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In this study, non-premixed laminar ammonia/air flames are investigated using a custom-designed heated
slot burner developed at KIT. This innovative setup enables investigations into ammonia decomposition and
pollutant formation processes through in-situ diagnostics, numerical simulations, and global performance
analyses, providing a unique dataset. Experiments are conducted at three oven temperatures (T = 1073 K,
1123 K, and 1173 K) and two thermal loads (0.2 and 0.6 kW) at a global equivalence ratio of @ = 1.
Inlet temperatures, as well as qualitative insights into NH*, NH,*, and OH* along the flame are obtained
using thermocouples and emission spectroscopy. To assess global combustion characteristics, gas analyzers
measure exhaust species, including NO, NO,, N,O, NH;, and O,. The experimental setup is reconstructed
in two dimensions for numerical simulations using an in-house OpenFOAM solver. Flame and emission
characteristics are investigated for different operating conditions and chemical mechanisms. While experiments
and simulations agree well regarding flame length, flame stability, and chemiluminescence profiles, some
deviations in exhaust gas emissions remain. These are attributed to experimental uncertainty from the
assumption of flow symmetry, boundary conditions, and uncertainty due to the choice of chemical reaction
mechanism at elevated temperatures. Emissions are strongly influenced by oven temperature and flow velocity,
with lowest NH;, N,0, and NO, levels observed at high oven temperatures. The non-premixed configuration
achieves NO, emissions down to 335 ppmv at @ = 1, significantly below values from premixed combustion,
which typically exceed several thousand ppmv. Pathway analysis reveals that the investigated reaction
mechanisms predict routes with different relative contributions to NO production, but provide similar trends
for NO consumption. The results highlight the suitability of the platform for systematic ammonia combustion
studies and the potential of non-premixed strategies for NO, mitigation.

1. Introduction emissions of pollutants such as unburned ammonia and nitrogen oxides.

In particular, lean conditions tend to produce high levels of nitrogen

Ammonia is an emerging fuel with significant potential for zero-
carbon energy storage, transport, and conversion. Its excellent ability
to store and transport hydrogen makes it an attractive candidate for
renewable energy applications [1]. Recently, the direct use of ammonia

oxides, whereas under rich conditions, unburned ammonia becomes
the dominant pollutant. Additionally, nitrous oxide emissions typically
occur at concentrations three orders of magnitude lower than NO,

as fuel has come into focus due to its potential for improved overall
efficiency compared to utilizing ammonia as a hydrogen carrier and
cracking it into hydrogen prior to combustion. Therefore, from an
efficiency standpoint, the direct combustion of ammonia presents a
more favorable alternative [2]. However, the combustion of ammo-
nia poses several challenges. The low reactivity and corresponding
low flame speed of ammonia make it challenging to achieve stable
combustion. In addition, combustion is often accompanied by elevated
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emissions [3,4]. However, given its substantial climate impact, having
a 20-year global warming potential 273 times that of CO,, N,O should
also be taken into account [5]. Despite its lower concentrations, its
contribution remains significant and should be minimized, considering
potential regulatory restrictions [6,7]. Therefore, the growing interest
in the direct energetic use of ammonia necessitates the development of
an appropriate combustion technology for low-emission conversion.
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To achieve flame stability, swirl burners are commonly investigated
for ammonia combustion [1,8]. The stability of ammonia flames can
also be significantly enhanced by preheating of the reactants or hy-
drogen addition [1,9]. While unburned ammonia remains a concern,
hydrogen addition promotes NO, and N,O formation across different
equivalence ratios. In comparison, operating under fuel-lean conditions
causes a much stronger increase in these emissions, making the influ-
ence of hydrogen addition relatively minor in this context [4]. Overall,
a fundamental trade-off exists between ammonia slip for fuel-rich and
NO, emissions for fuel-lean conditions [10]. NO, emissions are a signif-
icant challenge due to the fuel-bound nitrogen in ammonia combustion.
In the case of pure ammonia-air combustion, the Zel’dovich mechanism
is not the primary pathway of NO, formation [1,3]. Recently, non-
premixed ammonia combustion has been demonstrated as a promising
concept for reducing NO, emissions. Zhang et al. [11] demonstrated the
non-premixed operation of a swirl burner with 30 % H, addition at @ =
1 with NO, < 30 ppmv and unburned NH; < 1500 ppmv, both normal-
ized to 15 % O,. Chen et al. [12] also reported NO, and NH; emissions
below 100 ppmv at preheating temperatures above 640 K. In addition,
combustion within porous media presents a promising approach for
improving flame stabilization and reducing pollutant emissions. In
these burners, heat recirculation between the hot combustion zone and
the incoming cold gases preheats the reactants, improving combustion
efficiency. This occurs due to gas and solid phase interaction by thermal
radiation, convection, and heat conduction, greatly increasing the effec-
tive flame speed [13,14]. Low-emission combustion can be achieved
by optimizing boundary conditions, including thermal properties and
flow control [14,15]. To minimize NHj slip, high temperatures, lean
conditions, and complete mixing are essential [16,17].

