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Abstract
Shape of combustion chamber plays a major role in controlling of combustion process and emission mechanisms occurring inside 

the combustion chamber. To implement ideal combustion chamber facilitates are essential to meet emission norms. In this context, 
an experimental investigation were carried out on a single cylinder four stroke direct injection diesel engine operated in dual fuel 
mode using Rice bran oil methyl ester (ROME) and Coconut shell wood derived producer gas. ROME is used as a pilot injected fuel 
which ignites the producer gas and air mixture when subjected to higher compression ratio. In the present work, different combustion 
chamber shapes were designed and developed by keeping the same compression ratio of existing diesel engine. The engine makes 
use of the hemispherical combustion chamber (HCC) shape. In order to study the effect of other combustion chamber shapes on the 
performance of dual fuel engine, Cylindrical (CCC), Trapezoidal (TrCC), and Toroidal combustion chamber (TCC) shapes were used. 
Various engine parameters such as power, torque, fuel consumption, and exhaust temperature, combustion parameters such as heat 
release rate, ignition delay, combustion duration, and exhaust emissions such as smoke opacity, hydrocarbon, CO, and NOx, were 
measured. Results revealed that the TCC shape resulted in overall improved performance with reduced emission levels compared 
to other shapes tested. Total hydrocarbon emission (THC) and carbon monoxide (CO) were also decreased significantly compared 
to other combustion chambers tested. Results reveal that more information may be positive in terms of improvement in exhaust 
emissions. Nevertheless, some positive conclusions have been reached for TCC as a result of this work.
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Introduction
Diesel engines are widely used for transport and power generation 

applications because of their high thermal efficiency, and their easy 
adoption for power generation applications has been increasing 
recently. However, there is demand for better performance, lower 
noise and vibration and greater levels of lower emissions and also 
due to increasing energy demand, decrease in fossil fuel reserve in the 
earth crust and harmful exhaust gases have focused major attention 
on renewable and alternative fuels. To overcome and in meeting 
these demands, the dual fuel engine, enabling the use of renewable 
fuels such as biodiesels and  producer gas attracts much attention. To 
meet the challenge, it is essential in implementing new technologies 
and methods that improve the efficiency of dual fuel engine used for 
transport and power generation. Renewable energy sources can supply 
the energy for longer periods of time than that of fossil fuels and have 
many advantages [1]. Liquid biodiesels are more suitable for diesel 
engine applications as their properties are closer to diesel [2]. The main 
challenge facing by producer gas fueled dual fuel engine include the 
limited range of operability, quality of producer gas and sensitivity to 
air/fuel mixture preparation as well as in-cylinder combustion related 
conditions. Ho wever, there are some significant obstacles facing the 
potential practical application of producer gas combustion in a dual 
fuel engine. In light of the importance of air/fuel mixture preparation 
and combustion related conditions to producer gas fueled dual fuel 
engine and the influence of Combustion Chamber shapes on air-fuel 
mixture preparation mainly drives the output of an engine.

Biodiesels derived from vegetable oils gives slightly lower 
performance with reduced emissions [3-9]. Effect of various engine 
parameters such as compression ratio (CR), injection timing (IT) 
and engine loading (L) on the performance and exhaust emissions of 
a single cylinder diesel engine using biodiesel and blends with diesel 
fuel were reported [10-14]. Biomass gasifier projects for decentralized 

