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With the rapid growth in consumption of petroleum products in last 3 decades it has been a major concern to estimate the uses and also seeking for other alternate fuels, since we have very limited resource of petroleum product and their rapid consumption rate because of technological advancement. The situation arises where it is essential to look in for the some alternate source for transportation it's a challenge as well as an opportunity in the research field develop such a fuel which may be environmental friendly and also can be used with the similar specification of transportation industry. In the present paper the sole concern is to introduce a cleaner alternate fuel which will certainly eliminate the dependency of conventional fuel (petrol, diesel etc.) and provides a cleaner environment. Bio-diesel prepared from the seeds of Jatropha has been tested in 4-cylinder engine and the engine performance and results have been analyzed to get the clear specification of an environmental friendly fuel.

Introduction.

In the current era, industries and automobile sector solely dependent on the nonrenewable resources. There resources are expected to be exhaust very soon because of their consumption rate and dependency. The enhanced demand of the petroleum product caused a severe threat to the environment thereof essentially it is required to search for alternate fuel to diminish the complete load from petroleum. In the presented paper the bio-diesel prepared from the seeds of Jatropha is considered to the most suitable alternate fuel. Many researches have successfully tested this bio-diesel to be the best alternate fuel. This paper gives the theoretical as well as the experimental demonstration of bio-diesel and engine performance is analyzed. With the growth of industrialization, world needs an alternate of petroleum because the more need of transportation system requires huge quantity of fuel but as we do have limited resources and their day by day depletion causes threatening situation which demanded an alternate fuel which can easily be obtained. Bio-diesel are the best substitute of the petroleum resources, the major advantage is that they are renewable and available at low cost. They are not only affordable but also have low carbon content so produce less CO2 and CO. Having such specification bio-diesel is environmental energy source. It can produce same power as the compared with diesel in conventional diesel engine. Bio-diesel can be prepared from many vegetables like neem, sunflower, coconut, linseed etc., but among all Jatropha is consider to be most suitable because of its low cost and availability. It can be harvested in all agro-climate condition and can also be grown in low and high rainfall region, therefore it ensure the production at very low cost. Jatropha can be mixed in any ratio with diesel but 5 to 20% blending is the best suited ratio whereas direct use of Jatropha oil in diesel engine can cause some problem because of its high viscosity but the problem can be eliminated by preheating the oil above 100° C before injecting it into combustion chamber. The present paper attempts to review the work performance of diesel engine using Jatropha.

Since with the rapid growth in the consumption of fossil fuel in automotive sector is resulting into the climate change which is considered to the most concerning issue of the century, recent studies shows that emission of greenhouse gases to the atmosphere contribute to increase the global mean temperature by 0.8°C during past few decades. The impact of climate change on ecosystem has promoted the use of renewable energy sources. This resources are capable enough to reduce the dependency on crude oil. The present paper is restricted only to the bio-diesel as a substitute, it can be obtained from various non-edible seed plant but Jatropha gives the satisfying results thus analysis and experimentation is carried out with neat bio-diesel prepared with the transesterification process depending upon its FFA content for the production of bio-diesel that can be used to operate CI engine.

A. Material:

1. Bio diesel (Jetropha) 2. Test Rig

Tachometer

Availability of Fuel. This bio-diesel is derived natural oils like vegetable oils. It can be used as a fuel at varying blended ratio with petroleum based diesel engine or can simply be used as a neat. This biodiesel is prepared from raw vegetable oil extracted from seeds of Jatropha by a chemical process of transesterification which remove glycerol from the oil. Jatropha is a low cost seed which is rich in oil content and have small gestation period which grows on rich or degraded soils and not only this these plants can grow in low and high rainfall region as well. Seed of Jatropha are harvested in the dry season, it can yield up to 10 times the amount oil as other sources of bio-diesel can. The most beneficiary aspect of Jatropha is that it's a perennial crop that last up to 50 years without replanting. The Jatropha plant bears fruit from the second year of its plantation and economic yield stabilizes from the 4th year or onward. The economic yield can be considered as 0.75-2 kg/plant and 4-6 tons per hectare per year depending upon the agro-climate conditions of the region and agricultural practices. India has vast stretches of degraded land, mostly in areas with unsuitable climatic conditions where the edible crop can't be harvested whereas in these unused lands Jatropha can easily be grown with adverse climatic condition. The use of 11 million hectare of waste land can give 12 million jobs by cultivation of Jatropha thereof its commercial cultivation is seeking for the demand.

Characteristics of fuel.

Bio-diesel is mono-alkyl ester made from non-edible vegetable oil. The biodiesel is similar in fuel characteristic to conventional diesel oil obtained from crude oil. It is compatible with petroleum diesel and can be blended in any ratio with diesel to obtained suitable blend. It is highly oxygenated fuel which results in better combustion and engine performance and flame temperature as compared to diesel and emit lesser gaseous emission. Higher flash point makes the storing of bio-diesel less risky than diesel.  The fuel level and lubrication oil level were checked and a three way cock is opened to allow the flow of fuel into the engine.