Addressing these challenges, namely high NO, emissions, unburned
ammonia, and limited flame stability, requires an improved under-
standing of the complex combustion behavior of ammonia to ensure its
reliable use in large-scale applications [3]. Slot burners are well-suited
for studying specific combustion characteristics due to their tailored
design and optical access. For instance, Murai et al. [18] investigated
the effect of oxygen enrichment on the laminar flame speed during
premixed ammonia combustion in a slot burner. For further diagnostics,
emission spectroscopy serves as a valuable tool for obtaining non-
intrusive, spatially-resolved insights into flame chemistry. It has been
widely applied in studies on ammonia flames, allowing for qualitative
spatial analysis of excited species within the flame. Recently, Issayev
et al. [19] utilized chemiluminescence imaging to investigate NH* and
OH* in non-premixed ammonia-hydrogen counterflow flames across
a hydrogen mole fraction range of xy, = 10%-90%, comparing their
results with the mechanism proposed by Konnov [20,21]. Similarly,
Pugh et al. [22] employed line-of-sight integrated imaging of NH*,
NH,*, and OH* in turbulent diffusion flames. Their findings indi-
cate chemiluminescence measurements provide valuable insights into
intermediate reaction pathways.

This study investigates non-premixed NH; flames in a slot burner
under various operating conditions to provide fundamental insights
leading to low-emission ammonia combustion. The burner enables
sufficient preheating for flame stabilization and establishes a quasi-
2D configuration, which simplifies numerical modeling. Experimental
data are compared to 2D simulations of the reacting flow, includ-
ing a systematic comparison of reaction mechanisms. Residence times
and boundary temperatures are varied to analyze their impact on
flame stability, length, in-flame species, and exhaust gas composition.
The dataset offers a valuable basis for mechanism validation and the
development of low-emission combustion systems.

2. Methods
2.1. Experimental setup

The experiments are conducted using a custom-designed heated slot
burner, developed at KIT, see Fig. 1. This novel setup provides optical
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Fig. 1. Illustration of the slot burner and the heating oven environment
(left, oven shown schematically for clarity), and enlarged cross-sectional view
(right) indicated by the red dashed line on the left. TC: thermocouple.

