Introduction: Diesel Power station

A Diesel power station(also known as Stand-by power station) uses a diesel engine
as prime mover for the generation of electrical energy.

This power station is generally compact and thus can be located where it is actually
required. This kind of power station can be used to produce limited amounts of
electrical energy. In most countries these power stations are used as emergency
supply stations.

Operation

The diesel burns inside the engine and the combustion process causes rotational
mechanical energy that turns the engine shaft and drives the alternator. The
alternator in turn, converts mechanical energy into electrical energy.

This type of electricity generating power station will probably be used a long time
into the future, due to a need for reliable stand-by electrical source for emergency
situations.

However, diesel power plants emit green house gases that pollute the environment
and also require frequent servicing.
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No stand-by losses




Diesel Power Plant

an electrical installation equipped with one or several electric current generators
driven by diesel engines.

Diesel power plants are divided into two main classes: stationary and mobile.
Stationary diesel power plants use four-stroke diesel engines (less frequently, two-
stroke diesel engines), with power ratings of 110, 220, 330, 440, and 735 kilowatts
(kW). Stationary diesel power plants are classed as average in their power rating if
the rating does not exceed 750 kW; large diesel power plants can have a power
rating of 2,200 kW or more. The advantages of a diesel power plant are favorable
economy of operation, stable operating characteristics, and an easy and quick start-
up. The main disadvantage is the comparatively short interval between major
overhauls. Diesel power plants are used mainly for servicing areas remote from
transmission lines or areas where sources of water supply are limited and where the
construction of a steam power plant or of a hydroelectric power plant is not
feasible. Stationary diesels are usually equipped with synchronous generators.

The economic efficiency of a diesel power plant is improved considerably if the
waste heat of the engine (55 to 60 percent of total heat release in currently
available engines) can be used for preheating of fuel and oil or for domestic
heating within the power station building or adjacent premises. In diesel power
plants with a high power rating (above 750 kW) the waste heat can be used in a
heating system serving a whole block or a whole town area in proximity to the
power station.

Automatic protection against exceeding maximum or minimum limits for the
temperature of cooling water and oil, the oil pressure, and the rotational speed
(rpm) 1s built into diesel power plants; protection is also provided in the event of a
short circuit in the line. Three levels of automation for stationary diesels are used:
automatic regulation of the rotational speed (rpm) and of the temperature of the
cooling water and oil, along with automatic emergency signaling and protection in
the event of a breakdown; automatic or remotely controlled start-up and shutdown
of the diesel engines, an automatic check of conditions required for connecting
load to the line, synchronization with other units and with the power system, and a
load connection and load distribution with units operating in parallel; and



automatic refilling of the feeder tanks for fuel, oil, and water and of the air feed
vessels, an automatic (trickle) charging of start-up batteries and of batteries used in
auxiliary operations, and automatic control of the auxiliary equipment.

Mobile diesel power plants are widely used in agriculture and forestry and by
expeditions involved with geological exploration. In these applications, diesel
power plants can be used as a source of electricity for energy or lighting networks;
they can be used as the main, auxiliary, or standby power source. In transportation,
diesel power plants are a basic power source (for instance, in diesel-electric
locomotives and in diesel ships). In mobile diesel power plants, the high-speed
diesels serve as prime movers. A mobile diesel power plant includes the diesel-
electric unit itself, spare parts, instruments and accessories, a set of cables for
making connections to the load, and fire-fighting equipment. Automated diesel
power plants with a power rating up to 10 kW are often mounted on a single-axle
truck trailer; power plants rated 20 kW or more are usually installed on two-axle,
covered trailers. Such a mobile station comprises not only the diesel-electric unit
but also the power distribution cabinet (or panel), a cabinet containing the
automatic controls, the remote control console, heating and ventilation equipment,
rectifiers, and the storage batteries that feed the automatic controls or automated
systems.

The first mobile diesel power plants in the USSR were built in 1934 and were
known as diesel trains. Such diesel trains have all the power plant equipment
installed on platforms or in cars. The power ratings of diesel trains are 1, 2.5, 4.5,
and 10 megawatts.

The electric part of the power plant of a diesel train consists of a synchronous
generator delivering a voltage of 3—10 kilovolts, assembled or unitized
compartments containing high-voltage leads (overhead leads or cables),
distribution equipment for voltages of 230-380 volts (required for lighting and for
auxiliary motors of the power plant), the storage battery, and operating power
circuits and the battery charger.

Diesel engine



&
A diesel engine built by MAN AG in 1906

A diesel engine (also known as a compression-ignition engine and sometimes
capitalized as Diesel engine) is an internal combustion engine that uses the heat of
compression to initiate ignition to burn the fuel, which is injected into the
combustion chamber during the final stage of compression. This is in contrast to




spark-ignition engines such as a petrol engine (gasoline engine) or gas engine
(using a gaseous fuel as opposed to gasoline), which uses a spark plug to ignite an
air-fuel mixture. The diesel engine is modelled on the Diesel cycle and the engine
and thermodynamic cycle were both developed by Rudolph Diesel in 1897.

The diesel engine has the highest thermal efficiency of any regular internal or
external combustion engine due to its very high compression ratio. Low-speed
diesel engines (as used in ships and other applications where overall engine weight

is relatively unimportant) often have a thermal efficiency which exceeds 50
percent, 1dead inkI2I314]

Diesel engines are manufactured in two stroke and four stroke versions. They were
originally used as a more efficient replacement for stationary steam engines. Since
the 1910s they have been used in submarines and ships. Use in locomotives, large
trucks and electric generating plants followed later. In the 1930s, they slowly
began to be used in a few automobiles. Since the 1970s, the use of diesel engines
in larger on-road and off-road vehicles in the USA increased. As of 2007, about 50
percent of all new car sales in Europe are diesel.>!

The world's largest diesel engine is currently a Wartsild marine diesel of about 80
MW output.[é1

How diesel engines work

Diesel engine model, left side



Diesel engine model, right side

The diesel internal combustion engine differs from the gasoline powered Otto
cycle by using highly compressed, hot air to ignite the fuel rather than using a
spark plug (compression ignition rather than spark ignition).

In the true diesel engine, only air is initially introduced into the combustion
chamber. The air is then compressed with a compression ratio typically between
15:1 and 22:1 resulting in 40-bar (4.0 MPa; 580 psi) pressure compared to 8 to 14
bars (0.80 to 1.4 MPa) (about 200 psi) in the petrol engine. This high compression
heats the air to 550 °C (1,022 °F). At about the top of the compression stroke, fuel
is injected directly into the compressed air in the combustion chamber. This may
be into a (typically toroidal) void in the top of the piston or a pre-chamber
depending upon the design of the engine. The fuel injector ensures that the fuel is
broken down into small droplets, and that the fuel is distributed evenly. The heat of
the compressed air vaporizes fuel from the surface of the droplets. The vapour is
then ignited by the heat from the compressed air in the combustion chamber, the
droplets continue to vaporise from their surfaces and burn, getting smaller, until all
the fuel in the droplets has been burnt. The start of vaporisation causes a delay
period during ignition, and the characteristic diesel knocking sound as the vapor
reaches ignition temperature and causes an abrupt increase in pressure above the
piston. The rapid expansion of combustion gases then drives the piston downward,
supplying power to the crankshaft. 2] Model aeroplane engines use a variant of the
Diesel principle but premix fuel and air via a carburation system external to the
combustion chambers.

