in Mazda and NSU signed a study contract to develop the
Wankel engine in It followed up with the innovative Ro80 luxury sedan in Combined with the
crippling costs of so many warranty repairs, this curtailed further NSU Wankel engine
development. The Ro80 lingered until , when the entire NSU brand disappeared from the public
eye, absorbed into what would ultimately become Audi. Meanwhile, Mazda claimed to have
solved the apex seal problem, although it remains probably the weakest link in an otherwise
very dependable design. Mazda released its first Wankel engine car, the beautiful Cosmo S, in
From then on, Mazda became the worldwide leader in Wankel cars. Mazda was not large at all,
so using the rotary literally became the only way to survive this consolidation. Where other
companies were interested in the Wankel as an interesting alternative to piston engines, Mazda
simply had to make it happen. The biggest breakthrough was the apex seal technologies they
developed. Mazda initially produced a number of Wankel-powered vehicles, including a pickup
truck and bus. But in order to comply with emissions standards, it chose to use a design that,
while cheaper to produce, increased fuel consumption. Sadly, this coincided with a sharp rise in
fuel prices following the oil crisis. Secondly is the emissions. It is very hard now for a Wankel to
meet current emissions. So Mazda abandoned the Wankel in most of their automotive designs
and continued with it only in sports cars: the RX-7 and RX-8 More than , RX-7s were produced,
and nearly , RX-8s. Both models retain cult followings worldwide. But by ever-stricter emissions
standards resulted in Mazda abandoning the Wankel altogether. The Wankel car scene today, in
the U. It confined four-rotor Wankel engines to the racetrack. For direct comparison, the 2-rotor
fires identically to a 4-cylinder piston engine; the 3-rotor fires identically to a 6-cylinder; and a
4-rotor is identical to a V8. And Defined Autoworks
ford truck 2002
copo camaro youtube
yamaha 150 water pump replacement
has a YouTube channel devoted to rotary engines, race cars, muscle cars, semi-trucks, and
more. Change your oil at 3, miles and change the spark plugs more frequently than your
piston-powered cars. And the possibilities for Wankel modding seem to be getting stretched all
the time, as experts like Defined Autoworks delve deeper into the limits of the technology and
more and more aftermarket parts become available. The aftermarket billet parts are starting to
really get big now so the possibilities are changing as well. Less weight, more RPM, less wear.
The Wankel, for example, is much better suited for hydrogen versus a piston engine. Due to the
combustion taking place in a different area than the intake, the rotary has less heat on the
intake side of the motor. So will you be doing your part to keep Wankel technology alive and
progressing? So becoming a rotorhead is an accessible passion with ever-growing
possibilities. A transplanted Brit living in L. Skip to content. Best of Bentley.

