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HIGHLIGHTS

« Extinction strain rate, temperature and in-flame species profiles to characterize flames.
» NH;-H,-Ar flames at constant T}, to decouple thermal and kinetic effects.

» Preferential diffusion as driver of secondary reaction zone in NH;-H, flames.
» Double peaks in excited species exposing limitations of kinetic mechanisms.

ARTICLE INFO ABSTRACT

Keywords: This study investigates ammonia (NH;) counterflow diffusion flames (CDFs) under various conditions and eval-
Ammonia combustion uates contemporary kinetic mechanisms against experiments. First, ammonia CDFs with hydrogen additions and
Counterflow diffusion flames air are examined; second, pure ammonia flames with oxygen-enriched oxidizers are investigated; third, the influ-

Hydrogen co-combustion
Oxygen enrichment
Emission spectroscopy
Flame structure

ence of H, addition on ammonia-hydrogen-argon CDFs is studied. Argon dilution maintains identical maximum
flame temperatures, thereby achieving decoupling of thermal and kinetic effects. Extinction strain rates (ESR)
are used to assess flame stability and kinetic mechanism performance. Flame structure is characterized by tem-
perature and optical diagnostics of key excited species, including OH*, NH*, NH, *, and NO*. For selected CDFs,
profiles of NH;, H,, and NO are quantified using a microprobe coupled with gas-phase diagnostics. Experimental
results show good agreement with numerical predictions of ESR and temperatures in ammonia-hydrogen flames.
However, under oxygen-enriched conditions, all mechanisms underpredict the peak temperatures. The mecha-
nism proposed by Konnov [Combust. Flame 253 (2023) 112789] accurately reproduces NH* and NH, * profiles,
whereas deviations remain for NO*. At higher hydrogen admixtures, the local depletion of NH; and H, becomes
spatially separated due to preferential hydrogen diffusion. The measured chemiluminescence peaks coincide with
these depletion zones, forming a double-peak structure that indicates a second reaction zone dominated by H,
oxidation. Numerical predictions reproduce NH; and H, depletion, but fail to capture the corresponding chemi-
luminescence double peaks. For OH*, the reaction OH* + H,0 = H,0, + H suppresses double-peak formation,
whereas the governing pathways for NH*, NH,*, and NO* remain to be identified.

1. Introduction viable energy conversion pathway [1]. However, ammonia combustion
presents several challenges, including low laminar burning velocity
and poor flammability, as well as the formation of undesired emis-
sions such as nitrogen oxides (NO,) and unburned NH;. Addressing

Ammonia (NH3) has emerged as a promising energy carrier in the
transition to sustainable energy systems. Beyond its role as a hydrogen
(H,) carrier, its direct combustion is increasingly being explored as a
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these challenges requires a fundamental understanding of ammonia
flame chemistry and combustion behavior to ensure its reliable use in
large-scale applications [2].

Despite significant progress in ammonia combustion modeling, cur-
rent mechanisms still lack sufficient validation under well-controlled,
reproducible conditions. While ammonia flames have been studied
in counterflow configurations, comprehensive datasets remain scarce,
particularly for pure ammonia flames and oxygen-enriched oxidizer
conditions.

At the same time, previous studies have begun to map relevant re-
gions of the parameter space and thus provide a valuable foundation for
further investigation. Thomas et al. [3] examined ammonia-hydrogen
CDFs with hydrogen mole fractions in a range of xy, = 0... 15%. Choi
et al. [4] investigated ammonia-hydrogen CDFs in the range of xy, =
1...11%, while Alfazazi et al. [5] explored pure ammonia flames with
oxygen (O,)-enriched air at x5, = 30% and 45%, ammonia-hydrogen
mixtures with xy, = 10...40%, and ammonia mixtures with C; ... C3
hydrocarbons.

In this context, electronically excited species detected by chemi-
luminescence provide valuable information on flame structure and
reaction progress and can serve as indicators of local equivalence
ratio and heat release rate in complex combustion systems [6-8].
However, their reliable modeling remains challenging due to the lim-
ited understanding of the reaction pathways governing their forma-
tion in ammonia flames. Recently, Issayev et al. [9] applied spatially
resolved chemiluminescence imaging of NH* and OH* in ammonia-
hydrogen CDFs over a hydrogen mole fraction range of xy, = 10... 90%.
By comparing their measurements with the mechanism introduced
by Konnov [10,11], they proposed modifications to four key reac-
tions of NH* chemistry within the reported uncertainty limits, result-
ing in a slight improvement in prediction accuracy. Capriolo et al.
[12] measured spatially resolved OH* intensity in ammonia-hydrogen
CDFs for xy, = 20...80%, evaluating a tailor-made mechanism based
largely on [13]. Zhu et al. [14] performed spectrally resolved emis-
sion spectroscopy in premixed ammonia-hydrogen twin flames sta-
bilized in a counterflow burner to derive correlations with equiva-
lence ratio and hydrogen mole fraction. Pugh et al. [15] employed
line-of-sight integrated imaging of NH*, NH,*, and OH* in turbulent
diffusion flames, finding that NH,* intensity reliably indicates NO
consumption in rich NH; flames, while the combined chemilumines-
cence measurements further support detailed analysis of intermediate
chemistry.

The present study aims to provide a comprehensive, high-quality
dataset of ammonia combustion by (i) systematically investigating am-
monia CDFs with oxygen-enriched air as well as ammonia-hydrogen
CDFs, (ii) measuring extinction strain rates (ESR), temperature profiles,
and spatially resolved excited species profiles to provide a compre-
hensive characterization of flame behavior, (iii) examining ammonia-
hydrogen-argon flames under conditions where the argon mole fraction
is adjusted to maintain identical maximum flame temperatures for all
investigated mixtures, thereby separating temperature effects resulting
from hydrogen addition from its direct kinetic influence, (iv) comple-
menting measurements of excited species with in-flame species measure-
ments, including NH;, H,, and NO, to further understand reaction kinet-
ics and transport processes, and (v) using ESR measurements as an initial
validation step for seven state-of-the-art chemical kinetic mechanisms
and employing the complete experimental dataset for a broader assess-
ment of their predictive capabilities. Together, these efforts enable a
direct comparison of numerical simulations with experimental observa-
tions and provide new insights into the strengths and limitations of cur-
rent kinetic models, particularly with respect to the prediction of excited
species.
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2. Experimental and numerical approach
2.1. Counterflow burner setup

All experiments were conducted using a counterflow burner based on
the design by Niemann et al. [16]. Fig. 1 shows a schematic of the burner
and the experimental setup, along with three representative CDFs, while
Fig. 2 introduces the terminology and defines the computational domain.
The burner consists of two vertically opposed outlets with a diameter of
D =25 mm and a separation distance of L = 20 mm, supplying oxidizer
from the top (outlet 2) and fuel from the bottom (outlet 1). A nitrogen
sheath flow, directed through two external concentric outlets, isolates
the system from ambient disturbances. The exhaust gas is extracted con-
centrically on the fuel outlet side and passes through a water-cooled
system to prevent the burner from heating up.

