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__________________________________________________________________________________________
The problem researched in this project is the high emission emitted by diesel engines. The main question of
this research is: “How can spark-ignition be applied in modern diesel engines to reduce the emission?”
To find out if it is possible to ignite Marine Diesel Oil and Heavy Fuel Oil by spark ignition, there are a lot of
subjects that need to be investigated. This project started by doing desk research and collecting all the
information we needed. Later on the research was extended by interviewing experts from Wärtsilä and the
University of Liverpool.
The results of these research are two solutions to reduce emission by the use of spark-ignition:
Solution 1:
The goal is to create a ‘new’ stroke in the 4-stroke cycle by using laser plugs. The compression stroke will be
substituted in a non-compression stroke by opening the exhaust valve. During the compression stroke a lot of
energy is used. When this stroke is not used, less pressure is built up and less energy is used. If the exhaust
valve opens, the air that normally will be compressed and used for combustion, escapes. To make sure there is
still a sufficient amount of air, air will be compressed by a turbo compressor and injected just before the end of
the ‘non-compression’ stroke when the exhaust valves are closed. In this way there is still enough oxygen
above the piston for the combustion.
The required temperature for the ignition of MDO is lower than normally occurs in a 4-stroke cycle. Because
the pressure and temperature in this new process is lower we can use this advantage. The laser will create a
part of the temperature. The other part is the temperature of the pre-compressed air.
Solution 2:
The goal is to ignite MDO/HFO by the use of a pre-chamber.
To ignite MDO/HFO by the use of a spark plug you need a vapor. That vapor will be ignited by the spark-plugs.
The ignited vapor ignites the rest of the fuel. HFO/MDO cannot be ignited by spark plugs, because it is very
hard to acquire vapor out of those fuels. This problem can be solved by using another fuel from which vapor
can arise. An example of a fuel that could be used is LNG. The vapor out of the LNG makes the HFO/MDO
ignite. The vapor out of the LNG has to be ignited in a pre-chamber. When the vapor is ignited in the prechamber, a big ignition flame and pressure will be created. The ignition flame will ignite the MDO/HFO. It
increases the temperature above the piston. The pressure formed in the pre-chamber provides an additional
combustion pressure. This means the power will increase.
The ideas have not been tested in practice. Before the solutions can be carried out in practice, further research
is recommended. Theoretically, spark plugs can be implied in modern diesel engines to reduce the emission.
According to this research, spark plugs are able to ignite the HFO/MDO when a pre chamber is used. Lasers are
able to ignite the fuel as well.
The emissions will be reduced by applying the plugs or lasers in diesel engines. When plugs or lasers ignite the
fuel, instead of spontaneous combustion, less energy is used so less pollutant matter is emitted. NOx emission
is reduced because of the lower combustion temperature.
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Recommendations
The ideas can be implemented, when the solutions and recommendations are examined. Each diesel engine
has its own specifications. Of great importance is the diameter of the cylinder. The larger a cylinder is, the
larger the cylinder liner, the cylinder head and thus the size of the combustion space. In a larger engine more
energy is required for the combustion. The number of spark plugs or lasers required for an optimal combustion
differ for each engine. This has to be defined for each particular engine. The amount of plugs depends on the
capacity of the plugs as well.
During the combustion process, the plugs will become soiled because combustion residues remain on the spark
plugs and on the lens of the laser. Tests need to be taken to determine the amount of pollution and the
durability of the spark plugs and lasers.
It is recommended to establish the fuel consumption related to Revolutions Per Minute (RPM). This
information is required to determine the best fuel and air mixture. It will also help to determine the reduction
of emissions.
The air and fuel mixture must be aligned in a way that the most complete combustion can be reached. This
must be determined for each type of engine. The amount of air and energy that is needed for the best
compression and combustion has to be determined as well.
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Preface
__________________________________________________________________________________________
We are students of the Rotterdam Mainport University of applied sciences. We are in our second year of
the study Bachelor of Maritime Operations. Our names are: Tirza Krul, Désirée Sommers, Michelle van der
Wees, Denise Smit and Marloes Marijnsen and we are about to write history. This year is the first year a
group of girls design and present a project for the Maritime sector at the Maritime Symposium. The topic
of our project is spark ignited HFO and MDO. The Holy Grail of all topics! A very technical subject that is
related to the main theme of the Maritime Symposium: Improvement and Innovation’.
Our main goal is to find out if it is possible to ignite MDO by spark-ignition to reduce the emissions. But
our dream comes true if we can design an engine that not only does ignites MDO by using a sparkplug, but
also has a high efficiency, favourable specific fuel consumption, long life, and smooth, stable operating
characteristics!
Not only our goal, but also this project was a big challenge for all of us and we could not have done this
without the help of our principles and experts. Therefore our special thanks go to our group manager Mr.
van Kluijven and our principle Mr de Jongh. A very special thanks to Sandor Portman, Engine Performance
Expert at Wärtsilä and to Geoff Dearden, expert at the University of Liverpool.

Project group 6

5

INTRODUCTION
__________________________________________________________________________________________
To find out if it is possible to ignite Marine Diesel Oil and Heavy Fuel Oil by spark ignition, there are a lot
of subjects that need to be investigated. This project started by doing desk research and collecting all the
information we needed. Later on the research was extended by interviewing experts from Wärtsilä and
the University of Liverpool.
In this final report all our knowledge is written down. The subjects are divided into sub questions, which
eventually give the answer to the main question: ‘How can spark-ignition be applied in modern diesel
engines to reduce the emission?’
Starting with chapter one about the working principal of an engine, differences between diesel engines
and petrol engines and different types of engines. Chapter two is about fuels and what the properties are
from Heavy Fuel Oil, Marine Diesel Oil, gasoline and LNG. Continuing with chapter three about spark plugs
and laser plugs, which could be the answer to our main question. In chapter four the research is closed
with solutions and recommendations.
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Spark ignited HFO and MDO
Problem description
Since the invention of the Diesel engine by Rudolf Diesel in 1892, diesel engines have been improved and
renewed. Nevertheless the ideal situation has not been achieved yet. Diesel engines nowadays run on HFO
and MDO. HFO is the most inexpensive fuel but also the most pollutant fuel. MDO is a more cleaner fuel
but too expensive.
The major problem is that exhaust gases, from diesel engines running on HFO and MDO, contain harmful
substances like NOx, SOx and CO2. These gases are harmful for the environment and increase the
greenhouse effect. The air quality deteriorates, as well as the health of human and nature.
One of the causes of the emission is the incomplete combustion of the HFO and MDO. Unlike diesel
engines, Otto-engines are working by a principle that the ignition of the fuel can be determined by using
spark plugs. The major advantage of this principle is the reduced emission and the higher efficiency. The
problem is that engines with spark ignited HFO or MDO has never succeeded.
Objective
An engine in which HFO and MDO can be ignited by using spark plugs with the results: a complete
combustion and emission reduction.
Problem definition
Diesel engines produce too much emission.
Main Question
How can spark-ignition be applied in modern diesel engines to reduce the emission?
Sub questions
1. Engines
1.1 How does a diesel engine work?
1.2 How does an Otto engine work?
1.3 Types of engines
1.4 Emissions caused by diesel engines
2. Fuels
2.1 What are the properties of heavy fuel oil?
2.2 What are the properties of marine diesel oil?
2.3 What are the properties of gasoline and LNG
3. Spark ignition
3.1 What are sparkplugs?
3.2 How do sparkplugs work?
3.3 What are the advantages of the use of spark plugs?
4. Lasers
4.1 How does a laser plug work?
4.2 Development of lasers
4.3 How can emissions be reduced by the use of lasers?
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1 Engines
___________________________________________________________________________________________
A diesel engine is a type of engine that was invented by Rudolf Diesel at the end of the 19 th century. Diesel
engines, also called compression-ignition engines, are internal combustion engines used in propulsionand auxiliary systems onboard vessels. The Otto-engine or petrol engine, invented by Nikolaus Otto, is an
internal combustion engine with spark ignition. This type of engine is not used onboard vessels. To found
out if it is possible to create an engine, which ignites MDO by using a spark plug, we will have a closer look
on both types of engines.
Because there are many different types of engines a division is made based on the size, the speed, the
version and the working principle.
Size:
Speed:
Version:
Working principle:

