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ﬂntroduction & Motivation

“» Knowledge of the H,/O, oxidation mechanism is a fundamental issue in
combustion.

»Accurate kinetic and transport models are necessary for
computational design and optimization of gas turbine engines for
syngas combustion as part of Integrated Gasification Combined Cycle
processes.

»H,/O, chemistry is a core subset of all hierarchically developed
hydrocarbon oxidation models.

¢ Most practical applications, particularly syngas combustion in GT
engines, operate at high pressures (> 10 atm), frequently using lean
conditions and/or dilution to lower flame temperatures to achieve low
NO, emissions.

<« A number of recent studies [1-4] have revealed substantial difficulties
in accurately predicting flame behavior at high pressures and low flame
temperatures.  None of the kinetic models predict the pressure
dependence across all conditions (Fig. 1).

<« The inability of presently available kinetic models to predict high-
pressure, dilute flame behavior motivated us to update the H,/O, model
previously developed in our laboratory [5], with particular attention
devoted to reactions sensitive in high-pressure flames (Fig.2).
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Model Development

Processes/Reactions Revisited
<+ Present model uses the 19-reaction mechanism of Li et al. [5].

<+ Treatment of the following processes/reactions were revisited and in some
cases revised as part of the present modeling study: H+O,(+M)=HO,(+M),
H+HO,=products, H+0,~OH+0, O+HZ:OH+H O+H,0=OH+OH,
H+OH+M=H,0+M, HO,+OH=H,0+0,, HO,+0=0,+OH,
H,0,(+M)=OH+OH(+M), OH+H,0,=H,0+HO,, and H atom diffusion.

Potential “Missing” Reactions

«* The effects of the following oft lected reactions on predictions of the
validation targets were tested using rate constants available in the
literature: H+HO,+M=H,0,+M, O+OH+M=HO,+M, H,+0,=OH+OH,
H,+0,=H,0+0, H,0,+0=H,0+0,, H+HO,=H,0+O0.

<+ A calculation performed using direct variable reaction coordinate TST as
part of this study yields a rate constant for O+OH+M consistent with [6],
the lower bound of proposed rate constants discussed by [2].

¢ The above reactions have negligible effect on validation set predictions
with the exception of H+HO,=H,0+0 R3 (see H+HO,=products section).
The present model neglects R3 (consistent with use of lower proposed
values for k; that make the reaction unimportant).

Approach

« For many combustion phenomena, sensitivities to fundamental kinetic
parameters are so high that some of parameters must be adjusted to achieve
reasonable accuracies in predictions.

<+ A more advanced optimization scheme is outside the scope of the present
work, though we note that the updated model performs well when kinetic
parameters for H+HO,=H,+O, and H+O,(+M)=HO,(+M) are adjusted
within uncertainties.

<+ Motivation for parameter adjustments is based on the premise that similar
cancellations of errors will occur across a wider set of conditions than the
existing validation set. We emphasize here that “validation” is a necessary
but not sufficient condition for model accuracy across a wide range of]|
conditions, though a more diverse validation set should yield a more
accurate model over a wider range of conditions.
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Discussion Highlights

/H+ HO, = Products \

< H + HO, reactions are among the most sensitive reactions in many
combustion systems (H, and hydrocarbons alike).

<« There are relatively few studies on the rate constants of the various
channels, particularly at higher temperatures.

< The main channels are:
»H+HO,=0OH+OH RI

»H+HO,=H,+0, R2
»H+HO,=H,0+0 R3 115
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< Calculation  using  direct
variable reaction coordinate = 1E+14

TST as part of this study yields o, 140, o
k; consistent with that used in ~
Li et al. [5] within ~20%. @
Present model retains k, from S

<« At best, kinetic models assume a linear mixture rule for multi-
component bath gases. At worst, the implementation of some kinetic
models in CHEMKIN results in several times the high-pressure limit
[14].

« Different components of a bath gas mixture “interact” in
unimolecular/recombination reactions through modification of the
reactant energy-state distribution, assuming at least one of the
components is a weak collider (e.g. [15-16]).

¢ Our preliminary calculations yield trends (Fig. 7) that are consistent
with earlier studies in the low-pressure limit, given that H,O is a much
stronger collider than Ar.

« Larger nonlinear interactions are observed when:
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increase the reaction rate [16].
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show nonlinearities of ~ 10%.
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% Reproduces previous validation targets of Mueller et al. [17] and Li et al.
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shown can be found in [5]).
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< Shows significant improvements against high-pressure,
temperature data of [1-2].

low-flame-

<« Predicts flame speed targets of Refs. [1-2] and from [5] (spanning a wide
range of equivalence ratios, pressures, diluents, and flame temperatures)
within 20%.

Conclusions

« An updated kinetic model is constructed to incorporate recent
improvements in rate constant determinati Particular is is
placed on imp: g the of i ponsible for HO,
production and consumption, which were found to be important in the
flames studied in Refs. [1-4]. Most notably, we have i
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various aspects of the treatment for H+O,(+M)=HO,(+M) including
mixture rules and fall-off behavior as well as HO,+radical reactions.

¢ Given that uncertainties in combustion predictions stemming from
uncertainties in the el 'y rate were still p , minor
adjustments were made to maintain reasonable fidelity to previous
vahdanon targets as well as improve predictions against more recent
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