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Abstract

Ammonia-air flames are known for low reactivity and have been posing as a huge hindrance in employing the
chemical as a sustainable fuel of tomorrow. Curvature is a parameter that could influence the flame structure and
so the position of the maximum heat release rate. Flame-acoustic interactions on a Bunsen burner are performed
to study the local flame response to highly perturbed flows. NH.* chemiluminescence is used to study the
reactivity of these flames. Non-perturbed flames are used as a reference to understand the inherent behaviour of
Bunsen ammonia flames. A case study has been chosen for an equivalence ratio ranging between 1.0 and 1.4 at
atmospheric conditions to study perturbed flames. The objective is to study the effect of curvature induced by the
perturbations on the reactivity of the flame. It was seen that this given case study was quite complex as the flame
response was to multiple factors like the effect of Lewis number, convective-diffusion velocities, decomposition
of ammonia into hydrogen, thereby, promoting preferential diffusion of hydrogen in both large-scale and locally
for certain cases apart from the generated acoustic perturbation which itself dictates the flow regime of the fresh
gases, etc. Since the Damkdhler number was around 1, the perturbation time scales and the reactivity time scales
were comparable and so none of the effects could be ignored. It was concluded that for richer flames where Le>1,
the negative curvature promoted the production of hydrogen leading to local enhancement in reactivity. A change
in the local thickness due to the induced curvature was seen for all conditions.
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In this work, acoustic perturbations are used to study
the curvature effects on premixed ammonia-air

Introduction
Ammonia-air flames are characterized by low flame

speeds, thick flames and low reactivity. To make
ammonia a viable fuel, its performance must be
enhanced and so, the inner structure of the flame
must be studied. Upon studying the structure of the
flame, different parameters influencing the
reactivity can be determined and studied
individually. One of the parameters that could
influence reactivity is the curvature effect. Turbulent
flames are known to induce such curvature and
strain which may aid to modify the reactivity of a
flame. There are several studies done on swirl flows
[1, 2] and turbulent flows [3, 4]. However,
turbulence is very complex in nature. The
elementary way to study curvature effects is to study
a perturbed laminar flame. Most of the literature
studies are on blended ammonia fuels [5-9]. There
are many ways to study a perturbed laminar flame
including flame-vortex interactions and flame-
acoustic interactions.

flames. There is hardly any experimental work done
and literature available on studying perturbed
laminar ammonia flames. There are some numerical
simulations that have been performed to look into
the curvature effects. Netzer et al. [10] studied the
curvature effects on NO formation and emphasized
the diffusion effects of lighter species and its effect
on local curvature for a hydrogen enriched ammonia
flame. They demonstrated that for a hydrogen-
enriched ammonia flame, there is a change in the
rate of preferential diffusion as a function of the
orientation of the curvature. From the work done by
Wei et al. [11], it can be concluded that the PDF
(probability density function) of HRR (heat release
rate) indicated that the HRR was more likely to
occur at slightly negatively curved flames.

Ammonia is also known to be used as a hydrogen
carrier [12-14]. On decomposing 1 mole of
ammonia, 3 moles of hydrogen atom can be
obtained. Since, it is easier to store and transport
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Fig. 1. The schematic diagram of the Bunsen burner with the acoustic system and the chemiluminescence

ammonia, it would be an efficient way to use
hydrogen stored in ammonia. Rieth et al. [15]
simulated lean hydrogen enriched ammonia
turbulent flames and have noted that there is a
preferential diffusion of light species like H, and H
especially for highly curved flames. The inner
structure of stationary premixed ammonia-air flames
on a Bunsen burner at atmospheric conditions for
equivalence ratios, ¢, ranging between 0.9 and 1.4
was thoroughly investigated. It was concluded that
both NH* and NH,* are good indicators of HRR
[16]. Since NH2* has a higher emission signal when
compared to NH*, tracking NH.* alone as an
indicator of HRR should give sufficient information.
The primary objective of this study is to focus on the
curvature effects induced from the acoustic
perturbations on NH.* or the HRR marker of
ammonia-air mixtures for ¢=1.0-1.4 at atmospheric
conditions on a Bunsen burner. The secondary
objective of this study is to see if these high
curvature levels promote the decomposition of
ammonia to produce hydrogen which can improve
the combustion process.

