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    UNIT 1 : Marine Fuel Oil

1. Briefly describe the relation of marine fuels and ISO8217

ISO 8217 is a specification for marine fuel oil. Historically fuel for the marine market, with the exception of distillates, has been dictated by viscosity. While viscosity is an important  characteristic, it does not give any indication of any other characteristics of the fuel. With viscosity as the sole criterion when ordering marine fuels, shipowners remain unaware of the other fuel characteristics. Likewise, designers of machinery and fuel systems are not always informed of the fuel characteristics to which they should be designing.

The development of a series of marine industry specifications for different grades of marine fuel oil define the maximum or minimum permissible values of the fuel quality criteria. In practice the fuels supplied will frequently have many quality points below the maximum and above the minimum.

In 1982, the working group responsible for the development of the international standard issued a draft proposal which became ISO 8217 petroleum products- Fuels ( Class F)- specifications of marine fuels.
ISO 8217 FUEL STANDARD, THIRD EDITION 2005, 
FOR MARINE DISTILLATE FUELS
	Parameter
	Unit
	Limit
	DMX
	DMA
	DMB
	DMC

	Density at 15 °C
	kg/m³
	Max
	-
	890.0
	900.0
	920.0

	Viscosity at 40 ° C
	mm²/s
	Max
	5.5
	6.0
	11.0
	14.0

	Viscosity at 40 °C
	mm²/s
	Min
	1.4
	1.5
	-
	-

	Micro Carbon Residue
at 10% Residue
	% m/m
	Max
	0.30
	0.30
	-
	-

	Micro Carbon Residue
	% m/m
	Max
	-
	-
	0.30
	2.50

	Water
	% V/V
	Max
	-
	-
	0.3
	0.3

	Sulfur c 
	% (m/m)
	Max
	1.0
	1.5
	2.0
	2.0

	Total Sediment Existent
	% m/m
	Max
	-
	-
	0.10
	0.10

	Ash
	% m/m
	Max
	0.01
	0.01
	0.01
	0.05

	Vanadium
	mg/kg
	Max
	-
	-
	-
	100

	Aluminium + Silicon
	mg/kg
	Max
	-
	-
	-
	25

	Flash point
	°C
	Min
	43
	60
	60
	60

	Pour point, Summer
	°C
	Max
	-
	0
	6
	6

	Pour point, Winter
	°C
	Max
	-
	-6
	0
	0

	Cloud point
	°C
	Max
	-16
	-
	-
	-

	Calculated Cetane Index
	
	Min
	45
	40
	35
	-

	Appearance
	
	
	Clear & Bright
	-
	-

	Zinc d 
	mg/kg
	Max
	-
	-
	15

	Phosphorus d 
	mg/kg
	Max
	-
	-
	15

	Calcium d 
	mg/kg
	Max
	-
	-
	30

	c 
	A sulfur limit of 1.5% m/m will apply in SOx Emission Control Areas designated by the International Maritime Organization, when its relevant Protocol comes into force. There may be local variations

	d
	The Fuel shall be free of ULO.
A Fuel is considered to be free of ULO if one or more of the elements are below the limits.All three elements shall exceed the limits before deemed to contain ULO.


2. State the following properties and glossary:
Fuel Density 
Knowledge of a fuel's density is of fundamental commercial importance as fuel is delivered by volume and sold by mass. The relationship between mass and volume is density.
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The SI unit for density is kg/m3 and for fuel a reference temperature is always stated. This temperature is usually 15oC. A reference temperature has to be given as the density of fuel varies with temperature (see Fig.1).

In practice the density of a fuel is measured at the temperature at which it is stored. The value is then corrected back to the reference temperature by standard tables.

Density is one of the factors in the empirical equations for both energy content and ignition performance. For fuel treatment systems containing a centrifuge with a water seal, knowledge of the fuel density is necessary so that the correct gravity disc is fitted to obtain the correct fuel / water interface, and hence efficient treatment.

Viscosity

For practical operation viscosity is the most important fuel characteristic. It is used for the classification of residual fuels, as in the marine market they are commonly referred to by viscosity; for example as IF ***, or as IFO ***. 

IF is the abbreviation for "Intermediate Fuel" and IFO for "Intermediate Fuel Oil". The *** is a numerical value, which is the kinematic viscosity of the residual fuel in centistokes (cSt) at 50oC. For example IF 380.

