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THE NUMERICAL INVESTIGATION OF THE
COMBUSTION PROCESS OF THE DUAL FUEL IC
ENGINE

Puric, VA Grujié, 1.2, Davinié, A.3, Stojanovié, N.* Dorié, J°
SUMMARY

In the paper it was conducted the numerical analysis of the combustion process. In order of
this it was created 3D model of the IC engine working space, which by geometry do not
correspond to no one existing engine. The simulation it was conducted for the entire working
cycle, that is, for all four strokes and for the combustion process, by application of
computational fluid dynamics. In the simulation it was defined that the engine is turbocharged,
and that uses two fuels, gasoline and methanol. According to the conducted analysis, as well as
to the obtained results, it was found, that is necessary provide more intensive combustion, in
order to increase the indicating efficiency. In order to provide this, were proposed actions for
future researches, such are the earlier ignition, redesign of the shape of the combustion
chamber and increment of the compression ratio.

Key words: numerical investigation, combustion process, dual fuel, IC engine, combustion
chamber.

INTRODUCTION

The experimental work, is very important during the development of IC engines. However, in
early stages of the development, the numerical analyses are good replacement, in order to see if
development goes in right direction, or not. The main process in IC engines, from which
depend all output characteristics of the IC engine, is the combustion process. From the
combustion process, depend performances of the IC engine such is power, as well as raw
engine emission. In order to achieve this, it is necessary to have a intensive combustion, which
will provide good heat release (relatively short combustion with the 50% of combusted fuel
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near the Top Dead Centre (TDC)), as well as the complete combustion of fuel hydro-carbons.
For the numerical analyses/simulation of working cycle of the IC engine and of combustion
process, usually are using the Computational Fluid Dynamics (CFD) analyses.

The CFD is the type of the type of the analysis, which provides the calculation of fluid flow,
pressure change, temperature change... [1], and all these parameters are exactly the parameters
important for the IC engine work, which makes the CFD analyses excellent for the simulation
of the IC engine working cycle. For example, the use of the CFD analysis in the are of the IC
engines, provides the possibility to see the flow behaviour of different fuels. The fuels flow
evaluation can be made according to the flow on the intake port [2], which will provide the
information about the intake parameters necessary for the cylinder filling. Modern software’s
provides the simulation and analyses of the combustion process of many different fuels, for
example natural gas or hydrogen [3], which is excellent for the development of engines which
will work with alternative fuels. Also, the combination of CFD and cad software’s provides no
only the investigation of different combustion chamber, but also the investigation of different
principes of injection, for example Direct Injection (DI) [4], manifold injection. These analyse,
are even have the possibility to predict the emission, on the basis of the results of the
combustion [5].

According to all listed, it can notice that the modern numerical analyses have many
possibilities. This is the main reason why in this paper is used exactly numerical analysis. The
main aim was to model the engine, and then to investigate the combustion process, in the case
of the dual-fuel use, as well as for the engine work as the turbocharged one.

NUMERICAL ANALYSIS OF THE COMBUSTION PROCESS

In order to investigate the combustion process, it was conducted the numerical analysis of the
entire cycle, that is the numerical analysis can be divided to the five stages, and that:
¢ Simulation of the intake stroke;
¢ Simulation of the compression stroke;
¢ Simulation of the combustion process
¢ Simulation of the
expansion stroke, and
¢ Simulation of the
exhaust stroke.

Generally, all five stages of
simulation were  conducted
through one analysis. On the
combustion process, the main
influence have the intake stroke
because during the intake stroke,
enters the mixture into the
cylinder (in the case of this
analysis, it is defined mixture of
gasoline and air, with air fuel
ratio 1.1), as well as the

compression  stroke, because Fig. 1. The 3D model of IC engine used in the analysis
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during the compression happen turbulences which are very important for the combustion
behaviour, also, during the compression grow the pressure and temperature which values

signiﬁcaptly influence _on the Tab. 1. The characteristics of the 3D model of
combustion process. Also, in the case

- - . the engine

of this analysis, during the P Val Uni
compression stroke is defined the arar.neter name alue nit
injection of the secondary fuel, which Cylmder bore 95 mm
in this case was methanol, and the Piston stroke 70 mm
defined mass of the injected methanol Comll)e_cu?g rod length fgo9 mm
is 0.015 g. the methanol injection C 1P ac?memt. 731 em
started at angle 550 degrees, and the DIpression ratlo e -
L. . . Number of intake valves 2 -
injection duration is defined as 60

Number of exhaust valves 2 -

degrees The expansion stroke is
important, in order to calculate the expansion polytropic coefficient, while the exhaust stroke
don’t have a great importance.

