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Abstract— Increasing energy demand and environment 

concerns have prompted an evolution of an alternative fuel 

sources. As an alternative fuel source, biofuel – ethanol 

blends are attractive because it reduces engine emissions. A 

biofuel is a fuel that contains energy from geologically 

recent carbon fixation. These fuels are produced from living 

organisms. These fuels are made by a biomass conversion 

(biomass refers to recently living organisms, most often 

referring to plants or plant-derived materials). However, 

biofuel produces higher NOx emissions compared to 

ordinary diesel fuel. Ethanol is a low cost oxygenate with 

high oxygen content (35%) that has been used in ethanol–

diesel fuel blends. The use of ethanol in diesel fuel can yield 

significant reduction of particulate matter (PM) emissions 

for motor vehicles. The Carbon monoxide, smoke & exhaust 

gas temperature reduced with the increase of ethanol 

percentage in biofuel-ethanol blends. The hydrocarbon 

emissions increased with ethanol but lower than that of the 

diesel fuel by a maximum with 10% ethanol in biofuel - 

ethanol blend. The blending of 20% biofuel into ethanol 

blends allowed higher percentage (30%) of ethanol mixing 

with diesel, increased the brake thermal efficiency and 

reduced the carbon monoxide, sound, hydrocarbons and 

smoke than that of the diesel fuel. After that it is to be 

validated in the Computational Fluid Dynamics (CFD). 

Key words: Biofuel, Ethanol, Alternative fuel, diesel engine, 

Computational Fluid Dynamics 

I. INTRODUCTION 

The researchers have been currently focused on replacing 

the fossil fuels by biofuel to reduce dependence on fossil 

fuels. Biofuels provide low greenhouse emissions with the 

reduction of oil import. Convectional diesel used in diesel 

engine is non-renewable source of energy. This diesel is 

available in very less amount in the world. The 1970’s oil 

crisis led many countries to search for alternative fuel to 

substitute fossile fuel. As public concern about 

environmental pollution and energy security increases, 

alternative diesel fuels, such as biodiesel and ethanol–diesel 

fuel blends, are more important. Biodiesel and ethanol can 

be produced from feed stocks that are generally considered 

to be renewable. Since the carbon in the biodiesel originated 

mostly from CO2 in the air, the full cycle CO2 emissions for 

biodiesel contribute much less to global warming than fossil 

fuels. Energy is very important for life quality, welfare level 

and social development of people as well as economic 

growth. Ethanol is a low cost oxygenate with high oxygen 

content (35%) that has been used in ethanol–diesel fuel 

blends. The use of ethanol in diesel fuel can yield significant 

reduction of particulate matter (PM) emissions for motor 

vehicles. Biofuel is an alternative diesel fuel made from 

vegetable oil and animal fats. It can act as both substitute 

and additives to diesel fuel. Importance of biofuel increases 

due to (i) Increasing petroleum prices, (ii) Limited fossile 

fuel reserves, (iii) Environmental benefits of biofuel. 

II. BIOFUEL 

Biodiesel is non-toxic & environmental friendly as it 

produces substantially less carbon monoxide and 100% less 

sulfur dioxide emissions with no unburnt hydrocarbons and 

thus it is ideal fuel for heavily polluted cities. Biodiesel 

reduces serious air pollutants such as particulates and air 

toxicity. Due to its less polluting combustion, biodiesel 

provides a 90% reduction in Cancer risks and neonatal 

defects. Biodiesel has good potential for rural employment 

generation. Just like petroleum diesel, bio-diesel operates in 

compression ignition engine; which essentially require very 

little or no engine modifications because bio-diesel has 

properties similar to petroleum diesel fuels. It can be stored 

just like the petroleum diesel fuel and hence does not require 

separate infrastructure. The use of bio-diesel in conventional 

diesel engines results in substantial reduction of un-burnt 

hydrocarbons, carbon monoxide and particulate matters. 

