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By
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ABSTRACT

This work presents an experimental technique for the determination of soot formation in
pure fuel, biofuel and emulsified fuel. That constitute this fuels was studied in a heated
shock tube and investigated the possibility of reducing soot production in locally refined
diesel, locally produced biofuel and emulsified fuel. This reduction was conducted using
certain oxygenated additives. The pressure ranges 7 to 8.5 bars and temperature range was
within 280 to 300 °C .

The results give a good indication of the effect for oxygenated additives in reducing the
soot formation. It was found that methanol has maximum effect on soot reduction followed
by ethanol and finally acetone.
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CHAPTER ONE: INTRODUCTION

1.1 General:

It is known that soot “particulate matter” is a name given to the mixture of solid
particles and liquid droplets found in air, the main constituents of this mixture is
carbon. Soot is produced from many sources such as burning coal, diesel, wood etc,.
Cutting its emissions has a virtually instantaneous effect, because it rapidly falls out
of the atmosphere, unlike carbon dioxide which remains there for over a hundred
years. And because soot is one of the worst killers among all pollutants, radical

reductions save lives and so should command popular and political support

This work investigates the possibility of reducing soot production from burning
locally refined diesel, locally produced biofuel and emulsified fuel. This will be
accomplished by the design, construction and testing of an experimental rig, which
consists mainly of a shock tube, within which the combustible mixture is introduced
and ignited and introduced to a customized filter. This filter is used to measure the

concentration of soot that is produced during the burning of the fuel.

Further, this investigation of soot reduction had been conducted using certain
oxygenated additives, these additives contain sufficient amount of oxygen, which
enhances the burning of carbon (soot) and hence soot reduction increases. This
research work aimed to reduce that soot, which contributes significantly to
environmental problem in Jordan and hence cleaner environment. The alternative
fuels such as biofuels and emulsified fuels are of high competitive to diesel fuel, this

will reduce the national energy bill.
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1.2 Objective:

This work presents an experimental technique for the determination of the soot
formation in different fuels; diesel, biofuel and emulsified fuel that accomplish the
main target for the reduction of soot formation by using oxygenated additives like
methanol, ethanol and acetone. This will give a realistic way of how researchers can

accomplish soot reduction for different fuels using oxygenated additives.

1.3 Layout of thesis:

This chapter is the first chapter, which introduces the reader to the subject. In chapter
two, work conducted internationally is mentioned in order to clarify the connecting
points between this work and others work, also to make use of similar works that has
been done. Theoretical background in chapter three comes before the measurement
work. This theory gives the principle of the proposed system configuration which will
deliver the required results.

The testing facility has been extensively explained in chapter four for the purpose of
giving guidance for any future work to be done and to explain the principle for each
measuring instrument. The experimental procedure of this work will be explained in
chapter five to show the reader the experimental work steps. The results were
introduced in chapter six. Finally, the conclusion of this thesis has been mentioned in
chapter seven to give a final decision about this experimental work and to verify the

expected findings.
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CHAPTER TWO: LITERATURE REVIEW

Mathieu et. al. (2009) studied the soot tendency (soot induction delay time and soot
yield) of a diesel fuel surrogate and of the hydrocarbons that constitute this mixture
was studied in a heated shock tube. The surrogate is composed of three hydrocarbons
representative of major chemical families of diesel fuels (39% n-propylcyclohexane,
28% n-butylbenzene, and 33% 2,2,4,4,6,8,8-heptamethylnonane in mass proportion).
Experiments were carried out for highly diluted mixtures in argon; in the case of
pyrolysis and at two equivalence ratios: 18 and 5. The pressure range was relatively
high (1090-1870 kPa) and the carbon atom concentration was kept constant at around
2 x 10" atoms/cm?. The effects of the nature of the hydrocarbon, the oxygen addition,
and the temperature on the soot induction delay time and soot yield were investigated.
A second growth stage of the soot volume fraction was observed. The influence of
several parameters on the existence and/or on the amplitude of this second growth
seems to indicate the chemical nature of this phenomenon. Results for the soot
tendency show that the soot induction delay time and soot yield depend strongly on
the structure of the hydrocarbon and on the concentration of oxygen. Their study of
the diesel surrogate shows that the soot inception process does not depend on
synergistic effects between hydrocarbons but seems to be initiated by the constituent
of the surrogate that produces soot fastest, while other constituents were consumed

later during the soot growth.

Agafonov G.L. et. al. (2007) proposed a new detailed kinetic model of soot formation
in shock tube pyrolysis and oxidation of aliphatic and aromatic hydrocarbons. The
model is based on the comprehensive kinetic model of polyaromatic hydrocarbons
(PAH) formation and growth. The gas-phase kinetic scheme was validated against the

experimentally measured concentration profiles of the main gas-phase species formed
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during toluene pyrolysis and H and OH radicals during benzene and phenol pyrolysis
and toluene oxidation behind reflected shock waves. The model describes the main
characteristics of soot formation in pyrolysis and oxidation of toluene and n-heptane
oxidation under conditions typical of shock tube experiments. Both hydrocarbons
have the same number of carbon atoms but different structures, which causes different
behavior of the systems. The discrete Galerkin technique was applied for direct
counting of the mean number of active sites formed on the surface of soot precursors

and soot particles in reactions of activation, deactivation, and surface growth.

