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Abstract

Detailed kinetics mechanisms for plasma-assisted combustion contain numerous species and reactions that
model the interplay between non-equilibrium plasma processes and hydrocarbon oxidation. While physi-
cally accurate and comprehensive, such detailed mechanisms are impractical for simulations of unsteady
multi-dimensional plasma discharges and their effect on reactive mixtures in practical devices. In this work,
we develop and apply a novel methodology for the reduction of large detailed plasma-assisted combustion
mechanisms to smaller skeletal ones. The methodology extends the Directed Relation Graph with Error Prop-
agation (DRGEP) approach in order to consider the energy branching characteristics of plasma discharges
during the reduction. Ensuring tight error tolerances on the relative proportions of energy lost by the elec-
trons to the various classes of impact processes (i.e. vibrational and electronic excitation, ionization, and
impact dissociation) is key to preserving the correct discharge physics in the skeletal mechanism. To this end,
new targets that include energy transfers are defined and incorporated in DRGEP. The performance of the
novel framework, called P-DRGEP, is assessed for the simulation of ethylene-air ignition by nanosecond
repetitive pulsed discharges at conditions relevant to supersonic combustion and flame holding in scramjet
cavities, i.e. from 600 K to 1000 K, 0.5 atm, and equivalence ratios between 0.75 and 1.5. P-DRGEP is found
to be greatly superior to the traditional reduction approach applied to plasma-assisted ignition in that it
generates a smaller skeletal mechanism with significantly lower errors. For ethylene-air ignition at the target
conditions, P-DRGEP generates a skeletal mechanism with 54 species and 236 reactions, resulting in a 84%
computational speed-up for ignition simulations, while guaranteeing errors below 10% on the time required
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for ignition following the first pulse, 1% on the mean electron energy, between 4 and 35% on electron energy
losses depending on the process, and 5% on the laminar flame speed.
© 2020 The Combustion Institute. Published by Elsevier Inc. All rights reserved.

Keywords: Plasma-Assisted Combustion; DRGEP; Kinetics Reduction; Skeletal Chemistry; Ethylene Ignition

1. Introduction

The use of repetitive non-thermal plasma dis-
charges allows for the efficient ignition of fuel-air
mixtures in difficult regimes through fast heating
and the generation of reactive species such as rad-
icals and excited atoms and molecules [1]. The dis-
charge deposits energy in the internal degrees of
freedom of the particles (e.g. vibrational and elec-
tronic states) through inelastic collisions with elec-
trons. This energy deposition enhances the reactiv-
ity of the mixture and leads to more robust ignition
and stable flames, a demonstrated by experimen-
tal evidence [2.3]. A comprehensive overview of
the state of the art on plasma-assisted ignition and
combustion is given in several review articles [4—6].

Detailed reaction kinetics mechanisms are cru-
cial in modelling the effect of non-equilibrium
plasma on combustion chemistry. Due to the large
number of species in detailed mechanisms (e.g.
hundreds of species and thousands of reactions),
the computational cost of high-fidelity simulations
remains a challenge despite advancements in com-
puting power. A common strategy consists in re-
ducing large mechanisms to a skeletal form by dis-
carding unimportant species and reactions.

Graph-based reduction methods have been
widely adopted for this purpose, with a large num-
ber of variants now available as stand-alone tech-
niques or coupled with adaptive methodologies
[7-13]. In these techniques, the chemical kinetics
network is turned into a directed graph, each node
representing a species. Weighted edges are placed
between nodes if the corresponding species interact
directly with one another through elementary re-
actions. Skeletal mechanisms are obtained through
the elimination of unimportant graph edges and
nodes. The techniques vary based on the definition
of the edges’ weights and the graph search proce-
dure used to identify unimportant branches. In this
work, we focus on the DRG with Error Propaga-
tion (DRGEP) variant [14]. In contrast to other
graph-based techniques, DRGEP allows the user to
directly specify input targets whose dynamics are
to be captured accurately. The elimination process
is refined by evaluating the influence of any specie
or reaction on the target of interest, typically a
fuel or a product, by propagating local influences
throughout the graph. An extensive literature doc-
uments the advantages and successes of the DRG
and DRGEP methods [15-18].

