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ABSTRACT 
In this laboratory research, biogas was produced by the anaerobic digestion of solid phase system using kitchen food solid 

waste. The biogas was carried out in a single cylinder diesel engine with supercharger under dual fuel mode. The experimental 
study was conducted by inducting biogas with air in the intake manifold, at four different pressures. The gas injector is mounted 
beyond the critical point; the injected gas fuel is not reaching completely into the engine cylinder during suction stroke, that may 
result to power drop and high chance of backfiring due to the gas accumulation [1].The computational fluid dynamics (CFD) 
software is used to investigate the optimum distance and angle for better mixing of biogas with air at intake manifold. The results 
indicated that the biogas introduced at 2 bar pressure at 45˚ injector angle and a distance of 336 mm from the axis of the inlet 
valve was found to a better mixture. Based on the experimental results, it was observed that the 50% of blended biogas with a 
supercharged system produces an improved mechanical efficiency of 25% than the natural aspiration system. Further, the result 
shows a low value of CO emission for a supercharged system when compared to natural aspiration system.  
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1. INTRODUCTION 
Diesel is a fossil fuel with high calorific value, now-

adays which we are using for power generation, trans-
portations and also for various applications cause many 
economical and ecological problems. In most urban 
centers around the world, the exhaust emissions from 
the diesel engine are major source which cause heavy 
pollutions with hazardous emissions such as NOx (ox-
ides of nitrogen), CO (Carbon monoxide), HC (Hydro 
Carbons) and PM (Particulate Matter) [1]. The primary 
reason for this pollution is due to the heterogeneous 
mixture of air and diesel in the combustion chamber 
and this fuel will be exhausted soon because they meet 
excessive usages and also they are of non-renewable 
type. They are the one in demand. The most critical 
issue concerning in the present is the replacement of 
fossil fuels with renewable sources. In this case, an 
alternate resource is required to meet the require-
ments of the current environment to reduce hazardous 
emissions. Thus, biogas is found to be the better fuel 
to meet the above crisis. India produces about 50 
tones of wastes which can be used by waste treatment 
technology to minimize green house gas emission [2]. 
There are vast biomass resources that have good po-
tential for biogas production such as animal waste, 
food waste, plant waste etc [3,4]. It can be also being 
produced from de-oiled cakes which further minimize 
the addition of greenhouse gases into the environment 
[5]. It has high self-ignition temperature enabling 
them to operate with lean mixtures and high compres-
sion ratios results in higher efficiencies and lower 
emissions [6]. Biogas generally has a high self-
ignition temperature hence; it cannot be directly used 
in a CI engine. So it is useful in dual fuel engines. So 
far there have been assorted researches under com-
bustion, performance and emission characteristics are 
completed in a dual fuel engine [7-10]. 

The dual fuel engine is a modified diesel engine in 
which usually a gaseous fuel called the primary fuel is 
inducted with air in the intake manifold. This fuel and 

air mixture does not auto ignite due to high octane 
number. A small amount of diesel, usually called pilot 
fuel is injected for promoting combustion. This duel 
fuel engine can be operated either in only diesel fuel or 
in dual fuel mode. The primary fuel in dual fuelling 
system is homogeneously mixed with air that leads to 
very low level of smoke. Dual fuel engine can use a 
wide variety of primary and pilot fuels. The pilot fuels 
are generally of high cetane fuel. Biogas can also be 
used in dual fuel mode with vegetable oils as pilot fuels 
in diesel engines [11]. The performance of engine de-
pends on the amount of biogas and the pilot fuel used. 
The ignition delay of the pilot fuel generally increases 
with the introduction of biogas and this will lead to ad-
vance the injection timing. Thus a fuel with low self-
ignition temperature could be used along with biogas to 
help its ignition. 

The advanced levels of computerized tools in CFD 
(Computational Fluid Dynamics) have led to the im-
provisation of attaining more precise results. They 
rested often on the volumes finished method by the 
use of CFD computer codes like FLUENT, Start-CD 
and FloWorks [12]. The geometric modification in 
the intake manifold of a CI engine for LPG (Lique-
fied Petroleum Gas) was studied by Jemni et al., on 
in-cylinder flow by numerical simulation which re-
sulted in the improvement of brake power, brake 
torque and brake thermal efficiency [13].  

