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ABSTRACT 

Fast depletion of fossil fuel, rapid increase in the price of petroleum products and harmful exhaust 

emission from the engine jointly created renewed interest among researchers to find out suitable blend. In 

the present study of 4 stroke single cylinder diesel engine which was tested with three different blends. In 

the first case, Diesel-neem oil blend (with10%,15% and20%by volume), neem(Azadirachta indica, 

Family:Meliaceae) as diesel substitute a comparative study on their combustion characteristics on a C.I. 

engine. 

 In the second case Diesel-Methanol blend (with10%,15%and20% by volume), diesel and methanol is 

used in the present study to show their effect on engine performance in terms of brake specific fuel 

consumption (BSFC)and brake thermal efficiency (BTE). From the results it is found that brake specific 

fuel consumption for B20was 14.8% higher than diesel. 

 In the third case Diesel-waste motor oil blend (with 10%,15%and 20% by volume) First the waste engine 

oil was treated with acetic acid and with clay at 80°C-100°C. Recycled oil was blended with diesel at 

various proportions. Various properties like flash point, kinematic viscosity, calorific value, cetane 

number, cloud point, pour point and density were determined as per American Standards for Testing and 

Materials (ASTM). All blends were tested in a diesel engine and the results compared with diesel as a 

base fuel. The results indicate an increase of brake thermal efficiency, exhaust gas temperature when 

compared with that of diesel. Also there is a decrease of brake specific fuel consumption and emissions of 

NOx and HC. along with diesel was tested at constant engine speed of 1500rpm and also study of the 

engine performance and characteristics for various blends. Experiment set up was developed to carryout 

engine performance and characteristic studies on selected fuel blends at different load conditions. The 

present work has resulted in giving a good insight into the performance and emission characteristics of the 

C.I. engine using neem oil, methanol, diesel fuel blends.  

Keywords:  Methanol; mineral diesel; single cylinder diesel engine; performance; blends; Biodiesel; 

characteristics and emissions. 

INTRODUCTION: 

A heat Engine is a system that performs the 

conversion of heat or Thermal Energy to 

Mechanical Energy which can then be used to 

do Mechanical work. It does this by bringing a 

working substance from a higher state 

temperature to a lower state temperature. A heat 

source generates thermal energy that brings the 

working substance to the higher temperature 

state. The working substance generates work in 

the working body of the engine while 

transferring heat to the colder sink until it 

reaches a low temperature state. During this 



SRINIVASA RAO D, et al, International Journal of Research Sciences and 
Advanced Engineering [IJRSAE]TM 
Volume 2, Issue 15, PP: 225 - 241, SEPTEMBER’ 2016. 
 

 

 
 

 
 

International Journal of Research Sciences and Advanced Engineering 

                             Vol.2 (15), ISSN: 2319-6106, SEP’ 2016.                       PP: 225 - 241 

process some of the thermal energy is converted 

into work by exploiting the properties of the 

working substance. The working substance can 

be any system with a nonzero heat capacity, but 

it usually is a gas or liquid. 

In general an engine converts energy to 

mechanical work. Heat engines distinguish 

themselves from other types of engines by the 

fact that their efficiency is fundamentally limited 

by Carnot’s theorem. Although this efficiency 

limitation can be a drawback, an advantage of 

heat engines is that most forms of energy can be 

easily converted to heat by processes like 

exothermic reaction(such as combustion), 

absorption of light or energetic particles, 

friction, dissipation and resistance. Since the 

heat source that supplies thermal energy to the 

engine can thus be powered by virtually and 

kind of energy and thus heat engines are very 

versatile and have a wide range of applicability. 

In thermodynamics, heat engines are often 

modeled using a standard engineering model 

such as the Otto cycle. The theoretical model 

can be refined and augmented with actual data 

from an operating engine, using tools such as an 

indicator diagram. Since very few actual 

implementations of heat engines exactly match 

their underlying thermodynamic cycles, one 

could say that a thermodynamic cycle is an ideal 

case of a mechanical engine. In any case, fully 

understanding an engine and its efficiency 

requires gaining a good understanding of the 

(possibility simplified or idealized) theoretical 

model, the practical nuances of an actual 

mechanical engine, and the discrepancies 

between the two. 

In general terms, the larger the difference in 

temperature between the hot source and the cold 

sink, the larger is the potential thermal 

efficiency of the cycle. On earth, the cold side of 

any heat engine is limited to being close to the 

ambient temperature of the environment or not 

much lower than 300kelvin, so most efforts to 

improve the thermodynamic efficiencies of 

various heat engines focus on increasing the 

temperature of the source, with in material 

limits.   

The maximum theoretical efficiency of a heat 

engine ( which no engine attains) is equal to the 

temperature difference between the hot and cold 

ends divided by the temperature at the hot end, 

all expressed in absolute temperatures or Kelvin. 

The efficiency of various heat engines proposed 

or used today has a large range:3 percent for the 

OTEC ocean power. 25 percent for most 

automotive engines.49 percent for a supercritical 

coal fired power station such as Avedore Power 

Station. 60 percent for a steam cooled Combined 

cycle gas turbine. 

