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History of the Internal Combustion Engine - The Heart of the Automobile

An internal combustion engine is any engine that uses the explosive combustion of fuel to push a piston
within a cylinder - the piston's movement turns a crankshaft that then turns the car wheels via a chain or a
drive shaft. The different types of fuel commonly used for car combustion engines are gasoline (or petrol),
diesel, and kerosene.

A brief outline of the history of the internal combustion engine includes the following highlights:

1680 - Dutch physicist, Christian Huygens designed (but never built) an internal combustion engine that
was to be fueled with gunpowder.

1807 - Francois Isaac de Rivaz of Switzerland invented an internal combustion engine that used a
mixture of hydrogen and oxygen for fuel. Rivaz designed a car for his engine - the first internal
combustion powered automobile. However, his was a very unsuccessful design.

1824 - English engineer, Samuel Brown adapted an old Newcomen steam engine to burn gas, and he
used it to briefly power a vehicle up Shooter's Hill in London.

1858 - Belgian -born engineer, Jean Joseph Etienne Lenoir invented and patented (1860) a double -
acting, electric spark  -ignition internal combustion engine fueled by coal gas. In 1863, Lenoir attached

an improved engine (using petroleum and a primitive carburetor) to a three -wheeled wagon that
managed to complete an historic fifty -mile road trip. (See image at top)

1862 - Alphonse Beau de Rochas, a French civil engineer, patented but did not build a four -stroke
engine (French patent #52,593, January 16, 1862).

1864 - Austrian engineer, Siegfried Marcus*, built a one -cylinder engine with a crude carburetor, and
attached his engine to a cart for a rocky 500 -foot drive. Several years later, Marcus designed a
vehicle that briefly ran at 10 mph that a few historians have considered as the forerunner of the
modern automobile by being the world's first gasoline - powered vehicle (however, read conflicting
notes below).

1873 - George Brayton, an American engineer, developed an unsuccessful two -stroke kerosene engine
(it used two external pumping cylinders). However, it was considered the first safe and practical oil
engine.

1866 - German engineers, Eugen Langen and Nikolaus August Otto improved on Lenoir's and de Rochas'
designs and invented a more efficient gas engine.

1876 - Nikolaus August Otto invented and later patented a successful four -stroke engine, known as the
"Otto cycle".

1876 - The first successful two  -stroke engine was invented by Sir Dougald Clerk.

1883 - French engineer, Edouard Delamare -Debouteville, built a single  -cylinder four -stroke engine that
ran on stove gas. It is not certain if he did indeed build a car, however, Delamare -Debouteville's
designs were very advanced for the time - ahead of both Daimler and Benz in some ways at least on
paper.

1885 - Gottlieb Daimler invented what is often recognized as the prototype of the modern gas engine
with a vertical cylinder, and with gasoline injected through a carburetor (patented in 1887). Daimler
first built atwo -wheeled vehicle the "Reitwagen” (Riding Carriage) with this engine and a year later

built the world's first four -wheeled motor vehicle.

1886 - On January 29, Karl Benz received the first patent (DRP No. 37435) for a gas -fueled car.

1889 - Daimler built an improved four -stroke engine with mushroom -shaped valves and two V. -slant
cylinders.

1890 - Wilhelm Maybach built the first four -cylinder, four -stroke engine.
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Engine design and car design were integral activities, almost all of the engine designers mentioned above
also designed cars, and a few went on to become major manufacturers of automobiles. All of these inventors
and more made notable improvements in the evolution of the internal combustion vehicles.

The Importance of Nicolaus Otto
One of the most important landmarks in engine design comes from Nicolaus August Otto who in 1876

invented an effective gas motor engine. Otto built the first practical four -stroke internal combustion engine
called the "Otto Cycle Engine," and as soon as he had completed his engine, he built it into a motorcycle.
Otto's contributions were very historically significant, it was his four -stoke engine that was universally

adopted for all liquid  -fueled automobiles going forward.

The Importance of Karl Benz

In 1885, German mechanical engineer, Karl Benz designed and built the world's first practical automobile to

be powered by an internal - combustion engine. On January 29, 1886, Benz received the first patent (DRP No.
37435) foragas -fueled car. It was a three -wheeler; Benz built his first four -wheeled car in 1891. Benz &
Cie., the company started by the inventor, became the world's largest manufacturer of automobiles by 1900.

Benz was the first inventor to integrate an internal combustion engine with a chassis - designing both
together.

The Importance of Gottlieb Daimler

In 1885, Gottlieb Daimler (together with his design partner Wilhelm Maybach) took Otto's internal

combustion engine a step further and patented what is generally recognized as the prototype of the modern

gas engine. Daimler's connection to Otto was a direct one; Daimler worked as technical director of Deutz
Gasmotorenfabrik, which Nikolaus Otto co -owned in 1872. There is some controversy as to who built the first
motorcycle Otto or Daimler.

