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Cl engine is an important and widely used engine in the power generation industries
generally fuelled by diesel. The use of Cl engine vehicles is increasing continuously day by
day which in turns diesel fuel consumption and engine emissions increases. Limitation of
these conventional fuel as well as continuously increasing global warming by engine
emissions has motivated to researchers in the field of alternative renewable fuel source like
biofuel such as biodiesel, methanol, ethanol etc. Ethanol is the most commonly researched
alcoholic fuel as alternative fuel. The objective of this study is to investigate the effect of
ethanol-diesel fuel blend on engine performance such as BSFC, BTE, brake power, brake
torque as well as engine emission parameters such as NOx, CO, HC, exhaust gas
temperature etc. of a Cl engine. Through this study it was found that ethanol significantly
reduces HC, PM, NOx and exhaust gas temperature but slightly increases fuel consumption.
Also, ethanol additive enhanced engine performance like BTE, brake power and brake
torque. The outcomes of this study may help for researchers to understand the effect of
ethanol addition on engine performances and emissions at different ethanol-diesel fuel blend
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concentration for Cl engine.

1. INTRODUCTION

Compression-ignition (CI) engines are widely used in the
fiel of power generation, transportation, automotive, industrial
applications and agriculture sectors due to its high fuel energy
conversion efficiency and ease of operations [1]. The existing
Cl engines run with conventional petroleum fuel generally
diesel which derived from crude oil. However, diesel fuelled
engine emits harmful pollutant like NOx, CO, THC, soot, PM
and also greenhouse gases such as CO,, CH. etc. These
pollutants have tremendous effects on environment, human,
and ozone depletion caused to global warming [2].
Additionally, continuously increasing vehicle’s population
around the world due to increasing population,
industrialization and modern life style will probably create air
pollution in the next decades. Figure 1 and Figure 2 shows the
rapidly increasing vehicle population and petroleum fuel
consumption in India. Increasing petroleum fuels consumption
and gradually increasing engine emissions has created an
interest to researchers for alternative fuels which renewable in
nature, environmental friendly, energy efficient, and
sustainable substitute for internal combustion engine.

Renewable energy sources like natural gas, solar energy,
electricity and biofuel such as biodiesel, methanol and ethanol
are the good alternative to fossil fuels which can reduce fossil
fuel consumption, exhaust emissions and most important
global warming [3]. Ethanol is the most suited substitute to
fossil fuels because it is a liquid fuel and having many physical
and chemical properties similar to the petroleum fuel.
However, ethanol used rarely due to complexity in their
production and its economics reason [4]. Henry Ford planned
to run his first automobile on both gasoline and alcohol [5].

205

Ethanol is an oxygenates (oxygen-containing organic
compound) which was the first alcoholic fuel to power
vehicles in 1880 [6]. Ethanol is a forthcoming fuel for use in
an automobile as a substitute for petroleum-based fuel. The
importance of ethanol is recognized after worldwide fuel
crises in 1973 [7]. The main reason for using ethanol is that it
can be produced from natural resources or waste material, as
compared to fossil fuel which is produced from non-renewable
natural resources [8].

Aydin and Ogut [9] performed for engine emissions and
performance using ethanol-biodiesel-diesel fuel blend in a
single cylinder, four stroke, water cooled diesel engine at
blend composition Digo, B25M25Dgs, BsMsDgy, BsM25Dg2 5
and B2s5MsDg, 5. Biodiesel was obtained from safflower seed
by trans-esterification method. They obtained that the
maximum engine torque was measured that for BsM25Dg.5
fuel blend at 1100rpm. Also, specific fuel consumption
increased for blended fuel as compare to neat diesel. Moreover,
exhaust emissions decreased significantly for ethanol-
biodiesel-diesel fuel as compare to pure diesel. Maximum CO
emissions decreases by 51.28 % for B2sMsDgy 5 blended fuel
at 2100rpm, maximum CO; emissions increases by 31.41 %
for B,sM2sDgs blended fuel at maximum power value and
maximum HC emissions increases by 57.14 % for B5M25Dgs
blended fuel at maximum power value, maximum SO,
emissions decreases by 67.1 % for BysMsDgy5 at 1100 rpm
compared with D1go .

