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ABSTRACT

The objective of this project is to study the effects of adding cetane
enhancer and ethanol with diesel by comparing its performance with unblended
pure diesel. The reason for choosing diesel is that it is cheaper than petrol and
its thermal efficiency is higher than that of petrol. from the literature survey. it
is clear that ethanol increases the heat release rate or combustion rate of diesel
and hence increases thermal efficiency. In addition to that ethanol increases the
ignition lag i.e., lowers the cctane number. Hence to enhance the cetane
number, cetane enhancer has to be added. Cetane enhancer used in this project
is 2-Ethyl Hexyl Nitrate (alkyl nitrate). Thus ethanol is varied from 5. 10, and
15% and fixed composition of 2-EHN as 0.75% is added to diesel, by means of
which the brake thermal efficiency increases and brake specific  fuel
consumption decreases gradually. Performance graphs for both the blended and
unblended diesel have been plotted. It is inferred that thermal efficiency is

increased up to 4.21 % and specific fuel consumption decreased by 4.33%.

Keywords: Cetane number, 2-Ethyl Hexyl Nitrate, thermal efficiency, etc.
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CHAPTER 1
INTRODUCTION
1.1 CURRENT SCENARIO

1.1.1 INTERNATIONAL MARKET

It is becoming increasingly clear that global oil production will soon go into terminal
decline. with potentially devastating economic consequences. Although the idea of peak o1l has
traditionally been ridiculed by the industry. now even some of the world's most senior otimen
concede the case. Last year Thierry Desmarest. chairman of Total. the world's fourth Jargest oil

company, declared that production would peak by around 2020,

The American Petroleum Institute estimated in 1999 the world's oil supply would be
depleted between 2062 and 2094 assuming total world oil reserves at between 1. 4 and 2 trillion
barrels (220 and 320 km®) and consumption at 80 million barrels per day (13.000,000 md). |
2004, total world reserves were estimated to be 1.25 trillion barrels (199 km’) and daily
consumption was about 85 million barrels (13.500.000 m™). shifting the estimated oil depletion
year to 2057. Hence it becomes absolutely mandatory to come up with alternatives like biodiesel.

Ethanol, CNG etc. to keep the hope of automotive sector alive.
1.1.2 INDIAN MARKET

India imports nearly 70% of its annual crude petroleum requirement, which s
approximately 110 million tons. The prices are in the range of US$ 50-70 per barrel. and the
expenditure on crude purchase is in the range of Rs.1600 billion per year, impacting 1z a big

way, the country's foreign exchange reserves.

Amid the depletion of petroleum oil, there is no choice other than to find an alternative.
Ethanol is one such alternative automotive fuel by itself and can be mixed with gasoline or diesel
to form what has been called "gasohol" - the most common blends contain 10% ethanoi and 85%
ethanol mixed with gasoline. Thus the use of ethanol can reduce our dependence upon foreign oil

and reduce greenhouse gas emissions.



The petroleum industry now looks very committed to the use of ethanol as fuel, as it 13
expected to benefit sugarcane farmers as well as the oil industry in the long run. Ethanol (FUEL
ETHANOL) can also be produced from wheat, corn. beet, sweet sorghum etc. Ethanol is one of
the best tools to fight vehicular poliution, contains 35% oxygen that helps complete combustion
of fuel and thus reduces harmful tailpipe emissions. it also reduces particulate emissions that

pose a health hazard.

India being the world’s second largest producer of sugar from cane after Brazil, 1s
expected to use a growing portion of cane by-product molasses for making ethanol. For the
world, Brazil stands as the shining example of very largely eliminating greenhouse gas emission
by using ethanol either in a blend with petrol or on standalone basis in its automobile fleet. Brazil
and the US between them are responsible for over 85 per cent of the world ethano} production. In
Brazil, 25 per cent ethanol doping 1n gasoline is mandatory, while over I 1 million Flex cars on

Brazilian roads run entirely on ethanol. India needs catching up.
1.2 CONCEPTUAL STUDY OF PROJECT

The objective of this project is to study the effects of adding cetane enhancer and ethanol
with diesel by comparing its performance with unblended pure diesel. The reason for choosing
diesel is that it is cheaper than petrol and its thermal efficiency is higher than that of petrol.
Initially the performance test for pure diesel was carried out in Multifuel variable compression
ratio engine and its performance graphs are plotted and analyzed. From the Wterature survey, it 18
clear that ethanol increases the heat relcase rate or combustion rate of diesel and hence it helps to
increase thermal efficiency. The reason for selecting Ethanol is that it has high cajorific value
and low cost when compared to other alternative fuels. One major disadvantage of Ethanol is. it
increases the ignition Jag i.e. reduces the cetane number of diesel fuel because of 1ts low cetane
number. Thus to increase the cetane number. cetane enhancer is added. Cetane enhancer used in

this project is 2-Ethyl Hexyl Nitrate (2-EHN).