Large
Low speed
2-stroke
Diesel Engines (DE)
Spark-ignited engines (SG)
Dual-fuel engines (DF)
Gas-diesel engines (GD)

Medium
Medium speed
4-stroke

Small
High speed

1.1 The working principle of a diesel engine
For the operation of a diesel engine four functions involving
air-fuel mixture are necessary. First is the scavenging,
second compression, third the ignition and fourth is the
combustion. These functions can perform in two-stroke cycle
designs and in four-stroke cycle designs.
Air is led into the intake port. The inlet valve opens and the
cylinder is filled with air. The piston compresses the air
when it moves up. The high compression ratio and the rapid
compression of the air ensure a high temperature and a high
pressure. At this point temperatures are reached which
ignite the Diesel fuel when it is injected into the cylinder by
the injector. Gases, released by combustion, plus the raised
pressure force the piston to move downwards. Expended
gases leave the cylinder trough the exhaust port and a new
charge of fuel and air is admitted. The process repeats. This
process is called compression ignition and is the
characteristic operating principle of Diesel engines.
Compression ratio (C.R) is an engine measurement. It is defined as the Total Volume divided by the
Clearance Volume. The clearance volume is the volume of air around the heads of the valves and the
contours of the combustion chamber when the piston is in top dead center. The total volume is the
clearance volume plus the piston displacement. The degree of compression, the filling pressure and the
combustion pressure achieved in the cylinder is related to the amount of power an engine develops. The
higher the degree of compression, the higher the theoretical efficiency with which the fuel is burned.
Although a high compression ratio is desirable, there is a limit on maximum combustion pressure.
For achieving a high efficiency of an engine, pressures, volumes and
temperatures must be like the ideal Diesel cycle that is represented in the
P-V diagram. The cycle follows the numbers in clockwise direction. The
line of the constant pressure is the combustion and the line of a constant
volume shows the exhaust. The work that is generated for each cycle
corresponds to the area within the loop.

Project group 6

8

Two-stroke cycle
In a two-stroke cycle the intake, compression, ignition and the exhaust is completed by one revolution of
the crankshaft and two strokes of the piston. The cycle starts when the piston is near bottom dead center.
Two-stroke engines do not have an inlet valve, so air is let in through ports in the cylinder wall. A
mechanically driven blower of a turbocharger is used to fill the cylinder with air. Now the piston moves up
and compresses the air. Fuel is injected near top dead center, resulting in combustion due to the high
pressure and temperature created by compression. This forces the piston to go down. As it moves
downwards, the inlet ports are covered and exhaust ports are opened to expel the high-pressure
combustion gasses. Near bottom dead center the inlet ports opens again to remove some of the remaining
exhaust gasses and the cycle starts again. The figure down below shows the two-stroke cycle.

4-stroke cycle
This cycle is completed in two revolutions of the crankshaft, or every four strokes of the piston.
1. Intake stroke- This stroke begins at top dead center. The piston is at the closest position to the cylinder
head. The piston moves downwards toward the crankshaft and the intake valve opens. Air is drawn into
the cylinder.
2. Compression stroke- Just before bottom dead center, the intake valve closes. As the piston move
upwards, the air in the cylinder is compressed. When the piston almost reaches top dead center, fuel is
injected into the cylinder.
3. Power stroke – When the fuel is injected in the cylinder at the end of the compression stroke, the fuel
ignites and gasses expend. This causes a extreme high temperature and a high pressure which causes the
piston to move down. This energy rotates the crankshaft and is delivered from the piston through the
connection rod and crankshaft, so the crank mechanism converts a reciprocating motion into a rotary
motion.
4. Exhaust stroke – When the fuel is burned, exhaust gasses remain in the cylinder. The exhaust valve is
opened and when the piston moves upward it forces the exhaust gasses to leave the cylinder. When all the
gasses left the cylinder the exhaust valve closes and the 4-stroke cycle starts again.
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1.2 Working principle of an Otto engine
Petrol engines, or gasoline engines, are also internal combustion engines but not applied onboard vessels.
Gasoline is flammable and dangerous in large quantities and therefore forbidden by legislation. The
working principal of a petrol engine is slightly different then from a diesel engine, although they also work
by a two-stroke or 4-stroke cycle. In a petrol engine, a mixture of air and fuel is led into the cylinder before
the compression. Just before top dead centre the mixture of air and fuel ignites by a spark plug instead of
compression. Further information about spark plugs and spark ignition will be explained in chapter 3.

1.3 Types of engines
Many modern large diesel engines nowadays run on MDO or HFO. Technology keeps improving and new
types of engine with lower emissions are developed. In this chapter, a further explanation about the
newest spark-ignited gas engines, duel-fuel engines and gas-diesel engines will follow. This can be
interesting for the solution of this research. For developing an engine running on MDO by using a spark
plug, the normal construction of a diesel engine has to be adjusted. This research is based on a 4-stroke
diesel engine from Wärtsilä type 32 6L32. Not only in this engine, but in all Wärtsilä engines, the inlet
valves close just before the piston reaches the bottom dead centre. This method is called the “Miller
timing”. It results in a higher engine efficiency and lower emissions, because it reduces the work of
compression and the combustion temperature.
Spark-ignited engines (SG)
These engines are gas engines, working on the Otto-cycle principle. Compared to a normal Otto-engine
where a mixture of gasoline and air fills the cylinder, a mixture of gas and air is in used in this engine. Gas
is also fed into a small pre chamber during the intake stroke. Compared to the gas mixture in the cylinder,
the gas mixture in the pre chamber is rich. The gas and air mixture in the pre chamber is ignited by a
spark plug at the end of the compression phase. The flames from the nozzle of the pre chamber then ignite
the mixture in the cylinder. After this stroke the cylinder is emptied during the exhaust-stroke and the
process starts again.
Dual-fuel engines (DF)
The dual-fuel engine utilizes a “lean-burn” Otto combustion process when operating on gas. Here, the gas
is mixed with air before the intake valves during the air intake period. After the compression phase, the
gas/air mixture is ignited by a small amount of liquid pilot fuel (LFO). After the working phase the exhaust
gas valves open and the cylinder is emptied of exhaust gases. The inlet air valves open when the exhaust
gas valves close, and the process starts again. The dual-fuel engine is also equipped with a backup fuel
system. In the event of a gas supply interruption, the engine transfers from gas to fuel oil operation (LFO,
HFO) at any load instantaneously and automatically. Furthermore, the separate backup fuel system makes
it possible to switch over from LFO to HFO without load reduction. During fuel oil operation the DF engine
utilizes the conventional diesel process.1
Gas-diesel engines (GD)
The GD engine utilizes the diesel combustion process in all operational modes. In gas mode, the gas is
injected at high pressure after the pilot fuel and is ignited by the flame from the pilot fuel injection. The
amount of pilot fuel is equivalent to approximately 5% of the fuel energy input at full engine load. The gasdiesel engine can be switched over instantly to liquid fuel mode operation. The liquid fuel can be light fuel
oil, heavy fuel oil or crude oil. In this case, the process is the same as the conventional diesel process. In
fuel sharing mode, the ratio between liquid and gas fuel amounts can be controlled and varied during
operation. The operating window for the fuel sharing mode is 30 to 100% load and the gas/liquid fuel
ratio can vary according to the fuel sharing window. The gas-diesel process can tolerate big variations in
the gas quality and is especially suitable for “non-pipeline quality gas”, such as associated gas in oil fields. 2

1
2

http://www.wartsila.com/en/power-plants/technology/combustion-engines/multi-fuel-engines
http://www.wartsila.com/en/power-plants/technology/combustion-engines/introduction
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1.4 Emissions caused by diesel
engines
Diesel engines nowadays run on HFO and MDO.
HFO is the most inexpensive fuel but also the
most pollutant fuel. MDO is a more cleaner fuel
but too expensive. The major problem is that
exhaust gases, from diesel engines running on
HFO and MDO, contain harmful substances like
NOx, SOx, CO2 and a few other substances, which
are shown in the picture. These gases are
harmful for the environment and increase the
greenhouse effect. The air quality deteriorates, as
well as the health of human beings and the
environment.
First the substances will be explained:
-

-

-

-

Nitrogen oxides, NOx (NO, NO2 and NO3),
are produced during combustion at a high temperature.
NO + CH3O2 → NO2 + CH3O
NO2 + sunlight → NO + O
Sulfur dioxides is produced by the sulfur in the fuels. It reacts with the oxygen.
S + O2 → SO2
Carbon dioxide (CO) is produced by the combustion of the fuel. The carbon reacts with the
oxygen.
C + O2 → CO2
Particulate Matter (PM) are substances in the air which are smaller than 10 micrometers. They
are formed from sulfur, ash, burned lubricating oil and unburned fuel.
Carbon monoxide (CO) is a colorless, odorless and tasteless gas. It is produced by incomplete
combustion of carbon.
2 C + O2 → 2 CO
Unburned hydrocarbons (HC) are the result of an incomplete combustion.

