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Abstract

This report considers the adequacy of existing detailed reaction mechanismsfor use in detona-
tion simulation with chemical systems containing hydrogen, ethylene, and propane fuels. Shock
tube induction time data are compiled from the literature and compared to detonation thermody-
namic conditions to establish validation limits. Existing detailed reaction mechanisms are then
used in constant-volume explosion simulations for validation against the shock tube data. A
guantitative measure of mechanism accuracy is obtained from the validation study results, and
deficienciesin the experimental data and reaction mechanisms are highlighted. Two mechanisms
were identified which include the chemistry for al three fuels and simulated the experimental
induction time data to within an average factor of three for temperatures above 1200 K. These
mechanisms are incorporated into steady, one-dimensional detonation simulations to provide
guantitative information on the reaction zone structure, characteristic reaction time/length scales,
and activation and thermal energy parameters.
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1 Introduction

Computational simulation is extensively used to study the gasdynamics and chemistry of gas-
eous detonations. The gasdynamics are given by the Euler equations and are coupled to the chem-
Istry through a reaction mechanism which specifies how the chemical species evolve. One, two,
or three step models of the global chemical behavior represent the most simplistic mechanisms.
Detailed reaction mechanisms consisting of a comprehensive set of species and reaction rates are
the most realistic, attempting to represent all chemical processes within agiven system. In
between are reduced reaction mechanisms derived systematically from detailed reaction mecha-
nisms.

Simulations of steady, one-dimensional detonation models with detailed reaction mechanisms
have been possible for many years. Unsteady, one-dimensional simulations are beginning to use
the smallest detailed reaction mechanisms while most unsteady and all multi-dimensional simula-
tions resort to the less complex mechanisms. Given significantly increased computational power
over time, these higher fidelity simulations will also incorporate detailed reaction mechanisms.
Confidence must be established in the accuracy of all computational simulations through valida-
tion with experimental data.

Here we consider the adequacy of existing detailed reaction mechanismsfor usein detonation
simulation with chemical systems containing hydrogen, ethylene, or propane fuels. Shock tube
induction time data are compiled from the literature and compared to detonation thermodynamic
conditions to establish validation limits. Existing detailed reaction mechanisms are then used in
constant-volume explosion simulations for validation against the shock tube data. A quantitative
measure of mechanism accuracy is obtained from the validation study results and deficienciesin
the experimental data and reaction mechanisms are highlighted. Finally, the most accurate mech-
anisms are incorporated into calculations for steady, one-dimensional detonations to provide
guantitative information on the reaction zone structure, characteristic reaction time/length scales,
and activation and thermal energy parameters.



2 Detonation Thermodynamic Conditions

The chemical reactions associated with detonations are strongly dependent upon the thermo-
dynamic conditions imposed by the shock wave(s). Therefore, consideration of the post-shock
thermodynamic conditions provides arange of states over which reaction mechanisms must be
validated. One-dimensional, steady detonation models typically use anormal shock velocity
equal to the Chapman-Jouguet detonation velocity (V;). Multi-dimensional and/or unsteady
models are faced with varying shock velocities. Experimental measurements of shock decay in
cellular detonations indicate that the shock velocity varies from approximately 60% to 140% of
Vc; (Voitsekhovskii et al. 1963, Edwards 1970, Takai et al. 1974, Dormal et al. 1979, Tarver 1982,
Lee 1984, Lefebvreet al. 1993). Thisvelocity range does not cover all possible situationsin self-
propagating cellular detonations and also neglects significantly overdriven states which might be
achieved, for example, in direct initiation. Nevertheless, consideration of 60% - 140% V; shock
velocities is representative of the wide range of thermodynamic conditions existing within deto-
nations.

Mixture compositions considered include hydrogen, ethylene, and propane fuels, oxygen as
the oxidizer, and argon, carbon dioxide, helium, and nitrogen diluents. Fuel-oxygen and fuel-air
mixtures are the most practical and commonly studied while the mixturesincluding diluents other
than nitrogen are useful tools for elucidating the coupling between the detonation chemistry and
gasdynamics. Calculations with varying equivalence ratio (¢) from 0.2 to 3.0 were performed for
the fuel-oxygen (3 = 0.0) and fuel-air (B = 3.76) mixtures:

The equivalence ratio remained fixed at 1.0 (stoichiometric) for calculations in which the diluent
concentration was varied from 0% to 90% by volume.

The chemical equilibrium program, STANJAN, is used to calculate V¢, for initial pressure and
temperature conditions of 1 bar and 295 K, respectively (Reynolds, 1986). The detonation veloc-
ities, Mach numbers, and pre-shock ratio of specific heats (y;) for hydrogen, ethylene, and pro-
pane mixtures are presented in Figs. 1, 2, and 3, respectively. Note that the Mach numbers and
specific heat ratios for argon and helium diluted mixtures are identical and therefore, these data
curves overlap. The conditions immediately behind the shock front are calculated with STAN-
JAN using frozen chemistry at shock velocities of 0.6V;, 1.0V, and 1.4V, Figures4-5,6-7,
and 8 - 9 contain post-shock pressure and temperature data for hydrogen, ethylene, and propane
mixtures, respectively. Thefirst of each figure pair provides fuel-oxygen-nitrogen mixture infor-
mation, and the second includes argon, carbon dioxide, and helium dilution data. In all cases, the
0.6V; shock velocities give the minimum pressure and temperature conditions while those for
1.4V, represent the maxima.

The post-shock pressures and temperatures are greater for fuel-oxygen relative to fuel-air
mixtures at al equivalence ratios because of decreased energy per unit mass associated with nitro-
gendilution. Maximum pressures and temperatures occur very close to the stoichiometric condi-
tion for fuel-air mixtures and are shifted to rich equivalence ratios for the fuel-oxygen cases
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Fig. 4 H,/O,/N, detonation post-shock thermodynamic conditions (295 K, 1 bar).
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Fig. 5 H,/O,/Ar/CO,/He detonation post-shock thermodynamic conditions (295 K, 1 bar).
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Fig. 6 C,H,/O,/N, detonation post-shock thermodynamic conditions (295 K, 1 bar).
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Fig. 7 C,H,/O,/Ar/CO,/He detonation post-shock thermodynamic conditions (295 K, 1 bar).
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Fig. 8 C3H4/O,/N, detonation post-shock thermodynamic conditions (295 K, 1 bar).
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Fig. 10 Propane detonation equilibrium products.

because of dissociative competition between major and intermediate product species. Consider
the example of propane mixtures of varying stoichiometry. The equilibrium product composi-
tions for fuel-oxygen and fuel-air mixtures are shown in Fig. 10. Due to the higher temperatures
of the fuel-oxygen mixture, there are greater concentrations of species H,, CO, and OH in the
fuel-oxygen mixture than the fuel-air mixture. This shift in the product compasition resultsin the
maximum energy release occurring at rich conditions for fuel-oxygen mixtures as compared to
near-stoichiometric conditionsfor the fuel-air mixtures. Asdiscussed in Section 6.3, the CJMach
number is dependent upon the square root of the specific energy release and the post-shock pres-
sure and temperature vary through the shock jump conditions with the square of the shock Mach
number. Therefore, neglecting the effects of composition specific heat ratio, maximaexist in the
shock Mach numbers (Figs. 1 - 3) and thermodynamic properties (Figs. 4, 6, 8) near the stoichio-
metric condition for propane-air mixtures and off-stoichiometric for propane-oxygen mixtures.
Thisillustration applies to the hydrogen and ethylene mixtures as well athough the fuel-oxygen
maxima shift for hydrogen mixturesis somewhat smaller due to the lack of the CO, - CO dissoci-
ation step important for reducing the energy release in hydrocarbon mixtures.

Detonation Mach numbers decrease monotonically with increasing diluent concentration for
al diluents. However, the effect of diluent addition on reactant molar mass resultsin an increase
In detonation velocity with increasing helium dilution. Dilution by argon and helium also lower
the mixture heat capacity resulting in dightly increasing post-shock temperatures up to approxi-
mately 80% volumetric dilution. For argon and helium concentrations greater than 80%, the
decrease in energy release per unit mass offsets the decreasing heat capacity causing the post-
shock temperature to decrease with increasing dilution. Post-shock pressures decrease montoni-
cally with increasing dilution for all diluents. This can be explained through consideration of the
perfect gas shock jump condition for pressure,

Pun

_ 2y 2
Py 1+y_+1(MCJ_1)
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which isinsensitive to the specific heat ratio relative to the squared dependence on the detonation
Mach number.

Table 1 contains a summary of the detonation post-shock thermodynamic conditions. Differ-
ent fuel-based mixtures, fuel-oxygen-diluent mixtures, and shock velocities are grouped sepa-
rately for ease of comparison and establishing the range of conditions over which a reaction
mechanism must be validated depending upon the application. Note that particular ranges can be
further restricted if limited equivalence ratios and/or diluent concentrations are desired. As
shown in Table 1, shock velocities of 60% - 140% V., significantly broaden the pressure and tem-
perature range from that of the CJ case. For agiven fuel, expanding the diluents considered from
nitrogen to include argon, carbon dioxide, and helium has no effect on the pressure range and a
modest effect (mostly in hydrogen-based mixtures) on the temperature range.

Table 1: Summary of detonation post-shock thermodynamic conditionswith initial
conditions of 295 K and 1 bar.

Composition Shock Velocity | Pressure Range (bar) | Temperature Range (K)
Ve 12-34 850 - 1800
60% - 140% V; 4-67 450 - 3050
Ve, 12-34 700 - 2050
H,/O,/Ar/CO,/He/N,
60% - 140% V; 4-67 400 - 3700
Ve 12-84 850 - 2150
60% - 140% V; 4-165 450 - 3600
Ve 12-84 850 - 2250
C,H,/O,/Ar/CO,/He/N,,
60% - 140% V; 4-165 450 - 4000
Ve 11-93 800 - 2000
C;3Hg/O,/N,
60% - 140% V; 4-184 450 - 3250
Ve 11-93 800 - 2150
C3Hg/O,/Ar/CO,/HE/N,
60% - 140% V; 4-184 450 - 3800
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3 Shock Tube Experiments

Chemical reaction experiments in shock tubes most closely represent the type of initial and
thermodynamic conditions associated with detonations. Data from such experiments often
include a measurement of the chemical induction time of the shocked mixture. The induction
timeis qualitatively defined astheinitial thermally neutral period of freeradical species concen-
tration growth, beginning with shock heating and compression of the fluid particle and ending
with the onset of thermal explosion (Fig. 11). A variety of quantitative experimental induction
time definitions exist, usually associated with an initial rise or maximain signalsincluding pres-
sure, radiation absorption, or radiation emission from a chemical species. The onset of asignal is
defined as the signal rise above some arbitrary level, which tends to complicate mattersin analy-
sis or when comparing to other data. Maximum values are typically well-defined, although mea-
surements based on maxima extend the induction time into the thermal explosion process. Thisis
often inconsequential because the induction timeis usualy much larger than the time for thermal
explosion in shock tube experiments.

A shock tube experiment induction time measurement can be idealized as taking place in one-
dimensional, inviscid flow behind either the incident (Fig. 12a) or reflected (Fig. 13a) shock. The
incident shock case involves a correction for the fluid particle velocity past a stationary measure-
ment device where the induction time (T;) is related via the mass conservation equation to the time
measured (t,,) and the shock density ratio (p,/p,) by

T = %}i%m

The fluid velocity in the reflected shock case is zero and therefore, no frame of reference correc-
tion is necessary. The maximum test time is governed by the presence of the contact surface sep-
arating the driver and driven (test) gases and can be determined given the initial conditions.

Shock tube experiments depart from ideality due to viscous, heat transfer, and non-equilib-
rium effects which are manifested through non-uniform flow properties and reduced test time.
The boundary layer along the wall behind the incident shock causes attenuation of the shock and
acceleration of the contact surface asillustrated in Fig. 12b (Roshko 1960, Gaydon et al. 1963,

TA thermal explosion
<>

shock

-

induction time

t

Fig. 11 Temperature evolution in a shock tube experiment.
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Fig. 12 Incident shock experiment schematic.

Mirels 1963, Belford et al. 1969, Sturtevant et al. 1969, Schott et a. 1973, Glass et al. 1994).
Chemical energy release is also a source of departure from one-dimensional flow (Schott et al.
1973). Reflection of the incident shock from the end wall can cause separation of the boundary
layer and transformation of the reflected shock into a bifurcated lambda configuration asillus-
trated in Fig. 13b (Mark 1958, Strehlow et al. 1959, Dyner 1966, Belford et al. 1969). The
reflected shock may be propagating into a mixture different from the initia test mixtureif chemi-
cal reactions have been initiated behind the incident shock. A thermal boundary layer forms due
to the compressible nature of the flow and heat transfer from the shocked mixture to the relatively
cool tube walls, including the end wall in areflected shock experiment (Belford et al. 1969). Tur-
bulence, wall roughness, and thermal explosion of the mixture can induce non-uniformitiesin the
flow (Belford et al. 1969). Non-equilibrium processes, such as vibrational relaxation of the post-
shock mixture, can also complicate the thermodynamic conditions and associated induction time
measurements in shock tube experiments (Gaydon et al. 1963).

Mixtures are usually highly diluted to reduce the energy per unit mass and therefore decouple
the fluid motion from the chemical reactions as much as possible. Argon isthe primary choice
among potential diluents because it is relatively inexpensive, increases the driven gas molecular
mass (decreases the acoustic speed) and specific heat ratio relative to the driver gas for improved
shock tube performance, and the increased specific heat ratio also inhibits reflected shock bifurca-
tion and boundary layer separation. Use of a monatomic diluent bath gas also reduces the influ-
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Fig. 13 Reflected shock experiment schematic.
ence of non-equilibrium relaxation processes.

The af orementioned complicating experimental aspects play a greater or lesser rolein all
experiments depending upon the particular shock tube conditions and diagnostic techniques. In
addition, two distinct modes of ignition have been observed in shock tube experiments by Meyer
et a. (1971). Theweak ignition mode occurs at relatively low temperatures and is characterized
by a non-uniform distribution of local reaction centers, introducing large variability in induction
time measurements. High temperature conditions typically result in the so-called strong ignition
mode involving the instantaneous formation of a planar reaction wave which is much more con-
ducive to line-of-sight induction time measurements and one-dimensional modeling techniques.

A database of shock tube induction time measurements has been compiled for hydrogen, eth-
ylene, and propane oxidation. Datataken from the literature and provided via personal communi-
cation for inclusion in the database met the following criteria: the induction time definition and
two thermodynamic state variables corresponding to each induction time data point are provided.
The conditions spanned by the experimental data are summarized in Table 2 and presented graph-
ically in Figs. 14 - 46. In general, the data are sparse to non-existent at detonation thermody-
namic conditions for all three fuels considered (Table 1). Most of the data were presented in the
original reportsin tabulated form or plotted versus inverse post-shock temperature. The values
for the plotted data were derived by digitizing and computationally analyzing the plots. Data pro-
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cessing requirements particular to individual data sets are outlined where applicable.

There were a number of induction time data sets that were not included in the database
because complete information was not available. Additional thermodynamic data are required for
the shock tube induction time data of Blumenthal (1996a), Brossard (1979), Miyama (1964),
White (1965), White (1967), and Zaitsev (1958). Aninduction time definition and complete ther-
modynamic data are not available for the work of Voevodsky (1965), Strehlow (1962) does not
provide accurate mixture information, and the induction time data are not provided for the shock
tube ignition studies of Blumenthal (1996b). The shock tube data of Brown (1999) and Hidaka
(2999) is useful but was received too late for consideration in the present investigation.

The dataavailable in the literature often does not provide a direct indication of the variability
in the post-shock thermodynamic conditions and induction time due to any of these effects. The
use of the experimental datafor validation of induction time data obtained through numerical sim-
ulation must proceed under the recognition of these experimental uncertainties. Following the
presentation of the experimental data, a ssimple analysis of the experimental error isincluded
based on the data itself.

Table 2: Shock tube data summary.

Mixture #Sets | # Points (0} % Diluent P (atm) T (K)
Ho/O,/ArIN, 14 940 0.06 - 9.0 0.0-99.9 0.15-87.0 775 - 2650
CoH4/Oo/Ar 7 530 0.12-4.0 70-99 0.2-12.0 900 - 2350

C3Hg/OL/ATIN, 6 370 0.06 - 2.0 76-99 0.6-21.8 1000 - 1700
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3.1 Hydrogen Shock Tube Data

The hydrogen oxidation shock tube data sets are summarized in Table 3. Theraw data are
listed in Appendix A and an induction time versus temperature plot for all of the data is shown in
Fig. 14. The same data points are plotted in pressure versus temperature format in Fig. 15 along
with delineated regions indicating the post-shock thermodynamic conditions for atmospheric ini-
tial condition hydrogen detonations (Table 1). Notethat the datacontainedin Figs. 14 - 15 spana
range of equivalence ratios and diluent concentrations and this presentation isintended to indicate
the range of pressures, temperatures, and induction times for which datais available. Relative to
all of the shock tube data collected, the hydrogen data are most numerous and cover the widest
range of pressure, temperature, equivalence ratio, and dilution conditions. In general, the dataare
sparse at detonation thermodynamic conditions. Figures 16 - 29 contain the induction time data
grouped according to data set in the order given by Table 3.

Table 3: Summary of hydrogen oxidation shock tube data sets.

Data Set Technique Mixture [0} % Diluent P (atm) T (K) Induction Period End
Asaba Incident HolOolAr 0.085- 1.5 96 - 99 0.2-05 | 1400-2400 | OH absorption & emission onset
(1965)

Belles Incident Ho/Oo/No | 0.125-0.595 63-75 0.2-05 | 1100- 1900 OH emission maximum
(1965)

Bhaskaran Reflected | Ho/Oo/No 1.0 55.6 25 800 - 1400 Pressure rise and light emission
(1973) onset
Cheng Reflected | Ho/Oo/Ar 05-10 90 10-3.0 | 1000 - 1800 Pressure rise onset
(1977)
Cohen Reflected | Ho/Oo/Ar 10-20 0-94 0.25-8.3 | 900- 1650 UV emission and pressure maxi-
(1967) mum, UV absorption
Craig Reflected | Ho/Oo/No 1.0 55.6 1-2 875 - 1000 OH emission onset
(1966)

Fujimoto Reflected | Ho/Oo/Ar 1.0 70 0.88-2.7 | 800 - 1400 Pressure rise and light emission

(1963) onset
Jachimowski Incident HolOolAr 0.063- 2.0 91-95 0.2-0.75 | 1200- 1800 | OH absorption at 5% of maximum
(1971)
Just Reflected | Ho/Oo/No 01-10 55-76 04-14 | 900-1250 Luminosity onset
(1968)

Petersen Reflected | Ho/Oo/Ar 1.0 97-99.9 33-87 1100- 1900 | OH absorption maximum rate of
(1996) change
Schott Incident & | Ho/Oo/Ar 0.125-90 | 753-989 | 0.15-9.5 | 1050 - 2650 OH absorption onset
(1958) Reflected
Skinner Reflected | Ho/Oo/Ar 20 90 5 900 - 1100 OH emission maximum
(1966)

Snyder Reflected | Ho/Oo/No 05-10 556-653 | 1.0-9.0 800 - 1100 Pressure rise and UV emission
(1965) onset

Steinberg Reflected Ho/Op 1.0 0 45-9.0 700 - 1000 Luminosity onset

(1955)
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Fig. 14 Hydrogen induction time versus temperature data from shock tube experiments.
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Fig. 15 Hydrogen pressure versus temperature data from shock tube experiments.
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The Asaba (1965) post-shock pressures were not given and some of the datawere presented in
1[O,] form, where T isthe induction time and [O,] the post-shock oxygen concentration. The
incident shock velocity was cal culated assuming a frozen shock jump from 295 K to the post-
shock temperature which then provided the post-shock pressure from the shock velocity and
giveninitia pressures. The post-shock oxygen concentration followed from the mixture compo-
sition and post-shock pressure and temperature. The same procedure was used to determine the
post-shock pressure for the Belles (1965) data set. Frozen incident and reflected shock calcula
tions were performed for the Cohen (1967) data set to determine the post-shock pressure and oxy-
gen concentration, given theinitial pressure, mixture composition, and assuming an initial
temperature of 295 K. The post-shock pressures for Jachimowski (1971) were calculated from
the given mixture composition and post-shock concentration and temperature. Datafrom Cheng
(1977), Cohen (1967), Petersen (1996), and Schott (1958) were supplemented by information
obtained through personal communication with Cheng (1999), Cohen (1999), Petersen (1999),
and Schott (1999), respectively.
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Fig. 16 Asaba (1965) hydrogen oxidation induction time data.
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Fig. 17 Belles(1965) hydrogen oxidation induction time data.
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Fig. 21 Craig (1966) hydrogen oxidation induction time data.
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Fig. 23 Jachimowski (1971) hydrogen oxidation induction time data.
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Fig. 25 Petersen (1996) hydrogen oxidation induction time data.
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Fig. 28 Snyder (1965) hydrogen oxidation induction time data.
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3.2 Ethylene Shock Tube Data

The ethylene oxidation shock tube data sets are summarized in Table 4. The raw data are
listed in Appendix B and an induction time versus temperature plot for all of the datais shown in
Fig. 30. The same data points are plotted in pressure versus temperature format in Fig. 31 along
with delineated regions indicating the post-shock thermodynamic conditions for atmospheric ini-
tial condition ethylene detonations (Table 1). Note that the data contained in Figs. 30 - 31 span a
range of equivalence ratios and diluent concentrations and this presentation isintended to indicate
the range of pressures, temperatures, and induction times for which datais available. All experi-
ments utilized relatively high concentrations of argon diluent and the equivalenceratio was varied
over abroad range. Ingeneral, the data are non-existent at detonation thermodynamic conditions.
Figures 32 - 38 contain the induction time data grouped according to data set in the order given by
Table 4.

Frozen incident and reflected shock calcul ations were performed for the Drummond (1968)
data set to determine the post-shock pressure and oxygen concentration, given the initial pressure,
mixture composition, and assuming an initial temperature of 295 K. These values were then used
to derive the induction time from the plotted format product of induction time, post-shock pres-
sure, and oxygen concentration. The post-shock pressures for Gay (1967) and Homer (1967)
were calculated from the given mixture composition and post-shock concentration and tempera-
ture. Note that Gay (1967) is unclear asto whether or not the post-incident-shock fluid velocity
was accounted for in the induction time measurements; we have assumed the correction was
made. Datafrom Baker (1972) and Suzuki (1971) were supplemented by information obtained
through personal communication with Skinner (1999) and Tanzawa (1998), respectively.

Table 4: Summary of ethylene oxidation shock tube data sets.

Data Set Technique Mixture [0} % Diluent P (atm) T (K) Induction Period End
Baker Reflected | CoHy/Oo/Ar 0.125-2.0 93-99 3-12 1000 - 1900 OH emission maximum
(1972)

Drummond Reflected | CoHy/Oo/Ar 10-20 84 - 95 10-22 | 1000-1700 OH emission maximum
(1968)

Gay Incident CoHy/OolAr 0.214-4.0 96 - 99 0.2-0.4 | 1400 - 2300 CH* emission onset

(1967)
Hidaka Reflected | CoHy/Oo/Ar 1.0-3.0 96 - 98 1.0-5.0 | 1400 - 2100 CH* emission onset
(1974)
Homer Reflected | CoHy/Oo/Ar 05-15 96.5-985 | 0.3-0.8 | 1500-2300 | CO + CO5 emission 10% of maxi-
(1967) mum

Jachimowski Incident CoHy/Oo/Ar 05-15 91-93 11-17 | 1800-2400 | CO+ CO, emission for [O][CO]
(2977) maxi mum
Suzuki Reflected | CoHy/Oo/Ar | 0.462 - 2.625 70 1-32 800 - 1400 OH absorption maximum rate of
(1971) change
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Fig. 34 Gay (1967) ethylene oxidation induction time data.
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3.3 Propane Shock Tube Data

The propane oxidation shock tube data sets are summarized in Table 5. The raw data are
listed in Appendix C and an induction time versus temperature plot for all of the datais shown in
Fig. 39. The same data points are plotted in pressure versus temperature format in Fig. 40 along
with delineated regions indicating the post-shock thermodynamic conditions for atmospheric ini-
tial condition ethylene detonations (Table 1). Note that the data contained in Figs. 39 - 40 span a
range of equivalence ratios and diluent concentrations and this presentation isintended to indicate
the range of pressures, temperatures, and induction times for which datais available. All experi-
ments utilized relatively high concentrations of argon or nitrogen diluent and the upper equiva-
lence ratio was limited to 2.0. In general, the data are sparse at detonation thermodynamic
conditions. Figures 41 - 46 contain the induction time data grouped according to data set in the
order given by Table 5.

Frozen incident and reflected shock cal culations were performed for the Burcat (1970, 1971)
data sets to determine the post-shock pressure, given theinitial pressure, mixture composition,
and assuming an initial temperature of 295 K. Note that Hawthorn (1966) is unclear as to whether
or not the post-incident-shock fluid velocity was accounted for in the induction time measure-
ments; we have assumed the correction was made. Also note that the time for the second risein
hydroxyl emission was taken as the induction time for Myers (1969) stated by the author as occur-
ring very close to the OH maximum. Datafrom Burcat (1970, 1971) and Gray (1994) were sup-
plemented by information obtained through personal communication with Burcat (1998) and
Gray (1998), respectively.

Table 5: Summary of propane oxidation shock tube data sets.

Data Set Technique Mixture [0} % Diluent P (am) T (K) Induction Period End
Burcat Reflected CgHg/Oo/Ar 0.125-2.0 76 - 98 2-141 1100 - 1600 | Pressure and heat flux rise onset
(1970)

Burcat Reflected CgHg/Oo/Ar 1.0 80.7 8.0-14.2 | 1200-1700 | Pressureand heat flux rise onset
(1971)
Gray (1994) Incident CgHg/Oo/Ar 1.0 98.8 14-17 1400 - 1800 CH* emission maximum
Hawthorn Incident CgHg/Oo/Ar 0.063- 2.0 95-99 0.61-1.7 | 1100 - 1500 L uminosity emission onset
(1966)
Myers Incident CgHg/Oo/Ar 0.2 95 1 1000 - 1500 OH emission maximum
(1969)

Steinberg Reflected CgHg/Oo/No 1.0 75.8 7.1-21.8 | 1100 - 1600 L uminosity emission onset

(1954)
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Fig. 40 Propane pressure versus temperature data from shock tube experiments.
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Fig. 43 Gray (1994) propane oxidation induction time data.
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Fig. 45 Myers (1969) propane oxidation induction time data.
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3.4 Experimental Uncertainty

Some quantitative measure of uncertainty associated with the experimental data must be
established prior to comparison with computational results. Difficulties with ascertaining the
experimental uncertainty include a genera lack of error analysis accompanying the shock tube
data and the fact that the data originates from many different sources utilizing an equally diverse
array of techniques and diagnostics. The approach followed here is one of considering the “scat-
ter” between induction time data points conforming to a specific criterion within a particular
shock tube data set. The scatter between two data points, also used in comparison with the exper-
imental versus simulation statistical error data of Chap. 5, is defined as:

1
Iog[tz%

By this definition, a scatter value of 1.0 indicates that the two induction time data pQinss (

differ by an order of magnitude. For calculation of a scatter value, two data points are associated
with the same mixture at pressures within 10% of one another and at temperatures within 5 K of
one another. The arbitrary 10% pressure and 5 K temperature differences are intended to permit
comparison of data points which have small differences in pressure and temperature due to exper-
imental uncertainty or as a result of the data processing imposed by the present investigation.

Scatter =

Assuming that the induction time varies with some powgof{ pressure, the ratio of two
induction time data points for which the thermodynamic conditions vary only by preBguPs) (

IS given by

Y

T, Py0

Taking the typical power af = -1, a scatter value of approximately 0.1 is expected when impos-
ing a 10% pressure difference.

The 5 K temperature difference criteria is within the temperature uncertainty estimates of tens
of degrees from the literature (Skinner 1959, Belford et al. 1969). Assuming the induction time
behavior of each mixture can be described by the Arrhenius expression

T = Aexp %%_E

the ratio of two induction time data points is given as

U o EEL 10
T, eXp[RDrl_TZDJ

The greatest departure of induction timérom 1, occurs at low temperaturek;(T,) and high
activation temperature&/R). The worst-case corresponds to temperatures around 1000 K and
activation temperatures near 40000 K estimated from the low temperature hydrogen induction
time data (Fig. 14). In this case, a temperature variation of 5 K results in an induction time scatter
of approximately 0.09. More prevalent combinations of temperature and activation temperature
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existing in the shock tube data result in much smaller scatter values.

Figures 47, 48, and 49 are plots of the induction time scatter versus temperature for the hydro-
gen, ethylene, and propane shock tube data, respectively. Shock tube data sets for which no scat-
ter data are plotted did not contain data which met the criteriafor comparing induction time data
points. Asillustrated by Fig. 47 - 49 and statistically demonstrated in Fig. 50, most induction
time scatter at temperatures above 1000 K falls below the 0.2 level for all fuels. Thisisjust above
the scatter expected from comparing induction time data points with pressure and temperature dif-
ferences up to 10% and 5 K, respectively. The level of scatter for the hydrogen data at tempera-
tures below 1000 K approaches the order of magnitude level. This correspondsto theregimein
which the induction time is most sensitive to temperature, the weak mode of ignition dominates,
and long induction times exacerbate the experimental non-idealities previously mentioned. Scat-
ter values for the ethylene and propane fuels are non-existent at these temperatures. Insufficient
data exists with which to address the issues of determining whether inherently more or less scatter
can be associated with different mixture conditions, shock tube techniques, and measurement
diagnostics.

The experimental uncertainty analysis of induction time data between different shock tube
data sets was limited due to the lack of appropriate data. Some hydrogen-air data points from
Craig (1966) and Snyder (1965) in the 900 - 980 K temperature range were comparable and found
to exhibit scatter primarily below 0.3 with afew results up to 0.5. No ethylene induction time
data met the comparison criteria across different shock tube data sets. Some atmospheric pressure
propane data from Hawthorn (1966) and Myers (1969) at an equivalence ratio of 0.2 were compa-
rable; half (5) of the scatter analysis results were below 0.1 while the remainder were less than
0.3.
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4 Detailed Reaction M echanisms

The detailed reaction mechanisms considered along with the associated number of species,
number of reactions, and fuel applicability are summarized in Table 6. Fuel applicability does not
necessarily imply that the mechanism was originally intended for use in simulations with a partic-
ular fuel but only that the mechanism contains that fuel as aspecies. The present investigation
does not evaluate simulation execution times with these mechanisms.

Table 6: Detailed reaction mechanisms.

Mechanism Species | Reactions
Battin-Leclerc (1997) 63 439
Baulch (1994) 42 167
Bowman (1995) 49 279
Dagaut (1998) 112 688
Frenklach (1994, 1995) 32 177
Glassman (1996) 83 516
Konnov (1998) 121 1027
Lutz (1988) 39 154
Maas (1988) 10 37
Miller (1989) 53 235
Pilling (1996a) 37 190
Pilling (1996b) 10 46
Pilling (1998) 56 353
Tan (1994) 82 508
Wang (1997) 34 192
Wang (1999) 385 1896
Warnatz (1997) 34 164
Westbrook (1982) 29 93
Westbrook (1984) 36 168
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The Frenklach (1994, 1995) mechanism is the Gas Research Institute (GRI) v1.2 mechanism
and the Bowman (1995) mechanism is the GRI v2.11 mechanism; both are optimized for methane
combustion, and GRI v2.11 includes some nitrogen chemistry. The Wang (1997) mechanism is
the GRI v2.11 mechanism modified for improved ethylene performance. The Dagaut (1998)
mechanism is the Tan (1994) mechanism with nitrogen chemistry included. The Pilling (1996b)
and Pilling (1998) mechanisms are the Pilling (1996a) mechanism stripped to handle hydrogen
fuel only and including nitrogen chemistry, respectively.



5 Shock Tube Simulations

Numerical simulations of the shock tube experiments are used to assess the accuracy of the
detailed reaction mechanisms. Shock tube experiments designed to investigate the chemical
kinetics of combustion usually attempt to minimize various non-ideal effectsin the flow so that
the data can be smply analyzed. These issues were mentioned previously and include (Belford
1969):

* The chemical energy release increases the temperature which accelerates the reactions. The
ideal shock tube experiment would be carried out at infinite dilution to minimize the effects of
energy release. Although many experiments are carried out at relatively high levels of dilu-
tion, some are not and the resulting data is subject to interpretation as discussed below.

* A non-uniform flowfield is associated with the boundary layer behind incident shock waves.
This can be accounted for by using models of the boundary layer growth to predict the varia-
tions in properties along a streamtube behind the shock front.

* A non-uniform flowfield develops in the reflected shock region due to boundary layer separa-
tion and bifurcation of the shock wave. There is no simple way to account for this and it is
important to recognize when this occurs so that the data is treated with caution. Model-based
criteria can be used to predict when separation of the boundary layer will occur. The use of
mixtures with large specific heat ratios obtained through high levels of monatomic gas dilu-
tion mitigates this problem.

» Test time is limited due to boundary layer growth, a short driver, and/or non-tailored interface
conditions. Shock tube experimenters are responsible for avoiding test time limitations so that
the driver gas does not contaminate the test mixture.

Suppose that the known non-ideal behavior has either been corrected for in the experimental
data sets or can be neglected. Beyond these considerations, there is a further complication in
interpreting the results of shock tube experiments since the pressure, volume, and temperature of
a reacting fluid parcel will evolve with time as the state within the parcel changes and the sur-
rounding fluid also reacts. The parcels of fluid are neither at constant volume or pressure because
the only constraint is the surrounding fluid elements. Since adjacent fluid elements in the shocked
gas have different extents of reaction, there will be spatial gradients in the post-shock fluid prop-
erties. The coupling between chemistry, thermodynamics, and fluid motion in the gas implies that
these gradients may have a significant effect on the explosion processes.

A consequence of the existence of gradients is that, in general, an accurate simulation of a
shock-tube induction time experiment requires modeling both the spatial and temporal evolution
of the flowfield behind the shock wave. This may be particularly important in mixtures with a
modest amount of dilution and significant temperature increases associated with chemical reac-
tion. Volume changes in adjacent fluid elements will produce compression waves that propagate
through the gas, coupling thermodynamic and chemical processes and producing cooperative
effects such as pressure wave amplification and detonation initiation. However, numerical simu-
lations of these phenomena are much too computationally intensive for parametric studies on
even the simplest reaction mechanism. In the special case of a highly-diluted mixture, the chemi-
cal and physical processes are essentially uncoupled and a single fluid element can be considered
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inisolation. Single fluid element smulations for less dilute mixtures are subject to modeling
errors and must be considered with caution.

5.1 Modeling Considerations

There are severa choices available for modeling the explosion process, all of which are
approximate as discussed previoudy, and in the limit of high dilution these models yield equiva-
lent results. In the present study, a constant-volume explosion process has been used for all shock
tube experiment modeling. The constant-volume explosion model assumes that the adiabatic
compression of the incident or reflected shock wave produces an instantaneous jump in tempera-
ture that initiates the chemical reactions. The reactions then proceed to completion in an adia-
batic, homogeneous fluid parcel of fixed volume, independent of adjacent parcels. The only time
dependence in the problem is that produced by the chemical reactions.

Alternativesto the constant-volume explosion model include constant-pressure or steady flow
processes. A simple physical meaning can be ascribed to each model by considering how volume
changes are produced in areacting gas. Consider an element of fluid with a characteristic spatial
dimension L and energy release time T. The motion created in the fluid will depend on the rela-
tive size of the acoustic speed c to theratio L/T. For ¢ << L/T, the explosion occurs so rapidly
compared to motion in the fluid that the processiis effectively occurring at constant volume. For
c>> L/T, the energy releaseis so slow compared to the fluid motion that the explosion occurs at
constant pressure. A steady-flow process might be relevant to ignition behind shock waves when
there is sufficient test time available compared to the energy release time for steady-flow to be
established in the shock-fixed reference frame.

The temperature ultimately increasesin all cases for net exothermic explosions. Combining
this fact with theideal gaslaw Pv = RT and unsteady constraints, as well as the Rayleigh line for
the steady-flow case, all of these processes can be visualized as trgjectories in the pressure-vol-
ume planeillustrated in Fig. 51. The pressure either increases (constant-volume), remains con-
stant (constant-pressure), or decreases (steady flow) depending on the constraints. In most
situations of interest, the energy release occurs after the radical chemistry, and the radical steps

P A Constant-Volume

Congtant-Pressure
\

R Steady-Flow

\

Shock .

Hugoniot ~_ °

>\

Fig. 51 Pressure-volume plane diagram of exothermic explosion model processes.
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are of greatest importance in determining the induction time. When the energy release does occur
in a highly-diluted mixture, the resulting temperature and pressure changes are very small and
have anegligible effect on the induction time. This means that for highly-diluted mixtures, the
entire explosion event occurs close to the post-shock point in the pressure-volume plane and the
path that the transient follows is unimportant for analyzing the induction time.

511 Energy Release

In the limit of infinite dilution, the pressure, volume, and temperature are constant and the
simulation of the chemical reactions need only consider the evolution of the species without
energy release. The constant-volume explosion model approaches this limit with increasing dilu-
ent concentration. Since all experiments are carried out with finite dilution, the magnitude of
uncertainty in the constant-volume model associated with energy release effects caused by vary-
ing dilution is of interest.

The primary effect of dilution at fixed post-shock temperature and pressure is to increase the
induction time. Careful evaluation of Fig. 52 indicates that the adiabatic induction timeis approx-
imately inversely proportional to the reactant fraction, i.e., one minus the diluent fraction. This
dependence reflects the concentration dependence of the rate-limiting reactions. These reactions,
suchasH + O, — OH + O, arefirst order in the concentration of one reactant. The reactant con-
centration dependence of the reaction rate for this exampleis

dryq = AT expLED

a[H] = K[H][O,] k = AT eXPERTL
These expressions imply the inverse dependence of the induction time on the concentration of O,
and underlies the frequently used representation 1[O,] = f(T) of induction time data. While this
format is compact and enables results from many different experiments to be plotted together, the
dependence on pressure is sometimes obscured.

Simulations and experiments indicate that even in asimple case, the pressure dependence of
the adiabatic induction time is not precisely inverse; for example, the data of Fig. 52 vary as
[0,]09% [0,]706%6, and [0,]%-7*° for the hydrogen, ethylene, and propane mixtures, respec-
tively. Three-body effects and pressure-dependent reaction rates (the so-called fall-off effect)
introduce additional pressure dependencies that are not accounted for with the T[O,] representa-
tion. For thisreason, just the induction time is used in the present investigation, computed at the
same conditions (temperature, pressure, and mixture composition) as used in the experiment.
This often requires additional computation since the exact pressure is usually not reported when
the product of induction time and reactant concentration are given rather than just the induction
time. Thelack of such information was the reason for not including several shock tube data sets,
as mentioned in Chapter 3.

