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How well do we know thermal-NO?
An investigation of NO formation in flames over a wide temperature range
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Abstract

This study investigates the large variability and uncertainty in the thermal-initiation reaction rates found in the literature. An exper-
imental study is conducted at atmospheric pressure in lean, premixed, laminar methane-air stagnation flames. Flame temperatures
ranging from 1900K to 2500K are achieved by varying the argon concentration, in 21% and 40% oxygen mixtures balanced with ni-
trogen. The conditions are selected to promote the thermal route in the overall post-flame NO formation. One-dimensional velocity,
temperature, and NO concentration profiles are measured with Particle Tracking Velocimetry (PTV), NO multi-line thermome-
try, and NO Laser-Induced Fluorescence (NO-LIF), respectively. While velocity and temperature measurements are accurately
predicted by different thermochemical models, the simulated NO-LIF signal profiles show significant disagreement and large vari-
ability, relative to the measurements. Results show that, across all conditions, none of the studied mechanisms are able to capture
accurately both the NO concentration, and formation rate in the post-flame region, suggesting that the fundamental chemistry re-
mains inaccurate. The discrepancy in the predictions appears to be linked to the chosen parameters of the Arrhenius rate, specifically
the pre-exponential factor, and the activation energy. Sensitivity and Reaction Pathway Analyses suggest that the differences in the
Arrhenius parameters could originate from different consideration of the base radical chemistry, as well as different relative contri-
butions of the four NO-formation routes. As a result, some models can predict similar NO concentrations but using significantly
different underlying base and NOx chemistry. This implies that the models could diverge significantly in conditions where other
non-thermal routes are more important. This study demonstrates the need for spatially-resolved experimental data across a broad
range of experimental conditions, promoting and considering a variety of routes, in order to optimize NOx chemistry models with
reduced uncertainty.

Keywords: CH4 premixed flame, Nitric oxide, NO-Laser induced fluorescence, NO pathways, Thermal route

1. Introduction

Nitric oxide (NO) is highly regulated to limit its harmful
impact on the environment and human health. The understand-
ing of its formation is of interest to meet these regulations in
practical systems. Many studies have been performed using a
variety of experimental configurations and conditions to pro-
mote specific NO formation pathways, or routes, namely the
prompt-NO, the NNH, the N2O, and the thermal routes [1–6].

The main pathway to NO formation in traditional combus-
tion applications is generally the thermal route, which scales
with temperature and residence time. It has been extensively
studied, experimentally and numerically, via its limiting reac-
tion:

N2 + O
kf
⇌
kr

NO + N (R1)

Despite its importance and the large amount of experimen-
tal data available, wide uncertainty and variability remains in
the rate of the reaction, as shown for the reverse direction of R1
in Fig. 1.

In the compilation work of Baulch et al. [7], a recommended
reaction rate for both, the forward (k1f) and reverse (k1r), direc-
tions are provided independently. However, when the reverse

rate is derived from the recommended forward rate (k1f) and the
equilibrium constant (Kc), its value and uncertainty do not over-
lap the recommended reverse rate (k1r) at high temperatures,
see Fig. 1. This also shows the scatter of more recently deter-
mined rates, which suggests that the understanding of thermal-
NO route, and thus the post-flame NO chemistry, remains un-
certain.

Abián et al. [3] proposed a thermal-initiation rate (k1f) using
flow reactor measurements performed at temperatures ranging
from 1700K to 1800K. However, lacking data to accurately de-
rive Arrhenius rate coefficients, they used literature data to ex-
trapolate a rate covering temperatures from 250-3000K, a more
practical range of conditions. Buczkó et al. [8] characterized
the uncertainty of this rate and provided corrected values, by
considering the interaction of the N2O pathway on the thermal
rate. Similarly targeting the thermal rate, Han et al. [9] per-
formed NO measurements on a heat flux burner using a wide
range of conditions, and observed the interaction of the prompt
and the thermal routes. As demonstrated, these studies account
for different interactions of the NO formation pathways and
thus infer different thermal-initiation rates. Therefore, it is still
unclear how all the routes interact together, particularly in the
post-flame region.
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Figure 1: Comparison of the reverse kinetic rate (k1r) for the reaction N2+O ⇌
NO+N, of the mechanisms and references used in this study (–). k1r as provided
(- -) and calculated from k1f and Kc (-.-) in Baulch et al. [7].