Hence. Ethanol and 2-EHN are to be added in proper ratios so as to increase the Thermal
Efficiency and reduce the Specific Fuel Consumption. Different blends are prepared with fixed
proportion of 2-EHN as 0.75% and Ethanol with 5%. 10% and 15% respectively. With these

blends, initially we have to calculate the calorific value using bomb calorimeter. Then the density



and viscosity for these blends should be calculated. Finally the performance test for these blends
has to be conducted in the Multifuel variable compression ratio engine. Performance curves
should be plotted and analyzed. Performance of both the pure diesel and blended diesel are
studied and compared. It is inferred that the brake specific fuel consumption decreases and brake

thermal efficiency increases with increase 1n Ethanol.
1.3 OBJECTIVE OF THE PROJECT

e To study the properties of Ethanol and 2-EHN in detail
¢ To study the Performance characteristics of diesel engine by adding Ethanol and

2_-EHN with diesel.



CHAPTER 2
LITERATURE REVIEW

Lu Xing-cai et al. (2004} investigated the influence of cetane number improver on heat release
rate and emissions of a high-speed diesel engine fuelled with ethanol-diesel blend fuel. Different
percentages of cetane number enhancer (0. 0.2, and 0.4%) were added to blends, and the engine
tests were performed on a 4-cylinder high-speed DI diesel engine. The resuits show that: the
brake specific fuel consumption(BSFC) decreased. the diesel equivalent BSFC decreased. the
thermal efficiency improved remarkably, and NOx and smoke emissions decreased
simultaneously when diesel engine fuelled with ethanol-diese! blend fuels: NOx and smoke

emissions further reduced when CN improver was added to blends.

De-gang Li et al. (2004} had produced a technical noic about physico-chemical properties of
ethanol-diesel blend fuel and its effect on performance and emissions of diesel engines. Effects
of different ethanol—diesel blended fuels on the performance and emissions of diesel engines
have been evaluated experimentally and compared. The purpose of this project is to give
optimum percentage of cthanol that gives simultaneousty better performance and lower
emissions. The experiments were conducted on 0% (neat diesel fuel), 3% (E5-D). 10% (E10-D).
15% (E15-D), and 20% (E20-D) ethanol-diesel blended fuels. With the same rated power for
different blended fuels and pure diesel fuel, the engine performance parameters (including
power, torque, fuel consumption, and exhaust temperature) and exhaust emissions were
measured. The results indicate that the brake specific fuel consumption and brake thermal
efficiency increased with an increase of ethanol contents in the blended fue! at overall operating
conditions. And also smoke emissions decreased with ethanol—diesel blended fuel. especially

with E10-D and E15-D. CO and NOx emissions reduced for ethanol—diesel biends.

Ajav et al. (1999} had produced a report about experimental study of some performance
parameters of a constant speed stationary diesel engine using ethanol-diese] blends as fuel. The
performance of a constant speed, stationary diesel engine using ethanol-diesel blends as fuel has
been evaluated experimentally. The experiments were performed using 5, 10, 15 and 20%

ethanol-diesel blends. Diesel fuel was used as a basis for comparison. The effect of using



different blends of ethanol-diesel on engine horsepower. brake specific fuel consumption. brake
thermal efficiency, the exhaust gas temperature and lubricating oil temperature were studied. The
results indicate no significant power reduction in the engine operation on ethanoi-diesel blends
(up to 20%) at a 5% level of significance. Brake specific fuel consumption increased by up to 9%

with an increase of ethanol up to 20% in the blends as compared to diesel alone.