Explosionsinvolve very rapid growth in radical or intermediate species and can also result in
rapid increases in gas temperature and/or pressure depending on the level of dilution. The two
features are coupled together since the reaction rates depend exponentially on temperature and
linearly on each species concentration (which are proportional to pressure). However, this cou-
pling is moderated by the large number of chemical steps needed to transform reactants into prod-
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Fig. 52 Induction times calculated for varying dilution, with and without energy release.

ucts. Many of theinitial decomposition and radical reaction steps are either endothermic or
thermally neutral while the final recombination steps are the principal exothermic reactions that
Increase temperature.

In theoretical terms, this means that the explosions which occur in shock tube experiments
have both a chain-branching and thermal character. 1n achain-branching explosion, the active
species (H, O, and OH in the hydrogen-oxygen system) increase exponentially with time. The
characteristic e-folding time depends only on the initial mixture composition and temperature in
the system. Inathermal explosion, energy release causes the temperature to increase in asingular
fashion following an induction period known as the thermal explosion time. The characteristic
thermal explosion time depends not only on theinitial reaction rate but also on the amount of
energy release relative to the initial energy content of the system. For a constant volume system,
thisis characterized by the parameter g/c, T, which decreases towards zero as the amount of dilu-

ent increases to 100% since the energy released per unit massisin direct proportion to the amount
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of fuel. The adiabatic explosion process of fuel-oxygen mixturesis complicated by the fact that
energy-releasing reactions suchasH + O, -~ H,0,CO+ OH - CO,+H,and CO+ O - CO,
will occur due to the reaction mechanism alone and the role of thermal explosion isindirect.
Although theoretical notions about thermal explosions are often used in combustion simulations
and in analyzing the results of experiments, actual chemical reaction mechanisms are not so sim-
ply characterized.

Several numerical calculations were performed to investigate the effect of energy release on
induction time. Figure 52 illustrates the observations with stoichiometric argon-diluted hydrogen,
ethylene, and propane mixtures at post-shock pressure and temperature of 30 atm and 1500 K,
respectively. Adiabatic and isothermal constant-volume explosion times, defined by the maxi-
mum rate of OH production, are presented. Within the context of the constant-volume model, the
effect of energy release for these hydrogen mixturesisminimal. Theisothermal induction time at
0% dilution iswithin 10% of the adiabatic time, converging as the dilution increases. The hydro-
carbon mixtures demonstrate more complex radical behavior within the isothermal reaction zone
causing dilution-dependent multiple local maximain OH production rate. This causes the appar-
ent jump in isothermal induction timesin Fig. 52 for ethylene and propane. Isothermal induction
times are dightly less than adiabatic times for the ethylene mixtures up to 70% dilution at which
point an OH production rate local maximum occurring later in the reaction zone becomes the
absolute maximum. The isothermal induction times at low dilution for the propane mixtures are
well below the adiabatic times with an abrupt change to a new maximum at alater time occurring
around 40% dilution. Endothermic induction zones for the hydrocarbon mixtures are responsible
for longer adiabatic induction times at low dilution. The time shift in maximum OH production
rate for high dilution, which was a so observed for an induction time definition based on maxi-
mum CH concentration, indicates an ill-defined induction time for isothermal reaction zones.
However, for all mixtures considered, the isothermal and adiabatic induction times converge in
the limit of high dilution.

These explosion simulations with and without thermal feedback affecting the rate of reaction
indicate that hydrogen-oxygen mixtures have relatively weak coupling between late-time energy
release and the earlier radical chemistry with increased coupling exhibited by the hydrocarbon
mixtures. This should not be construed as validation of the constant-volume model for smulating
undiluted mixture explosions. Because of the large temperature change, substantial volume
changes can be induced in adjacent fluid elements when the energy release time is comparable to
or greater than the acoustic relief time. However, the convergence of adiabatic and isothermal
induction times at high dilution does mean that the effect of the thermodynamic constraints are
relatively unimportant in highly-diluted mixtures characteristic of many shock tube induction
time experiments. Many of the experiments analyzed were performed with greater than 90%
argon dilution (Tables 3 - 5). For these cases, the chemistry and energy are effectively decoupled
and the method of simulation introduces aminimal amount of uncertainty. In some cases, either
no dilution or rather modest amounts of diluent were used by the experimenters. Caution should
be exercised in interpreting these results with the constant-volume explosion model.

5.1.2 Induction Time Definition

Various numerical induction time definitions are possible, just as many different criteria exist
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Fig. 53 Logarithmic induction time ratios calculated for varying dilution with different

induction time definitions.

for the experimental data (Tables 3 - 5). The experimental data sets which use maxima as an
induction time definition are well-defined, while using the onset of some signal is complicated by
the fact that the signal is rising above some arbitrary level which is often not reported. Induction
time cal culations with the Konnov (1998) reaction mechanism were performed for hydrogen, eth-
ylene, and propane mixtures with varying dilution in order to quantitatively assess the effect of
different induction time definitions (Fig. 53). The data plots provide the logarithm of induction
times determined for the same mixture, initial pressure (30 atm), and initial temperature (1500 K).
Agreement between any two induction times improves as the logarithmic ratio approaches zero.
Induction time definitions of the maximum rate of OH production in a constant-volume explo-
sion, maximum temperature rate of change in a constant-pressure explosion, and maximum pres-
sure rate of change in a constant-volume explosion are compared to the maximum temperature
rate of change in a constant-volume explosion for the three fuel mixtures. In addition, the maxi-
mum CH concentration in a constant-volume explosion is compared to the maximum temperature
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rate of change in a constant-volume explosion for the hydrocarbon mixtures. Calculations were
also performed with an induction time definition of maximum OH concentration, but the rela-
tively broad plateau in OH concentration resultsin poor numerical maximum identification (i.e., a
very small change in OH concentration introduced by the numerical scheme near the maximum
resultsin a very large change in the induction time).

The induction time definition based on maximum rate of pressure change and maximum rate
of OH production definition agree very well with the maximum rate of temperature change across
the entire dilution range. At high diluent concentration levels, the maximum rate of OH produc-
tion diverges dightly from the maximum rate of temperature change due to the OH concentration
going through two distinct high rate-of-change growth periods within the reaction zone. Myers
(1969) observed this feature in shock tube induction time measurements of OH emission. At high
dilution, the second OH growth period closely corresponds to the maximum temperature rate of
change.

Agreement at low dilution between induction times for the maximum rate of temperature
change for constant-pressure and constant-volume explosionsis better for hydrogen and ethylene
mixtures than for the propane mixtures. In the limit of high dilution, the constant-pressure and
constant-volume induction time results converge. For agiven energy release, the temperature rise
islarger and therefore, the induction time is shorter in constant-volume explosions than in con-
stant-pressure events. All of the energy released goes into increasing the gas temperature in the
constant volume case, while a portion of the energy must be used to do work in displacing the sur-
rounding fluid in the constant-pressure case. Note that the ratio of these two timesis not what
would be expected on the basis of a purely thermal explosion model. Classical thermal explosion
theory (Strehlow 1984) predicts that the ratio of these timesis proportional to the ratio of specific
heats (c,/ c,). Thelogarithm of the ratio of specific heatsis also plotted in Fig. 53 and these val-
ues depart significantly from the constant-pressure to constant-volume logarithmic ratio as the
dilution increases. Thisis further confirmation of the dominating radical chemistry nature within
the explosion induction zone.

The CH concentration maximum definition agrees with the maximum rate of temperature
change for the hydrocarbon mixture induction times until very high dilution levels. At high dilu-
ent concentration, the time corresponding to the maximum in CH concentration shifts to dightly
later times relative to the maximum rate of temperature change point. Thisresultsin an increase
in this particular logarithmic ratio above 98% dilution for the ethylene and propane mixtures.

The maximum rate of temperature change definition results in induction times close to those
calculated with other definitions in most cases, with logarithmic induction time ratios (less than
0.1) within the uncertainty of the experimental data (approximately 0.2). Thisinduction time def-
inition always has a single, well-defined maximum within the reaction zone which is not always
the case with species-related definitions. The calculations leading to these observations were
repeated at 1 atm and 30 atm for arelatively low initial temperature of 1100 K with similar
results. For these reasons and to provide a consistent definition for comparison of values calcu-
lated in this manner, all further shock tube simulations use the maximum rate of temperature
change to define the induction time.
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5.2 Constant Volume Explosion Smulations

The constant volume explosion model is used to smulate al of the shock tube experimental
conditions (Chap. 3) with all applicable reaction mechanisms (Chap. 4). The numerical and
experimental induction times are compared to evaluate reaction mechanism performance. Con-
Sideration is given to uncertainties associated with the experimental data, numerical integration,
and constant-volume approximation. The simulations were carried out with acomputer program
Incorporating the thermodynamic data and detailed reaction mechanisms through the Chemkin 11
chemical kinetics package (Kee 1989), and the ddebdf integrator (Shampine 1979) for systems of
stiff ordinary differential equations. The program evolves the energy and species equations
through time for an adiabatic, fixed-volume fluid particle:

de _
a—o
dy;

a -

The internal energy for an ideal gasisrelated to the temperature and species through acaloric
equation of state

K
e=gTy) = Z yie(T)

i=1

Theinternal energy of each species as afunction of temperature is calculated with NASA polyno-
mial functions from the thermodynamic database supplied with CHEMKIN (Kee 1989). Taking
the differential of this expression gives

K K
de = Zdy,e,+dTZy,dT Zdy,e,+dTZyI vi = Zdy,e +c,dT

i=1 i=1 i=1 i=1 i=1

where ¢, is the average constant-volume heat capacity for the mixture. Substituting into the orig-
inal energy equation for the internal energy differential, the energy equation isre-formulated in
terms of temperature

K
th = Zdt == s
i=1 i=1

The species mass fraction production rate is calculated through Chemkin subroutines with the
reaction mechanism providing the reaction rate constants in the standard form of

o5
ki = AT expDR—D
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Detailed discussion on the various forms of reaction rate expressions is provided by Kee (1989).
The initial conditions for each smulation consisted of the gas mixture composition, post-shock
pressure, and post-shock temperature.

The evolution of temperature, temperature rate of change, and some species for a representa-
tive constant-volume explosion smulation are presented in Fig. 54. Hydrogen and oxygen are
consumed through the reaction zone while hydroxyl is the intermediate radical species and forma-
tion of the water product is the primary exothermic reaction. Note that the high level of dilution
limits the pressure and temperature rise to within 1.5% of theinitial values. The end of the induc-
tion period is defined as the time corresponding to the maximum rate of temperature change
which is very close to the maximum rate of OH production time as discussed in the previous sec-
tion.

Absolute and relative numerical tolerance constraints of 1x10 and 1x10719, respectively,
were imposed on the integrator for al simulations. These tolerances were varied to check the
effect of numerical integration error on the computed induction time. For induction times less

than 100 ps, tolerance variations from 1x10°® to 1x10"1! made less than a 1% difference. The
same tolerance variations applied to simulations with induction times up to 1000 ps resulted in
changes of £3%. Induction time differences of up to £10% were observed for these tolerance

variations in simulations with induction times up to 10980

The induction times computed from approximately 30,000 constant-volume explosion simula-
tions were compared to the experimental shock tube data. The individual results are too volumi-
nous to present here and so a statistical approach is taken. Figures 55 - 73 are the result of
statistically comparing the simulation data to the experimental data for each reaction mechanism;
this data is presented in tabulated form in Appendix D. Each figure includes the average devia-
tion between the simulated and experimental induction times versus temperature range and fuel
type for one reaction mechanism. The average deviation provides a quantitative assessment of the
accuracy of the mechanism in simulating the chemistry and is defined by

N
. . _ 1 S, j
Deviation = N Z Ioggf—_%
j=1
The average deviation is calculated for a group of data corresponding to a particular subset of
temperature range (increments of 100 K except at the highest and lowest temperatures) and fuel
type (hydrogen, ethylene, propane), whgiie the total number of simulations/experiments in the
group. Zero represents perfect correspondence between simulation and experiment whereas aver-
age deviations of 1.0 and -1.0 indicate that the simulated induction times in that group were an
order of magnitude greater than and less than the experimental induction times, respectively. The
vertical bars attached to each plotted data point indicate one statistical standard deviation of the
average and therefore, indicate the range in which approximately 70% of the deviation lies on a
point-by-point basis. The hydrogen data spans the temperatures from 775 - 2650 K while ethyl-
ene and propane data only cover 900 - 2350 K and 1100 - 1700 K, respectively.

Simulations with all mechanisms (Figs. 55 - 73) clearly indicate a general tendency for the
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Fig. 54 Representative constant-volume explosion simulation results.
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simulations to overpredict the experimental induction times and a decreasing deviation trend as
the temperature increases. High temperatures also correspond to the regime of short induction
times, less experimental uncertainty, improved applicability of the constant-volume explosion
model, and smaller numerical integration errors. For thislarge parametric smulation study to
remain viable, a maximum integration time of one second wasimposed. Thisartificialy lowers
the average deviation of some low temperature simulations but these already overpredicted the
experimental induction time by orders of magnitude.

Note that al shock tube data were used for this statistical analysis. Therefore, constant-vol-
ume explosion simulations were performed for low-dilution mixtures in which there is greater
coupling between energy release and fluid motion, and nitrogen-diluted reflected shock experi-
ments in which the boundary layer probably separated. The results were checked to seeif high
deviations between simulated and experimental induction times could be systematically attributed
to low dilution levels or nitrogen-diluted reflected shock conditions for which the constant-vol-
ume approximation is expected to be less applicable.

The deviations for all hydrogen mixtures decrease with increasing dilution below 900 K but
the deviation trend varies between reaction mechanisms above 900 K and at all temperatures for
hydrogen mixtures without the nitrogen-diluted reflected shock data. Ethylene mixtures, for
which no nitrogen-diluted reflected shock data exists, exhibited decreasing deviations with
increasing dilution at all temperatures. Deviations for propane mixtures with and without nitro-
gen-diluted reflected shock data decrease with decreasing dilution below 1400 K and trends vary
between mechanisms above 1400 K. These trends of deviation versus dilution with and without
the nitrogen-diluted reflected shock data revealed no systematic dependence on fuel types, tem-
perature ranges, or reaction mechanisms.

Soot formation in hydrocarbon mixtures is known to occur at relatively high equivalence
ratios and is not accounted for by any of the reaction mechanisms considered here. Strehlow
(1984) provides a carbon-to-oxygen atom ratio of 0.5 as a rule-of-thumb for the onset of soot for-
mation in pre-mixed flames. This atomic ratio corresponds to equivalence ratios of 1.5 and 1.7
for ethylene and propane mixtures, respectively. Glassman (1996) gives corresponding equiva-
lence ratios ranging from 1.6 to 2.0, discusses the strong temperature dependence in the soot for-
mation process, and notes that soot production in shock tube experimentsislow relative to
flame-based studies due to the instantaneous jump in reactant temperature. 1t is not clear how the
presence of soot would effect induction time measurements and calculations. The effect of equiv-
alence ratio on induction time deviation was investigated but no systematic dependence was iden-
tified.

The reaction mechanisms of Tan (1994) and Dagaut (1998), Frenklach (1994, 1995) and Bow-
man (1995), and Pilling (1996a) and Pilling (1998) are identical with the exception that one mech-
anism of each pair treats nitrogen as an active chemical species. The deviation values for these
reaction mechanisms are almost the same, indicating that nitrogen has primarily athermal, rather
than kinetic, effect in the post-shock reaction chemistry. Thisis due to the very high dissociation
energy of the triply-bonded diatomic nitrogen species.

55



35 Reaction Mechanism: = Hydrogen
Battin-Leclerc (1997) s+ Ethylene

} v Propane

Deviation: log(t;,/T,,)
o
L L L L e

]

=

—=—

——i

—a—
——
A
=

b

—a—

——
—a—
——

—=—
——

——
——

775- 900- 1000- 1100- 1200- 1300- 1400- 1500- 1600- 1700- 1800- 1900- 2000-
900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2650

Temperature Range (K)

Fig. 55 Simulation-to-experiment induction time deviation for Battin-Leclerc (1997) reaction
mechanism.
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Fig. 56 Simulation-to-experiment induction time deviation for Baulch (1994) reaction mech-
anism.
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Fig. 57 Simulation-to-experiment induction time deviation for Bowman (1995) reaction

mechanism.
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Fig. 58 Simulation-to-experiment induction time deviation for Dagaut (1998) reaction mech-
anism.
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Fig. 59 Simulation-to-experiment induction time deviation for Frenklach (1994,1995) reac-
tion mechanism.
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Fig. 60 Simulation-to-experiment induction time deviation for Glassman (1996) reaction
mechanism.
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Fig. 61 Simulation-to-experiment induction time deviation for Konnov (1998) reaction
mechanism.
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Fig. 62 Simulation-to-experiment induction time deviation for Lutz (1988) reaction mech-
anism.
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Fig. 63 Simulation-to-experiment induction time deviation for Maas (1988) reaction mecha-
nism.
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Fig. 64 Simulation-to-experiment induction time deviation for Miller (1989) reaction mech-
anism.
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Fig. 65 Simulation-to-experiment induction time deviation for Pilling (1996a) reaction
mechanism.
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Fig. 66 Simulation-to-experiment induction time deviation for Pilling (1996b) reaction
mechanism.
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Fig. 67 Simulation-to-experiment induction time deviation for Pilling (1998) reaction
mechanism.
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Fig. 68 Simulation-to-experiment induction time deviation for Tan (1994) reaction mecha-
nism.
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Fig. 69 Simulation-to-experiment induction time deviation for Wang (1997) reaction mecha-
nism.
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Fig. 70 Simulation-to-experiment induction time deviation for Wang (1999) reaction
mechanism.
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Fig. 71 Simulation-to-experiment induction time deviation for Warnatz (1997) reaction
mechanism.
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Fig. 72 Simulation-to-experiment induction time deviation for Westbrook (1982) reaction
mechanism.

64



= Hydrogen
+ Ethylene
E v Propane

Deviation: log(t;,/T,,)
o

Reaction Mechanism:
|- Westbrook (1984)

775-  900- 1000- 1100- 1200- 1300- 1400- 1500- 1600- 1700- 1800- 1900- 2000-
900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2650

Temperature Range (K)

Fig. 73 Simulation-to-experiment induction time deviation for Westbrook (1984) reaction
mechanism.
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5.3 Discussion

The issue of how accurately a reaction mechanism reproduces the behavior of achemical sys-
tem under a given set of conditions must be addressed with consideration given to the uncertainty
associated with experiments, the ssimulation model, and numerical integration. All of these uncer-
tainties combined with reaction mechanism deficiencies are manifested within the comparison of
experimental and simulation induction timesto a greater or lesser degree and often difficult to dis-
tinguish. The present effort has sought to quantify all sources of uncertainty to some extent which
can be summarized as follows.

Experimental uncertainties arise from avariety of non-ideal effects which occur in shock tube
experiments and the different techniques employed from one research group to another. As
shown in Chapter 3, the experimental scatter within individual shock tube data sets above 1000 K
istypically lessthan 0.2 for al fuels. No scatter data exists for the hydrocarbon fuels below
1000 K but scatter in the hydrogen shock tube data at these temperatures reaches the 0.9 level.
Note that the scatter analysis presented is limited by insufficient induction time data available for
statistically significant comparison between different data sets and is intended to substitute for a
general lack of error analysis accompanying data presented in the literature.

Modeling uncertainties arise from approximations made in simulating the shock tube experi-
ment so that the problem becomes computationally tractable; in this case, the imposition of the
constant-volume explosion model. The coupling of energy release with fluid motion in the exper-
iments is neglected by the constant-volume model but isincreasingly decoupled at high levels of
dilution. The constant-volume model also does not account for non-uniform fluid properties
behind the shock, significant for reflected shock experiments with low specific heat capacity mix-
tures in which the boundary layer separates. No systematic dependence was found for dilution or
the use of nitrogen-diluted reflected shock data on simulated induction time deviation from exper-
imental values. The effect of various induction time definitions was considered, including spe-
cies, pressure, and temperature based criteria but was shown to have only a modest effect on
calculated induction time values. Maximum logarithmic ratios of 0.05 resulted between induction
times calculated with different criteria. Induction times cal culated with a constant-pressure model
agreed with constant-volume times to within alogarithmic ratio of 0.1. In terms of the relevant
characteristic reaction and gasdynamic rates, low temperatures correspond to relatively long
induction times and therefore, exacerbate the uncertainty associated with the constant-volume
model. However, thiswould cause the constant-volume model to underpredict the induction time
and so can not possibly account for the general overpredictive trend in the deviation results.

Numerical integration errors are controlled by the integrator convergence tol erances and were
found to be no greater than 10% for the longest induction times considered. Thiserror source was
reduced to a maximum of 1% at the shorter induction times corresponding to higher temperatures.
Both of these values are much smaller than the uncertainties associated with the experimental data
and gasdynamic model.

The modeling and numerical integration uncertainties taken together are on the order of the

experimental scatter at relatively high temperatures and somewhat |ess than the scatter at low
temperatures. Cumulatively these three sources of uncertainty amount to maximum logarithmic
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ratios of approximately 0.4 at relatively high temperatures and 1.0 at low temperatures. An esti-
mate of the inaccuracy associated with a particular reaction mechanism can be made by compar-
ing these values with the deviationsindicated in Figs. 55 - 73. At high temperatures, the
mechanism and other sources of uncertainty are of the same order while the mechanisms gener-
ally appear to be responsible for substantial deviation between ssimulated and experimental induc-
tion times at low temperatures. This statement is made with the cavest that the experimental
uncertainty analysis is inadequate to make this statement conclusive.

Simulations of detonation phenomena involving relatively low temperatures such as deflagra-
tion to detonation transition (DDT), cellular structure, and off-stoichiometric and high dilution
one-dimensional detonations will be significantly influenced by large reaction mechanism errors
at these temperatures. Determination of which reaction mechanism performs “best” for any type
of detonation simulation can only be made within the context of a particular application. Identifi-
cation of the appropriate mechanism is illustrated by application considerations in the following
chapter.
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6 Computed Detonation Properties

Characteristic reaction time/length scales, activation energies, and thermal energies were cal-
culated for one-dimensional detonations propagating at V;. Parameters varied include fuel type
(hydrogen, ethylene, propane), equivalence ratio (0.2 - 3.0), diluent (argon, carbon dioxide,
helium, nitrogen), diluent concentration (0% - 90%), and initial pressure (0.2 - 2.0 bar). Many
properties of these detonations are tabulated in Appendices E, F, and G for the hydrogen, ethyl-
ene, and propane mixtures, respectively. Note that some degree of soot formationislikely to
occur at equivalence ratios above 2.0 and the effect on calculations incurred by reaction mecha-
nisms not accounting for soot is unknown (Chap. 5).

The reaction mechanisms of Konnov (1998) and Tan (1994) were used for all simulations
because they are associated with the lowest overall errors (Figs. 61,68) of the mechanisms which
are capable of handling all three fuels of interest. All but afew simulations involved post-shock
temperatures within the validation range above 1200 K (see Appendices E, F, G) for which the
ratio of average simulated to experimental induction times of Konnov (1998) and Tan (1994) were
no greater than afactor of 2.5 and 3.0, respectively (see Appendix D). These mechanisms are
large relative to the other mechanisms of Chapter 4 in terms of number of species and reactions
but execution speed is not a concern here. Two mechanisms were chosen to provide a point of
comparison between the results.

6.1 Reaction Time/Length

Simulations of steady, one-dimensional detonationswere performed by a program devel oped
by Shepherd (1986) which utilized the same chemical kinetics package and stiff ordinary differen-
tial equation solver as the constant-volume explosion program. The code is based on the one-
dimensional, steady reactive Euler equations known as the Zeldovich-von Neumann-Doring
(ZND) detonation model (Fickett and Davis 1979):

Dw _ _wg
Dt 1 _m?
Dp _ _—po
Dt 1-M?2
DP _ -pw’6
Dt~ 1_Mm?
Dy;
Dt -
K
. 1 0P
i=1 pC IPlplyj¢i

where the species production rates are cal culated with the Konnov (1998) and Tan (1994) reaction
mechanisms. Theinitial conditions consist of the mixture composition, initial pressure, initial
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temperature, and V., shock velocity. Asin Chapter 2, the detonation velocity was calculated by
STANJAN and the post-shock conditions were determined through the shock jump conditions
using frozen chemistry. The number of species used in STANJAN calculations is significantly
smaller than those in the detonation simulations but this has no appreciable effect because of the
negligible role minor species play in equilibrium calculations for the shock velocity. Output from
the program includes the spatial evolution of chemical species, velocity, and thermodynamic vari-

ables behind the shock wave. Absolute and relative numerical tolerance constraints of 1x10™° and
1x10°10, respectively, were imposed on the integrator for all smulations.

The reaction zone structure from a representative ZND simulation in stoichiometric propane-
oxygen at initial conditions of 295 K and 1 atm is presented in Fig. 74. The pressure and temper-
ature rise discontinuously from the initial values to the post-shock (vN) state. The shock isfol-
lowed by an induction zone through which the thermodynamic state remains relatively constant
whilefreeradical (such as OH) concentrationsincrease. Significant energy releaseisindicated by
the rapid rise in temperature, decrease in pressure, and formation of the major productsin the
recombination zone. The reaction zone thickness and the associated reaction time is defined as
the distance from the shock to the maximum temperature gradient location. The reaction time or
length is dominated by the post-shock temperature (Chap. 2) and radical chemistry reaction rates
within the endothermic or thermally neutral induction zone. Significant energy release occurslate
in the reaction zone and so does not directly affect the reaction time with the maximum tempera-
ture gradient definition. Exothermicity indirectly affects the reaction time by influencing the det-
onation shock velocity and therefore, the post-shock temperature.

The reaction lengths and times are plotted versus equivalence ratio for fuel-oxygen and fuel-
air mixtures at atmospheric initial conditionsin Figs. 75 - 77. Thereaction time/length scales are
always greater for the fuel-air mixtures relative to the corresponding fuel-oxygen mixtures. Reac-
tion scales for the fuel-air mixtures exhibit a minimum near stoichiometric, sharply increase
towards the lean side, and gradually rise for rich conditions. Fuel-oxygen mixture curves are rel-
atively flat with all reaction lengths and times less than 1 mm and 1ps, respectively, except for
some of the most |ean and rich conditions considered. All of these trends are due to the post-
shock temperature variation with equivalence ratio among fuel-oxygen and fuel-air mixtures dis-
cussed in Chapter 2. Thereisaclear hierarchy of reaction time/length scales in the fuel-air mix-
tures, increasing from hydrogen to ethylene and finally, propane. The post-shock temperatures
for these fuel-air mixtures are comparable (Chap. 2) and therefore, the radical chemistry reaction
rates determine this hierarchy.

The reaction length and time scales versus percent diluent data for stoichiometric mixtures at
atmospheric initial conditions are presented in Figs. 78 - 80. Hydrogen is the most sensitive fuel
to diluent addition. The argon and helium diluents are chemically inert and therefore, have a
strictly thermal inhibiting effect. Addition of these monatomic gases to afuel-oxygen mixture
decreases the heat capacity, decreases the energy release, and raises the post-shock temperature
over awide range of dilution as discussed in Chapter 2 (Figs. 5,7,9) maintaining relatively con-
stant reaction length/time scales over the same range. Argon and helium are quantitatively identi-
cal in their effect on the reaction time and the reaction lengths for helium are longer due to
increased shock velocities relative to argon-diluted mixtures. Carbon dioxide increases the reac-
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tion time most significantly for al fuels, followed by nitrogen; this order is given by the effect of
these diluents on the post-shock temperature (Chap. 2). The effect of carbon dioxideis primarily
thermal for hydrogen mixtures as shown by Shepherd (1986) in which the thermal and kinetic
effects of this diluent wereinvestigated. The excellent agreement between constant-volume
explosion induction times for mechanisms with and without nitrogen as a chemically active spe-
cies indicates that nitrogen also has primarily athermal effect for al of the fuel-oxygen mixtures

(Chap. 5).

Reaction length and time scales for stoichiometric fuel-oxygen and fuel-air mixtures at atmo-
spheric initial temperature with varying initial pressure are presented in Figs. 81 - 83. Increasing
initial pressure results in decreasing reaction length/time scales varying approximately as

1, A ~ P10 for the fuel -oxygen mixtures. Thisvariation is expected from the pressure depen-
dence of rate-limiting reactions as discussed in Chapter 5. The fuel-air mixture pressure depen-
dence is somewhat less relative to the fuel-oxygen dependence due to the prevalence of three-
body effects in the nitrogen-diluted mixtures. Fuel-air mixture reaction scales are always greater
than the corresponding fuel-oxygen mixture scales as expected from post-shock temperature con-
Siderations.

Variations in equivaence ratio, dilution, and initial pressure for all mixtures resulted in quali-
tatively similar trends no matter which mechanism was used. The Tan (1994) mechanism consis-
tently resulted in greater reaction length/time scal es than those cal culated with the Konnov (1998)
mechanism for all propane mixtures and the reaction scales were greater with the Konnov (1998)
mechanism for all hydrogen mixtures. No such trend exists for the ethylene mixtures. The reac-
tion length/time scal es calculated with both mechanisms typically agree within afactor of two.
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6.2 Activation Energy

Constant-volume explosion simulations can be used to estimate effective activation energies
which are indicative of the reaction zone sensitivity to thermodynamic perturbations. Assume
that the global chemical behavior can be represented by an Arrhenius induction time (1) of

A ol E O
T = —eX
va mevND
The perfect gas shock jump expression for density is given by

P _ v+ 1)Mg,

Po (y—1)MZ,+2

In the strong-shock limit appropriate for detonation Mach numbers (Chap. 2), this reduces to

H

y+

Pun
Po

<<
[EEN

Mg »

The perfect gas shock jump expression for temperature is given by

2

T, —1)\M~ +2

e [1+—iyl(|\/|éj—1)J -1 —
0 Y (y+1)Mg,

which retains a squared dependence on the detonation Mach number in the strong-shock limit.
Therefore the post-shock density is nearly a constant when varying the shock velocity relative to
the significant temperature variation due to the squared Mach number and exponential induction
time dependence on the post-shock temperature. Therefore, consideration is only given to the
temperature dependence of the reaction time when considering how the thermodynamic state
affectsthe explosion time. The effective activation energy parameter is defined by

0 O

o = E _ 1[II‘IT2—|I‘IT1%
RTVN TVND i_i |
oT, T, O

where two constant-volume explosion simulations corresponding to (T,,t,) and (T,,1,) arerun for

each activation energy data point. Initial conditions for states one and two are generated by vary-

ing the shock velocity by +1%.;,. The jump conditions were solved with these perturbed veloc-
ities to obtain the post-shock conditions used as initial conditions in the constant-volume
explosion simulations.

The sensitivity of the calculated activation energy parameters to the choice of shock velocity
perturbation was investigated by running all cases with shock velocities differiny dy fac-

tors of 10%, 103, 104, and 10°. Simulations performed with the f@nd 10° factors produced
very erratic activation energy parameters. In some cases, the values converged to those obtained
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with 107 and 10°3 factors but in many other cases, the values were abnormally high, low, or even
negative. The reason for these observationsis the very small shock velocity perturbation which
produces variations in induction time on the order of the numerical accuracy of the constant-vol-

ume explosion simulations. Consequently, activation energy parameters obtained with the 1072
(x1%) variation factor are presented here.

All propane activation energy parameters obtained withdrtd 10 variation factors agree
to within 3% (most within 1%) with the exception of the two greatest argon dilution mixtures sim-

ulated with the Konnov (1998) mechanism. For these two cases, firesifits matched the cor-
responding helium dilution activation energy parameters as expected, whereas ttbsult® did
not (providing confidence in the Fvalues). All ethylene activation energy parameters obtained

with 102 and 10° variation factors agree to within 4% (most within 1%) with the exception of the
greatest argon diluted mixture simulated with the Tan (1994) mechanism for which the discrep-
ancy between values was 7%. Significantly greater changes in the activation energy parameter
with different shock velocity variation factors were observed for the hydrogen mixtures with both

reaction mechanisms. Most of the hydrogen activation energy parameters obtainedaitial 10

103 variation factors agree to within 5%, although one quarter of the cases have discrepancies of
up to 20% between the values.

The activation energy parameters are plotted versus equivalence ratio for fuel-oxygen and
fuel-air mixtures at atmospheric initial pressure and temperature in Figs. 84 - 86. Activation
parameters are generally greater for fuel-air mixtures relative to the corresponding fuel-oxygen
mixture indicating greater reaction zone sensitivity to temperature perturbations for fuel-air mix-
tures. Hydrogen mixtures exhibit minimum activation parameters near the stoichiometric condi-
tion which increase in the lean and rich directions while the minimum activation parameters for
the hydrocarbon mixtures are on the rich side. The hydrogen-air activation parameters are in
good agreement with the activation energy data presented by Shepherd (1986).

The activation energy parameter versus percent diluent data for stoichiometric fuel-oxygen
mixtures at atmospheric initial pressure and temperature are presented in Figs. 87 - 89. Dilution
of these mixtures with argon or helium has quantitatively the same effect and results in a slight
decrease of the activation parameter, up to a maximum of 10% relative to the undiluted cases for
the Konnov (1998) mechanism and 20% for the Tan (1994) mechanism. Carbon dioxide and
nitrogen diluents significantly increase the activation parameter of all mixtures primarily due to
post-shock temperature variations with diluent type and amount. The concentration of diluent
required to raise the activation parameter and the magnitude by which it is increased varies
greatly between the three fuels. Note that these two diluents result in complex variations in acti-
vation parameter behavior and do not always monotonously increase the activation parameter.

Activation energy parameters for stoichiometric fuel-oxygen and fuel-air mixtures at atmo-
spheric initial temperature with varying initial pressure are presented in Figs. 90 - 92. Increasing
the initial pressure increases the activation parameter for hydrogen and ethylene mixtures but
decreases the parameter for propane mixtures. Activation parameters for the fuel-air mixtures are
always greater than those for the corresponding fuel-oxygen mixtures.
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Qualitatively different behavior was observed between activation parameters cal culated with
the Konnov (1998) and Tan (1994) mechanismsaround 0.4 equivalence ratio for all fuel-air cases.
Otherwise, the activation parameters cal culated with the two mechanisms qualitatively follow the
same trends except for some variations in the carbon dioxide and nitrogen dilution series. There
is generally better quantitative agreement between the activation parameters cal culated with the
mechanisms for the fuel-oxygen mixtures versus the corresponding fuel-air mixtures. The quanti-
tative discrepancy between results from the two mechanismsisworse for carbon dioxide and
nitrogen dilution than for argon and helium dilution. Activation parameters cal culated with the
two mechanisms differed by a maximum factor of 1.5 with all but afew exceptions.

All of the calculated values are in good agreement with activation energies corresponding to
the shock tube induction time data. Hydrogen mixtures typically have calculated activation ener-
gies of 20 - 25 kcal/mol with the exception of extreme stoichiometries and dilution levels. Simi-
larly, the calculated activation energies are 30 - 35 kcal/mol for ethylene mixtures and 35 -

40 kcal/mol for propane mixtures. Activation energies derived from shock tube experiments of
approximately 18 kcal/mol, 30 kcal/mol, and 42 kcal/mol are provided for hydrogen, ethylene,
and propane mixtures by Schott (1973), Drummond (1968), and Burcat (1971), respectively. Oth-
ersresearchers present comparable shock tube activation energy results.
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Fig. 89 Stoichiometric propane detonation activation energy parameter versus dilution with
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6.3 Thermal Energy

The STANJAN chemical equilibrium program was used to calculate athermal energy param-
eter (Q) which isameasure of the chemical energy release in adetonation. Following the perfect
gas 2-y Chapman-Jouguet detonation model from Thompson (1988), the heat of reaction extrapo-

|lated to zero temperature (AhY) is given by

0 _ 1 Yca Yes—1h Yo Yo—1 >
Ah™ = R~ T + —R,T, + —M
eIl -1 2 0 "olof—1 2 Mo

STANJAN performs the equilibrium cal culations which provide the detonation Mach number and
gas mixture constant, temperature, and specific heat ratio at the Chapman-Jouguet state. The ther-
mochemical database used in the STANJAN cal culations does not include the entire species set
used in the detailed reaction mechanisms but rather a subset including all reactants, primary prod-
ucts, and several intermediate species which may have non-negligible equilibrium concentrations.
The non-dimensional thermal energy parameter is defined as

_an’
° % ReTo

Using this parameter and two specific heat ratios, the detonation Mach number can be calcu-
lated from

M2, = /\/(VCJ - 1)(Yey+1)Q N (Yo +Yea) (Ycy3—1)
CJ

2y, 2Yo(Yo—1)
/\/(VCJ =1)(yc; +1)Q N (Ye3=Yo) (Yes t 1)
2y, 2Yo(Yo—1)

The pressure, density, and temperature at the Chapman-Jouguet state then follow as
2
Pcs _ YoMcy+1

Po Yoo t1

2

Pcy _ YolYes + DM,
- 2

Po yey(1+yoMey)

2 2
Tes _ BoMeg + 1MYey(1 +YoMey) BRy
To OVt my(ye, + 1)ME, R

The non-dimensional thermal energy parameter is plotted versus equivalence ratio for fuel-
oxygen and fuel-air mixtures at atmospheric initial pressure and temperaturein Figs. 93 - 95. The
parameter Q is always greater for the fuel-oxygen mixtures relative to the corresponding fuel-air
mixture because the nitrogen dilution in the fuel-air case decreases the energy per unit mass of the
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mixture. The exception occurs for hydrogen mixtures near the stoichiometric condition where
significant product dissociation takes place in the fuel-oxygen case (Chap. 2). All of the fuel-air
mixture thermal parameters range from approximately 10 to 50, exhibit a maximum thermal
parameter near the stoichiometric condition, and monotonously decrease towards lean and rich
conditions. The fuel-oxygen mixtures demonstrate more complex behavior with maxima at sig-
nificantly rich conditions due to high temperatures for near-stoichiometric conditions resulting in
significant product dissociation (Chap. 2). Thermal parameters for propane-oxygen mixtures are
the greatest at a given equivalence ratio followed in decreasing order by ethylene-oxygen and
hydrogen-oxygen mixtures.

Thermal energy parameters for stoichiometric fuel-oxygen mixtures at atmospheric initial
pressure and temperature with varying dilution are presented in Figs. 96 - 98. All diluents have
gualitatively the same effect on a given fuel/oxygen system as they reduce the energy per unit
mass of the mixture. Argon and helium dilution has a quantitatively identical effect on the ther-
mal parameter causing the data curves for these diluents to overlap. Diluting hydrogen-oxygen
mixtures tends to increase the thermal parameter up to 40% dilution and decreases the thermal
parameter thereafter. At low dilution levels, the energy per unit mass reduction resultsin less
product dissociation causing the thermal parameter to rise (Chap. 2). The net effect of adecreas-
ing thermal parameter occursfor high dilution levels because the primary products are stable but
the mixture energy continuesto decrease. Ethylene-oxygen mixtures maintain relatively constant
thermal parameters up to 40% dilution and propane-oxygen mixture thermal parameters continu-
oudly decrease with increasing dilution. Decreasing mixture energy is again competing with
product dissociation at low dilution for these stoichiometric mixtures (Chap. 2).

