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Latin symbols
Description
Carbon atoms in fuel

Hydrogen atoms in fuel

Fuel to air ratio Kgi/Kga
Mole of fuel Mole

Total mole of mixture or products Mole
Pressure or power N/m? or KW
Volume M3
Universal gas constant kJ/kg.mol.K
Temperature KO

NO. of moles of species i Mole

Mole fraction of species i /
Specific internal energy kJ /kg
Specific enthalpy kJ / kg
Total internal energy kJ
Total enthalpy kJ
Polynomial coefficient for species i
Heat of reaction at constant volume kJ/kg
Specific heat at constant presure kJ/kg.K
Specific heat at constant volume kJ/kg.K
Work kJ/kg

Ratio of Specific heat at constant pressure to Specific heat at
constant volume

Equilibrium constant

Compression ratio

Ratio of cylinder bore to piston stroke

Bore m

Stroke m

Ratio of connecting rod length to crank radius
Crank radius m
Connecting rod length m

Area M?
Rotational speed of the crank shaft Revolution
per second
Gibbs free energy kJ/kg
Entropy kJ/kg.K
Reynolds no.

Prandtl no.

Specific volume IE

Burned mass fraction

Specificfuel.consumption | gr/kW.hr
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| AFR | Aiir to fuel ratio

Creek symbols

Equivalence ratio
Atoms of oxygen in fuel
Atoms of nitrogen in fuel
Residual mass fraction
Connecting rod length
Crank angle

Specific volume
Dynamic viscosity
Constant

Angular velocity
Efficiency

Volumetric efficiency

Subscripts

Fuel

Air

Ambient

Species or indicated
Mechanical

At absolute zero
Products or piston
Reactants
Stoichiometric
Total

Loop from1to5
Constant volume
Initial step

Final step

Next STEP
Displacement
Clearance
Cylinder head
Unburned
Burned or brake
Adiabatic

Gas

Surface
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ABSTRACTU

Models can be of great assistance to the engine designers if they give
a good representation of the engine system. Their economic value is in the
reduction in time and costs for the development of new engines and their
technical value is in the identification of areas which require specific
attention as the design study evolves.

The cycle analysis (engine simulation) is a useful tool for the
following reasons:
1.1t provides a better understating of the variables involved and their effect
on engine performance.
3.1t is a useful tool in optimizing an engine design for a particular
application.

The cycle analysis gives a useful relationship among the
performance parameters, compression ratio, fuel-air ratio, and of fuel used.

The mathematical model was put to study engine performance. This

included the study of the cylinder maximum temperature, pressure and

spark timing. The mathematical model deals with 4-stroke, spark ignition

naturally aspirated engine. Numerical methods can be used to solve some
equation, such as Newton-Raphson and Runge-Kutta. A computers
program in Quick Basic was constructed and developed to carry out the
solution.

The engine performance studied for different operating parameters,
such as mean effective pressure, torque, power, specific fuel consumption,
thermal efficiency and found that optimum values for this variables at fuel-

air ratio equal one.
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Study the effect of dissociation of component on engine
performance, and this very important to the emission and pollution for
study later.

Study the effect of fuel-air ratio on flame speed , and found that the
maximum flame speed for fuel-air slightly rich mixture.

Variation in initial pressure , mixture strength have only modest
effect on thermal efficiency , The effects of variations in these variables on

man effective pressure (mep) are more substantial , however , because mep

depends directly on the initial charge density .
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INTRODUGTION

1.1: General

The internal combustion engine is a heat engine that converts chemical
energy into mechanical energy, which is available on a rotating output
shaft. Chemical energy of the fuel is first converted to thermal energy by
means of combustion or oxidation with air inside the engine. This thermal
energy raises the temperature and pressure of the gases within the engine,
and the high-pressure gas then expands against the mechanical mechanisms
of the engine. This expansion is converted by the mechanical linkages of
the engine to a rotating crankshaft, which is the output of the engine.the
crankshaft, in turn’s connected to a transmission and/or power train to
transmit the mechanical energy to the desired final use There is always a
need for higher power engines, and obtained the optimum engine design,
therefore, the mathematical models is very signification to represent the

engine and development this engine during short time.
1.2: Theory of Combustion

The combustion process in a gaseous fuel-air mixture ignited by a
spark is characterized by maore or less rapid development of a flame which
starts from the ignition point and spreads in a continuous manner outward
from the ignition point. When this flame travels or spreads continuously to
the end of the chamber without any sudden change in speed or shape, the
combustion is called normal. But when the mixture appears to ignite and

burn ahead of the flame, the phenomenon is called autoignition which may

www.manaraa.com



— %Aa/)tew Ohne  —e————————————————— OTOOUCHION
lead to sudden increase in reaction rate and measurable pressure waves
leading to what is called detonation.

