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ABSTRACT
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CHARACTERISTICS OF DIESEL ENGINES USING
DIESEL FUEL, VEGETABLE OIL AND ALCOHOL

BLENDS

ALI KESKIN
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INSTITUTE OF NATURAL AND APPLIED SCIENCES
UNIVERSITY OF CUKUROVA

Supervisor : Assoc. Prof.Dr. Kadir AYDIN
Year: 2000, Pages: 83
Jury : Assoc. Prof. Dr. Kadir AYDIN
: Assoc. Prof. Dr. Osman SERINDAG
: Assist. Prof. Dr. Ahmet PINARBASI

In this experimental study usability of cotton oil methyl ester - diesel
fuel blends and cotton oil — ethyl alcohol — diesel fuel blends as an alternzive
fuel for diesel engine were investigated. Methyl ester was produced by
reacting cotton oil with methyl alcohol. The cotton oil methyl ester — diesel fuel
blends were tested in a single cylinder, direct injection diesel engine betwesn
1500 and 3700 rpm. The Cotton oil —¢thyl alcohol - diesel fuel blends were tesi=d
in three cylinder, direct injection diesel engine between 1000 and 2500. During
the engine test, engines performance and emission value were measured. These
results were compared with diesel fuel values. In addition, componer: of
engine was checked attheend of the test.

Keywords: Alternative Fuel, Diesel Fuel, Cotton oil, Methyl Ester
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Yapilan deneysel g¢alismada, pamuk yagi metil esteri — dizel yakiti
kangimlart ve pamuk ya$i — etil alkol — dizel yakiti kanigimlanimin dizel
motorlarda alternatif yakit olarak kullanilabilirligi arastinldi. Kangimlarda
alternatif yakit olarak kullanilan metil ester pamuk yagiyla metil alkolliin
kimyasal tepkimeye girmesiyle elde edildi. Pamuk yagi metil esteri — dizel
yakiti kanigimlari tek silindirli direk piiskiirtmeli bir dizel motorda 1500 — 3700
d/d devirler arasindatest edildi. Pamuk yagi - etil alkol — dizel yakiti karigimlan
ise 3 silindirli, direk piiskiirtmeli bir dizel motorda 1000 — 2500 d/d devirler
arasinda test edildi. Test esnasmnda motorlanin performans ve emisyon degerleri
ol¢iildii ve bu degerler dizel yakiti ile &lgiilen degerlerle karsilagtinldi. Aynca
deney sonunda motor pargalan kontrol edildi.

Anahtar Kelimeler: Alternatif Yakit, Dizel Yakiti, Pamuk Yagi, Metil Ester
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NOMENCLATURE

T Torque (Nm)

Pb Brake power (Watt)

N Engine speed (rpm)

m, Air consumption (kg/s)

my Fuel consumption (kg/hr)

sgr Specific gravity for fuel (kg/m®)
sfc Specific fuel consumption (g/kWh)
R Air/fuel ratio

K Coefficient of the calibration of the dynamometer
Q Heat loss (kj/s)

K Opacity

2D Diesel fuel

COME Cotton oil methyl ester

CO "~ Cotton oil

A Ethyl alcohol
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1. INTRODUCTION Ali KESKIN

1. INTRODUCTION

The population of the world use many different forms of energy, but
particularly the energy produced from burning fossil fuels (mainly coal,
oil and natural gas), which currently provide about 62 % of the world’s
energy. Energy consumption of world for different energy sourceis shown
on the figure 1.1. Today reserves of fossil fuels are currently sufficient for
world’s needs, but they are being used up rapidly and cannot be replaced.
In addition, future ‘demand for energy is expected to become much greater,
as developing countries increase their energy consumption in line with

industrialised countries.

2% Nuc. |
nd Hyd.

30% Coal

Figure 1.1. Energy consumption of world in 1995 (1995 Energy report,
1996)

However, reserves of the fossil fuel is not very much on the
world. For example, oil, natural gas and coal will respectively run out in
42.8 years, 228 years, 64.7 years. Reserves of fossil fuels for regions are
shown on Table 1.1. (1995 Energy Report). In addition, there is a real
possibility that 80 % of these reserves will have been consumed in the
brief peﬁod between 1960 and 2020. This has led to the fear of an energy

crisis.
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Table 1.1. Reserve of fossil fuel for regions (1995 Energy report, 1996 ).

NATURAL GAS

REGION PETROLEUM COAL
Years years years
North America 18.8 12 246
Middle and South America 39.3 73.9 268
SSCB Country 220 80.4 500
Middle East 92.3 100 286
Africa 29.2 100
Asia and Oceania 17.0 45.8 158
Europe 6.9 21.5 183
World 42.8 64.7 228

Production of fossil
most important parts of fossil fuels are imported. The consumption of crude oil
is very important factor for Turkish economy.
consumption of Turkey depends on crude oil and 87% of this is imported.

Table 1.2. shows production and consumption of crude oil between 1991 and

1994 in Turkey.

Table 1.2. Production and consumption of crude oil between 1991 and

1994 in Turkey (Anonymous, 1995).

fuels in Turkey is insufficient and therefore the

Because; 47% of energy

Years Production Consumption
(1000 TP) (1000 TP)
1991 4674 23315
1992 4495 24865
1993 4087 28412
1994 3871 27198

In addition, 38.1 % of petroleum consumption in Turkey is diesel
fuel. Diesel fuel

is a very important energy source for

economical

w Wﬁ(’;ﬂm KURDLY

vt

oot



1. INTRODUCTION Ali KESKIN

development of Turkey, because agricultural equipment, long haul truck
transportation, rail road and diesel electricity generator are predominantly
operated with diesel fuel. Therefore, absence of diesel fuel affects the life
of population.

Solution of the energy crisis and avoiding the dependence for petroleum
is to find new alternative renewable energy resources. Today, one of the
alternative energy source is vegetable oils for diesel fuel. Using of the
vegetable oil as an alternative fuel for diesel engine is not new concept
to the world. As early as 1900 a diesel-cycle engine was demonstrated
running wholly on ground-nut oil at the Paris Exposition. In fact, activities
date back to the late 70's and early 80's. As a result of the OPEC crisis, a
significant amount of research on vegetable oil (biodiesel), and other domestically
produced fuel, was conducted by various Universities and Government Agencies.
The general conclusion at that time was that, the biodiesel was a technically
acceptable substitute, replacement, or blending stock for conventional petroleum
diesel, but that it’s per litter costs were higher than petroleum diesel fuel.

