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Slow Manifolds Arising from Timescale Separation Uncertainty in Arrhenius parameters Diagnostics
The wide range of dissipative timescales found in chemical kinetics problems result in Previous simplification schemes have been entirely deterministic; we have investigated the Detailed diagnostics may give insight into techniques to more fully take advantage of
convergence to low dimensional manifolds. This representative 3D system rapidly converges impact of uncertainty in Arrhenius rate parameters. Even low uncertainty can result in large uncertainty and develop uncertainty-aware algorithms that are more predictable than the
to a 2D plane and then a 1D line. The distance moved along the line is negligible in the variations in ignition time, as shown with this 5% change to E, for one reaction in a heuristic CVaR modification, while also potentially decreasing computational cost. Some
time span associated with movement to the line. hydrogen-oxygen mechanism. initial investigations are presented here.
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» Total effect sensitivity St is the variance explained by &; when acting both alone and in
combination with other variables:
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Model Simplification vs. Model Reduction varg(u)

» Use uncertainty as an opportunity to allow more error when using nominal parameter values.

There are two complementary approaches to reducing the computational expense of . Sensitivity —y E——
chemical kinetics simulations: Error criterion is: 2%
~ Remove unimportant species and reactions — sometimes termed simplification. 4 ' A | - F,l;” pdf The output is insensitive to most reactions, even those that are important. An
> Decrease the chemical source term stiffness or otherwise improve computational /\ /\ - = gy unce.r’Falnty—aV\{are S|mp||.f|cat|on scheme therefore need only consider the small number of
efficiency — sometimes termed reduction. ___— > > o =t sensitive reactions, making the problem more tractable.

Lign Lign These figures demonstrate importance and output sensitivity for the GRI-Mech 3.0 mechanism with uncertainty only in the

This work focuses on model simplification.

: : : : : hydrogen-oxygen reactions.
» Simplify while ensuring that the pdf remains reasonable or even reproduces the full model YRTDEEIOS

Computational Singular Perturbation (CSP) pdf. Error criterion is Kullback-Leibler divergence: e T o B Ik ettidite i _—
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CSP fast/slow representation in terms of new basis vectors a;: - - Uncertain Reaction i Uncertain Reaction i

Near unity sums of S; and St indicate negligible impact on the output from the combined
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dr =g (y) +&""(y) g (y) = Za,-f (y) g (y) = Z a;f'(y) Conditional Value at Risk (CVa R) effects of uncertain inputs acting together. A simplification scheme may therefore be able to
=1 consider a series of 1D uncertainty models rather than a single high-dimensional model.
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where mode amplitudes are found using dual basis vectors b;: » Uncertain rate parameters yield a distribution of importance indices.
f'ly)=b"-g(y) b' . a; = 51'.' » Threshold selection is somewhat arbitrary and sensitive to the quality of sampling. Specific Sensitivity and Importance Examples
» Even a small risk of exceeding the threshold by a large amount could be undesirable.

. . . . . Two important reactions from the above are shown: the output is only sensitive to one.
Importance Indices We addressed these issues by modifying the Valorani algorithm to applying thresholds to the P T P y
CVaR of importance indices. S
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These projections of stoichiometric vectors in fast and slow directions can be used to .
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This state of the art scheme uses target species and thresholds on importance indices. Fast Importance Sparse quadrature techniques can be used to explore parameter space without resorting to
oioct threchold anc ) tensor products of 1D quadrature rules. Nested grids can be refined as shown until the
elect threshold and target species set S . . . .
. CVaR results desired level of accuracy is attained; axes here represent different rate parameters.
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