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Lecture 10
Liquid fuels (Part I)

Good morning everyone.

Welcome to part 1 of lecture 2 under the module 2. In this lecture we will discuss about the

liquid fuel and its properties.

(Refer slide time: 00:39)

© Liquid Fuels

* Major sources of liquid fuels are petroleum, coal, and biomass

« Liquid fuels are widely used in transport vehicles, engines, boilers, etc.

* Petroleum is the globally used cheapest and largest source of liquid fuels (at present).
.-
@@ of a large number of HCs with different compositions.
- Crude oil has 83-87 % C and 11-14 % H with small amounts of S, N, O, ash, and moisture.
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— Liquid fuels (such as gaséﬁne, light diesel fuel, jet fuel, and heavy diesel fuel /fuel oil) are produced by
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[
distillation/and cracking process in petroleum refinery.

Distillation involves the Cracking involves breaking
separation of materials | up heavy molecules into

based ifferences in lighter (and more valuable)
theif volatilit hydrocarbons.
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Major sources of liquid fuel are petroleum, coal and biomass and the liquid fuel derived from
these sources is widely used in transport vehicle, engines and boilers. Apart from that these
liquid fuels are widely used in various other applications. Among these sources petroleum is

the globally used cheapest and largest source of liquid fuel at present.

And this petroleum liquid fuel it is a mixture of large number of hydrocarbons with even

different composition. And the hydrocarbons in the petroleum product are mostly alkanes,



naphthenes and various aromatic hydrocarbons. Crude oil it has around 83 to 87% of carbon
and 11 to 14% of hydrogen with small amount of sulfur, nitrogen, oxygen, ash and moisture.
These liquid fuels from the petroleum source are produced by distillation and cracking

process in petroleum refinery.

And these liquid fuels include gasoline, light diesel fuel, jet fuel, heavy diesel fuel which is
also known as fuel oil. So, this distillation involves the separation of materials based on
differences in their volatility. And it is one of the most common operations in the petroleum
refinery. Apart from that cracking process involves breaking up of heavy hydrocarbon
molecule into lighter hydrocarbons. And this is also one of the most common operations in
the petroleum refinery. While coal and oil shale are being processed in some countries to
produce substitute fuel.

(Refer slide time: 03:09)

* Coal & oil-shales are being processed in some countries to produce substitute fuels.

-  Reserves of coal, oil-shales and recoverable oil are greater than the known reserves of
—~ N 1
e
- Coal is converted int¢ liquid fuels by:\
—~

'/0(1 ) Destructive distillation, 5
: VV(Z) Carbonization,
(3) Hydrogenation,
(4) Gasification.
~  Carbonization of coal produce|coal tarJand crude ben;gle as by-product@

va Hydrogenation of coa an increase the yield o@roducts tg ~75%. )

-  Gasification used to produce synthesis gas, followed by hydro-carbon synthesis.
—
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-  Destructive distillation of oil-shale give(crude oil called ‘\’kerogen”, with gases including NH.
L — >
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Reserves of coal oil shells and recoverable oil these are greater than the known results of
crude oil. And the coal is converted into liquid fuel by various conversion techniques
including destructive distillation carbonization, hydrogenation and gasification. So, here the
carbonization of the coal it produces mainly coal tar as a product along with the crude benzol

as a byproduct. And it is around 8% in the product stream of the carbonization process. And



hydrogenation of coal during carbonization it eventually results in increase in the yield of oil

and it goes up to even 75%.

And the gasification of coal which is a very popular method to produce synthesis gas and this
produced synthesis gas can further be converted into a hydrocarbon fuel using the gas to
liquid process. The destructive distillation of oil-shell gives crude oil which is also known as
a "kerogen" with gases including ammonia as a byproduct. These are basically some

conversion techniques to convert coal into liquid fuels.