In this biofuel is Karanja oil. Karanja oil is 

extracted from the seeds by expeller pressing, cold pressing, 

or solvent extraction. The oil is yellowish-orange to brown 

in color. It is toxic and will induce nausea and vomiting if 

eaten but it is used in many traditional remedies. Karanja oil 

is antiseptic and resistant to pests. It has a high content 

of triglycerides, and its disagreeable taste and odor are due 

to bitter flavonoid constituents including karanjin, 

pongamol, tannin and karanjachromene 

The physical properties of crude Karanja oil are as 

follows: 

Property (Units) Value 

Acid value (mg KOH/g) 4.0 – 12 

Calorific value (kcal/kg) 8742 

Cetane number 42 

Density (g/cm
3
) 0.924 

Iodine value (g/100 g) 86.5 – 87 

Specific gravity 0.925 

Viscosity (mm
2
/sec) 40.2 

Boiling point (°C) 316 

Cloud point (°C) 3.5 

Fire Point (°C) 235 

Flash point (°C) 232 

Pour point (°C) -3.0 

Table 1: Physical Properties 

III. ETHANOL 

Ethanol fuel is ethanol (ethyl alcohol), the same type 

of alcohol found in alcoholic beverages. It is most often 

used as a motor fuel, mainly as a biofuel additive 

for gasoline. World ethanol production for transport fuel 

tripled between 2000 and 2007 from 17 billion to more than 
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52 billion liters. From 2007 to 2008, the share of ethanol in 

global gasoline type fuel use increased from 3.7% to 

5.4%.
[1]

 In 2011 worldwide ethanol fuel production reached 

22.36 billion U.S. liquid gallons (bg) (84.6 billion liters), 

with the United States as the top producer with 13.9 bg (52.6 

billion liters), accounting for 62.2% of global production, 

followed by Brazil with 5.6 bg (21.1 billion liters). Ethanol 

fuel has a "gasoline gallon equivalency" (GGE) value of 1.5 

US gallons (5.7 L), which means 1.5 gallons of ethanol 

produces the energy of one gallon of gasoline. 

Physical properties of ethanol are as follows 

Properties  (units) Value 

Cetane number 6 

Low heating values (MJ/kg) 28.4 

Density at 20
0
C (kg/m3) 786 

Viscosity at 40
0
C (mPa s) 1.2 

Heat of evaporation (kJ/kg) 840 

Carbon content (mass %) 52.2 

Hydrogen content (mass %) 13 

Oxygen content (mass %) 34.8 

Sulfur content (mg/kg) 0 

Table 2: Physical Properties 

IV. LITERATURE REVIEW 

Hiregoudar Yerrennagoudaru, et al. (2014) they analyze the 

fuel consumption and emission characteristics of a twin 

cylinder diesel engine using biofuels and compared with 

ordinary diesel. They study the brake thermal efficiency, 

BSFC, and emission at zero load and full load with biofuels. 

The fuel proportion is 30% ethanol + 70% linseed oil. 

Engine setup consists of twin cylinder diesel engine, 4 

stroke, forced cooling system. Also multi gas analyzer, 

monitoring kit for PM for performance and emission 

analysis. Injection timing is 27 BTDC (static), the opening 

pressure of nozzle set at 170 bar and speed at 1500 rpm. The 

observations are, at different loads the SFC of biofuel is 

more than diesel. Because results lower energy substitute 

biofuel thus engine respond to load. From the analysis and 

graph the biofuel shows better performance than diesel. 

Decrease in emission parameter and increase in performance 

characteristic. Hence, it is conclude that biofuel can be used 

as substitute for diesel. 

H. B. Parikh, et al. (2013) they described the use of 

ethanol/diesel mixtures increases the ignition lag time due to 

low cetane number of ethanol. A single cylinder, 4 stroke, 

water cooled CI engine manufactured by Rocket Engg. 

Corporation Ltd. was used in the investigation. The engine 

was run about 30 min. till to reach steady state. The fuel 

proportions are 80% diesel+15% biodiesel+5% ethanol 

D80B15E5, 70% diesel+20% biodiesel+10% ethanol 

D70B20E10, 70% diesel+25% biodiesel+5% ethanol 

D70B25E5. The observations recorded were brake load 

reading, engine speed, exhaust gas temperature, cooling 

water inlet and outlet temperature and also CO, HC, 

emission measured. It is conclude that decrease in BSFC 

with increase in Brake Power. Due to higher density, lower 

calorific value of ethanol, brake thermal efficiency of these 

fuel blends in sequence of D80B15E5, D70B20E10 & 

D70B25E5 are observed slightly higher for these blends in 

same sequence. 

