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ABSTRACT
The effect of cylinder air pressure with different injection pressure on combustion characteristics of biodiesel blended with
diesel fuel in Direct Injection (DI) diesel engine with hot surface ignition was investigated. Experiments were carried out in a
constant volume combustion chamber under conditions similar to the real engine condition using a single holepintle nozzle.
The present study analyzed the combustion characteristics of 20% and 40% blending of Jatropha Methyl Ester (JME) with
diesel as fuels in diesel engine. The combustion characteristics such as ignition delay, combustion duration and duration of
injection were computed. The injection pressure range chosen was 100 to 300 bar with variation of am bient air pressure from 5
to 25 bar. The results showed that for all test fuels the reduction in ignition delay increases with the increase in injection
pressure and ambient air pressure. The jatropha biodiesel (JBD) higher cetane number, facilitated shortest ignition delay when
compared to the diesel fuel under all injection pressures and ambient air pressure. It was seen that, the combustion durations
of JBD20 were slightly more than diesel fuel, but with the increase in the amount of biodiesel in the blend, combustion
duration increased for JBD40 which may be due to increase in the amount of fuel injected but with the increase in injection
pressure from 100 to 300 bar leads to reduction in combustion duration. It was clear that the injection duration of diesel fuel is
higher than JBD.
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1. INTRODUCTION
Diesel engine has gained the name and fame in serving the society in many ways. Its main attractions are ruggedness in
construction, simplicity in operation and ease of maintenance. The performance and emission characteristics of diesel
engines depends on various factors like fuel quantity injected, fuel injection timing, fuel injection pressure, shape of the
combustion chamber, position and size of the injection nozzle hole, fuel spray pattern, air swirl etc. The fuel injection
system in a direct injection diesel engine is to achieve a high degree of atomization for better penetration of fuel in
order to utilize the full air charge and to promote the evaporation in a very short time and to achieve higher combustion
efficiency. The fuel injection pressure in a standard diesel engine is in the range of 200 to 1700 atm depending on the
engine size and type of combustion system employed [1]. Due to the better fuel economy diesel engines have been
widely used in the automotive area. However, the limited reserve of fossil fuel and deteriorating environment have
made scientists seek to alternative fuels for diesel while keeping the high efficiency of diesel engine. Since last decades,
researchers around the world have been trying to find new alternative fuels that are available, technically feasible,
economically viable and environmentally acceptable [2]. One of the promising alternative fuel considered for diesel
engine is “biodiesel”.
1.2 Biodiesel
Among the alternatives for fossil diesel, biodiesel has been widely investigated due to its renewability, comparable
properties to fossil diesel and the reduction in main emission products. Biodiesel is mainly comprised of mono-alkyl
esters of long chain fatty acids and it was defined in standard ASTM D6751. Normally feedstock such as vegetable oil
and animal fat is used to produce biodiesel through transesterification method. With the on-going development of
biodiesel, the categorization of biodiesel is developed. Generally biodiesel can be categorized by the readiness of
feedstock and produce technologies. The biodiesel made from vegetable oil and animal fats using transesterification
method is normally recognized as first-generation biodiesel. The second-generation biodiesel, Biomass to liquid (BTL)
fuel is to turn cellulose into fuel components (enzyme fermentation or gasification through Fischer-Tropsch synthesis),
and the feedstock theoretically can be any biomass such as waste agriculture, wood chips etc. Some biodiesel from
jatropha, algae, etc., despite being produced by transesterification method, is widely regarded as secondgeneration due
to the technical challenge of feedstock planting and harvesting. Normally the second-generation biodiesel can
supplement the drawbacks of the first-generation biodiesel, particularly being non-competitive with food. Different
from above definition, another new fuel, Hydro-treated vegetable oil (HVO), using the same feedstock as 1st generation
biodiesel, is viewed as second generation biodiesel, and BTL is third-generation [3]. The authors still categorize it into
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second-generation biodiesel because HVO shares the same feedstock with first-generation biodiesel even though it is
made through different way and has better quality than first-generation biodiesel through transesterification.
1.3 Biodiesel History
Vegetable oil has been used in diesel engine long time ago. In 1900 after the invention of diesel engine, Dr. Diesel used
peanut oil to run one of his engines at the Paris Exposition of 1900. Vegetable oils were used in diesel engines until
1920s. The recent use of vegetable oil as the alternative for diesel starts from early 1980s due to the concern about the
energy supply. But biodiesel is not commercialized until late 1990s.For the direct use of vegetable oil, several
difficulties occur, including the high viscosity, acid composition, free fatty acid content, and gum formation due to
oxidation and polymerization during storage and combustion, carbon deposition, and oil thickening . Therefore, the
direct use of vegetable oil may not be satisfactory and practical. The technologies to improve the vegetable oil
appeared.
1.4 Hot Surface Combustion
The hot surface assisted ignition concept is commonly applied to overcome the low temperature starting problem in
diesel engines. Introducing extremely low cetane fuels like ethanol, require an extended application of the hot surface
as continuous ignition assistance. The function of the hot surface is to provide favorable local ignition condition,
followed by flame propagating through the fuel air mixture to establish a stable diffusion flame. Surface ignition occurs
when the temperature of the air-fuel mixture adjacent to the hot surface exceeds its self-ignition limit. The minimum
surface temperature needed for this kind of ignition depends on both physical and chemical properties of the fuel to be
ignited and the operating conditions prevailing inside the combustion chamber as well. Material and exposure of the
hot surface have also gained some importance. The hot surface may be provided by concentrating/accumulating the
heat of combustion at a position on the piston top or by supplying external energy to the heating elements inside the
combustion chamber. Hot surface ignition making use of glow plugs is not a new concept as it is being used in IDI
diesel engines to overcome cold starting problems.