(Refer slide time: 04:54)
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* Biomass has been promoted as a&:aeron—neutral fuel source)an alternative to petroleum and coal. Hs Q}/E#me,

—  Liguid fuels/biofuels: Ethanol, butanol, biodiesel, methanol, vegetable oil, bio-crude oil, and pyrolysis oil.
‘\/V v -
—  Biomass is converted into liquid fuels by following conversion technologies:
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@ Fermentation is the most widely used@n@ethod for the production of ethanol and butanol, from sugars or starch.
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* Mechanical extraction is one of the oldest methods used fo{ oil extractToEfrom seeds like rapeseed, canola, soybean, etc.
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. Trans-esterificatio%of the oils is carried out with alcohol to produc c non edible »ils gcf-‘;ﬁ'ng
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* Gasification & anaerob?c/glgestlon of biomass used to produc which is converted into methanol & gasoline through
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|~ gas-to-liquid (GTL) processes in refinery.

T Bt (T processesinrefinery, ~

. PVBWsis & quliiaction of biomass rapidiefﬁ})n inert atmosphere produc@_‘b wpgraded
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HydLrStqreatmg of pyrolyms/llquefactlon bio 0| ‘green diesel” or gree!n/}éasollne
(N non edible ails
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@the ethanol and biodiesel are the leading liquid fuels in world’s biofuel market.

—  Uses: Used in spark-ignition engines, compression-ignition engines, boilers, vehicles, etc.
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Apart from this petroleum sources that is petroleum crude oil and coal, biomass is considered
carbon neutral fuel source. Because it emits same amount of carbon when combusted as it

absorbs during its lifetime.

If biomass is not utilized as a fuel source, it still emits the same amount of carbon if it
decomposes naturally. However, a lot depends on the fuel source, the processing involved
and the method of biomass utilization, process to produce the liquid fuel which is widely
known as biofuels such as ethanol, butanol, biodiesel, methanol, vegetable oil, bio crude oil
and pyrolysis oil. The biomass is converted into these liquid fuels by various conversion

technologies and some of these technologies are listed here. Fermentation is already a well



established technology for the conversion of sugars into ethanol. Similarly, the mechanical
extraction is one of the oldest methods used for the oil extraction from oil seeds like

rapeseed, canola, soybean and many more.

Biodiesel is one of the most widely used liquid fuels for energy generation and it is mainly
produced from non edible. Similarly, the non-edible oil seeds are used in the mechanical
extraction process to extract the oil. And this processed oil is used for the synthesis of
biodiesel using transesterification process in which mainly the triglyceride component of the
oil reacts with alcohol in presence of strong acids or base as catalyst to convert it into methyl
ester of requisite standard. Apart from that, gasification and anaerobic digestion of biomass is
used to produce methane which further converts into a methanol and gasoline through gas to
liquid process in the refinery. So, these are also two popular technologies to convert biomass

into methane.

And further the produced methane is converted into liquid fuel in the form of methanol and
gasoline through this gas to liquid conversion process. Apart from that the paralysis and
liquefaction of the biomass by rapid heating in the inner atmosphere produces bio oil as a
product. And this produced bio oil can further be upgraded using the conversion technology
that is called as a hydrotreating technology. So, in this process the pyrolysis or liquefaction
oil, so as we just discussed before, can be converted into a green diesel or green gasoline.
Apart from that the hydrotreating of non edible oils can also produce green diesel and green

gasoline as a product.

And this is also one of the most popular and upcoming technology to produce green diesel
and green gasoline. So, at present Ethanol and biodiesel are the leading liquid fuels in the
world's biofuel market and these are used in spark ignition engines, compression ignition

engines, boilers and vehicles.
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Characterisation of Liquid fuels _ m
—C Liquid fuels characteristics

I |

The liquid fuels and oils used Fuel Properties Fuel Composition
for different purpose have

distinctive fuel properties &

fuel components.

Density, Specific gravity, Water,
Viscosity, Sediment,

Flash point, Fire point, Carbon Residue,

Autoignition temperature, Ash,
Pour point, Cloud point, Sulphur,
Oxidation & Thermal stability, Elemental content,
Compatibility, Acid Value,
Calorific value, Ester,
Octane number, Cetane number, Methanol & Ethanol,
Free Glycerol & Total Glycerol
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Since these liquid fuels are derived from various different source materials and also various
conversion or processing technologies are used to convert this source material into a liquid
fuel, hence, their characterization is essential to know their fuel properties and fuel
composition. So, here we will discuss about the fuel properties and composition of the

specific liquid fuel derived from the specific source material.

