Acetone oxidation: Novel approach
to shock tube species measurement
Heiko Minwegen, Ajoy Ramalingam, Karl Alexander Heufer
Physico-Chemical Fundamentals of Combustion

Sampling System

Introduction
▪

Acetone is important as an intermediate during combustion of
fuels in general and FSC relevant fuels like e.g. 3-methylbutanone in particular
Helpful for better understanding the impact of the carbonyl
group to the combustion chemistry
A novel sampling system attached to a shock tube is used to
investigate the pyrolysis and oxidation of acetone at elevated
pressures
Long ignition delay times measured and compared to results
from Davidson et al. [1]
Sensitive reactions for both, the oxidation and the pyrolysis
are identified

▪

▪
▪

Results – Oxidation speciation

Results – Pyrolysis speciation
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▪

Oxidation of acetone at 20 bar, Ф=1, 95% Ar, 1100 K at
ignition delay times around 8 ms

▪

Effective volume simulations performed with NUIGMech1.0 [2]

Sensitivity analysis

Conclusions
Oxidat ion
Pyrolysis

CH2CO+ O2= > CO+ HCO+ OH
CH3+ HO2< = > CH3O+ OH
CH3+ O2< = > CH2O+ OH
CH3COCH3< = > CH3+ CH3CO
H+ O2< = > O+ OH
CH3+ CH3O2< = > 2CH3O
CH3COCH3+ HO2< = > CH3COCH2+ H2O2
CH2CO+ O2= > CH2O+ CO2
CH3+ CH3COCH3< = > CH3COCH2+ CH4
CH2O+ CH3< = > CH4+ HCO
CH2O+ HO2< = > H2O2+ HCO
CH3COCH3+ H< = > CH3COCH2+ H2
CH4+ O2< = > CH3+ HO2
2CH3(+ M)< = > C2H6(+ M)
0.4

Pyrolysis at 10 bar (open symbols) and 40 bar of 0.5%
acetone in Ar show similar trends
For pyrolysis time dependency sampling at different times of
experimental progress

0.2

0.0
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▪

NUIGMech1.0
▪ Qualitatively captures trends
▪ Underpredicts consumption of acetone and formation of CH4
▪ Overpredicts IDTs within 40%
▪ Reactions connected to methyl chemistry sensitive for
pyrolysis and oxidation conditions
▪ Unimolecular decomposition and H-atom abstraction by CH3
most sensitive reactions during pyrolysis and oxidation of
acetone
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Introduction

There is a wide diversity in the range of jet flames, ranging from those in
burners, furnaces and engine with little cross flow of air, to those in which either
the fuel jet, or the cross flow, can be large enough to lead to flame extinction.
Here interests focus on hydrogen jet flames and more complex air flows, such as
those with a cross flow of air normal to the fuel flow, practical examples like
domestic burner and flaring. The reaction rate of the jet flame initially is
increased by the air flow, but subsequently it sharply diminishes, due to
excessive air dilution and turbulence strain. These and other flame/air
geometries have been studied in detail computationally in the present work.

Objectives

Map the variety of hydrogen jet flame/air interactions in different regimes
using CFD;
 Develop a more complete understanding of the diverse regimes of
hydrogen jet combustion.


Numerical Setup

A Smagorinsky–based Large Eddy Simulation (LES) approach was employed
to resolve the largest structures in the flow field, and account for sub-grid scale
eddies using appropriate models. The turbulence and premixed combustion
interaction was represented using a flamelet concept. Flamelet Generated
Manifold (FGM) model assumes that the scalar evolution in a turbulent flame is
that of a laminar flame. Indeed, due to the high diffusivity of hydrogen
molecules, premixed flamelets are recommended whatever velocities for
hydrogen jet flames in cross flow. All the governing equations together with
transport equations for mass, momentum, total energy and a reaction progress
variable were discretized and solved simultaneously using the commercial code
ANSYS Fluent ver. 19.0 [6].
The 3D computational domain has a dimension of 2.2 m x 1.44 m x 0.2 m
in L×H×W. Figure 1 shows that the fuel nozzle (cylindrical tube) sits in an upright
position on the floor. The nozzle has a height of 0.1 m with inner/outer diameter
1 m and 0.012 m. It consists of ~1.5 million unstructured hexahedral/tetrahedral
cells, was constructed using the mesh generator ICEM CFD. The grid size varies
from 0.5 mm (the core region and near nozzle) to 5 mm (the rest of domain).

