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Abstract - The global industrialization and transportation 
are revolutionized in the usage of fossil fuels. This utility 
increases the carbon footprint and affects the environment 
pollution levels.  Due to stringent emission limits and fuel 
economy standards, which updated periodically leads to 
research in automobile engine technology to achieve more 
thermally efficient and less emission engines. From all 
possibilities Variable compression Ratio engines are 
recognized as methods for improving the fuel economy of CI 
engines. In this experimental investigation, the performance, 
emission characteristics of diesel engine using methanol as 
blend and di-ethyl-ether and butanol as additive. 
Present thesis focus on maximum utility of alcohols as blends 
with diesel as main fuel at various compression ratios 15, 16, 
17 and 18 in conventional VCR engine. The blend mixture 
properties are studied, and fuel phase separation of diesel and 
methanol is minimized by using 2.5% butanol as a co-solvent. 
To achieve the higher thermal efficiency and good 
performance characteristics proper blend mixtures are 
preferred for suitable compression ratio at constant speed of 
1500rpm and various load 3, 6, 9 and 12 kg. 
The fuel preparation is achieved systematically based on 
previous publication about concentrations of blends and 
additives in diesel fuel. Primarily D100 is used for finding 
suitable compression ratio. Later methanol is added at E05, 
E10, E15 and E20 (5%, 10% 15% & 20% by volume in diesel) 
tested at same best compression ratio. The performance 
characteristics are improved by adding oxygenated additives 
butanol and Di-Ethyl-Ether (DEE) of 2.5% of each by volume. 
The Performance parameters such as brake thermal efficiency, 
specific fuel consumption, brake power was determined. 
Exhaust emissions like CO2, CO, NOx and smoke have been 
evaluated. 
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1. INTRODUCTION 
 

William E. Rees and Mathis Wackernagel developed Carbon 
Footprint concept and it defines the total amount of greenhouse 
gases produced directly and indirectly to support human 
activities, usually expressed in equivalent tons of carbon 
dioxide (CO2). Fossil fuels contain high-power producing 

capability. So, they used as fuels in automobiles for 
transportation purposes and thermal power plants for 
Electricity generation. In energy production process carbon 
fixation in fossils under the earth are released to atmosphere in 
the form of oxides of carbon which leads to increases in the 
carbon footprint. The carbon footprint can be controlled by 
increasing the usage of alternative fuels. Because it’s raw 
resources are surplus and renewable nature. The Petroleum 
reserves are limited and current usage graphs predicts that 
these reserves will deplete within three decades. So alternative 
fuels are best solution because of the net carbon cycle is 
equivalent to zero. The transition of alternative fuels from fossil 
fuels is achieved by different proportion of blends which have 
similar properties of conventional fuels and operation with 
minor modification of engines. Alternative fuels derived from 
biomass are quite promising and global biofuel production falls 
primarily into three categories: 1. Ethanol, 2. Biodiesel, 3. 
Hydro treated vegetable oil (HVO). Globally 146 billion litres of 
biofuel produced in 2015 in which 116 billion litres (79%) 
were ethanol. OPEC World Oil Outlook (WOO) 2040, projects 
that long-term global oil demand increase to 117 million 
barrels per day (mb/d) in 2040 from 97.2 mb/d in 2017 (1). It 
also estimates that India’s oil demand to reach 9.9 thousand 
barrels of oil equivalent per day (mboe/d) in 2040, from 3.9 
mboe/d in 2015. The report estimates oil to continue to remain 
the second largest source of fuel after coal for the country, with 
its share increasing from 23.2 per cent in 2016 to 25.2 per cent 
in 2040. Estimations made by WOO 2040 show that India’s oil 
output will decrease to 0.4 mb/d in 2040 from 0.7 mb/d in 
2017, indicating an increase in India’s crude oil imports 
through 2040. According to the 2014 energy outlook report 
published by the British oil giant, the rise of energy demand in 
India would be the highest point among all countries by 2030-
35, beating even China due to present energy policy and 
Industrialization. These projections indicate that despite 
substantial gains in the country’s renewable energy capacity 
addition and production, India will continue to grapple with 
heavy dependence on fossil fuels, especially crude oil and coal.  
In Transportation Sector 98% of the energy consumed from 
Diesel and gasoline (petrol) so possibility of alcohols as blend 
with diesel engines have the potential to produce green energy.  
The change in compression ratio has a significant role in 
improving thermal efficiency of cycle which is achieved by 
Variable compression Engine (VCR). 
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2. Materials and Methods 
Sample Biofuels are produced with any of the following 