M. Arunkumar, et al. (2014) they described that the 

use of diesel with ethanol and caster seed oil (biofuels) 

blends in four stroke diesel engine. For these mixtures brake 

thermal efficiency, BSFC and combustion characteristic are 

calculated. The gas emissions of NOx, CO, CO2, and HC are 

also measured. A single cylinder, 4-stroke, water cooled 

diesel engine coupled with electrical dynamometer, data 

acquisition system. At suction side, anti-pulsating drum is 

attached to measure air inflow quantity. At exhaust side, 

exhaust gas thermometer, gas analyzer, and combustion 

analyzer for combustion behavior of engine. Fuel 

proportions used are 5% caster oil+ 5% ethanol+ 90% diesel 

(C5E5), 10% caster oil+ 5% ethanol+ 85% diesel (C10E5), 

15% caster oil+ 5% ethanol+ 80% diesel (C15E5). AVL 

smoke meter is filter type smoke meter for measuring the 

soot content in the exhaust of diesel. From the observation it 

is conclude that C15E5 have lower value of NO, unburnt 

hydrocarbon than diesel. The exhaust temperature and brake 

thermal efficiency for C15E5 is less comparing to C10E5 

and pure diesel. Therefore 80% diesel, 15% caster oil and 

5% ethanol gives us optimum values of performance and 

emission characteristic. 

De-gang Li, et al. (2005) described that the purpose 

of this project is to find the optimum percentage of ethanol 

that gives simultaneously better performance and lower 

emissions. The experiments were conducted on a water-

cooled single-cylinder Direct Injection (DI) diesel engine 

using 0% (neat diesel fuel), 5% (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 [Bosch smoke number, 

CO, NOx, total hydrocarbon (THC)] 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 fuel at overall operating 

conditions; smoke emissions decreased with ethanol–diesel 

blended fuel, especially with E10–D and E15–D. CO and 

NOx emissions reduced for ethanol–diesel blends, but THC 

increased significantly when compared to neat diesel fuel. 

Alireza Shirneshan (2013) they described that a test 

was applied in which an engine fueled with diesel and four 

different blends of diesel and biodiesel made from waste 

frying oil. The experiments were conducted on 4 cylinder, 4 

strokes, and turbocharged direct injection diesel engine. The 

test engine was coupled to a hydraulic dynamometer 

providing a maximum engine power of 110 kW with +-0.1 

kW of uncertainty to control speed and load. Inductive 

pickup speed sensor used to measure the speed of the 

engine. Waste frying oil methyl ester was blended with 

diesel fuel in 0%, 20%, 40%, 60%, 80% proportions by 

volume. All fuels were tested at 1800 rpm and four engine 

partial loads (25%, 40%, 65%, and 80%). From the 

observation they conclude that biodiesel blends emits very 

low amount of CO2 compared to diesel. After addition of 

biodiesel in blends HC & CO emission decreases due to 

enrichment of the fuel. But NOx emission increase due to 

higher combustion temperature. 

Xiaoyan Shi, et al. (2006) have described an 

oxygenated diesel fuel blends have a potential to reduce the 

emission of particulate matter (PM) and to be an alternative 
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to diesel fuel. This paper describes the emission 

characteristics of a three compounds oxygenated diesel fuel 

blend (BE-diesel), on a Cummins-4B diesel engine. BE-

diesel is a new form of oxygenated diesel fuel blends 

consisted of ethanol, methyl soyate and petroleum diesel 

fuel. The blend ratio used in this study was 5:20:75 (ethanol: 

methyl soyate: diesel fuel) by volume. The results from the 

operation of diesel engine with BE-diesel showed a 

significant reduction in PM emissions and 2%–14% increase 

of NOx emissions. The change of CO emission was not 

conclusive and depended on operating conditions. Total 

hydrocarbon (THC) from BE-diesel was lower than that 

from diesel fuel under most tested conditions.  

