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Abstract— The present experiment is done to optimize 

engine performance using straight vegetable oil by varying 

its injection timing. We take jatropha curcas oil as potential 

fuel for the compression ignition (CI) engines because the 

cetane number of jatropha oil is quite high and comparable 

with diesel fuel. Jatropha curcas oil has high viscosity but is 

lower than other vegetable oils. The viscosity of jatropha oil 

is reduced by blending it with diesel in different proportions. 

The blends of varying proportions of jatropha oil and diesel 

were prepared, analyzed and compared with diesel fuel by 

running a four stroke CI engine. Also the effect of injection 

timing is studied and applied in the test. Fuel injection 

timing was advanced by 3 ͦ means injection occurred 24  ͦ

before top dead centre (BTDC) as the designed for 27  ͦ

before TDC targeting diesel as prime fuel. The purpose of 

advancing injection timing was to match the cetane number 

of oil blends with diesel. As we know cetane number is 

inverse function of ignition delay. For better combustion 

properties the ignition delay must be low as much as 

possible. 

Key words: viscosity, residue, blends, ignition delay, CI 

engine, jatropha curcas oil 

I. INTRODUCTION 

The world is getting modernized day by day. Along with the 

economic development the number of vehicles is increasing 

hastily. And on the other hand petroleum sources are limited 

in nature also it takes a long span of time to convert residues 

in petrol and diesel beneath the earth surface. So it is very 

important to go for alternative fuels for diesel and petrol. 

After a lot of research it is clear that Straight Vegetable Oils 

(SVO) can be best suited alternative for diesel oil. The main 

problem of using vegetable oils as diesel fuel is its high 

viscosity and poor volatility. The high viscosity of jatropha 

oil is due to their large molecular mass and complex 

chemical structure.[1] 

There was significant improvement in engine 

performance with certain blends. At advanced injection 

timing the specific fuel consumption and exhaust gas 

temperature were reduced due to better combustion of the 

fuel. An acceptable range of thermal efficiencies of the 

engine were obtained with the blends having 50% (v/v) 

jatropha oil. From the test result it has been observed that 

40-5-0% of jatropha oil can be mixed with diesel for an 

alternative fuel without much engine modification and 

preheating of blends.[2] 

II. MATERIAL 

 
Fig. 1: Jatropha Curcas Oil 

The jatropha oil in this experiment was supplied by Paritosh 

Herbals, Dehradun (Uttarakhand) and diesel oil was 

purchased from nearby filling station. 

III. EXPERIMENTAL 

A. Physical And Chemical Properties Of Diesel And 

Jatropha Curcas Oil 

 

PROPERTIES 
DIESEL 

JATROPHA 

CURCAS OIL 

Density (gm/cc), 

30Oc 

0.836-

0.850 
0.93292 

Kinematic viscosity 

(cSt) 
4-8 52.76 

Cetane No 40-55 38 

Flash point, ͦ C 45-46 210.00 

Calorific value, 

MJ/kg 
42-46 38.20 

Table 1. 

B. Preparation of Blend 

From different research it is obvious that jatropha curcas oil 

can be blended with diesel or alcohol to reduce its viscosity 

at acceptable limit. Also it can be blended in any proportion 

without much modification in engine.[3] 

C. Formula Used 

1) Brake Horse Power (BHP) 

BHP=
𝑊∗𝑁

2000
      1HP=746 watt….(1.1) 

2) Total Fuel Consumption (Tfc) 

TFC=
𝑸(𝒎𝟑)∗𝝆(

𝒌𝒈

𝒎𝟑
)

𝒕(𝒔𝒆𝒄)
…..(2.1) 

        Where, Q= volume of fuel consumed (m3) 

                     ρ=density of fuel (kg/m3) 

                      t=time (second) 

3) Specific Fuel Consumption (Sfc) 
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SFC=
𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑡𝑖𝑚𝑒

𝑝𝑜𝑤𝑒𝑟
…….(3.1) 

4) Brake Thermal Efficiency (ɳth) 

Ƞ𝑏𝑡ℎ =
𝑏𝑝

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑢𝑒𝑙 𝑝𝑒𝑟 𝑠𝑒𝑐× 𝑐𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑓𝑢𝑒𝑙 
 

…… (4.1) 

IV. ENGINE TEST RESULT AND DISCUSSION 

We run the engine at different loading condition using 

different blends as fuel and compare the result with standard 

diesel fuel. 