chemical reactions. 1. Anaerobic Reaction 2. Transesterification 
and 3.Fermentation. In anaerobic reaction Biogas is produced 
primarily consists of methane (CH4) and carbon dioxide (CO2) 
and may have small amounts of hydrogen sulphide (H2S), 
moisture and siloxanes. Its major input resources are biomass 
agriculture waste etc. Transesterification processes the 
exchanging of the alkyl group attached to the oxygen atom of 
the ester with the alkyl group of an alcohol in the presence of 
catalyst NaOH, KOH. Transesterification reaction is indicated by 
the separation of the ester and glycerol layers after the reaction 
time. Almost all biodiesel is produced using base catalyzed 
transesterification as it is the most economical process 
requiring only low temperatures and pressures and producing 
a 98% conversion yield. The Production of biodiesel process is 
shown in Figure 2.1 

C12H22O11 + H2O + invertase → 2 C6H12O6 

C6H12O6 → 2 C2H5OH + 2 CO2 

 

Fig- 1 Production of Ethanol process 

To meet the energy demand blends are added to the main 
fuel line which needs to have significant properties as main 
fuel. Whereas additives are intended to increase the 
combustion rates and to meet emissions standards which are 
updated periodically in our country as Bharat Stage 
emissions standards. Current thesis mainly focuses on the 
Compression Ignition engines powered by alcohol blends. 
The blend fuel mixture properties depend upon the number 
of carbon atoms in the chain. The effect of carbon atoms 
shown in the figure 3.1 

Fig- 2 Effect of Carbon atoms in chain 

 In this thesis Ethanol as blend along with n-butanol and 
di-ethyl-ether (DEE) as additives with diesel in various 
proportions i.e. D100, E05 and E15Bu2.5DEE2.5 (E05 is taken 
as 5% ethanol and 95% Diesel, E15Bu2.5DEE2.5 is taken as 
15% ethanol, 2.5% n-butanol and 2.5% DEE) (2). In the 
experimenting process pure diesel is used at various 
compression ratio (CR) ranging from 15, 16, 17 and 18 and at 
best CR ethanol is blended at 0 to 20% by volume (3). The 
additives are added for best blend 2.5% of each butanol and 

di-ethyl-ether. The performance and emissions graphs are 
depicted with respect to the brake power. 

3. Engine Setup and Procedure 

 
 Fig- 3 Complete Experimental engine setup 

For experimental setup, Kirloskar single cylinder 
compression ignition 4-stroke water cooled engine which can 
operate on multiple fuels and at different compression ratio 
ranging 14:1-23.1 is used as test rig. For loads on the engine, 
the eddy current dynamometer is used which is connected to 
the flywheel. The required compression ratios 15, 16, 17 and 
18 are adjusted by rotating the knob attached to the engine 
keeping the injection pressure constant throughout test at 
210 bar. The fuel taken for doing these experiments is diesel 
with ethanol, butanol blends and DEE as additive which are 
with different sample. By keeping the engine speed constant 
i.e., 1500 rpm, experiments are conducted at various loads 3, 
6, 9, and 12 by using eddy current dynamometer. The HC, CO, 
CO2, HC and NOX emissions are evaluated using the fire gas 
analyzer AVL-DIGAS 444. AVL smoke meter measures the 
opacity of the smoke. 

3.1 Test procedure 

1. Diesel (D100) tested at compression ratios 15, 16, 17 & 18.  
2. Ethanol is added 05% with diesel (D95E5) tested for best      
compression ratio of D100. 