So, the characterization of the liquid fuels involves estimation of the fuel properties and the
fuel composition and the list which is given here is a comprehensive list of fuel properties
which are majorly used to estimate the properties of the liquid fuel. And this particular

comprehensive list indicates the estimation of composition of the liquid fuels.
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1. Density and Specific Gravity (Relative density)
- —_—

* Density of liquid fuel is the mass of the substance occupying unit volume at 15 °C (60 °F). YV E

* Specific gravity or relative _density is the density of fuel relative to that o@
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* ( Density of fue) is evaluated as per AST!\‘B%OSZ, using digital density meter.

¢ Hydrd
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are also used to evaluate the relative density of liquids, which consist of a weighted glass float with a
X
calibrated vertical stem indicating the relative density.

* Thd API scale)(American Petroleum Institute) is sometimes used in place of specific gravity:
—_—
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L API = Specific gravity at 15 °C/60°F 131.5

* ( Biodieselhas slightly higher density than petroleum diesel.
(Bt s srty oot
*» Diesel engine injectdrs normally operate on a volume metering system?If the fuel has higher density, a large mass of fuel is

injected, producing more power and emissions.
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So, let us discuss about the fuel properties first. So let us begin with the density and specific
gravity. Density of a substance or liquid fuel is the mass of the substance occupying a unit
volume at 15 degree Celsius. Similarly, specific gravity or relative density, it is the density of
fuel which is relative to that of the pure water and density of the fuel is evaluated using the

standard ASTM method using digital density meter.

However, hydrometers are also used to evaluate the relative density of a liquid which consists
of a weighted glass float with a calibrated vertical step indicating the relative density. The
API scale is sometimes used in place of the specific gravity and it can be estimated using this
following expression. Compared to the petroleum diesel, the biodiesel has slightly higher

density and the diesel engine injectors which are normally operate on a volumetric system.

If the fuel has higher density, then a large mass of fuel is injected and that eventually results
in producing more power, but also it emits more pollutant. That is also one of the
disadvantages. So, this density value should limit to its standard value so that it can be used

as a fuel in the diesel engine.
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2. Viscosity

* The weak van der Waals-type forces between molecules provide cohesion to a body of liquid, and hence a resistance

to internal displacement and flo;v. This resistance is termed thd viscosity.
— —e ~
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* There are two kinds oﬁscosit commonly reported, kinematic and dynamic.

* Dynamic viscosity (1) of a liquid may be defined as the tangential force on unit area of either of two parallel planes at

unit distance apart when the space between the planes is filled with the liquid samplé, and one of the planes moves
D

with unit velocity in its own plane relative to the other.
7

Units of dynamic viscosity:
4

7 n= Q_OTC_;\ = =Ns/m2= kg/m-s
N rea X (Velocity/Length) 2 (m 1y — F0
m___,_ - —e mX (s x m)

In metric system, the unit of dynamic viscosity is the g/cm s, or poise (P).

f Liquids And Gases, by EM Goodgar, 1975.
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Alternative Fuels for

The next in the properties is the viscosity. The weak van der Waals type forces between
molecules provide a cohesion to a body of a liquid and hence a resistance to internal
displacement and flow. And this resistance is termed as the viscosity. There are two kinds of

viscosity commonly used that is kinematic viscosity and the dynamic viscosity.

The dynamic viscosity of a liquid, it may be defined as the tangential force on unit area of
either of the two parallel planes that are under consideration at unit distance apart when a
space between these two plane is filled with the liquid sample and one of the planes moves

with a unit velocity in its own plane relative to the other.

And the following equation can be used to estimate the dynamic viscosity of a given fuel.
And the unit of dynamic viscosity is Newton second per meter square and it also represented
in the form of kilogram per meter second. While in metric system the unit of dynamic

viscosity is gram per centimeter second or poise.



