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Abstract— Compression Ignition (CI) engine are the drivers 

of economy hence attention focused to find out alternative 

fuels for these engines. Among various possible options, 

liquid biofuels seems to be most promising and suitable 

alternative to diesel in CI engines. Improving performance of 

diesel engine and reduction in engine emissions is key 

challenge. To reduce engine emission various additives are 

use by numerous researchers.  The present work focuses on 

reduction of engine emissions and improvement in 

performance of diesel engine by using SVO and biodiesel in 

small proportion as additive in diesel engine. The present 

work has been carried out on single cylinder, four stroke, 

VCR, direct injection, water cooled 7bhp CI engine fuelled 

with karanja and palm straight vegetables oil (SVO) and 

respective biodiesel blends. Diesel and SVO (10%, 20% and 

30%) and Biodiesels (10%, 20% and 30%) fuel blends were 

used to conduct short-term engine performance and emission 

tests at 85% load. It is found that use of SVO as additives in 

diesel engine helps to control NOx emission and use of 

Biodiesel as additives in diesel engine helps to control HC 

&CO emissions. These additives can be use in diesel engine 

without any major modification of engine. 
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I. INTRODUCTION 

Recent events like rapid decline in crude oil reserves, 

vulnerability of energy prices, increase in its consumption 

rate around the world have once again put energy security at 

the top of energy agendas in many countries and especially 

oil importing countries. Bio fuels may provide a partial 

solution to the problems, by displacing oil use in transport and 

by greenhouse gas emissions. CI engine are best suited 

systems for bio fuel especially biodiesel and SVO. CI engine 

have wide applicability in transport sector, agriculture engine, 

construction, peaking power plant, etc. Performance of CI 

engine on various bio fuels is matter of interest.  In recent 

years, systematic efforts were undertaken by many 

researchers to determine the suitability of vegetable oil and 

its derivatives as fuel or additives to the diesel. All vegetable 

oils and animal fats consist primarily of triglycerides. Various 

researched have tried different method to engine performance 

and reduce engine emissions.   

Kass et al. [1] used water as an additive to reduce 

NOx and particulate matter emissions in a light-duty diesel 

engine by using biodiesel-water emulsions with great 

success. In his work water was incorporated into neat 

biodiesel (B100) as an emulsion in an attempt to lower NOx 

and particulate matter (PM) emissions. The influence of 

exhaust gas recirculation (EGR) was also examined. They 

identified that the incorporation of water was found to 

significantly lower the NOx emissions while maintaining or 

improving fuel efficiency when operated the engine at 0% 

and 27% EGR, however the total PM mass was lowered 

dramatically for the 27% EGR condition only.  

Rahimi et al. [2] used diesterol: a mixture of fossil 

fuel diesel (D) sun flower oil methyl ester called biodiesel (B) 

and bioethanol produced from potato waste (E). They 

observed that adding oxygenated compounds to the new 

blend seems to slightly reduce the torque and engine power 

and increased the average specific fuel consumption for 

different speeds. Their experimental measurement and 

observation of smoke concentration, CO, NOx and HC 

concentration indicated that both of these pollutants reduced. 

Senthil Kumar et al. [3] has work on different 

methods to improve the performance of a Jatropha oil fueled 

diesel engine tried neat Jatropha oil and methyl ester of 

Jatropha oil, dual fuel operation with Jatropha oil as the 

injected fuel and methanol, orange oil, and hydrogen as the 

inducted fuel, blends of Jatropha oil with methanol and 

orange oil, and use of oxygenates like diethyl ether and di-

methyl carbonate as additives to Jatropha oil. 

Labeckas and Slavinskas [4] experimented on the 

influence of fuel additives on performance of direct-injection 

diesel engine and exhaust emissions when operating on shale 

oil.  

The purpose of their research was to evaluate the 

effectiveness of the fuel additives Marisol FT (Sweden) and 

SO-2E (Estonia) as well as to verify their ability to increase 

energy conversion and reduce brake specific fuel 

consumption, contamination and smoke opacity of the 

exhausts when fuelling the diesel engine with shale oil. Their 

test results showed that the application of these additives 

could be a very efficient means to improve diesel engine 

performance on shale oil, especially when operating at the 

light load range.  