Guarieiro et al. [10] used vegetable oil biodiesel to make
diesel-ethanol biodiesel ternary blend for the emissions
parameters CO, CO, and NOy by a diesel engine at different
blend ratio D1go, DeoE1o, DgoE15Bs. It was seen that 6.9-75 %
and 4-85 % reduction in NOx emission at 1800 and 2000rpm



respectively, 5-24 % and 4-6 % reduction in CO; emission at
1800 and 2000rpm respectively for ethanol-diesel blend but
there were no differences found in CO emission.
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Figure 1. Vehicle population over the year from 2006 to
2015 in India (Source: MoSPI 2017 [26])
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Figure 2. Fuel Consumption over the year from 2006 to 2015
in India (Source: MoPNG 2017 [27])

Eyidogan et al. [11] experimental study was carried out to
test the impact of gasoline-alcohol blended fuel on the engine

emissions and engine performance of four cylinder, four stroke,

multipoint injection diesel engine. Ethanol (E5, E10) and
methanol (M5, M10) was used as alcoholic fuel to prepare
gasoline-alcohol fuel blend. They found that brake specific
fuel consumption and cylinder gas pressure increased for
alcohol blended fuel compared to gasoline fuel. also, exhaust
gas temperature lowers in case of alcohol blended fuel and
lowest heat release rate was found for pure gasoline at each
vehicle speed.

Prabu et al. [12] discussed about the effect of palm oil-diesel
blends on performance, combustion and emissions parameters
in a single cylinder, four stroke, natural aspirated, water cooled
direct injection diesel engine for 20 %, 30 % and 40 % (P20,
P30 and P40 respectively) palm oil-diesel blend concentration
at constant speed 1500 rpm. They stated that brake specific
fuel consumption and brake thermal efficiency increases by
11.4 % and 5.1 % for P20 fuel blend than pure diesel. CO
emissions, smoke and exhaust gas temperature (EGT)
decreases by 37.5 %, 13 % and 3.1 % respectively whereas the
NOy emissions increase for P20+diesel fuel blends. Also, it
was concluded that the P20 fuel blend is the most suited blend
among of other blend ratio.

Yerrennagoudaru et al. [13] demonstrated to investigate the
performance and pollutant emissions of double cylinder four
stroke diesel engine for fuel blend of diesel-ethanol and
different biofuel at blend ratio 50 % soyabean oil + 50 %
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ethanol, 70 % conola oil + 30% ethanol and 50 % palm oil +
50 % ethanol. The engine emissions such as HC, CO, COy,
smoke and Aldehyde were decreased whereas performance
parameters like brake thermal efficiency and specific fuel
consumption were also decreased for biofuels blend.

How et al. [14] made an experiment to investigate the effect
of ethanol-biodiesel-diesel fuel blends on the engine
performance, combustion and emissions parameters of a four
cylinder, four stroke common-rail direct injection (CRDI)
diesel engine at two different fuel blends B20 (20 % coconut
biodiesel and 80 % diesel) and B20E5 (20 % coconut biodiesel,
5 % ethanol and 75 % diesel) at a 2000rpm constant speed.
Higher brake thermal efficiency and brake specific fuel
consumption were observed for B20E5 blended fuel. NO,, CO
and smoke emissions lowers for ethanol-biodiesel fuel blend
(B20E5) when compared to base fuel diesel.

Fernandez et al. [15] investigated a comparative analysis for
performance of higher alcohol-diesel fuel blends in direct
injection four stroke diesel engine. The engine was fueled with
butanol-diesel (from 10 % to 30 %) and pentanol-diesel (from
10 % to 25 %) blends. The results showed that brake thermal
efficiency increases despite of losing bake power when engine
was fuled with alcohol blended fuel than neat diesel.