(Refer slide time: 15:07)

* Kinematic viscosity (v) of a liquid may be defined as the quotient of the dynamic viscosity and the density of

the liquid. suee  U-tube viscometer
el with capillary tube
Units of kinematic viscosity b
N

v’
vy _kams @ |
- Densfﬁéf T kg/m? Heahrg{_‘; Viscomeler

In metric system, the unit of kinematic viscosity is the cm?/s, or stokes (St).

It is measured using the ASTM Standard D445, employing a glass U- Water
- both
tube viscometer with a capillary tube built into one leg. \/

It is determined by measuring the time taken for a fixed volume of fuel

to flow a known distance under gravity through the capillary tube

B

viscometer at controlled temperature. |

Courtesy : Hydrocarbon Fuels: Production, Properties and Performance of Liquids And Gases, by EM Goodgar, 1975,
Alter
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Similarly, the kinematic viscosity of a liquid it may be defined as the quotient of dynamic
viscosity and the density of a liquid. And it is the relationship between the viscous and the

inertial forces in the fluid.

And the unit of kinematic viscosity is meter square per second and in metric system the unit
of kinematic viscosity is centimeter square per second or it also represented in the form of
Stokes. And it is measured using this standard ASTM technique employing glass U tube

viscometer with a capillary tube built into one leg.

And the viscosity of a given fuel is measured by using this U tube viscometer, where the time
taken for a fixed volume of fuel to flow unknown distance under gravity through the capillary
tube viscometer at a controlled temperature. And this temperature here is controlled using a
water bath. And even intermittently the stirring is provided here in the water bath to maintain
the controlled temperature. This is one of the most widely used apparatus for the estimation

of the kinetic viscosity of a given fuel.
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* Viscosity of fuel increases with chain length (number of carbon atoms). This holds also for the alcohol moiety

because the viscosity of ethyl esters is slightly higher than that of methyl esters.
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* Viscosity of fuel increases with increasing degree ofs/atLration) Factors such as double-bond configuration
—_— SR —~—

influence viscosity; cis double-bond configuration giving a lower viscosity than trans.
N - X —t

* Higher viscosity of fuel leads to:

—  Poor atomization (fuel droplet size) and spray characteristics,
—  Incomplete combustion,
- Increased carbon deposits,

—  Higher pumping power.
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Viscosity of the fuel, it increases with the chain length and this holds for the alcohol moiety.
Because the viscosity of ethyl ester is slightly higher than that of the methyl ester. And
viscosity of the fuel it also increases with increasing the degree of saturation. The factors
such as double bond configuration influence the viscosity that is cis bond configuration
giving a lower viscosity than trans. And this is mainly for the biodiesel fuel because biodiesel

is a mixture of cis and trans fatty acids.

Higher viscosity of the fuel has certain issues because it leads to poor atomization and spray
characteristics, incomplete combustion, increased carbon deposits and higher pumping
power. Hence, it is always recommended to restrict the viscosity of a given fuel to its

standard limits.
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3. Flash Point, Fire Point and Auto-ignition Temperature
- A A7

Flash point of a liquid fuel is defined as the lowest temperature (at 101.3 kPa pressure) at which application of the

ignition source causes the vapor of the fuel to ignite.

Thermometer

A

. Stirrer Line of
®*  There are sgﬂg[mgthods for FES@IE/’_( test based on apparazus, e.g. b ;| /S,gh,
ASTMVDSG, ASTMVDQ3, etc.
P s <% C:%
R\ ol |
- » /
ASTM 2?3 E‘ét method (by Pensky-Martens closed cup apparatus): Test l> <]
— Specified volume of fuel sample filled into a brass test cup of specified - - — |I— "
Hhin
. . 1eve|q SR o T
dimensions. — —_— —
— iy | —
— Cup is closed and heated while stirring the fuel at specified rpm. j‘j —_ =
J<I )
— An ignition source is directed into the test cup at regular intervals with | — = o
simultaneous interruption of the stirring until a flash is detected. P 3 3
| o |
Closed cup flash-point apparatus
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And next in the list is the flash point, fire point and the ignition temperature. Flash point of a
liquid fuel is defined as the lowest temperature at which the application of ignition source
causes the vapor of fuel to ignite. There are several methods used for the flash point test
based on the apparatus and this includes ASTM D56 method and ASTM D93 method.

