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Abstract

(NO,) Is a generic term for mono-nitrogen oxides (NO and NO,). These oxides are

produced during combustion, especially combustion at high temperatures. At ambient
temperatures, the oxygen and nitrogen gases in air will not react with each other. In an
internal combustion engine, combustion of a mixture of air and fuel produces combustion
temperatures high enough to drive endothermic reactions between atmospheric nitrogen
and oxygen in the flame, yielding various oxides of nitrogen. In areas of high motor
vehicle traffic, such as in large cities, the amount of nitrogen oxides emitted into the
atmosphere can be quite significant. When (NO,) and volatile organic compounds

(VOCs) react in the presence of sunlight, they form photochemical smog, a significant
form of air pollution, especially in the summer. Children, people with lung diseases such
as asthma, and people who work or exercise outside are susceptible to adverse effects of
smog such as damage to lung tissue and reduction in lung function. Mono-nitrogen
oxides eventually form nitric acid when dissolved in atmospheric moisture, forming a
component of acid rain. Refer to this problem; many techniques are created to minimize
the (NO,) emissions from IC engines, one of the most famous techniques used to reduce

the (NO,) is Exhaust Gas Recirculation (EGR). The idea of the EGR system is to add

some amount of cooled flue gas to mixed with fresh air in the intake manifold, this will
tend to decrease the combustion temperature and eliminate the availability of air in the
cylinder. Here in this research, a study of performances of IC engine with addition of
EGR was carried out.

Chapter two contains some literature review for turbocharger and the parameters that
affecting engine performances as compression ratio, pressure ratio and Exhaust gas
recirculation, also chapter three holds, how nitrogen oxides forms and description of the
EGR system and it classifications, also this chapter contains other emissions control
techniques. The data used are obtained from computing software simulation (Diesel —
RK), before the study take place a calculations model was derived so as to help and
remind the reader with all thermodynamics and combustion relationships. Then a
computing program is build, this program will be very helpful for using a different engine
specifications. A mathematical relation between (PR, CR, N, EGR, and NO, ) was been

created from the data extracted from software, this step is important because it is
necessary to compare and evaluate the error of this data with experimental data. The
engine parameters are affected when adding the EGR as a brake power will reduces when
EGR ratio increases in a same manner the brake thermal efficiency will decreases, also
the specific fuel consumption will effected, one of the most interesting characteristics of
the engine is the rate of nitrogen oxides production in which is reduces greatly when
EGR ratio increases.
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List of Abbreviations

ANL Argonne National Laboratory
ARES Advanced Reciprocating Engine System
BDC Bottom Dead Centre

CR Compression Ratio

DPM Diesel Particulate Matter Emissions
EGR Exhaust Gas Recirculation

EPA Environment Protection Agency
ICE Internal Combustion Engine

TDC Top Dead Centre

PR Turbocharger Pressure Ratio

MTU Michigan Technological University
VNT Variable Nozzle Turbine

LRS Long Route System

SRS Short Route System

VOLs Volatile Organic Compounds
NAAQS National Atmospheric Air Quality Standard
PM Particular Matter

TWC Three — Way Catalyst

RIT Retarding Ignition Timing

SCR Selective Catalytic Reduction
ORNL Oak Ridge National Laborat
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List of the Symbols

S.N Descriptions symbols Units
1 | Cylinder Bore B m
2 | Cylinder stroke L m
3 | Number of cylinder n Number
7 | Swept volume V, m’
8 | Clearance volume V, m’
9 | indicated mean effective pressure IMEP Bar
10 | Brake mean effective pressure BMEP Bar
11 | Brake specific fuel consumption BSFC kg/ KW —s
12 | Specific heat capacity at v=const. C, KJ/kg-K
13 | Specific heat capacity at p=const. C, KJ/kg-K
14 | Air mass m, kg
15 | Air mass flow m, kg/s
16 | Fuel mass m, kg
17 | Fuel mass flow rﬁf kg/s
18 | Volume drawn of air y m’/s
19 | Engine speed N rpm
20 | Nitrogen oxides NO, ppm
21 | Heat supply Q. KW
22 | Heat reject Quut KW
23 | Net work output W, KW
24 | Temperature T K
25 | Efficiency n Ratio
26 | Indicated thermal efficiency 7 Ratio
27 | Brake thermal efficiency Mg Ratio
28 | Mechanical efficiency Mmech Ratio
29 | Specific heat ratio (gamma) /4 Ratio
30 | Cut — off ratio (beta) r, Ratio
31 | Air fuel ratio (alpha) A/F Ratio
32 | Equivalence ratio 4 Ratio
33 | Engine capacity EC m’
34 | Calorific value cV MJ /kg
35 | Indicated power IP KW
36 | Brake power BP KW
37 | Friction power FP KW
38 | Fuel power Fp KW
39 | Torque T N-—m