 The cooling water is supplied to the engine cooling water jackets and to the brake drum.

 The electrical power is supplied to the panel instrumentation.

 The engine is de-compressed by a decompression lever provided on the engine head.

 The engine is unloaded by removing the weight from the hanger and started by cranking.

 The experiment is repeated for different loads several times.

Fig. 1. Schematic diagram of test rig.

Parameters to be determined. Indicated power.

Indicated power of an engine, the useful work performed by gases in the cylinder of a piston engine per unit time, it is determined by the analysis of indicator cards made during engine test. The indicated power of a given engine is different under different operating conditions. The relation of indicated power to the frequency of revolution is called the speed characteristics. Indicator cards are read at various frequencies of revolution in order to plot the speed characteristic of the indicated power. The indicated power at given frequency of revolution is determined by measuring the area of the cards. The indicated power is partially consumed in overcoming the frictional force within the engine and setting the auxiliary mechanisms in motion. The indicated power may be defined as the sum of power produced at crankshaft (actual horsepower) and the power consumed by losses (friction horsepower).

Friction Power.

An engine has moving parts that produce friction. Some of these friction forces remain constant (as long as the applied force is constant), some of these friction losses increase as engine speed increases, such as piston side forces and connecting bearing forces (due to increased inertia forces from the oscillating piston). A few friction forces decrease at higher speed, such as the friction force on the cam's lobes used to operate the inlet and outlet valves (the valve inertia at high speed tends to pull the cam follower away from the cam lobe). Along with friction forces, an operating engine has pumping losses, which is work required to move air into and out of the cylinders. This pumping loss is minimal at low speed, but increase approximately as the square of the speed, until at rated power an engine is about 20% of the total power production to overcome friction and pumping losses.

Break Power.

Brake power is the power output of the drive shaft of an engine without the power loss caused by gears, transmission, friction, etc., it's called pure power, useful power, true power or wheel power as well as other terms.

The power developed by an engine and measured at the output shaft is called the brake power (bp).

An IC engine is used to produce mechanical power by combustion of fuel. Power is referred to as the rate at which work is done. Power is expressed as the product of force and linear velocity or product of torque and angular velocity. In order to measure power one need to measure torque or force and speed. The force or torque is measured by dynamometer and speed by tachometer. Brake power is less than indicated power.

Performance Analysis.

Performance of engine is slightly lesser as compared to diesel. Accordingly to improve the performance, the injection process which ensures the better atomization of fuel in combustion chamber as bring out complete combustion phenomenon with perfect delay period. The major advantage with bio-diesel is that it can be blended in any ratio for better performance and increased lubricity makes better running of vehicle.

Fig. 2. Model Graph

Test Readings. Result and Discussion: Power using bio-diesel gives 30.8 kW power whereas in the case of normal diesel it is 32.49 kW which is slightly greater than the power developed by the biodiesel which clearly indicates that if we use biodiesel as a replacement of diesel then we will have to face this loss in power whereas the efficiency is same with both of the fuel. Advantages of diesel blend are as follows:

 As biodiesel is low on cost as compare to normal diesel. Its cost as a fuel 45rupee/litre while in bulk as a crude biodiesel it cost around 6 rupee/litre which is far more less than the gasoline.

 As 1% blend of biodiesel improves lubricity 65% so smooth functioning of engine.

 Exhaust contain very low amount of harmful gases so it is considered as a green fuel.

 Due to high lubricity engine clogging is nearly eliminated which reduces maintenance cost.

 Engine life is increased.

 In countries where most of the time temperature is above 25 there is no need of any change in engine or any engine modification while in other countries where temperature is low a thermostatic tank is used as a required change for easy cold starting.

 It is clean fuel as well as efficient too. Summary. The use of biodiesel will lead to loss in engine power mainly due to the reduction in heating value of biodiesel compared to diesel and it results in the increases in biodiesel fuel consumption. From the review it can be concluded that the use of biodiesel favors to reduce carbon deposits and wear of the key engine parts, compared with diesel. It is attributed to the lower soot formation, which is consistent to the reduced PM emission of biodiesel, and the inherent lubricity of biodiesel. This increase is mainly due to higher oxygen content for biodiesel. Moreover, the cetane number and different injection characteristics also have an impact of NOX emission for biodiesel. It is accepted commonly that CO emission reduces when using biodiesel due to higher oxygen content and the lower carbon to hydrogen in biodiesel as compared to diesel. It is predominant view point that HC emission reduce when biodiesel is fuelled instead of diesel. This reduction is mainly contributed to the higher oxygen content of biodiesel, but the advancement in injection and combustion of biodiesel also favor the lower THC emission. The further improvement in production of biodiesel should be performed in the future to promote.