NOx is formed during the combustion in a diesel engine because of the high temperatures. Mostly nitrogen
from the air will become NOx. NOx production can be reduced when combustion temperatures are
lowered. Also the time of exposure to high temperatures contributes to the forming of NOx because there
is ‘more time’ for the molecules to find each other and react to NOx. For this reason more NOx is formed in
a 2-stroke engine because of the duration of the process.
Sulphur is prevalent in all raw materials such as crude oil and coal. Sulphur in the fuel is converted to SOx
when the fuel is burned. Reducing sulphur emissions is possible by removing sulphur during the refining
process or substituting with fuels with no sulphur like gaseous fuels.
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In this research the focus will be on reducing the NOx emissions. These emissions can be reduced by
applications and improvements of the engine. SOx will be left out of account, these emission are the result
of the type of fuel that is used.
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2. Fuels
__________________________________________________________________________________________
_
In this project the properties of different fuels have been researched. These fuels are Heavy Fuel Oil
(HFO), Marine Diesel Oil (MDO), Gasoline and Liquid Natural Gas (LNG). We have looked at the properties
of gasoline and LNG because these fuels can be ignited with a spark plug. HFO and MDO cannot be ignited
with a spark plug.
First we will explain a few definitions that are used in the tables below.
1.

Density; This is the relationship between volume and mass at a stated temperature. The SI unit is
kg/m3.

2.

Viscosity; The viscosity is measured at a certain temperature. It is a measure for the fluidity of the
fuel. A high viscosity grade indicates that a fluid will resist a tendency to flow. A low viscosity
grade indicates that a fluid will flow very easily.

3.

Flash point; This is the lowest temperature at which the vapor above the liquid can be ignite by
the use of a spark.

4.

Pour point; The pour point is the lowest temperature at which a fuel can still be handled.

5.

Auto-ignition temperature; Also called the kindling point, this is the lowest temperature of a
substance at which it will spontaneously ignite in a normal atmosphere.

6.

Sulphur; The amount of sulphur in a fuel depends on the refining process and the crude oil origin.
The sulphur in fuel converts into sulfur oxides when it burns:
S + O2  SO2 and 2 SO2 +O2  2 SO3.
The sulphur oxides are corrosive to engine components when combustion gases cools. The
sulphur must be neutralized by the cylinder lubricant. The amount of sulphur is also important
for the emission of SOx which is bad for the environment.

7.

Cloud point; The temperature at which a clear transparent fuel will become cloudy due to the
formation of wax crystals.

8.

Cetane and octane rating: An important property of a fuel is the octane rating. Or in the case of
diesel, the cetane rating. The octane rating of gasoline refers to its resistance to pre-ignition, also
called ‘knocking’ or ‘pinging’. The higher the octane rating number, the greater resistance to autoignition or knock the fuel has. In gasoline engines a high octane number is desirable. The cetane
rating is basically the same but that name is only used for diesel. So the cetane number is a
measure for a fuel’s ignition delay. In a diesel engine, the higher cetane fuels will have a shorter
ignition delay period than lower cetane fuels. So the higher the cetane number, the more easily
the fuel will combust in a compression setting. When the delay of the ignition is minimized the
result is less unburned fuel in the cylinder at the beginning and less intense knock. Because of this
a higher cetane rated fuel usually causes an engine to run more smoothly and quietly but the
efficiency is not always greater. In some engines it does. Heavy fuel oil does not have a cetane or
octane number. The two scales that are used for those fuels is CCAI and CII.
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2.1 The properties of Heavy Fuel Oil
Diesel fuel is made of crude oil. The fuels for marine use can be divided in three types:
1. Distillate (DMA, DMX, DMB and DMC) also called Gas Oil or Marine Gas Oil;
2. Intermediate (IFO 180, 380) also called Marine Diesel Fuel or Intermediate Fuel Oil;
3. Residual (RMA-RML) also called Fuel oil or Residual Fuel Oil.  HFO
Heavy Fuel Oil (HFO), the third group, is a low-grade oil and has a high viscosity.
In the table “Marine Residual Fuels” are the properties of HFO shown. The “RM” stands for Residual
Marine Oil. HFO can be divided in groups indicated by the numbers 10, 30, 80, 180, 380, 500 and 700.
These numbers indicate the viscosity grade of the fuel. These groups are sub-divided into groups. These
are indicated by the letters A, B, C, D, E, F, G, H, K and L. The letters indicates the quality of the fuel. A high
grade fuel is ‘A’ and low grade fuel is ‘L’. 3
4

3
4

Kluijven van, P.C. (2011) The International Maritime Language Programme
https://www.bimco.org/~/media/News/2010/Technical/ISO_8217_2010.ashx
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2.2 The properties of Marine Diesel Oil
Marine Diesel Oil
Marine Diesel Oil (MDO) is made of crude oil by distillation in a refinery. Distillation is a process to
separate liquids based on different boiling points. MDO is most used by medium speed engines.
Oceangoing vessels, which bunker residual fuels, take also distillate fuels for use in auxiliary engines and
sometimes for use in port.
There are 4 MDO-grades, indicated by the letter X, A, B and C. The first letter “D” signifies “distillate fuel”
and the second “M” signifies “marine fuel”.
DMX: marine distillate fuel X is a light special distillate. It is mainly intended for emergency
generators.
DMA: marine distillate fuel A is also called Marine Gas Oil (MGO). This fuel has to be free from
traces of residual fuel (HFO). It is a common fuel for small and medium sized marine engines (less
than 5 liters per cylinder), like tugboats, fishing boats, crew boats, drilling rigs and ferry boats.
DMB: marine distillate fuel B is allowed to have traces of residual fuel. It is used in engines with 530 liters or more than 30 liters per cylinder, namely ocean-going vessels such as container ships,
oil tankers, bulk carriers, and cruise ships.
DMC: marine distillate fuel C may contain residual fuel and can also be used in engines with 5-30
liters or more than 30 liters per cylinder.
The properties of MDO
The properties of X, A, B and C will be different due to the allowance of traces of residential fuel.
Before a fuel (DMB and DMC) will be used, it will be purified to remove water. The maximum density is
990 kg/m3. When the density is higher, the fuel cannot be cleaned with a separator. The density is also
used to calculate the quantity of the fuel delivered.
The viscosity is measured at a certain temperature (in the table 40 °C). It is a measure for the fluidity of
the fuel. DMC has the highest viscosity grade at a temperature of 40 °C. This means the fluid will flow less
easily. DMX has the lowest viscosity grade which means the fluid will flow easily. The viscosity of the fuel
can be lowered by heating. Preheating is lowering the viscosity before the fuel enters the engine.
The flash point of the fuels should be at least 60 °C to prevent explosion and fire. A flash point less than 60
°C but not less than 43 °C is permitted, but only when it is used for emergency generators and for feeding
the emergency fire pump's engines and the auxiliary machines.
The pour point is the lowest temperature at which the fuel can continue to flow. When the pour point is
reached, the fuel will become semi solid and loses its flow characteristics. It is important in the process of
transferring a fuel. For example transferring the fuel from shore-based tanks or fuel-boat into the bunkers
aboard the ship. DMC and DMB have the highest pour point and DMA the lowest.
DMX has a cloud point at 16 °C. This means the clear transparent fuel becomes hazy or cloudy. This is
caused by the formation of wax crystals.
The cetane index of DMC is not applicable, because cetane-improving additives have been used.
The carbon residue is a measure for the carbon deposition by combustion of fuel. It does not represent
combustion conditions in an engine. It carbon residue shows the pollution of the piston rings, exhaust
valves, piston etc. DMA has the highest carbon residue: 2.50 %(m/m).
The ash content is a measure for non-organic material in the fuel. It can be from the crude oil, but also
from transporting and refining. Mostly it shows the presence of metals in the fuel like nickel, vanadium
and iron. The substances cause wear and corrosion. DMC has the highest percentage of ash.
Water in the fuel causes problems with cleaning the fuel and causes corrosion for example by fuel pumps
and atomizers. The percentage of water in fuel can be translated into a corresponding energy loss for the
customer. The water is onboard removed by a purifier.
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Vanadium is a metal, which is present in every crude oil. The metal is bound to carbon and cannot be
separated from the fuel. DMC has 100 mg/kg vanadium. 5

