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Abstract

Experimental studies of plasma-assisted combustion have shown that Nanosecond Repetitively Pulsed (NRP) dis-
charges are a very efficient way to improve flame stability in lean regimes. These discharges generate a non-
equilibrium plasma that induces a local heating and an important production of active species sufficient to en-
hance the combustion. The aim of this article is to understand the physical and chemical mechanisms involved in
plasma-assisted turbulent combustion. High-performance computations of a lean bluff-body turbulent premixed
methane-air flame, experimented at EM2C laboratory, are conducted for that purpose. Simulations are performed
by combining a semi-empirical plasma model with an analytical combustion mechanism. Without electrical dis-
charges, only a weak reaction zone behind the bluff body is observed. However, when the flame is assisted with
the plasma, the flame power and surface increase significantly. A chemical analysis performed at the flame basis
shows that the heat and the radical O produced by NRP discharges induce the dissociation of main burnt gases
species H2O and CO2 into radicals OH, H, CO, O and species H2, O2. The species with long lifespan OH, H2 and
O2 are convected from the center of the bluff-body recirculation zone to the flame front where they are consumed
increasing the chemical reactivity. This causes a local increase of heat release rate that attaches the turbulent flame
front which can develop downstream.

Keywords: Plasma-assisted combustion; Nanosecond Repetitively Pulsed discharges; Turbulent premixed flame; Lean flame
enhancement; Large Eddy Simulation
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1. Introduction

The low temperature of lean flames prevents the
NOx production but may induce incomplete combus-
tion, instabilities and extinctions [1].

An emerging solution to enable flame stabilization,
suitable to a wide range of combustion applications, is
to locally generate a plasma [2, 3]. Among the various
possible types of discharges to enhance combustion
[4, 5], the Nanosecond Repetitively Pulsed (NRP) dis-
charges [6] succeeded to stabilize ultra-lean premixed
flames on several laboratory-scale hydrocarbon-air
flames [6, 7] but also in test rigs representative of
a gas turbine environment at atmospheric [8, 9] and
high pressure [10, 11]. This technique is very effi-
cient because the energy consumption of the plasma
is typically less than 1% of the power released by the
flame.

The principle of flame stabilization by NRP dis-
charges is illustrated in Fig. 1. NRP discharges are
generated by applying a high voltage pulse (about
10kV) during approximatly 10 ns between two elec-
trodes at a repetition frequency of the order of 10kHz.
The NRP discharges cause first, at the nanosecond
scale, an ultrafast increase of gas temperature and
species dissociation [12]. This is followed by a
slower gas heating process, appearing at the millisec-
ond scale, induced by the relaxation of the nitro-
gen molecule’s vibrational states. It has been shown
experimentally [12] and numerically [13] that about
35% of the discharge energy dissociates up to 50% of
the oxygen molecules contained in the inter-electrode
region in O atoms. While it has been observed em-
pirically that the NRP discharge is efficient when lo-
cated in small gases recirculation zone, the fundamen-
tal mechanisms of plasma-assisted flame stabilization
are not yet well understood. In particular, the physi-
cal and chemical processes that relate the O atom pro-
duction to the heat release enhancement in a turbulent
flame has not been completely identified.

High-performance computing is an attractive way
to understand and explain such complex fundamental
mechanisms. Very few CFD simulations have been
however carried out to understand the influence of
NRP discharges on the flame structure. Bak et al. [14]
have simulated the plasma-assisted stabilization of a
laminar methane/air flame by simultaneously solving
the equations describing the discharge, the plasma,
the flow, and the combustion kinetics. A similar com-
putational strategy has been followed by Tholin et al.
[15] to simulate the ignition of preheated quiescent
H2/air mixtures excited by NRP discharges. While
giving interesting insights into the impact of plasma
on combustion, detailed simulations have been lim-
ited to 1-D and 2-D simulations in laminar flow condi-
tions, because of their high computational cost. Com-
putational domains have been also restricted to the
plasma discharge vicinity, which is not sufficient to
capture the large scales involved in a turbulent com-
bustion chamber. Detailed simulations of plasma ki-
netics is today still too expensive to be directly in-

cluded in 3-D turbulent flame simulations.
An alternative has been proposed by Castela et al.

