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Abstract— At the present time we are suffering from a lack 

of conventional fuel source at very high rates and also 

increasing environmental pollution has prompted extensive 

research in alternative fuels and engine design. This 

experimental research is an attempt towards finding the 

enhancement percentage on engine thermal losses after 

combustion of different fuels blends like Ethanol and 

Methanol. This research deals with performance analysis of 

single cylinder diesel engines using different fuel blends as 

well as in-depth analysis of engine heat losses in various sub-

systems which reduces the engine as well as engine 

component life. The test fuel used was ethanol blended and 

methanol blended with diesel as well. The blending was done 

in ethanol and methanol and diesel volume percentages. The 

results of the combustion analysis of the blended fuel were 

similar to the results of the diesel fuel. This experiment is very 

helpful to improving thermal efficiency with blended fuel 

with low cost also. 
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I. INTRODUCTION 

An internal combustion engine is one type of mechanical 

device or equipment, which means that some energy is 

converts into mechanical energy. A heat engine carries heat, 

and is a poor form of energy because of its low efficiency, but 

is important because the engine of mechanical energy 

efficiency is high. It is slightly different from the second type 

as external engine. IC engine mainly divided in two types 

considering the fuels; one is SI (spark ignition) engine which 

is run by petrol and second one is CI (compression ignition) 

engine which is run by diesel. CI engines are universally used 

in both light and heavy duty vehicles. They are the most 

reliable, robust and powerful fuel efficient internal 

combustion engines. 

 Today, Automobile industries are focusing on global 

warming (Emission) and saving non-renewable sources 

(Reduced consumption of conventional fuels) and also 

improvement in performance. 

A. Diesel fuel -  

Diesel fuel (diesel oil, petroleum oil) is available in a wide 

range or in a different range of molecular weights and body 

structures. There are various methods used to classify it, some 

use numerical scales and some prefer different uses. 

Generally, the more refined a fuel sample is, the lower its 

molecular weight, the lower its viscosity, and the higher its 

cost. Price scales usually range from 1 to 5 or 6, and sub-

categories use alphabets (e.g., AI, 2D, etc.). The lowest 

number has the lowest molecular weight and the lowest 

viscosity. These are the oils that are most commonly used in 

CI engines. High-density fuels are used in residential heating 

and industrial plants. Oil with very large numbers looks great 

and can only be used on larger, larger heating units. Each 

separation has acceptable limits on various body structures, 

such as viscosity, volatility, temperature, compression rate, 

cetane number, sulfur content or exhaust impurities, etc. 

intended use. These terms include bus, truck, railway, 

seashell and stationary, from low molecular weight to high. 

The diesel engine has received a lot of attention because of 

its efficient fuel economy and its performance with a turbo 

charger. But at the same time it produces high humidity in the 

exhaust gas and high heat loss which reduces the life of the 

engine component and increases maintenance and health 

costs. 

B. Alternative fuels -  

In the 21st century, crude oil and petroleum products will 

become very scarce and expensive to find and produce. Also, 

the number of automobiles and other IC engines is likely to 

increase. Although the fuel economy of engines has improved 

significantly from the past and will probably continue to 

improve, only the numbers suggest that there will be a huge 

demand for the fuel in the coming decades. Gasoline will 

become scarce and also expensive. Alternative fuel 

technology, availability and use of alternative fuel will 

become more common in the coming decades. 

 Alcohol -  

However, it is very difficult to replace diesel fuel with the 

help of alcohol. Diesel engines are practically possible (in the 

form of dual fuel operation) by varying amounts of low 

carbon chain alcohols and by various techniques. Alcohol is 

the main choice in the liquid fuel category. Alcohols are a 

potential alternative, as they can be obtained from both 

natural and manufactured sources, with ethanol (ethyl 

alcohol) and methanol (methyl alcohol) being the most 

promising wines. 