Hong et. al. (2009) investigated the influence of oxygenates on diesel soot emissions.
soot formation in fuel-rich n-heptane/oxygen mixtures with added dimethyl ether,
acetone, butanal, or 3-pentanone was investigated behind reflected shock waves at
pressures from 20 to 30 atm and temperatures from 1600 to 1900 K. Soot formation
histories were observed by simultaneously measuring the soot-induced laser light
extinction at 633 nm and the light emission by soot particles at 670 nm. Uniform
reflected shock conditions over the long test times needed to form soot were achieved
by using a new driver insert method to modify shock tube performance. In
measurements made under these uniform conditions, the soot formation window near
1700 K was found to be narrower than previously measured. A significant reduction
in the overall soot yield was found with the addition of small quantities of oxygenates
as well. On a per oxygen-mass basis, butanal was found to be the most effective
additive in reducing soot among the oxygenates studied. It was also found that normal

alkyl-group chain length in oxygenates has little impact on soot reduction.

De luliis et. al. (2008) focused on the development and application of the laser

extinction/scattering technique in shock tube experiments. Emphasis is given to the
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scattering optical arrangement for the determination of soot size growth. Results
concerning the induction delay time, the soot yield and the particle diameter growth
are presented for the pyrolysis of ethylene and toluene at pressure about 500 kPa and

for a wide range of temperature.

Zhu et. al. (2007) investigated Catalytic oxidation of diesel soot particulate on
CexZr1-x02 catalysts. Results indicated that Ce/Zr ratios had a significant influence
on the catalytic activities. Compared with the ignition temperature (Ti) of uncatalyzed
soot combustion, Ti of Ce0.5Zr0.502 with the best catalytic behavior decreased by 80
°C. The reactant gas compositions (02, H20 and NO) affected the catalytic activities
too. O2-TPD, TG-DTA and XPS characterization results showed that CexZr1—-x02
released lattice oxygen continuously to promote the soot combustion even no gas
oxygen occurred in the reaction atmosphere. The mechanisms of spill-over and

reduction/oxidation functioned synergistically for soot catalytic combustion.

Hinot et. al. (2007) , performed experiments with two model soot aerosols brought
into different forms of contact with Pt aerosol particles, to investigate the
effectiveness of this contact in lowering the catalytic soot oxidation temperature. The
contact was either generated between individual particles in the aerosol state (Pt-
doped soot to simulate a fuel borne catalyst), or by sequential or simultaneous
deposition of separately generated soot and Pt aerosols onto a sintered metal filter.
(Formation of a soot cake on previously deposited Pt aerosol would simulate a
catalyst coated diesel particle filter.) The catalytic activity was determined in all cases
from temperature ramped oxidation in air of the filtered particles, and defined as the

50% conversion temperature.
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It was found that Pt-doped soot and simultaneously filtered aerosols were both equally
effective in reducing the oxidation temperature by up to 140-250 °C for the spark
discharge soot (with 3-47 wt% Pt concentration in the soot cake), and by up to 140 °C

for the pyrolysis soot (3 wt% Pt).

Conversely, the deposition of a thin soot layer of 5-10 mm thickness onto Pt, or vice
versa, produced only a slight temperature reduction on the order of about 13-42 °C.
These results suggest that the distance between soot and Pt particles plays a key role
in promoting an effective oxidation on the filter, which is consistent with the role of

Pt particles as local generators of activated oxygen.

Alexiou and Williams (1995) studied the formation of soot during the pyrolysis of
argon-diluted mixtures of toluene and n-heptane and of toluene and iso-octane in a
reflected-shock tube. Soot induction times and rates of formation measured at 632.8
nm by laser beam attenuation showed an Arrhenius dependence on reflected-shock
temperature. The maximum in bell-shaped distribution of soot yield and concentration
as a function of temperature decreased with increasing amount of n-heptane or iso-
octane substituted for toluene. A kinetic model was used to explain the experimental
trends and gave reasonable prediction of the experimental observations. The reduction
in soot yield and concentration was attributed to the faster decomposition of the
alkanesas well as to their decomposition products, which diverted the soot formation

process from the more effective path of toluene pyrolysis to a slower route.

This work presents an experimental technique for the determination of the soot
formation in different fuel combinations that accomplish the main target for the
reduction of soot formation by using oxygenated additives. It contribute by adding a
simple yet compact test rig to accomplish this task. This will give a realistic way of

how researchers can accomplish soot reduction for different fuels and oxygenated

additives.
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CHAPTER THREE: THEORITICAL BAKGROUND

3.1 Background :

The solid and liquid particles in combustion product could be consider as soot. Soot is
produced naturally by any combustion process. Soot has many bad effects in life and
environment.

Soot contains up to 40 different cancer-causing chemicals and can also cause
respiratory and heart diseases. It is estimated to cause two million deaths in the
developing world each year — mainly among children — when emitted from wood-
burning stoves in poorly ventilated houses. In Britain, research has shown that people
are twice as likely to die from respiratory disease when heavily exposed to soot
emitted from vehicle exhausts.

