International Journal of Engineering and Advanced Technology (IJEAT)
ISSN: 2249 – 8958, Volume-9 Issue-1, October 2019

Influence of Combustion Chamber Geometry on
the Combustion and Emission Characteristics of
a Direct Injection Diesel Engine Operated on
Renewable and Sustainable Fuel Derived from
Diary Scum Waste
Sadashiva Lalsangi, V.S. Yaliwal, N. R. Banapurmath
Abstract: Present work discusses experimental investigation
to study the effect of biodiesel blends and re-entrant combustion
chamber on the performance, combustion and exhaust
emissions. In the first phase of the work, diary scum oil methyl
ester (DiSOME) biodiesel was produced by conventional
transesterification
process
and
is
blended
with
conventional diesel fuel in steps of 20 (by volume). Further in
the next phase of the work, influence of blended fuel properties
and re-entrant combustion chamber (RCC) on the combustion
and emission characteristics of a direct injection diesel engine
has been investigated. Results of investigation showed that B20
operation with RCC provided increased thermal efficiency by
3-4% with 10% increased smoke, 10-20% decreased hydrocarbon
(HC) and carbon monoxide (CO) and 8-10% increased nitric
oxide (NOx) emission levels compared to B100 operation.
Further increased cylinder pressure and heat release rate were
observed with B20. However, Thermal efficiency and NOx
emissions are comparatively lower and smoke, HC and CO
emissions were found to be slightly higher than base line diesel
operation.
Key words: Diary scum oil methyl ester, Re-entrant
combustion chamber, combustion, emissions.