In the normal combustion, there are two zone of combustion and the
forward boundary of the reacting zone is called the flame front.

When a spark plug fires, the high voltage, discharge high energy
ignites the air-fuel mixture between and near the electrodes. This creates a
spherical flame front that propagates outward into the combustion chamber.
In the initial stage, the flame front moves very slowly because of its small
originated size. This is called the first stage of combustion,and the second

stage is the propagation of flame front throughout the combustion chamber.
1.3:Real Engine Cycle Fvents

All processes of the engine cycle are illustrated in a simple as shown
Fig.(1.1).

Cycle Simulation

Power Cycle Gas Exchange

Q)
o
3
©
=
D
9]
2.
o
5

s

ey

_____________________________

Fig.(1.1): represents the events of real cycle, 4-stroke, S.I.
engine
1.4:0bjective of the Present Work
The objective of this work is the modeling of a four stroke spark
Ignition engine. The two mathematical models can be derived and all

Y
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equations programmed using (Quick Basic) language.Two computer
programs is to be constructed and developed to study the engine
performance. The first program is related to the ideal engine design and
the second program is related to the real time engine design.

The effects of many operating parameters on engine performance
are included in the mathematical models. The models will be used to
predict the following parameters: engine performance such as indicated
mean effective pressure, indicated thermal efficiency, brake mean effective
pressure, brake thermal efficiency, indicated and brake power output,
indicated and brake specific fuel consumption, temperature and pressure
distribution in cylinder and torque.

All computation to be done by using step by step evaluation based on
numerical method, like Newton-Raphson and Runge-Kutta methods.

The aim of the present work lies in obtaining results in a short
time.for preliminary work, it might not immediately predict the optimum
engine design, but it will be study the performance and obtained the

optimum engine parameters which is very necessary to study and design.

1.5:Layout of the Thesis

This thesis falls into six chapters. Chapter one is an introduction and
chapter two is concerned, with a brief literature review. Chapter three is
devoted to the theoretical analysis that leads to the estimation of the engine
performance.

Chapter four deals with the computational procedures where two
computer programs are developed to perform all the calculations based on
the theoretical analysis. Chapter five gives the presentation and discussion
of the results. Chapter six represents the conclusions and recommendations
from this work and introduces suggestions to develop this work in the

future.
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LITERATURE REVIEW

2.1: Introduction

The interest in this work is directed towards S.I. naturally aspirated
engine. Hence the literature survey is directed toward S.l. naturally
aspirated engine, and the effect of operating parameters on performance

and engine design.
2.2: Review of the Engine Study
J. Mayo [1975] studied the effect of engine design parameters on

combustion rate in spark ignition engines, by calculation, shown that fast
combustion rates tend to produce low NOx levels. Their analysis has been
partially confirmed by actual engine data on a highly turbulent fast burn
engine. Thus , an experimental program was conducted to develop
quantitative data on the effect of some of the engine design features that are
known to have a significant influence on combustion rate. The effect of
five engine design factors on combustion rate was determined. Burn time
measured on 17 different engine configurations, each configuration
containing different design levels of the five design factors. Burn time
measurement was also made on a carbureted highly turbulent bowl-in
piston fast burn engine with a centrally located spark plug. Significant
reduction in burn time from a production combustion chamber was
achieved by application of the design factors. The effect of emissions was

also examined.
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M.K. Gajendra Babu [1975], studied a simulation and evaluation of a
four stroke single cylinder spark ignition engine, of a mathematical model.
This work has two parts. The first part describes the development of the
mathematical model. The instruments that were developed for the
evaluation of the model are included in the second part. The simulation
results are found to agree well with the experimental data. In the expansion
process, the equilibrium gas composition was found. The open period,
comprising the exhaust and inlet processes, was solved by computing the
mass flow rate across the valves, the properties at the mesh points of the
intake and exhaust systems, and the temperature and pressure of the gas in
the cylinder.

At the end of cycle, resistance networks for heat transfer were set up
to estimate the metal temperature. The mechanical efficiency was found by
estimating friction. In the evaluation of the model, the pressure time
diagram for the gases in the cylinder, in the intake system, and in the

exhaust system were measured in an instrumented engine.