http://www.chevronmarineproducts.com/mwg-internal/de5fs23hu73ds/progress?id=2u9IFZGMg9
http://www.epa.gov/otaq/regs/nonroad/marine/ci/fr/dfuelrpt.pdf
5
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2.3 The properties of gasoline and LNG
Gasoline
Gasoline is a transparent, petroleum-derived oil that is used primarily as a fuel in internal combustion
engines. Gasoline is refined from crude oil, which is the generally accepted origin from plant and animal
life from 100 to 600 years ago. Gasoline consists mostly of organic compounds obtained by the fractional
distillation of petroleum, which is blended with a variety of additives. As an alternative fuel, gasoline
sometimes contain ethanol. 67
LNG
LNG means Liquefied natural gas, is a natural gas which mainly consist out of methane, CH4. The gas has
been converted to a liquid form. This to ease the storage and transport. In the liquid form, natural gas
takes up about 1/600th the volume of natural gas in the gaseous state. LNG is odorless, colorless, non-toxic
and non-corrosive.
LNG has some properties that are very different to the properties of fuels such as diesel and gasoline. For
example LNG has a higher flammability range in air. LNG has also a higher auto ignition temperature in
comparison with other liquid fuels.
Properties of LNG and gasoline can be found in the tables below. There are also properties shown of other
fuels and a table with the auto-ignition temperature of different fuels. 89

6http://transportation.centennialcollege.ca/oduffy/power%20lift%20truck/level%202%20fuels/Gasoline.pdf

http://en.wikipedia.org/wiki/Gasoline
http://www.liquefiedgascarrier.com/LNG.html
9 http://nl.wikipedia.org/wiki/Lng
7
8
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http://www.afdc.energy.gov/fuels/fuel_comparison_chart.pdf
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3. Spark plugs
__________________________________________________________________________________________

3.1 What are spark plugs?
Spark plugs exist in every spark-ignition engine. The main function of the spark plug is
to do just as the name implies: it has to provide a spark to the combustion chamber.
This spark is used for reciprocating motion of the of the piston. The spark will ignite
and combust a flammable liquid. This flammable liquid is actually a mix of air and fuel.
The combustion or explosion creates a pressure that drives the piston downward.
Another function of the spark plug is to remove heat from the combustion chamber.
These two primary functions of the spark plug will be explained in this chapter. 11
Ignite the air/fuel mixture
A spark plug ignites compressed fuel/air mixture by an electric spark, while containing combustion
pressure within the engine. The spark plug delivers the electric current that is required to ignite the fuel.
Sufficient amount of voltage must be supplied by the ignition system to cause it to spark across the spark
plug’s gap. This is called “Electrical Performance.” The current is delivered from an ignition system to the
combustion chamber of a spark-ignition engine.
Remove heat from the combustion chamber
A spark plug does not create heat. It works as a heat exchanger. It pulls unwanted thermal energy away
from the combustion chamber, and transfers the heat to the engine’s cooling system. The heat range is
defined as a plug’s ability to dissipate heat.

11

http://www.ehow.com/how-does_4564903_spark-plug-work.html
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3.2 The working of spark plugs
An electrical current is conducted through the main electrode of
the spark plug from a generation source, whether it is a battery,
generator or alternator. This current is transformed into a
higher voltage from the coil. 12
The plug is connected to that high voltage. This high voltage is
connected by an ignition coil or magneto. A voltage difference
develops between the central electrode and side electrode as
the electrons flow from the coil. No current can flow. This is
because the fuel and air in the gap is an insulator. However, as
the voltage rises further, it begins to change the structure of the
gases between the electrodes. Once the voltage exceeds
the dielectric strength of the gases, the gases become ionized.
The ionized gas becomes a conductor and allows electrons to
flow across the gap.
The voltage of spark plugs can go up to 45,000 volts.
They supply higher current during the discharge process
resulting in a hotter and longer-duration spark.
As the current of electrons surges across the gap, it raises the
temperature of the spark channel. The intense heat in the spark
channel causes the ionized gas to expand very quickly, like a
small explosion.
When the engine cycles through a full revolution, the spark plug
fires into the combustion chamber or chambers. This depends
on the number of cylinders that the engine has. The spark firing
is controlled by the distributor cap. A small set of points, called a
switch, is opened and closed. This is to provide the current flow
from the high voltage coil to each spark plug. This in turn fires
the spark plug to ignite the gas in each cylinder. 13
The heat and pressure force the gases to react with each other. At the end of the spark event there should
be a small ball of fire in the spark gap as the gases burn on their own. The size of this fireball or kernel
depends on the exact composition of the mixture between the electrodes and the level of combustion
chamber turbulence at the time of the spark. A small kernel will make the engine run as though
the ignition timing was retarded. A large one as though the timing was advanced.

12
13

http://www.ehow.com/how-does_4564903_spark-plug-work.html
http://www.gsparkplug.com/
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Construction
The basic construction of spark plugs has not changed since its inception of the first combustion engine.
Spark plugs have not been renewed and innovated, since they work properly for car engines.

All spark plugs have the same basic construction.
An electrode. This is the center part of the spark plug that carries the current. The electrode runs
the entire length of the spark plug.
The top of the electrode is where the plug wires connects. The electrode is insulated from the rest
of the body with a glass insulator. The glass is the white part of the spark plug.
There is a threaded metal portion of the plug where the spark plug is screwed into the
combustion chamber. This is also known as the ground point of the spark plug.
There is a gap between the bottom of the electrode and this ground point. This is the gap of the
spark plug that is referenced for every engine specification. The size of the air gap regulates how
large a spark will be fired into the chamber. The air gap is vital for the spark to occur.
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Problems that can occur when spark-plugs are used
Pre-ignition
Pre-ignition happens when the air and fuel mixture in the cylinder of an engine is ignited before the spark
plug fires. Causes of pre-ignition could be the following:
-

An overheated spark plug, caused by a heat range that is too hot for the application
Glowing carbon deposits on a hot exhaust valve. This can occur when the valve is running too
hot because of poor seating, a weak valve spring or insufficient valve lash.
A sharp edge in the combustion chamber or on top of a piston. His problem can be eliminated by
rounding sharp edges with a grinder.
Sharp edges on valves that were reground improperly. With reground improperly is meant that
there is not enough margin left on the edges.
A lean fuel mixture
An engine that is running hotter than normal due to a cooling system problem By example low
coolant level, slipping fan clutch, inoperative electric cooling fan or other cooling system problem.
Auto-ignition of engine oil droplets.
The use of low octane fuel.