Formaldehyde, acetaldehyde, propionaldehyde and acetone 

in the exhaust were measured, and the results indicated that 

use of BE-diesel led to a slight increase of acetaldehyde, 

propionaldehyde and acetone emissions. A small amount of 

ethanol was also detected in the exhaust from burning BE-

diesel. 

S. M. Palash, et al. (2013) have described that an 

increasing energy demand and environment concerns have 

prompted an evolution of alternative fuel sources. As an 

alternative fuel source, biodiesel is attractive because it 

reduces engine emissions. However, biodiesel produces 

higher NOx emissions compared to ordinary diesel fuel. 

Previous researches have established many factors that 

cause biodiesel to produce elevated NOx emissions. This 

study reviews the impacts of biodiesel combustion on NOx 

emissions and their reduction approaches in diesel engines. 

The first part of this study recaps the NOx formation 

mechanisms for understanding the kinetics behind the NOx 

forming reactions. The second part describes the factors 

affecting on NOx emissions. This paper established that 

higher NOx emissions are produced for biodiesel 

combustion which influenced by several factors such as 

physicochemical properties and molecular structure of 

biodiesel, adiabatic flame temperature, ignition delay time, 

injection timing and engine load conditions etc. The final 

section discusses on the reduction of NOx emissions from 

biodiesel fuel led engines for both pre and post combustion 

techniques. The results of reduction approaches of the NOx 

emissions implies, exhaust gas recirculation (EGR) and 

retarded injection timing are effective as well as low cost 

techniques than others. Between these two techniques, EGR 

reduces the NOx emissions at 5–25% EGR rate adequately 

in biofuelled engine by controlling oxygen content and 

combustion peak temperature with slightly decreasing HC 

and CO emissions. However this technique shows few 

penalties on smoke and PM emissions as well as brake 

specific fuel consumption if not perfectly optimized. 

G. Venkata Subbaiah, et al. (2010) have described 

biofuels such as biodiesel and bioethanol are now receiving 

the impetus required for becoming a fuel source for the 

future. One of the ways to reduce the dependence on fossil 

diesel is the blending of bioethanol with conventional diesel. 

However, an emulsifier or a co-solvent is required to 

stabilize the blend. The rice bran oil biodiesel offers an 

alternative application as an emulsifier for diesel-ethanol 

blends to form diesel-biodiesel-ethanol blends. In the 

present study the rice bran oil biodiesel was used in different 

ways such as pure biodiesel, blending with diesel and diesel- 

ethanol blends. The performance and emission 

characteristics of a direct injection (DI) diesel engine when 

fuelled with conventional diesel fuel, pure biodiesel, a blend 

of diesel and biodiesel and three blends of diesel biodiesel - 

ethanol were studied over the entire range of load on the 

engine. The experimental results showed that the highest 

brake thermal efficiency was observed with 30% ethanol in 

diesel-biodiesel-ethanol blends. The exhaust gas 

temperature and sound reduced with the increase of ethanol 

percentage in diesel – biodiesel ethanol blends. The Carbon 

monoxide, smoke, exhaust gas temperature and sound 

reduced with the increase of ethanol percentage in diesel-

biodiesel-ethanol blends. The minimum values of Carbon 

monoxides, smoke, exhaust gas temperature and sound 

intensity were observed with the blend BE30 and were 

respectively 41.23%, 14.5%, 0.57% and 11.53% lower than 

that of the diesel fuel. The Oxides of nitrogen and carbon 

dioxide emissions increased with the increased percentage 

of ethanol in diesel-biodiesel-ethanol blends. The 

hydrocarbon emissions increased with ethanol but lower 

than that of the diesel fuel by a maximum of 35.35% with 

10% ethanol in diesel-biodiesel-ethanol blend. The blending 

of 20% biodiesel into diesel-ethanol blends allowed higher 

percentage (30%) of ethanol mixing with diesel, increased 

the brake thermal efficiency and reduced the carbon 

monoxide, sound, hydrocarbons and smoke than that of the 

diesel fuel. So the rice bran oil biodiesel can be used as an 

emulsifier to mix higher percentage of ethanol with fossil 

diesel to improve the performance and reduce the emissions 

of a diesel engine.  

