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Abstract 

Energy is an essential prerequisite for economic and social growth of any country. Due to rise in the 

cost of petroleum in the present scenario, there has been a growing interest in the alternative fuels 

like CNG, LPG, Producer gas (mainly produced by the gasification of chips of Eucalyptus woods), 

Bio gas, etc. in order to provide suitable substitute to diesel. This paper investigates the performance 

characteristics of dual fuel enginesuch as brake thermal efficiency,fuel consumption, specific fuel 

consumption at different loads and rpm using high speed diesel and mixture of diesel and producer 

gas as fuel. Diesel was used as pilot fuel, when engine is run with gas.It has been found that engine 

runs at higher speeds at same load when it was operated with gas and diesel mixture as compared to 

diesel only operation. Gaseous fuel consumption showed reverse trend with load and rpm as that of 

diesel fuel consumption. A reduction of 45% in brake thermal efficiency and 64.7% in diesel 

consumption is recorded. 

Keywords: Dual fuel engine, Combustion, Producer gas, Gasifier. 

 

 Introduction 

The use of alternative fuels is increasing not only due of depletion of fossil fuel reserves, but also 

because of environment pollution. Aspect of environment pollution which were considered as 

constraint for design of any mechanical system, has now become the primary objective. The useof 

automobile is increasing exponentially these days and emission from automobile are the major 

source of the air pollution so the effort are being carried out to develop the fuels which enhances the 

performance of engine and simultaneously reduces the excessive emission of harmfulgases. In this 

context different alternative liquid and gases fuel are being used. Common type of liquid and gases 

fuel such as Methanol, Ethanol, Vegetable oil, Biodiesel, LPG, CNG, Producer gas, Hydrogen 

gas,etc. are the prominent alternatives to diesel fuel. Biodiesel is prepared from vegetable oils using 

Transesterification process in the presence of catalyst such as KOH, NaOH etc. Transesterification is 

done to lower the viscosity of the vegetable oil. The use of biodiesel in CI engine suppresses the 

formation of SO2, CO, and HC. 

Among the gases fuel Hydrogen and Producer gas are used most popularly. Hydrogen fuel based 

internal combustion engine in dual fuel mode are less polluted [1-2]. 

In the rural areas of India, there is great potential for the producer gas because of huge availability of 

biomass [3].Santoso et al.[1] found that the fuel consumption of diesel decreases with the use of 

hydrogen as secondary fuel at 15Nm load and at the same time there is slight increase in Brake 

thermal efficiency. 
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Singh et al. [4] investigated the increase in exhaust gas temperature and SEC in all modes of 

operation compared to diesel using diesel and refined rice bran oil in different proportion and 

producer gas from a wood gasifier in dual fuel mode and mixed fuel mode at different loads. 

However, brake thermal efficiency decreased and concentration of pollutants like NOx reduced by 

82% respectively, while HC and CO increased as compared to diesel. It is estimated that about 40%-

60% of agricultural residues are either lost or put in to inefficient use. In the current context of 

scarcity of petroleum fuels, this recognizes for better utilization of these resources by thermo-

chemically converting into producer gas [5]. The producer gas and hydrogen seems to be two 

potential alternative fuels. Hydrogen dual fuel engines have many attractive features, but they tend to 

suffer from premature ignition called knocking, particularly under high load conditions because of 

hydrogen’s lower ignition energy, wider flammability range and shorter quenching distance [6]. This 

problem is less severe while using producer gas as fuel in dual fuel mode although producer gas 

contains 12-20% hydrogen [7]. In addition, biodiesel has good ignition ability in engine due to its 

relatively high cetane number compared to that of conventional diesel fuel [8-9]. 

1. Experimentation 

A four stroke compression- ignition water cooled dual fuel engine was used for experimental 

investigation. Detailed specifications of the engine are given the table 1. Down draft gasifier is used 

for the production of producer gas from Eucalyptus wood. This is connected to intake manifold 

through the valves for controlling its volumetric flow rate. The engine was coupled to an eddy 

current dynamometer to measure its brake power. The load on the engine was varied by changing the 

current supply of Dynamometer. 

 
Fig. 1: Schematic diagram of experimental setup 

A schematic layout of Diesel Engine test setup used for experiment is shown in Fig. 1. Eucalyptus 

wood chips are fed to hopper of gasifier through its top opening. Air enters in the combustion zone 

and producer gas generated leaves the gasifier at the temp of about 450
o
C. The hot gas is cooled by 

passing water across the bottom part of gasifier where its temperature reduces to 30
o
C to 60

o
C. Then 

Gas is passed though the filters for the removal of solid and particulate matter. A valve is provided at 

the outlet pipe to control the gas flow rate. The producer gas and air are mixed in the intake pipe and 

the mixture enters into the engine. The increase in the gas flow rate decreases air supply to the 
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engine and hence the volumetric efficiency of engine remains constant. This assumption of constant 

volumetric efficiency at a particular speed is used for the measurement of producer gas flow rate.  

