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Abstract— The present paper investigates the performance 

and combustion characteristic of  diesel engine running with 

karanja oil by using Computational fluid dynamics (CFD). 

Biodiesel is an alternative fuel of diesel is mentioned as 

methyl ester fatty acid from vegetable oils or animal fats. 

The objectives of the paper is to reduce higher viscosity of  

Pongamia pinnata (Karanja) oil using esterification followed 

by transesterification and to assess the performance and 

emission characteristics of diesel engine. The idea of using 

vegetable oils as fuel for diesel engines is an old technique. 

Appropriate crude oil fractions were reined with the arrival 

of petroleum to serve as fuel and diesel fuels and diesel 

engines evolved together. From the investigation it can be 

concluded that the CFD simulation is used to evaluate the 

combustion performance of the engine and biodiesel can be 

used as an alternative to diesel in a compression ignition 

engine without any engine modifications. 
Key words: Karanja oil, performance, exhaust emissions, 

combustion characteristics, CFD 

I. INTRODUCTION 

Biodiesel is a renewable fuel produced from vegetable and 

animal fats that can be used in diesel engine with little or no 

alteration. Biodiesel can be used in its clean form (B-100), 

but it may require engine modifications to avoid 

maintenance and performance troubles. Biodiesel is gaining 

more importance as an alternative fuel due to the depletion 

of petroleum resources and price hike of petroleum goods. 

Most of the researchers carried out performance and 

emission tests of biodiesel fuels on diesel engine. It is 

renewable, protected and non polluting source of energy. 

CFD is a branch of fluid mechanics that uses numerical 

methods and algorithms to solve and analyze problems that 

involve fluid flows. Computers are used to perform the 

calculations required to simulate the interaction of liquids 

and gases with surfaces defined by boundary conditions. 

The performance and combustion characteristics of  diesel 

engine running with karanja oil by using Computational 

fluid dynamics is to be done in the future. 

II. LITERATURE SURVEY 

Luka Lesnik et al. [1] have focused on numerical and 

experimental analysis of biodiesel influence on the injection 

characteristics of a mechanically prohibited injection 

system, and also on the operating conditions of a high heavy 

duty diesel engine. The influence of biodiesel on 

mechanically prohibited injection system characteristics was 

tested experimentally on an injection system test bed. This 

program has been used to investigate the influences of 

different fuel properties on the injection systems 

characteristics. The photos taken with a high pace camera 

were compared to the simulation outcomes obtained by 

using the AVL FIRE 3D CFD simulation program. The 

differences in the fuel properties between tested biodiesel 

and diesel result in a higher maximum and mean value of 

the injection pressure in mechanically controlled injection 

systems. 

A.S. Ramadhas et al. [2] developed a theoretical 

model to investigate the performance characteristics of the 

compression ignition engine fueled by biodiesel and its 

blends. In the present investigation, biodiesel is produced 

using unrefined rubber seed oil. The special effects of 

relative air fuel ratio and compression ratio on the engine 

performance for different fuels are also analyzed by using 

this model. The comparison  of  theoretical and 

investigational results are obtained. The modeling outcome 

showed that, with rise in compression ratio peak pressure, 

brake thermal efficiency and peak temperature are 

increased. With an increase in the relative air fuel ratio, the 

above parameters are reduced. The performance 

characteristics of the engine follow the same trend for all 

fuels. The results are compared with the experimental 

outcome of the engine fueled by diesel B20 and B100. 

Teresa Donateo et al. [3] proposed an analytical method that 

uses empirical based models and CFD simulations to 

capably evaluate design alternatives in the translation of a 

diesel engine to either CNG dedicated or dual fuel engines. 

All the tools developed for the application of the method 

have been linked in the Mode Frontier optimization 

environment in order to carry out the final choice of the 

combustion chamber. The application to a dual fuel engine 

showed that the combustion process is only weakly 

influenced by the bowl profile. Though, the procedure is 

successful in defining the best shape of the profile in order 

to achieve the goals of the conversion process and a drop of 

NOx emissions up to 20%. 

