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Introduction

 Modelling combustion chemical kinetics s

« The permutation importance test uses a

computationally costly, especially as more O O hypot_hesis relating inputs and outputs, and the
chemical species are considered. Combustion L Q ’O - - erroris measur.ed. :

. . . . O= =0 T « Afterward, the input variables are scrambled
Machine Learning [1] helps by using techniques |l o = Y, individuall d the error is m ed again. If
to predict thermochemical states more efficiently Xe =1 . Xtvat = | - u _y, 3 < Sfror 1s meastire _g -
or reduce the number of variables. Y O O Y the _error Increases, the scrambled varlablg IS

« One such method, TAE (a time-shifted - . O N rar .Of |mporta_nce fpr vz OUtPUt' A [PEITTED
modification of an Autoencoder), simplifies the O O |mpo,rt ones |n.de.x 's allocated in agreement to the
thermochemical states into a set of latent O U SRl S DM 0
variables, which are correlated to specific Reduced Manifold _ lz
chemical species called chemical carriers [2]. or Latencies B Q

« The goal is to better understand the TAE S I 4 n=l
methodology and apply it to complex scenarios. { \ - Where i; is the coefficient of importance of the j-

th variable, s is the model's R? score without
Methodology W e ] —z scrambling, and s, ; is the R score when a single

 Neural networks are challenging to train with K \{ariable iS_ scramb_led. Q RIS 10 s Wl O
multidimensional inputs and diverse data. To HIMIES (e TR varr?\blells scra-nmbl-ed.”
tackle this, a subspace is sampled with different f — j _______________________ > Methane combustion is studied; ignition cases
mixture compositions, so different reactive Teo e ez o5 os o Too o e e s have initial temperatur.e Ty :_1418K'P = 4.33 atm,
pathways are represented. and ¢ € [0.45,.1.25] with A¢p = 0.2 .

« Separate networks are trained for different ignition — , , * Iwo mechanisms (GRI_—Mech Z0 ] e
cases with varying mixture compositions. TAE schematic with reduction results the hydrogen mechanism of AramCO, 2.0 [9]) are considered to analyze the

e Chemical carriers are then identified and the UniverSity Of San DiegO, redUCtiOn tO manifOld Size 2 [2] method’s behavior with different COmplexrtleS.

analyzed using a permutation importance test Thg brlnanlfold size reduction is to 3 latent
3] to evaluate how well they describe othor NN UM~ veriables

chemical species. At = 2.5ns

GRI-Mech 2.11

n Chemical Carriers i ion : :
Iz.oo 31 species, 277 reactions

0.45 wWo2, 02, wy; 201 ik 3 [

g . s 1.50

. H 2 H . 1.5 o ,,- | | ay w L1 25 . .
065 02,C0,0 < 10 T e 100  CH20H interacts with H, O, OH, 02, H2,
0.85 H, CH20H,CH4 *] ' : 0.75 HO2, etc
'Zj: e CH30 interacts with O, H, OH, etc.

1.05 R, CH20H, H | * H, OH, and HO2 react with CH4, promoting
1.25 OH, CH30H, CH3 oxidation.

* The chemical carriers track throught the
reactions the most species as possible.

Permutation importance indexes for ignition case ¢ = 1.25 , observe how
most of the thermochemical variable show sensitivity to at least one of the
chemical carriers. Top view in X,y plot.

/ Aramco 2.0
0.45

Chemical Carriers .
1 IHocH20c0

s 491 species, 2716 reactions
C2H, IC4H80O2H-I, j, S "* I175
C2h402H 21.'32/— c L C2H5 is related to many key species (HOZ2
g % ‘ ; oo | | (125 ’ )
0.65  CH30H, C2H4, CH302H 31l SR N | OH, H2, H20, CH4, CH3, CH2, etc.).
0.85 C2H5, Wypacho, SCA4HI 2 o7 PURTEA: R « HOCH20C is related to the CO2 and CO
ol 050 production.
1.05 O02CCHOOJ, wy,, C4H701-4 |0.25 « C4HB0OOH1-4 specie allows the description
0.00 of other C4 species and to key species
1.25 C4Hﬁ%€ﬂ1ng%2%’ through the PC4H902 specie.
 Note that C4 species appear only in rich fuel
conditions.

Permutation importance indexes for ignition case ¢ = 1.25 , observe how
most of the thermochemical variable show sensitivity to at least one of the
chemical carriers. Top view In X,y plot.

Conclusions

« TAE provides information that help identify thermochemical variables (chemical carriers)
that track most of the species’ concentrations through their chemical reactions.

« Since the chemical carriers are strongly based in the chemical reactions present in the
mechanism, it is possible to use the same set of variables to parametrize another
subspace with similar chemistry.

» TAE tends to chose chemical species that characterizes the chemical pathways visible
for the network, without relying on the chemical species concentration, but only in how
this specie interacts with others.
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