 Methanol – 

As for methanol (CH
3
OH) which is considered an alternative 

to gasoline for all fuels, methanol has one of the most 

promising and has undergone extensive research and 

development. Pure methanol and methanol and gasoline 

mixtures at various percentages have been extensively tested 

for last few years in engines and automobiles. The most 

common mixtures are M85 (85% methanol and 15% petrol) 

and M10 (10% methanol and 90% petrol). Another problem 

with a mixture of petrol and alcohol such as petrol is that 

alcohol mixes with any available water. When this happens, 

the alcohol in the area separates from the fuel, resulting in a 

different mixture. This causes the engine to run erratically 

due to the large AF difference between the two fuels. At least 

one car company is testing a three-petrol car that can use any 

combination of methanol-ethanol. 
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 Ethanol – 

Ethanol (CH
3
CH

2
OH) has been used as a fuel source for 

many years in various country of the world. Brazil is perhaps 

the world's leading consumer, where in the early 1990's, 4.5 

million cars were running on 93% ethanol. Gasohol has been 

available at service stations in the United States for many 

years, especially in the corn-producing provinces of the 

Midwest. Gasohol is a mixture of 90% petrol and 10% 

ethanol. Like methanol, systems using a mixture of fuel and 

ethanol continue to be developed. The two most important 

composite compositions are E85 (85% ethanol) and EI0 

(gasohol). E85 is basically an alcohol fuel containing 15% 

added fuel to eliminate some of the problems of pure alcohol 

(i.e., cold start, burning of tanks, etc.). The E10 reduces fuel 

consumption in car engines without repair. Flexible fuel 

engines are tested that can operate at any ethanol-gasoline 

level. 

C. Why Are Diesel– 

Alcohols Blends Used? For a more in-depth introduction, the 

lessons in this particular article are presented in this section. 

Details of the effects of these types of compounds on CI 

engine performance will be presented separately, in the next 

section. The use of a combination of diesel and diesel is a way 

to improve the properties of mixtures and to benefit from their 

height. In addition, CI engines do not require any 

modifications, as up to 30% diesel compounds are combined 

with diesel fuel. 

 In Table 1.1, the physical properties of ethanol and 

methanol, as values or a range of values, according to authors 

from 10 references cited in their paper review [1]. Also, from 

various paper review were taken into account. 

Fuel Property Methanol Ethanol 

Chemical Formula CH3OH CH3CH2OH 

Molecular Weight  

(kg/k- mol) 
32 46 

Oxygen (wt %) 50 34.8 

Lower Heating Value 

(MJ/kg) 
19-22 26.4-26.9 

Flame speed (m/s) - 0.39 

Specific Heat (kJ/kg K) 1.44 2.4 

Vapour Pressure at 20 °C  

(K-Pa) 
12.9 5.9 

Kinematic Viscosity at 20 °C 

(mm2/s) 

0.759-

1.01 
1.16-1.87 

Octane Number (RON) 109-114 107-111 

Cetane Number (CN) 3-5 5-9 

Boiling point (°C) 64-65 78-78.3 

Flash Point (°C) 11-12 9-17.2 

Density (kg/m3) at 20 °C 787-792 780-820 

Latent Heat of vaporization 

(kJ/kg) 

1101-

1168 
837-840 

Calorific Value (kJ/kg) 20094 26900 

Auto ignition Temperature 

(°C) 
470-500 363-450 

Stoichiometric air-fuel Ratio 

(kg/kg) 
6.5 8.9-9.0 

Table 1.1: Physical property values of Ethanol and Methanol 

[1] 

 Rakopoulos et al., In [2], argued that in the case of 

ethanol-fossil diesel blending, the emulsifying agent needs to 

be used at a rate of 1.5% (volume) to improve compound 

mixing and prevent phase separation. Blending protocol 

involved mixing the emulsifier with ethanol, and then mixing 

the resulting mixture into diesel fuel. In addition, the authors 

state that the use of low ethanol mixing values (i.e., 5, 10, and 

15%) is determined by the need to avoid any possible 

circulatory conditions that may occur in the CI engine when 

CN is too low to be used. Power 2019, 12, 1194 21 of 41 Ali 

et al. in [6], it said that adding 5% ethanol to the pure 

biodiesel of palm oil reduced the yield point by about 5 C, 

viscosity 0.5 mm2 / s, and 4kg / m3. It is possible to add 

alcohol to biodiesel compounds (methanol and / or ethanol), 

due to its incompatibility with pure biodiesel. Alcohol 

enhances the physico-chemical properties of biodiesel 

compounds (for example, reduces viscosity and thickness), 

thereby improving fire efficiency, and produces fewer 

impurities when used by CI engines [3]. We can do it again. 