I. INTRODUCTION
In order to lower crude oil import, greenhouse gas emissions,
and harmful emission levels from fuel combustion and
increased energy production from indigenous energy sources,
it is significant to increase renewable energy share in the
energy mix. India is having enormous renewable energy
resources and which are sustainable in nature [Panwar et al
(2011)]. In particular energy resource from biodiesel derived
from diary scum is a most promising
alternative fuel. Evaluating the potential of diary scum
resource in India, it is imperative to develop decentralized
power plants in diary. Thereby, grid power can be saved to
little greater extent.
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Concentration of energy targets is a significant policy which
in turn addresses the reduction in energy shortage,
environment and socio-economic issues. Biodiesel
production from diary scum resource assessment showed that,
the diary scum potential is more than 150 million tons per year
in India. Plenty of dairies are engaged in producing not only
milk; these are also producing other food products. Several
milk diaries with large capacity are engaged in handling milk
across the country. One such milk diary named as Karnataka
Milk Federation (KMF) Ltd is located in Dharwad, India. It
has an infrastructure to handle nearly about 3.10 lakh litres of
milk per day. After milk processing, for cleaning the
equipments about more than 3 - 4 lack liters of water per day
is used. Especially milk processing, milk separation,
packaging and washing huge quantity of scum get collected in
effluent treatment plant as a scum. It is noticed that about
100-150 kg of effluent scum is wasted every day and which is
very difficult to dispose [Benson et al (2013), Shivakumar et
al (2011)]. A majority of the literature aims at production and
utilization of biodiesels for power generation application
using edible and non-edible oils. However, energy from the
diary scum is less investigated. Energy from diary scum can
be utilized conveniently due to its renewability, greater
potential and well distribution across the country. This energy
is the main driving force because it is available at a free of
cost. but it is very difficult to manage the energy requirement
only when the power production is from conventional and
biodiesel fuels derived from vegetable oils [Panwar et al
(2010, 2011)].
Scum is a waste having low density and formed by mixture of
several milk products and large capacity diaries can produce
nearly about 400 kg of scum per day [Rahees and Meera
(2014)]. This is very difficult to manage and dispose because
it contains amino acids and proteins when they degrade and
can produce unpleasant smell around the diary plant. Storage
temperature, decay of milk and influencing parameters of
amino acids is reported [Connell et al (2017)]. At present
several diaries following incineration method to dispose the
scum or disposing directly on the site. Therefore such
methods generate huge amount of pollutants in atmosphere,
because it contains carbon and amino acids etc. In addition,
scum can create operational problems during waste treatment.
This scum is extracted and biodiesel can be produced using
conventional
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trans-esterification process because it is having triglycerides
of fatty acids from C4- C18 [Kavitha et al (2019)]. Several
investigators have determined its properties and biodiesel
derived from scum is very similar to diesel like fuel [Tilak et
al (2017)]. Several researchers investigated the combustion
characteristics of diesel engine using biodiesels of different
origin and reviewed literature describing that use of biodiesel
produces same, low or more power output with acceptable
emission levels compared to diesel [Roy et al (2014), Guven
and Erinc (2016), Henrique et al (2016), Cristina et al (2018),
Mofijur et al (2019) , Karthickeyan ( 2019), Kavitha et al
(2019), Ramlingam et al (2019)]. DiSOME has high cetane
number with good calorific value, but it suffers from poor
cold flow properties. However, this property can be improved
by adding 20% (v/v) of ethyl acetoacetate (EAA) and ethyl
levulinate (EL) to diary scum oil, The low temperature
property decreased significantly and improves cloud point
and pour point (PP) [Kavitha et al (2019), Shrikanth et al
(2017)]. Conventional transesterification was used to produce
DiSOME using conventional transesterification. Fatty acid
composition was evaluated using Gas chromatography and it
was found to be acceptable. Hence, this diary scum oil is best
suited for diesel engine applications [Sivakumar et al (2011)].
Response Surface Methodology (RSM) was used to assess the
good combination of catalyst concentration for diary scum oil
methyl ester production. Statistical model forecasted about
91.636% and 94.091% yield of scum oil methyl ester (SOME)
and Hydnocarpus Wightiana oil methyl ester (HWOME) at
the optimized reaction conditions [Krishnamurthy et al
(2018)]. Biodiesel production using transesterification from
diary scum waste using calcined egg shell waste as a catalyst
and optimized the process parameters by Kavitha et al (2019).
They also studied properties of diary scum oil methyl ester
(DiSOME) properties and conducted experiments on a diesel
engine. They have reported that DiSOME operation provides
acceptable thermal efficiency with reduced nitric oxide
(NOx) emissions because it has high cetane number.
Contrarily, Srikanth et al (2019) reported that DiSOME blend
(B20) provided 3% enhanced thermal efficiency compared to
diesel operation. But to produce the same power output,
DiSOME consumption is greater. Increase in smoke and NOx
emissions with decreased hydrocarbon (HC), carbon
monoxide (CO) were observed with all blends tested
compared to diesel operation at the condition of maximum
load. Further improved combustion characteristics were
documented with all blends tested compared to diesel
operation. Similar results have been reported by Ramlingam
et al (2019) and Manjunath et al (2018) reported that B20
blend resulted in improved thermal efficiency with increased
NOx levels and decreased other regulated emission levels.
Influence of B20 and compression ratio on the combustion
and emission characteristics of diesel engine using DiSOME
has been reported. Increased thermal efficiency, peak
pressure, heat release rate and decreased HC, CO emissions,
but increased NOx emissions have been reported [Manjunath
et al (2018)]. Further biodiesel blended fuel (B20) operation
with thermal barrier coating resulted in improved
performance with reduced emission levels [Sankar et al
(2019)]. Premnath et al (2015) investigated the influence of
re-entrant combustion chamber on the combustion behavior in
a diesel engine using Jatropha methyl ester blend (J20) at
three injection pressures. They have achieved 20% increased

