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Abstract
The effect of piston bowl geometry on reducing soot emissions, improving combustion, and in-cylinder flow movements
in a direct injection diesel engine was investigated. Standard combustion chamber (SCC) and newly modified combustion
chamber (MCC) geometries were compared at the same compression ratio (17.5:1). Experimental analysis of diesel
engines is expensive and time consuming, and therefore the Computational Fluid Dynamics program was used to analyze
the combustion, flow and emission process. AVL Fire ESE Diesel software was used in the numerical study. The numeri-
cal work was compared with the experimental results, and it was validated. In addition, 10% biodiesel mixture (10% Sal
seed oil methyl ester + 90% diesel fuel) and diesel fuel were used in the analysis. These fuels and two different bowl
geometries were investigated at 2000 rpm and full load conditions. Thus, the effect of the used biodiesel fuel and the
developed bowl geometry were investigated. Sal seed oil methyl ester was used as biodiesel fuel. The results show that
higher turbulence velocity distribution, better mixture fraction values and lower soot formation distribution are
obtained by directing the MCC type fuel according to SCC type. When the pressure, temperature and heat release in
the combustion chamber are examined, the highest values were obtained with B10 blended fuel used at the SCC type
combustion chamber. The maximum heat release rates are 8.72, 9.38, 8.21, and 9.30 J/� for SCCD100, SCCB10,
MCCD100 and MCCB10 fuels, respectively.
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Introduction

In the world, oil prices are increasing and fossil fuel
reserves are rapidly being depleted. In global market-
place is predicted that diesel fuel, which is among fossil
fuels, will be partially replaced by biodiesel fuel. The
used biodiesel fuel is suitable for the constructive of the
engine and at the same time it is aimed to improve the
exhaust emissions.1–5 Today, many studies are on the
engine characteristics of biodiesel fuels. In the studies
conducted is evaluated that biodiesel fuel will be a good
alternative fuel type to diesel fuel due to its direct use
without structural changes in the engine and especially
its environmental effects.6 These studies based on short-
term studies show that biodiesel fuel will be promising
in future.7–13

Many studies are in the literature examining the
effects of biodiesel fuels on combustion, performance
and emissions in engine. Karami et al. was made that
numerical analysis of combustion characteristics of a
diesel engine fueled with diesel-tomato seed oil

biodiesel blends. The numerical study was done using
AVL FIRE software. This study conducted with B0
(neat diesel), B5 (5% biodiesel + 95% diesel), B10 and
B20 at different engine loads and speeds. As a result,
the maximum temperature in-cylinder occurred at 15�
ATDC. Also, the smallest and largest ignition delay
was determined for B20 at about 8–9 �CA and for B10
at about 13 �CA, the highest heat release rate released
at 1400 rpm at 20.5 �CA, and the highest and lowest of
in-cylinder pressure were obtained at about 69MPa in
2000 rpm and at about 65MPa in 1600 rpm
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respectively.14 In other study, 100% diesel and B10
(90% diesel 10% triacetin) fuels in the AVL Fire ESED
program were tested by operating a diesel engine at dif-
ferent loads and 1500 rpm. This study was examined
pre and post-injection-rate shapes on the combustion
process. Thanks to the used biodiesel fuel, NOx emis-
sion has been reduced as it reduces the temperatures in
the combustion chamber. As a result, NOx-soot trade-
off was concluded to be considerably affected by the
injection-rate shape in combustion process.15 Asadi
et al. tested a diesel engine by using the ESE Diesel part
of the AVL Fire program. The engine was operated at
10% and 20% biofuel mixing ratios, 20% and 30%
pilot injection, and two different injection times.
Rapeseed-based biodiesel was used as biodiesel fuel.
Looking at the results, ethanol combustion results in
lower chamber temperature and subsequently lower
NOx emissions than biodiesel combustion.16 Hassan
et al. analyzed that the effects on engine performance
and emissions in a diesel engine fueled with biodiesel
produced from Australian Beauty Leaf Tree. Biodiesel
fuel was occurred at rates of 5% and 10%. Test engine
was operated at different engine speeds and full throt-
tle. As a result, B10 fuel according to diesel fuel was
been seen to slightly improve engine performance while
slightly reducing emissions.17 In another study, 5%,
10%, and 20% tomato seed oil were added to diesel
fuel. Test engine was operated at 0%, 25%, 50%, 75%,
and 100% of full load of the engine and engine speeds
from 1200 to 2400 rpm at increments of 200 rpm. As
the biodiesel ratio and engine speed increased, a reduc-
tion in specific fuel consumption and torque, high NOx
emission and lower CO, CO2 and soot emissions were
achieved. Also, the best results in performance and
emissions were obtained at 10% fuel mixture ratio.18