Black carbon, the component of soot that gives it its color, is thought to be the second
largest cause of global warming after carbon dioxide. Formed through incomplete
combustion of fossil fuels, wood and vegetation, it delivers a double whammy. While
in the air, it is spread around the globe by the wind, and helps to heat the atmosphere
by absorbing and releasing solar radiation. When soot falls out soot darkens snow and
ice, at the poles or high in mountains, reducing its ability to reflect sunlight. As a
result it melts more quickly, and exposes more dark land or water which absorbs even

more energy, and so increases warming.
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3.2 Soot visual detection:

Soot is sold substance consisting of roughly eight parts carbon and one part
hydrogen(Tree 2007 ). Soot is produced from many sources such as burning coal,
diesel, wood etc.

As shown in Fig 3.1 and Fig 3.2, in order to measure soot formation, a customized

filter has been prepared which is able to absorb the soot produced by the combustion.

Figure 3.1 Inner grade of the filter used

BRE EJLtLl
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Figure 3.2 Customized filter

3.3 Temperature measuring principle:

Temperature has the greatest effect of any parameter on the soot formation due to
increase all of the reaction rates involved in soot formation and oxidation. Soot
inception begins at around a temperature 200 °C, while of burnout ceases below 300
OC. As temperature is increased the rate of oxidation increases more rapidly than the
rate of formation. In the experimental work temperature measurement was carried out
using k-type thermocouple as shown in Fig 3.3. It is located within drive section, and

hence the temperature will measure the ignition temperature.
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Thermocouple

/

Figure 3.3 Thermocouple in drive section

3.4 Pressure measuring principle

The pressure and temperature are related by the ideal gas law, and hence when
temperature increase the pressure will rise. Further, changing the pressure
experienced by a flame often results in changes in the temperature, flow velocity,
flame structure, and thermal diffusivity. Thus the effects of pressure on soot can be
difficult to isolate. In this experimental work pressure will be measured by using
dynamic pressure sensor as shown in Fig 3.4, which is in the drive section. This

technique will measure the ignition pressure in the drive section.

R fyl_llsl
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Figure 3.4 pressure sensor

3.5 Fuel preparation:
The fuel sample were prepared in the lab(Tamer 2010 ). For illustration purpose
summery of the fuel procedure will be given below :

Biofuel preparation:

A clean and safe area away from flammable substances must be available before
starting the preparation 20-22% amount of methanol is needed for every amount of
oil. 0.55% of NaOH is needed also for every amount of oil. For example: for 10 litters
of oil it is required to have 2 litters of methanol and 55g of NaOH. Qil is heated up to
130 °C. At the same time a mixture of methanol and NaOH is prepared which is

called Methodixe. This substance is then mixed with heated oil for 24 hours. The
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resultant mixture will contain glycerine at the bottom and biofuel at the top of the
mixing area. Removing glycerine from the bottom and by this will produce biofuel.
But this biofuel still contains methanol and glycerine. It can be removed by adding
distilled water that acts as a magnet to these substances because methanol is similar to
water more than oil. This water will flow upward where it can be removed easily and
the biofuel is dried by air for more purification.

Emulsified fuel preparation:

The water addition ranges between 0-20% .The mixing obtained by an homogenizer
device. Water particles become micro-explode due to the discrepancy of the boiling
point between the diesel and the water (boiling point of water 100°C, boiling point of
the diesel 185°C) (Appl 2010 ) so that the emulsion fuel drops divided

into finer particles and this leads to an increase the volatility of the fuel and hence the
combustion efficiency.

In the next chapter, appropriate combination of measuring equipment to verify theory
discussed . Building of the testing facility as well as its performance and reliability

will be performed.
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CHAPTER FOUR: TESTING FACILITY AND MEASUREMENTS

In any experimental work, the development of a testing setup that is able to deliver
reliable results is the aid of any research. This work was developed step by step to

generate acceptable setup which will deliver satisfactory results.

4.1 Selection of shock tube material:

As a first step, some of the calculations have been done in order to determine the type
of material to be used. This is based on standard design and combustion theory, which

is used to determine the mass of fuel and oxygen required .

Exzhaust
Shock wave
M\ —

Hotbathgas Shock-heated aerc
L]

filter

Figure 4.1: shock tube sketch
The thickness and type of material for the shock tube has been selected using ASME

B 16.5a 1998 standard as per the following equations:

t= (P . Ro) / (SE + 0.4P)
(4.1)
t = (500 % 1.5)/(1266.18 * 1 + 0.4 * 500)= 0.51"=12.95mm

For a spherical head
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t = (P *Do)/(2SE + 1.8P)

(4.2)
It may be written as:
500=3
t= = 0.44
2*1266.18+* 11 1.8+ 500
=11.18mm

Where (t) is the thickness of the shock tube, (P) is the pressure (500 bar), (Do) is the
outer diameter (3"), (S) is material allowed strength,(E) is joint efficiency, as per
standards.

The amount of diesel used in the shock tube depends on size of shock tube, which is
1600mm long with Inner diameter=38mm.

The combustion of an arbitrary hydrocarbon with our simplified air can be

represented by

CxHy + a(0; + 3.76N;) = b CO, +c CO + dH,0 +eH, + f O, +3.76 a N

..(43)

The lap conditions are T=25 °C, Pressure=0.92 bar.

= calculate air fuel ratio =

Where a= x+y /4.......... p=1
in table (B.2) from An introduction to combustion book x=10.8, y=18.7

N 4
a—x+4

= 15.475
Volume of tube

7TDZL
= — % ES
L
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T
v=o (0.038)? % (1.600) = 1.8e3m3

p=1.2kg/m?