The thermal energy parameter versusinitial pressure data for stoichiometric fuel-oxygen and
fuel-air mixtures at atmospheric initial temperature are presented in Figs. 99 - 101. Increasing the
initial pressure dightly increases the thermal parameter for fuel-oxygen mixtures (product disso-
ciation is reduced) and decreases the thermal parameter for fuel-air mixtures. Fuel-oxygen mix-
ture thermal parametersare greater than the corresponding fuel-air mixture thermal parametersfor
ethylene and propane and vice versafor hydrogen. The thermal parameters vary little over the
20 - 200 kPaiinitial pressure range because the energy per unit mass of the mixture is not chang-
ing, the detonation Mach number increases modestly astheinitial pressure increases, and the ther-
modynamic equilibrium CJ state shifts only slightly for this small range of initial pressures.
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7 Conclusions

A database of induction time measurements from shock tube experiments for hydrogen, ethyl-
ene, and propane fuel oxidation has been compiled from the literature. Detailed reaction mecha-
nisms from the literature were validated through the comparison of constant-volume explosion
simulation results with the experimental shock tube induction time data. Uncertainties associated
with the experimental data, numerical integration, constant-volume approximation, and reaction
mechanism chemistry have been examined. All mechanisms performed better at relatively high
temperatures and are responsible for substantial simulation error at low temperatures. The Kon-
nov (1998) and Tan (1994) mechanisms include the chemistry for all three fuels and simulated the
experimental induction time data to within an average factor of 2.5 and 3.0, respectively, for tem-
peratures above 1200 K.

Thermodynamic equilibrium calcul ations and steady, one-dimensional detonation simulations
with the Konnov (1998) and Tan (1994) validated detailed reaction mechanisms were performed
under conditions of varying stoichiometry, dilution, and initial pressure for hydrogen, ethylene,
and propane fuel mixtures. The information obtained for these mixtures includes the detonation
reaction zone structure, reaction time/length scale, effective activation energy, and thermal
energy. Trends observed when varying the aforementioned conditions are discussed and nitrogen
was shown to have primarily athermal effect asadiluent. Future simulations will include a
detailed investigation of the one-dimensional detonation properties variation with shock velocity.

The present study establishes afoundation for future experimental, analytical, and computa-
tional investigations. Reaction mechanism validation with the existing database of shock tube
data has treated all data sets equally. A critical examination of each data set may reveal deficien-
cies which could then be used to establish confidence levels among the different data sets. This
would permit a more targeted reaction mechanism validation effort which could narrow the error
range of computational results.

Further potential analysiswith the existing data includes investigation of reaction mechanism
accuracy dependence on pressure and equivalence ratio. Experimental induction time definitions
and measurement techniques, as well as systematic effects due to equivalence ratio, and diluent
type and concentration, could also be evaluated relative to the ssmulated versus experimental data
comparison. The consistently high error levels at relatively low temperatures should be explored,
providing new directions for efforts on the acquisition of chemical kinetic data, development of
more accurate detailed reaction mechanisms, and improvement of experimental techniques to
acquire low temperature induction time data.

Additional shock tube datais required throughout the range of thermodynamic conditions
existing in detonations and the availability of data throughout the equivalence ratio range of inter-
est should be checked. Futurework in the area of detailed reaction mechanism validation will
also include the addition of new reaction mechanisms and extension to other hydrocarbon fuels; a
significant body of data for acetylene and methane exists in the literature. Finally, unsteady one-
dimensional simulations with detailed reaction mechanisms represent the next level of fidelity to
achieve for more accurate validation studies.
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Appendix A: Hydrogen Shock Tube Data

Sour ce: Asaba (1965) Technique: Incident
Mixture: H,/O,/Ar Equivalence Ratio (¢): 0.085 - 1.5
% Diluent: 96 - 99 Pressure (P): 0.2- 0.5atm

Temperature (T): 1400 - 2400 K
Induction Period (t;,q) End: OH absorption & emission onset

Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
1 1 98 0.50 98 0.460 2554 29
1 1 98 0.50 98 0.433 2420 40
1 1 98 0.50 98 0.422 2364 73
1 1 98 0.50 98 0.407 2287 84
1 1 98 0.50 98 0.396 2231 90
1 1 98 0.50 98 0.363 2067 93
1 1 98 0.50 98 0.346 1981 70
1 1 98 0.50 98 0.308 1794 117
1 1 98 0.50 98 0.303 1770 136
1 1 98 0.50 98 0.297 1738 225
1 1 98 0.50 98 0.286 1681 250
1 1 98 0.50 98 0.280 1653 273
1 1 98 0.50 98 0.276 1633 230
1 1 98 0.50 98 0.272 1615 262
1 1 98 0.50 98 0.270 1602 287

0.17 1 98.83 0.09 98.83 0.365 2070 90

0.17 1 98.83 0.09 98.83 0.324 1868 205
0.17 1 98.83 0.09 98.83 0.319 1842 213
0.17 1 98.83 0.09 98.83 0.327 1879 285
0.17 1 98.83 0.09 98.83 0.326 1876 340
0.17 1 98.83 0.09 98.83 0.300 1744 315
0.17 1 98.83 0.09 98.83 0.286 1675 317
0.17 1 98.83 0.09 98.83 0.275 1620 442
0.17 1 98.83 0.09 98.83 0.267 1579 546
0.17 1 98.83 0.09 98.83 0.265 1569 495
0.29 1 98.71 0.15 98.71 0.390 2199 73

0.29 1 98.71 0.15 98.71 0.371 2101 88

0.29 1 98.71 0.15 98.71 0.321 1854 145
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
0.29 1 98.71 0.15 98.71 0.313 1810 151
0.29 1 98.71 0.15 98.71 0.309 1790 187
0.29 1 98.71 0.15 98.71 0.295 1722 187
0.29 1 98.71 0.15 98.71 0.295 1720 205
0.29 1 98.71 0.15 98.71 0.285 1671 231
0.29 1 98.71 0.15 98.71 0.286 1678 260
0.29 1 98.71 0.15 98.71 0.271 1604 255

1 1 98 0.50 98 0.459 2546 25
1 1 98 0.50 98 0.435 2426 34
1 1 98 0.50 98 0.423 2367 61
1 1 98 0.50 98 0.406 2282 70
1 1 98 0.50 98 0.395 2228 73
1 1 98 0.50 98 0.363 2069 80
1 1 98 0.50 98 0.348 1993 62
1 1 98 0.50 98 0.347 1986 61
1 1 98 0.50 98 0.345 1980 62
1 1 98 0.50 98 0.310 1801 99
1 1 98 0.50 98 0.304 1775 118
1 1 98 0.50 98 0.299 1746 181
1 1 98 0.50 98 0.286 1684 212
1 1 98 0.50 98 0.280 1654 226
1 1 98 0.50 98 0.277 1637 199
1 1 98 0.50 98 0.273 1616 220
1 1 98 0.50 98 0.270 1604 234
2 1 97 1.00 97 0.301 1760 98
2 1 97 1.00 97 0.302 1767 104
2 1 97 1.00 97 0.298 1745 121
2 1 97 1.00 97 0.281 1659 147
2 1 97 1.00 97 0.271 1610 173
2 1 97 1.00 97 0.277 1642 221
2 1 97 1.00 97 0.269 1602 205
2 1 97 1.00 97 0.268 1597 243
2 1 97 1.00 97 0.258 1546 223
2 1 97 1.00 97 0.257 1541 236
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
3 1 96 1.50 96 0.418 2352 22
3 1 96 1.50 96 0.432 2423 32
3 1 96 1.50 96 0.410 2313 39
3 1 96 1.50 96 0.371 2115 34
3 1 96 1.50 96 0.327 1896 73
3 1 96 1.50 96 0.295 1735 93
3 1 96 1.50 96 0.293 1726 136
3 1 96 1.50 96 0.277 1646 116
3 1 96 1.50 96 0.262 1574 226
3 1 96 1.50 96 0.243 1480 282
1 3 96 0.17 96 0.399 2258 19
1 3 96 0.17 96 0.403 2278 27
1 3 96 0.17 96 0.412 2320 30
1 3 96 0.17 96 0.362 2074 50
1 3 96 0.17 96 0.334 1929 34
1 3 96 0.17 96 0.315 1838 64
1 3 96 0.17 96 0.295 1736 74
1 3 96 0.17 96 0.297 1745 93
1 3 96 0.17 96 0.262 1572 112
1 3 96 0.17 96 0.269 1604 145
1 3 96 0.17 96 0.269 1605 164
1 3 96 0.17 96 0.233 1428 216
1 1 98 0.50 98 0.463 2566 19
1 1 98 0.50 98 0.443 2470 26
1 1 98 0.50 98 0.427 2387 28
1 1 98 0.50 98 0.410 2304 39
1 1 98 0.50 98 0.409 2299 44
1 1 98 0.50 98 0.383 2170 49
1 1 98 0.50 98 0.350 2005 93
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Sour ce: Belles (1965) Technique: Incident

Mixture: H,/O,/N, Equivalence Ratio (¢):0.125- 0.6
% Diluent:63 - 75 Pressure(P): 0.2-0.5atm
Temperature (T): 1100 - 1900 K

Induction Period (T;,49) End: OH emission maximum

Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent P@m) | T(K) | Ting (Msec)
5 19.96 75.04 0.13 75.04 0.446 1917 21
5 19.96 75.04 0.13 75.04 0.452 1937 24
5 19.96 75.04 0.13 75.04 0.441 1899 24
5 19.96 75.04 0.13 75.04 0.403 1774 25
5 19.96 75.04 0.13 75.04 0.369 1661 25
5 19.96 75.04 0.13 75.04 0.399 1762 28
5 19.96 75.04 0.13 75.04 0.363 1642 29
5 19.96 75.04 0.13 75.04 0.368 1658 30
5 19.96 75.04 0.13 75.04 0.368 1659 33
5 19.96 75.04 0.13 75.04 0.387 1722 34
5 19.96 75.04 0.13 75.04 0.394 1745 34
5 19.96 75.04 0.13 75.04 0.371 1667 39
5 19.96 75.04 0.13 75.04 0.359 1629 38
5 19.96 75.04 0.13 75.04 0.395 1746 43
5 19.96 75.04 0.13 75.04 0.298 1424 42
5 19.96 75.04 0.13 75.04 0.314 1479 43
5 19.96 75.04 0.13 75.04 0.331 1535 49
5 19.96 75.04 0.13 75.04 0.317 1488 51
5 19.96 75.04 0.13 75.04 0.298 1424 53
5 19.96 75.04 0.13 75.04 0.302 1436 54
5 19.96 75.04 0.13 75.04 0.292 1406 57
5 19.96 75.04 0.13 75.04 0.318 1489 59
5 19.96 75.04 0.13 75.04 0.339 1560 60
5 19.96 75.04 0.13 75.04 0.292 1404 57
5 19.96 75.04 0.13 75.04 0.303 1442 61
5 19.96 75.04 0.13 75.04 0.313 1476 64
5 19.96 75.04 0.13 75.04 0.289 1395 63
5 19.96 75.04 0.13 75.04 0.290 1396 68
5 19.96 75.04 0.13 75.04 0.298 1425 69
5 19.96 75.04 0.13 75.04 0.295 1415 73
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
5 19.96 75.04 0.13 75.04 0.286 1386 73
5 19.96 75.04 0.13 75.04 0.274 1345 72
5 19.96 75.04 0.13 75.04 0.271 1335 72
5 19.96 75.04 0.13 75.04 0.286 1383 82
5 19.96 75.04 0.13 75.04 0.259 1295 90
5 19.96 75.04 0.13 75.04 0.244 1245 115
5 19.96 75.04 0.13 75.04 0.254 1278 115
5 19.96 75.04 0.13 75.04 0.262 1303 118
5 19.96 75.04 0.13 75.04 0.262 1304 128
5 19.96 75.04 0.13 75.04 0.255 1280 125
5 19.96 75.04 0.13 75.04 0.238 1224 183
5 19.96 75.04 0.13 75.04 0.211 1135 202

20 16.81 63.19 0.59 63.19 0.356 1582 28
20 16.81 63.19 0.59 63.19 0.348 1557 30
20 16.81 63.19 0.59 63.19 0.334 1509 31
20 16.81 63.19 0.59 63.19 0.334 1511 37
20 16.81 63.19 0.59 63.19 0.308 1424 35
20 16.81 63.19 0.59 63.19 0.297 1385 35
20 16.81 63.19 0.59 63.19 0.302 1402 36
20 16.81 63.19 0.59 63.19 0.305 1412 37
20 16.81 63.19 0.59 63.19 0.308 1424 38
20 16.81 63.19 0.59 63.19 0.320 1463 38
20 16.81 63.19 0.59 63.19 0.310 1429 43
20 16.81 63.19 0.59 63.19 0.312 1436 49
20 16.81 63.19 0.59 63.19 0.297 1387 47
20 16.81 63.19 0.59 63.19 0.290 1363 51
20 16.81 63.19 0.59 63.19 0.249 1227 49
20 16.81 63.19 0.59 63.19 0.252 1235 52
20 16.81 63.19 0.59 63.19 0.270 1296 66
20 16.81 63.19 0.59 63.19 0.272 1304 70
20 16.81 63.19 0.59 63.19 0.225 1148 78
20 16.81 63.19 0.59 63.19 0.239 1194 98
20 16.81 63.19 0.59 63.19 0.221 1134 107
20 16.81 63.19 0.59 63.19 0.229 1159 108
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
20 16.81 63.19 0.59 63.19 0.238 1191 120
20 16.81 63.19 0.59 63.19 0.221 1134 134
20 16.81 63.19 0.59 63.19 0.231 1167 139
20 16.81 63.19 0.59 63.19 0.215 1114 184
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Sour ce: Bhaskar an (1973) Technique: Reflected
Mixture: H,/O,/N, Equivalence Ratio (¢): 1.0
% Diluent: 55.6 Pressure (P): 2.5 atm
Temperature (T): 800 - 1400 K

Induction Period (T;,4) End: Pressurerise and luminosity onset

Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent P@m) | T(K) | Ting (Msec)
2 1 3.76 1.00 55.62 25 1323 10
2 1 3.76 1.00 55.62 25 1289 12
2 1 3.76 1.00 55.62 25 1268 13
2 1 3.76 1.00 55.62 25 1258 12
2 1 3.76 1.00 55.62 25 1232 15
2 1 3.76 1.00 55.62 25 1200 18
2 1 3.76 1.00 55.62 25 1180 21
2 1 3.76 1.00 55.62 25 1171 22
2 1 3.76 1.00 55.62 25 1116 36
2 1 3.76 1.00 55.62 25 1098 45
2 1 3.76 1.00 55.62 25 1081 64
2 1 3.76 1.00 55.62 25 1077 58
2 1 3.76 1.00 55.62 25 1067 86
2 1 3.76 1.00 55.62 25 1038 192
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Source: Cheng (1977)
Mixture: H,/O,/Ar

% Diluent: 90

Temperature (T): 1000 - 1800 K
Induction Period (T;,4q) End: Pressurerise onset

Technique: Reflected
Equivalence Ratio (¢): 0.5- 1.0
Pressure(P): 1-3atm

Fuel (mal) Oxygen (mol) Diluent (mol) (0] % Diluent P@am) | T(K) | Tipg(Hsec)
6.67 3.33 90 1.0 90 2.393 1281 52
6.67 3.33 90 1.0 90 2.896 1427 28
6.67 3.33 90 1.0 90 2.395 1277 62
6.67 3.33 90 1.0 90 2.159 1202 90
6.67 3.33 90 1.0 90 1.729 1051 233
6.67 3.33 90 1.0 90 2.007 1184 65
6.67 3.33 90 1.0 90 2.139 1228 72
6.67 3.33 90 1.0 90 2.078 1209 72
6.67 3.33 90 1.0 90 2.531 1364 25
6.67 3.33 90 10 90 1.723 1117 157
6.67 3.33 90 1.0 90 2.101 1257 60
6.67 3.33 90 1.0 90 1.59 1066 158
6.67 3.33 90 1.0 90 2.145 1271 62
6.67 3.33 90 1.0 90 1.807 1146 118
6.67 3.33 90 10 90 1.631 1117 145
6.67 3.33 90 1.0 90 1.701 1146 128
6.67 3.33 90 1.0 90 1.961 1242 75
6.67 3.33 90 1.0 90 2.162 1318 45
6.67 3.33 90 1.0 90 1.618 1152 115
6.67 3.33 90 1.0 90 1.864 1252 72
6.67 3.33 90 1.0 90 1.966 1293 57
6.67 3.33 90 1.0 90 1.92 1272 67
6.67 3.33 90 1.0 90 1.785 1264 75
6.67 3.33 90 10 90 1.435 1111 175
6.67 3.33 90 1.0 90 1.636 1199 90
6.67 3.33 90 1.0 90 1.596 1184 86
6.67 3.33 90 10 90 1.701 1227 62
6.67 3.33 90 1.0 90 1.834 1293 53
6.67 3.33 90 1.0 90 1.93 1325 53
6.67 3.33 90 1.0 90 1.527 1218 135
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Fuel (mol) Oxygen (moal) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
6.67 3.33 90 10 90 1.689 1282 71
6.67 3.33 90 10 90 1534 1206 110
6.67 3.33 90 10 90 1.647 1260 75
6.67 3.33 90 10 90 1.973 1405 38
6.67 3.33 90 10 90 1.439 1213 98
6.67 3.33 90 10 90 1.754 1368 43
6.67 3.33 90 10 90 1.491 1239 85
6.67 3.33 90 10 90 1.453 1277 79
6.67 3.33 90 10 90 1.585 1347 50
6.67 3.33 90 10 90 2.668 1318 42
6.67 3.33 90 10 90 2.347 1220 65
6.67 3.33 90 10 90 2.436 1247 57
6.67 3.33 90 10 90 2.263 1189 73
6.67 3.33 90 10 90 2.131 1146 93
6.67 3.33 90 10 90 1.982 1099 428
6.67 3.33 90 10 90 1.834 1025 282
6.67 3.33 90 10 90 2.227 1145 103
6.67 3.33 90 10 90 2.381 1190 73
6.67 3.33 90 10 90 2.482 1220 62
6.67 3.33 90 10 90 2.35 1181 70
6.67 3.33 90 10 90 2.391 1199 62
6.67 3.33 90 10 90 1.959 1098 170
6.67 3.33 90 10 90 1.892 1242 63
6.67 3.33 90 10 90 135 1012 375
6.67 3.33 90 10 90 2.008 1312 48
6.67 3.33 90 10 90 1544 1125 189
6.67 3.33 90 10 90 1.746 1364 44
6.67 3.33 90 10 90 2.286 1702 15

5 5 90 0.5 90 2.039 1071 155
5 5 90 0.5 90 2.473 1198 61
5 5 90 0.5 90 2.506 1207 60
5 5 90 0.5 90 1.896 1026 200
5 5 90 0.5 90 1.957 1084 124
5 5 90 0.5 90 2.167 1148 73
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P@m) | T(K) | Tipg (Hsec)
5 5 90 0.5 90 2.735 1317 32
5 5 90 0.5 90 2.84 1351 32
5 5 90 0.5 90 2.503 1308 33
5 5 90 0.5 90 2.057 1163 78
5 5 90 0.5 90 2.048 1161 88
5 5 90 0.5 90 241 1278 44
5 5 90 0.5 90 1.723 1051 190
5 5 90 0.5 90 1.87 1151 95
5 5 90 0.5 90 1.902 1162 72
5 5 90 0.5 90 2.238 1280 35
5 5 90 0.5 90 2.288 1364 30
5 5 90 0.5 90 1.951 1239 59
5 5 90 0.5 90 1.876 1210 67
5 5 90 0.5 90 1.901 1219 72
5 5 90 0.5 90 1.856 1202 76
5 5 90 0.5 90 1.504 1065 131
5 5 90 0.5 90 15 1121 139
5 5 90 0.5 90 1.469 1108 150
5 5 90 0.5 90 1.896 1285 43
5 5 90 0.5 90 1.674 1193 80
5 5 90 0.5 90 1.62 1243 58
5 5 90 0.5 90 1.856 1355 32
5 5 90 0.5 90 1.592 1230 72
5 5 90 0.5 90 2.206 1090 143
5 5 90 0.5 90 2.495 1165 64
5 5 90 0.5 90 2.421 1148 62
5 5 90 0.5 90 1.063 1253 43
5 5 90 0.5 90 2.02 1075 145
5 5 90 0.5 90 2.477 1210 59
5 5 90 0.5 90 2.197 1128 100
5 5 90 0.5 90 2.433 1252 38
5 5 90 0.5 90 2.318 1204 80
5 5 90 0.5 90 1.963 1093 127
5 5 90 0.5 90 2.199 1210 62
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Fuel (mol) Oxygen (moal) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
5 5 90 0.5 90 1.96 1183 70
5 5 90 0.5 90 2.298 1301 42
5 5 90 0.5 90 1.467 1252 70
5 5 90 0.5 90 1.641 1336 60
5 5 90 0.5 90 1.568 1306 50
5 5 90 0.5 90 1.414 1210 90
5 5 90 0.5 90 1.574 1290 67
5 5 90 0.5 90 1.75 1397 36
5 5 90 0.5 90 1.58 1393 34
5 5 90 0.5 90 3.065 1755 18
5 5 90 0.5 90 1.877 1280 56
5 5 90 0.5 90 1.685 1198 62
5 5 90 0.5 90 2.022 1152 90
5 5 90 0.5 90 1591 1004 335
5 5 90 0.5 90 1.849 1014 245
5 5 90 0.5 90 2.085 1052 180
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Source: Cohen (1967) Technique: Reflected

Mixture: H,/O,/Ar Equivalence Ratio (¢): 1.0- 2.0

% Diluent: 0-94 Pressure (P): 0.25- 8.3 atm
Temperature (T): 900 - 1650 K

Induction Period (T;,4) End: UV emission and pressure maximum, UV absor ption

Fuel (mal) Oxygen (mol) Diluent (mol) (0] % Diluent P@am) | T(K) | Tipg(Hsec)
emission &
pressure max

20 10 70 1 70 0.528 1583 28

20 10 70 1 70 0.493 1510 33

20 10 70 1 70 0.454 1430 47

20 10 70 1 70 0.362 1242 116
20 10 70 1 70 0.340 1197 148
20 10 70 1 70 0.251 1015 706
20 10 70 1 70 0.928 1455 18

20 10 70 1 70 0.722 1243 52

20 10 70 1 70 0.683 1202 120
20 10 70 1 70 0.646 1165 109
20 10 70 1 70 0.627 1145 166
20 10 70 1 70 0.574 1091 149
20 10 70 1 70 0.548 1064 19
20 10 70 1 70 0.499 1014 531
20 10 70 1 70 0.438 951 524
20 10 70 1 70 1.444 1094 75

20 10 70 1 70 1.303 1036 106
20 10 70 1 70 1.229 1005 133
20 10 70 1 70 1.071 VA1 393
8 2 9 2 90 1.168 976 878
8 2 90 2 90 0.989 901 2122
8 2 9 2 9 2.984 11 171
8 2 9 2 9 2.395 988 491
8 2 90 2 9 2.090 924 1228
8 2 90 2 90 2.257 959 1270
8 2 90 2 90 4571 1125 102
8 2 9 2 90 3.822 1020 393
8 2 90 2 9 3.828 1021 726
8 2 9 2 90 3.477 972 721
8 2 9 2 9 3.765 1012 1373
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent P@m) | T(K) | Tipg (Hsec)
8 2 % 2 ) 5.430 1032 153
8 2 ) 2 ) 5.313 1020 451
8 2 ) 2 ) 8.320 1084 139
8 2 ) 2 ) 7.405 1018 957
4 2 94 1 94 2127 1622 28
4 2 94 1 94 2.115 1615 36
4 2 94 1 94 1.705 1400 59
4 2 94 1 94 1.423 1251 181
4 2 94 1 94 0.994 1025 901
50 25 25 1 25 0.666 998 118
67 33 0 1 0 0.795 983 216
67 33 0 1 0 0.764 95 137
67 33 0 1 0 1.855 1245 5
67 33 0 1 0 1.410 1069 )
67 33 0 1 0 1.692 912 193

absorption
8 2 ) 2 ) 1.168 976 647
8 2 ) 2 ) 0.992 902 1922
8 2 ) 2 ) 3.005 1116 121
8 2 ) 2 ) 2.386 986 394
8 2 ) 2 ) 2.253 958 1159
8 2 ) 2 ) 5.207 1213 22
8 2 ) 2 ) 5.102 1199 17
8 2 ) 2 ) 4,904 171 52
8 2 ) 2 ) 4538 1120 94
8 2 ) 2 ) 3.797 1016 315
8 2 ) 2 ) 3.843 1023 814
8 2 ) 2 ) 3.489 973 616
8 2 ) 2 ) 3.250 940 540
8 2 ) 2 ) 5.337 1023 533
4 2 94 1 94 2.186 1653 6
4 2 94 1 94 1.944 1525 7
4 2 94 1 94 2.169 1644 10
4 2 94 1 94 1.764 1431 15
4 2 94 1 94 2.103 1609 17
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent P@m) | T(K) | Tipg (Hsec)
4 2 94 1 94 2137 1627 20
4 2 94 1 94 2.090 1602 23
4 2 94 1 94 2.089 1601 26
4 2 94 1 94 1.801 1450 36
4 2 94 1 94 1.708 1401 45
4 2 94 1 94 1.422 1251 126
4 2 94 1 94 0.992 1024 671
4 2 94 1 94 0.903 977 1289
4 2 94 1 94 0.820 933 2679
20 10 70 1 70 0.572 1089 98
20 10 70 1 70 0.518 1033 203
20 10 70 1 70 1.357 966 184
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Source: Craig (1966) Technique: Reflected
Mixture: H,/O,/N, Equivalence Ratio (¢): 1.0
% Diluent: 55.6 Pressure(P): 1-2atm
Temperature (T): 875- 1000 K

Induction Period (t;,4) End: OH emission onset

Fuel (mal) Oxygen (mol) Diluent (mol) (0] % Diluent P@am) | T(K) | Tipg(Hsec)
2 1 3.76 1 55.62 1.02 875 3250
2 1 3.76 1 55.62 1.02 919 300
2 1 3.76 1 55.62 1.02 919 300
2 1 3.76 1 55.62 1.02 878 595
2 1 3.76 1 55.62 1.02 916 510
2 1 3.76 1 55.62 1.02 939 410
2 1 3.76 1 55.62 1.02 934 410
2 1 3.76 1 55.62 1.02 950 225
2 1 3.76 1 55.62 1.02 958 270
2 1 3.76 1 55.62 1.02 950 250
2 1 3.76 1 55.62 1.02 982 110
2 1 3.76 1 55.62 1.02 947 355
2 1 3.76 1 55.62 1.02 964 205
2 1 3.76 1 55.62 1.02 889 700
2 1 3.76 1 55.62 1.02 879 1850
2 1 3.76 1 55.62 1.02 884 1600
2 1 3.76 1 55.62 1.02 986 120
2 1 3.76 1 55.62 1.02 875 2400
2 1 3.76 1 55.62 1.02 906 480
2 1 3.76 1 55.62 1.02 878 1250
2 1 3.76 1 55.62 1.02 887 1500
2 1 3.76 1 55.62 1.02 886 1350
2 1 3.76 1 55.62 204 932 800
2 1 3.76 1 55.62 204 932 900
2 1 3.76 1 55.62 204 946 850
2 1 3.76 1 55.62 2.04 947 750
2 1 3.76 1 55.62 204 998 80
2 1 3.76 1 55.62 2.04 977 78
2 1 3.76 1 55.62 204 964 105
2 1 3.76 1 55.62 204 958 215
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Fuel (mol) Oxygen (moal) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
2 1 3.76 1 55.62 2.04 967 140
2 1 3.76 1 55.62 2.04 938 180
2 1 3.76 1 55.62 2.04 944 245
2 1 3.76 1 55.62 2.04 956 160
2 1 3.76 1 55.62 2.04 933 520
2 1 3.76 1 55.62 2.04 940 400
2 1 3.76 1 55.62 2.04 919 2050
2 1 3.76 1 55.62 2.04 914 450
2 1 3.76 1 55.62 2.04 919 440
2 1 3.76 1 55.62 2.04 925 250
2 1 3.76 1 55.62 2.04 925 200
2 1 3.76 1 55.62 2.04 911 3400
2 1 3.76 1 55.62 2.04 918 1650
2 1 3.76 1 55.62 2.04 908 2250
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Source: Fujimoto (1963) Technique: Reflected
Mixture: H,/O,/Ar Equivalence Ratio (¢): 1.0
% Diluent: 70 Pressure (P): 0.88 - 2.7 atm
Temperature (T): 800 - 1400 K

Induction Period (T;,4) End: Pressurerise and luminosity onset

Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent P@m) | T(K) | Ting (Msec)
20 10 70 1.00 70 1.589 825 2227
20 10 70 1.00 70 0.886 870 2019
20 10 70 1.00 70 0.924 891 1525
20 10 70 1.00 70 0.966 909 1302
20 10 70 1.00 70 0.987 918 1059
20 10 70 1.00 70 1.038 945 1014
20 10 70 1.00 70 1114 987 888
20 10 70 1.00 70 1.257 1053 543
20 10 70 1.00 70 1413 1131 177
20 10 70 1.00 70 1.609 1215 156
20 10 70 1.00 70 1.666 1242 130
20 10 70 1.00 70 1.692 1254 143
20 10 70 1.00 70 1.733 1269 115
20 10 70 1.00 70 1.807 1308 109
20 10 70 1.00 70 1.853 1323 117
20 10 70 1.00 70 1.945 1362 84
20 10 70 1.00 70 1.863 894 1220
20 10 70 1.00 70 1.988 924 1142
20 10 70 1.00 70 2.059 942 1164
20 10 70 1.00 70 2.075 948 1120
20 10 70 1.00 70 2.129 960 1020
20 10 70 1.00 70 2.200 978 958
20 10 70 1.00 70 2.218 984 630
20 10 70 1.00 70 2.276 996 624
20 10 70 1.00 70 2.322 1008 160
20 10 70 1.00 70 2.336 1010 158
20 10 70 1.00 70 2.368 1017 190
20 10 70 1.00 70 2.392 1026 179
20 10 70 1.00 70 2414 1029 160
20 10 70 1.00 70 2.507 1050 120
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
20 10 70 1.00 70 2.564 1065 154
20 10 70 1.00 70 2.599 1071 126
20 10 70 1.00 70 2.608 1074 120
20 10 70 1.00 70 2.658 1086 138

120




Sour ce: Jachimowski (1971) Technique:Incident

Mixture: H,/O,/Ar Equivalence Ratio (¢):0.063 - 2.0
% Diluent: 91 - 95 Pressure (P): 0.2-0.75 atm
Temperature (T): 1200 - 1800 K

Induction Period (T;,49) End: OH absor ption at 5% of maximum

Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent P@m) | T(K) | Ting (Msec)
4 1 95 2.00 95 0.566 1840 66
4 1 95 2.00 95 0.295 1900 120
4 1 95 2.00 95 0.293 1890 120
4 1 95 2.00 95 0.295 1900 102
4 1 95 2.00 95 0.281 1830 168
4 1 95 2.00 95 0.251 1665 268
4 1 95 2.00 95 0.248 1649 271
4 1 95 2.00 95 0.432 1469 241
4 1 95 2.00 95 0.428 1460 280
4 1 95 2.00 95 0.438 1490 251
4 1 95 2.00 95 0.716 1268 326
4 1 95 2.00 95 0.727 1310 293
4 1 95 2.00 95 0.714 1265 382
4 1 95 2.00 95 0.652 1180 621
4 1 95 2.00 95 0.628 1170 556
4 1 95 2.00 95 0.655 1185 597
4 1 95 2.00 95 0.623 1140 665
4 1 95 2.00 95 0.568 1149 705
4 1 95 2.00 95 0.625 1140 761
3 3 94 0.50 94 0.260 1705 73
3 3 94 0.50 94 0.260 1705 80
3 3 94 0.50 94 0.271 1775 77
3 3 94 0.50 94 0.275 1780 49
3 3 94 0.50 94 0.276 1790 60
3 3 94 0.50 94 0.235 1564 113
3 3 94 0.50 94 0.211 1431 212
3 3 94 0.50 94 0.211 1431 229
3 3 94 0.50 94 0.370 1289 229
3 3 94 0.50 94 0.373 1300 213
3 3 94 0.50 94 0.378 1311 217
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
3 3 94 0.50 94 0.339 1204 337
3 3 94 0.50 94 0.344 1219 338
3 3 94 0.50 94 0.482 1155 349
3 3 94 0.50 94 0.616 1118 295
3 3 94 0.50 94 0.616 1118 343
3 3 94 0.50 94 0.621 1124 315
1 4 95 0.13 95 0.278 1802 112
1 4 95 0.13 95 0.261 1709 112
1 4 95 0.13 95 0.513 1690 86
1 4 95 0.13 95 0.500 1655 93
1 4 95 0.13 95 0.500 1655 86
1 4 95 0.13 95 0.457 1537 143
1 4 95 0.13 95 0.434 1475 168
1 4 95 0.13 95 0.210 1430 334
1 4 95 0.13 95 0.413 1415 190
1 4 95 0.13 95 0.371 1300 303
1 4 95 0.13 95 0.369 1292 308
1 4 95 0.13 95 0.658 1185 301
1 4 95 0.13 95 0.644 1165 356
1 4 95 0.13 95 0.644 1165 331
1 4 95 0.13 95 0.346 1228 405
1 4 95 0.13 95 0.350 1241 390
1 8 91 0.06 91 0.719 1230 168
1 8 91 0.06 91 0.751 1275 106
1 8 91 0.06 91 0.745 1265 133
1 8 91 0.06 91 0.739 1260 146
1 8 91 0.06 91 0.765 1295 131
1 8 91 0.06 91 0.427 1415 130
1 8 91 0.06 91 0.428 1415 151
1 8 91 0.06 91 0.424 1405 130
1 8 91 0.06 91 0.229 1495 170
1 8 91 0.06 91 0.232 1515 167
1 8 91 0.06 91 0.378 1610 96
1 8 91 0.06 91 0.267 1685 98
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
1 8 91 0.06 91 0.269 1700 102
1 8 91 0.06 91 0.248 1590 116
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Sour ce: Just (1968)
Mixture: H,/O,/N,
% Diluent: 55- 76

Temperature (T): 900 - 1250 K
Induction Period (1;,4) End: Onset of light emission

Technique: Reflected
Equivalence Ratio (¢): 0.1-1.0

Pressure(P): 0.4- 1.4 atm

Fuel (mal) Oxygen (mol) Diluent (mol) (0] % Diluent P@am) | T(K) | Tipg(Hsec)
2 1 3.76 1 55.62 0.43 1208 30
2 1 3.76 1 55.62 0.43 1184 32
2 1 3.76 1 55.62 0.43 1087 83
2 1 3.76 1 55.62 0.43 1083 69
2 1 3.76 1 55.62 0.43 1059 102
2 1 3.76 1 55.62 0.43 1036 135
2 1 3.76 1 55.62 0.43 1003 267
2 1 3.76 1 55.62 0.43 953 1456
2 1 3.76 1 55.62 0.43 962 1832
2 1 3.76 1 55.62 141 1233 77
2 1 3.76 1 55.62 141 1201 65
2 1 3.76 1 55.62 141 1172 110
2 1 3.76 1 55.62 141 1062 210
2 1 3.76 1 55.62 141 1060 193
2 1 3.76 1 55.62 141 1043 237
2 1 3.76 1 55.62 141 993 336
2 1 3.76 1 55.62 141 996 386
2 1 3.76 1 55.62 141 938 655
2 1 3.76 1 55.62 141 929 649
2 1 3.76 1 55.62 141 903 878
2 1 3.76 1 55.62 141 900 1476
2 1 3.76 1 55.62 141 904 1544
2 1 3.76 1 55.62 141 895 2065
4 20.17 75.83 0.099 75.83 0.45 1214 96
4 20.17 75.83 0.099 75.83 0.45 1173 117
4 20.17 75.83 0.099 75.83 0.45 1145 137
4 20.17 75.83 0.099 75.83 0.45 1072 206
4 20.17 75.83 0.099 75.83 0.45 1060 245
4 20.17 75.83 0.099 75.83 0.45 1047 245
4 20.17 75.83 0.099 75.83 0.45 1017 347
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
4 20.17 75.83 0.099 75.83 0.45 1001 388
4 20.17 75.83 0.099 75.83 0.45 984 483
4 20.17 75.83 0.099 75.83 0.45 949 815
4 20.17 75.83 0.099 75.83 0.45 924 1055
4 20.17 75.83 0.099 75.83 0.45 920 1348
4 20.17 75.83 0.099 75.83 0.45 900 2623
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Source: Petersen (1996) Technique: Reflected
Mixture: H,/O,/Ar Equivalence Ratio (¢):1.0
% Diluent: 97 - 99.85 Pressure (P): 33 - 87 atm
Temperature (T): 1100 - 1900 K

Induction Period (T;,4) End: OH absor ption max rate of change

Fuel (mal) Oxygen (mol) Diluent (mol) (0] % Diluent P@am) | T(K) | Tipg(Hsec)
0.5 0.25 99.25 1 99.25 33 1802 9
0.5 0.25 99.25 1 99.25 33 1754 10
0.5 0.25 99.25 1 99.25 33 1730 11
0.5 0.25 99.25 1 99.25 33 1736 11
0.5 0.25 99.25 1 99.25 33 1709 9
0.5 0.25 99.25 1 99.25 33 1724 11
0.5 0.25 99.25 1 99.25 33 1773 10
0.5 0.25 99.25 1 99.25 33 1739 11
0.5 0.25 99.25 1 99.25 33 1715 11
0.5 0.25 99.25 1 99.25 33 1764 10
0.5 0.25 99.25 1 99.25 33 1792 9
0.5 0.25 99.25 1 99.25 33 1684 12
0.5 0.25 99.25 1 99.25 33 1709 12
0.5 0.25 99.25 1 99.25 33 1855 9

2 1 97 1 97 33 1264 29
2 1 97 1 97 33 1206 203
2 1 97 1 97 33 1189 393
2 1 97 1 97 33 1206 89
2 1 97 1 97 33 1221 133
2 1 97 1 97 33 1252 57
2 1 97 1 97 33 1289 13
2 1 97 1 97 33 1300 13
0.5 0.25 99.25 1 99.25 57 1748 7
0.5 0.25 99.25 1 99.25 57 1655 12
0.5 0.25 99.25 1 99.25 57 1678 7
0.5 0.25 99.25 1 99.25 57 1672 7
0.5 0.25 99.25 1 99.25 57 1683 13
0.5 0.25 99.25 1 99.25 57 1681 7
0.5 0.25 99.25 1 99.25 57 1714 6
0.5 0.25 99.25 1 99.25 57 1779 8
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Fuel (mol) Oxygen (moal) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
0.5 0.25 99.25 1 99.25 57 1757 5
0.5 0.25 99.25 1 99.25 57 1684 6
0.5 0.25 99.25 1 99.25 57 1669 11
0.5 0.25 99.25 1 99.25 57 1685 6
0.5 0.25 99.25 1 99.25 57 1710 10
0.5 0.25 99.25 1 99.25 57 1700 6
0.5 0.25 99.25 1 99.25 57 1733 6
0.5 0.25 99.25 1 99.25 57 1713
0.5 0.25 99.25 1 99.25 57 1930 4

