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Appendix J

Ignition Location

(a) T: Shot 6 (t = 0.375 ms) (b) S: Shot 7 (t = 1.375 ms) (c) T: Shot 8 (t = 0.375 ms) (d) S: Shot 9 (t = 0.2 ms)

(e) T: Shot 10 (t = 0.2 ms) (f) T: Shot 11 (t = 0.3 ms) (g) S: Shot 12 (t = 0.3 ms) (h) T: Shot 15 (t = 0.2 ms)

Figure J.1: Ignition locations observed in schlieren videos (T - top ignition, S - side ignition, P -
plume ignition, time indicated is elapsed from 1 frame before any flame is visible)
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(a) T: Shot 17 (t = 1.0 ms) (b) P: Shot 19 (t = 12.0 ms) (c) T: Shot 20 (t = 0.5 ms) (d) T: Shot 21 (t = 10.0 ms)

(e) P: Shot 23 (t = 10.0 ms) (f) S: Shot 24 (t = 0.5 ms) (g) S: Shot 25 (t = 1.5 ms) (h) S: Shot 26 (t = 2.0 ms)

(i) S: Shot 27 (t = 1.5 ms) (j) P: Shot 28 (t = 16.5 ms) (k) S: Shot 29 (t = 0.5 ms) (l) P: Shot 30 (t = 22.5 ms)

(m) S: Shot 31 (t = 0.5 ms) (n) S: Shot 32 (t = 0.5 ms) (o) T: Shot 33 (t = 0.5 ms) (p) T: Shot 34 (t = 1.0 ms)

Figure J.2: Ignition locations observed in schlieren videos continued (T - top ignition, S - side
ignition, P - plume ignition, time indicated is elapsed from 1 frame before any flame is visible)



229

(a) P: Shot 36 (t = 13 ms) (b) P: Shot 37 (t = 11 ms) (c) T: Shot 38 (t = 1.0 ms) (d) T: Shot 40 (t = 0.5 ms)

(e) T: Shot 41 (t = 0.5 ms) (f) T: Shot 42 (t = 1.0 ms) (g) T: Shot 43 (t = 1.0 ms)

(h) T: Shot 44 (t = 1.0 ms) (i) T: Shot 45 (t = 2.0 ms) (j) T: Shot 46 (t = 1.0 ms)

Figure J.3: Ignition locations observed in schlieren videos continued (T - top ignition, S - side
ignition, P - plume ignition, time indicated is elapsed from 1 frame before any flame is visible)



230

This page intentionally left blank.


	Abstract
	List of Figures
	List of Tables
	Introduction
	Motivation
	Background
	Thermal Ignition in a Heated Vessel — Auto-Ignition
	Thermal Ignition from a Concentrated Hot Surface
	Hot Surface Ignition of Liquid Fuels
	Cyclic Flame Propagation in Premixed Combustion

	Thesis Outline

	Thermal Ignition of Gaseous Fuel-Air Mixtures Within a Slowly Heated Vessel
	Introduction
	Experiments
	Experimental Setup
	Experimental Results
	Simultaneous Measurements of Oxygen and Fuel
	Experimental Setup and Calibration Procedure
	Application of Oxygen Measurements


	Modeling
	Modeling with a Detailed Chemical Mechanism
	Kinetic Scheme Validation
	Fast and Slow Combustion Modeling
	Heat Production and Losses
	Radicals and Atoms Rate of Production
	Reaction Pathway Diagrams
	Explosion Limits
	Parametric Study in , , and P0

	Modeling with a One-Step Mechanism

	Theoretical Considerations
	Ignition With Negligible Consumption
	Dominant Chemical Energy Release
	Effect of Ramp Rate on Induction Time
	Critical Heat Transfer
	Critical Time For Wall Temperature Ramp

	Ignition With Consumption
	Induction Time With Consumption
	Thermal Ignition with heat-loss, Consumption, and Wall Temperature Ramp


	Conclusion

	Thermal Ignition and Flame Propagation from a Concentrated Hot Surface
	Introduction
	Experimental Setup
	Composition Uncertainties
	Peak Pressure
	Hot Surface I — High-Temperature Glow Plug (Bosch)
	Hot Surface II — Standard Glow Plug (Autolite 1110)

	Ignition Temperature
	Hot Surface Ignition Temperature as a Function of Composition

	Ignition Modeling
	Modeling Background
	Simplified Analytical Approach
	Boundary Layer Modeling Approach
	Thermal Ignition Using Tabulated and Detailed Chemistry Modeling

	Hot Surface Ignition Temperature as a Function of Pressure
	Hot Surface Ignition Temperature as a Function of Surface Area

	Flame Propagation
	Experiments
	Flame Propagation Speed as a Function of Composition
	Computational Modeling of Flame Propagation
	Chemistry Tabulation
	Reaction Mechanism

	Effect of the Thermal Plume on the Flame Propagation Speed
	Combustion Modes
	Single Flames
	Multiple Flames
	Puffing Flames
	Combustion Mode as a Function of Richardson Number


	Conclusion

	Cyclic Flame Propagation in a Fully Premixed Initially Stagnant Mixture
	Introduction
	Experiments
	Experimental Setup and Procedure
	Experimental Observations
	Numerical Simulations

	Results — Puffing Frequency
	Glow Plug Size and Vessel Size
	Scaling Laws
	Cetegen1993
	durox1997effect

	Effect of Gravity
	Effect of Flame Speed
	Lean Hexane Puffing Flames

	Physics of Puffing
	Flow Field Analysis
	Onset of Puffing — Flow Velocity vs. Flame Velocity

	Conclusions

	Conclusions
	Bibliograhy
	Absorption Measurements for Hydrocarbon Fuel
	Direct Absorption Measurements
	Absorption Cross Sections

	Second Harmonic Detection of Oxygen with Tunable Diode Lasers
	Experimental Setup Addendum

	Heated Vessel Theory
	Governing Equation and Nomenclature
	Induction Time
	Alternative Derivation
	Frank-Kamenetskii Approximation
	Wall Temperature Ramp Without Chemistry
	Ramp Rate Reduced Induction Time
	Critical Heat-Loss Rate With Constant Wall Temperature

	Full Nondimensional Equations

	Collision Limit Calculation for Pre-Exponential
	Correlation of Hot Surface Ignition Temperature with Surface Area
	Flame Propagation
	Introduction
	Flame Propagation Speed as a Function of Composition
	Tabular Flame Speed Data
	Tabular Expansion Ratio Data

	Thermal Plume Scaling
	Refitting Thermodynamic Data
	Experimental Data
	Heated Vessel Ignition
	Hot Surface Ignition

	Ignition Location
	Schlieren Sequences
	Selected Color Schlieren Images
	Hot Surface Temperature and Pressure Traces