 Bharadwaz et al. [7] The prepared parameters 

related to biodiesel-methanol (5, 10, and 15%) meet with 

constant pressure and engine loads, increase thermal engine 

efficiency, and reduce backup emissions. They introduced the 

properties of biodiesel and methanol - biodiesel blends, and 

it can be seen that quantities and calories are reduced by 

increasing the amount of methanol. Given that palm oil has 

significant production benefits compared to other vegetable 

oils such as rapeseed oil and soybean oil, even though its cold 

flow is worse compared to other vegetable-based vegetable 

oils. Li et al. [8] investigated the components of oxygen-

combustion combustion by adding 5, 10, 15, and 20 percent 

ethanol to diesel fuel with and without CN. The purpose of 

the review paper [9] is to investigate the effects of biodiesel, 

alcohol, and petroleum - a combination of diesel engine 

performance and CI engine environment. 

II. OBJECTIVES 

1) To analyze the effect on engine thermal losses due to 

combustion of different fuel blends on CI engine 

2) Investigate performance of Diesel engine by using 

blended fuels like diesel-ethanol blended and diesel-

methanol blended fuel. 

3) To analyze the engine temperature in terms of 

surrounding with the thermal losses with the different 

kind of fuel blends. 

III. METHODOLOGY 

Considerable attention is paid to the development of 

alternative fuel sources, particularly in the context of alcohol. 

Internal combustion engines have the potential to reduce 

dependence on petroleum fuels by using alternative fuels 

such as methanol and ethanol blends.This research indicates 

toward the effect of high end thermal losses with the diesel 

fuel and with the different oxygenating fuel blends such as 

Methanol or Ethanol fuel blends, what are the practical 

impact creates on the engine.  

 Now, In this research performance on CI engine 

with three different fuel (or also say as diesel blends) for 

variable load condition. In experiment which fuel are used, 

named as - 



Analysis on Engine Thermal Losses Due To Combustion of Different Fuel Blends On CI Engine 

 (IJSRD/Vol. 9/Issue 07/2021/016) 

 

 All rights reserved by www.ijsrd.com 73 

1) Diesel blends with Ethanol 20% (E20) 

2) Diesel blends with Methanol 20% (M20) 

3) Regular Diesel 

 This research indicates towards the effect of high-

end thermal losses with the diesel fuel and with the different-

different oxygenated fuel blends, what is the practical impact 

create on the engine as well as engine component life. The 

performance of the engine will provide an in-depth analysis 

of the impact of diesel blends on engine brake power, fuel 

consumption, and thermal efficiency, at same speed condition 

and varying engine load condition. Supplied fuel energy of 

these blends is represented as fuel energy (𝑄𝑠). Fuel energy 

(𝑄𝑠) is the amount of fuel entering into the combustion 

chamber of an engine multiplied by its calorific value. Diesel 

blends have lower density and also lower calorific value 

compared to fossil diesel. The mass flow rate is lower for 

blends, and also the volume flow rate is the lower than diesel. 

Diesel increment lowers the supplied fuel energy of the 

blends as it lowers the calorific value. 

A. Experiment Setup 

This experiment is carried out the following: -A single 

cylinder, direct injection, water cooled engine system, four 

strokes Kirloskar diesel engine with alternator loaded to 

Rheostat bank where as the descriptions of engine are given 

below- 

BHP = 5 HP 

Compression Ratio = 16.5:1 

Bore = 80 mm 

Stroke = 110 mm 

Speed = 1500 RPM 

Type = Water cooled 

Make = KIRLOSKAR 

Capacity = 3 KVA 

Volts = 230 V 

Loading AMPS = 12.5 A (Max.) 

 
Fig 3.1: Figure shows that Experiment Setup 

 The four thermo-couple attachment is used for 

measuring the temperature reading.For doing the job on 

diesel engine; Proper thermo-couple attachment required 

throughout the experiment for best results. This experiment 

setup performed on with the different types of fuel blends as 

ethanol blended and methanol blended with diesel as 

well.The blending was done in ethanol and methanol and 

diesel by volume percentages. In this research about 15-20 

minutes taken to achieving optimum temperature (or reach 

the steady state) at every load conditioning, then re-calculated 

with load variation. The test data were measured twice with 

increasing and decreasing loads, and the average reading was 

taken. After that data collected as for analysis throughout the 

experiment. The effects of ethanol fraction as well as 

methanol fraction on engine parameters or exhaust 

temperature were investigated at similar engine speeds. 