Lunaidah Md Saad, Baljit Singh et al. (2010) investigated the effect of using additive on four
stroke engine performance and exhaust emission. This investigation focused on the comparison
of performances of an internal combustion engine fitted with the fuel additive. Performance iests
were conducted for, fuel consumption, engine torque and engine power. while exhaust EIMISSIONS
were analyzed for carbon monoxide (CO), carbon dioxide (C02). oxygen {02) and unburned
hydrocarbons (HC) at variable engine speed ranging from 1000 to 6000 rpm. The results showed
that the effect of the adding fuel addictive gives more power and increases fuel efficiency

compared to the fuel without additives.

Manish K. Nandi et al. (2009) investigated the performance of di tertiary-butyl peroxide as
cetane improver in diesel fuels. Here we are evaluating the performance of a peroxide based
cetane improver for diesel fuel. A comparison is made between the performance of di-tertiary-
butyl peroxide and the conventional cetane improver. 2-ethythexyl nitrate. Correlation between
the cetane responses of the peroxide with the different fuel properties is discussed. Both the
additives significantly reduce all regulated and unregulated emissions including NOx emissions.
The NOx emissions from the peroxide treated fuels are consistently lower than those for the
nitrate treated fuels at similar cetane level. The chemistry for the synthesis of di-tertiary-butyl

peroxide is discussed.

Hwanam kim et al. (2010) investigated the engine performance and emission characteristics of
CRDI diesel engine equipped with wee and doc using ethano! blended diesel fuel.

This experiment investigates on neat diesel fuel and a blend of diesel fuel with 15% ethanol with
cetane improver EHN (2-ethylhexyl nitrate) of 7500ppm. The experiment measures engine
performance according to ECE 13 mode cycles. The maximum torque provided by the ethanol

diesel-EHN blended fuel was higher than neat diesel. The specific fuel consumption decreases



with 15% ethanol blended diesel in low load. The various exhaust gas treatments are done in this
project. The performance test is done by means of CRDI(common rail direction injection).
WCC(warm-up catalytic converter), DOC(diesel oxidation catalyst) which uses three types of
fuels, namely neat diesel(D100). a blend of diesel fuel with 15% ethanol(E15+D) . 2 blend of
diesel fuel with 13% ethanol and cetane pumber improver(E15+D=CI}). The brake specific fuel
consumption(BSFC) for each of the 3 kinds of fuels. The BSFC of the fuels were significantly
different in low load conditions, but were similar in the middle and high toad conditions, From
the BSFC and lower heating vatue of the 3 kinds of fue!. The lower heating value of ethanol is
about two thirds that of the diesel and is expected to increase the fuel consumption by about 6%
when 15% of ethanol is blended in diesel. Thus the E15-D-CT has the highest thermal efficiency
at the same horsepower. This result is due to the improved spray characteristics and atomization
of fuel. The engine performance from E15-D and E15-D-C1 was similar to that of the base diesel
engine with respect to power output, and E15-D-C1 had the highest thermal efficiency because of

the addition of the cetane improver.

Donepudi Jagadish et al. (2011) studied the effect of supercharging on performance and emission
characteristics of compression ignition engine with diesel-ethanol-ester blends. Ethanol-diesel
blend fuel has been studied as a possible alternative fuel for petroleum. Because ethanol contains
oxygen (34.3% of oxygen content) in the fuel, it can effectively reduce the emission of PM in the
diesel engine. It is observed that E10B and E20B have shown similar fuel consumption vaiues
when compared with diesel but E30B observed to be little expensive at part load operation but
economical at higher loads. With supercharging the fuel consurnption values of E10B, E20B. and
E30B are reduced in comparison to diesel fuel. The graphs of BTE vs. Load shows that Thermal
efficiency values of E20B and E30B observed to be little high in comparison to diese! with no
supercharging, whereas E10B showed values similar to diesel. With supercharging E10B and
E20B showed improvement in thermal efficiency and E30B showed performance similar o

diesel. It seems that addition of ethanol more than 20% 1s not advisable.

Richard stone (1999) has discussed various facts about internal combustion engines in his book
called “Introduction to IC engines”. According to him, additives in diesel fuel to improve the

cetane number are also referred to as “the ignition accelerators™. Their concentrations are greater



than those of anti-knock additives used in petrol. Typically an improvement of 6 on the cetane
scale is obtained by adding 1% by volume of amyl nitrate. Other effective substances arc ethyl
nitrate and ethyl nitrite. However the most widely used additive is currently 2-Ethyl hexyl nitrate
(2-EHN), because of its good response in a wide range of fuels and comparatively fow cost.
Adding 1000 ppm of 2-EHN will increase the cetane rating by about 5 units. In some parts of the
world there is legislation lifniting the hydrogen content of diesel fuel: this 1s because although
the mass of nitrogen is negligible to that available from air. fuel-bound nitrogen contributes
disproportionately to nitric oxide formation. Under the circumstances peroxides can be used.

such as ditertiary butyl peroxide.