As well as the high level of compression allowing combustion to take place
without a separate ignition system, a high compression ratio greatly increases the
engine's efficiency. Increasing the compression ratio in a spark-ignition engine
where fuel and air are mixed before entry to the cylinder is limited by the need to
prevent damaging pre-ignition. Since only air is compressed in a diesel engine, and




fuel is not introduced into the cylinder until shortly before top dead centre (TDC),
premature detonation is not an issue and compression ratios are much higher.

Early fuel injection system

sDiesel's original engine injected fuel with the assistance of compressed air, which
atomized the fuel and forced it into the engine through a nozzle (a similar principle
to an aerosol spray). The nozzle opening was closed by a pin valve lifted by the
camshaft to initiate the fuel injection before top dead centre (TDC). This is called
an air-blast injection. Driving the three stage compressor used some power but the
efficiency and net power output was more than any other combustion engine at that
time.

Diesel engines in service today raise the fuel to extreme pressures by mechanical
pumps and deliver it to the combustion chamber by pressure-activated injectors
without compressed air. With direct injected diesels, injectors spray fuel through 4
to 12 small orifices in its nozzle. The early air injection diesels always had a
superior combustion without the sharp increase in pressure during combustion.
Research is now being performed and patents are being taken out to again use
some form of air injection to reduce the nitrogen oxides and pollution, reverting to
Diesel's original implementation with its superior combustion and possibly quieter
operation. In all major aspects, the modern diesel engine holds true to Rudolf
Diesel's original design, that of igniting fuel by compression at an extremely high
pressure within the cylinder. With much higher pressures and high technology
injectors, present-day diesel engines use the so-called solid injection system
applied by Herbert Akroyd Stuart for his hot bulb engine. The indirect injection
engine could be considered the latest development of these low speed hot bulb
ignition engines..

Fuel delivery

A vital component of all diesel engines is a mechanical or electronic governor
which regulates the idling speed and maximum speed of the engine by controlling
the rate of fuel delivery. Unlike Otto-cycle engines, incoming air is not throttled
and a diesel engine without a governor cannot have a stable idling speed and can
easily overspeed, resulting in its destruction. Mechanically governed fuel injection



systems are driven by the engine's gear train.**! These systems use a combination
of springs and weights to control fuel delivery relative to both load and speed.**
Modern electronically controlled diesel engines control fuel delivery by use of an
electronic control module (ECM) or electronic control unit (ECU). The ECM/ECU
receives an engine speed signal, as well as other operating parameters such as
intake manifold pressure and fuel temperature, from a sensor and controls the
amount of fuel and start of injection timing through actuators to maximise power
and efficiency and minimise emissions. Controlling the timing of the start of
injection of fuel into the cylinder is a key to minimizing emissions, and
maximizing fuel economy (efficiency), of the engine. The timing is measured in
degrees of crank angle of the piston before top dead centre. For example, if the
ECM/ECU initiates fuel injection when the piston is 10 degrees before TDC, the
start of injection, or timing, is said to be 10° BTDC. Optimal timing will depend on
the engine design as well as its speed and load.

Advancing the start of injection (injecting before the piston reaches to its SOI-
TDC) results in higher in-cylinder pressure and temperature, and higher efficiency,
but also results in elevated engine noise and increased oxides of nitrogen (NOy)
emissions due to higher combustion temperatures. Delaying start of injection
causes incomplete combustion, reduced fuel efficiency and an increase in exhaust
smoke, containing a considerable amount of particulate matter and unburned
hydrocarbons.

Major advantages
Diesel engines have several advantages over other internal combustion engines:

o They burn less fuel than a petrol engine performing the same work, due to
the engine's higher temperature of combustion and greater expansion ratio.
Gasoline engines are typically 25 percent efficient while diesel engines can
convert over 30 percent of the fuel energy into mechanical energy.*!

o They have no high-tension electrical ignition system to attend to, resulting in
high reliability and easy adaptation to damp environments. The absence of
coils, spark plug wires, etc., also eliminates a source of radio frequency
emissions which can interfere with navigation and communication
equipment, which is especially important in marine and aircraft applications.

o They can deliver much more of their rated power on a continuous basis than

; [citation needed]
a petrol engine.

[1]



« The life of a diesel engine 1s generally about twice as long as that of a petrol
engine™ due to the increased strength of parts used. Diesel fuel has better
lubrication properties than petrol as well.

Bus run by biodiesel

o Diesel fuel is considered safer than petrol in many applications. Although
diesel fuel will burn in open air using a wick, it will not explode and does
not release a large amount of flammable vapor. The low vapor pressure of
diesel is especially advantageous in marine applications, where the
accumulation of explosive fuel-air mixtures is a particular hazard. For the
same reason, diesel engines are immune to vapor lock.

« For any given partial load the fuel efficiency (mass burned per energy
produced) of a diesel engine remains nearly constant, as opposed to petrol
and turbine engines which use proportionally more fuel with partial power
outputs.[z—ﬂmm

. They generate less waste heat in cooling and exhaust.]

« With a diesel, boost pressure is limited only by the strength of the engine
components, not detonation of the fuel charge as in petrol engines.

o The carbon monoxide content of the exhaust is minimal, therefore diesel
engines are used in underground mines.**!

« Biodiesel is an easily synthesized, non-petroleum-based fuel (through
transesterification) which can run directly in many diesel engines, while
gasoline engines either need adaptation to run synthetic fuels or else use
them as an additive to gasoline (e.g., ethanol added to gasohol), making
diesel engines the clearly preferred choice for sustainability.

o \

Mechanical and electronic injection

Many configurations of fuel injection have been used over the past century (1900—
2000).



Most present day (2008) diesel engines make use of a camshaft, rotating at half
crankshaft speed, lifted mechanical single plunger high pressure fuel pump driven
by the engine crankshaft. For each cylinder, its plunger measures the amount of
fuel and determines the timing of each injection. These engines use injectors that
are very precise spring-loaded valves that open and close at a specific fuel
pressure. For each cylinder a plunger pump is connected to an injector with a high
pressure fuel line. Fuel volume for each single combustion is controlled by a
slanted groove in the plunger which rotates only a few degrees releasing the
pressure and is controlled by a mechanical governor, consisting of weights rotating
at engine speed constrained by springs and a lever. The injectors are held open by
the fuel pressure. On high speed engines the plunger pumps are together in one
unit.2” Each fuel line should have the same length to obtain the same pressure
delay.

A cheaper configuration on high speed engines with fewer than six cylinders is to
use an axial-piston distributor pump, consisting of one rotating pump plunger
delivering fuel to a valve and line for each cylinder (functionally analogous to
points and distributor cap on an Otto engine).?2 This contrasts with the more
modern method of having a single fuel pump which supplies fuel constantly at high
pressure with a common rail (single fuel line common) to each injector. Each
injector has a solenoid operated by an electronic control unit, resulting in more
accurate control of injector opening times that depend on other control conditions,
such as engine speed and loading, and providing better engine performance and
fuel economy. This design is also mechanically simpler than the combined pump
and valve design, making it generally more reliable, and less noisy, than its
mechanical counterpart.

Both mechanical and electronic injection systems can be used in either direct or
indirect injection configurations.

Older diesel engines with mechanical injection pumps could be inadvertently run
in reverse, albeit very inefficiently, as witnessed by massive amounts of soot being
ejected from the air intake. This was often a consequence of push starting a vehicle
using the wrong gear. Large ship diesels can run either way.

