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2 Narrow flammability range

3 High minimum ignition energy
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5 Flashback

6 Blowoff

7 Flame stabilization



el ) JLtd g il 2l lS S B YAA ) Les o iale S i

el ol (Bl pesiS g0

5, Sles cds L5l g 5uilSe (g lio

S92 50 (52,25 rosls b e ilSe (g5lwanss 5l Lol sboosls dazyl )0
3 el (e e g sl jslaie Aty Sla gl 0
Bl sl (gjluands cds

S slyl QL.A/JL;yoT G yo05aS gl 3l galads eV ISS
Sy oéﬁ‘alﬁ la).:aLia S bwgs ool dwle ¢yl calizeo 6[.&&9,4
Ohles 5 oo slaiags I Jol> (0,25 slaosls § (otuiz (53l
sanliv 45 jsbolen ams o Liules 1) [F] ol)5en 5 03057 5 [0l
aleds Copw e G 50 058 rosls o 095 38l 0ed oo
L bpsslle Lawg ouls dewlne polie gamslio b cpizpd o)l 042
Sy LSJ9"3 JA[& &8s b Ltbfa).ul.ia as «)5...4‘5.0 s lin (S L;L:boob
slyp a5 GRI-Mech 3.0 ;| & S o smiiom |, aled
Iy dlads Cie s XCHE <+/A (gl g 505 |y alads Co s /Y <XCHA< /O
ales Sy ol ] 2 ogdle S o (St (2 polis S e
S Ay G bglsee ol salad e s a5 am0 o lid yliel SLigal
s b L s e 5o

IF IV sl dse S 6l a g 65 les Cond cunli L DO oIS
iloas dunlie p3l5 ez lawgi ool dwlxe polio b ol /A 4 +/F
G <N pohga blyd le o Lo S5i g0 oalie a5 j5blea
See Sy andl izl )lo 1y o, Slee oy 20 reduced Okafor e ;5.5055 «
GRI- 5018 VVO-VFr 65)lep Cad 0 pgas 4 g olie +/A
oles 1) reduced OKafor p;5l5e 4 cos (5 e o,5ee Mech 3.0
Sliml o gl Qe i geaims (lis Wlgh o does ol om0
By il )0 05ug sk ar g A oy o el Sligel Ll
Sy 2 PG 45 IV (Jge puS ) el aa0 0 5 V00 (5)lped s
Al o 31 Ve (65l Cad yo

40 T T T T

Num: —=— GRI-Mech 3.0
—v— Okafor et al.
- -~ -reduced Okafor
30 = -»= = San Diego
Exp: @ Hanetal.
m Okafor et al.

20

S, (cm/s)

10 |-

0.0 0.2 0.4 06 08 10
XcHa

XCHA cylie Jgo pmsS 4 Can ylial Sl gol (5 5095 sl (salnds g poo 1) IS
o dpaloes g ¢ [F] ) Sem 5 40357 5 [10] 1S 5 ()l Lawgs ous (5,050l

0ad (Byme pilSe Loz by

4Kinetic modeling
5Fuel-rich

FCCI-2022-0006

B YL sloylis o et c por wiile oo Sigal (312l sl S
el bl Y sloanals 3l (cwyp Gl 4o aB N0y Hauesl O
b @19’&“’ e seosls b UT &l lias ol &l s 3
tlnd S oy ol b 4y 5 VO] TS 5 ola ezl
5 SeeSsigernSIS sl ogs el Slisel L alls Shisal
Olie 509580 ax 3148 wisls olis laimgss opl axislo oyl SLigel
P9 ob anlgss alads Ca s Giol38l Eaels 59,00 (o3Il a4 SLigel 4
Ioed M sloalat s ol Sl i Jo S 50055 b lyion
M 5 Gl Sligel bgliee alad ey uizpe 8L Cuss
il Gl oz (S5 a4 Gl (Jgo S Gl L ()35 000l SLigal
@S 0l 4 jzmie Sligel 4 e atile placn S50 (255
b gadg uST6o0p,S rals cely Byl SO 1 aS 0ed co g S oS
RS IO SRS PRERAC SN
Lglsee 5l plgn a5 cool (SKon ol cpl Guizpd 0l salys SLigel
(Eroye ez (oyn b & (Jg o) eslil 55 aiiligm o Al
ol Gl sla Sy 5l JolS S0 4 (plws Gl St lides