access to study stabilized (quasi-)2D non-premixed laminar ammonia
flames. The base of the burner consists of welded stainless steel plates
forming a hollow chamber, into which fuel and air are fed through
two separate pipes, each with an inner diameter of 10 mm. A splitter
plate (silicon nitride, thickness 1 mm, Xtra) divides the hollow chamber
into two sections for non-premixed operation. The widths of the fuel
and air chambers are 1.97 mm and 7.03 mm, respectively, ensuring
an equivalent flow velocity without shear at stoichiometric combustion
conditions (@ = 1). To achieve a homogeneous flow profile, a flow
straightener consisting of two laser-cut stainless steel meshes (mesh
sizes 0.3 and 0.2 mm, wire diameters 0.2 and 0.125 mm, Dorstener
Drahtwerke) is installed at the top of the base. The burner design
is significantly wider (150 mm) than the measuring region in the
center (20 mm) to minimize the influence of the edges on the flame
and flow profile. The outlet of the hollow chamber is connected to a
rectangular quartz tube (d; = 10 mm, w; = 150 mm, h = 250 mm,
wall thickness = 2 mm, QGH), which encloses the flame. The quartz
tube is uniformly heated along its entire length by an oven with a
maximum power output of 2 kW and a peak operating temperature
of 1500 K, enabling flame stabilization under well-defined boundary
conditions. The oven has a total vertical height of 280 mm and an inner
spanwise cross section of 300 x 110 mm. Thermal insulation is provided
by 100 mm thick vacuum-formed ceramic fiber (ASW). The oven is
heated by a CrFeAl heating wire (diameter 1.5 mm, total length 30.8 m)
wound into horizontal coils (inner diameter 10 mm) along its height,
providing uniform temperature distribution. A 4 mm thick quartz win-
dow is embedded vertically at the oven center for optical access. Its
diameter (30 mm) is small relative to the oven (300 mm), reducing
temperature inhomogeneities. The oven temperature is monitored by
two thermocouples. Details on their positioning and the temperature
control system are provided in Section 2.2.

2.2. Instrumentation and measurements

The gas flow rates are controlled using mass flow controllers (MFCs,
Bronkhorst) with a relative accuracy better than 0.5%. For fuel gases,
pure NH; (Air Liquide) with a purity better than 99.98% is used. To en-
sure continuous gas flow, the liquefied NH; cylinders are kept at room
temperature using a heating system. An RGB CMOS camera (Blue Fox
3-2071aC, Matrix Vision) is used to visualize the flame luminosity and
its position. For flame diagnostics, temperature measurements, exhaust
gas analysis, and emission spectroscopy are conducted. Temperature
measurements are performed to determine the boundary conditions
for combustion using three type S thermocouples (see Fig. 1). To



D. Kretzler et al.

Table 1
Characteristic wavelengths of the investigated radicals and their corresponding
electronic transitions.

Species A (nm) Transition Ref.
OH* 309 A2zt - X1 [20]
NH* 336 AT - X33~ [20]
NH,* 630 A%A, - X?B, [22]

prevent catalytic effects of the platinum, the thermocouples are coated
with an adhesive ceramic compound (Resbond 904, Cotronics). Two
thermocouples (TC 1 and 2) are placed symmetrically at mid-height on
opposite sides of the oven, 10 mm from the slot burner and 40 mm
from the inner wall, each laterally offset by 20 mm from the quartz
window. The thermocouples are assumed to be in radiative equilibrium
with the surrounding heating coils. They redundantly monitor the oven
temperature, thereby establishing the ambient temperature for flame
stabilization. Temperature control is achieved via a PID temperature
controller (Eurotherm 2132), which maintains the oven at the specified
operating point. The third thermocouple (TC 3), positioned at the end
of the splitter plate within the flame channel, is used to measure the
inlet temperature of the reactants. Inlet temperature measurements
over time are used to evaluate burner stability, with a stability indicator
for all experiments defined as a temperature deviation of 0.5 K/min,
starting after ignition, supported by a pilot flame at the outlet.

To measure the exhaust gas species, a sampling probe with a di-
ameter of 10 mm and heated tubing to the gas analyzers is positioned
directly at the burner outlet, centered on the rectangular quartz glass
tube. Gas analyzers (ABB) are used to detect N,O (0-500 ppmv, Uras
26) in the dry gas phase, while NH; (0-2000 ppmv, Limas21), NO
(0-10000 ppmv, Limas21), and NO, (0-1000 ppmv, Limas21) are
measured in the wet gas phase to avoid losses due to condensation.
The measurement uncertainties are below 1.5% and the response times
are less than 4 s. Signal acquisition relies on a NI-9208 current-input
module housed in a NI-DAQ-9179 chassis. All data are averaged over
at least 2 min after flame stabilization. To ensure comparable data,
all species are normalized to 15 % O,, in accordance with standard
practice for gas turbines [23]:

XOZ,air - XOZ,ref
Xitsgo, = Xig———%———
Oy.air = “*0y,meas

(€8]

with Xo, ,;, =20.95% and X, ,,; = 15.0%.