The objective of this study addresses this ambiguity by mea-
suring NO over extreme temperature conditions, to promote
the thermal NO pathway. The focus of this study is the post-
flame region where the thermal pathway is dominant and NO
is most affected by the four routes. Additionally, the use of ex-
treme conditions challenges six thermochemical models across
a wide range of temperatures. These experiments are conducted
in atmospheric, lean, premixed, methane-air stagnation flames,
at flame temperatures ranging from 1900K to 2500K. Flame
temperatures are reached by varying argon concentration, in
21% and 40% oxygen balanced in nitrogen. Spatially-resolved
measurements are used, inline with current trends in the lit-
erature that increasingly recommend the use of time-resolved
measurements to improve the predictions of thermochemical
mechanisms, particularly those which involve complex forma-
tion pathways [10–12].

2. Experimental Methods

An atmospheric jet-wall stagnation burner is used to con-
duct experiments in premixed flames. This provides accurate
boundary conditions necessary for 1D simulations [13]. This
setup, along with the diagnostic methods, have been detailed
in [2, 4, 14–16].

The gas mixture is premixed before exiting the nozzle and
impinging on a water-cooled stagnation plate located at a dis-
tance of ∼9 mm. This provides a flat, lifted flame, minimally
affected by the burner, as shown in Fig. 2. The flame is shielded
from ambient air by a nitrogen coflow, improving stability and
preventing chemical interference. Flame temperatures from 1900K
to 2500K are used to promote the thermal pathway. These
temperatures are reached by producing lean methane-air-argon
flames at a constant equivalence ratio (ϕ = 0.9) with two oxy-
gen to nitrogen ratios: 21% and 40%. Argon dilution, up to
65% in the oxidizer stream, allows different flame temperatures
to be obtained while maintaining the same stoichiometry. Mix-

ture concentrations are defined as:

O2-to-N2 =
NO2

NO2 + NN2

, and (1)

XAr =
NAr

NO2 + NN2 + NAr
, (2)

where Ni is the molar concentration of species i.
The boundary conditions for the simulations are given in the

Supplementary Material. The inlet velocity (uin) and the strain
rate (duin/dz) are determined in the unburnt region of the axial
velocity profile. The inlet temperature (Tin) and the stagnation
plate temperature (Twall) are measured during the experiments
using thermocouples.

Axial velocity profiles are obtained by Particle Tracking Ve-
locimetry (PTV) [15, 17, 18]. The laser beam illuminates the
flow seeded with alumina (Al2O3 at 1µm avg. diameter) tracer
particles, to track their instantaneous position. Camera expo-
sures from 20 to 100ms and laser pulse frequencies from 4 to
10kHz are used (fixed for a given experiment). The acquisition
of over 500 images allows the extraction of a 1D velocity pro-
file of the tracer particle, up, along the central axis of the burner
using a second-order central finite difference scheme, such that:

up

(
zp,i, rp,i

)
≈

zp,i+1 − zp,i−1

2
· f ·C (3)

at the particle location zp,i and rp,i, and with f defined as the
laser frequency in Hz, and C the camera calibration coefficient
in mm/pixel. The direct comparison to simulated velocity pro-
files is possible through the modeling of the particle motion in
the flow. The modeling accounts for drag due to thermophoretic
force and particle inertia in high-gradient/high-curvature parts
of the flow [19].

