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Introduction Results
* In _this_ poster we present the development and # Mechanism Nipee Nreacy/Ep gy +/EjsR+/Egssr v E overall « The performance of the initial and optimized San Diego 2018
validation of our recently proposed compact NH; 1 Zhu2024[397812 2.97 [ LT 227 2.5 models were compared with 19 recent models (refs—>ECM paper).
reaction mechanism [1]. 2 Han 2023 32 171 224 1.63 370  2.67
| | T aa 303 4o i seo. + Significantly improved accuracy of the optimised mechanism
* The potential of ammonia as a zero-carbon fuel and 5 Otomo2018 32 213 3.67 203 365  3.2I (present work, PW) vs. the San Diego 2018 (SD) model in
hydrogen carrier has stimulated scientific interest in its 6 X.Zhang 2021 34 224 245 2.78 3.41 sredicting the LBVs (VE : 3.36—1.97)
application as a fuel in combustion systems. 7 Stagni 2023 =31 203 3.46 FELIS 301 L |

8 Gotama 2022 32 165 3.28 2091
2.87
3.31
2.39

3.67

. : 9 Nakamura 2019 34 229
However, the use of ammonia as a fuel source for 10 Stagni 2020 31 203

energy applications presents notable challenges due to 11 Liu 2024 35 238

 PW is currently the most accurate model for LBV simulations with
the shortest computational time.

: 'y - - 12 Glarborg 2022 34 227 2.55 : : -
its low flammability and the potential for high 13 Glarborg 2023 34 228 o - For BSSF simulations of 70/30 vol% NH,/H, mixtures, the
emissions [2]. 14 He 2023 34 221 2.46

accuracy of the model improved greatly (VE : 13.91—3.24).

. . 15  Z.Zhang 2024 34 224 1.14
- Blending NH; with H, offers the prospect of 16 Mei 2021 35 239 1.65
- - il - - « Except for Zhu 2024, all models perform poorly for BSSF data.
iImproving combustibility, albeit with a notable i; . War;{gigggi g% 5‘2‘3 ggg g.?j ’
. . : . . - amao . .
mcrg_&;_se |n[I:\))I]Ox emissions, especially under fuel-rich 19 Meng 2023 139" 269 3.11  The model performance for JSR concentrations (with at least 10%
conditions [3]. 20 Kli tein 2018 33 108 3.03 : . N
21 Glarborg 2018 33 211 3 03 of Hy) slightly deteriorated upon optimisation (2.43—2.72) but VE
- The design of burners, turbines, and engines is aided by 22 San Diego 20182164 336 2.43 remained below 3.
computational fluid dynamics (CFD) simulations, which — — |
require small-sized mechanisms. i Mechanism | 5, Tho N; NO N:O[NH; T, 0 H:0 NO NO; N:0 * The Zhu 2024 model shows outstanding

performance for all species in JSR and BSSF

Zhu 2024 1 2.1 0.8 0.8 1.4 0.6 0.4 05]09 09 13 19 07 1.5
simulations, except for NO, in BSSF.

Han 2023 |25 0806 13 09 0.7 28| 1.1 54 0.7
Present work 4.0 2329 33 2713 15|07 56 08 3.
Jian2024 |22 2610 13 28 0.5 05|18 51 0.7 4.0

* According to a recent review of the performance of

. . . . 15 3.6
ammonia combustion mechanisms [4], the San Diego |

7

| i i 2018 |29 1425 23 24 05 10|08 53 0. _— . .
2018 mechanism [5], which has an exceptionally small e Ly e B )s &3l + The prediction for all species concentrations
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Stagni 2023 | 2.0 1.3 0.8 1.8 2.1 0.6 2.
Gotama 2022 (29 3.7 2.1 24 12 1.2 5.0
Nakamura 2019 | 3.9 3.6 09 42 3.0 0.6 1.
Stagni 2020 | 2.0 1.3 0.5 1.6 1.5 0.7 8.
Liu2024 (2.7 1414 2.7 1.1 12 43
Glarborg 2022 | 3.1 24 1.2 28 32 1.4 2.
Glarborg 2023 | 3.1 24 1.2 28 3214 29
He2023 [32 2.7 1.1 2.7 3.1 1.0 24
Z.Zhang 2024 | 2.1 0.6 1.1 1.5 0.6 0.5 04| 3.
Mei 2021 |23 1.720 16 1.8 0.6 0.8 |17

2.7
3.1
2.7

size (21 species, 64 reactions), shows fair
performance In predicting laminar burning velocities
(LBV) and concentration data measured Iin jet-stirred
reactors (JSR) under a wide range of conditions.