To prevent pre-ignition, the following proceedings could contribute to make the system work properly
again:
-

A change to a higher octane fuel which increases the combustion temperature of the fuel and
reduces the proclivity to detonate
Use a colder plug,
A richer fuel mixture. This alters the chemical reactions during combustion and reduces the
combustion temperature.
See if ignition timing has to be retarded, and if do so.
Check the engines cooling system, it has to work properly.
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Detonation
Pre-ignition most often leads to detonation, which is very dangerous and harmful to a spark plug. If
detonation is allowed to persist under extreme conditions or over many engine cycles, engine parts can be
damaged or destroyed. It can break insulators or break off ground electrodes.
Detonation is characterized by an instantaneous, explosive ignition of at least one pocket of fuel/air
mixture outside of the flame front. A local shockwave is created around each pocket and the cylinder
pressure rises sharply beyond its limits.
When the plug tip becomes too hot, this is most frequently caused by hot spots in the combustion
chamber. Hot spots will allow the air/fuel mixture to pre-ignite. As the piston is being forced upward by
mechanical action of the connecting rod, the pre-ignited explosion will try to force the piston downward. If
the piston can't go up because of the force of the premature explosion and it can't go down because of the
upward motion of the connecting rod, the piston will rattle from side to side. The resulting shock wave
causes an audible pinging sound. This is detonation.
Most of the damage that an engine sustains when "detonating" is from excessive heat . The spark plug is
damaged by both the elevated temperatures and the accompanying shock wave, or concussion.
Detonation can be prevented by decreasing the manifold pressure by reducing the throttle opening, boost
pressure or reducing the load on the engine.
Misfires
A spark plug is said to have misfired when enough voltage has not been delivered to light off all fuel
present in the combustion chamber at the proper moment of the power stroke. With proper moment of
the power stroke is meant: a few degrees before top dead center. A spark plug can deliver a weak spark or
no spark at all for a variety of reasons, like defective coil, too much compression with an incorrect plug
gap, dry fouled or wet fouled spark plugs, insufficient ignition timing. 14
Slight misfires can cause a loss of performance. The engine only gets energy from that of the fuel part that
is ignited. When fuel is not lit, there is no energy created.
Severe misfires will cause poor fuel economy and can lead to engine damage.
Fouling
Fouling occurs when the spark plug tip temperature is insufficient to burn off carbon, fuel, oil or other
deposits. It will cause spark to leach to metal shell.
Wet-fouled spark plugs must be changed because the spark plugs will not fire when they are wet-fouled.
If the spark-plugs are dry-fouled, they sometimes can be cleaned by bringing the engine up to operating
temperature.

14

http://www.ngksparkplugs.ca/tech-info-spark-plugs.cfm
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Examples of damaged spark plugs
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3.3 The advantages of the use of spark plugs
Diesel engines do not use spark plugs to ignite the fuel. In diesel engines, the fuel combusts spontaneously
because the fuel is compressed. The pressure required to heat the air to the required temperature for this
spontaneously combustion is very high. Because of this high pressure, the engine block has to be very
strong. When spark plugs are being used, the material for the engine block does not have to be that strong,
which reduces the weight of the engine and makes the engine less expensive.
The compression of the air is done by the piston in the cylinder, which requires energy, fuel. When sparkplugs are used, the compression is no longer required. This saves fuel, which is better for the environment
and results in a reduction of pollutant emission.
Every engine produces pollutant emission, where upon NOx. The term NOx includes nitrogen oxides NO
and NO2 (nitric oxide and nitrogen dioxide). They are produced from the reaction
of nitrogen and oxygen gases in the air during combustion, especially at high temperatures.
When the fuel is ignited by spark-ignition, the local temperature is lower due to flame propagation. During
flame propagation, the heat that is released is continuous transferred. The lower combustion temperature
leads to less emission of NOx.
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4. Lasers
__________________________________________________________________________________________________________________________
Lasers are concentrated beams of light at a given frequency. The function of a laser is the same as the
function of a spark plug. It ignites the fuel. The spark plug does this with a spark, the laser does it with a
laser beam. This laser beam is delivered by the use of fibre optics. There are a lot of advantages coupled to
the use of a laser instead of a spark plug. At the moment, researchers are developing laser for automotive
systems. The application of lasers in diesel engines is a very innovative idea. If it works, there are many
advantages.

4.1 How does a laser plug work?
A laser plug is a substitute for the conventional, standard coil-driven electric spark plug. The intention of a
laser plug is to send a pulsed laser beam to an intense focus within the combustion chamber. This laser
beam is generated within the plug, or delivered to it from a remote source. If the localised intensity is
sufficiently high, ignition may occur due to one of several mechanisms. In principle, the ignition point
could be placed anywhere in the combustion volume. This is something that cannot be reached with a
spark plug, whereas the position of the electric spark is restricted to be between two electrodes at the
plug tip (Located at the top of each engine cylinder, spark plugs send a high-voltage electrical spark across
a gap between their two metal electrodes) which then has to extend into the combustion chamber.

4.2 Development of lasers
Spark plugs only ignite the fuel mixture near the spark gap, reducing the combustion efficiency, and the
metal that makes them up is slowly eroded as they age. Lasers would be a very good alternative for spark
plugs. But there were some problems by realising this.
In order to cause the desired combustion, a laser would have to be able to focus light to approximately
100 gigawatts per square centimetre with short pulses. In the past, lasers that could meet the
requirements of spark plugs were big, inefficient, and unstable. By now, researchers have been able to
create smaller lasers that are able to be used in combustion engines. The idea of laser-based ignition has
become a practical one.
A problem with the lasers is their temperature resistance. The effects of the heat can be lowered by the
use of anti-fouling on the laser plugs.
Researchers are developing a new approach to the problem: lasers made of ceramic powders that are
pressed into spark-plug sized cylinders.
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These ceramic devices are lasers in their own right, gathering energy from compact, lower-power lasers
that are sent in via optical fibre and releasing it in pulses just 800 trillionths of a second long.
Unlike the delicate crystals typically used in high-power lasers, the ceramics are more robust and can
better handle the heat within combustion engines. 15

Two or three lasers are focused to ignite fuel in more than one place

15

http://www.bbc.co.uk/news/mobile/science-environment-13160950?SThisEM
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4.3 Emission reduction by the use of lasers
The lasers use less energy than conventional plugs, the spark plugs. Saving energy is saving costs. When
less energy is used, there is less emission and pollution. The emissions will also be reduced by the
approach of lasers because they would increase the efficiency of engines, and reduce their pollution, by
igniting more of the mixture.
Part of the laser can be reflected back to provide information about how the engine is running. This will
give the ability to adjust the air fuel mixture. It is also raising the possibility of better utilizing alternative
fuels. Additionally, engine timing could be improved, as lasers can pulse within nanoseconds, while spark
plugs require milliseconds.16
Another main advantage for this project research is
that with a laser, a lot of better fuels and mixture ratios
that cannot be ignited with a spark plug will ignite with
a laser. One of the reasons for direct injection, this is
what happens in a diesel engine, is to control the
mixture in various zones of the combustion chamber .
But what works best for power and emissions is not
what works best for ignition. Lasers could change that.
The laser can be split into multiple beams which means
it can have multiple ignition points. The system can
focus two or three laser beams into an engine's
cylinders at variable depths. This is improving the
chance of a complete burn and because of that, it is
reducing emissions and improving efficiency in cold
and damp conditions.
Problems
Lasers are pretty efficient, powerful, reliable, and not that expensive. There is no chance of the flame
blowing out. They can be placed anywhere in the cylinder head.
However, it requires that lasers of high pulse energies are used. Just as with spark plugs, a great deal of
energy is needed to cause ignition of the fuel.
Another problem is the carbon built up in the cylinder, caused by the combustion. This is called the
sooting of the optical window or lens surface. After a while, this will affect the proper working of the
lasers.

16

http://www.gizmag.com/laser-ignition-spark-plug-alternative/18469/
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5. Solutions and recommendations
__________________________________________________________________________________________

5.1 Solution 1
This solution will be applied in a 4-stroke engine Wärtsilä 32 6L32.
The goal is to create a ‘new’ stroke in the 4-stroke cycle by using laser plugs. The compression stroke will
be substituted in a non-compression stroke by opening the exhaust valve. During the compression stroke
a lot of energy is used. When this stroke is not used, less pressure is built up and less energy is used. If the
exhaust valve opens, the air that normally will be compressed and used for combustion, escapes. To make
sure there is still a sufficient amount of air, air will be compressed by a turbo compressor and injected just
before the end of the ‘non-compression’ stroke when the exhaust valves are closed. In this way there is
still enough oxygen above the piston for the combustion.
The required temperature for the ignition of MDO is lower than normally occurs in a 4-stroke cycle.
Because the pressure and temperature in this new process is lower we can use this advantage. The laser
will create a part of the temperature. The other part is the temperature of the pre-compressed air.