BTE with reduced smoke and HC CO by 24% and 26%
reduced CO emissions.
Extracting of complete energy from DiSOME is possible
when fuel and engine modification is done by changing
injection timing, injection pressure, compression ratio,
combustion chamber configuration and adopting split
injection. Some investigators have reported more, low and
same power output as that of diesel operation. [Kataria et al
(2019), Hawi et al (2019), Ning et al (2019), Shameer et al
2018), Yu et al (2019), Li et al (2018), Singh et al (2017)].
Perfectly matched injector with combustion chamber
geometry significantly enhances the combustion. High
viscous fuels are injected with high injection pressure, which
will reduce the droplet size, increases the vaporization and
atomization of fuel. Diesel engines equipped with common
rail direct injection (CRDI) technology resulted in nearly
1600 bar injection pressure and it can be controlled by fuel
rail pressure. This high injection pressure improves the
air-fuel mixing and is accountable for the improved overall
performance of a diesel engine [Banapurmath et al (2017)].
Influence of injection pressure (IP) and start of injection
(SOI) has been investigated by Shukla et al (2018). Improved
performance with reduced emissions and controlled pressure
rise and heat release rate has been reported at optimized IP
and SOI.
Influence of injection timing and high injection pressure on
the combustion characteristics of diesel engine using CRDI
system has been investigated by Hwang et al (2014). At all
injection timings, the biodiesel fuel consumption was higher
compared to diesel operation. However, at higher injection
pressure and optimized injection timing, biodiesel operation
resulted in lower smoke, hydrocarbon and carbon monoxide
emissions with increased nitric oxide levels. At all conditions,
in-cylinder pressure and heat release rate were found to be
lower for biodiesel operation. Efficient air-fuel mixing is also
dependent on combustion chamber geometry. It is noticed
that design of combustion chamber significantly affect the air
motion inside the engine cylinder and decide quality of
combustion. Existing diesel engines have hemi-spherical
combustion chamber (HCC) and it is provided improved
performance for conventional diesel fuel. But, it may not be
better for biodiesel and gaseous fuels. Therefore it is essential
to develop different combustion chamber for biodiesel
operation. In this regard, variations in the combustion
chamber by well designed piston bowl can significantly
improve the combustion of fuel because it affects the bulk
flow of air and turbulence leading to better air-fuel mixing.
Appropriately controlled cylinder pressure and heat release
rate by adopting appropriate combustion chamber with
suitable injection pressure and injection timing can reduce the
combustion noise and emission levels. Karthickeyan (2019)
investigated the combustion chamber geometry on
combustion and emission characteristics of biodiesel powered
diesel engine. Greater swirl and squish is achieved by
torroidal combustion chamber (TrCC) which in turn
improved the air-fuel mixing. With this TrCC, biodiesel
operation provided lower emission levels with increased
nitric oxide emission levels [Vedharaj et al (2015)].
Researchers used novel combustion chambers by developing
lateral and double swirl combustion systems (LSCS and
DSCS) to improve the diesel
engine performance. They
matched both with various
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fuel injection systems. Use of these combustion chambers
changes the flow guide angle. When this angle is 15–27°, the
LSCS resulted in appropriate spray and better air-fuel
mixture. The smoke and fuel consumption was reduced
approximately by 70% and 2.8 – 4.2 g/kWh respectively at
different engine speeds compared to DSCS [Xiangrong et al
(2018)]. Further, properties of waste plastic oil are improved
by addition of composite preservatives (mixture of soy
lecithin and di-tert-butyl peroxide) and combustion
characteristics are improved by using TrCC. They observed
3.24% increased thermal efficiency with 2.86% decreased
specific fuel consumption and lowered CO and NOx
emissions were reported compared to the operation with
hemi-spherical combustion chamber [Pappula et al (2019)].
Omega combustion chamber was developed by Li et al
(2014). They showed improved combustion behavior with
newly developed combustion chamber due to increased
turbulent kinetic energy, strong squish and air-fuel ratio of in
a less time.
Literature review suggests that utilization of biodiesel derived
from diary scum waste is less investigated and engine
performance was enhanced by creating appropriate air motion
inside the combustion chamber. Present work is intended to
provide a new line for using waste derived fuel and harness
maximum energy by adopting improved air motion inside the
engine cylinder for power generation applications. In this
context, investigations were carried out in two phases. In the
first phase of the work, DiSOME was produced using milk
diary scum waste. Biodiesel is produced by conventional
transesterification.
In the next phase of the work,
optimization the blending ratio and influence of re-entrant
combustion chamber (RCC) on the combustion and emission
characteristics of a diesel engine operating on single fuel
mode was investigated. Optimum parameters for
trans-esterication and single fuel mode of engine operation
are used as per the literature [Shivakumar et al (2011),
Banapurmath et al (2008)].
II. PRODUCTION OF BIODIESEL, FUELS USED AND
THEIR PROPERTIES
In this present work, well known conventional
transesterification was employed to produce diary scum oil
methyl ester (DiSOME). Production of biodiesel from diary
scum waste is produced as per the procedure and method
given in the literature [Shivakumar et al (2011)]. Therefore, it
is not addressed in detail. However, greater care was taken
during glycerin separation and water washing. The maximum
conversion was found to be 92.4% and optimum parameters
for maximum yield were found to be 1.0 wt.% of sodium
hydroxide, 5:1 methanol-oil ratio, 700C reaction temperature,
60 min reaction time at 250 rpm. In this present work,
DiSOME and its blends with diesel were used.
DiSOME-blended diesel fuels were produced ranging from 0
to 100% on volumetric biodiesel content with an
augmentation of 20%. The blend produced with 20%
DiSOME and 80% diesel fuel is denoted as B20. Similarly
other blends are B40, B60 and B80 are prepared. Diary scum
waste is obtained from the Karnataka Milk Federation
(KMF), Dharwad. Properties of fuels were measured at
college laboratory and Bangalore Test House, Bangalore,
India. The properties of fuels used are mentioned in Table 1.
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Table 1 Properties of diesel, DiSOME and its blended
fuels