Mass of air =1.8e 3*1.25=2.2¢ 3

A
F= C * Molecular weight of air/
- Molecular weight of fuel

A
_mass*p
/F - /mass of fuel

_2.2¢73
14.33= /mass of fuel

Where C=4.76*a

Mass of fuel=0.15 gram

In order to calculated oxygen mass, the following procedure is followed:

Moz total = Mo2 original + Moz supply at Certain pressure

02
P C * Molecular weight of oxygen/
- Molecular weight of fuel

02 5
F=1x%aq=x MWo
MW fuel
0z 28.85
F = 15.075 T86 = 2.93

Mass of oxygen = 2.93*0.15 = 0.44 gram at constant pressure = 1.5 bar.
Then the selected type of material in this experimental work will be "Seamless pipe
Schedule 80) based on tables in the ASME standard mentioned above. This is

considered the best type and tolerant to possible high pressure and temperature.
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4.2 Shock tube:

A shock tube is a device used primarily to study gas phase combustion reactions. A
simple shock tube is a tube, rectangular or circular in cross-section, usually
constructed of metal, in which a gas at low pressure and a gas at high pressure are
separated using some form of diaphragm, This diaphragm suddenly bursts open under
predetermined conditions to produce a wave propagating through the low pressure
section. The shock that eventually forms increases the temperature and pressure of the
test gas and induces a flow in the direction of the shock wave. Observations can be
made in the flow behind the incident front or take advantage of the longer testing
times and vastly enhanced pressures and temperatures behind the reflected wave.

As shown in Fig 4.2, the shock tube consist of two main parts :

The first one is the drive section with length of 1600 mm and inner diameter of 38
mm and contain 4 holes. The first hole is for pressure gauge, second hole is for spark
plug, third hole is for thermometer and the fourth hole is for feeding gas. As shown in
Fig. 4.2.

The second part of shock tube is the driven section, 1600 mm length and 38 mm inner

diameter contains only a customized filter at the end.

o

¢

Figure 4.2: Shock tube sketch
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In this shock tube, the drive section has closed end but the driven is open as shown in
Fig 4.3. Also the drive and driven section has been linked by flange coupling as

shown in Fig 4.4 and Fig 4.5.

Figure 4.3: Closed end in the drive section
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Figure 4.4: Flange coupling

The flange design contains a membrane mate of copper (0.05 mm thickness). This
membrane is installed with a gasket as it resists high temperature almost 700 °C which

show in fig 4.5.

ol Lalu Zyl_ﬂbl
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Figure 4.5: Shock tube membrane

To be sure that the membrane will be cracked in the pressure range of the combustion
testes, air supply tests have been made at various pressures. It was found that the
diaphragm cracks at a pressure of 5 bars for 0.05mm thickness shim diaphragm, and
the expected pressure of cracking the 0.1mm thickness shim diaphragm was 10 bars.
The explosion pressures range was 7-10 bars, this was related to the type of diesel and

the type of diaphragm material specification.

ol Lalu Zyl_ﬂbl
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4.3 Electric heater coil:

Having introduced the fuel and air in to the shock tube, which are at room
temperature. This mixture has to be heated up to vaporize the diesel fuel and hence
ignite the mixture. Three electric heaters were rolled along the tube, where each

requires a power of 3 kW. It have been installed in spiral pattern long the tube.

Figure 4.6: Electric heater coil installation around shock tube
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After installing the electric heater coil around the tube and connecting it to electricity,
heat transmitted through the tube material into the diesel in the drive section. This

caused the diesel to ignite and the process of shock wave started. The temperature of

the ignition as per the temperature digital thermometer was approximately 300 °C.

Figure 4.7: Heating shock tube
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Finally to finish preparing the test rig. Gas connections were prepared, as it must be a

wiring far from the heat and we can control the amount of gas through the control

valve.

Oxygen was provided to the experiment in order to help in ignition phase.

4.4 Measuring devices and measurements:

K-type thermometer is used to measure the process temperature inside the tube where

it has the following features:

Vi.

Vii.

Can match any standard type K sensor.

Fitted with standard K probe socket.

LCD display provides low power consumption.

LSI-circuit use provides high reliability and durability.

High accuracy and wide measurement range.

Compact, lightweight, and excellent operation.

Circuit used high quality multi turns VR for keeping high accuracy and

reliability.

Figure 4.8: Digital thermometer
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After preparing the temperature measurement, pressure sensor is used to measure the

pressure of explosion in the drive section. The range of this pressure sensor varies

between 0 to 25 bar with maximum working temperature 100 °C.

«— Pressure sensor

Figure 4.9: Pressure sensor setup

Signals received from the pressure sensor are transmitted to the computer through

data acquisition card with a compatible program.

www.manharaa.com

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



35

The features of pressure sensor used are:

Vi.

Vii.

viii.

Corrosion resistant stainless steel design
Medium wetted parts of stainless steel
No internal sealing elements

Pressure connection G1/4 B

High peak pressure resistance

High alternating load resistance

High long-term stability

For dynamic and static measurements

Figure 4.10: Pressure sensor
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CHAPTER FIVE: EXPERIEMNTAL PROCEDURE

After completing all necessary connections and verification. The combustible mixture
is prepared in the appropriate A/F ratio and then it is introduced into the drive section
, then mixture heated up to a point of converting liquid phase to gases phase. The
change from the liquid phase to gas phase will cause self-ignition and explosion with
the assistance of oxygen which produces the exhaust. Tests were conducted for three
types of mixtures: diesel, biofuel and emulsified fuel all mixed with the additives
ethanol, methanol, and acetone. The first mixture is diesel with the additives. In this
step the soot formation in the diesel has been studied together with the effect of
additives.