Rodrigo C. Costa, et al. (2010) his work 

investigates the influence of compression ratio on the 

performance of a spark ignition engine fuelled by a blend of 

78% gasoline, 22% ethanol (E22) or hydrous ethanol 

(E100). A 1.0-L, eight-valve, four-cylinder, production 

engine was tested in a dynamometer bench varying the 

speed in the range from 1500 to 6500 rev/min. Three 

compression ratios were investigated: 10:1, 11:1 and 12:1. 

The performance parameters evaluated were torque, brake 

mean effective pressure (BMEP), power, specific fuel 

consumption (SFC), thermal efficiency, exhaust gas 

temperature and volumetric efficiency. The results showed 

that higher compression ratios improved engine 

performance for both fuels throughout all the speed range 

investigated, with major effects being observed when 

hydrous ethanol was used. 

Umakant V. Kongre, et al. (2010) his paper 

describes the development and use of sub models for 

combustion analysis in direct injection (DI) diesel engine. In 

the present study the Computational Fluid dynamics (CFD) 

code FLUENT is used to model complex combustion 

phenomenon in compression ignition (CI) engine. The 

experiments were accomplished on single cylinder and DI 

engine, with full load condition at constant speed of 1500 

rpm. Combustion parameters such as cylinder pressure, rate 

of pressure rise and heat release rate were obtained from 

experiment. The numerical modeling is solved by unsteady 

first order implicit, taking into account the effect of 

turbulence. For modeling turbulence Renormalization Group 

Theory (RNG) k - ε model is used. The sub models such as 

droplet collision model and Taylor Analogy Breakup (TAB) 

model are used for spray modeling. The wall film model is 

used to assess spray wall interaction. Modeling in cylinder 
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combustion, species transport and finite rate chemistry 

model is used with simplified chemistry reactions. The 

results obtained from modeling were compared with 

experimental investigation. Consequences in terms of 

pressure, rate of pressure rise and rate of heat release are 

presented. The rate of pressure rise and heat release rate 

were calculated from pressure based statistics. The modeling 

outcome is discussed in detail with combustion parameters. 

The results presented in this paper demonstrate that, the 

CFD modeling can be the reliable tool for modeling 

combustion of internal combustion engine. 

V. RESULTS OF ABOVE LITERATURE REVIEW 

The performance and exhaust emission parameters of the 

engine with diesel and at Biofuel oil (30% ethanol + 70% 

linseed oil) at zero and full load condition are presented and 

discussed below (1). 

 
Fig. 1: Specific Fuel Consumption 

 
Fig. 2: Brake Thermal Efficiency 

 
Fig. 3: Particulate Matter 

 
Fig. 4 CO Comparison [Source 1] 

A. Specific Fuel Consumption: 

At higher temperature the effect of Bio fuel on specific fuel 

consumption (SFC) are shown in fig. 1. From that fig. it is 

clear that at different loads the SFC of Bio fuel is more than 

the diesel. The reasons behind these results are lower energy 

value substitute Bio fuel thus engine responds to the load by 

increasing the fuel flow. Thus SFC decreases with the 

increase in thermal efficiency. (1) 

B. Brake Thermal Efficiency: 

Fig. 2. shows the variation of brake thermal efficiency with 

respect to Bio fuel& Diesel at different loads. From the plot 

it is observed that as load increases brake thermal efficiency 

is also increases for diesel as well as Bio fuel. At full load 

condition, the brake thermal efficiencies obtained are 34.6% 

& 55.7% for the diesel & Bio fuel respectively. Among 

these two fuels Bio fuel has maximum BTE i.e. 55.7% 

which is obtained from 100% Bio fuel at full load. The BTE 

using Bio fuel is increased by 31.3% as compared to the 

diesel at full load condition. The increment in Brake thermal 

efficiency is due to low heat value of Bio fuel as compared 

to diesel & better combustion because of less viscosity of 

Bio fuel. (1) 

C. Particulate Matter: 

Fig. 3 shows the variation of Particulate Matter level with 

respect to diesel and Bio fuel at different loads. Particulate 

Matter tends to increase with load, this increase in 

Particulate Matter is explained by the fact that at low loads, 

but as the load increases, the temperature also increases 

which in turn increases the Particulate Matter emissions. 