The NO concentration profiles are obtained using 2D Planar
Laser Induced Fluorescence (PLIF) [4, 5]. NO molecules are
excited in the A-X (0,0) electronic system, using an Nd:YAG-
pumped wavelength-tunable dye laser at a wavelength of∼226nm.
The NO fluorescence is collected using an image intensified
CCD camera at an exposure of 300ns and binned 4×8 (verti-
cally and horizontally, respectively) to enhance signal-to-noise
ratio. Signals of 2,000 images are captured at an online (S on)
and offline (S off) wavelength of λon∼226.03nm and λoff∼226.05nm,
respectively, allowing the subtraction of interfering LIF and
scattering signals. Signals are corrected for background noise(
S bckg

)
by capturing 200 images without laser irradiation and

subtracting them from the samples to remove the effect of flame
chemiluminescence, camera dark noise, and ambient luminos-
ity. The resulting signal is normalized by the mean of the time-
integrated laser pulse power of the online and offline signals,
EL,on and EL,off respectively. Spatial fluctuations in the laser
sheet are corrected by obtaining the LIF signal in an inert cold
flow seeded with NO. For low laser irradiance, the signal FNO
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Figure 2: Methane stagnation flames from Tad = 2500K to 1900K obtained by argon dilution and enriched oxygen.

is linearly proportional to NO number density as follows:

FNO =
(S on − S bckg)

EL,on
−

(S off − S bckg)
EL,off

, (4)

= fLIF ·Copt · n◦NO, (5)

where fLIF is the number of photons emitted per unit molecule
of NO, per unit volume, and per laser energy, Copt is the op-
tical calibration coefficient accounting for optic transmitivity
and camera sensitivity, and n◦NO is the number density of NO
molecules. fLIF is obtained using a two-level LIF model, al-
lowing Copt to be determined by calibration [2, 5]. These are
further explained in the Supplementary Material. Based on the
paradigm shift presented by Connelly et al. [20], species con-
centration and temperature from the numerical solutions are
used to derive numerical NO-LIF profiles, directly compara-
ble to the measured NO-LIF profiles. This prevents the intro-

duction of uncertainty through unit transformations of the ex-
perimental profiles, which require assumptions of temperature
and quenching-species concentration (H2O, O2, ...) that are not
measured.

The NO-LIF profiles presented in this paper result from an
average of several profiles obtained for each flame, from 2 to
7 measurements per condition, leading to a total of 48 flames
used to determine Copt. The experimental uncertainty associ-
ated with this measurement is calculated at z=3.5mm, and is
reported on the NO-LIF profiles and on the subsequent figures.
The large number of flames used for calibration leads to an un-
certainty of less than 3% across all conditions, in the post-flame
region. Details of the calculations are given in the Supplemen-
tary Material. The resulting NO-LIF profiles, while having a
relatively high accuracy in the post-flame region, might still ex-
perience experimental uncertainty in the flame front due to the
imaging system (image binning and point spread function), the

Figure 3: Profiles of velocity (top), temperature (middle), and NO-LIF signal (bottom). Measured (□) and simulated (—) profiles are illustrated. Different
thermochemical models are shown: GRI (—), SD (—), CRECK (—), NUIG (—), DTU (—) and KON (—). Note the different scales of the velocity and NO-LIF
profiles. The vertical axes to the right of the NO-LIF signal profiles represent the estimate of NO concentration in ppm.
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chemiluminescence of the flame, as well as the sharp change of
density, NO concentration, and temperature of the flow.

Temperature profiles are measured using a multi-line NO-
LIF thermometry approach [14, 21]. The flames are seeded
with a known concentration of NO (500ppm) to track the emit-
ted fluorescence from the nozzle to the plate while varying the
laser over 120 discrete wavelengths between λ=225.13nm and
λ=225.19nm. The raw NO signal intensity and laser energy
are measured similarly to the NO-LIF methodology. The un-
seeded and background signals are subtracted in order to maxi-
mize signal-to-noise ratio. For each wavelength, the NO signal
is averaged over 50 laser pulses. An NO excitation spectrum is
obtained for each pixel of the domain and is directly compared
to LIFBase [22] NO-excitation spectra, which vary with tem-
perature, to determine the temperature field of the domain. A
1D temperature profile is extracted at the centerline of the noz-
zle and is directly compared to simulation results. This tem-
perature measurement methodology leads to an uncertainty of
± 5% at 2000K [21]. While this methodology has proven suc-
cessful in previous works, the excitation spectra are less sensi-
tive for temperatures greater than 2300K, leading to increased
uncertainty (see Fig. 3d).