CLASSIFICATION OF IC ENGINES: 

Any type of engine or machine which derives 

heat energy from the combustion of fuel or any 

other source and converts energy into 

mechanical work is termed as Heat Engine. 
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INTERNAL COMBUSTION ENGINE: 

Internal combustion Engine, any of a group of 

devices in which the reactants of combustion 

and the products of combustion serve as the 

working fluids of the Engine. Such an Engine 

gains its Energy from heat released during the 

combustion of the non reacted working fluids 

and the oxidizerfuel mixture. This process 

occurs with in the Engine and is part of the 

thermodynamic cycle of the device. Useful work 

generated by an internal combustion engine 

results from the hot gaseous products of 

combustion acting on moving surfaces of the 

engine. Such as the face of a piston, a turbine 

blade, or a nozzle. 

Internal combustion Engine are the most broadly 

applied and widely used power generating 

device currently in existence. Example include 

gasoline Engines, Diesel Engines , Gas turbine 

Engines and rocket propulsion systems.Internal 

combustion Engines are divided into two 

groups: continuous combustion engines and 

intermittent combustion engines. The continuous 

combustion engine is characterized by a steady 

flow of fuel and oxidizer into the engine. A 

stable flame is maintained with the engine. (E.g. 

jet engine). The intermittent combustion engine 

is characterized by periodic ignition of air and 

fuel and is commonly referred to as a 

reciprocating Engine. Discrete volumes of air 

and fuel are processed in a cyclic manner. 

Gasoline piston Engines and diesel Engines are 

examples of this second group. 

Internal combustion Engines can be delineated 

in terms of series of thermodynamic events. In 

the continuous combustion Engines the 

thermodynamic events occur simultaneously as 

the oxidizer and fuel and the products of 

combustion flow steadily through the engine. In 

the intermittent combustion engine, by contrast, 

the events occur in succession and are repeated 

for each full cycle. With the exception of 

rockets( both solid rocket motors and liquid 

propellant rocket engines), internal combustion 

engines ingest air, then either compress the air 

and introduce fuel into the air or introduce fuel 

and compress the air fuel mixture. Then 

common to all internal combustion engines, the 

airfuel mixture is burned, work is extracted 

from the expansion of the hot gaseous products 

of combustion, and ultimately the products of 

combustion are released through the exhaust 

system. 

CLASSIFICATION OF INTERNAL 

COMBUSTION ENGINE: 

Internal combustion engine can be divided into 

different groups based on 

1.Type of Ignition  

2.Type of Engine Cycle  

3.Type of Valve location  

4.Type of Design  

5.Position and Number of Cylinders  

6.Air intake process  

7.Method of fuel input  

8.Type of fuel used  

9.Application  

10.Type of cooling.  

11.Type of Lubrication  
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BASED ON IGNITON TYPE: 

(a)SPARK IGNITION ENGINE: 

An SI engine starts the combustion process in 

each cycle by use of a spark plug. The spark 

plug gives a highvoltage electrical discharge 

between two electrodes which ignites the air 

fuel mixture in the combustion chamber 

surrounding the plug. In the early engine 

development, before the invention of the electric 

spark, many forms of torch holes were used  

BASED ON IGNITION CYCLE: 

(a)FOUR STROKE ENGINE: 

A fourstroke engine is an engine in which the 

piston completes four separate strokes which 

comprise a single thermodynamic cycle. A 

stroke refers to the full travel of the piston along 

the cylinder, in either direction. The four 

separate strokes are termed as 

1.INTAKE: This stroke of the piston begins at 

top dead center. The piston descends from the 

top of the cylinder to the bottom of the cylinder, 

increasing the volume of the cylinder. A mixture 

of fuel and air is forced by atmospheric ( or 

greater by some form of air pump) pressure into 

the cylinder through the intake port.  

2.COMPRESSION: This stroke takes place with 

both the intake and exhaust valves closed, the 

piston returns to the top of the cylinder 

compressing the air or fuelair mixture into the 

cylinder head.  

3.POWER: This is the start of the second 

revolution of the cycle. While the piston is close 

to Top Dead Centre, the compressed airfuel 

mixture in a gasoline engine is ignited, by a 

spark plug in gasoline engine, or which ignites 

due to the heat generated by compression in a 

diesel engine. The resulting pressure from the 

combustion of the compressed fuelair mixture 

forces the piston back down toward Bottom 

Dead Centre.  

4.EXHAUST: During the exhaust stroke, the 

piston once again returns to Top Dead Centre 

while the exhaust valve is open. This action 

expels the spent fuelair mixture through the 

exhaust valve(s). 
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COMBUSTION IN CI ENGINE: 

In compression ignition engine usually air is 

drawn during intake stroke. A compression ratio 

between 12 and 20 is used, so that temperature 

of the air near the end of compression stroke is 

quite high. Just before TDC, fuel is sprayed into 

the combustion chamber. This spray of fuel with 

the aid air movement distributes the fuel through 

the air. Owing to the high temperature of the air, 

the fuel ignites and burns almost as soon as 

introduced. Since the cylinder contents are not 

homogeneous (heterogeneous). They vary from 

fuel, F/A combustion products mixture to air 

alone in different regions. These regions may 

exist close to each other. Because of the 

dependence of combustion on the process of the 

fuel finding oxygen, C.I. engines require excess 

air to a greater extent than do S.I. engines if high 

efficiency and low smoke levels are to be 

achieved. 
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STAGES OF COMBUSTION IN CI 

ENGINE: 

From the commencement of injection, the 

combustion process may be dividedinto several 

stages. 

