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Evolution of world and domestic production of internal combustion engines

Abstract. An in-depth and comprehensive study of internal combustion engines
creation, the prominent figures’ contribution to the formation and development of
domestic and world science, remains a crucial task of historical studies at their
present stage. The steam engine did not completely solve the energy problem, the
humanity was facing. Small workshops and enterprises in the 19" century, which
made up a significant part of the industrial sector, were not always able to use it. The
small steam engine had a low efficiency. Besides, using such an engine meant high
costs and troubles. Small industry required an engine that would take up minimum
space and could be turned on and off at any time without much preparation. The
article is devoted to highlighting and dividing the development of gas, kerosene,
gasoline and diesel engines into stages. The idea of such an engine was first
proposed in the early 19" century. The prerequisites for the emergence of each
engine type have been considered. The important role of Philippe Lebon as the
founder of gas engine design has been shown. Several inventors from different
countries worked on the idea of creating engines using various types of fuel. Among
them is the Belgian engineer Jean Etienne Lenoir, who suggested starting the engine
with an electric spark. The engineer Augustus Otto’s role in the development and
construction of the first gas engine, which was more economical than a steam engine,
has been shown. Thus, all the theoretical and constructive background for inventing
a new type of internal combustion engine was there, the designer of which was Rudolf
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Diesel. He created and patented an internal combustion engine — “diesel”, which
today remains one of the most economical heat engines.
Keywords: internal combustion engine; machinery; diesel; fuel

Introduction

These days, many research scientists in the scientific and technical literature
address the issues of modern internal combustion engines structure and make
forecasts of the development of a power-producing unit for modern cars based on
current trends in the environmental and energy field (Bey, 2018, p. 7). Considering
the problems of improving the design of piston engines from a historical point of
view, the stages of creating various types of internal combustion engines are of
interest, as well as the technical problems that arise when they are put into
production, analysis of their designs (Berdnychenko, 2018, p. 290). A lot of
constructive decisions aimed at achieving the set goals did not justify themselves at
certain historical stages due to the state of production technology level at that time.
However, with the development of scientific and technological progress in the field
of technology, the introduction of advanced achievements in the field of electronics
and new materials in engine building, at the next stage of development, advanced
ideas have been successfully implemented (Pisarskaya, 2018, p. 370). The purpose of
the article is to study the origin and development of internal combustion engines.

Research methods

During the preparation of the article, chronological, comparative methods of
historical knowledge, classification, and systematization of historical sources and
bibliographic material have been used (Pylypchuk & Strelko, 2019, p. 20).

Results and discussions

The progress in the field of internal combustion engines is closely related to the
discovery and use of various types of fuel, including synthesized ones. Since the
combustion rate of the mixture and the cycle parameters (compression ratio) depend
on the fuel used, and to a large extent determines the power indicators of such
engines. llluminating gas became the first such fuel.

On August 26, 1801, a French engineer professor of mechanics at the School of
Bridges and Highways in Paris, Philippe Lebon, filed a patent for the design of a gas
engine. The driving force emerged after the explosion of the gas-air mixture inside
the working cylinder — the mankind at last had an internal combustion engine. The
principle of operation of this machine was based on the well-known property of the
gas he discovered: its mixture with air exploded upon ignition, with the release of a
large amount of heat. Combustion products expanded rapidly, exerting strong
pressure on the environment. By creating the appropriate conditions, it was possible
to use the released energy in the interests of man. The Lebon engine had two
compressors and a mixing chamber. One compressor was supposed to pump the
compressed air and the other — compressed illumination gas from the core engine into
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the chamber. The gas-air mixture then entered the working cylinder, where it ignited.
The engine was double-acting, that is, alternative working chambers were located on
both sides of the piston. Lebon cherished an idea of an internal combustion engine,
but he was killed in 1804, before he began to realize his invention (Aleksandrov,
1999).

In subsequent years, several inventors from different countries tried to create a
workable illuminated-gas engine. Among them was the Belgian engineer Jean
Etienne Lenoir. Working at a galvanic plant, Lenoir came to the conclusion that the
fuel-air mix in a gas engine could be ignited with an electric spark, and decided to
build an engine based on this idea. In 1864, more than 300 of such engines of various
powers were already produced. Having become rich, Lenoir stopped improving his
machine, and this predestined its fate — it was driven from the market by a more
advanced engine created by the German inventor August Otto.

In the late 70° of the 19" century, one of the founders of the Deutz Gas Engine
Factory in Cologne, engineer August Otto, managed to build the first efficient gas
engine, which was more economical than the steam engines, existing at that time.
However, the gas consumption in this engine, which required significant financial
investments, was quite large and amounted to approximately 1.5 m? per hour.
Besides, there were very few gas plants, they were concentrated only in large cities,
and economically and territorially, these circumstances impeded the widespread
introduction of a gas engine into the industry, making it uncompetitive compared to a
steam engine.