0.33 0.167 99.5 1 99.5 64 1684 12
0.33 0.167 99.5 1 99.5 64 1715 10
0.33 0.167 99.5 1 99.5 64 1779 8
0.33 0.167 99.5 1 99.5 64 1709 10
0.33 0.167 99.5 1 99.5 64 1701 9
0.33 0.167 99.5 1 99.5 64 1733 9
0.33 0.167 99.5 1 99.5 64 1712 9
0.1 0.05 99.85 1 99.85 64 1577 35
0.1 0.05 99.85 1 99.85 64 1481 53
0.1 0.05 99.85 1 99.85 64 1577 31
0.1 0.05 99.85 1 99.85 64 1616 29
0.1 0.05 99.85 1 99.85 64 1585 38
0.1 0.05 99.85 1 99.85 64 1577 42
0.1 0.05 99.85 1 99.85 64 1585 40
0.1 0.05 99.85 1 99.85 64 1575 49
0.1 0.05 99.85 1 99.85 64 1555 49
0.1 0.05 99.85 1 99.85 64 1560 47
0.1 0.05 99.85 1 99.85 64 1553 39
0.1 0.05 99.85 1 99.85 64 1524 49
0.1 0.05 99.85 1 99.85 64 1876 21
0.1 0.05 99.85 1 99.85 64 1366 202
0.1 0.05 99.85 1 99.85 64 1462 94
0.1 0.05 99.85 1 99.85 64 1361 145
0.5 0.25 99.25 1 99.25 64 1279 265
0.5 0.25 99.25 1 99.25 64 1314 152
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P@m) | T(K) | Tipg (Hsec)
0.5 0.25 99.25 1 99.25 64 1344 69
0.5 0.25 99.25 1 99.25 87 1715 6
0.5 0.25 99.25 1 99.25 87 1704 6
0.5 0.25 99.25 1 99.25 87 1701 5
0.5 0.25 99.25 1 99.25 87 1706 6
0.5 0.25 99.25 1 99.25 87 1712 6
0.5 0.25 99.25 1 99.25 87 1715 6
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Source: Schott (1958) Technique: Incident & Reflected
Mixture: H,/O,/Ar Equivalence Ratio (¢): 1.25 - 90
% Diluent: 75.33 - 98.88 Pressure (P): 0.15- 9.53 atm
Temperature (T): 1050 - 2650 K

Induction Period (t;,4) End: OH absor ption onset

Fuel (mal) Oxygen (mol) Diluent (mol) (0] % Diluent P@am) | T(K) | Tipg(Hsec)
0.688 0.43 98.88 0.8 98.88 1.031 1437 246
0.688 0.43 98.88 0.8 98.88 0.996 1400 249
0.688 0.43 98.88 0.8 98.88 0.985 1388 292
0.688 0.43 98.88 0.8 98.88 1.076 1488 175
0.688 0.43 98.88 0.8 98.88 1.147 1570 153
0.688 0.43 98.88 0.8 98.88 1.062 1772 68
0.688 0.43 98.88 0.8 98.88 0.921 2010 52
0.688 0.43 98.88 0.8 98.88 0.936 2035 73
0.688 0.43 98.88 0.8 98.88 0.798 2528 48
0.688 0.43 98.88 0.8 98.88 1.225 1655 118
0.688 0.43 98.88 0.8 98.88 0.838 1854 98
0.688 0.43 98.88 0.8 98.88 0.859 1892 90
0.688 0.43 98.88 0.8 98.88 0.735 1660 191

0.98 0.49 98.53 1 98.53 1.023 1437 195
0.98 0.49 98.53 1 98.53 1.138 1570 148
0.98 0.49 98.53 1 98.53 1.195 1637 112
0.98 0.49 98.53 1 98.53 1.220 1663 114
0.98 0.49 98.53 1 98.53 1.315 1772 58
0.98 0.49 98.53 1 98.53 0.799 1411 308
0.98 0.49 98.53 1 98.53 0.975 1663 165
0.98 0.49 98.53 1 98.53 0.992 1687 142
0.98 0.49 98.53 1 98.53 1.101 1842 109
0.98 0.49 98.53 1 98.53 1.167 1936 78
0.98 0.49 98.53 1 98.53 0.885 1536 244
0.98 0.49 98.53 1 98.53 1.225 2015 65
0.98 0.49 98.53 1 98.53 0.947 2071 93
0.98 0.49 98.53 1 98.53 0.875 1936 97
0.98 0.49 98.53 1 98.53 0.716 1633 209
0.98 0.49 98.53 1 98.53 0.607 1428 410
0.98 0.49 98.53 1 98.53 0.627 1428 400
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Fuel (mol) Oxygen (moal) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
0.98 0.49 98.53 1 98.53 0.652 1510 296
0.98 0.49 98.53 1 98.53 0.782 1705 206
0.98 0.49 98.53 1 98.53 1.073 2288 61
0.98 0.49 98.53 1 98.53 1.745 1683 87
0.98 0.49 98.53 1 98.53 1.452 1652 102
0.98 0.49 98.53 1 98.53 0.356 1624 356
0.98 0.49 98.53 1 98.53 0.367 1646 427
0.98 0.49 98.53 1 98.53 1.507 1714 82

3.781 1.99 94.23 0.95 94.23 1.102 2285 21
3.781 1.99 94.23 0.95 94.23 0.986 2080 28
3.781 1.99 94.23 0.95 94.23 0.868 1864 37
3.781 1.99 94.23 0.95 94.23 0.734 1618 63
3.781 1.99 94.23 0.95 94.23 0.763 1668 55
3.781 1.99 94.23 0.95 94.23 0.633 1435 98
3.781 1.99 94.23 0.95 94.23 0.732 1613 58
3.781 1.99 94.23 0.95 94.23 0.668 1500 84
3.781 1.99 94.23 0.95 94.23 0.604 1383 135
3.781 1.99 94.23 0.95 94.23 0.548 1283 234
3.781 1.99 94.23 0.95 94.23 1.457 1869 23
3.781 1.99 94.23 0.95 94.23 1.272 1668 34
3.781 1.99 94.23 0.95 94.23 1.159 1545 50
3.781 1.99 94.23 0.95 94.23 1.032 1414 78
3.781 1.99 94.23 0.95 94.23 0.976 1353 146
3.781 1.99 94.23 0.95 94.23 0.903 1266 168
3.781 1.99 94.23 0.95 94.23 1.545 1695 24
3.781 1.99 94.23 0.95 94.23 1.502 1641 32
3.781 1.99 94.23 0.95 94.23 1.268 1437 51
3.781 1.99 94.23 0.95 94.23 1.133 1309 102
3.781 1.99 94.23 0.95 94.23 0.986 1367 77
3.781 1.99 94.23 0.95 94.23 0.780 1342 150
3.781 1.99 94.23 0.95 94.23 0.967 1606 43
3.781 1.99 94.23 0.95 94.23 0.509 1665 73
3.781 1.99 94.23 0.95 94.23 0.477 1593 84
3.781 1.99 94.23 0.95 94.23 0.414 1414 174
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Fuel (mol) Oxygen (moal) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
3.781 1.99 94.23 0.95 94.23 0.346 1407 209
2.475 0.45 97.08 2.75 97.08 0.713 1615 213
2.475 0.45 97.08 2.75 97.08 1.489 1684 94
2475 0.45 97.08 2.75 97.08 1.509 1696 78
2.475 0.45 97.08 2.75 97.08 0.917 2004 89
2.475 0.45 97.08 2.75 97.08 0.906 1979 79
2.475 0.45 97.08 2.75 97.08 1.055 2260 59
2.475 0.45 97.08 2.75 97.08 1.097 2331 42
2.475 0.45 97.08 2.75 97.08 0.958 2444 38
2.475 0.45 97.08 2.75 97.08 0.991 2527 44
2.475 0.45 97.08 2.75 97.08 1.952 1378 158
2.475 0.45 97.08 2.75 97.08 1.383 1836 70
2.475 0.45 97.08 2.75 97.08 1.349 1800 72

1 2 97.00 0.25 97.00 0.750 1670 77
1 2 97.00 0.25 97.00 0.736 1646 78
1 2 97.00 0.25 97.00 0.928 1308 194
1 2 97.00 0.25 97.00 1.846 1304 85
1 2 97.00 0.25 97.00 1.838 1302 74
1 2 97.00 0.25 97.00 1.857 1312 94
1 2 97.00 0.25 97.00 0.913 1291 187
1 2 97.00 0.25 97.00 1.747 1086 360
1 2 97.00 0.25 97.00 1.769 1097 331
1 2 97.00 0.25 97.00 1.454 1626 45
1 2 97.00 0.25 97.00 1.445 1616 38
1 2 97.00 0.25 97.00 1.297 1180 261
1 2 97.00 0.25 97.00 1.259 1154 263
1 2 97.00 0.25 97.00 0.841 1836 43
1 2 97.00 0.25 97.00 0.834 1826 48
1 2 97.00 0.25 97.00 1.989 1200 150
1 2 97.00 0.25 97.00 0.876 1175 355
0.98 0.49 98.53 1 98.53 4.662 1740 21
0.98 0.49 98.53 1 98.53 4,716 1760 23
0.98 0.49 98.53 1 98.53 4.619 1735 23
0.98 0.49 98.53 1 98.53 9.431 1760 12
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
0.98 0.49 98.53 1 98.53 9.528 1767 9
0.98 0.49 98.53 1 98.53 8.330 2303 5
0.98 0.49 98.53 1 98.53 8.319 2300 5
0.98 0.49 98.53 1 98.53 3.926 2212 12
0.98 0.49 98.53 1 98.53 3.981 2222 12
0.98 0.49 98.53 1 98.53 4.021 2560 6
0.98 0.49 98.53 1 98.53 4.195 2640 5
0.98 0.49 98.53 1 98.53 2.031 2586 15
0.98 0.49 98.53 1 98.53 2.014 2565 14

4.925 19.7 75.38 0.125 75.38 0.216 1742 39
4.925 19.7 75.38 0.125 75.38 0.589 1702 17
4.925 19.7 75.38 0.125 75.38 0.543 1588 22
4.925 19.7 75.38 0.125 75.38 0.315 1791 26
4.925 19.7 75.38 0.125 75.38 0.229 1847 38
4.925 19.7 75.38 0.125 75.38 0.210 1724 45
4.925 19.7 75.38 0.125 75.38 0.150 1720 64
1 4 95.00 0.125 95.00 1.291 1715 29

1 4 95.00 0.125 95.00 1.396 1834 18

1 4 95.00 0.125 95.00 1.346 1778 21
19.8 11 79.10 9 79.10 0.995 1933 62
19.8 11 79.10 9 79.10 1.329 1620 113
19.8 1.1 79.10 9 79.10 1.437 1735 64
19.8 1.1 79.10 9 79.10 1.452 1738 76
19.8 1.1 79.10 9 79.10 1.476 1767 67
19.8 11 79.10 9 79.10 1.042 2010 45
19.8 11 79.10 9 79.10 1.119 2137 36
19.8 1.1 79.10 9 79.10 1.496 1791 53
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Source: Skinner (1966) Technique: Reflected
Mixture: H,/O,/Ar Equivalence Ratio (¢): 2.0
% Diluent: 90 Pressure (P): 5 atm
Temperature (T): 900 - 1100 K

Induction Period (t;,4) End: OH emission maximum

Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent P@m) | T(K) | Ting (Msec)

8 2 90 2 90 5 964 15000
8 2 90 2 90 5 965 10000
8 2 90 2 90 5 981 4300
8 2 90 2 90 5 1004 1700
8 2 90 2 90 5 1005 2300
8 2 90 2 90 5 1024 900

8 2 90 2 90 5 1075 220
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Sour ce: Snyder (1965)
Mixture: H,/O,/N,
% Diluent: 55.6 - 65.3

Temperature (T): 800 - 1100 K

Technique: Reflected
Equivalence Ratio (¢): 0.5- 1.0
Pressure(P): 1-9atm

Induction Period (T1;,4) End: Pressure and UV emission onset

Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent P@m) | T(K) | Ting (Msec)
1 1 3.76 0.50 65.28 1.020 951 550
1 1 3.76 0.50 65.28 1.020 943 600
1 1 3.76 0.50 65.28 1.020 922 2200
1 1 3.76 0.50 65.28 1.020 914 2900
1 1 3.76 0.50 65.28 1.020 912 1900
1 1 3.76 0.50 65.28 1.020 o1 5800
1 1 3.76 0.50 65.28 1.020 899 8200
1 1 3.76 0.50 65.28 1.020 889 8600
1 1 3.76 0.50 65.28 2.041 1047 100
1 1 3.76 0.50 65.28 2.041 1032 140
1 1 3.76 0.50 65.28 2.041 1025 200
1 1 3.76 0.50 65.28 2.041 1014 400
1 1 3.76 0.50 65.28 2.041 991 850
1 1 3.76 0.50 65.28 2.041 989 880
1 1 3.76 0.50 65.28 2.041 983 1100
1 1 3.76 0.50 65.28 2.041 977 1300
1 1 3.76 0.50 65.28 2.041 955 4600
1 1 3.76 0.50 65.28 2.041 944 5700
1 1 3.76 0.50 65.28 2.041 922 11600
1 1 3.76 0.50 65.28 4.082 1033 240
1 1 3.76 0.50 65.28 4.082 999 520
1 1 3.76 0.50 65.28 4.082 999 760
1 1 3.76 0.50 65.28 4.082 986 6800
1 1 3.76 0.50 65.28 4.082 972 1800
1 1 3.76 0.50 65.28 4.082 967 1900
1 1 3.76 0.50 65.28 4.082 966 2900
1 1 3.76 0.50 65.28 4.082 963 1900
1 1 3.76 0.50 65.28 4.082 952 7600
1 1 3.76 0.50 65.28 4.082 950 4400
1 1 3.76 0.50 65.28 4.082 938 7000
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
1 1 3.76 0.50 65.28 4.082 919 5600
1 1 3.76 0.50 65.28 6.803 1073 260
1 1 3.76 0.50 65.28 6.803 1051 520
1 1 3.76 0.50 65.28 6.803 1023 800
1 1 3.76 0.50 65.28 6.803 995 1300
1 1 3.76 0.50 65.28 6.803 971 1850
1 1 3.76 0.50 65.28 6.803 872 8400
1 1 3.76 0.50 65.28 6.803 871 8200
1 1 3.76 0.50 65.28 6.803 858 11400
1 1 3.76 0.50 65.28 8.844 963 260
1 1 3.76 0.50 65.28 8.844 949 600
1 1 3.76 0.50 65.28 8.844 941 960
1 1 3.76 0.50 65.28 8.844 918 1200
1 1 3.76 0.50 65.28 8.844 917 600
1 1 3.76 0.50 65.28 8.844 910 900
1 1 3.76 0.50 65.28 8.844 902 1800
1 1 3.76 0.50 65.28 8.844 898 1400
1 1 3.76 0.50 65.28 8.844 859 2400
1 1 3.76 0.50 65.28 8.844 858 5800
1 1 3.76 0.50 65.28 8.844 857 2200
1 1 3.76 0.50 65.28 8.844 837 10600
1 1 3.76 0.50 65.28 8.844 831 7600

15 1 3.76 0.75 60.06 1.020 969 660
15 1 3.76 0.75 60.06 1.020 961 420
15 1 3.76 0.75 60.06 1.020 959 700
15 1 3.76 0.75 60.06 1.020 946 1160
15 1 3.76 0.75 60.06 1.020 944 1180
15 1 3.76 0.75 60.06 1.020 935 11800
15 1 3.76 0.75 60.06 1.020 932 2300
15 1 3.76 0.75 60.06 1.020 931 7200
15 1 3.76 0.75 60.06 1.020 924 7400
15 1 3.76 0.75 60.06 1.020 918 3000
15 1 3.76 0.75 60.06 1.020 911 2000
15 1 3.76 0.75 60.06 2.041 993 600
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
15 1 3.76 0.75 60.06 2.041 963 1400
15 1 3.76 0.75 60.06 2.041 959 1400
15 1 3.76 0.75 60.06 2.041 949 1300
15 1 3.76 0.75 60.06 2.041 945 3500
15 1 3.76 0.75 60.06 2.041 936 1900
15 1 3.76 0.75 60.06 2.041 934 4600
15 1 3.76 0.75 60.06 2.041 922 6400
15 1 3.76 0.75 60.06 2.041 918 14200
15 1 3.76 0.75 60.06 2.041 917 6200
15 1 3.76 0.75 60.06 2.041 913 2000
15 1 3.76 0.75 60.06 2.041 850 11400
15 1 3.76 0.75 60.06 4.082 1013 320
15 1 3.76 0.75 60.06 4.082 983 650
15 1 3.76 0.75 60.06 4.082 962 800
15 1 3.76 0.75 60.06 4.082 960 1600
15 1 3.76 0.75 60.06 4.082 948 1400
15 1 3.76 0.75 60.06 4.082 942 1400
15 1 3.76 0.75 60.06 4.082 924 3000
15 1 3.76 0.75 60.06 4.082 919 2600
15 1 3.76 0.75 60.06 4.082 912 4200
15 1 3.76 0.75 60.06 4.082 897 10400
15 1 3.76 0.75 60.06 4.082 894 9800
15 1 3.76 0.75 60.06 4.082 880 4000
15 1 3.76 0.75 60.06 6.803 974 370
15 1 3.76 0.75 60.06 6.803 957 970
15 1 3.76 0.75 60.06 6.803 951 1380
15 1 3.76 0.75 60.06 6.803 924 2500
15 1 3.76 0.75 60.06 6.803 903 4000
15 1 3.76 0.75 60.06 6.803 890 1300
15 1 3.76 0.75 60.06 6.803 881 1700
15 1 3.76 0.75 60.06 6.803 869 2100
15 1 3.76 0.75 60.06 6.803 855 8000
15 1 3.76 0.75 60.06 6.803 844 11400

2 1 3.76 1.00 55.62 1.020 967 380
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
2 1 3.76 1.00 55.62 1.020 953 520
2 1 3.76 1.00 55.62 1.020 946 600
2 1 3.76 1.00 55.62 1.020 941 500
2 1 3.76 1.00 55.62 1.020 933 1750
2 1 3.76 1.00 55.62 1.020 924 10400
2 1 3.76 1.00 55.62 1.020 924 7000
2 1 3.76 1.00 55.62 1.020 922 3600
2 1 3.76 1.00 55.62 1.020 918 1700
2 1 3.76 1.00 55.62 1.020 918 6000
2 1 3.76 1.00 55.62 1.020 913 6200
2 1 3.76 1.00 55.62 2.041 981 550
2 1 3.76 1.00 55.62 2.041 973 1000
2 1 3.76 1.00 55.62 2.041 964 1350
2 1 3.76 1.00 55.62 2.041 959 1600
2 1 3.76 1.00 55.62 2.041 954 1900
2 1 3.76 1.00 55.62 2.041 948 2400
2 1 3.76 1.00 55.62 2.041 937 1800
2 1 3.76 1.00 55.62 2.041 932 1800
2 1 3.76 1.00 55.62 2.041 927 2400
2 1 3.76 1.00 55.62 2.041 919 1400
2 1 3.76 1.00 55.62 2.041 911 2000
2 1 3.76 1.00 55.62 2.041 887 14600
2 1 3.76 1.00 55.62 2.041 857 11000
2 1 3.76 1.00 55.62 4.082 976 1250
2 1 3.76 1.00 55.62 4.082 973 1450
2 1 3.76 1.00 55.62 4.082 972 350
2 1 3.76 1.00 55.62 4.082 972 650
2 1 3.76 1.00 55.62 4.082 964 1900
2 1 3.76 1.00 55.62 4.082 950 1350
2 1 3.76 1.00 55.62 4.082 940 1250
2 1 3.76 1.00 55.62 4.082 939 6200
2 1 3.76 1.00 55.62 4.082 937 3250
2 1 3.76 1.00 55.62 4.082 925 7200
2 1 3.76 1.00 55.62 4.082 923 8400
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
2 1 3.76 1.00 55.62 4.082 914 1400
2 1 3.76 1.00 55.62 6.803 942 1050
2 1 3.76 1.00 55.62 6.803 941 1050
2 1 3.76 1.00 55.62 6.803 932 1050
2 1 3.76 1.00 55.62 6.803 924 1200
2 1 3.76 1.00 55.62 6.803 909 3000
2 1 3.76 1.00 55.62 6.803 909 9200
2 1 3.76 1.00 55.62 6.803 901 600
2 1 3.76 1.00 55.62 6.803 895 400
2 1 3.76 1.00 55.62 6.803 886 1000
2 1 3.76 1.00 55.62 6.803 882 5000
2 1 3.76 1.00 55.62 8.844 932 1200
2 1 3.76 1.00 55.62 8.844 917 800
2 1 3.76 1.00 55.62 8.844 916 480
2 1 3.76 1.00 55.62 8.844 908 300
2 1 3.76 1.00 55.62 8.844 892 1400
2 1 3.76 1.00 55.62 8.844 887 1400
2 1 3.76 1.00 55.62 8.844 870 1650
2 1 3.76 1.00 55.62 8.844 868 2000
2 1 3.76 1.00 55.62 8.844 844 6600
2 1 3.76 1.00 55.62 8.844 833 8400
2 1 3.76 1.00 55.62 8.844 826 8600
2 1 3.76 1.00 55.62 8.844 808 11400
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Source: Seinberg (1955)
Mixture: H,/O,

% Diluent: O

Temperature (T): 700 - 1000 K

Technique: Reflected

Equivalence Ratio (¢): 1.0
Pressure (P): 4.5-9.0atm

Induction Period (T;,4) End: Luminosity onset

Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent P@m) | T(K) | Ting (Msec)
2 1 0 1 0 6.303 918 38
2 1 0 1 0 6.307 918 117
2 1 0 1 0 5.884 885 99
2 1 0 1 0 5.591 862 25
2 1 0 1 0 5.229 833 190
2 1 0 1 0 5131 826 260
2 1 0 1 0 4716 793 247
2 1 0 1 0 4.551 780 178
2 1 0 1 0 8.665 884 26
2 1 0 1 0 8.172 854 44
2 1 0 1 0 7.722 826 293
2 1 0 1 0 7.395 805 292
2 1 0 1 0 6.889 774 388
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Appendix B: Ethylene Shock Tube Data

Source: Baker (1972) Technique: Reflected
Mixture: C,H /O, /Ar Equivalence Ratio (¢): 0.125- 2.0
% Diluent: 93 - 99 Pressure (P): 3-12 atm

Temperature (T): 1000 - 1900 K
Induction Period (T;,q) End: OH emission maximum

Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
1 3 96 1 96 3 1112 6210
1 3 96 1 96 3 1144 3881
1 3 96 1 96 3 1175 2488
1 3 96 1 96 3 1207 1632
1 3 96 1 96 3 1239 1094
1 3 96 1 96 3 1271 748
1 3 96 1 96 3 1302 521
1 3 96 1 96 3 1334 370
1 3 96 1 96 3 1366 266
1 3 96 1 96 3 1397 195
1 3 96 1 96 3 1429 144
1 3 96 1 96 3 1461 108
1 3 96 1 96 3 1493 82
1 3 96 1 96 3 1524 63
1 3 96 1 96 3 1556 49

0.5 3 96.5 0.5 96.5 3 1118 4127
0.5 3 96.5 0.5 96.5 3 1140 2924
0.5 3 96.5 0.5 96.5 3 1163 2099
0.5 3 96.5 0.5 96.5 3 1185 1526
0.5 3 96.5 0.5 96.5 3 1207 1123
0.5 3 96.5 0.5 96.5 3 1229 835
0.5 3 96.5 0.5 96.5 3 1252 628
0.5 3 96.5 0.5 96.5 3 1274 477
0.5 3 96.5 0.5 96.5 3 1296 365
0.5 3 96.5 0.5 96.5 3 1319 283
0.5 3 96.5 0.5 96.5 3 1341 220
0.5 3 96.5 0.5 96.5 3 1363 173
0.5 3 96.5 0.5 96.5 3 1385 137
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Fuel (mol) Oxygen (moal) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
0.5 3 96.5 0.5 96.5 3 1408 110
0.5 3 96.5 0.5 96.5 3 1430 88

0.25 0.75 99 1 99 12 1176 5274
0.25 0.75 99 1 99 12 1201 3620
0.25 0.75 99 1 99 12 1227 2524
0.25 0.75 99 1 99 12 1252 1786
0.25 0.75 99 1 99 12 1277 1281
0.25 0.75 99 1 99 12 1303 931
0.25 0.75 99 1 99 12 1328 684
0.25 0.75 99 1 99 12 1353 509
0.25 0.75 99 1 99 12 1379 383
0.25 0.75 99 1 99 12 1404 291
0.25 0.75 99 1 99 12 1430 223
0.25 0.75 99 1 99 12 1455 173
0.25 0.75 99 1 99 12 1480 135
0.25 0.75 99 1 99 12 1506 106
0.25 0.75 99 1 99 12 1531 85
2 3 95 2 95 3 1117 3927
2 3 95 2 95 3 1153 2667
2 3 95 2 95 3 1188 1854
2 3 95 2 95 3 1224 1316
2 3 95 2 95 3 1260 953
2 3 95 2 95 3 1295 702
2 3 95 2 95 3 1331 526
2 3 95 2 95 3 1366 400
2 3 95 2 95 3 1402 308
2 3 95 2 95 3 1438 241
2 3 95 2 95 3 1473 190
2 3 95 2 95 3 1509 152
2 3 95 2 95 3 1545 123
2 3 95 2 95 3 1580 100
2 3 95 2 95 3 1616 82
1 15 97.5 2 97.5 3 1155 5046
1 15 97.5 2 97.5 3 1197 3327
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
1 15 97.5 2 97.5 3 1240 2257
1 15 97.5 2 97.5 3 1282 1570
1 15 97.5 2 97.5 3 1324 1118
1 15 97.5 2 97.5 3 1366 813
1 15 97.5 2 97.5 3 1409 603
1 15 97.5 2 97.5 3 1451 455
1 15 97.5 2 97.5 3 1493 349
1 15 97.5 2 97.5 3 1536 271
1 15 97.5 2 97.5 3 1578 214
1 15 97.5 2 97.5 3 1620 171
1 15 97.5 2 97.5 3 1662 138
1 15 97.5 2 97.5 3 1705 112
1 15 97.5 2 97.5 3 1747 93
1 6 93 0.5 93 3 1080 4417
1 6 93 0.5 93 3 1106 2887
1 6 93 0.5 93 3 1131 1923
1 6 93 0.5 93 3 1157 1305
1 6 93 0.5 93 3 1183 900
1 6 93 0.5 93 3 1209 631
1 6 93 0.5 93 3 1234 449
1 6 93 0.5 93 3 1260 324
1 6 93 0.5 93 3 1286 237
1 6 93 0.5 93 3 1311 175
1 6 93 0.5 93 3 1337 131
1 6 93 0.5 93 3 1363 99
1 6 93 0.5 93 3 1389 76
1 6 93 0.5 93 3 1414 59
1 6 93 0.5 93 3 1440 46
0.25 6 93.75 0.125 93.75 3 1058 7387
0.25 6 93.75 0.125 93.75 3 1084 4759
0.25 6 93.75 0.125 93.75 3 1109 3129
0.25 6 93.75 0.125 93.75 3 1135 2097
0.25 6 93.75 0.125 93.75 3 1161 1430
0.25 6 93.75 0.125 93.75 3 1187 992
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Fuel (mol) Oxygen (moal) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
0.25 6 93.75 0.125 93.75 3 1212 698
0.25 6 93.75 0.125 93.75 3 1238 499
0.25 6 93.75 0.125 93.75 3 1264 362
0.25 6 93.75 0.125 93.75 3 1289 265
0.25 6 93.75 0.125 93.75 3 1315 197
0.25 6 93.75 0.125 93.75 3 1341 148
0.25 6 93.75 0.125 93.75 3 1367 112
0.25 6 93.75 0.125 93.75 3 1392 86
0.25 6 93.75 0.125 93.75 3 1418 67
0.25 15 98.25 0.5 98.25 3 1100 5165
0.25 15 98.25 0.5 98.25 3 1138 3224
0.25 15 98.25 0.5 98.25 3 1175 2075
0.25 15 98.25 0.5 98.25 3 1213 1372
0.25 15 98.25 0.5 98.25 3 1251 930
0.25 15 98.25 0.5 98.25 3 1289 645
0.25 15 98.25 0.5 98.25 3 1326 457
0.25 15 98.25 0.5 98.25 3 1364 330
0.25 15 98.25 0.5 98.25 3 1402 242
0.25 15 98.25 0.5 98.25 3 1439 181
0.25 15 98.25 0.5 98.25 3 1477 137
0.25 15 98.25 0.5 98.25 3 1515 105
0.25 15 98.25 0.5 98.25 3 1553 82
0.25 15 98.25 0.5 98.25 3 1590 65
0.25 15 98.25 0.5 98.25 3 1628 51
0.25 15 98.25 0.5 98.25 3 1104 5699
0.25 15 98.25 0.5 98.25 3 1136 3721
0.25 15 98.25 0.5 98.25 3 1168 2487
0.25 15 98.25 0.5 98.25 3 1200 1698
0.25 15 98.25 0.5 98.25 3 1232 1183
0.25 15 98.25 0.5 98.25 3 1264 839
0.25 15 98.25 0.5 98.25 3 1296 605
0.25 15 98.25 0.5 98.25 3 1328 444
0.25 15 98.25 0.5 98.25 3 1359 330
0.25 15 98.25 0.5 98.25 3 1391 249
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
0.25 15 98.25 0.5 98.25 3 1423 190
0.25 15 98.25 0.5 98.25 3 1455 147
0.25 15 98.25 0.5 98.25 3 1487 115
0.25 15 98.25 0.5 98.25 3 1519 90
0.25 15 98.25 0.5 98.25 3 1551 72

0.5 0.75 98.75 2 98.75 3 1166 8570
0.5 0.75 98.75 2 98.75 3 1217 5107
0.5 0.75 98.75 2 98.75 3 1267 3172
0.5 0.75 98.75 2 98.75 3 1318 2044
0.5 0.75 98.75 2 98.75 3 1369 1361
0.5 0.75 98.75 2 98.75 3 1420 933
0.5 0.75 98.75 2 98.75 3 1470 656
0.5 0.75 98.75 2 98.75 3 1521 472
0.5 0.75 98.75 2 98.75 3 1572 347
0.5 0.75 98.75 2 98.75 3 1622 260
0.5 0.75 98.75 2 98.75 3 1673 199
0.5 0.75 98.75 2 98.75 3 1724 154
0.5 0.75 98.75 2 98.75 3 1775 121
0.5 0.75 98.75 2 98.75 3 1825 97
0.5 0.75 98.75 2 98.75 3 1876 78
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Sour ce: Drummond (1968)

Mixture: C,H,/O,/Ar
% Diluent: 84 - 95
Temperature (T): 1000 - 1700 K

Induction Period (t;,4) End: OH emission maximum

Technique: Reflected
Equivalence Ratio (¢): 1.0- 2.0

Pressure (P): 0.5- 2.7 atm

Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent P@m) | T(K) | Ting (Msec)
2 6 92 1 92 1.784 1452 88
2 6 92 1 92 1.761 1441 94
2 6 92 1 92 1.704 1412 124
2 6 92 1 92 1.650 1385 132
2 6 92 1 92 1.568 1344 186
2 6 92 1 92 1.542 1331 205
2 6 92 1 92 1.499 1310 269
2 6 92 1 92 1.399 1260 458
2 6 92 1 92 1.379 1250 437
2 6 92 1 92 1.325 1223 633
2 6 92 1 92 1.269 1195 1211
2 6 92 1 92 1.192 1156 1844
2 6 92 1 92 1.088 1104 2457
2 6 92 1 92 1.068 1094 3443
4 12 84 1 84 2.062 1396 72
4 12 84 1 84 2.013 1377 84
4 12 84 1 84 1.745 1269 231
4 12 84 1 84 1.647 1230 337
4 12 84 1 84 1.508 1175 835
4 12 84 1 84 1.394 1129 1800
5 10 85 15 85 1.825 1289 248
5 10 85 15 85 1.720 1248 421
5 10 85 15 85 1.665 1227 451
5 10 85 15 85 1524 1173 1001
5 10 85 15 85 1.493 1161 1394
5 10 85 15 85 1472 1153 1558
5 10 85 15 85 1.389 1121 2222
5 10 85 15 85 1.327 1097 2600
2 4 94 15 94 2.182 1626 18
2 4 94 15 94 2.041 1555 29
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
2 4 94 15 94 2.022 1546 33
2 4 94 15 94 1.889 1479 47
2 4 94 15 94 1.774 1422 66
2 4 94 15 94 1.756 1413 73
2 4 94 15 94 1.615 1342 193
2 4 94 15 94 1.564 1317 229
2 4 94 15 94 1.529 1300 256
2 4 94 15 94 1.396 1233 571
2 4 94 15 94 1.277 1173 906
2 3 95 2 95 1.945 1580 33
2 3 95 2 95 1.756 1480 66
2 3 95 2 95 1.740 1472 72
2 3 95 2 95 1.646 1423 101
2 3 95 2 95 1.536 1364 133
2 3 95 2 95 1.552 1373 209
2 3 95 2 95 1431 1309 264
2 3 95 2 95 1.435 1312 332
2 3 95 2 95 1.381 1283 377
2 3 95 2 95 1.298 1239 621
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Sour ce: Gay (1967) Technique: Incident

Mixture: C,H,/O,/Ar Equivalence Ratio (¢): 0.214 - 3.5
% Diluent: 96 - 99 Pressure (P): 0.2- 0.4 atm
Temperature (T): 1400 - 2300 K

Induction Period (T;,49) End: CH* emission onset

Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent P@m) | T(K) | Ting (Msec)
0.7 15 97.8 1.40 97.8 0.246 1953 105
0.7 15 97.8 1.40 97.8 0.231 1805 168
0.7 15 97.8 1.40 97.8 0.249 1975 108
0.7 15 97.8 1.40 97.8 0.198 1575 630
0.7 15 97.8 1.40 97.8 0.241 1915 118
0.7 15 97.8 1.40 97.8 0.236 1840 168
0.7 15 97.8 1.40 97.8 0.413 1625 199
0.4 0.9 98.7 1.33 98.7 0.226 1800 231
04 0.9 98.7 133 98.7 0.282 2240 60
0.4 0.9 98.7 133 98.7 0.262 2085 84
04 0.9 98.7 133 98.7 0.197 1565 1295
04 0.9 98.7 133 98.7 0.215 1710 430
0.4 0.9 98.7 133 98.7 0.220 1750 339
04 0.9 98.7 133 98.7 0.415 1650 312
04 0.9 98.7 133 98.7 0.371 1515 826
0.1 0.9 99 0.33 99 0.240 1910 231
0.1 0.9 99 0.33 99 0.223 1775 346
0.1 0.9 99 0.33 99 0.363 1560 440
0.1 0.9 99 0.33 99 0.262 2085 114
0.1 0.9 99 0.33 99 0.207 1650 420
0.1 0.9 99 0.33 99 0.227 1810 269
0.5 1 98.5 1.50 98.5 0.209 1690 322
05 1 98.5 1.50 98.5 0.244 1937 113
0.5 1 98.5 1.50 98.5 0.211 1650 333
0.5 1 98.5 1.50 98.5 0.223 1770 238
0.5 1 98.5 1.50 98.5 0.377 1500 665
0.5 1 98.5 1.50 98.5 0.405 1612 262
0.5 1 98.5 1.50 98.5 0.230 1830 130
0.5 1 98.5 1.50 98.5 0.217 1725 210
1.2 0.9 97.9 4.00 97.9 0.244 1940 147
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
12 0.9 97.9 4.00 97.9 0.232 1810 245
0.3 19 97.8 0.47 97.8 0.234 1830 116
0.3 19 97.8 0.47 97.8 0.215 1710 217
0.3 19 97.8 0.47 97.8 0.377 1475 336
0.3 19 97.8 0.47 97.8 0.271 2150 22
0.3 19 97.8 0.47 97.8 0.387 1525 252
0.3 19 97.8 0.47 97.8 0.413 1627 126
0.3 19 97.8 0.47 97.8 0.251 1990 53
0.2 1 98.8 0.60 98.8 0.215 1710 221
0.2 1 98.8 0.60 98.8 0.382 1625 221
0.2 1 98.8 0.60 98.8 0.207 1650 357
0.1 14 98.5 0.21 98.5 0.223 1775 210
0.1 14 98.5 0.21 98.5 0.259 2060 87
0.1 14 98.5 0.21 98.5 0.368 1566 294
0.1 14 98.5 0.21 98.5 0.294 1550 430
0.1 14 98.5 0.21 98.5 0.231 1837 175
0.6 12 98.2 1.50 98.2 0.262 1766 217
0.6 12 98.2 1.50 98.2 0.281 1890 108
0.6 12 98.2 1.50 98.2 0.278 1874 115
0.6 12 98.2 1.50 98.2 0.266 1790 185
0.6 12 98.2 1.50 98.2 0.258 1740 315
0.6 12 98.2 1.50 98.2 0.334 1540 542
0.6 12 98.2 1.50 98.2 0.351 1620 305
0.6 12 98.2 1.50 98.2 0.401 1850 74
0.6 2.7 96.7 0.67 96.7 0.247 1680 182
0.7 0.6 98.7 3.50 98.7 0.289 1950 154
0.7 0.6 98.7 3.50 98.7 0.281 1895 203
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Source: Hidaka (1974)
Mixture: C,H /O, /Ar
% Diluent: 96 - 98
Temperature (T): 1400 - 2100 K
Induction Period (T;,49) End: CH* emission onset