CHAPTER 3
ADDITIVES USED
3.1 ETHANOL

Ethano! is an alcohol-based fuel made by fermenting and distilling starch crops. such as
corn. It can also be made from "cellulosic biomass" such as trees and grasses. The use of ethanol
can reduce our dependence upon foreign oil and reduce greenhouse gas emissions. The most

common blends contain 10% (E10)ethanol and 85% (E83)ethanol mixed with gasolinz.
E10 (gasohol)

E10 (also called “gasohol™) 1s a blend of 10% ethanol and 90% gasoline sold in manv
parts of the country. All auto manufacturers approve the use of blends of 10% ethanoi or less in
their gasoline vehicles. However, vehicles will typically go 3-4% fewer miles per gallon on E10

than on straight gasoline.l
E&S

ES3, a blend of 85% ethanol and 15% gasoline. can be used in flexible fuel vehicles
(FFVs), which are specially designed to fun on gasoline, E83, or any mixture of the two. FI'Vs

are offered by several vehicle manufacturers.
3.1.1 PROPERTIES OF ETHANOL

e Ethanol (E100) consumption in an engine is approximately 51% more than the gasoline
since the energy per unit volume of ethanol is 34% lower than the gasoline.

e Wider flammable range than gasoline.

o Inpure form, buming cthanol has no visible smoke & a hard-to-see blue flame.

« FEthanol increases the heat output of unleaded gasoline.

e Lower emissions from unbumed hydrocarbons.

e FEthanol is less toxic than gasoline or methanol.

o Unlike gasoline. ethano! mixes easily with water.



e The higher the concentrations of ethanol. the more the fuel has polar solvent-type
characteristics with corresponding effects on conducting fire suppression operations.

e Ethanol and gasoline are very similar in specific gravity.

PHYSICAL PROPERTIES

Table 3.1 Physical Properties of pure Ethanol

( PROPERTIES | FUEL ETHANOL |
| -

Flash point j 35degt

| |

{ Density(g/cc) i (1789 i
L |

Specific gravity | 0.79 ‘

‘ i

| | |
‘7 Vapor density | 1.49 |
!

| | |
Boiling point | 173 deg F i

| |

{ Flammable range (LEL-UEL) | 3.3%-19% "
‘ i

| |

( Conductivity Yes |
|

, |

f Water Solubility \| Completely T
| | |
r Vapour pressure | 44mm Hg i
Viscosity at 68 deg F (centipoise) l‘ 1.2 i

| [gnition temperature 793 deg F |

Cetane number




3.1.2 BENEFITS OF ETHANOL

Ethanol is a much cleaner fuel than petrol (gasoline):

It is a renewable fuel made from plants

It is not a fossil-fuel: manufacturing it and burning it does not increase the areenhouse

effect.

It provides high octane at low cost as an alternative to harmful fuel additives
Ethanol blends can be used in all petrol engines without modifications
Ethanol is biodegradable without harmfu} effects on the environment

It significantly reduces harmful exhaust enissions

Ethanol’s high oxygen content reduces carbon monoxide levels more than any other

oxygenate: by 25-30%, according to the US EPA

Ethanol blends dramatically reduce emissions of hvdrocarbons, a major contributor to the

depletion of the ozone layer.
High-level ethanol blends reduce nitrogen oxide emissions by up to 20%
Ethanol can reduce net carbon dioxide emissions by up to 100% on a full life-cycle basis

High-level ethanol blends can reduce emissions of Volatile Organic Compounds (VOCs)

by 30% or more (VOCs are major sources of ground-level ozone formation)

As an octane enhancer, cthanol can cut emissions of cancer-causing benzene and

butadiene by more than 50%

Sulphur dioxide and Particulate Matter (PM) emissions are significantly decreased with

ethanol.



