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Abstract

In this study, the effects of curvature on the local heat release rate and mixture fraction during turbulent flame-wall
interaction of a lean dimethyl ether/air flame are investigated using a fully resolved simulation with a reduced
skeletal chemical reaction mechanism and mixture-averaged transport. The region in which turbulent flame-wall
interaction is affecting the flame is found to be restricted to a wall distance lower than two times the laminar
flame thickness. In regions without heat losses, heat release rate and curvature, as well as mixture fraction and
curvature, are negatively correlated, which is in accordance with experimental findings. Flame-wall interaction
alters the correlation between heat release rate and curvature. An inversion in the sign of the correlation from
negative to positive is observed as the flame starts to experience heat losses to the wall. The correlation between
mixture fraction and curvature, however, is unaffected by flame-wall interactions and remains negative. Similar
to experimental findings, the investigated turbulent side-wall quenching flame shows both head-on quenching and
side-wall quenching-like behavior. The different quenching events are associated with different curvature values
in the near-wall region. Furthermore, for medium heat loss the correlations between heat release rate and curvature
are sensitive to the quenching scenario.
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1. Introduction

Recently, synthetic (oxygenated) fuels such as
dimethyl ether (DME), which have a reduced soot and
NOx formation [1], are investigated as promising al-
ternative diesel surrogates. For a better understanding
of the behaviour of these fuels, DME can serve as a
starting point for systematic investigations in complex
flow configurations. For DME combustion, a strong
dependency of flame speeds on stretch by means of
Markstein lengths was reported [2]. Stretch, consist-
ing of strain and curvature, has a significant effect
on local flame properties, such as the flame speed
and the local heat release rate (HRR), through cou-
pled effects of unequal heat and mass diffusion [3].
In turbulent flows, the flame is subjected to unsteady
stretch caused by turbulent flame wrinkling. The ef-
fect of stretch on the flame is investigated in several
numerical studies of turbulent premixed flames [4–7].
Chakraborty et al. [5] investigated the influence of dif-
ferential diffusion on the local displacement speed in
relation to flame curvature in statistically planar tur-
bulent flames. Using a single-step chemical reaction
and prescribing different Lewis numbers they showed
that correlations of the components of the displace-
ment speed on curvature vary between Lewis num-
bers above and below unity. In three-dimensional
hydrogen-enriched methane/air slot flames, Cecere et
al. [7] show a dependency of local equivalence ratios
and displacement speeds on curvature.

In practical combustion systems, the flame be-
haviour is additionally affected by flame-wall interac-
tion (FWI). In the vicinity of the combustor walls, the
flame is prone to heat losses that result in incomplete
combustion with a consequent reduction of the overall
efficiency and an increase of pollutant formation [3].
During turbulent FWI, the flame is not only affected
by heat losses, but also by turbulence-induced effects,
such as flame stretch. This introduces a wide range
of length and time scales increasing the complexity
of the phenomena in the near-wall regions. To further
improve efficiency and reduce pollutant formation, a
better understanding of the combined effects of tur-
bulence and heat losses in near-wall flames is needed.
Therefore, turbulent side-wall quenching (SWQ) of
premixed flames has recently been the subject of ex-
tensive experimental [8–10] and numerical [11–17]
studies that investigate different aspects of the turbu-
lent near-wall reacting flow. Gruber et al. [11] stud-
ied a turbulent hydrogen/air flame with a direct nu-
merical simulation (DNS) finding that near-wall co-
herent turbulent structures contribute significantly to
the wall heat fluxes by pushing hot exhaust gas to-
wards the wall. Further, they pointed out the im-
portance of flame thickening during FWI. In addi-
tion to hydrogen flames, multiple numerical studies
of methane/air flames were conducted [13, 14, 16].
Jiang et al. [16] studied the effects of FWI on the for-
mation of CO in a turbulent methane/air flame diluted
with hot combustion products. They found that the
combustion process can be described by an ensem-