e 5L Lglsee
b as 0, 05 e Sl g ol Shigel galad ey rmghy cnl 5o
lacdale sl ol 4855 18 (cmyp 3590 500 SRy )3 b @
Gk 3l pler S g G07S Grzer 5 Gl i
Gl | Jool> s gaunlin .28 5 J13 o) 0,50 g ludds
g 0ol (i liel laplSe cggdg0 Dlasl 13 39290 (028 @S L
Pl aled co i 035 S ke Fl eoan sobite @ W e

T (3le o

J#] Okafor Vsl GRI-Mech 3.0 (slapjilSe (imgy cnl o
lazs 515 eslitul 50 [VV] San Diego 5 [V ] reduced Okafor
ol a8l Arwgs Lo 3l x>l sy jekaie 4 GRI-Mech 3.0 ¢ 5515
il el 0l (i liel 008 5k 4 gaoge Sludl o g
ot sl iSly ol en 4 5 GRI-Mech 3.0 ;5156 Ll Okafor
e yskiie 4 g ol oa adgs [VA] Tian p5ilSe Sligel (ol
bl reduced OKafor ;.08 .l ous &l L/ Sligel (galais
5,931 imghs om0 sbaesls SaS & g oais adgs OKafor s55lse
Eroge Sk ) Syzge (225 slaodls uizpe 5 [NF] ) Kea
ol 00l diagy (IS b 4y g 4Ll Sgage 5 (P Ll VL slaLid 1
o0l (Slo) 59,8 10595 (£ £l 5l (o5 5 SN Diego gl
Sy 3 oS lbaisS Jals (Lol prolSe s YOVNVYY &5 o
Ban b y5g,008 (28 05l o] jo a5 sl YAVFNYNE &6 50 oas
DAl codl ous adg Slogal 5l 28,5 L o

Ansys Chemkin l53ls i 5l dap e (6 5 Sas 5 luaed jslaio o
ol 00 osliial +/V 1 CURV 3 GRAD L \Y (gasens [Y-] Pro
5 Lol onis ploul ol 5 ien a5 al i 1o 5 bagilwans (o
o o aloas a8 ,F a8 sheadl Vg oslS YAA (o a4y ,lid

1 Reduced mechanism
2 Han et al.
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1Fer olo cyoe ¥) 618 oyl ol 3yl 9 b gms (il S cyantd
3 oSN 13l s



wan o audl .l 0og reduced OKafor 3.l kel e s Qi 4
el huesl Vo Jlad s ol ff Jge S anle oY
okes reduced Okafor o501 45 o (5 5240 9 ,Slee GRI-Mech 3.0
Hlid ailes 50 resl B Lad o aS Canlaz g B aSS pl ol ools
Eo M0 Gl S o alad Ce s Sl Gy i el )
‘..).m.)‘sa

Lagi 0ol dewlne polin g iy Slo iR gh o225 sbosls 4 axgi b
&g, 4ax,51 San Diego ;0556 a5 sl samlie B po5ilSe Lo
S,lge J st 50 (Jg S o (giludnd gy |y aled Cae o Ol oS
prlle S oo e o2 sloosls I i |y alad cepu yolis
plo & Cad 6538 Swiie ulys ST s reduced Okafor
£l goads glu, 39,4 (gaus &S 030l pl ol alils g 0l
Okafor 5.0l8e 4 Cos (65580 5y ol Zgo9 4 «uwl Okafor
5 Sligel Jade a5 oyl 15 GRI-Mech 3.0 p;.0l5 aas o 4l
2l @ Cons s gt b ol ol SLigel bglse
sshie & psiSe ul 4l & g b andl esie oLt laplSe
Lol ;o i a3l L eenl aidly anngs plie Gloal (g5lwand
@ g anl (il pple cpl Lawgi oot dcwbre polie CBs ¢ g
Aol yolie OVl pam 10 a5 (g5 & el 0 FSGOF 2,28 @S
reduced OKafor sl polis 5l GRI-Mech 3.0 o565 Lawgi sos
ol GG 8 gleesls 4