So, the ASTM D93 test method by Penske-Martins close curve apparatus is shown here in the
schematic. So, in this test a specified volume of a fill sample is filled into brass test cup of a
specified dimension. And if you see here the filling level is also shown here in the schematic,
it should be filled up to this particular level. And then the cup is closed and heated while

stirring the fuel at specified rpm.

An ignition source is directed into the test cup at regular interval with simultaneous
interruption of the stirring until the flash is detected here in this particular zone. And the
corresponding temperature recorded here in the thermometer is considered as the flashpoint

of the given fuel.
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+ Flash point provides an indication of fire risk in storage under ambient conditions.
* Generally, flash point increases with relative density for liquid petroleum’t}}els.
—¥ S

* Thus the heavy fuels are relative@;‘since their flash points are well above ambient temperature, giving

vapour-air mixtures(too weal/to be ignited.

* Low flash point fuels mu(s;_ be stored iif vented tanks to give a flammable zone outside storage tank.

* The kerosene are flammable at ambient temperature, whereas th¢ gasolines are over-rich.

v o
» Flash point of biodiesel/is higher than that of diesel (>130 °C), which makes biodiesel safer than diesel in
fate —_—t —

B2
handling and storage.

* Flash point of biodiesel will reduce, ifth@sed in its production is not completely removed.
» redon S gloohol fsediniisp Bt eompleicy e
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The purpose of estimation of the flash point is the flash point provides an indication of fire
risk at storage under ambient condition. In general, flash point increases with relative density
for liquid petroleum fuels. Thus, the heavy fuels are relatively safe since their flash points are
well above the ambient temperature giving vapor air mixture too weak to be ignited. And low
flash point fuels, it must be stored in vented tanks to give a flammable zone outside the

storage tank.

The kerogens are flammable at ambient temperature whereas the gasolines are over rich.
Similarly, the flash point of the biodiesel it is higher than that of the diesel even greater than
130 °C which makes biodiesel safer than diesel in handling and storage. And this flash point
of the biodiesel will reduce if the alcohol used during the transesterification process is not
completely removed even it will reduce the flash point of biodiesel.
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Fire point is the lowest temperature (at 101.3 kPa), at which the application of an ignition source causes the

vapors of a fuel being tested to ignite and continue to burn for 5 s under the specified conditions of the test.

H of fuel is little higher than its flash point.
_

+ Fire point of liquid fuels is determined Ey/Aﬂl;l D92 (by Cleveland open cup apparatus).

LY
Autoignition temperature is the temperature at which the fuel will ignite spontaneously in contact with air, in

the absence of sparks or flame. 2
LA v /
+~ Autoignition temperature is determined hy Test Method ASTM E659 nd&STM D659.
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Similarly the fire point is the lowest temperature at which application of an ignition source
causes the vapour of liquid fuel being tested to ignite and burn continuously for 5 seconds
under the prescribed condition of the test. And this fire point of the fuel is slightly higher than
its flash point. And the fire point of the liquid fuel can be estimated using this standard

ASTM technique by Cleveland open cup apparatus.

Similarly, the ignition temperature is the temperature at which the fuel will ignite
spontaneously in contact with air even in absence of sparks or flame. And this auto ignition
temperature it can also be estimated using the standard ASTM technique mentioned here.
Hence the estimation of flash point, fire point and at ignition temperature is essential.
Because these properties provide the indication of fire risk in storage even at ambient

condition.
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4. Pour Point and Cloud Point
et

= Pour point is the lowest temperature at which the liquid fuel is observed to flow when cooled and examined under

prescribed conditions.