Method

The experiments were performed on a Bunsen
burner set-up at atmospheric conditions for ¢=1.0-
1.4. Figure 1 shows a schematic diagram of the
experimental setup. A pilot flame consisting of
methane-air at stoichiometry is used to stabilize the
main flame. Tests have been carried out to ensure
that there is no interference of the pilot flame with
the parameters of interest that are monitored in this
study. Moreover, the main study has been formed
away from the base of the flame. Rotameters are
used to control the flow of the pilot flame and mass
flow controllers are used to control the feed to the

setup

main flame. The mean velocity of the fresh gases at
the exit of the burner ranged from 0.18 to 0.20 ms™.
The burner diameter at the exit is 15 mm. A chimney
was added to the burner to reduce the flame
flickering which resulted from the air entrainment.
For an acoustic generation, a speaker is placed at the
bottom of the burner. The speaker that was used is
an Aura NSW 3-193-8A. The range of frequency of
the speaker is 50-100 Hz and its operating power is
at 20 W. This speaker was connected to an amplifier
which amplifies the signal coming from a wave
generator. The amplitude and the frequency can both
be controlled with this wave generator. The type of
wave needed to be generated can also be monitored
here. For this study, only sinusoidal waves that start
from 0 V to the desired amplitude were used. A low-
speed camera with high resolution (Back-
illuminated SCMOS Kuro with a frame size of 2048
x 2048 pix?) was used to capture the images and the
exposure time was set to 1 ms. An objective lens
used for the visible range spectrum is attached to the
camera. For the non-perturbed case, the
experimental set-up was the same except the speaker
was not used.

Table 1. Properties of the test cases

¢ | D(10°m??) | k (103 W miK?) | Le

0.9 2.102 27.39 0.93
1.0 2.103 27.48 1.00
11 2.106 27.56 1.10
1.2 2.109 27.64 1.10
1.3 2.112 27.71 1.09
14 2.115 27.86 1.06
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The exposure time for this case was extended to 200
ms to have a better image quality. The experimental
conditions were slightly extended towards the leaner
side of the experimented limits i.e. for an
equivalence ratio ranging between 0.9 and 1.4.
Studying perturbed flames at =0.9 was not easy due
to the low signal to noise ratio and due to non-
periodic local extinctions for the given perturbation
conditions. To monitor NH2*, an Edmund optics
filter with a diameter of 50 mm centred at 632 nm
with a bandpass width of 10 nm was used. For the
perturbed flame case, it was seen that upon
mounting the filter onto the objective lens, the
signal-to-noise ratio for this dynamic flame was too
low. Since there are several bands of NH»* emission
peaks in the visible region, tests were done to study
and compare the images of stationary flames with
and without the NH.* filter and it was concluded that
indeed, without using the NHy* filter collective
information on all NHy* band spectrum is obtained.
The conversion factor is 1.67 x 102 mm/pix for
those cases with the NH.* filter (perturbed case) and
1.75 x 102 mm/pix for those cases without the NH,*
filter (non-perturbed case). Figure 2 represents the
comparison of a non-perturbed flame with and
without the NH_* filter. It can be seen that the two
flame images are identical except for the fact that the
case with no filter has higher signal when compared
to the case with the filter.
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Fig. 2. Top) Raw image of the flame using NH, *
filter with the visible range objective lens; Bottom)
Raw image of the flame without the NH, * filter
with the visible range objective lens.
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To set the test conditions, the response of the flame
to both the forcing amplitude and the forcing
frequency as well as the interaction between the flow
of the fresh gases and the acoustic perturbation must
be understood. As the forcing amplitude increases
keeping all other conditions constant, the flame
tends to elongate subsequently leading to the
formation of pockets of fresh gases. As the forcing
frequency increases, the flapping behaviour of the
flame increases for up to a certain value of frequency
beyond which any increase of the forcing frequency
does not see any impact on the flame response. This
value of frequency depends on the initial flow
conditions. On varying the equivalence ratio, it was
seen that the weak flames are strongly affected by
the perturbation. The magnitude of the curvature of
the flame front for the same perturbation conditions
was highest for the leanest flame. Indeed, the flow is
controlled by both outlet velocity of the fresh gases
and acoustic perturbations, and the flame response
also depends on the equivalence ratio. According to
Birbaud et al. [17] a critical Strouhal number, St; can
be used to divide the flow into three regimes:

e For St < St the flow is convective in
nature,

e  For St = St, the flow is of mixed type,

e For St > St the flow is dominated by
acoustics.

St is flame geometry dependent and is expressed as
Su/ Uo where Si_is the laminar flame speed and U, is
the convective flow velocity which can be measured
using systems such as PIV (particle image
velocimetry). Strouhal number, St is defined as:
fD

St = Uy Q)
where f is the forcing frequency, D is the diameter
of the burner exit, and U, is the convective flow
velocity. On understanding the flame response to
forcing amplitude and frequency and on identifying
the required flow regime i.e. an acoustic-dominated
flow, the test conditions have been set with a forcing
amplitude of 0.5V and a forcing frequency of 40 Hz.
The setting of this voltage for changing the
amplitude depends on the acoustic system. Since,
the objective of this work is to study the curvature
and preferential diffusion effects, the velocity or the
pressure fluctuation at the exit of the burner caused
by this setting is not measured.

Results and Discussions

Table 1 details the properties of the gas mixture [18,
19]. D and k represent the mixture diffusivity and
thermal conductivity respectively calculated based
on the mixture. The non-perturbed cases are first
studied to understand the distribution of the HRR
marker - NHy* all along the flame. Figure 3
represents the inverse Abel transformed images of
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the chemiluminescence of NHy* for ¢=0.9-1.4 with
a normalized colour bar. Each image has been
normalized against the maximum intensity in the
image. The Lewis number, Le, increases with
equivalence ratio and is close to unity [18]. It can be
seen that the NHy* distribution all along the flame is
not homogeneous and is different for each
equivalence ratio.