That is why; all efforts were aimed at finding a fuel that could replace gas. It
was decided to use liquid fuel, cheap at that time, oil (The Michigan technic, 1912).
However, from the start, it was not oil itself that was applied, but gasoline, as it had a
small applicable scope at that time.

Initially, fuel was formed using coil-type evaporators, but as long ago as in
1885, they were replaced by injection pumps, followed by valves, which turned into
spray carburettors later. But due to the rapidly growing popularity of gasoline, it was
becoming more expensive and therefore unprofitable fuel for engines. In the mid-80°
of the 19th century, the question arose of the use of cheaper liquid fuels in engines
(Sass, 1962).

Originally, they tried to use oil and fuel oil, but the use of these types of fuel
presented great structural difficulties, so they had to take an axe to it and switch to
kerosene. So that’s how a kerosene engine design appears. The first kerosene engines
that complied with the market conditions can be considered the Spire engine, built in
Halle (Germany), and the Priestman engine, built in Hall (England). Both engines had
kerosene injection pumps. In the Spire engine, kerosene was injected into the cylinder
through a red-hot tube, where it had to evaporate (Bromlej, 1900). In the Priestman
engine, kerosene was injected not directly into the cylinder, but into the evaporator,
which was heated by exhaust gases.

In 1888, an Englishman James Hargreaves built a self-ignition engine for heavy
fuel injected by a pump onto combustion chambers. The Hargreaves’ engine already
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contained all the signs of an engine with a hot bulb. At that time, Hargreaves already
used a closed injector (an injection nozzle with a needle pressed by a spring, which
opened under the pressure of the pump) and injected water into the cylinder to cool
the combustion chamber.

Emil Kapitan from Germany, one of the talented engine designers of that time,
made a ton of suggestions to solve the problems of heavy-oil engines. His most
outstanding work is the proposal to inject two jets of fuel into the combustion
chamber from two opposing injectors in such a way that their power in a collision is
mutually destroyed and caused fine atomization of the fuel. The ignition of heavy-oil
(fuel oil or coal oil) should not be with the help of hot air, but with the help of
auxiliary ignition, which was the injection of a small amount of kerosene into a hot
earthenware pipe (hot tube). To start the engine, it was only necessary to preheat the
tube. But not one of the Kapitan heavy-oil engine projects was completed. This was
explained by the lack of funds, but most likely it was because of too much passion for
various new Kapitan’s ideas and lack of perseverance when he failed in this field
(Carpenter, 1902).

Zenlein, equal to Kapitan in genius, was the first to propose a method of air-
blast fuel injection in 1884. He patented a kerosene engine with air-blast kerosene
injection, ignited by an electric spark. For complete combustion, Zenlein
recommended to inject water.

In 1890 in Leipzig, Sviderskyi built a two-stroke engine with a single-stage
compressor for fuel atomizing.

In 1887, Otto Kohler, a teacher in Cologne, published “Theory and Construction
of a Rational Heat Motor”. Using simple thermal calculations as an example, he
outlined various cyclic processes of internal combustion engines. For instance, in this
brochure, he suggests the design of an engine with compression of a ready-made
working mixture, however, this compression pressing should be such as to enable the
final temperature obtained due to high compression remain below the self-ignition
mixture temperature. For this purpose, the intake valve should have closed earlier
than usual. Kohler simultaneously studied engines with high compression pressings
of clean air without fuel, which were of great interest at that time, and thus
theoretically predicted the working cycle that Diesel subsequently used in his engine.
Kohler points out that these engines are popular in the industry due to their
theoretically high efficiency. Kohler also stated the ideal Carnot cycle in his work. He
calculated an engine with such a cycle and came to the conclusion that “the ideal
(Carnot) cycle, apart from difficulties in its implementation, is completely
inapplicable for practical purposes” (Timan, 1931).

Thus, there were already all the theoretical and constructive prerequisites for the
creation of a new type of internal combustion engine, when the Rudolph Diesel
engine appeared (Dizel', 1892). In 1892, Diesel patented an internal combustion
engine cycle (Dizel', 1893), herewith he was granted a patent as follows:

1. The internal combustion engine cycle is characterized by the fact that the
piston in the cylinder compresses the air or some other gas (steam) so hard that the
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resulting compression temperature is much higher than the flash point of fuel.

Herewith, the combustion of fuel gradually introduced after the dead centre is so that

no significant pressure and temperature occur in the engine cylinder. Following this,
after a fuel stop, further expansion of the gas mixture takes place in the cylinder.

2. To carry out the cycle described in paragraph 1, a multi-stage compressor
with a receiver shall be connected to the working cylinder. It is possible to connect
several working cylinders with each other or with cylinders for preliminary
compression and subsequent expansion.