Shi et al. [5] made efforts to reduce NOx and PM 

emissions from a diesel engine using both ethanol-selective 

catalytic reduction (SCR) of NOx over an Ag/Al2O3 catalyst 

and a biodiesel–ethanol–diesel fuel blend on an engine test 

bench. They observed that use of EB-diesel increased PM 

emissions by 14% due to the increase in the soluble organic 

fraction of PM, but it greatly reduced the Bosch smoke 

number by 60–80% according to the results from 13-mode 

test of European Stationary Cycle test. They found that the 

SCR catalyst was effective in NOx reduction by ethanol, and 

the NOx conversion was approximately 73%, the total 

hydrocarbons and CO emissions increased significantly 

during the SCR of NOx process. They used two diesel 

oxidation catalyst assemblies after Ag/Al2O3 converter to 

remove CO and HC. The PM composition analysis revealed 

that the net effect of oxidation catalyst on total PM was an 

integrative effect on SOF reduction and sulfate formation of 

PM. They concluded that the engine bench test results 

indicated that the combination of EB-diesel and a SCR 

catalyst assembly could provide benefits for NOx and PM 

emissions control even without using diesel particle filters. 
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Chen et al. [6] used a bio-solution additive to reduce reducing 

emissions of both polycyclic aromatic hydrocarbons (PAHs) 

and PM from diesel engines. They concluded that the 

emulsified palm-biodiesel with bio-solution can be 

considered as a clean and alternative fuel. 

Misra et al. [8] carried out a comprehensive and 

critical review of straight vegetable oils usage in diesel 

engine. A detailed record of historical events described. 

Research carried out specifically under Indian conditions and 

international research work on the usage of straight vegetable 

oils in the diesel engine is separately reviewed. Many 

researchers have concluded that straight vegetable oils in 

small percentage blends with pure diesel when used lower 

capacity diesel engines have shown great promise with 

regards to the thermal performance as well exhaust emissions.  

Misra et al. [9] review different additives used to improve the 

cold flow properties of biodiesels and improve the 

performance of a diesel engine and its emissions while using 

additive blended biodiesels. They  concludes that the 

additives usage in biodiesel is inseparable both for improving 

the cold flow properties and for the better engine performance 

and emission control and further research is needed to 

develop biodiesel specific additives.  

The present work focuses on reduction of engine 

emissions and improvement in performance of diesel engine 

by using SVO and biodiesel in small proportion as additive in 

diesel engine. 

In order to achieve the objective of the present work, 

the following methodology has been adapted 

 To select at 4 liquid biofuel sample, i.e., SVO Palm, 

Karanja, Biodiesel of both SVOs and Diesel for 

comparative assessment.  

 Fuel characterization experiments to evaluate the biofuel 

properties for the considered biofuels.  

 To design and incorporate the necessary instrumentation 

for engine performance evaluation.  

 Experimental evaluation of the engine performance 

parameters and engine emissions using the considered 

biofuels and diesel.  

 Comparative assessment to find out suitable SVO and 

biodiesel blend percentage considering engine 

performance with respect to emission.  

II. EXPERIMENTAL INVESTIGATION  

 
Fig. 1: Experimental setup 

The setup consists of single cylinder, four stroke, VCR 

(Variable Compression Ratio) Diesel engine connected to 

eddy current type dynamometer for loading. The compression 

ratio can be changed without stopping the engine and without 

altering the combustion chamber geometry by specially 

designed tilting cylinder block arrangement. Setup is 

provided with necessary instruments for combustion pressure 

and crank-angle measurements. These signals are interfaced 

to computer through engine indicator for P-θ and PV 

diagrams. Provision is also made for interfacing airflow, fuel 

flow, temperatures and load measurement. The setup has 

stand-alone panel box consisting of air box, two fuel tanks for 

duel fuel test, manometer, fuel measuring unit, transmitters 

for air and fuel flow measurements, process indicator and 

engine indicator. Rotameters are provided for cooling water 

and calorimeter water flow measurement. The setup as shown 

in (Fig. 1) enables study of VCR engine performance for 

brake power, indicated power, frictional power, BMEP, 

IMEP, brake thermal efficiency, indicated thermal efficiency, 

Mechanical efficiency, volumetric efficiency, specific fuel 

consumption, A/F ratio and heat balance. Lab view based 

Engine Performance Analysis software package 

“EnginesoftLV” is provided for on line performance 

evaluation. Fig.2 shows the actual experimental setup and in 

Table 1 engine specifications are given. 