Table 5.1: Samples matrix

Diesel Biofuel Emulsified fuel
No additive Sample 1 Sample 5 Sample 9
Methanol Sample 2 Sample 6 Sample 10
Ethanol Sample 3 Sample 7 Sample 11
Acetone Sample 4 Sample 8 Sample 12

Table 5.1 show the steps of fuel testing before and after additives, there are two kind
of testing:

The first test of each set in table (5.1) was carried out without additives, and the soot
formation was measured for each pure fuel. The second test was carried out using
each fuel with additives, finally the effects of each additives on soot formation

reduction were compared together.
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The soot was measured by using a customized filter to give soot accumulation where
the effect of additives in soot formation is measured. The filter in placed in the driven
section where a visual check will give an indication of soot formation. For example, if

the soot on the filter is dark then it gives the indication of large accumulation of soot.

In the same manner if it light dark, this gives indication for soot is little.

Figure 5.1: Filter placement at the tip of driven section
This test rig has been assembled in order to perform the specific task for soot
detection through visual measurement. Each additive caused different amount of soot;
this will be shown in the result chapter. It is to be noted that the amount of the three

additives to each fuel was fixed at 20%.
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CHAPTER SIX: EXPERIEMNTAL RESULTS

The following results are grouped into four main categories, based on the quantity of

soot formed on the filter.

As shown in Fig 6.1 and as expected soot formation was maximum where pure diesel
was burn, followed by emulsified fuel and biofuel respectively. This is because diesel

fuel is made up of a blend of heavy hydrocarbons that contains large number of

carbon atom (Tree,2007).

Figure 6.1: Sample 1 (A: Diesel) vs. sample 5 (B: Biofuel) .sample 9 (C: Emulsified

fuel)

The second category is the mixture of fuels with methanol which showed the least
soot formation based on visual identification. It is clear that fuel composition
influences the amount of soot produced in combustion process. Since methanol
contains low carbon structure, also it contains oxygen that enhances the burning and

hence the reduction of soot production.

Fig 6-2 shows the filter after biofuel and methanol mixture was burned, as indicated

by the colour of the filter, the soot formation is minimum.

BRE 3J|_IL|
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Figure 6.2: sample 6 (biofuel with methanol)
Fig 6.3, in the case of burning of fuels with methanol additive. As expected soot
formation was maximum when pure diesel and methanol were burn, followed by
emulsified fuel and biofuel respectively. This is because diesel fuel is made up of a

blend of heavy hydrocarbons that contains large number of carbon atom .

Figure 6.3:Sample 2 (A: Diesel) vs. sample 6 (B: Biofuel).sample 10 (C: Emulsified)

The next category is the mixture of fuels with ethanol. It can be seen that the degree

of soot formation higher that formed when methanol added. As shown in Fig 6.4 and

ol Lalu Zyl_ﬂbl
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as expected soot formation was maximum when pure diesel was burned, followed by

emulsified fuel and biofuel respectively.

Figure 6.4: Sample 3 (A: Diesel)vs. sample 7 (B: Biofuel). sample 11(C: Emulsified)

As shown in Fig 6.5 and Fig 6.6 ,the last category of this study was mixture of fuels
and acetone. As indicated the soot formation was mixture when acetone was added.
Similarly soot formation was maximum when diesel with acetone was burned
followed by mixture of emulsified with acetone and minimum formation when biofuel

and acetone was burned.

oL fyl_llsl
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Figure 6.5: Sample 12 (A: Emulsified fuel) vs. sample 8 (B: Biofuel)

Figure 6.6: Sample 8 (A: Biofuel) vs. sample 4 (B: Diesel)

Figure 6.7: Sample 12: emulsified fuel mixed with acetone
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Figure 6.8: Sample 4: Diesel with acetone mixture

The soot formation and the effect of the additives on each type of fuel on its formation
is shown in Fig 6.9 and table 6.1. As shown in Fig 6.9 all samples are listed along the
horizontal axis and the black vertical column represent the degree of soot formation in

table 6.1.

Table 6.1: Soot comparison matrix based on colour detection

Diesel Bio fuel Emulsified fuel
No additive Sample 1 Sample 5 Sample 9
Ethanol

Acetone Sample 4

BRE EJLIH
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ORNWAUIONOLO

Figure 6.9: Comparison between all samples based on (1-12) scale
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CHAPTER SEVEN: CONCLUSION AND FINAL REMARKS

This work was carried to find effect of oxygenated additives on the formation of soot
emitted during the combustion of diesel, biofuel and emulsified fuel. From this work
it may be concluded that :-
1. Soot formation is maximum when pure diesel is burned and minimum when
biofuel is burned.
2. Methanol has the maximum effect on soot reduction when added to all three
types of fuel. With minimum reduction of soot when added to biofuel.
3. Acetone has minimum effect on soot reduction when added to all fuel. With

minimum effect when added to diesel fuel.
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APPENDICES

APPENDIX (A): Rating for group 2.2 material

ASME B16.5a-1998 PIPE FLANGES AND FLANGED FITTINGS

TABLE RATINGS FOR GROUP 2.2 MATERIALS

Nominal
Designation Forgings Castings Plates
16Cr-12Ni-2Mo A 182 Gr, F316 (1) A 351 Gr, CF3M (2) A 240 Gr, 316 (1)
A 182 Gr. F316H A 351 Gr, CF8M (1) A 240 Gr. 316H
18Cr~13Ni-3Mo A 240 Gr. 317 (1)
19Cr-10Ni-3Mo A 351 Gr. CGBM {3)
NOTES:

{1) At temperatures over 1000°F, use only when the carbon content is 0.04% or higher.
{2) Not to be used over 850°F,
{3) Not to be used over 1000°F.