R, S. Benson [1975], studied a simulation model including intake
and exhaust systems for a single cylinder four-stroke cycle spark ignition
engine. The power cycle simulation requires only one empirical factor to
correct for turbulent speed of the flame front in order to complete the cycle
calculation including NO. Calculations are presented which compare well
with previous work.

The model combines a full power cycle simulation with the
prediction of NO emission with a comprehensive gas dynamic model for
the cylinder and ducts allowing for chemical reactions in the exhaust pipe.
Calculations are presented comparing the predicted NO with test results
from a single cylinder engine. It is shown that good agreement is obtained

between the predicted and measured NO over an equivalence range (0.8-
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1.1) when the flame speed is corrected at the equivalence (0.9)

corresponding to the peak NO.

S.D. Hires [1978] studied the prediction of ignition delay and
combustion intervals for a homogenous charge, spark ignition engine,
corrections for the ignition delay and combustion energy release intervals
in a homogeneous charge, spark ignited engine are developed. After
incorporation within a simplified engine cycle simulation, predicted values
of these two combustion’s are based on four fundamental quantified, the
turbulent integral scale, the turbulent micro scale; the turbulent intensity
and the laminar flame speed.

Two empirical constants scale the correlation to a given engine,
Predicted values for the ignition delay and burn intervals show good
agreement with experimental results for wide variation in engine operating
and design conditions (e.g.; engine speed and load, spark timing, EGR, air
fuel ratio, and compression ratio) in addition, the shapes of the predicted

mass fraction burned curves agree well with published data.

M. Metghalchi [1980] studied the laminar burning velocity of
propane air mixtures, and has been measured in the pressure range 0.4 to
40)- atm and temperature range (298-750K) for equivalence ratios (0.8-
1.5). The measurements were made in a constant volume spherical
combustion bomb, which could be heated, to 500K. A thermodynamic
analysis was used to calculate the laminar burning velocity from a pressure
time history of the combustion process the measured values were correlated

using both power law and experimental expressions.

A.C. Alkidas [1980] studied the heat transfer characteristics of a

spark ignition engine, transient heat flux measurements were obtained at
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four position on the cylinder head of a four stroke single cylinder spark

Literature Review —

ignition engine. Tests were performed for both fired and motored operation
of the engine. The primary engine operational variable was engine speed.
The results showed that the heat flux varies considerably with position of
measurement. At fired conditions, the initial high rate of increase of heat
flux at each position of measurement correlated with calculated time arrival
of the flame at that position.

Finally, as expected, the peak heat flux was found to increase with

increased engine speed.

M. Metghalchi [1982], studied the burning velocities of mixtures of
air with methanol, isooctane, and indolene at high pressure and
temperature, have been measured using the constant volume bomb method
for fuel air equivalence ratios (0.8-1.5) over the pressure and temperature
ranges (0.4-50) atm and (298-700). The effect of adding simulated
combustion products to stoichiometric isooctane air mixture we also
studied for diluent mass fractions (0-0.2). Over the range studied, the
results can be fit within +10% by the functional form
Su=Suo(TulTo) *(P/Po)? (1-2.1p),where Syo depends on fuel type and
equivalence ratio and o and ¢ depend only on equivalence ratio. In

overlapping ranges, the results agree well with those previously reported.

G.C. Davis [1982] studied the effect of in-cylinder flow processes
(swirl, squish and turbulence intensity) on engine efficiency. The engine
simulation model is a thermodynamic model coupled to sub models for the
various physical processes of in cylinder swirl, squish and turbulence
velocities that transfer and flame propagation.

The swirl and turbulence models are based on an integral formation

of the angular momentum equation. This model account for the effects of
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changes in geometry of the intake system and the chamber design on in
cylinder flow processes. The combustion model is an entertainment burn up
model applicable to the mixing controlled region of turbulence flame
propagation. The flame is assumed to propagate spherically from one or
two spark plug. A heat transfer model that is dependent upon the
turbulence level is used to compute the heat loss from the unburned and
burned gases. These sub models are calibrated from experimental data. A
parameter study is conducted to determine the effects of in cylinder
geometry on burn duration, heat transfer and fuel consumption. These
results indicate that swirl; squish and turbulence intensity levels can be
varied to produce a minimum in fuel consumption for the conditions

examined.

G.G. Lucas [1982] studied the effect of combustion chamber shape on
the rate of combustion, flame propagation, the cylinder pressure for twenty
on spark ignition engine combustion chamber design in spark ignition
engine. These show that, for given compression ratio, the flame speed is
not significantly affected by chamber design. However, the rate of
combustion, the pressure history and cyclic dispersion are greatly affected.
The burning velocity may be affected by combustion chamber design in
two ways. First, increasing the charge to the turbulence by producing
squish should also increase the burning velocity. Squish may be defined as
the inward radial motion of the cylinder charge created by piston

movement near TDC of the compression stroke.