Result shows that Particulate Matter is comparatively lower 

with Bio fuel. It is found that Particulate Matter emission 

increases with increase in load in Diesel as fuel but in Bio 

fuel as fuel minor increase with increase load. 100% Diesel 

has higher Particulate Matter level when compared to 100% 

Bio fuel. This is due to rise in exhaust temperature. 

Particulate Matter is decreased (80 to 90%) when using Bio 

fuel as fuel in diesel engine compared to diesel fuel. (1) 

D. CO Concentration: 

Fig. 4 shows the variation CO level with respect to Diesel 

and Bio fuel at different loads. From the graph it is clear that 

the CO level increases when Biofuels has a fuel. This is due 

to the fact that engine is not optimized to run with Bio fuel, 

so there is a large possibility of rich fuel-air mixture in the 

cylinder and the higher specific fuel consumption resulting 

in a higher CO level. Carbon monoxide occurs in engine 
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exhaust. It is a product of incomplete combustion due to 

insufficient amount of air in the air fuel mixture or 

insufficient time in the cycle for the completion of 

combustion. (1) 

E. Conclusion: 

Based on the performance and emissions of Biofuel, it is 

concluded that the biofuel oil represents a good alternative 

fuel with closer performance and better emission 

characteristics to that of a diesel. From the above analysis 

the bio fuel shows better performance compared to the 

Diesel in the sense of better performance characteristics like 

Brake thermal efficiency, Specific fuel consumption and 

decrease in the emission parameters like, Particulate matter, 

but CO is little higher than the diesel which can be reduced 

by increasing the compression ratio. Hence the bio fuel can 

be used as a substitute for diesel. (1) 

 
Fig. 5: B.S.F.C. Vs B.P. 

 
Fig. 6: Brake Thermal Efficiency 

 
Fig. 7: CO Vs B.P 

 
Fig. 8: CO Vs B.P  

[Source 2] 

Brake Specific Fuel Consumption (B.S.F.C.) is the 

fuel consumed by the engine per unit of power output or 

produced. For fuel tested, decrease in B.S.F.C. was found 

with increase in brake power. It can be seen from this graph 

that as Brake Power increases, B.S.F.C. decreases to 

minimum at full load condition. By observing related results 

at full load engine condition, the value of B.S.F.C. for 

D70B20E10 blend is minimum. As compared to diesel, 

calorific value of biodiesel is less, so slight rise in Brake 

Specific Fuel Consumption was found in the blends 

D80B15E5, D70B20E10, D70B25E5 than Diesel fuel. (2) 

Brake Thermal Efficiency is the ratio of the power 

output of the engine to the rate of heat liberated by the fuel 

during the combustion. For the fuel tested, increase in Brake 

Thermal Efficiency was found with increase in brake power. 

It can be seen from this graph that at medium load the Brake 

Thermal Efficiency of diesel fuel is slightly higher than 

D80B15E5, D70B20E10, D70B25E5 blends. But at higher 

load the Brake Thermal Efficiency of D70B20E10 is than 

others. (2) 

At different load conditions, Carbon Monoxide 

(CO) was recorded by Gas-Analyzer for various blends of 

diesel, biodiesel & ethanol i.e. D80B15E5, D70B20E10, 

D70B25E5. Fig. 3 shows graph for variation of CO emission 

with respect to brake power for various blends of diesel, 

biodiesel and ethanol. It can be seen from graph that the CO 

emissions are low for various blends than diesel fuel 

because the biodiesel has higher cetane number than diesel 

fuel. (2) 

At different load conditions, Hydrocarbons (HC) 

were recorded by “Gas Analyzer” for various blends of 

diesel, biodiesel and ethanol i.e. D80B15E5, D70B20E10 

and D70B25E5. The partially decomposed and oxidized 

fuels in exhaust, which are unburnt species, are collectively 

known as unburnt hydrocarbon emissions. Fig.4 shows 

graph for variation of HC emission with respect to brake 

power for various blends of diesel, biodiesel and ethanol. 