Sunflower, soybean, cotton seed oil and peanut oil usually used as
diesel fuel in the experimental studies. Studies shown that vegetable oils are
too viscous for prolonged use in diesel engines. Therefore several
techniques are being used to reduce viscosity of vegetable oil. One of the
techniques proposed to solve the viscosity problems is the dilution technique.
Use of vegetable oils blended with conventional diesel fuel as alternative
compression ignition engine fuel has been investigated by many researchers
during the last decade. Other technique proposed to solve the viscosity
problem is transesterification of vegetable oils. The process of
transesterification removes glycerol from the triglycerides and replaces it with
radicals from the alcohol used for the conversion process. South Africa
Republic, Australia, America, Germany, England, Holland, Belgium, Denmark,
Spain and France have been investigating this subject for long years
(Karaosmanogluy, et al. 1995). Some of these countries have reduced tax for
production of diesel fuel from vegetable oils.
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The production of vegetable oil as an alternative fuel will provide the
vegetable oil plants to enlarge. This has two advantages: the decrease in
energy dependency and the effective use of the agricultural areas. In
addition, as far as environmental is concerned, two important points can be
mentioned in favour of vegetable oils such as olive vegetable oil. The first
of these is that, unlike mineral oil, vegetable contains no sulphur, so that
environmental damage due to sulphuric acid is reduced. The second is
that vegetable oil takes away more CO; from the atmosphere in its
production, than it adds by its combustion later, therefore alleviating the
problem of the increasing CO, content of the atmosphere that keeps many
scientists worried, for a number of reasons (Rakopoulos, 1992).

Production of vegetable oil plant will be increased in Turkey, when
G.AP is completely finished. Consequently, potential of vegetable oil
production will be more than consumption in Turkey. This potential is

used as alternative fuel in the agricultural area.
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2. LITERATURE REVIEW

Rudolph Diesel used peanut oil as a fuel in one of his engines at
the Paris Exposition of 1900 (Altin, R., 1998)

Bruwer, et al. (1980), investigated sunflower seed oil as a fuel
source. They found that sunflower oil have a much higher viscosity than
diesel fuel and a lower thermal efficiency in nine engines tested. Only a
turbo charged engine obtained a higher thermal efficiency with sunflower
oil than diesel fuel. The thermal efficiency was found to be almost 2%
better while using 100 % sunflower oil than while using 100% diesel fuel.
Bruwer, et al. also reported that of the nine engines tested only two
experienced starting difficulties when 100% sunflower oil was used.

Cochran, et al. (1980), Louisiana State University’s Agricultural
Engineering Department, looked closely at blends of diesel fuel and
soybean. They determined viscosity, specific gravity, heating value, flash
point and cetane number of soybean oil to diesel fuel and mixtures of the
two. They found differences in all properties of each fuel. They recorded the
distillation curves for mixtures of 60 %, 40 %, 20 %, 10 % and 0 % soybean
oil. They also recorded higher thermal efficiencies with 40 % soybean oil
than with 100 % diesel fuel.

Barsic and Humke (1981), reported that sunflower oil — No.2 diesel
fuel blends and peanut oil - No.2 diesel fuel blends can be used as diesel
fuel in diesel engine.

Goering, et al. (1982), evaluated and compared the fuel properties of
eleven vegetable oils. Their results showed that all the vegetable oils
were much more viscous and more reactive to oxygen than No.2 diesel
fuel. Vegetable .0ils with the most favourable combination of properties
for fuel oils were soybean, cotton seed, corn, rape seed and sesame.

Borgelt and Harris (1982), three Onan engines were fueled with the
flowing fuels; a) 100% diesel fuel, b) 25% soyoil — 75% diesel fuel and c) 50%
soyoil — 50% diesel fuel. The engines were operated under 50 — 55% load for
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1000 hours. The engine experienced no significant differences in measured
wear, drop in power or increase in fuel “consumption. As the amount of
soyoil in the fuel mixture increased, fuel and injection systems experienced
problems, the deposits increased and lubricating oil analysis showed changes
in wear patterns (Borgelt and Harris, 1982).

Braun and Stephenson (1982), blends of 40 % diesel fuel — 40 %
dewaxed soybean oil —20 % ethanol and 30 % diesel fuel — 40 % dewaxed
soybean oil — 30 % ethanol were used as diesel fuel in 4 stroke, 6 cylinder
energy cell diesel engine. Engine test result showed that; at full load,
fuel governor power output of engine declinéd about 1,5 percent for the
40:40:20 blend and 4 percent for the 30:40:30 blend. In addition
viscosties of blends was determined and power, torque diagrams of blends
combustion compared with diesel fuel.

Hasset and Hasan (1982), produced sunflower oil methyl ester to
reduce viscosity. Usability of it as an alternative fuel in the diesel engine
evaluated and compared with sunflower oil.

Preparation of sunflower oil methyl ester is as flolows ; nine liters of
sunflower oil are mixed with 1456 grams of methyl alcohol and 8,4 grams
of sodium has been added. The mixture is heated to 62 —-65°C and held at
this temperature with stirring for two hours. Heating and stirring are
stopped and at this point glycerol, the primary reaction by product,
begins to separate as a layer at the bottom of the reaction vessel. The
crude methyl ester is drawn off of the top of this reaction mixture and
washed with warm water to remove suspended glycerol, unreacted
methanol and catalyst ( Hasset and Hasan, 1982).

Sunflower oil methyl ester was tested in a single cylinder direct
injection type diesel engine. Lister type LT-1 engine rate at 5,25 BHP is
being used. Advantages and disadvantages of sunflower oil and sunflower

oil methyl ester are shown in Table 2.1.
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Table 2.1. Advantages and disadvantages of sunflower oil and
sunflower oil methyl ester (Hasset and Hasan, 1982).

Sunflower oil Methyl ester
Advantages Disadvantages Advantages Disadvantages
Low Engine Knock |High injector fouling | Distillation and Viscosity [ Polymerized oil?
Under Low Load Curves Approximate
Diesel fuel.
Only 3%  lower|Polymerized oil Low smoke Reported Injector
combustion Sticking Problems
efficiency
High Engine Deposit | Better Thermal Efficiency
Easy Starting

Low injector fouling

Easy starting

Walter, et al. (1982), investigated twelve production tractor which were
operated on North Dakota farms. The two types of fuels that were used,
were blends of 50% sunflower oil — 50% diesel fuel and 25% sunflower oil
—75% diesel fuel. The handling characteristics of the blends and the durability
effect on the engines were evaluated. There were no particular problems
with fuel handling or engine performance while the tractors accumulated
6.300 total hours. Engine inspection did reveal excess carbon deposits on
several engine components. Engine rectangular style compression rings were
more prone to ring sticking problems which accelerated liner wear.

Blumberg and Fort (1982), produced experimental fuels made up of
cotton seed oil (CSO), transesterified cotton seed oil (TECSO) and No. 2 diesel
fuel (2D). Eight blends were evaluated: Phillips’ reference diesel fuel ; 30%
CS0O, 70% 2D ; 50% CSO, 50% 2D ; 65% CSO, 35% 2D ; 80% CSO, 20%2D;
50% CSO, 50% TECSO ; 50% TECSO, 50% 2D and 100% TECSO (by
volume). All blends were analysed and these fuels have been compared to

baseline No. 2 diesel fuel. Properties of the blends are shown in Table 2.2.
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Table 2.2. Properties of the blends (Blumberg and Fort 1982).