Advantages:
- A new concept
- Less power is needed which saves fuel
- A lower temperature, so less NOx formation
Further information about the following subjects is required:
- Amount of energy that lasers use;
- Numbers of lasers;
- The amount of air and energy that is needed for compression;
- Fuel consumption related to Revolutions Per Minute (RPM);
- Air and fuel mixture.
Problem:
A high filling pressure is needed (around 100 bar) to have a sufficient amount of filling air just before the
outlet valves are closed. Multiple turbo compressors are needed for creating a high pressure. Multiple
compressors cost a lot of energy and will cause resistance in the engine during the outlet stroke.
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5.2 Solution 2
Ignite MDO/HFO by the use of a pre-chamber
When you want to ignite MDO/HFO by the use of a spark plug, a vapor is needed. That vapor will be
ignited by the spark-plugs. The ignited vapor ignites the rest of the fuel. HFO/MDO cannot be ignited by
spark plugs, because it is very hard to acquire vapor out of those fuels. This problem can be solved by
using another fuel from which vapor can arise. An example of a fuel that could be used is LNG.
The vapor out of the LNG makes the HFO/MDO ignite.
The vapor out of the LNG has to be ignited in a pre-chamber. The picture beneath shows what is meant by
a pre-chamber.

When the vapor is ignited in the pre-chamber, a big ignition flame and pressure will be created. The
ignition flame will ignite the MDO/HFO. It increases the temperature above the piston. The pressure
formed in the pre-chamber provides an additional combustion pressure. This means the power will
increase.
Why using a pre-chamber?
When you want to ignite the two fuels in the main-chamber, more spark-plugs are needed because the
chamber is larger. Because of that, the fuel spreads itself more widely on the surfaces of the cylinder. For
this reason it is more efficient and fuel saving to us a pre-chamber.
There are more advantages associated to the use of a pre-chamber:
The temperature in the cylinder can be decreased. Instead of the high temperature that is formed
during the compression, we use the heat that is created in the pre-chamber;
The pressure in the cylinder which is used for compression will also decrease. The time of closing
of the air-inlet valves can be delayed, because the moment of compressing starts later;
The cylinder will be filled with more air which results in: a larger excess of O 2, a completer
combustion and lower emissions.
The injection pressure required is low, so the injector is less expensive to produce.
The injection direction is of less importance.
Indirect injection is simpler to design and manufacture, because less injector development is
required and the injection pressures are low.
Higher engine speeds can be reached, since burning continues in the pre-chamber.
The spark-plug is protected. When the spark-plug is placed in the main chamber, the spark-plug
gets sooner polluted.
Higher efficiency because the spark-plug is not placed in the pre chamber. This means the
clearance space will not increase because of the spark plug.
The spark plug will still be exposed to heat, but not as long as when the spark plug would be
placed in the main chamber. The spark plug will less quickly wear out.
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Disadvantages:
When the piston is in top dead center, the vapor/gas in the pre-chamber will ignite by a spark plug. The
ignition flame from the pre-chamber will be injected in the cylinder. At the same time the MDO/HFO will
be injected by the atomizer. The MDO/HFO ignites by the flame from the pre-chamber. The pressure in the
cylinder will increase. This can cause problems for the pre-chamber. The reason for the problems is the
pressure. The pressure in the cylinder is higher than in the pre-chamber:
The ignition flame can return to the pre-chamber. This problem can be solved by using a nonreturn valve;
The pre-chamber can be polluted or damaged by the combustion in the cylinder.
When a pre-chamber is used, the moment of ignition is much harder to control.
After ignition with a spark plug, the burning mixture enters the main cylinder via passing holes which
connect the main-chamber with the pre-chamber. The HFO or MDO air-mixture in the main-chamber is
ignited by the ignition flame.

Scheme of the pre-chamber
Inlet of compressed gas (CH4 : methane). The pressure must be lower than 600
bar.
Above 600 bar the gas is a liquid.
By a pressure of 1 bar and a temperature of -162 oC, gas is a liquid.

Spark plug

5.3 Recommendations
Each diesel engine has its own specifications. Of great importance is the diameter of the cylinder. The
larger a cylinder is, the larger the cylinder liner, the cylinder head and thus the size of the combustion
space. In a larger engine more energy is required for the combustion. The number of spark plugs or lasers
required for an optimal combustion differ for each engine. This has to be defined for each particular
engine. The amount of plugs depends on the capacity of the plugs as well.
During the combustion process, the plugs will become soiled because combustion residues remain on the
spark plugs and on the lens of the laser. Tests need to be taken to determine the amount of pollution and
the durability of the spark plugs and lasers.
It is recommended to establish the fuel consumption related to Revolutions Per Minute (RPM). This
information is required to determine the best fuel and air mixture. It will also help to determine the
reduction of emissions.
The air and fuel mixture must be aligned in a way that the most complete combustion can be reached. This
must be determined for each type of engine. The amount of air and energy that is needed for the best
compression and combustion has to be determined as well.
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6. Conclusion
__________________________________________________________________________________________
The problem researched in this project is the high emission emitted by diesel engines. The main question
of this research is: “How can spark-ignition be applied in modern diesel engines to reduce the emission?”
Theoretically, spark plugs can be implied in modern diesel engines to reduce the emission. According to
this research, spark plugs are able to ignite the HFO/MDO when a pre-chamber is used. Lasers, placed in
the cylinder, are able to ignite the fuel as well.
The emissions will be reduced by applying the plugs or lasers in diesel engines. When plugs or lasers
ignite the fuel, instead of spontaneous combustion, less energy is used so less pollutant matter is emitted.
NOx emission is reduced because of the lower combustion temperature.
The ideas have not been tested in practice. Before the solutions can be carried out in practice, further
research is recommended.
When the solutions and recommendations are examined, the ideas can be implemented.
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8. Attachments
__________________________________________________________________________________________
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INTERVIEW SANDOR PORTMAN
_____________________________________________________________________________________________________
Engine Performance Expert
Technical Services
Wärtsilä

