  Spark Ignition Engine Combustion

EXAMPLE    P RO G R A M M E
INTRODUCTION TO SPARK IGNITION ENGINE COMBUSTION

08.45
Registration

09.15
Welcome
09.25
The nature of combustion in spark ignition engines

An overview of combustion in engines, pressure, power and the thermodynamic cycle, terminology, combustion and flame propagation.

10.15
'Great Expectations' - What the SI engine has to deliver - High Power and torque. Low fuel consumption and exhaust emissions.

The legislators and customers expect new vehicles to perform better, use less fuel and emit less exhaust emissions. An overview of trends for the output from spark ignition combustion engines in passenger vehicles.

11.15
Coffee
11.30
Ideal and practical engine cycles 

Reversible engine cycles and practical difficulties in achieving them. Air standard cycles.  Influence of major parameters (e.g. compression ratio); deviation of practical engines from ideal cycles; volumetric efficiency, supercharging, turbocharging.


12.30
Lunch
13.30
Turbulence

The nature of turbulence and definitions; velocity, time and length scales; correlation functions and the energy spectrum; methods for its measurement; Turbulence in engines; effects of engine speed, geometry, crank angle, swirl and tumble.


15.00
Tea
15.15
Thermochemistry 

Fossil fuels, properties and chemical structure; stoichiometry, equivalence ratio and air/fuel ratio; enthalpy of formation, combustion energy release, calorific values; reaction rate, chemical equilibrium, adiabatic flame temperatures, application to engines.

17.00
End of day one
19.00 
COURSE DINNER

COMBUSTION IN ENGINES

08.45
Registration

09.00
Laminar burning velocities

Definitions; flame speed, burning velocity; measurement and calculation techniques effects of fuel composition, equivalence ratio, pressure, temperature, geometry, exhaust gas recirculation (EGR); flame instabilities and cellularity.

10.30
Coffee
10.45
Turbulent burning velocities

Definitions of turbulent burning velocity; effects of turbulence and laminar burning velocity; flame quench; flame structure; flame development after spark ignition; correlations, Bradley, Borge and Damkhöler diagrams; cyclic variations.

12.30
Lunch
MODELLING 

13.30
Thermodynamic Modelling I: turbulent burning rates in engines

Analysis of cylinder pressure data; burning velocity methods, equilibrium cycles, empirical burn-rate expressions, turbulent burn-rate, velocity controlled burn-rate; cyclic variations

14.15
Thermodynamic Modelling II: parametric studies

Parametric study of effects of turbulence, mixture strength, ignition timing, throttling, heat losses etc. on economy, emissions (CO/NO), and performance.
15.00    Tea
15.15
Introduction to CFD Modelling

An introduction of what CFD is and what it can do.
16.00  
Applied CFD Modelling
17.00
End of day two

IGNITION AND AUTO-IGNITION / CONSOLIDATION OF FUNDAMENTALS
08.45
Registration

09.00
Spark Ignition

Electric sparks: breakdown arc and glow discharges. Transition from plasma to flame propagation. Minimum ignition energy.

10.00
Auto-ignition chemistry

Conditions for spontaneous ignition of pure fuel components in laboratory studies.  Relationship to critical compression ratio for "engine knock". Single and two-stage ignition. Kinetic origins of reactivity at low temperatures (butane as a model alkane structure). Reactivity in fuel mixtures.
11.00 
Coffee
11.15
Modes of Ignition 
Fundamental modes of reaction front propagation consequent on localised ignition:  deflagration, developing detonation, detonation, ignition delay times, pressure waves and knock.

12.15 Lunch   

CONSOLIDATION OF FUNDAMENTALS

13.15 
Atomisation and vaporisation; droplet burning.

14.15
Modelling and experimental validation studies

Details to be announced.  This lecture will consolidate much of the fundamental work already presented in a modelling study.

15.30 Tea
15.45
Special and Alternative Fuels: burning rates and knock properties

Burning rates of liquid hydrocarbons, reformulated and reformed gasoline, hydrogen, methanol, ethanol, natural gas (LNG) and others.  Energy value, knock resistance, emissions, thermal efficiency.
16.45 End of day three
FUELS AND DIAGNOSTICS
08.45
Registration

09.00
Fuel chemistry, manufacture, composition and performance


Fuel chemistry, fuel manufacture and distribution, gasoline compositions and specifications, 
octane quality. Engine deposits and fuel additives.
10.00
Special and Alternative Fuels: availability and practical aspects



Fuels for niche applications. The use of oxygenates, biofuels, gaseous fuels: physical properties, manufacture, distribution, lifecycle analysis and emissions.

11.00
Coffee
FLOW AND IMAGING DIAGNOSTICS

11.15 
Non-Laser and Mie Scattering Diagnostics

Pressure and temperature measurement, ion probes, imaging in natural light, Schlieren photography, planar Mie imaging, practical examples
12.15
Lunch

13.15
Laser Diagnostics (1)

Advantages and limitations of laser diagnostics. Laser Doppler and Phase Doppler 
Anemometry, (LDA, PDA) Particle Image Velocimetry, (PIV) Particle Tracking 

Anemometry (PTA). Laser Induced Fluorescence Imaging, (PLIF) molecular scattering 
flame imagery.
14.15
Laser Diagnostics (2) including practical aspects of engine measurements


Optical access, space limitations, time, space and ensemble averaging, cyclic 
variations, 
parameter mapping, conditional sampling.

15.15    Tea 
15.30
Informal Lab Tour (optional)
16.30
End of day four
MIXTURE PREPARATION AND ADVANCED CONCEPTS
08.45
Registration

09.00 
Fuel air mixing fundamentals

Fuel injector types; injection strategies and spray targeting; droplet size distributions and mean diameters; spray quality; effects of manifold conditions on spray formation; flash boiling in PFI and GDI applications.

10.00 
Practical aspects of fuel air mixing

Port fuel injection; Gasoline Direct Injection (GDI); Cold start and transients; Homogeneous charge and stratified charge.

10.50
Coffee
ADVANCED CONCEPTS

11.05  
Spark Ignition technology for performance and efficiency - review of near 
production technologies

Variable Valve Timing, Variable Intake Systems, Port Throttles, Direct Injection, Pressure Charging, Variable Compression Ratio, Hybrid Powertrain, Other technologies.

12.15 Lunch 










13.00
Gasoline Direct Injection (GDI)

An overview of GDI combustion systems, including their benefits and drawbacks. Properties and characteristics of some of the injector types used in GDI.

14.00
CAI/HCCI: Fundamentals and Applications  

An overview on the CAI/HCCI combustion fundamentals, effects of A/F, EGR, fuel properties on CAI/HCCI combustion, results from the first multi-cylinder production type gasoline engine with CAI combustion.
15.00
Controlled Auto-ignition (CAI)

Advantages of CAI, realisation of CAI with a fully variable valve train, presentation of some results from our research into CAI.

15.45
Tea and end of course










