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Study on N20 Production Mechanisms of Lean Ammonia/Hydrogen/Air Premixed Laminar Flames
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Abstract : Application of ammonia as fuel is a potential candidate to achieve carbon neutrality. As laminar burning velocity of ammonia is slow, hydrogen

addition is also considered to improve combustion characteristics with no carbon emission. In this study, we experimentally investigated product gas

characteristics of strain stabilized ammonia/hydrogen/air premixed laminar flames under atmospheric pressure for various equivalence ratios. In a lean

condition, large amount of N,O production was observed. To clarify N,O production mechanisms, numerical simulations were conducted using a reaction

mechanism developed by Gotama et al. In the Gotama reaction mechanism, major N,O production path was NH+NO=N,0+H and major N,O consumption
paths were N,O+H=N,+OH and N,O(+M)=N,+O(+M). It was clarified that a decrease in N,O consumption via N,O(+M)=N,+O(+M) increases N,O emission

for lean and strained conditions.
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Fig. 1 Schematic of the experimental setup.
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Fig. 2 Experimental results of product gas characteristics of
ammonia/hydrogen/air laminar premixed flames of (a) NO, (b)
NHs, (¢) N20, (d) NO2, and (¢) Ha. Here, X; represents the mole
fraction of species i. Numerical results calculated using Gotama,
Nakamura, Okafor and Otomo mechanisms were also plotted.
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Fig. 3 Temperature, NO and N2O profile of unstrained and
strained flames for (a) ¢=1.3, (b) ¢= 1.0, and (c) $=0.6.
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Fig. 4 Sensitivities of elementary reactions for mole fraction of
N:20 at the stagnation plane.
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WTHSUREIT LTV A, §E- T, AFFE TR E LIZ k%D
it KETHORERTOREBLZZITOTWRRISTHD &
EZ N5, KR THROBEKTFIZE > T, L ERRPICEET
D RFDOEE, R106 O SGEEREEA KSR T S mm 0T F TIIK
T5. —0, MEZZT TORWER AL DOEEITAL TR T
HEME T LAWY, EOICTFTRECMGEEZAR L TV,
DX, KR TROBEKTIZE - T, RI06 DSUGHED
KFL, N2O ORTTHEDIH SNIzT=, K ERFHITERE
THRRTIENO BPEHENTZ b D EEZ HND.

4.

AR TIE L EAFMFIEET D L EAKRERE L
T, TYyE=T /S KEELETTIRA KR OBRBE LR T A R
PEEEBRICH LN LZ, £/, Y& 0.60 (17T N0 DOF
VT ROERBIMMA B SN T, S E2EZE L
T HAERE AT ) Z LI K> T NoO DA I = R LB EEL
7o, AR TELNIZMERIILLTO LB THD.

1. TUR=T KEERKRROGE, T o227 25Kk
DA LV IRBEERH A D NO DE/L4 RO RAEITR
=3

2. BRI EBVT, NO DEASREFRT VE=T DEL
DEROBIZIE N L— RA7OBBRRH . ZOZ s, &
PRBEGH AN 2 B3Ik WD 556 Th - Th, Rich-Lean2
Beiia 27 MEBEAT 2 HFICEL ST NO ERERT VT
=7 BEH O RIRMEIR N X 5 FTREMEDS 85 5

3. TUE=T KRESERTIRAEKKRIZBNT, 72T/
IKFED 2 FRATIREHR ORFAEFEEIG S 0.3 DA, SEbhn
0.6 1T T N2O DF R OMENEEIT 5.

4. AW CHU = Gotama mech (ZRWTIE, FIZFES NH +
NO =N20 + H R58)IZ L » T NoO BAERK I, NoO+H=N>2
+ OH (R105)3 L TIN20 (M) = N2 + O (+M) (R106)I2 L~ T
N2 TR TE SN D. NoO OFEHHEDNKEZ <D DI1E, Y&
ROV REIRIREIR S TFET A 56 7 £ O Ll f{RIE felsk
DIROWFHIZIBNT, NoO (HM) =N2 + O (+M) 2% 35 N20
DBTTREMEF L2 Thi tELBND.

5. KK TFIROMRIRSIROIFAE L - THEUE N20 (#M) = N2 +
O (+M) (R106) DEUSHEDME T2 DIE, Z DRI KL
THRE CREHEZA L TWAEDTHLEEZ BND.

BiEE
ARIFTEO—E1E, ALK ZF AR S0 78 T A 5 2L R 5T
(J211026) B L OVATRMEIE AN A X5 AT —4E B — R

AR DA A2 T . T IR L CHELET 5.

SE

1. RRIEPESEA, https://www.meti.go.jp/press/2021/06 20210618005/
0210618005.html

2. Kobayashi, H., Hayakawa, A., Somarathne, K.D.K.A., and Okafor,
E.C., Proc. Combust. Inst. 37: 109-133 (2019).

11.
12.

13.

14.

15.

Hayakawa, A., Arakawa, Y., Mimoto, R., Somarathne,
K.D.K.A., Kudo, T. and Kobayashi, H., Int. J. Hydrogen Energy
42:14010-14018 (2017).

Ichikawa, A., Hayakawa, A., Kitagawa, Y., Somarathne,
K.D.K.A., Kudo, T. and Kobayashi, H., Int. J. Hydrogen Energy
40: 9570-9578 (2015).

Gotama, G.J., Hayakawa, A., Okafor, E.C., Kanoshima, R.,
Hayashi, M., Kudo, T. and Kobayashi, H., Combust. Flame, in
press.

Hayakawa, A., Hirano, Y., Okafor, E.C., Yamashita, H., Kudo, T.
and Kobayashi, H., Proc. Combust. Inst. 38: 2409-2417 (2021).
Somarathne, K.D.K.A., Hatakeyama, S., Hayakawa, A. and
Kobayashi, H., Int. J. Hydrogen Energy 42: 27388-27399 (2017).
Brackmann, C., Alekseev, V.A., Zhou, B., Nordstrom, E.,
Bengtsson, P.E., Li, Z., Aldén, M. and Konnov, A.A., Combust.
Flame 163: 370-381 (2016).

YR RUERT, RFBE 2001-159587 (2001).

. Hayakawa, A., Hirano, Y., Ichikawa, A., Matsuo, K., Kudo, T. and

Kobayashi, H., Mech. Eng. J. 7: 19-00193 (2020).

ANSYS CHEMKIN-PRO 19.0 (2017).

Nakamura, H., Hasegawa, S. and Tezuka, T. Combust., Flame 185:
16-27 (2017).

Ammonia Version g0.8, available from http://www.ifs.tohoku.ac.jp
/enerdyn/jp/result/mechanism.html.

Okafor, E.C., Naito, Y., Colson, S., Ichikawa, A., Kudo, T.,
Hayakawa, A. and Kobayashi, H., Combust. Flame 187: 195-198
(2018).

Otomo, J., Koshi, M., Mitsumori, T., Iwasaki, H. and Yamada, K.,
Int. J. Hydrogen Energy 43: 3004-3014 (2018).



	Keywords : Ammonia, Hydrogen, Binary fuel, Product gas, Strain stabilized flames, N2O
	1.　緒言
	2.　実験方法および数値計算手法
	3.　実験および数値計算結果
	3.1.　燃焼生成ガス特性
	3.2.　希薄条件におけるN2O生成メカニズム
	4.　結論