2D 30%CSO | 50%CSO 80% CSO | 50%TECSO | TECSO
70% 2D 50% 2D 20%2D 50% 2D

API Gravity, Deg. 352 30.7 282 245 31.8 288
Density, g/ml .8488 .8722 .8860 .9070 .8665 .8828
Viscosity, ¢s 40°C 243 5.34 9.03 19.05 3.37 437
Cloud Point °C -20 -16 - -9 -5 -5
Pour Point °C -24 =21 -16 -14 -6 -2
Flash Point °C 75 78 81 100 87 110
Cetane Number 472 45.1 48.6 320 48.0 512
Gross Heat Value, j/g 45310 43140 42230 40670 42470 40150
Net Heat Value, j/g 42620 40510 39590 38190 39990 37570
Ash % .0022 .001 .0016 .001 .001 .001
Carbon Residue % .18 32 3.79 5.24 .01 28
Sulfur % .37 A1 54 .61 07 .001
Copper Corrosion la la la la la la
Color 2.0 2.5 25 25 2.0 1.0

Blends of

50% CSO —-50% 2D and 50%

TECSO - 50% 2D were

used as diesel fuel in 6 cylinder turbocharged, direct — injection diesel

engine for a 200 hour cyclic durability test. ‘
Results of engine testing for 50% CSO -50% 2D blend ;

- Performance and emission are essentially the same as with the base

line 2D fuel.

-1t offers a reasonably high substitution of CSO for diesel fue.

- Cylinder inspection after the performance tests showed no suspicious

condition.

Results of engine testing for 50% TECSO —50% 2D blend ;

- With the exception of maximum power,

are comparable with results of diesel fuel.

performance and emission

- Inspection of the cylinders after performance runs did not reveal

any potential problems

(cylinder walls and piston tops were dry with

minimal deposits).

Tahir, et al. (1982), investigated chemical and physical properties of
crude — degummed sunflower oil and its methyl ester. In addition, performance
characteristics of crude — degummed sunflower oil were determined with a

Buda diesel engine. This test engine was a single cylinder, precombustion
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chamber design, stroke of 8,73 cm and maximum power of 7,5 kW.
Summary of the results of this experimental study;

- The most detrimental parameter in the use of sunflower oil is its
higher viscosity which is about 14 times higher than diesel fuel at 37,75°C

- The problem of higher viscosity can be  solved by
transesterification of sunflower oil to its methyl ester.

- Thé cetane number of sunflower oil is a little less than the
minimum value of 40 for No.2 diesel fuel. Knocking and starting
problems  were encountered when burnt in the compression ignition
engines due toits high boiling point.

- Specific fuel consumption was higher due to its lower energy value.

- Oxidation of sunflower oil left heavy gum and wax deposits on
the stationary engine parts and the test bench equipment.

- Lower levels of corrosion can be expected on metal parts due to
the lower sulphur content in the sunflower oil. ,

- Fire hazards associated with fuel handling will be reduced because
of the higher flash point of sunflower oil.

Ziejewski and Kaufman (1982), tested the blend of 25% alkali refined
sunflower oil — 75% diesel fuel in a direct injection, intercooled and
turbocharged, four cylinder Allis-Chalmers diesel engine. Engine testing
shown that, there were no significant problems with engine operation
during the baseline fuel. Moreover, problems were experieced while using
the blend fuel. The major problems were; (1) abnormal buildup on the
injection nozzle tips, (2) injector needle sticking, (3) secondary injection, (4)
carbon buildup in the intake ports, (5) carbon deposits on the exhaust
valve stems, (6) carbon filling of the compression ring grooves, and (7)
abnormal lacquer and varnish buildup on the third piston land.

Peterson, et al. (1983), tested sunflower oil and blends of sunflower
oil and diesel fuel in a 2.8 Liters direct injection 4 cylinder diesel engine
with hole — type injectors. Results of performance test are shown in table
23.

? EC- WK§EKO(,R£ F'idi KURDLY
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Table 2.3. Diesel engine performance using sunflower oil and sunflower
oil - diesel fuel mixtures as fuel (Peterson, et al., 1983).

Power, BSFC, Thermal
Fuel Type kW kg/kWh Efficiency,
%
100 % Sunflower Oil. 29,5 0,34 26,6
75 % Sunflower Oil. 29,8 0,34 25,5
50 % Sunflower Oil 30,2 0,35 252
25 % Sunflower Oil. 29,4 0,32 25,6
100 % Diesel Fuel. 29,4 0,32 249

Geyer and et. al. (1984), tested cotton seed oil sunflower oil and
methyl esters in a small single cylinder diesel engine. During the test,
emission of engine investigated. Engine testing showed that, particle
emission of vegetable oils is higher than particle emission of diesel fuel
but particle emission of methyl esters is lower than particle emission of
diesel fuel.

Apfelbeck (1986), investigated production of vegetable oil and
preparation of diesel fuel from vegetable oil. Calorific value and structure
of vegetable oil were determined. In addition, he reported that there are
very big vegetable oil potential on the world for alternative energy.

Rakopoulos (1992), used a blend of 25 % olive oil - 75 % diesel fuel
and a blend of 50 % olive oil — 50 % diesel fuel as diesel fuel in direct
injection and indirect injection diesel engine. The influence of the blends,
for a large range loads, has been examined on fuel consumption, maximum
pressure, exhaust temperature, exhaust smokiness and exhaust-gas emission
such as nitrogen oxides (NOx), hydrocarbons (HC) and carbon monoxide (CO).
Engine testing showed that results of 50 % - 50 % blend is best suitable. In
addition, performance and emission characteristics of direct injection and
indirection diesel engine are same.

Culshaw (1993), produced rape seed methyl ester and used as diesel

fuel in diesel engine without any change. He reported that chemical and

10
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physical properties of rape seced methyl ester and diesel fuel are similar.
Rape seed methyl ester can be used as diesel fuel

Preparation of rape seced methyl esters in this experimental study was
as follows ; rape seed oil was transesterified with methyl alcohol (1 ton of
rape seed oil to 110 kg of methyl alcohol) at 50 °C. During the reaction
of ester, sodium or potassium was used as catalyst.

Cetinkaya (1994), used sunflower oil and sunflower oil / diesel fuel
mixture as alternative diesel fuel in turbulence chamber diesel engine.
Before the injection, fuels were heated to 110 -120 °C. In addition,
pressure of injection were increased. Results showed that from the
performance  viewpoint, both sunflower oil and sunflower / diesel fuel
mixture are promising alternatives as diesel fuel for turbulence chamber
diesel engines. However, its high viscosity, drying with time and
thickening in cold condition are very important problem for flow and
atomization.

Purcell, et al. (1996), ivestigated chemical and physical properties of
soybean methyl ester.In short term test, methyl ester of soybean oil was
used as diesel fuel in an indirect injection diesel engine. The amount of
varied gasses in the exhaust was measured. Engine testing showed that
emission of soybean methyl ester are lower than diesel fuel.

Cigizoglu, et al. (1997), tested the blend of 20% sunflower oil and
80% No. 2 diesel fuel in a precombustion chamber diesel engine. Short-term
engine testing showed that the fuel blends has characteristics similar to
those of the baseline diesel fuel and that it displayed less smoke emission
than the diesel fuel.

Batmaz and Altin (1997), tested crop oil and 50% crop oil / 50%
diesel fuel blend in single cylinder, direct injection diesel engines. This
experimental fuels were evaluated and compared with diesel fuel. The
results showed that there is a possibility of using crop oil as an diesel fuel
in the view of the engine performance, fuel economy and exhaust

emission.