Figure 1Surface Ignition Engine [4]
2. LITERATURE SURVEY
Till today several biodiesel fuels for CI engines have been investigated. Most investigations show that the use of
biodiesel results in lower emissions (except NOx) and better combustion [5]. Pramanik [6]has investigated the use of
Jatropha oil blends with diesel fuel in direct injection diesel engine. It has been reported that 50 % of Jatropha oil
blends can be substituted for diesel fuel in CI engine. It has been reported that the Jatropha oil exhibited higher specific
fuel consumption and lower exhaust gas temperatures compared to diesel fuel.Szybist et al. [7] have reported that the
injection and ignition process can be altered significantly by biodiesels and their blends. An increase in the ignition
delay period and combustion duration with both jatropha oil and its esters with lower heat release rates were noticed
compared to diesel fuel. Tapan K. Gogoi ,ShovanaTalukdar, Debendra C. Baruah[8] have analyzed the performance
and combustion characteristics of 10%, 20%, 30% and 40% blending of Koroch Seed Oil Methyl Ester (KSOME) and
Jatropha Methyl Ester (JME) with diesel as fuels in a diesel engine. They reported that the ignition delay was less and
the combustion duration was more for the JME blends as compared to the KSOME blends. They have found that the
ignition delay period for the KSOME and JME blends was less as compared to the diesel fuel. M. Senthil Kumar, A.
Kerihuel,J. Bellettre and M. tazerout [9]have used preheated animal fat as fuel in single cylinder direct injection diesel
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engine developing a power output of 2.8 kW at 1500 rev/min. Experiments are conducted at the fuel inlet temperatures
of 30, 40, 50, 60 and 70°C. They reported that animal fat at low temperature results in higher ignition delay and
combustion duration than diesel. Preheated animal fat shows reduced ignition delay and combustion duration. M.G.
Bannikov[10] has used Mustard methyl esters (further biodiesel) and regular diesel fuel in direct injection diesel
engine. Analysis of experimental data was supported by an analysis of fuel injection and combustion
characteristics.Analysis of combustion characteristics revealed earlier start of injection and shorter ignition delay period
of biodiesel. Resulting decrease in maximum rate of heat release and cylinder pressure was the most probable reason for
reduced emission of nitrogen oxides. Analysis of combustion characteristics also showed that cetane index is not a
proper measure of ignition quality of biodiesel. Also, increased consumption of biodiesel led to longer injection
duration. An advanced biodiesel injection would result in the longer ignition delay period since biodiesel was injected
in the lower pressure and temperature environment. Nevertheless, ignition delay period of biodiesel was shorter than
that of diesel fuel at all loads which is the evidence of the better ignition quality of biodiesel. P.K. Sahoo, L.M. Das[11]
have investigated the use of Non-edible filtered Jatropha (Jatrophacurcas), Karanja (Pongamiapinnata) and Polanga
(Calophylluminophyllum) oil based mono esters (biodiesel) and blended with diesel in a single cylinder diesel engine
used in generating sets and the agricultural applications in India. Diesel; neat biodiesel from Jatropha, Karanja and
Polanga; and their blends (20 and 50 by v%) were used for conducting combustion tests at varying loads (0, 50 and
100%). The engine combustion parameters such as peak pressure, time of occurrence of peak pressure, heat release rate
and ignition delay were computed. Combustion analysis revealed that neat Polanga biodiesel that results in maximum
peak cylinder pressure was the optimum fuel blend as far as the peak cylinder pressure was concerned. They reported
that the ignition delays are consistently shorter for JB100, varying between 5.9º and 4.2 º CA lower than diesel with the
difference increasing the load. Similarly, delays are shorter for KB100 (varying between 6.3 º and 4.5 º CA) and PB100
(varying between 5.7 º and 4.2 º CA) lower than diesel. G Lakshmi Narayana Rao, S Sampath and K Rajagopal[12]
have analyzed the combustion, performance and emission characteristics of Used Cooking oil Methyl Ester (UCME)
and its blends with diesel oil 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. They reported that observed that the ignition delay periods of UCME
and its blends are significantly lower than that of diesel and are decreasing with increase in % UCME in the blend,
This is due to the fact that Oleic and Linoleic fatty acid methyl esters present in the UCME split into smaller
compounds when it enters the combustion chamber resulting in higher spray angles and hence causes earlier ignition
and for all test fuels the reduction in ignition delay increases with the increase in load. This may be due to higher
combustion chamber wall temperature and reduced exhaust gas dilution at higher loads.
3. BIODIESEL PRODUCTION PROCESSES FOR COMBUSTION STUDY
The experiment has been performed to evaluate performance of mechanical stirring method of biodiesel production in
terms of yield (%) and time.
The experiment has been performed with the following steps:
1. Jatropha oil (4 Kg) is taken in a beaker and filtered it to remove impurities. The raw oil is heated up to 110 º C in
order to remove water content of oil to avoid soap formation. This oil is allowed to cool up to 55 º C temperatures
for the reaction to take place.
2. Now methanol (CH3OH) is taken with a molar ratio of (1:6) and catalyst (KOH) is taken as (1%) by wt of oil. The
mixture of methanol & KOH stirred until KOH dissolved into methanol.
3. Then Jatropha oil mixed into the mixture of methanol & KOH.
4. The whole mixture stirred for 1 hour with the help of magnetic stirrer.
5. For better reaction, temperature of mixture kept in the range of 50 º C to 60 º C because the methanol boiling point is
65 º C.
6. When the reaction is completed the beaker is kept for the separation. Glycerol has higher Sp- weight therefore it
settles down at bottom. It will take 2 to 3 hrs.
7. After separation methyl ester (biodiesel) contains only catalyst KOH in form of impurity.
8. KOH harmful for diesel engine therefore it must be separate out into the biodiesel. Water washing process use for
removing KOH in biodiesel. In the process water (at 55 º C) mixed in to separate methyl ester and left for settling
down. KOH dissolved into water and separated to biodiesel.
9. Excess water removed by heating the biodiesel up to 120 º C.
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Figure 2 Flowchart of Jatropha Biodiesel Production (FFA less than 2.5%)
3.1 Description of Tested Fuel
The fuels used in this study include conventional diesel and blends of jatropha biodiesel. The blended fuels contain
20% and 40% by volume of jatrophabiodiesel, which are identified as B20 and B40 fuels. The biodiesel used in our
experiments was produced from Jatropha oil. The major properties of the fuels are measured in the petrochemical lab of
the college. These properties are listed in the Table below. The properties with * are adopted from Sunil Kumar et.al
[13].
Table 1: Properties of Tested Fuels
Fuel
Viscosity,
Lower
Flash
Densit
Cetane
C.stokes at 40 heating value Point
y
Number *
o
C
(MJ/kg) *
(ºC) FP
(kg/l)ρ
Diesel
4.2
42
155
0.83
49
Jatropha
5.2
34.2
185
0.88
51
biodiesel