To investigate different types of CDFs, three separate cases were
considered, with all compositions given as mole fractions:

+ ammonia-hydrogen CDFs with xy, =0...20% and air as oxidizer,

« pure ammonia CDFs with an oxygen content of xo, = 21...35% in
the oxidizer, and

« ammonia-hydrogen-argon CDFs with relative hydrogen mole frac-
tions of xy, ;) = 25...95% (based on the NH;3-H, content) and air
as oxidizer.

For the ammonia-hydrogen-argon CDFs, the argon fraction in the fuel
was adjusted such that all flames in this experimental series exhibited
an approximately constant maximum temperature; the detailed flame
compositions are provided in Appendix A.

Fine wire meshes with a wire diameter of 50 um ensure a plug
flow inflow profile, as described in [16]. The global strain rate was
determined following Seshadri and Williams [17],

 2luy luy |\/7)
a2 = T 1 + —_ ) (1)
lus |\/ 72

where u; and u, indicate the outlet velocities of the fuel (1) and oxidizer
(2) streams, respectively, and p, and p, represent the corresponding gas
densities at the outlets. The outlet velocity was adjusted to satisfy the
momentum balance, yielding a simplified expression for the global strain
rate:

4u, |
a, = —— . 2
2 3 (2)
In the setup, gas flow rates were regulated using thermal mass flow
controllers (MFCs) with a maximum uncertainty of < 1%. A strain rate
of a, = 40 s~! was maintained for all measurements except for ESR
determination, as it ensured stable combustion of pure NH; with air.

2.2. Diagnostics

To characterize the CDFs, flame images were captured, and ESR, tem-
perature profiles, in-flame species and emission spectra were measured.

Extinction strain rates serve as an indicator of flame stability.
For ESR measurements, the strain rate was incrementally increased,
ensuring that at each step the MFCs reached steady-state operation, con-
tinuing until flame extinction. Each measurement was repeated at least
three times per data point.

The axial temperature profiles of the investigated CDFs were mea-
sured using an S-type thermocouple probe as introduced in [18]. A
spring mechanism prevents deformation of the thin thermowires 100 um
in diameter, which are fixed under tension parallel to the reaction zone.
To eliminate catalytic effects, the wires were coated with ZrO,. The mea-
sured temperatures were corrected for radiation losses as described in
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Fig. 1. Schematic of the counterflow burner configuration including oxidizer and fuel outlets, the microprobe connected to the gas analyzing system, and the optical
setup for spectrally integrated 2D chemiluminescence imaging using a UV camera lens and bandpass filters. Representative RGB flame images are shown for a)
NH;/air CDFs with xy, = 100%, and NH;-H,-Ar/air CDFs with b) xy o = 80% and ¢) xy, . = 95%.
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Fig. 2. Schematic of counterflow burner, terminology, and computational
domain.

[18]. To cross-validate the intrusive measurements, they were compared
against non-intrusive, in situ temperature measurements obtained in a
hydrogen CDF using a temperature sensor based on the detection of near-
infrared thermal radiation from water vapor, as described in [19]. The
results showed good agreement within the experimental uncertainty.
Additional details are provided in Appendix B.

To visualize the flame structure, broadband flame imaging was per-
formed using an RGB CMOS camera (Blue Fox 3-2071aC, Matrix Vision)
operated at a constant exposure time of 4 ms.

To probe electronically excited species, spectrally resolved UV
measurements were first performed using a grating spectrograph
(2400 linesmm~1; Kymera 193i, Andor) coupled to an sCMOS cam-
era (Dhyana 95 V2, Tucsen) with calibrated wavelength and intensity
responses. The focusing optics, similar to those described in Schmidt
et al. [19], provided a measurement volume of approx. 105 pm in diam-
eter and 2.0 mm FWHM in length. The recorded spectra, covering the
emission regions of NO*, OH*, and NH*, are shown in Fig. 3. By integrat-
ing species-specific wavelength intervals within the spectrally resolved
measurements, 1D intensity profiles were extracted, as presented in
Fig. 4. Based on these spectrally resolved reference measurements,
2D chemiluminescence imaging was subsequently carried out using an
intensified CCD (ICCD) camera system (PI-MAX 4: 1024f, Teledyne
Princeton Instruments) equipped with a UV camera lens (f = 100 mm,
f/2). Bandpass filters centered at 250 nm (FWHM 10 nm, OD 6) and
at 310 nm and 337 nm (both FWHM 10 nm, OD 4) were selected to
capture the characteristic emission bands listed in Table 1. Spacer rings

were used to achieve an effective focal length of 200 mm, corresponding
to a spatial pixel resolution of 19.5 um px~! over a field of view (FOV)
of 20 mm. Excellent agreement was obtained between the 1D profiles
extracted from the spectrally resolved measurements and the corre-
sponding 2D chemiluminescence signals obtained through the bandpass
filters (Fig. 4).

To quantify in-flame species, a microprobe similar to those used in
Vlavakis et al. [20], Carbone et al. [21], and Bufferand et al. [22] was
employed. The chemically inert ceramic probe (Degussit AL23) has an
inner diameter of 300 pm, an outer diameter of 600 pm, a length of
45 mm, and is schematically shown in Fig. 1. The probe was positioned
horizontally at the burner centerline and connected to a transfer line.
Both the probe connections and the transfer line were heated to 175 °C
to prevent condensation in the sampling path. Vertical scanning was per-
formed by moving the burner with a traverse system using a minimum
step size of 200 pm.