11
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Altin (1998), sought possibility of industrial type oil as alternative
source of fuel for diesel engines. For this reason, sunflower and soybean
oils together with sunflower methyl ester and soybean methyl ester were
tested in single- cylinder, four-stroke, 770 cc diesel engine at full load-different
engine speeds and constant speed (1300 rpm, 1500 rpm)-different loads. Engine
performance and emission values were observed. These results were
compared with diesel fuel values. Moreover, the engine was subjected to
50 hours strength test and carbon residuals in exhaust.

As a result of engine performance and exhaust emission experiments,
it has been determined that vegetable oils and vegetable methyl ester
can be used as alternative fuels to diesel engine fuels in physical and
chemical properties, it has also been determined that, methyl esters are

better fuels than vegetable oils in enduring applications.

12



3. MATERIAL AND METHOD | Ali KESKIN

3. MATERIAL AND METHOD
3.1. Chemical and Physical Properties of Vegetable Oils

3.1.1. Chemical Properties of Vegetable Oils

Vegetable oil is produced from fruit and seed of vegetable with different
method. Chemical composition of vegetable oil is different from the
petroleum based fuels. For example; diesel fuel is usually composed of
paraffin (C,Hjn+2) and aromatic hydro carbon. Typical structure of diesel fuel
is given below in figure 3.1. The molecule of a vegetable oil is usually
composed of triglycerides ( about 95%) and non — triglycerides (about 5%).
Triglycerides are esters composed of one molecule of glycerol and tree
molecules of fatty acids. The chemical composition of triglycerides is also

given below in figure 3.1.

HHHHHHHHHIHETHEHEHEH
R
H-C-C-C-C-C-C-C-C-C-C~C-C-C-C-H
Lot
HHHHHHHHEHEHEHHEHH
-Diesel Fuel (C;sHsy)
CH, - OH H-0—-(CO)-R CH,-Q—(CO)-R

I !
CH,-OH + H-0-(CO)-R® ———P 3HOH + CH,-0—-(CO)-R’
I I
CH, - OH H-0-(CO)-R” CH,- O—(C0)-R”

Glycerol Fatty Acids Water Triglycerides

Figure 3.1. Typical structure of diesel fuel and triglycerides (Goering et
al. 1982).

13
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Fatty acids are composed of a carboxyl group and a hydrocarbon
chain (figure 3.2.). Fatty acids comprise from 94% to 96% of the total mass

of a triglyceride molecule, therefore the proportion of these acids determine

the physicochemical properties (e.g. viscosity, calorific value) of

an oil

Fatty acid composition of some vegetable oil is shown in table 3.1.

(0]

]

H-0-C
Carboxyl end

(CHz), - CH;

Hydrocarbon chain

Figure 3.2. Fatty acid composition.

Table 3.1. Fatty acid composition of some vegetable oils (Stout, 1984).

Vegetable Oils

Fatty Structure | Sunflower | Peanut oil | Cotton seed| Corn oil | Soybean oil

acids of Carbon oil oil
Miristic 14 - - 1 - -
Palmitic 16 6 10 24 11 11
Stearic 18 5 3 2 2 4
Oleic 18:1 19 49 19 26 24
Linoleic 18:2 69 34 54 60 53
Linolenic 18:3 1 - 1 1 8
Arachidic 20 - 1 - - -
Behenic 22 - 3 - - -

Elemental composition of some vegetable oils

and diesel fuel are

shown in table 3.2. There is no sulphur in some vegetable oils but carbon,

hydrogen, and oxygen content are as same as with diesel fuel.

14
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Table 3.2. Elemental composition of some vegetable oils and diesel fuel
(Apfelbeck, 1986).

Diesel Fuel | Rape Seed Oil Soybean Oil Sunflower 0il
Cabon, C % | 86 777 778 776
Hydrogen, H % 13 12.0 11.8 11.7
Oxygen, O % 0.4 10.9 10.7 11.1
Sulphur,S % 0.3 - - -

3.1.2. Physical Properties of Vegetable Oils

Kinematics Viscosity: Viscosity of  vegetable oils are most
important property for use of vegetable oils as an alternative fuel in diesel
engine. Viscosity of vegetable oils are much more higher than diesel fuel.
Viscosity of vegetable oils are 11 to 17 times higher than that of diesel
fuel. Viscosity of vegetable oils usually range from 32 to 52mmZsn at 38
°C. However, viscosity of diesel fuel is 2,9 mm%sn at- 38°C. Kinematic
viscosity of some vegetable oils are shown in table 3.3.

Cetane Number: The cetane number of a diesel fuel is a measure of
its ignition quality. If cetane number of a fuel is high, 1t has good (high) ignition
quality. During the combustion, a fuel which has a very short delay period
has good (high) ignition quality. However fuel which has prolong delay
period, has poor (low) ignition quality. Ignition quality of fuels is usually
determined by engine bench test which measures the ignition time delay
under standard carefully controlled conditions. Cetane numbers of vegetable
oils range from 35 to 40. Cetane number of diesel fuel is 47.

Calorific Value: Heat of combustion or the calorific value of a fuel
is an important measure since the heat energy produced by the fuel
within the enginé cylinder which enables the engine to do work (Tahir et
al. 1982). The calorific value is measured by calorimeter. Calorific value of
vegetable oils range from 39.5 to 40.5 Mj/kg. Calorific value of vegetable

oils are 10-11% lower than calorific value of diesel fuel.

15
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Cloud Point: Many vegetable oils have some triglycerides with
saturated fatty acids and such triglycerides have higher melting points
than the triglycerides with mostly unsaturated fatty acids. Consequently,
many vegetable oils have relatively higher cloud points than diesel fuel
(Pryde, 1982). Cloud point of vegetable oil usually range from -39 to 18.3
°C. Cloud point of diesel fuel is -15 °C.

Flash Point: The flash point of a fuel is defined as the temperature
to which the fuel must be heated to produce a mixture that will ignite
when exposed to a spark or flame. If the flash point of a fuel is too
low, the fuel is prone to flashing, possible ignition and even explosion.
Flash point of vegetable oils ranges from 240 to 277 °C. Flash point of
diesel fuei is 52°C.

Density of Vegetable Oils: Vegetable oils are not differ in specific
gravity, but all vegetable oils are 7—9% heavier than diesel fuel. Density
of vegetable oils range from 0.91 to 0.95 kg/l.

Table 3.3. Physical properties of some vegetable oils (Georing et al.
1982).

Vegetable | Viscosity | Cetane | Calorific | Flash Density | Carbon | Cloud | Sulphur | Pour
oils mm?/sn Number | Value Point (kg/l) (%) Points (%) Point
(Kikg) | (°0) ©0) °C

Castor 297 ? 37274 260 0.9537 0.22 0.01 <317
Com 349 37.6 39500 277 0.9095 0.24 -1.1 0.01 -40.0
Cotton 335 41.8 39468 234 09148 0.24 1.7 0.01 -15.0
Linseed 27.2 34.6 39307 241 0.9236 0.22 L7 0.01 -15.0
Peanut 39.2 41.8 39782 271 0.9026 0.24 12.8 0.01 -6.7
Rap seed 37.0 37.6 39709 246 09115 0.30 -3.9 0.0t -31.7
Aspir 33 | 413 39519 260 0.9144 0.25 183 0.01 -6.7
Sesame 35.5 40.2 39349 260 0.9133 0.25 -3.9 0.01 94
Soybean 326 379 39623 254 0.9138 0.27 -3.9 0.01 -12.2
Sunflower 339 37.1 39575 274 0.9161 0.23 7.2 0.01 -15.0
No.2 D.F. 2.7 47 45343 52 0.8400 | <0.35 | -15.0 | <0.01 | -33.0

16
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3.2. Experimental Study

There are two phases in this experimental study. Preparation of
alternative fuels from cotton seed oil and investigation of physical and
chemical properties of the alternative fuels are the first phase of study.
Establishment of engine test system and tésting of engine with the
alternative fuels are the second phase of the study.