3. Results and discussion

Three flames are stabilized at 21% oxygen-to-nitrogen ratio
(O2-to-N2 = 21%, or 21%O2) with different levels of argon di-
lution to reach adiabatic flame temperatures of 1900K, 2000K,
and 2130K, and six flames at O2-to-N2 = 40% (40%O2) to ob-
tain adiabatic flame temperatures from 2000K to 2500K. An
overlap at 2000K is used for both oxygen ratios to assess the
role of the oxygen content on NO formation.

The predictive capabilities of several thermochemical mod-
els are evaluated by comparison to the measured profiles. In
this paper, the following thermochemical models are evaluated:
GRI-Mech3.0 (GRI) [23]; the San Diego 2016 mechanism (SD)
with the 2018 NOx chemistry [24]; the Chemical Reaction En-
gineering and Chemical Kinetics mechanism C1C3HT version
1412 (CRECK) [25]; the National University of Ireland, Gal-
way mechanism NUIGMech1.1 (NUIG) [26] reduced to 206
species [27]; the Technical University of Denmark 2016 mecha-
nism (DTU) [28]; and the Konnov 0.6 mechanism [29] with the
NOx chemistry of NOMecha2.0 [6] (KON). While the NOMecha2.0
submechanism has been optimized with the GDF-Kin3.0 base
chemistry [30], the latter has shown large discrepancies in pre-
dicting velocity profiles of previous experiments [18]. Instead,
NOMecha2.0 has been paired to Konnov 0.6 base chemistry,
showing better agreement. Furthermore, both NUIG and DTU
mechanisms have developed their NOx chemistry based on the
recent review paper by Glarborg et al. [31].

These simulations are performed using Cantera’s Imping-
ing Jet model [32], including multicomponent modeling of the
transport coefficients, as well as radiative heat losses. The grids
are refined to achieve criteria of 2, 0.05, and 0.05, for ratio,
curve, and slope, respectively, with a 1µm minimum grid size,
leading to solutions with ∼350 gridpoints.

Velocity, temperature, and NO-LIF signals are presented in
Fig. 3a-d, for the lowest (1900K), the two overlapping (2000K),
and the highest (2500K) temperatures, respectively. The results
of all nine flames are presented in the Supplementary Material.
The flow exits the nozzle at z∼9mm and impinges on the wall
at z=0mm. Estimates of the NO concentration in ppm, valid for
the post-flame region only, are extracted from the comparison to
a reference mechanism, in this case GRI. These are presented
on the right-hand vertical axis of the NO-LIF signal graphs.
However, conclusions are drawn from FNO/Copt as this carries
less uncertainty.

The general behavior of the measured velocity profiles is
correctly described by the models. The particles decelerate
gradually from the inlet to the flame front, reaching the ref-
erence flame speed S u,ref, and then accelerate through the flame
front due to thermal expansion of the flow. They decelerate
again as the flow impinges on the stagnation plate. As ex-
pected from flame theory, S u,ref increases with Tad. Addition-
ally, there is little difference in velocity for the two oxygen
contents at 2000K. Despite overall good agreement between
the mechanisms in predicting the axial velocity of the parti-
cles, a slight difference in flame position and flame speed can
be observed between the models and measurements. This dis-
crepancy is amplified in the high-curvature and -velocity region
downstream of the flame front, leading to an under-prediction
of the velocity by DTU and NUIG and an over-estimation of
the velocity by most other mechanisms considered.

For all cases, there is also good agreement between the mea-
sured and simulated temperature profiles. The temperature rises
through the flame front to reach a maximum temperature of the
order of the adiabatic temperature in the post-flame region. It
then decreases through the wall thermal boundary layer to reach
Twall. Temperature predictions are within the uncertainty of the
measurement technique.