Background

Hydrogen offer a CO2-free fuel to replace fossil fuel and ensure energy and
transportation sector to achieve carbon neutral target by 2050. Here interests
focus on hydrogen jet flames. The hydrogen flaring, to be successful, must have
the following important features: it must be a practical process, achieve high
enough burn rates and be able to survive quenching in atmospheric cross-winds.
For that, hydrogen jet flames in cross-winds must be studied in detail. There are
indeed very few data related to hydrogen lifted jet flames in cross flows in
contrary to hydrocarbon fuels. The laminar and turbulent hydrogen jet flames in
still air have been widely studied [1]. Structure and stabilization of hydrogen jet
flames in cross-flows has been investigated using PIV and PLIF [2].
The flamelet concept treats the turbulent flame as an aggregate of thin,
stretched, laminar, locally one-dimensional structures, called flamelet, embedded
in a turbulent flow and interacting with it [3]. It has been applied more widely for
methane/propane jet flames in cross flows [4] and hydrogen jet flame in co-flows
[5]. It is worthwhile to apply flamelet concept for hydrogen jet in cross flows in
the present work.

Results

b)
a)
Figure 2. a) Hydrogen-air premixed flamelet library predicted by Chemkin-Pro [7],
heat release rate as a function of progress variable at various strain rates for =0.5 at
aspherical conditions, b) velocity vectors and iso-surface (1000 K) for Case 2.

Figure 1. The computational domain around fuel nozzle.

e)

Table 1. Variation of Cross-wind/ Fuel velocities, Reynolds number, Rec
and dimensionless flow number U* for different cases.

Case 1
Case 2
Case 3
Case 4
𝑅𝑒 =

Reference

𝜌

Air, m/s

Fuel, m/s

Rec

U*

0.1
5
10
20

0.2
10
20
20

79.6
3980
7960
15920

0.0063
0.0313
0.063
0.063

𝑈

𝐷
𝜇

𝑈∗ =

𝑈
𝑆,

𝛿

Figure 3. Fully developed temperature fields for a) Case 1, b) Case 2, c) Case 3, d) Case 4,
e) modified jet flames regimes [8], in terms of U* and Rec, with the present hydrogen jet
flame work from Cases 3&4 indicated by solid filled circle and diamond , respectively.

Conclusion

.
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 A flamelet library for premixed hydrogen-air mixtures was generated using
opposed flame reactor. The heat release rate of rick mixture was less sensitive
to the strain rate compared to the lean mixtures.
 Iso-surface of temperature showed that the cross wind pushes the flame
towards the downstream size of burner, but still attached to the rim. When rimlocated, two things happened: either it did blow-off or form a wake flame as
increase the fuel flow.
 The rim thickness is crucial in stabilized hydrogen jet flames as the thicker
tube has greater stability than a thinner tube as revealed in this study. As crosswind speed increases, the flame eventually leaves onside, and just leaving by
tenuously.
 3D models of this report have shown their limitations; different results have
been obtained, with unexpected unrealistic lift-off distance in one case. Further
research is necessary to improve them, with finer modelling and with
experiments.
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1. Context and motivation

2. The investigated case

Aviation pollutant emissions call for electrification of engines. The on-board availability of electric power
can be useful in the combustion process. Although studies show a clear effect of electrostatic fields on
flame behavior, chemical effects have yet to reach a high level of understanding. Therefore, a reactive
Molecular Dynamics (MD) study on n-dodecane combustion under externally applied electric fields has
been performed. n-Dodecane was selected as a jet fuel surrogate for aviation fuels.