3.2.1. Preparation of Alternative Fuels

In this experimental study, blends of cotton seed oil methyl ester —
diesel fuel and cotton oil — diesel fuel — ethyl alcohol were used as alternative

diesel fuel in direct iﬁjection diesel engines.
3.2.1.1. Preparation of Cotton Oil Methyl Ester

Methyl ester for the experimental purposes is prepared in the
Department of Mechanical Engineering of Cukurova University. During the
production of methyl ester from cotton oil, reaction vessel, cooler, heater,
thermometer and chemical substances (methyl alcohol, sulphuric acid, and

sodium bicarbonate) were used.

Methy! Ester
Vegetable Oils
Glycerol
Methanol > —p |Methyl Ester
By-Products
Catalist
Excess of Reagents

Figure 3.3. Transesterification of vegetable oils (Ramano, 1982).

Basically, the preparation of methyl ester from vegetable oil is a

transesterification  reaction. Transesterification of vegetable oils is shown in

17
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figure 3.3. For the transesterification to occur, there is a need for an excess
amount of methyl alcohol besides the catalyst. The excess alcohol is
necessary for a higher yield of ester, ie., it is responsible for a greater
percentage of broken glycerine/fatty acids (Ramano, 1982)

In this study, reaction were carried out in a 2000 ml reaction
vessel equipped with a condenser and thermometer. 1000 grams of cotton
oil, 200 grams of methyl alcohol and 50 grams of sulphuric acid were
mixed. The mixture was heated up between 65 and 80 °C and held at this
temperature with stirring for two hours. Heating and stirring are stopped and
at this point glycerol, the primary reaction by product, begins to separate
as layer at the bottom of the reaction vessel. The crude methyl ester was
separated using separation funnel. Crude methyl ester was washed three times
with solution of sodium bicarbonate to remove suspended glycerol, unreacted
methanol and catalyst. Sodium bicarbonate is anti acid therefore sodium
bicarbonate reduced acidity of crude methyl ester. Production of crude methyl

ester is shown in figure 3.5.

1 kg of vegetable oil + 0.20 kg of methyl alcohol + 0.50 kg catalyst™— 0.85 kg methyl ester
+ Others

Crude methyl ester was distilled with distillation system to obtain pure

methyl ester. Distillation system is shown in figure 3.4. and figure 3.6.

—p | Cotton Oil Methyl Ester

Distillation —

p |Glycerol + Others ——p | Pure glycerine

Figure 3.4. Distillation of cotton oil methyl ester.

18
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Figure 3.6. View of distillation system.
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3.2.1.2. Alternative Fuels

In this study, blends of cotton oil — No.2 diesel fuel —ethyl alcohol
and cotton oil methyl ester — No.2 diesel fuel were used as alternative diesel
fuel in a direct injection diesel engine. Alternative fuels were mixed on
volume basis. The volumes were measured with a graduated cylinder,
calibrated in milliliters.

Three mixtures of cotton oil (CO) - No.2 diesel fuel (2D) — ethyl alcohol
(EA) were evaluated. These fuels are 350% CO, 50% 2D; 50% 2D, 40% CO,
10% EA; 40% CO, 40% CO, 20% EA.

Seven mixtures of cotton oil methyl ester (COME) — No.2 diesel fuel
(2D) were evaluated. These fuels are 10% COME, 90% 2D; 20% COME,
80% 2D; 30% COME, 70% 2D; 40% COME, 60%2D; 50%4COME, 50% 2D;
60% COME, 40% 2D; 70% COME, 30% 2D.

3.2.2. Physical and Chemical Properties of Alternative Fuels

Density: Density of diesel fuel, cotton oil methyl ester of cotton oil
and altenative fuels were measured with hydrometer at 21 °C. and 38 °C.
Cotton oil and its methyl ester are respectively 8.9% and 3.8% heavier
than diesel fuel. The density of alternative fuels are shown in table 3.4.

Table 3.4. Density of experimental fuels.

FUELS DENSITY
(Kg/l)

21°C 38°C
co 0.913 0.903
COME 0.862 0.849
10% COME +90% 2D 0,830 0,821
20% COME + 80% 2D 0,834 0.824
30% COME + 70% 2D 0.837 0.827
40% COME +60% 2D 0.841 0.830
50% COME +50% 2D 0.844 0.834
60% COME +40% 2D 0.848 0.837
70% COME +30% 2D 0.856 0.840
50% 2D + 40% CO+10% EA 0.858 0.842
40% CO+40% CO+20% EA 0.854 0.832
2D 0.827 0.818
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Calorific Value: Calorific value of a fuel is very important property.
Calorific value of the experimental fuels were determined by igniting a small
sample ( about one gram) in oxygen bomb calorimeter. Calorific value of
experimental fuels are shown in table 3.5. Heat content of cotton oil and its
methyl ester are respectively 12.8% and 10.4% lower than diesel fuel.
Calorific value of blends decreased depending on the amount of cotton oil,

cotton oil methyl ester and ethyl alcohol.

Table 3.5. Calorific value of alternative fuels.

Experimental Fuels Calorific Value

(kj'kg)

co 39,105

COME 40,597

2D 43,500

10% COME +90% 2D 43,201
20% COME + 80% 2D 42,903
30% COME + 70% 2D 42,629
40% COME + 60% 2D 42,300
50% COME +50% 2D 42,020
60% COME +40% 2D 41.755
70% COME +30% 2D 41,168
50% 2D +40% CO+10% A 40,007
40% CO+40% CO+20% A 38,402

Viscosity: Viscosity of oils are very important property for efficiency
of combustion in diesel engines. Viscosity of experimental fuels were
measured with viscosimeter. Cotton oil is about 12.6 times more viscous
than diesel fuel at the 38 °C. However cotton oil methyl ester is 2 times
more viscous than diesel fuel at 38°C. Viscosity of diesel fuel, cotton oil
and cotton oil methyl ester for various temperature are shown in figure

3.6.
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Figure 3.7. Kinematics viscosity of diesel fuel. cotton oil and cotton

3.3 Experimental Apparatus

Diesel Engines;

oils methyl ester at different temperatures.

Lister Peter Diesel Engine (TDI111) is four cycle, single cylinder, weather

cooled. Properties of the engine is given in table 3.7.

Table 3.7. Properties of the engine (LISTER PETER TDII1).