Technique: Reflected
Equivalence Ratio (¢): 1.0- 3.0

Pressure (P): 1.0- 5.0 atm

Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent P@m) | T(K) | Ting (Msec)
1 1 98 3 98 2422 1774 53
1 1 98 3 98 2.487 1786 44
1 1 98 3 98 2912 1981 22
1 1 98 3 98 2.492 1786 42
1 1 98 3 98 2.683 1868 32
1 1 98 3 98 2.682 1860 28
1 1 98 3 98 2,575 1809 38
1 1 98 3 98 2.821 1929 21
1 1 98 3 98 2.528 1779 44
1 1 98 3 98 2.505 1769 41
1 1 98 3 98 2.682 1880 25
1 1 98 3 98 2.954 2007 16
1 1 98 3 98 2.904 1939 18
1 1 98 3 98 2.966 2009 18
1 1 98 3 98 2.604 1837 36
1 1 98 3 98 3.032 2077 13
1 1 98 3 98 2.554 1804 42
1 1 98 3 98 4.692 1716 34
1 1 98 3 98 4.4 1629 49
1 1 98 3 98 4.859 1751 28
1 1 98 3 98 4.896 1846 18
1 1 98 3 98 4.614 1679 50
1 1 98 3 98 4.213 1596 55
1 1 98 3 98 4.655 1694 44
1 1 98 3 98 5.004 1797 23
1 1 98 3 98 4.408 1634 62
1 2 97 15 97 2.655 1830 20
1 2 97 15 97 2.38 1733 27
1 2 97 15 97 2.383 1729 28
1 2 97 15 97 2.633 1852 15
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
1 2 97 15 97 2.445 1765 31
1 2 97 15 97 2.33 1693 40
1 2 97 15 97 2.592 1804 25
1 2 97 15 97 2.436 1756 37
1 2 97 15 97 2.599 1797 22
1 2 97 15 97 2372 1723 36
1 2 97 15 97 2.559 1827 23
1 2 97 15 97 2.729 1898 19
1 2 97 15 97 2.903 1960 15
1 2 97 15 97 1.857 1469 152
1 2 97 15 97 2.129 1588 74
1 2 97 15 97 2.809 1937 15
1 2 97 15 97 2.943 1924 14
1 2 97 15 97 2.38 1726 35
1 2 97 15 97 2.554 1799 27
1 2 97 15 97 1.895 1480 150
1 2 97 15 97 3.121 2081 8
1 2 97 15 97 2.043 1555 77
1 2 97 15 97 2.638 1847 16
1 3 96 1 96 1.824 1443 93
1 3 96 1 96 2.316 1677 30
1 3 96 1 96 2.149 1600 35
1 3 96 1 96 2.216 1645 30
1 3 96 1 96 2.213 1633 36
1 3 96 1 96 1.955 1508 68
1 3 96 1 96 1.967 1506 63
1 3 96 1 96 1.908 1474 79
1 3 96 1 96 1.959 1508 80
1 3 96 1 96 2.55 1811 14
1 3 96 1 96 2.305 1664 26
1 3 96 1 96 21 1582 49
1 3 96 1 96 1.997 1597 41
1 3 96 1 96 1.858 1459 108
1 3 96 1 96 2.054 1575 45
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
1 3 96 1 96 2.036 1534 68
1 3 96 1 96 1772 1422 108
1 3 96 1 96 2.42 1720 19
1 3 96 1 96 2413 1735 24
1 3 96 1 96 3.124 2042 6
1 3 96 1 96 2.638 1844 10
1 3 96 1 96 2.787 1924 8
1 3 96 1 96 2.482 1766 15
1 3 96 1 96 2.562 1806 16
1 3 96 1 96 2.288 1675 22
1 3 96 1 96 2.653 1841 12
1 3 96 1 96 2421 1716 22
1 3 96 1 96 2.789 1897 10

151




Source: Homer (1967)
Mixture: C,H,/O,/Ar

% Diluent: 96.5 - 98.5
Temperature (T): 1500 - 2300 K
Induction Period (T;,4) End: CO + CO, emission 10% of max

Technique: Reflected
Equivalence Ratio (¢): 0.5-1.5

Pressure (P): 0.3- 0.8 atm

Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent P@m) | T(K) | Ting (Msec)
0.5 1 98.5 15 98.5 0.736 1540 157
0.5 1 98.5 15 98.5 0.737 1745 122
0.5 1 98.5 15 98.5 0.698 1850 97
0.5 1 98.5 15 98.5 0.558 1880 110
0.5 1 98.5 15 98.5 0.716 1930 85
0.5 1 98.5 15 98.5 0.736 2005 80
0.5 1 98.5 15 98.5 0.708 2045 83
0.5 1 98.5 15 98.5 0.647 2150 53
0.5 1 98.5 15 98.5 0.596 2240 48
0.5 1 98.5 15 98.5 0.637 2325 40
0.5 3 96.5 0.5 96.5 0.748 1505 145
0.5 3 96.5 0.5 96.5 0.431 1515 194
0.5 3 96.5 0.5 96.5 0.356 1585 193
0.5 3 96.5 0.5 96.5 0.702 1755 74
0.5 3 96.5 0.5 96.5 0.624 1905 60
0.5 3 96.5 0.5 96.5 0.621 1995 51
0.5 3 96.5 0.5 96.5 0.569 2225 34
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Sour ce: Jachimowski (1977)

Mixture: C,H,/O,/Ar
% Diluent: 91 - 93
Temperature (T): 1800 - 2400 K

Induction Period (t;,4) End: CO + CO, emission, [O][CO]

Technique: Incident
Equivalence Ratio (¢): 0.5-1.5

Pressure(P): 1.1- 1.7 atm

Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent P@m) | T(K) | Ting (Msec)
1 6 93 0.5 93 1.55 2301 5
1 6 93 0.5 93 1.55 2295 5
1 6 93 0.5 93 152 2257 4
1 6 93 0.5 93 144 2160 5
1 6 93 0.5 93 1.43 2145 6
1 6 93 0.5 93 1.25 1922 12
1 6 93 0.5 93 1.22 1880 10
1 6 93 0.5 93 1.2 1865 15
1 6 93 0.5 93 1.16 1800 10
2 6 92 1 92 1.65 2339 4
2 6 92 1 92 1.61 2290 4
2 6 92 1 92 1.59 2264 5
2 6 92 1 92 1.38 2015 9
2 6 92 1 92 1.34 1963 8
2 6 92 1 92 13 1923 7
2 6 92 1 92 13 1920 8
2 6 92 1 92 1.22 1815 10
3 6 91 15 91 1.68 2311 3
3 6 91 15 91 1.66 2268 3
3 6 91 15 91 1.64 2248 3
3 6 91 15 91 1.44 2015 6
3 6 91 15 91 14 1973 5
3 6 91 15 91 1.37 1940 6
3 6 91 15 91 1.33 1895 5
3 6 91 15 91 13 1868 6
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Sour ce: Suzuki (1973) Technique: Reflected

Mixture: C,H,/O,/Ar Equivalence Ratio (¢): 0.46 - 2.63
% Diluent: 70 Pressure(P): 1- 3.2 atm
Temperature (T): 800 - 1400

Induction Period (t;,4) End: OH absor ption max rate of change

Fuel (mal) Oxygen (mol) Diluent (mol) (0] % Diluent P@am) | T(K) | Tipg(Hsec)
4 26 70 0.462 70 2.341 1320 31
4 26 70 0.462 70 2.140 1253 66
4 26 70 0.462 70 2.009 1209 74
4 26 70 0.462 70 1.944 1188 146
4 26 70 0.462 70 1.829 1150 155
4 26 70 0.462 70 1.846 1155 161
4 26 70 0.462 70 1.803 1141 194
4 26 70 0.462 70 1.723 1114 231
4 26 70 0.462 70 1712 1110 322
4 26 70 0.462 70 1.673 1097 627
4 26 70 0.462 70 1.633 1084 819
4 26 70 0.462 70 1.679 1099 916
4 26 70 0.462 70 1.634 1085 1088
4 26 70 0.462 70 1.639 1086 1148
4 26 70 0.462 70 1.563 1061 1350
4 26 70 0.462 70 1.644 1088 1428
4 26 70 0.462 70 1.646 1089 1557
4 26 70 0.462 70 1.436 1018 1839
4 26 70 0.462 70 1.335 985 2163
4 26 70 0.462 70 1.307 975 2181
4 26 70 0.462 70 1.281 967 2193
4 26 70 0.462 70 1.234 951 2398
4 26 70 0.462 70 1.115 911 2751
4 26 70 0.462 70 1.090 903 2780
6 24 70 0.75 70 2.298 1241 43
6 24 70 0.75 70 2.231 1221 80
6 24 70 0.75 70 2.179 1205 106
6 24 70 0.75 70 2.127 1189 136
6 24 70 0.75 70 2.180 1205 139
6 24 70 0.75 70 2.100 1181 161
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
6 24 70 0.75 70 2.066 1170 245
6 24 70 0.75 70 2.022 1157 255
6 24 70 0.75 70 2.087 1177 258
6 24 70 0.75 70 2.038 1162 267
6 24 70 0.75 70 2.038 1162 314
6 24 70 0.75 70 1.946 1134 344
6 24 70 0.75 70 1.985 1146 403
6 24 70 0.75 70 1.998 1150 418
6 24 70 0.75 70 1.941 1133 456
6 24 70 0.75 70 1.951 1136 521
6 24 70 0.75 70 1.947 1135 572
6 24 70 0.75 70 1.856 1107 604
6 24 70 0.75 70 1.776 1083 1050
6 24 70 0.75 70 1.773 1082 1094
6 24 70 0.75 70 1.818 1096 1152
6 24 70 0.75 70 1.772 1082 1171
6 24 70 0.75 70 1.734 1070 1178
6 24 70 0.75 70 1.815 1095 1233
6 24 70 0.75 70 1.616 1034 1416
6 24 70 0.75 70 1516 1004 1598
6 24 70 0.75 70 1.424 976 1984
6 24 70 0.75 70 1.364 958 2130
6 24 70 0.75 70 1.247 922 2303
6 24 70 0.75 70 1.136 889 2630
8 22 70 1.091 70 2.409 1223 58
8 22 70 1.091 70 2.524 1255 59
8 22 70 1.091 70 2.279 1187 81
8 22 70 1.091 70 2.412 1224 88
8 22 70 1.091 70 2.288 1190 203
8 22 70 1.091 70 2.230 1174 219
8 22 70 1.091 70 2.284 1188 227
8 22 70 1.091 70 2.134 1147 230
8 22 70 1.091 70 2.255 1180 266
8 22 70 1.091 70 2.175 1158 274

155




Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
8 22 70 1.091 70 2.193 1163 284
8 22 70 1.091 70 2.285 1189 316
8 22 70 1.091 70 2.235 1175 421
8 22 70 1.091 70 2.128 1145 445
8 22 70 1.091 70 2.115 1141 470
8 22 70 1.091 70 2.021 1115 518
8 22 70 1.091 70 1.988 1106 596
8 22 70 1.091 70 2.087 1134 605
8 22 70 1.091 70 1.984 1105 671
8 22 70 1.091 70 1.908 1084 711
8 22 70 1.091 70 1.962 1099 774
8 22 70 1.091 70 1.995 1108 860
8 22 70 1.091 70 2.033 1119 912
8 22 70 1.091 70 1.959 1098 954
8 22 70 1.091 70 1.853 1069 959
8 22 70 1.091 70 1.725 1033 1006
8 22 70 1.091 70 2.000 1110 1065
8 22 70 1.091 70 1.877 1075 1147
8 22 70 1.091 70 1.775 1047 1179
8 22 70 1.091 70 1.592 996 1263
8 22 70 1.091 70 1.489 968 1421
8 22 70 1.091 70 1.586 994 1377
8 22 70 1.091 70 1.622 1005 1328
8 22 70 1.091 70 1.658 1014 1310
8 22 70 1.091 70 1.780 1048 1348
8 22 70 1.091 70 1.742 1038 1406
8 22 70 1.091 70 1.637 1009 1421
8 22 70 1.091 70 1.673 1019 1454
8 22 70 1.091 70 1.617 1003 1519
8 22 70 1.091 70 1.582 994 1563
8 22 70 1.091 70 1.457 959 1788
8 22 70 1.091 70 1.414 947 1857
8 22 70 1.091 70 1.319 920 1891
8 22 70 1.091 70 1.317 920 1986
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
8 22 70 1.091 70 1.325 922 2047
8 22 70 1.091 70 1.450 957 2061
8 22 70 1.091 70 1.213 891 2427
8 22 70 1.091 70 1.234 897 2485
8 22 70 1.091 70 1.180 882 2929

14 16 70 2.625 70 3.168 1300 47
14 16 70 2.625 70 3.074 1278 69
14 16 70 2.625 70 2.883 1235 92
14 16 70 2.625 70 2.919 1243 104
14 16 70 2.625 70 2.849 1227 118
14 16 70 2.625 70 2.829 1223 125
14 16 70 2.625 70 2,771 1210 172
14 16 70 2.625 70 2.770 1209 179
14 16 70 2.625 70 2.589 1168 319
14 16 70 2.625 70 2.560 1162 350
14 16 70 2.625 70 2.460 1139 463
14 16 70 2.625 70 2.405 1126 573
14 16 70 2.625 70 2.311 1105 764
14 16 70 2.625 70 2.252 1091 984
14 16 70 2.625 70 2.242 1089 1042
14 16 70 2.625 70 2.173 1074 1118
14 16 70 2.625 70 2.102 1057 1186
14 16 70 2.625 70 2.035 1042 1302
14 16 70 2.625 70 1.959 1025 1325
14 16 70 2.625 70 1.892 1010 1481
14 16 70 2.625 70 1.791 987 1663
14 16 70 2.625 70 1.694 965 1888
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Appendix C: Propane Shock Tube Data

Sour ce: Burcat (1970) Technique: Reflected
Mixture: CsHg/O,/Ar Equivalence Ratio (¢): 0.125- 2.0
% Diluent: 76 - 98 Pressure (P): 2-10atm

Temperature (T): 1100 - 1600 K
Induction Period (t;,q) End: Pressure and heat flux rise onset

Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
16 8 90.4 1.00 90.4 2.627 1486 89
16 8 90.4 1.00 90.4 2.565 1464 145
16 8 90.4 1.00 90.4 2.504 1443 168
16 8 90.4 1.00 90.4 2.500 1442 194
16 8 90.4 1.00 90.4 2.355 1392 254
16 8 90.4 1.00 90.4 2.380 1401 283
16 8 90.4 1.00 90.4 2.352 1391 306
16 8 90.4 1.00 90.4 2.341 1387 344
16 8 90.4 1.00 90.4 2.289 1369 421
16 8 90.4 1.00 90.4 2.284 1367 456
16 8 90.4 1.00 90.4 2.249 1355 459
16 8 90.4 1.00 90.4 2.229 1348 535
16 8 90.4 1.00 90.4 2.193 1336 558
16 8 90.4 1.00 90.4 2.175 1330 664

0.48 24 97.12 1.00 97.12 9.085 1532 83
0.48 24 97.12 1.00 97.12 8.931 1515 79
0.48 24 97.12 1.00 97.12 8.742 1495 85
0.48 24 97.12 1.00 97.12 8.202 1436 167
0.48 24 97.12 1.00 97.12 8.214 1437 212
0.48 24 97.12 1.00 97.12 8.095 1424 224
0.48 24 97.12 1.00 97.12 8.025 1417 229
0.48 24 97.12 1.00 97.12 7.899 1403 298
0.48 24 97.12 1.00 97.12 7.825 1395 322
0.48 24 97.12 1.00 97.12 7.626 1373 406
0.48 24 97.12 1.00 97.12 7.648 1376 453
0.48 2.4 97.12 1.00 97.12 7.513 1361 424
0.48 2.4 97.12 1.00 97.12 7.475 1357 418
0.48 2.4 97.12 1.00 97.12 7.396 1348 497
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Fuel (mol) Oxygen (moal) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
0.48 24 97.12 1.00 97.12 7.230 1330 613
16 8 90.4 1.00 90.4 9.900 1435 79
16 8 90.4 1.00 90.4 9.265 1380 163
16 8 90.4 1.00 90.4 9.059 1362 180
16 8 90.4 1.00 90.4 9.079 1364 190
16 8 90.4 1.00 90.4 8.925 1351 182
16 8 90.4 1.00 90.4 8.905 1349 209
16 8 90.4 1.00 90.4 8.638 1326 280
16 8 90.4 1.00 90.4 8.442 1309 367
16 8 90.4 1.00 90.4 8.361 1302 383
3.85 19.23 76.92 1.00 76.92 14.016 1586 12
3.85 19.23 76.92 1.00 76.92 13.076 1521 20
3.85 19.23 76.92 1.00 76.92 10.579 1350 142
3.85 19.23 76.92 1.00 76.92 10.438 1341 139
3.85 19.23 76.92 1.00 76.92 10.422 1339 130
3.85 19.23 76.92 1.00 76.92 10.291 1330 149
3.85 19.23 76.92 1.00 76.92 9.996 1310 166
3.85 19.23 76.92 1.00 76.92 9.557 1280 253
3.85 19.23 76.92 1.00 76.92 9.349 1266 343
3.85 19.23 76.92 1.00 76.92 8.961 1239 356
3.85 19.23 76.92 1.00 76.92 8.982 1241 402
3.85 19.23 76.92 1.00 76.92 8.891 1235 420
3.85 19.23 76.92 1.00 76.92 8.368 1199 499
3.85 19.23 76.92 1.00 76.92 8.388 1200 557
3.85 19.23 76.92 1.00 76.92 8.173 1185 577
3.85 19.23 76.92 1.00 76.92 7.654 1150 732
0.8 8 91.2 0.50 91.2 8.561 1525 29
0.8 8 91.2 0.50 91.2 8.446 1513 37
0.8 8 91.2 0.50 91.2 8.237 1489 53
0.8 8 91.2 0.50 91.2 8.128 1477 59
0.8 8 91.2 0.50 91.2 8.124 1476 62
0.8 8 91.2 0.50 91.2 7.889 1450 67
0.8 8 91.2 0.50 91.2 7.754 1435 74
0.8 8 91.2 0.50 91.2 7.649 1423 70

159




Fuel (mol) Oxygen (moal) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
0.8 8 91.2 0.50 91.2 7.575 1415 97
0.8 8 91.2 0.50 91.2 7.372 1392 119
0.8 8 91.2 0.50 91.2 7.130 1365 155
0.8 8 91.2 0.50 91.2 7.118 1363 166
0.8 8 91.2 0.50 91.2 7.130 1365 173
0.8 8 91.2 0.50 91.2 6.999 1350 205
0.8 8 91.2 0.50 91.2 6.960 1346 256
0.8 8 91.2 0.50 91.2 6.832 1331 324
0.8 8 91.2 0.50 91.2 6.593 1304 522
0.8 8 91.2 0.50 91.2 6.473 1291 507
0.8 8 91.2 0.50 91.2 6.474 1291 429

0.84 21 97.06 2.00 97.06 8.281 1557 146
0.84 21 97.06 2.00 97.06 8.267 1556 156
0.84 21 97.06 2.00 97.06 8.145 1541 225
0.84 21 97.06 2.00 97.06 8.006 1525 179
0.84 21 97.06 2.00 97.06 7.852 1506 203
0.84 21 97.06 2.00 97.06 7.747 1494 231
0.84 21 97.06 2.00 97.06 7.573 1473 254
0.84 21 97.06 2.00 97.06 7.395 1452 304
0.84 21 97.06 2.00 97.06 7.395 1452 321
0.84 21 97.06 2.00 97.06 7.416 1454 445
0.84 21 97.06 2.00 97.06 7.348 1446 389
0.84 21 97.06 2.00 97.06 7.230 1432 384
0.84 21 97.06 2.00 97.06 7.288 1439 512
0.84 21 97.06 2.00 97.06 7.159 1424 428
0.84 21 97.06 2.00 97.06 7.009 1406 492
0.84 21 97.06 2.00 97.06 6.913 1394 565
0.84 21 97.06 2.00 97.06 6.850 1387 541
0.41 41 95.49 0.50 95.49 7.908 1535 56
0.41 41 95.49 0.50 95.49 7.828 1525 63
0.41 41 95.49 0.50 95.49 7.575 1494 78
0.41 41 95.49 0.50 95.49 7.448 1478 89
0.41 4.1 95.49 0.50 95.49 7.357 1467 98
0.41 4.1 95.49 0.50 95.49 7.271 1456 109
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Fuel (mol) Oxygen (moal) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
0.41 41 95.49 0.50 95.49 7.185 1445 95
0.41 41 95.49 0.50 95.49 7.186 1445 109
0.41 41 95.49 0.50 95.49 7.002 1422 165
0.41 4.1 95.49 0.50 95.49 6.922 1412 194
0.41 41 95.49 0.50 95.49 6.767 1393 203
0.41 41 95.49 0.50 95.49 6.764 1392 228
0.41 41 95.49 0.50 95.49 6.671 1381 245
0.41 41 95.49 0.50 95.49 6.636 1376 310
0.41 41 95.49 0.50 95.49 6.607 1373 295
0.41 41 95.49 0.50 95.49 6.600 1372 308
0.41 41 95.49 0.50 95.49 6.374 1344 448
0.41 41 95.49 0.50 95.49 6.346 1340 423
0.41 41 95.49 0.50 95.49 6.339 1339 398
0.41 41 95.49 0.50 95.49 6.197 1322 485
0.41 41 95.49 0.50 95.49 6.160 1317 477

16 4 94.4 2.00 94.4 8.877 1520 126
16 4 94.4 2.00 94.4 8.915 1524 139
1.6 4 94.4 2.00 94.4 8.794 1511 135
1.6 4 94.4 2.00 94.4 8.641 1495 179
16 4 94.4 2.00 94.4 8.455 1475 208
16 4 94.4 2.00 94.4 8.357 1465 222
16 4 94.4 2.00 94.4 8.328 1462 231
16 4 94.4 2.00 94.4 8.187 1447 220
16 4 94.4 2.00 94.4 7.932 1420 380
1.6 4 94.4 2.00 94.4 7.845 1411 363
1.6 4 94.4 2.00 94.4 7.841 1411 423
1.6 4 94.4 2.00 94.4 7.778 1404 409
16 4 94.4 2.00 94.4 7.697 1396 407
1.6 4 94.4 2.00 94.4 7.663 1392 474
16 4 94.4 2.00 94.4 7.558 1381 516
16 4 94.4 2.00 94.4 7.450 1370 544
1.6 4 94.4 2.00 94.4 7.289 1353 569
0.41 16.4 83.19 0.13 83.19 8.916 1424 39
0.41 16.4 83.19 0.13 83.19 8.727 1406 48
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
0.41 16.4 83.19 0.13 83.19 8.426 1376 64
0.41 16.4 83.19 0.13 83.19 8.439 1377 76
0.41 16.4 83.19 0.13 83.19 8.284 1362 78
0.41 16.4 83.19 0.13 83.19 8.150 1349 105
0.41 16.4 83.19 0.13 83.19 8.145 1349 112
0.41 16.4 83.19 0.13 83.19 7.669 1302 201
0.41 16.4 83.19 0.13 83.19 7.561 1291 223
0.41 16.4 83.19 0.13 83.19 7.515 1287 211
0.41 16.4 83.19 0.13 83.19 7.426 1278 295
0.41 16.4 83.19 0.13 83.19 7.332 1269 327
0.41 16.4 83.19 0.13 83.19 7.248 1261 332

0.8 16 83.2 0.25 83.2 9.663 1456 40
0.8 16 83.2 0.25 83.2 9.387 1430 45
0.8 16 83.2 0.25 83.2 9.296 1422 59
0.8 16 83.2 0.25 83.2 9.109 1405 62
0.8 16 83.2 0.25 83.2 9.001 1395 74
0.8 16 83.2 0.25 83.2 8.760 1372 84
0.8 16 83.2 0.25 83.2 8.712 1368 88
0.8 16 83.2 0.25 83.2 8.634 1361 108
0.8 16 83.2 0.25 83.2 8.622 1360 114
0.8 16 83.2 0.25 83.2 8.677 1365 116
0.8 16 83.2 0.25 83.2 8411 1340 140
0.8 16 83.2 0.25 83.2 8.251 1325 177
0.8 16 83.2 0.25 83.2 8.160 1317 177
0.8 16 83.2 0.25 83.2 8.083 1310 223
0.8 16 83.2 0.25 83.2 7.438 1250 412
0.8 16 83.2 0.25 83.2 7.438 1250 432
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Source: Burcat (1971) Technique: Reflected
Mixture: CgHg/O,/Ar Equivalence Ratio (¢): 1.0
% Diluent: 80.7 Pressure (P): 8.0- 14.2 atm
Temperature (T): 1200 - 1700 K

Induction Period (T;,4) End: Pressure and heat flux rise onset

Fuel (mal) Oxygen (mol) Diluent (mol) (0] % Diluent P@am) | T(K) | Tipg(Hsec)
3.22 16.1 80.68 1 80.68 14.184 1701 6
3.22 16.1 80.68 1 80.68 9.737 1371 102
3.22 16.1 80.68 1 80.68 9.699 1368 126
3.22 16.1 80.68 1 80.68 9.479 1352 120
3.22 16.1 80.68 1 80.68 9.138 1327 186
3.22 16.1 80.68 1 80.68 9.055 1321 199
3.22 16.1 80.68 1 80.68 8.757 1299 267
3.22 16.1 80.68 1 80.68 8.454 1276 339
3.22 16.1 80.68 1 80.68 8.266 1262 411
3.22 16.1 80.68 1 80.68 8.182 1256 424
3.22 16.1 80.68 1 80.68 8.013 1244 499
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Source: Gray (1994) Technique: Incident
Mixture: CgHg/O,/Ar Equivalence Ratio (¢): 1.0
% Diluent: 98.8 Pressure (P): 1.4- 1.7 atm
Temperature (T): 1400 - 1800 K

Induction Period (t;,4) End: CH* emission maximum

Fuel (mal) Oxygen (mol) Diluent (mol) (0] % Diluent P@am) | T(K) | Tipg(Hsec)
0.2 1 98.8 1 98.8 1.652 1678 75
0.2 1 98.8 1 98.8 1.647 1673 104
0.2 1 98.8 1 98.8 1.635 1661 109
0.2 1 98.8 1 98.8 1.633 1659 99
0.2 1 98.8 1 98.8 1.626 1652 109
0.2 1 98.8 1 98.8 1.623 1649 104
0.2 1 98.8 1 98.8 1.608 1633 123
0.2 1 98.8 1 98.8 1.587 1612 138
0.2 1 98.8 1 98.8 1.586 1611 123
0.2 1 98.8 1 98.8 1.568 1593 164
0.2 1 98.8 1 98.8 1.554 1579 153
0.2 1 98.8 1 98.8 1.546 1570 154
0.2 1 98.8 1 98.8 1.547 1571 211
0.2 1 98.8 1 98.8 1.531 1555 251
0.2 1 98.8 1 98.8 1.519 1543 230
0.2 1 98.8 1 98.8 1.518 1542 302
0.2 1 98.8 1 98.8 1.494 1518 344
0.2 1 98.8 1 98.8 1.460 1483 456
0.2 1 98.8 1 98.8 1.453 1476 537
0.2 1 98.8 1 98.8 1.427 1450 534
0.2 1 98.8 1 98.8 1.417 1439 696
0.2 1 98.8 1 98.8 1.409 1431 612
0.2 1 98.8 1 98.8 1.406 1428 694
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Sour ce: Hawthor n (1966) Technique: Incident

Mixture: CgHg/O,/Ar Equivalence Ratio (¢): 0.063 - 2.0
% Diluent: 95-99 Pressure (P): 0.61- 1.7 atm
Temperature (T): 1100 - 1500 K

Induction Period (T;,4) End: Luminosity emission onset

Fuel (mal) Oxygen (mol) Diluent (mol) (0] % Diluent P@am) | T(K) | Tipg(Hsec)
0.012 0.988 99 0.06 99 1.021 1363 255
0.012 0.988 99 0.06 99 1.021 1356 319
0.012 0.988 99 0.06 99 1.021 1332 444
0.012 0.988 99 0.06 99 1.021 1281 693
0.012 0.988 99 0.06 99 1.021 1267 802
0.012 0.988 99 0.06 99 1.021 1268 849
0.012 0.988 99 0.06 99 1.021 1249 943
0.012 0.988 99 0.06 99 1.021 1226 1252
0.012 0.988 99 0.06 99 1.021 1199 1587
0.024 0.976 99 0.12 99 1.021 1312 445
0.024 0.976 99 0.12 99 1.021 1295 572
0.024 0.976 99 0.12 99 1.021 1291 582
0.024 0.976 99 0.12 99 1.021 1289 684
0.024 0.976 99 0.12 99 1.021 1228 1331
0.024 0.976 99 0.12 99 1.021 1200 1844
0.038 0.962 99 0.20 99 1.021 1363 191
0.038 0.962 99 0.20 99 1.021 1359 248
0.038 0.962 99 0.20 99 1.021 1285 632
0.038 0.962 99 0.20 99 1.021 1276 680
0.038 0.962 99 0.20 99 1.021 1217 1331
0.038 0.962 99 0.20 99 1.021 1217 1411
0.038 0.962 99 0.20 99 1.021 1210 1470
0.038 0.962 99 0.20 99 1.021 1183 1918
0.038 0.962 99 0.20 99 1.021 1179 1811
0.038 0.962 99 0.20 99 1.021 1163 2560
0.118 0.882 99 0.67 99 1.021 1357 524
0.118 0.882 99 0.67 99 1.021 1341 768
0.118 0.882 99 0.67 99 1.021 1311 1048
0.118 0.882 99 0.67 99 1.021 1296 1235
0.118 0.882 99 0.67 99 1.021 1262 1704
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Fuel (mol) Oxygen (moal) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
0.118 0.882 99 0.67 99 1.021 1253 1858
0.118 0.882 99 0.67 99 1.021 1233 2248
0.118 0.882 99 0.67 99 1.021 1181 3119

0.25 0.75 99 1.67 99 1.021 1472 459
0.25 0.75 99 1.67 99 1.021 1460 468
0.25 0.75 99 1.67 99 1.021 1454 541
0.25 0.75 99 1.67 99 1.021 1417 735
0.25 0.75 99 1.67 99 1.021 1389 1085
0.25 0.75 99 1.67 99 1.021 1348 1659
0.25 0.75 99 1.67 99 1.021 1311 1882
0.25 0.75 99 1.67 99 1.021 1277 2680
0.065 4935 95 0.07 95 1.021 1264 389
0.065 4.935 95 0.07 95 1.021 1245 645
0.065 4935 95 0.07 95 1.021 1244 709
0.065 4935 95 0.07 95 1.021 1234 787
0.065 4935 95 0.07 95 1.021 1234 833
0.065 4935 95 0.07 95 1.021 1189 1290
0.065 4.935 95 0.07 95 1.021 1151 1897
0.065 4.935 95 0.07 95 1.021 1121 2485
0.192 4.808 95 0.20 95 1.021 1343 165
0.192 4.808 95 0.20 95 1.021 1301 326
0.192 4.808 95 0.20 95 1.021 1310 388
0.192 4.808 95 0.20 95 1.021 1284 461
0.192 4.808 95 0.20 95 1.021 1286 525
0.192 4.808 95 0.20 95 1.021 1273 567
0.192 4.808 95 0.20 95 1.021 1276 598
0.192 4.808 95 0.20 95 1.021 1264 655
0.192 4.808 95 0.20 95 1.021 1264 780
0.192 4.808 95 0.20 95 1.021 1246 840
0.192 4.808 95 0.20 95 1.021 1211 1156
0.192 4.808 95 0.20 95 1.021 1203 1346
0.192 4.808 95 0.20 95 1.021 1203 1425
0.192 4.808 95 0.20 95 1.021 1189 1430
0.192 4.808 95 0.20 95 1.021 1168 1675
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Fuel (mol) Oxygen (moal) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
0.192 4.808 95 0.20 95 1.021 1168 2128
0.192 4.808 95 0.20 95 1.021 1166 2240
0.192 4.808 95 0.20 95 1.021 1151 2189
0.192 4.808 95 0.20 95 1.021 1121 2916
0.413 4587 95 0.45 95 1.021 1378 133
0.413 4587 95 0.45 95 1.021 1361 200
0.413 4587 95 0.45 95 1.021 1344 261
0.413 4587 95 0.45 95 1.021 1329 331
0.413 4587 95 0.45 95 1.021 1285 384
0.413 4587 95 0.45 95 1.021 1276 401
0.413 4587 95 0.45 95 1.021 1285 428
0.413 4587 95 0.45 95 1.021 1277 464
0.413 4587 95 0.45 95 1.021 1269 460
0.413 4587 95 0.45 95 1.021 1264 527
0.413 4587 95 0.45 95 1.021 1249 591
0.413 4587 95 0.45 95 1.021 1257 661
0.413 4587 95 0.45 95 1.021 1246 669
0.413 4587 95 0.45 95 1.021 1175 2368
0.413 4587 95 0.45 95 1.021 1154 2636
0.413 4587 95 0.45 95 1.021 1142 2678
0.413 4587 95 0.45 95 1.021 1146 2920
0.413 4587 95 0.45 95 1.021 1116 3172
1.429 3571 95 2.00 95 1.021 1428 289
1.429 3571 95 2.00 95 1.021 1365 362
1.429 3571 95 2.00 95 1.021 1350 513
1.429 3571 95 2.00 95 1.021 1322 769
1.429 3571 95 2.00 95 1.021 1314 77
1.429 3571 95 2.00 95 1.021 1320 860
1.429 3571 95 2.00 95 1.021 1314 929
1.429 3571 95 2.00 95 1.021 1256 2279
1.429 3571 95 2.00 95 1.021 1240 2311
1.429 3571 95 2.00 95 1.021 1230 2331
0.192 4.808 95 0.20 95 0.612 1353 401
0.192 4.808 95 0.20 95 0.612 1342 595
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Fuel (mol) Oxygen (mol) Diluent (mol) (0] % Diluent | P(am) | T(K) | Tjng (Hsec)
0.192 4.808 95 0.20 95 0.612 1308 653
0.192 4.808 95 0.20 95 0.612 1263 1025
0.192 4.808 95 0.20 95 0.612 1265 1109
0.192 4.808 95 0.20 95 0.612 1241 1439
0.192 4.808 95 0.20 95 0.612 1233 1444
0.192 4.808 95 0.20 95 0.612 1192 1943
0.192 4.808 95 0.20 95 1.021 1344 167
0.192 4.808 95 0.20 95 1.021 1314 393
0.192 4.808 95 0.20 95 1.021 1290 522
0.192 4.808 95 0.20 95 1.021 1279 579
0.192 4.808 95 0.20 95 1.021 1266 640
0.192 4.808 95 0.20 95 1.021 1267 778
0.192 4.808 95 0.20 95 1.021 1205 1341
0.192 4.808 95 0.20 95 1.021 1205 1427
0.192 4.808 95 0.20 95 1.021 1168 2147
0.192 4.808 95 0.20 95 1.701 1282 27
0.192 4.808 95 0.20 95 1.701 1282 446
0.192 4.808 95 0.20 95 1.701 1240 669
0.192 4.808 95 0.20 95 1.701 1221 867
0.192 4.808 95 0.20 95 1.701 1227 895
0.192 4.808 95 0.20 95 1.701 1188 1235
0.192 4.808 95 0.20 95 1.701 1162 1737
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Source: Myer s (1969) Technique: Incident
Mixture: C3Hg/O,/Ar Equivalence Ratio (¢): 0.2
% Diluent: 95 Pressure (P): 1 atm
Temperature (T): 1000 - 1500 K

Induction Period (T;,49) End: OH emission maximum

Fuel (mal) Oxygen (mol) Diluent (mol) (0] % Diluent P@am) | T(K) | Tipg(Hsec)
0.19 4.81 95 0.20 95 1 1463 69
0.19 4.81 95 0.20 95 1 1398 129
0.19 4.81 95 0.20 95 1 1414 152
0.19 4.81 95 0.20 95 1 1340 251
0.19 4.81 95 0.20 95 1 1334 333
0.19 4.81 95 0.20 95 1 1332 366
0.19 4.81 95 0.20 95 1 1319 453
0.19 4.81 95 0.20 95 1 1302 525
0.19 4.81 95 0.20 95 1 1282 664
0.19 4.81 95 0.20 95 1 1266 867
0.19 4.81 95 0.20 95 1 1206 1495
0.19 4.81 95 0.20 95 1 1116 2845
0.19 4.81 95 0.20 95 1 1089 3096

169




Source: Seinberg (1954) Technique: Reflected
Mixture: C3Hg/O,/N, Equivalence Ratio (¢): 1.0
% Diluent: 75.8 Pressure (P): 5-25atm
Temperature (T): 1100 - 1600 K

Induction Period (t;,4) End: Luminosity emission onset

Fuel (mal) Oxygen (mol) Diluent (mol) (0] % Diluent P@am) | T(K) | Tipg(Hsec)
4 20.2 75.8 0.99 75.8 7.9 1368 14
4 20.2 75.8 0.99 75.8 7.12 1316 16
4 20.2 75.8 0.99 75.8 7.74 1244 204
4 20.2 75.8 0.99 75.8 7.24 1212 241
4 20.2 75.8 0.99 75.8 16.02 1443 11
4 20.2 75.8 0.99 75.8 15.53 1284 44
4 20.2 75.8 0.99 75.8 14.87 1261 83
4 20.2 75.8 0.99 75.8 15.53 1272 171
4 20.2 75.8 0.99 75.8 14.69 1217 233
4 20.2 75.8 0.99 75.8 14.24 1210 230
4 20.2 75.8 0.99 75.8 14.69 1215 409
4 20.2 75.8 0.99 75.8 13.63 1184 413
4 20.2 75.8 0.99 75.8 13.63 1185 277
4 20.2 75.8 0.99 75.8 13.63 1185 249
4 20.2 75.8 0.99 75.8 13.82 1155 241
4 20.2 75.8 0.99 75.8 13.82 1154 314
4 20.2 75.8 0.99 75.8 13.82 1154 439
4 20.2 75.8 0.99 75.8 13.82 1154 403
4 20.2 75.8 0.99 75.8 23.6 1334 12
4 20.2 75.8 0.99 75.8 233 1282 95
4 20.2 75.8 0.99 75.8 21.73 1249 101
4 20.2 75.8 0.99 75.8 21.73 1249 111
4 20.2 75.8 0.99 75.8 21.73 1232 130
4 20.2 75.8 0.99 75.8 21.2 1213 208
4 20.2 75.8 0.99 75.8 21.11 1183 255
4 20.2 75.8 0.99 75.8 20.7 1165 277
4 20.2 75.8 0.99 75.8 20.7 1164 331
4 20.2 75.8 0.99 75.8 20.35 1154 287
4 20.2 75.8 0.99 75.8 20.35 1154 418
4 20.2 75.8 0.99 75.8 20.35 1154 370
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Appendix D: Analysis Resultsfrom Induction Time Comparison of Constant Volume Explo-
sion Simulationswith Shock Tube Experiments

The average deviation is defined by:
N
otion = X dsip
Deviation = N Z Iogﬁe,iD

i=1

where N isthe total number of data pointsin the dataset or temperature range under consideration,
Tg; isthei-th simulated induction time, and 1 is thei-th experimental induction time.