Simulation setup:

Objectives

•
•
•
•
•
•

Tequilibration = 1000 K
NVT ensemble, tdump = 100 fs
ReaxFF_CHO_2016 from Ref. [1]
0.3 bond order cutoff
10 simulations per condition
Run time for 10 ns with dt = 0.1 fs

Two well known charge equilibration methods (QEq and QTPIE) are evaluated
pointing the importance of the correct treatment of charge transfers
(ii) Atomic charges are compared with DFT computations
(iii) Additionally, reaction kinetics are investigated revealing complex phenomena related
to the species, electric field strength, temperature and density of the system

Effective electronegativity: 𝜒𝑒𝑓𝑓,𝑖 =

Charge Equilibration (QEq) method[3] → minimization of electrostatic energy 𝐸 𝒒 :

Electrostatic force: 𝐹𝑖 = 𝑞𝑖 𝓔

𝐸 𝒒 =

𝜒𝑖 𝑞𝑖 +

𝜂𝑖 𝑞𝑖2

+ σ𝑁
𝑗=𝑖+1 Tap

𝑟𝑖𝑗 𝑘𝑐

𝑞𝑖 𝑞𝑗
3 +𝛾 −3
𝑟𝑖𝑗
𝑖𝑗

1/3

Charge Transfer with Polarization Current Equalization (QTPIE) method[4]
modification:
Effective electronegativity 𝜒𝑒𝑓𝑓,𝑖 =

Internal electric potential: Φ𝑖𝑛𝑡,𝑗 =

σ ′ 𝑆𝑖𝑗′
𝑗

Studied configuration for 𝜌 = 250 mol/m3

polarization

σ𝑗(𝜒𝑖 −𝜒𝑗 +𝒓𝑗 ⋅𝓔)𝑆𝑖𝑗

− 𝒓𝑖 ⋅ 𝓔

𝑞𝑖
σ𝑖≠𝑗 Tap(𝑟𝑖𝑗 )𝑘𝑐 3 −3 1/3
(𝑟𝑖𝑗 +𝛾𝑖𝑗 )

Internal electric field:
ℰ𝑖𝑛𝑡,𝑗 = −∇Φ𝑖𝑛𝑡,𝑗 = σ𝑖≠𝑗 𝑘𝑐

𝑑Tap(𝑟𝑖𝑗 )
𝑑𝑟𝑖𝑗

σ𝑗(𝜒𝑖 −𝜒𝑗 )𝑆𝑖𝑗

2
𝑟𝑖𝑗

𝑞𝑖
− Tap(𝑟𝑖𝑗 ) 3 −3 3 −3 1/3 𝒆ො 𝑖𝑗
𝑟𝑖𝑗 +𝛾𝑖𝑗 (𝑟𝑖𝑗 +𝛾𝑖𝑗 )

σ ′ 𝑆𝑖𝑗′
𝑗

The Gaussian types orbitals (GTO) were used for the overlap integrals

4. Charge distribution

Internal electric field of n-dodecane molecule
under a 0.2 V/Å external electric field

Comparison of QEq and QTPIE charges with Density
Functional Theory (DFT):

Polarization with QTPIE method:

Domain charges:

Small differences between QEq
and QTPIE method exist due to:
Polarization follows the direction of the
electric field creating instantaneous dipoles

•

the overlap integral Sij to
shield the charge transfers
in the QTPIE method

•

the use of the same ReaxFF
parameters, which was
calibrated with EEM

Atomic ids and orientation of n-dodecane molecule

ℰ=0

Periodic
boundaries

3.2 Modelling of electric field

ReaxFF[2]: 𝐸system = 𝐸bond + 𝐸over + 𝐸under + 𝐸val + 𝐸tor + 𝐸vdWaals + 𝐸Coulomb + 𝐸extra
σ𝑁
𝑖=1

555 O2

Simulated conditions
quantity
Investigated conditions
1800, 2100, 2400
𝑇 [K]
250, 150
𝜌 [mol/m3]
ℰ [V/Å]
0, 10−7 , 10−6 , 10−5 , 10−4 , 10−3 , 10−2 , 10−1 , 2 × 10−1

(i)