Manufacturer/Type PETTER AAl
Valve position Overhead
Valve rocker clearance 0.10 mm (Cold)
Swept Volume 219 cm’
Bore 70 mm
Stroke 57 mm
Compression Ratio 17

Maximum Torque

8.2 Nm at 2700 revs/ min

Maximum Brake power

2.6 Kw at 3600 revs/min

Recommend maximum speed 3600 revs / min
Fuel injection timing 2410 33° BTDC
Dry mass 42 kg
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Turk Fiat Diesel Tractor Engine is four cycle, 3 cylinder, water
cooled. Bore is 100mm and stroke is [I15mm. Total cylinder volume is

2710 cc. Compression ratio is 17:1 and its weight is 310 kg.

Thermocouple;

Exhaust gas temperature is measured by a chrome / alumel
thermocouple conforming to BS1827. The thermocouple is located in a 1/8”
BSP union brazedinto the exhaust pipe close to the cylinder block of
engine. Blue and brown leads from the thermocouple are connected to
similarly coloured terminals underneath the TDI114 Instrumentation Unit. The

temperature is indicated on a direct reading meter scaled from 0 to 1000 °C.

Airmeter;

Air consumption was measured by a viscous flowmeter and in
addition, there are a large damping volume ( airbox). The large damping

volume is installed between the viscous flowmeter and engine.

Chronometer;

It is used to measure the time of fuel consumption for the volume of

8ml.
Dynamometer;

Engine toque is measured by the Hydraulic Dynamometer and

transmitted to a torquemeter located on the Instrumentation Unit.

Thermometer;

They are used to measure the temperature in calorimeter and measured

water temperature of engine at inlet and outlet.
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Diesel Exhaust Gas Analyse Equipment;

Exhaust emissions of diesel engine were measured by MOD-2100
exhaust gas analyse equipment. Opacity (k), % opacity and smoke value can

be measured with the diesel exhaust gas analyse equipment.

Calorimeter :

Calorific value of the experimental fuel were measured with Cussons

Bomb Calorimeter.
Viscosimeter:

Viscosity of experimental fuels were measured with Rotorymeter

Viscosimeter.

Hydrometer:

Density of experimental fuels were measured with hydrometers.
3.4. Calculations
Calculation for Lister Peter diesel engine;

Engine torque is measured directly using a dynamometer coupled to
the engine output shaft.
Calculation of brake power is given by:

2N
60

Pb

xT (3.1)

T = Torque (Nm)
N=Speed (rpm)
Pb= Power (Watt)

The air consumption is calculated as:
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m,= Value of Manometer x 1.1 (3.2)

m, = Air consumption (kg/s)
Calculation of fuel consumption is given in equation 3.3 for volumes

of 8ml.

-3
me =w—x 3600 (3.3)

t = Time of fuel consumption
m¢= Fuel consumption, (kg/hr)
sge= Specific gravity for fuel, (kg/m’)

The specific fuel consumption is calculated as:

3 .
sﬁ;:f‘ﬂlo_ (3.4)
Py

sfc = Specific fuel consumption (g/kWh)

Air/ fuel ratio(R):

R=2 (3.5)
ms

Ideally, R has the “stoichiometric” value of about 14.8.
The heat carried away by the exhaust, expressed as a percentage of

the heat input, is

(ma+ me) 1 x A x100
me x H

% Heat Loss in Exhaust= (3.6)

H = Heat content of fuel
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Calculations for Tiirk fiat diesel engines;

The break power is calculated as:

Wx N
K

Pb =

Pb = Power (Hp)
W =Force is measured by dynamometer (kg)

K= The coefficient of the calibration of the dynamometer (K=4500)

Torque is calculated as:

=6Obe
27N

T 0.75x1000

Heat Energy:

Q = Myx Cpy (T3~ T4)/60

Q = Heat loss (kj/s)

m,, = Water flow rate (L/min)

T3;= Water exiting temperature (°C)

T; = Water entering temperature (°C)

Cpw = Specific heat of water 4.184 (kj/kg.K)

Mass of the Exhaust Gases

Q

Mea =
Cpea x (T1-T2)

Mexn =Mass of the exhaust gases (kg/s)
T, =Exhaust gases entering temperature (°C)
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T, =Exhaust gases exit temperature (°C)
Cpexn = Specific heat of exhaust gases 1.7 (kj / kg. K)
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4. RESULTS AND DISCUSSION

4.1. Presentation and Analysis of Data for Methyl Ester and Diesel
Fuel Blends

Blends of cotton oil methyl ester and diesel fuel were tried at full
load-different engine speeds in asingle cylinder diesel engine. Before each test,
the engine was warmed up with the diesel fuel about 15 minutes until the
engine temperatures are stabilised. During the engine test, power, torque, fuel
consumption, air consumption, exhaust temperature and exhaust emissions
were measured for different engine speeds and load condition. Power — speed,
toque — speed, specific fuel consumption — speed, air consumption — speed,
exhaust temperature — speed, % exhaust heat loss — speed and emission — speed

graphs are plotted from the experimental results.

4.1.1. Torque

Torque of engine with blends of cotton oil methyl ester — diesel fuel
were measured in between 1500 and 3700 rpm. Engine torque is measured
directly using a dynamometer coupled to the engine output shaft. Toque

versus speed changes are given in figures 4.1.-4.7.

10,0 ] '

E
Z 6,0 :
o ( — =—2D) X
z !
|§ 4,0 | mlli—10% COME +30% 2D \\

2,0 »

0,0 -

1000 1500 2000 2500 3000 3500 4000

Engine Speed (rpm)

Figure 4.1. Torque — engine speed curve of 2D and 10% COME + 90% 2D.
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Figure 4.2. Torque —engine speed curve of 2D and 20% COME + 80% 2D.
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Figure 4.3. Torque —engine speed curve of 2D and 30% COME + 70% 2D.
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Figure 4.4. Torque —engine speed curve of 2D and 40% COME + 60% 2D.
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Figure 4.5. Torque —engine speed curve of 2D and 50% COME + 50% 2D.
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Figure 4.6. Torque —engine speed curve of 2D and 60% COME + 40% 2D.
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Figure 4.7. Torque — engine speed curve of 2D and 70% COME + 30% 2D.
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Torque of engine did not vary significantly for blends at all engine
speeds. Decreasing of engine torque ranged between 0 and 5 % depending
on the amount of COME (Cotton Oil Methyl Ester) at the maximum
torque. Maximum torque point of engine with seven blends and diesel fuel
riched at 2100 rpm. Torque reduction was lower at high speed of engine.

Torque of 10% COME —90% 2D blend and diesel fuel was same at
all engine speed. Maximum torque of the engine were 8.7 Nm for 20%
COME - 80% 2D and 30% COME -70% 2D blend, 8.6 Nm for 40% COME —
60% 2D blend, 8.55 Nm for 50% COME — 50% 2D blend, 8.5 Nm for 60
COME -40% 2D and 70% COME - 30% 2D blend.