Thus, only isothermal combustion was patented. As can be seen from the Diesel
patent, such combustion was meant to keep the combustion temperature low (not
more than 700-900°C) in order to avoid water cooling of the cylinders. The heat
removed with water after cooling can be used for repeated work (Diesel, 1893). This
engine was meant to serve as a rational heat engine and was intended to replace the
steam engine and existing heat engines (Gumilevskij, Dizel', 1938).

Rudolph Diesel tirelessly worked on his engine, using his predecessors’ and
critics’ theoretical justifications (Diesel, 1912). Between 1893-1897, accumulating
theoretical and practical experience through this process, with the companies of
F. Krupp and MAN money, Diesel and his colleagues created an engine, which in its
finished design had nothing to do with the “rational”, originally patented heat
isothermal combustion engine (Bergen, 1991). The foresight of his ideas should be
noted, some of which have been implemented these days, and some have yet to be
realized. This is the possibility of engine operation on various fuels, including solid,
liquid and gaseous, as well as their mixtures. He attributed coal dust and vegetable
oils to them. This is also a multi-stage fuel feed, which can be carried out by modern
electronically controlled systems. In 1908, Rudolf Diesel’s patents expired, and
factories all around the world began to manufacture his engine thus testifying the fact
of his developments recognition.

Conclusions

These days, the name Diesel has become outstanding. Even if one considers that
Diesel patented in its patent applications the processes far from those embodied in the
engine, he nevertheless created and constructed the internal combustion engine — the
“diesel engine”, which until now is one of the most economical heat engines.

It can be concluded that internal combustion engines are nowadays widespread
in various sectors of the national economy. They are especially widely used in land,
water and air transport.
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IHerpuxkoBens OJubra
JlepxaBHUM yHIBEpCUTET 1HQPACTPYKTYPH Ta TEXHOJIOTIH
9, Byn. Kupmisceka, Kuis, Ykpaina, 04071

EBouronist cBiTOBOro T2 BITYM3HAHOT0 BUPOOHUITBA ABUT'YHIB BHYTPIilIHHOT0
3ropaHHs

Anomauia. Pozecopnyme ma 6cebiune O00CHIONCEHHS CMBOPEHHA OB8USYHIB
BHYMPIUWHBLO2O 320PAHHS, BHECK) GUOAMHUX OiAYi6 )y CMAHOGIEHHSI MA PO3GUMOK
BIMYUSHAHOL Ma C8IMOBOI HAVKU, 3ATUUAEMbCA AKMYATbHUM 3A80AHHAM ICIMOPUYHOT
HayKu Ha cydacHomy emani ii possumky. llapoeutl 0sucyn He 00 KiHYs 8upiulyeas
eHepeemuyHy npooaemy, wo cmosia neped jaroocmeom. Hesenuxi maticmepHi i
nionpuemcmea 6 XIX cmonimmi, AKi cK1a0aiu 3HAYHY YACMUHY HPOMUCTIOBO2O
CeKmopa, He 3a8x#cou Mo2nu HumM ckopucmamucs. Manenvkuti naposuti 08UcyH Mae
Hegucokuu xoegiyienm kopuchoi 0ii. Kpim moeo, suxopucmauns maxoz2o O08u2yHa
0y110 No8's13aH0 3 eUKUMU gumMpamamu i kionomamu. /s OpibHOI npomMucio8ocmi
0y6 nompionuil 08uUyH, AKUl O0y8 Ou He 2POMIZOKUL, AKUL MOJHCHA OVI0 O eKIoYamu i
3ynuuamu 6 0yOb-aKuli dac 6e3 008200 niocomosku. Cmamms npucesyeHa
BUCGIMJIEHHIO MA Nepioou3ayii emanie po3eUMKY 2a308UX, KEPOCUHOBUX, OEHIUHOBUX
ma OuzenvbHux 08ucyHie. Bnepuie idesi makoeo osucyHa Oyn1a 3anponoHO8aAHA HA
camomy nouamky XIX cmonimms. Po3enanymo nepeoymosu GUHUKHEHHSI KOHCHO2O
muny o0eucyhis. Iloxazano eaxciusy poav Dinina Jlebona, ax ¢ynoamopa ioei
KOHCMPYKYIT 2a308020 08ucyHa. /[eKiibKa SUHAXIOHUKIE 3 PI3HUX KPAiH Npayrosdiu
HAO i0e€io cmeopenHs 08UcyHie Ha pizHux eudax naiueda. Ceped Hux i OenbilicbKull
inoicenep JKan Emven Jlenyap, sikutl 3anpononyeas 3anyckamu 08UcyH 3a 00NOMO20H0
enekmpuyHoi ickpu. Buceimnena ponv inoicenepa Ascycma Ommo 8 po3poduyi i
nooOy0o08i nepuiozo 2az08020 08UYHA, AKULL 08 OLIbUL eKOHOMIYHULL HINC NAPOBULL.
Taxum 4uHOM BUHUKIU 6CI MEOPeMUYHi Ma KOHCMPYKMUBHI nepedyMosu OJisl HO8020
muny O0B8USYHA GHYMPIUWHBO20 320PSAHHA, KOHCMPYKMOPOM K020 cmag Pydonvg
Jluzens. Bin cmeopus i 3anamenmyeag 08UcyH 6HYMPIUIHb020 320PAHHS — «OU3ENbY,
SAKUU | CbO2OOHI 3ANUUAEMBCS OOHUM 3 HAUOLIbUL eKOHOMIYHUX MENT08UX OBUSYHIE.