Aksoy et al. investigated the effect of different propor-
tions of neutralized waste cooking oil biodiesel mixture
on combustion, performance and emissions in a single-
cylinder and direct injection diesel engine at different
loads. The mixing ratio of biodiesel fuel was 30%. As a
result of, biodiesel fuel compared to neat diesel fuel,
the in-cylinder pressure and heat release rates were
increased because of better oxidation reactions, and it
obtained with higher indicated mean effective pres-
sure.19 Salehian and Shirneshan performed to analyze
the NOx conversion efficiency on a single-cylinder
engine by using AVL FIRE software. In this study used
E20B50D30 (20% ethanol, 50% biodiesel, 30% diesel)
D100, E10D90, E20D80, B25D75, and B50D50 fuel
blends. The engine operated at engine speeds of 1800,
2150, and 2500 rpm under full load. As a result, lower
NOx emissions were achieved in all fuel blends and
2500 rpm engine speed.20 Farajollahi and Firuzi
reported that AVL Fire software used for improving
the fuel spray characteristics and diesel engine perfor-
mance. Microscopic and macroscopic diesel and the
biodiesel fuel spray characteristics investigated in this
study. Research showed that the biodiesel spray was
bigger cone angle and smaller penetration length.21

Lešnik et al. focused on simulating the fuel-spray devel-
opment during different stages of the injection process
by using the AVL FIRE 3D CFD program. Used bio-
diesel was produced from rapeseed oil at Biogoriva,
Race, Slovenia that conformed to European standard
EN 14214 and test engine operated at full load and dif-
ferent engine speeds. As a result, the spray penetration
depth in the chamber was increased due to the proper-
ties of biodiesel such as higher density, sound velocity,
spray pressure and bulk modulus.22 In another study;
using different mixing ratios of diesel, biodiesel or die-
sel and biodiesel, a direct injection single-cylinder diesel
engine was numerically evaluated in the AVL Fire pro-
gram. Diesel, B10 (10% rapeseed oil + 90% diesel),
B20, and B50 fuels used. It had been determined that
the temperature and pressure values in the combustion
chamber decrease as the biodiesel ratio increases.23 Ni
et al. worked that characteristics of spray, combustion,
and soot emissions of the diesel engine fueled with
biodiesel-diesel blends and diesel were numerically
modeled by using AVL-FIRE software. B10, B20, B50
and diesel fuels were used in test engine. Consequently,
as the percentage of biodiesel fuel in the blend
increased, the ignition timing advances, which helps to
reduce soot formation. Also, the equivalence ratio of
biodiesel fuels was lower than diesel fuel except at the
end of injection. This state caused tendency of soot.24

Some work has been done on the production of Sal
(Shorea robusta) seed oil as biodiesel fuel. Shorea
robusta is known as the Sal tree. It is an 18–30m high
deciduous plant belonging to the Dipterocarpaceae
family.25,26 Sal tree is located in the forests of South
and Southeast Asia, covering approximately 14 million
hectares of India, Bangladesh and Nepal.27 Sal seeds
were available at low cost. Sal seed could be produced
as biodiesel and used in engine. Higher cetane ratio,
oxidation stability and calorific value of Sal seed bio-
diesel had a curative effect on engine performance. In
addition, the heating value of Sal seed and oil was
17.99 and 41.61MJ/kg, respectively.28 On the other
hand, cold weather pours point and lowers cold filter
plugging point (CFPP) values are a disadvantage for
this biodiesel fuel.29,30 Vedaraman et al. worked on bio-
diesel produced from Sal oil into Sal oil methyl ester
(SOME) and its performance in direct injection diesel
engine. SOME fuel compared to diesel, CO, HC, and
NOx exhaust emission values were reduced by 25%,
45%, and 12% respectively. In addition, there was no
significant change in thermal efficiency.30 Pali and
Kumar investigated the effect of Sal methyl ester
(SME) and its mixture with diesel fuel in different pro-
portions on performance, and combustion characteris-
tics in a four-stroke and single-cylinder diesel engine.
SME10, SME20, SME30, SME40, and D100 fuels had
been tested. The highest cumulative heat release rate
was achieved with SME10 fuel. The total combustion
duration was calculated in the range of 0.05–0.95. As
the rate of SME increases in diesel, the combustion
occurs earlier in the first stage and the ignition delay
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was shortened. Also, the engine was operated more
smoothly.31 Pali and Kumar focused on compared Sal
Methyl Ester and Kusum Methyl Ester biodiesel fuels
with each other. A single-cylinder, four-stroke, and
water-cooled diesel engine was operated at 1500 rpm
and injection pressures in the range of 200–205 bars.
Sal methyl ester showed higher performance than
kusum methyl ester.32