(a). DELAY PERIOD: 

During this period there is no visible pressure 

rise. The fuel is injected through nozzle, but 

does not ignite. There is a definite period for 

mixing of liquid fuel with air vaporizing and 

mixing of fuel vapour with air, pre flame 

reactions of fuel and then ignition. The delay 

period can be divided into two overlapping 

parts: a Physical delay: during which the cold 

fuel droplets are heated, vaporized, mixed with 

air and raised in temperature. b Chemical delay: 

during which chemical reaction proceeds very 

slowly and then accelerate until local 

inflammation or ignition takes place. 

RESULTS & DISCUSSION WITH DIESEL 

ENGINE AND GRAPHS 

DIESEL ENGINE SPECIFICATIONS: 

Make : Kirloskar model AVI 

Bore : 80mm 

Stroke: 110 mm 

Rated Speed: 1500 rpm 

Max. B.P   : 3.7KW (5 H.P) 

Compression Ratio: 16 .5:1 

Orifice Diameter  : 30mm 

Fuel  : Diesel, Neemoil, Methanol and Waste 

motor oil. 

Density of Diesel   : 0.827 gm / ml 

Calorific Value of Diesel : 45,350 KJ / kg 

Brake drum diameter: 0.3m 

Rope diameter : 0.015m 

Equivalent diameter: 0.315 m 

CI ENGINE FUELS: 

(a) DESIRABLE CHARACTERISTICS OF 

DIESEL ENGINE: 

The measurable characteristics of diesel fuels, 

compression ignition engine fuels are as follows: 

Must be clean, water, grit and all foreign should 

not exceed 0.5%. For high speed engines, the 

permissible limit is 0.1% Should be 

noncorrosive, or at least without any corrosive 

agents as free acids. Low sulphur content is most 

desirable.  

Should have sufficient lubricating property so 

that there will not be undue wear of the fuel 

pump and the injector parts. A viscosity lower 

than 35SSU is dangerous, as it will have very 

lubricating value.  

Should have sufficient viscosity to avoid undue 

leakage of fuel past the fuel pump plunger and 

injector needle. Should not have a viscosity too 

high to interfere with the flow of the fluid 

through the high pressure tubing and with 

hydraulics of injection process and spray 

formation. A viscosity above 100SSU is not 

desirable. Such oils have to be heated to lower 

the viscosity and make them flow.  

Must ignite easily for easy starting and smooth 

running of the engine. Must have low self 

ignition temperature.  



SRINIVASA RAO D, et al, International Journal of Research Sciences and 
Advanced Engineering [IJRSAE]TM 
Volume 2, Issue 15, PP: 225 - 241, SEPTEMBER’ 2016. 
 

 

 
 

 
 

International Journal of Research Sciences and Advanced Engineering 

                             Vol.2 (15), ISSN: 2319-6106, SEP’ 2016.                       PP: 225 - 241 

Must burn progressively and smoothly which 

will avoid excessive cylinder pressure and a 

rough running engine.  

Must burn completely and leave no carbon or 

other deposits and practically no ash in the 

engine cylinder. Ash content should not exceed 

0.12% by weight for the heaviest fuel and 0.1% 

for light fuel used in high speed engines. High 

viscosity fuels may cause smoky exhaust.  

Must have low carbon residue. High carbon 

residue may produce deposits of carbon and a 

gummy substance on pistons and cylinder liners. 

Deposits may cause sticking of piston rings and 

valve stems. A maximum carbon residue of 

0.1% is allowable.  

Must have high flash point. The flash point is a 

measure of the fire risk of the oil bulk. A 

minimum flash point of 65°C is specified for 

safety. For some high speed engines, flashpoint 

value down to 45°C is specified.  

Must have low pour point, particularly for 

engines which are to operate under extreme cold 

conditions. Pour point is important in handling 

fuel between storage and engine. Pour point of 

fuel should be 5.5 to 8.5°C below the minimum 

anticipated temperature. Maximum pour point 

for diesel is 15.5°C.  

Must have suitable volatility characteristics. 

Low volatility reduces maximum power output, 

increases fuel consumption and gives smoky 

exhaust. Such a fuel also makes starting of a 

cold engine more difficult. High speed engines 

require rapid evaporation of fuel. This stipulates 

that the fuel should have more of low boiling 

and less of high boiling fraction compared to 

fuels means for low speed engines.  

DIESEL IS STILL KING:  

In spite of carbondioxide emissions, increasing 

costs and declining reserves, conventional diesel 

fuel  gradually improved, including possibly 

synthetic fuel components – will probably 

remain the dominant fuel for commercial 

vehicles for at least two decades," said Volvo 

Group CEO Leif Johansson at a recent 

conference. 

"We expect diesel will remain the most 

significant transportation fuel for the foreseeable 

future," adds Volvo spokesman Brandon 

Borgna, "but petroleum is a finite resource and 

we must develop alternatives. There are many 

road bumps to overcome for alternativefueled 

vehicles to be pervasive, most notably 

infrastructure development for refueling 

stations." Can other fuels be used effectively in 

place of diesel? Is natural gas, for instance, 

really the answer? Is biodiesel, whether natural 

or synthetic, a solution for the long term? We 

believe the path toward diesel alternatives is a 

process," says Brian Daniels, product manager, 

power train, at Daimler Trucks North America. 