1) Over Sandor Portman en zijn functie
Sandor Portman begon zijn maritieme carrière met het volgen van de studie Maritiem Officier aan de
zeevaartschool te Rotterdam. In 1999 begon hij bij Wärtsilä in Schiedam waar hij zich vijf jaar met de
besturing van meet- en regelsystemen heeft bezig gehouden. Hij is onder andere gespecificeerd in
dieselmotoren, aardgasmotoren (Otto-motoren) en hogedruk gasmotoren.
Momenteel is hij werkzaam bij Wärtsilä in Zwolle als Engine Performance Expert. In deze functie richt hij
zich op de gaswisseling in de motor van de inlaatlucht tot aan de uitlaatgassen. Onder andere het effect
van afkoelen van lucht, turbospecificaties, hoeveel lucht er nodig is voor de verbranding en
emissiecertificering.
2) Wat zijn de meest verkochte type motoren?
De dieselmotoren maar de vraag naar gasmotoren neemt toe. Doordat de drukken lager zijn in een
gasmotor kan de cilinderwand kleiner gemaakt worden. Dus het verlies van de gemiddelde effectieve druk
kan gecompenseerd worden door meer volume in de cilinder.
Voorbeeld: Wärtsilä type 32 (diesel) wordt type 34 (gas).
3) Wat doet Wärtsilä betreffende het terugdringen van emissies?
Wärtsilä doet veel aan het terugdringen van emissies. Er zijn verschillende methodes en technieken die
toegepast worden. Dit is per motor verschillend. Er wordt een verdeling gemaakt tussen gasmotoren en
dieselmotoren. Dit alles is uitgebreid terug te lezen op de site www.wartsila.com onder het kopje
Technology en dan emission reduction.
Tijdens het gesprek richtte zich vooral op Selective Catalytic Reduction oftewel de NOx katalysator. De SCR
bestaat al heel lang en komt rond de 2 gram uit bij de IMO wetgeving.
De werking is als volgt:
Een dieselmotor stoot
schadelijke stoffen uit
waaronder NOx. In de
katalysator worden de
uitlaatgassen vermengd met
additief ureum (ad-blue), wat
ervoor zorgt dat ammoniak en
stikstofoxiden in de katalysator
omgezet worden in stikstofgas
en water. Door dit proces
kunnen NOx emissies met 80 %
verlaagd worden. Het nadeel is
de grote ruimte die het systeem
in beslag neemt.
4) Wat is het schoonste type
motor?
Dat zijn de gasmotoren.
5) Wat zijn volgens u de mogelijkheden betreft bougies in combinatie met MDO/HFO?
Voor motoren geldt het principe: hoe meer lucht (zuurstof), hoe minder emissies, hoe beter het
rendement. De gevangen massa in de cilinder (lambda) moet hetzelfde blijven voor hetzelfde vermogen.
Gasmotoren maken gebruik van een 2-traps bougie. Als de lambda hoger ligt dan 2.2 spreekt men van een
superbougie. Werken met bougies geeft het volgende probleem: de vonk is goed te regelen, maar wat er
daarna gebeurt niet. Het proces is lastig te controleren en grillig. Gas en topdrukken verschillen en de
motor gaat schudden. Bij een gasmotor heb je een homogeen mengsel die in alle hoeken en gaten van de
motor zitten wat zorgt voor onverbrande koolwaterstoffen.
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6) Wat zijn de grootste verschillen / voor- en nadelen van SI engines, DF en GD?
(Voor een complete uitleg over de verschillende type motoren zie: http://www.wartsila.com/en/powerplants/technology/combustion-engines/introduction )
Spark Ignited engine (Otto-motor)
Mengverhouding moet rond de 1 liggen. Er moet precies genoeg zuurstof in het mengsel zijn om alle
brandstof te kunnen verbranden. Bij een precieze verhouding zuurstof/ brandstof hou je geen zuurstof
over. Meer zuurstof in het proces is goed, maar bij een teveel aan zuurstof wordt het mengsel te arm en
kan het niet meer worden aangestoken. Oplossing= voorkamer.
De voorkamer zit in een soort ‘lompe verstuiver’. Gasmotoren werken op puur gas met een tweetraps
bougie. Nadeel: schuddende motor doordat de ontsteking niet helemaal gelijk is. Door tweetraps
ontsteking is grilliger en moeilijker om te regelen.
Ander voordeel aardgas: CH4. Verhouding 1 op 4. Er komt dus meer water vrij in plaats van CO2
Dieselmotoren hebben een andere verhouding. Meer koolstof t.o.v. waterstof.
Dual fuel
Een dual fuel motor werkt op een mengsel van 99% aardgas en 1% dieselolie. De dieselolie ontsteekt het
aardgas. Deze motor werkt niet met een bougie maar met een verstuiver met 2 naalden. Een naald is
conventioneel, de tweede is common rail. Ontworpen voor 2 procent nominaal vermogen. Hij kan op de
gewone naald diesel draaien. Voorkamer constructie bij SI is vervangen door diesel schot. Gevoeligheid
van bougie ben je kwijt en het zorgt voor een stabielere ontsteking. Diesel kan altijd gebruikt worden. De
kleine naald draait voor spek en bonen mee dan. Gas kan ingelaten worden bij de inlaatslag door een buis.
Diesel is eigenlijk de bougie geworden met als voordeel een schonere motor.
Gas/diesel
Gas/diesel werkt op een mengsel van 95% aardgas en 5% dieselolie.
Hogere NOx maar lager dan bij gewoon diesel. (10/15%)
Zwavel wordt altijd omgezet in SOx. Dus dat moet je een brandstof kiezen waar het niet inzit of het moet
eruit gehaald worden. Uitwassen is misschien goedkoper omdat de prijs van laag zwavelige brandstof toe
zal nemen. Scrubber. Hangt af van vaargebied.
Eisen van IMO zijn gericht op nieuwbouw bij het NOx verhaal.
Nox is belangrijker dan CO2.
Tier 3 politieke kwestie. Emissie reductie kost geld en financieel gaat men er niet op vooruit.
De beste oplossing qua emissie en financieel opzicht komt neer op het vaargebied en type schip.
4-slag motoren  Early miller effect (inlaatslag). Anders krijg je terugslag van gassen in de luchtreceiver.
Door een hogere vuldruk maak je de tegendruk in de uitlaat hoger, voordeel ervan is dat je veel meer
vuldruk. Tijdens de inlaatslag levert de turbo ook een vermogen wat de zuiger al naar beneden drukt. Er
wordt al arbeid geleverd.
Brandstof verbruik wordt verminderd en de NOx wordt gereduceerd. Om vuldruk te verhogen  twee
turbo’s toevoegen. Factor 3 x 3 is 9.
Energie die nodig is voor de aandrijving van de turbo wordt gehaald uit de uitlaatgassen.
Variable Inlet Closing (VIC) systeem wat wordt gebruikt om het sluiten van de klep wordt vertraagd. In de
toekomst wordt dit hydraulisch.
Exhaust Gas Recirculation (EGR)
Je wilt het verbrandingsproces afkoelen door bijvoorbeeld waterdamp en CO2.
10% uitlaatgassen recyclen levert een NOx reductie op van 40%. Gebruikt in de vrachtwagenindustrie
omdat ze geen last hebben van zwavel.
7) Tips of aanbevelingen betreft ons project. Misschien mogelijkheid voor experiment en verder
contact over het onderzoeksrapport.
Proberen diesel onderweg te verdampen of halverwege de compressieslag toe te voegen. Diesel moet
onder de 60 graden zijn. Maak gebruik van een soort heater in een verstuiver of een aangepaste verstuiver
om het gasvormig te maken.
Kijken naar compressievoud.
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Anders formuleren van de hoofdvraag: How can a diesel fuel be applied in a Otto-proces engine to reduce
NOx emissions?
Eindhoven
In Eindhoven is men bezig met ontwikkelen/onderzoek.
Stofje aan diesel toevoegen waardoor de zelfontbranding vertraagt. Kan voor ons van belang zijn. We
moeten damp creeëren. Hiervoor moet de temperatuur van de diesel verhoogt worden, maar dit zonder
dat de diesel uit zichzelf ontbrandt.
Contactpersonen: Professor Rick Baert & hoogleraar de Goei
Informatie
_______________________________________________________________________________________________________________
Gas-dieselmotoren zijn motoren waarbij diesel wordt ontstoken met een speciale bougie. De diesel
ontsteekt vervolgens het gas. Diesel wordt 5 graden eerder ontstoken. Met 5% diesel ontsteekt men 95%
gas. De druk van het gas is 350 bar.
Diesel ontbrand makkelijker dan aardgas. Aardgas heeft een hogere weerstand tegen zelfontbranding,
maar is wel makkelijker met een bougie aan te steken.
Diesel ontbrandingsproces is schadelijker/minder volledig dan Otto- principe. Temperatuur van een Ottoproces is lager omdat de verbranding elke keer op een ander punt plaats vind. NOx productie.
Dieselmotoren
- koudere verbranding dan gasmotoren
- diesel ontbrandt op dezelfde plek
NOx uitstoot
Een 2-slag motor stoot meer NOx uit dan een 4-slag motor.
Dit komt omdat er meer tijd is voor het mengen van de moleculen aangezien het proces langer duurt. De
moleculen moeten elkaar vinden om NOx’en te vormen. De uitstoot van de NOx staat voornamelijk in
verband met het toerental. Daarbij heeft een 2-slag motor een langer verbrandingsproces dan een snel
lopende 4-slag motor. De motoronderdelen worden langer blootgesteld aan hoge temperaturen met als
gevolg: hogere emissie  (Temperatuur-tijd)
HCCI (Homogeneous charge compression ignition)
Bij HCCI wordt een stof toegevoegd aan diesel wat zorgt voor een lange ontstekingsvertraging. Een mix
van brandstof en lucht én een deel van de overgebleven uitlaatgassen worden gecomprimeerd tot het punt
van zelfontbranding (spontane ontbranding bij een voldoende hoge temperatuur). Voordeel: minder
uitlaatgassen, brandstofbesparing, goede menging, geen roetvorming en het proces kan getimed worden.
De uitstoot van Nox gaat omlaag en het rendement van de motor omhoog.
Kosten en opslag
Kuub gasolie: 730/750 euro.
Ton LNG: 550 euro.
Het heeft ongeveer dezelfde stookwaarde.
Het opslagvolume van gas is groter met als nadeel dat er meer ruimte nodig is. Gas moet in een ronde
tank, wat veel ruimte in beslag neemt. Grote LNG carriers hebben een lage druk om het gas vloeibaar te
houden. Max 10 bar. Grote tanks kunnen niet onder druk worden gezet. Er wordt gebruik gemaakt van
dubbelwandige tanks met een hoge isolatiefactor waar warmtewisseling nihil is. Voordat het de motor in
gaat is het gas een graad of 40/50.
Methaan getal voor gassen moet minimaal 80 zijn. Bescherming tegen zelfontbranding.
Geen waterstof vanwege de hoge zelfontbranding.
Co2, HC (hydro carbon stukje brandstof bij iedere type brandstof belangrijk broeikasgas en schadelijker
dan CO2),CO (deel brandstof), PM (fijnstof) , Sox
PM 2,5 komt voor in common rail system.
600 bar te hoog. Wartsila gebruikt 350 bar. Alles moet dubbelwandig zijn. Boven de vul kamer heb je een
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lage druk gas. Liever op lage druk werken i.v.m. veiligheid. 0,8 overdruk boven de vuldruk.
Bij GD motoren methanol. Volgend jaar test bij P&O. Voordeel: het is vloeibaar en is makkelijk op te
pompen naar een hoge druk. De methanol wordt vloeibaar ingespoten. Dit heeft als voordeel dat er
afkoeling plaatsvind als deze vloeibare methanol verdampt in de hete cilinder.
Prijs van 4-slag motoren: 300 euro per kW
Driepunts-inspuiting bij een 4-slag is niet mogelijk. Geen ruimte dus centraal systeem.
Bij 2-slag wel mogelijk.