YL cds JJs o reduced OKafor s ;5605w abS assl 4 a>g5 b
Juds & GRI-Mech 3.0 ¢35l g 0,150 =51 30 alads e s (i
85 shls gl Al Ay lie CS g sl polaiS] jeb 4y aSS]
aib e YU oylie/ SLigal (5 gu boglsea 1oyl jlake a7 oyl i 0 YL
Lulyd o aled e oS (St e 99 Dlgie el 1l
IRV IV E4] | DYt g o

At S 2 585 05 i S

s 1)ler Comd Sl ]y et S 5 G5 0 S i A0 JSS
Ol il 31 b el illas ams oo Liales bt cilises slo Joo oS
b Gl e (oo S 5l Jiens calady Cuo s 135 05
S 3 o Ol 30l 90 Jawugs ou e polie yu BN
polie BB (e Jgo ;S (il bVl olie ool sla Jse
P9 S yd peguan & g 4Bl el lap5ilSe byl ool o ey
ol alos S e loe g, (ol Ly polie p3ulSe g0 colie +/A
S Gial33l b e o)Ll 5t a4 pshailan |y canl LA 5 50 £
bslse ol sla Shs ot o 1) ol G Gl (lie Jse
A ol Gl slo Sy Slemog—as cngin jskiie 4:3.0
S W pyolie s ppilSe ) 45 Sy, ce ,Watil el 4Bl Ax g
2o a8l B Loy b ol Jse

Ole S iy slod GRIBIL plte /Y (oo juS p0 a5 cills 4z g
g Lol galad o pu (S ginl Lulpd )3 (nalS Fre
Slalad S i sy 0 4l e il FO 390 s Lol SLigal
&S cwl goe ol 4 ams ol L alls Gl galad G S50 o
@ S GRS Glajls adgi amys § lie feS Brae b Gl e
LS5 ol a2l s LAl e b olies L5 Sl sly S5

FCCI-2022-0006

35 T T T T T

0k (@Xcs=02 Num: —s— GRI Mech 3.0
—— Okafor et al.

25 - - - reduced Okafor |
= -»= - San Diego

20 Exp: e Hanetal. E

0.6 0.8 1.0 1.2 14 16
Equivalence ratio, ¢

35 T T T T T
30l (0) Xgu,= 0.4 Num: —s=— GRI Mech 3.0
—v— Okafor et al.
25 - -- - reduced Okafor |
= -»=-San Diego
20 Exp: @ Hanetal. .

Equivalence ratio, ¢
35 T T T T T

Num: —=— GRI-Mech 3.0
—— Okafor et al.

25 - =- reduced Okafor |

= o= - San Diego

® Hanetal.

0 1 1 1 1 1
0.6 0.8 1.0 12 1.4 1.6

Equivalence ratio, ¢

Num: —=— GRI-Mech 3.0
—— Okafor et al.
- - reduced Okafor
= -»=-San Diego °

Exp: @ Hanetal.

O 1 1 1 1 1

0.6 0.8 1.0 1.2 1.4 1.6

Equivalence ratio, ¢

5[@@}@ )_...S 9 6})‘[0—“ Cmns ‘5\)‘1 £ uL:.A/&SL:.IjA] A v Y JS_..;
s deas Lo g VO] o Sem 5 o o o5 00 (5 S0l XCHA ¢yl cilisee

il 1 Ld 5 olS YA las po p5uilSe Llom Lawgs

5 0387 gy ol Shigal salas ooy 025 (slaosls ¥ IS5 5
Sl b yhenesl |5l 0 05l Sz iletend b 5 [F] o Ken
5 ol oal ooy iuled lie alie sld Jae S g (650 Cons
3 05T g e Sigel (salah Sy 5 slinasls 5 ¥ S5
Conl b aeesl 0 lad )0 03l o giluad i ARZIRITON
el 0ad ool Lol e il sl Jge juS 5 (65led s
aleds Gy liad o8l L 0gd oo camlin S5 g0 (pl 0 4T el jlen
ol 53 lior Rl At Sy e (oo oS GRIEIL 5 GRalS
Sle (S 50 Rl (n e Rl B LS )3 pgas 4 5 YL

