Testing of Reaction Mechanisms
for the Combustion of NH,/H, Mixtures
sing a Large Amount of Experimental Data

as Gy. Szanthoffer, Istvan Gy. Zsély, Laszl6 Kawka, Maté Papp, Tamas Turanyi
Institute of Chemistry, ELTE E6tvos Lorand University, Budapest, Hungary

Introduction Estimation of the standard deviation of experimental data
* Ammonia (NH;) is a promising circular || « To estimate o(Y;®?), both the uncertainty reported by - To find the optimal trendline and the
carbon-free fuel because it can be used in a the experimenters (g, ;) and the estimated statistical corresponding 0y, code Minimal
sustainable and recyclable loop for energy scatter of dataset i (0 ;) were considered as follows: Spline Fit [4] was used:
production. os [P mREG
* However, it has some unfavorable combustion a(Y.‘?Xp ) = |62 . + 0% . w) S A
7 . A ij fit,i exp,ij 8 Experimental data:
properties; therefore, it is usually blended with 3 oa] ghkimo spine s theaptimalvencline Osipova et al. [5]
f : it g ' ) JSR measurements
othetr \;tuels |ndpracft|ceil gpﬁllgatlons. |_(|Dne of the ||, oy,; was obtained by fitting a trendline (spline or o Eperimental data
- 4 . . . . —— Akima spline
most often used co-fuels is hydrogen (H,). polynomial function) to the data points of the i-th dataset. P
» Accurate chemical kinetic models are needed that e
can describe the combustion of fuel mixtures
containing NH, under typical conditions of || Reaction mechanisms investigated Visual mechanism comparison
industrial applications. Mechanism ID Species  Reactions Ref. + The investigated models have very different
* In this work we compare the performance of 18 Tian-2009 31 191 6] performances. Selected examples:
recc-?ntly pUbIIShed reaction !'neChanlsms Mathieu-2015 33 159 iy ST-IDT measurement by Mathieu et al. [7] LBV measurement by Han et al. [24]
against a large amount of experimental data GDFKin-2016 22 124 8l S 0o% oA o TR G
. . T=1626-2015K, p = 10.4-11.4 atm T=298K p=1atm
on the combustion of NH,/H, fuel mixtures. Nakamura-2017 34 229 [9] Z 2
SanDiego-20182 21 64 [10] . e
Experimental data and simulations Otomo-2018 82 213 [ & su
. B Glarborg-2018 34 221 [12] : ER
. Expe_rlm(?ntal data were utilized from 31 Okafor-2018 25 101 3] ool 2
publications from the literature: POLIMI-2020° 31 203 [14] G e R D
Exp. type® XMLIDS.IDp.h TIK Bl - NUIG-2020¢ 37 231 [15] 1000K/T equivalence ratio
ST-IDT® 26/26/200 1022-2489 1.01-41.65 0.50-2.00 Han-2020 32 163 [1 6] JSR measurement by Zhang et al. [19] FR measurement by Wargadalam et al. [25]
JSRY  32/113/1651 500-1452 1.00-1.20 0.01-1.50 Mei-2020 34 237 [17]
FRe 24/89/1141  451-1973 1.00-98.69 0.00-2.44 Konnov-2021 36 295 [18] o : o
LBV 129/129/850 298-4769 0.50-10.00 0.40-1.80 KAUST-2021 34 262 [19] B > oo
Overall: 211/357/3842 Shrestha-2021 33 262 [20] £ % .
2. Type of experiment Mei-2021 35 239 (21] 002 0,005 p=1latm, T=339Ks /T
b: Number of XML data files/datasets/data points Zhou-2021 32 187 [22] o= lcim p=025, =13 .
°: Shock tube ignition delay time measurements R T o o0 104 O e o0 100 1100 T T30 1350
d: Concentration measurements in jet stirred reactors Gotama-2022 32 165 [23] oo OT/EW e ' TIK
¢: Concentration measurements in flow reactors a ; . .
f: Lamin_ar burning velocity measurements b ﬁ?_;laerqgér;:é‘;:is,zﬁ?:n;gg;?ﬁ;ﬁﬁ ggrzoog)en chemistry mechanisms - A quantitative method is needed to assess the
9: Cold side temperatures of the flames ©: The detailed kinetic mechanism of the authors goodness of mechanisms on a large set of data.