F.J. Salvador et al. [4] have analysed the behavior 

of the internal nozzle flow of a normal diesel fuel has been 

compared against a biodiesel fuel (soybean oil) at cavitating 

& non-cavitating conditions, by means of a homogeneous 

equilibrium model. The decrease of injection velocity and 

cavitation intensity for the biodiesel noticed by numerical 

simulation at various injection conditions, predict a worse 

air fuel addition process. Biodiesel injects more fuel and 

reaches the critical cavitation conditions. As a result, the 

cavitation intensity is very low for the same pressure 

conditions. As a outcome of the decrease of injection 

velocity and cavitation intensity for biodiesel, the air fuel 

mixing process gets bad. 

Annarita Viggiano et al. [5] in this paper, the 

multidimensional mathematical approach, attached with a 

kinetic reaction system for ethanol oxidation and NOx 

formation, is proposed and validated against investigational 

measurements. Specially, CO emissions measurement is a 

major issue of this paper, as this pollutant is severely related 

to inhomogeneities in the combustion chamber near the 

walls and a multidimensional advance with an adequate grid 

http://en.wikipedia.org/wiki/Fluid_mechanics
http://en.wikipedia.org/wiki/Numerical_methods
http://en.wikipedia.org/wiki/Numerical_methods
http://en.wikipedia.org/wiki/Algorithms
http://en.wikipedia.org/wiki/Fluid_dynamics
http://en.wikipedia.org/wiki/Boundary_conditions
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resolution is fixed for a correct simulation. At last, the role 

of charge motion is investigated by analyzing the result of 

swirl on the performance of the engine. The results are only 

slightly affected by swirl ratio and the differences are due to 

the two opposite effects. The first effect is associated to the 

higher values of the turbulent kinetic energy in the 

combustion chamber during the increase in swirl ratio. 
Mingfa Yao et al. [6] HCCI combustion have been 

representing  the huge attention due to high efficiency and 

worse nitrogen oxide (NOx) and particulate matter 

emissions. Though, there are still tough challenges in the 

unbeaten operation of HCCI engines  such as extending the 

working range, controlling the combustion phasing, high 

unburned hydrocarbon and CO emissions. Numerical 

simulation has become a commanding tool in realizing 

HCCI and seeking control strategies for HCCI, and has 

superior flexibility and lower cost compared with engine 

experiments. Then the optimization of emissions fuel 

economy can be reached to the complete engine operational 

range through an best combustion mode design. 

Iman Chitsaz et al. [7] Natural gas has widely been 

used as a fuel in conventional Diesel and spark explosion 

engine. The understanding of injector stricture on the jet 

structure is helpful for the combustion optimization. 

Numerical simulation at the initial stage of jet development 

was not in exact agreement with experimental data due to 

transient effects of the needle lift within the injector tip and 

experimental errors while reliable results was observed after 

1 ms from the start of injection. It is notated that tip angle of 

jet did not have a specific trend when jet develops. 

Youngchul Ra et al. [8] Reduced chemical kinetic 

mechanisms for the oxidation of representative surrogate 

components of a typical multi-component automotive fuel 

have been developed and applied to model internal 

combustion engine. At first  from an obtainable reduced 

Mechanism for primary reference fuel (PRF), extra 

improvement can made by including additional reactions 

and by optimizing reaction rate constants of selected 

reactions. The results show that the present multi-

component combustion model gives reliable performance 

for ignition prediction, as well as computational efficiency 

improvement through the use of reduced mechanism for 

multi-dimensional CFD simulations. 

Mohammad Taghi Shervani-Tabar et al. [9] In 

diesel engines the fuel spray is affected by the cavitation 

phenomenon which occurs in the injector orifice. The 

cavitation is one of the important factor which has a 

significant effect on the fuel spray . In this study, for a 

particular geometry of the nozzle and the combustion 

chamber, the cause of the cavitation phenomenon on the 

spray characteristics. The results of this study show that by 

increasing the injection pressure the rate of the spray 

dispersion length increases and the main diameter decreases 

for constant release pressure. The Hydraulic flip 

phenomenon occur after the injection pressure of 120 MPa 

on the base of the results of this work. 

