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ABSTRACT 
The possibility of using ethanol blends in a thermally insulated diesel engine has been experimentally investigated. Initially, 

the standard diesel fuel was tested in the engine, as base experiment for comparison. Then the engine was thermally insulated by coating 

the piston crown exhaust surface with Yttrium -Stabilized Zirconium (YSZ). The main purpose of engine coating was to reduce heat 

rejection from the walls of combustion chamber and to increase thermal efficiency and thus to increase performance of the engine that 

using ethanol blends. The experiments were performed using 10%, 20% and 30% ethanol - diesel blends. Ethanol is blended with diesel 

fuel. Blends and diesel fuel were then tested in the coated diesel engine. Experimental results proved that the main purpose of this study 

was achieved as the engine performance parameters such as brake thermal efficiency, mechanical efficiency, were increased with 

simultaneous decrease in fuel consumption. Oxides of Nitrogen is lower than that of the diesel baseline.  
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INTRODUCTION 

Ethanol is a promising oxygenated fuel. Pure ethanol with additives such as cetane improver can sharply reduce particulates. Since late 

1990s, ethanol blended diesel fuel has been used on heavy-duty and light duty diesel engine in order to modify their emission 

characteristics. Since ethanol is polar molecule and its solubility in diesel is prone to be affected by temperature and water content, high 

percentage addition of ethanol to diesel is difficult. In order to mix ethanol and diesel, an emulsifier or co-solvent should be added. 

Many literatures indicated that aromatic hydrocarbon, middle distillate, and wax content of diesel are important factors of its blend with 

ethanol. The application techniques of ethanol on diesel engine can be divided into the following four classes: (1) Ethanol-diesel blend 

by high-pressure pump. Ethanol fumigation to the intake air charge by using carburetion or manifold injection, which is associated with 

limits to the amount of ethanol due to the incipience of engine knock at high loads, and prevention of flame quenching and misfire at 

low loads. Shen. Dual injection system requiring an extra high-pressure injection system and a related major design change of the 

cylinder head. Blends of ethanol and diesel fuel by using an emulsifier or co-solvent to mix the two fuels for preventing their separation, 

requiring no technical modifications on the engine side. Engine coating with a ceramic thermal barrier can be applied to improve 

reliability and durability of engine performance and efficiency in diesel engines. Because in-combustion chamber temperatures of coated 

engines are higher than those of uncoated engines, it may be possible to use a fuel with a large distillation range and lower quality fuels 

such as pure vegetable oils. It was reported that higher temperatures in the combustion Chamber can also have positive effects on diesel 

engines due to the drop in self-ignition delay. In a conventional diesel engine, about 30% of the total energy is rejected to the coolant 

and it was reported that the engine coating may be a good solution. Main important advantages of the engine coating concept were 

reported by Taymaz et al. such as improved fuel economy, reduced hydrocarbon, smoke and carbon monoxide emissions, reduced noise 

due to lower rate of pressure rise and high energy in the exhaust gases. Thermal barrier coatings are generally applied on the cylinder 

head, piston and valves by plasma spray method. 

Coating these parts with ceramic also limits the negative effects of wear, friction, heating, corrosion and oxidation. It was also 

reported in a theoretical diesel cycle analysis, that the more the heat transfer decreases, the less energy will be lost, thus the work output 

and the thermal efficiency increase. In another study, with engine coating an increase in engine power and decrease in specific fuel 

consumption, as well as significant improvements in exhaust gas emissions and smoke density have been addressed in comparison to 

the uncoated engine. 

Atmospheric Plasma Spray technique: The plasma generator consists of a circular anode, usually of copper, and a cathode of thoriated 

tungsten. The cathode is made of graphite in a water stabilized torch. A strong electric arc is generated between anode and cathode. 

This ionizes the flowing process gasses into the plasma state. Now, powdered feedstock material is injected into the plasma jet. Plasma 

jet will melt the material and propel it onto the work piece surface. Atmospheric plasma spraying is carried out using a Sulzer Metco 

F4 gun operating at power levels up to 50 kW. A gas mixture of hydrogen and argon is used as a plasma gas. The argon gas is also 

considered as a carrier gas for the feedstock material injection. Compressed air was used as the cooling gas during plasma spraying. 

The Plasma spraying parameters and the fuel properties of E-Diesel fuel used in the experiment are illustrated in table 1 and 2. 