Another study was discussed by Hsieh et al. [16] for engine
performance and exhaust emissions of a spark-ignition engine
fueled with various ethanol-gasoline blend ratio (0 %, 5 %,
10 %, 20 %, 30 %). Results were obtained that calorific value
of the ethanol blended fuel decreases while the octane number
increases on increasing the ethanol concentration in blends.
Also, brake fuel consumption and brake torque were increased
slightly; HC and CO emissions decreased rapidly whereas
whereas CO, emissions increased due to improvement in
combustion because of availability of more oxygen for ethanol
blended gasoline fuel instead of neat gasoline.

Hamdal and Khali [17] investigated theoretically for engine
performance of a four stroke compression ignition engine
fueled by diesel-ethanol and diesel-ether alternative biofuels
using simulation method. Highest thermal efficiency was
found when the engine was powered by 15 % ethanol-diesel
fuel blend and it is minimum when the engine was powered by
neat diesel. Furthermore, specific fuel consumption increases
with the concentration of either diesel-ethanol or diesel-ether
fuel blend whereas engine brake power decreases with the
concentration of either diesel-ethanol or diesel-ether fuel
blend.

Padala et al. [18] carried out an experimental study of single
cylinder, 4-stroke, common-rail diesel engine fueled with
ethanol-diesel blends using dual-fuelling technology such that
ethanol is injected into intake manifold while diesel is
introduced directly in the engine cylinder. The study was
focused on the effect of ethanol fraction with diesel fuel on
engine efficiency and pollutant emissions at a fixed diesel
injection timing. It was obtained that engine efficiency
increases with increased ethanol percentage and diesel is
replaced by ethanol upto 60 % with 10 % engine efficiency
gain. The emissions like carbon monoxide, NOy and unburned
hydrocarbon were increased with increasing ethanol fraction
in the blend which contradict on the benefits of using ethanol
in the diesel engine. However, smoke emissions were found
negligible upto 20 % ethanol fraction.

There are some difficulties have to be faced while trying to
use ethanol blends in diesel engines. The main difficulties are:

1)  Ethanol is having lower heating value as compare to
diesel. Therefore, some additional fuel required than diesel by



mass and volume [19].

2)  Large amount of ethanol cannot mix with diesel duel
[20]. Also, blend do not be stable for long duration of time
[21].

3)  Ethanol have very low cetane number as compare to

diesel fuel, whereas CI engine prefer for high cetane number
fuel which auto-ignite easily and lowers ignition delay period
[22].

4)  Diesel fuel work as a lubricant in diesel engine,
whereas ethanol does not have same lubricant property [19,
21].

Ethanol can be manufactured by fermentation process from
lignocellulosic materials. Examples of lignocellulosic
materials are sugarcane, sorghum, corn stover, wheat strove
and rice stover etc. [23]. Ethanol is having higher octane
number that’s why it allows for more compression ratio and it
emits very less toxic in the environment as compared to
petroleum-based fuel. Moreover, in the recent few years, the
demand for ethanol is increased due to increasing air pollution
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Figure 3. Crude Oil Consumption and Production in India
over the year from 2011 to 2018 (Source: MoPNG 2018 [28])
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1.2 Properties of ethanol for IC engine

Ethanol is a low price oxygenate organic compound which
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contains oxygen that increase the oxygen content for
combustion and reduce smoke and exhaust emissions [29].
Carbon(C) and hydrogen (H) concentration of diesel-ethanol
blends reduce because C and H content of ethanol is lower than
the petroleum fuels. It lowers the carbon emissions, carbon
monoxide (CO) emissions, and unburned hydrocarbon (HC)
emissions but reduced C and H concentration fuel blends
decrease the higher specific energy of the mixture [29, 30].
Ethanol has some disadvantages such as blend stability and
phase separation due to lower miscibility of mixture ethanol
with its blends. Blend stability mainly depends on two factors,
temperature and water content of the blend. If the temperature
falls below 10 °C, then these two fuels separate [31].