Plasma-assisted combustion comes with kinetic
pathways and dynamic behaviors not observed in
conventional combustion, and it is currently un-
clear how the energy-exchange processes pertain-
ing to non-equilibrium electrons steer the reduc-
tion procedure and affect the selection of species
to be removed. This work explores the limita-
tions of conventional reduction tools when ap-
plied to plasma-assisted combustion mechanisms,
and proposes a plasma-specific extension to the
DRGEP method (P-DRGEP). The novelty lies in
the formulation of plasma-specific targets to en-
able a much finer discrimination between impor-
tant and unimportant plasma and conventional
combustion species and reactions. The predictive
capability of the resulting skeletal mechanism is as-
sessed by considering the energy branching of the
plasma discharge, peak mean electron energy, and
equilibrium temperature and composition after
ignition. This comprehensive framework ensures
that a physically accurate representation of key
plasma processes is retained during reduction. The
method is used to develop a skeletal mechanism for
plasma-assisted ignition of low pressure ethylene-
air mixtures at conditions relevant to supersonic
combustion.

2. Reactor model and ignition test cases

The governing equations describe the time evo-
lution of a mixture in a closed isochoric and adia-
batic reactor. The system of particles is described
by two temperatures [19]: T, for the electrons and
T for all other particles (species). Let ¢, indicate the
concentration of electrons and ¢; the concentration
of particles other than electrons (i #e). ¢, and ¢;
evolve according to the following ordinary differ-
ential equations,

de de;

d; = w,, dll = w;. i#e (1)
w, and w; are the molar production rate of elec-
trons and species i, respectively. u, = u.(7,) and
u; = u;(T) are the molar internal energy of the elec-
trons and species i. The internal energy densities
are U, = u,c, for the electrons and U; = u;c; for
all other particles. ¢,; is the specific heat at con-
stant volume of species i and ¢,, = 3kp/2 for the
electrons (kp is the Boltzmann constant). The evo-
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lution equations for 7"and T, are

chici% = - Zwiui = Qu — Qix — 01,
i#e i#e

drT,
CveCeT: = —w.U, + Qe/ + Qix + Ql + QE (2)
Q; describes the energy lost by the electrons
through recombination processes,

0= Z —ueN 44, (3)

kek

where Kis the set of recombination reactions, g, the
rate coefficient for reaction &, u, the internal energy
of the electrons, and N4 the Avogadro number. Q;,
is the inelastic energy lost by the electrons due to
ionization, dissociation and excitation processes,

Qix = Z _Eexc.ZNAql, (4)
tel

where L is the set of reactions involved, and E,,.,

is the excitation or ionization energy. Q,; describes

the elastic energy exchanges,

Qu =3kg| > vi'm/m; |n(T. = T). ®)

i€S,ize

m; and m, are the masses of species i and the elec-
tron, v¢ is the elastic collision frequency between
species 7 and the electron. The power deposited by
the discharge per unit volume, Qf, is modeled as a
Gaussian pulse,

_E 1(t—p)?
0r() = ——exn (-5 1), ©

with p the time of peak power, o the pulse
width related to the full-width-half-max FWHM =
24/21In20 ~ 2.3550, and E the energy density of
the pulse. The discharge consists of a sequence of
pulses with a pulse frequency f. These parameters
are chosen in accordance with experiments to re-
sult in an ignition within 10 to 100 ws of the first
pulse [20]. Egs. (1) and (2) are integrated with the
stiff solver CVODE [21] in an in-house computer
program (PACMAN) that uses the CHEMKIN li-
brary [22] for evaluation of thermodynamic prop-
erties and reaction rate coefficients.

Plasma-assisted ignition simulations are per-
formed using a detailed kinetic mechanism with
163 species and 1167 reactions [23,24]. The ignition
of an ethylene-air mixture is achieved by depositing
energy in the form of a burst of pulses, as shown in
Fig. 1. A sampling rate of 10 ns captures changes in
chemistry between the pulses. During the discharge,
the sampling time is reduced to 0.1 ns to capture the
fast changes in plasma chemistry.