3.1 Theory and numerical methodology

30 C12H26

ℰ = 0.2 𝑒Ƹ𝑧 [V/Å]
QEq,
ℰ=0
ℰ = 0.2 𝑒Ƹ𝑧 [V/Å]

QTPIE
ℰ = 10−2 𝑒Ƹ𝑥

V
Å

QTPIE
ℰ = 0.1 𝑒Ƹ𝑥

V
Å

QTPIE
ℰ = 0.2 𝑒Ƹ𝑥

V
Å

mol/m3;

Domain charge distribution for = 250
all O atoms form O2 molecules and all C
and H atoms belong to n-C12H26 molecules
Note the y-axis scaling difference between the two charge equilibration methods

ℰ = 0.2 𝑒Ƹ𝑥 [V/Å]

ℰ = 0.2 𝑒Ƹ𝑥 [V/Å]

n-Dodecane pyrolysis mechanism

5. Kinetics

QTPIE
ℰ=0

Ongoing work

Species concentration time evolution at 2100 K and 250 mol/m3

• DFT computations with electric
fields to evaluate molecule
polarization
• Kinetic theory analysis
(translational, rotational,
vibrational components) to find
the principal cause of changes
• Collision theory analysis: link
between reaction rates and
collision count
Fuel (left) and oxidizer (right) consumption rate constants

Initiation time of key species at 2100 K and 250 mol/m3

Effects compared to the no electric field case:
o 2100 K, 250 mol/m3
▪ At low 𝓔: k([C12H26]) slightly increases
k([O2]) remains unaffected
▪ At high 𝓔: k([C12H26 ]) decreases
k([O2]) highly increases
o 2400 K, 250 mol/m3
▪ At low 𝓔: k([C12H26]) unaffected (oxidation is already accelerated)
k([O2]) initial slight increase, then slight decrease
▪ At high 𝓔: similar trend to 2100 K
o 1800 K, 250 mol/m3
▪ At low 𝓔: k([C12H26]) slight decrease
k([O2]) remains unaffected
▪ At high 𝓔: k([C12H26]) decrease
k([O2]) decrease (due to lack of products to react with)
o 2100 K, 150 mol/m3
▪ At low 𝓔: k([C12H26]) subtle increase
k([O2]) remains unaffected
▪ At high 𝓔: k([C12H26]) decrease
k([O2]) increase (but very high confidence intervals)

No effect of ℰ on the initial stage of combustion (initiation time of
fuel and oxidizer), however clear effect on products

Nudge Elastic Band (NEB) with Climbing Image (CI) computations
C-C 𝛽-scission reaction enthalpies (kcal/mol) with no electric field
NEB
Ref. [5]
Reaction
n-C12H26 → n-C11H23 + n-CH3
81.14
86.52
n-C12H26 → n-C10H21 + n-C2H5
76.06
86.28
n-C12H26 → n-C9H19 + n-C3H7
76.90
87.48
n-C12H26 → n-C8H17 + n-C4H9
76.00
87.24
n-C12H26 → n-C7H15 + n-C5H11
76.36
87.48
n-C12H26 → 2 n-C6H13
76.14
87.48

Ref. [6]
81.78, 88.93
77.66, 85.97
77.22, 85.59
77.64, 85.44
77.07, 84.56
77.03, 84.34

H abstraction reaction enthalpies (kcal/mol) with no electric field
NEB
Ref. [5]
Reaction
n-C12H26 → n-CH3(CH2)10CH2 + H [H13]
93.86
99.90𝛼
n-C12H26 → n-CH3(CH2)10CH2 + H [H14]
94.46
99.90𝛼
n-C12H26 → n-CH3(CH2)9CH∙CH3 + H
87.62
97.04
n-C12H26 → n-CH3(CH2)8CH∙CH2CH3 + H
88.50
97.28
n-C12H26 → n-CH3(CH2)7CH∙(CH2)2CH3 + H
87.37
97.28
n-C12H26 → n-CH3(CH2)6CH∙(CH2)3CH3 + H
87.88
97.28
n-C12H26 → n-CH3(CH2)5CH∙(CH2)4CH3 + H
87.68
97.28