power supply and financial evaluation has been reported in the 
literature [15,16]. Many investigators have extensively studied gasifier–
engine systems for both rural and urban power applications [6,7,9-
12,15-18]. The dual fuel engine with producer gas induction results 
in higher thermal efficiency with reduced emission levels at higher 
compression ratio and advanced injection timing. Higher Exhaust Gas 
Temperature [EGT] than diesel fuel with fixed injection timing and 
compression ratio were also reported [3,13,14,19]. The major problem 
associated with producer-gas operated engines is their power-derating. 
The producer gas operated dual fuel engine always operate with lower 
efficiency and increased HC and CO emission levels with decreased 
NOx and smoke emission levels. Diesel savings up to 70-90% has 
been reported for dual fuelling [3,6,7,9-22]. Effect of carburetor type 
and biomass feedstock properties on the performance and emission 
characteristics of dual fuel engine has been reported in the literature 
[6,7,13,17,19]. Some of the investigators have reported decreased 
brake thermal efficiency, peak pressure, heat release rate and increased 
specific energy consumption, ignition delay and combustion duration 
for dual fuel operation [12-14,17,20-22]. The effects of engine speeds, 
loads, pilot injection angle, pilot fuel quantity and compression ratio on 
combustion noise, knocking torque, thermal efficiency and maximum 
pressure were investigated for the natural gas fuelled dual fuel engine 
[23]. In the case of producer-gas dual fuelling a suitable carburetor 
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was used to provide a mixture of appropriate pre-defined air-to-fuel 
(A/F) ratio to the engine over the entire range of engine operation 
[3,13,17]. The combustion chamber of an engine plays a major role 
during the combustion of wide variety of fuels. In this context, many 
researchers were performed both experimental and simulation studies 
on the use of various combustion chambers [17,24-27]. Improvement 
in air entrainment with increasing swirl and injection pressure was 
reported [28,29]. Optimum combustion chamber geometry of engine 
must be considered to have a better engine operation, performance and 
emission levels. Suitable combustion geometry of bowl shape helps to 
increase squish area and proper mixing of gaseous fuel with air [25,30]. 
Designing the combustion chamber with narrow and deep and with a 
shallow reentrance and a low protuberance on the cylinder axis while 
the spray should be oriented towards the bowl entrance reduces the 
NOx emission levels to the maximum extent [3]. The behavior of fuel 
once it is injected in the combustion chamber and its interaction with 
air is important. It is well known that nozzle geometry and cavitations 
strongly affect to evaporation and atomization processes of fuel. Suitable 
changes in the in-cylinder flow field resulted in differing combustion. 
In this context, experimental investigations were carried out on single 
cylinder four stroke direct injection diesel engine operated on dual 
fuel mode using Rice bran oil methyl ester (ROME) and producer gas 
derived from coco nut shell.  Effective combustion chamber results a 
swirl and it leads to increasing efficiency, reducing of noise and other 
emission pollutants, and improving combustion instability. 

In this present work an effort has been made to evaluate feasibility 
of alternative renewable fuels in the form of Rice bran oil methyl ester 
(ROME) and producer gas as a complete replacement for fossil fuels.  
In view of this, experiments have been conducted on a single cylinder 
four-stroke CI engine operated on dual fuel mode with four types of 
combustion chambers (cylindrical (CCC), trapezoidal (TrCC), and 
toroidal Combustion chamber (TCC) shapes) and at an advanced 
injection timing of 270 bTDC, injection pressure of 205 bar for diesel 
injection in Diesel-Producer gas combination and 230 bar for biodiesel 
in ROME-Producer gas operation. An injector having four holes each 
having an orifice diameter of 0.2 mm were used for the reported work. 
These optimum parameters in terms of advanced injection timing (270 
bTDC), increased injection pressure (230 bar), injector (4 holes, 0.2 
mm orifice) and compression ratio were reported in earlier studies by 
the same authors (Banapurmath, 2008, 2009, 2011).

Characterization of ROME and Producer Gas  
In the present study, Diesel and ROME as injected fuels and the 

producer gas derived from coconut shell as an inducted fuel were used. 
Acaia nilotica Linn is a tree, belonging to the Leguminosae family and 
sub-family of Mimosavea. The properties of ROME and gasifier feed 
stock were determined experimentally and are summarized in Table 1.