1Fer olo cyoe ¥) 618 oyl ol 3yl 9 b gms (il S cyantd
3 oSN 13l s



45 T T T T T T

20 L _ Num: —s=— GRI-Mech 3.0 ]
() Xcpy = 0.48 —— Okafor et al.

35 | - - - reduced Okafor

ok = o= -San Diego i

Exp: @ Okaforetal.

—
L x5l §
£
S
-
w

07 08 0.9 1.0 11 12 13 14
Equivalence ratio, ¢

45 T T T T
40| (b) Xey = 0.61

T T
Num: —s— GRI-Mech 3.0 ]
—v— Okafor et al.
- - reduced Okafor 7
30 | = -»=-San Diego _
Exp: @ Okaforetal.

20 4
15 | 4
10 | 4
5 4
O 1 1 1 1 1 1

0.7 0.8 0.9 1.0 11 1.2 1.3 1.4

Equivalence ratio, ¢

45 T T T T T T
oF =078 -
s - -~ - reduced Okafor 7
30 = <= -San Diego 4

Exp: @ Okaforetal.

0.7 0.8 0.9 1.0 11 12 13 14
Equivalence ratio, ¢

45 T T T T T T
Num: —=— GRI-Mech 3.0

40 = T

(@) Xgry = 1.0 —v— Okafor et al.

- - -reduced Okafor 7]

30 | = -»= - San Diego 4

Exp: e Okaforetal.

0.7 0.8 0.9 1.0 11 1.2 13 14
Equivalence ratio, ¢

S dse S 5 65l Cus 5l & bl Sogal (gales sy F IS
0ads dnslns g [VE] oS 5305 Lo g5 00 (5 503100 XCHA «ylis Ciliseo

eadl O 5Li8 g alS YA loo ;o p58l86 gz Lawss

bl (s00,05 5 (siaio ool jslaie 4y (le S o S5
B Gl S i oo Gmly oo S 53 iz 2l el Sligal
Syge (b oo LiS e GV (Jge puS 4 S (VL Sl @
bolses o a5 alpd o aas oo lis a5 conl (6,550 nteo 9 duko (a8l
eya & Gmle S i b Glgioe 01 S92y (e (o5 w0 pd (g
2y ol Gl | alad e glhs 0> B g Lyl o

25 ade Sligel ams 12>l la S5

FCCI-2022-0006

45 T T T T T T

Num: —=— GRI-Mech 3.0
401 () Xcyy = 0.48 —~—Okaforetal. |
35 - - -reduced Okafor 7
0L = -e= - San Diego 4
Exp: e Okaforetal.

S, (cmfs)
B
T

0.7 08 0.9 1.0 11 12 13 14
Equivalence ratio, ¢

45 T T T T T T
Num: —=— GRI-Mech 3.0

40 - = ]

(b) Xcps =0.61 —— Okafor et al.

35 - =- - reduced Okafor 7]

0L = -»= - San Diego -

ol Exp: e Okaforetal.

20

S, (cm/s)

15

10 4

0.7 0.8 0.9 1.0 11 1.2 13 1.4
Equivalence ratio, ¢

S, (cm/s)

Num: —s=— GRI-Mech 3.0
—v— Okafor et al.
10 - - reduced Okafor
= -»=-San Diego
Exp: ® Okaforetal.
0 1 1 1 1 1 1
0.7 0.8 0.9 1.0 1.1 1.2 13 1.4
Equivalence ratio, ¢
45 T T T T T T

A0 (d)xeps =10 ]

20 Num: —=— GRI-Mech 3.0 . E
15 F —v— Okafor et al.

= == - reduced Okafor
= =e= = San Diego

Sk Exp: @ Okaforetal. ]