WORKING PRESSURES BY CLASSES, psig

Class
Temp., °F 150 300 400 600 900 1500 2500
=20 to 100 278 720 960 1440 2160 3600 6000
200 235 620 825 1240 1860 3095 5160
300 216 560 745 1120 1680 27956 4660
400 195 515 685 1026 1640 2570 4280
500 170 480 635 955 1435 23%0 3980
600 140 450 600 900 1355 2256 3760
650 125 445 590 890 1330 2220 3700
700 110 430 580 870 1305 21720 3620
750 95 425 570 855 1280 2138 3560
800 80 420 665 845 1285 2110 3520
850 66 420 666 836 1255 2090 3480
900 50 415 565 B30 1245 2075 3460
950 35 385 515 775 1160 1930 3220
1000 20 350 465 700 1050 1750 2916
1050 - 345 460 686 1030 1720 2865
1100 B 305 405 610 915 1525 2545
1150 §¥a 235 315 475 710 1185 1970
1200 PR 18% 245 370 655 925 1545
1250 n 145 195 295 440 735 1230
1300 P 118 166 235 350 585 970
1350 95 130 180 290 480 800
1400 7% 100 150 225 380 630
1450 60 80 1156 175 20 486
1500 40 1 85 126 205 345
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APPENDIX (B): List of material specification

ASME B16.5a-1998 PIPE FLANGES AND FLANGED FITTINGS

(a) TABLE LIST OF MATERIAL SPECIFICATIONS
Pressure- Applicable ASTM Specifications’
Material Nominal Temparature
Group Designation Rating Table Forgings Castings Plates
14 C-Si 214 A 105 A 216 Gr. WCB A 515 Gr. 70
C-Mn-8i A 350 Gr. LF2 A 516 Gr. 70
AB37CL1
C-Mn-Si-V _ A 350 Gr. LF& Cl.1
1.2 C-Mn-5i 21,2 A 216 Gr. WCC
A 352 Gr. LCC
C-Mn-5i-V ) A 350 Gr. LF& CI. 2
2%Ni ' A 352 Gr. LC2 A 203 Gr. B
I%Ni A 380 Gr. LF3 A 352 Gr. LC3 A 203 Gr. B
1.3 C-5i 2-1.3 A 352 Gr. LCB A 515 Gr. 68
C-Mn-5i A 518 Gr. 65
2%Ni A 203 Gr. A
3N A203Gr.D
1.4 C-Si 214 A 615 Gr. 60
C-Mn-5i A 350 Gr. LF1CLL 1 A 516 Gr. 60
15 c-%Mao 1.5 A 182 Gr. F1 A 217 Gr. WT1 A 204 Gr. A
A 352 Gr. LCY A 204 Gr. B
1.7 C-%Mo 1.7 A204 Gr. C
YCr-14Mo A 182 Gr. F2
Ni-4Cr- Mo A 217 Gr. WC4
HNi-FCr-1Mo A 217 Gr. WCS
18 1Cr- %Mo 2-1.9 A 182 Gr. F12ClL 2 '
1%Cr-Y%Mo _ A 217 Gr. WS
1¥%Cr-%Mo-5i A1B2ZGr. F11CL 2 A387Gr.11CL2
1.10 2%Cr-1Mo 2-1.10 A 182 Gr. F22 CI. 3 | A 217 Gr. WC A387TGr.22CL 2
1.13 5Cr- %Mo 2-1.13 A 182 Gr. F5
A 182 Gr. FSa A7 Gr.Ch
1.14 9Cr=1Ma 2-1.14 A 182 Gr. F9 A 217 Gr.C12
1.15 9Cr=1Mo=Y 2-1.15 A 182 Gr. F91 A 217 Gr. C12A A387Gr 91CL2
21 18Cr-8Ni 221 A 182 Gr. F304 A 351 Gr. CF3 A 240 Gr. 304
A 182 Gr. F304H A 381 Gr. CF8 A 240 Gr. 304H
2.2 16Cr-12Ni-2Mo 2.2 A 182 Gr. F316 A 351 Gr. CF3M A 240 Gr. 316
A 182 Gr. F316H A 351 Gr. CFEM A 240 Gr. 316H
18Cr-13Ni-3Mo A 240 Gr. 317
19Cr-10Ni-3Mo A 351 Gr. CGAM
23 18Cr-Bhi 2-2.3 A 182 Gr. F304L A 240 Gr. 304L
16Cr-12Ni-2Mo A 182 Gr. F316L A 240 Gr. 316L
24 18Cr-10Ni-Ti 2-2.4 A 182 Gr. F321 A 240 Gr, 321
A 182 Gr. F321H A 240 Gr. 321H
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APPENDIX (C): List of bolting specification

PIPE FLANGES AND FLANGED FITTINGS ASME B1E.5-1556

TABLE LIST OF BOLTING SPECIFICATIONS
Applicable ASTM Specifications'

Botting Materials Note (1))
High Strength Imtermediate Strength Low Strengih Mickel and Spacial Alloy
[Notw [2)] [Mote (3] [Mote {4]] [Mote {51]
Spee. Spec. Spac. Spec.