III. EXPERIMENTAL SETUP
In the present work, Kirloskar, TV1, single cylinder, four
stroke, water-cooled, direct injection compression ignition
(CI) engine test rig is used for experimental investigations.
Figure 1 illustrates the schematic experimental test rig. The
specification of the compression ignition (CI) engine is given
in Table 2. Engine had eddy current dynamometer for loading
and hemi-spherical combustion chamber with conventional
mechanical fuel injection (CMFI) system. With suitable
burette and stopwatch, injected fuel flow rate was measured
on the volumetric basis. Engine was operated at a rated
constant speed of 1500 rev/min. Engine cooling was
accomplished by water circulation via jackets provided in the
block and cylinder head. Piezo electric transducer was fitted
on the cylinder head as shown in Figure 2. Maximum quantity
of DiSOME biodiesel is consumed for attaining fixed brake
power because biodiesel has lower calorific value and
kinematic viscosity is nearly about double than that of diesel
fuel. Governor speed can be adjusted to maintain the constant
speed. In addition, the SFC was 260 g/kWh for diesel
operation and is 320 kg/kWh for biodiesel. For the
measurement of regulated emission levels, HARTRIDGE
smoke meter and five gas analyzer were used. Emissions are
measured only during the steady state operation. For the
present work, the injection timing, injection pressure and
compression ratio of the diesel engine was 230 bTDC, 205 bar
and 17.5 respectively. But for the biodiesel operation these
values are changed like as shown in Table 3. In the beginning
of the work, experiments were carried out using DiOME
biodiesel using both hemispherical and re-entrant combustion
chamber (HCC and RCC). HCC is an existing combustion
chamber and is suitable for diesel operation. However, the
DiOSME has poor physic-chemical properties which require
amplified swirl and squish. Therefore re-entrant combustion
chamber was developed as per the method and procedure used
in the literature [Donateo et al (2013, 2014), Jaichandar, K.
Annamalai (2012), Yaliwal et al (2016), Mamilla et al (2013),
Ganji et al (2018)]. Existing combustion chamber geaometry
has been changed to re-entrant combustion chamber (RCC).
The dimensions of RCC are presented in Figure 2 (a and b).
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Bowl volume was kept same as that of HCC (35759.4 mm3)
while development of RCC. Various dimensions of RCC
arrived are 47.0, 20.5, 9.2 and 51.5 mm for D th (throat
diameter), Hmax (Maximum bowl depth), Rth (Toroidal radius)
and Dmax (maximum bowl diameter) respectively. The bowl
redirects fuel down and towards the center of the bowl, so that

utilization of air is better Finally the results obtained with
DiOME operation was compared with base line operation.
For each load, at least five readings were recorded and
ensured the accuracy of the data. Careful arrangements were
done to attain consistent and reliable measurements.

Fig. 1 Schematic diagram of experimental test rig
T1, T3 –water temperature inlet,
T2 –jacket water
temperature outlet,
T4 –calorimeter water temperature
outlet,
T5 – exhaust gas temperature before calorimeter; T6 – EGT
after calorimeter,
F1 – fuel flow differential pressure unit,
F2 – air intake DP unit,
PT – pressure
transducer, N – r/min decoder,
Delta – DELTA 1600S-exhaust 5 gas analyser, Hartridge –
Hartridge smoke mete
IV. RESULTS AND DISCUSSIONS
In this section, experiment al investigations were conducted
on a direct injection diesel engine by using diary scum oil
methyl ester (DiSOME) and its blends. The injection timing,
injection pressure and compression ratio are used as per the
values shown in Table 3. The performance and emission
levels at 80% load are discussed in the subsequent following
section.
A. OPTIMIZATION OF BLENDING RATIO
Variation in brake thermal efficiency (BTE) for single fuel
operation with respect to DiSOME and its blends are
illustrated in Figure 2. The BTE values were found to be
reduced for DISOME and its blends as compared to diesel.
For the same power output, the decreased thermal efficiency
by 8.4- 14.5 % for the biodiesel and its blends has been
observed and it might be due to inferior properties of
biodiesel and its blends. Due to greater viscosity of the
biodiesel and its blends, the inappropriate mixture formation
and subsequent combustion are deprived than diesel
operation. However, B20 blend operation resulted in better
thermal efficiency by 2.8% compared to B100. But biodiesel
and its blends always resulted in lower performance due to the
reasons of inferior properties of biodiesel and its blends. It
was due to slightly higher calorific value of B20 and better
atomization and spray characteristics.