[16] to reduce the computational cost of the descrip-
tion of the complex plasma kinetic processes by us-
ing a phenomenological model which captures the
main impacts of NRP on the combustion: the local
increase of temperature and the oxygen dissociation
[16]. Only one balance equation for the vibrational
energy is added to the standard reactive flow balance
equations, therefore the increase of CPU cost is lim-
ited. This approach has been succesfully applied to
compute the ignition of flame kernel by NRP dis-
charges [17]. This model has also been recently im-
plemented in a Large Eddy Simulation (LES) flow
solver to study the ignition sequence of a flame by
a series of NRP discharges [18].

The objectives of this study are to give new insights
into the plasma flame interaction mechanisms through
the numerical analysis of the LES of plasma-assisted
turbulent combustion. Section 2 presents the phe-
nomenological plasma-assisted turbulent combustion
model adapted with the LES formalism, while Sec-
tion 3 gives details on the experimental configuration,
called Mini-PAC, retained for performing the numer-
ical investigation. Results are presented and analyzed
in Sec.4 .
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Fig. 1: Schematic view of major physical phenomena in-
volved in plasma-assisted combustion. A nanosecond (repet-
itively pulsed) discharge generates a plasma in the vicinity
of a flame. Heat and dissociated species (such as the radical
O) interact with the flame front which is wrinkled by turbu-
lence.

2. Modeling plasma-assisted turbulent
combustion

2.1. Nanoseconds pulsed discharges model
The experimental [12] and numerical [13] stud-

ies of NRP discharges applied in pure air or lean
fresh hydrocarbon-air mixtures showed that the dis-
charge pulses mainly induce electronic and vibra-
tional excitation of nitrogen molecules N2. The nano-
second scale relaxation of the produced electronic
states N2(A,B,C,a’, . . . ) by dissociative quenching
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with O2 molecules leads leads to an ultra-fast increase
of gas temperature and O2 dissociation into atomic
oxygen [12].The Relaxation of vibrational states of
N2 occurs on a much longer times scales, millisec-
onds scales, and results in slow gas heating. The
recent measurement performed by Minesi et al. [19]
showed that when applied in a mixture of lean flame
burnt gases the NRP discharges induce similar effects.

Based on these observations, Castela et al. [16] de-
veloped a semi-empirical model that captures the ef-
fects of NRP dischrages on combustion without solv-
ing the electric field and the detailed plasma chem-
istry. Ultra-fast and slow processes are modeled by
splitting into three contributions the rate of energy Ėp

deposited at each electrical discharge :

Ėp = Ėp
chem + Ėp

heat + Ėp
vib (1)

The chemical Ėp
chem and thermal Ėp

heat contribu-
tions refer to the amount of energy transferred into
the ultra-fast dissociation of species and gas heating,
respectively. Ėp

vib is the rate of energy transferred to
vibrational state N2. The model considers that only
O2 is dissociated by the discharge into atomic O. The
energy contributions are modeled as [16]:

Ėp
chem = η

YO2

Y f
O2

(1− eO2

eO
) Ėp (2)

Ėp
heat = [α− η

YO2

Y f
O2

(1− eO2

eO
)] Ėp (3)

Ėvib = (1− α) Ėp (4)

where Y f
O2

is the mass fraction of O2 in the fresh mix-
ture. ek is the internal energy of species in mass units.
α is the fraction of pulse energy that induces the elec-
tronic excitation of N2 and subsequently the ultra-fast
gas heating and ultra fast O2 dissociation. η is the
fraction of pulse energy that leads to O2 dissociation,
α - η the fraction that goes into ultra-fast heating and
finally (1 - α) the remainings fraction that goes into
the slow heating.

According to [19], the fraction of energy α respon-
sible of the ultra-fast heating and the ultra-fast disso-
ciation of species when NRP discharges are applied
in lean burnt gases is similar to what was obtained for
NRP discharges in pure air [12]. The fraction of en-
ergy that goes into ultra-fast heating (α - η) is also the
same and is equal to 20%. Therefore, the parameters
are here set to α = 55% and η = 35%.