During each discharge, the electron reaches
peak mean energies &~ 6.5 eV, followed by rapid
cooling. Energetic electrons form excited state par-
ticles, mostly of O, and N,, and the quenching re-
actions that follow excitation (e.g. N3 + O, — N, +

Table 1
Configuration used for the ignition of ethylene-air mix-
tures using a burst of pulses

Temperature, 79 [K] 600-1000
Pressure, pgo [atm] 0.5
Equivalence ratio, ¢ 0.75-1.5
Peak power density [kW/cm?] 2000
FWHM [ns] 15

Pulse frequency, f [kHz] 100
Number of pulses to ignition 4-8

Time to ignition, 7, [1s] 20-60

20) result in the formation of radicals as the excited
particles thermalize. After a number of pulses, the
concentration of carbon dioxide increases abruptly,
signaling that conventional exothermic reactions
responsible for most of the heat release rate un-
dergo a rapid acceleration consistent with an igni-
tion event. Thus, the instant in time when the rate
of change in the number density of CO, is max-
imum is taken to represent the time of ignition *.
Then, the time to ignition is defined as 7;; = t* — 11,
where 7, is the timing of the peak discharge power
during the first pulse. Thus, 7;, represents the in-
terval between the first pulse and ignition. The dis-
charge parameters are chosen to guarantee igni-
tion within O(100 ws) of the first pulse. The values
of energy density per pulse employed in the study
are comparable to those in experimental studies on
plasma-assisted ignition and are reported in Tab. 1.
The reactor is initialized with pressure p = py, tem-
perature T = T, = Tp, and a mixture of fuel and air
with equivalence ratio ¢. Ty ranges from 600 K to
1000 K, while ¢ ranges between 0.75 and 1.5.

Energy branching describes how much energy is
lost by the electrons in ionization, excitation (elec-
tronic and vibrational), and impact dissociation
processes. The electron impact reactions responsi-
ble for energy loss are arranged according to their
class. The overall energy transfer, specific to each
class, is defined as follows,

Qi = Z Qr = Z _Een',rNAql‘v (7)

reR; reR;

where R, is the set of reactions belonging to class
i = {ion, ele, vib, dis}. The classes are: ionization
(e.g. e” + Oy — O, + 2¢7), vibrational excitation
(e.g. e= + Ny — Ny(vy) + e7), electronic excita-
tion (e.g. e~ + Ny — Ny(a’X) + e7), and impact
dissociation (e.g. e~ + O; — O('D) + O + e7),
respectively. Reactions producing electronically ex-
cited radicals from molecules following impact dis-
sociation are grouped with dissociation reactions.
Figure 2 shows the relative energy lost by the
electrons into the 4 classes of reactions after one
pulse. Most of the energy is lost to electronic exci-
tation. Energy loss to vibrational excitation shows
a maximum after the pulse. Electronic excitation,
dissociation, and ionization require higher electron
energies (6 to 16 eV) than vibrational excitation
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Fig. 1. A burst of pulses produces a sustained concentration of species and radicals for a stoichiometric C,Hy-air mixture
at 800 K and 0.5 atm. Ignition is achieved after 4 discharge pulses.
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Fig. 2. Energy is deposited by the discharge (solid red line) and lost to ionization (dashed red line), electronic excitation
(black line with circles), vibrational excitation (blue line with squares) and impact dissociation (thin black line).

(0.1 to 3 eV). Impact dissociation reactions are re-
sponsible for greater energy losses than ionization
reactions.

3. Plasma-targeted DRGEP

Graph-based techniques for chemical kinetic
reduction use simulation data to quantify the cou-
pling that exists between the species and reactions
involved in a detailed mechanism, and identify
those whose removal from the mechanism impacts
the chemical model predictions minimally. The
DRGEP method [14], more specifically, follows a
2-stage process: the coupling between species that
interact with one another directly through elemen-
tary reactions is first quantified (direct interactions).
Those direct interactions are then propagated to
user-specified targets closely associated with a
set of metrics, whose accurate prediction by the
reduced mechanism is desired (error propagation).
The outcome of this second stage is a global
interaction coefficient Rz; between any species or

reaction 7 in the mechanism and target 7, which
represents an a priori measure of the error that one
would introduce in target 7 or its associated metric
by removing species or reaction i. A library of
increasingly reduced skeletal mechanisms is then
generated by discarding species and reactions with
the smallest values of the coefficients, and tested
to identify the smallest mechanism that is able to
predict the metrics of interest up to a specified
error tolerance. A brief summary of the key steps
and formulas involved is provided here, the reader
being referred to [14] for more details.

