
 

 
 

 

 

 

 

 

 

Emission and Performance Analysis of 
Direct Injection Diesel Engine Fuelled By 

Biodiesel with Nano Additives 
 

1
R. Rajasekar and

2
P.Naveenchandran 

 
1Research Scholar, Department of Automobile Engineering, BIHER, Tamilnadu, 

India. 
2Professor, Department of Automobile Engineering, BIHER, Tamilnadu, India. 

 

Abstract 
 
Now a day’s some of counties stopped the production of diesel vehicles the 
countries are; Japan, UK, German, India and so., The research study, 

emission and performance analysis of a single cylinder diesel engine is 

fuelled combinations of B20 and diesel. The B20 is taken as standard 
biodiesel blend from the previous research. The nanoparticles is added in the 

proportions of 20 PPM, 40 PPM and 60 PPM are mixed with the B20 [20% 

of Watermelon Seed Oil (WSO) and 80% of Diesel]. After the mixing of 
additives with a ultrasonicator for 30 minutes for each and every samples 

B20 with 20PPM, 40PPM and 60 PPM of additives. From the sample fuels, 

we get the best formed fuel from these samples A or sample B or sample C. 

The B20 with addition gets the better performance for compare to B20. The 
performances are total fuel consumption, brake thermal efficiency, and 

specific energy consumption is taken the reading and calculation. The 

performance and emission analysis are carried out for B20 with additives 
compared to B100 and diesel. The emission analysis is Hydro Carbon (HC), 

Carbon monoxide (CO), Carbon di-oxide (CO2), Oxide of Nitrogen (NO) 

and smoke. From this Investigation, adding the addition of Magnesium 
Oxide (MGO) has improved the emission and performance to reduced and 

related to Diesel and Bio diesel. 
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1 Introduction 
 

Biodiesel is the name of a perfect consuming non-harmful other option 
fuel produced using vegetable oils and creature fats that can be utilized in 

pressure start motors. It alludes to a diesel-comparable, handled fuel got from 

organic sources. Biodiesel, which is for the most part created from vegetable 

oils, is mono-alkyl ester and is seen to supplant the diesel fuel. Biodiesel fuel 
(B100) consumes a lot of cleaner than oil fuel because of its oxygen content. 

The fumes emanations of sulfates and sulfur oxides, the important parts of 

corrosive downpour are mainly dispensed with contrasted with diesel. 
Biodiesel is involved mid-carbon chains, which consume more totally than 

oil fuel. That is why there is a considerable decrease of unburned 

hydrocarbons, carbon monoxide, and particulate issue contrasted with 

outflows from diesel fuel. Biodiesel has extraordinary greasing up 
characteristics. Utilization of biodiesel or biodiesel mixes have been 

appeared to contribute altogether to the life span and tidiness of diesel 

motors. In new motors, biodiesel fuel utilization is like that of petro-diesel. In 
utilized motors, mileage considerably improves because of ceaseless cleaning 

impact of biodiesel. The burning of oil based fills has made genuine 

ecological worry over a worldwide temperature alteration impact due to 
ozone harming substance outflows. Biodiesel is biodegradable. What’s more 

nontoxic when utilized in its unadulterated structure. For the 20% and lower 

mixes, the diesel fuel bit of the mix decides the toxic-it and biodegradability. 

Biodiesel fuel and fuel mixes smell superior to ordinary diesel[1-23]. 
 

1.1 Diesel: 
 
Diesel is a liquid fuel which is most commonly used in IC (diesel) 

engines, whose fuel ignition takes place, without any spark, as a outcome of 

compression of the inlet air mixture and then injection of fuel. It cannot be 

used in petrol Engines. Because Diesel fuel is not as volatile as compared to 
petrol and will not form droplets and vapour as easily as petrol, in fact Diesel 

fuel is fairly viscous. Generally In Diesel Engine, Inlet air is compressed to a 

certain volume, then the Diesel fuel is sprayed on the compressed air, thus 
the combustion takes place in that engine. There is no need of spark plug in 

this diesel engine. The most common type of diesel fuel is a specific 

fractional distillate of petroleum fuel oil. It is a mixture of hydrocarbons—
with boiling points in the range of 150 to 380°C—which are attained from 

petroleum. Petroleum crude oils are composed of hydrocarbons of three 

major classes: (1) aromatic hydrocarbons, (2) paraffinic, and (3) naphthenic 

(cycloparaffinic).  
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Diesel is used for engines in boats, trains, trucks, and barges help transport 