By convention, negative curvature is defined for a
concave flame in the direction of the burnt gas and a
positive curvature is defined for a convex flame in
the direction of the burnt gas. For the leanest case,
the base of the flame has a positive curvature which
then tends to zero and then towards negative at the
tip of the flame. Near the base of the flame, there is
a local change of kinematic equilibrium and so, the
local flame speed is higher than the unstretched
laminar flame speed. The reactivity at the base and
the sides of the flame is significantly higher and is
diminished when encountering a negative curvature
at the tip of the flame. Lesser reactivity at the tip of
the flame is expected when Le<l. As the
equivalence ratio increases there is no more positive
curvature at the base of the flame. The reason for the
enhanced intensity on the sides closer to the base of
the flame is probably attributed to diffusion-
convective velocities. Here, the convective velocity
is about 25 times more than the diffusion velocity of
ammonia into the air at the exit of the burner. The
diffusion velocity of ammonia into the air was
calculated using Fick's law. It is understood that
ammonia decomposes into lighter species whose
diffusion wvelocity is much higher than the
convective velocity. The preferential diffusion of H,
and other species towards the sides plays a major
role in enhancing the local reactivity. For this
reason, the intensity or reactivity is higher towards
the sides of the flame closer to the base compared to
the tip of the flame. The effect of preferential
diffusion on the reactivity of curved flames has been
highlighted by Mizomoto et al. [20]. On simulating
a 1D freely propagating flame using Chemkin-Pro,
it was seen that indeed there was a decomposition of
ammonia to hydrogen via NHz + H = NH; + H; even
at a lower temperature. The kinetic scheme that was
chosen for simulations is the reaction mechanism
proposed by Stagni et al. [21]. This mechanism was
chosen as a result of performing a brief literature
review on the existing mechanisms for ammonia
combustion. The premixed laminar flame speed
calculator in Chemkin-Pro was used. The curv and
grad were set to 0.01 and the length of the domain
was set to 2 cm. The decomposition reaction was
identified by performing a reaction pathway analysis
at regular distances/temperatures in the domain. By
looking into the mole fraction of H, produced for
each equivalence ratio, it was seen that the richer the
flame, the more is the amount of H, produced. The
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effect of the preferential diffusion of lighter species
like H, towards the side of the flames still exists but
becomes less significant with the increase in the
equivalence ratio. For the cases ¢=1.2-1.4, where the
Le is slightly more than 1, a local enhancement of
reactivity is seen at the tip of the flame (negative
curvature) but this relative increase of intensity is
not distinctly seen like the case of leaner/near
stoichiometric cases where the decrease (in this case
as Le< 1) in the local intensity is noticeable. This is
because the amount of H produced is higher and so
there is still some preferential diffusion towards the
sides of the flames. From the work done by Chen et
al. [22] it has been reported that for richer flames the
HRR is more at the tip of the flame and the
production of H; is enhanced at this curvature. It
may be said that for lean and near stoichiometric
premixed ammonia-air flames, the large-scale

preferential diffusion effects are more apparent than
richer flames.

0.8

0.6

0.4

0.2

Fig. 3. Chemiluminescence of NH; * for non-
perturbed flame with normalized intensities
showing the diminished effects of large-scale
preferential diffusion towards the sides of the flame
as a function of equivalence ratio.

Perturbed flames are studied to understand the effect
of the curvature on the reactivity of the flame. To
study the curvature effect for the given test
condition, it was ensured that a similar flame
response mode was captured i.e. a similar flame
shape was captured for different equivalence ratios.
This was done to ensure that uniform parameters are
maintained for all conditions. As shown by [23-25],
the total stretch K can be decomposed into a
tangential strain and a flame propagative/curved
character K¢, where K. is mathematically defined as
twice the product of flame displacement speed and
mean curvature. As discussed in [16], the strain rate
component is quite low due to the low flow
velocities and so, only the curvature is focussed.
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To study curvature, initially, the mean curvature was
obtained to quantify the curvature effect. However,
it was seen that the flame response was too complex
and so, the two principal curvatures k; and k, were
used. ky is defined as the principal curvature along
the plane and k, is the curvature in the
circumferential direction. The mean curvature is
simply the average of these two principal curvatures.
When the flame is represented in cylindrical
coordinate systems with h in the span-wise direction
and r in the radial direction, ki and k. can be
mathematically defined as [26]:

ky, = 7h —#h (2)
h
ko == 3)

where the dot signifies with respect to the curvilinear
coordinate s which is expressed as:

f’ [ar]z ah]z s .
o  LO€ de) % )
With € being a virtual curvilinear abscissa along the

meridian curve with a constant interval, O¢ equal to
one.
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Fig. 4. Top) Inverted Abel transformed image of the
flame response for =1.0 with the points of interest
depicted in coloured loops and numbers; Bottom)
thickness vs k1 for the corresponding points.
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Four different parameters: ki, ko, thickness along the
normal to the front, and maximum intensity along
the normal to the front were all plotted against the
flame contours. Thickness is defined as the FWHM
(full width at half maximum) along the normal of the
contour when the signal is fitted against a Gaussian
plot. To understand the complete response of
reactivity, the integrated intensity along the normal
must be monitored. Once again, plotting curvature
against integrated intensity was too complex and so
this parameter was further divided into two basic
parameters: thickness and maximum intensity along
the normal to the contour. After careful examination,
it was seen that the effect of ki, and thickness along
the contour seemed to be correlated but when it came
to understanding the maximum intensity and ko, it
was seen that their effect for all equivalence ratios
was not very apparent.
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Fig. 5. Top) Inverted Abel transformed image of the
flame response for ¢=1.1 with the points of interest
depicted in coloured loops and numbers. Bottom)
Thickness vs k1 for the corresponding points.