The direct interaction coefficient r4p, quantify-
ing the direct influence of a species B on a species
A, is defined as

. &
rap = |2 er Vradyr Bl, 8)
max(PA, CA)

where R is the set of reactions in the detailed mech-
anism, v is the matrix of stoichiometric coefficients,
and q, is the net rate of reaction r. 8} is equal to 1
if species B is present in the reaction (i.e. A and B
both appear in reaction r), and 0 otherwise. P4 and
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C 4 are the total production and consumption rates
of species 4, respectively. The influence of species
B on species 4 in the absence of a direct interac-
tion via an elementary reaction is quantified using
a path-dependent interaction coefficient. This coef-
ficient is defined over a specific path p as the prod-
uct of all the direct interaction coefficients between
two directly interacting species S; and S;,;, along
that path from B to 4,

N,

Fasp = l_[ "SjSjare ©)
j=1

where N, is the number of steps along the path,
with §; = B and Sy, = 4. The global interaction
coefficient between any species B and target 7'is de-
fined finally as the coefficient of the most important
path from species B to its target 7,

RTB =rr\1{aerB,,,. (10)
P

The global interaction coefficient between a reac-
tion and a target is defined similarly.

The most commonly used targets in con-
ventional combustion applications include fuel,
oxidizer, important combustion intermediates and
products such as OH, CO, and CO,, and heat
release rate. Although plasma-assisted combustion
applications share the same objectives, e.g. the
ignition and combustion of a fuel-air mixture,
the kinetic pathways involved are quite different
and specific to plasmas. Indeed, the discharge
deposits energy into vibrational and electronic
states of neutral species, and adds to the creation
of chain-branching radicals such as O, H, and OH.

As we demonstrate later, using the standard
combustion targets for the reduction of kinetic
mechanisms for plasma-assisted combustion fails
to recognize the importance of plasma-specific
pathways, and yields skeletal mechanisms unable to
capture the dynamics of plasma-assisted ignition.
The issue as we diagnosed it, is that the intermedi-
ate species created by the non-equilibrium plasma,
crucial for the energy branching, have low concen-
trations and very short life-time, and are therefore
not coupled strongly with canonical combustion
targets. Consequently, we propose a new implemen-
tation of the DRGEP methodology (P-DRGEDP,
for Plasma-DRGEP) that defines and incorporates
new targets focused on energy branching. These
plasma-specific targets guarantee that the plasma
kinetics arising from the discharge are given equal
consideration compared to traditional combustion
kinetics, and are adequately retained in the skeletal
mechanisms.

In contrast to conventional combustion, for
which targets take the form of single, easily rec-
ognizable molecular species (e.g, CO, OH), energy
branching is not characterized by a single species,
and identifying a priori which species should be sin-
gled out and used as target to properly capture en-

ergy branching is not trivial. Instead, we propose to
use the more comprehensive energy transfer vari-
ables, ©2;, as plasma-specific targets. This choice en-
sures that the key species for each type of energy
transfer are automatically identified and retained
by the DRGEP algorithm, bypassing entirely the
need for manual selection by an expert user.

Accordingly, the direct interaction coefficient
between any species B and the energy transfer vari-
able ; is expressed as

‘ZreR, QY(SrB
€2

where i = {ion, vib, ele, dis}. The global interac-
tion coefficient between a energy transfer €2; and
any species B in the mechanism, R;, is given by
Eq. (10), with the variable Q; now serving as
end point for all paths considered in the error
propagation.

: (11)

ri,p =

4. Results and discussion
4.1. Reduction strategy

Because the importance of specific kinetic path-
ways depends on the local conditions, skeletal
mechanisms are associated with a range of valid-
ity, implicitly determined by the set of thermo-
chemical states used to calculate the interaction co-
efficients. Sampling thermo-chemical states in the
parameter space (p, 7, ¢) specific to the application
is therefore crucial. Here, we follow standard sam-
pling practices as documented in Ref. [14] whenever
conventional combustion is considered, and adjust
the collection of samples during plasma-assisted ig-
nition to account for the discharge dynamics. Ad-
ditional samples are retrieved during the discharge
to capture the fast plasma chemistry (Atumping =
0.1 ns), while fewer samples are collected between
pulses (Atgmpiing = 10 ns). Once the samples are
available, the interaction coefficients, which deter-
mine the order in which the species and reactions
are removed from the mechanism, are calculated by
taking the maximum coefficient obtained from the
set of targets as defined in Eqs. (10) and (11). A se-
ries of increasingly reduced skeletal mechanisms is
generated by removing species and reactions pro-
gressively, those associated with the lowest coeffi-
cients being eliminated first.