Due to the low sampling flow imposed by the microprobe geome-
try and the high species concentrations exceeding the analyzer range,
the extracted gas stream was diluted prior to analysis using a nitrogen
carrier flow containing CH, as a tracer. The transfer line therefore in-
cluded an injection point for the tracer-containing nitrogen flow as well
as a connection to a differential pressure sensor to monitor the pres-
sure drop across the probe tip, which reached values of up to 100 mbar.
The corresponding pressure signal was measured with an accuracy of
0.5 mbar. Gaseous species were quantified using the measurement setup
described by Kretzler et al. [23], with NH3 and NO measured in the wet
gas phase and H, in the dry gas phase. The setup was complemented by
an additional gas analyzer (ABB Uras26) for CH, measurements in the
dry gas phase over a range of 0...3000 ppmv. The N, carrier flow was
set to 60 Lh~! and contained 2444 ppmv of CH,.

The measured diluted wet and dry species concentrations were con-
verted to the corresponding undiluted sampled concentrations using the
tracer-based correction described in Appendix C (Eq. C.3). All reported
microprobe-derived concentrations are given as dry gas mole fractions.
For NH; and NO, which were measured in the wet gas phase, conversion
to dry-gas mole fractions introduces an additional uncertainty of less
than 3%, based on the upper-bound estimate described in Appendix C
(Table C.3). The overall measurement uncertainty was estimated to be
approximately 20%. A detailed assessment of (i) potential microprobe-
induced conversion during sampling and (ii) the systematic uncertainty
associated with the tracer-based reconstruction and dry gas correction
is provided in Appendix C.
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Table 1
Characteristic wavelengths of the investigated rad-
icals and their electronic transitions.

Species A (nm) Transition Ref.
NO* 247 ATt = X1 (0-2) [24]
OH* 309 ATt - X1 [10]
NH* 336 AT - X35 [10]
NH,* 630 A2A, > X*B, [15]

2.3. Numerical setup

To evaluate state-of-the-art numerical mechanisms against the ob-
tained experimental data, simulations were performed using Chemkin
and the Opposed Flow Flame Model, which is stationary and one-
dimensional. Multicomponent transport and the Soret effect were
accounted for, while thermal radiation was neglected due to its minor
influence on the results [3].

To calculate the ESR, the inlet velocity was progressively increased
until extinction occurred and subsequently refined by weighted in-
terpolation between the last stable and first extinguished solution;
convergence was assumed when the relative change in inlet velocity
between two consecutive iterations fell below 2 x 1073,

The simulations were configured to replicate experimental condi-
tions, ensuring momentum balance at the outlets. Measured boundary

temperatures were used as outlet temperatures: at higher strain rates,
temperatures stabilized at 306 + 1.2 K at the fuel outlet and 311 =+
6.2 K at the oxidizer outlet. At a strain rate of a, = 40 s~!, the
cooled fuel outlet (1) maintained a constant temperature of 315 +
5.8 K. In contrast, the uncooled oxidizer outlet (2) exhibited a de-
pendency of outlet temperature on fuel and oxidizer composition. To
account for this, linear correlations were established: T = (1.3145 -
tz(mol%) + 323) K for ammonia-hydrogen CDFs, and T = (1.7622 -
X0, (mol%) + 275) K for ammonia CDFs with varying oxidizer compo-
sitions. For the experimental series conducted at constant maximum
temperature, an identical temperature at the oxidizer outlet of 335 K was
determined.

For the simulations, well-established reaction mechanisms from
the literature were employed, and selected based on their valida-
tion under conditions relevant to this study. The mechanisms con-
sidered include those by Glarborg et al. [25], Zhang et al. [26]
(KAUST2023), Stagni et al. [27] (POLIMI2020) and its subsequent re-
finement by Stagni et al. [28] (POLIMI2023), as well as the mechanism
by Otomo et al. [29]. Additionally, the mechanism developed by Konnov
[10,11] was included, as it is currently the only mechanism that consid-
ers all investigated excited species. Lastly, the mechanism proposed by
Thomas et al. [3], building upon the work of Shrestha et al. [30], pro-
vides significant improvements for ammonia-hydrogen CFDs and was
therefore included in this study.

For clarity, the mechanisms are referred to throughout this work by
the surname of the first author or by a name commonly used in literature
for the mechanism, along with the year of publication.

3. Results and discussion

ESR is first used to evaluate flame stability and validate the reaction
mechanisms. Temperature profiles are presented, with maximum values
compared to model predictions. To further investigate flame chemistry,
axial intensity profiles of selected electronically excited species are com-
pared with predictions obtained using the Konnov2023 mechanism. To
support the interpretation of these results, in-flame species, i.e., NHs,
H,, and NO, are additionally measured for selected flames using the
microprobe.

3.1. Extinction strain rates

ESR was measured for fuel compositions in the range of xy, =
0...10% and oxidizer compositions between xo, = 21...27%. The re-
sults are presented in Figs. 5 and 6. In both the experiments and the
numerical simulations, increasing the oxygen content in the oxidizer
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Fig. 5. Experimentally determined ESR for ammonia-hydrogen CDFs with air
over molar hydrogen content in the fuel, compared with numerical predictions
from different reaction mechanisms.
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Fig. 6. Experimentally determined ESR for ammonia CDFs over molar oxygen
content in the oxidizer, compared with numerical predictions from different
reaction mechanisms.

or the hydrogen content in the fuel results in higher ESR, thereby im-
proving flame stability. These overall trends are consistent with the
available findings from [3-5]. Notably, Thomas et al. [3] also reported
ESR measurements for the H, series, showing good agreement with the
present results within the experimental uncertainty and thereby further
validating the burner.

With the exception of the Glarborg2018 mechanism, which signif-
icantly overestimates ESR, all reaction mechanisms show good agree-
ment with the experimental data. According to [3], this discrepancy
observed for the Glarborg2018 mechanism, which was developed as a
general mechanism for nitrogen chemistry rather than specifically for
ammonia as the primary fuel, may be related to an overestimation of
H and OH concentrations, whose high diffusivity and reactivity could
significantly influence the ESR.

For ammonia-hydrogen CDFs (Fig. 5), the Konnov2023 mechanism
shows the best agreement with the experimental data, yielding an over-
all standard deviation of 3.5 s~!. For ammonia CDFs with varying
oxygen concentrations (Fig. 6), most mechanisms exhibit comparable
or higher standard deviations, with the exception of the Otomo2018
mechanism, which provides the closest agreement with a standard devi-
ation of 3.8 s™!. When considering both datasets jointly, the POLIMI2023
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Fig. 7. Measured and predicted temperature profiles for xy, = 5% (left) and
Xo, = 25% (right).

mechanism provides the best overall agreement, with standard devia-
tions of 4.1 s~ and 4.9 s~!, respectively.