Non-intrusive, spatially-resolved emission spectra are recorded to
investigate the in-flame chemical species, with measurements taken
at varying heights above the splitter plate. These spectra are cap-
tured using a grating spectrometer (Princeton HRS-300, 20 pm Slit,
1200 grids/mm, Blaze 300 nm) coupled to an intensified CMOS camera
(IRO X, LaVision; sSCMOS CLHS, LaVision). The imaging optics provide
a spatial resolution in the sub-millimeter scale. The species quantifi-
cation is carried out using the characteristic emission wavelengths
of excited species, which are listed in Table 1. Background noise is
removed by recording dark shots at each measurement point (defined
by the height above the splitter plate) in the absence of a flame. The
chemiluminescence images are then corrected by subtracting the cor-
responding dark shots, thereby eliminating background radiation from
the oven and surroundings. To enable accurate evaluation of individual
emission peaks, a baseline correction is applied during data analysis.
The analysis is performed in MATLAB [24] using an asymmetric least
squares (ALS) fitting method. Subtracting the fitted baseline from the
raw data isolates the emission peaks by removing the underlying flame
background.

2.3. Investigated configurations

Experiments are conducted at three different oven temperatures (T
=1073 K, 1123 K and 1173 K) and two thermal loads (0.2 and 0.6 kW)
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Table 2

Measured temperatures of the oven and the inlet at the height of the slot.
Inlet velocity of the reactants at standard temperature and pressure (STP) at
different thermal loads.

P (kw) Toven () T () u, (cm s, STP)
0.2 1073 1048 4.34
0.2 1123 1087 4.34
0.2 1173 1130 4.34
0.6 1073 960 13.02
0.6 1123 999 13.02
0.6 1173 1045 13.02
150 mm
D SSE—
7.03 mm I Air 1 mm
10 mm
1.97mm § Ammonia
50 mm
—

Fig. 2. Burner schematic used for 2D simulations.

at a global equivalence ratio of @ = 1. In comparison to the 0.2 kW
power setting, the inflow velocity increases by factor of three at 0.6 kW.
Table 2 shows that as thermal load — and consequently flow velocity —
increases, the steady-state inlet temperature of the reactants decreases.
This reduction is attributed to the shorter residence time in the heated
section of the burner.

2.4. 2D-simulations: numerical model

Simulations were performed using an in-house OpenFOAM-based
transient reacting flow solver. The governing equations described in
[25] are solved in their variable-density formulation using the finite-
volume method. Finite rate chemistry and gas transport properties
are calculated by Cantera [26] which is coupled with the solver.
Gas diffusion is modeled by the mixture-averaged model using the
Hirschfelder-Curtiss approximation [27]. To evaluate results from var-
ious state-of-the-art kinetic mechanisms, exhaust gas emissions are
predicted using the ammonia reaction mechanisms developed by Kon-
nov [20,21], Stagni et al. [28] and Zhang et al. [29], with the latter
also referred to as the KAUST mechanism. In addition, the Konnov
mechanism comprehensively accounts for the excited species described
in Section 2.2 and is therefore used to predict the measured intensity
profiles. The burner schematic used for the simulations is shown in Fig.
2 and the main burner operating parameters are described in Table 2.
A fixed-value boundary condition is imposed at the inlet (x = 0 mm) for
both velocity and temperature. The inlet velocity u;, is calculated based
on the values of T, and u;, s7p listed in Table 2. The burner walls and
the splitter plate are assumed to have constant wall temperatures, with
Tyan = Typiic = Toven @pplied uniformly along the entire length of the
domain. Heat transfer between the gas phase and the solid boundaries
is fully resolved. At the burner outlet, adiabatic boundary conditions
are applied. The grid size for the reaction zone is taken as one tenth
of the thickness of a 1D freely propagating, premixed stoichiometric
NHj/air flame calculated using Cantera.