4. EXPERIMENTAL APPARATUS AND PROCEDURE
The investigations on the combustion characteristics were conducted on a Direct Injection Constant Volume
Combustion Chamber (DI-CVCC). Combustion Chamber in the present study is a stainless steel cylindrical tank
having a 54.2 mm length, 95 mm diameter and 7.5 mm thickness. A pintle type nozzle is fitted on the head of the
combustion chamber (right hand side). The combustion chamber used in the present study is a closed type chamber so
that the pressure developed inside the combustion chamber is very high as required in the present study. The photo
sensor is attached to the combustion chamber to detect the event of start of combustion, on the storage oscilloscope. The
rise time of photo sensor for the present study is 5µ Sec. For detecting the event of combustion, the borosil glass
window which the photo sensor is installed in front of it is attached on the left hand side of the combustion chamber.
When fuel is injected into the combustion chamber with the help of fuel injection system, there is a pressure change
takes place inside the fuel line. This pressure change is sensed by the piezoelectric crystal and display this signal on the
screen of an oscilloscope. Heating elements or coils act as a heater. One of them is fitted inside the combustion chamber
so that hot surface combustion of fuel and air mixture takes place inside the chamber and other is fitted around the
combustion chamber for increasing the surface temperature. Maximum temperature of heating coils for the present
study is 1400ºC. The oscilloscope used in present experimental setup is a digital storage two channel oscilloscope
(RIGOL DS 1102, 100 MHz, 1GSa/s). On one channel it shows the fuel injection process and on the other channel it
shows the combustion process. The ignition delay can easily be measured on the screen of the oscilloscope by noting the
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difference between the start of injection and start of combustion on adjusting the time scale and further it can be
investigated to analyses the combustion and injection duration.