A. Engine Specification 

Make Kirloskar 

Type Single cylinder, four stroke 

Bore & Stroke 80*110 mm 

Compression Ratio 16.5:1 

Rated Power 2.3 kw -5 hp 

Injector opening pressure 210 bar 

Injection timing 20o before TDC 

R.P.M. 1500 

Oil sump capacity 6 litres 

Table 2. 

 
Fig. 3: Engine Coupled With Hydraulic Dynamometer 

B. At Correct Injection Timing 

1) Specific Fuel Consumption As A Function Of Brake 

Power 

 
Fig .3: 

The above fig. shows the variation of SFC of diesel and 

various blends of jatropha oil and diesel at varying brake 

power in the range 0-2.238 KW. It was found that the 

specific fuel consumption of diesel as well as different 

blends were decreased with increase in load from o.5595 to 

2.238 kw. The fuel consumption of the blend having higher 

proportion of jatropha oil also increases. The SFC in case of 

blends was higher as compared to diesel oil in the entire 

load range from 0 to 2.238 KW. This is basically due to 

combined effect of viscosity, relative fuel density and 

calorific value of the blends. However the blends containing 

20% and 30% have SFC very close to diesel oil. The SFC 

values were found 2.22 and 2.33 at 2.238 kw; corresponding 

value for diesel oil is found to be 2.The SFC 2.49 was found 

using J/D 50:50 blend as ignition fuel which is comparable 

to the SFC obtained with diesel under the same loading 

condition. The higher density of the blend containing higher 

% of jatropha oil is responsible for increasing SFC because 

it need more discharge for the same displacement the 

plunger in the fuel injection pump. 

2) Brake Thermal Efficiency as A Function of Brake Power 

 
Fig. 4: 

The variation of brake thermal efficiency with various 

jatropha diesel blends is shown in fig.3 and compared with 

diesel oil. From the test result it was clear that with increase 

in brake power the brake thermal efficiency of different 

blends were increased rapidly but after that it started 

increasing slowly with increased brake power and the 

maximum thermal efficiency were obtained at brake power 

of 2.238 KW. 

There was a considerable increase in efficiencies 

with the blends, but the brake thermal efficiencies of the 

blends were lower than the diesel oil throughout the whole 

range. The maximum values of thermal efficiencies with 

blends 20:80 and 30:70 J/D were observed as 3.713% and 

3.6%, respectively. Among the blends tested, in the case of 

20:80 J/D, the thermal efficiency and maximum power 

output were close to the diesel values, followed by the 30:70 

J/D blend. A reasonably good thermal efficiency of 3.5% 

was also observed with the 50:50 J/D blend. The maximum 

thermal efficiency of 3.8% was achieved with diesel oil. The 

drop in thermal efficiency with increase in proportion of 

vegetable oil in different blends is caused by poor 

combustion characteristics of the vegetable oil due to their 

high viscosity and poor volatility.   
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3) Exhaust Gas Temperature as A Function of Brake 

Power 

 
Fig. 5: 

 Fig.4 shows the variation of exhaust gas temperature with 

load in the range of 0–2.238 KW brake power for diesel and 

various blends. The results show that the exhaust gas 

temperature increased with increase in brake power in all 

cases. The highest value of exhaust gas temperature of 230 

°C was observed with 50:50 J/D, whereas the corresponding 

value with diesel was found to be 210 °C only. This is due 

to the poor combustion characteristics of the jatropha curcas 

oil due to its high viscosity. The combustion characteristics 

of the blends were improved by increasing the proportion of 

diesel fuel in the jatropha-diesel blend. The exhaust gas 

temperature for 20:80 J/D was observed to be very close to 

diesel oil and the temperatures were comparable to those 

with diesel oil blends with 30:70 and 50/5 J/D over the 

entire load. The maximum exhaust temperature was 

recorded as 230 and 225 °C with 30:70 and 50/50 J/D 

blends, respectively at 2.238 KW. The exhaust temperature 

was found to be 220 with 20:80 J/D blend which is very 

close to that of diesel oil. The exhaust temperature with the 

blends having higher percentage of jatropha curcas oil was 

found to be higher at the entire load in comparison to diesel 

oil, but the deviation was observed to be greater at higher 

brake power. The higher exhaust temperature with blends of 

jatropha oil is indicative of lower thermal efficiencies of the 

engine. At lower thermal efficiency, less of the energy input 

in the fuel is converted to work, thereby increasing exhaust 

temperature. 