2.2. LES balance equations
The LES reactive flow governing equations are

combined with the Thickened Flame model for LES
(TFLES) [20], which artificially thicken the reactive
layer to avoid under-resolution issues of the flame
front. In addition to the mass and momentum equa-
tions, the following balance equations are solved for
total energy e, vibrational energy evib and species

mass fractions Yk:

∂ρẽ

∂t
+

∂(ρũiẽ)

∂xi
=

∂

∂xi

(
Cp

[
FΞ

µ

Pr
+ (1− S)

µt

P t
r

]
∂T̃

∂xi

)

+
∂

∂xi

(
N∑

k=1

[
FΞ

µ

Sc,k
+ (1− S)

µt

St
c,k

]
∂Ỹk

∂xi
h̃s,k

)

+
∂(σijui)

∂xi
+ Ė

p

chem + Ė
p

heat + Ṙ
p

V T

(5)

∂ρẽvib
∂t

+
∂(ρũiẽvib)

∂xi
=

∂

∂xi

([
µ

Sc,evib
+

µt

St
c,evib

]
∂ẽvib
∂xi

)
+ Ė

p

vib − Ṙ
p

V T

(6)

∂ρỸk

∂t
+

∂(ρũiỸk)

∂xi
=

∂

∂xi

([
FΞ

µ

Sc,k
+ (1− S)

µt

St
c,k

]
∂Ỹk

∂xi

)

+
Ξ

F
Wkω̇

c
k + Wkω̇

p
k

(7)

where φ and φ̃ are Reynolds and Favre filtering of
variable φ. µ, Sc and Pr are the viscosity, the
Schmidt and Prandtl numbers, respectively, where t
superscript denotes for turbulent quantities. The dy-
namical formulation of the thickening factor reads
F = 1 + (Fmax − 1)S, where the flame sensor S
equals 0 and 1 outside an inside the reactive layer, re-
spectively. Ξ is the sub-grid scale flame wrinkling.
ω̇

c
k, the chemical reaction rate due to combustion,

is modeled by a detailed mechanism. ω̇
p
k, the fil-

tered chemical reaction rate due to plasma chemistry
is modeled by assuming that the dissociation of O2

into O dominates:

ω̇
p
O = η

ỸO2

Y f
O2

Ėp

eO WO
(8)

ω̇
p
O2 = − WO

WO2
ω̇

p
O (9)

ω̇
p
k = 0 if k ̸= O2, O (10)

As the plasma chemistry are much faster than flow
time scales, sub-grid scale interactions between tur-
bulence and plasma have been neglected. The term
Ṙp

V T in both Eq. (5) and Eq. (6) refers to the relax-
ation rate of the vibrational energy into gas heating
and is closed using a Landau-Teller harmonic oscilla-
tor as indicated in [18].

The filtered rate of energy, Ė
p

chem,Ė
p

heat and Ė
p

vib

are closed from Eq. (2), Eq. (3) and Eq. (4) by ne-
glecting sub-grid scale contribution, i.e. by assuming
that Ėp

y = Ėp
y(ỸO2 , Ė

p

).
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3. MiniPAC configuration

3.1. Experimental set-up
The MiniPAC configuration is a premixed

methane-air bluff-body stabilized turbulent flame.
The 200-mm-length injection tube has an inner
diameter of 16 mm and the bluff-body diameter
is 10 mm. Nanosecond discharges are produced
downstream of the bluff-body between a horizontal
tungsten anode of 1 mm diameter centered 5 mm
above the grounded cathode which consists of a 2
mm height, 1 mm diameter pin inserted in the middle
of the bluff-body.

The burner is fed with a methane-air mixture (ϕ =
0.8), injected at a constant volumetric flow rate ṁ =
17.4m3 h−1 which corresponds to a bulk velocity of
Ub = 43.3 m.s−1 and a Reynolds number of Re =
1.6 104.

The discharges properties have been experimen-
tally characterized [21]. They have a quasi-cylindrical
shape of 5 mm length corresponding to the inter-
electrode distance, and a radius equal to 1.0 mm,
a pulse energy of 2 mJ deposited in 50 ns and re-
peated at a frequency of 20 kHz. Photographies of
non-assisted and plasma-assisted flames are shown in
Fig. 2. Without discharge (left), a weak and incom-
plete combustion is restricted to the bluff-body wake.
However, the application of NRP discharges allows
the flame enhancement and stabilization (right).