Battin-L eclerc (1997) reaction mechanism

Fuel | Shock Tube Dataset | Average Error | Standard Deviation
Asaba (1965) 0.451 0.201
Belles (1965) 0.167 0.110
Bhaskaran (1973) -0.126 0.148
Cheng (1977) 0.064 0.087
Cohen (1967) 0.222 0.435
Craig (1966) 0.331 0.498
Fujimoto (1963) -0.220 0.696
H2 [Jachimowski (1971) | 0.267 0.064
Just (1968) -0.324 0.762
Petersen (1996) 0.148 0.171
Schott (1958) 0.194 0.163
Skinner (1966) 0.301 0.168
Snyder (1965) 0.557 1.120
Steinberg (1955) 3.385 0.374
Baker (1972) 0.394 0.453
Drummond (1968) 0.913 0.163
Gay (1967) 0.435 0.124
CoHa ™ Hidaka (1972) 0214 0.126
Homer (1967) 0.212 0.160
Jachimowski (1977) 0.403 0.161
Suzuki (1971) 1.455 0.393
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Fuel | Shock Tube Dataset | Average Error | Standard Deviation
Burcat (1970) -0.700 0.480
Burcat (1971) -0.600 0.218
Gray (1994) -0.944 0.081
CsHs [ Hawthorn (1966) 0.263 0.557
Myers (1969) 0.318 0.553
Steinberg (1954) 0.546 0.321
H, CoHy CsHg
emperaureRenge (k) | "GO | SR Ao | Devion | Evor. | Devaton
775 - 900 1.731 1.214
900 - 1000 0.228 0.957 2.091 0.291
1000 - 1100 -0.022 0.383 1.319 0.196
1100 - 1200 0.137 0.163 1.091 0.284 0.893 0.342
1200 - 1300 0.111 0.248 0.849 0.388 0.240 0.368
1300 - 1400 0.118 0.242 0.579 0.406 -0.448 0.428
1400 - 1500 0.234 0.129 0.319 0.373 -0.891 0.360
1500 - 1600 0.232 0.182 0.222 0.268 -1.074 0.253
1600 - 1700 0.248 0.172 0.226 0.286 -1.019 0.057
1700 - 1800 0.197 0.224 0.195 0.236
1800 - 1900 0.315 0.222 0.304 0.226
1900 - 2000 0.250 0.251 0.323 0.170
2000 - 2650 0.260 0.289 0.253 0.171
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Baulch (1994) reaction mechanism

Fuel | Shock TubeDataset | Average Error | Standard Deviation
Asaba (1965) 0.420 0.184
Belles (1965) 0.161 0.120

Bhaskaran (1973) 0.132 0.249
Cheng (1977) 0.070 0.088
Cohen (1967) 0.397 0.626
Craig (1966) 2.215 0.622

Fujimoto (1963) 0.265 0.990
H2 [ Jachimowski (1971) 0.254 0.062
Just (1968) 0.441 0.890
Petersen (1996) 0.162 0.199
Schott (1958) 0.169 0.156
Skinner (1966) 0.698 0.258
Snyder (1965) 1.634 0.531
Steinberg (1955) 3.634 0.316
Ha
Temperature Range (K) A\é?:(r;l?e gte?/?gt?;i

775 - 900 2512 0.677

900 - 1000 1.458 0.819

1000 - 1100 0.289 0.472

1100 - 1200 0.152 0.155

1200 - 1300 0.124 0.255

1300 - 1400 0.123 0.241

1400 - 1500 0.229 0.121

1500 - 1600 0.229 0.173

1600 - 1700 0.232 0.169

1700 - 1800 0.172 0.211

1800 - 1900 0.286 0.227

1900 - 2000 0.230 0.262

2000 - 2650 0.218 0.255
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Bowman (1995) reaction mechanism

Fuel | Shock Tube Dataset | Average Error | Standard Deviation

Asaba (1965) 0.432 0.166

Belles (1965) 0.174 0.115

Bhaskaran (1973) -0.078 0.100

Cheng (1977) 0.071 0.087

Cohen (1967) 0.358 0.487

Craig (1966) 1.276 0.715

Fujimoto (1963) 0.102 0.855

2 [ Jachimowski (1971) 0.269 0.062

Just (1968) -0.017 0.901

Petersen (1996) 0.159 0.160

Schott (1958) 0.190 0.153

Skinner (1966) 0451 0.156

Snyder (1965) 0.888 0.953

Steinberg (1955) 3.402 0.357

Baker (1972) 0.604 0.618

Drummond (1968) 1.310 0.384

Gay (1967) 0.531 0.128

CoHa ™ Hidaka (1972) 0.326 0.116

Homer (1967) 0.313 0.159

Jachimowski (1977) 0.528 0.169

Suzuki (1971) 2.456 0.267

Hy CoHy
remperaureRenge (k) | e | SR AT | peraon
775 - 900 2.152 0.793

900 - 1000 0.699 0.920 2.690 0.094
1000 - 1100 0.087 0.422 2.536 0.275
1100 - 1200 0.143 0.159 1.915 0.516
1200 - 1300 0.111 0.242 1.281 0.676
1300 - 1400 0.125 0.246 0.752 0.542
1400 - 1500 0.240 0.122 0.415 0.406
1500 - 1600 0.245 0.176 0.321 0.273
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H, C,Hy
Temperature Range () | “Z7%° | SR | A | Satton
1600 - 1700 0.254 0.170 0.330 0.285
1700 - 1800 0.194 0.209 0.308 0.230
1800 - 1900 0.293 0.200 0.419 0.224
1900 - 2000 0.243 0.245 0.435 0.169
2000 - 2650 0.241 0.238 0.366 0.169

Dagaut (1998) reaction mechanism

Fuel | Shock Tube Dataset | Average Error | Standard Deviation
Asaba (1965) 0.362 0.207
Belles (1965) 0.120 0.132
Bhaskaran (1973) -0.071 0.061
Cheng (1977) 0.078 0.117
Cohen (1967) 0.488 0.594
Craig (1966) 1.358 0.575
Fujimoto (1963) 0.325 0.911
H2 [ Jachimowski (1971) 0.223 0.072
Just (1968) 0.254 0.619
Petersen (1996) 0.157 0.262
Schott (1958) 0.107 0.176
Skinner (1966) 0.674 0.137
Snyder (1965) 1.011 0.715
Steinberg (1955) 3.350 0.378
Baker (1972) -0.156 0.500
Drummond (1968) 0.097 0.246
Gay (1967) 0.286 0.163
CoHa ™ Hidaka (1972) 20.056 0.106
Homer (1967) 0.065 0.070
Jachimowski (1977) 0.212 0.103
Suzuki (1971) 1.111 0.427
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Fuel | Shock Tube Dataset | Average Error | Standard Deviation
Burcat (1970) 0.054 0.129
Burcat (1971) 0.163 0.110
Gray (1994) -0.161 0.068
38 [ Hawthorn (1966) 0615 0.252
Myers (1969) 0.431 0.380
Steinberg (1954) 0.476 0.265
H, CoHy CsHg
emperaureRenge (k) | "GO | SR Ao | Devion | Evor. | Devaton
775 - 900 2.120 0.749
900 - 1000 0.909 0.682 1.807 0.304
1000 - 1100 0.264 0.424 1.009 0.208
1100 - 1200 0.163 0.164 0.601 0.486 0.728 0.340
1200 - 1300 0.111 0.283 0.183 0.643 0.471 0.230
1300 - 1400 0.102 0.274 -0.209 0.290 0.243 0.259
1400 - 1500 0.183 0.126 -0.202 0.240 0.024 0.150
1500 - 1600 0.184 0.176 -0.099 0.271 -0.140 0.083
1600 - 1700 0.172 0.171 -0.036 0.325 -0.190 0.040
1700 - 1800 0.114 0.211 -0.007 0.266
1800 - 1900 0.216 0.228 0.119 0.227
1900 - 2000 0.149 0.264 0.162 0.165
2000 - 2650 0.147 0.300 0.155 0.180
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Frenklach (1994,1995) reaction mechanism

Fuel | Shock Tube Dataset | Average Error | Standard Deviation

Asaba (1965) 0.430 0.167

Belles (1965) 0.170 0.116

Bhaskaran (1973) -0.084 0.100

Cheng (1977) 0.067 0.088

Cohen (1967) 0.335 0.553

Craig (1966) 1.325 0.747

Fujimoto (1963) 0.115 0.880

2 [ Jachimowski (1971) 0.264 0.062

Just (1968) 0.074 0.855

Petersen (1996) 0.165 0.168

Schott (1958) 0.186 0.154

Skinner (1966) 0.491 0.172

Snyder (1965) 0.920 0.967

Steinberg (1955) 3.440 0.352

Baker (1972) 0.628 0.621

Drummond (1968) 1.323 0.387

Gay (1967) 0.529 0.124

CaHy Hidaka (1974) 0.334 0.117

Homer (1967) 0.313 0.162

Jachimowski (1977) 0.527 0.169

Suzuki (1971) 2.469 0.264

Hy CoHy
remperaureRenge (k) | e | SR AT | peraon
775 - 900 2.202 0.784

900 - 1000 0.720 0.953 2.690 0.094
1000 - 1100 0.122 0.372 2.551 0.271
1100 - 1200 0.139 0.160 1.942 0.505
1200 - 1300 0.109 0.246 1.303 0.662
1300 - 1400 0.124 0.249 0.766 0.533
1400 - 1500 0.237 0.122 0.431 0.402
1500 - 1600 0.244 0.175 0.331 0.271
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Hy CoHy
Temperature Range (<) | "0 | SOTERC | A | Ceviion
1600 - 1700 0.250 0.170 0.336 0.280
1700 - 1800 0.191 0.209 0.310 0.225
1800 - 1900 0.290 0.201 0.419 0.222
1900 - 2000 0.239 0.245 0.433 0.168
2000 - 2650 0.238 0.239 0.366 0.168

Glassman (1996) reaction mechanism

Fuel | Shock Tube Dataset | Average Error | Standard Deviation
Asaba (1965) 0.378 0.134
Belles (1965) 0.958 0.804
Bhaskaran (1973) 2.004 0.221
Cheng (1977) 2.132 0.614
Cohen (1967) 2.159 0.938
Craig (1966) 2.831 0.314
Fujimoto (1963) 2.210 0.647
H2 [ Jachimowski (1971) 1.049 0.917
Just (1968) 2615 0.471
Petersen (1996) 0.434 0.540
Schott (1958) 0.393 0.695
Skinner (1966) 1.839 0.285
Snyder (1965) 1.979 0.398
Steinberg (1955) 3.518 0.322
Baker (1972) 0.699 0.476
Drummond (1968) 0.962 0.199
Gay (1967) 0.221 0.119
CoHa ™ Hidaka (1972) 0.142 0.224
Homer (1967) 0.040 0.190
Jachimowski (1977) 0.174 0.148
Suzuki (1971) 1.331 0.439
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Fuel | Shock Tube Dataset | Average Error | Standard Deviation
Burcat (1970) 0.246 0.358
Burcat (1971) 0.237 0.227
Gray (1994) -0.046 0.163
38 [ Hawthorn (1966) 1214 0.450
Myers (1969) 1.179 0.537
Steinberg (1954) 1.062 0.210
Hy CoHy CsHg
Tenpate rnge ()| Agon® | St | Ay | St | fue | s
775 - 900 2.540 0.646
900 - 1000 2.307 0.570 2.047 0.395
1000 - 1100 2.587 0.485 1.218 0.202
1100 - 1200 2410 0.273 1.074 0.225 1.484 0.490
1200 - 1300 1.847 0.297 1.037 0.209 1.126 0.352
1300 - 1400 1.267 0.313 0.898 0.204 0.518 0.356
1400 - 1500 0.676 0.217 0.606 0.258 0.118 0.269
1500 - 1600 0.324 0.157 0.279 0.220 -0.145 0.191
1600 - 1700 0.235 0.148 0.141 0.232 -0.207 0.076
1700 - 1800 0.161 0.194 0.034 0.202
1800 - 1900 0.165 0.205 0.095 0.202
1900 - 2000 0.131 0.280 0.100 0.158
2000 - 2650 0.196 0.267 0.073 0.166
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Konnov (1998) reaction mechanism

Fuel | Shock Tube Dataset | Average Error | Standard Deviation
Asaba (1965) 0.387 0.200
Belles (1965) 0.116 0.115
Bhaskaran (1973) 0.021 0.154
Cheng (1977) 0.006 0.088
Cohen (1967) 0.240 0.439
Craig (1966) 1.694 0.498
Fujimoto (1963) 0.080 0.852
H2 [ Jachimowski (1971) 0212 0.071
Just (1968) 0.286 0.710
Petersen (1996) 0.066 0.126
Schott (1958) 0.127 0.161
Skinner (1966) 0.201 0.145
Snyder (1965) 1.187 0.532
Steinberg (1955) 3.323 0.372
Baker (1972) -0.020 0.158
Drummond (1968) 0.187 0.173
Gay (1967) 0.455 0.120
CoHa ™ Hidaka (1972) 0.239 0.073
Homer (1967) 0.241 0.106
Jachimowski (1977) 0.512 0.140
Suzuki (1971) 0.851 0.472
Burcat (1970) -0.168 0.182
Burcat (1971) -0.186 0.034
Gray (1994) -0.035 0.070
CsHs [ Hawthorn (1966) 0.277 0.255
Myers (1969) 0.055 0.200
Steinberg (1954) 0.013 0.292

Hy CoHy CsHg
Tenpate rnge ()| Agon® | Seeved | Ay | St | fue | s
775 - 900 2.138 0.718
900 - 1000 1.027 0.665 1.652 0.290
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181

Hy CoHy CsHg
emperaureRenge () | "GO | SR Ao | Devaion | Ever | Devaton
1000 - 1100 0.116 0.332 0.782 0.254
1100 - 1200 0.082 0.159 0.367 0.269 0.166 0.291
1200 - 1300 0.042 0.230 0.128 0.230 0.058 0.303
1300 - 1400 0.053 0.240 0.034 0.164 -0.008 0.329
1400 - 1500 0.174 0.126 0.048 0.207 -0.048 0.220
1500 - 1600 0.176 0.179 0.155 0.232 -0.096 0.096
1600 - 1700 0.185 0.174 0.239 0.259 -0.093 0.062
1700 - 1800 0.133 0.222 0.248 0.214
1800 - 1900 0.277 0.244 0.368 0.213
1900 - 2000 0.196 0.264 0.405 0.169
2000 - 2650 0.183 0.266 0.357 0.168
L utz (1988) reaction mechanism
Fuel | Shock Tube Dataset | Average Error | Standard Deviation
Asaba (1965) 0.434 0.211
Belles (1965) 0.137 0.105
Bhaskaran (1973) -0.121 0.068
Cheng (1977) 0.010 0.088
Cohen (1967) 0.296 0.506
Craig (1966) 1.600 0.787
Fujimoto (1963) 0.110 0.938
H2 [ Jachimowski (1971) 0.230 0.078
Just (1968) 0.240 0.787
Petersen (1996) 0.103 0.146
Schott (1958) 0.157 0.156
Skinner (1966) 0.362 0.172
Snyder (1965) 1.068 0.825
Steinberg (1955) 3.465 0.346




Fuel | Shock Tube Dataset | Average Error | Standard Deviation

Baker (1972) -0.046 0.257

Drummond (1968) 0.523 0.255

Gay (1967) 0.506 0.130

CoHa ™ Hidaka (1972) 0.212 0.069

Homer (1967) 0.277 0.092

Jachimowski (1977) 0.438 0.116

Suzuki (1971) 1519 0.468

Ha CoHy
remperaureRenge (k) | "o | SR A | peraton
775 - 900 2.295 0.713

900 - 1000 0.908 0.851 2.328 0.254
1000 - 1100 0.076 0.362 1.379 0.324
1100 - 1200 0.085 0.163 0.852 0.498
1200 - 1300 0.050 0.241 0.383 0.576
1300 - 1400 0.064 0.245 0.051 0.344
1400 - 1500 0.180 0.126 0.000 0.258
1500 - 1600 0.194 0.188 0.139 0.263
1600 - 1700 0.216 0.184 0.234 0.287
1700 - 1800 0.176 0.235 0.250 0.236
1800 - 1900 0.321 0.254 0.363 0.208
1900 - 2000 0.234 0.254 0.391 0.156
2000 - 2650 0.242 0.264 0.365 0.164
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M aas (1988) reaction mechanism

Fuel | Shock TubeDataset | Average Error | Standard Deviation
Asaba (1965) 0.462 0.158
Belles (1965) 0.354 0.465

Bhaskaran (1973) 1.751 0.163
Cheng (1977) 1.392 0.615
Cohen (1967) 1.523 0.761
Craig (1966) 1.975 0.343

Fujimoto (1963) 1514 0.500
H2 [ Jachimowski (1971) 0.388 0.221
Just (1968) 1.897 0.585
Petersen (1996) 0.310 0.485
Schott (1958) 0.218 0.304
Skinner (1966) 1.021 0.405
Snyder (1965) 1.122 0.413
Steinberg (1955) 2.193 0.325
Ho
Temperature Range (K) A\é?:(r;l?e gte?/?gt?;i

775 - 900 1.438 0.635

900 - 1000 1.490 0.585

1000 - 1100 1.909 0.388

1100 - 1200 1.488 0.504

1200 - 1300 1.023 0.471

1300 - 1400 0.503 0.316

1400 - 1500 0.292 0.114

1500 - 1600 0.244 0.177

1600 - 1700 0.241 0.168

1700 - 1800 0.167 0.211

1800 - 1900 0.245 0.211

1900 - 2000 0.191 0.263

2000 - 2650 0.279 0.311
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Miller (1989) reaction mechanism

Fuel | Shock Tube Dataset | Average Error | Standard Deviation

Asaba (1965) 0.435 0.213

Belles (1965) 0.136 0.104

Bhaskaran (1973) -0.116 0.062

Cheng (1977) 0.010 0.088

Cohen (1967) 0.298 0.507

Craig (1966) 1.628 0.783

Fujimoto (1963) 0.117 0.941

H2 [ Jachimowski (1971) 0.229 0.079

Just (1968) 0.247 0.794

Petersen (1996) 0.103 0.146

Schott (1958) 0.157 0.156

Skinner (1966) 0.365 0.172

Snyder (1965) 1.094 0.805

Steinberg (1955) 3.466 0.346

Baker (1972) 0.021 0.299

Drummond (1968) 0.566 0.278

Gay (1967) 0.462 0.123

CoHa ™ Hidaka (1972) 0.180 0.063

Homer (1967) 0.223 0.108

Jachimowski (1977) 0.382 0.126

Suzuki (1971) 1.562 0.456

Hy CoHy
remperaureRenge (k) | e | SR AT | peraon
775 - 900 2.303 0.709

900 - 1000 0.934 0.842 2.344 0.245
1000 - 1100 0.080 0.363 1.437 0.290
1100 - 1200 0.085 0.162 0.948 0.453
1200 - 1300 0.050 0.241 0.463 0.553
1300 - 1400 0.064 0.245 0.094 0.335
1400 - 1500 0.180 0.126 0.010 0.246
1500 - 1600 0.194 0.188 0.125 0.255
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Hy CoHy
Temperature Range (<) | "0 | SOTERC | A | Ceviion
1600 - 1700 0.216 0.184 0.209 0.281
1700 - 1800 0.176 0.235 0.215 0.233
1800 - 1900 0.321 0.254 0.319 0.207
1900 - 2000 0.235 0.253 0.338 0.156
2000 - 2650 0.243 0.267 0.293 0.164

Pilling (1996a) reaction mechanism

Fuel | Shock Tube Dataset | Average Error | Standard Deviation
Asaba (1965) 0.421 0.182
Belles (1965) 0.168 0.121
Bhaskaran (1973) 0.141 0.260
Cheng (1977) 0.067 0.091
Cohen (1967) 0.407 0.578
Craig (1966) 2.260 0.614
Fujimoto (1963) 0.283 1.005
H2 [ Jachimowski (1971) 0.240 0.083
Just (1968) 0.451 0.903
Petersen (1996) 0.159 0.191
Schott (1958) 0.169 0.160
Skinner (1966) 0.682 0.251
Snyder (1965) 1.703 0.540
Steinberg (1955) 3.629 0.335
Baker (1972) 1.453 0.653
Drummond (1968) 2.124 0.322
Gay (1967) 0.691 0.147
CoHa ™ Hidaka (1972) 0.681 0.340
Homer (1967) 0471 0.356
Jachimowski (1977) 0.624 0.237
Suzuki (1971) 2.799 0.161
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H, C,Hy
Temperature Range () | “Z7%° | SR | A | Satton
775 - 900 2575 0.656
900 - 1000 1514 0.799 2.690 0.094
1000 - 1100 0.283 0.477 2.835 0.194
1100 - 1200 0.134 0.155 2.562 0.333
1200 - 1300 0.113 0.254 2.153 0.425
1300 - 1400 0.124 0.246 1.698 0.393
1400 - 1500 0.233 0.125 1.290 0.382
1500 - 1600 0.234 0.174 0.909 0.298
1600 - 1700 0.237 0.169 0.711 0.270
1700 - 1800 0.177 0.211 0.537 0.195
1800 - 1900 0.292 0.224 0.555 0.229
1900 - 2000 0.232 0.260 0516 0.188
2000 - 2650 0.219 0.252 0.387 0.177

Pilling (1996b) reaction mechanism

Fuel | Shock TubeDataset | Average Error | Standard Deviation
Asaba (1965) 0.423 0.183
Belles (1965) 0.170 0.121
Bhaskaran (1973) 0.142 0.259
Cheng (1977) 0.072 0.088
Cohen (1967) 0.393 0.564
Craig (1966) 2.257 0.613
Fujimoto (1963) 0.262 0.994
H2 [ Jachimowski (1971) 0.262 0.063
Just (1968) 0.453 0.901
Petersen (1996) 0.155 0.180
Schott (1958) 0.178 0.159
Skinner (1966) 0.654 0.249
Snyder (1965) 1.700 0.539
Steinberg (1955) 3.627 0.335
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Hy
Temperature Range (K) A\é?:(r;l?e gte?/?gt?;i

775 - 900 2571 0.658
900 - 1000 1.506 0.803
1000 - 1100 0.281 0.465
1100 - 1200 0.152 0.157
1200 - 1300 0.121 0.250
1300 - 1400 0.125 0.244
1400 - 1500 0.236 0.123
1500 - 1600 0.234 0.175
1600 - 1700 0.238 0.170
1700 - 1800 0.178 0.212
1800 - 1900 0.296 0.225
1900 - 2000 0.234 0.259
2000 - 2650 0.220 0.252

Pilling (1998) reaction mechanism

Fuel | Shock Tube Dataset | Average Error | Standard Deviation
Asaba (1965) 0.421 0.183
Belles (1965) 0.168 0.120
Bhaskaran (1973) 0.141 0.260
Cheng (1977) 0.059 0.108
Cohen (1967) 0.405 0.579
Craig (1966) 2.260 0.614
Fujimoto (1963) 0.283 1.005
Ha Jachimowski (1971) 0.238 0.084
Just (1968) 0.451 0.903
Petersen (1996) 0.157 0.189
Schott (1958) 0.168 0.161
Skinner (1966) 0.682 0.251
Snyder (1965) 1.703 0.540
Steinberg (1955) 3.629 0.335
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Fuel | Shock Tube Dataset | Average Error | Standard Deviation

Baker (1972) 1.453 0.653

Drummond (1968) 2.124 0.322

Gay (1967) 0.691 0.147

CoHa ™ Hidaka (1972) 0.681 0.340

Homer (1967) 0471 0.356

Jachimowski (1977) 0.624 0.237

Suzuki (1971) 2.799 0.161

Hy CoHy
remperaureRenge (k) | "o | SR A | peraton
775 - 900 2575 0.656

900 - 1000 1514 0.799 2.690 0.094
1000 - 1100 0.277 0.483 2.836 0.194
1100 - 1200 0.120 0.165 2.561 0.334
1200 - 1300 0.115 0.253 2.153 0.425
1300 - 1400 0.122 0.244 1.698 0.393
1400 - 1500 0.233 0.125 1.290 0.382
1500 - 1600 0.231 0.174 0.910 0.297
1600 - 1700 0.237 0.169 0.711 0.270
1700 - 1800 0.177 0.211 0.537 0.194
1800 - 1900 0.292 0.224 0.555 0.229
1900 - 2000 0.231 0.260 0.516 0.189
2000 - 2650 0.218 0.253 0.387 0.177
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Tan (1994) reaction mechanism

Fuel | Shock Tube Dataset | Average Error | Standard Deviation
Asaba (1965) 0.365 0.210
Belles (1965) 0.120 0.132
Bhaskaran (1973) -0.072 0.061
Cheng (1977) 0.078 0.117
Cohen (1967) 0.488 0.594
Craig (1966) 1.358 0.575
Fujimoto (1963) 0.325 0.911
H2 [ Jachimowski (1971) 0.223 0.073
Just (1968) 0.255 0.618
Petersen (1996) 0.157 0.262
Schott (1958) 0.107 0.176
Skinner (1966) 0.674 0.137
Snyder (1965) 1.011 0.715
Steinberg (1955) 3.350 0.378
Baker (1972) -0.178 0.432
Drummond (1968) 0.097 0.246
Gay (1967) 0.286 0.164
CoHa ™ Hidaka (1972) 20,055 0.104
Homer (1967) 0.065 0.070
Jachimowski (1977) 0.212 0.103
Suzuki (1971) 1.111 0.427
Burcat (1970) 0.054 0.129
Burcat (1971) 0.163 0.110
Gray (1994) -0.161 0.068
CsHs [ Hawthorn (1966) 0.615 0.254
Myers (1969) 0.431 0.380
Steinberg (1954) 0.476 0.265

Hy CoHy CsHg
Tenpate rnge ()| Agon® | Seeved | Ay | St | fue | s
775 - 900 2.120 0.749
900 - 1000 0.909 0.682 1.807 0.304
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Hy CoHy CsHg
Tepuaue e | AP | S | Aueoe | s | Aueooe | s
1000 - 1100 0.264 0.424 1.009 0.208
1100 - 1200 0.163 0.164 0.582 0.457 0.730 0.339
1200 - 1300 0.111 0.283 0.143 0.606 0.469 0.232
1300 - 1400 0.103 0.274 -0.195 0.277 0.243 0.259
1400 - 1500 0.183 0.126 -0.200 0.240 0.024 0.150
1500 - 1600 0.185 0.176 -0.097 0.267 -0.140 0.083
1600 - 1700 0.172 0171 -0.034 0.323 -0.190 0.040
1700 - 1800 0.114 0.211 -0.007 0.267
1800 - 1900 0.216 0.226 0.120 0.227
1900 - 2000 0.149 0.265 0.163 0.165
2000 - 2650 0.152 0.308 0.155 0.180
Wang (1997) reaction mechanism
Fuel | Shock Tube Dataset | Average Error | Standard Deviation
Asaba (1965) 0.425 0.162
Belles (1965) 0.170 0.116
Bhaskaran (1973) -0.084 0.100
Cheng (1977) 0.196 0.274
Cohen (1967) 0.754 0.792
Craig (1966) 1.325 0.747
Fujimoto (1963) 0.894 1.118
H2 [ Jachimowski (1971) 0.273 0.062
Just (1968) 0.038 0.891
Petersen (1996) 0.279 0.296
Schott (1958) 0.197 0.161
Skinner (1966) 1.018 0.194
Snyder (1965) 0.920 0.967
Steinberg (1955) 3.440 0.352
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Fuel | Shock Tube Dataset | Average Error | Standard Deviation

Baker (1972) -0.075 0.408

Drummond (1968) 0.208 0.210

Gay (1967) 0.402 0.150

CoHa ™ Hidaka (1972) 0.064 0.106

Homer (1967) 0.165 0.099

Jachimowski (1977) 0.300 0.119

Suzuki (1971) 1.180 0.544

Hy CoHy
remperaureRenge (k) | "o | SR A | peraton
775 - 900 2.246 0.766

900 - 1000 0.882 0.989 2112 0.319
1000 - 1100 0.509 0.633 1.105 0.285
1100 - 1200 0.236 0.221 0.624 0.330
1200 - 1300 0.166 0.313 0.217 0.438
1300 - 1400 0.165 0.298 -0.085 0.357
1400 - 1500 0.247 0.126 -0.144 0.322
1500 - 1600 0.263 0.172 0.004 0.312
1600 - 1700 0.263 0.161 0.083 0.335
1700 - 1800 0.209 0.201 0.121 0.258
1800 - 1900 0.285 0.197 0.244 0.213
1900 - 2000 0.236 0.241 0.269 0.153
2000 - 2650 0.233 0.231 0.227 0.169
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Wang (1999) reaction mechanism

Fuel | Shock Tube Dataset | Average Error | Standard Deviation
Asaba (1965) 0433 0.153
Belles (1965) 0.164 0.128
Bhaskaran (1973) 0.041 0.054
Cheng (1977) 0.108 0.107
Cohen (1967) 0.467 0.728
Craig (1966) 1.785 0.554
Fujimoto (1963) 0.531 1.000
H2 [ Jachimowski (1971) -0.247 1.411
Just (1968) -0.080 1.096
Petersen (1996) 0.134 0.190
Schott (1958) 0.099 0.491
Skinner (1966) 0.638 0.136
Snyder (1965) 1.206 0.553
Steinberg (1955) 3.272 0.372
Baker (1972) 0.218 0.249
Drummond (1968) 0.438 0.135
Gay (1967) 0.544 0.119
CoHa ™ Hidaka (1972) 0.411 0.089
Homer (1967) 0.349 0.144
Jachimowski (1977) 0.619 0.181
Suzuki (1971) 0.947 0.439
Burcat (1970) -0.257 0.110
Burcat (1971) -0.228 0.103
Gray (1994) -0.497 0.255
CsHs ™ Hawthorn (1966) 0.304 0.211
Myers (1969) 0.112 0.301
Steinberg (1954) 0.132 0.248

Hy CoHy CsHg
Tenpate rnge ()| Agon® | Seeved | Ay | St | fue | s
775 - 900 2.188 0.672
900 - 1000 1127 0.761 1.663 0.310
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Hy CoHy CsHg
emperaureRenge () | "GO | SR Ao | Devaion | Ever | Devaton
1000 - 1100 0.170 0.640 0.839 0.224
1100 - 1200 0.068 0.391 0.556 0.281 0.361 0.305
1200 - 1300 -0.085 1.021 0.371 0.277 0.140 0.239
1300 - 1400 -0.079 1.031 0.299 0.230 -0.072 0.263
1400 - 1500 0.226 0.123 0.284 0.248 -0.245 0.162
1500 - 1600 0.219 0.175 0.345 0.236 -0.382 0.069
1600 - 1700 0.221 0.172 0.394 0.256 -0.722 0.233
1700 - 1800 0.156 0.214 0.391 0.201
1800 - 1900 0.247 0.203 0.500 0.212
1900 - 2000 0.193 0.251 0.510 0.170
2000 - 2650 0.257 0.279 0.427 0.164
War natz (1997) reaction mechanism
Fuel | Shock Tube Dataset | Average Error | Standard Deviation
Asaba (1965) 0.427 0.172
Belles (1965) 0.170 0.110
Bhaskaran (1973) -0.018 0.030
Cheng (1977) 0.262 0.397
Cohen (1967) 0.879 0.865
Craig (1966) 1.714 0.727
Fujimoto (1963) 1.091 1.112
H2 [ Jachimowski (1971) 0.270 0.065
Just (1968) 0.139 0.951
Petersen (1996) 0.407 0.521
Schott (1958) 0.194 0.166
Skinner (1966) 1172 0.277
Snyder (1965) 1.178 0.694
Steinberg (1955) 3.332 0.356
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Fuel | Shock Tube Dataset | Average Error | Standard Deviation

Baker (1972) 0.273 0.326

Drummond (1968) 0.468 0.277

Gay (1967) 0.453 0.133

CoHa ™ Hidaka (1972) 0.292 0.072

Homer (1967) 0.219 0.130

Jachimowski (1977) 0.378 0.139

Suzuki (1971) 1.761 0.495

Hy CoHy
remperaureRenge (k) | "o | SR A | peraton
775 - 900 2.249 0.674

900 - 1000 1.199 0.836 2.552 0.123
1000 - 1100 0.724 0.771 1.754 0.299
1100 - 1200 0.296 0.320 1.102 0.506
1200 - 1300 0.223 0.457 0.526 0.463
1300 - 1400 0.207 0.410 0.251 0.230
1400 - 1500 0.243 0.127 0.247 0.171
1500 - 1600 0.263 0.172 0.257 0.177
1600 - 1700 0.261 0.158 0.316 0.209
1700 - 1800 0.215 0.197 0.302 0.191
1800 - 1900 0.292 0.205 0.359 0.176
1900 - 2000 0.248 0.248 0.346 0.138
2000 - 2650 0.231 0.244 0.279 0.165

194




Westbrook (1982) reaction mechanism

Fuel | Shock Tube Dataset | Average Error | Standard Deviation

Asaba (1965) 0.553 0.127

Belles (1965) 0.250 0.117

Bhaskaran (1973) 0.023 0.081

Cheng (1977) 0.176 0.102

Cohen (1967) 0.564 0.561

Craig (1966) 1.491 0.692

Fujimoto (1963) 0.372 0.925

H2 [ Jachimowski (1971) 0.265 0.694

Just (1968) 0.133 0.901

Petersen (1996) 0.199 0.209

Schott (1958) 0.279 0.174

Skinner (1966) 0.639 0.143

Snyder (1965) 1.047 0.764

Steinberg (1955) 3.374 0.353

Baker (1972) 0.244 0.259

Drummond (1968) 0.776 0.169

Gay (1967) 0.574 0.125

CoHa ™ Hidaka (1972) 0315 0.100

Homer (1967) 0.324 0.156

Jachimowski (1977) 0.498 0.158

Suzuki (1971) 1.584 0.451

Hy CoHy
remperaureRenge (k) | e | SR AT | peraon
775 - 900 2.209 0.698

900 - 1000 0.920 0.823 2.357 0.240
1000 - 1100 0.299 0.428 1.458 0.282
1100 - 1200 0.244 0.165 1.013 0.396
1200 - 1300 0.142 0.611 0.643 0.453
1300 - 1400 0.197 0.254 0.380 0.310
1400 - 1500 0.315 0.129 0.295 0.276
1500 - 1600 0.306 0.189 0.330 0.253
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H, C,Hy
Temperature Range () | “Z7%° | SR | A | Satton
1600 - 1700 0.331 0.182 0.357 0.284
1700 - 1800 0.254 0.230 0.326 0.240
1800 - 1900 0.369 0.211 0.420 0.227
1900 - 2000 0.334 0.279 0.430 0.172
2000 - 2650 0.397 0.241 0.359 0.185

Westbrook (1984) reaction mechanism

Fuel | Shock Tube Dataset | Average Error | Standard Deviation
Asaba (1965) 0.558 0.131
Belles (1965) 0.253 0.116
Bhaskaran (1973) 0.023 0.082
Cheng (1977) 0.177 0.102
Cohen (1967) 0.516 0.640
Craig (1966) 1.482 0.692
Fujimoto (1963) 0.367 0.922
2 [ Jachimowski (1971) 0.180 0.971
Just (1968) 0.180 0.878
Petersen (1996) 0.198 0.207
Schott (1958) 0.271 0.221
Skinner (1966) 0.634 0.142
Snyder (1965) 1.041 0.768
Steinberg (1955) 3.372 0.353
Baker (1972) 0.398 0.370
Drummond (1968) 1.040 0.230
Gay (1967) 0.569 0.122
CoHa ™ Hidaka (1972) 0.328 0.128
Homer (1967) 0.321 0.187
Jachimowski (1977) 0.489 0.176
Suzuki (1971) 1.815 0.376
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Fuel | Shock Tube Dataset | Average Error | Standard Deviation
Burcat (1970) 0.140 0.120
Burcat (1971) 0.104 0.097
Gray (1994) -0.150 0.107
38 [ Hawthorn (1966) 0.791 0.237
Myers (1969) 0.644 0.339
Steinberg (1954) 0.418 0.266
H, CoHy CsHg
emperaureRenge (k) | "GO | SR Ao | Devion | Evor. | Devaton
775 - 900 2.205 0.699
900 - 1000 0.913 0.825 2.456 0.169
1000 - 1100 0.276 0477 1.690 0.259
1100 - 1200 0.228 0.240 1.292 0.405 0.808 0.420
1200 - 1300 0.084 0.821 0.912 0.519 0.587 0.296
1300 - 1400 0.198 0.253 0.574 0.399 0.344 0.278
1400 - 1500 0.316 0.128 0.392 0.324 0.142 0.148
1500 - 1600 0.307 0.189 0.369 0.263 -0.075 0.097
1600 - 1700 0.333 0.182 0.371 0.287 -0.227 0.048
1700 - 1800 0.255 0.230 0.324 0.241
1800 - 1900 0.373 0.212 0.414 0.233
1900 - 2000 0.334 0.277 0.418 0.175
2000 - 2650 0.406 0.248 0.329 0.183
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Appendix E: Hydrogen Detonation Properties
Initial temperature isalways 295 K, and the initial pressure is 1 bar unless otherwise stated.