Experimental Setup
Experiments were conducted on a Kirloskar TV1 type, four stroke, 

single cylinder, water-cooled diesel engine test rig. Figure 1 shows the 
schematic experimental set up. Eddy current dynamometer was used for 
loading the engine. The fuel flow rate was measured on the volumetric 
basis using a burette and stopwatch. The engine was operated at a rated 
constant speed of 1500 rev/min. The down draft gasifier was suitably 
connected to the engine with filter and cooling and cleaning system 
(Figure 2). Producer gas was generated using a downdraft gasifier and 
is taken inside the combustion chamber by the suction of the engine. 
The gas flow was measured using a digital gas flow meter. Cooling of 
the engine was accomplished by circulating water through the jackets 

of the engine block and cylinder head. Figure 3 shows the gas entry 
carburetor for producer gas induction fitted to the inlet manifold of the 
engine. In the present work, amount/quantity of both injected fuels of 

Figure 1: Schematic diagram of the test rig.

Figure 2: Carburetor for producer gas supply to the engine.

Sl 
No Properties Diesel ROME Coconut shell derived 

biomass Composition

1 Viscosity @  
40°C (cst)

4.59 
(Low) 5.8 Moisture Content, % w/w 11.9

2 Flash point °C 56 172 Ash Content, % w/w 0.79

3 Calorific Value 
in  kJ/kg 45000 38,010 Volatile Matter, % w/w 85.8

4 Specific gravity 0.830 0.870 Fixed Carbon % w/w 13.4
5 Density Kg/m3 830 870 Sulphur, % w/w 0.05

8 Type of oil ---- Non 
edible Nitrogen, as N% w/w 0.25

9 Cetane number 42 54 Gross Calorific value, Cal/g 4171
10 ------ ----- ------ Density, kg/m3 288

Table 1: Properties of fuels tested.
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Diesel and ROME have been measured on volumetric basis. At fixed 
brake power more amount of ROME is injected as its calorific value is 
comparatively lower and also its kinematic viscosity is higher (nearly 
twice diesel). This is done by adjusting the governor speed so that 
constant speed is maintained in both the versions of the injected fuels. 
At 80% load the SFC for diesel operation is 260 g/kWh while for ROME 
it is 280 g/kWh.  The emission characteristics were measured by using 
HARTRIDGE smoke meter and five gas analyzer during the steady 
state operation. During the complete experimentation, the gas flow 
rate and engine speed were maintained constant.  For the present work, 
the injection timing was kept constant at 270 bTDC, injection pressure 
and compression ratio at 17.5 for Diesel-Producer gas and ROME-
Producer gas operation were 205 bars, 230 bars and compression ratio 
at 17.5 respectively. Conventional mechanical injection system was 
used for the liquid fuel injection.  Experiments were conducted by using 
ROME-producer gas with four different combustion chamber shapes 
(cylindrical (CCC), trapezoidal (TrCC), and toroidal Combustion 
chamber (TCC) shapes). Figures 4a-4d shows the different combustion 
chamber shapes. Finally the results obtained with ROME-Producer 
gas operation was compared with Diesel–producer gas operation. The 
specification of the compression ignition (CI) engine and down draft 
gasifier is given in Tables 2 and 3.

Results and Discussions
In the present work, diesel engine was operated on dual fuel 

mode using diesel, ROME along with producer gas with different 
configurations of combustion chambers namely cylindrical (CCC), 
trapezoidal (TrCC), and toroidal combustion chamber (TCC) shapes. 
The results and discussions on the performance combustion and 
emission characteristics of producer gas fueled diesel engine operating 
on ROME-Producer gas are presented in the following sections.

Performance and emission parameters

Figure 4 shows the variation of brake thermal efficiency (BTE) with 
brake power. It is observed that BTE for producer gas-diesel dual fuel 
mode of operation was higher than ROME-Producer gas operation 
over the entire load range. This is mainly due to lower calorific value of 
ROME and producer gas. Lower flame velocity of producer gas during 
the ROME-Producer gas operation along with injected fuel has a major 
effect on the engine performance. The study with different combustion 
chamber shapes show that the ROME-Producer gas operation with 
TCC results in better performance compared to dual fuel operation 
with other combustion chambers. It may be due to the fact that, the TCC  
prevents the flame from spreading over to the squish region resulting 
in better mixture formation of ROME and along with producer gas-air 
combinations, as a result of better air motion and lowers exhaust soot 
by increasing swirl and tumble. Based on the results, It is observed that 
the TCC has an ability to direct the flow field inside the sub volume 
at all engine loads and therefore substantial differences in the mixing 
process may not be present.  The BTE values for ROME-PG operation 
with HCC, CCC, TrCC and TCC were found to be 16.8, 15.75, 17.01 
and 17.45% compared to 18.65% for diesel-producer gas operation 
with respectively with HCC.