Daniels says the company's strategy for "the 

future of mobility" encompasses three areas of 

focus: 

1.optimization of its vehicles with advanced 

internal combustion engines.  

2.Further efficiency gains through hybridization.  

3. emissionfree driving with electric vehicles 

powered by the battery and the fuel cell. While 

we do not see diesel being displaced as the 

primary fuel for the foreseeable future, we do 

believe that in the short term, natural gas, hybrid 

and fully electric vehicles may provide 
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alternatives for specific applications," Daniels 

says. "These platforms will provide a stepping 

stone to longerterm solutions, such as 

zeroemissions hydrogen technology." 

OTHER FUELS: 

(a) HOME HEATING OIL This is 

essentially No. 2 diesel with a slightly different 

mix that is inconsequential for use in vehicles; 

or often the exact same thing, and the addition of 

a red dye so the tax man can tell it is not taxed 

for road use. In some parts of the country ,there 

are hundreds of gallons of this at almost every 

older home with an oil furnace, and if one has a 

pump and lines in an emergency it can be pulled 

from the tanks and used.  

(b) KEROSENE This also can be used 

with only a slight drop in power output. In a 

situation where all the gas stations have “no gas” 

signs, often the kerosene pumps will still be 

running. It does lack the lubricity that many 

diesel engines need. If available, you should mix 

some 2 cycle oil in at a ratio of around 100:1 to 

restore that lubricity. But in a pinch, don’t 

hesitate to use it. A few hundred gallons of it 

without a lubricity additive won’t harm 

anything. Note that it will act as a detergent and 

break gunk free from a fuel tank, so be prepared 

to change fuel filters.  

(c) JET/TURBINE FUELS JP4/JP8 The 

military runs all its diesels on JP8, so the same 

fuel can be used in all vehicles that are turbine 

or piston powered. Like kerosene, it lacks 

lubricity; so, if possible, add 2 cycle oil.  

 

UNUSED VEGETABLE OIL Vegetable and 

cooking oil that has not been used to cook, fresh 

from the bottle or even farm can be used. This is 

actually nothing new. Rudolf Diesel ran the very 

first diesel engine on peanut oil by design. It is 

possible to even raise soybeans as a crop for 

fuel. In the summer, in warm climates, you can 

dump it in many engines at 100% strength, no 

mixing. In colder climates, you cannot use it at 

100%, as it will gel and the engine cannot pump 

it. Vehicles modified to run on vegetable oil year 

round will usually have a special fuel tank that 

circulates engine coolant through the tank to 

heat it; as well as heaters in line with the fuel 

system to ensure that fuel delivered to the engine 

is warm and, therefore, thin enough to run 

through the system; and a separate smaller tank 

for diesel that the engine starts and runs on until 

the veggie oil tank is warm. 

(d)You can run in colder climates, to a point, by 

blending with diesel; kerosene; or, in limited 

amounts, gasoline. To test blend ratios, put 

varies ratios in jars and simply leave them out on 

a cold night, and see what mix gels and what 

stays liquid at various temps.  

(e)USED VEGETABLE OIL  Generally called 

Waste Vegetable Oil or WVO. This is the 

famous used French fry oil. Not made into 

biodiesel, that is something outside the scope of 

this article, but used directly as a fuel. DO NOT 

JUST DUMP USED FRYER OIL IN YOUR 

TANK! Used veggie oil is dirty and has 

emulsified water in it, and both will harm your 

engine. Before use, used oil needs to be filtered, 

ideally to a smaller micron rating than your 

vehicle filter, and dewatered. There are varied 

methods for dewatering, from centrifuges, to 

simply heating it to boil water off to water 

absorbing filters. But you need to ensure the oil 

is clean and free of water, then you use it just 
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like virgin vegetable oil. In a later article I will 

discuss filtering.  

(f)MOTOR OIL New motor oil can be mixed 

with fuel up to around 50% in most cases. Used 

motor oil is the same, farmers often called it 

“black diesel” and have put the used oil from the 

farm in diesel tanks for years. Usually called 

Waste Motor Oil or WMO on most online 

forums discussing it. The same warnings that 

apply as to used veggie oil above you must 

filter it and remove the water, and watch in 

colder climates for gelling. The Army, for a 

while, was buying a machine that removed the 

oil during an oil change, filtered it, and pumped 

it right into the fuel tank. They paid thousands, 

but you can easily build one yourself for around 

$100. Your friends, neighbors, and even local 

shops will probably be happy to give you as 

much free “fuel” as they can generate.town 

drives can possibly lead to deposits being left in 

the engine as it does not get to full operating 

temperature. 

(g)AUTOMATIC TRANSMISSION FLUID 

Can be run up to 100% in many engines. Since 

every gas station has it on the shelf, this is a 

good emergency option when the pumps run 

dry. If used ATF is burned, the same warnings 

about filtering apply, but in a pinch it is less 

likely to hold moisture dirt than motor oil.  

(h)HYDRAULIC OIL Before all the engineers 

jump me, yes I know there are thousands of 

kinds of hydraulic oils. But most are around a 

510wt oil that can be run up to 100% in these 

engines. Your farm supply places have it in 5 

gallon buckets, and heavy equipment has gallons 

of it that can be removed and used in a pinch.  