The 1885 Daimler -Maybach engine was small, lightweight, fast, used a gasoline -injected carburetor, and had
a vertical cylinder. The size, speed, and efficiency of the engine allowed for a revolution in car design. On
March 8, 1886, Daimler took a stagecoach and adapted it to hold his engine, thereby designing the world's
first four -wheeled automobile. Daimler is considered the first inventor to have invented a practical

internal -combustion engine.

In 1889, Daimler invented a V -slanted two cylinder, four  -stroke engine with mushroom -shaped valves. Just
like Otto's 1876 engine, Daimler's new engine set the basis for all car engines going forward. Also in 1889,

Daimler and Maybach built their first automobile from the ground up, they did not adapt another purpose

vehicle as they had always been done previously. The new Daimler automobile had a four -speed
transmission and obtained speeds of 10 mph.
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Daimler founded the Daimler Motoren -Gesellschaft in 1890 to manufacture his designs. Eleven years later,
Wilhelm Maybach designed the Mercedes automobile.

*If Siegfried Marcus built his second car in 1875 and it was as claimed, it would have been the first vehicle
powered by a four -cycle engine and the first to use gasoline as a fuel, the first having a carburetor for a
gasoline engine and the first having a magneto ignition. However, the only existing evidence indicates that
the vehicle was built circa 1888/89 - too late to be first.

In the Beginning

HISTORY OF THE OTTO - LANGEN ENGINE

Originally written by Wayne Grenning 3678 N. Ridge Rd Lockport NY
Published in February 1991 Gas Engine Magazine
Edited and revised by Wayne Grenning 12/1/ 97

BACKGROUND

Probably the most historically significant engine ever in production was theL@tgen atmosphere engine, designed and praddoge
Nicolaus Otto and Eugene Langen between 1864 and 1878. It was an important stepping stone for the introduction oétbek strok
engine later developed by Otto in 1876. Several unique mechanisms appeared in this engine (see fig. #1). . Most famous was th
overriding, or rollerwedge clutch that engaged only the downward movement of the piston and rack assembly, which resthied with
spinning of the main shaft and flywheel (see photo #2). Secondly, the free piston concept: where the piston movemegmemiastinde
of the main shaft. As the engine fired, the piston was allowed to travel as far as the explosion carried it. The raied tootteegiston

in conjunction with a gear, housing the directional clutch, made this mechanical movement {sosdéni¢o a rack and piniogearing
system engaging in only one direction. Use of a crankshaft was unnecessary with this system. Another mechanism wasinimeusncon
rotating cam. Even though the camshatft itself spun continuously with the main shaft, the cam and follower only cyclescdtome
intervals, at such time the piston returned to its lowest point. As this happened, a spring loaded pawl engaged agspiheinghthe
shaft. Nearing one complete revolution, a tail on the pawl caught a lever, disengaging it and ending the cycle. Slpmataineand
piston/rack lifting (for the intake stroke) were both controlled by this momentary operation.

OPERATION

Otto-Langen atmospherics use a gaseous fuel for combustion and flame ignition in conjunction with a slide valve for igmition. Th
operational cycle of this engine develops its power from atmospheric pressure rather than from the explosion itself. @terdad
cycle is neither 4 cycle, 2 cycle, sterling, nor any other common form of engine operation. This German based cycle is both
noncompression as well as atmospheric. Gas and air are introduced into the cylinder by a vertical movement of the pisioreia
contained within a flat sliding valve affair, under negative pressure conditions. At this point, the slide valve clagésy edfitin it a
flame (lit from an external pilot) to the cylinder, exposing it to thegas mixture. Compression of the air/gas mixture améfhappen in
this cycle, rather ignition occurs immediately after the intake of air and gas (hence the term, noncompression). Upgthégpisimn
rockets upward, with momentum carrying it beyond the expansion point of combustion, creating a substantial negativer pressure
vacuum within the cylinder. At the apex of the piston's travel, atmospheric pressure, as well as the piston/rack assightbtekes
over pushing the piston downward for the cycle's useful power stroke of approximately the first half of its travel. Domotwarand
energy of the piston is captured to the main shaft by means of the directional roller clutch contained within the rgaim, $hafhich
the piston's rack gear meshes. Remainder of the piston's downward movement creates a slight positive pressure witthén thg<yli
positive pressure is released through an adjustable hand valve, located on the face of the slide valve assembly. Adhistviadrd o
regulates speed of the engine. Restricting this outward exhaust flow retards the engine speed by slowing down thecjtisfontirelo
last half of its downward stroke. As the piston approaches the cylinder bottom, a boss near the top of the piston sach teyEes
releasing the pawl that engages the cam shaft, revolving it for one revolution. With the cam now in motion, two impgysaapien.
First, the piston/rack assembly is raised (about 1/10th of its stroke), and secondly the slide valve is raised expdiidgtti@et ports
thus drawing in a mixture of air and gas. As the cam nears half of a revolution, the flame is reintroduced to the pg@éidgrthe
above cycle. (fig #3). Carburetion for this engine consists of merely an air port and a valved gas port both leadiagddjaceat to
the inlet of the engine. As the slide valve raises, a chamber contained within it unites the air inlet, gas inlet andethepsring
together. Upward motion of the piston draws air and gas through the chamber into the cylinder.
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Fig. 1 (Left) Original style Ottd.angen engine shown at the Paris Exposition of 1867, utilizing vertical cross head rodpietinigihe

