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ABSTRACT– 

Here the effect of the EGR system and animal fat oil 

on performance, emissions with combustion characteristics of 

a single cylinder IC engine rated power with 3.5 capacity is 

studied under constant Speed of 1500rpm.As the most of the 

pollution in the present situation is caused by automobiles, 

thereby lots research is going to find alternative fuels. Under 

this Scenario we analysed the performance and emission 

characteristics fuelled with animal fat oil blended B10, B20, 

and B30 with diesel. Regarding with increases in the 

performance EGR setup developed on 4-s single cylinder, 

direct injection, Water cooled compression ignition engine. In 

this connection for all blends NOx emissions are reduced with 

partly water cooled EGR at % rated. Due to having less 

Carbons in fat oils we also observed there is a lot of control in 

HC the emissions. 

Keywords: Exhaust gas recirculation (EGR), Performance – 

emissions, Animal pig Fat oil, 4-s Single cylinder 

 
 
INTRODUCTION 
 

Technology is increasing very rapidly almost in all 

areas .Though we achieved such revolution in artificial 

creation we are still dependent on the Natural resources like 

crude oils minerals etc.. Especially for our transportation we 

completely dependent on the fossil fuels which are depleting 

day-day. So here it is an emergency call to concentrate on 

alternative fuels with performance under controlled emissions 

in to the atmosphere. So bio diesel is the best available 

substitute for the diesel fuel. 
 
DESIGN ASPECTS OF EGR SYSTEM 

EGR is the additional setup arranged to the CI 

engine by recirculating the exhaust gas to the inlet on engine 

along with fresh charge. In this passage we arrange a catalytic 

converter where we can convert Hydrocarbons, Carbon - 

 

monoxide and Nitrogen oxides in less harmful carbon 

dioxide, nitrogen and water vapour. EGR percentage is 

defined as EGR = Volume of circulated exhaust gas/ Total 

intake charge into the cylinder* 100 
 
These EGR have classified according to the cooling of 

recirculating gas .Commonly used are: 

Hot EGR 

 Fully cooled EGR 

 Partly cooled EGR 

Among these we are using partly cooled water condensation 

by keeping exhaust gas temperature above dew point 

temperature. 

 
 
 
 
 
 
 
 
 

Figure 1.Partialy water cooled condenser 
 
EXPERIMENTAL SETUP 
 
Speed engines. Required modifications have been done for 

EGR setup to CI engine. Air filter box is installed in to EGR 

passage to through which fresh charge of air is allowed to 

enter, manometer is used to measure the EGR rates at 5%.And 

the quantity of EGR is manually controlled through a valve. 

 
Figure 2. Engine setup 

server
Line
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Table-1 Engine Specifications 

 
 

S.no Specification Range 

1 Make Kirloskar 

2 Type 4 s 1 c 

3 Type of cooling Water cooled 

4 Stroke 110 mm 

5 Compression ratio 12:1 to 18:1 

6 Bore 87.5 

7 Rated speed 1500rpm 

8 Rated power 3.5 kw 

9 Orifice diameter 20 mm 

10 Connecting rod length 234 mm 

11 Type of sensors K-type 

12 Fuel injection pressure 2.5 to 3 bar 

13 Injection point 

variation 

0-25 BTDC 

14 Fuel injectors 1 

However, the readings of the fuel and emissions are measured 

after engine had attained a steady state of operation. 

 
 

S.NO Properties 

of fuels 

Diesel B10 B20 B30 

1 Density 

( kg/m3) 

823 829.2 831.5 838.8 

2 Calorific 

value (KJ/kg) 

42.6 43.21 43.42 43.63 

3 Flash point 51 61 60 60 

4 Fire point 57 63 62.5 62 

Table -2 Properties of fuel 
 
 
 
RESULTS AND DISCUSSIONS 
 
B10 [10% fat oil + 90% diesel by volume], B20 [20% fat oil + 

90% diesel by volume], B30 [30% fat oil + 90% diesel by 

volume] were run on the CI engine with all setup. Along with 

blends EGR rates at 5% with various loads at constant speed 

of 1500 rpm .So by using EGR system performance, emission 

characteristics fuelled with fat oil are calculated as below. 
 