Case studies for k, and maximum intensity have
been provided in the supplementary document. Each
of the equivalence ratio cases has been detailed and
is provided below.
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Fig. 6. Flame response at different instants at =1.1 for a forcing frequency of 40 Hz.

3000

200

400 2500

600
2000

% 800
a
@ 1000 1500
]
3. 1200
1400 1000
1600
500
1800
2000 -
200 400 600 800 1000
x axis (pix)
0.95 T
v " s
09 . N
9
0.85 0 10 E
T 11 ° e -
E 6
= 08
I
2 o
0.75 5
1 o]
Q 4
0.7
0 ¢
2 3
0.65 : : : :
-0.3 -0.2 -0.1 0 0.1 0.2
k1 (1/mm)

Fig. 7. Top) Inverted Abel transformed image of the
flame response for ¢=1.2 with the points of interest
depicted in coloured loops and numbers. Bottom)
Thickness vs k1 for the corresponding points.

For each case, a thickness vs k; graph along with an
Inverse Abel transformed image of the desired flame
mode captured at an instant is provided.

In each of the cases represented, understanding the
thickness vs the curvature graph is a tedious process.
The reader is advised to start with the coloured point
on the base of the flame, identify the corresponding
point with the help of the direction of the curvature
in the thickness vs ki plot and move along the
direction keeping in mind that each subsequent
colour on the flame contour image is the colour to be
looked out for in the thickness vs ki graph. A
sequence of numbers has been provided to aid the
reader in understanding the sense of the direction.

Case 1. p=1.0

In the case of ¢=1.0, Le=1 [18], which means that
both thermal and molecular diffusion play an
equally important role. It can be seen that the
thickness does not vary a lot along the contour of the
flame front. The effect of k; on the thickness is not
very evident in this case. Since both thermal and
diffusive effects play an equally important role, the
thickness seems to be uniform all along the contour.
Upon examining the evolution of the intensity along
the contour, it can be seen that there is enhanced
intensity towards the sides of the flame, similar to
the case of the respective non-perturbed flame. To
see the evolution of this intensity as a function of
curvature, different modes must be captured. Figure
4 depicts this case study.
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Fig. 8. Top) Inverted Abel transformed image of

the flame response for ¢=1.3 with the points of

interest depicted in coloured loops and numbers.

Bottom) Thickness vs k1 for the corresponding
points.

Case 2. p=1.1

At ¢=1.1, Le=1.1 [18]. This implies that the thermal
diffusion from the burnt gas towards the fresh gas
happens at a slightly higher pace than the molecular
diffusion of fresh gas into the burnt gas. Figure 5
depicts this case. A slight variation of the thickness
along the contour can be seen. The front gets thinner
when a negative ki is encountered and gets thicker
when a positive k; is encountered. On examining the
intensity, it can be seen that the reactivity is well-
enhanced towards the sides of the flame. In Figure
5, it is seen that irrespective of a positive or a
negative curvature, there is no change in the
maximum intensity towards the sides of the flames.
Since, the relatively higher magnitude of the
curvature does not have a major impact on the
reactivity of these flames, it is insinuated that rather
than having a major curvature effect on the front, the
preferential diffusion effects play a larger role.
Figure 6 represents the different flame response
modes captured for the same perturbation conditions
at different instances. It can be seen that the relative
intensity is enhanced at the sides of the flame
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irrespective of the curvature being positive or
negative. It may be concluded that a large-scale
preferential diffusion effect of H, plays a pivotal
role.