#( Cloud point is the temperature at which a cloud or haze wax crystals appears at the bottom of thhen
v ~—e ———— R -
is cooled under prescribed conditions. Cgmpg-smﬁ
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= Air space
= Many( components of fuel)blend cause progressive freezing with fall in -
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A%Ytemperature. Thus, the degree @must be monitored to 51|
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(' characterise a given fuel.
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=  Pour Poinvt and Cloud Point are important parameters to assure proper flow
Al it

S, L Sample
of fuels /oils through nozzles under all anticipated temperatures.
A W
= Test methods: Pour point (ASTM D97-96a); cloud point (ASTM D5771-95) Hefrgeron

bath

= The result of thé)gjrr‘point test can be affected by the shape of the vessel,
St —t —%

pre—tiggtﬂgg‘;of the oil, quggg&/;)f oil, and rate of cooling.
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So, the another important property for the liquid fuel is the pour point and the cloud point.
Pour point is the lowest temperature at which the liquid fuel is observed to flow when cooled
and examined under the prescribed condition. Similarly, the cloud point is the temperature at
which a cloud or wax crystals appears at the bottom of test jar when the sample is cooled

under prescribed condition.

So, once we observe such cloud or hazy waxy crystals at the bottom of the test jar for a given
liquid sample then with the help of the proper setup we can estimate the cloud point of a
given sample. Many components of fuel blend causes progressive freezing with fall in the
temperature. If you recollect just few slides back, we discussed about the petroleum derived
liquid fuel and the biomass base derived liquid fuel. And this liquid fuel is a mixture of large
hydrocarbons with different composition.

So, because of this vast difference in their composition and because of this various
component which are present in this liquid fuel. So, some of the component of the fuel blend
may cause progressive freezing with a decrease in the temperature. Thus, the degree of

freezing must be monitored to characterize the given liquid fuel.



Pour point and cloud point are the important parameter to assure proper flow of fuels through
nozzles under all anticipated temperature. And these ASTM techniques are used to measure
the power point and the cloud point of a given fuel. And this particular schematic represents
the setup which is used to measure the cloud point and power point of the given fuel. And the
result of power point test can be affected by the shape of the vessel which is used during this

test method.

Pre-treatment of the oil, if the given oil sample is pre-treated before the test then there might
be some change in the pour point estimation values, quantity of the oil used during the
estimation of the pour point and the cloud point and the rate of cooling. So, these factors even

affect the result of power point and cloud point test.

(Refer slide time: 26:21)
5. Stability and C tibilit
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Fuels and oils tend to form gums and sediments in contact with air and water. This instability can cause trouble due to

deposition in storage tanks, lines, and filters.
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* Fuel stability is defined as t@;nc of the fuel to ph and chemical changes brought about by the
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interaction of the fuel with its environment.

* Thermal stability is the resistance of th@o change caused by thermal stress.
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* Oxidation stability is the resistance of thie fue
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to change under severely oxidizing conditions.
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o Fueleads to the poor compatibility with the blengm_gments and additives. e Qiii- figf
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+ Test methods: ASTM D 6468 (thermal stability); ASTM D 2274 (oxidation stability).
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So, another important property of the liquid fuel is stability and compatibility. Fuels and oils
tend to form gums and sediments in contact with air and water. This instability can cause
trouble due to deposition in tanks, lines and filters. Fuel stability is defined as the resistance
of the fuel to physical and chemical changes which are brought about by the interaction of the

fuel with its environment.



For example, in case of biodiesel, if it remains exposed to the environment, then it undergoes
the autoxidation reaction, which eventually results in the change in the chemical and the
physical properties of the produced fuel and which ultimately hampers its fuel properties.
Thermal stability, it is the resistance of fuel to change caused by the thermal stress. And the

oxidation stability is the resistance of the fuel to change under severely oxidizing condition.

So, as | just mentioned before if the biodiesel is exposed for a long time into the environment
then it undergoes the autoxidation reaction where it undergoes the physical and the chemical
changes which ultimately hampers its fuel properties that is because of the oxidation of
certain components which are present in the biodiesel. As we know the biodiesel it is a

mixture of saturated and unsaturated fatty acids.