Table 1 .

 1 Characteristics of fuel.

	Sl. No.	Characteristics	Quantity
	1.	Specific gravity	0.87 -0.9
	2.	Kinematic viscosity at room temp. (m 2 /sec)	0.14 x 10 -4
	3.	Dynamic viscosity (N-sec/m 2 )	12.5 x 10 -3
	4.	Cetane number	46 -70
	5.	Flash point °C	150
	6.	Fire point °C	158
	7.	Calorific value (kj/kg)	40105
	8.	Pour point °C	-15 -13

Table 2 .

 2 Comparison of fuel properties of diesel and bio diesel.

	Sr. No.	Fuel Properties	Diesel	Bio-Diesel
	1	Fuel standard	ASTM D 975	ASTM D 6751
	2	Fuel composition	C10-21HC	C12-22 FAME
	3	Lower heating value (MJ/kg)	42.52	37.12
	4	Kinematic viscosity at 40°C	1.3-4.1	1.9-6.0
	5	Density at 15°C (kg/m 3 )	848	878
	6	Water (by wt.) (ppm)	161	0.50 % (max)
	7	Carbon (wt%)	87	77
	8	Hydrogen (wt%)	13	12
	9	Oxygen (wt%)	0	11
	10 Sulphur (wt%)	0.05(max.)	0
	11 Boiling point °C	188 to 343	182 to 338
	12 Flash point °C	60 to 80	100 to 170
	13 Cloud point °C	-15 to 5	-3 to 12
	14 Pour point °C	-35 to -15	-15 to 16
	15 Cetane number	40 to 55	48 to 60
	16 Auto ignition temperature °C	316	N.A
	17 Stoichiometric air/fuel ratio (w/w)	15	13.8
	Experimental Procedure		

Table 3 .

 3 Experimentation setup: engine specification.

	Sl. No.	Specification	Capacity
	1	Engine type	Naturally aspirated engine
	2	Capacity	1.4 Lit. 1396cc (85.189 cu in)
	3	Bore x stroke:	75x79 mm, 2.95x3.11 in
	4	Bore/stroke ratio	0.95
	5	Double overheadcamshaft	4 valve per cylinder ,16 valve in total
	6	Maximum power	54 PS (52.8 bhp) (39 kW) at 5500 rpm
	7	Specific outout	37.5 bhp/litre, 0.62bhp/cu in.
	8	Maximum torque	85 N-m(63 ft-lb)(8.7 kgm) at 2500 rpm
	9	Specific torque	60.89 N-m/litre (0.74 ft-lb/cu 3 )
	10	Break mean effective power	765.1 kPa (111 psi)
	11	Engine coolant	Water
	12	Unitary capacity	349 cc
	13	Aspiration	Normal D
	14	Intercooler	None
	15	Catalytic convverter	Y
	16	Weight to power ratio	25.27Kg/kw, (42.21lb/bhp)
	17	Power to weight ratio	53.8 PS/g , 39.57 kw/g , 53.07 bhp/ton,0.02bhp/lb.

Procedure of Test Rig. The experimental investigation carried out in a 4-cylinder, 4-stroke air aspirated water cooled diesel engine developing power 39 kW at 5500 rpm was used. The engine specification as mentioned above. An eddy current dynamometer was used for loading engine.

Table 3 .

 3 Experimentation Setup: Engine Specification.

	 Indicated Power with normal diesel: 32398.4 w (or 32.39kw or 43.45hp at 910 rpm)
	 Indicated Power with Biodiesel: 30084.24 w (or 30.08kw or 40.45hp at 845 rpm)

Table 4 .

 4 Engine efficiency depending on diesel and biodiesel fuel.

	Sl. No.	Entity	Diesel	Biodiesel
	1	Power	32.48 kW	30.8 kW
	2	Cost	60 INR/liter	10 INR/liter
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Calculation. Indicated Power.

𝑃 𝑖 = (𝐼 𝑚𝑒𝑝 × 𝐴 𝑐 × 𝐿 × 𝑛 × 𝑁)/(𝑧 × 60)

(1)

𝑃 𝑖 = (𝐼 𝑚𝑒𝑝 × (𝑉 𝑐 × 𝑛) × 𝑁)/(𝑧 × 60)

𝑃 𝑖 = (𝐼 𝑚𝑒𝑝 × 𝑉 𝑐 × 𝑁)/(𝑧 × 60)

Where Pi -Engine indicated power;

Imep -Indicated mean effective power (N/m 2 ); 

Where Pbbrake power;

FCfuel consumption (kg/h);

CVcalorific value of fuel.