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Abstract. The increasing costs and depletion of fossil fuels, as well as increased awareness of the  global concern 
regarding air  pollution caused by the extensive use of petroleum fuels in internal  combustion engines are  prompting 
researchers to increase their investigations into alternative  fuels that should be available  and environmentally friendly.  
Among alternative fuels, Biodiesel is  considered as sustainable,  and the most promising fuel for compression ignition 
engines. The  objective of this paper is to  numerically study the effect of Biodiesel B20 on ignition delay,  combustion 
duration, peak fire  pressure and peak fire temperature at engine speeds of 1000 rpm  to 2400 rpm, in increments of 200 
rpm,   and full load condition. A four cylinder, four stroke,  direct injection tractor Diesel engine was modelled by  using 
the AVL  Boost software . The  simulation results revealed that Biodiesel B20 reduces ignition  delay time and combustion 
 duration, exhibits lower peak fire pressure and peak fire temperature at low engine speeds, and  higher ones at higher 
engine speeds,  compared to Diesel fuel.  
 Keywords: Biodiesel B20, Diesel engine, Ignition delay, combustion duration  . 
 

1. INTRODUCTION 
 

Today there is increased environmental awareness, 
awareness of the depletion of  petroleum    resources,  oil 
price increases, and increasing  industrialization and 
modernization of the  world  have increased investigation 
on alternative fuels for daily use from renewable 
resources.     Biodiesel is composed of fatty acids which are 
 produced via  chemical processes from vegetable  oil or 
 animal  fat. It is  one of a number of promising alternative 
fuels, which is available,  economically viable  and 
environmentally and acceptable replacement to Diesel 
 fuel,  contributes  to climate, water and soil  protection and 
enables a reduction of greenhouse  gas  emissions [  1  ]  .     

 There is a large volume of published studies 
describing the advantages of Biodiesel as a  substitute to 
Diesel fuel, such as: free  of sulfur content, higher cetane 
number, higher flash point  and  lower volatility, all of 
which make Biodiesel safe to store and handle  .   In 
addition it has a  lower aromatic    compound content, 10–
  11% oxygen    content by weight     [2,3,4]. These 
 characteristics contribute to the reduction in carbon 
 dioxide,  carbon  monoxide, unburned  hydrocarbons and 
soot emissions [   5, 6   ].  

 There have been several studies in the literature 
reporting the disadvantages of Biodiesel  such as: lower 
heating value, higher density and higher viscosity [7, 8, 
9  ].  These characteristics  contribute to reduced 

atomization quality, lower spray cone angle, increased 
average droplet  diameter,  and  longer tip penetration of 
the sprayed injected fuel, higher brake specific  fuel 
 consumption (BSFC), reduction in the rate of heat release 
during combustion,  resistance to flow,  especially at  lower 
temperatures, difficulty in initial  starting and increased 
engine carbon  deposits   [   8,  9  ].  

 During the past 30 years much more information has 
become available on Biodiesel as  fuel used directly in 
Diesel engines, or blended with Diesel, such as the works 
of Harch et al [ 10   ] who developed a combustion model 
for a Diesel engine using the computational  fluid dynamics 
  (CFD) software and AVL Fire program to predict the 
engine performance and  emission  characteristics of second 
generation Biodiesel produced from the Australian native 
beauty  leaf  seed (B and B10) for different injection 
timings and a variety of compression ratios.    The results 
 of the numerical simulation indicate that Biodiesel B5 
provides slightly improved  performance  and efficiency, 
and moderately reduced emissions compared to Diesel. 
Biodiesel  B10 provides better  performance and 
efficiency, and significantly reduced engine emissions 
 compared to petroleum  fuel.   

In another study, Rakopoulos et al. [11] examined the 
effect of using Biodiesel in a six- cylinder, turbocharged 
heavy-duty, direct  injection (DI),  Mercedes-Benz  Diesel 
engine at  different engine loads and engine speeds (1300 
rpm,1500 rpm) experimentally. The results shown  a 



shorter ignition delay at all operation conditions with 
Biodiesel compared to Diesel, and this is  due to the fact 
that Biodiesel has a small percentage of diglycerides, 
which have higher boiling  points.  

