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1. Numerical model used for simulation
1.1 Laminar premixed Flame

The laminar flame speed and species prediction in burner stabilized premixed flame are
performed by using the mixture average transport model. The mixture average transport model
assumes the same diffusion coefficients for all the species in the flame. For calculating laminar
flame speed freely propagating flame setup is used and for speciation and temperature profile

in burner stabilized flame burner stabilized flame setup is used in LOGEsoft ! which solves



the conservation of momentum equation, conservation of species equation and the

conservation of energy equation. More details can be found on LOGEsoft manual.

Gridding

Minimum discretization size [m] = 1.0e-9

Maximum discretization size [m] = 0.05

Maximum number of grid points per unit curvature = 1.0
Maximum number of grid points per unit gradient = 1.5

Grid smoothness = 0.05

Number of grid points = 301

Maximum number of grid preadaptation during steady state = 4
Solver settings

Maximum number of time steps = 2000

Minimum time step size [s] = 1.0e-10

Maximum time step size [s] = 0.1

Maximum number of full iteration steps = 50

Maximum number of damping levels for converging solution = 10
Maximum number of detailed Newton steps = 20

Relative tolerance limit = 1.0e-6

1.2 Shock Tube (ST)

Shock tubes are modelled as constant volume reactor model with the reflected shock pressure
and temperature used as the initial conditions. The ignition delay time is predicted determined

as per the definition used in the experiment.

Solver settings

Minimum time step size [s] = 1.0E-010
Maximum time step size [s] = 1.0E-003
Final time [s] = 5.0E-002

Initial time [s] = 0.0



Maximum order of bdf method =5

Absolute tolerance limit = 1.0E-010

Relative tolerance limit = 1.0E-008

Maximum number of full iteration = 10

Maximum number of damping levels for converging solution = 3
Maximum number of detailed Newton steps = 20

1.3 Jet Stirred Reactor (JSR)

The species profile data from JSR are compared with the predicted species profile from the
Perfectly Stirred Reactor (PSR) model setup. The PSR model assumes the constant pressure
vessel with inlet and outlet ducts. In the simulation we employed the steady state, constant

temperature condition for all the simulation performed.

Solver settings

Minimum time step size [s] = 1.0E-010

Maximum time step size [s] = 1.0E-003

Final time [s] = 10 * residence time

Initial time [s] = 0.0

Maximum order of bdf method = 5

Absolute tolerance limit = 1.0E-010

Relative tolerance limit = 1.0E-008

Maximum number of full iteration = 10

Maximum number of damping levels for converging solution = 3

Maximum number of detailed Newton steps = 20

1.4 Flow Reactor

The species profile from the variable pressure flow reactor are compared with the predicted

species profile assuming a constant pressure reactor model. The initial conditions are taken



from the experiment. However, the model assumes perfect and instantaneous mixing of the
reactants, which may not be the case during the experiments. As suggested by other authors,
the time at which reaction starts in the experiments is not well defined, and it is reasonable to
shift the predicted species profiles relative to the measured profiles to account for non-idealities
in reaction initiation by various causes. This profile is shifted in time so that the predicted point

corresponding to 50% of the fuel disappearance matches that reported experimentally.

Solver settings

Minimum time step size [s] = 1.0E-010

Maximum time stepsize [s] = 1.0E-003

Final time [s] = 10 * residence time

Initial time [s] = 0.0

Maximum order of bdf method = 5

Absolute tolerance limit = 1.0E-10

Relative tolerance limit = 1.0E-08

Maximum number of full iteration = 10

Maximum number of damping levels for converging solution = 3

Maximum number of detailed Newton steps = 20

. Additional validation for NOx Kinetic model

2.1 Laminar Flame Speed
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Figure S1: Laminar flame speed Comparison between model predictions against experimental
data from literature. Left: NH3/H2-air laminar flame speed at ¢ = 1.0, 1atm and 298 K as function
of hydrogen fraction, symbols experimental data from >*. Right: NH3/NO laminar flame speed at
101 kPa and 298 K as function of equivalence ratio, symbols experimental data from ¢. Line: model

prediction from this work.
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Fig. S2: Laminar flame speed comparison between model prediction against experimental data
Left: NH3/air at 298 K and at different pressure, symbols experiments from °; Right: H2/N20O/N:
at 0.8 atm and 300 K, symbols experiments from , lines model prediction from this work.