ble of one-dimensional flames with differing strain
rates and initial temperatures up to a wall distance of
0.25 mm. Closer to the wall, CO formation is dom-
inated by diffusion and convection which underlines
the challenges of FWI in terms of modelling. Ahmed
et al. [14] investigated the displacement speed and its
components as well as strain rate and curvature statis-
tics and their effect on the surface density function in
a V-shaped flame ignited in a turbulent channel flow
employing both adiabatic and isothermal wall bound-
ary conditions. In their study, a single-step chemical
reaction and a unity Lewis number assumption were
employed. They found that close to the wall strain
rate and flame curvature statistics show differences
depending on the wall boundary condition. Addition-
ally, among other things they proposed to investigate
the effects of a variation of the Lewis number in future
studies. In addition to the numerical investigations,
Zentgraf et al. conducted a comprehensive analysis of
the thermochemical states in laminar [18] and turbu-
lent [10] DME/air flames undergoing SWQ. The ther-
mochemical state was characterized using simultane-
ous quantitative measurements of CO, CO2 and tem-
perature. In the laminar flame [18], the importance of
differential diffusion effects during FWI of DME/air
flames was outlined. In the same burner configu-
ration, Kosaka et al. [9] performed multi-parameter
laser-diagnostics of lean and stochiometric turbulent
premixed methane/air and DME/air flames. In the
study, the local HRR was estimated using a correla-
tion based on normalized OH and CH2O planar laser-
induced flourescence measurements. The experimen-
tal data showed a negative correlation between the
local HRR and the flame curvature. This, again, in-
dicates a strong dependency on differential diffusion
effects in DME/air flames during FWI.

To the authors’ knowledge, a corresponding nu-
merical study on the combined effects of flame stretch
and heat losses on the local HRR during turbulent
FWI of DME/air flames has not been reported in the
literature, yet. The present work aims to close this
gap by investigating a lean DME/air flame ignited in
a fully developed turbulent channel flow undergoing
SWQ. A three-dimensional fully resolved numerical
simulation is performed with reduced skeletal chem-
ical kinetics. A mixture-averaged transport model is
employed that allows the assessment of differential
diffusion effects on the flame properties. The flame’s
equivalence ratio is similar to the experimental study
of Kosaka et al. [9]. The main objectives of this work
are: (i) to study the dependencies of curvature on
the local HRR and mixture inhomogeneities caused
by differential diffusion; (ii) to outline the influence
of heat losses in the near-wall region on the local
HRR and mixture inhomogeneities and their depen-
dence on curvature; (iii) to investigate the effect of
local quenching modes on the curvature statistics and
the local HRR. This work thus adds additional con-
straints to combustion models that will allow them to
better predict the effects in turbulent FWI.
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2. Numerical setup

The generic turbulent SWQ case analyzed in this
work is inspired by the studies of Gruber et al. [11]
and Steinhausen et al. [13]. A V-shaped premixed
DME/air flame is stabilized in a fully developed tur-
bulent channel flow, where it undergoes side-wall
quenching at the isothermal channel walls (Twall =
300 K). The inert channel flow has a frictional
Reynolds number of Reτ = (UτH) /ν = 180, with
H being the channel half-width (10 mm), Uτ the wall
shear velocity and ν the kinematic viscosity of the
DME/air mixture at inflow temperature (300 K). The
level of the inlet turbulence is characterized by the
normalized intensity u′/sL = 0.76 with u′ being
the root-mean-square of the turbulent velocity fluc-
tuations and the laminar flame speed sL. The nor-
malized integral length scale is Lt/δL = 25 with
the integral length scale Lt and the thermal laminar
flame thickness δL. The thermal flame thickness is
calculated by δL = (Tb − Tu)/max(dT/dx). Tb