More recently, Belymen et al. [12] experimentally 
investigated the influence of palm oil  Biodiesel at 
different percentages (B2, B5, B7, and B10) on the 
performance and engine exhaust  of a generator Diesel 
engine at an engine speed of 3000 rpm and a variety of 
compression ratios  and different engine load conditions. 
Experimental results indicated that Palm oil methyl ester 
 produces a better output when the  engine operates with 
variable compression ratio, increases fuel  consumption by 
1.26%, increases NOx emissions by 1.18, while carbon 
monoxide is reduced by   29.1% when using Biodiesel, 
and found similar results to those obtained by [13].  

The main objective of this paper is to numerically 
study the effect of Biodiesel B20 on  ignition delay, 
combustion duration, peak fire pressure, peak fire 
temperature  of Diesel engine at  full load and varied 
engine speeds by using the AVL- Boost program. 
 
2. ENGINE SPECIFICATIONS 
 

The compression ignition engine is much more 
efficient, achieves better fuel economy and  is preferable 
when compared to all current types of internal 
combustion engines due to the  high compression ratio 
used with this kind of engine. The Diesel engine that 
was used in this study for modeling is a  four cylinder, 
four stroke, natural aspiration, direct injection tractor 
engine. The technical specifications  of the engine 
include a displacement volume of 3759 cm3, a bore of 
115 mm, a stroke of 102  mm and a compression ratio of 
17.6:1. The engine was coupled to an eddy-current 
dynamometer  located at the internal combustion 
laboratory of Politehnica University (Romania), is 
shown in  Fig. 1 [14].  
 

 
 

Fig. 1. Schematic of the test bed 

3. Simulation Procedures 
 

The AVL BOOST program was used in the present 
work to predicate the engine performance,  combustion 
characteristics and exhaust gas emissions of a Diesel 
engine. The most important  engine specifications are 
presented in section (2). The AVL- MCC combustion 
model and the  Woschni 1990 heat transfer model were 
chosen in this modeling. The initial simulation was 
performed to  compare Biodiesel B20 produced from 
Rapeseed oil to petroleum Diesel fuel at different  engine 
speeds, of 1000 rpm to 2400 rpm in 200 rpm increments, 
at full load condition. All the test  engine components, 
such as: cylinder geometry, intake and exhaust manifolds, 
air  filter, system boundaries, catalyst, are linked together 
by pipes, as shown in (Fig. 2) [14].  
 

 
 
Fig. 2.Schematic of the engine symbolic model (AVL BOOST 

Theory and AVL BOOST Users  Guide)[14]  
 
4. RESULT AND DISCUSSION  
 

In this part of the study, a numerical result related to 
cylinder pressure was validated with the experimental 
result in order to investigate the usefulness of the AVL 
Boost model. The effect of Biodiesel B20  fuel on ignition 
delay, combustion duration, and peak fire pressure and 
peak fire temperature are presented and compared with 
Diesel fuel at engine speeds of 1000  rpm to 2400rpm in 
increments of 200 rpm, at full applied loads. 
 
4.1. Cylinder pressure 
 

Figure 3 presents the variations of cylinder pressure 
with respect to crank angle, both  experimental and 
 simulation, for Diesel and Biodiesel B20 at an engine 
speed of 2400 rpm and full load  operation. It is apparent 
from this figure that the best approach between the two 
pressure traces -  numerical and  experimental - for  test 
fuels  operation, has been observed  . All other results 
with  engine speeds of 1000 to 2200 rpm, in increments, 
have the same trend and exhibit a good approach 
between the two  pressure traces - numerical and 
 experimental - with acceptable   relative variation . Based 
on the results it is  concluded that this model can be used 
for the prediction of the combustion characteristics of 
the  Diesel engine fueled by Biodiesel fuel. 