2.2 Ienition delay times (Shock Tube)
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Figure S3: Ignition delay times from shock tube experiments in comparison to model predictions
for NH3/O2/Ar blends. Symbols: experiments from 7, dashed lines: model predictions.
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Figure S4: Ignition delay times comparison between model prediction and experimental data for
H2/02/N20/Ar at varying N20O (100 ppm — 3200 ppm) concentration. Symbols: experimental data

from 8. Lines: prediction with current model.
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Figure S5: Ignition delay times comparison between model prediction and experimental data for
H2/N2O/Ar mixture at 2 atm, mixA: N20(2%)/H2(1%)/Ar(97%), mixB: N20(1%)/ H2(1%)
/A1(98%) and mixC: N20(1%)/H2(0.5%)/ Ar(98.5%). Symbols experimental data from °, Lines
model prediction from this work.
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Figure S6: Ignition delay times comparison between model prediction and experimental data for
H2/02/NO2/Ar at varying NO2 (400 ppm and 1600 ppm) concentration. Symbols: experimental
data from '°. Lines: prediction with current model.
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Figure S7: Ignition delay times comparison between model prediction and experimental data for
H2(0.0005)/CO(0.03)/N20(0.01)/Ar. Symbols: experimental data from !!. Lines: prediction with

current model.

2.3 Speciation in jet stirred reactor
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Figure S8: Species profile comparison between model prediction and experimental data for Ha
(0.01)/02/NO (220 ppm)/N2 at 10 atm, ¢ = 0.1 and T = 1.0 s in JSR. Symbols experimental data

from 2, lines: model prediction from this work.
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Figure S9: Species profile comparison between model prediction and experimental data for Ha
(0.01)/02/NO (220 ppm)/N2 at 10 atm, ¢ = 1.0 and T = 1.0 s in JSR. Symbols experimental data
from 2, lines: model prediction from this work.
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Figure S10: Species profile comparison between model prediction and experimental data for Ha
(0.01)/O2/NO (220 ppm)/N2 at 10 atm, ¢ = 1.5 and T = 1.0 s in JSR. Symbols experimental data
from '2, lines: model prediction from this work.
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Figure S11: Species profile comparison between model prediction and experimental data for Ha

(0.01)/O2/NO2 (65 ppm)/N2 at 10 atm, ¢ = 0.5 and T = 1.0 s in JSR. Symbols experimental data
from '2, lines: model prediction from this work.
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Figure S12: Species profile comparison between model prediction and experimental data for Ha

(0.01)/02/NO2 (60 ppm)/N2 at 10 atm, ¢ = 1.0 and T = 1.0 s in JSR. Symbols experimental data
from 2, lines: model prediction from this work.
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Figure S13: Species profile comparison between model prediction and experimental data for

H2/CO/NO (950 ppm)/O2/Nz at 1 atm, ¢ = 1.0 and T = 0.12 s in JSR. Symbols experimental data
from '3, lines: model prediction from this work.
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Figure S14: Figure S13: Species profile comparison between model prediction and experimental

data for H2/CO/NO (1000 ppm)/O2/Nz at 1 atm in JSR. Symbols experimental data from '*, lines:
model prediction from this work.

2.4 Speciation in flow reactor
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Figure S15: Species profile comparison between model prediction and experimental data for Ha
(0.53%)/N20 (1.16%)/NH3 (0.08%)/N2 at 3atm and 995 K in flow reactor. Symbols experimental
data from '#, lines: model prediction from this work. Simulation results are time shifted by 100 ms
to match 50 % of the fuel consumption.
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Figure S16: Speciation of CO/NO/O2/H20/N2 oxidation in flow reactor at 1.05 atm. Symbols:
experimental data from '3; lines: prediction with present model. Mixture number (or set no.) shown
in legend are same in as 1°
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Figure S17: Speciation of CO/NO/O2/H20/N2 oxidation in flow reactor at 1.05 atm. Symbols:

experimental data from '°; lines: prediction with present model. Mixture number (or set no.) shown
in legend are same as in'>.
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Figure S18: Speciation of CO/NO/O2/H20/N2 oxidation in flow reactor at 1.05 atm. Symbols:

experimental data from '°; lines: prediction with present model. NOx = 0 ppm (set 16), NOx = 1514
ppm (set 17 ) as in 1%,

