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Abstract— In this paper the effect of water in diesel 

emulsion on emission characteristics of diesel engine has 

been studied. Various combination of water in diesel 

emulsion that is 5% water denoted as W5, 10% water 

denoted as W10, 20% water denoted as W20 and 30% water 

denoted as W30 are used in the experiment carried out to 

find the correct combination which is useful in reducing 

NOx, HC and CO and PM particulate matter emissions from 

the diesel engine. Thus test was carried out first using pure 

diesel and then W5, W10, W20 and W30 respectively and 

the readings were noted down in observation tables and 

graphs were drawn and conclusion was arrived by carefully 

analyzing the graphs. The NOx and HC emissions were 

found to reduce considerably using W30 emulsion while the 

reduction in CO and CO2 was nominal. 
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I. INTRODUCTION 

In order to attain higher efficiencies in diesel engines the 

compression ratio is kept high and the relative oxygen 

concentration is also kept high in the combustion chamber. 

Due to this the flame temperature in the combustion 

chamber is high which results in the formation of single 

nitrogen atom from nitrogen diatom which is also termed as 

dissociation. This results in the single nitrogen atom to 

combine with oxygen atom to form oxides of nitrogen and 

also hydrocarbons are formed due to incomplete 

combustion. Water in diesel emulsion is one of the 

successful methods by which we can   reduce NOx and HC 

emissions and also particulate matter and soot from diesel 

engine. The advantage of water in diesel emulsion is that 

latent heat absorption by water vaporization lowers the 

temperature in the combustion chamber so NO formation 

reduces which results in less NOx formation. Also the water 

in diesel emulsion results in micro explosion phenomenon 

during atomization of fuel  in combustion chamber which 

results in good mixing of fuel and air which results in less 

HC emissions and particulate matter emission due to 

complete combustion. 

II. MATERIAL AND METHODS 

The engine specification used for the experiment is 

mentioned below along with the procedure for carrying out 

the experiment. 

A. Engine Specifications 

Kirloskar Engine Type AVI 

Power3.7 KW @ 1500 RPM 

Mechanical dynamometer with radius of arm 0.14 meter.  

Starting by hand crank manually using decompression lever.  

B. Exhaust Gas Analyzer  

The exhaust gas analyser used in the experiment is GA4040 

QATTRO PRO which measures CO and CO2 in percentage 

while the NOx and HC emissions are measured in ppm  

C. Procedure for Carrying Out Experiment  

1) The filters of the engine is to be replaced and the 

injectors is to be cleaned and calibrated according to the 

desired pressure.  

2) The exhaust gas analyser is to be installed. The input to 

the gas analyzer is to be taken from the exhaust port of 

the engine.  

3) The fuel tank is to be filled with pure diesel and the 

engine is to be run.  

4) The engine should run at various loads of the 

dynamometer – 1, 2, 3, 4, 5 kg and respective readings 

were taken for fuel consumption/minute.  

5) The readings of gas analyser is to be noted in each case.  

6) After all the readings are taken, the leftover diesel 

should be drained out of the tank and emulsion is to be 

poured.  

7) Same steps were repeated for emulsion and the readings 

were noted down for the emulsion.  

8) After taking all the observations graphs were plotted to 

compare the emission characteristics of the engine in 

case of diesel and emulsions W5, W10, W20 and W30.  

III. OBSERVATION TABLES 

A. Emission Characteristics of Pure Diesel 

SR 

NO. 

LOAD IN 

KG 

NOX IN 

PPM 

HC IN 

PPM 

CO 

IN % 

CO2 

IN % 

1 1 110 5 0.2 0.6 

2 2 180 15 0.36 0.9 

3 3 210 30 0.70 1.2 

4 4 270 39 0.90 1.5 

5 5 300 58 1.2 2.5 

Table 1. 

B. Emission Characteristics of W5 Emulsion 

SR 

NO. 

LOAD IN 

KG 

NOX IN 

PPM 

HC IN 

PPM 

CO 

IN % 

CO2 

IN % 

1 1 80 4 0.17 0.58 

2 2 140 13 0.33 0.88 

3 3 160 27 0.65 1.16 

4 4 180 36 0.88 1.4 

5 5 200 49 1.15 2.4 

Table 3. 