Kniwouosi cnosa: o6ueyn 6HympiuiHb020 320paHts; MexHiKa, ouseib, Naiueo
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IBoTIOLNA MHPOBOI'0 1 OT€CYECTBCHHOI'0 ITPOU3BO/ICTBA ABHUIaTe el
BHYTPECHHEI0 CropaHus

Annomayua. Pazsepnymoe u  8cecmopoHHee  UCCNe008aHUe  CO30AHUSA
osuzamereli 6HYMpeHHe20 C2OpPaHus, 8K1A0a 8bl0AIOWUXCS Oesmenell 8 CMAHOBIeHUe
U pazeumue OmeuecmeeHHOU U MUPOBOU HAYKU, OCMAemcs aKmyaibHoU 3adayell
UCOpUYeCcKOoll HayKU Ha coO8peMenHoM amane ee pazsumus. Ilaposoii osucamens He
00 KOHYA pewan SHepeemudeckyio npooiemy, Cmossulyio nepeo ueioseyecmeoM.
Hebonvwue macmepckue u npeonpusmus 6 XIX eexe, Komopvle cOCMAa8siu
BHAUUMENLHYIO  YACMb  NPOMBIUIEHHO20 — CEKMOopd, He 8ce20a MO UM
80CnobL3068aMbCA. ManeHvKull naposotl 0suecamens UMesl HedblCOKUl Ko huyuenm
noaesnoco Oeticmeusi. Kpome mozco, ucnonvzosanue makozo oeueamensi OblIO
CBA3AHO C OONbLWUMU 3ampamamu U Xaionomamu. st Meikou NpoMbluLIeHHOCHU
mpebosaicsi 0gueameiib, KOMopwviil Obl1l Obl He 2POMO30KULL, KOMOPbIL MONCHO ObLIO
Obl 6KIIOUAMb U OCMAHABIUBAMb 8 NH000€e 8pems be3 0020t nodeomosku. Cmamobsl
NOCBAUEHA 0CBEWEHUIO U NEPUOOU3AYUU IMAN08 PA3BUMUSL 2A308bIX, KEPOCUHOBYIX,
OEeH3UHOBbIX U Ou3eNbHuIX Ogueamenell. Bnepevie uodes makoco ogucamens Ovlia
npeonodxcena 6 camom Hauvane XIX eexka. Paccmompenvl npeonocwliKu
BO3HUKHOBEHUSI Kaxcoo2o muna osucameneu. I[loxkazana eadicnas ponv Quiunna
Jlebon, kax ocHosamens uoeu KOHCMPYKYuuU 2a3z08020 oeueamens. Heckonvko
uzobpemamenetl U3 pasHvlx CMpan pabomanu HAO uodeel co30anus oguecamenell Ha
paznuunelx eudax monausa. Cpeou Hux u Oenveuvickutl umdxcenep Kawn Jlemyap,
KOMOpblll NpeodlodCUl 3anycKams 08ucamenb ¢ NOMOWbIO IIEeKMPUYECKOU UCKDb.
Oceewena ponv unsicenepa Ascycma Ommo 6 pazpabomke u NOCMPOEHUU NEPEO20
2a306020 Osucamens, KOmMopuli Obll Oolee IKOHOMUUHBLU, YeM napoeou. Takum
06pazom, BGO3HUKIU 6ce meopemudeckue U KOHCMPYKMueHvle NpeonocwbliKu O
HO8020 Muna 08u2ameJisi GHYMpPEeHHe20 C2O0Panus, KOHCMPYKMOPOM KOMOPOo20 CMAJl
Pyoonv /luzenn. On cozoan u 3anamenmosan 0sueamenv 6HYMpeHHe20 C2OPAHUsL -
«Ou3envy, KOmMopwvlll U Ce200Hs OCMAemcs OOHUM U3 Hauboiee IKOHOMUYHBIX
Menio8vix 0gueamerel.

Knrouesvie cnosa: osucamenv GHympeHHe20 C2OpaHus;, MeXHUKA, Ouseib,
MONIUBO
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