3.2. Temperature profiles

Two representative temperature profiles are shown in Fig. 7, along
with predicted temperatures using the Konnov2023 mechanism. On the
left, the profile for an ammonia-hydrogen CDF with xy, = 5% is shown,
while on the right a pure ammonia CDF with x,, = 25% is presented.

For both CDFs, the numerical results closely match the experimental
data, particularly toward the oxidizer outlet. However, on the fuel side
(z = 0... 10 mm), the experimental profile is consistently about 1.6 mm
broader than predicted across all measured flames.

A comparison of maximum temperatures reveals that at xo, =
25%, the temperature is about 190 K higher than that at xy, = 5%.
This suggests that increasing the oxygen content in the oxidizer has a
greater impact on the maximum flame temperature than hydrogen ad-
dition to the fuel, likely due to the simultaneous reduction of inert gas
fraction in the oxidizer. This observation is further supported by max-
imum temperatures shown in Figs. 8 and 9 for various ammonia and
ammonia-hydrogen CDFs.

In Fig. 8, the maximum measured temperatures of ammonia-
hydrogen CDFs are compared with numerically predicted values. The
numerical results of all mechanisms closely match the experimental
data, remaining within the unavoidable experimental uncertainty of
approx. +£100 K [18] due to radiation corrections. Fig. 9 presents
the maximum temperatures for ammonia CDFs with varying oxidizer
compositions. For lower oxygen fractions, the numerical simulations
agree with the experimental data within the measurement uncertainty.
However, the temperature increase with rising oxygen fraction is under-
estimated, such that at xo, = 27% only some mechanisms remain within
the experimental uncertainty, and at xq, = 30% all mechanisms signifi-
cantly underpredict the temperature. This systematic deviation may be
related to the limited validation of the mechanisms considered in this
study for oxygen-enriched ammonia (diffusion) flames. It also empha-
sizes the need for dedicated experimental data in this regime to support
the validation and further development of kinetic models.

3.3. In-flame and chemiluminescent species

Fig. 10 presents spatially resolved profiles of NH*, NO*, OH*, and
visible (Vis) emission for selected ammonia-hydrogen CDFs with hydro-
gen mole fractions up to xy, = 20%, compared with predictions from
the Konnov2023 mechanism. The visible emission is recorded over the
accessible spectral range of the ICCD camera without optical filtering
and without correcting for the wavelength-dependent sensitivity of the
photocathode, i.e., its quantum efficiency, and is compared to NH,*,
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Fig. 8. Comparison of experimental and numerically determined maximum
temperatures for various ammonia-hydrogen CDFs.
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Fig. 9. Comparison of experimental and numerically determined maximum
temperatures for ammonia CDFs with various oxidizer compositions.

which dominates the radiation in the visible spectral range in the reac-
tion zone, with additional contributions from species such as NO,* [6].
The predicted profiles were temperature-corrected following [10] to en-
able comparison with the measured intensity profiles. Since spectrally
integrated 2D measurements, converted into 1D profiles, do not provide
absolute intensity values, all profiles were normalized to their respective
maxima.

For all species except NO*, both experimental and numerical results
indicate an increase in the maximum intensity with increasing hydrogen
content, although the experimental profiles are spatially broader than
predicted by the Konnov2023 mechanism. Notably, good agreement
between experiments and simulations is observed for the maximum
intensities of NH* and Vis emissions, with the peaks exhibiting simi-
lar relative magnitudes. For the Vis emission, the peaks also occur at
nearly identical spatial locations. However, the mechanism does not re-
produce the experimentally observed shift of the NH* peak toward the
oxidizer outlet with increasing hydrogen addition. For OH*, the simu-
lations correctly capture the increase in signal intensity with hydrogen
content and the predicted peak positions agree very well with the mea-
surements. Nevertheless, the experimentally observed peak intensities
span a narrower range in amplitude than predicted by the simulations.
Additionally, the experiments show a broadening of the OH* profile
shape toward the oxidizer outlet with increasing hydrogen content,
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which is not reproduced by the simulations. Significant discrepancies
are observed for NO*. While the simulations predict a maximum NO*
intensity at a hydrogen admixture of x;, = 10%, the experimental results
show a continuous increase with increasing hydrogen content, although
the differences diminish at higher hydrogen mole fractions.

Fig. 11 shows spatially resolved profiles of NH*, NO*, OH*, and
Vis emission for ammonia CDFs with varying oxidizer compositions up
to xo, = 35%, compared with predictions from the Konnov2023 mech-
anism. Similar to the hydrogen variation, the numerically predicted
profiles remain axially narrower than the experimentally measured ones.
Furthermore, increasing the oxygen content in the oxidizer leads to
higher maximum intensities for all species. In contrast to the NH;-H,
measurement series, the peak maxima shift toward the fuel outlet with
increasing oxygen addition rather than toward the oxidizer outlet. This
behavior results from shifts in the stoichiometric mixture fraction (Z,
defined according to [31]). Hydrogen addition moves the stoichiometric
surface toward the oxidizer outlet, decreasing the stoichiometric mixture
fraction from Z = 0.142 for pure ammonia to Z = 0.127 at x, = 20%,
thereby stabilizing the flame closer to the oxidizer outlet. In contrast,
oxygen enrichment shifts the stoichiometric surface toward the fuel out-
let, as reflected by an increase in the stoichiometric mixture fraction
from Zg = 0.142 in air to Zy = 0.213 at xq, = 35%.

The predicted and measured peak intensities of NH* and Vis emission
agree well, whereas the experimental NH* peak positions are consis-
tently shifted toward the oxidizer outlet compared to the simulations.
The simulations reproduce the general increase of OH* intensity with in-
creasing oxygen enrichment; however, the experimental OH* peak mag-
nitudes are further apart than predicted by Konnov2023. The numerical
results further indicate a broadening of the OH* profiles toward the fuel
outlet, which is qualitatively reflected in the experimental data. In con-
trast, substantial discrepancies are observed for NO* as neither peak
intensity nor peak position are accurately captured. While the simula-
tions predict a maximum NO* intensity at xo, = 30%, the experimental
results show a continuous increase in NO* intensity with increasing O,
concentration. NO* exhibits the largest deviations between simulations
and measurements in both datasets. Predicting NO* is particularly chal-
lenging in NH;-H, flames because the reduction in fuel-bound nitrogen
associated with increasing hydrogen content counteracts the enhanced
NO formation promoted by the higher flame reactivity and temperatures
[32]. It should also be emphasized that the Konnov2023 mechanism
is the first chemiluminescence mechanism specifically developed for
ammonia combustion and has not been validated for detailed species
profiles or non-premixed flames. Considering these limitations, its over-
all agreement with the experimental data is noteworthy. The remaining
discrepancies in NO* predictions therefore underline the need for con-
tinued development of reaction mechanisms for electronically excited
species.