4.1.2. Power

Power of engine for blend fuels and diesel fuel were calculated from
engine torque and speed. Results of blend fuels were compared with diesel
fuels. Power versus engine speed changes of different fuel mixtures are shown

in figures 4.8. — 4.14.
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Figure 4.8. Power —engine speed curve of 2D and 10% COME + 90% 2D.
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Figure 4.10. Power —engine speed curve of 2D and 30% COME + 70% 2D.
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Figure 4.11. Power — engine speed curve of 2D and 40% COME + 60% 2D.
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Figure 4.12. Power —engine speed curve of 2D and 50% COME + 50% 2D.
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Figure 4.13. Power —engine speed curve of 2D and 60% COME + 40% 2D.
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Figure 4.14. Power —engine speed curve of 2D and 70% COME +30% 2D
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\

Power of engine for all blend fuels were usually lower than diesel fuel
at all engine speed. Maximum power of engine speed was at 2500 rpm for all
blend fuels and diesel fuel. Maximum power of diesel fuel was 2.23 kW.
Decreasing of maximum power for blend fuels ranged from 0% to 5 %
depending on the amount of COME. However power of engine did not vary
significantly with blend fuels at higher and lower engine speed. In
addition, power of 60/40% blend was higher than diesel fuel between 3400
rpm and 3700 rpm.

4.1.3. Specific Fuel Consumption

Specific fuel consumption of blend fuels and diesel fuel were measured.
Specific fuel consumption is very important engine performance characteristics.

Specific fuel consumption results are shown in figures 4.15—4.21.

1600 - ] 1
— ==2D : | 2
= 1200 e=ill—10% COME +90% 2D I
= ,
X
2 800 !
o
o o
© 400 ‘
Y :
1000 1500 2000 2500 3000 3500 4000;
Engine Speed (rev/min) i

Figure 4.15. Specific fuel consumption of 2D and 10% COME + 90% 2D.
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Figure 4.16. Specific fuel consumption of 2D and 20% COME + 80% 2D.
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Figure 4.17. Specific fuel consumption of 2D and 30% COME + 70% 2D.
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Figure 4.18. Specific fuel consumption of 2D and 40% COME + 60% 2D.
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Figure 4.19. Specific fuel consumption of 2D and 50% COME + 50% 2D.
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Figure 4.20. Specific fuel consumption of 2D and 60% COME + 40% 2D.
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Figure 4.21. Specific fuel consumption of 2D and 70% COME + 30% 2D.
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There was a interaction between specific fuel consumption and test fuel.
Because  specific fuel consumption increased between 2.3 percent and 12.4
percent depending on the amount of COME. Specific fuel consumption varied
with energy content and viscosity of blend fuels. Only, 60% COME —40% 2D
blend had lower specific fuel consumption than diesel fuel between 3400 and
3700rpm. At maximum torque speed, specific fuel consumption increased about
2.3 percent for 10-90 blend, 6 percent for 20-80% and 30-70% blends, 8.5
percent for 40-60% blend, 9.5 percent for 50-50% blend, 11.4 percent for 60-40%
blend and 12.4 percent for 70-30% blend.

4.1.4. Exhaust Gas Temperature

Exhaust gas temperatures of engine for blend fuels and diesel fuel
were measured by a chrome / alumel thermocouple. The thermocouple is
located in exhaust pipe. The temperature is indicated on a direct reading
meter scaled from 0 to 1000 °C. Measured exhaust gas temperatures are given

figures 4.22.- 4.28.
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Figure 4.22. Exhaust temperature of 2D and 10% COME + 70% 2D.
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Figure 4.23. Exhaust temperature of 2D and 20% COME + 80% 2D.
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Figure 4.24. Exhaust temperature of 2D and 30% COME + 70% 2D.

1
700 , T (
i
® i bl
5 s00 : el =S
8 ! b
g 400 LA
£ _
S 300 ; L
B . | oy e 20)
S 200 L
5 100 i wm 40% COME +60% 2D
0 | | |
1000 1500 2000 2500 3000 3500 4000
Engine Speed (rev/min)

Figure 4.25. Exhaust temperature of 2D and 40% COME + 60% 2D.
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Figure 4.26. Exhaust temperature of 2D and 50% COME + 50% 2D.
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Figure 4.27. Exhaust temperature of 2D and 60% COME + 40% 2D.
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Figure 4.28. Exhaust temperature of 2D and 60% COME +40% 2D.
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Exhaust temperature of all blends fuel were usually higher than diesel
fuel at all engine speed. Maximum exhaust temperature of blends and diesel fuel
was riched at 3200 rpm. Exhaust temperature of diesel fuel was 600 °C at 3200
rpm, however exhaust temperature of blends ranged from 600 °C to 650 OC at
3200 rpm depending amount of COME. Exhaust temperatures were inclined
between 3200 and 3700 rpm. “

4.1.5. Heat Loss to Exhaust

Heat loss in exhaust of engine with blend fuels and diesel fuel were
calculated, which depends on exhaust gas temperature. Exhaust heat loss of
experiments are given in figures 4.29.- 4.35.
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Figure 4.29. % Heat loss to Exhaust of 2D and 10% COME + 90% 2D
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Figure 4.30. % Heat loss to Exhaust of 2D and 20% COME + 80% 2D
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Figure 4.31. % Heat loss to Exhaust of 2D and 30% COME + 70% 2D.
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Figure 4.32. % Heat loss to Exhaust of 2D and 40% COME + 60% 2D
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Figure 4.33. % Heatloss to Exhaust of 2D and 50% COME + 50% 2D.
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Figure 4.34. % Heat loss to Exhaust of 2D and 60% COME + 40% 2D.
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Figure 5.35. % Heat loss to Exhaust of 2D and 70% COME + 30% 2D
According to diesel fuel, % heat loss to exhaust of blends did not vary
significantly between 1500 and 3000 rpm. % heat loss to exhaust of all blend
fuels were higher than diesel fuel at high speed of engine. It increased
depending on exhaust temperature. % heat loss to exhaust of 50%-50%, 60%-40%
and 70%-30% blends was same between 3000 and 3700 rpm.

4.1.6. Exhaust Gas Emission

Exhaust enﬁssions of diesel engine were measured with MOD-2100 exhaust
gas analyse equipment between 1500 and 3500 rpm. Opacity (k), % opacity
and smoke value were measured with the diesel exhaust gas analysing

equipment. Measured exhaust emissions are illustrated in figures 4.36 —4.56.
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Figure 4.36. Opacity (k) to Exhaust of 2D and 10% COME + 90% 2D.
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Figure 4.37. Opacity (k) of 2D and 20% COME + 80% 2D
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Figure 4.38. Opacity (k) of 2D and 30% COME + 70% 2D.
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Figure 5.41. Opacity (k) of 2D and 60% COME + 40% 2D.
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Figure 4.42. Opacity (k) of 2D and 70% COME + 30% 2D.
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Figure 4.43. Smoke (g/m® ) of 2D and 10% COME + 90% 2D.
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Figure 4.44. Smoke (g/m® ) of 2D and 20% COME + 80% 2D.
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Figure 4.45. Smoke (g/m® ) of 2D and 30% COME + 70% 2D.
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Figure 4.46. Smoke (g/m’ ) of 2D and 40% COME + 60% 2D.
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Figure 4.47. Smoke (g/m’ ) of 2D and 50% COME + 50% 2D.
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Figure 4.48. Smoke (g/m3 )of 2D and 60% COME + 40% 2D.
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Emission of engine with all blend fuels values didn’t vary significantly
for all engine speed. However, emission values of blend fuels were usually a
little higher than diesel fuel. Only, emission values of 70%-30% blend were
slightly lower than diesel fuel. Emission values of blend fuels decreased
depending amount of COME. In addition, emission value of some blend fuels

were lower than diesel fuels at lower and higher engine speeds.
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4.2. Presentation and Analysis of Data for Cotton Qil, Ethyl Alcohol
and Diesel Fuel Blends

Blends of cotton oil, ethyl alcohol and diesel fuel were tried at full
load-different engine speeds in three cylinder, direct injection diesel engine.
Before each test, the engine was warmed up with the diesel fuel until the
engine temperatures stabilised. During the engine test, blend fuels were heated
and stirred in engine fuel tank. Power, torque, heat loss and mass of exhaust
gases were measured for 50, 60 and 70 °C fuel temperatures at different
engine speeds and load condition. Experimental results of power — speed,
Toque — speed, heat loss— speed and mass of exhaust gas — speed graphs are
plotted in following figures.