Ref. [6]
98.57, 101.55𝛼
98.57, 101.55𝛼
94.28, 97.38
94.26, 97.19
93.75, 96.74
93.80, 96.60
94.28, 97.14

𝛼A

single value is reported for C-H bond scission of the methyl group

6. Conclusions
Charge distribution:
• Atomic charges of an isolated n-dodecane molecule with both QEq and QTPIE charge equilibration methods and the
ReaxFF_CHO_2016 are in good agreement with certain DFT results (more research is required to select the most accurate DFT
method for charge distribution)
• QTPIE method can successfully shield charge transfers compared to the QEq method which performs long-range interactions,
thus is more suitable in the study of electrostatic fields in gas phase reactive flows
Reaction kinetics:
• The electric fields directly influence the time evolution of hydrocarbons and oxygen compounds
• Different trends are observed for different temperatures and densities of the system under the same electric fields
• On going research is being carried out to find the root cause of the differences

NEB computations performed for all reactions with electric fields of ℰ =
0.01, 0.05, 0.1, 0.2 V/Å at directions of eො 𝑥 , −ොe𝑥 , eො 𝑦 , −ොe𝑦 , eො 𝑧 , −ොe𝑧 for the
conformation given in 4. charge distribution section showed no influence
on the Minimum Energy Paths (MEP) of any reaction

n-Dodecane pyrolysis reactions

Dashed line for JetSurf2.0 [7] and dotted line for CaltechMech [8] mechanisms
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INTRODUCTION

OPTIMIZATION OF ENERGY DISTRIBUTION IN
Nanosecond-Pulsed High-Frequency Discharge Ignition
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EXPERIMENTAL SETUP

Nanosecond Pulsed High Frequency
Discharge (NPHFD) plasma:
• Probable optimal method for ignition
in high-speed flows (high turbulence,
1,2
short residence times)

CONSTANT N, DIFFERENT Epp
How does the Epp affect the coupling regimes and MIP?

This plasma allows to control:
• Number of pulses (N)
• Inter-pulse time (IPT)
• Energy per pulse (Epp)
Some other parameters:
• Total energy (E) – defined as Epp · N
• Total time (T) – defined as IPT · N
• Average power (AP) – defined as E/T

Experimental conditions:
Flow velocity: 4 m/s | Equivalence ratio: 0.6 | Inter-electrode gap: 2 mm

CONSTANT T & E, DIFFERENT N & Epp

Main conclusions:
• IPT is the driving mechanism for ignition probability. For a given E and T: low Epp  high N  short IPT  high ignitability
• Higher AP does not necessarily result in higher ignition probability  it is all a matter of inter-pulse coupling

ACKNOWELEDGEMENTS

Main conclusions:
• The partially-coupled regime (valley at intermediate
IPT) can be narrowed and even canceled at high Epp
• Low Epp allow to ignite with less power
COMBUSTION AND
DIAGNOSTICS LABORATORY

Is it possible to optimize the energy distribution (through N and Epp) for a fixed T and E? How does AP influence?
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Semi implicit solver for high fidelity LES/DNS
solutions of reacting flows
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Perfectly Stirred Reactor N-heptane
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A semi-implicit/point-implicit stiff solver (ODEPIM)
for integrating chemistry in context of high fidelity
LES/DNS simulations is presented. An overview of the
algorithm and its numerical formulation is discussed.
The solver is compared against state-of-the-art multiorder implicit solver (CVODE) in terms of accuracy and
cost. It was found that for typical LES/DNS timestep
sizes ODEPIM was about one order faster than CVODE,
which makes it a compelling alternative. ODEPIM,
as mentioned in the literature depends on a fixed subtimestep to do the integration, a modification to determine the sub-timestep size is proposed making the solver
dynamic and enabling greater speedup. A triple flame
case is solved using the reference and modified ODEPIM solvers and is compared against the solution obtained from CVODE. Number of iterations of the dynamic ODEPIM method were found to correlate to the
most reacting regions in the flame indicating the use of
the largest permissible timestep size.