Returning to Fig. 10, the observed increase in the maximum emission
intensities of the excited species with increasing hydrogen content in the
fuel may originate from a thermal effect associated with the higher peak
flame temperatures (see Fig. 8) and/or from hydrogen-induced changes
in the underlying chemical kinetics.

To isolate the influence of hydrogen on the reaction kinetics from
the thermal effect, a third measurement series was conducted. In this se-
ries, argon was added to the fuel mixture in order to maintain the same
maximum flame temperature across all flames. This approach allows
the chemical effect of hydrogen to be investigated over a broad range
while largely ruling out temperature-induced contributions. The result-
ing flames covered a hydrogen fraction range from xy, ;o = 25% ... 95%,
where xy, . excludes the argon fraction in the fuel mixture. Further
details on the procedure are provided in Appendix A.

Fig. 12 presents spatially resolved profiles of NH*, NO*, OH*, and Vis
chemiluminescence for these ammonia-hydrogen-argon CDFs. In con-
trast to the previously observed trends, the intensities of NH*, NO*,
and Vis decrease with increasing H, fraction, while only OH* inten-
sity increases. This behavior is primarily attributed to the significantly
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Fig. 10. Comparison of measured and simulated normalized intensity profiles of NH*, NO*, OH*, and visible emission in NH;-H,/air CDFs with varying hydrogen
fraction. Measurements from spectrally integrated 2D chemiluminescence imaging are shown as solid lines, and numerical predictions based on the Konnov2023
mechanism as dashed lines. Profiles are shown along the axial coordinate z; colors indicate the hydrogen fractions. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

0.8

Iy !

0.6 |

F—zo, =21%
—z0, = 23%
L |—z0, =25%
—z0, = 30%
— X0, = 35%

IOH* !

L1

Inoe !

IVis !

16

0.8

0.6

—zo, =21%
—z0, =23%
—z0, = 25%
—z0, = 30%
— X0, = 35%

16

Fig. 11. Comparison of measured and simulated normalized intensity profiles of NH*, NO*, OH*, and visible emission in NH;/air CDFs with varying oxygen fraction.
Measurements from spectrally integrated 2D chemiluminescence imaging are shown as solid lines, and numerical predictions based on the Konnov2023 mechanism
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legend, the reader is referred to the web version of this article.)
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Fig. 12. Comparison of measured and simulated normalized intensity profiles of NH*, NO*, OH*, and visible emission in NH;-H,-Ar/air CDFs at constant peak
temperature and varying relative hydrogen fraction, Xy, ., in the NH;3-H, fuel blend. Measurements from spectrally integrated 2D chemiluminescence imaging are
shown as solid lines, and numerical predictions based on the Konnov2023 mechanism as dashed lines. Profiles are shown along the axial coordinate z; colors indicate
Xy, - (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

reduced NH; concentrations, which limit the formation of NH*, NH,*,
and NO¥*, as these species are predominantly generated through NH;-
related reaction pathways. At lower NH; fractions the reduced ammonia
availability becomes significant, leading to decreased emission intensi-
ties, which is also visually reflected by the substantially reduced flame
luminosity (Vis intensity), observable in Fig. 1. Considering the mole
fraction of NH;, which decreases with increasing argon and hydrogen
content, it is possible to estimate the expected maxima for the cases
X, rel = 50%, 80%, and 95% under the assumption that the change in
the excited species is solely caused by the reduction in the NH; con-
centration. Under this assumption, the expected peak values would be
approximately 0.5 for xy, oy = 50%, 0.16 for xy, ;j = 80%, and 0.04 for
X, rel = 95%. When examining the Vis intensity, this scaling appears to
be in reasonable agreement with the observations, except for the case
X, rel = 95%. In this case, the flame hardly exhibits the characteristic
orange luminescence, as shown in Fig. 1, which calls into question the
suitability of the Vis signal as an indicator for NH,* under these con-
ditions, as contributions from other emitting species, such as H,O* or
NO,*, may become comparatively more significant. Within the evalu-
able range, the observations suggest that the fractional conversion of
NH; remains largely unchanged.

For the NH* and NO* signals, however, the observed peak magni-
tudes are somewhat higher than would be expected if the decrease in
the NH; fraction were the only influencing factor. This suggests that the
fuel-NO formation pathways originating from ammonia may be slightly
enhanced by the addition of H,, since thermal NO formation via the
Zel’dovich mechanism is expected to contribute similarly in all flames
due to the approximately constant maximum temperature. For NH* this
may likewise indicate a mild enhancement of the relevant reaction path-
ways due to hydrogen addition. In contrast, OH* is strongly associated
with hydrogen oxidation chemistry. The observed increase in OH* inten-
sity therefore reflects the growing contribution of H, oxidation pathways
within the flame. This trend is particularly noteworthy given that, with

increasing H, (and therefore Ar content) in the fuel mixture, the absolute
molar flux of hydrogen atoms decreases.

The relative peak magnitudes of all investigated species are well re-
produced by the Konnov2023 reaction mechanism. A compact compari-
son of the normalized peak values extracted from the measured and sim-
ulated species profiles in Figs. 10-12 is provided in the Supplementary
Material. However, the peak positions, particularly for OH* and NO*, are
predicted to be closer to the fuel outlet than observed experimentally.

In addition, at hydrogen fractions > 80% a double-peak structure
forms for all investigated species, with the notable exception of OH*,
which exhibits double-peak structures already at xy, . = 25% and
Xy, el = 50%. For NH¥, Vis and NO*, the dominant peak shifts from
the fuel to the oxidizer side between Xy, 1| = 80% and xy;, ;o = 95%, con-
sistent with the behavior observed for OH*, where the dominant peak
shifts toward the oxidizer side with increasing hydrogen fraction, until
at xy, -1 = 80% only a single peak near the oxidizer outlet remains. This
trend is also visible in the observed RGB flame images shown in Fig. 1.
These features suggest the formation of a second reaction zone consis-
tent with preferential diffusion, where hydrogen-dominated combustion
occurs in a spatially shifted region.