HC emission for diesel fuel is slightly higher at low load 

than other three blends. (2) 

F. Conclusion: 

Due to higher density, lower calorific value of biodiesel and 

lower density, lower calorific value of ethanol , brake 

thermal efficiency of these fuel blends in sequence of 

D80B15E5, D70B20E10, & D70B25E5 are observed  

slightly lower compared to diesel & B.S.F.C. and B.S.E.C. 

are slightly higher for these blends in same sequence. As 

biodiesel has higher cetane no. & more oxygen compared to 
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diesel & ethanol both, which acts as combustion promoter 

inside cylinder, resulting in to better combustion of fuel so, 

HC emission for D70B20E10 fuel blend are observed lower 

than the all fuel/fuel blends & higher in case of D80B15E5 

fuel blend. (2) 

 
Fig. 1: BP Vs TFC 

 
Fig. 2: BP Vs BTE 

 
Fig. 3: EGT Vs BP  

[Source 3] 

The TFC variation of the tested fuels with respect to BP in 

the speed of 1500 rpm is shown in fig. 1. It observed that the 

fuel consumption for C10E5 is lesser at no load condition 

and almost same at other break power with comparing to 

pure diesel. Fig 1 Graph of BP Vs TFC The effect of brake 

thermal efficiency is represented in fig 2. It is observed that 

the brake thermal efficiency of C10E5 and C15E5 are 

almost same to pure diesel and higher at 10.66 Brake power. 

Fig. 2 Graph of BP Vs BTE. In fig. 3 the effect of Exhaust 

gas temperature for C10E5 and C15E5 was observed less at 

all load condition and slightly more than pure diesel at no 

load condition. Fig. 3 EGT Vs BP. (3) 

G. Conclusion  

The research aims to study the performance of castor oil 

blends with diesel fuel and find optimum blend to be used in 

the diesel engine. The C15E5 have lower value of NO, 

Unburnt hydrocarbon than diesel. This is due to better 

combustion of fuel inside the cylinder than diesel. The 

Exhaust gas temp and Brake thermal efficiency for C15E5 is 

less comparing to C10E5 and pure diesel. As the above 

graphs shows that C15E5 with 80% diesel, 15% castor oil 

and 5% methanol gives us optimum values of performance 

and emission characteristics comparing to C15E5 and pure 

diesel. (3) 

 

 
Fig. 1: Break specific fuel consumption of the engine using 

different blend fuels. 

 

 
Fig. 2: Brake thermal efficiency of the engine using 

different blended fuels. 

 
Fig. 3: CO emissions versus engine load 
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Fig. 4: NOx emissions versus engine load 

[Source 4] 

Fig. 1 shows the BSFC of different blended fuels at 

various loads at 2200 and 1760 rpm. It is obvious that the 

BSFC decreases with the increasing of load at 2200 rpm, but 

slightly increases after 75% load at 1760 rpm. (4) 

From the experimental results, the engine brake 

thermal efficiency (BTE) can be calculated from the BSFC 

and low heat value of the blend fuel. The calculated results 

are presented in Fig. 2. It can be seen from Fig. 2 that the 

BTE was improved for all engine conditions (except E15–D 

at 25% load at 2200 rpm) fueled with ethanol–diesel blend 

fuels, and the BTE improved more with the increasing 

ethanol content in blend fuels at the same operation 

condition. (4) 

CO emissions at various loads under rated engine 

speed are presented in Fig. 3. At rated speed, CO emissions 

increased at low and medium loads (10 and 50% load, 

respectively) for E10–D and E15–D. At high and full loads 

(75 and 100% loads, respectively) at rated speed, the CO 

emissions decreased significantly with the increase of load 

for the ethanol–diesel blended fuels. At full load, CO 

decreased by 49 and 29% for E10–D and E15–D, 

respectively. (4) 

The NOx emissions of the engine using different 

blended fuels and neat diesel under various operating 

conditions are shown in Fig. 4. It can be seen that the 

general tendency of engine NOx emissions is opposite to 

that for CO. For an engine speed of 2200 rpm, both ethanol–

diesel blended fuels reduced the NOx emissions about 50 

and 32–35% at low and medium load, respectively, but 

reduced only slightly at 75% load. At full load, NOx 

emissions are higher for blended fuels than neat diesel fuel. 

(4) 
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