Table 1. Properties of diesel fuel and ethanol

Properties Ethanol Diesel
Chemical formula C2HsOH C12H26-C14H30
Molecular weight 46 170-198

Calorific value (KJ/Kg) 26700 42600
Octane number 105-110 -
Cetane number 0-5 50
Density (Kg/m?3) 789 846
Latent heat of vaporization 904 700
(KJ/Kg)
Viscosity (mPa-s) 1.074 3.546
Flash Point (°C) 13 70
Auto-ignition Temp (°C) 420 256
Oxygen content (mass %) 34.78 0
Carbon content (mass %) 52.17 84.7-84.74
Hydrogen content (mass %) 13.04 15.3-15.15
Sulfur content (Mass %) 0 <50

Sources: [29, 32-35]

It can be observed from Figure 3 that a huge difference
between petroleum oil consumption and production in India
and it is increasing year by year. To fulfill these increasing fuel
demand for transportation and industrial applications,
conventional fuel should be replaced by newly developed
alternative fuel like ethanol, methanol and biodiesel.

The main objective of this study is to provide a comparative
overview of the literatures in the field of alternative fuel for
diesel engine such as ethanol-diesel fuel blends and their
consequences on engine performance parameters like BSFC,
BTE, brake torque & brake power and emissions
characteristics like CO, CO2, NOX, unburned hydrocaron &
exhaust gas temperature of diesel engine.

The remainder of this study is planned as follows: Section
2 describes the engine performance, section 3 describes the
engine emissions and section 4 shows the conclusion of this
study.

2. ENGINE PERFORMANCE
2.1 Brake Specific Fuel Consumption (BSFC)

The variation of BSFC of the engine at different
concentration of ethanol-diesel blended fuel for various work
is shown in figure 6. BSFC is defined as the ratio of the amount
of fuel consumed to brake power [36]. Rakopoulos DC et al.
[37] made an experiment for six cylinder, turbocharged direct
injection (DI) engine of 177 Kw power at 1500 rpm and 3.56
bar BMEP with 5 % and 10 % ethanol (by vol.) to evaluate
performance and emissions level. It has been stated that BSFC
increased by using ethanol blend instead of neat diesel fuel for



same power output and it is gradually increasing with increase
in amount of ethanol in blends. It indicates, the engine
consumes more ethanol blended fuel than that of pure diesel
[37-40]. These similar results are observed by many
researchers. This expected is due to reduced calorific value of
ethanol blended fuel. As shown in Table 1, the LCV of ethanol
is 26.7 MJ/Kg and of diesel is 42.6 MJ/Kg, so ethanol reduces
the energy content of the blended fuel [41-42].
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Figure 6. Variation of BSFC for various ethanol blend

Table 2. BSFC of Cl engine at different ethanol blend

BSFC (Kg/Kw- hr)

Ref. D100 E5 E10 E15 E20
Rokopoulos [37] 0.27 0.285 0.293 0.298

Li 2005 [59] 028 0.282 0.29 0.295 0.308
Rakopoulos [38] 0.34 0.342 0.347 0.35
Sayin [42] 0.342 0.37 0.385 0.396

2.2 Brake Thermal Efficiency (BTE)

BTE is the ratio of mechanical brake power produced and
the fuel energy consumed by the engine in unite time. It shows
the ability of conversion of fuel energy into mechanical form
[5]. Figure 7 shows the variation of BTE with various
concentration ethanol-diesel blended fuel. Parthasarathi et al.
[41] conducted a test on a single cylinder four stroke open
chamber (DI) engine at 5.2 KW power and 1500rpm constant
speed fuelled with pure diesel and diesel-ethanol blend and
concluded that BTE for EO5 were increased and further
increasing the ethanol concentration in the blend, the BTE
decreased but it is still higher than pure diesel fuel. They have
also observed in their study that the difference of brake
thermal efficiency between base fuel diesel and blended fuel
increases as the load increases. In spite of higher BSFC of
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ethanol-diesel fuel blends, the brake thermal efficiency of
blended fuel is found higher [43]. The reason for enhancement
of BTE is the increment in compression ratio due to its higher
octane number in case of ethanol blended fuel [44]. Also,
oxygen present in the ethanol provides better combustion
efficiency causes improvement in BTE of ethanol blended fuel
[45].

