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ABSTRACT 
In a modern day world alternative source of energy are given importance due to 

gradual depletion of fossil fuels reserves vegetable oils can be used as an alternative to diesel 

in CI engines. The use of vegetable oils in CI engine results in low CO and HC emissions 

compared to conventional diesel fuel. The present work covers the various aspects of bio-

diesels fuel derived from crude neem oil and performance emissions study on four stroke 

compression ignition engine with neem oil. Crude neem oil is converted to neem oil methyl 

esters by transesterification process. In the first stage the tests are conducted on the four 

stroke single cylinder diesel engine with constant speed by using diesel and base line data is 

prepare in the sense of  performance and emissions parameters are measured by varying loads 

with constant speeds. In second stage, experimental investigation has been conducted on the 

same engine with same operating parameters by using the neem oil methyl esters in different 

proportions as N10, N20 and N30 to find out the performance and emission parameters. In 

the final stage the performance and emission parameters obtained from the above tests are 

compared with each other and the NOME blends shows better performance and emissions in 

the sense of increased brake thermal efficiency and decreased brake specific fuel 

consumption, decreased Carbonmonoxide,oxides of nitrogen, Unburned hydrocarbons,Smoke 

density. And the blend N20 shows better performance compared with the other blends N10, 

N30. 
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1. INTRODUCTION 

The extensive use of energy operated devices in domestic, industrial, transport and 

agricultural sectors in urban and rural areas have resulted in overall economical development 

of the society. The electricity available for farming operations and in rural and urban areas is 

been generated using the fossil and static energy resources such as petroleum oil, coal and 

atomic energy and to a limited extent by hydropower. These all sources have a great 

influence on our economy and environmental aspects. These have resulted in serious 

considerations for the use and availability of various energy resources. Globally, about 40% 

of worlds energy needs are being met from petroleum products as of today. The anticipated 

growth in demand was expected to be 7%. There has been a significant and impressive 

growth in this sector which has surpassed and failed all the estimates, forecast and projections 

made in this regard. It is estimated that the world oil consumption will increase from 68 



International Journal of Emerging Trends in Engineering and Development            Issue 3, Vol.1 (January 2013)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

 Page 605 
 

million barrel per day to 94 million barrel per day in next decade. The purpose of this work is 

to compare used NOME with nonrenewable diesel when fuel in a diesel engine. Before this 

there is need for survey on various alternative fuels used in diesel engine by various 

researchers. C.V. Sudhir1and [1] They are analyze the potential of waste cooking oil (WCO) 

for their suitability as feed stock for biodiesel preparation and to compare the fuel properties 

of the derived esters of WCO (WCO-biodiesel)with those esters of fresh oil and baseline 

diesel fuel. The palm oil based WCO-biodiesel and esters of fresh palm oil are transformed 

into respective biodiesel, by transesterification process. They conclude finally Performance of 

the pure WCO-biodiesel was only marginally poorer at part loads compared to the base line 

diesel performance. At higher loads engine suffers from nearly 1 to 1.5 % brake thermal 

efficiency loss, Thermal performances of WCO biodiesel closely bear a resemblance to the 

performance of fresh oil biodiesel. From emission standpoint the NOx, CO and CO2 

emissions were approximately same as that of base line diesel emissions and interestingly 

hydrocarbon emissions of WCO biodiesel fuel were lower than base line diesel 

operation.A.Veereshbabu [2] He was studied Biodiesel was prepared from the non-edible oil 

of Pongamia pinnata L. By transesterification of the crude-oil with methanol in the presence 

of NAOH as catalyst. Crude pongamia oil was transesterified using NAOH as cat a list and 

methanol to form biodiesel. The con version was 94% at 60 °C with 1:10 molar ratio (oil, 

methanol) for NAOH (1 wt. %) catalyzed transesterification. The fuel proper ties especially 

viscosity (4.71 Cost at 40 °C) and flash point (170 °C) of the transesterified product 