Fig. 2 Influence of blending ratio on brake thermal
efficiency
However, effective utilization of oxygen available in B20
during combustion is may also be accountable. Further,
increasing the biodiesel content in the blends leads to poor
performance due to improper combustion caused by the
decreased energy content, increased viscosity and density
leading to inappropriate mixture formation.
Influence of blending ratio on the smoke opacity for single
fuel operation at 80 % load is presented in Figure 3. The
smoke values were amplified for DISOME and its blends as
compared to diesel operation. For the same operating
conditions, the increased smoke levels for the biodiesel and
its blends might be due to poor oxidation rate caused by the
inappropriate spray characteristics. In addition higher
viscosity and density due to heavier molecular weight of
biodiesel is also accountable for the observed trend.
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However, B20 blend operation provides decreased smoke
levels by 12% compared to B100. It is due to better oxidation
rates caused by the utilization of available oxygen in B20. But
B20 operation leads to increased smoke levels by 30 %
compared to diesel operation due to marginally increased
fatty acid content in the blend higher and decreased burning
rates. Further increasing biodiesel content in the blends leads
to amplified smoke levels due to improper combustion caused
by the decreased energy content, increased viscosity and
density leading to inappropriate mixture formation.
Moreover, fatty acid content of biodiesel has greater carbon,
when it burns it provides only black carbon in the engine
exhaust.

Fig. 3 Influence of blending ratio on the smoke opacity
Hydrocarbon (HC) and carbon monoxide (CO) emission
levels for single fuel operation at 80 % load for various fuels
is illustrated in Figure 4 and 5. Both HC and CO emissions are
due to incomplete combustion of fuel. This could also be
caused by the over mixing of fuel in the mixture. Results
revealed that diesel operation provided 25 - 47.05% lesser HC
emissions compared to DiSOME and its blends operation.
Similarly CO emissions were increased in the range from
30.0-66.5% compared to diesel operation. This could be due
to inappropriate mixture formation of biodiesel and its blends
leads to amplified HC and CO levels in the exhaust compared
to diesel operation.
However, DISOME and its blends have greater viscosity than
diesel fuel compared to the diesel fuel. The larger droplets of
biodiesel may produce after the fuel spray, which in turn
lowers atomization, vaporization, penetration and dispersion.
Therefore, the biodiesel larger droplet surface only burn and
core of the droplet may emit out from the combustion without
burning which in turn lead to incomplete combustion.
Insufficient time available during ignition delay is also
responsible for the observed trend. It is noticed that biodiesel
blend B20 resulted in lower HC and CO emissions by 29.14%
and 49.1% respectively compared to B100.

Fig. 5 Influence of blending ratio on the carbon monoxide
This is very closely narrated to the viscosity and density of
biodiesel. In addition, slightly better oxidation with B20
blend may also be responsible. Further, blends other than B20
are provided amplified emission levels due to decreased
thermal efficiency with higher blends. This may be due to the
fact that, with same load condition, decreased thermal
efficiency for the increased biodiesel content in the blend may
lead to higher quantities of fuel injection. Greater HC and CO
emissions of the other blends could also be attributed to the
inappropriate mixing of the biodiesel content with air leading
to incomplete combustion.
Variations in nitric oxide (NOx) emissions with respect to
various fuels at 80 % load are displayed in Figure 6. For the
same operating conditions, DiSOME biodiesel and its blends
showed decreased NOx levels in the range from 15.0-26.8%
compared the diesel operation. This could be caused by the
decreased premixed combustion during biodiesel based
operation. However diesel operation provide increased
premixed combustion rather than diffusion combustion rate
leading to amplified NOx levels [Banapurmath et al (2009)].
Incomplete combustion of biodiesel and its blends caused by
the higher viscosity, inappropriate air-fuel mixing poor spray
pattern and lower energy content can lead to decreased
combustion rate which in turn lowers the NOx levels in the
exhaust. However, B20 blend operation resulted in
marginally higher NOx levels by 14.8% compared to B100
due to less biodiesel content in the blend. Further increasing
biodiesel content in the blends leads to reduced NOx levels
decreasing trend of premixed combustion.