Table 3. BTE of Cl engine at different ethanol blend

BTE (%)

Ref. D100 E5 E10 E15 E20
Parthasarathi [41] 28.3 38 36 35.1 34
Rakopoulos [37] 38.4 389 392 396 40
Kumar R.S [58] 26 23.7 21 19 16

Sayin [42] 29.1 28 268 25.1 24
Rakopoulos [38] 24.8 252 256 264
Li [59] 35 37 37.8 38
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bmep [38]

Figure 7. Variation of BTE against various ethanol blends

Furthermore, as shown in Table 1, the cetane range of diesel
and ethanol is 45-50 and 5-15 respectively. So, cetane value of
ethanol-diesel blended fuel reduces referred to pure diesel.
Lower cetane value of blended fuel provides more ignition
delay period. In this increased time period, more amount of
fuel will convert into vapour causing higher heat release which
indicates better efficient conversion of heat into work. Due to
this reason BTE of ethanol blended fuel elevates [46].
According to Sayin [42] for a single cylinder four stroke DI
engine at 30 N-m torque and 1400 rpm speed, the BTE reduces
for ethanol blended fuel. It may occur due to reduced lower
heating value (LHV) of ethanol emulsified fuel.

2.3 Brake torque and brake power

Brake power is proportionally dependent on the brake
torque for a specified speed of the engine. Figure 8 and figure



9 shows the effect of ethanol addition on brake torque and
brake power for Cl engine. Alisaraei and Rezaei [47]
performed on six cylinder DI engine at 82 kW power 150bar
injection pressure and 1600 rpm and the results stated that
brake torque and brake power increased with E% increases at
various engine speed and its maximum improvement is 3.8%
at 6% ethanol fuel blend (D94ES6). It occurred because of the
improvement in the combustion efficiencies due to oxygenated
fuel. Also, engine power depends on compression ratio and it
is improved due to ethanol blending. Brake torque also
depends on volumetric efficiency which increases with added
ethanol concentration [47-48]. In another study, Can Ozer et
al. [49] were studied the brake torque and brake power for four
cylinder 4-stroke turbocharged DI diesel engine at 150bar
injection pressure and 2000 rpm. They obtained that the brake
torque and brake power decreased for 5 % ethanol blended fuel
as compare to neat diesel. Furthermore it is continuously
decreases with increasing ethanol percentage in the fuel blend.

Table 4. Brake torque of Cl engine for various ethanol
blends

Brake torque (N-m)

Ref. D100 E05 E10 E15
Can [49] 140 125 110 102
Alisaraei [47] 190 210 205
Sandalci [53] 245 23.8 23 22
Agarwal [61] 222 226 230 232
Hamdam [62] 62 58 57 50
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Figure 8. Variation of Brake torque with ethanol blending

Table 5. Brake power of Cl engine for various ethanol blends

Brake Power (kW)

Ref. D100 EO05 E10 E15

Can [49] 28 25 22 20
Alisaraei [47] 395 44 43
Sandal [53] 44 42 4.1

Hamdam [62] 26 24 23 2
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Figure 9. Variation of Brake power with ethanol blending

3. ENGINE EMISSIONS

Exhaust emissions such as particulate matter (PM), carbon
monoxide (CO), carbon dioxide (CO;), oxides of nitrogen
(NOy) and total unburned hydrocarbon (THC) considerably
depends on oxygen content and burning condition of fuel.
Donahue et al. [50] stated that engine emissions influenced by
local oxygen factor of oxygenated fuel regardless of oxygen
improvement method. Emissions are subjected to several
aspects that make differences than caused by fuel. Some of
these aspects are fuel metering method, engine maintenance,
age of engine, emissions control technology and engine test
condition etc. [51].