Knowledge of viscosity is necessary for the estimation of the required temperatures for storage, pumping and injection. It is also necessary for the determination of heating required for a fuel for transfer purposes. 

The minimum viscosity for fuel transfer is determined by the maximum viscosity acceptable by the transfer pump. If the actual viscosity at transfer is lower than the pump design, the rate of transfer will be faster than the rated capacity of the pump.

The viscosity of a fuel is its resistance to shear or flow, and is a measure of the fuel's adhesive/cohesive or frictional properties. This arises because of the internal molecular friction within the fuel producing the frictional drag effect. There are two related measures of fuel viscosity which are known as dynamic and kinematic viscosity.

Dynamic viscosity is also termed "absolute viscosity" and is the tangential force per unit area required to move one horizontal plane with respect to the other at unit velocity when maintained a unit distance apart by the fluid.

In SI units the theoretical unit is the Poise. As these units are large, it is more usual to divide them by 100, to give a smaller unit called the centipose (cP).

Kinematic viscosity is the ratio of the absolute viscosity to the density. In SI units, the theoretical unit is the Stokes. As these units are large, it is usual to divide them by 100, to give a smaller unit called centistokes (cSt), and these are the units used for marine fuel.

For either dynamic or kinematic viscosity to be meaningful a reference temperature must be quoted. In ISO 8217 the reference temperature for residual fuels is 100oC, whilst for distillate fuels it is 40oC.

Viscosity Index
Viscosity Index (or VI) is a petroleum industry term. It is a lubricating oil quality indicator, an arbitrary measure for the change of kinematic viscosity with temperature. The viscosity of liquids decreases as temperature increases. The viscosity of a lubricant is closely related to its ability to reduce friction. Generally, you want the thinnest liquid/oil which still forces the two moving surfaces apart. If the lubricant is too thick, it will require a lot of energy to move the surfaces (think treacle); if it is too thin, the surfaces will rub and friction will increase.

As stated above, the Viscosity Index highlights how a lubricant's viscosity changes with variations in temperature. Many lubricant applications require the lubricant to perform across a wide range of conditions: for example, in an engine. Automotive lubricants must reduce friction between engine components when it is started from cold (~10°C) as well as when it is running (up to 200°C). The best oils (with the highest VI) will not vary much in viscosity over such a temperature range and therefore will perform well throughout.

Carbon Residue 

The carbon residue of a fuel is the tendency to form carbon deposits under high temperature conditions in an inert atmosphere, and may be expressed commonly as Micro Carbon Residue (MCR) or alternatively Conradson Carbon Residue (CCR).

It should be noted that numerically MCR is effectively the same as CCR. The overall relationship between actual diesel engine performance and carbon residue is poor, however, the carbon residue value is considered by some to give an indication of the combustibility and carbonaceous deposit forming tendencies of a fuel.

From ISO 8217 it will be seen that some residual grades have the same visocity parameter but different limits for various other parameters. With respect to carbon residue this applies to RM 10, RM 25 and RM 35 and a tighter limit exists for RMA 10 and RMB 10, RME 25 and RMG 35. However, it must be appreciated that there is only a limited availability of such fuels and in some geographical locations the availability is zero.

Fuels with a high carbon residue value may cause problems in older engines when they are operating under part load conditions. Whilst one of the light intermediate fuels referred to above may have an acceptable carbon residue value, the actual fuel delivered may have other characteristics which could have an adverse effect on the engine, specifically with reference to ignition quality.

The carbon residue value of a fuel depends on the refinery processes employed in its manufacture. For straight run residual fuels the value is typically 10-12 % m/m, while for fuels derived from secondary conversion processing, the value depends on the severity of the processes applied.
Carbon Residue (Conradson Method)

This test indicates the relative carbon forming propensity of an oil. The test is a means of determining the residual carbon, etc., left when an oil is burned under specified conditions. This test has been used much more in recent times in line with the use of high viscosity fuels in I.C. engines. The mass of the sample placed in the silica crucible must not exceed 0.01 kg. Initial heating period 10 minutes ± 1½, vapour burn off period 13 minutes ± 1, further heating for exactly 7 minutes, total heating period 30 minutes ± 2. The covers must be a loose fit to allow vapours to escape.
 The heating and test method are closely controlled. After removal of sample and weighing, the result is expressed as `Carbon Residue (Conradson)’ as a percentage of the original sample mass. The test is usually repeated a number of times to obtain a uniformity of results.