Fig. 2: Photographs of the lean flame (ϕ = 0.8) without (left)
and with (right) NRP discharges applied at 20 kHz. Figure
extracted from [21]

3.2. Numerical set up
LES of the MiniPAC stabilization by NRP dis-

charges are performed using the YALES2 unstruc-
tured finite-volume low-Mach number solver [22].
The time integration is performed using a fourth-order
temporal scheme with a centred fourth order scheme

for spatial discretization. The sub-grid Reynolds
stresses tensor is closed using the Dynamic Smagorin-
sky model [23]. The analytical LU19 kinetic scheme
involving 19 species and 184 reactions is used for
the methane-air mixture chemistry [24], species equa-
tions are coupled with turbulence using the Thickened
Flame model for LES (TFLES) [20] and the Charlette
sub-grid scale flame wrinkling model [25]. The mesh
consists of 140 millions tetrahedral elements refined
in the plasma discharge zone, with a cells size equals
0.1 mm, to ensure that the small turbulence scales
and laminar flame thickness are well resolved and no
sub-grid scale model or TFLES coupling is necessary
[18]. In the flame area, the cells size varies from 0.1
mm to 0.2 mm. The TFLES model is used in this re-
gion to capture the turbulence-flame interaction, trig-
gered by a dynamic sensor.

The discharge properties have been set to be con-
sistent with experimental measurements. It has a
cylindrical shape filtered with the spatial function
F (r) = erfc[(r/a)b] where r is the radial distance
from the discharge axis. a and b are geometric param-
eters, fitted to well reproduce the discharge radius and
have a sufficient number of point at discharge inter-
face to avoid high gradients that can cause numerical
issues.

A reactive LES is first conducted without NRP dis-
charges until reaching a steady-state solution. Then,
from the same initial condition,which define t=0,
two LES are performed: one still without activating
plasma (case NP) and a second one with applying an
uninterrupted series of NRP discharges in the burnt
gases of the flame above the bluff-body at a frequency
of 20kHz (case P).

Figure 3 shows the 2D mean axial velocity on the
centerline plane obtained from case NP. An inner re-
circulation zone is clearly identified behind the bluff-
body. The same analysis conducted on case P shows
that the shape and the size of the recirculation are not
significantly affected by the electric discharges.

4. Analysis of the plasma-assisted combustion
mechanism

Quantitative comparisons between experiments
and simulations have been performed to validate the
modeling approach consistency. The comparisons of
the gas temperature evolution at the center of the dis-
charge in [21] and OH profile along the line passing
through the center of the discharge (4.5 mm above the
bluff body) [26] during the pulsing sequence show a
very good agreement between the experiment and the
numerical simulation with less than 10% difference
when steady state is reached. The local effects of the
NRP discharges applied on lean burnt gases are well
capture by the model.

Global scale comparisons have also been per-
formed.The direct experimental visualization of the
OH* chemiluminescence against the simulated OH
mass fraction conducted by Blanchard et al. [21]
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Fig. 3: Numerical solution of the 2D mean axial velocity
on the centerline plane of the Mini-PAC configuration (case
NP). The burner geometry and the positions of the electrodes
are indicated. The dashed white line shows the position of
radial profiles analyzed in section 4.

show that the influence of plasma on the flame shape
and length is also well predicted by the LES.

To understand the local and global interaction
mechanisms between the plasma and the flame in-
volved in plasma-assisted flame enhancement process
a detailed numerical analysis is performed.

4.1. Global impact of NRP discharges
The global impact of NRP discharges on the to-

tal heat release is evidenced in Fig. 4, which plots
the temporal evolution of the thermal flame power
P =

∫
V
(Ξ/F )ω̇HdV , where ω̇H is the filtered heat

release rate and
∫
V

denotes the volumetric integral
over the whole computational domain V . Without
NRP discharges, the flame power oscillates around
700 W. However, when the electrical discharges are
turned on, the total heat released by the combustion
increases gradually during a transient period of ap-
proximately 10 ms (200 pulses) and then oscillates
around a value of 1600 W.

To identify the reasons of the flame power increase,
the LES-resolved R and total A flame surfaces are
computed as [27]:

R =

∫
V

|∇c|dV and A =

∫
V

Ξ|∇c|dV (11)

where c is a progress variable defined from the tem-
perature to reach 0 and 1 in the fresh and burnt gases,
respectively. Two observations are made from the
analysis of the temporal evolution of R and A plotted
in Fig. 5. First, R is very close to A and in practice
95% of the flame wrinkling is resolved at the LES
scale. The grid resolution is here sufficiently fine to
limit turbulent combustion modeling errors. Second,

Fig. 4: Temporal evolution of the total thermal flame power
for cases NP (black) and P (red).

the flame surface evolution follows the same trend
than the flame power plotted in Fig. 4.