almost all products people consume. Diesel fuel is commonly used in school 

buses and public buses. Diesel fuel powers most of the farm and production 
equipment in the United States. In modern world many of us have to travel 

and transport goods for real long distances. So there is high increase in 

personal vehicles, public transports (buses, train, etc.), heavy vehicles (tucks, 

excavators, bulldozers, agricultural machinery, etc.) & machinery 
(generators, etc.). So there is a high conception of diesel and it is a 

nonrenewable resource. And all these emits some unwanted gases in our 

atmosphere. Some are toxic and harmful to humans and other living beings in 
our planet. 

 
1.2 Alternative Fuels 
 

A renewable substance which can be used as fuel. We are giving for 

alternative fuels because conventional fuels are depleting. Conventional fuels 
are nonrenewable and in future the demand for fuel will increase. To reduce 

the pollution, Alternative fuels decreases harmful exhaust emission such as 

particulate matter, carbon dioxide, sulphur dioxide, carbon monoxide, and 

ozone producing emission. To mitigate global warming, the burning of fossil 
fuel contribute the earth’s temperature. In this a cleaner burning fuel is 

important step towards enhancing the quality of the environment. It has 

cheaper price. Alternative fuels can be less expensive and affordable. It also 
provides a longer service life in terms of savings for a long term. The use of 

biofuels supports local farmers for their dedicated and hard labor from 

producing and processing their crops. It can easily produce & established 
internally, developing a country’s resources and thereby reinforcing the 

economy. So we are looking for alternate fuel, i.e. Biodiesel. Nowadays 

many experiments are carried out by people all over the world for implement 

of biofuel as an alternate for diesel fuel. 
 

1.3 Biodiesel Problem 

 
Biodiesels are utilized in motors intended for diesel fuel. Biodiesel 

creates less sulfur in the burning procedure however conveys less vitality 

than oil based diesel. Biodiesel is certainly not a petroleum product. It is 
gotten from vegetable oil. Biodiesel consumes cleaner than conventional 

diesel fuel. Not with standing, on the grounds that biodiesel will in general 

break down soil and other issue in fuel lines, fuel channels can immediately 
get obstructed and ought to be changed frequently. There is a lot of concern 

about the influence of bio-diesel on motors. Several accounts have been 

coursing about diminished performance, harm to key parts, or even motor 

dissatisfactions that are accused on biodiesel. A few manufacturers are  
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careful about concerning their warrantees on motors if biodiesel is utilized, 

while others are empowering the utilization of biodiesel. Given the wide 
show of befuddling reports, accepting the reality of the condition isn't simple. 

Stores on injectors influence fuel shower design. The most widely recognized 

manifestations are failing or hard beginning. This is probably brought about 
by either chilly climate activity with halfway set fuel, or by fuel that was not 

totally trans-framed from oil to biodiesel. Vegetable oil tends to frame stores 

on the injectors, particularly when the motor is running at part load. 

Fortunately, a lot of cautious study exists and continues on testing the 
exhibition of biodiesel in motors, both in lab conditions and in certifiable 

working conditions. These controlled examinations clear up a great part of 

the disarray about utilizing biodiesel and can be used as a dependable manual 
for the genuine presentation of biodiesel fuel in motors. 

 

1.4 Biodiesel from WSO 
  
 The research of biofuel produced from Watermelon seed oil (WSO) is 

made by transesterification process. Because transesterification process is a 

most economical way for producing Biodiesel from seed oil when compared 
to other process. In transesterification process,  

 The JSO can be extracted in 3 methods  

1. Cold pressing  
2. Oil expellers  

3. Solvent extractors 

In oil expeller technique the seed is squashed a turning screw in an even 

chamber and as a result the oil progress during a time opening. The cold 
squeezed technique is utilized to keep up the most extreme amount of 

nutrients. The crisp squeezed technique is like the expeller technique yet it 

bought to keep up temperature less 50°C (T < 50°C). Be that as it may, the 
dissolvable extraction technique utilizes some dissolvable to concentrate oil 

from the seed at a high temperature. This strategy is utilized monetarily for 

high generation in Table 1. 
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1.5 Fuel Properties 
 

Table 1 : Properties Of Fuels 

FUEL Calorific 

Value 

(kJ/kg) 

Density 

(Kg/m3) 