(biodiesel) com pare well with accepted biodiesel standards  I.e. ASTM and Ger man 

biodiesel standards. B. Rajendra Prasad [3] in his work, a comprehensive model has been 

developed for diesel engines and LHR engines and applied for the cases of using two 

different fuels, viz. diesel and biodiesel. In an experimental investigation that was conducted 

on a DI diesel engine, located at the authors‟ laboratory. It is revealed that the developed 

model predicts adequately well both engine performance and emissions for the two fuels 

examined. The main results obtained from this model are given briefly. The presented model 

can predict the combustion characteristics such as cylinder pressure and heat release in good 

agreement with the theoretical results. Also, the engine performance parameters such as work 

done as a direct outcome of brake thermal efficiency obtained from the presented model have 

reasonably agreed with the experimental results. The model can be used to predict NO 

emissions; it has the reasonable agreement with theoretical results. The presented model can 

be used easily and the run time is sufficiently low for the full cycle simulation. The 

developed model can be adapted for alternative diesel engine fuel studies. C This model has 

been also adapted for determining the effects of biodiesel blends. G Lakshmi NarayanaRao 

[4] He is study in this, used cooking oil was dehydrated and then transesterified using an 

alkaline catalyst. The combustion, performance and emission characteristics of Used Cooking 

oil Methyl Ester (UCME) and its blends with diesel oil are analyzed in a direct injection C.I. 

engine. The fuel properties and the combustion characteristics of UCME are found to be 

similar to those of diesel. A minor decrease in thermal efficiency with significant 

improvement in reduction of particulates, carbon monoxide and unburnt hydrocarbons is 

observed compared to diesel. The use of transesterified used cooking oil and its blends as fuel 

for diesel engines will reduce dependence on fossil fuels and also decrease considerably the 

environmental pollution S.Murugan [5] His tests have been carried out to evaluate the 

performance and emission characteristics of a single cylinder direct injection diesel engine 

fuelled by 10, 30 and 50 percent blends of Tyre pyrolysis oil (TPO) with diesel fuel (DF). 

The combustion parameters such as heat release rate, cylinder peak pressure and maximum 

rate of pressure rise were also analyzed. For this work, TPO was derived from waste 

automobile tires through vacuum paralysis in one kg batch paralysis unit. The following 

conclusions are drawn from the experimental results: Brake thermal efficiency of the engine 



International Journal of Emerging Trends in Engineering and Development            Issue 3, Vol.1 (January 2013)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

 Page 606 
 

increased with increase in TPO blend concentration than DF. Thermal efficiency for DF 

operation at full load is 29.3 %, In case of TPO 10 it is 29.6 %. The efficiency for TPO 30 

and TPO 50 at high load is 29.77 % and 29.87 % respectively. No engine seizing, injector 

blocking was found during the entire operation of the engine running with different 

percentage of TPO-DF from 10% to 50%.  Hydrocarbon emission is higher for TPO-DF 

blends than DF at peak load. TPO 10 exhibited approximately 3 % increase in HC at peak 

load. In case of TPO 30 and TPO 50 operation the rise in HC at peak load is 15 % and 21 % 

respectively. This is due to the PAH present in the TPO. Carbon monoxide emission is also 

higher for TPO-DF blends than DF, but the values are less than 0.1 %. NOx emission was 

higher for TPO-DF blends with increase in blend concentration than DF. TPO 10 exhibited 

approximately 0.5 % increase in NOx at full load. In case of TPO 30 and TPO 50 operation 

the rise in NOx at full load is 4.5 % and 10 % respectively. Smoke is about 7 % higher for 

TPO 50 operation at full load compared to DF.  Ignition delay is longer for TPO-DF than DF. 