The variations of exhaust gas temperature (EGT) for diesel– 
producer gas and ROME–producer gas operation with respect to 
various combustion chambers are presented in Figure 5. With HCC, 
TrCC and CCC, it is observed that, combustion temperature is 
lower; hence the unburnt hydrocarbon burns during the diffusion 
combustion phase rather than premixed combustion phase. Hence, 
this combustion chamber shapes results in to the increased exhaust gas 

(a) Hemispherical (b) Cylindrical

           (c) Toroidal  (d) Trapezoidal  

Figure 3: Combustion chamber shapes.

Figure 4: Variation BTE with BP.

Sl No Parameters Specification

1 Type of engine Kirlosker make Single cylinder four stroke 
direct injection diesel engine

2 Nozzle opening pressure 200 to 205 bar
3 Rated power 5.2 KW (7 HP) @1500 RPM
4 Cylinder diameter (Bore) 87.5 mm
5 Stroke length 110 mm
6 Compression ratio 17.5 : 1

Table 2: Specifications of the engine.

Down draft gasifer
Type Downdraft gasifier

Supplier Ankur Scientific Energy Technologies 
Pvt. Ltd., Baroda.

Rated capacity 62735 kJ/h
Rated Gas flow 15 Nm3/h

Average gas calorific value 5-5.6  MJ/m3

Rated woody biomass consumption 5-6 kg/h
Hopper storage capacity             40 kg

Typical conversion efficiency           70-75%

Table 3: Specifications of the down draft gasifier.
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temperature. However, lower EGT was observed with TCC. It could 
be attributed to correcting mixing of air and fuel due to higher range 
turbulence created in the combustion chamber and higher combustion 
temperature, this favorable condition results in higher power output 
and efficiency. Reduced burning of fuel combinations in the diffusion 
combustion phase with TCC is also responsible for this trend. The 
results are in line with those reported in a literature using biodiesels 
(V.V. Pratiba Bharathi 2011, Jaichander, 2012, Raheman and Ghadge 
2008; Muralidharan and vasudevan 2011). However, higher EGT was 
observed for other combustion chamber configurations. It could be due 
to burning of the fuel combination during diffusion combustion phase. 
The EGT values for ROME-PG operation with HCC, CCC, TrCC and 
TCC were found to be 476, 510, 445 and 426°C compared to 410°C for 
diesel–producer gas operation with respectively with HCC.

Figure 6 shows variation of volumetric efficiency for ROME– 
producer operation with different combustion chamber shapes. The 
volumetric efficiency indicates breathing ability of an engine. A drop in 
volumetric efficiency with power output for all the fuel combinations 
was observed. It may be due to higher gas temperature and increase 
in temperature of inlet valve and combustion chamber walls. This 
feature decreases the density of induced air, and hence, the drop in 
volumetric efficiency. However, the part of the air replaced by producer 
gas further adds for this trend.  Diesel–producer gas operation was 
resulted in better volumetric efficiency compared to ROME–producer 
gas combinations. It could be due to improper utilization of air as more 

ROME is injected for the same power generation with producer gas in 
dual fuel combinations. However, slightly higher volumetric efficiency 
was observed with TCC compared to other combustion chamber 
shapes. It may be due to the fact that, in case of TCC, at the end of 
compression stroke complete air-fuel mixture combination trapped 
in the cylinder and gets ignited immediately. At which almost piston 
reaches the TDC and squishes the fuel combination from the sides in 
to the sub volume. Then the squish of the air and fuel mixture generates 
a very fast and turbulent velocity which results in to better combustion 
and utilizes complete air available in the combustion chamber. The 
volumetric efficiency for ROME-PG operation with HCC, CCC, TrCC 
and TCC were found to be 72.91, 72.12, 72.86 and 74.00% compared to 
76.10% for diesel–producer gas operation with respectively with HCC.