Mo. Grade  Notes Ma. Grade  Motes Ma. Grade  Notes Me. Grade  Notes
P A Lik] BY . A 183 ES L A183 BBCLY {5} | B {ME2
A193 814 e A793 B - 8183 BBCCLY i '

AM3 BEX o A193 BEMCLA 164 B1EE ... [Ty
A 320 L7 v A1BD B . A3 BATCL [[:4]
A 120 L7A |14k A3 BECLZ A1 A193  E3s (1} B33 WIDBES (T
Adm LR i1 A1B3  BBLCLE 1 A 193 BACA L]

A 370 LT e A1 BAM 2 {1t A 103 BAMA ] Bage . ITHIENE)

A& 320 143 A A191  BATCLZ {1 A 103 BAETA L
H 473 - ki
A 354 [T L A0 ge cla 1n AT i3 1121
A 354 BE o A3 BECCL2 Al AS74  NIDEME  ITI
AEMD BEF I [ AZE) BACLY il
A R0 BAM CL2 i A 30 BAC CLE il
AMywm A0 pATCLZ (1) A3 BAMCLL 6

A 540 B2 o AN20 BETCIY 1

ASan B4 . Adig L 3
Ad53 ES 114]
4451 EED 14

GEMERAL NOTE: Balting material shall not be used bayond tenperature limits spesifiad in the governing code.
NOTES:

i
12
13
]

15}
18}

17
(&t

i8)
11
(11
(12}

{13}

14}
15

Repalr welding of bolting material is profubited.

Thesa bolting materzls may be wsed with all listed materials and gaskats,

Thasa bolting matarials may be vsed with all isted meterats and gaskets, provided it hes been varitied that a sooied joind
can bo maintained under reted working pressuro and tempearature.

Thasa bofting materiats may be ussd with ali listed materials ot are fimited 1o Classes 160 and 300 joints. Ses para. 547
for reguired gaskel practices.

Thesa materials may be veed as bolting with comparable nickel and special adoy parts.,

This sustenile slznless matorial has been carbide selution Treatad but not strain hardened. Lise & 194 nuis of corréspanding
rmidtrial.

Muts may be machined from the snme material or mey be of 8 compatibie grade of ASTM A 184,

Plaxifurn operatng temperatere is arbirarily set at 500°F, unless materisl has been annealod. solution annaalad, or hot
fimishad bacause hard tompar adversely eflecis design strass in the creep fUpiUFe rEngD.

Farging quallty not parmitted unliss the produser Last heating or working thess parts tasts them as required for other permicted
conditiang in the sama spacification and cerifies their final tensile, vield, and slongation propertias to wgual or excasd the
reguiremants for ane of tha other parmifled conditions.

This ferritic meterial i@ intendad for low femparaiure service, Use & 194 Grade 4 or Grada 7 nuts.

This sustenitic stainless mataral hag been carbide solution treated and sirain hardoned. Use A 194 nuts of gorresponding
mmaterial.

This carbon steal fastener shall not be wsed sbove 4DDFF or balow —20°F. See also Note 14), Bolts with drilled or undersized
neads shall not be usad,

Avcepiable nuts for use with quenched end 1empered bodts are A 194 Gradas 2 and 2H, Mechanical propery reguirgmeits
tor swuds shall be the sama as those for bolts,

This spectal allay is intended for high temperature sorvice with sustenitic stainiess teal.

ASME Boker and Pressure Yessel Code, Sestion I materials, which slse mast the reguirermants of the listed ASTM specifications,
may alsc ba usmd,
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PIFE FLANGES AND FLANGED FITTINGS

ASME B16.5a-1938

TABLE RATINGS FOR GROUP 2.1 MATERIALS

MNominal
Designation Forgings Castings Plates
18Cr-8Hi A 182 Gr F304 1) & 381 Gr. CF3 (2) A 240 Gr, 304 (1)
A 182 Gr. F30dH A 381 Gr. CFE (1) A 240 Gr. 304H
MNOTES:

(1) A temparatures over 1000°F, use only when the carbon content iz 0.04% or higher,
[2) Mot to ba used ovar BOIPE.