Another way to improve combustion and perfor-
mance in the engine is through the combustion cham-
ber geometry. In a study, lateral swirl combustion
system was designed and traditional v type combustion
system was developed. An interaction mechanism was
established between the lateral swirl combustion cham-
ber and the spray jet. The study, which was examined
experimentally and numerically, consequently reduced
fuel consumption and soot emission depending on the
injection angle with this combustion chamber geome-
try. Thermal efficiency and combustion performance
were increased with this combustion chamber geome-
try.33 Sener et al. examined the performance, emission
values and combustion characteristics of the piston by
examining five different bowl shapes of the piston with
the CFD program. Piston bowl geometry has a great
impact on heat release, in-cylinder temperature and
pressure, and emissions. DE and DF bowl designs
showed better combustion characteristics and lower
emission values than other designs.34 The combustion
law that provides optimum combustion for the
3LD510 direct injection diesel engine was issued and
the MR-1 combustion chamber piston was designed.
With the piston design, an increase of 9.6% in power,
an 8.7% reduction in specific fuel consumption and a
30% reduction in soot emission were detected.35

Approximately the same power was achieved with this
engine at lower in-cylinder pressure. As the pressure
decreases, the strain is less, NOx emissions was
decreased due to in-cylinder temperature decreased.36

The MR combustion mechanism, realized in a double
turbulent vortex combustion environment, combines
the advantages of both Diesel and Otto cycles in a sin-
gle structure.37,38 Ganji et al. modeled hemispherical
combustion chamber (HCC), shallow depth combus-
tion chamber (SCC) and Toroidal combustion chamber
(TCC) geometries in compression ratio of 17.5 using
Converge simulation. A better air-fuel mixture and
homogeneous mixture was provided with TCC geome-
try. The most suitable combustion chamber geometry
was determined for 1.26mm piston bowl depth.39 In
another similar study, three different piston bowl geo-
metries (Toroidal Re-entrant Combustion Chamber
(TRCC), TCC and HCC) and four different spray
angles (150�, 155�, 160� and 165�) were used. It was
emphasized that mixture formation, fuel consumption
and soot emissions became better with TRCC type geo-
metry and 160� spray angle.40 Li et al. evaluated that
LSCS (Lateral Swirl Combustion Systems) and DSCS

(Double Swirl Combustion Systems) were analyzed
using the AVL Fire program. Fuel consumption and
soot emissions were reduced with LSCS geometry.41

Wei et al. proposed a new swirl formation to improve
spray dispersion, improve mix quality, and increase air-
flow movement in the combustion chamber. In the
modeling with AVL Fire, better engine performance
was obtained with the new combustion chamber geo-
metry, where NOx and soot emissions at the rate of 0.8
swirl.42

There are many studies on the use of biodiesel fuel
at different rates and the effect of different combustion
chamber geometries in diesel engines. Diesel blended
fuels which containing biodiesel at certain proportions
are used in engines without the need for any modifica-
tion.43 These blends show characteristic combustion
characteristics similar to petroleum diesel. Increasing of
biodiesel ratio in the mixture could cause significant
power and performance losses and negative effects on
engine lubricating oil.9,17,44–49 Therefore, it is very
important use of blends containing biodiesel at certain
proportions in terms of engines.