3.1. NOx emissions

The most worrying emissions from compression ignition
engines are NOx emissions. The formation of NOx is mostly
dependent on in-cylinder temperatures and the oxygen
concentration [52]. Figure 10 shows that nitrogen oxide (NOXx)
emissions from CI engine. Parthasarathi et al. [41] performed
on single cylinder 4-stroke water-cooled naturally aspirated
open chamber (DI) Kirloskar TVI diesel engine at 3 kW BP
and 1500 rpm and reported that NOx emissions are same or
slightly lower for ethanol blended fuel as that of pure diesel.
According to Rakopoulos DC [37], the nitrogen oxides
emissions reduced for diesel-ethanol emulsified fuel and
gradually decreases with increasing percentage of ethanol in
the fuel blend. Combustion temperature and oxygen content
inside engine cylinder are two major reason for NOx formation
[53]. This decrement of NOx emissions occurs because of
temperature reducing effect of ethanol due to its lower
calorific value and it is gradually decreasing with ethanol
concentration. This effect is compensating by the presence of
oxygen with ethanol blends. Furthermore, due to lower cetane
value of ethanol blended fuel, its ignition delay period is more.
So, ethanol leading to higher temperature during premixed
combustion and NOx production [4, 54].
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Figure 10. Effect of ethanol addition on NOx emissions

Table 6. NOx emissions from CI engine at various ethanol

blends
Nox (PPM)

Ref. D100 EO05 E10 E15
Parthasarathi [41] 480 465 450 455
Rokopoulos [37] 820 810 800

Li [59] 580 480 470
Kumar R.S [58] 230 210 205 180
Rokopoulos [38] 650 620 600 580
3.2 CO emissions
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Figure 11. Effect of ethanol addition on CO emissions

Carbon monoxide (CO) is a toxic engine emission and it
must be controlled. It forms due to incomplete combustion of
the hydrocarbon fuel. Figure 11 shows the carbon monoxide
(CO) emission for neat diesel’s and ethanol blended fuel EO5,
E10 and E15. Rakopoulos DC [37] made the following
observation that emitted CO for pure diesel fuel is higher as
that of ethanol blended fuel. Increasing alcohol percentage in
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fuel blend would make leaner mixture of the fuel blend. So,
complete combustion occurs and superior conversion of CO
into CO; than neat diesel fuel [38]. He at al [55] carried out an
experiment for four cylinder 52 kW power DI engine at 245
N-m torque and 1700 rpm and they concluded that CO
emission slightly increases for ethanol blend compared with
diesel. Higher CO emissions for ethanol blends could be
explained by the fact that higher latent heat of vaporization for
ethanol and lower combustion temperature of the cycle [56].

Table 7. CO emissions from CI engine at various ethanol

blends
CO emissions (PPM)
Ref. D100 EO05 E10 E15
Rakopoulos [37] 68 58 45
Sun P. [56] 200 250 275
Rakopoulos [38] 280 265 260 250
He B.Q [55] 180 230 270

3.3 HC emissions

Hydrocarbon emission (HC) consists of the fuel which
incompletely burned. Unburned hydrocarbon (HC) emissions
for various fuels of different works by researchers are shown
in Figure 12 and compared for fuel EO, EO5, E10 and E15.

Table 8. HC emissions at various ethanol blends

HC emissions (PPM)
D100 EO05
40 40
12 13
62 64

Ref.
Parthasarathi [41]
Rokopoulos [37]
Rokopoulos [38]

E10
45
135
76

E15
75

82

90

o -1 e
oo 2 o

1

D100 EOS E10 E15
Ethanol 1n fuel blend (% by vol.)

—o— Single cylinder 4 stroke water-cooled naturally aspirated
open chamber (DI) Kirloskar TVI diesel engine at 3 kW BP
and speed 1300 rpm [41]
six-cylinder in-line, four-stroke, CI direct Injection engine at
1200rpm and 3.36 bar bmep [37]
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Single-cylinder CI direct injection, naturally aspirated, four-
stroke, water cooled, high-speed at 2000 rpm and 2.57 bar
bmep [38]

Figure 12. Effect of ethanol addition on HC emissions

Parthasarathi et al. [41] analyzed for emissions
characteristics on 4 stroke single cylinder direct injection Cl
engine at 5.2 kW and 1500 rpm and reported that HC
emissions are higher for ethanol content fuel as compared to
neat diesel and it were higher for higher ethanol concentration
in the blend. Same behavior is concluded by almost all
investigators on different types of engine and working



conditions. Reason for enhancement in the HC emission is due
to lower cycle temperature because of higher latent heat of
vaporization of ethanol that why more fuel remains unburned
as compare to diesel [57-58]. Also, it was observed that HC
emission increases with increasing engine speed [59].