The mean gains in power (ηP ) and total flame sur-
face (ηA) induced by the NRP discharges are defined
as:

ηP = ⟨PP ⟩ / ⟨PNP ⟩ and ηA = ⟨AP ⟩ / ⟨ANP ⟩
(12)

where ⟨φ⟩ denotes temporal averaging of variable φ.
P and NP subscripts refer to simulations with and
without plasma, respectively. To remove the tran-
sient state following by the discharges activation, the
mean gains are computed for the period [7ms,20ms].
It comes that ηP = 2.13 and ηA = 1.54. The ratio
ηA/ηP = 0.72, which means that approximately 70
% of the gain in flame power is explained by an in-
crease of the total flame surface. As it will be shown
further, the rest of the gain (30%) is explained by a
local increase of the heat release (and the flame con-
sumption speed) in the periphery of the bluff-body re-
circulation zone.

Fig. 5: Temporal evolution of the flame surface for cases NP
(black) and P (red). Dashed lines represent the flame surface
resolved at the LES filter scale, while solid lines include also
the subgrid flame wrinkling contribution.

5



4.2. Impact of NRP discharges on the heat release
field

Figure 6 shows two instantaneous snapshots from
cases NP (left) and P (right), taken at the same time
instant t= 20 ms, of the flame surface ( defined as the
iso-surface of c∗ = 0.5) colored by the heat release.
Without NRP discharges, only a weak reaction zone
limited to the recirculation zone behind the bluff body
is visible. Indeed, because of the low burning velocity
under lean conditions, the flame front cannot propa-
gate outside the recirculation zone. Figure 6 (right)
plots the flame surface after 400 pulses. In compar-
ison with case NP, the heat released by the flame in-
creased significantly and the reaction zone extended
downstream. As expected from the previous global
analysis, the flame surface is developed. The pulsa-
tion of the electrical discharges enables the recircula-
tion zone to act as a flame holder. A chemical analysis
is conducted to understand how the NRP discharges,
located at the center of the bluff-body, will attach the
flame around the recirculation zone.

Fig. 6: Instantaneous snapshots taken at the same time in-
stant t= 20 ms of c∗ = 0.5 iso-surface colored by the heat
release for cases NP (left) and P (right).

4.3. Chemical influence of NRP discharges in the
recirculation zone

Average thermo-chemical quantities are computed
over the period [10ms,20ms], for both cases NP and P.
Radial profiles then are extracted at the position indi-
cated in Fig. 3, located 4.5 mm above the bluff body,
which crosses both the center of the discharges and
the bluff-body recirculation zone. Mean radial heat
release and methane consumption rates are plotted in
Figs. 7 (top) and (bottom), respectively. The peak of

heat release observed in both NP and P cases corre-
sponds to the flame reactive layer, whose position was
also evidenced in Fig. 6. The application of NRP dis-
charges at the center of the bluff-body (x=0) causes a
significant increase of heat release rate in the reactive
layer located at 4 mm < r < 5 mm, which is accom-
panied by an increase of the methane consumption.
The methane source term and the heat release rate
are affected by the same factor (≈2.2), which means
that the increase of the heat release rate is directly
related to the increase of the methane consumption
when NRP discharges are applied.

Fig. 7: Comparison of mean flame heat release rate (top)
and mean CH4 source term (bottom) radial profiles 4.5 mm
above the bluff body for cases NP (dashed black line) and P
(red line).

Figure 8 shows the mean radial profile of tem-
perature across the recirculation zone. For case NP,
the temperature of the burnt gases contained within
the recirculation zone is around 1950K which cor-
responds to the adiabatic flame temperature of a
methane-air mixture at an equivalence ratio of 0.8.
However, for the plasma-assisted flame, the mean
temperature increases up to 3500K in the plasma
zone, where the thermal energy is deposited. This en-
ergy is convected by the flow from the center to the
periphery of the recirculation zone and induces a tem-
perature increase in the flame front, i.e. at 4 mm < r
< 5 mm.

Figures 9 and 10 plot the mass fraction of
species H2O-CO2-O2-CO and OH-O-H2-H, repec-
tively. Without plasma, the chemical composition
within the recirculation zone corresponds to thermo-
chemical equilibrium condition of the methane-air
mixture with equivalence ratio of 0.8. When plasma
is activated, both H2O and CO2 are highly consumed
in the discharge zone. At the opposite, the mass frac-
tions of the other species, in particular O and OH, in-
creases significantly.

Figure 11 (left) and (right) shows the chemical
pathway diagram in the plasma region during and af-
ter a pulse, respectively. The thickness of the arrow
is proportional to the reaction rates integrated within
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Fig. 8: Comparison of mean temperature at 4.5 mm above
the bluff body for cases NP (dashed black line) and P (red
line).