Indirect injection



Main article: Indirect injection

An indirect injection diesel engine delivers fuel into a chamber off the combustion
chamber, called a pre-chamber or ante-chamber, where combustion begins and
then spreads into the main combustion chamber, assisted by turbulence created in
the chamber. This system allows for a smoother, quieter running engine, and
because combustion is assisted by turbulence, injector pressures can be lower,
about 100 bar (10 MPa; 1,500 psi), using a single orifice tapered jet injector.
Mechanical injection systems allowed high-speed running suitable for road
vehicles (typically up to speeds of around 4,000 rpm). The pre-chamber had the
disadvantage of increasing heat loss to the engine's cooling system, and restricting
the combustion burn, which reduced the efficiency by 5-10 percent.*!! Indirect
injection engines were used in small-capacity, high-speed diesel engines in
automotive, marine and construction uses from the 1950s, until direct injection
technology advanced in the 1980s<“““eed] 1ndjrect injection engines are
cheaper to build and it is easier to produce smooth, quiet-running vehicles with a
simple mechanical system. In road-going vehicles most prefer the greater
efficiency and better controlled emission levels of direct injection. Indirect
injection diesels can still be found in the many ATV diesel applications.

Direct injection

Modern diesel engines make use of one of the following direct injection methods:

Direct injection injectors are mounted in the top of the combustion chamber. The
problem with these vehicles was the harsh noise that they made. Fuel consumption
was about 15 to 20 percent lower than indirect injection diesels, which for some
buyers was enough to compensate for the extra noise.

This type of engine was transformed by electronic control of the injection pump,
pioneered by FIAT in 1988 (Croma). The injection pressure was still only around
300 bar (30 MPa; 4,400 psi), but the injection timing, fuel quantity, EGR and turbo
boost were all electronically controlled. This gave more precise control of these
parameters which eased refinement and lowered emissions.

Unit direct injection

Main article: Unit Injector

Unit direct injection also injects fuel directly into the cylinder of the engine. In this
system the injector and the pump are combined into one unit positioned over each



cylinder controlled by the camshaft. Each cylinder has its own unit eliminating the
high pressure fuel lines, achieving a more consistent injection. This type of
injection system, also developed by Bosch, is used by Volkswagen AG in cars
(where it is called a Pumpe-Diise-System—Iliterally pump-nozzle system) and by
Mercedes Benz ("PLD") and most major diesel engine manufacturers in large
commercial engines (CAT, Cummins, Detroit Diesel, Volvo). With recent
advancements, the pump pressure has been raised to 2,400 bar (240 MPa; 35,000
psi),2# allowing injection parameters similar to common rail systems.>!

Common rail direct injection

Main article;: Common rail

In common rail systems, the separate pulsing high pressure fuel line to each
cylinder's injector is also eliminated. Instead, a high-pressure pump pressurizes
fuel at up to 2,500 bar (250 MPa; 36,000 psi),2¥ in a "common rail". The common
rail is a tube that supplies each computer-controlled injector containing a precision-
machined nozzle and a plunger driven by a solenoid or piezoelectric actuator.

Cold weath

Startinger

In cold weather, high speed diesel engines that are pre-chambered can be difficult
to start because the mass of the cylinder block and cylinder head absorb the heat of
compression, preventing ignition due to the higher surface-to-volume ratio. Pre-
chambered engines therefore make use of small electric heaters inside the pre-
chambers called glowplugs. These engines also generally have a higher
compression ratio of 19:1 to 21:1. Low speed and compressed air started larger and
intermediate speed diesels do not have glowplugs and compression ratios are
around 16:] [clatonneeded)

[which?]

Some engines use resistive grid heaters in the intake manifold to warm the
inlet air until the engine reaches operating temperature. Engine block heaters
(electric resistive heaters in the engine block) connected to the utility grid are often
used when an engine is turned off for extended periods (more than an hour) in cold
weather to reduce startup time and engine wear. In the past, a wider variety of
cold-start methods were used. Some engines, such as Detroit Diesel engines and
Lister-Petter engines, used™“” a system to introduce small amounts of ether into
the inlet manifold to start combustion. ¢4l gaa_Scania marine engines,




Field Marshall tractors (among others) used slow-burning solid-fuel 'cigarettes'
which were fitted into the cylinder head as a primitive glow plug,[“ornecded]

Lucas developed the Thermostart, where an electrical heating element was
combined with a small fuel valve in the inlet manifold. Diesel fuel slowly dripped
from the valve onto the hot element and ignited. The flame heated the inlet
manifold and when the engine was cranked, the flame was drawn into the cylinders
to start combustion, (e needed]

International Harvester developed a tractor in the 1930s that had a 7-litre 4-
cylinder engine which started as a gasoline engine then ran on diesel after warming
up. The cylinder head had valves which opened for a portion of the compression
stroke to reduce the effective compression ratio, and a magneto produced the
spark. An automatic ratchet system automatically disengaged the ignition system
and closed the valves once the engine had run for 30 seconds. The operator then

switched off the petrol fuel system and opened the throttle on the diesel injection
System [citation needed)

[which?]

Recent direct-injection systems are advanced to the extent that pre-chambers
systems are not needed by using a common rail fuel system with electronic fuel
iniection. [citation needed)

Gelling

Diesel fuel is also prone to waxing or gelling in cold weather; both are terms for
the solidification of diesel oil into a partially crystalline state. The crystals build up
in the fuel line (especially in fuel filters), eventually starving the engine of fuel and
causing it to stop running. Low-output electric heaters in fuel tanks and around fuel
lines are used to solve this problem. Also, most engines have a spill return system,
by which any excess fuel from the injector pump and injectors is returned to the
fuel tank. Once the engine has warmed, returning warm fuel prevents waxing in the
tank. Due to improvements in fuel technology with additives, waxing rarely occurs
in all but the coldest weather when a mix of diesel and kerosene should be used to
run a vehicle.

Early

Rudolf Diesel intended his engine to replace the steam engine as the primary
power source for industry. As such, diesel engines in the late 19th and early 20th




centuries used the same basic layout and form as industrial steam engines, with
long-bore cylinders, external valve gear, cross-head bearings and an open
crankshaft connected to a large flywheel. Smaller engines would be built with
vertical cylinders, while most medium- and large-sized industrial engines were
built with horizontal cylinders, just as steam engines had been. Engines could be
built with more than one cylinder in both cases. The largest early diesels resembled
the triple-expansion steam reciprocating engine, being tens of feet high with
vertical cylinders arranged in-line. These early engines ran at very slow speeds—
partly due to the limitations of their air-blast injector equipment and partly so they
would be compatible with the majority of industrial equipment designed for steam
engines; maximum speeds of between 100 and 300 rpm were common. Engines
were usually started by allowing compressed air into the cylinders to turn the
engine, although smaller engines could be started by hand.>!

In the early decades of the 20th century, when large diesel engines were first being
used, the engines took a form similar to the compound steam engines common at
the time, with the piston being connected to the connecting rod by a crosshead
bearing. Following steam engine practice some manufactures made double-acting
two-stroke and four-stroke diesel engines to increase power output, with
combustion taking place on both sides of the piston, with two sets of valve gear
and fuel injection. While it produced large amounts of power and was very
efficient, the double-acting diesel engine's main problem was producing a good
seal where the piston rod passed through the bottom of the lower combustion
chamber to the crosshead bearing, and no more were built. By the 1930s
turbochargers were fitted to some engines. Crosshead bearings are still used to
reduce the wear on the cylinders in large long-stroke main marine engines.

Modern




A Yanmar 2GM20 marine diesel engine, installed in a sailboat.