(i)TRANSFORMER OIL The kind from the big 

transformers on the pole or outside a big 

building. Do not use ones from transformers 

older than the 70’s as it may be full of nasty 

PCB’s, but anything newer will be fine. If you 

can find a shop that rebuilds these transformers, 

they may be very happy to have you haul away 

the oil so they don’t have to pay for disposal.  

These are just a few examples of fuels and 

engines. The key things to remember before 

using an alternative fuel in your diesel engine 

are to research and see if anybody has used it 

before, ensuring whatever fuel you are choosing 

is clean and free of water; and to start with a 

slow blend if possible. Of course, in an 

emergency, this isn’t always possible, so use 

your best judgment. But for a cost saving 

measure on the homestead, these basic rules will 

help you explore and start using lowcost diesel 

fuel alternatives. In an emergency you will see 

all sorts of possible sources of fuel along the 

road that most people would have never 

considered. Try spotting all the fuel sources on 

your next drive.  

DIESEL HYBRID TECHNOLOGY: 

Diesel hybrids hold the promise of significant 

efficiency gains for commercial vehicles. By 

combining a smaller, fuelefficient clean diesel 

engine with an advanced electric or hydraulic 

system, hybrid buses and delivery vehicles have 

demonstrated significantly improved fuel 

economy, along with reduced exhaust emissions 

and enhanced performance. Adding hybrid 

technology to already fuelefficient diesel 

engines for passenger vehicles has been 

demonstrated in a concept car format. It 

combines the fuel efficiency of diesel over 

gasoline, the performance premium of a diesel 
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generator's ability to accelerate an electric 

motor, and the efficiency gains of using 

electricity seen in gasoline hybrids such as the 

Toyota Prius. Diesel hybrids have large potential 

fuel economy gains, but vehicle cost could also 

be high. 

PROPERTIES OF METHANOL, NEEM 

OIL AND WASTE MOTOR OIL: 

methanol properties and blends in diesel 

Methanol is an attractive alternative fuel because 

it is a renewable biobased resource and it is 

oxygenated, thereby providing the potential to 

reduce particulate emissions in 

compressionignition engines. The use of 

methanol in conventional diesel engines has 

result in substantial reduction in emission of 

unburned hydrocarbons, carbon monoxide and 

particulate matter. This paper focuses on 

comparative performance of methanol blends 

and mineral diesel in CI engine. The test results 

of methanol blends of 10 % E10and 20% E20 

with mineral diesel has been shown in the 

graphs. 

Rapid  depletion  of  petroleum  reserves  and  

degradation  of environment  by  means  of  

global  warming  through  the pollutant  

emission  by  the  automotive  sector  as  well as 

stringent  emission  norms  necessitated  the  

finding  of  an alternative fuel for internal 

combustion engine. Inthe previous few  decades,  

straight  vegetable  oils  and  biodiesel  make  an 

impact as an alternative fuel for compression 

ignition engine. However, the above mentioned 

fuel, being more oxygenative in  nature,  

improves  the  fuel  properties  as  well  as  the 

combustion  process.  However,  alcohols  such  

as  ethanol  and methanol also received a  wide 

attention from the researchers due  to  it’s  

oxygenate  nature.  Alcohols  derived  from 

bioresources  widely  used  in  compression  

ignition  engine  as  a supplementary  fuel  to  

that  of  petroleum  diesel.  However, methanol 

has an advantage because of its low price and 

higher oxygen fraction. But as reported by 

several researchers [1, 2] there  is  some  

difficulty  to  form  a  homogeneous  

dieselmethanol  mixture,  hence  the  research  

on  this  area  is  very limited. Methanol can be 

added to diesel either in the blended mode or in 

the fumigation mode. In the blended mode, in 

most of the cases  methanol  and  diesel  fuel  are  

blended  with  an  additive [3].  Whereas  in  the  

fumigation  mode,  diesel  fuel  is injected 

through  the  injector  and  methanol  is  injected  

with  the  air intake system into the cylinder.  

Chao  et  al. [4]  investigated  the  emission  

characteristics  of  asix cylinder, naturally 

aspirated, direct injectiondiesel engine using  

diesel-methanol  blend  (up  to  15%  by  

volume)  with  an additive.  They  found  a  

decrease  in  NOx emissions  but  an increase in 

CO and HC emissions as the methanol content 

in the  blended  fuel  was  increased.  Regarding  

PM  (particulate matter), the results were mixed; 

the behavior of PM depends on the operating 

conditions. Huang et al.[3, 5] experimentally 

investigated  the  performance,  combustion  and  

emission characteristics  of  a  single  cylinder  

direction  injection  engine with a stabilized 

diesel–methanol blend with less than 18% by 

weight of methanol. They found that increasing 

the  methanol percentage in the diesel increased 

the ignition delay, causing an increase in the 

heat release rate in the premixed combustion 

phase  and  a  reduction  in  the  combustion  

duration  in the diffusion  combustion  phase  



SRINIVASA RAO D, et al, International Journal of Research Sciences and 
Advanced Engineering [IJRSAE]TM 
Volume 2, Issue 15, PP: 225 - 241, SEPTEMBER’ 2016. 
 