3.1.3 DISADVANTAGES OF ETHANOL

e FEthanol’s greatest hazard as a motor fuel component is its flammability. It has a wider
flammable range than gasoline (LEL 1s 3.3 percent and UEL 15 19 percent).

o Calorific value of Ethanol is less when compared to diesel (Diesel: 44 MJ/kg. Ethanol: 30
MI/kg).

e Cetane number of Ethanol is very less.

e Another disadvantage of using Ethanol is that it increases the ignition lag of diesel fuel.

o The cost of Ethanol is also comparably higher than that of diesel.

3.2 2-ETHYL HEXYL NITRATE

2-Ethyl Hexy! Nitrate 1s an Alkyl Nitrate used to raise the cetane number of diesel fusls.
2-Ethylhexyl nitrate (EHN) has been used as a commercial cetane improver for a number of

years and today is the predominant cetane jmproving additive in the marketplace.

3.2.1 PROPERTIES OF 2-EHN
o Increases the cetane number 2-9 units of diesel fuel when added in 0.4-0.7 3%.
o . Increases the solubifity of ethanol in diesel.
s Combustible liquid and vapour.
e “Harmful by skin contact”. Prolonged skin contact may produce temporary discomiort.
e 2-EHN is immiscible with water. The material floats on water and may emulsify.

e 2.EHN is combustible but it is not classified as a flammable liquid. The closed cup flash

point of 2-EHN is above 70 deg C.



Vapour pressure 27 paat20deg C

PHYSICAL PROPERTIES
Table 3.2 Physical Properties of 2-EHN
r Properties } T TEas .TI
| _
F Flash point ] {68.8 deg F |
| ,J
{ Density(g/cc) 1 0.963 |
l | ;
| Viscosity{centistokes) | 1.8 1
I |
l Molecular weight | 173.23
| |
( Freezing point | [ess than -45 deg C
|
\

|
|
Boiling point ‘ =100 deg C
]
|

Heat of vaporisation | 368 Kl'ke
|

l Cosfficient of thermal expansion | 1.010 '
| |

I

3.2.2 BENEFITS

e Used to enhance the cetane number of diesel fuel thereby decreasing the ignition

lag.

o Increases the solubility of ethanol in diesel.

o Increases the thermal efficiency when blended with diese} fuel.

3.2.3 DISADVANTAGES

e Cost is the major disadvantage for 2-EBN.
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CHAPTER 4
EXPERIMENTAL WORK

4.1 METHODOLOGY

From the literature review, it is clear that with addition of ethanol up to 20%. the brake
thermal efficiency increases and brake specific fuel consumption decreases aradually. Similariy.
the best ratio of 2-EHN to be added to obtain maximum performance is 0.75%.

Thus different blends are prepared with fixed proportion of 2-EHN (0.75%) and ethanol
with 5%. 10% and 13% respectively and rest diesel. Finally the calorific vaiue. density and
viscosity of these blends have to be calculated and the performance test was conducted. The

various combination of the blends to which performance is to be conducted:

Table 4.1 Combination of blends

S.NO DIESEL ETHANOL 2EHN |
1 94.23% 3% 0.73%
2 89.25% 10% 0.73%
3. 8§4.25% 15% 0.75%
|
i

The tests are conducted for the above combination of blends in multifuel VCR engine for

different compression ratios-15. 16, 17, 18 and 19.
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The Performance test is carried out using the computerised Multifuel VCR Engine Test Rig as

shown in Fig. 4.1. The detailed arrangement of the Engine setup is shown in Fig. 4.2
SPECIFICATIONS

e Compression ratio variable from 5 -1to 10 :1 for petrol

e Compression ratio variable from 14 :1 10 20 :1 for diesel

¢ Runs on both petrol and diesel fuei

e Consists of spark plug, ignition coil, diese! injector, diesel pump and carburetior.
Therefore very useful in testing alternative fuels.

e Make : Legion Brothers

e No of cylinder : single

¢ Speed: 1400 — 1500 rpm

e HP:3-5HP

¢ Cylinder bore — 80 mm

s Stroke length — 110 mm

e Brake drum diameter — 260 mm

43 CALCULATION OF CALORIFIC VALUE, DENSITY AND VISCOSITY OF
BLENDS

43.1 CALCULATION OF CALORIFIC VALUE

The calorific value of the blends was calculated using Bomb calorimeter as follows:

FORMULA FOR WATER EQUIVALENT:
Water Equivalent = ((H*M) + (C Vi+=CVu T
Where
T = Final rise in temperature in deg C
M = Mass of sample in grams
H = Known calorific value of benzoic acid in cal/gm = 6350