As with petrol engines, there are two classes of diesel engines in current use: two-
stroke and four-stroke. The four-stroke type is the "classic" version, tracing its
lineage back to Rudolf Diesel's prototype. It is also the most commonly used form,
being the preferred power source for many motor vehicles, especially buses and
trucks. Much larger engines, such as used for railroad locomotion and marine
propulsion, are often two-stroke units, offering a more favourable power-to-weight
ratio, as well as better fuel economy. The most powerful engines in the world are
two-stroke diesels of mammoth dimensions.%

Two-stroke diesel operation is similar to that of petrol counterparts, except that
fuel 1s not mixed with air before induction, and the crankcase does not take an
active role in the cycle. The traditional two-stroke design relies upon a
mechanically driven positive displacement blower to charge the cylinders with air
before compression and ignition. The charging process also assists in expelling
(scavenging) combustion gases remaining from the previous power stroke. The
archetype of the modern form of the two-stroke diesel is the Detroit Diesel engine,
in which the blower pressurizes a chamber in the engine block that is often referred
to as the "air box". The (much larger) Electromotive prime mover used in EMD
diesel-electric locomotives is built to the same principle.

In a two-stroke diesel engine, as the cylinder's piston approaches the bottom dead
centre exhaust ports or valves are opened relieving most of the excess pressure
after which a passage between the air box and the cylinder is opened, permitting air
flow into the cylinder.*AB85% The air flow blows the remaining combustion gases
from the cylinder—this is the scavenging process. As the piston passes through
bottom centre and starts upward, the passage is closed and compression
commences, culminating in fuel injection and ignition. Refer to two-stroke diesel
engines for more detailed coverage of aspiration types and supercharging of two-
stroke engine.

Normally, the number of cylinders are used in multiples of two, although any
number of cylinders can be used as long as the load on the crankshaft is
counterbalanced to prevent excessive vibration. The inline-six cylinder design is
the most prolific in light to medium-duty engines, though small V8 and larger
inline-four displacement engines are also common. Small-capacity engines
(generally considered to be those below five litres in capacity) are generally four or
six cylinder types, with the four cylinder being the most common type found in
automotive uses. Five cylinder diesel engines have also been produced, being a



compromise between the smooth running of the six cylinder and the space-efficient
dimensions of the four cylinder. Diesel engines for smaller plant machinery, boats,
tractors, generators and pumps may be four, three or two cylinder types, with the
single cylinder diesel engine remaining for light stationary work. Direct reversible
two-stroke marine diesels need at least three cylinders for reliable restarting
forwards and reverse, while four-stroke diesels need at least six cylinders.

The desire to improve the diesel engine's power-to-weight ratio produced several
novel cylinder arrangements to extract more power from a given capacity. The
uniflow opposed-piston engine uses two pistons in one cylinder with the
combustion cavity in the middle and gas in- and outlets at the ends. This makes a
comparatively light, powerful, swiftly running and economic engine suitable for
use in aviation. An example is the Junkers Jumo 204/205. The Napier Deltic
engine, with three cylinders arranged in a triangular formation, each containing
two opposed pistons, the whole engine having three crankshafts, is one of the
better known.

Gas generator

Main article: Free-piston engine

Before 1950, Sulzer started experimenting with two-stroke engines with boost
pressures as high as 6 atmospheres, in which all the output power was taken from
an exhaust gas turbine. The two-stroke pistons directly drove air compressor
pistons to make a positive displacement gas generator. Opposed pistons were
connected by linkages instead of crankshafts. Several of these units could be
connected to provide power gas to one large output turbine. The overall thermal
efficiency was roughly twice that of a simple gas turbine.* This system was
derived from Raul Pateras Pescara's work on free-piston engines in the 1930s.

Advantages and disadvantages versus spark-ignition engines

Power and fuel economy

The MAN S80ME-C7 low speed diesel engines use 155 gram fuel per kWh for an
overall energy conversion efficiency of 54.4 percent, which is the highest
conversion of fuel into power by any internal or external combustion engine.
Diesel engines are more efficient than gasoline (petrol) engines of the same power
rating, resulting in lower fuel consumption. A common margin is 40 percent more
miles per gallon for an efficient turbodiesel. For example, the current model Skoda

]




Octavia, using Volkswagen Group engines, has a combined Euro rating of
6.2 L/100 km (38 miles per US gallon, 16 km/L) for the 102 bhp (76 kW) petrol
engine and 4.4 L/100 km (54 mpg, 23 km/L) for the 105 bhp (78 kW) diesel

engine.

However, such a comparison does not take into account that diesel fuel is denser
and contains about 15 percent more energy by volume. Although the calorific
value of the fuel is slightly lower at 45.3 MJ/kg (megajoules per kilogram) than
petrol at 45.8 MJ/kg, liquid diesel fuel is significantly denser than liquid petrol.
This 1s significant because volume of fuel, in addition to mass, is an important
consideration in mobile applications. No vehicle has an unlimited volume available
for fuel storage.

Adjusting the numbers to account for the energy density of diesel fuel, the overall
energy efficiency is still about 20 percent greater for the diesel version.

While a higher compression ratio is helpful in raising efficiency, diesel engines are
much more efficient than gasoline (petrol) engines when at low power and at
engine idle. Unlike the petrol engine, diesels lack a butterfly valve (throttle) in the
inlet system, which closes at idle. This creates parasitic loss and destruction of
availability of the incoming air, reducing the efficiency of petrol engines at idle. In
many applications, such as marine, agriculture, and railways, diesels are left idling
and unattended for many hours, sometimes even days. These advantages are
especially attractive in locomotives (see dieselisation).

The average diesel engine has a poorer power-to-weight ratio than the petrol
engine. This is because the diesel must operate at lower engine speeds™ and
because it needs heavier, stronger parts to resist the operating pressure caused by
the high compression ratio of the engine and the large amounts of torque generated
to the crankshaft. In addition, diesels are often built with stronger parts to give
them longer lives and better reliability, important considerations in industrial
applications.

For most industrial or nautical applications, reliability is considered more
important than light weight and high power. Diesel fuel is injected just before the
power stroke. As a result, the fuel cannot burn completely unless it has a sufficient
amount of oxygen. This can result in incomplete combustion and black smoke in
the exhaust if more fuel is injected than there is air available for the combustion
process. Modern engines with electronic fuel delivery can adjust the timing and
amount of fuel delivery (by changing the duration of the injection pulse), and so



operate with less waste of fuel. In a mechanical system, the injection timing and
duration must be set to be efficient at the anticipated operating rpm and load, and
so the settings are less than ideal when the engine is running at any other RPM
than what it is timed for. The electronic injection can "sense" engine revs, load,
even boost and temperature, and continuously alter the timing to match the given
situation. In the petrol engine, air and fuel are mixed for the entire compression
stroke, ensuring complete mixing even at higher engine speeds.

Diesel engines usually have longer stroke lengths in order to achieve the necessary
compression ratios. As a result piston and connecting rods are heavier and more
force must be transmitted through the connecting rods and crankshaft to change the
momentum of the piston. This is another reason that a diesel engine must be
stronger for the same power output as a petrol engine.

Yet it is this characteristic that has allowed some enthusiasts to acquire significant
power increases with turbocharged engines by making fairly simple and
inexpensive modifications. A petrol engine of similar size cannot put out a
comparable power increase without extensive alterations because the stock
components cannot withstand the higher stresses placed upon them. Since a diesel
engine is already built to withstand higher levels of stress, it makes an ideal
candidate for performance tuning at little expense. However, it should be said that
any modification that raises the amount of fuel and air put through a diesel engine
will increase its operating temperature, which will reduce its life and increase
service requirements. These are issues with newer, lighter, high performance diesel
engines which are not "overbuilt" to the degree of older engines and they are being
pushed to provide greater power in smaller engines. The addition of a turbocharger
or supercharger to the engine greatly assists in increasing fuel economy and power
output, mitigating the fuel-air intake speed limit mentioned above for a given
engine displacement. Boost pressures can be higher on diesels than on petrol
engines, due to the latter's susceptibility to knock, and the higher compression ratio
allows a diesel engine to be more efficient than a comparable spark ignition
engine. Because the burned gases are expanded further in a diesel engine cylinder,
the exhaust gas is cooler, meaning turbochargers require less cooling, and can be
more reliable, than with spark-ignition engines.

