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Abstract- This research paper is a result of the dependence on crude oil to power the world, and the necessity to reduce the 
dependency through the usage of alternative fuels and blends, yet not sacrificing on engine performance. Through modern 
experimental and theoretical techniques, the sustainability of these depletable resources can be increased. For our study, 
these techniques are essentialized on alternate fuels involved in internal combustion engines and are optimized to produce 
better engine performance. One such alternate fuel is biodiesel obtained from sunflower oil through transesterification 
process, and has recently gained substance due to its relatively less toxic nature. Currently, we are more concerned about 
blends that are used in the betterment of biodiesel and, here specifically, methyl and ethyl esters. As there is significant 
growth in the power and adaptability of research related to experimental and computational modelling, clean and efficient 
combustions can be realised with suitable simulations. Computationally simulated biodiesel in a diesel engine is verified 
against experimental data. This gives a clear picture of the pros and cons of diesel versus biodiesel and about the range of 
application in internal combustion engines.   
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I. INTRODUCTION 
 
The need is to collectively try to reduce the 
dependency on natural depletable resources and look 
for alternatives in each field to support our argument. 
On the engine front, researchers are heavily reliant on 
crude oil to satisfy our power needs. A suitable 
substitute can be biodiesel, which is closely similar to 
diesel in its calorific properties and possesses lesser 
emissions. Biodiesel is produced by an economical 
transesterification process from triacylglycerols[1]. 
Many researchers have produced biodiesel from 
waste cooking oils by an alkali-catalysed 
transesterification process for which the FFA content 
of the WCO was within the acceptable limit[2]-[7]. 
The whole conversion process is very feasible, as it 
can be performed in decentralised small units. 
However, some disadvantage of biodiesel obtained by 
transesterification is limiting the growth of its usage 
because of its higher viscosity and density when 
compared to diesel. This can lead to poor atomization 
and mixture formation with air [8]. Before running 
the diesel engine on biodiesel, the system is equipped 
with preferable conversion kits. These conversion kits 
can be either custom or readily available. The 
conversion allows the engine to run on both diesel 
and biodiesel alternatively as per the user requirement 
[9]. 
 
With enormous processing capabilities of modern 
computers, multi-dimensional Computational Fluid 
Dynamics (CFD) helps in simulating and analysing 
engine design, performance and development. 
Technically difficult process such as in-cylinder 
activity are sorted out with the use of CFD tools. The 
CFD code FLUENT is used to simulate the diesel 
engine combustion system. Prior numerical 

evaluation of concepts can aid in reducing the 
complexity of parameters involved. Generally, a 
single-step combustion mechanism is adopted where 
final products like CO2 and H2O are obtained. 
The objective of this literature is to study the 
performance and emissioncharacteristics of a single 
cylinder, four stroke diesel engine and to perform 
experiments to benchmark the simulation results for 
diesel and B10.   
 
II. MODELLING 
 
The geometry of the engine is calculated manually 
and is simulated by creating a CAD model in CREO 
Parametric 2.0 [10]. Minute details like the piston ribs 
and oil rings are neglected to maintain the simplicity 
of the system, while not sacrificing on the necessary 
nuances. A symmetric CAD model was thus, 
developed. From CREO Parametric, the part file was 
exported as an IGS file for the next pre-processing 
step, meshing. Modelling of crankshaft is done by 
importing modal data entered in Microsoft excel 
sheet into CATIA V5 generate shape design work 
bench by running on padding and pocketing micros. 
 
Combustion phenomenon of Compression Ignition 
(CI) engine is modelled using CFD FLUENT. 
Turbulence modelling is done using Renormalization 
Group Theory (RNG) k-ε model. The CFD code can 
be simulated in three-dimensional curvilinear 
domains using the finite volume method in a 
collocated grid; it solves the generalized   transport 
equation for the conservation of mass, momentum 
and energy, and incorporates the standard k–ɛ 
turbulence model with some slight modification[11]. 
Research has been carried out on the inner nozzle 
flow and spray behaviour for internal combustion 
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engines [12]. These processes control the fuel air 
mixing, which in turn is critical for the combustion 
process.  
 
A DYNAMIC MESH ROUTINE generates a moving 
mesh in FLUENT. The calculation runs from -150 
CA to 115 CA. The angles represent inlet valve 
closing till exhaust valve opening, thus involving 
only the compression and power strokes (indicated 
gross work). The obtained p-(theta) curve is validated 
against the experimental p-(theta) curve. Methyl 
Crotonate (MC) and Methyl Butyrate (MB) 
mechanisms are adopted to represent biodiesel fuels, 
while n-heptane is utilised to characterise the 
combustion of fossil diesel [13]. CHEMKIN-PRO is 
used as the solver for the zero-dimensional, closed 
homogenous reactor with a constant volume in this 
study. In the first phase, the mechanisms of MC and 
MB are methodologically reduced. Considering 
chemical mechanism and turbulence into account, 
reaction rates are modelled using non premixed 
combustion. 
 