To further investigate this hypothesis, additional measurements of
in-flame species (NH3, H,, and NO) were conducted using a microprobe
sampling system coupled with gas-phase diagnostics, and the resulting
concentration profiles were compared with simulations based on the
Konnov2023 mechanism. The corresponding results are presented in
Figs. 13 and 14. The profiles of the measured chemiluminescent species
are also included to enable a direct comparison with the major species.

The simulated in-flame species profiles agree well with the exper-
imental data, indicating that the H, mole fraction begins to decrease
earlier than that of NH;, while NHj is fully depleted upstream of H,.
This behavior is most likely caused by the substantially higher diffu-
sivity of H, compared to NH;. In addition, the more spatially extended
H, depletion may be further sustained by local hydrogen formation via
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Fig. 13. Measured and simulated in-flame species profiles in NH;-H,-Ar/air CDFs at constant peak temperature for the relative hydrogen fractions xy ; = 25% and
50% in the NH;-H, fuel blend. Measured dry-gas mole fractions of H,, NH;, and NO obtained with the microprobe sampling system are shown as symbols, while
numerical predictions based on the Konnov2023 mechanism are shown as solid lines. Dashed lines indicate measured normalized intensity profiles of NH*, NO*, OH*,
and visible emission obtained from spectrally integrated 2D chemiluminescence imaging. Profiles are shown along the axial coordinate z; colored areas schematically
indicate ammonia- and hydrogen depletion zones. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this

article.)

NH; pyrolysis. The peak locations of the chemiluminescent species cor-
relate well with these consumption regions. At high hydrogen fractions,
the NH; and H, depletion zones become clearly spatially separated, to-
gether with the corresponding emission maxima. Among the excited
species, the OH* peak is consistently positioned closest to the oxidizer
outlet, whereas the Vis signal, used as an indicator of NH,*, peaks
closest to the fuel outlet. The NH* and NO* peak locations nearly
coincide.

For Xy, .y = 80%, a secondary peak emerges in the Vis, NH*, and
NO* profiles at the axial position of the OH* maximum, approximately
coinciding with the location where the H, profile reaches near-zero val-
ues. At 95% hydrogen, this distribution changes markedly: smaller Vis,
NH*, and NO* peaks remain near the NH; depletion region, whereas
the dominant maxima coincide with the OH* peak and the main H, con-
sumption zone. These observations indicate the formation of a second,
spatially distinct reaction zone closer to the oxidizer outlet, dominated
by H, oxidation.

Considering Figs. 13 and 14, the numerical simulations accurately
reproduce the differential consumption of the major fuel components,

thereby capturing the demixing behavior between H, and NHj.
However, Fig. 12 shows that the Konnov2023 mechanism fails to re-
produce the characteristic double-peak structure observed in the excited
species profiles.

Previous studies provide relevant context. Issayev et al. [9] inves-
tigated similar ammonia-hydrogen flames without argon dilution and
reported the occurrence of a double-peak structure in the NH* profiles
at ammonia mole fractions of xyy, = 0.1 and 0.2, as well as a spatial sep-
aration between the NH* and OH* peak locations. They further observed
that the spatial position of the NH* peak is not accurately predicted by
the Konnov2023 mechanism. Based on a sensitivity analysis, four key re-
actions were identified, and their rate constants were varied within the
uncertainty limits specified by Konnov to improve the spatial prediction
of the species peak locations.

The modified mechanism was subsequently applied to the experi-
mental NH* dataset corresponding to Fig. 12. As shown in Fig. 15, these
modifications do not translate into an improved agreement with the
measurements for the present flames. In particular, the relative peak
intensities tend to be predicted less accurately, while the peak positions
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Fig. 14. Measured and simulated in-flame species profiles in NH;-H,-Ar/air CDFs at constant peak temperature for the relative hydrogen fractions xy; ,; = 80% and
95% in the NH;3-H, fuel blend. Measured dry-gas mole fractions of H,, NH;, and NO obtained with the microprobe sampling system are shown as symbols, while
numerical predictions based on the Konnov2023 mechanism are shown as solid lines. Dashed lines indicate measured normalized intensity profiles of NH*, NO*, OH*,
and visible emission obtained from spectrally integrated 2D chemiluminescence imaging. Profiles are shown along the axial coordinate z; colored areas schematically
indicate ammonia- and hydrogen depletion zones. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
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remain largely unaffected, and discrepancies between simulations and
experiments persist.

Capriolo et al. [12] investigated OH* kinetics in ammonia-hydrogen
flames and reported the presence of pronounced double-peak structures,
which were successfully reproduced using a dedicated OH* reaction
mechanism. Similar observations were later confirmed by Liu et al. [33].
Reconstructing the OH* kinetics based on the mechanism description
provided by Liu et al. and applying it to the present flame conditions
also results in a double-peak structure, as shown in Fig. 16. Although the
modified mechanism reproduces the qualitative double-peak behavior,
agreement with the experimental data remains limited. Rate of produc-
tion analysis (see Appendix D) shows that the Konnov2023 mechanism
includes the reaction OH* + H,0 = H,0, + H, which is not considered
in the OH* mechanism proposed by Capriolo et al. This reaction consti-
tutes a water-quenching pathway that competes with OH* + H,0 = OH
+ H,0. An excessively high rate of the former reaction suppresses the
formation of a pronounced double-peak structure. In the Konnov2023
mechanism, equal rate weighting was assumed for these competing

10

pathways due to the lack of detailed experimental characterization [34].
Therefore, a more comprehensive investigation of OH* quenching by
water is required to improve the predictive capability of OH* modeling
in ammonia-hydrogen flames.