With a diesel, boost pressure is essentially unlimited. It is literally possible to run
as much boost as the engine will physically stand before breaking apart.

The increased fuel economy of the diesel engine over the petrol engine means that
the diesel produces less carbon dioxide (CO,) per unit distance. Recent advances in




production and changes in the political climate have increased the availability and
awareness of biodiesel, an alternative to petroleum-derived diesel fuel with a much
lower net-sum emission of CO,, due to the absorption of CO, by plants used to
produce the fuel. Although concerns are now being raised as to the negative effect
this is having on the world food supply, as the growing of crops specifically for
biofuels takes up land that could be used for food crops and uses water that could
be used by both humans and animals. The use of waste vegetable oil, sawmill
waste from managed forests in Finland, and advances in the production of
vegetable oil from algae demonstrate great promise in providing feed stocks for
sustainable biodiesel that are not in competition with food production.

Diesel engines have a lower power output than an equivalent size petrol
enginel<@ionneeded) hoause its speed is limited by the time required for
combustion.[4iennecded] A ¢ombination of improved mechanical technology (such
as multi-stage injectors which fire a short "pilot charge" of fuel into the cylinder to
warm the combustion chamber before delivering the main fuel charge), higher
injection pressures that have improved the atomisation of fuel into smaller
droplets, and electronic control (which can adjust the timing and length of the
injection process to optimise it for all speeds and temperatures) have mitigated
most of these problems in the latest generation of common-rail designs, while
greatly improving engine efficiency. Poor power and narrow torque bands have
been addressed by superchargers, turbochargers, (especially variable geometry
turbochargers), intercoolers, and a large efficiency increase from about 35 percent
for IDI to 45 percent for the latest engines in the last 15 years.

Even though diesel engines have a theoretical fuel efficiency of 75 percent, in
practice it is lower. Engines in large diesel trucks, buses, and newer diesel cars can
achieve peak efficiencies around 45 percent,*# and could reach 55 percent
efficiency in the near future.”*! However, average efficiency over a driving cycle is
lower than peak efficiency. For example, it might be 37 percent for an engine with
a peak efficiency of 44 percent.*

Emissions

See also: Diesel particulate matter, Diesel exhaust air contaminants, Diesel
fuel#Health effects, Diesel engine#Emissions, and Exhaust gas#Diesel engines

Diesel engines produce very little carbon monoxide as they burn the fuel in excess
air even at full load, at which point the quantity of fuel injected per cycle is still
about 50 percent lean of stoichiometric. However, they can produce black soot (or




more specifically diesel particulate matter) from their exhaust. The black smoke
consists of carbon compounds that were not combusted, because of local low
temperatures where the fuel is not fully atomized. These local low temperatures
occur at the cylinder walls, and at the outside of large droplets of fuel. At these
areas where it is relatively cold, the mixture is rich (contrary to the overall mixture
which is lean). The rich mixture has less air to burn and some of the fuel turns into
a carbon deposit. Modern car engines use a diesel particulate filter (DPF) to
capture carbon particles and then intermittently burn them using extra fuel injected
directly into the filter. This prevents carbon buildup at the expense of wasting a
small quantity of fuel.

The full load limit of a diesel engine in normal service is defined by the "black
smoke limit", beyond which point the fuel cannot be completely combusted. As the
"black smoke limit" is still considerably lean of stoichiometric, it is possible to
obtain more power by exceeding it, but the resultant inefficient combustion means
that the extra power comes at the price of reduced combustion efficiency, high fuel
consumption and dense clouds of smoke. This is only done in specialized
applications (such as tractor pulling competitions) where these disadvantages are
of little concern.

Likewise, when starting from cold, the engine's combustion efficiency is reduced
because the cold engine block draws heat out of the cylinder in the compression
stroke. The result is that fuel is not combusted fully, resulting in blue and white
smoke and lower power outputs until the engine has warmed through. This is
especially the case with indirect injection engines, which are less thermally
efficient. With electronic injection, the timing and length of the injection sequence
can be altered to compensate for this. Older engines with mechanical injection can
have mechanical and hydraulic governor control to alter the timing, and multi-
phase electrically controlled glow plugs, that stay on for a period after start-up to
ensure clean combustion—the plugs are automatically switched to a lower power
to prevent their burning out.

Particles of the size normally called PM10 (particles of 10 micrometres or smaller)
have been implicated in health problems, especially in cities. Some modern diesel
engines feature diesel particulate filters, which catch the black soot and when
saturated are automatically regenerated by burning the particles. Other problems
associated with the exhaust gases (nitrogen oxides, sulfur oxides) can be mitigated
with further investment and equipment; some diesel cars now have catalytic
converters in the exhaust.




All diesel engine exhaust emissions can be significantly reduced by using biodiesel
fuel. Oxides of nitrogen do increase from a vehicle using biodiesel, but they too
can be reduced to levels below that of fossil fuel diesel, by changing fuel injection
timing.

Power and torque

For commercial uses requiring towing, load carrying and other tractive tasks, diesel
engines tend to have better torque characteristics. Diesel engines tend to have their
torque peak quite low in their speed range (usually between 1600 and 2000 rpm for
a small-capacity unit, lower for a larger engine used in a truck). This provides
smoother control over heavy loads when starting from rest, and, crucially, allows
the diesel engine to be given higher loads at low speeds than a petrol engine,
making them much more economical for these applications. This characteristic is
not so desirable in private cars, so most modern diesels used in such vehicles use
electronic control, variable geometry turbochargers and shorter piston strokes to
achieve a wider spread of torque over the engine's speed range, typically peaking at
around 2500-3000 rpm.

While diesel engines tend to have more torque at lower engine speeds than petrol
engines, diesel engines tend to have a narrower power band than petrol engines.
Naturally aspirated diesels tend to lack power and torque at the top of their speed
range. This narrow band is a reason why a vehicle such as a truck may have a
gearbox with as many as 18 or more gears, to allow the engine's power to be used
effectively at all speeds. Turbochargers tend to improve power at high engine
speeds; superchargers improve power at lower speeds; and variable geometry
turbochargers improve the engine's performance equally by flattening the torque
curve.

Noise

The characteristic noise of a diesel engine is variably called diesel clatter, diesel
nailing, or diesel knock.”*! Diesel clatter is caused largely by the diesel combustion
process, the sudden ignition of the diesel fuel when injected into the combustion
chamber causes a pressure wave. Engine designers can reduce diesel clatter
through: indirect injection; pilot or pre-injection; injection timing; injection rate;
compression ratio; turbo boost; and exhaust gas recirculation (EGR).”®! Common
rail diesel injection systems permit multiple injection events as an aid to noise
reduction. Diesel fuels with a higher cetane rating modify the combustion process
and reduce diesel clatter.*>! CN (Cetane number) can be raised by distilling higher




quality crude oil, by catalyzing a higher quality product or by using a cetane
improving additive. Some oil companies market high cetane or premium diesel.
Biodiesel has a higher cetane number than petrodiesel, typically SSCN for 100%
biodiesel. [citation needed)]

A combination of improved mechanical technology such as multi-stage injectors
which fire a short "pilot charges" of fuel into the cylinder to initiate combustion
before delivering the main fuel charge, higher injection pressures that have
improved the atomisation of fuel into smaller droplets, and electronic control
(which can adjust the timing and length of the injection process to optimise it for
all speeds and temperatures), have mostly mitigated these problems in the latest
generation of common-rail designs, while improving engine efficiency.

