Gas Flow Analysis inside Combustion Chamber of Two Stroke SI Engine
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Abstract:- Computational Fluid Dynamics has become an essential tool in the design and development process of 1C-engines. Due to increasing
computer hardware performances and steady decreasing costs it is to expect that simulation technology becomes an unavoidable tool for the
analysis of many technical problems. In present study the flow analysis of the charge in the cylinder of 2 stroke SI Engine using CFD ANSYS
fluent is carried out. The variation of pressure, velocity, temperature of charge during its flow from inlet to outlet is studied. The effect of

thermal barrier coating (TBC) on the piston crown is analysed. This study may help to optimize the engine performance.
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INTRODUCTION

The conventional two-stroke spark ignition engine is
technically a very simple power plant. With the exception of
the uniflow scavenged engine, it does not use any valves in
its operation. The intake and exhaust processes are
controlled by the reciprocating piston itself. After
combustion, the piston moves downward due to rapid rise in
pressure and temperature above the piston. Below the piston,
the opened inlet port induces air from the atmosphere into
the crankcase due to the increasing volume of the crankcase
lowering the pressure below the atmospheric value. In a
simple design of two-stroke engine, a carburettor is placed
in the inlet port for fuel induction. In the downward stroke,
the piston uncovers the exhaust port releasing a pulse of hot,
high-pressure exhaust gas from the cylinder to the
atmosphere through the exhaust duct. This is generally
referred to as blow down process.

At this stage, the compression of fresh charge in
the crank case below the piston (crankcase compression)
takes place. As the piston continues to move downward, it
opens the scavenge or transfer port which connects the
cylinder directly to the crankcase. When the crankcase
pressure exceeds the cylinder pressure, fresh charge enters
into the cylinder through the transfer port and forces
combustion products out of the cylinder. This process is
called scavenge process. Due to the fact that the transfer and
the exhaust ports are open, the incoming fresh charge to the
cylinder through the transfer port can exit directly out of the
exhaust port during this period.
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Fig. 1 Two stoke cycle engine

Computational Fluid Dynamics (CFD) has become
an essential tool in the design and development process of
engineering devices. In the beginning, it was mostly limited
to high technology engineering fields, e.g. aeronautics and
astronautics, but in the last decades it has become a widely
used tool for the analysis of complex technical problems in
many modern engineering applications. Computer modelling
allows virtual prototyping of a technical system in order to
evaluate the performance of a new design and/or new
technologies. This technique is used in the industry in order
to reduce the development and retrofitting time and
therewith the product costs.

The considered problems may involve complicated
geometry and physically complex phenomena such as
turbulence, phase change, chemical reactions, etc. In the last
decades, CFD has also become a state of the art tool for the
development of internal combustion engines (IC-engines). It
offers the successful assessment of new technologies, e.g.
new fuel preparation methods, new combustion concepts
and/or alternative fuels.



Currently, different CFD software packages are in
use, such as ANSYS. FLUENT, STAR-CD, KIVA,
CONVERGE CFD, OPENFOAM etc. Some of them are
especially developed for the simulation of IC-engines and
therefore provide all required models and mesh tools. Other
software packages like ANSYS FLUENT, can be applied to
a wide array of industrial applications and are developed
with a general purpose.

REVIEW OF LITERATURE

Through various research papers and journal papers
literature survey has been conducted, through which it
observe that most of the work is done on two stroke SI
engine also the gas flow analysis in combustion chamber is
require to enhance the performance of two stroke Sl engine.

The in-cylinder flow field analysis in a 2S engine is
studied in this paper by using CFD. The main parameters
which are consider are Engine speed and Compression ratio.
The experiment is conducted at various speed and then
velocity vector fields obtained are analyzed to understand
the in-cylinder flow behaviour .The CFD codes are used for
carried out the study in this area. Then CFD results are
compared with the actual experimental results. The
boundary conditions apply are pressure with crank angle
and cycle avg. pressure data from MATLAB By considering
all the results they conclude that the port orientation, rather
than port areas had a greater influence on the in-cylinder
flow parameters.[3]

When the air fuel mixture is burnt in the
combustion chamber the Heat of hot gasses is from top
surface of piston is conducted to the other side of piston
and then to the engine for that heat transfer to an engine
piston is calculated. For this purpose the software KIVA
code are used. Here numerical values are compare with
the experimental values and give the conclusion about the
analysis. Here the geometry is created in solidworks and
then NASTRAN is used for the thermal analysis and
PATRAN is used for mainly meshing which is further
used for analysis.