The NO-LIF profiles have the characteristic sharp increase
from flame-front NO (at z∼6mm), and slow increase from the
post-flame NO (from z∼5mm to z∼1.5mm). The signal in-
creases near the plate (from z∼1mm to z=0mm) from the change
in NO density due to the thermal boundary layer. Addition-
ally, at a spatial location, the NO signal increases with the in-
crease in Tad, as expected. As Tad increases, the contribution of
post-flame NO increases relative to the flame-front NO. Finally,
at the overlap Tad, a smaller NO concentration is produced at
higher oxygen content as a larger dilution of Ar is needed. This
leads to lower initial O- and N-atom availability, producing less
NO.

In contrast to the temperature and velocity profiles, the mea-
sured NO-LIF profiles are only well described by a few thermo-
chemical models, and a large variability of predictions can be
observed over the entire range of temperatures. Discrepancies
in both the flame-front and post-flame NO are present. The
signal increase through the flame front is generally only prop-
erly captured by GRI and CRECK across all conditions, un-
like KON which largely overpredicts it, and other mechanisms
which underpredict it. These results support previous findings
[1, 2], where an important discrepancy was found in the predic-
tion of CH concentration in these mechanisms for various fuels,
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leading to a misprediction of the prompt-NO produced through
the flame front. In addition, the absence of the prompt initiation
reaction in the SD model leads to a greater under-prediction of
the NO produced in the entire profile. For low temperatures,
the misprediction in the post-flame NO appears to be consistent
with the discrepancies in the flame-front region. This shows
that a correct description of the post-flame NO concentration
requires an accurate description of the flame-front NO.

Furthermore, some mechanisms achieve good agreement
with the measurements at specific points, despite having a strong
disagreement throughout the rest of the profile. This can be
seen on the NO-LIF profile for 2500K (Fig. 3d), where most
mechanisms intersect the experimental profile at z∼4mm. This
demonstrates the necessity of including spatially- or time-resolved
measurements to understand the origin of discrepancy in com-
plex formation pathways.

To specifically target the post-flame region, comparisons
between measurements and simulations of the NO-LIF signal
are performed at z=3.5mm. This location is far enough from the
thermal boundary layer of the plate and allows enough time for
the post-flame NO to develop. The analysis, at this location, of
the absolute NO signal (FNO/Copt) is presented on Fig. 4a-c, and
the analysis of the NO signal rate of change (dFNO/(Copt · dz))
on Fig. 4d-f.

The ratio of the absolute NO signal is presented in Fig. 4b-c
for 21%O2 and 40%O2, respectively. A perfect agreement be-
tween the models and measurements would be described by a
ratio equal to unity. The shaded area represents the root-sum

square of both the experimental and the numerical uncertainties,
the latter emanating from uncertainty in the estimated bound-
ary conditions. A larger uncertainty (∼20%) is present for low
temperature measurements as they produce less NO, leading to
smaller LIF signal-to-noise ratio. Conversely, there is lower
uncertainty (∼6%) at high temperature due to higher signal-to-
noise ratio from increased NO production. These uncertainties
make these experimental datasets valuable additions to model
optimization.

The figures show that the difference between the measure-
ments and simulations, for both oxygen contents, changes with
temperature. The large variability of predictions is mostly present
at low temperatures, and appears to stem mostly from the flame-
front NO prediction, as observed in Fig. 3. This again indicates
that the flame-front NO is not accurately captured, and its mis-
prediction impacts mostly conditions where thermal NO is not
dominant. Similar to previous observations, only CRECK and
GRI capture the absolute NO signals at 3.5mm, up to 2200K.

To better understand the prediction of post-flame NO by the
mechanisms, the rate of change of the signal

(
dFNO/(Copt · dz)

)
,

or slope of FNO/Copt, is calculated for the measured and simu-
lated profiles. It is determined by a linear regression of the sig-
nals between 2 and 4.5mm. The values are presented in Fig. 4d
and ratios of numerical to experimental values in Fig. 4e-f for
21%O2 and 40%O2, respectively. Overall, all mechanisms tend
to be in reasonable agreement with the measured NO rate of for-
mation at temperatures below 2200K. From 2200K, all mech-
anisms, except for KON, exhibit significant discrepancies. In

Figure 4: Comparison of experimental (black lines and symbols) and numerical (colored lines and symbols), at z=3.5mm for: a) Absolute NO-LIF signal, b-c)
Ratio of numerical to experimental absolute NO-LIF signals, d) NO-LIF signal slope, e-f) Ratio of numerical to experimental NO-LIF signal slopes. Different
thermochemical models represented by the following colors and lines: GRI (•), SD ( ■), CRECK (▼), NUIG (▲), DTU (⋆) and KON (♦). Shaded areas represent
the root-sum square of both the experimental and numerical uncertainties.