 
 

Fig. 3.Comparison between experimental and simulation 
pressure traces for full load, 2400 rpm speed. 

 
4 2. . Ignition delay  
 

The variation of Ignition delay with respect to the 
engine speed at full load for Diesel and Biodiesel B20 is 
shown in Figure 4. Ignition delay is defined as the period 
between the start of fuel injection and the start of 
combustion. Start of injection is usually taken as the time 
when the injector needle lifts off while the start of 
combustion was more difficult to predict. This figure is 
clearly shows that ignition delay time increases when 
engine speed increases. It was observed that the ignition 
delay period of Biodiesel B20 is significantly lower than 
that of Diesel fuel at all engine speeds, and this is due to 
the fact that Biodiesel has a higher bulk modulus, higher 
sound velocity, which lead to an advanced start of fuel 
injection (SOI), higher density and higher cetane number 
than for Diesel fuel. Similar results were reported by 
[15, 16  ]. 

 

 
 

Fig. 4.Ignition delay time .Vs. engine speed 

 
4.3. Combustion duration  
 

Figure (5) presented the variation of combustion 
duration with respect to engine speed at full load for 
Diesel and Biodiesel B20. The results of the numerical 
simulation indicate that the combustion duration of 
Biodiesel B20 fuel for all engine speeds at full load is 
shorter than for Diesel fuel, and this may be due to the 
fact that Biodiesel has  10–  11% oxygen    content by 

weight, which will improve combustion, and combined 
with a shorter ignition delay leads to faster combustion. 

 

 
 

Fig. 5.combustion duration time .Vs. engine speed 

 
4.4. Peak fire pressure  
 

The variation of peak fire pressure with different 
engine speeds at full load for Diesel and Biodiesel B20 is 
shown in Figure (6).The results obtained from the 
simulation indicate that the peak fire pressure of 
Biodiesel B20 fuel was lower at low engine speeds and 
higher at high engine speeds than for Diesel fuel. The 
explanation of this behavior may be due to lower 
volumetric efficiency at high engine speeds with the 
natural aspirated engine, and due to the presence of 10–
  11% oxygen    content in Biodiesel, which will be improve 
fuel combustion and then increase the temperature and 
pressure inside the cylinder. The finding is consistent 
with findings of past studies by  [17] . 

 

 
 

Fig. 6.peak fire pressure .Vs. engine speed 
 

4.5. Peak fire temperature 
 

Figure (7) presented the variation of peak fire 
temperature with respect to engine speed at full load for 
Diesel and Biodiesel B20. As shown in the figure,  the 
trend of peak fire temperature of Biodiesel B20 fuel was 
lower at low engine speeds and higher at high  engine 
speeds than that of Diesel fuel.  This may be due to the 
higher cetane number and the presence of 10–  11% 
oxygen    content of Biodiesel, which results in improved 
fuel combustion and increased temperature.   



 
Fig. 7.peak fire temperature .Vs. engine speed 

 
5. CONCLUSION  

 
A numerical investigation was conducted by using 

the AVL Boost program to explore the effect of 
Biodiesel B20 on ignition delay time, combustion 
duration, peak fire pressure and peak fire temperature in 
a compression ignition engine. The numerical results  
 were validated against experimental data related to 
cylinder pressure and engine performance. The results 
were  obtained from a four cylinder, four stroke,  natural 
aspirated direct injection  Diesel engine which was run 
on Diesel  and Biodiesel B20  at full load conditions and 
varied engine speeds (1000 rpm to   2400  rpm, in 
increments of 200 rpm). The results of the simulation 
indicate that the combustion duration and ignition delay 
of Biodiesel B20  were shorter than those of Diesel fuel , 
Biodiesel B20 produces lower peak fire pressure and 
peak fire temperature at low engine speeds. The lower 
peak fire pressure and peak fire temperature were higher 
with Biodiesel B20 at higher engine speeds compared to 
Diesel fuel. 
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