3. Results and discussion
3.1. Flame properties

Fig. 3 illustrates that with increasing thermal load and flow velocity,
there is a significant increase in both the length and intensity of
flame luminosity, indicating a modified ignition and reaction zone.
This observation is consistent with theoretical predictions, which sug-
gest that an increased flow velocity leads to delayed ignition and a
more extended reaction zone. The visible flame luminosity is primarily
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Fig. 3. Exemplary images (top) of various studied ammonia-air flames at
an oven temperature of 1073 K, corresponding predicted NH, concentration
profiles (middle), and the measurement location, marked by a red rectangle
(bottom).

attributed to NH,* emissions [30]. Captured flame images exhibit
a good qualitative agreement with the predicted NH, concentration
profiles, indicating that the reacting flow solver captures the major
flame characteristics.

3.2. Emission spectra

Chemiluminescence diagnostics of radical-specific emissions (NH,*,
NH*, and OH*) provide deep insights into the flame characteristics
of ammonia combustion. Exemplary emission spectra, along with the
corresponding wavelengths of the species listed in Table 1, are shown in
Fig. 4. A baseline correction is applied for data analysis, allowing for a
precise evaluation of the single emission peaks. To analyze the distribu-
tion of individual species within the flame profile, specific wavelength
intervals are carefully selected and integrated to refine the data. The
resulting intensity measurements are then normalized by the maximum
value among all measured operating conditions for each species and
plotted against the height above the splitter plate H. Simultaneously,
numerical simulations are performed using the Konnov mechanism,
which comprehensively accounts for all relevant excited species. The
computed mole fractions of these species are normalized and presented
alongside the experimental data, allowing for a qualitative comparison
of the profiles. Fig. 5 shows that the experimental chemiluminescence
profiles are in good agreement with the numerical simulations in terms
of both shape and normalized intensity especially at P = 0.6 kW.
Simulations reliably predict the effects of variation in temperature
and thermal load, as well as the regions where chemiluminescence
emissions from NH,*, NH*, and OH* are observed. Both normalized
intensity and concentration increase with rising temperature or thermal
load. Moreover, an increase in thermal power causes the peak intensity
region to shift downstream. These effects can be attributed to diffusion-
governed non-premixed combustion. In the absence of shear between
fuel and oxidizer, relative heat loss, temperature, and combustion
intensity are expected to scale approximately with inflow velocity and
thermal load. In addition, at higher velocities, the reduced residence
time is expected to cause a downstream shift and lengthening of the re-
action zone. In general, all measured chemiluminescence peaks appear
slightly further downstream than predicted in the simulations. These

Proceedings of the Combustion Institute 41 (2025) 105854

small discrepancies may be attributed to limitations of the reaction
mechanisms or to stronger heat losses in the experiment than those
considered in the model. Based on the flame image in Fig. 3, a distinct
flame lift-off cannot be clearly identified. Furthermore, the measured
NH,* and NH* profiles at a thermal load of 0.2 kW appear broader and
exhibit higher peak magnitudes compared to the simulations, whereas
OH* shows reasonable agreement in magnitude (see Fig. 5). These
differences might be related to deviations in the dominant reaction
pathways predicted by the mechanisms. For instance, the increased
relative intensity of NH,* emissions observed at a thermal load of
0.2 kW may indicate a more pronounced NH; decomposition (NH; +
OH < NH, + H,0) or an enhanced NO, reduction (NH, + NO < NNH
+ OH) [22].