W = Water equivalent in cal/ deg €



CVy = Calorific value of thread
= 2.1/cm (when using thread 10cm. CV of thread = 2.1%10 = 21 cal)

CVw = Calorific value of ignition wire

1~

= 2.33/cm {using wire of 6 em, CV of wire = 2.33*%4 =932 cal}

CV, = Calorific value of sample

Case 1: when the temperature rise is 3.28 deg €
W = ((6350 * 1.5) + (21 + 9.32))/3.28

=2913 cal/ deg C

Case 2: when the temperature rise is 3.08 deg C
W =23102.37 cal/deg C

The average Water equivalent is W = 2962 5cal/ deg C
For the blend with 5% Ethanol:
H=((W*T)— (CV+ CVy))'M

Where the temperature rise T = 3.64 deg €
Mass of the sample = 1 gram.
H = (2962.5%T) - 30.32

H = 10753.18 Cal/gm

H=4499] MI'kg
Similarly,
For the blend with 10% Ethanol:

H =45.363 MIkg

For the blend with 13% Ethanol:

H = 46.177 Ml/kg



Table 4.2 Calorific value for various blends

S.NO ‘ FUEL ' CALORIFIC |
| VALUE(MIKG) |
| :

1 Pure Diesel " 44 '
i
|
2 394 Ethanol Blend | 44991 :
| o
3 10% Ethanol Blend | 435 362
1
4 13%, Ethanol Blend 46177

4.3.2 CALCULATION OF DENSITY
We know that,
Density = Mass/votume

For 5% Ethanol Blend:
For 100 ml fuel, mass = 81.5 grams

Density = §1.5/100 = 0.815 g/ce
For 10% Ethanol Blend:

Density = 80.5/100 = 0.805 g/cc
For 15% Ethanol Blend:

Density = 79.5/100 = 0.795 g/ce



Table 4.3 Density values for various blends

S.NO FUEL ! DENSITY (gmice)
|
1 Pure Diesel i (1.832
2 39, Ethanol Blend 0813
3 10% Ethanol Blend (.80
4 13% Ethanol Blend i 0.793
4.3.3 CALCULATION OF VISCOSITY:
OBSERVATIONS:
Tahle 4.4 Viscosity Observations
TIME TAKEN FOR SAMPLE (IN SEC)
| |
S.NO 3% ETHANOL 10% ETHANOL 15% ETHANOL I
| WATER
BLEND BLEND BLEND
1 374 351 345 e 96

Viscosity of the fluid is given by the equation.

w = (u*0*p) (Bs¥py)

. . N . . - . o,
u is the kinematic viscosity of fluid in m™/s

L, is the kinematic viscosity of water (.801%1 0° m's)



0 is time taken for the sample in seconds

0, is time taken for the water in seconds

p 1s density of sampie in kg/m3

psis density of water in keg/m’ (1000 ke/m’)

For 5% Ethano! Blend:

Kinematic viscosity. v = (.801*10°%374%815)/(96* 1000

=254%10" m/s

Dynamic viscosity = Kinematic viscosity * Density

2.54%10° * 815

2.07%10 Ns/m”

Similarly,

For 109 Ethanol Blend:

Kinematic viscosity = 2.357*1 0" m'is
Dynamic viscosity = 1.89*]107 Ns/m’
For 15% Ethanol Blend:

Kinematic viscosity = 2.288*1 0" ms

Dynamic viscosity = 1.819* 10" Ns/m”

Table 4.5 Viscosity values for various blends

| SNO FUEL l Kinematic ‘ Dynamic viscosity |
! . ]
Viscosity ‘ *107 Nsim™ !
#10° m™/s ! |
1 5% Ethanol Blend 2.54 i 2.07
: 1
| —
2 10% Ethanol Blend 2.357 " 1.89 '
| | |
3 ‘ 15% Ethanol Blend 2.288 ! 1.819 |