Test Engine: Tests were carried out on a single cylinder, water cooled, direct injection, four stroke stationary diesel engine. Once the 

steady state condition was reached after loading, the readings such as time taken for 10cc fuel consumption, exhaust gas temperature, 

HC, CO and NOx levels were taken. The pollutant emissions such as unburnt hydrocarbon, carbon monoxide, carbon dioxide and oxides 

of nitrogen concentrations were measured by AVL exhaust gas analyser. The analyser consists of an electrochemical sensor, which 

converts the concentration of different species in the exhaust gas into corresponding electrical signals. The exhaust gas temperature was 

measured by smoke meter. 
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Table.1.Plasma spraying parameters Table.2.Fuel properties of E-Diesel 

Parameters Value 

Spray gun 3 MB 

Nozzle GH 

Current ( A) 490 

Voltage ( V) 60 – 70 

Powder feed ( g/min) 40-50 

Spray distance 76.2 -  127 ± 10 % mm 

Particle velocity ( m/s) Up to 450 

Arc Temperature (0C) 16,000 

Particle size (µm) 14.5 – 45 

Inert gas flow rate 

a) Argon ( l/min) 

b) Hydrogen (l/min) 

100– 200 ± 5% 

100 ± 5% 

 

Fuel Property E-Diesel 

Water & Sediment, % max N/D 

Distillation % vol rec. T-90 (ºC) 311 

Kinematic Viscosity, 40ºC (cSt) 2.25 

Ash (%) max 0.001 

Sulfur (%) max -20% 

Copper Corrosion @ 3 hr max 1a 

Cetane Number, min 45 

Cetane Index, min 42 

Rams. Carbon, 10% res. 0.22 

API Gravity, max 38 

Lubricity (g) min 5200 
 

 

The following Figure shows a photographic view of the Experimental set up. The Technical specifications of the engine used in the 

experiment are illustrated in table 3. 

 
Figure.1.Schematic view of Experimental set-up 

1. Diesel engine 2. Alternator 3. Dynamometer controls 

4. Air box 5. U –Tube manometer 6. Fuel tank 

7. Fuel measurement flask    8. Pressure pickup 9. TDC position sensor 

10. Charge amplifier 11. TDC amplifier circuit 12. A/D card 

13. Personal computer 14. Exhaust gas analyzer 15. AVL smoke meter 
 

 

  

Table.3.Technical specification of the engine used in the 

experiments 

Engine Type Vertical, Four stroke diesel engine 

Bore Diameter 80 mm 

Stroke Length 110 mm 

Brake Power 3.728 kW 

Compression ratio 16:1 

Speed 1500 rpm 

Injection Type Direct Injection 

Cooling Water 

Engine Power 5 bhp 

No. of cylinder 1 

Injection Pressure 210 bar 
 

Figure 2: Uncoated piston and Yttrium – Zirconium coated 

piston 
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RESULTS AND DISCUSSION 

The engine Performance and emission results obtained from the experiments conducted on the test engine when running with 

different types of test fuels that are mentioned above are presented in Figure 3 to Figure 7. “Normal D2” represents the uncoated engine 

operation with standard petroleum diesel fuel. The remaining abbreviations represent the coated engine operation with mentioned fuels. 

Figure 3 shows the variations of specific fuel consumption for uncoated and by using the Ethanol blends with YSZ coated engine 

conditions. The specific fuel consumption is reduced by 12.66% for Yttrium-Stabilized Zirconium coating and 16.58%, 17.85%and 

20.38% respectively for coating with E10, E20 and E30 compared to uncoated engine. Complete combustion of fuel inside the cylinder 

may reduce the amount of fuel consumed. T. Hejwowski and A. Weroński (2002) stated that specific fuel consumption for a coated 

engine decreases by 15–20%. 

The variation of brake thermal efficiency with brake power for engine operating on uncoated and by using the Ethanol blends 

with coated engine condition is shown in figure 4. It is significant that modified engine has higher efficiency than that of base line 

engine. Reduced thermal loss might be the reason for the improvement in brake thermal efficiency. The maximum brake thermal 

efficiency obtained for engine operating on YSZ coated and uncoated engine are 15% and 10.38 % respectively and also 16.1%, 

16.36%and 16.49% respectively for coating with E10, E20 and E30 compared to uncoated engine. Ilker Turgut Yilmaz (2010) also 

stated that break thermal efficiency for coated engine improved by 20-25%. 