In this study, direct injection, air-cooled and single-
cylinder diesel engine was numerically investigated
using AVL Fire. Diesel fuel was used in the engine and
10% Sal seed oil methyl ester was added to the diesel
fuel. The aim of the study was to investigate the effects
of Sal seed oil biodiesel on the standard combustion
chamber (SCC) and a new modified combustion cham-
ber (MCC) geometries. In numerical study, it was
investigated what effect it provide in the engine by
making detailed combustion analysis and in-cylinder
flow motion. All features of the engine were kept con-
stant except for the piston in order to fully understand
the effect of combustion chamber geometry and biodie-
sel fuel on the engine parameters.

Material and methods

Experimental study

In this study, engine performance characteristics and
in-cylinder pressure/crank angle data of ANTOR 3 LD
510 diesel engine were determined. Schematic represen-
tation of the experimental setup is given in Figure 1.
The engine was operated at 2000 rpm and full load,
where the maximum torque was obtained. In the experi-
mental results, the combustion analysis of the engine
was carried out using the Febris combustion analysis
program. Febris combustion analysis program recorded
in-cylinder pressures and indicator diagram for at least
350 cycles for each test point. The cycle closest to the
mean was selected by taking the average of these cycles.
Cylinder pressure was measured using Oprant optical
pressure sensor, and crank angle was measured using
KUBLER encoder. Engine technical specifications are
given in Table 1.
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Numerical Study

In this study, a numerical study was performed in the
AVL Fire ESE Diesel section using the properties of a
real diesel engine. The optimum value among 50,000,
100,000, and 120,000 cells was obtained in 100,000

mesh number. In Figure 2, similar results were obtained
between numerical analysis results obtained from
numerical modeling and experimental results. When
verifying the combustion characteristics with experi-
mental results, in-cylinder pressure and heat release rate
are usually compared. There are many studies in the lit-
erature on this subject.14,50–52 The type of combustion
chamber used in the comparison is SCC (Figure 2). In
Figure 3, close to results were obtained between numer-
ical analysis and experimental results. These results also
show the results obtained in real engine modeling.
Simulation models and initial boundary conditions are
given in Table 2. Properties and equations of these
models are preferred and accepted in many numerical
studies.44,53,54 Seed oil methyl ester was chosen as the
biodiesel fuel. The chemical content of this fuel was
defined in AVL FIRE and mixed with 10% of diesel
fuel as volume. This ratio has been chosen as it is
accepted in the literature and is an optimum ratio in
terms of engine performance and emissions. The fatty
acid composition and physicochemical properties of Sal

Figure 1. Schematic representation of the test setup.

Table 1. Engine technical specifications.

Engine type ANTOR 3LD510 diesel
engine, Single-cylinder,
4 stroke, direct injection

Type of cooling Air-cooled
Bore 3 Stroke 85 3 90 (mm 3 mm)
Cylinder volume 510 cm3

Compression ratio 17.5
Crank radius 42 mm
Maximum power 6.6@3000 (kW)
Maximum torque 32.8@2000 (Nm)
Number of injection nozzle 4
Injection spray angle 126�

Figure 2. Computational grid of (a) MCC and (b) SCC piston bowl geometry at TDC.

3160 International J of Engine Research 24(7)



seed oil methyl ester55 were descript to AVL Fire soft-
ware. The calculations were carried out at approxi-
mately 100,000 finite volume elements for both
combustion chambers (Figure 2).

The ECFM-3Z model solves transport equations to
determine the average amounts of chemical products
(O2, N2, CO2, CO, H2, H2O, O, H, N, OH, and NO)
formed at the end of combustion. Average amounts are
calculated for each cell separately. In the calculation of
these amounts, both burned gases and unburned fuel
and air mixtures are included,
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Many parameters of turbulence formation are solved in
detail with the k-z-f module. The constants of the k-z-f
module are given below.56

Cm =0:22, sk =1, se =1:3, sj =1:2, Ce =1:2,

Ce1=1:4 1+
0:012

j

� �
, Ce2=1:9, C1 =1:4

C2 =0:65, CT =6, CL =0:36, Ch =85

The liquid jet is described in two ways. The first of
these is the primary break-up. In this mechanism, the
number of droplets, size, propagation, and dispersion

Figure 3. The pressure/crank angle and heat release rate/crank angle changes in D100 fueled operation, experimentally and
numerically.