Nomenclature:

0 : pre-shock condition

a: acoustic speed

CJ: Chapman-Jouguet state condition
Cp : specific heat at constant pressure
Dil %, : percent diluent by volume

Mc; : Chapman-Jouguet detonation Mach number

P : pressure

Q : heat of reaction non-dimensionalized by RyTg
R : mixture gas constant

T : temperature

u : fluid velocity (in shock-fixed reference frame)
VN : post-shock condition

V¢; : Chapman-Jouguet detonation velocity

W : molecular mass
A : reaction zone length

AhP : heat of reaction extrapolated to zero temperature

@: equivaenceratio

y : ratio of specific heats

0 : non-dimensional effective activation energy parameter
T: reaction zonetime
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Hydrogen-oxygen mixtureswith varying equivalenceratio

o Yo N Wo Ve Pcs T acy ves Wes Mc, Uy Pun TN ayN Yo Cpun AR® 0
(m/s) | (g/moal) (m/s) (bar) (K) (m/s) (g/mol) (m/s) (bar) (K) (m/s) (J/kgK) | (MJI/kg)
0.2 1.403 383.2 23432 | 18258 15.2 2842 1012.0 117 26.805 477 1493.6 271 1452 821.2 131 1503 4551 43.480
0.4 1.403 429.3 18.673 | 2187.0 175 3351 1193.7 117 22.158 5.09 1796.6 30.9 1628 974.6 131 1880 6.540 49.794
0.6 1.404 | 469.1 15.645 | 24473 184 3554 1332.1 1.19 18.811 5.22 20111 324 1703 1089.9 131 2233 7.233 46.139
0.8 1.404 504.1 13548 | 2661.4 18.8 3649 1447.4 121 16.351 5.28 2186.4 331 1745 1186.3 131 2567 7.643 42.216
1 1.404 535.5 12.010 | 2842.1 19.0 3682 1545.4 1.22 14.474 531 23334 335 1767 1268.7 1.32 2886 8.270 40.498
12 1404 | 563.8 | 10.834 | 29952 | 191 3673 | 16294 | 122 13.002 531 | 24572 | 335 1776 | 1339.7 | 1.32 3187 9.185 40.574
14 1.405 589.7 9.906 3125.0 19.0 3635 1701.9 121 11.821 5.30 2561.1 333 1774 1401.1 1.32 3473 10.535 42551
16 1.405 613.4 9.155 3235.1 18.8 3579 1764.9 1.20 10.857 5.27 2648.4 33.0 1764 1454.5 1.32 3744 11.926 44515
18 1.405 635.4 8.534 3328.9 185 3512 1819.8 1.19 10.058 5.24 2722.0 325 1750 1501.0 1.32 4001 13.372 46.527
2 1405 | 655.8 8.013 | 34090 | 182 3439 | 1868.1 | 1.18 9.386 520 | 27839 | 320 1731 | 15419 | 1.32 4245 14.894 | 48.662
22 1.405 674.8 7.568 3477.6 17.8 3363 1911.0 1.18 8.814 5.15 2836.2 314 1710 1577.9 1.33 4478 15.496 47.817
24 1405 | 692.6 7.185 | 3536.7 | 175 3286 | 19488 | 1.18 8.322 511 | 2880.6 | 3038 1688 | 16094 | 1.33 4705 16.020 | 46.929
2.6 1405 | 709.2 6.852 | 35875 | 17.1 3209 | 19825 | 1.18 7.894 506 | 2918.0 | 302 1665 | 1637.8 | 1.33 4917 16.474 | 46.023
28 1.405 724.9 6.559 3631.2 16.7 3133 2012.8 1.19 7.518 5.01 2949.5 29.6 1641 1663.1 1.33 5117 15.872 42.446
3 1405 | 739.7 6.299 | 36685 | 16.3 3059 | 2040.1 | 1.19 7.186 496 | 29758 | 29.0 1618 | 16858 | 1.33 5306 16.193 | 41.587
Konnov (1998) Reaction M echanism Tan (1994) Reaction M echanism
¢ A (mm) (5] 0 A (mm) T (M) 0

0.2 0.193 0.568 19.434 0.097 0.282 10.324

04 0.051 0.126 8.408 0.039 0.097 6.775

0.6 0.042 0.092 7.134 0.033 0.074 6.218

0.8 0.041 0.083 6.612 0.033 0.068 6.040

1 0.043 0.082 6.386 0.035 0.068 5.931
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Konnov (1998) Reaction Mechanism

Tan (1994) Reaction M echanism

(0] A (mm) T (M) 0 A (mm) T (M) 0
12 0.048 0.085 6.266 0.039 0.071 5.923
14 0.054 0.092 6.299 0.045 0.077 5.958
16 0.062 0.102 6.366 0.051 0.085 6.032
18 0.073 0.115 6.478 0.059 0.095 6.120

2 0.085 0.130 6.690 0.070 0.108 6.164
22 0.100 0.150 6.938 0.082 0.124 6.287
24 0.118 0.173 7.139 0.096 0.142 6.440
2.6 0.140 0.201 7.492 0.113 0.164 6.589
28 0.166 0.235 7.858 0.133 0.189 6.728

3 0.198 0.276 8.293 0.157 0.220 6.978

200




Stoichiometric hydrogen-oxygen mixtureswith varyinginitial pressure

Po Yo £ Wo Ve Pca Te acy ves Wes Mc, UyN P Tw an Yo Cpwy AR® 0
(m/s) | (g/mol) (m/s) (bar) (K) (m/s) (g/mol) (m/s) (bar) (K) (m/s) (J/kgK) | (MJI/kg)
0.2 1.404 535.5 12.010 | 2753.2 3.6 3391 1494.0 1.23 14.155 5.14 2252.7 6.3 1682 1239.2 1.32 2866 7.377 36.122
0.4 1.404 535.5 12.010 | 2791.4 7.4 3513 1516.0 1.22 14.286 521 2287.4 12.9 1719 1252.0 1.32 2872 7.979 39.072
0.6 1404 | 5355 | 12010 | 28137 | 11.2 3586 | 15289 | 1.22 14.367 525 | 23076 | 19.7 1740 | 12594 | 1.32 2878 8.106 39.691
0.8 1.404 535.5 12.010 | 2829.7 151 3640 1538.2 1.22 14.427 5.28 23222 26.6 1755 1264.7 1.32 2882 8.199 40.148
1.0 1.404 535.5 12.010 | 2842.1 19.0 3682 1545.4 1.22 14.474 531 23334 335 1767 1268.7 1.32 2886 8.270 40.498
12 1.404 535.5 12.010 | 2852.1 230 3717 1551.2 1.22 14.514 5.33 23425 404 1777 1272.0 1.32 2888 8.329 40.787
14 1.404 535.5 12.010 | 2860.7 27.0 3746 1556.2 122 14.548 5.34 2350.3 475 1785 1274.8 131 2891 8.376 41.016
16 1.404 535.5 12.010 | 2868.1 31.0 3772 1560.5 1.22 14.577 5.36 2357.0 54.6 1793 1277.2 131 2893 8.420 41.231
18 1.404 535.5 12.010 | 2874.6 35.0 3795 1564.2 1.22 14.604 5.37 2362.9 61.7 1799 1279.3 131 2896 8.457 41.415
20 1404 | 5355 | 12.010 | 28804 | 39.0 3816 | 1567.6 | 1.22 14.628 538 | 2368.2 | 688 1805 | 12811 | 1.31 2900 8.492 41.586
Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism

Po A (mm) T(us) 0 A (mm) T(us) )

0.2 0.241 0.470 5.453 0.221 0.434 5.791

04 0.112 0.214 5.608 0.099 0.193 5.786

0.6 0.072 0.138 5.839 0.063 0.121 5.759

0.8 0.054 0.102 6.040 0.045 0.087 5.840

1 0.043 0.082 6.384 0.035 0.068 5.931

12 0.037 0.069 6.702 0.029 0.055 6.066

14 0.032 0.060 7.059 0.025 0.047 6.078

16 0.029 0.054 7418 0.021 0.041 6.180

18 0.026 0.049 7.810 0.019 0.036 6.292

2 0.024 0.045 8.238 0.017 0.032 6.382
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Hydrogen-air mixtureswith varying equivalenceratio

o Yo N Wo Ve Pcs T acy ves Wes Mc, Uy Pun TN ayN Yo Cpun AR® 0
(m/s) | (g/mol) (m/s) (bar) (K) (m/s) (g/mal) (m/s) (bar) (K) (m/s) J/kgK) | (MJI/kg)
0.2 1403 | 358.6 | 26.770 | 11638 6.8 1270 704.1 131 27.850 3.25 888.3 12.3 858 599.6 135 1199 0.854 9.327
0.4 1.404 371.2 24990 | 1490.9 105 1936 867.9 1.26 26.920 4.02 1185.3 19.0 1149 7133 1.33 1340 1.822 18.561
0.6 1.404 383.3 23.448 | 17095 13.0 2428 973.0 1.22 26.004 4.46 1379.3 235 1341 793.3 1.32 1452 2.954 28.240
0.8 1.404 394.8 22.100 | 1865.6 14.8 2768 1044.3 1.19 25.021 4.73 1515.7 26.5 1465 852.7 1.32 1555 4.182 37.684
1 1405 | 4059 | 20911 | 19714 | 158 2948 | 1092.2 | 1.17 23904 | 486 | 16060 | 280 1531 895.6 132 1647 5.306 45.240
12 1404 | 4165 | 19.856 | 20336 | 159 2976 | 11289 | 118 22.699 488 | 1656.8 | 28.3 1545 9239 132 1732 5.292 42.843
14 1.405 426.8 18912 | 2072.8 15.6 2932 1157.4 1.19 21.538 4.86 1686.9 28.0 1536 944.3 1.32 1811 5.164 39.816
16 1.405 436.7 18.063 | 2101.8 153 2866 1179.8 1.20 20.474 481 1707.8 274 1517 961.0 1.32 1888 5.001 36.831
18 1.405 446.3 17.295 | 21255 14.9 2795 1198.7 121 19.510 4.76 1724.1 26.8 1495 975.7 1.32 1963 4.832 34.076
2 1404 | 455.6 16.597 | 2146.5 145 2724 1215.3 1.22 18.635 471 1738.2 26.3 1473 989.3 1.33 2036 4.664 31.560
22 1.405 464.6 15961 | 2165.0 14.2 2655 1230.2 1.23 17.841 4.66 1750.2 25.7 1450 1001.8 1.33 2107 4.500 29.287
24 1.405 473.3 15.377 | 21814 138 2588 1243.5 1.23 17.117 4.61 1760.4 25.1 1428 1013.4 1.33 2177 4.562 28.604
2.6 1.405 481.8 14.841 | 2196.2 135 2524 1255.8 124 16.454 4.56 1769.3 245 1406 1024.3 1.33 2246 4.395 26.594
2.8 1.405 490.1 14.345 | 2209.6 13.2 2463 1267.3 124 15.846 451 1777.1 24.0 1384 1034.7 1.33 2311 4.443 25.988
3 1.405 498.1 13.887 | 2221.8 129 2404 1277.8 125 15.286 4.46 1783.9 234 1363 1044.4 134 2377 4.274 24.198
Konnov (1998) Reaction M echanism Tan (1994) Reaction M echanism
¢ A (mm) (5] 0 A (mm) T (M) 0
0.2 171500.000 611100.000 27.519 224600.000 798000.000 27.401
0.4 91.730 298.100 22.457 83.810 271.900 25.883
0.6 2.307 6.919 25.962 0.713 2112 18.837
0.8 0.349 0.971 14.101 0.235 0.654 9.311
1 0.215 0.571 10.122 0.164 0.438 7.975
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Konnov (1998) Reaction Mechanism

Tan (1994) Reaction M echanism

(0] A (mm) T (us) 0 A (mm) T (U9 6
12 0.201 0.518 9.568 0.156 0.404 7.702
14 0.221 0.555 9.919 0.170 0.429 7.865
16 0.259 0.638 10.695 0.194 0.480 8.134
18 0.316 0.764 11.902 0.228 0.553 8.482

2 0.395 0.941 13510 0.271 0.646 8.927
22 0.510 1.199 15.646 0.325 0.761 9.531
24 0.684 1.590 18.159 0.393 0.909 10.217
2.6 0.951 2.187 20.494 0.481 1.097 11.074
28 1.356 3.089 21.955 0.596 1.343 12211

3 1.948 4.393 22.487 0.751 1.672 13.654
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Stoichiometric hydrogen-air mixtureswith varying initial pressure

Po Yo ao Wo Ve Py | T acy ves Wes | pg, | U Pno | Tw an " Cpwn An® 0
(m/s) | (g/mol) (m/s) (bar) (K) (m/s) (g/mol) (m/s) (bar) (K) (m/s) J/kgK) | (MJ/kg)
0.2 1.405 405.9 20.911 1934.9 31 2826 1067.1 1.16 23.714 477 1572.7 54 1488 883.6 1.32 1641 5.479 46.711
04 1405 | 4059 | 20911 | 1951.2 6.2 2880 | 10780 | 1.17 23798 | 481 | 15876 | 110 1507 | 889.0 132 1644 5.202 44.356
0.6 1405 | 4059 | 20.911 | 1960.3 94 2910 | 10844 | 117 23846 | 483 | 15959 | 16.6 1517 | 892.0 132 1645 5.248 44.741
0.8 1.405 405.9 20.911 | 1966.6 12.6 2931 1088.9 117 23.879 4.85 1601.7 223 1525 894.0 1.32 1647 5.279 45.012
1.0 1405 | 4059 | 20911 | 19714 | 158 2948 | 1092.2 | 1.17 23904 | 486 | 1606.0 | 280 1531 | 895.6 132 1647 5.306 45.240
12 1405 | 4059 | 20911 | 19752 | 19.0 2961 | 10949 | 118 23924 | 487 | 16095 | 337 1535 | 896.9 132 1648 4.995 42.586
14 1.405 405.9 20911 | 19784 222 2971 1097.2 1.18 23.942 4.87 1612.4 395 1539 897.9 1.32 1649 5.008 42.696
16 1405 | 4059 | 20911 | 19811 | 254 2981 | 1099.1 | 1.18 23956 | 4.88 | 16149 | 452 1542 | 898.8 132 1649 5.023 42.825
18 1405 | 4059 | 20911 | 19835 | 287 2989 | 1100.8 | 1.18 23969 | 489 | 1617.1 | 51.0 1545 | 899.6 132 1650 5.034 | 42.920
20 1405 | 4059 | 20911 | 19856 | 31.9 2996 | 11023 | 1.18 23980 | 489 | 16190 | 56.8 1547 | 900.3 132 1650 5.044 | 43.003
Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism

Po A (mm) T(us) 0 A (mm) T(us) )

0.2 0.840 2271 6.323 0.813 2.210 6.601

04 0.424 1.137 6.928 0.389 1.051 6.861

0.6 0.299 0.796 7.726 0.261 0.701 7.165

0.8 0.243 0.645 8.761 0.199 0.532 7.521

1 0.215 0.571 10.124 0.164 0.438 7.975

12 0.202 0.538 11.863 0.142 0.378 8.430

14 0.200 0.532 13.957 0.127 0.338 9.006

16 0.206 0.548 16.038 0.117 0.311 9.669

18 0.216 0.576 17.476 0.110 0.292 10.453

2 0.228 0.608 18.106 0.106 0.280 11.351
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Stoichiometric hydrogen-oxygen-ar gon mixtureswith varying argon dilution

Dil Y Wo Ve Pcs Tes ac) Wey M Uy Pun TN ayn Cpyn AR°
Yool ool vy | @moy | iy | by | k) | iy | P | gmol Sy | ) | © | e || kgl | (makg | @
0 | 1404 | 5355 | 12010 | 28421 | 190 | 3682 | 15454 | 122 | 14474 | 531 | 23334 | 335 | 1767 | 12687 | 132 | 2886 | 8270 | 40.498
10 | 1424 | 4857 | 14801 | 25667 | 191 | 3641 | 13992 | 121 | 17535 | 528 | 20927 | 334 | 1820 | 11665 | 133 | 2265 | 7.141 | 43.002
20 | 1441 | 4481 | 17597 | 2357.3 | 191 | 3504 | 12870 | 121 | 20555 | 526 | 19069 | 333 | 1874 | 10926 | 135 | 1830 | 6.021 | 43.202
30 | 1460 | 4191 | 20392 | 21897 | 190 | 3538 | 11988 | 120 | 23478 | 523 | 17556 | 330 | 1928 | 10371 | 137 | 1513 | 5490 | 45645
40 | 1484 | 3963 | 23184 | 20494 | 189 | 3469 | 11260 | 120 | 26273 | 517 | 16265 | 325 | 1979 | 9938 | 139 | 1274 | 4821 | 45571
50 | 1509 | 377.5 | 25977 | 19262 | 186 | 3382 | 10639 | 120 | 29001 | 510 | 15109 | 318 | 2024 | 9589 | 142 | 1083 | 4264 | 45164
60 | 1537 | 3619 | 28771 | 18116 | 181 | 3262 | 10088 | 121 | 31638 | 501 | 14015 | 308 | 2056 | 9288 | 145 928 3573 | 41911
70 | 1568 | 3491 | 31564 | 1694.3 | 17.1 | 3080 | 9579 | 124 | 34169 | 485 | 12889 | 291 | 2054 | 8985 | 149 799 2687 | 34578
80 | 1603 | 3382 | 34357 | 15454 | 148 | 2728 | 9068 | 133 | 36528 | 457 | 11495 | 259 | 1956 | 8539 | 154 | 690 1531 | 21.452
90 | 1643 | 3293 | 37.151 | 12360 | 94 | 1828 | 7866 | 156 | 38428 | 375 | 8795 | 175 | 1486 | 7303 | 160 | 595 0478 | 7.235
Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism
Dil %y0 A (mm) T (us) ¢} A (mm) T (us) ¢}
0 0.043 0.082 6.386 0.035 0.068 5.931
10 0.039 0.078 5.816 0.032 0.067 5.670
20 0.036 0.076 5.343 0.030 0.066 5550
30 0.035 0.078 5.088 0.030 0.067 5.363
40 0.036 0.084 4.861 0.031 0.072 5.270
50 0.040 0.095 4.687 0.034 0.082 5.020
60 0.049 0.116 4550 0.042 0.101 5.039
70 0.068 0.166 4.664 0.059 0.143 5.063
80 0.136 0.338 4794 0.120 0.299 5.276
90 1.230 3.403 6.693 1.301 3598 7.611
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Stoichiometric hydrogen-oxygen-car bon dioxide mixtures with varying carbon dioxide dilution

Dil Yo N Wo Ve Pc) T acy ves Wes Mc, Uy Pun TwN ayN Yo Cpun AR® Q
Yoyl (m/s) | (g/mol) (m/s) (bar) (K) (m/s) (g/mal) (m/s) (bar) (K) (m/s) v J/kgK) | (MJI/kg)

0 1404 | 5355 | 12.010 | 28421 19.0 3682 | 15454 122 14.474 531 23334 335 1767 | 1268.7 132 2886 8.270 40.498

10 1391 | 4737 | 15.207 | 24383 17.8 3459 13254 1.19 18.375 515 2018.5 315 1601 1064.2 1.29 2407 7.187 44.564

20 1374 | 4279 | 18410 | 21365 16.6 3224 | 11615 1.16 22.249 4.99 1780.0 29.5 1454 915.4 1.28 2090 6.662 50.004

30 1359 | 3928 | 21.612 | 18995 155 2988 | 1033.6 1.15 25.992 4.84 1590.2 276 1327 801.9 1.26 1863 5.644 49.732

40 1349 | 3651 | 24.810 | 1703.2 14.3 2746 929.3 113 29.529 4.66 1430.3 25.6 1212 711.4 1.25 1697 5.324 53.859

50 1337 | 3421 | 28.010 | 1528.1 13.0 2475 838.9 113 32.854 4.47 1284.5 234 1101 635.2 1.23 1563 4.283 48912

60 1326 | 3228 | 31.210 | 13547 114 2138 753.3 114 35.789 4.20 11354 20.6 982 566.4 1.23 1446 3.090 39.320

70 1316 | 306.2 | 34.410 | 1164.7 9.3 1717 659.8 117 38.213 3.80 965.9 16.8 845 499.4 122 1333 1.814 25.452

80 1.306 | 291.8 | 37.610 957.8 6.9 1267 554.8 118 40.296 3.28 7747 124 698 434.3 122 1215 1131 17.342

Konnov (1998) Reaction M echanism Tan (1994) Reaction M echanism
Dil %yq A (mm) T(u) 0 A (mm) T (u) 9
0 0.043 0.082 6.386 0.035 0.068 5.931
10 0.094 0.215 10.994 0.060 0.139 7.208
20 0.591 1.634 20.623 0.126 0.343 10.344
30 4117 13.190 18.946 0.606 1.928 32.954
40 25.380 91.990 19.134 13.400 48.760 26.634
50 183.500 743.000 20.262 161.600 655.800 24.233
60 2323.000 10420.000 22.439 2918.000 13100.000 24.582
70 105000.000 519900.000 26.667 156400.000 772600.000 26.592
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Stoichiometric hydrogen-oxygen-helium mixtures with varying helium dilution

Dil Y Wo Ve Pcs Tes ac) Wey M Uy Pun TN ayn Cpyn AR°
Yool ool vy | @moy | iy | by | k) | iy | P | gmol Sy | ) | © | e || kgl | (makg | @
0 | 1404 | 5355 | 12010 | 28421 | 190 | 3682 | 15454 | 122 | 14474 | 531 | 23334 | 335 | 1767 | 12687 | 132 | 2886 | 8270 | 40.498
10 | 1421 | 5575 | 11210 | 29492 | 191 | 3641 | 16061 | 121 | 13309 | 529 | 24045 | 334 | 1820 | 13400 | 1.33 | 2085 | 9394 | 42.934
20 | 1440 | 5826 | 10409 | 30651 | 191 | 3594 | 16733 | 121 | 12158 | 526 | 2479.4 | 333 | 1874 | 14207 | 135 | 3093 | 10180 | 43.203
30 | 1462 | 6109 | 9608 | 31901 | 190 | 3538 | 17464 | 120 | 11046 | 522 | 2557.7 | 330 | 1928 | 15109 | 137 | 3214 | 11680 | 45.754
40 | 1484 | 6429 | 8807 | 33250 | 189 | 3469 | 18269 | 120 | 9981 | 517 | 26389 | 325 | 1979 | 16124 | 139 | 3354 | 12690 | 45567
50 | 1509 | 680.0 | 8006 | 34695 | 186 | 3382 | 19164 | 120 | 8938 | 510 | 27215 | 318 | 2024 | 17272 | 142 | 3515 | 13836 | 45165
60 | 1537 | 7233 | 7.206 | 36199 | 181 | 3262 | 20158 | 121 | 7.924 | 500 | 28005 | 30.8 | 2056 | 18559 | 145 | 3706 | 14.265 | 41.912
70 | 1568 | 7749 | 6.405 | 3761.3 | 17.1 | 3080 | 21265 | 124 | 6934 | 485 | 28613 | 291 | 2054 | 19947 | 149 | 3937 | 13239 | 34574
80 | 1.603 | 837.5 | 5604 | 38264 | 148 | 2728 | 22452 | 133 | 5958 | 457 | 28462 | 259 | 1956 | 21143 | 154 | 4229 | 9389 | 21454
90 | 1642 | 9158 | 4803 | 34373 | 94 | 1828 | 21876 | 156 | 4969 | 375 | 24459 | 175 | 1486 | 20309 | 160 | 4599 | 3693 | 7.232
Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism
Dil %y0 A (mm) T (us) ¢} A (mm) T (us) ¢}
0 0.043 0.082 6.386 0.035 0.068 5.931
10 0.044 0.078 5.887 0.037 0.066 5.681
20 0.047 0.077 5.524 0.039 0.066 5507
30 0.052 0.079 5.207 0.044 0.068 5.290
40 0.059 0.084 4.991 0.051 0.072 5.184
50 0.073 0.095 4.809 0.062 0.082 5.074
60 0.097 0.116 4732 0.083 0.100 5.054
70 0.151 0.165 4736 0.131 0.144 5.161
80 0.336 0.338 5.035 0.296 0.299 5.256
90 4.032 4.001 8.134 3625 3.605 7.685
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Stoichiometric hydrogen-oxygen-nitrogen mixtureswith varying nitrogen dilution

Dil " ao Wo Ves | Por | Ta ac) y Wes | m Uyn Pn | Tw an Yot Cpn AR° 9
Yoyl 0 (m/s) | (g/mol) (m/s) (bar) (K) (m/s) < (g/mol) < (m/s) (bar) (K) (m/s) v (J/kgK) | (MJ/kg)

0 1404 | 5355 12.010 | 2842.1 19.0 3682 1545.4 122 14.474 531 23334 335 1767 1268.7 1.32 2886 8.270 40.498

10 1405 | 5034 | 13.596 | 2644.7 18.7 3596 | 1438.9 1.20 16.310 525 2169.9 32.8 1738 | 11824 1.32 2548 7.975 44.207

20 1405 | 4759 | 15211 | 24753 18.3 3503 | 13485 1.19 18.118 5.20 2029.5 32.2 1708 | 1108.4 1.32 2278 7.401 45.899

30 1404 | 4525 | 16.822 | 23251 17.8 3392 | 1269.4 118 19.866 514 1904.6 314 1674 | 1043.2 1.32 2061 6.934 47.559

40 1405 | 4325 | 18412 | 2188.0 17.2 3257 1198.3 117 21.519 5.06 1789.9 30.4 1632 984.7 1.32 1881 6.540 49.100

50 1405 | 4149 | 20.012 | 2051.0 16.4 3078 1130.4 117 23.085 4.94 1674.0 29.0 1573 927.9 132 1725 5.749 46.909

55.621 | 1.405 | 4059 | 20911 | 1971.0 15.8 2948 | 1092.2 117 23.904 4.86 1605.7 28.0 1530 895.5 1.32 1647 5.307 45.246

60 1404 | 399.2 | 21.612 | 1904.8 15.2 2824 | 1061.3 118 24.502 477 1548.7 27.0 1489 869.2 133 1590 4.639 40.877

70 1404 | 3851 | 23212 | 17228 131 2434 981.0 122 25.683 4.47 1389.5 23.7 1350 800.3 1.32 1463 2.999 28.381

80 1404 | 3726 | 24813 | 1469.2 10.0 1859 861.4 1.28 26.579 394 1162.9 18.3 1124 709.1 133 1337 1.608 16.266

Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism
Dil %y0 A (mm) T (us) ¢} A (mm) T (us) ¢}
0 0.043 0.082 6.386 0.035 0.068 5.931
10 0.050 0.102 6.595 0.041 0.084 6.110
20 0.060 0.129 6.844 0.049 0.106 6.218
30 0.075 0.171 7.295 0.061 0.140 6.487
40 0.099 0.241 7.793 0.080 0.196 6.820
50 0.152 0.391 8.872 0.120 0.310 7.374
55.621 0.215 0.572 10.123 0.164 0.439 7.980
60 0.312 0.852 12.033 0.226 0.619 8.744
70 2.317 6.875 25.195 0.883 2,592 16.400
80 197.500 641.200 22.252 204.000 660.400 25.276
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Appendix F: Ethylene Detonation Properties
Initial temperature isalways 295 K, and the initial pressure is 1 bar unless otherwise stated.

Nomenclature:

0 : pre-shock condition

a: acoustic speed

CJ: Chapman-Jouguet state condition
Cp : specific heat at constant pressure
Dil %, : percent diluent by volume

Mc; : Chapman-Jouguet detonation Mach number

P : pressure

Q : heat of reaction non-dimensionalized by RyTg
R : mixture gas constant

T : temperature

u : fluid velocity (in shock-fixed reference frame)
VN : post-shock condition

V¢; : Chapman-Jouguet detonation velocity

W : molecular mass
A : reaction zone length

AhP : heat of reaction extrapolated to zero temperature

@: equivaenceratio

y : ratio of specific heats

0 : non-dimensional effective activation energy parameter
T: reaction zonetime
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Ethylene-oxygen mixtureswith varying equivalenceratio

o Yo N Wo Ve Pcs T acy ves Wes Mc, Uy Pun TN ayN Yo Cpun AR® 0
(m/s) | (g/moal) (m/s) (bar) (K) (m/s) (g/mol) (m/s) (bar) (K) (m/s) (J/kgK) | (MJI/kg)
0.2 1383 | 3268 | 31.752 | 1719.1 | 181 2896 948.6 117 31.130 526 | 14515 | 333 1529 708.2 125 1300 4.019 52.030
0.4 1.369 326.2 31535 | 19744 240 3462 1070.2 1.18 28.505 6.05 1707.3 443 1770 753.9 1.22 1472 4.977 63.996
0.6 1.356 325.8 31.341 | 2137.9 278 3704 1155.3 121 26.151 6.56 1875.5 52.2 1891 7745 1.20 1622 4914 62.796
0.8 1.346 3255 31.168 | 2267.8 311 3847 12245 1.22 24.230 6.97 2010.2 58.9 1975 788.1 1.18 1755 5.248 66.688
1 1338 | 3253 | 31.013 | 2376.1 | 338 3937 | 12833 | 1.24 22.652 731 | 21230 | 648 2035 797.9 117 1878 5.226 66.076
12 1330 | 3251 | 30.872 | 24673 | 36.2 3989 | 13330 | 1.24 21.331 759 | 22183 | 69.9 2080 805.0 1.16 1989 5.633 70.903
14 1.324 325.0 | 30.744 | 2543.1 38.2 4008 1374.7 124 20.202 7.83 2297.9 74.3 2112 809.9 1.15 2090 5.985 75.023
16 1.318 324.9 30.627 | 2604.1 39.8 3993 1410.0 1.23 19.222 8.02 2362.5 77.8 2130 812.6 114 2181 6.576 82.111
18 1.312 324.8 30.519 | 2650.2 41.0 3945 1438.2 1.22 18.359 8.16 24121 80.6 2134 813.1 114 2263 7.147 88.938
2 1.308 324.8 30421 | 2681.5 417 3867 1459.2 121 17.592 8.26 2446.9 824 2126 811.3 1.13 2336 7.698 95.486
22 1303 | 324.7 | 30.330 | 2698.7 | 41.9 3761 | 14740 | 121 16.908 831 | 24675 | 834 2106 807.3 113 2402 7.786 96.282
24 1.300 324.7 30.246 | 2703.3 417 3634 1482.9 121 16.294 8.33 24755 835 2076 801.6 1.13 2459 7.800 96.195
2.6 1.296 324.7 30.167 | 2697.2 412 3493 1486.3 1.22 15.743 8.31 2472.8 83.0 2038 794.4 112 2510 7.362 90.550
2.8 1294 | 324.8 | 30094 | 26819 | 404 3341 | 14853 | 122 15.245 8.26 | 2460.8 | 82.0 1994 785.9 112 2555 7.261 89.088
3 1291 | 324.8 | 30.026 | 2656.8 | 39.3 3183 | 14789 | 1.23 14.805 818 | 24389 | 803 1943 776.1 112 2594 6.767 82.842
Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism
¢ A (mm) (5] 0 A (mm) T (M) 0

0.2 0.749 2.709 11.824 0.902 3.229 19.974

04 0.134 0.479 9.013 0.086 0.292 11.599

0.6 0.066 0.236 8.385 0.039 0.131 9.662

0.8 0.042 0.152 8.153 0.025 0.084 8.825

1 0.031 0.112 8.020 0.019 0.063 8.369
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Konnov (1998) Reaction Mechanism

Tan (1994) Reaction M echanism

(0] A (mm) T (M) 0 A (mm) T (M) 0
12 0.024 0.089 7.908 0.016 0.052 8.091
14 0.021 0.076 7.811 0.014 0.046 7.931
16 0.019 0.069 7.720 0.013 0.044 7.850
18 0.018 0.066 7.604 0.013 0.044 7.873

2 0.018 0.066 7.501 0.014 0.046 7.977
22 0.018 0.069 7.388 0.015 0.051 8.162
24 0.019 0.075 7.241 0.017 0.059 8.444
2.6 0.021 0.083 7.087 0.020 0.070 8.803
28 0.023 0.094 6.922 0.024 0.086 9.263

3 0.027 0.109 6.938 0.029 0.110 9.861
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Stoichiometric ethylene-oxygen mixtureswith varying initial pressure

Po Yo £ Wo Ve Pca Te acy ves Wes Mc, UyN P Tw an Yo Cpwy AR® 0
(m/s) | (g/mol) (m/s) (bar) (K) (m/s) (g/mol) (m/s) (bar) (K) (m/s) (J/kgK) | (MJI/kg)
0.2 1.338 325.3 31.013 | 2298.6 6.4 3611 1237.3 1.23 22.143 7.07 2049.1 12.1 1939 779.3 117 1861 5.129 64.861
04 1338 | 3253 | 31.013 | 23319 | 131 3747 | 1256.8 | 1.23 22351 717 | 2080.9 | 25.0 1980 787.3 117 1868 5.279 66.749
0.6 1338 | 3253 | 31.013 | 23514 | 199 3829 | 12684 | 124 | 22479 7.23 | 2099.5 | 38.0 2005 791.9 117 1873 5.117 64.705
0.8 1.338 325.3 31.013 | 23654 26.9 3890 1276.8 124 22574 7.27 2112.8 514 2022 795.3 117 1876 5.180 65.496
1 1338 | 3253 | 31.013 | 23763 | 338 3937 | 12835 | 1.24 | 22.649 731 | 21232 | 648 2036 797.9 117 1878 5.226 66.084
12 1.338 325.3 31.013 | 2385.2 40.9 3977 1288.7 124 22.712 7.33 21317 78.3 2047 800.0 117 1880 5.267 66.594
14 1.338 325.3 31.013 | 2392.8 48.0 4011 1292.7 124 22.767 7.36 2139.0 92.0 2057 801.9 117 1882 5.300 67.016
16 1338 | 3253 | 31.013 | 2399.2 | 551 4040 | 12965 | 124 | 22814 | 7.38 | 21451 | 1057 | 2065 803.4 117 1883 5.328 67.374
18 1338 | 3253 | 31.013 | 24050 | 623 4066 | 12999 | 124 | 22.856 739 | 2150.6 | 1195 | 2072 804.8 117 1884 5.353 67.692
2 1338 | 3253 | 31.013 | 24101 | 695 4090 | 13029 | 124 | 22.895 741 | 21554 | 1334 | 2079 806.0 117 1885 5.377 67.990
Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism

Po A (mm) T(us) 0 A (mm) T(us) )

0.2 0.192 0.707 6.823 0.100 0.335 7.457

0.4 0.087 0.319 7.374 0.049 0.161 7.742

0.6 0.055 0.200 7.666 0.032 0.106 7.980

0.8 0.040 0.144 7.878 0.024 0.079 8.190

1 0.031 0.111 8.011 0.019 0.063 8.364

12 0.025 0.090 8.139 0.016 0.052 8.530

14 0.021 0.076 8.235 0.014 0.045 8.668

16 0.018 0.065 8.315 0.012 0.039 8.809

18 0.016 0.057 8.378 0.011 0.035 8.929

2 0.014 0.050 8.442 0.010 0.032 9.048
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Ethylene-air mixtureswith varying equivalenceratio

o Yo N Wo Ve Pcs T acy ves Wes Mc, Uy Pun TN ayN Yo Cpun AR® 0
(m/s) | (g/mol) (m/s) (bar) (K) (m/s) (g/mal) (m/s) (bar) (K) (m/s) J/kgK) | (MJI/kg)
0.2 1399 | 345.0 | 28.839 | 1119.0 6.8 1216 677.6 131 28.839 3.24 857.7 123 846 571.1 134 1144 0.787 9.254
0.4 1.395 344.5 28.828 | 14232 11.0 1880 828.4 1.27 28.825 413 11471 20.2 1155 658.9 1.30 1241 1.582 18.590
0.6 1.391 344.1 28.817 | 1622.7 14.4 2402 921.4 122 28.753 4.72 1337.3 26.5 1375 7134 1.28 1308 2.656 31.206
0.8 1.387 343.7 28.807 | 1749.3 17.0 2748 972.6 1.18 28.463 5.09 1459.7 31.0 1514 744.5 1.27 1362 3.901 45.816
1 1.384 343.3 28.798 | 18244 185 2924 1005.3 117 27.930 531 1534.2 33.9 1589 759.9 1.26 1405 4.528 53.170
12 1.381 343.0 | 28.788 | 1867.7 19.3 2982 1031.1 1.18 27.253 5.45 1579.0 35.6 1624 765.8 1.25 1443 4.447 52.202
14 1.377 342.6 28.779 | 1886.4 195 2949 1050.8 1.20 26.494 551 1600.6 36.4 1628 764.8 124 1475 4.017 47.140
16 1.374 342.3 28.769 | 1886.7 19.3 2857 1061.3 1.22 25.710 551 1604.9 36.5 1609 758.8 124 1503 3.59%4 42.159
18 1.372 342.0 | 28.761 | 1876.9 189 2741 1063.6 124 24.950 5.49 1599.3 36.2 1579 750.4 1.23 1529 3.209 37.634
2 1.369 3417 28.752 | 1862.2 185 2619 1061.0 1.25 24.234 5.45 1588.9 35.7 1545 741.0 1.23 1552 3.004 35.212
22 1.366 3414 | 28.743 | 1844.0 18.0 2497 1055.4 1.27 23.566 5.40 1574.9 35.0 1508 731.1 1.23 1574 2.684 31.460
24 1.363 341.1 28.735 | 1823.2 17.6 2377 1047.8 1.28 22.943 5.34 1558.2 343 1470 721.0 1.22 1593 2.507 29.368
26 1.361 340.8 28.727 | 1800.0 171 2259 1038.5 1.28 22.363 5.28 1538.9 334 1431 710.6 1.22 1611 2435 28.516
28 1.359 340.6 28.719 | 1774.6 16.5 2144 1027.6 1.29 21.821 5.21 1517.3 325 1391 700.0 1.22 1626 2.262 26.492
3 1356 | 340.3 | 28.712 | 17473 | 16.0 2033 | 10154 | 1.30 21.325 513 | 14937 | 316 1351 689.3 121 1640 2.098 24.559
Konnov (1998) Reaction M echanism Tan (1994) Reaction M echanism
¢ A (mm) (5] 0 A (mm) T (M) 0

0.2 121700.000 460000.000 23.881 59120.000 226200.000 25.236

04 149.000 528.100 18.085 423.900 1500.000 18.087

0.6 7.271 24.480 15.449 11.940 40.570 22.051

0.8 1.799 5.871 12.427 1.584 5.127 18.923

1 0.963 3.096 10.822 0.737 2.318 14.934
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Konnov (1998) Reaction Mechanism

Tan (1994) Reaction M echanism

(0] A (mm) T (M) 0 A (mm) T (M) 0
12 0.724 2314 10.082 0.557 1.733 13.633
14 0.665 2131 10.035 0.549 1.710 13.636
16 0.703 2.274 10.552 0.645 2.035 14.431
18 0.809 2.652 11412 0.840 2.715 15.560

2 0.983 3.280 12.436 1.160 3.860 16.589
22 1.256 4.279 13.554 1.690 5.778 17.241
24 1.686 5.884 14.749 2.532 8.894 17.449
2.6 2.390 8.553 15.848 3.877 13.970 17.345
28 3.563 13.090 16.676 6.033 22.230 17.132

3 5.533 20.880 17.101 9.498 35.700 16.862
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Stoichiometric ethylene-air mixtureswith varying initial pressure

Po Yo ao Wo Ve Py | T acy ves Wes | pg, | U Pno | Tw an " Cpwn An® 0
(m/s) | (g/mol) (m/s) (bar) (K) (m/s) (g/mol) (m/s) (bar) (K) (m/s) J/kgK) | (MJ/kg)
0.2 1384 | 3433 | 28.799 | 17919 3.6 2808 983.8 1.16 27.729 522 | 15039 6.5 1548 | 750.3 1.26 1400 4.680 54.951
0.4 1.384 3433 28.799 | 1806.5 7.3 2859 993.3 117 27.816 5.26 1517.5 13.3 1566 754.6 1.26 1402 4.442 52.163
0.6 1.384 343.3 28.799 | 1814.7 11.0 2889 998.7 117 27.866 5.29 1525.2 20.1 1577 757.0 1.26 1404 4.483 52.639
0.8 1384 | 3433 | 28.799 | 18205 | 1438 2909 | 10026 | 1.17 27.901 530 | 15306 | 27.0 1584 | 758.7 1.26 1405 4.509 52.943
1 1384 | 3433 | 28.799 | 18249 | 186 2925 | 10055 | 1.17 27.928 532 | 15347 | 339 1590 | 760.0 1.26 1405 4.530 53.193
12 1384 | 3433 | 28.799 | 18284 | 22.3 2938 | 10079 | 117 27.949 533 | 15379 | 4038 1594 | 761.0 1.26 1406 4.548 53.399
14 1.384 3433 28.799 | 18314 26.1 2949 1009.9 117 27.968 5.33 1540.7 47.8 1598 761.9 1.26 1406 4.562 53.570
16 1.384 3433 28.799 | 1833.9 29.9 2958 1011.6 117 27.983 5.34 1543.1 54.8 1601 762.7 1.26 1407 4.574 53.709
18 1384 | 3433 | 28.799 | 1836.1 | 337 2966 | 10131 | 1.18 27.997 535 | 15451 | 617 1604 | 763.3 1.26 1407 4.301 50.503
2 1384 | 3433 | 28.799 | 18381 | 37.6 2973 | 10145 | 118 28.009 535 | 1547.0 | 6838 1607 | 763.9 1.26 1408 4.310 50.603
Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism

Po A (mm) T(us) 0 A (mm) T(us) )

0.2 3.3%4 10.830 8.740 2.290 7.187 11.189

04 1.907 6.102 9.566 1.332 4.166 12.337

0.6 1.397 4.479 10.120 1.003 3.139 13.297

0.8 1.127 3.620 10.511 0.835 2.617 14.167

1 0.959 3.081 10.799 0.734 2.306 14.912

12 0.841 2.705 11.023 0.669 2.107 15.558

14 0.752 2421 11.183 0.622 1.962 16.076

16 0.684 2.201 11.299 0.587 1.858 16.483

18 0.627 2.020 11.397 0.560 1.775 16.764

2 0.581 1.870 11.462 0.538 1.707 16.957
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Stoichiometric ethylene-oxygen-ar gon mixtureswith varying argon dilution