4.4 TABULATION FOR PURE AND
BLENDED DIESEL
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MODEL CALCULATION
GIVEN DATA.
Cylinder bore, ¢ = 80 mm
Stroke length, 1 = 110 mm
Brake drum diameter = 260 mm
FOR 15% ETHANOL BLEND - CR 19:
}. Indicated power = (P, *T*AEN*Fn)/60 kW
Where
n = number of cylinders
P, = Indicated mean effective pressure (kPa)
L = Length of stroke (m)
A = Area of piston (m*) = nd*/4, where d=piston diameter in m
k = 1/2 for 4-stroke engine
k = 1 for 2 — stroke engine
N = No. of revolution of crank shaft / minute (r.p.m.)
= (6.4040*100%0.11*5.02* 107%1470%(1/2))/60
=43319 kW
2. Brake power = (2*x*N*T)/60 kW
Where
T = toque in Nm = F¥r, r= radius of brak;: drum in m
= (2% 1*1470%10%10%0.26)/60

=4.002 kW



-

3. Friction power = [P — BP
=4.415-4.0023
=0.3299 kW
4. Brake mean effective pressure (BMEP) = (P3 *G0* 1000/ (L*¥A*(N/2))
Where
Py = brake power in kW
= (4.002*60*1000)/(0.11%5.02*1 07'%733)
=5.9162 bar
5. Total fuel consumption (TFC):
Time for 10 ml fuel consumption = 33 seconds
For One sec = 10/33 = 0.3030 ml/sec
= 0.3030%10" i/sec
= 0.3030%107 *3600 Vhr
= 1.0908 V/hr
= 1.0908*0.795 kg/hr
=0.8671 kg/hr
6. Specific fuel consumption (SFC) = TFC/BP kg/kWh
=(.8671/4.002
=(.2166 kg/kWh
7 Brake thermal efficiency (Mwe) = (Pg * 3600)/ (m*C)
Where

m; = mass of fuel consumed per hour



= (4.002*3600)/(0.8671%406177)
=36.12%
8. Mechanical effiency (Vmeen) = BP/IP
=4,002/4.3319

=02.38%



CHAPTER 5
RESULTS AND DISCUSSIONS



BRAKE POWER Vs SFC
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From Fig.5.1, SFC for pure diesel is lowest for CR-18 with value 0.224117 kg/kWh. From Fig.3 2. SFC

for 5% Ethanol blend is lowest for CR-19 as 0.217724 kg/kWh.
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From Fig.5.3, SFC for 10% Ethanol blend is lowest for CR-19 with value 0.222102 kg/kWh. From Fig.5
4, SFC for 15% Ethanol blend is lowest for CR-19 as 0.216279 kg/kWh. Thus. we infer that the SFC i
low for pure Diesel in CR-18, while among the Blends SFC is Jow for 153% Ethanol Blend mn CR-19

Hence Specific Fuel Consumption is decreased by 4.33% for 15% Ethanol Blend when compared to pure

diesel.
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BMEP VS SFC
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From Fig.5.5, BMEP for pure diesel is highest for CR-19 with value 5.758183 bar. From Fig.5 0.

BMEP for 5% Ethanol blend is highest for

CR-17 as 5.778539 bar.
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From Fig.5.7, BMEP for 10% Ethanol blend is highest for CR-16 with value 5.750929 bar. From
Fig.5 8, BMEP for 15% Ethanol blend is highest for CR-19 with value 5.91498 bar. Thus, 13% Ethano!
blend holds good results for BMEP.
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6 E -

5 e
E B ot wimae 0r 15
[ o Cr15
2 3 e
@ erl?

2 - wowett e CF 18

1 ) o erl®

O -

0 2 4 & 8 10 12
load kg
Fig.5.9 Pure diesel

7 S

6 =

5 =
g 4 . et CL 15
a
w el Cr 16
e 3 e
@ cri?

2 w18

O U ——

v 2 4 6 8 10 12

LOAD kg

Fig.5.10 5% Ethanol blend

From Fig.5.9, BMEP increases when load increases and for pure diesel it is highest for CR-19 with
value 5.758183 bar. From Fig.5 10. BMEP for 5% Ethanol blend is ] highest for CR-17 as 5.778359 bar.
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From Fig.5.11, BMEP for 10% Ethanol blend is highest for CR-16 with value 5.750929 bar. From
Fig.5 12, BMEP for 15% Ethanol blend is highest for CR-19 with value 5.91498 bar for load 10 kg.
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From Fig.5.13, SFC mostly decreases with increase in load and for pure diesel is lowest for CR-18 with
value 0.224117 kg/kWh. From Fig.5 14, SFC for 5% Ethanol blend is lowest for CR-19 as 0.217724