5

https://doi.org/10.1016/j.proci.2022.07.189
http://creativecommons.org/licenses/by-nc-nd/4.0/


T
hi

s
is

an
A

cc
ep

te
d

M
an

us
cr

ip
to

fM
eu

le
m

an
s,

M
.,

D
ur

oc
he

r,
A

.,
V

er
sa

ill
es

,P
.,

B
ou

rq
ue

,G
.a

nd
B

er
gt

ho
rs

on
,J

.M
.(

20
23

),
H

ow
w

el
ld

o
w

e
kn

ow
th

er
m

al
-N

O
?

A
n

in
ve

st
ig

at
io

n
of

N
O

fo
rm

at
io

n
in

fla
m

es
ov

er
a

w
id

e
te

m
pe

ra
tu

re
ra

ng
e,

P
ro

ce
ed

in
gs

of
th

e
C

om
bu

st
io

n
In

st
itu

te
39

,5
21

-5
29

.d
oi

:1
0.

10
16

/j.
pr

oc
i.2

02
2.

07
.1

89
.L

ic
en

se
d

un
de

rC
C

B
Y

-N
C

-N
D

.

contrast, KON reasonably predicts the post-flame NO rate of
formation, across the entire range of temperatures, despite the
significant overprediction of the flame-front NO.

Interestingly, it is at the highest temperature, where the mech-
anisms are most challenged, that the widest spread of predic-
tions can be observed in between the different models. At this
condition, despite the small experimental and numerical uncer-
tainty, KON precisely predicts dFNO/(Copt · dz). In contrast,
CRECK overpredicts the rate of formation by 65%. These re-
sults can directly be correlated with the Arrhenius rates illus-
trated in Fig. 1. KON (NOMecha2.0) possesses the best agree-
ment with the slope measurements at 2500K and it uses a rate
with the lowest pre-exponential factor (A), and is inline with
the recommended k1r from Baulch et al. [7]. Furthermore, GRI,
DTU & NUIG, and CRECK & SD, in this order, possess an
increasing pre-exponential factor, and Fig. 4f shows that their
overprediction is also in the same order. This demonstrates that
the error in prediction of dFNO/(Copt · dz) grows with A. Addi-
tionally, KON seems to accurately predict the correlation of the
slope with temperature, indicating an accurate definition of the
activation energy (Ea). These nuances in the reaction rates of
each model could cause the differences in predictions in Fig. 4.

The sources of the differences in the models is explored in
Fig. 5 with a Sensitivity Analysis performed on the NO rate of
formation at z=3.5mm, on the reactions of the KON and GRI
mechanisms. This analysis demonstrates that the slope is most
sensitive to the thermal-initiation reaction (N2 + O), across the

Figure 5: Sensitivity Analysis performed on dXNO/dz, for the KON (a) and GRI
(b) mechanisms, using dk=1% on each reaction. Bars represent the four flames
of Fig. 3, 1900K-21%O2 (white), 2000K-21%O2 (light grey), 2000K-40%O2
(dark grey), 2500K-40%O2 (black).

studied temperatures. As expected, the influence of this reac-
tion on the slope increases with temperature. In contrast, the
reaction H + O2, driving O-atom production, is inversely cor-
related with the slope, and its impact reduces with tempera-
ture. This illustrates the importance of an accurate base radi-
cal chemistry to precisely predict NO production as it controls
the radical pool size, for the entire range of temperatures, and
especially at low temperatures. The set of reactions involved
in defining the slope of NO though the N2O pathway, has a
reduced impact with increasing temperature. However, its in-
fluence at low temperatures is of similar order to the thermal.
This shows that the N2O pathway is particularly important in
defining the thermal rate at lower temperatures. A similar ob-
servation can be made with the NNH reaction that is of more
significant importance for GRI compared to KON.