An important feature of P-DRGEP is the
metric-driven error control associated with the re-
moval of species and reactions, allowing for a
fast and reliable assessment of the accuracy of a
given skeletal mechanism. A skeletal mechanism is
deemed acceptable for a set of metrics and corre-
sponding error tolerances if the relative error be-
tween the predictions of each metric with skele-
tal and detailed mechanisms falls below the user-
defined error tolerance. In plasma-driven ignition,
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Fig. 3. P-DRGEDP better controls the energy branching compared to DRGEP with the electron as an additional target for

the reduction of ethylene-air at 800 K and ¢ = 1.

T, is an important, but not sufficient metric, be-
cause of the significant role of the discharge in
the timing process. In addition to 7, the following
metrics are considered: post-ignition temperature
and key radical mass fractions (O, H, and OH), and
laminar flame speed. The laminar flame speed is
considered given the importance of modeling flame
propagation accurately following plasma-assisted
ignition of reactive mixtures. Finally, in order to en-
sure that plasma physics are accurately represented
in the skeletal mechanism, P-DRGEP uses energy
branching as an additional metric through the def-
inition of 6;, the integral of the energy transfer Q;
over the discharge pulses prior to ignition,

0,‘ - / Ql‘dl. (12)
pulses

While not used as a metric, the peak mean elec-
tron energy, €g, is also monitored during the re-
duction. Reduction is performed using ARCANE,
a new python-based chemistry reduction code [25].

4.2. Accurate energy branching with P-DRGEP

In this section, the performance of P-DRGEP
in reducing the detailed 163 species chemical ki-
netics mechanism described in Section 3 to a skele-
tal one for plasma-assisted combustion is evaluated
and discussed first for a single ignition case. The
initial conditions are 7y = 800 K, py = 0.5 atm,
and ¢ = 1, and two species reduction approaches
are considered and compared. The first approach
uses DRGEP with a set of combustion targets (CO,
CO,, C,H4 and OH), supplemented by the electron.
The second one uses P-DRGEP.

The error in 7, and 6; as a function of the num-
ber of species retained in the skeletal mechanism

is shown in Fig. 3. A significant improvement on
the energy branching predictions is observed us-
ing P-DRGEP (Fig. 3a), compared to canonical
DRGEP, even with the electron as a target (Fig. 3b).
For example, the error in 6; increases significantly
(= 20%) for skeletal mechanisms smaller than 103
species, while P-DRGEP controls the error effi-
ciently and up to &~ 50 species.

Fig. 4, shows the energy branching for the two
approaches at N; = 53. The maximum error in 6;
is ~15% with P-DRGEP. The energy fluxes €;
are shown for the first pulse, displaying clearly P-
DRGEP’s much improved agreement with the de-
tailed mechanism relative to DRGEP.

To support our conclusions further, the mean
electron energy is compared between the detailed
and the skeletal mechanism with Ny = 53 in Fig. 5.
We note that not considering the electron as a target
in DRGEP leads to € being overestimated by 25%,
due to the early removal of NJ. Although adding
the electron as a target in DRGEP brings the € er-
ror back to the same level as P-DRGEDP, it fails at
capturing the energy branching by the discharge as
shown in Fig. 3. Moreover, this observation is an
additional motivation for the using the P-DRGEP
method as the manual selection of relevant species
as targets based on expert knowledge fails at cap-
turing the relevant plasma chemistry.

Table 2 compares the plasma species retained
in the 53 species skeletal mechanism from DRGEP
and P-DRGEP. A distinct improvement is observed
using the novel approach as more key vibrational
and electronically excited species are retained auto-
matically with P-DRGEP: 7 key electronically ex-
cited states are retained compared to only 2 for
DRGEDP, which explains the inaccurate prediction
of energy branching in Fig. 3.
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Fig. 4. The energy fluxes are compared for DRGEP (w/ ¢) and P-DRGEP at 800 K and ¢ = 1 for an example skeletal

mechanism with Ny = 53 species.
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Fig. 5. The mean electron energy is compared for various targets at 800 K and ¢ = 1 for an example skeletal mechanism

with Ny = 53 species.