Engine 
Kirloskar VCR multi- 

fuel research test rig 

No. of Cylinders Single Cylinder 

No. of Strokes 4 Strokes 

Cylinder Bore 87.5mm 

Stroke Length 110mm 

Connecting Rod 
Length 

234mm 

Orifice Diameter 20mm 

Dynamometer Arm 
Length 

185mm 

Rated Power 3.5kW at 1500rpm 

Compression Ratio 14:1-23.1 (Variable) 

Dynamometer 
Eddy Current Type, 

Water Cooled 
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3. Ethanol is added 10% with diesel (D90E10) tested for best 
compression ratio of D100.  
4. Ethanol is added 15% with diesel (D85E15) tested for best 
compression ratio of D100. 
5. Ethanol is added 20% with diesel (D85E15) tested for best 
compression ratio of D100. 
6. Di-Ethyl-Ether (DEE) and Butanol (Bu) are added by 2.5% 
each to best Ethanol blend. 
 

      The current research focuses on the compatibility of 
oxygenated blends in the existing diesel fuel engines at 
altered compression ratio. The fuel properties of oxygenated 
blends are used to predict the combustion behavior in 
combustion chamber and its emissions. Ethanol contains low 
calorific value and cetane number so butanol is used to 
increase kinematic viscosity and calorific value whereas 
diethyl ether is used to increase cetane number. The blend 
proportions are limited by the phase separation with time in 
fuel tanks, reduced kinematic viscosity which is prone of fuel 
supply system leakage. By considering the limitations blend 
of ethanol range of 0 to 20% (E05, E10, E15 and E20) and as 
additives butanol and di-ethyl-ether each of 2.5% are added 
with diesel.  

4. Results and Discussions 

In this section the performance and emission of various 
blends with different compression ratio and loads. The 
engine performance is an indication of the degree of success 
of energy conversion and emissions indicators of quality of 
combustion.  

4.1 Performance Analysis of D100: 

In this section performance and emission characteristics 
plotted on the ordinate and brake power on abscissa 

(A) Brake thermal efficiency (BTE):- 

Fig- 4 B.P (kW) vs BTE (kW) 

The effect of compression ratio on BTE with respect to 
brake power and D100 as fuel are shown in the Fig-4. At 
lower loads, irrespective of compression ratio BTE is 
minimum. But at high compression ratio and load, the fuel 
rich mixture under the high combustion temperature and 
pressure. This drastic conditions enhances the combustion 
reaction. BTE at CR 17 for D100 increases to 14.4% at part 
loads to 20.67% at full load. But due to knocking effect at 
CR18 BTE attains 9.88% at part load and 15.24% at full load 
condition. So CR 17 is considered as best compression ratio 
for rest test setup. 

 

4.1.2 Brake specific fuel consumption. 

Fig- 5 B.P (kW) vs BSFC (kg/kWh) 

The effect of compression ratio on BSFC with D100 are 
shown in the Fig-5. Brake specific fuel consumption is a 
performance indicator which is inversely proportional to the 
brake thermal efficiency. It quantifies the amount of fuel flow 
(ṁf) kg/hr required to produce 1kW power at crankshaft. 
Initially BSFC is more to overcome the inertial and frictional 
forces. Due to dynamic effects with small amount fuel engine 
produces more brake power.  The increase in compression 
ratio attains maximum temperature and pressure and 
decreases fuel consumption rate. At part load conditions 
BSFC decrease to 10.53% and for full load decrease to 
15.71% at CR17 compared to CR15. 

Emission Analysis 

The main constituents of the emissions are oxides and 
unburnt particulates. The Carbon Monoxide (CO), carbon 
dioxide (CO2) and Oxides of Nitrogen (NOX) are oxides and 
under unburnt particulate are Hydrocarbons (HC) and 
particulate matter (PM). The four types of emissions- three 
oxides and HC are measured and graphs are plotted against 
Brake Power on abscissa, the results are analyze and 
compare the results with different compression ratios. 

(C) Brake Power Vs Carbon monoxide Emissions 

 

Fig.-6 B.P (kW) vs CO (%Vol) 

Fig-6 shows the variation of CO with load for different 
compression ratios with respect to the brake power in kW. It 
is perceived that with increase in compression ratio, the 
carbon monoxide emission are decreased due to source of 
high temperature at the end of compression. From the graph 
it is observed that for CR 18 CO emissions are low due to high 
temperature and pressure, and for CR15 CO emissions are 
high due to poor atomization which leads to poor 
combustion. For CR17 at part load CO emissions are 
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decreased by 26.52% and at full load decreased by 15.53% 
with respect to the CR15. 