and Tu refer to the burnt and unburnt mixture tem-
peratures, respectively. Following the definitions by
Borghi and Peters [19, 20], the flame is classified to be
inside the wrinkled flamelet regime. Similar to Gru-
ber et al. [11], the flame anchor is modeled as a cylin-
drical region (r = 0.9 mm) of burnt gas temperature
and composition. The inflowing DME/air mixture has
an equivalence ratio of 0.83 and a Lewis number of
Le = 1.6 based on the deficient species. A graphical
illustration of the numerical configuration is shown in
Fig. 1.
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Fig. 1: Graphical illustration of the numerical setup in a
lateral slice. The size of the domain in lateral direction is
30 mm (three times the channel half-width). All measure-
ments are given in mm.

The numerical simulation performed consists of
two parts: an inert case and a reactive case:

• Inert case: The inert simulation is used to pro-
duce suitable turbulent inflow conditions for the
reactive simulation. The channel dimensions
are (x× y × z) = (140× 30× 20) mm, with
x being the stream-wise, y the statistical inde-
pendent lateral and z the wall-normal direction.
The channel walls are modelled with a no-slip
boundary condition, while both in lateral and
stream-wise direction periodic boundary condi-
tions are applied. The grid is refined towards the

wall. In the core-flow, the non-dimensional grid
spacing in stream-wise, lateral and wall-normal
direction is ∆x+, ∆y+, ∆z+ = 2.5. The su-
perscript + refers to a non-dimensionalization
with the viscous length scale δ = uτ/ν where
uτ is the wall friction velocity. The grid is re-
fined towards the wall with a grid spacing of
∆z+ = 0.4 at the wall-closest cell, resulting
in a total of 61 million hexahedral cells.

• Reactive case: The channel width and height
of the reactive simulation match these of the
inert counterpart. The channel length is re-
duced to 75 mm. The non dimensional grid
spacing in stream-wise and lateral direction is
∆x+, ∆y+ = 1.1. This grid is also refined to-
wards the bottom wall with a non-dimensional
grid resolution of ∆z+ = 0.27 at the wall to
ensure a sufficient resolution of the flame-wall
interaction zone [13]. In total, the grid consists
of 210 million hexahedral cells. The flame front
is resolved on a minimum of eight grid points.
The inflow velocity fields of the inert case are
stored with a time-step size of 5 µs and are set
as inflow conditions for the reactive case (inter-
polated spatially and temporally at every time
step of the reactive simulation). The outlet is
modelled using a zero-gradient boundary condi-
tion for the species, enthalpy and velocity, while
a Dirichlet boundary condition is employed for
the pressure. The channel walls are set to
a constant temperature of 300 K and a zero-
gradient boundary condition for the species is
assumed (inert wall). The flame anchor is lo-
cated inside the logarithmic region of the tur-
bulent boundary layer at a non dimensional dis-
tance of z+ ≈ 100. Finally, in the lateral di-
rection periodic boundary conditions are em-
ployed. The reaction mechanism presented by
Stagni et al. [21] is used to describe the chemi-
cal source terms and the species diffusion coef-
ficients are modelled using a mixture-averaged
transport approach [22, 23].

For the simulations, the finite volume method code
OpenFOAM is used with an in-house solver [24, 25]
based on finite-rate chemistry that was validated to
be suitable for DNS-like simulations [24, 26]. For
the temporal discretization a second-order implicit
backward scheme is employed, while the spatial dis-
cretization is of fourth-order.