 

 
 

 
 

International Journal of Research Sciences and Advanced Engineering 

                             Vol.2 (15), ISSN: 2319-6106, SEP’ 2016.                       PP: 225 - 241 

[3].  A  significant  reduction  of smoke  and  

CO  emission  was  noted  by  them,  whereas  

HCemission much not varied with the addition 

of methanol in the blended fuel but the emission 

of NOx increased with it.  

Sayin  [6]  experimented  on  a  four-stroke,  

naturally  aspirated, single  cylinder  direct  

injection  diesel  engine  with dieselmethanol 

blended fuel. They observed a reduction inCO, 

HC and  smoke  emissions.  It  was  reported  by  

them,  that  NOx emission  increased  with  the  

addition  of  methanol  in the blended  fuel.  

Whereas,  brake  specific  fuel  consumption  

was increased and brake thermal efficiency was 

decreased with the addition  of  methanol.  In  

another  study  made  by  Sayin  [7]  it was 

observed that, addition of methanol to diesel 

reduced CO, HC  and  smoke  emissions  

because  of  oxygen  content  of methanol.  On  

the  other  hand  the  oxygen  content  led  to  an 

improve  combustion  which  increased  the  

emission  of  CO2. The NOx emission was also 

increased due to the higher peaktemperature  rise  

during  the  time  of  combustion.  The low 

heating  value  of  methanol  increased  the  

brake  specific  fuel consumption also. The same 

trend was also observed by Sayin and his 

research group in two different studies also [8, 

9]. In addition to these performance behaviors 

they also observed an increase in brake specific 

energy consumption. The  increment was due to 

the lower energy content of methanol as  

reported by them.  

Whereas  a  reverse  trend  was  observed  by  

Bayraktar  [2], specific fuel consumption was 

decreased and engine  effective efficiency  was  

increased  about  7%  with  the  use  of  10% 

methanol  blending  to  diesel.  Nagafi  and  

Yusaf  [10] experimented  on  a  four  stroke,  

four  cylinder  diesel engine with  diesel-

methanol  blend  up  to  30%.  They  observe  an 

improvement  on  torque,  power  and  exhaust  

gas  temperature. Whereas the brake specific 

fuel consumption was more in case of  methanol  

blended  fuel.  Brake  specific  fuel  

consumption was lower for M30 blend among 

the methanol blended  fuels.The lowest exhaust 

temperature was recorded for M10blend of 

methanol and diesel.  

Thus, many research works have been carried 

out andare still ongoing at the present moment to 

investigate the performance, combustion  and  

emission  characteristics  of  compression 

ignition engines fueled with diesel-methanol 

blend.However, experimental  procedures  are  

not  quite  feasible  from the perspective  of  

time,  manpower  and  cost,  when  compared  to 

numerical approach. Thus, numerical simulation, 

using proper mathematical  models,  to  evaluate  

the  effect  of  methanol  on diesel  engines  can  

prove  to  be  an  economic  approach in engine 

design.  

In  this  work,  the  engine  parameters,  viz.  

performance  and emissions  using  pure  diesel,  

diesel-methanol  5%,  dieselmethanol  10%  and  

diesel-methanol  15%  as  fuels  have  been 

simulated using a commercial software- Diesel-

RK. 

Neem Oil Extraction Process From Neem 

Seeds and blends in diesel 

The main objective of this investigation was to 

study the use of neem (Azadirachtaindica) 

methyl esters in CI engine experimentally. 

Preparation of methyl esters were from non-

edible oil using transestrification process. The 
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use of  neem  oil  biodiesel  (neem  oil  methyl  

ester,  NOME)  blended  with  mineral  diesel  as  

substitute  for  co nventional mineral diesel . 

The purpose of the investigation is to analyze 

the effects on diesel engine performance when 

fueled with the blends of biodiesel and diesel in 

various proportions on volume basis.  

The fuel blends investigated for performance 

analysis are 100% diesel (B00), blend of 20% 

biodiesel and 80% diesel (B20), blend of 40% 

biodiesel and 60% diesel (B40) and further 10%, 

15% Di ethyl ether is added to the blends and 

results are to be compared. 

The experimentation further extended to procure 

most desirable values for the relevant working 

parameters and their optimal combination based 

on the results. The performance parameters like, 

1.  Brake specific fuel consumption. 

2.  Brake thermal efficiency.  

3.  Mechanical efficiency. 

4.  Exhaust gas temperature. 

5.  Emission of CO, CO2, HC. 

6.  Combustion analysis. 

To study the effect of injection pressure on the 

performance of a diesel engine using blends of 

biodiesel and diesel as fuel. The injection 

pressure was varied in the range 210, 250 and 

290 bar  recommended for diesel fuel operation. 

Tests were carried out on single cylinder, four 

stroke and direct injection diesel engine. 

A.  Neem  as  Biodiesel:  Biodiesel  is  a  clean  

burning  alternative  fuel,  produced  from  

domestically  grown,  renewable resources. 

Biodiesel contains no petroleum products, but 

can be blended at any concentration with diesel 

from fossil sources  to  create  a  biodiesel  

blend.  It  can  be  used  in  compression  

ignition  engines  with  little  or  no  

modification. Biodiesel is simple to use, 

biodegradable, nontoxic, and basically free of 

sulfur compounds and aromatics. 

B. Pure Neem Oil Extraction Method:  Quality 

of neem oil depends on the type of extraction. 