Figure 3 shows that the variation of smoke opacity with brake 
power. It is observed that the smoke opacity for Producer gas-diesel 
dual fuel operations was lower than ROME-Producer gas over the 
entire load range. This may be due to improper fuel–air mixing due to 
higher viscosity of ROME and higher free fatty acid content of ROME.  
However, the study with different combustion chambers shows that, 
TCC gives lower smoke emission levels compared to other combustion 
chambers. It may be due to the fact that, the prevailing air–fuel mixing 
and higher turbulence in the combustion chamber result better 
combustion and oxidation of the soot particles which further reduce 
the smoke emission levels. The smoke emission levels for ROME-PG 
operation with HCC, CCC, TrCC and TCC were found to be 51, 58, 42, 
and 35 HSU compared to 32 HSU for diesel–producer gas operation 
with respectively with HCC (Figure 7).

Figures 4 and 5 shows the variation of hydrocarbon (HC) 
and carbon monoxide (CO) emission levels for diesel–producer gas 
operation with all loads. Both HC and CO emission levels are higher for 
ROME-producer operation compared to diesel-producer gas operation. 
It could be due to incomplete combustion of the ROME-producer gas 
combination. The incomplete combustion resulted in case of dual fuel 
mode of operation is due insufficient oxygen available for combustion, 
lower calorific value of ROME and producer gas, lower adiabatic flame 
temperature and higher viscosity of ROME and lower mean effective 
pressures are also responsible for higher HC and CO emission levels. 
However, combustion with ROME-Producer gas operation with TCC 
resulted in lower HC and CO emission levels compared to other 
combustion chamber shapes. It could be due to higher turbulence 
and comparatively higher temperature in the combustion chamber, 
minimum heat losses and better oxidation of HC and CO improved 
and which reduces the both emission levels i.e. better combustion of 
ROME with better mixture formation of ROME and air along with 

Figure 5: Variation of exhaust gas temperature with BP.

Figure 6: Variation of volumetric efficiency with BP. Figure 7: Variation of Smoke opacity with BP.
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producer gas due to improved swirl motion of air. Also, higher oxygen 
present in the ROME leads to better combustion with TCC. However, 
other combustion chambers may not contribute to the proper mixing 
fuel combinations; It may be due to confinement in the inferior part of 
the bowl by the vortex generated by the HCC, CCC and TrCC. The HC 
levels for ROME-PG operation with HCC, CCC, TrCC and TCC were 
found to be 44, 55, 48 and 46 ppm, compared to 38 ppm for diesel– 
producer gas operation respectively with HCC. Similarly, CO levels for 
ROME-PG operation with HCC, CCC, TrCC and TCC were found to 
be 0.46, 0.42, 0.39 and 0.37% compared to 0.31% for diesel–producer 
gas operation respectively with HCC (Figures 8 and 9).

The NOx emission levels were found to be higher for diesel-
producer gas dual fuel operation compared to ROME-Producer gas 
operation over the entire load range (Figure 6). This is because of 
higher heat release rate during premixed combustion phase occurs 
with diesel-producer combination compared to ROME-Producer gas 
combination. Slightly higher NOx is resulted from ROME–producer 
operation with TCC compared to the operation with other combustion 
chambers tested. This could be due to slightly better combustion occurs 
due to more homogeneous mixing and larger part of combustion occurs 
just before top dead center. Presence of oxygen in a ROME is also 
responsible for this trend. Therefore it is resulted in higher peak cycle 
temperature.  The NOx emission levels for ROME-PG operation with 
HCC, CCC, TrCC and TCC were found to be 90, 65, 88 and 95 ppm, 
compared to 109 ppm for diesel–producer gas operation respectively 
with HCC (Figure 10).