3. Results and discussion

3.1. Global flame characteristics

Figure 2 shows the instantaneous flame front, de-
picted by the YCO2 = 0.04 iso-surface and col-
ored by the HRR. This iso-surface is chosen since it
is a good approximation of the main reaction front
of the flame both in the core flow and the near-
wall region. The iso-surface displays the local vari-
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ations of HRR and the distinct finger-like features
of the flame in the flame wall interaction zone (bot-
tom wall). Note that the lateral direction is statis-
tically independent and can therefore be understood
as multiple realizations of the temporal flame evolu-
tion. In the subsequent discussion, all analyses are
restricted to the lower flame branch that is affected
by enthalpy losses at the walls. In Fig. 3, profiles of

Fig. 2: Instantaneous flame front of the reactive flow sim-
ulation represented by the YCO2

= 0.04 iso-surface and
colored by the HRR.

the HRR, Bilger’s mixture fraction Z [27] and abso-
lute enthalpy h in a one-dimensional unstretched lam-
inar premixed freely-propagating flame correspond-
ing to the three-dimensional simulation (T = 300 K,
ϕ = 0.83) are shown over the CO2 mass fraction.
CO2 was identified as a suitable species to define the
reaction progress in laminar and turbulent DME/air
flames [18] and it is used in this work analogously.
In the laminar unstretched flame, differential diffu-
sion leads to a mixture inhomogeneity observable in
the non-uniform profiles of mixture fraction and abso-
lute enthalpy. Furthermore, the mixture fraction and

Fig. 3: Profiles of HRR, h and Z of a one-dimensional, lam-
inar, premixed, unstretched, adiabatic, freely-propagating
flame.

heat release rate profiles are not aligned but the heat
release rate peak is shifted towards higher values of
YCO2 , hence, higher reaction progress.

In the three-dimensional reactive case, turbulence
induces stretch on the flame causing the flame front
to wrinkle. Additionally, in the vicinity of the wall
the flame is affected by heat losses. Both effects, tur-
bulence and heat losses, lead to a deviation of the ther-

mochemical states from a one-dimensional laminar
flame. The influence of the wall on the mixture shift
is analyzed based on the mixture fraction. To distin-
guish between effects of turbulence and heat loss and
the intrinsic mixture shift due to differential diffusion
also present in a one-dimensional flame (see Fig. 3),
a mixture fraction deficit ∆Z and an enthalpy deficit
∆h are defined as

∆Z (YCO2) = Z3D (YCO2)− Z1D (YCO2) , (1)

∆h (YCO2) = h3D (YCO2)− h1D (YCO2) , (2)

with the indices 3D and 1D referring to the
three-dimensional reactive simulation and the one-
dimensional freely-propagating flame, respectively.
Figure 4 shows the conditional means and standard
deviations of the mixture fraction deficit ∆Z, the en-
thalpy deficit ∆h and the curvature κc for a given
value of YCO2 over the normalized wall distance
z/δL. The flame curvature is defined as κc = ∇ · n
with n being the flame surface normal vector. The in-
fluence of the reaction progress is shown for different
values of YCO2 .

First, in the region z/δL ≥ 2 the core flow unaf-
fected by enthalpy losses is analyzed, before the near-
wall region at z/δL < 2 is discussed. In the core flow
the average flame behaviour is similar to the one ob-
served in the one-dimensional laminar flame, showing
conditional means around zero. Only small deviations
from the zero mean can be observed in the mixture
fraction for larger values of YCO2 , while κc shows
differences above z/δL = 4. Furthermore, Fig. 4 in-
dicates that while the standard deviation of ∆h re-
mains zero in the core flow region, ∆Z and κc show
non-zero standard deviations. They follow a similar
trend, indicating a dependency of ∆Z and κc.