original patent.
Fig. 2 (Right): Overriding roller clutch cut away showing internal arrangement and relationship to the piston rack. Sheftrighthe
main power shaft containing the overrunning clutch. A Pawl and Ratchet can be seen with the followers on the left dr cam shaf
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Fig #3 : Shown, a copy of the German Patent for the-Ddtigen Engine (Only one existing with the exact configuration
shown). Within the authors archives is an earlignpublished patent drawing showing some very curious mechanical linkages tha

preceded the overrunning clutch.
HISTORY

Earliest engines manufactured in a glorious Grecian ionic column style were the result of several years of researafdihysOtto a
counterpart Eugene Langen. Initial production of these engines commenced in 1864 and continued until 1872 from thair factory
Cologne, Germany. Langen, the cosmetic mastermind of the project, designed the Greek pillar cylinder. This early dpsigtethcor
two shafts, a main shaft which the flywheel was attached to and a cam shaft that intermittently engaged the cam fatawers. Fr
compiled information, these early Ot@angen engines appeared to vary somewhat with almost each example. The first couple used
precarious pair of vertical rods to guide the piston/rack assembly with the main shaft gear. Acting as a crossheaab#iicerdlibat

this system was very prone to maladjustment by jarring of these rods. The most famous and important ef #imgé&rttexamples
incorporated this design; it was exhibited in the Paris Exposition of 1867 and was almost overshadowed by the Lenoiesgmctompr
engine. Fortunately for the German duo, engines were judged by efficiency and performance. After several long tesispribe gias
awarded to them. For its day it was the most efficient gas engine ever produced. None used less fuel per HP per hpuam@eaanse
the free piston, allowing unrestricted expansion of the gasses. Complete expansion utilizes more power from the expaliosicf@nd
cooler operation. As strange as this engine appeared, not to mention its spastic running characteristics and repopeaiidouthe
beginning of its success started here. Some were produced with two slide valves, the second valve controlling incortliegrgas to
slide valve. Later versions were manufactured without vertical "cross head" rods and incorporated a simple notchedibgrtbentac
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smooth side of the rack to maintain gear contact. Some versions had spoked gears, some had individual bearing pekiéstally, etc.
units were built without governors.

A graceful engine, it was not. With a piston and rack assembly well in excess of 100 Ibs. for the 1/2 HP unit, the dp&stending
hammering or pyle driving against the cylinder bottom raised havoc with buildings and foundations (a major disadvaetfge of th
piston concept). Taking this into consideration, as well as the weight and height, it is not surprising production eegimesereed 3

HP. Technical books from the late 1800's make mention of the need for a good solid foundation under the engine. Second floor
installations usually were inadequate. A 2 HP engine weighed in at a whopping 4,000 Ibs. and stood an impressivetad! 1/2 feet
Hammering of the piston was, however, reduced by a petcock at the engine's exhaust. Greater restrictions of this viheepstboves!
descent as well as reducing the speed.

After several years of production, a less cosmetic, more mechanically developed version was offered (fig #4). The @nagian col
styling was removed, as was as the cam shaft. However, a governor and improved overrunning clutch were added. A stierter, squa
machine was the newer concept. Governing of this engine was accomplished by means of a cam gear driven fly ball governor,
interrupting the pawl from rengaging the cam. This version is, in fact, the first internal combustion hit & miss enginepattsnsuch

as the cam and followers, pawl and ratchet were relocated to the main shaft. Production of this later version sparmeidGayeauiss

from 1872 to 1878. Success of these engines was noted by many manufacturers. Crossley of the UK was one of these ttagj@hanage
its foot in the door. Patent rights were granted to this English company for the building of atmospheric engines, becdmingfra

world renowned engine manufacturer.

Initial examples from Crossley (their first attempt in engine construction), incorporated the use of a governor serfuinctidual

Exhaust gas restricting by a valve and interruption of the pawl engagement were both governor controlled. Resembliseivery clo
early German engines in mechanical layout and operation, the Crcssley, built Units had a smooth sided column withalit the adde
expense of casting a Greek column. Vertical Cross head rods were never used (Fig #5). Crossley, famous for its higitgcislity p
made several improvements and design changes over the years resulting in many variations of the original concept.rEkan tireate
Otto-Langen deviation between existing examples, Crossley appeared to have spent extensive research on improving the pawl, slide
valve and governing operatiorDuring the approximate fifteen years of atmospheric engine production, Crossley built aliihast ha
many engines as Otlcangen. Total production of these engines by all manufacturers is estimated to be less than 5000.

Fig. 4: (Left) Second generation Otteangen showing simpler construction, governor and redesigned slide valve assemblga(Origi
documentation)

Fig. 5: (Middle) 1/2 HP Crossley,built OHoangen at museum in Birmingham, England showing similar arrangement to German
counterpart. Photo: John Rex.
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