Fig. 6 Influence of blending ratio on the nitric oxide
emission

Fig. 4 Influence of blending ratio on the hydrocarbon
emission
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From the last section, it is observed that B20 is found to be
better due to better performance with acceptable levels of
emission levels. In this section, influence of re-entrant
combustion chamber geometry on the combustion
characteristics of a diesel engine operated on single fuel mode
using diesel and B20 is investigated and the same is discussed
in the subsequent paragraph.
PERFORMANCE PARAMETERS
Influence of combustion chamber geometry on the brake
thermal efficiency (BTE) is demonstrated in Figure 7. For
engine operation with HCC, results showed that diesel
operation provided 8.3 % and 14.8% increased BTE
compared to B20 and B100 operation respectively at 80%
load. It may be due to reduced turbulence and squish during
biodiesel blends operation. In addition, inferior qualities of
DiSOME in terms of physic-chemical properties are also
accountable. However, B20 blend with RCC showed
improved thermal efficiency by 2.9% and 4.2% compared to
B20 and B100 operation with HCC at 80% load. It may be
due to the fact that RCC direct the flow field inside the sub
volume at all loads tested. Hence considerable variations in
the mixing of fuel and air may be negligible (De Risi et al
2004, Donateo et al 2014). With TCC, the flame propagation
may also be improved caused by the proper air-fuel mixture
formation. Another possible reason is that, fuel combustion
may takes place before TDC when HCC was used which in
turn lead to amplified compression work, heat loss and
inferior thermal efficiency of an engine. Therefore single fuel
engine operation with RCC leads to positive impact on the
combustion by improving the atomization, vaporization, flow
field and squish. Ignition delay was found to be greater with
the HCC during DiSOME and its blends operation which
decides the engine performance. Engine operation with high
viscous biodiesel and RCC provide amplified burning rate
during expansion stroke, leading to prevent the flame
diffusion in the squish area leading to better performance.

Figure 8 demonstrate the influence of RCC geometry on the
smoke opacity. For engine operation with HCC, showed that
diesel operation provided 20.6 % and 46.8% decreased smoke
levels compared to B20 and B100 operation respectively at
80% load. It may be due to inadequate mixing of air and fuel
caused by the differences in the spray characteristics.
However, B20 blend with RCC provide significant reductions
in smoke levels by 10.4% and 40.2% compared to B20 and
B100 operation with HCC at 80% load.
This may be due to better air –fuel mixing and RCC results in
to greater turbulence leading to enhanced combustion and the
soot particle oxidation, which in turn lower the smoke
emission levels significantly. Improved turbulent kinetic
energy during the use RCC compared to the operation with
HCC is also accountable for this trend. This is mainly caused
by the better air-fuel mixing rate with RCC. However,
literatures suggest that slightly wider combustion chamber
resulted in reduced smoke levels (Raouf and Zhijun 2013).
Therefore single fuel engine operation with RCC leads to
positive impact on the combustion by improving the
atomization, vaporization, turbuelence and squish. Engine
operation with high viscous biodiesel and RCC provide
augmented burning rate during expansion stroke, leading to
burn the mixture completely.

120

Smoke opacity, HSU

B. OPTIMIZATION OF COMBUSTION CHAMBER
GEOMETRY
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Speed: 1500 rpm, CR: 17.5
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For diesel: Inj. timing: 23 BTDC
Inj. pressure: 205 bar
0
For DiSOME blends: Inj. timing: 27 BTDC
Inj. pressure: 230 bar
Injector: 3 hole, 0.3 mm dia
Fuel: DYSOME and its blends

Fig. 8 Influence of RCC on the smoke opacity
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Fig. 7 Influence of RCC on the brake thermal efficiency
EMISSION CHARACTERISTICS

Influence of RCC on the hydrocarbon (HC) and carbon
monoxide (CO) emission levels for DiSOME and its blends
operation is illustrated in Figure 9 and 10. At 80% load Single
fuel operation with HCC combustion chamber, HC emission
levels for B20 and B100 operation were found to be amplified
by 26.8% and 37.4% respectively compared to diesel
operation. It is due to partial combustion of biodiesel and its
blends. However, with RCC, B20 and B100 operation
provide lower HC emission by 10.8% and 9.8.4%
respectively at 80% load compared to the operation with
HCC. Similarly Single fuel operation with HCC, CO emission
levels for B20 and B100 operation were found to be greater
by 42.8% and 66.2% respectively at 80% load, compared to
diesel operation at 80% load. But both B20 and B100
operation with RCC, CO levels in the exhaust were
diminished by 14.2% and 13.4% compared to the operation