At a wall distance z/δL < 2 the flame is affected
by enthalpy losses to the wall, reflected in the de-
creasing mean and increasing standard deviation of
∆h with decreasing wall distance. Note that the en-
thalpy loss to the wall also increases with the reac-
tion progress due to higher temperature gradients be-
tween the wall and the hot burnt mixture. Addition-
ally, curvature κc decreases and its standard deviation
increases towards the wall. ∆Z, on the other hand,
shows an increasing mean and standard deviation in
the regions closer to the wall. This trend in ∆Z is less
pronounced in the fresh gas region (YCO2 = 0.02).
The observed trends of κc in the near-wall region
in the simulation is in contradiction to the experi-
mental investigations by Kosaka et al. [9], who ob-
served positive mean values of curvature close to the
wall. These differences could originate from multi-
ple reasons. Even though the thermochemical states
observed in the experimental and numerical configu-
ration are comparable [10, 13] the configurations are
not identical, i.e. different flow configuration (Cou-
ette flow vs channel flow), different flame angle to
the wall and different Reynolds numbers. These dif-
ferences might lead to different turbulent statistics in
the two flow configurations. Further, the evaluation
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Fig. 4: Values of mean (top) and standard deviation (bottom) of mixture fraction deficit (left), enthalpy deficit (mid) and curvature
(right) conditioned on the CO2 mass fraction over the wall distance.

of curvature in the experiments is limited to the two-
dimensional measurement domain, while in the sim-
ulation three-dimensional data are available. Hence,
the definitions of the evaluated curvature in the ex-
periment and simulation deviate. FWI is a very local
process. In a previous study [13], it was shown that
events severely deviating from the mean values occur
in turbulent FWI. Therefore, the characteristics shown
in the global trends are investigated locally in the core
flow and the region of FWI.

3.2. Local heat release rate and curvature during
flame-wall interaction

The effect of curvature on heat release rates is in-
vestigated in regions with and without heat loss to the
wall. Without heat loss and with the Lewis number
being above one and the flame surface only weakly
affected by turbulence, it is expected that the flame
shows a similar behaviour to a weakly curved flame
in steady flow, i.e. it is expected that HRR shows
a negative correlation on curvature. Figure 5 shows
two contour plots of the heat release rate in the wall
parallel plane in the core flow (z/δL = 4, top) and
the near-wall region affected by enthalpy losses to the
wall (z/δL = 1, bottom). To illustrate the effects on
the local HRR in two dimensions, regions of nega-
tive and positive curvature are highlighted inside the
circles A, C and B, D respectively. Note that these
curvature values are based on the three-dimensional
data. In the core flow (z/δL = 4), the negative curva-
ture is associated with an increase of the local HRR
(A) while positive curvature leads to a decrease of
the local HRR (B). This result is in accordance with
the experimental findings in Kosaka et al. [9]. In the
near-wall region affected by heat losses (z/δL = 1,
bottom) the regions of negative (D) and positive cur-
vature (C) are no longer clearly associated with varia-
tions of the local HRR and both show increased HRR.
This reveals the importance of evaluating the com-

bined effects of heat loss and curvature in FWI.

Fig. 5: Contour plots of HRR in the wall-parallel plane at
distances z/δL = 4 (top) and z/δL = 1 (bottom). Regions
of negative and positive curvature are indicated by the circles
A,D and B,C, respectively.

The combined effects of heat loss and curvature
on HRR and ∆Z are further analyzed in Fig. 6 by
the joint probability density function (PDF) of the lo-
cal HRR and κc (top), and ∆Z and κc (bottom) at
separate levels of ∆h. Values are evaluated on the
representative YCO2 = 0.04 iso-surfaces extracted
from five time instances and sampled in the intervals
of ∆h0 = 0 J/kg, ∆h1 = −1 · 105 ± 5% J/kg,
∆h2 = −3 · 105 ± 5% J/kg. Without heat losses
(∆h0) the expected behaviour is observed - nega-
tive curvatures are associated with an increase in the
local HRR while positive curvatures occur with de-
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Fig. 6: Joint distributions of κc and HRR (top) and ∆Z (bottom) at different levels of enthalpy deficit (∆h0 = 0 J/kg,
∆h1 = −1 · 105 J/kg, ∆h2 = −3 · 105 J/kg) at YCO2

= 0.04. Mean values are indicated by the dashed line.