Manufacturing of neem oil includes the 

collection of raw materials for the extraction and 

selection of extraction method. Neem oil is 

extracted from  neem  leaf  and  need  seed.  

Neem  seed  is  widely  used  in  the  extraction  

process  instead  of  neem  leaf  as  the  oil 

content is found to be more in seeds than in the 

leaf.  

Neem oil extraction is done by Mechanical 

pressing, Steam pressure extraction and Solvent 

extraction. Primary process of extraction 

consists of grade wise separation of seeds. 

Grading of seeds is done according to the 

amount of oil content in the seeds and with sizes 

as well. 

Firstly, the fruits are collected in a drum, and the 

kernels are separated to obtain the seeds. Later 

the seeds are woven dried and then feed into the 

oil extracting machine in case of mechanical 

pressing method. The neem oil is obtained by 

pressing it mechanically and  collected in a 

drum. Thus filtration is done to remove the 

various unwanted particles left in the extracted 

oil in order to obtain pure neem oil. Flow chart 

for the extraction process is as shown in figure 

below. 
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In case of Steam pressure extraction method, the 

neem seeds after the drying process are feed into 

the steam boiler. This process makes the 

extraction process easier. The seeds get swollen 

by steaming thus the oil in squee zing becomes 

easy. The process of steaming is accompanied 

by increasing of pressure in the boiler which 

drives the oil out from  the  seed  without  any  

pressing.  In  some  industries,  the  left  seed's  

kernels  after  the  steam  boiling  is  pressed  to 

further extraction of oil up to 98% leaving just 

the outer layer of the seeds. The same filtering 

process is followed as done in the mechanical 

pressing method.  

In solvent extraction method, solvents like petrol 

or white gasoline is mixed with the seeds after 

woven dryi ng. The solvents help in extracting 

the neem oil out of the kernel up to certain 

percent. Added to that the neem seeds are 

pressed if needed. The resulting oil is stored in a 

silo where the pure neem oil is recovered from 

the crude one. In the latest method of cold 

pressing, it is seen that the purest form of neem 

oil is obtained along with the presence of active 

compounds. The oil extracted using cold press 

method seems to be lighter in color as well as 

odor when compared with other methods. 

C. Transesterification of Neem  Biodiesel:  The 

esterified oil (below 4% FFA) was poured into 

the reactor and heated at 60°C to optimize the 

temperature of reaction for maximum yield. A 

mixture of NaOH in methanol was heated at the 

same temperature for 5 min and added slowly to 

the heated oil. The reaction mixture was heated, 

refluxed and stirred at 400 rpm for about 3 

hours. After 3 hours, two distinct layers were 

formed and the mixture was allowed to settle for 

2hours or overnight.  The  heavier glycerol layer  

was separated from the lighter Methyl ester layer 

in  separating tank. Then they obtained Methyl 

ester is poured into the Recovery tank for the 

methanol recovery where it is heated up to the 

temperature  70°C,  the  methanol  will  be  

vaporized  and  condensed  at  condenser.   Next  

they  obtained  Biodiesel  is transferred into the 

washing tank where it is washed by spraying the 

warm water to remove the NaOH content. 

Finally we get pure biodiesel. 

D. Blending of diesel and Neem biodiesel:  

Blending conventional Diesel Fuel (DF) with 

Neem biodiesel is presently the most common 

form of bio-diesel. The most common ratio is 

80% conventional diesel fuel and 20% Neem oil 

ester, also termed “B20,” indicating the 20% 

level of bio-diesel; There have been numerous 

reports that significant emission reductions  are  

achieved  with  these  blends.  Several  studies  

have  shown  that  diesel/bio -diesel  blends  

reduce  smoke opacity,  particulates,  un-burnt  

hydrocarbons,  carbon  dioxide  and  carbon  

monoxide  emissions,  but  nitrous  monoxide 

emissions are slightly increased. One limitation 

to the use of bio-diesel is its tendency to 

crystallize at low temperatures below  0°C.  

Methyl  and  ethyl  esters  of  edible  oils  will  

crystallize  and  separate  from  diesel  at  

temperatures  often experienced in winter time 

operation.In our engine study blending ratios are 

20%, 40%and 100% of biodiesel to diesel ratio; 

further diethyl ether additive is added to the 

biodiesel blend in 10% and 15% respectively 

and analysis is carried out. 

E. Diethyl ether as additive:  Diethyl ether, also 

known as ethyl ether, sulfuric ether, simply 

ether, or ethoxyethane, is an organic compound 

in the ether class with the formula (C2H5O2). It 
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is a colorless, highly volatile flammable liquid. 

It is commonly used as a solvent.  Diethyl ether 

has a high cetane number of 85-96 and is used as 

a starting fluid, in combination with petroleum 

distillates for gasoline and diesel engines 

because of its high volatility and low flash point. 

For  the  same  reason  it  is  also  used  as  a  

component  of  the  fuel  mixture  for  carbureted  

compression  ignition  model engines. 

Stages of combustion 

(b). RAPID COMBUSTION: 

During the delay period an appreciable amount 

of fuel has been prepared, fuel burns very 

rapidly, the velocity of burning is controlled by 

chemical kinetics. There is also partial 

combustion of fuel which continues to be 

injected during this period. 