In this the different boundary conditions are apply i.e
thermal boundary conditions and combustion side
boundary conditions and conclude that applying the
transient boundary condition is very time consuming and
does not affect the results of piston thermal analysis
within engineering approximations.[16]

The investigation of the combustion stability of
spark ignition engine by using numerical and experiment
analysis by ENZO GALLONI and characterizing the engine
reproduced by CFD analysis and performed by RANS and
calculated various parameters like mean flow , mean laminar
flame speed and the mean turbulence intensity .[15]

In 1.C engines with different case as like velocity,
temperature and pressure boundary conditions in
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experimental setup and also concerned with studies aimed at
understanding type of flows in cylinder. The geometric
model and mesh is developed by using ANSYS with the
help of CFD and further analysis is done by the
ANSYS.[19].

The study is about the effect of piston
configurations on in-cylinder flow. The results from the
modelling and CFD simulation using FLUENT software in
this paper are shown in term of graphs for the simulation
results for pressure distribution, temperature distribution and
Velocity.[21]

The purpose of this paper is to study the
Computational Fluid Dynamics (CFD) modelling of the
combustion process using detailed chemistry in a spark-
ignited (SI) optical access engine operated at part load using
gasoline and ethanol as fuels. Simulation results are
compared against experimental optical and indicating data.
The study presents a simulation work aimed at predicting
the combustion behaviour in an optical access Sl engine
fuelled with gasoline and ethanol. Ethanol and gasoline
combustion speed, at various air-fuel ratios are well
described by the model.[8]

The flow characteristics inside the engine cylinder
equipped with different piston configurations is carried out
in this study. For this, complete calculations of the intake
and compression strokes were performed under realistic
operating conditions and the ensemble-averaged velocity
and turbulence flow fields obtained in each combustion
chamber analyzed in detail. The results confirmed that the
piston geometry had little influence on the in-cylinder flow
during the intake stroke and the first part of the compression
stroke. However, the bowl shape plays a significant role
near TDC and in the early stage of the expansion stroke by
controlling both the ensemble-averaged mean and the
turbulence velocity fields.[18]

The Heat transfer from the hot gases to the wall in
exhaust systems of high-performance two-stroke engines is
underestimated using steady state with fully developed flow
empirical correlations. This fact is detected when comparing
measured and modelled pressure pulses in different
positions in the exhaust system. This can be explained
taking into account that classical expressions have been
validated for fully developed flows, a situation that is far
from the flow behaviour in reciprocating internal
combustion engines. The heat transfer in the exhaust system
of high-performance two-stroke engines was investigated.
Different models from the literature, which take into account
the entrance length and the flow fluctuations.[6]

3D Modelling of combustion Chamber



Fig.2 Combustion chamber

The model of combustion chamber is created in
CATIA ( design software) by using the all standard
dimensions of two stroke SI Engine.

In this model we assume that the piston is at the
bottom so the body of combustion chamber is fully closed.

File Create Concept Tools View Help

Since the piston is at the bottom dead center we can see the
gas in maximum volume of the combustion chamber. The
above combustion chamber model is created in surface
design of CATIA software having only surfaces hence
having no thickness because we will want to analysis gas
flow inside combustion chamber. According to the problem
the modelling is done by using the CATIA.

The transfer ports and inlet port of the model of
combustion chamber are closed because in analysis software
the inlet boundary conditions and outlet boundary conditions
are given at the inlet port and outlet port . according to this
the modelling is done in CATIA.

CFD Analysis by ANSY'S fluent

ANSYS is used for ovelall analysis of the the
combustion chamber of two stroke Sl Engine. The ANSYS
consist of various solver like Fluent, Transient Thermal, etc.
In this gas flow analysis we use the fluent.
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Fig.3 Geometry import in ANSYS

First process of any analysis is to import the
geometry which is drawn in any software in the appropriate
format. The combustion chamber geometry is imported in
the ANSYS Workbench in igs fromat which is used for
further analysis.