To gain further insight into the formation of the other excited species,
namely NH*, NH,*, and NO*, additional rate-of-production and sensi-
tivity analyses were conducted and are provided in the Supplementary
Material. These analyses suggest that the NH,* chemistry is primarily
influenced by the major species H, NH, and NH;, whereas NH* and NO*
exhibit a pronounced sensitivity to reactions involving N,*. The pre-
sented suggestions should be regarded as a preliminary step toward a
more comprehensive understanding of the occurrence of excited species
in NH; flames. While the results indicate that existing sub-mechanisms
capture certain qualitative trends, significant deviations for all captured
species from the experimental data, particularly at elevated H, content,
highlight the need for dedicated refinements. The development of accu-
rate predictive mechanisms for excited species in NH;3-H, flames remains
an open challenge that extends beyond the scope of this work.
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Fig. 15. Comparison of measured and simulated normalized NH* intensity pro-
files in NH;-H,-Ar/air CDFs at constant peak temperature and varying relative
hydrogen fraction, Xy, in the NH;-H, fuel blend. Measured NH* intensity
profiles obtained from spectrally integrated 2D chemiluminescence imaging are
shown as solid lines, while numerical predictions based on the Konnov2023
mechanism with the improved NH* kinetics proposed by Issayev et al. [9] are
shown as dashed lines. Profiles are shown along the axial coordinate z; colors in-
dicate xy;_ ;. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

T T T T

1F TH,yrel = 25%
— TH,rel = 50%

0.8 | —Tm.ra =80%
— THyrel = 95%

=~ 06
T
RS
0.4
0.2
0 ‘
6 8 10 12 14 16
z /' mm

Fig. 16. Comparison of measured and simulated normalized OH* intensity pro-
files in NH5-H,-Ar/air CDFs at constant peak temperature and varying relative
hydrogen fraction, xy_ ., in the NH;-H, fuel blend. Measured OH* intensity
profiles obtained from spectrally integrated 2D chemiluminescence imaging are
shown as solid lines, while numerical predictions based on the combined mech-
anism adopted by Liu et al. [33], comprising refs. [9,10,12,26], are shown as
dashed lines. Profiles are shown along the axial coordinate z; colors indicate
Xy, - (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)

4. Conclusion

Ammonia CDFs were investigated to provide comprehensive experi-
mental datasets and assess current kinetic mechanisms across hydrogen
additions of xy, = 0...20% and varying oxidizer composition ranging
from xo = 21...35%. Additionally, a third measurement series was
conducted in which ammonia-hydrogen-argon CDFs were analyzed, and
the argon content was adjusted to achieve the same maximum tem-
perature, while the hydrogen content in the fuel ranged from xy, . =
25...95%. Measurements included ESR, temperature profiles, in-flame
species profiles and spatially resolved emission spectra. The key findings
are:

« Extinction strain rates (ESR) are well predicted by most state-of-
the-art mechanisms. For NH;-H, flames, the Konnov2023 mech-
anism shows best agreement, while the POLIMI2023 mechanism
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performs best overall across conditions. Measured temperature pro-
files generally agree well with numerical predictions; however, all
mechanisms underestimate the increase in maximum temperature
with oxygen enrichment of the oxidizer stream.

The measured OH*, NH*, Vis, and NO* profiles showed that the
Konnov2023 mechanism accurately captures the NH* and Vis emis-
sions (the latter compared with NH,*) under conditions with high
ammonia concentrations, whereas pronounced deviations persist
for NO* in both ammonia-hydrogen and pure ammonia flames
under oxygen-enriched oxidizer conditions. For OH*, the overall
trends under conditions with high ammonia concentrations are rea-
sonably captured, although discrepancies remain in the relative
peak intensities.

A measurement series with NH;-H,-Ar flames was performed, in
which argon dilution was used to maintain an approximately con-
stant flame temperature. Experimentally, a double-peak structure
was observed for all analyzed excited species, which could not be
reproduced using the Konnov2023 mechanism. For OH*, the reac-
tion OH* + H,0 = H,0, + H was found to suppress the formation
of a double-peak structure, whereas for NH*, NH, *, and NO* fur-
ther investigation is required to identify the governing reaction
pathways.

To address the formation of double peaks, a microprobe sampling
system coupled with gas-phase diagnostics was successfully applied
to measure H,, NH;, and NO concentration profiles. The peak loca-
tions were found to coincide with the local depletion of either NH;
or H,, consistent with preferential hydrogen diffusion relative to
ammonia. These results further suggest the formation of a second
distinct reaction zone dominated by H, oxidation.
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Appendix A. Composition of ammonia-hydrogen-argon CDFs

To decouple chemical from thermal effects, an experimental se-
ries of ammonia-hydrogen-argon CDFs was conducted in which argon
served as a diluent to maintain a nearly constant maximum temper-
ature across varying NH;-H, ratios. The required fuel compositions
were determined through numerical pre-studies using the Konnov2023
mechanism. Subsequent experimental measurements confirmed that the
maximum temperatures remained similar within the respective experi-
mental uncertainties. The fuel compositions at the outlet are summarized
in Table A.2. Air served as the oxidizer for all flames studied and the
strain rate was fixed at @, = 40 s~!, consistent with the ammonia-
rich CDFs. Flames are designated by their fuel compositions (xpj ),
excluding the argon content.

Table A.2

Fuel outlet compositions of the ammonia-hydrogen-argon CDFs.
Xyt et (%) 95 80 50 25
xn, at fuel outlet (%) 1.75 7.8 24.5 49.5
xy, at fuel outlet (%) 33.25 31.2 24.5 16.5
X at fuel outlet (%) 65 61 51 34

Appendix B. Comparison of intrusive and non-intrusive
temperature measurements

A hydrogen CDF diluted with 50 mol% nitrogen and opposed by air
at a strain rate of a, = 40 s~! was selected to validate the intrusive
thermocouple temperature measurements against the non-intrusive ap-
proach introduced by Schmidt et al. [19]. In addition, the flame was
simulated using the hydrogen-specific reaction mechanism proposed by
Konnov [35], providing an independent numerical reference.

Compared to the simulated maximum temperature value of
2185 K, the temperature determined using the thermocouple, 2238 +
100 K, is slightly higher, whereas the maximum temperature of
2152 K obtained from near-infrared H,O radiation thermometry
is marginally lower than the simulated result. Overall, both tech-
niques agree well with the simulation within the experimental
uncertainty, supporting the validity of the intrusive temperature
measurements.

Appendix C. Evaluation of the intrusive gas-phase species profile
measurements

C.1. Evaluation of systematic sampling errors

Intrusive sampling in reactive ammonia flows introduces systematic
measurement errors if chemical reactions continue inside the probe due
to elevated wall temperatures and finite residence times. To quantify the
maximum possible magnitude of this effect, a conservative worst-case
bounding analysis of probe-induced conversion was performed. The in-
flame species compositions for flame xy, . = 95% predicted with the
Konnov2023 mechanism were used as inlet boundary conditions for a
simulation of gas transport through an idealized heated probe section.
All assumptions were intentionally selected to maximize chemical con-
version inside the probe and therefore define an upper bound of the
possible sampling-induced error. First, the probe temperature was set
equal to the local gas temperature and kept constant. This assumption
deliberately neglects radiative heat losses from the probe, as described
in [18], and thus provides a conservative upper estimate of continued
reaction progress inside the probe. Second, the effective heated probe
length was generously assumed to be 30 mm at constant gas or flame
temperature, thereby neglecting axial temperature gradients that would
reduce reaction rates in practice. Third, the smallest experimentally ob-
served volumetric flow rate of 2 L h~! (at 298 K) at each sampling
position was applied, yielding the longest possible residence times of
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Fig. C.17. Predicted in-flame species concentrations of H,, NH;, and NO (solid
lines) along the sampling height and predicted post-probe concentrations (mark-
ers) after accounting for possible reactions within the microprobe during the
sampling process at worst-case conditions (Tyepe = Tgqq) At Xy, 1 = 95%.