1. Constant Volume Combustion
Chamber
2. Digital storage two channel
oscilloscope
3.Fuel injection pump
4. Centrifugal Air compressor
5. Piezo-electric sensor

6. Photo sensor
7. Heating coil (Hot surface)
8. Pressure gauge
9. Temperature indicator
10. Transformer

Figure 3Block Diagram of Experimental Setup
5. TEST PROCEDURE
 First of all, the pressure of air inside the combustion chamber is increased with the help of air compressor and
maintained it up to a required value.
 After closing all the valves, the fuel is injected with the help of fuel injection system (a fuel injection nozzle and
a fuel injection pump) into the combustion chamber. Thus a fuel spray is formed inside the combustion
chamber. When there is no burning activity inside the combustion chamber due to the low temperature of the
chamber, there is also no light intensity procedure and hence the photo sensor senses nothing, therefore the
output on the screen of an oscilloscope is zero (straight line).
 After maintaining the required temperature and ambient air pressure inside the combustion chamber, the fuel is
injected into the combustion chamber through the pintle nozzle and hot surface combustion (heating coil
inside the combustion chamber) takes place. Due to the surface combustion, flame is established inside the
combustion chamber. Emission of light as a result of combustion is used as the start of the combustion process.
 As soon as light is emitted after the completion of ignition delay due to the surface combustion, it is sensed by
the photo sensor through optical window and display this signal on the two channel oscilloscope.
 When fuel is injected into the combustion chamber with the help of fuel injection system, there is a pressure
change takes place inside the fuel line. This pressure change is sensed by the piezoelectric crystal and display
this signal on the screen of an oscilloscope.
 Since oscilloscope is a two channel oscilloscope therefore it can displays both these events i.e. fuel injection
process and combustion process each on separate channel simultaneously on the screen of oscilloscope as
shown in Fig.4.
 The start of combustion process and start of the fuel injection process can easily be read on the screen of the
oscilloscope. The time difference between the start of fuel injection and the start of combustion gives the
ignition delay. Further combustion duration and injection duration can be observed.
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 The process is repeated four times for a given ambient air pressure and fuel injection pressure to minimize the
error in measurement.
 The ambient air pressure is varied from 5 to 25 bar in steps of 5 bar for every injection pressure. Thus a set of
observation is completed for a particular fuel.
 After noting down the observation from the screen of an oscilloscope, a purging of all the combustion products
and exhaust gases from the combustion chamber is done.
 Before the fuel injection for the second reading, it is ensure that all combustion products must be expelled out
from the combustion chamber. To do so the outlet valve is opened after every combustion for purging.
 After taking one reading, repetition of all the above processes again is done for the next reading.