 
Fig. 2: Actual setup 

Make Kirloskar Oil Engines 

Model TV1 

Type Four stroke 

Cooling type Water cooling 

No. of cylinder One 

Bore 87.5 mm 

Stroke 110 mm 

Combustion principle Compression ignition 

Cubic capacity 0.661 liters 

Compression ratio 3 port 17.5:1 

Peak pressure 77.5 kg/cm2 

Direction of rotation 
Clockwise (Looking from 

flywheel end side) 

Max. speed 2000 rpm 

Min. idle speed 750 rpm 

Min. operating speed 1200 rpm 

Fuel timing for std. engine 230 Before TDC 

Inlet opens Before TDC 4.50 

Inlet closes After BDC 35.50 
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Exhaust opens Before 

BDC 
35.50 

Exhaust closes After TDC 4.50 

Valve clearance Inlet 0.18 mm 

Valve clearance Exhaust 0.20 mm 

Lubricating system Forced feed system 

Bumping clearance 0.046” – 0.052” 

Continuous Power rating 7/1500  hp/rpm 

Intermittent Power rating 7.7/1500 hp/rpm 

Brake mean effective 

Pressure at 1500 rpm 
6.35 kg/cm2 

Lubricating oil pump Gear type 

Lubricating. oil pump 

delivery 
6.50 lit/min. 

Sump capacity 2.70 liter 

Lub. Oil consumption 
1.5% normally exceed of 

fuel 

Connecting rod length 234 mm 

Table 1: Specification of the engine 

Tests were carried out for engine operation and 

engine performance parameters such as fuel consumption, 

brake thermal efficiency, and exhaust emissions three tests 

were performed for each blend to check the repeatability of 

the tests. After every test with a blend, the engine was run for 

about 30 min on diesel. A total of 50 h of testing was done 

using various blends. Engine emissions like carbon 

monoxide, carbon dioxide, nitrogen oxides, oxygen, and 

unburned hydrocarbon were measured with an AVL five gas 

analyzer  

Engine performance parameters such as brake 

specific fuel consumption (BSFC), brake specific energy 

consumption (BSEC), brake mean effective pressure 

(BMEP), brake thermal efficiency (BTE), and volumetric 

efficiency are evaluated CO, UBHC, NOx, and O2 were 

recorded. 

III. THERMODYNAMICS MODELING 

In any system energy always conserved and also it can be 

stored within a system, it can be transformed from one form 

to another form. In CI engine the energy is supplied by the 

combustion of fuel in a combustion chamber. Some part of 

energy supplied by combustion of fuel is utilized in 

developing brake power and remaining part is carried by the 

exhaust gaseous and cooling medium and some portion of 

energy is transferred to environment by friction and radiation 

other than this some part is transferred to lubricant.  

Where Q̇fuel is the amount of heat supplied by the 

fuel, it is calculated by 

Q̇fuel = ṁf  xLHV 

Where LHV is the lower heating value (kJ/kg) and  

ṁf is the mass flow rate of fuel (kg/s), respectively.               

The brake thermal efficiency of a control volume 

calculated as the ratio of the network output to the fuel energy 

input rate from 

ηbth =
Q̇brake power

Q̇fuel

 

IV. RESULTS AND DISCUSSIONS 

A. Fuel Characterization Result  

The fuel characterization test various physical & chemical 

properties of selected fuel, are evaluated as per standard 

procedure. 