F.T. Connolly and A.E.Yagle [1993] investigated a new model
relating cylinder combustion pressure to crank shaft angular velocity in an
interval of combustion engine, primarily the fluctuations in velocity were

near the cylinder firing frequency. Experimental results that confirm a
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been presented. This model was presented in Connolly and yagle
(1992,1993) and developed and tested (via computer simulation and
experimental measurements) in Connolly (1992). In particular, the model
relates a random sequence parametrizing cyclic combustion pressure
variability to fluctuations in angular velocity.the model takes the form of
alinear, first order differential equation relating continuous combustion
pressure to continuous angular velocity wave forms, as well as relating a
cyclic combustion pressure variability squence to samples of angular

velocity at each combustion.

Paulina. S. Kuo [1996] studied a cylinder pressure in a spark-ignition
engine : a computational model. The project described in this article
attempts to accurately predict the gas pressure changes within the cylinder
of a spark-ignition engine using thermodynamic principles. The model
takes into account the compression, combustion, and expansion that occur
in the cylinder. Comparisons with actual pressure data show the model to
have a high degree of accuracy. The model is further evaluated on its

ability to predict the angle of spark firing and burn duration.

A.C. Alkidas [1997] studies experimentally indicators of fuel
maldistribution, several exhaust emissions were found to be good
indicators for fuel maldistribution (both cylinder and cylinder to cylinder)
in spark ignition engines.the quality of combustion greatly affected these
indicators, thus possibly limiting their applicability. Corrections were

developed to desensitize these indicators to the quality of combustion.
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Y.M. Yacoub [1998] studied the development and validation of a
thermodynamic model for an S.I single cylinder engine, a multi zone quasi
dimensional model that illustrates the intake, compression, combustion,
expansion, and exhaust processes has been developed for a single cylinder
four stroke spark ignition engine. The model takes into consideration mass
and energy conservation in the engine cylinder, intake and exhaust plenums
and crankcase plenum. The model calculates in stantaneous variations in
gas thermodynamic states, gas properties, heat release rates .in cylinder
turbulence, piston ring motion blow by, nitric oxide, and carbon monoxide
formation. The cycle simulation accounts for induced gas velocities due to
flame propagation in the turbulence model, which is applied separately to
each gas one. This allows for the natural evolution of the averaged mean
and turbulence velocities in burned and unburned gas regions. The present
model prediction of thermal efficiency, indicated mean effective pressure,
peak values of gas pressure, ignition delay, concentrations of nitric oxide,
carbon monoxide and carbon dioxide are proven to be in agreement with

experimental data.

Ivan. Arsie [1998] studied the models for prediction of performance
and emissions in a spark ignition engine a sequentially structured approach,
a thermodynamic model for the simulation of performance and emissions
in a spark ignition engine is presented. The model is part of an integrated
system of models with a hierarchical structure developed for the study and
the optimal design of engine control strategies.

The main thermodynamic model is based on the classical two-zone
approach. A multi zone model is then derived from the two zone
calculation, for proper evaluation of temperature gradients in the burned
gas region . The emissions of HC, CO, and NOx are the predicted by three
sub models.
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The results of the thermodynamic cycle model validation, performed
over more than 300 engine operating conditions, show a satisfactory level

of agreement between measured and predicted data cycles.

Morea [2000] studied a multi one thermodynamic and quasi-one
dimensional hybrid models applied to four-stroke spark ignition engine
modeling. Model is capable to predict torque, power, specific fuel
consumption, volumetric efficiency, etc; as well as instantaneous pressure,
temperature, etc; within cylinder and engine manifolds. Inside the cylinder,
flow is described by means of the conservation of mass principle and the
first law of thermodynamics. A first order ordinary differential equation
system is obtained and solved using a numerical methods. Flow in
manifolds is characterized by means of the fundamental conservation
equations: mass, momentum and energy. Two type mixtures are
considered: fuel air mixtures and combustion products. Special attention is
dedicated to real gas behavior due to specific heats are function of

temperature.

Summanry : -

Most of the literature published presented modeling of I.C.E. Some
depend on experimental data.

The areas of interest are the study of the influence of operating
parameters on engine performance.

A complete and comprehensive study is still needed to take effect of

optimum operating condition on engine performance.
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