DIESEL 

(B0) 

42800 842.8 

B20 41140.434 855.44 

B40 39480.868 868.08 

B60 37821.302 880.72 

B80 36161.736 893.36 

B100 34502.17 906 

 
 
2 Experimental Setup Diagram 
 

This engine setup contains of single cylinder four stroke diesel engine is 

related to eddy current in dynamometer for filling. It provided with essential 
instrument for crank angle dimensions and combustion pressure. The signals 

are hookup to computer over engine indicator for PQ-PV diagram. The 

supply is made for interfacing fuel flow, airflow, Load Measurement and 
temperature. This engine setup has panel box, consisting of fuel tank, 

manometer, and air box. Rota meters and calorimeter are used in this engine. 

Rotameters are delivered for cooling water. Calorimeter is provided for water 

flow measurements. This engine setup enables study of engine performance 
for indicated power, indicated mean effective pressure (IMEP), fractional 

power, brake power, brake thermal efficiency, Brake Mean Effective 

Pressure (BMEP), Specific Fuel Consumption, Volumetric Efficiency, 
Mechanical Efficiency, A/F ratio and heat balance, indicated thermal 

efficiency. The engine performance analysis by   "ENGINESOFT" software 

package is delivered for calculate the engine performance valuation. The 

diesel injection pressure measurement is measured by computerized process 
in fig 1.. 
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Figure 1 Block DiagramSingle Cylinder Four Stroke Diesel Engine 

 
3 Engine Specification 

Make    KIRLOSKAR OIL ENGINE LTD., 

Model    SV 1(Computerized) 
No. of cylinder   1 

Product code   224 

Bore    87.5mm 
Stroke    110mm 

SFC    250 g/ kw-hr 

Speed    1800 rpm 
Max. Power   8hp (5.9kw) 

Swept Volume   661 cm3 or cc 

Compression Ratio  17.5:1 

Lubrication oil   SAE40 
Lubrication system type  splash type 

Cooling system   Water cooling system 

Injection Pressure  200 bar 

 
4 Experimental Procedure 

 
     Combustion and emotion test should have to be conducted with 6 

different samples. 

1. Diesel. 
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2. B20 (80% Diesel & 20% biodiesel (WSO). 8:2 ratio). 

3. B20 + A (20 ppm of additive, magnesium oxide). 

4. B20 + B (40 ppm of additive, magnesium oxide). 
5. B20 + C (60 ppm of additive, magnesium oxide). 

6. B100 
 

4.1 Procedure 
  

1. Ultrasonicator 

2. Single cylinder diesel engine with test setup. 

3. Digital RPM indicator is used to measure the speed of the Engine.  

4. Burette (Glass tube) is used to measure the flow rate of fuel consumed             

during the running condition and controlled with the help of three way valve 

system.  

5. Stop Watch is used to measure the quantity of fuel flow from burette. 

6. Emission analyzer is used to measure the HC, CO, CO2, 02, and NOx 

from the Emission.  

7. Smoke meter is used to measure the smoke from the Emission. 

     The motor utilized in this analysis was a solitary chamber direct infusion 

diesel motor with a chamber bore of 87.5 mm, a stroke of l10mm and a 

pressure proportion of 17.5:1. The Engine is running at consistent speed of  
1800 rpm. The diesel motor is straightforwardly combined with brake drum 

dynamometer and estimated the motor power. The particular of the motor is 

appeared in beneath. In each test, fuel utilization during the running 

condition and fumes gas outflows, for example, carbon monoxide (CO), 
hydrocarbon (HC), nitrogen oxides (NOx), carbon dioxide (CO2) oxygen 

(Oz) and smoke are estimated. The underlying estimation estimated and 

determined the exhibitions charts with the assistance of brake power (BP), 
Brake warm proficiency (BTE), explicit fuel utilization (SFC), absolute fuel 

utilization (TFC), explicit Energy utilization (SEC), Total Energy utilization 

(TEC) concerning pressure proportions of 17.5:1.and fuel injector pressure 
210 bar for various mixes are determined and recorded stacked Kg. The 

motor was rushed to increase uniform speed after which was step by step. 

The examination was directed for different burdens are 0, 5, 10, 15, 20kg. 