3.4 Exhaust gas temperature

Figure 13 shows the exhaust gas temperature of CI engine
variation with concentration of ethanol-diesel blend. Exhaust
gas temperature is an indication of combustion inside the
cylinder. The results of various researchers are plotted and
concluded that addition of ethanol lowers the exhaust gas
temperature and continuously decreases with increasing
ethanol percentage in the blend due to lower LHV of ethanol
which associated with higher latent heat of evaporation [60-
61].

Table 9. Temperature of exhaust gas at various ethanol

blend
Exhaust gas temperature (°C)
Ref. D100 E05 E10 E15 E20
Agarwal 2007 885 855 844 835 825
Rakopoulos 2007 255 251 250 248
Oliveira 2016 424 423 417.5 415 402.5
_1ooo
2900
'w 800
£700
8600
5500
@ 400
300
2200
100
0
Dio¢ EO5  E10 E13  E20
Ethanol blend
Agarwal [61]
Smgle-cylinder CT direct njection, natirally aspirated, four-
stroke, water cooled, high-speed & 2000 rpn and 2.57 bar bmep
[38]
Four stroke 4-cylmder direct-mjection diesel engme 2t 1300 rpm
[60]

Figure 13. Effect of ethanol blend on exhaust gas
temperature

4. CONCLUSIONS

This work described to the study and comparative analysis
of ethanol-diesel fuel blend and their effect of different blend
ratio on BTE, BSFC, Brake torque, brake power and engine
exhaust emissions like CO, HC, NOx and exhaust gas
temperature; following conclusions can be made through the
study:

1) Ethanol has shown to be alternative of fossil fuel.

2) BSFC of the ethanol-diesel fuel blend increased
because of low heat content (2/3 as compare to
diesel) of ethanol that of diesel. Also, it increases
with increasing ethanol content in the blend.
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3) BTE of the CI engine fueled with ethanol-diesel
blended fuel improved with increasing ethanol
amount of the blend. Also, brake torque and brake
power of Cl engine increased with ethanol-diesel
blend fuel. It occurs due to the presence of oxygen in
the mixture and also, improvement in ignition delay
period due to reduction in cetane number with
increasing ethanol quantity.
HC increased emissions while CO emissions
decreased when CI engine fueled with ethanol-diesel
fuel blend.
NOx formation of CI engine decreased with the use
of ethanol-diesel fuel blend. Also, exhaust gas
temperature of CI engine decreased and it
continuously decreased with increasing ethanol blend
ratio.

Further research can be extended by using different ethanol-
diesel fuel blend ratio to improve engine performance with the
reduction of engine emissions of diesel engine.

4)

5)
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NOMENCLATURE

BSFC Brake specific fuel consumption
BTE Brake thermal efficiencies

P Brake power

T Brake torque

ITE Indicated thermal efficiencies



IMEP
BMEP
D100
ES
E10
E15
E20
CA

IC

Diesel

Indicated mean effective pressure
Brake mean effective pressure
100 % diesel

95 % diesel + 5 % ethanol

90 % diesel + 10 % ethanol

85 % diesel + 15 % ethanol

80 % diesel + 20 % ethanol
Crank angle

Internal combustion
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NOx
CcoO
HC
PM
THC
BD
CN
CO,
Cl

Oxides of nitrogen

Carbon monoxide

Unburned Hydrocarbon
Particulate matter

Total Unburned Hydrocarbon
Biodiesel

Cetane number

Carbon dioxides
Compression ignition