Dil Y Wo Ve Pcs Tes ac) Wey M Uy Pun TN ayn Cpyn AR°
Yool ool vy | @moy | iy | by | k) | iy | P | gmol Sy | ) | © | e || kgl | (makg | @
0 | 1338 | 3253 | 31013 | 23761 | 338 | 3937 | 12833 | 124 | 22652 | 731 | 21230 | 648 | 2035 | 797.9 | 117 | 1878 | 5226 | 66.076
10 | 1355 | 3228 | 31.898 | 22964 | 325 | 3900 | 12422 | 123 | 23996 | 7.1 | 20367 | 618 | 2062 | 7963 | 118 | 1713 | 5127 | 66.681
20 | 1375 | 3207 | 32799 | 22159 | 311 | 3856 | 12007 | 122 | 25457 | 691 | 19484 | 587 | 2092 | 7960 | 119 | 1554 | 5023 | 67.168
30 | 1.398 | 3190 | 33687 | 21367 | 297 | 3806 | 11602 | 122 | 26993 | 670 | 1860.0 | 556 | 2123 | 7973 | 121 | 1406 | 4677 | 64.242
40 | 1424 | 317.7 | 34583 | 20557 | 282 | 3746 | 11103 | 121 | 28659 | 647 | 17681 | 523 | 2157 | 8003 | 124 | 1262 | 4568 | 64.416
50 | 1453 | 3169 | 35478 | 19740 | 266 | 3672 | 10785 | 121 | 30425 | 623 | 16735 | 488 | 2191 | 8053 | 126 | 1125 | 4219 | 61023
60 | 1486 | 3165 | 36371 | 18881 | 249 | 3576 | 10364 | 121 | 32326 | 597 | 15723 | 450 | 2222 | 8124 | 130 991 3.867 | 57.346
70 | 1524 | 3167 | 37.264 | 17944 | 229 | 3440 | 9921 | 121 | 34363 | 567 | 14604 | 408 | 2241 | 809 | 135 865 3498 | 53.144
80 | 1570 | 317.6 | 38158 | 1681.2 | 203 | 3218 | 9424 | 123 | 36535 | 529 | 13265 | 357 | 2221 | 8274 | 141 744 2776 | 43.192
90 | 1622 | 3192 | 39051 | 14927 | 157 | 2687 | 8760 | 133 | 38719 | 468 | 11237 | 277 | 2020 | 870 | 151 627 1431 | 22.788
Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism
Dil %y0 A (mm) T (us) ¢} A (mm) T (us) ¢}
0 0.031 0112 8.020 0.019 0.063 8.369
10 0.033 0.115 7.957 0.020 0.063 7.915
20 0.035 0.120 7.904 0.021 0.065 7.486
30 0.038 0.126 7.857 0.022 0.068 7.122
40 0.042 0135 7.817 0.025 0.072 6.787
50 0.048 0.148 7.693 0.028 0.079 6.495
60 0.057 0.170 7671 0.033 0.092 6.265
70 0.076 0215 7.661 0.043 0.115 6.087
80 0.125 0.336 7.540 0.066 0174 6.038
90 0.460 1.205 7.264 0.220 0571 6.322

216




Stoichiometric ethylene-oxygen-car bon dioxide mixtureswith varying car bon dioxide dilution

Dil 3y Wo Ve Pcs Tes ac) Wey M Uy Pun TN ayn Cpyn AR°
Yool ool vy | @moy | iy | by | k) | iy | P | gmol Sy | ) | © | e || kgl | (makg | @
0 | 1338 | 3253 | 31013 | 23761 | 338 | 3937 | 12833 | 124 | 22652 | 731 | 21230 | 648 | 2035 | 797.9 | 117 | 1878 | 5226 | 66.076
10 | 1332 | 3180 | 32301 | 22275 | 311 | 3773 | 12013 | 122 | 24626 | 700 | 19858 | 593 | 1897 | 7552 | 117 | 1787 | 5055 | 66578
20 | 1326 | 3111 | 33612 | 20826 | 284 | 3598 | 11220 | 120 | 26776 | 669 | 185L9 | 539 | 1760 | 7136 | 117 | 1704 | 4908 | 67.263
30 | 1321 | 3046 | 34905 | 19454 | 259 | 3417 | 10475 | 118 | 29041 | 639 | 17249 | 488 | 1630 | 6744 | 117 | 1627 | 4808 | 68431
40 | 1315 | 2985 | 36215 | 18105 | 233 | 3223 | 9748 | 116 | 31489 | 607 | 15999 | 438 | 1502 | 6360 | 117 | 1555 | 4742 | 70015
50 | 1311 | 2927 | 37.511 | 16789 | 209 | 3012 | 9050 | 115 | 34049 | 574 | 1477.6 | 389 | 1377 | 5990 | 118 | 1486 | 4376 | 66.930
60 | 1.306 | 287.3 | 38811 | 15440 | 183 | 2764 | 8349 | 113 | 36700 | 537 | 135L7 | 340 | 1250 | 5616 | 118 | 1420 | 4335 | 68.595
70 | 1302 | 2821 | 40110 | 13952 | 155 | 2437 | 7608 | 113 | 39266 | 495 | 1211.9 | 287 | 1111 | 5215 | 118 | 1352 | 3540 | 57.886
80 | 1207 | 277.2 | 41410 | 11999 | 118 | 1929 | 6684 | 115 | 41321 | 433 | 10259 | 218 | 932 | 4714 | 119 | 1268 | 2220 | 37.487
Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism
Dil %0 A (mm) T (us) C A (mm) T (us) )
0 0.031 0112 8.020 0.019 0.063 8.369
10 0.052 0.200 8.241 0.036 0.128 10.100
20 0.099 0.400 9.356 0.082 0317 13.028
30 0.223 0.953 11.376 0.247 1.036 16.595
40 0.644 2918 13.341 1.026 4.651 18.229
50 2.355 11.280 14.732 5071 24.390 17.662
60 11.680 59.060 15.994 30.030 152.100 17.176
70 101.700 543.100 18.033 289.400 1542.000 18.740
80 4280.000 24240.000 22,004 14920.000 84110.000 23.963
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Stoichiometric ethylene-oxygen-helium mixtureswith varying helium dilution

Dil Y Wo Ve Pcs Tes ac) Wey M Uy Pun TN ayn Cpyn AR°
Yool ool vy | @moy | iy | by | k) | iy | P | gmol Sy | ) | © | e || kgl | (makg | @
0 | 1338 | 3253 | 31013 | 23761 | 338 | 3937 | 12833 | 124 | 22652 | 731 | 21230 | 648 | 2035 | 797.9 | 117 | 1878 | 5226 | 66.076
10 | 1.355 | 3425 | 28336 | 24365 | 325 | 3900 | 13179 | 123 | 21317 | 711 | 2161.0 | 618 | 2062 | 8448 | 118 | 1929 | 5771 | 66.680
20 | 1375 | 3629 | 25611 | 2507.7 | 311 | 3856 | 13588 | 122 | 19.878 | 691 | 22049 | 587 | 2092 | 9008 | 119 | 1990 | 6.432 | 67.168
30 | 1.398 | 3867 | 22924 | 25002 | 297 | 3806 | 14065 | 122 | 18369 | 670 | 22548 | 556 | 2123 | 9665 | 121 | 2066 | 6.873 | 64.242
40 | 1424 | 4158 | 20200 | 26900 | 282 | 3746 | 14646 | 121 | 16738 | 647 | 23137 | 523 | 2157 | 10472 | 124 | 2160 | 7.821 | 64.414
50 | 1453 | 4511 | 17.508 | 28100 | 266 | 3672 | 15352 | 121 | 15014 | 623 | 23823 | 488 | 2191 | 11463 | 126 | 2280 | 8549 | 61024
60 | 1.486 | 4961 | 14.807 | 29503 | 249 | 3576 | 16243 | 121 | 13160 | 596 | 24643 | 450 | 2222 | 12734 | 130 | 2435 | 9499 | 57.346
70 | 1524 | 5556 | 12108 | 31480 | 229 | 3440 | 17405 | 121 | 11.165 | 567 | 25620 | 408 | 2241 | 14402 | 135 | 2662 | 10.765 | 53.146
80 | 1569 | 639.7 | 9405 | 33863 | 203 | 3218 | 18983 | 123 | 9.005 | 529 | 26719 | 357 | 2221 | 16665 | 141 | 3018 | 11264 | 43192
90 | 1623 | 7705 | 6704 | 36026 | 157 | 2687 | 21142 | 133 | 6647 | 468 | 27120 | 277 | 2020 | 1947.8 | 151 | 3653 | 8338 | 22.790
Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism
Dil %y0 A (mm) T (us) ¢} A (mm) T (us) ¢}
0 0.031 0112 8.020 0.019 0.063 8.369
10 0.034 0.115 7.978 0.021 0.063 7.910
20 0.039 0.119 7.928 0.023 0.065 7.495
30 0.045 0.125 7.883 0.027 0.068 7.117
40 0.054 0.133 7.833 0.032 0.072 6.783
50 0.067 0.145 7.767 0.040 0.079 6513
60 0.088 0.165 7.692 0.052 0.091 6.265
70 0.128 0.206 7.644 0.075 0.115 6.104
80 0.237 0316 7.563 0134 0.174 6.047
90 1.020 1.107 7.379 0531 0572 6.267
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Stoichiometric ethylene-oxygen-nitrogen mixtureswith varying nitrogen dilution

Dil " 3y Wo Ve Pes Tes ac) Wes M Uy Pun TN an Cpu AR
% (] Yci a YwN
Oyol (m/s) | (g/mol) (m/s) (bar) (K) (m/s) (g/mol) (m/s) (bar) (K) (m/s) (J/kgK) | (MJ/kg)

0 1338 | 3253 | 31.013 | 2376.1 33.8 3937 | 1283.3 124 22.652 731 2123.0 64.8 2035 797.9 117 1878 5.226 66.076

10 1343 | 3274 | 30.715 | 2317.0 31.9 3862 | 1251.2 1.22 23.325 7.08 2059.0 60.7 1995 796.6 118 1818 5.476 68.582

20 1349 | 3298 | 30413 | 22586 30.1 3784 | 12205 121 24.005 6.85 1995.2 56.9 1957 795.9 118 1757 5.482 67.975

30 1355 | 3322 | 30.114 | 21982 28.2 3696 | 1189.1 1.20 24.704 6.62 1929.3 531 1915 794.7 119 1696 5.483 67.317

40 1361 | 3347 | 29.812 | 21323 26.3 3590 | 1155.1 1.19 25.442 6.37 1857.8 49.2 1867 792.3 121 1635 5.462 66.396

50 1368 | 337.2 | 29.513 | 2060.3 24.3 3461 1118.6 118 26.195 6.11 1780.3 451 1810 788.2 122 1571 5.418 65.194

60 1375 | 339.7 | 29.213 | 1977.2 222 3291 | 1077.2 117 26.957 5.82 1692.0 40.8 1738 781.2 123 1503 5.317 63.327

70 1381 | 3423 | 28913 | 18741 19.7 3051 | 1028.1 117 27.681 547 1584.8 36.0 1640 768.1 125 1433 4779 56.343

73821 | 1.385 | 3434 | 28.798 | 18244 185 2924 | 1005.3 117 27.930 531 1534.2 339 1589 759.9 1.26 1405 4.529 53.175

80 1.388 | 3450 | 28.613 | 1722.7 16.3 2649 961.4 1.19 28.246 4.99 1432.6 29.8 1480 739.8 127 1355 3.557 41.499

Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism
Dil %y0 A (mm) T (us) ¢} A (mm) T (us) ¢}
0 0.031 0.112 8.020 0.019 0.063 8.369
10 0.041 0.145 7.950 0.025 0.082 8.602
20 0.054 0.191 7.867 0.033 0.107 8.830
30 0.075 0.257 7.784 0.046 0.145 9.117
40 0.107 0.363 7.739 0.066 0.208 9.507
50 0.164 0.545 7.819 0.103 0.323 10.116
60 0.282 0.919 8.292 0.185 0.577 11.151
70 0.617 1.988 9.778 0.445 1.390 13.323
73.821 0.963 3.096 10.822 0.737 2.318 14.934
80 2.853 9.216 13.304 2.681 8.629 19.709
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Appendix G: Propane Detonation Properties
Initial temperature isalways 295 K, and the initial pressure is 1 bar unless otherwise stated.

Nomenclature:

0 : pre-shock condition

a: acoustic speed

CJ: Chapman-Jouguet state condition
Cp : specific heat at constant pressure
Dil %, : percent diluent by volume

Mc; : Chapman-Jouguet detonation Mach number

P : pressure

Q : heat of reaction non-dimensionalized by RyTg
R : mixture gas constant

T : temperature

u : fluid velocity (in shock-fixed reference frame)
VN : post-shock condition

V¢; : Chapman-Jouguet detonation velocity

W : molecular mass
A : reaction zone length

AhP : heat of reaction extrapolated to zero temperature

@: equivaenceratio

y : ratio of specific heats

0 : non-dimensional effective activation energy parameter
T: reaction zonetime
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Propane-oxygen mixtureswith varying equivalenceratio

o Yo 0 Wo Ve Pcy Ta acy ves Wes Mcy Uy Pun TN an Y Chwy AR 0
(m/s) | (g/mol) (m/s) (bar) (K) (m/s) (g/mol) (m/s) (bar) (K) (m/s) J/kgK) | (MJ/kg)
0.2 1.369 321.6 32464 | 16924 17.9 2780 937.3 118 30.829 5.26 1436.7 332 1479 685.2 124 1327 3.645 48.242
0.4 1344 | 3165 | 32.895 | 19575 | 24.6 3368 | 10605 | 1.17 28.235 6.18 | 17103 | 459 1710 719.3 1.20 1535 5.198 69.720
0.6 1.323 312.2 33295 | 21232 29.2 3611 11454 1.19 25.886 6.80 1887.2 55.4 1816 728.5 117 1718 5.398 73.280
0.8 1306 | 3084 | 33668 | 22533 | 332 3749 | 12138 | 121 23.957 731 | 20275 | 637 1884 7317 115 1882 5.434 74.590
1 1.291 305.1 34.015 | 2360.6 36.7 3829 1271.0 122 22.362 7.74 2143.7 712 1930 732.3 114 2030 5.657 78.454
12 1279 | 3022 | 34.340 | 2449.0 | 39.8 3864 | 13188 | 1.22 21.013 810 | 22399 | 778 1960 7309 113 2165 6.085 85.191
14 1.269 299.7 34.645 | 2519.5 42.3 3856 1358.0 121 19.844 8.41 23174 835 1975 727.7 112 2288 6.778 95.738
16 1259 | 297.3 | 34932 | 25710 | 443 3801 | 13885 | 1.20 18.811 8.65 | 23753 | 88.0 1975 7225 111 2399 7.441 105.982
18 1.251 295.2 35.201 | 2602.1 45.5 3697 1410.5 1.19 17.884 8.81 24124 91.1 1959 714.9 1.10 2496 8.054 115.594
2 1.244 293.3 35455 | 2612.3 45.9 3547 1423.4 1.19 17.049 8.91 2428.3 92.7 1927 704.9 1.10 2581 8.098 117.058
22 1237 | 2915 | 35695 | 26030 | 455 3362 | 14276 | 1.20 16.294 8.93 | 24243 | 928 1880 692.8 1.10 2653 7.576 110.253
24 1231 290.0 35.923 | 2575.7 44.5 3151 1423.2 122 15.611 8.88 2402.2 91.6 1821 678.8 1.09 2712 6.649 97.390
26 1226 | 2885 | 36.138 | 25315 | 428 2918 | 14109 | 1.23 14.988 878 | 23629 | 89.1 1751 663.0 1.09 2758 6.079 89.576
2.8 1221 287.1 36.342 | 2470.7 40.6 2671 1389.4 1.26 14.420 8.61 2306.8 85.5 1672 645.6 1.09 2790 5.008 74.213
3 1217 | 2858 | 36536 | 23944 | 380 2417 | 1358.2 | 1.28 13.904 838 | 22350 | 807 1585 626.6 1.09 2807 4.288 63.883
Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism
¢ A (mm) T (M) 0 A (mm) T (M) 0

0.2 0.542 1.945 13.552 1.094 3.930 15.882

04 0.091 0.328 10.523 0.143 0.516 12.754

0.6 0.050 0.187 9.803 0.075 0.277 11.707

0.8 0.037 0.139 9.576 0.055 0.204 11.205

1 0.030 0.117 9.540 0.045 0.172 10.933
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Konnov (1998) Reaction Mechanism

Tan (1994) Reaction M echanism

(0] A (mm) T (us) 0 A (mm) T (U9 6
12 0.027 0.107 9.577 0.042 0.159 10.801
14 0.026 0.104 9.685 0.041 0.158 10.775
16 0.026 0.109 9.818 0.044 0.171 10.825
18 0.029 0.124 9.960 0.051 0.202 10.955

2 0.036 0.154 10.143 0.064 0.261 11.126
22 0.047 0.209 10.223 0.088 0.367 11.314
24 0.067 0.304 10.265 0.129 0.557 11.472
2.6 0.103 0.475 10.199 0.202 0.910 11.599
28 0.167 0.793 9.985 0.345 1.617 11.657

3 0.285 1.391 9.613 0.636 3.099 11571
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Stoichiometric propane-oxygen mixtureswith varying initial pressure

Po Yo £ Wo Ve Pca Te acy ves Wes Mc, UyN P Tw an Yo Cpwy AR® 0
(m/s) | (g/mol) (m/s) (bar) (K) (m/s) (g/mol) (m/s) (bar) (K) (m/s) (J/kgK) | (MJI/kg)
0.2 1.291 305.1 34.015 | 2287.9 6.9 3526 1228.1 122 21.876 7.50 2073.5 133 1846 716.7 114 2012 5.312 73.667
0.4 1.291 305.1 34.015 | 2319.1 14.2 3653 1246.6 1.22 22.076 7.60 2103.6 275 1882 7234 114 2020 5.460 75.717
0.6 1.291 305.1 34.015 | 23374 216 3730 1257.3 1.22 22.199 7.66 2121.3 41.8 1903 727.3 114 2024 5.548 76.937
0.8 1.291 305.1 34.015 | 2350.5 29.1 3785 1265.0 1.22 22.290 7.70 21339 56.5 1918 730.1 114 2027 5.608 771.776
1 1.291 305.1 34.015 | 2360.6 36.7 3829 1271.0 1.22 22.362 7.74 21437 71.2 1930 732.3 114 2030 5.657 78.454
12 1.291 305.1 34.015 | 2368.8 443 3865 1275.9 1.22 22.422 7.76 2151.6 86.0 1939 734.0 114 2032 5.696 79.000
14 1.291 305.1 34.015 | 2375.8 52.0 3896 1280.1 1.22 22.473 7.79 21583 | 1010 1947 735.5 114 2033 5.730 79.471
16 1291 | 305.1 | 34.015 | 23819 | 59.6 3923 | 12839 | 122 22519 781 | 2164.2 | 1160 | 1954 736.8 114 2035 5.759 79.869
18 1.291 305.1 34.015 | 2387.2 67.3 3948 1287.1 1.22 22.559 7.82 2169.3 | 1310 1960 737.9 114 2036 5.787 80.261
2 1291 | 305.1 | 34.015 | 23920 | 751 3969 | 12899 | 122 22.596 7.84 | 2174.0 | 146.0 | 1966 739.0 114 2037 5.809 80.559
Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism

Po A (mm) T(us) 0 A (mm) T(us) )

0.2 0.166 0.647 10.520 0.226 0.865 11.966

04 0.080 0.311 10.128 0.113 0.432 11.530

0.6 0.052 0.203 9.869 0.076 0.287 11.272

0.8 0.038 0.149 9.677 0.057 0.215 11.079

1 0.030 0.117 9.539 0.045 0.172 10.933

12 0.025 0.096 9417 0.038 0.143 10.820

14 0.021 0.082 9.322 0.032 0.122 10.724

16 0.018 0.071 9.237 0.028 0.107 10.640

18 0.016 0.062 9.168 0.025 0.095 10.571

2 0.014 0.056 9.120 0.023 0.086 10.509
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Propane-air mixtureswith varying equivalenceratio

o Yo N Wo Ve Pcs T acy ves Wes Mc, Uy Pun TN ayN Yo Cpun AR® 0
(m/s) | (g/mol) (m/s) (bar) (K) (m/s) (g/mal) (m/s) (bar) (K) (m/s) J/kgK) | (MJI/kg)
0.2 1.396 343.7 28.978 | 10914 6.5 1159 663.6 131 28.738 3.18 8335 11.7 819 560.2 1.34 1142 0.742 8.772
0.4 1.389 342.1 29.103 | 13884 105 1782 810.9 1.27 28.628 4.06 1119.0 194 1112 642.3 1.30 1244 1.498 17.776
0.6 1.382 340.5 29.226 | 1587.5 13.9 2280 905.7 1.23 28.488 4.66 1311.5 258 1324 692.7 127 1321 2.404 28.645
0.8 1.375 339.0 | 29.346 | 17217 16.7 2638 961.5 1.19 28.201 5.08 14435 30.7 1465 7224 1.26 1386 3.545 42.420
1 1.370 337.7 29.465 | 1801.0 185 2822 994.3 117 27.670 5.33 1524.1 34.0 1541 7355 124 1438 4.402 52.878
12 1364 | 336.3 | 29582 | 18359 | 191 2845 | 10187 | 1.19 26.931 546 | 1563.0 | 356 1561 735.9 123 1482 4.027 48.576
14 1358 | 334.9 | 29.698 | 18340 | 188 2741 | 10317 | 122 26.067 548 | 1566.9 | 358 1538 726.7 123 1516 3.386 41.002
16 1.353 333.6 29811 | 18132 18.3 2587 1029.5 124 25.195 5.44 1552.5 35.2 1494 713.0 1.22 1545 2.980 36.227
18 1.348 3324 | 29.923 | 1784.8 17.7 2425 1019.6 1.26 24.374 5.37 1530.4 343 1443 698.0 1.22 1569 2.619 31.958
2 1343 | 3312 | 30033 | 17519 | 17.0 2265 | 10057 | 1.27 23613 529 | 15036 | 333 1390 682.7 121 1590 2403 29.431
22 1.338 330.0 | 30.141 | 17155 16.3 2109 989.1 1.28 22.910 5.20 1473.0 321 1337 667.1 121 1608 2.195 26.979
24 1.333 328.8 30.247 | 1675.6 15.6 1958 970.2 1.29 22.259 5.10 1438.6 30.7 1282 651.4 1.20 1623 1.997 24.626
26 1.329 327.7 30.352 | 16325 14.8 1812 949.2 1.30 21.656 4.98 1400.7 29.3 1227 635.4 1.20 1634 1.808 22.373
28 1326 | 326.7 | 30.456 | 1586.0 | 14.0 1670 926.2 1.30 21.097 485 | 1359.2 | 27.8 171 619.2 1.20 1643 1.6%4 21.038
3 1.321 325.7 30.557 | 1535.6 131 1531 901.4 131 20.576 4.72 1313.6 26.1 1114 602.7 1.20 1646 1510 18.816
Konnov (1998) Reaction M echanism Tan (1994) Reaction M echanism
¢ A (mm) (5] 0 A (mm) T (M) 0

0.2 134900.000 515400.000 26.505 208800.000 780200.000 24.029

04 173.000 604.800 15.697 540.100 1883.000 14.056

0.6 13.340 45.040 13.689 36.120 124.200 15.989

0.8 3.637 12.080 13.059 7.269 24.620 16.239

1 2.072 6.847 12.671 3.547 11.940 15.587
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Konnov (1998) Reaction Mechanism

Tan (1994) Reaction M echanism

¢ A (mm) T (us) 0 A (mm) T (us) 6
12 1.889 6.283 12,515 3.126 10.580 15.176
14 2427 8.196 12.415 4181 14.360 14.974
16 3.629 12.520 12.226 6.716 23.550 14.752
18 5.674 20.010 11.895 11.340 40.590 14.380

2 8.958 32.260 11.390 19.270 70.440 13.755
22 14.080 51.650 10.712 32.280 120.500 12.737
24 21.800 81.400 9.927 52.600 199.800 11.248
2.6 32.920 125.300 9.266 81.500 314.200 9.503
28 49.450 191.100 9.099 120.800 470.900 8.404

3 76.020 298.800 9.928 179.000 705.300 8.986
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Stoichiometric propane-air mixtureswith varying initial pressure

Po Yo ao Wo Ve Py | T acy ves Wes | pg, | U Pno | Tw an " Cpwn An® 0
(m/s) | (g/mol) (m/s) (bar) (K) (m/s) (g/mol) (m/s) (bar) (K) (m/s) J/kgK) | (MJ/kg)
0.2 1.370 337.7 29.465 1771.6 3.6 2721 974.3 1.16 27.499 5.25 1496.6 6.6 1505 727.1 125 1432 4.564 54.827
0.4 1.370 337.7 29.465 | 1784.7 7.3 2766 983.2 117 27574 5.29 1508.8 13.3 1521 730.8 124 1435 4.327 51.980
0.6 1.370 337.7 29.465 | 1792.0 11.0 2791 988.2 117 27.617 531 1515.7 20.2 1530 732.9 124 1437 4.360 52.381
0.8 1.370 337.7 29.465 1797.1 14.7 2809 991.6 117 27.647 5.32 1520.5 27.1 1536 734.3 124 1438 4.385 52.675
1 1.370 337.7 29.465 | 1801.0 185 2822 994.3 117 27.670 5.33 1524.1 34.0 1541 7355 124 1438 4.402 52.878
12 1.370 337.7 29.465 | 1804.1 222 2833 996.4 1.18 27.688 5.34 1527.0 40.9 1545 736.3 124 1439 4.143 49.770
14 1.370 337.7 29.465 | 1806.7 26.0 2842 998.3 1.18 27.703 5.35 1529.5 47.9 1548 737.1 124 1440 4.154 49.905
16 1.370 337.7 29.465 | 1808.9 29.7 2850 999.8 1.18 27.716 5.36 1531.5 54.8 1551 737.7 124 1440 4.164 50.029
18 1370 | 337.7 | 29.465 | 18109 | 335 2857 | 1001.2 | 1.18 27.728 536 | 15334 | 618 1553 | 7383 124 1440 4.173 50.134
2 1.370 337.7 29.465 | 1812.6 37.3 2863 1002.4 1.18 27.738 5.37 1535.0 68.9 1555 738.7 124 1441 4.181 50.225
Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism

Po A (mm) T(us) 0 A (mm) T(us) )

0.2 9.009 30.300 14.159 13.040 44.670 17.422

04 4.823 16.130 13.616 7.453 25.370 16.693

0.6 3.332 11.090 13.216 5.379 18.230 16.229

0.8 2.551 8.460 12.917 4.256 14.370 15.872

1 2071 6.845 12.674 3.547 11.940 15.587

12 1.745 5.751 12.466 3.058 10.260 15.346

14 1.507 4.956 12.300 2.694 9.020 15.142

16 1.328 4.357 12.153 2415 8.068 14.965

18 1.186 3.883 12.028 2192 7.306 14.804

2 1.072 3.505 11.923 2.010 6.687 14.662
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Stoichiometric propane-oxygen-ar gon mixtureswith varying argon dilution

Dil Y Wo Ve Pcs Tes ac) Wey M Uy Pun TN ayn Cpyn AR°
Yool ool vy | @moy | iy | by | k) | iy | P | gmol Sy | ) | © | e || kgl | (makg | @
0 | 1201 | 3051 | 34015 | 2360.6 | 367 | 3829 | 12710 | 122 | 22362 | 774 | 21437 | 712 | 1930 | 7323 | 114 | 2030 | 5657 | 78.454
10 | 1.310 | 3046 | 34611 | 22856 | 350 | 3795 | 12326 | 122 | 23612 | 750 | 20612 | 67.5 | 1954 | 7342 | 115 | 1859 | 5313 | 74.983
20 1.329 304.3 35.201 2210.6 33.2 3756 1194.3 1.21 24.951 7.26 1977.7 63.7 1981 737.4 1.16 1696 5.244 75.261
30 | 1.353 | 3044 | 35793 | 21343 | 315 | 3710 | 11556 | 121 | 26408 | 7.0l | 18914 | 599 | 2011 | 7419 | 118 | 1536 | 4.896 | 71453
40 | 1379 | 3048 | 36387 | 20560 | 297 | 3655 | 11163 | 120 | 27.996 | 674 | 18013 | 559 | 2045 | 7482 | 120 | 1381 | 4805 | 71.284
50 | 1.409 | 3057 | 36.980 | 19749 | 27.8 | 3588 | 10760 | 120 | 29729 | 646 | 17061 | 518 | 2080 | 7566 | 122 | 1229 | 4.444 | 67.006
60 | 1.445 | 307.1 | 37.572 | 18892 | 257 | 3500 | 10342 | 120 | 31628 | 615 | 16033 | 47.4 | 2116 | 7673 | 126 | 1082 | 4076 | 62436
70 | 1489 | 3093 | 38165 | 17948 | 235 | 3375 | 9898 | 120 | 33712 | 580 | 1487.9 | 426 | 2146 | 7805 | 130 937 3687 | 57.372
80 | 1540 | 3122 | 38758 | 16809 | 207 | 3168 | 9400 | 122 | 35993 | 538 | 13487 | 368 | 2147 | 7942 | 137 795 2911 | 46.005
90 | 1605 | 3163 | 39351 | 14935 | 158 | 2668 | 8743 | 133 | 38382 | 472 | 11380 | 283 | 1985 | 787.7 | 148 652 1433 | 22.901
Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism

Dil %y0 A (mm) T (us) ¢} A (mm) T (us) ¢}

0 0.030 0117 9.540 0.045 0172 10.933

10 0.031 0.119 9512 0.046 0.168 10.722

20 0.033 0.120 9.476 0.046 0.165 10.469

30 0.034 0121 9.412 0.047 0.162 10.164

40 0.036 0.123 9334 0.048 0.160 9.790

50 0.038 0.126 9.212 0.051 0.161 9.375

60 0.042 0134 9.043 0.055 0.167 8.913

70 0.050 0.151 8.924 0.064 0.186 8.481

80 0.074 0.209 8.879 0.090 0.247 8.216

90 0.299 0.795 10.345 0.294 0.781 9.637
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Stoichiometric propane-oxygen-car bon dioxide mixtureswith varying carbon dioxide dilution

Dil 3y Wo Ve Pcs Tes ac) Wey M Uy Pun TN ayn Cpyn AR°
Yool ool vy | @moy | iy | by | k) | iy | P | gmol Sy | ) | © | e || kgl | (makg | @
0 | 1201 | 3051 | 34015 | 23606 | 367 | 3829 | 12710 | 122 | 22362 | 7.74 | 21437 | 712 | 1930 | 7323 | 114 | 2030 | 5657 | 78454
10 | 1291 | 3007 | 35019 | 22244 | 336 | 3684 | 11968 | 120 | 24164 | 740 | 20131 | 649 | 1820 | 7020 | 114 | 1924 | 5581 | 79.684
20 | 1201 | 2965 | 36.014 | 20021 | 307 | 3530 | 11249 | 119 | 26101 | 7.06 | 18863 | 59.0 | 1710 | 6723 | 114 | 1824 | 5221 | 76.661
30 | 1201 | 2024 | 37.012 | 1961.3 | 27.8 | 3366 | 10543 | 117 | 28213 | 671 | 17611 | 531 | 1600 | 6426 | 115 | 1729 | 5189 | 78.310
40 | 1290 | 2885 | 38013 | 18314 | 250 | 3187 | 9848 | 116 | 30513 | 635 | 16368 | 475 | 1488 | 6128 | 115 | 1639 | 4835 | 74.939
50 | 1290 | 284.8 | 39013 | 17007 | 222 | 2987 | 9157 | 114 | 32995 | 597 | 1511.7 | 419 | 1374 | 5825 | 116 | 1553 | 4.832 | 76.862
60 | 1289 | 2811 | 40012 | 15648 | 194 | 2748 | 8454 | 113 | 35629 | 557 | 13815 | 363 | 1253 | 5507 | 116 | 1470 | 4439 | 72413
70 | 1280 | 277.7 | 41012 | 14133 | 162 | 2430 | 7700 | 113 | 38280 | 509 | 12361 | 302 | 1117 | 5151 | 117 | 138 | 3620 | 60.539
80 | 1289 | 2743 | 42011 | 12153 | 122 | 1937 | 6761 | 115 | 40566 | 443 | 10450 | 228 | 940 | 4689 | 118 | 1200 | 2273 | 38.930
Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism

Dil %0 A (mm) T (us) C A (mm) T (us) )

0 0.030 0117 9.540 0.045 0172 10.933

10 0.056 0.227 10.047 0.091 0.366 11.978

20 0113 0477 10,535 0.207 0.874 12.947

30 0.253 1112 11.001 0542 2.403 13.604

40 0.643 2.942 11.448 1.644 7.644 14.005

50 1.922 9.166 11.933 5.815 28.180 13515

60 7.353 36.550 12.624 24.180 121.400 12.219

70 44,340 231.300 14.193 137.100 712.100 12.399

80 1106.000 6230.000 21.139 2717.000 15010.000 18.596
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Stoichiometric propane-oxygen-helium mixtureswith varying helium dilution

Dil Y Wo Ve Pcs Tes ac) Wey M Uy Pun TN ayn Cpyn AR°
Yool ool vy | @moy | iy | by | k) | iy | P | gmol Sy | ) | © | e || kgl | (makg | @
0 | 1201 | 3051 | 34015 | 2360.6 | 367 | 3829 | 12710 | 122 | 22362 | 774 | 21437 | 712 | 1930 | 7323 | 114 | 2030 | 5657 | 78.454
10 | 1.300 | 321.8 | 31.000 | 24150 | 350 | 3795 | 13024 | 122 | 21149 | 751 | 21779 | 675 | 1954 | 7758 | 115 | 2076 | 5932 | 74974
20 | 1329 | 3411 | 28013 | 24781 | 332 | 3756 | 13388 | 121 | 19.856 | 7.26 | 2217.0 | 638 | 1981 | 8266 | 116 | 2131 | 6589 | 75.258
30 | 1352 | 3641 | 25015 | 25530 | 315 | 3710 | 13824 | 121 | 18456 | 701 | 22624 | 599 | 2011 | 8875 | 118 | 2198 | 7.006 | 71451
40 | 1378 | 3919 | 22010 | 26435 | 297 | 3655 | 14353 | 120 | 16935 | 675 | 23160 | 559 | 2045 | 9620 | 120 | 2282 | 7.943 | 71279
50 | 1.409 | 4264 | 19009 | 27546 | 27.8 | 3588 | 15007 | 120 | 15282 | 646 | 2379.6 | 518 | 2080 | 10553 | 122 | 2391 | 8645 | 67.003
60 | 1.445 | 4705 | 16.008 | 28943 | 257 | 3500 | 1584.4 | 120 | 13475 | 615 | 24562 | 47.4 | 2116 | 11755 | 126 | 2540 | 9567 | 62440
70 | 1488 | 5297 | 13006 | 30745 | 235 | 3375 | 16955 | 120 | 11489 | 580 | 25488 | 426 | 2146 | 13370 | 130 | 2751 | 10818 | 57.367
80 | 1540 | 6145 | 10005 | 33083 | 207 | 3168 | 18500 | 122 | 9291 | 538 | 26546 | 368 | 2147 | 15630 | 1.37 | 3080 | 11279 | 46.009
90 | 1605 | 7498 | 7.004 | 35401 | 158 | 2668 | 20723 | 133 | 6831 | 472 | 2697.4 | 283 | 1985 | 18670 | 148 | 3664 | 8052 | 22.994
Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism

Dil %y0 A (mm) T (us) ¢} A (mm) T (us) ¢}

0 0.030 0117 9.540 0.045 0172 10.933

10 0.033 0.119 9.498 0.048 0.168 10.722

20 0.036 0.120 9.437 0.052 0.165 10.464

30 0.040 0121 0.388 0.056 0.162 10.164

40 0.046 0.123 9.283 0.062 0.160 9.795

50 0.053 0.126 9.201 0071 0.161 9.380

60 0.065 0.133 9.026 0.085 0.167 8.922

70 0.086 0.151 8.812 0.109 0.185 8.476

80 0.145 0.208 8.876 0175 0.246 8.230

90 0.709 0.794 10.384 0.701 0.786 9.662
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Stoichiometric propane-oxygen-nitrogen mixtureswith varying nitrogen dilution

Dil Yo 3y Wo Ve Pes Tes ac) ves Wes Mey Uy Pun TN an Yot Cpu AR 9
Yoyl (m/s) | (g/mol) (m/s) (bar) (K) (m/s) (g/mol) (m/s) (bar) (K) (m/s) v (J/kgK) | (MJ/kg)

0 1291 | 305.1 | 34.015 | 2360.6 36.7 3829 | 1271.0 122 22.362 7.74 2143.7 71.2 1930 732.3 114 2030 5.657 78.454

10 1.300 | 3089 | 33412 | 23059 344 3760 | 1241.9 121 22.974 7.47 2082.3 66.4 1900 735.9 115 1961 5.687 77.468

20 1.309 312.8 | 32.815 | 2252.2 32.3 3691 1214.0 1.20 23.592 7.20 2021.3 61.9 1872 740.1 115 1892 5.732 76.689

30 1.318 316.7 | 32215 | 2194.9 30.1 3611 1184.5 1.19 24.251 6.93 1956.3 57.4 1841 744.1 117 1819 5.766 75.730

40 1.328 321.0 | 31614 | 21322 279 3515 1152.6 118 24.956 6.64 1885.3 52.8 1804 747.4 118 1744 5.780 74.508

50 1339 | 3254 | 31.014 | 2062.2 25.6 3396 1117.4 117 25.703 6.34 1806.7 481 1758 749.6 119 1664 5.764 72.884

60 1.350 | 3299 | 30.414 | 1980.7 23.2 3239 | 1077.3 117 26.482 6.00 17164 | 432 1699 749.4 121 1581 5321 65.978

70 1.362 3348 | 29.814 | 1878.6 20.4 3014 | 1029.1 117 27.257 5.61 1605.8 37.7 1614 743.9 123 1493 4791 58.241

75.806 | 1.370 | 337.7 | 29.465 | 1801.0 185 2822 994.3 117 27.670 5.33 1524.1 34.0 1541 735.5 124 1438 4.402 52.878

80 1375 | 339.7 | 29.214 | 17284 16.8 2632 963.4 1.19 27.919 5.09 1449.6 30.8 1468 724.4 1.26 1395 3.574 42.567

Konnov (1998) Reaction Mechanism Tan (1994) Reaction M echanism
Dil %y0 A (mm) T (us) ¢} A (mm) T (us) ¢}
0 0.030 0.117 9.540 0.045 0.172 10.933
10 0.040 0.153 9.747 0.061 0.226 11.247
20 0.054 0.202 9.976 0.082 0.298 11.560
30 0.076 0.278 10.238 0.115 0.412 11.923
40 0.114 0.405 10.564 0.171 0.605 12.373
50 0.187 0.649 10.974 0.282 0.979 12.952
60 0.358 1.214 11.484 0.546 1.867 13.714
70 0.916 3.046 12.175 1.464 4.943 14.783
75.806 2.072 6.847 12.671 3.547 11.940 15.587
80 4.809 15.900 13.045 9.068 30.570 16.158
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