Experimental data were encoded in — : - — =
1 |ReSpecTh Kinetics Data (RKD) 2.3 Quantitative mechanism comparison Sensitivity analysis
format XML files [1]. « Comparison of the investigated mechanisms by ||+ Brute force local sensitivity analysis
Program Optima++ [2] reads the XML data computing their averaged error function values for each was applied to identify the most important
2 file, sets up the simulation environment and type of experiment (Esr.pr, Ejsr. Err. @nd Egy) and all parameters of the best-performing
calls the OpenSMOKE++ [3] simulation experimental data (E;erage) models.
code to carry out the simulation. + Smaller E value — better mechanism performance « The sensitivites of the kinetic
: ; ; ; arameters (Arrhenius preexponential
All simulations were carried out with ™ Y P Y ORI 1005. ? A ; ( o t_P p i
3 |OpenSMOKE++ [3] using a 0D (ST-IDT, actors) of each reaction gne e
. Failed thermodynamic properties (c;’, AfH™,
JSR, FR) or a 1D model (LBV). Mechanism D Egy.pr B Eiov Euerose gimimions o y " properti ( » fd
= - r KAUST-2021 762 2 S$%) of each species were investigated.
rror runction POLIMI-2020 | 10.38 * Main conclusion:  Although the
* Quantitative assessment of mechanism || Han-2020 1169 11.35 887 514 926 5 investigated models have different
performance based on the evaluation of an || sShrestha-2021 | 11.21 10.51 10 parameter sets, the most important
averaged error function: Gotama-2022 | 19.29 10.32 10.81 10 reactions and thermodynamic properties
N A Otomo-2018 | 952 1870 10.85 2 are similar.
£ 1 11 Yyt =Y Tian-2009 9.09 1156 10.86 2 + The 10 most sensitive reactions for
- Ny N; Ny, o (Yexp) Konnov-2021 | 10.53 16.61 11.08 64 ST-IDT experiments in POLIMI-2020
i=1 "=l ij Mei-2021 28.55 12.13 3 and KAUST-2021 mechanisms:
. ifo(3) ~ constant Me|-2.020 28.55 9.09 12.20 1 CONMIE020 KAUSTZ0%1
= {ln /” ifo'(ln(UEXp)) R Mathieu-2015 = 23.77 9.18 2210 15.39 11 0,+H=0H+0 0,+H=0H+0
Yij Yij NUIG-2020 1545 1534 1045 2336 16.15 17 NHs + H = NH, + H, NH, + NO = N, + H,0
o Nygy: Number of XML data files Zhou-2021 40.54 _ 1366 17.73 2 NH, + HO, =NH; + O,  NH, + NO =NNH + OH
o N:Numberof datasets Nakamura-2017 2699 2583 | 768 1149 17.96 200 NH, +NO=NNH+OH NH, + HO, = NH, + O,
o Nj:number of data points in the #4h dataset SanDiego-2018 4844 | 10.06 10.66 11.08 20.06 2 NH, + NH=N,H, +H  NH, + HO, = H,NO + OH
o Ng: Number of datasets |nth‘e XML ofthe i-th dataset‘ ‘ . Glarborg-2018 1027 13.19 - 53.18 @ 20.34 114 NH, + O, = H,NO + O NH, + NO = N, + H,0
- 1 ?
oy n?easur.ed value ofthel.th exper@entaldata p0|r.1t|r.11he1'th dataset Okafor-2018 - 11.34 10.91 2024 41.54 0 NH; + OH = H,0 + NH,  NHs + H = NH, + H,
o y;m: simulation result for the j-th experimental data point in the i-th dataset
i . GDFKin-2016  28.28 | 12.80 _ 44.07 50 NH; +NO=N, +H,0  NpH, +M=NNH+H+M
o o(y;*®): standard deviation of y;>®
NH; = NH, + H NH; + NH, = NyH; + H,
‘ E =9 — 3¢ error on average # Further mechanism development is necessary! O+OH+M=HO, +M N,H, +H=NNH+ H,
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