(D)  Brake Power Vs HC emissions 

 

Fig. 7 B.P (kW) vs HC (ppm) 

Fig-7 shows the variation of HC with load for different 
compression ratios with respect to the brake power in kW. 
The presence of HC in emissions is also treated as energy loss 
from the fuel. The unburnt HC are produced due to quenching 
effects of walls, poor mixing and poor atomization. By the 
increase of load and compression ratio temperature and 
pressure increases, which accelerates evaporation of outer 
surface of droplets to atomize level. From the graph it is 
observed that for CR 18 HC emissions are low due to high 
temperature and pressure, and compared to CR15. For CR17 
at part load CO emissions are decreased by 22.91% and at full 
load decreased by 36.11% with respect to the CR15. 

(E)  Brake Power Vs CO2 emissions 

 

Fig.-8 B.P (kW) vs CO2 (%Vol) 

Fig-8 shows the variation in carbon dioxide emission with 
respect to the brake power in kW. The CO2 emissions are 
indicators of effective combustion of fuel. The combustion 
process of diesel engine is partially diffusive and partially 
premixed due to low volatility nature of fuel. The atmosphere 
above the piston at Top dead center (TDC) is very complex to 
identify and it depends upon fuel properties like volatility 
and viscosity, engine design variables like compression ratio, 
fuel injection timing, and intake boosting the pressure, 
temperature and engine load. So the higher compression 
ratio and loads enhances the heat release and ensures 
complete combustion .It is observed that CO2 emissions are 
increased at CR17 at part loads by 57.14% and at full loads by 
39.13% compared to CR15.  

 

 

(F)  Brake Power Vs NOX emissions  

 

Fig- 9 B.P (kW) vs NOX (ppm) 

Fig-9 shows the variation in oxides of nitrogen in the 
exhaust gas of the internal combustion engine at different 
loads and compression ratio. The rate of NOx formation is 
function of flame front temperature, the dwell time of 
nitrogen at that temperature, and the availability of oxygen in 
the combustion process. In combustion theory, NOx 
formation is three types, they are NOx formation due to 
nitrogen in the fuel, thermal NOx formation (Zeldovich 
mechanism) and prompt NOx formation (Fenimore 
mechanism) (4). The NOx emissions involves in secondary 
chemical reaction called photochemical reaction under 
sunlight. This reaction creates photochemical smog which 
dissolves the cornea of eyes. It is because ozone is created at 
the ground surface.  From the test results it is observed that 
NOx emissions are increased at CR17 at part loads by 97.32% 
and at full loads by 78.7% compared to CR15 when 
considered in ppm.  

4.2 Performance Analysis on various blends at 
compression ratio (17): 

The blend used at compression ratio 17 are ethanol (E05, 
E10, E15 and E20) as a blend fuel butanol (Bu2.5) and di-
ethyl ether (DEE2.5). The additives are added to the best 
blend of ethanol and Diesel. For the comparison reason D100 
CR17 performance and emissions are plotted on the graphs 
along with the other blends results. In this section 
performance and emission characteristics on ordinate are 
graphed against brake power on abscissa 

  (A) BTE for various blends at CR17 

Fig.-10 B.P (kW) vs BTE (%) 

The effect of different blends on the BTE are shown in the 
Fig-10. As ethanol percentage increases in the mixture, 
improvement in the brake thermal efficiency can be 
observed. This is due to the presence of 34.17wt% of oxygen 
which enhances combustion and involves in higher 
combustion efficiency. The high latent heat of evaporation of 
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ethanol creates cooling effect and reduces exhaust 
temperature (5). The ethanol blend D85E15 shows increase 
of BTE 9.85% at part loads and 13.1% at full loads. The 
additives butanol is used to minimise the phase separation 
and maximise the Kinematic viscosity and di-ethyl-ether is 
used to increase the cetane number of blend which reduces 
the ignition delay. Due to addition of 2.5 v/v% each additives 
to D80E15 BTE at increases to 6.29% at part loads to 15.85% 
at full load compared to CR17 (6).  