creased HRR. For ∆Z an identical correlation is ob-
served which is also expected due to the different dif-
fusivities of fuel and oxidizer species. In the cases
of medium and high heat losses (∆h1 and ∆h2) de-
creased HRR and increased ∆Z are observed com-
pared to ∆h0. The correlation between HRR and κc

is inverted, with negative curvatures associated with a
decrease of the local HRR. For ∆Z and κc the pre-
vious trend continues and no inversion occurs. These
trends are more pronounced for high heat losses com-
pared to the medium case. To summarize, differential
diffusion effects on the mixture fraction field increase
in the near-wall region corresponding to higher values
of ∆Z and an unaffected sensitivity on κc. In contrast
to this, HRR is strongly reduced by heat losses and
shows an inverted sensitivity on κc. In laminar SWQ
of methane/air flames, similar behaviour is reported
by Zhang et al. [28], observing a change in the sign of
the correlations between local flame speeds and nor-
malized flame curvature in the region of FWI.

3.3. Local heat release rate and curvature
dependency on quenching events

To better understand the phenomenon of inversing
HRR-curvature correlations in the FWI zone, the in-
fluence of flame quenching on curvatures and HRR is
investigated. Turbulent SWQ quenching occurs in a
multitude of flame orientations spanning a spectrum
between HOQ-like and SWQ-like behaviour [10, 29].
The quenching modes can be classified through the
angle between the flame surface normal vector and the
wall-normal direction at the point of quenching. The
flame orientation is validated in the lateral direction,

such that for each slice in y direction the quenching
mode/angle is defined separately. This is in line with
other experimental [10] and numerical [29] works in
the literature. Figure 7 shows two lateral slices of
a HOQ-like (top) and SWQ-like (bottom) quenching
scenario. The flame is represented by the contours of
HRR = 0.1·HRRmax and YCO2 = 0.04 as blue solid
line and black dashed line, respectively. HRRmax
denotes the global maximum of the observed HRR
values. The intersection of the two contours mark
the quenching point of the flame. Further, two iso-
contours of ∆h are indicated as red and green dot-
ted lines. Looking at the medium and high enthalpy
deficits (∆h1 and ∆h2) one distinct difference be-
tween the HOQ- and SWQ-like quenching becomes
apparent. In the HOQ-like case, the flame burns par-
allel to the wall (at a relatively low wall distance).
Hence, the region of enthalpy loss is distributed over a
wide region at the wall in stream-wise direction x. In
the SWQ-like case, however, the flame shows a more
distinct quenching point, and the region of heat loss to
the wall is limited to a small area in the stream-wise
direction where the flame tip tilts towards the wall.
This quenching shape is similar to the one observed
in a laminar SWQ flame. Figure 8 shows the distribu-
tion of the flame angle evaluated over five time steps
and further averaged over the statistically independent
lateral direction. In the distribution angles between
0◦ and 90◦ are present and a distinct peak around
0◦ can be observed that flattens towards 90◦. In the
following analysis, the flame angles are classified in
HOQ- and SWQ-like events. Following Heinrich et
al. [29], all flame angles smaller than 2◦ are classified
as HOQ-like events that show a parallel reaction front
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Fig. 7: Instances of the two quenching scenarios in a lateral
slice: HOQ (top), SWQ (bottom). Iso-contours of YCO2 =
0.04 (black dashed) and HRR = 0.1 ·HRRmax (blue solid)
indicate the flame surface. Iso-contours of enthalpy deficit
are shown at ∆h1 = −1 ·105 J/kg (red dotted) and ∆h2 =
−3 · 105 J/kg (green dotted).

to the wall, while the other cases are assumed to ex-
hibit SWQ-like behaviour with a distinct quenching
point (see Fig. 7).

Fig. 8: Probability distribution of the flame-wall angle at the
quenching point.