Philippe Dagaut et al. [10] For modeling the 

combustion of aviation fuels, compose of very difficult 

hydrocarbon mixtures and it is need to use low complex 

surrogate mixture. The different surrogates used to 

represents kerosene and the available kinetic data for the 

ignition and oxidation of kerosene and surrogate mixtures 

are recieved.  

G.D’Errico et al. [11] The definition of an efficient 

optimization methodology for internal combustion engine 

design using 1D fluid dynamic simulation models is 

presented. This work aims at discussing the fundamental 

numerical and fluid dynamic aspects which can lead to the 

definition of a best practice technique, depending on the 

complexity of the problem to be dealt with, on the number 

of design parameters, objective variables and constrains. For 

these reasons, both single-and multi-objective problems will 

be clarified, (i.e. optimization of engine performances), 

while the latter have a much wider range of applications and 

are often characterized by conflicting objectives. 

C.V.Teixeiraa et al. [12] investigated to examine 

experimentally the NOx emissions and the performance of a 

motor AGRALE M90, single cylinder, operating with diesel 

and biodiesel blends. Engine was connected to an electric 

generator, which provided 4500 W, 3000 W and 1500 W to 

an electrical system. The specific fuel consumption 

increases with theamount of the palm oil on the blended 

fuel. It could be explained by the heating values of the fuels. 

The high heating value and the lower heating value of the 

commercial diesel are greater than the ones of the palm oil 

biodiesel blends. 

S. Naga Sarada et al. [13] optimized the injection 

pressure for a compression ignition engine with cotton seed 

oil as an alternate fuel. In this present study, tests were 

conducted with the help of untreated cotton seed oil in four 

stroke, single cylinder, and direct injection diesel engine. To 

get better combustion characteristics of cotton seed oil in an 

unmodified engine, the effect of increase in injection 

pressure was studied with optimization. When the cotton 

seed oil is used as fuel, quieter operation of the engine is 

observed with the injection pressure which was increased 

from 180 bar to 240 bar. 

S.Ganesan et al. [14] analysed that the ethanol is 

used to improve octane and to increase the emission quality 

of gasoline. They focused on the combination of diesel, 

castor oil and ethanol together. Results shown between the 

cfd at compression stroke and experimental data guarantee 

the accuracy of numerical calculation collected. The peak 

value of cylinder pressure and rate of pressure climb shows 

good accuarcy between the computational fluid dynamics 

and calculated data during the compression stroke. 

N. Stalin et al. [15] presents a review of the 

alternative technological methods that could be used to 

manufacture this fuel. Biodiesel by means of karanja oil was 

produced by alkali catalyzed transesterification process. 

Investigation and performance of  IC engine using karanja 

oil blending with diesel and with various blending ratios has 

been evaluated. For all the fuel samples tested torque, brake 

power and its break thermal efficiency reach maximum 

values at 70% load.  Cost of dual fuel (B40) can be 

considerably reduced than pure diesel. 

III. CONCLUSION 

 The extraction of  biodiesel from vegetable oil is 

extremely easy. In the production of  biodiesel it is observed 

that the base catalyst performs superior than acid catalysts 

and enzymes. The biodiesel and their blends have similar 

fuel properties as that of diesel. It is also observed that the 
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biodiesel has nearer combustion characteristics as diesel. 

The main benefit in biodiesel usage is attributed to lesser 

exhaust emissions in terms of hydrocarbons, carbon 

monoxide. Even though biodiesel engines emits more NOx, 

these emissions can be restricted by adopting certain 

strategies such as the adding up of cetane improvers, 

exhaust gas recirculation, retardation of injection timing. 

The values analysed from the computational fluid dynamics 

are compared with the experimental results. From this 

review paper, it is observed that there is a larger scope for 

using biodiesel as an alternative fuel in near future.  
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