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ABSTRACT 

This study investigates the potential of ethanol carburetion in diesel engine. The experiments were 

performed in single cylinder four stroke direct injection diesel engine with fumigated ethanol or ethanol carburetion 

(1.39 Kg/hr ethanol flow). A dual-fuel technology was implemented such that ethanol is introduced into the intake 

manifold using a carburetor while diesel is injected directly into the cylinder. The primary aim of the present 

investigation is to study the performance and emission characteristics of single cylinder four stroke direct injection 

diesel engine using fumigated ethanol. The various performance and emission parameters like brake thermal 

efficiency, brake specific fuel consumption, smoke, CO, HC, and NOx were measured and analyzed. The results 

shown that reduced smoke emissions for 1.39 Kg/hr ethanol flow compared to diesel fuel. NOx and brake thermal 

efficiency are reduced at lower loads and increased in higher loads for 1.39 Kg/hr ethanol flow compared to diesel 

fuel. HC emission increased at entire load range for 1.39 Kg/hr ethanol flow compared to diesel fuel. CO emission 

is reduced at lower and medium loads and increased in higher loads compared to diesel.  
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1. INTRODUCTION 

As the time passes, it is believed that the petroleum products and crude oil will be not enough and will be 

costly. If the same situation continues then the scenario will be more disastrous and petrol and diesel will be more 

costly and limited.  With increased use and the depletion of fossil fuels, today more emphasis is given on the 

alternate fuels. There  is  an  essential  need  of  alternate  fuels  in  a  way  or  other. Today  intensive  search  for  

the alternative  fuels  for  both  spark  ignition  (SI)  and  compression  ignition  (CI)  engines  and  it  has been 

found out that the biomass derived fuels are suited for the alternate fuels. Ethanol is a good alternative fuel for both 

engines. Biofuels as fuels for internal combustion engines. Using ethanol as a fuel in diesel engine, result in 

increasing the performance and reducing the emission was observed. Ethanol is a good alternative fuel for both 

engines. C2H5OH is the chemical formula for ethanol. IEA (International Energy Agency) is reported the potential 

of ethanol as fuel in transport. They are energy security, Agricultural sector income, waste reduction, increased 

vehicle performance and reduced air pollution. The physical and chemical properties of ethanol and diesel are 

summarized in table 1. Eugene Ecklund, reported the methods of using alcohol fuel in diesel engines (as per 

increasing alcohol fuel utilization) as blends, emulsions, fumigation and dual injection. 

2. EXPERIMENTAL SETUP  

A direct injection (DI) Diesel engine was selected for the present study .It was a single cylinder, naturally 

aspirated, four stroke, vertical, constant speed, water-cooled, 5.2 kW Kirloskar diesel engine coupled with eddy 

current dynamometer. Air box made of mild steel was used to measure mass flow rate of air. Orifice size of box 

was 20mm for using with carburetor and inlet manifold simultaneously; it was fitted with two outlets with one end 

connected to carburetor and other to the main engine inlet. For this study, HONDA SHINE, 125 cc bike CV 

(constant velocity) carburetor is taken to supply the vaporized ethanol in the intake manifold. In conventional 

carburetors, throttle cable is connected directly to the throttle slide and when throttle is changed, the slide lifts and 

immediately increases the size of the carburetor opening letting in more air/fuel mix and increasing the speed of the 

engine with full closing and full opening of throttle. The schematic diagram of the experimental setup with a 

carburetor, along with all instrumentation, is shown in figure 1. Fuel measurement was done with the help of two 

burettes of size 50 ml. One was used for ethanol and the other for Diesel fuel. One end of burette was connected to 

stop the valve the other was connected to carburetor and engine fuel filter. Two separate fuel tanks are used for 

Diesel and ethanol. The exhaust emission from the engine was measured with the help of the AVL DI gas analyzer, 

and the smoke emission was measured with the help of the Smoke meter. The engine was loaded from 20% to100% 

progressively in steps of 20% by controlling the current supplied to the eddy current dynamometer for diesel and 

1.39 Kg/hr ethanol flow. 
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Figure.1.Schematic diagram of the experimental setup with a carburetor 

Table.1.Properties of Diesel and Ethanol

Properties Diesel Ethanol 

Density at 20°C (kg/m3) 0.829 0.789 

Pour point (°C) 3 -117.3 

Auto ignition temperature(°C) 300-340 425 

Viscosity at 30°C (MPa) 3.35 1.20 

Cetane number 49 8 

Latent heat of 

vaporization(kJ/kg) 

620 921.1 

Calorific value(kJ/kg) 41000 26800 

 

3. RESULT AND DISCUSSION                                                                                                                                                             

Engine performance and emissions characteristics  

Brake-specific fuel consumption (BSFC): Figure 2indicated that the BSFC increased with the 1.39 Kg/hr ethanol 

flow compared to neat diesel fuel. Due to the lower calorific value and cooling effect of ethanol, it leads to the 

increase of BSFC for premixed ethanol to support the complete combustion. In the case of higher load, BSFC is 

decreased, Due to reduction ethanol fuel flow. 