The motor was tried at steady speed for diesel and different mixes of diesel 
and WSO oil. The time taken for 10ce fuel was noted utilizing stop watch for 

each mixes and different burden. The CO, CO2 and HC outflow were noted 

by utilizing crypton gas analyzer for each mix and load and the smoke 
discharge were noted by utilizing AVL smoke meter for each mixes and 

burden. A similar technique is rehashed for various mixes of water melon oil 

and diesel. The properties of the diesel fuel and the water melon oil mixes are 

summed up in Table 1. The real thickness, consistency, fire point, streak 
point and calorific  
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worth were estimated in the research center. The qualities are given to 

fathom the general exhibition and discharge was plotted in graph figure 2. 
 

5 Result And Discussion 
 

5.1 Load With Respect to Break Thermal Efficiency 
 

  BTE increments because of the utilization of biodiesel mixes and 

furthermore for the mixes with the expansion of magnesium nanoparticle. 
MGO nanoparticles present here as oxygen enhancer in the ignition of the 

test fuel. This ascribes to the upgraded ignition of the MGO nanoparticle 

included with the mix. More presence of profoundly dynamic surfaces, the 

MGO nanoparticle going about as the impetus has improved its action. The 
BTE of B20+20PPM is contrast with Diesel is higher than the 5.1%, however 

the B20+20PPM are 6.1% higher than the B100. The drop of Brake warm 

productivity for diesel mixes is because of higher consistency and its 
decreased energy substance and lower calorific worth contrast with diesel. 

This outcome in helpless atomization, inadequate ignition and lower heat 

discharge in figure 2. 

 
Figure 2 load with respect to break thermal efficiency 
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5.2 Load With Respect To Specific Fuel Consumption: 
 

 
Figure 3 load with respect to specific fuel consumption 

 Explicit fuel utilization is a method of looking at changed motor of 

various sizes on its productivity. It is the proportion of fuel utilization per 

unit time to  

the force created by motor. On the off chance that a motor has high explicit 
fuel utilization it implies more fuel is required to deliver one unit of intensity, 

so it is less proficient. In the above figure 3 we can see that the B100 has 

higher estimation of SFC contrasted with diesel and diesel mixes. The 
estimations of SFC for B20 + 20PPM are gets better compare to other diesel 

and diesel blends with additives. The SFC for B20 + 20PPM is nearly the 

equivalent with the variety of about 0.8%. Explicit fuel utilization for diesel 
is somewhat lesser than the mixes. This might be because of high thickness 

contrast with diesel. Its poor atomization, and thus start postponed. 

 

5.3 Load With Respect To Total Fuel Consumption: 
 

 Total fuel consumption (TFC) is the amount of fuel devoured by the 

motor per unit time while a specific force is created by the motor. TFC is 
determined as for the brake intensity of the motor. The B100 has the higher 

TFC estimation of about 1.64 while the diesel has the lower TFC of 

B20+20PPM estimation of about 1.25. The diesel and the mixes have the 
equivalent TFC esteem at 25% however the TFC estimations of mixes 

increase at 100%. This is because of the calorific estimation of diesel which 

is higher than the diesel mixes. Thus the TFC esteem for diesel is lesser than 

the diesel mixes in figure 4. 
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Figure 4 load with respect to total fuel consumption 

 
5.4 Load With Respect To Hydrocarbon: 
 

 
Figure 5load with respect to hydrocarbon 

A hydrocarbon is a natural substance compound made only out of 

hydrogen and carbon particles. Hydrocarbons are normally happening mixes 
and structure the premise of unrefined petroleum, petroleum gas, coal, and 

other significant vitality sources. Diesel has the most reduced estimation of 

HC followed by B20+20PPM of worth 86. Varieties happen among all other  
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biodiesel and mixes. The Hydro Carbon gets expanded when the heap gets 

expanded. The expanded estimations of diesel mixes might be because of 

poor atomization of the diesel mixes, in view of higher thickness, high 
viscosity and unpredictability in figure 5. 

 

5.5 Load With Respect To Carbon Monoxide: 
 

 

 
Figure6 load with respect to hydrocarbon 

 

      Carbon monoxide (CO) is a drab, scentless, and boring combustible 
gas that is somewhat less thick that air. From the above graph figure 6 we 

can see that B20+20PPM have higher CO emission contrasted with diesel 

and different mixes. Despite the fact that there are varieties to start with, the 
B20 have lower than the outcome of diesel. Expanding the heaps will build 

the carbon monoxide emissions. This may be because of the decreased pace 

of premixed burning, higher consistency of the diesel mixes that eventually 

expanded the bead size and poor atomization. 
 