Sulphur
Sulphur is a naturally occurring element in crude oil, concentrated in the residual components of the crude oil distillation process. The amount of sulphur in the fuel oil depends mainly on the source of crude oil, and to a lesser extent on the refining process. Typically for residual fuel on a world wide basis the value is in the order or 1.5-4 % m/m.

Crude oils have a natural sulphur level and this is the primary feature which determines the sulphur level in any particular blend of fuel oil. Refining severity only has a secondary effect. Crude oils with a low level of sulphur are known as "sweet crudes" while those with a higher level are referred to as "sour crudes".

The level of sulphur in the fuel has a marginal effect on the specific energy.

Flash Point
The flash point of a fuel is the temperature at which vapour given off will ignite when an external flame is applied under specified test conditions. A flash point is defined to minimise fire risk during normal storage and handling.

The minimum flash point for fuel in the machinery space of a merchant ship is governed by international legislation and the value is 60oC. For fuels used for emergency purposes, external to the machinery space, for example the lifeboats, the flash point must be greater than 43oC.

Even when residual fuels are at a temperature below their measured flash point, they are capable of producing light hydrocarbons in the tank headspace, such that the vapour composition may be near to or within the flammable range. Hence all residual fuel oil headspaces should be considered to be potentially flammable.

Fire Point

The fire point of a fuel is the temperature at which it will continue to burn after ignition for at least 5 seconds. At the flash point, a lower temperature, a substance will ignite, but vapor might not be produced at a rate to sustain the fire. Fire point and autogenous ignition are additional considerations when selecting fire resistant greases. Industrially, fire point is the lowest temperature at which industrial greases produce sufficient vapors to form a mixture in air that continuously supports combustion after ignition

Self Ignition Point
Self ignition point is the ignition of combustible material without initiation by spark or flame when the material has been raised to a temperature at which self sustaining combustion occurs.
Pour Point
The pour point is the lowest temperature at which a marine fuel can be handled without excessive amounts of wax crystals forming so preventing flow. If a fuel is below the pour point, wax will begin to separate out which will block the filters. The wax will also build up on tank bottoms and on heating coils. 

When heat is reapplied it can be difficult to get the wax to redissolve because of its insulating nature. In extreme cases manual cleaning of the tanks becomes necessary.

The actual pour point of a fuel depends on various factors, which include the source of crude oil and the refining processes used in manufacture. Although for the majority of residual grades in ISO 8217 (those with a viscosity higher than 15 cSt at 100oC - RM15 and above) the limit on pour point is 30oC, in practice the great majority have a pour point of less than 0oC.

If the pour point is known an informed operational decision can be taken as to a safe storage temperature of the fuel. In order to avoid the waxing problems described it is recommended that the fuel is stored at a temperature at least 5oC to 7oC above the pour point. Knowledge of the pour point is not usually available at the time of delivery, but it is one of the parameters routinely determined by fuel testing services. 

In the laboratory the assessment is carried out under defined and tightly controlled conditions, however an approximate determination can be made onboard ship.
Calorific Value

Heating value (or calorific value) is used to define the amount of heat released during the combustion of a fuel or food. It is measured in units of energy per amount of material. Depending on the context, heating values may be reported kcal/kg, kJ/kg, J/mol, or a variety of other combinations of units. Heating value in commonly determined by use of a bomb calorimeter.

The quantity known as higher heating value (or gross calorific value or gross energy) is determined by bringing all the products of combustion back to the original pre-combustion temperature. The quantity known as lower heating value (or net calorific value) is determined by subtracting the heat of vaporization of the water in the by-product from the higher heating value results. The lower heating value is what is typically used for vehicle engine analysis.

Since most gas burning appliances cannot utilize the heat content of the water vapor, gross calorific value is of little interest. Fuel should be compared based on the net calorific value. This is especially true for natural gas, since increased hydrogen content results in high water formation during combustion.
Cetane Number

Cetane number or CN is to diesel fuel what octane rating is to gasoline. It is a measure of the fuel's combustion quality.

Cetane is an alkane molecule that ignites very easily under compression, so it was assigned a cetane number of 100. All other hydrocarbons in diesel fuel are indexed to cetane as to how well they ignite under compression. The cetane number therefore measures how quickly the fuel starts to burn (auto-ignites) under diesel engine conditions. Since there are hundreds of components in diesel fuel, with each having a different cetane quality, the overall cetane number of the diesel is the average cetane quality of all the components.