Brake thermal efficiency (BTE): Figure 3showed that the BTE decreased at lower load condition for the 1.39 

Kg/hr ethanol flow. Due to excess air ratio and latent heat of vaporization of ethanol are high compared with that of 

pilot fuel, resulting in deterioration of combustion efficiency and cool down air/fuel mixture. In ethanol-diesel 

fumigation mode, BTE increases at medium and higher engine load condition. Due to homogeneous air/ethanol 

mixture and longer ignition delay of fumigated ethanol, homogeneous mixture burns faster and energy is released 

within a very short time. There is no sufficient time to transfer the heat through the cylinder wall to the coolant; 

resulting reduction in the heat loss from the engine is minimum. 

  

Figure 2:  B.S.F.C versus load for diesel and ethanol Figure 3: B.T.E versus load for diesel and ethanol 
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fumigation fumigation. 

 

  

Figure 4: HC emissions versus load for diesel 

and ethanol fumigation. 

Figure 5: CO emissions versus load for 

diesel and ethanol fumigation. 

 

  

Figure 6: Nox emissions versus load for diesel and 

ethanol fumigation 

Figure 7: Engine smoke versus load for diesel and 

ethanol fumigation 

Hydrocarbons Emission: Figure 4 showed that the HC emission is increased with the fumigated ethanol (1.39 

Kg/hr ethanol flow) to compare with baseline fuel. Especially, at lower loads HC emission in the exhaust is very 

high. Due to quench layer of unburned fumigated ethanol might be formed inside the cylinder [4,9]. It leads to 

increase in HC emission at lower loads. When load is increased, ethanol flow rate is reduced. HC emission is 

decreasing with decrease of ethanol flow rate. 

Carbon monoxide Emission: Figure 5 indicated that the CO emission is increased with the 1.39 Kg/hr ethanol 

flow at lower loads. Due to the crevices volume, deposits and quench layer of fumigated ethanol in the engine [4], 

Ethanol has high latent heat of vaporization, which tends to lower the combustion temperature [7,8].CO emission 

increases remarkably at low engine load. CO emission is decreasing at higher loads to compare with pilot fuel for 

1.39 Kg/hr ethanol flow. 

Nitric Oxide Emission: Figure 6 showed that the NOX emission is decreased for the 1.39 Kg/hr ethanol flow to 

compare with baseline fuel at lower and medium loads. Due to the high latent heat of vaporization of ethanol hence 

less amount of heat is released during the combustion, which reduces the combustion temperature [5,6]. At high 

load, NOX emission is increased for the 1.39 Kg/hr ethanol flow to compare with diesel fuel. Due to the rapid 

burning and longer ignition delay of premixed ethanol [3] hence it leads to increase in heat release rate and 

combustion temperature for the 1.39 Kg/hr ethanol flow. 

Smoke Emission: Figure 7 indicated that the Smoke emission in the exhaust is decreased for the 1.39 Kg/hr 

ethanol flow to compare with diesel fuel at all loads. Because of the homogenous air/ethanol mixture, lower C/H 

ratio than diesel fuel and higher availability of oxygen. Premixed ethanol helps to burn faster and increases the 

hydrogen content in the mixture [4,8], which results in reduction in smoke emission in the tail pipe 

4. CONCLUSIONS                                                                                                                                                                                                        

 The ethanol fumigation was achieved by using a CV carburetor. With the ethanol carburetion, the following 

results has been found, When fumigation ethanol is applied to the diesel engine, BSFC increases at medium and 

high engine loads decreases at and high engine loads. Ethanol fumigation decreases BTE at low engine loads but 

there is an increase in BTE at medium and high engine loads. Regarding gaseous emission, ethanol fumigation 
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decreases NOx emission compared to diesel fuel. But NOx emission significantly affected by engine loads. Ethanol 

fumigation increases the CO and HC emission compared to diesel fuel. Ethanol fumigation can substantially reduce 

smoke emission compared to diesel fuel 
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