Table 2. Modeling used in numerical analysis and initial
boundary conditions.

Combustion model ECFM-3Z

Breakup model Wave
Turbulence model K-zeta-f model
Wall interaction model Walljet1
Evaporation model Multi component
Soot emission model Kinetic model
Injection Timing (start and stop) 705� and 729� (CA)
Injection rate (mass) 5.11e-6 kg
Engine speed 2000 rpm
Air inlet temperature 293.15 (K)
Air inlet pressure 1 (bar)
Fuel injection temperature 330.15 (K)
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of the liquid jet are studied. In the second mechanism,
droplets in dispersed small groups are examined.
Droplet size is very important for this dispersion and is
a characteristic size. In fact, in both mechanisms, liquid
propagation and droplet properties depend on the
properties of the liquid itself and the properties of the
surrounding gas. The second dispersion model exam-
ines the droplet aerodynamic properties depending on
the change in Weber number (We). There u is the velo-
city, d is the orifice diameter, r is the density of the
liquid, and s is the surface tension of the liquid.

We=u2rd=s

Results and discussion

The combustion characteristics of diesel engine used
Sal seed oil methyl ester biodiesel was conducted and
compared with diesel operation. In this study, the effect
of different fuel mixture on MCC and SCC combustion
chamber geometries was investigated. The full load
operating condition was used to simulate the geome-
tries at a constant engine speed of 2000 rpm.

Combustion characteristics

In-cylinder pressure directly affects engine characteris-
tics, and it is very important for analyzing combustion
behavior. The change in the in-cylinder gas pressure
concerning the crank angles for biodiesel fuel blend
and two different chamber geometry was given in
Figure 3. In both combustion chamber geometries, the
biodiesel fuel obtained a higher in-cylinder pressure
than the reference diesel fuel. Because of the low eva-
poration degrees of biodiesel fuels compared to diesel
fuel, it becomes difficult for the fuel to ignite in the
combustion chamber. Therefore, it was thought that it
caused an increase in maximum pressures due to the
prolongation of the ignition delay (ID) duration. In
general, the high density of biodiesel fuel compared to
diesel fuel means more fuel atomization into the com-
bustion chamber per unit time. These high-density fuel
particles accumulated during the ID especially increase
the severity of uncontrolled combustion and may cause
a maximum pressure increase. This situation was par-
ticularly evident after the top dead center (TDC). Here,
another parameter to be compared is the shape of the
combustion chamber. For both diesel and biodiesel
fuels, lower maximum pressures were obtained in the
MCC combustion chamber compared to the SCC com-
bustion chamber (Figure 4). A slower burning period
was the reason for obtaining lower in-cylinder pressure
with the newly developed combustion chamber geome-
try. In addition, better plastering and earlier evapora-
tion were achieved compared to SCC.51 The MCC type
compared to the SCC type, it had been observed in the
combustion analysis that the mixture was more

homogeneous in the combustion chamber due to its
special geometric bowl structure. For both types of
fuels, thanks to the bowl geometry of the MCC com-
bustion chamber, it was observed that it increased the
contact of the fuel with the surface in areas close to the
surfaces, facilitating evaporation, and thus contributes
to the reduction of in-cylinder peak pressures. Another
flow analysis that supported this result is the turbulence
velocities of the air/fuel fluids in the combustion cham-
ber. MCC compared to SCC type, mixing formation
velocity increased thanks to its bowl structure. Diesel
combustion temperature values were calculated from
instantaneous in-cylinder pressure, cylinder volume
and airflow rate. In-cylinder temperatures of biodiesel
and diesel fuel at 2000 rpm engine speed were shown in
Figure 4. The SCC bowl geometry achieved higher
cylinder temperature than MCC type. On the other
hand, the engine operating with biodiesel reached a
higher in-cylinder temperature than reference diesel fuel
(Figure 4). This situation can be explained by the pres-
ence of extra oxygen molecules in biodiesel fuel, which
facilitates the complete combustion of the fuel. Similar
behavior is reported by Dueso et al.57 Moreover, physi-
cal properties such as high cetane number, viscosity,
and density contributed to the development of the com-
bustion process.