Property PO PB KO KB diesel 

Density, 

kg/m3 
901 865 920 877 835 

Calorific 

value, MJ/kg 
39.81 38.61 38.207 38.02 44.62 

Kinematic 

Viscosity @ 

40⁰C 

40.42 4.64 46.42 5.05 2.83 

Flash point, 

0⁰C 
262 160 232 152 72 

Cloud point, 

0⁰C 
16 14 14.2 12.2 6.4 

Pour point, 

0⁰C 
6.0 4.5 6.1 5.4 3.0 

Cetane index 46 55.8 37.5 47.5 48 

B. Brake Thermal Efficiency 

BTE is a very significant engine performance parameter as it 

measures the actual power output available from the engine 

shaft. It is calculated for various blends of karanja oil, palm 

oil, Palm Biodiesel and Karanja biodiesel and diesel at 

constant load of 85% on the engine. These results are 

analyzed and represented graphically in graph. Brake thermal 

efficiency is the ratio of energy in the brake power to the input 

fuel energy. The brake Thermal Efficiency characteristics of 

Karanja oil, Palm oil, Palm Biodiesel and Karanja biodiesel 

and diesel blends have been plotted in Fig.4.1. The graphs 

indicate that the efficiency of SVO blend is lower than pure 

diesel fuel with respective vegetable oil in diesel. This may 

be due to the higher viscosity of fuel blend. Higher viscosity 

leads to increase in physical delay period which will helps to 

incomplete combustion of fuel. It is observed that highest 

efficiency is at 20% addition of biodiesel. Viscosity of 

biodiesel is nearly equal viscosity of diesel. Improvement of 

efficiency is due to presence of oxygen content in biodiesel. 

 
Fig. 4.1: Variation of BTE at 85% load against various SVO    

blends and diesel 

C. Brake Specific Energy Consumption 

BSEC is a reliable parameter for comparison as it takes into 

account of calorific value and the density of the fuel blends. 

It is observed that BSEC is lower at pure diesel as compared 
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biodiesel and SVO. Break specific energy consumption is less 

at 20% of Biodiesel. The BSEC increases with respective 

increase in blend ratio for all the considered SVO.  All the 

blends show higher BSEC than that of diesel. PO10 and 

KO10 are found to have the lowest BSEC among their 

corresponding blends. 

 
Fig. 4.2: Variation of BSEC at 85% load against various 

SVO    blends and diesel 

D. Carbon Monoxide Emission 

The effect of fuel viscosity on fuel spray quality would be 

expected to produce higher CO emissions with increasing 

SVO %-age in the blend. It is reported that physical properties 

like density and viscosity can have a greater influence on CO 

emissions than its chemical properties. CO emissions are 

found to be less for SVO10 compared to diesel and all higher 

order blends show higher CO emissions. With the increasing 

blend ratios of SVOs, the CO emissions show an increasing 

trend. The CO emission in biodiesel is less than the SVO 

because the viscosity of biodiesel is lower than the viscosity 

of SVO, it may be due the presence of Oxygen content in 

biodiesel. 

 
Fig. 4.3: Variation of CO at 85% load against various SVO   

blends and diesel 

E. Hydrocarbon Emission 

These emissions for SVO blends are found to be higher than 

diesel and have an increasing trend with increase in blend 

percentage of all the considered SVOs. The viscosity and 

density increase with the increase in blend percentage of 

SVOs resulting in higher droplet size. This is the possible 

reason for the obtained trend. Karanja oil and Palm oil has 

highest viscosity compared to diesel this is the reason we can 

see the unburned hydrocarbon percentage is maximum in the 

graph. HC emissions are less in biodiesel as compared to 

diesel and SVO blend, due to higher percentage of oxygen 

content in biodiesel. 

 
Fig. 4.4: Variation of HC at 85% load against various SVO    

blends and diesel 

F. NOx Emissions: 

Among the considered SVO blends tested, it is observed that 

the PO blends and KO Blends show lower NOx emission. At 

higher ratio of KO blend and PO blend the graph showing the 

less NOx emission. The NOx emission is higher in biodiesel 

as compared to SVO and Diesel. 

 
Fig. 4.5: Variation of NOx at 85% load against various SVO    

blends and diesel 

V. CONCLUSIONS 

The performance and emission characteristics are evaluated 

at 85% loading conditions after maintaining steady state 

operation. Following conclusion has been drawn from the 

present study:  

 Use of SVO as additives in diesel engine helps to control 

NOx emission   

 Use of Biodiesel as additives in diesel engine helps to 

control HC &CO emission 

 Use of biofuels as additive helps to decrease impendence 

on fossile fuels. 

 These additives can be use in diesel engine without any 

major modification. 
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