From this, the objective of this paper is to conduct 
a study work on CFD in a CI engine by inducting 
biogas with air in the intake manifold at four different 
pressures with nine different orientations (location 
and angle) along with air. These outcomes were de-
liberated under supercharged condition and the exper-
imented results were equated and examined using 
CFD software to scrutinize the optimum point on 
which the biogas atomizes effectively with air. Thus, 
the optimization of injector position with different 
injector distance with different injection angles at 
different injection pressures was done. 
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2. METHODS AND MATERIALS 

2.1 Biogas  
The food wastes and cow dung is mixture with ap-

propriate proportions of water in the digestion chamber 
setup, by anaerobic reactions biogas is generated and 
collected with help of a rubber dome. Periodically the 
right proportions of water with cow dung and food 
waste were checked and optimized in order to obtain 
biogas production [14]. The quality and quantitative 
measures of biogas depends upon the amount of dry 
solids present in the input substrate [15]. Then the bio-
gas and the air mixture are feed into the engine at a 
pressure of 1, 1.5, 2.0 and 2.5 bars, with the help of 
supercharger. 
2.2 Test Engine  
   The test engine specifications are given in Table 1. 
The engine was coupled to a rope brake dynamo-meter 
for controlling the load to evaluate the engine perfor-
mance and emission under natural aspiration and super-
charged condition. 

The engine performances were tested at 750 rpm and 
when load varies the engine speed is sustained invaria-
bly by adjusting fuel control valve.  A glass burette 
with 100 cc volume (1 cc division) and a stopwatch 
were used to measure the fuel consumption at time of 
testing the engine. An orifice plate is used to measure 
the air flow followed by a vertical U tube manometer. 
The test pressure 1, 1.5, 2 and 2.5 bar induced by the 
supercharger was controlled by adjusting the valve po-
sition. (Fig.1) was fixed by using a control valve and 
the corresponding relative pressure given by the ma-
nometer was noted. The K type thermocouples were 
used for temperature measurement. Performance and 
emission tests were also conducted with distinct biogas 
compositions during varied load conditions in order to 
optimize the blends concentrations for long-term usage 
in CI engines. 

Table 1.Test engine specifications 

 

 
1. Biogas plant, 2. Waste input, 3. Slurry output, 4. Plant inlet temperature 
sensor, 5. Pressure regulator, 6. Control valve, 7. Pressure regulator, 8. 
Biogas flow meter, 9. Super charger, 10. Air flow meter, 11. Air temperature 
Sensor, 12. Manometer, 13. Kenics mixture, 14. Test engine, 15. Exhaust gas 
temperature sensor, 16. Emission sensor, 17. PC based data acquisition 
system 

Fig. 1 The schematic layout of super charged Biogas 
engine setup 

2.3 Emission test 
The Lab VIEW software and NI USB-6008 type Da-

ta Acquisition system (DAQ) were used to monitor the 
engine emission. The NI USB-6008 is a 12-Bit, 10 kS/s, 
Multifunction DAQ with eight analogue inputs, two 
analogue outputs and 32-bit counter, built-in signal 
connectivity. The MQ-7 sensor and Nernst-type sensors 
were used to detect CO and NOX respectively, MQ-7 
sensor having high sensitivity and fast response time to 
detect the CO concentrations from 20 to 2000 ppm. 
Nernst-type sensors is typically a potentiometric device 
based on a solid electrolyte membrane used to detect  
NOx. These sensors were placed at the tail pipe which 
converts the input into proportional output signals 
which was then sent to the DAQ to interface them with 
Lab VIEW Software. 
2.4 CFD Modeling  

ANSYS Fluent software is an integral part of CFD 
which is used to optimize the position (distance) and 
angle to have a homogeneous blend, when biogas is 
inject with air. The CFD package solves the equations 
describing the fluid flow and heat transfer over a dis-
crete domain for the given boundary conditions for the 
parametric simulations and helps to evaluate fluid dy-
namics performance of a large number of designs. 

 
Fig.2. Three Locations of Biogas injector in the Intake 

manifold 
In this experimental setup the gas injector is located 

at position-1 which is 83mm from the axis of the inlet 
valve, and then the performance and emission test was 
done. The same setup was modeled in CFD and were 
analyzed, the results obtained from CFD matches with 
the experimental values. Based on these results the 
analysis was carried out for the position-2 at 250 mm, 
position-3 at 336 mm (250+86) respectively from the 
axis of the inlet valve, as show in Fig.2. The analysis 
was done for each poison at angles 90º, 135º and 180º, 
totally three positions (distance) nine angles were ana-
lyzed at 1, 1.5, 2 and 2.5 bar injection pressures with the 
help of supercharger. 
3. RESULT AND DISCUSSION 
  The main objective of this present work is to optimi-
zation of the right location and angle for the biogas in-
jector at the intake manifold of a dual fuel CI engine, 
and to predict, analyze the performance and emission 
characteristics due to the effect of load and percentage 
of blend on biogas fueled diesel engine supercharging 
condition. 

3.1 Validation of Experimental Results with CFD 

 The experiment carried out at the location-1 
(83mm) result and the exact model by the CFD analysis 
results are shown in the Fig.3. From Fig.3 experimental 
mass fraction values and the simulated mass fraction 
values are having less deviation and a linear correlation 
is observed. The velocity, mole fraction and mass frac-
tion for CH4 are shown in Fig.4 a, b, c and the velocity, 
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mole fraction and mass fraction for O2 are shown in 
Fig.4 d, e, f. respectively.  