So, basically the unsaturated fatty acids are prone to the auto-oxidation if it remains exposed
into the environment for a longer time. So, this fuel instability it leads to the poor
compatibility with blending components and additives. That means if the prepared fuel get
affected by any of this stability then it may result into formation of the some sediments and
the gums. So, which eventually results in the separation of certain component of fuel from

rest of the fuel as a result it will get separated from the blending components or the additives.

And that is essentially needed to be avoided in case of the liquid fuels. So, these particular
standard methods are used to estimate the thermal stability and the oxidation stability of the

liquid fuel.
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@ages more quickly than c%e’sel due to chemical structure of methyl esters present in biodiesel.
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— Saturated/methyl esters in biodiesel increase its cloud pomt)and cetane number and improve its stability.
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+ Theé unsaturated fatty acids reduce cloud point and cetane number and reduce its stability also.
[ I
« /Additives)can be used to impréve stability ahd also to inhibit rust formation.
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As just discussed before, the biodiesel, it ages more quickly than the diesel due to the
chemical structure of the methyl stress present in the biodiesel. So, that is what | have just
discussed one slide before. If the biodiesel is exposed to environmental condition for a longer
time, then because of the autoxidation reaction, some physical and chemical changes may
occur in the biodiesel. And that is mainly because of the chemical structure of the biodiesel,

as it mostly consists of the ester molecules which are prone to the autoxidation.

And that eventually results into the change in the chemical and the physical properties of the
prepared biodiesel and which eventually hampers its fuel properties as well. The saturated
methyl stress in biodiesel increases its cloud point and cetane number and also improves its
stability. But the unsaturated fatty acids reduce the cloud point and cetane number and also
reduce its stability and for that reason the additives are used to improve the stability of a fuel

and also to inhibit the rust formation during its use.
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6. Heating vaIue\J/
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* Heating value ( can%value heat content or heat of combustion) of a fuel is t@nt of heat producey\when
o 7 e e

a specified quantity of fuel is burned completely. Gross and net heat of combustion are the two values measured
—

A\

for the heat of combustlon.
=

;\}Higher heating value is the quantity @eleased when a unit mass of fuel is burned in a constant volume

0{ enclosure, with the products belng gaseous other tha v@that is condensed to the hqwd state.

(ower heating value) is the quantity of energy released when a unit mass of fuel is burned at constant pressure,

W|th all of the products including water, being gaseous.
F\/‘\/@ ——{

. Th\ fuel mu@ontain only the elements carbon, hydrogen, nitrogen, and sulfur. The products of combustion, in

oxygén are gaseous carbon dioxide, nitrogen oxides, sulfur dioxide, and liquid water.

IR =5
* Test method (for liquid fuels) : ASTM D 4809 by bomb calorimeter (precision method).
~—— T T =8
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The another important property of the liquid fuel is the heating value. The heating value
which is also known as a calorific value. The heat content or heat of combustion of a fuel is
the amount of heat produced when a specified quantity of fuel is burned completely. The
gross and the net heat of combustion are the two values major for the heat of combustion and

these are also known as the gross calorific value and the net calorific value.

The higher heating value is the quantity of energy released when a unit mass of fuel is burned
in a constant volume enclosure with products being gaseous other than the water that is
condensed to the liquid state. And this higher heating value of a given liquid fuel can be
estimated using a known apparatus that is called as a bomb calorimeter. Similarly, the lower
heating value It is the quantity of energy released when the unit mass of a fuel is burned at a
constant pressure with all the products including water being gaseous.

So, this is the major difference between these two values that is higher heating value and the
lower heating value. And this concept of higher heating value as well as the lower heating
value also we discussed in one of the lecture in module 1. The fuel must contain only
elements like carbon, hydrogen, nitrogen and sulphur. And the products of this combustion in
oxygen are gaseous carbon dioxide, nitrogen oxides, sulphur dioxide and liquid water. And

this is the standard ASTM technique which is used for the estimation of the heating value of a



given sample. And mostly we estimate the higher heating value of a given fuel using this

bomb calorimeter.