By     the     help     of     the     computerized     arrangement     of BRAKE THERMAL EFFICIENCY 
 

thermocouples through Single cylinder engine we took 

readings for digital calculations. And for the exhaust gas 

analysis a INDUS model exhaust gas analyser is used for 

emission characteristics which works on the principle of Non 

–Dispersive Infra-red for measurement. Rated load on the 

dynamometer is calculated using the formula B.P (kW) = 

 

Variation of brake thermal efficiency Vs brake power at 

different loads with variation of EGR 15%.We are operated 

engine at 1500 constant Speed (1500 rpm) through variation 

of the load 2 Kg, 4Kg, 6Kg, 8Kg and 10 Kg (BP 0.5-3 KW) 

with variation of the EGR. 

2ΠNT/ (60000)     where T is the Torque applied on the engine 
 

which can be directly noticed on the dial of the dynamometer. 

The engine is started by hand cranking with the use of 

decompression lever. The rack on the fuel pump is adjusted to 

run the engine at the rated speed of 1500 rpm. Cooling water 

supply valve is opened, and the water flow is adjusted such 

that the outlet temperature of the water is around 50 to 600C. 

When the engine runs steadily without fluctuations in the 

speed, time taken for 20cc of fuel consumption is noted down. 

The exhaust gas temperature and different emissions are 

measured. Here the technical specifications of the engine used 

is explained above. Load is applied on the engine using the 

DC shunt dynamometer. The engine speed is adjusted to the 

rated speed (of 1500 rpm) by adjusting the fuel supply. The 

time taken for consumption of 20 cc of fuel is noted. 

 
 
 
 
 
 
 
 
 
 
 

Figure 3.Variation of BP Vs BTHE 
 
From the graphs it is found there is increasing in the BTHE 

due to increase in the brake power. BP is increasing due to 

increase in the torque at different load (2 kg,4 kg,6 kg,8 kg,10 

kg). As we know BP is directly proportional to BTHE, so it 

also increasing. 
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INDICATED THERMAL EFFICIENCY 
 
Indicated thermal efficiency Vs. Brake power at different 

loads with variation of EGR 15% .We are operated engine at 

1500 constant Speed (1500 rpm) through variation of the load 

2 Kg, 4Kg, 6Kg, 8Kg and 10 Kg (BP 0.5-3 KW) with 

variation of the EGR. 

as per the experiment with EGR along with different blended 

fuels it is seen that have obtained very less NOx compared to 

Diesel. The reason is there will be change in the fuel 

properties especially carbon content 

 
HYDROCARBONS 

Variation of hydrocarbons level Vs brake power at different 

loads with variation of EGR 0%, 5% and 15%. We are 
operated engine at constant Speed (1500 rpm) through 

variation of the load 2 Kg, 4Kg, 6Kg, 8Kg and 10 Kg (BP 0.5-

3 KW) with variation of the EGR. 

 
 
 
 
 
 
 
 

Figure 4.Variation of BP Vs ITHE 
 
From the analysis it is found there is similar variation in the 

ITHE with blending animal fat oil along with diesel as 

compared with diesel. The reason behind it is the load is 

increasing continuously so SFC consumption decreases so the 

ITHE increases up to optimum level then decreases 

 
Nitrogen Oxides [NOx] 

Variation of nitrogen oxides Vs. Brake power at different 

loads with variation of EGR 0%, 5% and 15%. We are 

operated engine at 1500 constant Speed (1500 rpm) through 

variation of the load 2 Kg, 4Kg, 6Kg, 8Kg and 10 Kg (BP 0.5- 

3 KW) with variation of the EGR 

 
 
 
 
 
 
 

Figure 5.Variation of BP Vs HC 
 
From all the analysis, it can be seen that with the increase in 

the EGR level there is a decrease in the HC levels because 

most of the exhaust get recirculated and reused. Also as per 

the experiment with EGR along with different blended fuels it 

is seen that we have obtained less HC emissions compared to 

Diesel. The reason is there will be change in the fuel 

properties especially carbon content change and EGR both 

together 
 
 

CONCLUSION 
 

We are mainly focused on reduction of emission, thus we are 

achieved by without modified CI engine, by using the EGR. 

We have included both EGR and Bio-Diesel that has given 

various better results such as 
 









. Figure 6.Variation of BP Vs NOx 

 

By increasing the EGR above 15% we found 

decrease in the performance due to insufficient of 

Oxygen so we maintained Constant EGR for all 

blends 
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Animal fat oil which is very less carbon content has parameters of IDI turbocharged diesel engine. 
 

made the Hydrocarbon emissions least than diesel. 

As for analysis we can reduced NOx up to 30% with 
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