2.4 Speciation in burner stabilized flame
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Figure S19: Species profile comparison between measurements and model prediction at 4.6 kPa
(a), NH3 (0.0340)/H2 (0.1350)/02 (0.7650)/Ar; (b), NH3 (0.017)/H2 (0.1605)/NO (0.017)/02
(0.7565) /Ar premixed flame. Symbols: measurements from !¢, lines: present model prediction.
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Figure S20: Species profile comparison between measurements and model prediction at 4.6 kPa
(a) NHs (0.03)/Hz2 (0.209)/02 (0.127)/Ar (0.634); (b) NH3 (0.015)/H2 (0.2315)/NO (0.015)/02
(0.1195)/Ar (0.6190) premixed flame. Symbols: measurements from '°, lines: present model

prediction.
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Figure S21: Species profile comparison between measurements and model prediction for NH3

(0.461)/NO (0.472)/Ar (0.067) premixed flame at 7.2 kPa. Symbols: measurements from !7, lines:
present model prediction.
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Figure S22: Species profile comparison between experimental data and model prediction.
Symbols: experiments from '8, lines: present model prediction.
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Figure S23: Species profile comparison between experimental data and model prediction for
H2/N2O/Ar low pressure burner stabilized flame at 4.0 kPa. Symbols: experiments from ° | lines:
present model prediction.
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Figure S24: Species profile comparison between experimental data and model prediction for
CO/N20 low pressure burner stabilized flame at 6.66 kPa, ¢ = 1.32. Symbols: experiments from
20 lines: present model prediction.
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Figure S25: Species profile comparison between experimental data and model prediction for
CO/N20 low pressure burner stabilized flame at 6.66 kPa, ¢ = 1.50. Symbols: experiments from
20 lines: present model prediction.

2.5 C1/NOx kinetic model validation
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Figure S26: Ignition delay time comparison between model prediction and experimental data.
Symbols: experimental data from 2!, left (mix 7), right (mix 15) in their work, lines: present model
prediction.
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Figure S27: Species profile comparison between measurements and model prediction for CH4
(0.25%)/02 (5%)/NO (0.02%)/N2 oxidation in JSR at 1 atm, ¢ = 0.land 1=0.12 s. Symbols:
measurements from 22, lines: model prediction from this work.
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Figure S28: Species profile comparison between measurements and model prediction for CH4
(0.25%)/ O2 (5%)/ NO (0.02%)/N2 oxidation in JSR at 1 atm, ¢ = 0.1and t=0.24 s. Symbols:
measurements from 2, lines: model prediction from this work.
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Figure S29: Species profile comparison between measurements and model prediction for CH4
(0.25%)/ O2 (1 %)/ NO (0.02%)/N2 oxidation in JSR at 10 atm, ¢ = 0.5 and t=1.0 s. Symbols:
measurements from 22, lines: model prediction from this work.
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Figure S31: Species profile comparison between measurements and model prediction for CH4
(0.25%)/ O2 (0.5%)/ NO (0.02%)/N2 oxidation in JSR at 10 atm, ¢ =1.0 and t=1.0 s. Symbols:
measurements from 22, lines: model prediction from this work.
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Figure S32: Species profile comparison between measurements and model prediction for HCN
(0.067%)/ O2 (0.2 %)/ H20 (0.02%)/N2 oxidation in JSR at 1 atm and 1=0.12 s. Symbols:

measurements from 2, lines: model prediction from this work.
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Figure S33: Speciation in premixed CH4/O2/N2 flame at p = 5.3 kPa; T = 273.15 K; ¢ = 0.8.
Symbols: measurements from Lamoureux et al. 2016 %, present model prediction imposing
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experimental temperature profile. CN (Right axis).
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Figure S34: Speciation in premixed CH4/O2/N2 flame at p = 5.3 kPa; T = 273.15 K; ¢ = 1.25.
Symbols: measurements from Lamoureux et al. 2016 >, lines: present model prediction imposing
experimental temperature profile. CN (Right axis).