Bronnen:
www.wartsila.com
http://wikimobi.nl/wiki/index.php/Dieselmotor#Emissies
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INTERVIEW GEOFF DEARDEN
_____________________________________________________________________________________________________

Dr Geoff Dearden is a former employee of BAE Systems and now has more than 25 years academic and
industrial experience in photonics R&D. He has over 175 scientific publications. In addition to his research
and teaching interests, he has carried out knowledge exchange activity in laser technology for the
University since 1995. He works at the university of Liverpool. His work fields are Optics &
Optoelectronics, Electrical & Electronic Engineering, Mechanical Engineering.
1. When a spark plug is used for ignition it needs a vapor to ignite the fuel. Does a laser plug
also need a vapor to ignite the fuel?
Spark ignition, whether by electric spark or laser, usually requires the fuel to be in the form of
vapoor (mixed with air) so that a combustion reaction can take place between the fuel and oxygen
in the presence of the spark heat source. Spark ignition sets off a burning flame which moves
through the fuel-air mixture – the flame kernel growth is slower and less explosive than in
compression ignition.
2. How does a laser plug work?
A laser plug is a substitute for the standard coil-driven electric spark plug and aims to a send a
pulsed laser beam (generated within the plug, or delivered to it from a remote source) to an
intense focus within the combustion chamber. If the localised intensity is sufficiently high,
ignition may occur due to one of several mechanisms (see laser ignition literature). For nonresonant breakdown, for example, an intensity >1011 Wcm-2 is needed typically. In principle, if
suitable optics allow, the ignition point could be placed anywhere in the combustion volume,
whereas the position of the electric spark is restricted to be between two electrodes at the plug
tip which then has to protrude into the chamber.
3. Do you think we can reduce the emission by the use of a laser plug?
Indirectly, yes. Laser ignition has demonstrated the ability to ignite leaner fuel-air mixtures
compared to spark ignition, with reduced misfires and less variation in cylinder pressure per
cycle. Capturing a number of such potential advantages (see point 5) will collectively lead to
better control and stability of combustion per cycle over a wider range of engine conditions.
Leaner burn and eliminating ‘knock’ and misfires will result in lower fuel usage and less un-burnt
fuel, thereby reducing harmful emissions.
4. What is the highest temperature a laser plug can reach?
There is no definite answer to this question, since the temperature reached in the initial laserinduced spark will vary with the intensity of the focused laser pulse, the local pressure and
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dielectric properties of the medium. For laser induced breakdown in air, at 30GWcm -2 the plasma
temperature has been estimated to be as high as 200,000K, compared to 10,000-20,000K for LIB
at a metal surface target. Such temperatures are only reached for a short instant (< pulse
duration, which may be ns, ps, fs...).
5. What are the advantages and disadvantages of a laser plug compared to a spark plug?
The potential (or advantages of laser ignition over spark ignition include: flexibility of ignition
point location in the chamber (e.g. away from the cold walls) to match with fuel spray geometry;
spatially and temporally variable single and multiple ignition events; faster burn for optimisation
of engine timing control; lower minimum ignition energy (MIE); ignition coil and associated high
voltage circuitry not needed (see literature for others). The disadvantages (or, moreover,
challenges and issues at this stage) include: ‘sooting’ of the optical window lens) surface adjacent
to the combustion (though self-cleaning of these deposits by the laser beam has been shown to
alleviate this to an extent); availability of suitable laser sources / output parameters in a costeffective and compact form (miniaturisation being required going forward for automotive vehicle
applications); laser safety etc.
6. Do you think it is possible to ignite HFO/MDO with laser ignition?
For comparison, diesel can be ignited if exposed to hot vapor, or to temperatures exceeding the
flash point in the presence of air. Compared to petrol (gasoline), diesel has a higher flash point
(50-62C). American Petroleum Institute data gives the flash point of HFO as ~202C (396F) – if
correct, this suggests higher temperatures (or longer time at temperature) would be needed to
ignite HFO/MDO. Laser ignition would require the fuel to be vaporised, assuming the vapor
pressure and its other properties make this viable. Applying laser ignition to a pre-chamber
should also work, assuming this introduces enough heated gas (or is augmented by air in the fuel
spray) to sustain combustion.
7. Are spark plugs already applied in Diesel engines? If not, what other applications for
spark plugs are there?
Spark plugs are not applied in production diesel engines, as far as I am aware; only in some
military types and for research studies. Diesel engines rely on the heat of compressed air to ignite
the fuel (‘auto-ignition’). The higher compression ratio of diesel engines (typically  16:1) leads to
greater efficiency, whereas petrol engines usually need to run at higher ‘revs’, thus giving a lower
compression ratio and needing spark ignition to work. Spark plugs are also used to ignite
industrial furnaces.
8. What problems are manifested in the application of spark ignition in diesel engines?
Do you mean spark ignition, laser ignition or either?
Spark ignition: I presume you are well aware why diesel and petrol engines have evolved
separately, but some of the reasons are relevant to this question. It is well documented that some
early engines (and, more recently, many military ones) were made to run successfully on different
fuels, more as an improvisation in times of fuel shortage. A key problem was that of cold starting
fuel oil with its low vapor pressure. Starting up and warming the engine on gasoline, then adding
fuel oil, was necessary to avoid instant wetting of plug electrodes. For improved efficiency and
reliable operation, the timing of fuel-injection and spark initiation had to be adjusted to suit each
fuel type, since diesel and petrol combust at different rates. Diesel is less volatile and burns more
slowly at lower compression, leading to lower efficiency if used in a petrol engine. A special
carburettor design may also be needed to avoid clogging. If you Google “spark ignited diesel
engine”, you will find one or two articles on projects still seeking to overcome the problem of
fouling of the spark plug by the fuel spray.
Laser ignition: There may be problems due to the physio-chemical properties of diesel compared
to petrol (gasoline); however, this is beyond my current knowledge and requires investigation.
Would, for example, sooting of the optical window be offset by laser-induced self-cleaning in this
case?
9. Which solutions can be devised for the problems manifested in the application of spark
ignition in diesel engines?
This is a matter for future research into new concepts.
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