The different emission parameter measurements during the
single fuel mode of operation are discussed below.
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with HCC at 80% load. It is due to partial combustion of
biodiesel and its blends. In addition, decreased air-fuel
mixing rates caused by the improper spray characteristics and
reduced oxidation rates caused by the insufficient oxygen
availability of biodiesel and its blends compared to diesel. But
with RCC the biodiesel and blends operation leads to reduced
HC and CO levels due to improved combustion as a result of

This is attributed to superior combustion that takes place due
to more uniform mixing of air and fuel caused by increased
turbulence and squish leading to better combustion that take
place before top dead center. Existing moisture content of
biodiesel is positively utilized during the engine operation
with RCC leading to enhance uncontrolled combustion and
combustion temperature hence amplified NOx levels.

Figure 11 demonstrates NOx levels verses brake power for
diesel, B20 annd B100 operation. For the same combustion
chamber (HCC), B20 and B100 operation provides
diminished NOx levels by 15.8% and 21.2 % compared to
diesel operation at 80% load. It is due to augmented heat
release rate during premixed combustion phase which occurs
with diesel operation compared to B20 and B100 operation.
Under exploitation of oxygen during high temperature zone
with biodiesel and its blends operation is accountable for the
trend noticed. However, for the same B20 and B100 operation
with RCC, marginally amplified NOx levels by 5.6% and
4.8% were recorded compared to the operation with HCC.
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Inj. pressure: 205 bar
0
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Fig. 9 Influence of RCC on the hydrocarbon emission
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enhanced swirl and squish motion of air. However, during
engine operation with RCC, presence of moisture content of
biodiesel is well utilized during combustion and it may be the
cause for amplified thermal efficiency. However, existing
combustion chamber (HCC) does not contribute any positive
impact on the combustion during biodiesel operation because
HCC retard mixing rate of fuel with air.
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COMBUSTION CHARACTERISTICS
Air–fuel mixture quality and combustion chamber geometry
affect the combustion behavior. Various parameters
pertaining to combustion for biodiesel and its blends
operation are summarized below.
Influence of different combustion chamber configurations on
ignition delay is illustrated in Figure 12. It is found out by the
time period between injection start and timing of rapid
pressure rise on the pressure curve. Single fuel operation with
HCC, increased ignition delay by 9.8% and 15.4% has been
recorded for B20 and B100 operation compared to diesel
operation. Increased physical mixing rates and chemical
kinetics during diesel operation compared to biodiesel is
responsible for the observed trend. This is also due to reduced
droplet size of diesel fuel and increased cylinder gas
temperature inside the cylinder. But, engine operation using
same B20 and B100 with RCC provide marginally decreased
ignition delay by 3.2 % and 2.8% compared to the operation
with the same fuels (HCC). It may be due to more amount of
biodiesel being able to take a part in the delay period
positively. Better air–fuel mixture and mixing rates are also
responsible due to increased turbulence with RCC. Finally it
is concluded that, ignition delay for biodiesel and its blends
with RCC operation is adequate compared to the operation
with HCC. Greater flame speed development due to better
mixing of biodiesel with air, increased temperature and
appropriate turbulence and squish due to use of RCC is
accountable for this trend.
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Fig. 10 Influence of RCC on the carbon monoxide
emission
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Fig. 12 Variation of ignition delay with brake power