Improved greatly upon optimization of the San Diego
2018 model in BSSF.

 The PW model can accurately predict NO and N,O
JSR data, but improvement is needed for other
species, especially for NH; and H,O.

* The current study aims to develop a small and robust
kinetic mechanism for CFD simulations of NHs/H,
Wang 2022 | 3.6 3.5 2.7 2015 09|17

flames by optimising the rate parameters of the San Tamaols 2024 | 29 1323018023 18 23 |17 : n | | - cqi
Diego 2018 NH, mechanism against experimental “';ffng'm, 4172416 41 36 13 34|29 51 08 41 25 2. * The PW mc_)d(_e accurately pfed'CtS NO cmissions
and NH; slip in BSSF, while improvement is needed

data using the Optima++ code [6-8]. 20 Klippenstein 2018 [ 41 2.4 1.6 4.1
for H,, H,O and NO.,.
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21 Glarborg 2018 |41 2.4 1.6 4.1 | 41 29 2.
22 San Diego 2018 2 8 3.111.1 3.1 10 0 7 341249 10.1 123 158 9.7 5.5

. - -~ @~ Exp. Mashruk 2023 - @+~ Exp. Mashruk 2023 ° - : : .
Experlmental Data Collection . B 0 | - Nt = Vallda_tlon m_ReynoIds Ayeraged Navier Stokes_ (RANS)
| _ E i e Present work S 1500 | e Pesentwok 7 iy CFD simulations of a swirl burner against experimental
A large collection of LBV and concentration data = 2000 Sk § sl e e data of Mashruk et al. [14]
measurec in JSRS, previously Compiled from the E rco0 * E 1000 R — H O | | | | |
iterature [4] was downloaded in ReSpecTh Kinetic S| " S o # * All models predict N,O emission qualitatively well.
: : S ; S 500 - : : :
Data (RKD) format XML files [9] from the Reaction 2 o] z | - Stagni 2020 is the most accurate for NO peak conc.
Kinetic branch ReSpecTh database [10-11]. g K I
05 06 07 Eo:s_ o:|9 , t11 12 13 05 06 07 Eo.s. o:ls 1 :1 12 13 e Both the Stagnl 2020 and Nakamura 2019 models g|Ve
. - . quivalence ratio quivalence ratio ] ] ] . . L.
In addition, concentration data from burner- g N qualitatively incorrect predictions at lean conditions:
stabilised stagnation ftlames (BSSF) [12], and . B I they fail to predict the very small NO emission, the non-
recently published LBV data were collected. 5 1500 | e Present ok § s e Presentwon zero NH, emission and the low NO, emission at ¢=0.6.
All newly collected data were coded in RKD files [9] and € 000{ § 0.  The PW model predicts all four emissions qualitatively
will be available in the ReSpecTh database [10-11]. A g e om0y well over the whole g@range.
- | - | 5:' 500 - . ;N 10 A I . . . o
See ECM manuscrlpt for Correspondlng publlcatlons < 250 < 5 : The PW mOdeI 1S the mOSt COmpUtathna”y eff|C|ent ,
0 +———— el - 0 +——— as It runs ~2 faster than the other two models.
05 06 07 08 09 1 1.1 1.2 13 05 06 0.7 0.8 0.9 1 1.1 1.2 13
H, content Tempera- Equiva- Equivalence ratio Equivalence ratio

Method / No. of No. Of : Pressure
in fuel ture lence
Measured data data : range )
Quantity series points IXIUre (atm) range fatio
(%) (K) )

LBV - : : 295-584

Concluding remarks

* The accuracy of the San Diego 2018 mechanism could be greatly improved for laminar burning velocities and for
concentrations in burner stabilized stagnation flames, and it is on par with best-performing mechanisms.

JSR conc - 800-1300

BSSF conc 298

* However, its performance for concentrations in JSR, and for NO, concentration in BSSF need to be improved,
which implies that the deficiencies in its chemistry cannot be compensated by the rates of other reaction routes.

Overall - 5- 295-1300

*In CFD swirl burner simulations, it ran faster than other models and qualitatively captures all major emissions.
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Nf Nfs 51m(P)

P:  vector of model parameters data series s in data file f

N O

N:  the total number of the data series Wy ! weigths to equalize an data collection
N,/ /4 the number of the data which may contain different number of
files/series/points data series of each experiment type.
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