Temperature [K]

Abstract

Odepim: Typical timestep

• Case
–
–
–
–

Parameters:
Stichiometeric N-Heptane/Air
Temperature - 1200 [K], 900 [k]
Pressure - 16 bar
Mechanism - Skeletal N-Heptane
[1] (188 species, 1719 reactions)

• Low Mach solver with
Strang Splitting [2]
• ODEPIM Tolerance = 10−5
• Key Variables - Dynamic ODEPIM
YOH , Temperature

Triple Flame CH4 - Air [3]

Typical LES ti estep
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Triple Flame - Results
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+/−
ωY k

Yk - species mass fraction |
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Tailoring the temperature sensitivity for shockless explosion combustion (SEC)
application by blending dimethyl ether and dimethoxymethane
J. Vinkeloe, A. M. Altenbuchner, L. Zander, N. Djordjevic

Motivation
A generic hotspot
with temperature
gradient causes
a reaction wave

Reduce the
temperature sensitivity
by blending fuels

Reaction wave
propagation Temperature
velocity
gradient

T

NTC: Negative
temperature
coefficient behavior

NTC

Fuel candidates:
Dimethyl ether
(DME)
&
Dimethoxymethane
(DMM)

log τ

Possible results: p
Inhomogeneous
ignition and
detonation
formation

Temperature sensitivity
of ignition delay times
1/T

Measurement of ignition delay times in high-pressure shock tube

I

no NTC

Pure fuels (DME, DMM)

III

Fuel blends (DME + DMM)
Shock tube method has an intrinsic
scatter of measurement conditions

IV

Temperature sensitivities
of ignition delay times
Postprocessing is necessary to
study temperature sensitivities
Data point correction to nominal pressure
using 0-D numerical simulations
Arrhenius-type correlations
log τ

1/T

Curve-fit in several overlapping
temperature windows

Best acuarcy
Jacobs et al. mechanism

II

Iterative optimization of fuel blend ratio
The absolute temperature sensititivity
should be reduced over a wide
temperature range (800-900 K)

Numerically optimized blending ratios
for measurement conditions

Optimization target: Min F
Stoichiometric conditions
Objective funtion evaluation: 0-D simulations of ignition delay times (stepsize 2 K)

Fuel blends of DME and DMM reduce
the absolute temperature sensitivity
of ignition delay times

Optimization procedure using a combination of quadratic interpolation method
and golden section search

Effect of pressure and equivalence ratio on optimal blending ratio
Increasing pressure reduces
the temperature sensitivity

Lean mixtures exhibit higher
temperature sensitivities

For pressures between 15
and 30 bar optimal blending
ratio is between 51 and 52%
DME fuel fraction

The equivalence ratio has a
strong effect on optimal
blending ratio

The same premixed fuel
blend could be used for a
wide pressure range

If the fuel stratification
approach is employed in
SEC, real-time fuel tailoring
should be considered

Fuel blends of DME and DMM reduce the absolute temperature sensitivity
of ignition delay times in a temperature range between 800 and 900 K
Johann Vinkeloe,

Email: johann.vinkeloe@tu-berlin.de

THE EFFECT OF GEOMETRY ON THERMOACUSTIC INSTABILITIES IN SLENDER MICROCHANNELS
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Problem Description
Propagation of a two-dimensional laminar flame in a Heleshaw cell:
Planar ignition

Governing Equations

Symbols

𝜕𝜌
+ 𝛻 ⋅ 𝜌𝒗
𝜕𝑡
𝜕
𝜌𝒗 + 𝛻 ⋅
𝜕𝑡
𝜕
𝜌𝐸 + 𝛻 ⋅
𝜕𝑡
𝜕
𝜌𝑌𝑖 + 𝛻 ⋅
𝜕𝑡

𝑏 ≡ effective heat transfer coefficient
𝑐𝑖 ≡ concentration of species 𝑖
𝐷 ≡ mass diffusivity coefficient
Le ≡ effective Lewis number of the mixture
𝑛 ≡ Normal direction to the wall
𝑝𝑎 ≡ atmospheric pressure
𝑠𝑓 ≡ laminar flame speed
𝑠𝐿 ≡ reference (planar) laminar flame speed
𝑇𝑎 ≡ atmospheric temperatura
𝑥𝑓 ≡ flame position
𝑥𝑡 ≡ symmetric−to−non−symmetric transition distance
𝛿𝑇 ≡ flame thermal thickness