Combustion duration, deg. CA

The combustion duration for diesel, B20 and B100 are shown
in Figure 13. It is computed from the duration between the
combustion start and 90% cumulative heat release. When load
was increased, the quantity of fuel injected is increased
leading to amplified combustion duration. For B20 and B100
fuels with RCC, decreased combustion duration by 6.8% and
4.5% was observed compared to the operation with HCC.
Increased turbulence caused by the use of RCC which in turn
makes the air-fuel mixture more homogeneous and leads to
superior premixed combustion. However, single fuel
operation with HCC using biodiesel and its blends, creates
second highest peak in the later stages of combustion i.e.,
diffusion-burning phase. This is due to inferior properties of
biodiesel and lowered air – fuel mixing rates. Further which
prepares lower quantity of fuel for uncontrolled combustion
after the delay period. Hence considerable amount of fuel
burns in the diffusion phase instead of premixed phase with
biodiesel operation is also a reason for this trend. Drastically
amplified combustion rates may takes place during later
stages which may lead to amplified exhaust temperatures and
reduced BTE. Further, engine operation with RCC, presents
enhancement of heat release rate compared to the operation
with HCC. However, diesel operation always resulted in
decreased combustion duration compared to B20 and B100
operation due to appropriate diesel spray characteristics and
mixing rates. It can be concluded that, use of RCC, increases
the swirl and squish leading to homogeneous air-fuel mixture
due to better evaporation of biodiesel and hence reasonably
lesser combustion duration.
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The history of cylinder pressure–crank angle history at 80 %
load for diesel, biodiesel and its blends is shown in Figure 14.
It depends on quantity of fuel consumption and combustion
during uncontrolled combustion period. This is administrated
by the ignition delay and the mixture quality during the
ignition delay. It shows that, mixture quality and quantity
during the ignition delay period are accountable for greater
rate of pressure rise. Figure 14 revealed that B20 and B100
operation with both HCC and RCC configurations shows
lower cylinder pressure compared to diesel operation due to
appropriate mixture formation during diesel operation.
Further, B20 and B100 with RCC provide amplified cylinder
pressure than the operation with HCC. It may be due to the
fact that, engine operation with RCC, the flame velocities may
increase due to better mixture formation, which in turn direct
the flame propagation entire combustion chamber and hence
mixture was ignited better. This may lead to amplified
in-cylinder pressure with RCC configuration than the engine
operation with HCC. Engine operation with RCC, increased
turbulence speed up pre-flame combustion reaction leading to
affect combustion significantly and results in better air-fuel
mixing and reduced combustion duration. Further physical
delay and reactions during pre-flame combustion were
completed quickly leading to speedy combustion in the piston
bowl. Further, it is obvious that, generation of second peak
during the diffusion phase was decreased slightly with a use of
RCC compared to the operation with HCC. Hence energy
produced by the combustion is competently converted into
work with RCC.

Fig. 14In-cylinder pressure versus crank angle with
different combustion chamber configurations for
biodiesel and its blends at 80 % load
Figure 15 demonstrate heat release rate versus crank angle for
diesel, B20 and its blends with different combustion chamber
configurations at 80% load. Turbulent mixing of air and fuel
caused by the different combustion chambers significantly
influence the heat release rate. It is obvious from the Figure 16
that, for both B20 and B100 operation with RCC, the heat
release rate was found to be greater than the engine operation
with HCC. This may be due to extended delay period,
combustion duration and increased second peak in the
diffusion combustion phase with HCC during biodiesel and
its blends operation. Further, it is seen that center of gravity of
heat release rate diagram moved towards after TDC which
clearly shows the reduction of work.

Fig. 13Variation of combustion duration with brake
power
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This decreased heat release rate indicate reduced pressure
rise rate which in turn shows reduced combustion noise. It is
also seen that during B20 and its blends operation with HCC
that, unburnt hydrocarbon was increased in the exhaust.
However, for the same biodiesel operation with RCC and at
optimum operating conditions, heat release rate was
comparatively greater with marginally increased NOx
emission levels compared to the operation with HCC. This is
due to optimum turbulence caused by the use of RCC. In
general, engine operation with HCC, the poor spray
characteristics of biodiesel due to inferior properties may
hinder the mixture quality. However, B20 and B100 operation
with HCC and RCC combustion chamber configurations,
diesel operation provide amplified heat release rate due to its
superior characteristics.
V. CONCLUSIONS

 B20 and B100 operation with RCC provide marginally
augmented NOx levels by 5.6% and 4.8% were recorded
compared to the operation with HCC. Ignition delay and
combustion durations with RCC were decreased. Also it
provides amplified in-cylinder and heat release rate.
Hence greater power output has been documented with
RCC operation.
 The results with RCC show that an amplified swirl with
lowered local fuel-rich zones in the combustion chamber.
On the whole it is concluded that DiSOME could be used as
an alternative and renewable fuels in diesel engines. Running
the engine in single fuel mode requires no major
modifications in the existing diesel engine. DiSOME
operation with optimum parameters resulted in overall better
engine performance with reduced emission levels.
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