Fig. 9: Comparison of mean species mass fractions (H2O,
CO2, O2, CO) at 4.5 mm above the bluff body for cases NP
(dashed black line) and P (red line).

Fig. 10: Comparison of mean species mass fractions (OH, O,
H2, H) at 4.5 mm above the bluff body for cases NP (dashed
black line) and P (red line).

Fig. 11: chemical pathways in the discharge zone during
(left) and after (right) a pulse.

the discharge zone. As discussed in [12, 16], O2 is
mainly dissociated into O atoms during an electric
pulse (Fig. 11 (left)), by the relaxation of nitrogen
electronic state. The, the atomic oxygen produced by
the discharge reacts with H2O contained in the burnt
gases to produce OH and H. As shown in Figure 11
(right), chemical pathways are completely different
after the pulse. CO2, the main reactant, is consumed
by heat and radicals produced during the pulse, lead-
ing to a production of CO, H2, O2, O and OH. Fig.
9 and 10 show that, among the species produced in
the discharge zone, those with a long lifespan such as
OH, O2 and H2 are convected up to the flame front
in large quantities. At the opposite, species with a
shorter lifespan such as O, H does not survive outside
the discharge zone.

A second chemical analysis, shown in Fig. 12, is
performed in the flame reactive layer ( 4 mm < r < 5
mm) front to identify the CH4 consumption pathways
without and with NRP discharges. Without plasma,
CH4 is mainly consumed by OH, H and O trough the
following three elementary reactions:

CH4 +OH → CH3 +H2O (R1)

CH4 +H → CH3 +H2 (R2)

CH4 +O → CH3 +OH (R3)

The impact of the plasma on the rate of progress
of reactions R1, R2 and R3 is indicated in Fig. 12.
As discussed previously, NRP discharges supply the
reaction zone with OH, H2 and O2. The increase of
OH concentration will enhance directly the reaction
R1 by 51%. H2 and O2 are dissociated into H and O
radicals in the flame reaction zone, increasing there-
fore also the rate of reactions R2 and R3 by 27% and
21%, respectively.

In conclusion, the discharges produces heat and
species (OH,H2,O2), which are convected within the
recirculation zone. Because of its longer lifespan, OH
is the main plasma-induced species that reaches the
flame front and enhance significantly the chemical re-
activity at the flame basis surrounding the recircula-
tion zone. Such local increase of the reactivity en-
hances the heat release in the periphery of the recir-
culation zone but also acts as a flame-holder which
enables the turbulent flame surface development, in-
creasing the total combustion efficiency.
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Fig. 12: CH4 consumption pathways in the flame front with-
out NRP discharges (dashed black line) and with NRP dis-
charges (red line).

The results of the analysis are consistent with the
experimental images in [28] that show an enhance-
ment of the flame when the OH produced by the dis-
charge reaches the flame front.

5. Conclusion

The numerical analysis of Large Eddy Simulation
of the Mini-PAC burner concludes to the following
mechanisms of turbulent premixed flame stabilization
by nanosecond repetitively pulsed (NRP) discharges:

1. The electrical pulses generate a plasma in the
discharge zone, which produces O atom and
heat.

2. During the pulse, O reacts with H2O to form
mainly OH, through the reaction O+ H2O →
2OH. After the pulse, CO2 reacts in the inter-
electrode region to form H2 and O2.

3. Because of their long lifespan, OH, H2 and O2

are the main plasma-induced species convected
to the flame front thanks to the bluff-body recir-
culation zone.

4. OH, H2 and O2 are consumed with CH4 in the
flame reactive layer surrounding the recircula-
tion zone and locally increase the flame heat re-
lease rate. This local increase of the heat re-
lease in the vicinity of the recirculation zone is
responsible of 30% of the gain in flame power
induced by the plasma.

5. The local increase of heat release rate anchored
the turbulent flame front which can develop
downstream.

6. The total flame surface is increased, increasing
the combustion efficiency by 70%.

This analysis is based on the assumption that O2

dissociation is the key chemical effect of plasma on
combustion chemistry. Future works will aim to chal-
lenge this hypothesis by extending the plasma com-
bustion model to account for the dissociation of other
species present in the recirculating burnt gases, such
as CO2 and H2O dissociation induced by the dis-
charge plasma chemistry.
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