4.2.1. Power

Power of engine for blend fuels and diesel fuel were calculated from
engine speed and force. Results of blend fuels were compared with diesel

fuels. Toque versus speed changes are given in figures 4.57. —4.59.

{ 70
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Figure 4.57. Power —engine speed curve of 2D, 50% 2D-40% CO-10%A
and 40% 2D-40% CO-20% A at 70 °C.
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Figure 4.58. Power —engine speed curve of 2D, 50% 2D-40% CO-10%A and
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Figure 4.59. Power —engine speed curve of 2D, 50% 2D-40% CO-10%A and
40% 2D-40% C0O-20% A at 50 °C

Maximum power of engine was measured between 2200 and 2500 rpm
for all blend fuels and diesel fuel at every fuel temperature. Maximum
power of blend fuels ranged from 60 to 56 Hp. After 1700 rpm, power of
engine declined significantly with all blend fuels at 50 and 70 °C fuel
temperatures. In addition, decreasing of power values were lower between 1000

and 1700 rpm for 70 °C and 50 °C constant temperature. At 60 °C constant
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temperature, power of blend fuels were higher than others at higher engine

speeds.

4.2.2. Torque

Torque of engine for blend fuels and diesel fuel were calculated from
power and engine speed. Torque versus engine speeds changes of different

fuel mixtures and diesel fuel are shown in figures 4.60. —4.62.
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Figure 4.60. Torque —engine speed curve of 2D, 50% 2D-40% CO-10%A and
40% 2D-40% CO-20% A at 70 °C.
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Figure 4.61. Torque —engine speed curve of 2D, 50% 2D-40% CO-10%A and
40% 2D-40% CO-20% A at 60 °C.
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Figure 4.62. Torque — engine speed curve of 2D, 50% 2D-40% CO-10%A and
40% 2D-40% CO-20% A at 50 °C.

Maximum torque for every blend fuels and diesel fuel was measured
between 1300 - 1600 rpm at all measured fuel temperature. Maximum torque
of all blend fuels didn’t reach maximum torque of diesel fuel. Torque of engine
decreased depending on the amount of cotton oil and ethyl alcohol at all
measured fuel temperature. However, higher toque values are measured for

blend fuels between 2100 and 2500rpm at 70°C constant temperatures.
4.2.3. Heat Loss

At 60 °C and 50°C constant temperature, Heat losses of blend fuels didn’t
vary significantly between 1000 -1800 rpm. In addition, at 70 °C constant
temperature, 40-40-20 blend had lower heat loss than diesel fuel between 1000
— 1800 rpm. After 1800 rpm, all blend fuels had higher heat loss than diesel
fuel for every fuel temperature. At 50 °C constant temperature, heat losses of
50-40-10 blend was higher than other fuels between 2000 - 2500 rpm.
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Figure 4.63. Heat loss of 2D, 50% 2D-40% CO-10%A and 40% 2D-40% CO-
20% A at 70 °C.
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20% A at 60 °C.
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Figure 4.65. Heat loss of 2D, 50% 2D-40% CO-10%A and 40% 2D-40% CO-
20% A at 50 °C.

4.2.4. Mass of Exhaust Gasses
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Figure 4.66. Mass of exhaust gases for 2D, 50% 2D-40% CO-10%A and 40%
2D-40% CO-20% A at 70 °C.
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Figure 4.67. Mass of exhaust gases for 2D. 50% 2D-40% CO-10%A and 40%
2D-40% CO-20% A at 60 °C.
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Figure 4.68. Mass of exhaust gases for 2D, 50% 2D-40% CO-10%A and 40%
2D-40% CO-20% A at 50 °C.

Mass of exhaust gas for diesel fuel was higher than blend fuels between
1000-1600 rpm. However, at higher engine speeds, diesel fuel usually had lower
mass of exhaust gas than all blend fuels at all measured fuel temperature. After
1800 rpm, two blend fuels of exhaust gas mass were higher than diesel fuel at
60 °C constant temperature. In addition. 50-40-10 blend fuel had higher mass
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of exhaust gas than other blend fuels for all engine speed at 70 °C constant

temperature.
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5. CONCLUSION

Low viscosity, high calorific value, low sulfur content and similar
characteristics were advantageous of all mixtures for alternative or emergency
fuel for diesel engines.

Low viscosity of blends fuels solved alot of problem by using of
vegetable oil as alternative fuel in diesel engines. These problems are block of
injectors and filters, poor atomization and contamination of lubrication oil.

The calorific values of cotton oil —ethyl alcohol — diesel fuel blends are
8-11.7% lower than diesel fuel. Calorific values of cotton oil methyl ester —
diesel fuel blends are 0.6-5.3% lower than diesel fuel. Calorific values of the
blend fuels decreased depending on the amount of cotton oil methyl ester,
cotton oil and ethyl alcohol.

Torque, power and specific fuel consumption value of engines did not
vary significantly with all blend fuels at all engine performance test. Torque,
power and specific fuel consumption of engines were largely dependent on
calorific value and viscosity of blend fuels.

Maximum torque of engine with cotton oil methyl ester — diesel fuel
blends were decreased between 0% and 5%. However, maximum torque of
engine with cotton oil - diesel fuel - ethyl alcohol blends were decreased
between 2.6% and 5.7%.

Decreasing of maximum engine power ranged between 0 and 4.5%
with cotton oil methyl ester - diesel fuel blends. After 1700 rpm, power of
engine with cotton oil - diesel fuel - ethyl alcohol blends declined significantly
at measured fuel temperatures. In addition, decreasing of maximum engine
power with cotton oil - diesel fuel - methyl alcohol blend ranged between 0
and 6%.

Specific fuel consumption of engine with cotton oil methyl alcohol —
diesel fuel blend increased between 2.3% and 12.4%.

Cotton oil methyl ester — diesel fuel blends and diesel fuel have

approximately same emission value at all engine test. Only, emission values
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of 70% cotton oil methyl ester -30% diesel fuel blend were slightly lower than
diesel fuel at .some engine speed.

Using of vegetable oil as alternative fuel in diesel engine has two
advantages: the decrease in energy dependency and the effective use of the
agricultural areas. In addition, unlike mineral oil, vegetable oil contains no
sulphur, so that environmental damage due to sulphuric acid is reduced.

| Solution of the energy crisis and dependence for petroleum -in our
country is new alternative renewable energy resources. Therefore, using of

vegetable oil as alternative fuel in diesel engine is very important.
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