Reliability

The lack of an electrical ignition system greatly improves the reliability. The high
durability of a diesel engine is also due to its overbuilt nature (see above), a benefit
that 1s magnified by the lower rotating speeds in diesels. Diesel fuel is a better
lubricant than petrol so is less harmful to the oil film on piston rings and cylinder
bores; it is routine for diesel engines to cover 250,000 miles (400,000 km) or more
without a rebuild.

Due to the greater compression force required and the increased weight of the
stronger components, starting a diesel engine is harder. More torque is required to
push the engine through compression.

Either an electrical starter or an air start system is used to start the engine turning.
On large engines, pre-lubrication and slow turning of an engine, as well as heating,
are required to minimise the amount of engine damage during initial start-up and
running. Some smaller military diesels can be started with an explosive cartridge,
called a Coffman starter, which provides the extra power required to get the
machine turning. In the past, Caterpillar and John Deere used a small petrol pony
motor in their tractors to start the primary diesel motor. The pony motor heated the
diesel to aid in ignition and used a small clutch and transmission to spin up the
diesel engine. Even more unusual was an International Harvester design in which
the diesel motor had its own carburetor and ignition system, and started on petrol.
Once warmed up, the operator moved two levers to switch the motor to diesel
operation, and work could begin. These engines had very complex cylinder heads,
with their own petrol combustion chambers, and were vulnerable to expensive




damage if special care was not taken (especially in letting the engine cool before
turning it off).

Quality and variety of fuels

Petrol/gasoline engines are limited in the variety and quality of the fuels they can
burn. Older petrol engines fitted with a carburetor required a volatile fuel that
would vaporise easily to create the necessary air-fuel ratio for combustion.
Because both air and fuel are admitted to the cylinder, if the compression ratio of
the engine is too high or the fuel too volatile (with too low an octane rating), the
fuel will ignite under compression, as in a diesel engine, before the piston reaches
the top of its stroke. This pre-ignition causes a power loss and over time major
damage to the piston and cylinder. The need for a fuel that is volatile enough to
vaporise but not too volatile (to avoid pre-ignition) means that petrol engines will
only run on a narrow range of fuels. There has been some success at dual-fuel
engines that use petrol and ethanol, petrol and propane, and petrol and methane.

In diesel engines, a mechanical injector system vaporizes the fuel directly into the
combustion chamber or a pre-combustion chamber (as opposed to a Venturi jet in a
carburetor, or a Fuel injector in a fuel injection system vaporising fuel into the
intake manifold or intake runners as in a petrol engine). This forced vaporisation
means that less-volatile fuels can be used. More crucially, because only air is
inducted into the cylinder in a diesel engine, the compression ratio can be much
higher as there is no risk of pre-ignition provided the injection process is accurately
timed. This means that cylinder temperatures are much higher in a diesel engine
than a petrol engine, allowing less volatile fuels to be used.

Diesel fuel 1s a form of light fuel oil, very similar to kerosene/paraftin, but diesel
engines, especially older or simple designs that lack precision electronic injection
systems, can run on a wide variety of other fuels. Some of the most common
alternatives are Jet A-1 or vegetable oil from a very wide variety of plants. Some
engines can be run on vegetable oil without modification, and most others require
fairly basic alterations. Biodiesel is a pure diesel-like fuel refined from vegetable
oil and can be used in nearly all diesel engines. The only limits on the fuels used in
diesel engines are the ability of the fuel to flow along the fuel lines and the ability
of the fuel to lubricate the injector pump and injectors adequately. Inline
mechanical injector pumps generally tolerate poor-quality or bio-fuels better than
distributor-type pumps. Also, indirect injection engines generally run more




satisfactorily on bio-fuels than direct injection engines. This is partly because an
indirect injection engine has a much greater 'swirl' effect, improving vaporisation
and combustion of fuel, and because (in the case of vegetable oil-type fuels) lipid
depositions can condense on the cylinder walls of a direct-injection engine if
combustion temperatures are too low (such as starting the engine from cold).

It is often reported that Diesel designed his engine to run on peanut oil, but this is
not the case. Diesel stated in his published papers, "at the Paris Exhibition in 1900
(Exposition Universelle) there was shown by the Otto Company a small diesel
engine, which, at the request of the French Government ran on Arachide (earth-nut
or pea-nut) oil (see biodiesel), and worked so smoothly that only a few people were
aware of it. The engine was constructed for using mineral oil, and was then worked
on vegetable oil without any alterations being made. The French Government at
the time thought of testing the applicability to power production of the Arachide,
or earth-nut, which grows in considerable quantities in their African colonies, and
can easily be cultivated there." Diesel himself later conducted related tests and
appeared supportive of the idea.*”

Most large marine diesels (often called cathedral engines due to their size) run on
heavy fuel oil (sometimes called "bunker oil"), which is a thick, viscous and almost
flameproof fuel which is very safe to store and cheap to buy in bulk as it is a waste
product from the petroleum refining industry. The fuel must be heated to thin it out
(often by the exhaust header) and is often passed through multiple injection stages
to vaporise it.

Fuel and fluid characteristics

Main article: Diesel fuel

Diesel engines can operate on a variety of different fuels, depending on
configuration, though the eponymous diesel fuel derived from crude oil is most
common. The engines can work with the full spectrum of crude oil distillates, from
naturff}_81 gas, alcohols, petrol, wood gas to the fuel oils from diesel oil to residual
fuels.

The type of fuel used is a combination of service requirements, and fuel costs.
Good-quality diesel fuel can be synthesised from vegetable oil and alcohol. Diesel
fuel can be made from coal or other carbon base using the Fischer-Tropsch
process. Biodiesel is growing in popularity since it can frequently be used in
unmodified engines, though production remains limited. Recently, biodiesel from




coconut, which can produce a very promising coco methyl ester (CME), has
characteristics which enhance lubricity and combustion giving a regular diesel
engine without any modification more power, less particulate matter or black
smoke, and smoother engine performance. The Philippines pioneers in the research
on Coconut based CME with the help of German and American scientists.
Petroleum-derived diesel is often called petrodiesel if there is need to distinguish
the source of the fuel.

Pure plant oils are increasingly being used as a fuel for cars, trucks and remote
combined heat and power generation especially in Germany where hundreds of
decentralised small- and medium-sized oil presses cold press oilseed, mainly
rapeseed, for fuel. There is a Deutsches Institut fiir Normung fuel standard for
rapeseed oil fuel.

Residual fuels are the "dregs" of the distillation process and are a thicker, heavier
oil, or oil with higher viscosity, which are so thick that they are not readily
pumpable unless heated. Residual fuel oils are cheaper than clean, refined diesel
oil, although they are dirtier. Their main considerations are for use in ships and
very large generation sets, due to the cost of the large volume of fuel consumed,
frequently amounting to many tonnes per hour. The poorly refined biofuels straight
vegetable oil (SVO) and waste vegetable oil (WVO) can fall into this category, but
can be viable fuels on non common rail or TDI PD diesels with the simple
conversion of fuel heating to 80 to 100 degrees Celsius to reduce viscosity, and
adequate filtration to OEM standards. Engines using these heavy oils have to start
and shut down on standard diesel fuel, as these fuels will not flow through fuel
lines at low temperatures. Moving beyond that, use of low-grade fuels can lead to
serious maintenance problems because of their high sulphur content. Most diesel
engines that power ships like supertankers are built so that the engine can safely
use low-grade fuels due to their separate cylinder and crankcase lubrication.