Peak pressure and rate of pressure rise for TPO-DF blends are higher compared to DF. It is 

concluded that reducing the aromatic content and viscosity would help in using TPO as a fuel 

in diesel engine. HarySulistyo [6] He can study the Transesterification of candlenut 

(aleuritesmoluccana) oil with methanol using potassium hydroxide as catalyst The following 

conclusion can be drawn from this study Candlenut oil has suitable to produce methyl ester 

with similar properties to biodiesel. The cultivation of candlenut plant can be considered as 

potential alternative for renewable energy sources. The ethanol to oil molar ratio is one 

variable that has most influence on the process. The best result was obtained for a 6/1 molar 

ratio. Potassium hydroxide can be used as catalyst on methanolysis of candlenut oil. There 

was an optimal concentration of 1% referred to the initial oil. The effect of temperature was 

less pronounced. The biodiesel formed was increased with increasing temperature. 

Nevertheless the transesterification can be undertaken at room temperature. Of the variables 

studied, the triglyceride conversion is almost reached in 15 min and the curves have an 

asymptotic tendency with the time.From the above literature survey it is concluded that 

alternate fuels can be used as substitute for diesel by evaluating the properties and blends 

them with diesel in small proportions can improve performance parameters and reduce 

emissions without any modifications in already existing diesel engine.
 

2. PREPARATION OF MAHUA SEED OIL METHYLESTER 

The transesterification is the method of biodiesel production from oils and fats The 

“Catalytic transesterification” process is the reaction of a triglyceride (fat/oil) with an 

Alcohol (e.g. methanol, ethanol or butanes) in the presence of some catalyst such as sodium 

hydroxide or potassium hydroxide to form esters and glycerol. A triglyceride has a glycerin 

molecule as its base with three long chain fatty acids attached. The characteristics of the 

oil/fat are determined by the nature of the fatty acids attached to the glycerin. The nature of 

the fatty acids can in turn affect the characteristics of the bio-diesel.Asuccessful 

transesterification reaction are signified by the separation of the ester and glycerol layer after 

the reaction time. The heavier, co-product, glycerol settles out and may be sold as it is or it 

may be purified for use in other industries, e.g. the pharmaceutical, cosmetics etc. In this 

experiment first 250ml of Ethanol is take in conical flask .The amount of KOH required is 

determined by titration process by slowly adding of potassium hydroxide to ethanol. In this 

trill I observer 5.5grams of KOH is needed for every 250ml of ethanol. After this mixture is 

mixed with one liter of raw neem oil, is heated and maintained at 65-70
0
C for 8 hours, while 

the solution is continuously stirred. Two distinct layers are formed, the lower layer is glycerin 

and the upper layer is ester. The upper layer (ester) is separated and moisture is removed 

from the ester by using calcium chloride. It is observed that 90% ester can be obtained from 

vegetable oils. The products of the reaction are the biodiesel itself and glycerol.  
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2.1 Preparation of blends with diesel 

The obtained Bio- Diesel is blended for conducting the performance test, the NOME- 

Diesel   is mixed in proper proportions are observe in Table 2.1 

 

Table: 2.1 Blending Percentage of Fuel 

Notation Fuel  Quantity (lit) NOME (ml) Diesel  (ml) 

N10 1 100   900 

N20 1 200  800 

N30 1 300 700  

 

3. PROPERTIES NEEM OIL METHYLESTER BLENDS. 

 Table3.1: Properties of NOME blends  

 

Property N10 N20 N30 

Calorific Value(kJ/kg) 42200 41900 41600 

Kinematic Viscosity(cSt)at 40
o 

0.423 0.457 0.533 

Specific gravity 0.820 0.835 0.846 

Flash Point 
45 

48 54 

Fire Points 
50 53 59.5 

 

4. EXPERIMENTAL SETUP 

Experimental set up shown in Figure 4.1 is a single cylinder water cooled vertical 

diesel engine coupled to a rope pulley brake arrangement ,SMOKE METER(Netels-NPM-

DSM) set up shown in Figure 4.2,GAS ANALYZER(Netels-NPM-MGA-2) set up shown in 

Figure 4.3 etc and specifications of performance and emissions analysis equipments are 

shown in Table 4.1,Table 4.2.8 

 

 

 
Figure 4.I: Engine Test Rig 
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Table 4.1: Specifications of test engine 