Table 2
Plasma species in skeletal mechanism Ny = 53 for DRGEP (w/ ¢) and P-DRGEP for ethylene-air ignition at 800 K and
¢=1

DRGEP (w/ ¢) P-DRGEP

Na(v1), Na(v2), Na(v3)
Na(v4), Na(vs),
Ny(a’®),

O('D), Ox(a' A), Ox(b' %),
NI, OF

Naz(v1), Na(v2), Na(v3)
Na(vg), Na(vs), Na(ve),
Na(@’%), No(w?A),

N (c31T), N2(b>10),
O('D), 05(a'A), 05(b' %),
N7, 03

4.3. Comprehensive chemistry reduction for
plasma-assisted ethylene-air combustion

We seek to generate a skeletal mechanism ca-
pable of reproducing the behavior of the de-
tailed mechanism for plasma-assisted ignition of
ethylene-air mixtures at 600 < 7, <1000 K and
0.75 < ¢ < 1.5. The P-DRGEP methodology is em-
ployed to this end.

Although our main focus lies on the ignition of
the mixture, the skeletal mechanism must also be
capable of simulating the propagation of a flame
accurately. Therefore, the algorithm now consid-
ers thermo-chemical samples from both 0D igni-
tion cases characterized above, and 1D unstretched
freely propagating laminar premixed flames at
800 K, 0.5 atm, and equivalence ratios ranging from
0.75 to 1.5. The targets used for all 0D samples are

the same as above: CO, CO,, C,H4, OH, e, and
the energy transfer variables €2;. Only heat release
is considered as target for the 1D samples.

To maximize the efficiency of the reduction pro-
cedure, we adopt an automatic multi-stage species
and reaction reduction approach, in which both
unimportant species and unimportant reactions are
removed [14]. In contrast to the previous section,
where the reduction was allowed to proceed regard-
less of the level of error introduced, we impose
here specific error tolerances for the set of metrics
of interest, and stop the reduction as soon as one
of these tolerances is exceeded. The maximum er-
ror tolerances are 10% for t;, 40% for 6;, 2% for
the equilibrium temperature (corresponding to a ~
60 K error), and 5% on the laminar flame speed, S .

With those constraints imposed, P-DRGEP
generates a skeletal mechanism with 54 species and
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Fig. 6. Comparison of the gas temperature between the detailed and the skeletal mechanism with Ny = 54.
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Fig. 7. Comparison of the species mass fractions between the detailed against the skeletal mechanism with Ny = 54 for

CO and OH.
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Fig. 8. Comparison of (a) t;, (max. error 5%) and (b) Sz (max. error 5%) obtained with the detailed and the skeletal
mechanism.
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236 reactions, corresponding to a 67% reduction in
the number of species, 80% reduction in the num-
ber of reactions, and a computational speed-up for
the ignition simulations of 84%. The maximum er-
ror over all temperatures and equivalence ratios is
~ 8% for t,q, 35% for 0,4, 30% for 604, 8% for 6.,
and 4% for 6,;. Both the equilibrium temperature
and the mean peak electron energy are reproduced
with less than 1% error. The detailed and skeletal
mechanism generated by P-DRGEP are available as
supplementary material.

Excellent agreement is obtained for the gas
temperature between the detailed and the skeletal
mechanism for various 7y and ¢, as shown in Fig. 6.
The species mass fractions of CO and OH are com-
pared in Fig. 7. The equilibrium composition is re-
trieved accurately also. The time to ignition pre-
dicted by the detailed and the skeletal mechanisms
is shown in Fig. 8a. The maximum error is found
at the lowest temperatures (8% for 7y = 600 K).
Figure 8b shows that the flame speed calculated
with the skeletal mechanism stays within a 5% error
of the detailed simulations in the range of equiva-
lence ratios considered.

5. Conclusions

A comprehensive reduction framework, P-
DRGEP, is developed in order to reduce large ki-
netics mechanisms for plasma-assisted combustion
into smaller skeletal ones. This novel methodology
retains non-equilibrium plasma physics by uphold-
ing narrow error tolerances on the energy branch-
ing characteristics of the discharge. Starting from
a detailed mechanism for ethylene-air with 163
species and 1167 reactions, P-DRGEP is used to de-
velop a skeletal mechanism of 54 species and 236
reactions with errors below 10% on time to igni-
tion, 1% on mean electron energy, between 4 and
35% on electron energy losses, depending on the
process, and 5% on laminar flame speed. The skele-
tal mechanism is assessed for conditions relevant to
supersonic combustion at 0.5 atm, temperatures of
600 to 1000 K, and equivalence ratios of 0.75 to
1.5. A computational speed-up greater than 80%
is achieved, showing the potential of P-DRGEP to
enable predictive multi-dimensional simulations of
plasma-assisted combustion.
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