ke/kWh.
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From Fig.5.15, SFC for 10% Ethanol blend is lowest for CR-19 with value 0.222102 kg'’kWh. From
Fig.5 16, SFC for 15% Ethanol blend is lowest for CR- 19 as 0.216279 kg/kWh.
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LOAD VS BP

w e O 5

e 0116

BP kw

crly

e OF 18

~erl®

load kg

Fig.5.17 Pure diesel

ot e 0P 15

wnffion 0116

BP kW

crl?7

winzoe CT18

~¢rlS

Fig.5.18 5% Ethanol blend

From Fig.5.17, BP for pure diesel is highest for CR-18 with value 4.0134 kW, From Fig.5 18. BP for 3%
Ethanol blend is highest for CR-15 as 3.919311 kW,
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From Fig.5.19, BP for 10% Ethanol biend is highest for CR-19 with value 4.079049 kW. From Fig.5 20.
BP for 15% Ethanol blend is highest for CR-15 as 4.000818 kW. Thus 10% Ethano! blend has maximum
BP among the blends and is increased by 1.6% compared to pure diesel.
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BP VS MECH %
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From Fig.5 21, mechanical efficiency for pure diesel is highest for CR-15 with value 94.09734 %. From
Fig.5 22, mechanical efficiency for 5% Ethanol blend is highest for CR-15 as 97.64561%.
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From Fig.5 23, mechanical efficiency for 10% Ethanol blend is highest for CR-17 with value 97.73409
%. From Fig.5 24, mechanical efficiency for 15% Ethanol blend is highest for CR-15 as 97.68341%. so,

a— -
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From Fig.5 25, thermal efficiency for pure diesel is highest for CR-19 with value

Fig.5.26 5% Ethanol blend

34.8068%. From Fig.5

26, thermal efficiency for 5% Ethanol blend is highest for CR-19 as 35.15117%.
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From Fig.5 27, thermal efficiency for 10% Ethanol blend is highest for CR-19 with value 35.73123%.
From Fig.5 28, thermal efficiency for 15% Ethanol blend is highest for CR-19 as 36.27351%. Thus, 15%
Ethanol blend shows best results for nare and is increasd by 4.21% when compared to pure diesel.
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From Fig.5 29, TFC for pure diesel is lowest for CR-19 with value 0.899473 kg/hir. From Fig.5 30. TFC
for 5% Ethanol blend is lowest for CR-19 as 0.849997 kg/hr.
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From Fig.5 31, TFC for 10% Ethanol blend is lowest for CR-18 with value 0.878317 kg/hr. From Fig.5
32, TFC for 15% Ethanol biend is lowest for CR-19 as 0.889296 kg/hr. Thus. 5% Ethanol blend has

lowest TFC compared to other blends.
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From Fig.5 33, thermal efficiency increases gradually with load and for pure diesel it is highest for CR-
19 with value 34.8068%. From Fig.5 34, thermal efficiency for 5% Ethanol blend is highest for CR-19 as

35.15117%.
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From Fig.5 35, thermal efficiency for 10% Ethanol blend 1s highest for CR-19 with value 35.73123¢
From Fig.5 36, thermal efficiency for 15% Ethanol blend is highest for CR-19 as 36.27331°
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CHAPTER 6
CONCLUSION
From the Results and Discussion, we inferred that:
. At the maximum joad condition, the Specific fuel consumption (SFC) for 15% Ethanol
Blend (CR 19) is 0.216279 kg/kWh while comparing this condition with unblended

diesel (compression ratio 19) the SFC is 0.226075 kg/kWh. Thus SFC is decreased up to
4.33% by blending 15% Ethanol with diesel.

. Brake thermal efficiency (BTE) for 15% Ethanol blend (CR 19) 1s 36.2735% while
among the unblended diesel (CR 19) the thermal efficiency 1s 34.8068%. Thus BTE is

increased up to 4.21% by blending 15% Ethanol with diesel.

. From the results, it is clear that, among the blends, 15% Ethanol Blend holds best resuits

when compared to other blends.

Table. 6.1 Comparison of the Results

Performance

Parameters

Unblended
diesel{CR-19)

15% Ethanol
blend(CR-19)

Result

Brake thermal

efficiency

34.8068%

36.27351%

' BTE increased by

4.21%

Brake specific fuel
consumption(BSFC)

0.224117

0.216279

BSFC decreased

| by 4.33%
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