Figure 11 shows the fuel substitution for dual fuel operation at 
different compression ratios. The maximum fuel substitution is given 
prime importance in dual fuel mode of operation and it depends on 
injected fuel’s physico-chemical properties such as cetane number, 
viscosity and calorific value and basic engine design. Fuel substitution 
values were higher for TCC. TCC improves brake thermal efficiency and 
lowers specific fuel consumption. This means lesser fuel is consumed 
with TCC and hence allowing more producer gas burning for the same 
power output. The percentage of fuel substituted with TCC is 49% 
with ROME -producer gas and with HCC, CCC and TrCC’s and with 
ROME-producer gas were reported as 41, 43 and 49% respectively at 
80 % load. However, Maximum fuel saving is 56% for diesel–producer 
gas operation with HCC.

Figure 8: Variation of HC with BP.

Figure 9: Variation of CO with BP.

Figure 10: Variation of NOx with BP.

Figure 10: Variation of NOx with BP.

Figure 11: Variation of NOx with BP.
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Combustion Parameters
Peak pressure 

The variations of peak pressure for diesel–producer gas and 
ROME–producer gas operation with respect to various combustion 
chambers are presented in Figure 12. Higher peak pressure was 
observed with TCC compared to HCC, CCC and TrCC. This may be 
due to better burning of the fuel combination at rapid combustion phase 
and decreased diffusion combustion phase occurring at higher CR. 
However, with same combustion chamber (HCC), peak pressure with 
ROME–producer gas combination under dual fuel mode of operation 
was found to be lower compared to diesel-producer gas operation. 
This may be due to combined effect of lower calorific value of ROME 
and producer gas, lower flame velocity, higher viscosity and density of 
ROME leading to poor combustion at rapid combustion phase. The 
peak pressure obtained for ROME-producer gas combination at 15, 16 
and 17.5 CR were 65, 69.89 and 71.8 bar compared to  77 bar for diesel-
producer gas operation respectively.

Ignition delay

The variation of ignition delay with brake power for different 
combustion chamber shapes were shown in Figure 4. The ignition delay 
is calculated based on the static injection timing. Dual fuel operation 
with ROME -producer gas operation and with different combustion 
chamber shapes show variations in an ignition delay. It is observed that 
ignition delay is decreased with an increase in brake power for almost 
all combustion chamber shapes. With an increase in brake power, 
the amount of fuel being burnt inside the cylinder gets increased and 
subsequently the temperature of in-cylinder gases gets increased. This 
leads to reduced ignition delay with all combustion chamber shapes. 
However, the ignition delay for diesel-producer gas combination was 
lower with HCC compared to ROME-producer gas operation with 
combustion chamber shapes. With same combustion chamber (HCC), 
ROME–producer gas operation show longer ignition delay compared 
to diesel-producer gas operation. This may be due to the variations 
in the air–producer gas mixture, lower calorific value of both ROME 
and producer gas, lower flame temperature of producer gas, higher 
viscosity of ROME. Hence it requires more time for burning. However, 
lower ignition delays were observed for ROME-producer gas operation 
with TCC compared to the operation with HCC, CCC and TrCC. It 
could be attributed to better air-fuel mixing and increased combustion 
temperature. The ignition delay  obtained for ROME-producer gas 
combination with HCC, CCC, TrCC and TCC were found to be 19.8, 
18,56, 17.12 and 16.25°CA compared to  at 14.9°CA for diesel-producer 
gas operation with HCC respectively (Figure 13).
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ar

Brake power, kW
 

Speed: 1500 RPM, CR: 17.5,  
Inj. timing: 27 bTDC,  

Inj. pressure: 205 bar diesel-PG  
and 230 bar for HOME-PG,  

Carburetor : Parrellel flow gas entry,  
Gasifier feed stock: Neem wood 

Diesel + PG (HCC) HOME + PG (TCC)
HOME + PG TrCC) HOME + PG (CCC)
HOME + PG (HCC)

Figure 12: Variation of peak pressure with brake power. 