WORKING PRESSURES BY CLASSES, peig

Class
Temp., 'F 160 300 400 800 200 1500 ZEDO
-20 10 100 b 720 BED 1440 2180 3600 60O
200 230 00 BOO 1200 1800 000 G000
300 206 540 720 1080 1620 2700 A5
400 180 A5 1] 995 1430 2485 4140
&00 170 455 820 930 1398 2330 3880
&00 140 435 580 475 130 2185 3840
&60 126 420 575 BED 1790 2150 FEED
To0 110 4Zh 565 #50 1278 Fa¥i] 3540
TEO 95 418 655 B30 1745 076 3460
BOG il 405 40 frin 1210 2015 3360
BS0 3 306 530 Te0 11490 1580 3300
400 S0 380 B0 TEO 1168 1946 3240
950 5 380 B TES 1145 1810 nae
1000 20 320 430 640 385 1605 2875
1050 s aa A0 515 928 1645 570
1100 2565 48 E18 T 1285 145
1150 200 266 400 B35 045 1655
1200 156 208 310 465 T 1285
1250 115 180 225 0 L 945
1300 a5 118 170 256 430 716
1350 1] 8o 125 186 30 BB
1400 B 73] a0 145 240 400
1450 35 45 10 106 170 285
1500 il KL BB B0 136 230
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APPENDIX (E): Curve fit coefficient for fuel specification heat

G (fkmol) = 4.184(oy + 090 + 0gf? 4 04f° + 0567,

B (ko) = 4184 a1+ 0gf /24 og8 3 4+ 0ufd fh - ),

where 8= T(K)/1000

Forma  Fue MW 0 i B ? o ? W

CH, Methane 1604 <0919 33 <1060 LSES6 0I6T) -8B 43
CH,  Propame 44006 1486 4B -N06 808 009 -3
CHe  Heam 86177 <001 048 -I6I% 081 0365 <08 L5611
GHg  loocunt 1420 -05%1 LG 90 040 0008 -4 2
CHOH  Mehanol 2040 <2000 44168 -27500 72199 02M9 -8 SIS
CHOH  Ethaol 4607 699 WM -l 0 0 024 760
Couiss  Gasolne 1148 =408 266 -0 610 0B% -0 m
Cratiss 064 0500 WY M 5604 48 -8 1
Cofy  Disl 1486 9006 M6 -8 N 00518 -0 235

°SOURCE: From Heywood, ). 8, Infernal Combustion Engine Fundamentals, McGraw-Hill, New York, 1988, by parmission of McGraw-Hil, Inc
"To ablain 0 K reference ol for enhley, odd o lo o5
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APPENDIX (F): Selection the material of high maximum allowable

stress

SECTION I; SECTION I1I, CLASS 2 AND 3;* SECTION VIII, DIVISION 1; AND SECTION XII
MAXIMUM ALLOWABLE STRESS VALUES SFOR FERROUS MATERIALS

aximum Allawable Stress, MPa (Multiply by 1000 to Obsain kPa), for Metal Temperature, °C, Not Exceeding

Line

Mo, 500 525 5500 A7%  eO0 625 BS0 &FA OO 25 750 775 800 825 850 875 900
1| 736 724 TOE 6B 654 AL4 4L7 329 245 213 1R2 139 ILi &73
2| wo3 @0 933 Fee 654 514 4LF 329 2a5 213 122 139 ILI E73
3 Ba.0 537 Fk i) 6752 5Rd 44.1 355 28.0 222 182 150 123 e83 733
4 | bRZe 613 RO S84 554 44 355 A0 222 182 10 {23 REF 733
s | 7ie 724 T0B 489 654 El4 4L7 329 25 213 172 139 IL1 0 &73
[ 90.3 38.0 933 b 654 504 457 32.9 2605 203 172 139 111 873
7 840 BRI 790 673 8h4 44l 3as 0 280 22.2 182 150 122 9.83 731
& 626 613 BOD 554 554 441 355 280 222 182 150 122 883 LS
3 99.3 980 933 Fos 654 514 dLF 329 FeS 213 172 139 1 873
10 | 73.6 724 708 689 Gh4 EL4 4LF 329 5 203 172 139 1Ll &ns
11| 840 832 760 é73  S54 441 355 280 222 1§27 150 123 983 733
17 (%N #l.3 BO1 LB & 554 441 355 280 222 182 150 123 983 733
13 | 993 @88 933 94 54 514 417 329 255 213 QAP Iie 1Ll &7
14 | 736 724 0B GBS 454 B4 L7 329 a5 213 172 139 1Ll 873
1% 84.0 B3z 79.0 673 554 44.] 355 28.0 282 182 150 123 SE3 733
16 | b2 813 80Y S84 5R4 440 355 280 fR2 182 IS0 13 Q83 733
17

18

19

s0 | w3 wsg en3 7ee  gs4d L4 417 329 25 213 1R 139 IL1 &7
21 736 724 708 6BY 654 &L4 4LF 329 a5 213 152 139 1Ll ar:
2 | 93 @m0 933 e 654 L4 4L7 329 265 2L3 1iF 139 ILlI 873
23 36 T4 0B 689 654 S14 dL7 0 329 285 213 172 13.9 111 273
24 | 993 @80 933 Feé 454 AL4 417 29 245 213 1R2 0 139 1Ll &7
25 | 993 @0 933 794 6R4 AL4 417 329 fes 213 172 139 111 873
it

27

29 993 980 953 e 854 L4 47 39 Zes 213 172 139 111 873
k] Fie 724 708 489 654 5L 4l 329 265 213 12 139 1 873
31| 993 8RO 933 76 gE4 AL4 417 29 25 213 IRZ 139 1Li &73
32 | vae tRa 0B 4RO 654 AL4 417 e 25 L3 IFZ 139 111 473
34 B4.0 332 7.0 ard Hh4q 441 I5E 28.0 222 182 1543 123 aE3 733
35 | ede 813 B0l 3RB 5E4 440 55 A0 227 182 Ia0 123 %8} 753
3k

37

38

39
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s i) Al 3 g8 1) (§) i) Al ¢ g5l a4 555 S
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