Looking at Figure 4 helps us to understand the
amount of heat energy that can be converted to useful
work during fuel combustion. The net heat release rate
(NHRR) mainly depends on the injection timing and
ignition delay duration. When the NHRR results were
examined for both the biodiesel blended fuel and the
engine with different combustion chamber geometries,
it was seen that similar results were obtained with the
start of combustion (at 705 �CA). This state was seen
that the differences during the combustion after the
ignition delay more specifically occur. This was a result
of the combustion characteristic of the fuel. It may be
due to the higher specific heat of the B10 fuel, which
needs more heat energy to evaporate in the cylinder by
absorbing the heat from the combustion chamber.58

Especially with the combustion phenomena that
started around the 729 �CA where the spraying ended,
it was observed that the NHRR values formed a curve
parallel to the pressure values (Figure 4). Biodiesel fuel
mix reached higher NHRR values than diesel fuel. A
higher NHRR was obtained in SCC with 10% biodie-
sel fuel. This result can be said to be because biodiesel
fuel is more difficult to mix and therefore needs more
duration for mixing.59

Combustion parameters (pressure, temperature,
instantaneous and cumulative heat release rates) were
higher with biodiesel mixture. A lower evaporation
degree with a biodiesel blend has better physical prop-
erties (high cetane number, viscosity, and density).
Therefore, combustion can be improved by using this
fuel mixture in low power diesel engines and heavy
duty engines.
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Variation of flow motion in different combustion
chamber geometries and biodiesel fuel

The homogeneous distribution of the fuel-air mixture is
very important for better combustion in diesel
engines.60,61 Another important parameter in the for-
mation of air-fuel mixture is the turbulence velocity in
the combustion chamber. Figures 5 and 6 shows turbu-
lence velocity distributions of different combustion
chamber geometries. It was seen that the MCC com-
bustion chamber bowl structure increased the air/fuel
mobility in the cylinder. This distribution was also
reflected in the fuel/air mixture formation distributions.
Especially when the piston was at the TDC, it was seen
that both fuels had been plastered more on the wall in
MCC type. This situation it’s caused to evaporate more
easily and form a better mixture air/fuel. Especially in
the initial stages of fuel injection (for 710 �CA), it is
seen that the fluid has a high turbulence speed com-
pared to other crank angles, but with the mixture with
air over time, the speed of the fuel particles decreases.51

It was seen that this effect is distributed over a larger
area with the advancement of the piston. Especially

when different combustion chambers were analyzed, it
had been observed that the fluid hitting the cavity area
in the MCC type combustion chamber had a higher
turbulence velocity. As a result of the large area of tur-
bulence, the laminar flame velocity also increased in
this chamber geometry.62 The turbulence velocities of
the fluid and the mixing formations were parallel to
each other. It was seen that its effect in the maximum
area especially around 720 �CA and this value
decreased in both combustion chambers as the volume
increases.

Figures 7 and 8 shows the mixture fraction values
for different crank angles. The MCC type compared to
SCC type, there was a distinct difference in mixture for-
mation especially at 729 �CA (the angle where the
spraying ended) and afterward. It is very important to
use fuels with high evaporation degree such as biodiesel
fuel in different combustion chambers. The increase in
the surface area of the fuel in contact with the wall,
especially depending on the bowl geometry, signifi-
cantly affected the formation of the mixture. This situa-
tion was more clear at 720 �CA and 730 �CA of the
Figure 8. These results were thought to significantly

Figure 4. Variation of in-cylinder pressure, in-cylinder temperature and net heat release rate with crank angle in different
combustion chamber geometries and fuel mixtures.
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contribute to the use of alternative fuels in different
combustion chambers.

In both combustion chamber models, it was seen
that the mixture formation was concentrated in the
bowl area where the fuel was sprayed and the geometry
of this region was very important. Mixture formation is
a factor that directly affects exhaust emissions as well as

engine performance values. Soot formation is a harmful
emission type that occurs as a result of incomplete com-
bustion of the hydrocarbon fuel component. C and H
atoms are formed as a result of the decomposition of
the sprayed fuel under the effect of the heat in the com-
bustion chamber. Therefore, the formation of soot is
actually a stage of combustion. Soot emission decreases

Figure 5. Flow turbulence velocity distribution of (a) MCC and (b) SCC chamber geometries for diesel fuel.