Figure 4Optical Method for Measurement [14]
6. RESULTS AND DISCUSSION
The ignition delay in direct injection diesel engines is of great interest because of its direct impact on the heat release,
as well as its indirect effect on engine noise and pollutant formation. The ignition delay period is composed of a
physical delay, encompassing atomization, vaporization, and mixing, coupled with a chemical delay, a result of precombustion reactions in the fuel/air mixture. The two time scales are occurring simultaneously [15],[16]. Numerous
ignition delay correlations have been proposed. The first correlation was obtained by Hardenberg and Hase [17] and
was developed for heavy duty diesel engines. The correlation works over a reasonably wide range of conditions, but the
correlation covers several experimental parameters. The developed correlation uses cetane number, temperature,
pressure, engine speed and also includes kinetic parameters hard to evaluate in the engine as activation energy,
apparent activation energy, and some other adjustable coefficients. It was developed as an empirical formula and is
limited because it is a mixture of engine practical parameters like piston mean speed and kinetics parameters more
difficult to evaluate. It was also developed for old heavy duty engines and for diesel fuel. This correlation also does not
take the equivalence ratio into account. Assanis[16] compiled in his paper eight empirical formulas for ignition delay
correlation obtained using steady flow, constant volume bombs, diesel engines or single droplet experiments and noted
a wide range of empirical constants in the correlations. The correlations applied to estimate ignition delay in direct
injection diesel engines are often applied outside the temperature-pressure range of their validity or applied for different
engines. The most suitable correlations for diesel engines are those proposed by Assanis and Watson [18]. These
empirical correlations are based on pressure and temperature data. Assanis’s correlation is very good capturing the
transient conditions while watson’s cannot capture it. The main problem is that both correlations were obtained for
diesel fuel and cannot be applied to biodiesel, which compared to diesel fuel has important differences in chemical
composition, viscosity, density and ignition delay [19], [20]. Vasil’ev [21] developed a modification of the Arrhenius
equation for multifuels and used it for a two fuel system, but it is not suitable for use with biodiesel. Kavtaradze [22]
obtained experimental correlations for natural gas, synthesis gas and conventional diesel fuel. The correlation for diesel
fuel was obtained performing experiments in a single cylinder, four stroke diesel engine, but is only suitable for diesel
fuel. There are reported other correlations experimentally obtained in constant volume bombs, steady flow reactors,
rapid compression machines and engines [21], [22], but they are specific to the tested engines because several engine
parameters are involved in the results and they are only validated for fossil diesel fuel. A number of these correlations
use an Arrhenius expression similar to that proposed by Wolfer [23] in 1938 where he measured the ignition delay
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using a constant volume bomb and expressed it as a function of pressure and temperature of the environment through
the following semi-empirical equation

 id   n exp(   RT )

(1)

Where P and T are cylinder pressure and temperature respectively, E activation energy, R is the universal gas constant,
Aand nare constants. It was found that these constants vary by several orders of magnitude, according to the
experimental work [23], [24]. Most of these ID correlations were developed from data collected in constant volume
bombs [23], [25] which cannot capture the dynamic variation in pressure and temperature during the ignition delay as
in real engines. Several investigators gave the constant for the Arrhenius equation. Based on the semi-empirical
equation developed by Wolfer and Watson developed an ID correlation using a diesel engine under steady state
conditions which is still widely used;

 id  3.45 1.02 exp(2100T )

(2)

Fig.5 shows the comparison of measured ignition delays in different injection pressure with calculated ignition delays
based on the semi-empirical equation developed by wolfer and watson. It is observed that at low air pressure (5 bar) the
calculated ignition delays by Wolfer are much higher than measured ignition delays. But as the pressure of the
combustion chamber was increased, the difference in calculated and measured ignition delay decreases and at higher
pressure (20 to 25 bar) both become nearly equal. When the injection pressure was increased from 100 to 300 bar, the
calculated ignition delays by Wolfer increases at low pressure (5 bar). It follows from Fig.5 given below that at low air
pressure (5 bar) the calculated ignition delays by Watson are slightly higher than measured ignition delay but at
pressure above 5 bar i.e. at 10, 15, 20 and 25 bar, measured ignition delays are slightly higher than calculated ignition
delays. The comparison between semi-empirical equation developed by Wolfer and Watson is shown that the equation
provided byWatson has a similar degree of accuracy as to measured ignition delays in the present study.