C. ON ADVANCING INJECTION TIMING BY 3  ͦ  And 5 ͦ  

Means 24 ͦ  BTDC And 22  ͦ BTDC 

1) Specific Fuel Consumption As A Function Of Brake 

Power 

 
Fig. 6: 

Here we see from the graph that for the blend 50:50 J/D the 

specific fuel consumption reduces. This indicates that 

retarding injection timing actually worked for blends. The 

SFC for 22 ͦ BTDC is better than 24 ͦ BTDC. The results of 

SFC for 22 ͦ BTDC is quite near to diesel fuel. This basically 

results due to proper atomization and combustion due to 

improvement in cetane number. The SFC for diesel was and 

for 50:50 J/D at 2.238 KW load was 2.0 and 2.49 kg/kW-h 

but from the above data it becomes 2.34 and 2.45 which is 

quite comparable with diesel. 

2) Brake Thermal Efficiency as A Function of Brake Power 

 
Fig. 7: 

Here thermal efficiencies of blend 50/50 J/D improves as 

compared to correct injection timing graph. The brake 

thermal efficiency for 22 ͦ BTDC is higher than 24 ͦ BTDC 

and comparable with diesel fuel thermal efficiency. The 

maximum thermal efficiency for the blend 50/50 J/D at 22  ͦ

BTDC is 3.8 which is near to diesel ie.3.9. This results due 

to decrease in fuel consumption rate. 

3) Exhaust Gas Temperature as A Function of Brake 

Power 

 
Fig. 8: 

From the above graph it is clear that exhaust gas 

temperature decreased for the blend 50/50 J/D as compared 

to the exhaust gas temperature of the same blend at correct 

injection timing. At correct injection timing the exhaust gas 

temperature for the blend 50/50 J/D at load 2.238 KW were 

230 ͦ C but from the above graph it is clear that these values 

reduced to 200 and 210 ͦ C which is good to keep engine 

cool. 
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V. CONCLUSION 

The main aim of this experiment was to optimize the engine 

performance using different jatropha and diesel blends by 

advancing the injection timing. Higher viscosity of the 

jatropha oil was the main problem to use it as the 

compression ignition fuel and this problem was tackled by 

mixing it with pure diesel. The result shows that up to 50 % 

jatropha oil can be blended with diesel without any major 

modification in the engine. The blends having 30 % (v/v) 

jatropha oil was quite similar to diesel in every respect. The 

blend 20:80 was the best suited blend to be used as the 

alternative fuel for diesel. 

Also on retarding the injection timing (22 ͦ Before 

Top Dead Centre) there was a improvement in performance 

of 50/50 J/D blend. When we retard the injection timing the 

cetane number of the different blends matched with the 

cetane number of diesel. Cetane number is inversely 

proportional to ignition delay. Higher the cetane number less 

will be ignition delay within cylinder. Thus it led to better 

performance and reduced exhaust emission. 

The exhaust gas emission like (NOx, CO, and HC) 

was very low as compared to diesel in different blend 

mixtures Blends having lower percentage of jatropha oil 

showed slightly higher exhaust gas temperatures when 

compared to an engine running with pure diesel but they 

were much lower than the jatropha oil in all cases. 

Benefits of Vegetable Oil [4] 

 Vegetable oil can be produced at home so they abolish 

imports of petroleum products. 

 Development of biodiesel industry would improve the 

socio economic condition and rural agriculture 

economy. 

 It is biodegradable and non-toxic. 

 It is renewable fuel that can be produced from 

agriculture crops and other wastes. 

 It has 80% calorific value compared to that of diesel. 

 It comprises low aromatics. 

 It has a realistic cetane number which is inverse 

function of ignition delay. 

 It is environmental friendly due to low sulphur 

emission. 

 There are no major modification is required in the 

engine due to enhanced lubricity. 

 Flash point is higher than that of diesel which enables 

safety in storage and transportation. 

 It can be used with minor or no modification in the 

engine 
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