 
Fig.3. Comparison of Mass Fraction of CH 4 by Experi-

mental and Simulated Values at location-1 (83 mm) 

 
Fig.4. Simulated result of mass fraction of CH4 and O2 at 

location-1 (83mm) 
Based on the results show in Fig.3 and Fig.4, further 
modeling  were carried out using CFD for the loca-
tion-2, location-3, at various angles 90o, 135o and 180o 
modeled and simulated for pressures 1, 1.5, 2, 2.5 bar. 

3.2 Analyzing the Injector location and angle for 

better mixing of biogas with air 

 
Fig.5 Injector location and Biogas mixing 

The analyzed simulation results for the location-1, 
location-2 and location-3 are shown in the Fig.5 a. 
Among the three locations 1, 2 and 3, the location-3 
from Fig.5 a, shows a better mixing of biogas with air 
observes than the other location-2 and location-1 they 
shows an intermediate mixing and poor mixing of bio-
gas with air for the respective locations. The distance 
(more travel distance for better mixing) from the inlet 
valve to the location-3 made the biogas to mix with air 
when compared to the distance of location- 1 and 2. The 
simulation for the location-3 for the 45o, 90o and 135o 
angles results are shown in Fig.5 b. The 45o injector 

location to the inlet manifold shows a better mixing of 
biogas with air when compared to the 90o and135o an-
gle injector location to the manifold. The injector loca-
tion at 45o creates an turbulence by opposing the air 
flow entering inside the manifold makes them to mix 
better when compare to the other two 90o and 135o an-
gles. 
3.3 Quantitative analysis 

The experimental results showed that the perfor-
mance of biogas fueled diesel engine with supercharger 
was exhibited a better performance. This was due to 
that enhanced mixing of biogas and air as well as an 
increase in the reactivity of biogas-air mixture was ex-
pected to better. From Fig.6, it is very clear that the CO 
emission was increased steadily with the applied load at 
0% of blended pure diesel in both the system. This was 
due to lower availability of oxygen at higher total fuel–
air equivalence ratio. The natural aspiration system was 
produced more CO emissions than supercharged one at 
the average load and blended condition. This was due to 
an increase in partial oxidation phenomena of methane 
and higher total fuel–air equivalence ratio. This was 
expected to occur because of the reactivity of biogas–air 
mixture on the compression stroke might be increased. 
Thus the excremental setup with supercharger shows a 
better performance, also expected to have better results 
for the simulated condition for the injector location-3 at 
45o angle will also have better performance with super-
charger.  

From the analysis Table 2, it can be observed in CO 
emission that for the applied load contributed 13.07% 
and the percentage of blend contributed 82.53% on the 
total variation in natural aspiration system. Whereas, in 
supercharged system, the percentage of contribution of 
applied load and the percentage of blend were 16.95% 
and 78.06% respectively. These results revealed that 
both applied load and percentage of blend have statisti-
cal and physical significance on CO, because Test F>Fα 
= 5%, especially for the percentage of blend. Further, it 
can be seen that the ANOVA has resulted in around 
4.98% of error contribution only due to interaction ef-
fect and noise effect (uncontrollable effect). The ob-
served error percentage value was under acceptable 
level of 5%. The analysis of mean (ANOM) effects plot 
for CO emission is shown in Fig.7. The CO emission 
was started in decrease steadily with respect to percent-
age of blend in both the system of up to 25% blend. 
Further increasing of blend from 25% to 50%, the ob-
served CO emission was increased slightly and then 
again it was started to decrease. 

 
Fig.6. Variation of the CO emission of biogas fuled en-

gine predicted by neural network model: (a) supercharged 
system (b) natural aspiration system 
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Table 2. Results of the statistical analysis of variance 
(ANOVA) 

 

 
Fig. 7. The mean effect plot of CO emission against the 
percentage of blend and applied load of biogas fueled 

engine: (a) Natural aspiration system, (b) Supercharged 
system 

4. CONCLUSIONS 
The conclusions based on the experimental studies 

and CFD simulation has proved that the supercharger 
enhance the performance and lowers the emission com-
pared to natural aspiration condition at location-1 (83 
mm) and also it is observed from the simulation results 
that gas injector angle at location-3, 336 mm distance 
and 45ºwith reference to axial axis of intake manifold 
are the optimum angle at 2 bar biogas gas injection 
pressure and engine speed of 750 rpm based on better 
mixture formation characteristics. Further the experi-
mental studies for the location-3 at 45o can be done 
along with supercharger for better performance and 
lower emission. 
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