Mesh Generation Process

Generally more the no. of elements, more the
accuracy of the results but it will converge at some point
after that point increase in no of elements does not affect the
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results. In the meshing of combustion chamber of two stroke
Sl engine the no. of tringular nodes are generated which are
differetiate the geometry into small parts for smooth results.

Problem set up
For finding the gas flow analysis first we have to
give proper problem set up for the meshed geometry. In
problem set up we have to select proper material, cell zone
cconditons, Boundary conditons etc.
Following processes gives the explaination about
problem set up for gas flow analysis.
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Fig. 4 Piston imported in ANSYS

In the given study we have to analyse the piston
with and without thermal barrier coating (TBC). For that the
model of piston is created in CATIA and then imported into
the ANSYS Fluent. Mesh generation process is also apply
and the give the setup for thermal analysis.

In this case we give the temperature boundary
condition at the top of the piston and we have to find the
heat conduction through piston in both coated and without
coated condition.

Boundary condition : 400K Temperature at the top of the
piston

RESULTS AND DISCUSSIONS

The variation of pressure, velocity and temperature
in the combustion chamber is obtained through CFD. The
gas flow characteristics also studied with contours the at
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various planes in the combustion chamber as explained
below:
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Fig.5(a) pressure variation

Fig.5(a) shows the pressure at outer body of
combustion chamber is maximum. This pressure is
decreases at the outlet port. The maximum pressure from
given boundary conditions is 1.01 Bar which is at the outer

1) Pressure contours
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Fig. 5(b) Half cut section of pressure contour

body and minimum pressure is at the outlet port that is 0.993
Bar. Fig.5(b) shows the pressure variation of gas which is
flowing inside the combustion chamber.

b) Velocity contour
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Fig.6(a) Velocity contour

By giving the velocity inlet boundary condition at
inlet that is 12m/s velocity at inlet port how it is increases
upto around 46m/s at the outlet of the combustion chamber
is shown by above two figures. For finding the velocity of
flow inside combustion chamber we have to cut the half
section of combustion chamber which is shown in figure
6(b).
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Fig.6(b) Half cut section
c) Temperature contour

We know that if temperature of gasses are increases
inside the combustion chamber then the velocity of gasses is
also increases at the outlet port which is shown in figure.
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Fig.7(a) Temperature contour

The above figure shows the temperature at the inlet port
and outlet port. The temperature at the inlet port is given as
300k as a boundary condition. Figure shows the temperature
of flow throughout the combustion chamber. The colour
shows the different temperature at inlet port and outlet port.
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Fig.7(b). Half cut section
Analysis of piston

The piston of two stroke engine with coating of ceramic
material and without coating are analysed and find the heat
conduction through the piston.

Fig.8(a) For without coated (TBC) piston

For analysis of this piston the initial temperature is taken
as 400K t the top of the piston and found that the maximum
heat transfer is takes place.

Fig.8(a) shows that maximum heat conduction takes place
through without coated piston. The different colours at the
top of the piston states that the heat conduction is takes
place toward the bottom of the piston. The graph shows the
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fig.8(b) For TBC Coated piston

range of the temperature which is reducing from top to
bottom.

Due to coating of TBC material the heat transfer is
reduced which shows by the given fig.8(b) in which clearly
seen that very negligible amount of heat is transfer through
piston hence minimum heat conduction is takes place
through coated piston.
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CONCLUSION

In the present study the gas flow analysis is done
inside the combustion chamber. However the analysis of the
flow and thermal characteristic of the charge entering and
leaving the combustion chamber is analyzed. The
temperature, pressure and velocity of flow throughout the
combustion chamber and variation in it is analyzed in this
study.

The thermal conductivity with and without TBC
coated piston is also analysed. It is observed that the heat
accumulation in the combustion chamber is increased in
case of piston crown coated with TBC material. This
improves the combustion efficiency in CC and there by
helps in reducing exhaust emissions.

Based on the above analysis it is clear that the
overall performance of the IC engine increases by applying
the TBC coating in the piston crown and also reduces the
exhaust emission.
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