Figure 6. Flow turbulence velocity distribution of (a) MCC and (b) SCC chamber geometries for biodiesel fuel.
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as a result of the reaction of the decomposition C atoms
with enough oxygen. When Figures 9 and 10 is exam-
ined, it is seen that soot formation is concentrated in
the bowl area for both fuels. The presence of fuel in this
area and soot emission in the heterogeneous mixture
area was higher than in other areas. C atoms that do
not react with sufficient temperature and oxygen at the
end of the expansion stroke had been found to increase

soot emissions. The oxygen content of biodiesel fuel
positively affects combustion. However, biodiesel fuel
compared to diesel fuel, its high viscosity and C number
caused an increase in soot emissions. Another para-
meter was the shape of the combustion chamber. The
MCC type according to SCC type, it caused a reduction
in soot emissions due to mixture formation and in-
cylinder air mobility for both fuel types. Moreover, the

Figure 7. Mixture fraction values of MCC (a) and SCC (b) chamber geometries for diesel fuel.

Figure 8. Mixture fraction values of MCC (a) and SCC (b) chamber geometries for biodiesel fuel.
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soot formation near the cylinder wall was reduced with
guiding the air-fuel mixture motion toward the center
of the cylinder.63

Biodiesel blend ratio is more suitable for complete
combustion thanks to the high oxygen it contains.

Therefore, it can be said that CO2 emissions decrease
and reduce greenhouse gases. In addition, when this
biodiesel blend is used with MCC geometry, C emis-
sions have decreased, which can be said to reduce the
formation of greenhouse gases.

Figure 10. Soot formation distribution of: MCC (a) and SCC (b) chamber geometries for biodiesel fuel.

Figure 9. Soot formation distribution of MCC (a) and SCC (b) chamber geometries for diesel fuel.
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Conclusions

This study dealt with the simulation of the combustion
characteristics of a DI diesel engine fueled with biodie-
sel produced from Sal seed oil methyl ester is investi-
gated, and SCC and MCC combustion chamber
geometries. Moreover, the effects of turbulence velocity
distribution, mixture fraction and soot formation para-
meters were numerically investigated. The numerical
results demonstrated that the maximum pressures
increased as a result of the prolongation of the ID dura-
tion due to the high heat of evaporation of biodiesel
fuel mixture compared to neat diesel. In-cylinder tem-
perature and net heat release rate increased because of
oxygen molecules in biodiesel fuel, and physical proper-
ties such as high cetane number, viscosity and density.
In addition, the maximum heat release rates were 8.72,
9.38, 8.21, and 9.30 J/� for SCCD100, SCCB10,
MCCD100 and MCCB10 fuels, respectively. On the
other hand, the MCC combustion chamber slightly
decrease maximum pressure and temperature was
observed due to improvement of mixture formation
near the wall. Maximum in-cylinder pressure values
found 81.6, 85.07, 78.66, and 84.11 bar for SCCD100,
SCCB10, MCCD100 and MCCB10 fuels, respectively.
MCC geometry according to SCC was provided a more
homogeneous mixture in terms of mixture fraction and
turbulence velocity. Lower soot emissions were
observed in the MCC geometry compared to the SCC.
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Bădescu V. Experimental and numerical assessment of

ignition delay period for pure diesel and biodiesel B20.

IOP Conf Ser Mater Sci Eng 2017; 252: 012068.
49. Dhar A and Agarwal AK. Experimental investigations of

effect of Karanja biodiesel on tribological properties of

lubricating oil in a compression ignition engine. Fuel

2014; 130: 112–119.

3168 International J of Engine Research 24(7)

https://www.biodiesel.org/using-biodiesel/buying-guide


50. E J, Liu T, Yang WM, Li J, Gong J and Deng Y. Effects

of fatty acid methyl esters proportion on combustion and

emission characteristics of a biodiesel fueled diesel engine.

Energy Convers Manag 2016; 117: 410–419.
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Appendix

Notation

ATDC After Top Dead Center
B10 10% Sal Seed Oil Methyl Ester + 90%

Diesel Fuel
CA Crank Angle
CFD Computational Fluid Dynamic
DI Direct Injection
ID Ignition Delay
MCC Modified Combustion Chamber
NHRR Net Heat Release Rate
SCC Standard Combustion Chamber
TDC Top Dead Center
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