Combustion duration

The combustion duration shown in Figure 14 was calculated based 
on the duration between the start of combustion and 90% cumulative 
heat release. The combustion duration increases with increase in 
the power output with all combustion chamber shapes. This is due 
to the amount of fuel being burnt inside the cylinder gets increased. 
Combustion chamber being same, higher combustion duration was 
observed with ROME -Producer gas combination compared to diesel–
producer gas operation. It is could be due to higher viscosity of ROME 
leading to improper air–fuel mixing, and  needs longer time for mixing 
and hence resulting incomplete combustion with longer diffusion 
combustion phase. lower adiabatic flame temperature of producer gas 
and high viscosity of ROME and reduced heat release rate obtained 
with ROME-Producer gas are also responsible for this trend. However, 
from the Figure 14, it is observed that the combustion duration for 
ROME–Producer gas operation was reduced and improved with 
TCC compared to other combustion chambers tested. This could be 
attributed to improvement in mixing of fuel combination due to better 
squish.  Significantly higher combustion rates with ROME-Producer 
gas operation leads to higher exhaust temperatures and lower thermal 
efficiency. However, ROME–Producer gas operation with TCC shows 
improvement in heat release rate compared to the operation of ROME-
Producer gas operation with other combustion chamber shapes.  The 
combustion duration obtained for ROME-producer gas combination 
with HCC, CCC, TrCC and TCC were found to be 39.8, 39.65, 38.45 
and 38.25°CA compared to 35.8°CA for diesel-producer gas operation 
with HCC respectively.

Figure 13: Variation of ignition delay with BP.

Figure 14: Variation of combustion duration with BP.
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Cylinder pressure: Figure 15 shows effect of combustion 
chamber shapes on the in-cylinder pressure operated on different fuel 
combination. The peak pressure depends on the combustion rate and 
amount of fuel consumed during rapid combustion period. Mixture 
preparation and slow burning nature of producer gas during the 
ignition delay period are responsible for peak pressure and maximum 
rate of pressure rise. 

Results showed that ROME-producer gas with TCC results in 
higher peak pressure as shown in Figure 15. The pressure for ROME–
producer gas operation with TCC is higher compared to ROME-
producer gas operation with other combustion chamber shapes tested. 
It could be due to the combined effect of longer ignition delay, lower 
adiabatic flame temperature and slow burning nature of the producer 
gas. Based on the results obtained, second peak during the diffusion 
burning phase was observed for ROME–producer gas combination 
with HCC, CCC and TrCC. This could be attributed to incomplete 
combustion due to improper mixing of fuel combinations, reduction of 
air entrainment, higher viscosity of ROME, and poor quality producer 
gas. The sharp increase in combustion acceleration shows increase in 
cylinder pressure during the piston’s descent and that the combustion 
energy is efficiently converted into work.

Heat release rate: Figure 16 shows rate of heat release versus crank 
angle for different ROME -Producer gas combinations with different 

combustion chamber shapes. ROME -Producer gas operation for 
HCC, CCC and TrCC results in lower heat release rate compared to 
the operation with TCC. This is due to the result of higher second peak 
obtained HCC, CCC and TrCC in the diffusion combustion phase 
compared to the dual fuel operation with TCC operation.

Conclusions
The following conclusions were made for the present study.

• The power de-rating in producer gas operated dual fuel engine 
is of the order of 30%. The power output of the engine used is 
3.7 kW, and the engine is operated at less than 80% of the load.

• Improved air motion, better mixture formation or 
homogeneous fuel and air mixing is possible with TCC 
compared to other combustion chambers tested.

• Higher brake thermal efficiency with lower emission levels 
obtained with TCC. 

• For better performance, combustion chamber optimization is 
not only the deciding factor. But also accurate optimization 
of injector position is necessary to have a larger reduction in 
emissions.

• Producer gas having lower flame velocity leads to lower mean 
effective pressure. This is necessary to achieve by developing 
combustion chamber specifically for producer gas. Improving 
turbulence in the combustion chamber leads to improved 
mixing of fuel combinations, also improving the breathing 
capacity of the engine resulting in an increased flame speed. 

• Optimizing the injection geometry is essential for proposed 
combustion chamber. Therefore, effect of nozzle geometry and 
equivalence ratio on the performance should be studied to have 
good insight into combustion chamber design and associated 
combustion and emissions.
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