C. Emission Characteristics of W10 Emulsion 

SR 

NO. 

LOAD IN 

KG 

NOX IN 

PPM 

HC IN 

PPM 

CO 

IN % 

CO2 

IN % 

1 1 65 3 0.13 0.56 

2 2 120 11 0.31 0.85 

3 3 130 25 0.60 1.13 
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4 4 175 31 0.85 1.31 

5 5 180 38 1.1 2.3 

Table 3. 

D. Emission Characteristics of W20 Emulsion 

SR 

NO. 

LOAD IN 

KG 

NOX IN 

PPM 

HC IN 

PPM 

CO 

IN % 

CO2 

IN % 

1 1 30 2 0.09 0.53 

2 2 85 9 0.27 0.82 

3 3 115 23 0.55 1.05 

4 4 165 27 0.83 1.25 

5 5 160 33 0.98 2.2 

Table 4. 

E. Emission Characteristics of W30 Emulsion 

SR 

NO. 

LOAD IN 

KG 

NOX IN 

PPM 

HC IN 

PPM 

CO 

IN % 

CO2 

IN % 

1 1 14 1 0.02 0.5 

2 2 50 7 0.25 0.8 

3 3 95 21 0.50 1 

4 4 160 24 0.80 1.2 

5 5 140 28 0.95 2 

Table 5. 

IV. GRAPHS 

 
Fig. 4.1: Load vs Nox in PPM 

 
Fig. 4.2: Load vs HC in PPM 

 
Fig. 4.3: Load vs Co in% 

 
Fig. 4.4: Load vs Co2 in % 

V. RESULT AND DISCUSSIONS 

From the trend shown in the graph it is clear that when we 

use pure diesel oil as a fuel the NOx emission is high and as 

the load increases the NOx emission increases in an 

ascending manner. And as we use W5, W10, W20, W30 we 

observe a reduction in NOx with increase in percentage of 

water in the emulsion. For the load of 5 Kg the reduction of 

NOx emission in ppm by using W30 emulsion compared to 

pure diesel is around 50% which is considerable. Also it is 

clear that when we use pure diesel oil as fuel the HC 

emission is high and as the load increases there is a further 

increase in amount of HC emission. And as we use the 

different emulsions we observe a reduction in HC emission 

with increase in percentage of water in emulsion. For the 

load of 5 Kg the reduction of HC emission in ppm by using 

W30 emulsion compared to pure diesel is approximately 

50% which is considerable. 

Moreover, the CO2 emission is maximum when 

using pure diesel oil and it increases gradually as the load on 

the engine is increased. And as we use the different 

emulsions there is a very small reduction in percentage of 

CO2 emission at lighter loads but this reduction of CO2 

emission at higher loads is considerable. For the load of 5 

Kg the reduction of CO2 emission in percentage by using 

W30 emulsion compared to pure diesel is around 25% 

which is small and marginal. On the other hand the 

percentage of CO emission which indicates incomplete 

combustion if found to be on higher side is high when using 

pure diesel as a fuel and it increases gradually as the load on 

the engine is increased. But when we use different 
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emulsions we observe a small reduction in percentage of CO 

emission due to better combustion and this reduction 

becomes high as the percentage of water in emulsion 

increases. For the load of 5 Kg the reduction of CO emission 

in percentage by using W30 emulsion compared to pure 

diesel is around 20% which is small and marginal. 

VI. CONCLUSION AND FUTURE SCOPE 

We arrive at a conclusion about the effectiveness of W30 

emulsion as an alternative fuel by analysis from the graphs 

mentioned above. From the graph we can compare the 

emission characteristics of pure diesel oil and the different 

emulsions. Thus it has been found that W30 emulsion use as 

a fuel leads to considerable reduction in NOx and HC 

emissions. Also the use of W30 emulsion helps in reducing 

CO and CO2 by a smaller margin. There is a future scope of 

using separate water injection system in order to control 

NOx and HC emissions. 
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