(Refer slide time: 33:21)

Relation between HHV an@)
—A -

HHV = LHV + 0.2122@ (at25°C)
(v

Where, HHV = higher heating value at constant volume, MJ/kg
LHV = lower heating value at constant pressure, M]/kg

H = mass % hydrogen in the sample
7

HHV or LHV can also be calculated as:

"
HHV = LHV # Qatent ) —V

Quatent = My, o0 hy,
— —

g
Where, Qjaten: = latent heat of water, M] /kg '

My, = mass of water formed per unit mass of fuel burned, kg,,,.;c./ K&l

hg, = enthalpy of vaporization of water at 25°, M]/kg
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And once we know the higher heating value of a given fuel, then we can easily estimate the
lower heating value of the given fuel using this relation. So, here the H is nothing but the
mass percentage of hydrogen in the sample. So, apart from this relation even the lower

heating value of given sample can be estimated using this another relation.

So, in this relation we need to know this latent heat of water which can be estimated by this
equation. And once we know the Q latent and the HHV, then we can easily estimate the

lower heating value of a given fuel.
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7. Cetane Number

¢ Cetane number of fuel is a measure of the ignition performance of liquid fuel.

* Cetane number provide an indication of the ignitiofi quality of diesel engine fuels.
4

* Cetane numb.ﬁiala’is obtained by comparing jt to the reference fuels in a standardized engine test
@ —— g

(cooperative fuel research / CFR cetane engine)és per ASTM D613 test method.

o RSN TR
- Cetane number of biodiesel is higher than that @A

5]
— Cetane number of biodiesel decrease with an increase in unsaturation (oleic and linolenic) and increases with
—~— — == = —

an increase in chain length.

8 . L BT ey N
— Esters of szggg[it?ed fatt(@ such as palmitic and stearic acids ha yhlgher cetane numbers.

Courtesy Fuels and Lubricants Handbook: Technology, Properties, Performance, and Testing, by GE Totten, ASTM International, 2003
ation, b
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Alternative Fuels for Transport,

And next in the list is the cetane number, which is also one of the important properties of a
liquid fuel. Because cetane number of a fuel it is a measure of the ignition performance of a
liquid fuel. It provides an indication of the ignition quality of a diesel engine fuels. And the
cetane number of a test fuel can be obtained by comparing it to the reference fuel in the

standardized engine test.

And this can be obtained using the standard ASTM method. And this certain number of the
biodiesel is higher than that of the petroleum diesel. If the percentage of oleic and linolenic in
the biodiesel it increases then eventually it decreases the cetane number of the biodiesel and

increases with increase in the chain length.

Since the biodiesel it is a mixture of the saturated and the unsaturated fatty acid. So, the
traces of the saturated fatty acids, such as palmitic and the steric acids have higher cetane
numbers. So, proper mixture composition of unsaturated fatty acid and saturated fatty acid
need to be maintained in the biodiesel sample during its preparation, so as to obtain an

optimum cetane number.
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* The highe(peed—engiﬁép are more sensitive to the ignition quality of the fuel; therefore, cetane numbers became the
e A

propergy of gregtgfgoncern to both producers and users.
N \

* The cetane number affects engine parameters like :
- @mbusion,)
N
— stability,
- drivability,
— smoke,
~ noise, and

= emissions.

* The higher cetane number of fuel represents :
- better ignition properties,
- good cold start properties, and

= minimized the formation of white smoke.
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The high speed engines are more sensitive to the ignition quality of the fuel. And therefore,
the cetane number became the property of greatest concern to both the user as well as the
producers. And the cetane number it affects the engine parameters such as combustion,
stability, drivability, smoke, noise and the emission.

The higher certain number of the fuel represents the better ignition properties, good cold flow
properties and also helps to minimize the formation of the white smoke. So, these are the

advantages of having the higher certain number of the liquid fuel.

So, this comprises the fuel properties of a given liquid fuel. So, with this we will end our

lecture here. So, in the next lecture we will discuss about the fuel component characteristics.

Thank you.