III.EXPERIMENTAL INVESTIGATION 
 

Table 1 Engine Specifications 

 
 
The test setup is coupled with an eddy current 
dynamometer to load the engine. Suitable couplings 
are provided to eliminate power transmission loss. By 
changing the current through the dynamometer, the 
load acting on the engine is varied. The dynamometer 
has a torque arm which has a strain gauge suspended 
to it. The strain gage shows the force acting on the 
dynamometer, thus, the torque is calculated. The 
value of torque acting on the dynamometer is 
equivalent to the load developed by the engine. Flow 
measurements for air and fuel are respectively done 
with an orifice plate and standardised burette. 
Grooved type photoelectric sensors are used to detect 
the level of fuel in the burette. K-type thermocouples 
with digital indicators are used to determine 
inlet/outlet water temperatures and exhaust 
temperature.  
The concentrations of CO, CO2, NO, O2 and HC in 
the exhaust gas are measured through the AVL 
DIGAS 444 five gas emission analyser. The 
concentration of HC and NO are measured in ppm 

volume, whereas those of CO, CO2 and O2 are 
expressed in terms of percentage volume. With the 
three-stage filtration system, results are displayed and 
recorded. AVL 437 Smoke meter is used to measure 
the smoke number of the exhaust.  
Cylinder pressure data is acquired through a high-
speed Data acquisition system for every crank angle. 
For crank angle measurement, a Kuebler Sendix 5000 
TDC marker was used. KISTER quartz transducer 
model 6613C, with a range of 0-100 bar was used. 
This piezoelectric model produced small size, quick 
and responsive output of in-cylinder pressure.  
Diesel fuel is first used for cranking owing to its low 
viscosity, and the engine is hand-cranked. At zero 
load data for various combustion and performance 
parameters like specific fuel combustion etc. were 
exported to the system. The smoke meter was set to 
take the readings of smoke number. The gas opacity 
probe in the emission analyser was used to record 
data for emissions like CO2, CO, NOx, UBHC etc. 
Loads steps of 1.8 kg, 3.6 kg, 5.4 kg, 9 kg and 10 kg 
were assumed and corresponding emissions were 
noted.  
 
IV. RESULTS AND DISCUSSION 
 
A.Temperature ProfileSimulation 
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The temperature profile for various stances shows 
that maximum adiabatic temperature is 28300 C 
which is generally found for diesel engine. The flame 
front after combustion starts travelling away from the 
boundary which increases the overall temperature in 
engine and lead to proper burning of fuels. This also 
ensures required turbulence in engine for proper 
mixing in MCC phase of combustion. 
 

B. Performance Analysis 

 
Figure (g)Variation of Brake specific fuel consumption with 

BMEP for test fuels 

 
Figure (h)Variation of Total fuel consumption with BMEP for 

test fuels 

 
Figure (i)Variation of Brake thermal efficiency with BMEP for 

test fuels 
 
B10 has lesser calorific value than diesel; so for the 
same brake power, specific fuel consumption and 
total fuel consumption is more for B10. Moreover, 
calorific value predominates for biodiesel resulting in 
higher brake thermal efficiency. However, diesel has 
high calorific value comparatively resulting in low 
brake thermal efficiency. 

C. EmissionAnalysis 
The combustion phenomenon is divided into three 
regions to determine emission characteristics- (i) 
PMC phase (ii) MCC phase (iii) phase corresponding 
to intermediate of both extreme processes. During 
PMC phase the tempearature goes higher which 
results in increment of NOx formation.During MCC 
phase the combustion takes place at lower 
temperature which results in lower NOx emmisions. 
Oxygen content in fuel also drive the emmision 
characterstics. Higher oxygen leads to leaner buring 
of fuel which reduces the unburnt hydrocarbon 
content and CO content. 

 
Figure (j) Variation of CO emission with BMEP for test fuels 

 
From Fig.(j) it can be said that CO emission for 
biodiesel is higher than that of diesel. This is because 
biodiesel has higher oxygen content as compared to 
that of diesel. So, fuel burns as a leaner mixture in 
biodiesel causing less CO content. 

 
Figure (k)Variation of NO emission with BMEP for test fuels 

 
From Fig.(k) it can be inferred that NO content is 
higher in B10. This is because biodiesel has better 
ignition properties and has advanced start of ignition. 
This causes PCC phase to predominate over MCC 
phase which happens at higher temperature. At higher 
load due to large amount of fuel injection combustion 
takes place predominantly in MCC phase i.e. at lower 
temperature. Localized oxygen content also plays an 
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important role in MCC phase which keeps the NOx 
emission higher in B10 than diesel fuel. 

 
Figure(l)Variation of CO2 emission with BMEP for test fuels 

 
From Fig.(l) since the carbon content in diesel is 
higher as compared to biodiesel, so CO2 emission is 
less. But the difference is not significant as only B10 
blend is used for experimental investigation. 

 
Figure (m) Variation of Excess O2 with BMEP for test fuels 

 
From Fig.(m) since the oxygen content in biodiesel is 
higher, so the oxygen left after combustion also 
remains high for it. 

 
Figure (n) Variation of UBHC with BMEP for test fuels 

 
Unburnt hydrocarbon (UBHC) emission is lower in 
B10 blend. This is because of two reasons basically. 
First, the carbon content in diesel is higher as 
compared to biodiesel which releases more residual 
carbon. Secondly, oxygen content in biodiesel makes 
the combustion reaction learner and larger amount of 
carbon is burnt out. 
 
CONCLUSION 
 
The study is taken about the CFD approach on IC 
engine. The Geometric three dimensional 
computational domain of the combustion chamber is 
modelled using CATIA and further meshing and 
simulation is done using ANSYS Fluent. 

The results from combustion simulation model 
showed good agreement with experimental results 
when both diesel and B10 blend of biodiesel was 
used.  
Diesel fuel produced more Brake Power whereas 
Specific Fuel Consumption for biodiesel was more 
due to its low calorific value. 
NOx emission was more in biodiesel while other 
emissions like CO2, CO, UBHC were substantially 
lower, due to localized carbon content. Thus use of 
biodiesel can contribute to reduction in global 
warming. 
The results reported in this paper illustrate that the 
numerical simulation can be one of the most powerful 
and beneficial tool to compute the essential features 
of combustion parameters for Engine development, 
optimization and performance analysis. 
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