0.52 ms within the probe at flame temperature. These worst-case calcu-
lations were performed for representative operating conditions covering
the relevant measurement points with relative decreases in concentra-
tions of 80% NHj, 80% H,, 50% NH,-H,, 10% NH,, 10% H,, and the
maximum temperature case (2018.8 K). As shown in Fig. C.17, the devi-
ations between inlet and outlet compositions remain limited across the
investigated parameter range. To ensure a conservative interpretation
of the experimental data, a uniform relative uncertainty of 20% is as-
signed to the measured species concentrations. This uncertainty range
exceeds the deviations predicted by the worst-case simulations and in-
cludes further measurement uncertainties (see following Section C.2).

C.2. Evaluation of the systematic tracer-related errors

An additional source of systematic uncertainty arises from re-
constructing the undiluted sampled-gas composition using the tracer
method according to

XCH4,tracer

(C.3)

X

i,sample,dry = xi,mixlure .
xCH4 Jtracer xCH4,mixture,dry

In this procedure, the diluted and wet-measured species concentrations
(NH; and NO,) are back-calculated to the original undiluted sample
concentrations based on the diluted dry-measured CH, tracer fraction.
This evaluation accounts for dilution by the injected tracer gas and
for the removal of water due to condensation in the measurement de-
vice. Table C.3 summarizes the tracer-gas composition, the wet and dry
sampled-gas compositions, as well as the resulting mixture compositions
after dilution. The reconstructed dry sampled-gas composition obtained

Table C.3

Example compositions of the tracer gas, sampled gas, and resulting diluted
(wet and dry) mixtures, together with the reconstructed dry sampled-gas
composition used to evaluate the systematic uncertainty of the tracer-based
back-calculation (Eq. C.3) arising from differences in water content during
CH,-based correction of NH; and NO with the worst-case assumption of
Viample = 6 Lh™1 and xyy o = 0.3.

x; /% CH, N, H,O0 NH, Ar H,
Tracer 0.244 99.756 - - - -
Sample, wet - - 30.000 17.150 35.700 17.150
Sample, dry - - - 24.500 51.000 24.500
Mixture, wet  0.222 90.707 2.721 1.556 3.238 1.599
Mixture, dry 0.228  93.244 - 1.599 3.329 1.599
x;, Eq. (C.3) - - - 23.833 - 24.500
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from Eq. (C.3) is also reported. Assuming a worst-case wet sampling
flow rate of 6 Lh™! with xp,0 = 30 vol%, the relative error associated
with reporting dry-gas concentrations is below 3%. Therefore, all con-
centrations obtained via the microprobe and presented in this work are
reported on a dry basis.

Appendix D. Analysis of OH*

Fig. D.18 presents rate-of-production (ROP) analysis of OH* for an
ammonia-hydrogen-argon CDF with xy, . = 50%, showing the ten most
influential reactions for the Konnov2023 mechanism (top) and for the
mechanism employed by Liu et al. [33] (bottom). While Konnov2023
fails to reproduce the experimentally observed double-peak structure,
the mechanism used by Liu et al. successfully captures this feature. A
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Fig. D.18. Rate-of-production analysis of OH* for Konnov2023 mechanism (top)
and the mechanism used by Liu et al. [33] (bottom) which is a combination of
[9,10,12,26].
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Fig. D.19. Comparison of the Konnov2023 mechanism (branch-

ing ratio 1:1) with two modified H,O quenching branching ratios.
Modification A corresponds to a 1:0 ratio, exclusively favoring the reac-
tion OH* + H,O = OH + H,0, whereas modification B assumes a 9:1 branching
toward OH* + H,0 = OH + H,0.

notable difference between the mechanisms is the reaction
OHX + H,0 = H,0, +H,

which exhibits a pronounced positive contribution to OH* production
(denoted OHX) in Konnov2023, whereas it is entirely absent in the OH*
sub-mechanism used in Liu et al. [33], which is based on Capriolo et al.
[12]. Although the production reactions that can be identified by Liu
et al. as responsible for the double-peak structure (N,O+H = N, + OHX
and H+ O+ M = OHX + M) also occur in spatially separated regions
in the Konnov2023 case, their contribution is largely masked by the
much higher net production rate of the above-mentioned water reaction.
This leads to an overall OH* production predicted by the Konnov2023
mechanism that is approximately one order of magnitude higher.

This discrepancy suggests that the presence and parameterization
of this water reaction may play a critical role in the formation of the
double-peak structure, which is further corroborated by the sensitivity
analyses presented in the Supplementary Material.

The reaction is part of the two H,O quenching pathways described
in [34], for which an arbitrary branching ratio of 1:1 was origi-
nally assumed. By varying this ratio, the intensity of the double-peak
structure can be systematically adjusted, indicating a strong sensitiv-
ity of the OH* profile to the relative contributions of these quench-
ing channels. Fig. D.19 shows OH* profiles for an NH3-H,-Ar CDF,
obtained using the Konnov2023 mechanism with exclusively modi-
fied H,O quenching branching ratios. The results clearly demonstrate
that adjusting the branching ratio significantly affects the emergence
and shape of the double-peak structure. However, these manipula-
tions also strongly influence the absolute OH* concentration; therefore,
the profiles are presented in normalized form. Since no quantita-
tive OH* measurements were performed in this study, the accuracy
of the predicted absolute levels cannot be assessed. Nevertheless,
the pronounced sensitivity indicates that the corresponding quench-
ing reactions require more detailed investigation and improved
parameterization.

Appendix E. Supplementary data

Supplementary data to this article can be found online at doi: 10.
1016/j.fuel.2026.141356.
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Data availability

The dataset to this article can be found online at doi: 10.35097/
bnpe6nlppvo2yjw4.
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