(a)

(b)
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(c)
Figure 5 Comparison of Measured Ignition Delay with Calculated Ignition Delay at
(a) 100 bar IP (b) 200 bar IP (c) 300 bar IP
6.1 Effect of Ambient Air Pressure on Ignition Delays of Jatropha Biodiesel Blended Diesel:
The ignition delay in direct injection diesel engines is of great interest because of its direct impact on the heat released,
as well as its indirect effect on engine noise and pollutant formation. The said delay in a diesel engine is defined as the
time between the start of the fuel injection and the start of combustion. The ignition delay period is composed of a
physical delay, encompassing atomization, vaporization, and mixing, coupled with a chemical delay, a result of precombustion reactions in the fuel/air mixture. The two time scales are occurring simultaneously [15],[16]. Researchers
have stressed that chemical properties are much more important than physical properties [26]. The ignition quality of a
fuel is usually characterized by its cetane number. It is generally accepted that a larger CN for diesel fuel results in a
shorter ignition delay and duration of the combustion period, less occurrence of knocking, and lower the formation of
nitrogen oxides (NOx). The CN of the biodiesel fuel depends on the saturated fatty acid content [27]. Pointed out that
biodiesel containing high amounts of saturated fatty acids (low iodine numbers) such as palm oil, lard and beef tallow
(65, 65 and 75 respectively) will possess a higher CN while those with high amounts of unsaturated fatty acids (high
iodine numbers) such as in used cooking vegetable oil, rapeseed oil, etcetera, will have a low CN. On the other hand,
Graboski [28]found that the CN of biodiesel ranges between 45.7 and 56.4. The cetane numbers and properties of the
tested fuels were shown in Table I. The cetane numbers for the diesel fuels and JBD were 49and 51, respectively. In
other hand, the increase in fuel viscosity, particularly for petroleum derived fuels, results in poor atomization, slower
mixing and increased penetration. These results in longer ignition delay. But biodiesel is not derived from crude
petroleum, and the opposite trend is seen in the case of biodiesel and their blends. Fig.6compares the ignition delays
between diesel, JBD20 and JBD40 under conditions of different ambient air pressure and injection pressure. Fig.6
shows the ignition delays for the JBD20 and JBD40 are lower than that of diesel fuel respectively. It is noticed that for
all test fuels the reduction in ignition delay increases with the increase in injection pressure and ambient air pressure.
The reason may be that increase in ambient air pressure increases the density of the compressed air, resulting in closer
contact of the molecules, thereby reduces the time of reaction when fuel is injected hence reduces the minimum
autoignition temperature of the fuel and therefore the ignition delays decrease. The maximum ignition delay is 27.92
ms for diesel (at 5 bar cylinder pressure and 100 bar injection pressure) and lower ignition delay is 6.32 ms for JBD40 (
at 25 bar cylinder pressure and 300 injection pressure).Biodiesel usually includes a small percentage of diglycerides,
having higher boiling points than diesel. However, the chemical reactions during the injection of biodiesel at a high
temperature resulted in the breakdown of the high-molecular weight esters. These complex chemical reactions led to
the formation of gases of low molecular weight. Rapid gasification of this lighter oil in the fringe of the spray spreads
out the jet,and thus volatile combustion compound is ignited earlier, resulting in a shorter ignition delay [29].
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(a)

(b)