IV. RESULTS  

This experimental research is an attempt towards finding the 

enhancement percentage on engine thermal losses after 

combustion of different diesel fuels. After carried out the 

experiment study, finding performance parameters of diesel 

fuel blends. So that outcome of this experiment as follows: - 

1) Brake Specific Fuel Consumption with engine load 

2) Heat supply with engine load 

3) BTE with engine load 

4) Thermal losses of the engine with variable load 

A. Variation in Brake Specific Fuel Consumption (bsfc) of 

fuel with engine load: 

 
Graph 4.1: Variation in Brake Specific Fuel Consumption 

(bsfc) of fuel with respect to engine load 

 The bsfcis defined, the best or lowest term as the 

ratio of mass fuel consumption to break power with engine 

size.The brake specific fuel consumption decreases as engine 

speed increases, reaches a minimum and then increases at 

high speeds. Fuel consumption increases at high speed due to 

more friction losses. At low speed, the longer time per cycle 

allows more heat loss and fuel consumption goes higher side. 

The bsfc decreases with higher compression ratio due to 

higher thermal efficiency. It is lowest when combustion 

occurs in a mixture with a fuel equivalence ratio near one. 

The bsfc generally decrease with higher thermal efficiency 

due to improve thermal losses. Generally, bsfc is common to 

use fuel economy in terms of distance travelled per unit of 

fuel, like kilometre per litre. Specific fuel consumption 

increases with increasing with pure diesel fuel with respect to 

increasing the load. In graph (4.1) shows with fuel blend of 

E20 and M20, the bsfc maintain at moderate level on the same 

load. The engine speed has been fixed at 1500 rpm as per the 

manufacturer. The lower heating value affects the Brake 

Specific Fuel Consumption (bsfc) rate. The results (graph 

4.1) showed that the bsfc decreasing rate as average 

percentage reduction in 11 % in E20 and 16% in M20, that 

means improvement in engine operation with blended fuel is 

slightly better than with diesel fuel. 
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B. Variation in heat Supply (Qs) of fuel with respect to 

engine load: 

 
Graph 4.2: Variation in heat Supply (Qs) of fuel with respect 

to engine load 

 Heating value can be defined as the amount of 

heating energy released by the combustion of a unit quantity 

of fuels. The presence of moisture in the raw material (as fuel) 

has a greater influence on the heating value of the fuel.The 

peak heat release rate is higher for diesel due to increased 

accumulation of fuel during the longer delay period, which 

results in a higher rate of heat release in the premixed 

combustion. The oxygenating fuel as Ethanol or Methanol 

affects the combustion process by means of oxygen present 

in its chemical structure, which does not count in the calorific 

value of the fuel, can be thought of to be the prime cause for 

this reduction in the blended fuel calorific value. This means 

that when used as mono-fuel or dual fuel, the amount of 

energy admitted to the engine will be reduced.Heat release 

rate measurements are sometimes viewed by manufacturers 

and product users as just another piece of data to collect as 

for examples the heat release rate is the best predictor of fire 

hazard. The heat release rate decreases with increasing the 

percentage of proportions in the diesel blends. This is due to 

the lower ignition delay of the diesel blends, which results in 

lower cylinder pressure. By the results of this experiment, 

founded that the heat supply of ethanol diesel blended fuel as 

well as methanol diesel blended fuel both having lower heat 

supply rate compared with diesel fuel (Graph 4.2) at the 

constant speed 1500 rpm. The average percentage reduction 

in heat supply was 20% in E20 and 27% in M20 fuel with 

respect to diesel fuel. 

C. Variation in brake thermal efficiency (BTE) of fuel with 

respect to engine load: 

 
Graph 4.3: Variation in brake thermal efficiency 

(BTE) of fuel with respect to engine load 

 In this research, increasing the brake thermal 

efficiency, by means of oxygenated fuel blends, the thermal 

losses should be minimizing. Water emulsions offer higher 

break thermal efficiency in comparison to the base diesel is 

as a result of the higher oxygen content. The results showed 

(graph 4.3) that blended fuel has a higher thermal efficiency 

than the regular diesel. The improvement in thermal 

efficiency with blended fuel can be related to the existence of 

oxygen in the blended fuel structure (which increases the 

concentration of the total oxygen inside the cylinder and helps 

improve the combustion process). That means to favourable 

effects on the combustion process and improve thermal 

efficiency in blended-diesel fuel operation in spite of the 

lower heating value of blended-diesel fuel. 