These results demonstrate the importance of accurately pre-
dicting the N2O and NNH pathways, and the base radical chem-
istry, as they have a significant influence on the post-flame NO.
Therefore, if models would recommend an accurate thermal-
initiation rate, they would require accurate modeling of each
of the NO-producing pathways and the base radical chemistry.
This could aid in resolving the variability of the thermal-initiation
rate, shown in Fig. 1, via the A and Ea parameters.

As the Sensitivity Analysis showed the importance of the
N2O pathway, a Reaction Pathway Analysis (RPA) is performed
to determine the contribution of all four routes to the overall
NO production. This is conducted on the 2500K flame, follow-
ing the methodology established by Grcar et al. [33] and Ver-
sailles et al. [17]. The analysis is performed using the KON and
GRI mechanisms, which offer the best agreement at 2500K re-
garding the absolute NO concentration and formation rate in the
post-flame region. Fig. 6 presents the relative share of the four
routes (prompt, NNH, N2O, and thermal) to the overall NO for-
mation. Individual absolute contributions to NO formation of
the thermal, N2O, and NNH routes are also provided in the sub-
figures. As expected from the analysis of the thermal-initiation
rate, KON predicts lower absolute contribution of the thermal-
NO compared to GRI. Furthermore, the prompt overprediction
of KON shown in Fig. 3, is also observed.

While the two mechanisms predict a similar total NO pro-
duction, they display significant differences in the relative con-
tributions of the four pathways, for both the flame-front NO
and the post-flame NO production. As a result, despite similar
absolute NO predictions, the thermal-initiation rate that would
be inferred by the models, could stem from differences in the
importance placed upon, not only the N2O pathway, but also
the NNH and prompt pathways. This suggests that the funda-
mental chemistry governing NO production remains not well
understood.

4. Conclusion

In this study, a stagnation flame burner under controlled
boundary conditions is used to measure the velocity, temper-
ature, and NO concentration profiles, using Particle Tracking
Velocimetry (PTV), NO multi-line thermometry, and NO laser-
induced fluorescence (NO-LIF), respectively. The measurements
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Figure 6: Reaction Pathway Analysis performed on the flame at 2500K, using
the KON (a) and GRI (b) mechanisms. Estimates of the NO produced by each
route in the post-flame region are illustrated in each subfigure: thermal (—),
N2O (– –), and NNH ( ).

are performed on nine flames using two levels of oxygen con-
centration, 21 and 40%O2, as well as argon dilution to reach
adiabatic flame temperatures ranging from 1900K to 2500K.
1D simulated profiles are compared to the results using six ther-
mochemical models.

Measurements are performed in conditions to promote the
thermal-NO pathway. Large variability in predictions of the
NO-LIF profiles show that none of the considered mechanisms
are able to predict accurately the produced NO concentration
and the NO rate of formation in the post-flame region, reveal-
ing that the fundamental chemistry of NO formation remains
inaccurate. Analysis of the discrepancy between measurements
and simulations demonstrate that the prediction of post-flame
NO by the models, is directly related to their definition of the
thermal-initiation rate, specifically the pre-exponential factor A,
and the activation energy Ea.

Sensitivity and Reaction Pathway Analyses indicate that the
discrepancy in the definition of the thermal-initiation reaction
could result from different consideration of the base radical
chemistry, and the contribution of other NO formation routes.
This paper shows that it is possible to predict NO concentra-
tions and NO formation rates that are in reasonable agreement
with experiments, but with different underlying chemistry. This
suggests that the model predictions would significantly diverge
under conditions where non-thermal routes become increasingly

important.
To address this, future efforts in optimizing NOx chemistry

should employ measured NO profiles across a broad range of
experimental conditions, which promote a variety of NO for-
mation pathways. This would allow the development of mod-
els with reduced uncertainty and increased predictive capability
to further improve the emissions of state-of-the-art combustion
technologies.
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