5.6 Load With Respect To Carbon Di Oxide: 
 

 Carbon dioxide is a substance compound made out of two oxygen and 

one carbon particles. It is frequently referred to by its recipe CO2. It is 

available in the Earth’s air to a low focus and goes about as an ozone 
depleting substance. In its strong state, it is named as dry ice. It is an 

important segment if the carbon cycle. The estimation of diesel for CO2 

emission is 10.1 and B20+20PPM is 9.85 with a 2.47 at 100 load. Emissions 

of CO2 result from inadequate burning  
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of HC. Temperature of the motor will get expanded so that burning will be to 

some degree great and the CO will become CO2 in figure 7. 
 

 
Figure 7load with respect to carbon di oxide 

 

5.7 Load With Respect To Nox (Ppm):  
 

 
Figure 8 load with respect to NOx 

     Nitric oxide and Nitrogen dioxide are implied composed as oxides of 

nitrogen (NOx). NOx gases react to outline exhaust cloud and destructive 

similarly as being indispensable to the plan of fine particles (PM) and ground 
level ozone, the two of which are connected with opposing prosperity 

impacts.  

 
 

0

2

4

6

8

10

12

0 25 50 75 100

C
O

2 
(%

)

LOAD (%)

LOAD VsCO2

DIESEL

B20

B100

B20+20PPM

B20+40PPM

B20+60PPM

0

500

1000

1500

2000

0 25 50 75 100

N
O

x 
(P

P
M

)

LOAD (%)

LOAD Vs NOx

DIESEL

B20

B100

B20+20PPM

B20+40PPM

B20+60PPM



 
 

 

 
 

 

Emission and Performance Analysis of Direct Injection Diesel Engine Fuelled 

By Biodiesel with Nano Additives  9743 

 

Expanding the heap builds the NOx emission. The value of diesel is 1657 
and the B20+20PPM are 1571 at 100 load. This might be because of higher 

burning temperature in chamber of the motor with expanding the load, large 

extravagance of air fuel proportion, longer term of dissemination burning 
stage and decreased is oxygen in figure 8. 

 

5.8 Load With Respect To Smoke (Hsu): 
 

 
Figure 9load with respect to smoke 

Darkness is how much smoke squares light, and the reason for 

estimating the measure of smoke originating from a diesel fueled vehicle in 

figure 9. Ineffectively kept up or breaking down motors are some of the 

times the reason for over the top smoke. Test outcomes depend on obscurity 

level and vehicle age. The estimation of diesel for smoke is lesser than that of 

mixes at 25, 50 and 75 load however the estimation of B20+20PPM and 

diesel are practically equivalent with a distinction of 6% at 100 loads. This 

might be because of generally speaking wealth of air fuel proportion, 

increase of smoke is higher temperature reliant and longer length of 

dissemination ignition stage and decreased oxygen focus. This might be 

because of poor atomization of fuel and fragmented ignition. 
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6 Conclusion 

  

It is produced using the current investigation of execution trademark and 

discharge examination of different mixes of diesel – watermelon oil, for 

pressure proportion is 17.5:1 and fuel injector weight of 200 bar. Expanding 

the level of Magnesium oxide nano added substances with watermelon oil 

with 40 PPM gives better outcomes contrasting with different readings. 

Diesel motor can be run utilizing mixes with no alteration. The normal brake 

power decrease is because of lower calorific estimation of watermelon oil 

contrasting with diesel. The thickness of WSO is higher than diesel.  

1. Diesel engine can be run using blends without any modification.  

2. TFC found to be more for blends when compare to diesel.  

3. SFC found to be more for blends when compare to diesel.  

4. The calorific value of WSO with additives is lesser than diesel and 

higher than B20 & B100.  

5. The Density of WSO with additives is higher than diesel and Lesser than 

B20 & B100.  

6. Increasing the percentage of WSO in the blends of diesel and WSO 

decreases the calorific value and viscosity.  

7. The excepted brake power reduction is due to lower calorific value of 

WSO.  

8. Out of the blends B20+ 20PPM gets the better performance and emission 

results, compared, to other blends of B20, B100, B20+ 40PPM and B20+ 

60PPM.  

9. The CO2 emission is lesser for B20+ 20PPM blend than diesel.  

10. The HC and Smoke emission is higher for B20+ 20PPM blends than 
Diesel and lesser than B20 and B100. 
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