3. H»/CO sub mechanism reaction rate comparison

3.1 Arrhenius Plots of Rate constant

The rate constant comparison of elementary reactions involved in H2/CO system from different
authors are shown below. The solid blue line represents the proposed rate constant by Baulch
et.al. ° whereas the blue dash line represents the lower uncertainty limit and blue dot line
represents the upper uncertainty limit suggested by . In the plots where Baulch et.al.? rate
constant are not presented are the reactions that are not reviewed by them. The solid red line
is the rate constant that is used in our work. Symbols represents the rate constant from other
authors : Warnatz et.al.?® (2006), cyan filled circle; Kéromnés et.al.?’ (2013), red filled triangle;
Peters et.al.?® (1993), pink filled square; NIST? , yellow filled square; San Diego (2014) 3°,

green filled square; Starik et.al.(2010) 3!, black open square; Konnov (2008)2, black half-



filled circle; Vagra et.al. (2016) ¥, dark green open up triangle; Hong et.al. (2010, 2011,
2013)**3¢ dark red half-filled diamond, Mueller et.al. (1999) ¥, dark yellow open down
triangle; Burke et.al. (2012, 2013) 383°  dark pink open star; Li et.al. (2015)*, blue open star;
Sun et.al. (2007) *!, red open up triangle; Li et.al. (2007) **, dark red crossed square; Davis
et.al. (2005) **, blue open circle; Troe (2011) *, red plus. Reaction rate constant from different

authors which are presented in Arrhenius plots can be found in kinetic scheme.
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Figure S3.1: Rate constant comparison of reaction R1: O2+H=0OH+O from different
authors.
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Figure S3.2: Rate constant comparison of reaction R2: O+H>=H+OH from different authors.
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Figure S3.3: Rate constant comparison of reaction R3: OH+H>=H+H20 from different authors.
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Figure S3.4: Rate constant comparison of reaction R4: OH+OH=H20+0 from different authors.
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Figure S3.5: Rate constant comparison of reaction R5: H+H (+M) =H2 (+M) from different
authors.
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Figure S3.8: Rate constant comparison of reaction R8: H+OH (+M) =H:20 (+M) from different
authors.
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Figure S3.9: Rate constant comparison of reaction R9: H+O2 (+M) =HO:2 (+M) from different
authors.
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Figure S3.11: Rate constant comparison of reaction R11: H+tHO2> =OH+OH from different
authors.
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Figure S3.12: Rate constant comparison of reaction R12: O+HO2 =OH+O: from different
authors.
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Figure S3.13: Rate constant comparison of reaction R13: HO>+OH=H:0+0:2 from different
authors.
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Figure S3.14: Rate constant comparison of reaction R14: HO>+ HO>=H202+02 from different

authors.
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Figure S3.15: Rate constant comparison of reaction R15: H202 (+M) =OH+OH from different

authors.
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Figure S3.16: Rate constant comparison of reaction R16: H2O>+H =H20+OH from different
authors.
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Figure S3.17: Rate constant comparison of reaction R17: H202+H =H2+HO: from different
authors.
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Figure S3.18: Rate constant comparison of reaction R18: H202+O =OH+HO: from different
authors.
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Figure S3.19: Rate constant comparison of reaction R19: H202+OH =H20-+HO: from different
authors.
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Figure S3.20: Rate constant comparison of reaction R21: CO+02 =CO2+0 from different

authors.
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Figure S3.21: Rate constant comparison of reaction R22: CO+OH =CO:+H from different
authors.
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Figure S3.22: Rate constant comparison of reaction R23: CO+HO2 =CO2+OH from different
authors.
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Figure S3.23: Rate constant comparison of reaction R24: HCO (+M) =H+CO (+M) from different
authors.
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Figure S3.24: Rate constant comparison of reaction R25: HCO+0O2 =CO+HO: from different

authors.
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Figure S3.25: Rate constant comparison of reaction R26: HCO+H =CO+H: from different

authors.
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Figure S3.26: Rate constant comparison of reaction R27: HCO+O =CO+OH from different
authors.
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Figure S3.27: Rate constant comparison of reaction R28: HCO+O =CO:+H from different
authors.
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Figure S3.28: Rate constant comparison of reaction R29: HCO+OH =CO+H:20 from different
authors.
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Figure S3.29: Rate constant comparison of reaction R30: HCO+HO2 =>CO>+H+OH from
different authors.
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Figure S3.30: Rate constant comparison of reaction R31: HCO+HCO =>H>+CO+CO from
different authors.
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