3.3. Exhaust gas measurements

Analysis of the exhaust gas composition reveals significant sensi-
tivity of the concentrations of NO,, NH;3, and N,O to thermal load
and oven temperature. The present section discusses the experimental
trends first, followed by the numerical predictions. Fig. 6 shows that
measured N,O emissions decrease with increasing temperature and
power, reaching a minimum concentration of 3 ppmv at 0.6 kW and
an oven temperature of 1173 K. In addition, measured NH; emissions
at 0.2 kW decrease with rising temperature, reaching a minimum of
4 ppmv at 1173 K. In contrast, at the same oven temperature (1173 K)
but at a higher thermal load (0.6 kW), measured NH; emissions are
approximately three orders of magnitude higher (1600 ppmv) and
show considerably less temperature dependence. For measured NO,,
low-power conditions result in increasing emissions with temperature,
reaching a maximum concentration of 4700 ppmv, while at the higher
thermal load (0.6 kW) the opposite trend is observed, with NO, emis-
sions decreasing to a minimum of 335 ppmv. For comparison, typical
NO, levels in premixed NH3/air combustion at @ = 1 often exceed
several thousand ppmv [3,9]. Subsequently, the numerical results are
analyzed and compared with the experimental data. Even though flame
location and intensity profiles of chemically excited species match
closely between measurements and simulation, there are considerable
differences in magnitude and trends of the pollutant emission pre-
dictions. Additionally, results were found to depend strongly on the
choice of reaction mechanism. Calculated N,O emissions follow a trend
consistent with the experimental data; nevertheless, the emission levels
are underestimated, particularly with the KAUST mechanism. NH;
emissions show a similar trend with respect to the oven temperature
and are in good agreement in the case of 0.2 kW, particularly for the
Stagni mechanism. However, the values for 0.6 kW thermal load differ
by several orders of magnitude. Regarding NO,, the predicted emissions
strongly vary as a function of oven temperature, thermal load, and
employed ammonia chemistry. Overall, it is evident that accurately
capturing NH; chemistry still remains a challenge and that the chemical
kinetics play a significant role in the resulting emission characteristics.
It is also important to note that the experiments are conducted under
non-premixed and strongly preheated conditions, whereas the em-
ployed reaction mechanisms have primarily been validated for different
combustion regimes. In particular, there is insufficient validation data
for non-premixed conditions or elevated temperatures. Regarding NHg
and N,O emissions, the mechanisms developed by Stagni et al. and
Konnov show similar trends, whereas all mechanisms differ for NO,
emissions for the 0.2 kW case. In addition, simplifications in the numer-
ical model and the experimental setup may introduce uncertainties and
affect the quantitative evaluation of the results. Specifically, emission
measurements rely on exhaust gas sampling at a single outlet location
(see Section 2.2), assuming quasi two-dimensional flow symmetry. Sim-
ulations indicate that at the outlet the flow is compositionally uniform
and reactions are essentially completed. While this 2D assumption
simplifies the experimental implementation and facilitates data inter-
pretation, it may lead to inaccuracies in the presence of asymmetric
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Fig. 4. Exemplary, spatially-resolved spectra at 7 = 1073 K and P = 0.6 kW, for the species OH* (309 nm) and NH* (336 nm) in the UV region (left) and NH,*
(630 nm) in the visible region (right), with the normalized intensity of each spectrum plotted against the detection wavelength as a function of height H above

the splitter plate (colors).
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Fig. 5. Normalized intensity profiles of NH,*, NH*, and OH* from the measurements (left) and simulations (right, Konnov mechanism [20]), shown as a function
of the height above the splitter plate at different oven temperatures and power levels (see legend for details).

flame structures. Since the experiments are conducted on a laboratory
scale, even minor disturbances in the boundary conditions or burner
alignment may affect the flow field and flame structure, potentially
favoring unburned species slip and violating the 2D assumption. To
reduce associated uncertainties, future investigations may benefit from
spatially-resolved gas sampling to better capture potential spanwise
inhomogeneities. Moreover, the choice of temperature boundary condi-
tions in the simulation may influence the quantitative agreement with
the experimental data. Refining these assumptions in future studies
could improve the predictive accuracy of the model.

3.4. Pollutant formation analysis

To address one of the major uncertainties discussed in the previous
section, a chemical analysis of the pollutant formation is conducted.
NO, predictions for P = 0.6 kW in Fig. 6 (bottom right) show good

agreement with the experimental results for T,,,, = 1173 K, whereas

considerable differences are observed among the different reaction
mechanisms and the experimental results for T,,., = 1073 K. To
explain these differences, the NO formation and reaction pathways are
investigated. The production (& > 0) and consumption (& < 0) rates of
H, and NO in the reaction zone are plotted as contours in Fig. 7. The
H, consumption zone coincides with the production zone of NO and
vice versa. H, is produced from NHj on the rich side and diffuses to
the lean side, where it is consumed. Simultaneously, the presence of O,
on the lean side facilitates NO production, while NO is reduced on the
rich side.