𝑝 = 𝜌𝑅𝑔 𝑇,
𝜔 =𝐵⋅𝑒

𝐸
−𝑅 𝑎𝑇
𝑔

=0
𝜌𝒗⨂𝒗 = 𝛻𝑝 + 𝛻 ⋅ 𝝉
𝜌E𝒗 = −𝛻 ⋅ 𝑝𝒗 + 𝛻 ⋅ 𝝉 ⋅ 𝒗 − 𝛻 ⋅ 𝒒 + 𝑞𝑐𝑜𝑚𝑏
𝜌𝑣𝑌𝑖 = 𝛻 ⋅ 𝜌𝐷𝛻𝑌𝑖 + 𝜈𝑖 𝑀𝑖 𝜔,
𝑘=𝑘 𝑇 ,

𝜇=𝜇 𝑇 ,

𝑓𝑜𝑟 𝑖 ≡ 𝐹, 𝑂2
𝐷 = 𝐷(𝑇)

⋅ 𝑐𝐹 ⋅ 𝑐𝑂2

Behavior of the flame front during its propagation

The effect of channel width

The effect of heat losses through the wall

(𝑳 = 𝟖𝟎𝟎𝜹𝑻 , 𝑾 = 𝟑𝟓𝜹𝑻 )

(𝑳 = 𝟖𝟎𝟎𝜹𝑻 )

(𝑳 = 𝟖𝟎𝟎𝜹𝑻 , 𝑾 = 𝟑𝟎𝜹𝑻 )

𝑤
= 30
𝛿𝑇

𝑤
= 40
𝛿𝑇

𝑤
= 50
𝛿𝑇

𝑤
= 60
𝛿𝑇

𝑤
= 80
𝛿𝑇

𝑤
= 110
𝛿𝑇

𝑏 → ∞ (Isothermal)
y/𝛿𝑇

𝑤
= 20
𝛿𝑇

𝑏 = 0.01
𝑏 = 0 (Adiabatic)
𝑥/𝛿𝑇

Temperature contours at 𝑡𝑠𝐿 /𝐿 = 0.30.

The effect of the Lewis number

Time history of the pressure at the end wall.

(𝑳 = 𝟖𝟎𝟎𝜹𝑻 , 𝑾 = 𝟒𝟎𝜹𝑻 )

y/𝛿𝑇

𝑡𝑠𝐿 /𝐿 = 0.17
𝑡𝑠𝐿 /𝐿 = 0.30
𝑡𝑠𝐿 /𝐿 = 0.44
𝑥/𝛿𝑇

Temperature contours for 𝐿𝑒 = 1

Evolution of the flame propagation speed with flame mean position.

𝑡𝑠𝐿 /𝐿 = 0.07
y/𝛿𝑇

Time histories of the pressure at the end wall, mean flame position and flame propagation speed
for several channel widths.

𝑡𝑠𝐿 /𝐿 = 0.16

y/𝛿𝑇

𝑡𝑠𝐿 /𝐿 = 0.20
𝑥/𝛿𝑇

Temperature contours for 𝐿𝑒 = 0.7

y/𝛿𝑇

𝑥/𝛿𝑇

Conclusions

Temperature contours at the different flow regimes.

𝑥/𝛿𝑇

𝑤/𝛿𝑇

Superposition of reaction rates at the different flow regimes.

Symmetric-to-non-symmetric transition length covered as a function of the channel width.

• For a fixed channel length, the channel width plays a crucial role in the flame dynamics:
• Responsible of amplifying/attenuating acoustic instabilities.
• Triggers the symmetric-to-non-symmetric transition.
• Heat losses through the wall inhibit transition to non-symmetric flames (stabilizing effect).
• Decreasing Le numbers increases the stability of symmetric flames despite having a
destabilizing effect (thermo-diffusive instability).