Figure 5 shows the comparison of hydrocarbon emission with brake power. Combustion chamber temperature is inversely 

proportional to HC emission. The hydrocarbon emission is reduced by 12.3% for Yttrium-Stabilized Zirconium coating but increased 

5.5%, 6.32%and 7.5% respectively for coating with E10, E20 and E30 compared to uncoated engine condition. Figure 6 indicated the 

variation of oxides of nitrogen with brake power for uncoated and by using the Ethanol blends with YSZ coated engine conditions. NOx 

is generated mostly from nitrogen present in air and also from fuel. The inherent availability of nitrogen and oxygen in the fuel 

accelerates the formation of NOx. NOx formation is directly proportional to the combustion temperature. The NOx emission is reduced 

by 8% for Yttrium-Stabilized Zirconium coating. Reduced combustion chamber temperature due to lower fuel consumption might be 

the reason for lower NOx levelsbut increased 10.3%, 10.6%and 12% respectively for coating with E10, E20 and E30 compared to 

uncoated engine conditions.  

The measured CO emissions for uncoated and by using the Ethanol blends with YSZ coated engine conditions are shown in 

Figure.7. The CO emission is increased by 8.2% for Yttrium-Stabilized Zirconium coating. The increase in CO emission is due to 

incomplete combustion but increased 5.2%, 9.32%and 7.5% respectively for coating with E10, E20 and E30 compared to uncoated 

engine condition. 

  

Figure.3.Comparison of Specific Fuel Consumption 

for different loads. 

Figure.4.Comparison of Brake Thermal Efficiency 

for different loads. 

 
 

Figure.5.Comparison of Hydrocarbon emission for 

different loads. 

Figure.6.Comparison of Oxides of Nitrogen emission 

for different loads. 
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Figure.7.Comparison of carbon monoxide emission for different loads 

CONCLUSION 
A conventional contemporary diesel engine is converted into YSZ coated diesel engine. SFC and emissions were measured by 

using the Ethanol blends with coated engine condition for determining the performance and emission characteristics of the engine. The 

following conclusions can be drawn from the experimental results. 

YSZ coated diesel engine shows better specific fuel consumption by using the Ethanol blends when compared to conventional 

diesel engine which is significantly lower than the uncoated engine. It is found to be that the value of in brake thermal efficiency is 

increased after the engine had been coated and by using the Ethanol Blends. NOx emission is reduced. Hydrocarbon, CO emission from 

YSZ coated engine is increased by 5% to 10 % by using the Ethanol blends. 

REFERENCE 

A.C. Hansen, Q. Zhang, and P.W.L. Lyne, Ethanol-diesel fuel blends - A Review, Bioresource Technology, 96(3), 2005, 277-285. 

Ahmed I, Oxygenated Diesel: Emissions and Performance Benefits of Ethanol-Diesel Blends, Paper presented at the GlobeEx 2000 

Conference and Trade Show, Las Vegas, Nevada, July, 2000.  

B.Q. He, S.J. Shuai, J.X. Wang, and H. He, The effect of ethanol blended diesel fuels on emissions from a diesel engine, Gomasta and 

Mahla Atmospheric Environment, 37(35), 2003, 4965- 4971. 

L.Z. Shen, W.S. Yan, Y.H. Bi, and J.L. Lei, Performance comparison of ethanol/diesel blends mixed in different methods of diesel 

engine, Journal of Combustion Science and Technology, 13(5), 2007, 389-392.  

R.MuraliManohar, M. Prabhahar, Dr.S.Sendilvelan, Experimental Investigation of Combustion and Emission Characteristics of Engine 

is Fueled with Diesel and UVOME Blends of B20K and B80K, European Journal of Scientific Research, 76 (3), 2012,  327-334. 

 

 

0

5

10

15

20

25

0 0.5 1

ND2

D2

E10

E20

E30
C

ar
b

o
n
 m

o
n
o

x
id

e 
(g

/k
W

-h
)

Load (kg)

http://www.jchps.com/
http://www.europeanjournalofscientificresearch.com/ISSUES/EJSR_76_3_01.pdf
http://www.europeanjournalofscientificresearch.com/ISSUES/EJSR_76_3_01.pdf