Engine  Four Stroke Single Cylinder diesel 

engine 

Make Kirloskar 

BHP 5HP 

Speed 1500rpm 

Bore 80 mm 

Stroke Length 110 mm 

Starting Cranking 

Working Cycle Four Stroke 

Method Of Cooling Water Cooled 

Method Of Ignition Compression Ignition 

 

 

                  Figure 4.2: Smoke meter                       Figure 4.3: Auto Exhaust Gas Analyzer 

      Table: 4.2 Exhaust Gas Analyzer Specifications 

1 CO 0 to 9.99% vol. Res. 0.01% 

2 HC 0 to 20000 ppm. (Propane) Res. 1 ppm 

3 CO2 0 to 20.00% vol. Res. 0.10% 

4 O2 0 to 25% Res. 0.01% 

5 Lambda 0.200 to 1.800% Res. 0.001% 

6 Air / Fuel 0 to 30:1 Res.1 
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5. RESULTS AND DISCUSSIONS 

The performance and emissions characteristics of a high speed diesel engine at 

various loads from no load to full load fuelled with NOME blends compared with diesel are 

discussed below as per the results obtained. 

5.1Brake Thermal Efficiency. 

              The variation of brake thermal efficiency with brake power for different fuels is 

presented in figure 5.1. In all cases, it increased with increase with brake power. This was due 

to reduction in heat loss and increase in power with increase in load. The maximum thermal 

efficiency for N20 at full load 35.24% was higher than that of diesel (32.7%).  Increase in 

thermal efficiency due to % of oxygen presence in the biodiesel, the extra oxygen leads to 

causes better combustion inside the combustion chamber. The thermal efficiency of the 

engine is improved by increasing the concentration of the biodiesel in the blends and also the 

additional lubricity provided by biodiesel. The reason may be the leaner combustion of diesel 

and extended ignition delay resulting in a large amount of fuel burned. The increment of BTE 

was observed with N20 at full load is 7.76% higher than that of diesel fuel. 

       5.2 Brake Specific Fuel Consumption. 

The variation in BSFC with brake power for different fuels is presented in figure 5.2. 

Brake-specific fuel consumption (BSFC) is the ratio between mass fuel consumption and 

brake effective power, and for a given fuel, it is inversely proportional to thermal efficiency. 

BSFC decreased sharply with increase in brake power for all fuels. The main reason for this 

could be that the percent increase in fuel required to operate the engine is less than the 

percent increase in brake power, because relatively less portion of the heat is lost at higher 

loads. It can be observed that the BSFC of 0.250kg/kW-hr were obtained for diesel and 0.243 

kg/kW-hr N20 at full load. It was observed that BSFC decreased with the   increase in 

concentration of NOME in diesel. The BSFC of Bio-diesel is decreases up to 2.8% as 

compared with diesel at full load condition. 

      5.3 Carbon Monoxide. 

The comparison of carbon monoxide for various biodiesel blends with respect to 

brake power shows in fig 5.3 .Carbon monoxide (CO) occurs only in engine exhaust, it is a 

product of incomplete combustion due to insufficient amount of air or insufficient time in the 

cycle complete combustion. In diesel engine combustion takes places normally at higher A/F 

ratio, therefore sufficient oxygen is available to burn all the carbon in the fuel fully to CO
2 
 it 

was noticed that CO emission of 0.07%vol for diesel and 0.05%vol same for N20. For 

NOME carbon monoxide emission level is lower than that of diesel, in order to gives 10% to 