(B) Brake specific fuel consumption. 

Fig-11 B.P (kW) vs BSFC (kg/kWh) 

The effect of compression ratio on BSFC with D100 are 
shown in the Fig-11. The increase in ethanol blend in the 
diesel decreases BSFC due to the complete combustion due to 
the presence of oxygen content in fuel. At part load conditions 
BSFC decrease by 7.27% and for full load decrease to 9.95% 
compared to CR17. The additives DEE and Bu affects increase 
the cetane number and viscosity of fuel which helps 
minimum ignition delay. At part load conditions BSFC 
decrease by 5.3% and for full load decrease to 13.3% 
compared to CR17. So with performance results E15 shows 
best performance at CR17 and improved by adding additives 
of 2.5% each of butanol and di-ethyl-ether at full load 
conditions. 

EMISSION ANALYSIS 

(C) Brake Power Vs Carbon monoxide Emissions 

 

Fig-12 B.P (kW) vs CO (%Vol) 

The change of carbon monoxide with respect to the brake 
power in kW is shown in Fig-12. The latent heat of 
vaporization of ethanol is high which lowers the flame 
temperature. This effects at higher blend and lower load, 
weakens the oxidation reaction at partial load. So CO-
emission increases relatively with all ethanol blends 
compared to diesel at CR17. The results show that for E15 CO 
emissions are increased by 1.21 times at part load 0.632 at 
full loads but by adding butanol and DEE increased by 1.45 

times at part load and decreased by 0.10 times at full load 
condition compared to D100 at CR17. 

(D)  Brake Power Vs HC emissions 

 

Fig-13 B.P (kW) vs HC (ppm) 

Fig-13 shows the variation of HC with load for different 
blends with respect to the brake power in kW. It can be 
observed from the graph that the HC emissions increased 
under lower engine load with increase in ethanol blend. The 
lower cetane value and high latent heat of vaporization of the 
ethanol blend increases the ignition delay. This ignition delay 
results in excessive suppression of ignitability of fuel, 
triggering an increase in HC emissions up to the part load 
conditions. The results show that for E15 HC emissions are 
increased by 64.86% at part load 17.39% at full loads 
compared to CR17. But by adding butanol and DEE to the E15 
HC emissions are reduced by 10.66% at part load and 3.75% 
at full load condition. 

(E)  Brake Power Vs CO2 emissions 

 

Fig-14 B.P (kW) vs CO2 (%Vol) 

Fig-14 shows the variation in carbon dioxide emission 
with respect to the brake power in kW. It is observed that 
CO2 emissions are increased with increased loads. The 
oxidation reaction will be enhanced due to native oxygen 
atom in the ethanol. This oxygen content enhances the 
combustion process at higher loads. At E15 blend CO2 
emissions are increased by 18.75% at part load and 4.69% at 
full load. This refers to the efficiency of the combustion 
process. The effect of Bu and DEE additives shown that CO2 
emissions are increased by 26.32% at part load and 5.97% at 
full load compared to E15.  
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(F)  Brake Power Vs NOX emissions  

 

Fig-15 B.P (kW) vs NOX (ppm) 

The change of NOx with respect to the different blends 
and additives with increased loads shown in Fig-15. The NOx 
are indicators of flame temperature and availability of 
oxygen. At lower loads NOX emissions due to lower flame 
temperature but at higher loads temperature reaches above 
16000C and rich availability oxygen enhances NOx formation. 
From graph NOx are reduced by 22.17% at part loads and 
23.11% at full loads. The additives achieves reduction by 
39.37% at part loads and 13.82% at full loads relative to 
CR17 D100. 

Conclusion 

The conclusion of D100 performance and emissions 
analysis at various compression ratios, the best results are 
shown for compression ratio 17. So considering this 
compression ratio as optimum and keeping it constant CR for 
various blends and performance and emission test are 
conducted for methanol blends. The results show that 
D85E15 is more efficient. The additives of DEE2.5Bu2.5 is 
added to D85E15 which improves the 15.85% of BTE 
compared to CR17. 
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