Case 3. ¢p=1.2

In the case of, ¢=1.2, Le increases slightly [18].
With an increase in the equivalence ratio, while
almost maintaining the value of Le, this case shows
a more prominent difference in the thickness vs
curvature trends. The transition from a negative ki
to a positive ki with thickness changing can be seen
in Figure 7. In this case, it can be noted that the
maximum intensity along the contour varies as a
function of the orientation of the curvature. Here, for
a negative curvature, along with a thinner front, the
local maximum intensity is higher than for the case
of a positive curvature where the front is thicker and
the intensity is reduced. As mentioned by Chen et al.
[22] for the case of non-perturbed flames ¢=1.2, the
enhancement of reactivity at the tip of the flame
(negative curvature) is due to the enhanced
production of H, which is strongly influenced by the
curvature. Here, an inverse effect is seen for a
positive curvature. However, it can be confirmed
that the local preferential diffusion of H, promoted
by the induced curvature and due to the Le effect is
not the only parameter that controls the flame
response.

From Figure 7, it can be seen that for the same values
of ki, the thickness values are not the same (Points
1, 9 and 13) and the magnitude of the maximum
intensity for the same value of the curvature
decreases when moving from the bottom to the top
of the flame. These three points are located at three
different positions along the contour. For the point
further downstream, the value of the thickness was
higher and the intensity was lower implying that it is
not just ki that influences thickness but there is still
a large-scale preferential diffusion that influences
the reactivity which results in affecting the thickness
and the magnitude of intensity. This is further
discussed later in the case studies. However, the
magnitude of this change in thickness and intensity
is not large and so, it may be said that the local
preferential diffusion plays a stronger role.

Case 4. p=1.3

For ¢=1.3 with Le=1.09 [18], the trend of the
thickness vs ki is quite similar to ¢=1.2. However,
the variation of the thickness is much higher than
that of ¢=1.2 and the magnitude of kj is lower than
¢=1.2. Similar to the previous case, a change of
intensity and thickness as a function of the
orientation of the curvature is noticed once again
implying that the local preferential diffusion of H»
plays an important role. Figure 8 represents this
case.
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Case 5. p=1.4

For ¢=1.4, the value of the Lewis number is slightly
higher than 1. The range of the values of k; for ¢=1.4
and ¢=1.3 is the same but the variation in thickness
for ¢=1.4 is higher than ¢=1.3 implying that change
of thickness as a function of ki is more prominent
for highly rich flames. Figure 9 represents this case.
As demonstrated in Case 3, it can be seen again that
for the same value of ki (Points 1 and 5), the
thickness is not the same as these two points
correspond to different locations along the flame. As
seen for cases 3 and 4, a local preferential diffusion
enhanced due to the curvature is seen. As the flames
get thicker, it is important to note that the curvature
calculated at the outer contour (as done here) may
not be the same as the values that will be obtained
when computing at the inner contour. For
consistency, only the outer contours have been used
for all the cases.

From all of these cases, it is quite apparent that
irrespective of the condition, a negative ki results in
the reduction of the thickness and a positive ki

Karan et al. (2023)