Normal diesel fuel is more difficult to ignite and slower in developing fire than
petrol because of its higher flash point, but once burning, a diesel fire can be fierce.

Fuel contaminants such as dirt and water are often more problematic in diesel
engines than in petrol engines. Water can cause serious damage, due to corrosion,
to the injection pump and injectors; and dirt, even very fine particulate matter, can
damage the injection pumps due to the close tolerances that the pumps are
machined to. All diesel engines will have a fuel filter (usually much finer than a
filter on a petrol engine), and a water trap. The water trap (which is sometimes part
of the fuel filter) often has a float connected to a warning light, which warns when



there is too much water in the trap, and must be drained before damage to the
engine can result. The fuel filter must be replaced much more often on a diesel
engine than on a petrol engine, changing the fuel filter every 2-4 oil changes is not
uncommon for some vehicles.

Safety

Fuel flammability

Diesel fuel has low flammability, leading to a low risk of fire caused by fuel in a
vehicle equipped with a diesel engine.

In yachts diesels are used because petrol engines generate combustible vapors,
which can accumulate in the bottom of the vessel, sometimes causing explosions.
Therefore ventilation systems on petrol powered vessels are required.”**

The United States Army and NATO use only diesel engines and turbines because
of fire hazard. Diesel fuel does not explode in a manner such as petrol does, it just
slowly burns. US Army gasoline-engined tanks during World War Il were
nicknamed Ronsons, because it only took a single spark to ignite 50 or more
gallons of highly volatile gasoline.

Maintenance hazards

Fuel injection introduces potential hazards in engine maintenance due to the high
fuel pressures used. Residual pressure can remain in the fuel lines long after an
injection-equipped engine has been shut down. This residual pressure must be
relieved, and if it is done so by external bleed-off, the fuel must be safely
contained. If a high-pressure diesel fuel injector is removed from its seat and
operated in open air, there is a risk to the operator of injury by hypodermic jet-
injection, even with only 100 psi pressure.”” The first known such injury occurred
in 1937 during a diesel engine maintenance operation.”!

Diesel applications
The characteristics of diesel have different advantages for different applications.
Passenger cars

Diesel engines have long been popular in bigger cars and this is spreading to
smaller cars. Diesel engines tend to be more economical at regular driving speeds



and are much better at city speeds. Their reliability and life-span tend to be better
(as detailed). Some 40% or more of all cars sold in Europe are diesel-powered
where they are considered a low CO, option. Mercedes-Benz in conjunction with
Robert Bosch GmbH produced diesel-powered passenger cars starting in 1936 and
very large numbers are used all over the world (often as "Grande Taxis" in the
Third World).

Railroad rolling stock

Diesel engines have eclipsed steam engines as the prime mover on all non-
electrified railroads in the industrialized world. The first diesel locomotives
appeared in the early 20th century, and diesel multiple units soon after.

While electric locomotives have now replaced the diesel locomotive almost
completely on passenger traffic in Europe and Asia, diesel is still today very
popular for cargo-hauling freight trains and on tracks where electrification is not
feasible.

Most modern diesel locomotives are actually diesel-electric locomotives: the diesel
engine is used to power an electric generator that in turn powers electric traction
engines with no mechanical connection between diesel engine and traction.

Other transport uses

Larger transport applications (trucks, buses, etc.) also benefit from the diesel's
reliability and high torque output. Diesel displaced paraffin (or tractor vaporising
oil, TVO) in most parts of the world by the end of the 1950s with the U.S.
following some 20 years later.

In merchant ships and boats, the same advantages apply with the relative safety of
diesel fuel an additional benefit. The German pocket battleships were the largest
diesel warships, but the German torpedo-boats known as E-boats (Schnellboot) of
the Second World War were also diesel craft. Conventional submarines have used
them since before the First World War, relying on the almost total absence of
carbon monoxide in the exhaust. American World War II diesel-electric
submarines operated on two-stroke cycle as opposed to the four-stroke cycle that
other navies used.

Engine speeds



Within the diesel engine industry, engines are often categorized by their rotational
speeds into three unofficial groups:

« High speed engines,
« medium speed engines, and
« slow speed engines

High and medium speed engines are predominantly four stroke engines. Medium
speed engines are physically larger than high speed engines and can burn lower
grade (slower burning) fuel than high speed engines. Slow speed engines are
predominantly large two stroke crosshead engines, hence very different from high
and medium speed engines. Due to the lower rotational speed of slow and medium
speed engines, there is more time for combustion during the power stroke of the
cycle, and these engine are capable of utilising lower fuel grades (slower burning)
fuels than high speed engines.

High-speed engines

High-speed (approximately 1,000 rpm and greater) engines are used to power
trucks (lorries), buses, tractors, cars, yachts, compressors, pumps and small
electrical generators. As of 2008, most high-speed engines have direct injection.
Many modern engines, particularly in on-highway applications, have common rail
direct injection, which is cleaner burning.

Medium-speed engines

Medium speed engines are used in large electrical generators, ship propulsion and
mechanical drive applications such as large compressors or pumps. Medium speed
diesel engines operate on either diesel fuel or heavy fuel oil by direct injection in
the same manner as low speed engines.

Engines used in electrical generators run at approximately 300 to 1000 rpm and are
optimized to run at a set synchronous speed depending on the generation frequency
(50 or 60 hertz) and provide a rapid response to load changes. Typical synchronous
speeds for modern medium speed engines are 500/514 rpm (50/60 Hz), 600 rpm
(both 50 and 60 Hz), 720/750 rpm, and 900/1000 rpm.

As of 2009, the largest medium speed engines in current production have outputs
up to approximately 20 MW (27,000 hp). and are supplied by companies like
MAN B&W, Wirtsild,”* and Rolls-Royce (who acquired Ulstein Bergen Diesel in
1999). Most medium speed engines produced are four-stroke machines, however




there are some two-stroke medium speed engines such as by EMD (Electro-Motive
Diesel), and the Fairbanks Morse OP (Opposed-piston engine) type.

Typical cylinder bore size for medium speed engines ranges from 20 cm to 50 cm,
and engine configurations typically are offered ranging from in-line 4 cylinder
units to V configuration 20 cylinder units. Most larger medium speed engines are
started with compressed air direct on pistons, using an air distributor, as opposed to
a pneumatic starting motor acting on the flywheel, which tends to be used for
smaller engines. There is no definitive engine size cut-off point for this.

It should also be noted that most major manufacturers of medium speed engines
make natural gas fueled versions of their diesel engines, which in fact operate on
the Otto cycle, and require spark ignition, typically provided with a spark plug.[ﬁl
There are also dual (diesel/natural gas/coal gas) fuel versions of medium and low
speed diesel engines using a lean fuel air mixture and a small injection of diesel
fuel (so called "pilot fuel") for ignition. In case of a gas supply failure or maximum

power demand these engines will instantly switch back to full diesel fuel
operation #8314

Low-speed engines

The MAN B&W 5S50MC 5-cylinder, 2-stroke, low-speed marine diesel engine.
This particular engine is found aboard a 29,000 tonne chemical carrier.

Also known as slow-speed, or traditionally oil engines, the largest diesel engines
are primarily used to power ships, although there are a few land-based power
generation units as well. These extremely large two-stroke engines have power
outputs up to approximately 85 MW (114,000 hp), operate in the range from
approximately 60 to 200 rpm and are up to 15 m (50 ft) tall, and can weigh over
2,000 short tons (1,800 t). They typically use direct injection running on cheap
low-grade heavy fuel, also known as Bunker C fuel, which requires heating in the
ship for tanking and before injection due to the fuel's high viscosity. The heat for



fuel heating is often provided by waste heat recovery boilers located in the exhaust
ducting of the engine, which produce the steam required for fuel heating. Provided
the heavy fuel system is kept warm and circulating, engines can be started and
stopped on heavy fuel.