A fuel with a high cetane number starts to burn shortly after it is injected into the cylinder; it has a short ignition delay period. Conversely, a fuel with a low cetane number resists auto-ignition and has a longer ignition delay period.

To measure cetane number properly is rather difficult, as it requires burning the fuel in a special, hard-to-find, diesel engine called a Cooperative Fuel Research (CFR) engine, under standard test conditions. For most practical purposes, fuel-users control quality using the Cetane Index, which is a calculated number based on the density and distillation range of the oil. There are various versions of this, depending on whether you use Metric or Imperial units, and how many distillation points are used. These days most oil companies use the '4-point method'.

There is very little actual cetane in diesel fuel. Diesel engines run just fine with a CN between 45 to 50. There is no performance or emission advantage when the CN is raised past 50; after this point, the fuel's performance hits a plateau.

Diesel at the pump can be found in two CN ranges: 40-46 for regular diesel, and 45-50 for premium. Premium diesel has additives to improve CN and lubricity, detergents to clean the fuel injectors and minimize carbon deposits, water dispersants, and other additives depending on geographical and seasonal needs.
Octane Number
Octane is measured relative to a mixture of isooctane (2,2,4-trimethylpentane, an isomer of octane) and n-heptane. An 87-octane gasoline, for example, has the same knock resistance as a mixture of 87 vol-% isooctane and 13 vol-% n-heptane. This does not mean, however, that the gasoline actually should contain these chemicals in these proportions. It simply means that it has the same autoignition resistance as the described mixture.

A high tendency to autoignite, or low octane rating, is undesirable in a gasoline engine but desirable in a diesel engine. The standard for the combustion quality of diesel fuel is the cetane number. A diesel fuel with a high cetane number has a high tendency to autoignite, as is preferred.
Specific Gravity (relative density)

The specific gravity of an oil is the ratio of the weight of unit volume of the oil to the weight of the same volume of water.specific gravity generally gives an indication of the viscosity of the oil. The higher the specific gravity the higher the viscosity.
Ash – Source

The most common metal in the fuel is vanadium. Possible contamination from external sources include aluminium and silicon from catalyst fines, sodium from sea water, iron oxides in the form of rust scale, used lubricating oil, sand and dirt. 

The ash constituents from the crude oil are concentrated in the residual fuel and this concentration depends upon the refinery processes employed. For distillate fuels the ash level, which is defined as the residue after all the combustible components have been burned, is negligible. 

The actual level of the ash being dependent on the total elemental composition of the fuel and the components and concentration of the waste material.
Fuel Impurities (Vanadium and Sodium) – Source

Vanadium is a metal present in all crude oils in an oil soluble form. The levels found in residual fuels depend mainly on the crude oil source, with those from Venezuela and Mexico having the highest levels. 

The actual level is also related to the concentrating effect of the refinery processes used in the production of residual fuel. Most residual fuels have vanadium levels of less than 150 mg/kg, however some fuels have a vanadium level greater than 400 mg/kg.

In general, residual fuel contains a small amount of sodium when delivered, typically below 50 mg/kg. The presence of sea water increases this value by approximately 100 mg/kg for each per cent sea water. 

Normally sea water can be removed from the fuel by gravitational separation in the settling tank and centrifugal purification. Very occasionally, sodium hydroxide used in the refining process may be a source of contamination. Some of the sodium may be present in an oil soluble form that cannot be removed on board ship.

Air/Fuel Ratio
In internal combustion engines, the air-fuel ratio refers to the proportion of air and fuel present during combustion. The chemically optimal point at which this happens is the stoichiometric ratio (sometimes referred to as stoich), where all the fuel and all the oxygen content in the air of the combustion chamber will perfectly balance each other out during combustion.
. 
3. Briefly explain the 4 phases in the combustion process:
Injection Delay
Injection Timing Delay decreases NOx emissions by retarding the amount of

diesel fuel delivered to the combustion chamber prior to compressed ignition. Due to the

decrease in fuel delivered to the combustion chamber, combustion temperatures are

lowered, decreasing associated NOx levels. However, due to the inefficient fuel delivery

scheme that this technology applies, two negative side effects are created: power levels

are decreased, while PM vented to atmosphere actually increases.
Ignition Delay
The ignition delay period is the interval between injector opening and the start of ignition. During this period the first droplets to enter the cylinder are heated by the surrounding charge of compressed air, begin to vaporize, and finally ignite. Until ignition occurs , there is no noticeable increase in the pressure in the cylinder above what it would be had no injection occurred.
Combustion
The combustion period can be divided into two:

Rapid Combustion- During this period, the fuel that has accumulated in the cylinder during the delay period before ignition burns rapidly. Because the fuel has already mixed with the charge air and begun the process of preparation for combustion, this is sometimes called the premixed combustion phase. The rapid combustion is accompanied by a sharp rise in cylinder pressure. If the pressure rises too sharply the combustion becomes audible, a phenomenon known as diesel knock.
Steady Combustion- Once combustion has been established in the cylinder, further fuel droplets entering the cylinder will burn as soon as they have penetrated, heated, vaporized, and mixed, so that the combustion rate lags  behind the injection rate by the preparation time. Because the droplets burn as they diffuse into the cylinder, this is sometimes called the diffusion combustion phase. This period ends shortly after the injector closes (cutoff), when the last of the fuel has burned.
After Burning Period
 If all fuel has burned cleanly and completely by the end of the steady combustion period, the pressure trace will be smooth through the expansion stroke, and the after burning period could be neglected. Typically, however, there will be some irregularities reflecting combustion of incompletely burned fuel or of intermediate combustion products, and some delayed chemical end reactions. It is during this period that soot and other pollutants are produced.
4. What is Engine “Knock”?
Engine knocking is compression detonation of fuel in the power stroke of the engine. Knocking occurs when the air-fuel mixture autoignites all at once (or sometimes perhaps when the flame front goes supersonic because of early ignition timing), before the flame front from spark plug ignition can reach it. The explosive reaction causes combustion to stop before the optimum timing, causing a decrease in performance. A fuel with a high autoignition temperature that burns reasonably fast and thus doesn't need early ignition timing will most often have high practical value knock resistance.

5. Explain how the following factors affect the combustion process.

Atomisation
Atomisation is the splitting up of fuel into very small droplet by fuel injector forcing fuel at high pressure through small atomizing holes. The size of the droplet will depend on the size of holes and the pressure difference between fuel pump discharge and that of the compressed air in the combustion chamber, and consequently the size of droplet may vary over the whole injection period. Atomised droplet have a high surface to mass ratio giving good heat transfer from the hot compressed air in the cylinder causing rapid evaporation and mixing.

Penetration

Penetration refers to the distance the oil droplets travel into the combustion chamber before mixing with the air and igniting. This will depend upon droplet size (atomisation), velocity leaving the injector and the conditions within the combustion chamber. It is desirable that fuel should penetrate into the whole of combustion space for good mixing, but droplet should not impinge on the internal surface before burning. The number of atomisation holes and the position will decide the spray pattern.

Fuel Distribution
Swirl

Swirl is the movement of compressed air and fuel within the combustion space before combustion occurs. This may have several causes. Swirl is imparted to the air during its entry at scavenge ports. It may be further agitated by the fuel spray pattern and the shape and movement of piston crown.
Turbulence

Turbulence is the movement of compressed air and fuel within the combustion space before combustion occurs. This may have several causes. Turbulence will improve the mixing of fuel and air effective and rapid combustion. It is particularly desirable for rapid combustion of heavy fuels in medium or higher speed engine.
Air/Fuel Mixing

Intimate mixing of the air and the fuel is necessary for complete for complete combustion. This requires a sufficient amount of air to burn the fuel droplet adequately. In the diesel engine, the air fuel ratio varies on a mass basis between 20 and 1 and 100 to 1. The 20 to 1 is appropriate for higher load; the 100 to 1 is for light load.
Excess Air Coefficient
The excess air coefficient λ is the ratio between the amount of air feed to the engine and the theoretically necessary amount, we get; 

amount of air introduced


amount of air introduced
λ =---------------------------------  
= 
----------------------------------------------------

      Theoretical amount necessary

air-introduced – excess air
Where the diesel engine is concern, in which the mixing of the fuel and air takes places shortly before and while combustion is taking place, such an ideal uniformity of distribution cannot be achieved.

Fuel components which has not be completely combusted are too late in joining the necessary oxygen molecules – or do not make contact with them at all – and leave the engine without surrender the total heat of combustion. The incomplete combusted particles leave the engine either as soot or unburned gas in the form of methane or carbon monoxide.
Compression Ratio

This is the ratio obtained the ‘Volume at BDC’ by the ‘Volume at TDC’. It is difficult to start an engine if Compression ration is less than 12. Main propulsion engines on board ships, which burn poor quality heavy fuel oil have Compression Ration around 14.
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