manifests as an increase in thickness. In the
supplementary data, both k; vs contour of the flame
and thickness vs contour of the flame for each of the
cases have been provided. Globally, it was seen that
the intensity decreases when moving away from the
flame base owing to the large-scale preferential
diffusion. For near stoichiometric conditions, it was
a continuously decreasing trend whereas, for richer
flames, the intensity decreased and increased as a
function of the orientation of the curvature with a
tendency towards decreased intensity when moving
from the bottom to the top of the flame. This
phenomenon was captured in the case of ¢ =1 and
1.1 but also for ¢ = 1.2 (Points 1, 9 and 13) and ¢ =
1.4 (Fig. 9, Points 1 and 5) where on plotting ki vs
thickness where the thickness was different for the
same value of ky at different positions along the
contour. It was also seen that there is a local
preferential diffusion of lighter species due to
curvature for richer flames. The Damkdhler number,
Da, is defined as the ratio of the flow time scales to
the chemical time scales. The chemical time scale
can be obtained by dividing the thickness of the
flame by the laminar flame speed. Da of these case
studies was close to 1, implying that the time scale
of the forced perturbation on the flow was
comparable to the chemistry time scale. The effect
of the perturbation on the flow is seen as a local
change of thickness with respect to the orientation of
ki along with the local Le of the flame determining
a major role in the flame response. It may also be
concluded that for the studied cases, the preferential
diffusion effects play a large role in any changes of
reactivity and as far as curvature effects are
concerned, the effect of ki can be seen as a change

of thickness for the near stoichiometric conditions.

Conclusions

One of the first experimental tests on flame-acoustic
interactions for premixed ammonia air mixtures has
been investigated with the objective of studying the
effect of curvature on the reactivity of the flames.
These experiments were performed on a Bunsen
burner at atmospheric conditions for ¢=0.9-1.4 for
non-perturbed and ¢=1.0-1.4 for perturbed flames
with an acoustic perturbation of forcing frequency of
40 Hz. NH>* was monitored as this species would
give direct information on the heat release rate. On
studying the non-perturbed cases, it was seen that
lean and near stoichiometric flames displayed a local
increase in intensity towards the sides of the flame
which is attributed to the preferential diffusion of
lighter species as the convective velocity of the flow
was higher than the diffusion velocity of ammonia.
It was understood that ammonia decomposes into H»
which diffuse faster towards the sides of the flames.
For richer flames, Le>1, with the increase in the
production of H,, the large-scale preferential
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diffusion still exists but is not apparent as for the
leaner cases. In the perturbed studies, it was seen that
irrespective of the equivalence ratio, positive ki lead
to an increase in the front thickness whereas a
negative ki lead to a decrease in the front thickness.
Once again, the preferential diffusion of H» played a
major role. For near stoichiometric conditions, the
quantity of H, produced is low and so a large-scale
preferential diffusion towards the sides of the flame
was witnessed despite the fact that these flames
responded with higher magnitudes of curvature to
the same acoustic perturbations. It was established
from a preliminary analysis that weak flames are
more affected by perturbations, however, it is the
selective diffusion of H; that is more susceptible to
change in curvatures leading to a local enhancement
of reactivity. For richer flames, the local production
of H, was promoted for negative curvatures which
were seen as a local increase in intensity and
decrease in thickness. Unlike the leaner perturbed
cases, a local preferential diffusion effect
superimposed with a large-scale preferential
diffusion effect was witnessed. Since Da~1, the
reaction and perturbation time scales are
comparable. The effect of curvature was manifested
as a change in the thickness of the contour for all
cases. The effect of local preferential diffusion was
seen as a function of orientation of the curvature for
richer flames. Like the non-perturbed cases, a global
decrease in intensity owing to the large-scale
preferential diffusion is seen. Indeed, this case study
alone is quite complex with multiple factors playing
significant roles simultaneously. On analysing the
non-perturbed cases, the role of preferential
diffusion in ammonia flames is better understood.
For the given experimental set-up, the flow
conditions are of low speeds and so, conditions like
Da<<1 which is ideal to isolate the effects of the
acoustic perturbation on both lean and rich flames
could not be explored. Nevertheless, from this study,
it can be concluded that for richer flames where
Le>1, there is an inhibition in the production of
hydrogen at positive curvatures. To enhance
reactivity (as a function of both intensity and
thickness of the front) in these conditions, a negative
curvature can help with the local production of
hydrogen (increase in intensity and reduction in
thickness).
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