Large and medium marine engines are started with compressed air directly applied
to the pistons. Air is applied to cylinders to start the engine forwards or backwards
because they are normally directly connected to the propeller without clutch or
gearbox, and to provide reverse propulsion either the engine must be run
backwards or the ship will utilise an adjustable propeller. At least three cylinders
are required with two-stroke engines and at least six cylinders with four-stroke
engines to provide torque every 120 degrees.

Companies such as MAN B&W Diesel, (formerly Burmeister & Wain) and
Wairtsild (which acquired Sulzer Diesel) design such large low speed engines. They
are unusually narrow and tall due to the addition of a crosshead bearing. As of
2007, the 14 cylinder Wartsila-Sulzer 14RTFLEX96-C turbocharged two-stroke
diesel engine built by Wirtsild licensee Doosan in Korea is the most powerful
diesel engine put into service, with a cylinder bore of 960 mm (37.8 in) delivering
114,800 hp (85.6 MW). It was put into service in September 2006, aboard the
world's largest container ship Emma Maersk which belongs to the A.P. Moller-
Maersk Group. Typical bore size for low speed engines ranges from approximately
35to 98 cm (14 to 39 in). As of 2008, all produced low speed engines with
crosshead bearings are in-line configurations; no Vee versions have been produced.

Supercharging and turbocharging

Most diesels are now turbocharged and some are both turbo charged and
supercharged. Because diesels do not have fuel in the cylinder before combustion
is initiated, more than one bar (100 kPa) of air can be loaded in the cylinder
without preignition. A turbocharged engine can produce significantly more power
than a naturally aspirated engine of the same configuration, as having more air in
the cylinders allows more fuel to be burned and thus more power to be produced.
A supercharger is powered mechanically by the engine's crankshaft, while a
turbocharger is powered by the engine exhaust, not requiring any mechanical
power. Turbocharging can improve the fuel economy™>! of diesel engines by
recovering waste heat from the exhaust, increasing the excess air factor, and
increasing the ratio of engine output to friction losses. A two-stroke engine does
not have an exhaust and intake stroke. These are performed when the piston is at
the bottom of the cylinder. Therefore large two-stroke engines have a piston pump,




or electrical driven turbo at startup. Smaller two stroke engines (for example,
Detroit 71 series) are fitted with turbochargers and a mechanically driven
supercharger. Because turbocharged or supercharged engines produce more power
for a given engine size as compared to naturally aspirated engines, attention must
be paid to the mechanical design of components, lubrication, and cooling to handle
the power. Pistons are usually cooled with lubrication oil sprayed on the bottom of
the piston. Large diesels may use water, sea water, or oil supplied through
telescoping pipes attached to the cross head.

Diesel cycle

Thermodynamics

E— rj’_ﬂ\\
— S

I

[show]Branches

[show]Laws

[show]Systems

[show]System properties

[show]Material properties

Specific heat T dS

capacity ¢ N T
p= 10V
- Vop

Thermal expansion o= 1 gV

Compressibility




Vv or

[show]Equations

[show]Potentials

Internal energy U@, V)

Enthalpy H(S,p)=U+
pV

Helmholtz free AT, Vy=U-

energy TS

Gibbs free energy (T?éT,p )=H -

[show]History and Culture

[show]Scientists

vedee
The Diesel cycle is the thermodynamic cycle which approximates the pressure and
volume of the combustion chamber of the Diesel engine, invented by Rudolph
Diesel in 1897. It is assumed to have constant pressure during the first part of the
"combustion" phase (¥, to V3 in the diagram, below). This is an idealized
mathematical model: real physical Diesels do have an increase in pressure during
this period, but it is less pronounced than in the Otto cycle. The idealized Otto
cycle of a gasoline engine approximates constant volume during that phase,
generating more of a spike in a p-V diagram.

The Idealized Diesel Cycle
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I.)—IV Diagram for the Ideal Diesel cycle. The cycle follows the numbers 1-4 in
clockwise direction.

The image on the left shows a p-V diagram for the ideal Diesel cycle; where p is
pressure and v is specific volume. The ideal Diesel cycle follows the following
four distinct processes (The color references refer to the color of the line on the
diagram.):

Process 1 to 2 is isentropic compression (blue)

Process 2 to 3 is reversible constant pressure heating (red)
Process 3 to 4 is isentropic expansion (yellow)

Process 4 to 1 is reversible constant volume cooling (green)™!

The Diesel is a heat engine: it converts heat into work. The isentropic processes are
impermeable to heat: heat flows into the loop through the left expanding isobaric
process and some of it flows back out through the right depressurizing process, and
the heat that remains does the work.

Work in (W;,) is done by the piston compressing the working fluid

Heat in (Q;,) 1s done by the combustion of the fuel

Work out (W,,,) is done by the working fluid expanding on to the piston (this
produces usable torque)

Heat out (Q,.,) 1s done by venting the air

Maximum thermal efficiency



The maximum thermal efficiency of a Diesel cycle is dependent on the
compression ratio and the cut-off ratio. It has the following formula under cold air
standard analysis:

_q_ 1 o’ —1
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where

N 1s thermal efficiency

V3

o is the cut-off ratio V2(ratio between the end and start volume for the
combustion phase)

Vi

r is the compression ratio Va2
v 1s ratio of specific heats (C,/C

2
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The cut-off ratio can be expressed in terms of temperature as shown below:
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T; can be approximated to the flame temperature of the fuel used. The flame
temperature can be approximated to the adiabatic flame temperature of the fuel
with corresponding air-to-fuel ratio and compression pressure, p;. 7} can be
approximated to the inlet air temperature.

This formula only gives the ideal thermal efficiency. The actual thermal efficiency
will be significantly lower due to heat and friction losses. The formula is more
complex than the Otto cycle (petrol/gasoline engine) relation that has the following
formula;

Notto,th = 1 — 1



The additional complexity for the Diesel formula comes around since the heat
addition is at constant pressure and the heat rejection is at constant volume. The
Otto cycle by comparison has both the heat addition and rejection at constant
volume.

Comparing the two formulae it can be seen that for a given compression ratio (r),
the ideal Otto cycle will be more efficient. However, a Diesel engine will be more
efficient overall since it will have the ability to operate at higher compression
ratios. If a petrol engine were to have the same compression ratio, then knocking
(self-ignition) would occur and this would severely reduce the efficiency, whereas
in a Diesel engine, the self ignition is the desired behavior. Additionally, both of
these cycles are only idealizations, and the actual behavior does not divide as
clearly or sharply. And the ideal Otto cycle formula stated above does not include
throttling losses, which do not apply to Diesel engines.

The Diesel cycle is a combustion process of a reciprocating internal combustion
engine. In it, fuel is ignited by heat generated by compressing air in the combustion
chamber, into which fuel is injected. This is in contrast to igniting it with a spark
plug as in the Otto cycle (four-stroke/petrol) engine. Diesel engines (heat engines
using the Diesel cycle) are used in automobiles, power generation, Diesel-electric
locomotives, and submarines.

Diesel engines

Main article: Diesel engine particularly turbocharging, make up a large percentage
of the very largest Diesel engines

The Diesel engine has the lowest specific fuel consumption of any large internal
combustion engine, 0.26 1b/hp.h (0.16 kg/kWh) for very large marine engines.
Two-stroke Diesels with high pressure forced induction,