20% extra oxygen. Due to the presence of extra oxygen, additional oxidation reaction takes 

place between O
2 
and CO. The decreased CO emission is 28.57% than diesel fuel for N20 at 

full load. It is observed that the CO emissions for NOME and its blends are lower than for 

diesel fuel. These lower CO emissions of biodiesel blends may be due to their more complete 

oxidation as compared to diesel. Some of the CO produced during combustion of biodiesel 

might have converted into CO2 by taking up the extra oxygen molecules present in these 

chain and thus reduced CO formation. It can be observed from figure that the CO initially 

decreased with load and later increased sharply up to full load. This trend was observed in all 

the fuel blends tests                                                                                                  

    5.4 Oxides of Nitrogen (NOX). 

Variations of NOx with engine brake power for different fuels tested are presented in 

fig 5.4. The nitrogen oxides emissions formed in an engine are highly dependent on 

combustion temperature, along with the concentration of oxygen present in combustion 

products. The amount of NOx produced for N20 is 1024ppm, where as in case of diesel fuel 

is 1236 ppm for diesel fuel. From figure it can be seen that an increasing proportion of 
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biodiesel in the blends was found to decrease NOx emissions slightly 13.51% for N20 at full 

load, when compared with that of diesel. 

5.5 Unburned Hydrocarbons                   
     The unburned hydrocarbons (HC) trends for blends of methyl ester of neem oil and 

diesel are shown in fig 5.5. That the HC emissions decreased with increase in brake power for 

all biodiesel blends (N10, N 20, and N 30) at all loads. But in case of diesel fuel HC emissions 

are increases with load, because of there is no oxygen content present in diesel fuel. At full 

load diesel contains 58ppm where as in case of N20 it is 45 ppm at same load. The presence of 

oxygen in the fuel was thought to promote complete combustion. As the Cetane number of 

ester based fuel is higher than diesel, it exhibits a shorter delay period and results in better 

combustion leading to low HC emission. Also the intrinsic oxygen contained by the biodiesel 

was responsible for the reduction in HC emission. Therefore the decreased in HC emissions is 

22.41% in case of N20 at full load. 

5.6 Smoke Density 

   The variation of Smoke density emissions with brake power for diesel fuel, biodiesel-

blends is shown in the fig 5.6. The smoke is formed due to incomplete combustion in engine. 

The smoke density is lower for N10 and N20 compared to N30 and D100.The maximum 

smoke density recorded for the diesel was 79.6 HSU9 HSU for N20 and 59.81 HSU at 

maximum load. The decrease in smoke density of, N20 is 24.86% respectively compared with 

diesel fuel at full load. In case of NOME, the smoke emission is low. This is because of better 

combustion of NOME. The smoke density increased with the load for diesel fuel and diesel 

blends. The smoke opacity of the pure biodiesel was higher than those of all the other fuels 

used generally. Smoke opacity of the blends N10 N20 and N30 were lower than those of the 

diesel fuel at all loads on the engine.. 

CONCLUSION                                                                                                                                                                                                            
                From the above analysis the blend N20 shows the better performance compared to 

other blends (N10and N30) in the sense of better performance parameters like brake thermal 

efficiency, brake specific fuel consumption and decrease emission parameters like oxides of 

nitrogen and carbon monoxide and increased carbon dioxide. Hence due to the better 

performance N20 is taken as optimum blend and can be used as substitute for diesel 

 

Fig 5.1: variation of brake thermal efficiency         Fig5.2 variation of brake thermal efficiency 

with brake power NOME Blends                                        with brake power NOME Blends 
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Fig5.3: variation of carbon monoxide                   Fig5.4: variation of oxides of nitrogen with 

brake power NOME Blends                                               with brake power NOME Blends 

 

 
Fig.5.5:  Variation Unburned hydrocarbons with          Fig.5.6:Variation Smoke density with  

Brake power using NOME Blends                                Brake power using NOME Blends 
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BTE      =   Brake Thermal Efficiency 

CO  =   Carbon Monoxide 

HC                   =   Hydrocarbons 

CO2  =   Carbon Dioxide 

Rpm  =    Revolution per Minute 

NOx  =    Oxides of Nitrogen 

MOME            =   Neem Oil Methyl Ester 

D100               =   100% Diesel 

N10       =   10% NOME And 90% Diesel  

N20       =    20% NOME And 80% Diesel 

N30                 =    30% NOME And 70% Diesel 
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