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Introduction The investigated reaction mechanisms
 The combustion of syngas may produce nitrogen | | = The details of the investigated reaction mechanisms:
OXId?S (NO,). Thg envwon_mgntal effects of I\.IOX Authors Name used here Year Reactions Species
require the detailed description of the chemical
reactions of NO, species in such systems. Zhang et al. [1] Zhang_2017 2017 262 44
Recenﬂy, Zhang et al. [1] pub“shed a new Glarborg et al. [2] Glarborg_2018 2018 1639 153
reaction mechanism that describes the Song et al. [3] POLIMI 2018 2018 2361 153

combustion of hydrogen and syngas doped with
NO, species. The mechanism was tested by || The Zhang_2017 mechanism was created to describe the syngas/NO, combustion.

Zhang et al. [1] against a large set Of | |. The Glarborg 2018 mechanism describes the combustion of light hydrocarbons (mostly CH,), the NO,
experimental data. formation and consumption during combustion (in all known ways) and it can also model the different NO,

In this work we investigate the performance of the removal methods.

Zhang et al. [1] mechanism and also two other | | . The POLIMI_2018 is a mechanism for the combustion of hydrocarbon fuels up to 24 C-atoms, coupled
recently published mechanisms [2], [3] that can with NO, reactions. For this work we removed the reactions that contained C-species except CO,
also describe NO,/syngas combustion. The CO, and HCO and we added an excited OH submechanism from the optimized syngas mechanism of
experimental data used here are almost the same Varga et al. [4]. With the latter modification we were able to simulate the shock tube experiments in which
as those used by Zhang et al. [1]. the ignition delay time was defined via the OH* fluorescence signal.

Experimental data Performance of the mechanisms The effect of HOCO chemistry
« 23 experimental articles were used In the | |+« Simulation results were plotted together with the JUntil now, most syngas combustion mechanisms
simulations: experimetal data to make the comparison easier. nave not contained HOCO chemistry (see [4],
Apparatus Meas. quant. Ds./Dp.| Mixture Ref. : : 31]) However, the investigated mechanisms
- In most cases the simulations reproduced the - . .
ST c—te 4/39 H,/O,IN, 5] . . contain such reactions:
< t R0 Co/n o experimental data well and the various
c—t¢ r . . . . . 1ol
< . ees oA S mechanisms provided similar results despite Zhang_2017 Clarborg 2018 POLIMI_2018 (original)
/] . : : i 1 ' 2 '
| e - their different development history and the > reactions > [eactions reactons
ST? IDT 12/101 H,/O,/NLO/Ar 8 _ | h FR b
<o o 226 OO NA I different rate parameters. Examples are the measurements by
i ol Rasmussen et al. [23]:
ST DT’ 2120 H(O)IN,O/A  [10 Two examples can Dbe seen here (FR || TeSTHSSEN =R 129
STa DT 16 H,/N, O/Ar 11 measurements by Glarborg et al. [24]):
ST DT 3/152 H/N,O/Ar 12 i chr e e e
ST IDT 6/82 H,/N,O/Ar 13] oo [T ,L_LLL | : 5
2 11111 NS - |
ST2 IDT 4146 H,/N,O/Ar [14] £ - Y £ 5“"-_J No NPT 1Ll L 2
ST IDT 3/27 H,/N,O/Ar 15] o S s o "pm"'l' WESTE e gy W om s L W
STa DTt 2190 H,/N,O/Ar 16 G [0 S el roumims => Elimination of HOCO reactions
STe IDT! 2/33 H,/CO/N,O/Ar 17] N N = significantly changed the Zhang 2017
STa DT 12/103 NH/O,/Ar 18] N S MevyveY - Ty and the Glarborg 2018 results in high
ST c-T¢ 2/11 Ho/N,O/Ar 14 | ok /K o pressure experiments (p > 20 bar), but did
JSR® c-T9 78/945 H2/0,/NOIN, 19] X Some of the experimental data could not be not change the POLIMI_2018 results.
JSR® c-T¢ 9/87 H,/CO/O/NO/N,  [20] well reproduced by the mechanisms. For . .
i o H r lons shoul nsider
FR c-T¢ 6/54 H,/0,/N, 21] example, the Javoy et al. [6] ST measurements reofocc):luizm t(r)wes Shi O# c tr)gs(;(l)ﬂz dg end ;(s)
FR® T 420 2N, 22 were not reproduced well at high initial N,O coF;nbustion ox erirﬁents yny
FRe c-T9 15/195 COMOANOM, — [23 concentrations by any of the mechanisms: P
FR® C_Tg 23/334 CO/OZ/HZO/NOX/NZ 24 107 2.9 ppm N, O in Ar: p =267 kPa: T= 2069 K 29.3 ppm N, O in Ar;
FRC o—te 7411284 (CO)H,0I0,/NO,  [25] | \ sosto*{ p=321 KPa, T= 1491 K The NZO + Hz — Nz + HZO reaction
SCB¢ v 1/30 H,/N,O/Ar 26 ,gje.;bﬁri’Hil'u'lmi"l”' 'wr"'*"r e
SCB¢ v, 5/46 H,/N,O/(N.,) 27] ‘/ff"l ' I R o The rate coefficient for this reaction was
a: shock tube, b: jet stirred reactor, ¢ flow reactor, 9: spherical B f fow AT N,0 concentration s ] determined by Kosarev et al. [10] in 2007, but in
combustion bomb, ©: concentration—time profile, *: ignition delay coomaman] ] 2018 Mulvihill et al. [11] determined it with higher
time, 9: outlet concentration—temperature profile, M. laminar flame _  Zhang 2017 | high initial N,O concentration accuracy:
speed, 1 Dataset(s)/Data points Y = POLIML 2018 0.0 A | kKosarev
_ _ | knuvinin = 30
Experimental data were encoded In X In some cases, the performance of the | | |
1 |ReSpecTh Kinetics Data (RKD) 2.0 POLIMI_2018 model was worse than that of the Only the Zhang_2017 mechanism contains this
format XML files [28]. other two mechanisms. Examples for that are the LeaCt'O”’ but W'Ith[ th]e rate coefricient measured
: : y Kosarev et al. [10].
Program Optima++ [29] reads the XML Kopp et al. [17] ST measurements: _ | | |
[0.05% H; 3% CO; 1% N0 in Ar 10.05% H,; 3% CO; 1% N,O in Ar We carried out the simulations with the

2 datafile, sets up the simulation environment |p= {p =104 2tm _ _
and calls the FlameMaster [30] simulation o / _ Zhan.g__2017 moc_le_l again but WI'Fh the_ rate
: ] coefficient of Mulvihill et al. [11] for this reaction.

code to carry out the simulation.
=) This reaction is utterly unimportant at any

=
1

All simulations were made with

100 -

ignition delay time / ps
ignition delay time / us

. ] y I 10 : : .
3 FalmeMaSter [30] USIng a OD (ST, \JSR, FR) '/-//’ = Experin;ental data ®  Experimental data Of th e I nveStI g ated experl m ental
] J Zhang_2017 Zhang_2017 -y . .
or a 1D model (laminar flames). | — Glarborg 2018 . — Glaborg 201 conditions when the rate coefficient of
A M Mulvihill et al. [11] is used.
(1000/7) /K" (1000/T) /K"
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