In this section, differences in the local HRR and
curvatures are investigated for HOQ and SWQ events.
Figure 9 shows the PDFs of the local HRR (top) and
curvature κc (mid), and the mean values of the HRR
over κc (bottom). The distributions are evaluated sep-
arately for each quenching scenario, HOQ (left, solid
lines) and SWQ (right, dashed lines) at the two lev-
els of enthalpy deficit ∆h1 and ∆h2. Note that the
data is extracted on the YCO2 = 0.04 iso-surface to
allow the assessment of the flame curvature. In HOQ,
the HRR decreases with increasing heat loss. This is
reflected in the shift of the PDF towards lower values
of the HRR for a higher enthalpy deficit. In the same
manner, the distribution of κc moves to more nega-
tive values with increasing heat loss. The correlation
between HRR and κc shows an inversion of its signs
from negative to positive with increasing heat loss.
In SWQ, a similar shift towards lower HRR with in-
creasing heat loss is observed. The distributions of κc

display a distinct peak around zero and for increasing
heat loss the distribution is broadened towards neg-
ative values. The correlations between HRR and κc

are positive for both enthalpy deficits. Compared to
HOQ, SWQ is associated with lower HRR. The dis-
tributions of curvature differ significantly. HOQ is as-
sociated with higher negative values of curvature and
qualitatively different shapes of the distributions com-
pared to SWQ. Correlations between HRR and κc are
similar for HOQ and SWQ at ∆h2, while at ∆h1 they
are negatively correlated in HOQ and positively cor-
related in SWQ. These differences may explain the
slightly higher HRR observed in HOQ compared to
SWQ at ∆h1. Further, this might indicate that the
onset of the transition from a negative correlation be-
tween HRR and κc to a positive correlation during
FWI is sensitive to the local quenching mode.

Fig. 9: PDFs of local HRR (top) and κc (mid), mean values
of HRR conditioned on ∆h over κc (bottom) in HOQ (left)
and SWQ (right) events.

4. Summary and conclusions

In this work, a fully resolved numerical simulation
of a turbulent premixed DME/air flame in a generic
SWQ configuration is conducted considering finite-
rate chemistry and mixture-averaged diffusion. The
combined effects of curvature and heat loss on the
local HRR and mixture fraction are assessed using
the detailed insights from the numerical data. First,
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the mean flame behaviour is assessed both in the core
flow and the near-wall region that is found to be lim-
ited to a wall distance smaller than two times the lam-
inar flame thickness. In this region, the conditional
mean and averages of mixture fraction and curvature
are strongly affected by the wall. Further, the corre-
lation of the local HRR and curvature is changed in
this region. In the core flow unaffected from enthalpy
losses to the wall, the local HRR and curvature show a
negative correlation, i.e. an increase of the local HRR
with negative curvature, which is in accordance with
the literature. In the near-wall region, however, the
correlation is inverted. The mixture fraction shows
a negative correlation in both regions and only the
mean value is increasing with decreasing enthalpy
loss to the wall. Finally, the impact of the quench-
ing event on the flame behaviour is assessed. There-
fore, a classification in head-on quenching- (reaction
front parallel to the wall) and side-wall quenching-
like behaviour is performed based on the flame an-
gle to the wall. In the head-on quenching-like sce-
nario, the flame quenches at a lower wall distance and
is associated with higher negative values of curvature
compared to the side-wall quenching-like event. Fur-
ther, the correlation of the local heat release and cur-
vature is sensitive to the quenching mode for medium
heat losses to the wall. In contrast, at high heat losses
or at enthalpy levels close to the fully quenched flame,
the correlation between HRR and curvature is not de-
pendent on the quenching mode. The findings dis-
cussed above indicate a strong correlation between
the turbulent flame dynamics and flame-wall interac-
tion that significantly affect the flame behaviour close
to (cold) walls. The correlation of HRR on curvature
was found to be sensitive to heat losses, illustrating
the importance of suitable turbulent combustion mod-
els in the simulation of near-wall flows. While the
current work investigated the effects of the curvature,
future works should evaluate the combined effects of
strain and curvature in turbulent DME/air flames dur-
ing FWI.
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