The opacity of exhaust gases is measured by using smoke meter at different loads. A data acquisition 

system was used to record all the required parameters during the experimentation. The experiments 

were performed twice to ensure the repeatability. 

The following two cases were taken to perform experiments 

1. Engine runs on High Speed Diesel only. 

2. Engine runs on Diesel as Pilot fuel and producer gas as secondary fuel. 

Before starting the engine the cooling water was circulating at the flow rate of 270 LPH to ensure 

proper cooling of the engine.  All the experiments were performed at constant compression ratio 12. 

Load on the engine was varied from 0 to 10 kg and required performance parameters were 

recorded.The diesel fuel was supplied automatically through a governing system at all load 

conditions. An orifice of 20 mm diameter was used to measure the intake air flow rate. 

Table 1: Specifications of Engine 

Sr. No. Engine Parameter Engine Specification 

1. Number of cylinder 1 

2. Number of stroke 4 

3. Rated power 3.5 KW at 150 rpm 

4. Cylinder diameter 87.5 

5. Stroke length 110mm 

6. Connecting rod length 234mm 

7. Compression ratio 12-18 

8. Orifice Diameter 20mm 

9. Dynamometer arm length 185mm 

2. Results and Discussions 

3.1 Variation of brake thermal efficiency with load and rpm 

It was found that brake thermal efficiency of engine increases with increase in load. Fig. 2 shows that 

the brake thermal efficiency is more when the engine is run with diesel only as compared to the 

efficiency obtained from the mixture of diesel and gas at a particular load. The difference between 

the brake thermal efficiency obtained for diesel and mixture of diesel and gas was less at smaller 

load which kept on increasing with increase in the load. The reason for this is the lower calorific 

value of gas as compared to the diesel. 

 
Fig. 2: Variation of Brake Thermal Efficiency with Load 
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It was seen from fig. 3 that brake thermal efficiency of the engine showed decreasing trend with rpm. 

This is because, with increase in load the brake thermal efficiency increases but the rpm decreases. 

The variation of brake thermal efficiency with rpm is almost same for diesel and diesel - gas mixture. 

 
Fig. 3: Variation of Brake Thermal Efficiency with Speed 

3.2 Variation of diesel fuel consumption with load and rpm 

The consumption of diesel increases with increase in load. The variation of the diesel fuel 

consumption with load is same for both diesel and mixture of diesel and gas operation, although 

there was decrease in the consumption of diesel  when the mixture of diesel and gas was used  

because diesel was used as pilot fuel to run the engine. 

 
Fig. 4: Variation of Diesel Fuel Consumption with Load 

The diesel fuel consumption decreases with increase in rpm.  
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Fig. 5: Variation of Diesel Fuel Consumption with RPM 

3.3 Variation of gaseous fuel consumption with load and rpm 

The consumption of gaseous fuel showed reverse trend to as that of diesel fuel consumption with 

varying load and rpm. It was evident from the fig. 6 and fig 7 that the gaseous fuel consumption 

decreases with increase in load whereas it increases with increase in rpm. As the rpm increases 

before MBT (Maximum Brake Torque), the volumetric efficiency of the engine increases which 

leads to increase in breathing capacity of the engine. Hence, more amount of gaseous fuel enters into 

the engine with increase in rpm. 

 

 
Fig. 6: Variation of Gaseous Fuel Consumption with Load 
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Fig. 7: Variation of Gaseous Fuel Consumption with Load 

 

3.4 Variation of brake specific fuel consumption with load and rpm 

Fig. 8 and fig. 9 show the variation of BSFC of diesel with load and rpm. It has been seen that BSFC 

decreases with increase in the load upto a particular value and then remains almost constant when the 

engine was run on diesel and mixture of diesel and gas. The BSFC of diesel was less when the 

engine was operated with mixture of diesel and gas as compared to diesel only operation. 

 
Fig. 8: Variation of BSFC withLoad (Kg) 

 

BSFC shows reverse trend with rpm i.e. it remains constant at particular value of rpm and then it 

increases with increase in rpm. 
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Fig. 9: Variation of BSFC with Speed (RPM) 

3. Conclusion 

    An experimental investigation was carried out to study performance parameter of direct injection 

dual fuel diesel engine, when mixture of diesel and gas was used as fuel. The operation of engine is 

found to be stable and smoother in dual fuel mode based on the experimental investigation. The 

following conclusion can be made: 

1) It has been seen that at the same load the engine runs at higher rpm when mixture of diesel 

and gas was used as compared to the diesel only. 

2) There is 45% decrease in the brake thermal efficiency of the engine in dual fuel mode with 

reference to the efficiency obtained in diesel mode. 

3) The fuel consumption of diesel has decreased from 0.85 kg/hr to 0.3 kg/hr when the engine is 

operated in dual fuel mode at 10 kg load. 

4) The variation of gaseous fuel consumption is just the reverse of diesel fuel consumption with 

both load as well as rpm. 

5) There is sharp decrease in the BSFC with increase in load for the diesel only operation as 

compare to the dual fuel mode. 
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