(c) CONTROLLED COMBUSTION 

(diffusion flame): 

The rate of combustion in this stage is 

determined mainly by how rapidly the fuel 

vapour are heated and mixed with air. During 

this stage, the moving piston increase the 

volume of the cylinder and thus the end of this 

stage is to the right of TDC, this end is 

characterized by the point of maximum cycle 

temperature. This period is affected by: rate of 

injection of fuel Turbulence in the cylinder 

injection pressure. 

(d). TAIL OF COMBUSTION (after 

burning): 

This stage commences from the point of 

maximum cycle temperature, the rate of heat 

release in this phase of combustion gradually 

drops to zero. 

KNOCK IN CI ENGINE: 

In C.I. engine, the fuel is injected into hot air 

and combustion begins with auto – ignition, if 

the first peak in the pressure rate diagram is high 

enough a knocking sound appears. This is due to 

very long delay period and a large amount of 

fuel would be prepared during the delay period. 

If diesel knock is experienced in an engine a 

cure may be by means that either reduce the 

delay period or reduce the rate of injection 

during the delay period. Knocking in C.I. engine 

is an auto ignition phenomenon same as in SI 

engine, but diesel knock requires cures 

diametrically opposite to those required for the 

SI engines. 

KNOCK RATING OF CI ENGINE FUELS: 

The knock rating of a diesel fuel is found by 

comparing the fuel under test in a special engine 

with primary reference fuels. These fuels are n 

cetane ( hexeadecane, C16H34) which has a low 

self ignition temperature and given cetane 

number of 100 and heptamethylnonane with a 

cetane number of 15. The cetane number for a 

blend is calculated by: 

CN = % cetane + 0.15 * % heptamethylnonane 

In some text books the reference fuels are: 

cetane (100 CN) and  methylnaphthalene (CN = 

0). 

ENGINE PERFORMANCE 

PARAMETERS: 

The basic performance parameters of internal 

combustion engine (I.C.E) may be summarized 

as follows: 

(a). INDICATED POWER: 
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It is the actual rate of work done by the working 

fluid on the piston. As its name implies, the i.p. 

can be determined from an "indicator diagram" 

as show in figure (61), by subtracting the 

pumping loop area ( ve) from the positive area 

of the main diagram. i.p. power could be 

estimated by performing a Morse test on the 

engine. The physical equation for the i.p. is: 

 

 

 

 

 

 

CONCLUSIONS 

From this study, it can be concluded that the 

methanol diesel blend can be used in diesel 

engines. Experimental results showed that the 

output power and torque for diesel fuel is lower 

compared to methanol diesel blended fuel at any 

ratio. The exhaust temperature for diesel fuel 

was higher compared to any mixing of blended 

fuel, the brake specific fuel consumption for 

diesel fuel was much lower compared any 

blended fuel. We found that 20% blend of 

methanol can be used in diesel engine without 

any major operational difficulties but further 

study is required for the longterm durability of 

the engine. Using methanol as a fuel additive to 

mineral diesel causes an improvement in engine 

performance and exhaust emissions. Methanol 
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addition results in an improvement in brake 

power, brake thermal efficiency and specific fuel 

consumption, however the specific fuel 

consumption and equivalence air–fuel ratio 

decrease because of lower calorific value of the 

blended methanol. Using an methanol–diesel 

blend leads to a significant reduction in exhaust 

emissions of CO and HC for all engine speeds. 

On the other hand, CO2 emissions increase 

marginally. Methanol diesel blends up to 20% 

can very well be used in present day constant 

speed CI engines without any hardware 

modification. Exhaust gas temperatures and 

lubricating oil temperatures were lower for 

methanol diesel blends than mineral diesel. The 

engine could be started normally both hot and 

cold. Significant reduction in CO and NOx 

emission was observed while using methanol 

diesel blends. The use of methanol as diesel 

engine fuel can play a vital role in helping the 

country like India by saving foreign exchange 

reserves and strengthen the country’s 

agricultural system. 

The  present  investigation  evaluates production  

of  Neem  oil  methyl  ester  using  sodium 

hydroxide  catalyst  and  performance  of  neem 

biodiesel  blends  are  compared  with  the  

diesel  in  a single  cylinder  four  stroke  diesel  

engine  under varying  load  conditions  of  

engine  operations.   The following  conclusions  

are  drawn  from  this investigation. 

1.  The  transesterification  process  used  for  

making biodiesel  is  simple  to  solve  viscosity  

problems encountered with vegetable oils. 

2.  The fuel properties results of all blends show 

that blends  of  up  to  20%  have  values  nearer  

to properties of diesel. 

3.  The existing diesel engine performs 

satisfactorily on  biodiesel  fuel  without  any  

engine modifications. 

4.  It  is  observed  from  this  research  that  

yield  of neem biodiesel is low. 

5.  Engine  performance  with  biodiesel  does  

not differ much the neat diesel.  Biodiesel blend 

B10 shows  good  results  comparable  with  

other blends. 

The recycled oil blended with diesel at 5%, 15% 

and 20% shows an increase in the brake thermal 

efficiency and decrease of bsfc. The recycled oil 

can reduce the dependence of diesel up to 20% 

and alsovarious environmental imbalances 

caused by waste oil discharged onto the 

environment (land, water bodies etc.) can be 

eliminated in a cost effective manner. 
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