Pathways of atomic N in the production and consumption zones of
NO for the Konnov and Stagni mechanisms are shown in Figs. S1 and
S2 in the supplementary material. There, atomic fluxes are integrated
over the volume of NO production (éno > 0.Imolm~3 s~!) and
consumption (@no < —0.1molm=3 s~!) separately. The difference in
NO emission predictions can be attributed to the respective formation
pathways and production rates of NO in the Konnov and Stagni mech-
anisms. The reaction pathway via HNO dominates NO formation in
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Fig. 6. Exhaust gas emissions at the burner outlet, normalized to 15 % O, following [23], are shown as a function of the nominal wall temperature for P = 0.2 kW
(left) and P = 0.6 kW (right), based on experimental and predicted data from different reaction mechanisms (see legend for details). The NH; data at 0.2 kW
and 1173 K computed using [29] is omitted, as it is five orders of magnitude below the scale.
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oven
with the Konnov mechanism.

both mechanisms. However, the reduction of NO, to NO has a higher
flux in the Konnov mechanism, whereas the Zel’dovich reactions are
more significant in the Stagni mechanism. In the NO consumption zone,
pathways are comparable for both mechanisms, in terms of active paths
and also their absolute fluxes. The global net production rates of NO,
determined by integrating the reaction rates over the whole volume
and normalizing by the total volume, from the Konnov and the Stagni
mechanisms are 9.28 x 10~° and 2.02 x 10~ kmol m=3s~!, respectively.

The lower global production rate of Stagni corroborates the predicted
NO, emissions for the selected conditions in Fig. 6.

4. Conclusion

In this study, laminar non-premixed ammonia flames were investi-
gated both experimentally and numerically in a new slot burner design
under varying preheating and wall temperatures, as well as thermal
loads. The measurements included temperature data, spatially-resolved
spectra, and global exhaust gas compositions of the major species and
were compared with corresponding numerical data. The key findings
are:

* The influence of thermal load and wall temperature on flame
structure and the emissions of NO,, NHj3, and N,O in non-
premixed combustion was investigated. The results show that
flame length increases with thermal load, while the lowest emis-
sions (335, 4, and 3 ppmv) were observed at high wall tem-
peratures under varying thermal load. These findings provide
valuable guidance for the development of low-emission ammonia
combustion strategies.

Spatially-resolved detection of OH*, NH*, and NH, * was achieved
using emission spectroscopy. Comparisons with numerical simu-
lations showed strong agreement with the measured chemilumi-
nescence in terms of shape and normalized intensity.

Despite good agreement in intensity profiles, significant differ-
ences in emission characteristics remain. A key finding is the
strong sensitivity of predicted emissions to the choice of reaction
mechanism under strongly preheated conditions, highlighting the
importance of mechanism selection and validation. Differences
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are most pronounced in the NO production pathways. Addition-
ally, imperfections in the experimental setup, violating the 2D
assumptions and causing additional ammonia slip, may contribute
to the observed deviations.

The combination of experimental diagnostics and numerical sim-
ulations provides a deeper understanding of flame stabilization
and chemical reaction mechanisms.

Novelty and significance statement

The novelty of this research is that non-premixed, laminar combus-
tion of pure ammonia/air in a slot burner under well-defined conditions
has not been studied before. In this study, major exhaust-gas species
and emission spectra of non-premixed laminar ammonia flames are
characterized, and commonly used ammonia reaction mechanisms are
evaluated under these previously unexplored conditions. This research
is significant because the combination of advanced experimental di-
agnostics and detailed numerical simulations provides new insights
into chemical kinetics of non-premixed ammonia combustion. These
findings provide valuable insights into the potential of non-premixed
strategies for NO, mitigation and the suitability of chemical reaction
mechanisms, guiding future strategies for the sustainable utilization of
ammonia as a carbon-free fuel.
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