(c)
Figure 6Variation of Ignition Delays of JBD Blends Diesel at Different Ambient Air Pressure at
(a) 100 bar IP (b) 200 bar IP (c) 300 bar IP
6.2 Effect of Ambient Air Pressure on Combustion Duration of Jatropha Biodiesel Blended Diesel:
Determination of combustion duration of a diesel engine is a difficult task because the total combustion process consists
of phases such as rapid premixed combustion, mixing controlled combustion and the late combustion of fuel present in
the fuel rich combustion products. It can be defined as the time interval from the start of heat release to the end of heat
release [11]. Banapurmath et al. [30] evaluated the combustion duration considering the CA interval between the SOC
and 90% cumulative heat release. They observed higher combustion duration with Honge, Jatropha and Sesame oil
methyl esters which they attributed to the longer diffusion combustion phase of the esters. Rao et al. [31] however,
observed lower combustion duration with JME blends and it was stated that due to the early start and faster rate of
combustion. Fig.7 shows the combustion duration for diesel and the various jatropha biodiesel blends (20% and 40%)
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with different cylinder pressure and injection pressure. It was seen that, the combustion durations of JBD20 were
slightly more than diesel fuel, but with the increase in the amount of biodiesel in the blend, combustion duration
increased for JBD40 which may be due to increase in the amount of fuel injected. However, for the jatropha biodiesel
blends, the combustion durations were more compared to the diesel fuel and it is observed that the combustion duration
of JBD40 at the point of 20 bar cylinder pressure was higher during all fuel injection pressure and these were 1037, 935
and 806.25 ms for 100, 200 and 300 bar fuel injection pressure respectively. Higher duration of combustion with
respect to JBD20 and JBD40 could be due to earlier start of combustion and relatively longer diffusion combustion for
these blends. But again the combustion duration decreased at the point of 25 bar cylinder pressure during all injection
pressure and these were 935, 898.75 and 778.75 ms for 100, 200 and 300 bar fuel injection pressure respectively.

(a)

(b)
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(c)
Figure 7Variation of Combustion Duration of JBD Blends Diesel at Different Ambient Air Pressure at
(a) 100 bar IP (b) 200 bar IP (c) 300 bar IP
6.3 Effect of Ambient Air Pressure on Injection Duration of Jatropha Biodiesel Blended Diesel:
Injection pressure and duration are important in a diesel engine. Higher injection pressure results in better dispersion as
well as greater penetration of the fuel into all locations in the chamber where its presence is desired. Injection duration
of fuels depends on parameters such as viscosity, density and bulk modulus.The peak fuel injection pressure is directly
proportional to the bulk modulus of the fuel. In conventional mechanical fuel systems, biodiesel exhibits higher
injection pressures due to its higher bulk modulus. For a fixed rack position where injection duration remains constant,
however, an increase in injection pressure and density results in increased mass delivery From Fig.8 it is observed that
the injection duration of diesel fuel is higher than jatropha biodiesel. Injection duration of JBD20 and JBD40 is close to
each other. Higher viscosity, density and bulk modulus of JBD leads to advance in injection and higher injection
pressure. Table 2compares bulk modulus of diesel fuel and JBD.
Table 2: Comparison of Bulk Modulus of Diesel with JBD
Fuel
Bulk Modulus
@ 20 MPa
Diesel
1967
JBD
2087
Fig.8 shows that injection duration of diesel increases from 5 bar to 10 bar cylinder pressure during all injection
pressure but for JBD40 the injection duration decreases with same condition. The maximum injection duration is 122.5
ms for diesel fuel at 10 bar cylinder pressure and minimum duration is 17.5 ms for JBD40 at 20 bar cylinder pressure.

(a)
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(b)

(c)
Figure 8Variation of Injection Duration of JBD Blends Diesel at Different Ambient Air Pressure at
(a) 100 bar IP (b) 200 bar IP (c) 300 bar IP
7. CONCLUSIONS
The purpose of the present work was to study experimentally the effect of cylinder air pressure (5 to 25 bar) with
different injection pressure (100 to 300 bar) on combustion characteristics of jatropha biodiesel blended with diesel fuel
(20% and 40%) in direct injection constant volume combustion chamber.
The conclusions drawn from the present study are the following points:
 Ignition delay of diesel fuel and JBD blended with diesel strongly depends on injection pressure and ambient
air pressure.


JBD has the shorter ignition delay which is prolonged with increasing biodiesel content in the blends.



Ignition delay decreases with the increase in injection pressure and ambient air pressure for all tested fuel.



The primary reason of shorter ignition delay of JBD is its lower compressibility, higher viscosity and cetane
number.

 combustion durations of JBD are more than diesel fuel
 Combustion duration of JBD increases with increase in cylinder air pressure.


The reasons of higher combustion duration of JBD are due to increase in the amount of fuel injected and
earlier start of combustion.



Injection duration of diesel fuel is higher than JBD.

 The reasons of shorter injection duration of JBD are due to higher viscosity, density and bulk modulus of JBD.
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