 Hence, the blended fuel providing better combustion 

and consequently causing higher thermal efficiency than the 

diesel engine (Graph 4.3).The use of oxygenated fuels 

resulted as in 22% in E20 and 36%in M20 improved brake 

thermal efficiency (by means of average percentage value 

with respect to load) due to increase in level of oxygenation 

and short and compact heat release.  

D. Thermal losses of the engine with respect to variable 

load: 

 
Graph 4.4: Thermal losses of the engine with respect to 

variable load 

 This experimental research with engine 

surroundings less heat development (or less temperature 

fluctuations between engine and coolant temperature) means 

an improvement in the thermal loss of the engine (Graph 4.4). 

The less heat development or less temperature output with 

respect to surroundings refers to engine life as well as 

efficiency.  

 This point of view to improvement in thermal losses 

are increase the engine life as well as increase engine 

component life because, engine life is shortened when engine 

temperature fluctuates (between high peak temperatures and 

coolant temperatures).Also the high peak temperature 

achieved by the engine due to conventional fuels (as diesel or 

petrol) creates an impact on engine life as well as 

performance and maintenance. Therefore, this experiment 

uses an oxygenated fuel (Ethanol or Methanol) blend as 

substitute fuel (or called alternate fuel) instead of regular 

diesel fuel (or conventional fuel). 

 Now, the resulting graph (4.4) concluded that the 

engine life improved through an oxygenated fuel blend and 

another meaning is better engine life than diesel fuel. The use 
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of oxygenated fuels resulted in 11% in E20 and 17% in M20 

reduced the engine temperature (by means of average 

percentage value) in the surrounding context(Graph 4.4) due 

to increased in level of oxygenation with less heat release. 

V. CONCLUSION 

Then finally the results of the experiment were obtained 

through all the fuel blends.The results of the combustion 

analysis of the blended fuel were similar to the result of diesel 

fuel. It was concluded that E20 and M20 is the best blending 

ratio which showed the best results. The effects of ethanol 

fraction as well as methanol fraction on engine power, torque, 

brake specific fuel consumption (bsfc), brake thermal 

efficiency and exhaust temperature were experimentally 

investigated at same engine speeds. Experiment concluded 

as- 

1) This experiment analyze the effect on engine thermal 

losses by means of increase the brake thermal efficiency 

The thermal efficiency of fuels improved (i.e. average 

percentage improvement rate is 22 % in E20and 36% in 

M20 with respect to diesel fuel)through oxygenating fuel 

blends. 

2) After Investigation of performance of Diesel engine by 

using blended fuel outcome gives favorable values of 

engine parameters. That means heat supply rate 

decreasing and bsfc also decreasing with fuel as diesel, 

E20 and M20 respectively, which make sense it’s 

completely substitute of conventional fuel. 

3) The research results show that engine temperature along 

with surrounding context by different fuel blends, has a 

good affect (i.e. low heat development) in the 

combustion process with oxygenated fuel blends (such as 

E20 and M20). The low heat evolution in engine with 

ambient represents as highly efficient fuel, as they 

increase the life of the engine as well as life of the engine 

components. The use of oxygenated fuels resulted in 

11% in E20 and 17% in M20 reduced the engine 

temperature (by means of average percentage value) in 

the surrounding context due to increased in level of 

oxygenation with less heat release. 

4) Diesel fuel blends can replace small amount of diesel and 

thereby reduce the fuel consumption and thereby reduce 

the energy crises. 

5) Diesel fuel blends can use in diesel engine without any 

modifications in the engine. 

6) The knocking effect is greater in methanol blends 

compare to the other two (as ethanol blend and simple 

diesel). 

7) Brake specific fuel consumption and brake thermal 

efficiency are inversely proportional to each other.  

8) The outcome from experiment as value of mass flow rate 

or ṁf of fuel blend is decreasing as compare to diesel fuel.  

9) The break thermal efficiency (BTE) of diesel is lower 

and as the load is increased the difference in efficiency 

also increases. 

10) This experiment shows that the methanol mixture has the 

highest exhaust gas temperature. 

11) Less heat generation means engine life as well as engine 

component life is more ever. 
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