In order to conduct the analysis, first was created the 3D model of the working space of the
engine (Fig. 1), which main characteristic are given in Tab. 1.

The next step in the analysis, it was to define the initial boundary conditions. The initial
boundary conditions are given in Tab. 2.

Tab. 2. Initial boundary conditions

Parameter name Value | Unit 124 Bt o
Piston temperature 180 °C
Cylinder temperature 160 °C 1
Cylinder head temperature 140 °C gg]
Intake valves temperature 50 °C b
Exhaust valves temperature 500 °C S 61
Intake port temperature 32 °C §
Exhaust port temperature 650 °C 1
Intake port pressure 1.8 bar )
Cylinder pressure 1.2 bar N
Exhaust port pressure 0.97 bar W — ORI S | S——
Engine speed 6500 rpm 0 90 180 '.’é(llmlk :g(‘;]cv dz;() 540 630 720

How it can see, the initial boundary conditions are related to the initial temperatures of engine
parts, as well as to the initial pressures in certain places of the geometry. According to the
intake port pressure, it can see, that the analysis it was conducted for the case of turbocharged
engine. The Figure from the Table 2, represents the valve lift profile, defined in the analysis.
This is quite important parameter because it influences on the mass of the mixture which will
enter during the intake stroke. After the boundary conditions are defined, the analysis is
conducted, and results are processed.

RESULTS AND DISCUSION

In order to investigate the combustion process, of the IC engine, it is necessary to have only the
main working parameter of the engine, and that is the cylinder pressure. The obtained cylinder
pressure is given on the Fig. 2.
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In order to calculate the heat release rate, also known as the combustion speed, or differential
combustion law, it was used the Equation 1.

P©_

da n-1

'(”'pi'(Vi+1_VH)+Vi'(Pi+1 _pH)) (H

The expansion polytropic coefficient is calculated based on the pressure and volume change
during the expansion stroke, according to the Equation 2, and in this case the calculated value
of the polytropic coefficient is 1.25.

)
ne—P2) Q)
log 143
4

70~
60
50 -
40 -

30+
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20
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0

4] 100 200 300 400 500 600
Displacement, cm”

Fig. 3. The cylinder pressure

By application of the Equation 1, were calculated values of the heat release rate, which are
represented on the Fig. 3.
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Fig. 3. The heat release rate during the combustion process

It can see, that in the heat release rate exists several discontinuities. This is caused due to the
bad mixing of the injected methanol and mixture of gasoline and air, or by to late ignition. This
can be improved by the earlier ignition, increment of the compression ratio, as well as by the
change of the geometry of the combustion chamber. The combustion chamber can be changed
in order to increase the turbulences, which partially can be achieved and by the increment of
the compression ratio. Higher turbulences will lead to the more intensive combustion. While
the greater compression ratio will also contribute to the higher temperatures, which will lead to
better vaporization. However, in the case of this analysis, the lacks in defined listed parameters,
have affected on the combustion process stretching which can be seen and from the integral
combustion law, Fig. 4.
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Fig. 4. The integral combustion law
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According to the integral combustion law it was found that the 50% of the fuel, was combusted
approximately at 15 degrees After Top Dead Centre (ATDC). In order to achieve better
efficiency, the achieved indicating efficiency in this case is 0.3, it is necessary to get closer this
point to the TDC. In order to do this, it should provide more intensive combustion, by earlier
mentioned actions.

CONCLUSION

If we take into the consideration, that the analysis, was conducted for the non-existing engine,
and that the initial boundary conditions are defined according to the experience acquired on the
experimental work with one fuel, on real engines, it can be said that the obtained results are
quite well. The main problem which affected on the efficiency, is not enough intensive
combustion. In order to make the combustion more intensive, the for future analysis should
change the geometry of the combustion chamber, that is to change the shape of the piston head.
The piston head should be constructed as such to provide high-intensity turbulences during the
compression stroke, which will lead to more intensive combustion. Also, it should increase the
compression ratio, in order to achieve better initial conditions for the combustion start, that is,
higher temperature. At the end, it should investigate the influence of the ignition timing, that is
to consider earlier ignition, especially at such high engine speeds, where the duration of the
working cycle is quite short
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