0 I I I I I I
0.7 0.8 0.9 1.0 11 1.2 13 1.4

Equivalence ratio, ¢

LSL“L;l}“ )_...5 9 6))'0'“ s 6'}‘ a uL..n/SL.»j.J é'éla_.i) S Y JS_..:
s den bro ¢ [F] o San 5,637 Lo 5 00 (605051l XCHA (lio caliies
il 1 LE8  polS YAA slod 53 ppilSe Loz Lo

Ol Ll g el 5L 3550 (5531 ke az (Stale T Sty iz jslaie oS
7 b Sl (ee (gbaidl i 5100355 05 e (10 655 S pas Glie

25 B e 5 golatdl (rw Bl g (o2 3550 Celiee
91V Jgo S slp Ol Sigal (salads cue o Gl e 7 S
o B ams o Giales 1y Giale )5 iy calizee polie ll ey ylie +/A
4 S (5 (N5l gy 5 L gusnS Lyl 50 Giale S e
aie sloo )5 3ST g ATl 4 axgi boojls (g segaS gl Lal

2 ol Wl oo 4Bl ol 95 o 00l jgmr S gunS Ll 50 S gus

VFor oo crage T) 618 oyl 31yl 5 o gaw il y 55 (it
it oKL ¢y



Xtta = 0.2; == 350 K —— 400 K —e— 450 K —e— 500 K —e— 550 K —— 600 K
Xera = 0.8: = ¥= 350 K== 400 K= = 450 K= 7= 500 K= = 550 K== 600 K

450 T T T T T
400 -
350 -
300
250

%

200

150 | ¥ vy yoy-v-Y ]
wt}w
v o

100 Vov-goyp=v-V e
M S % 0
50 - — . 4
M ain sl oie c ane ans S ) o oo e
O 1 1 1 1 1
0.6 0.8 1.0 12 14 16

Equivalence ratio, ¢
GleS Gy Lalpd o il Slosal salad e Gl liee # S
4o reduced OKafor sl Lawgs ool dwlos pslS 70+ B YO 5l ccalize

SelS pyolie i gus g 5 (6 yoeS sl Ll o3 13 o%ng 4y ot /Y Jgo oS
S olos o Lo yi5 reduced OKafor pjlse uss oo 4] glite
S L IV e S S P Gl S A el
S5l Coms ;0 GRI-Mech 3.0 45015 a0 el 08,8 (o i
FAse TN Jge 58 Sl 1) GleS i Ol cal VIV 255
Ll DO)S 4.o.~al.’>u)

C85 oy Sl (iale S i Luld jo oz sleosls g Lo 4
3> gy skt @ die) (nl 0 GG @ sl b
el 5l 0590 ale S iy S 5330 (o p g LipilSe

Sl )3 S9zge sloprilSe (3G 5l p5ilSe Sz Giegi onl 5o
Sl el Shigal bylsee (salads cue o J1d) (o) p jslato 4 g oo
ol bwg cadaibre polie b o sbrosls gauslie Lol
99 (@liee slalid g bas)jled cond) e Laylph jo lapjilss
a6 o S 9late 4 reduced Okafor s GRI-Mech 3.0 45515
Conls Prr oo b ale S iy a5 il 5o bolie (l saleds
Ole,S o YL (6 )8 31 gossma lis Jols b s bl e
Y 3o oS 13 88 (55 4y ool g Lsbi ool sales S
ol P sl b Gl S G b s gyl Lulyd o g ol

reduced Okafor: —e— x,,,= 0.2 ——X,,,= 0.8
GRI-Mech 3.0: ==v=x¢,,= 0.2 = == =x,,= 0.8
450 : i : : .

400

350

%

300

250 -

200 1 1 1 1 1
0.6 0.8 1.0 1.2 1.4 16

Equivalence ratio, ¢

Foe GiloS ey malpd 5o el Slisel (galads e (1331 (l3ee Y IS
,o reduced Okafor s GRI-Mech 3.0 455156 90 Lawgs oo dnloma oo slS

il VL2

FCCI-2022-0006

reduced Okafor: 298 K 350 K 400 K 450 K
500 K 550 K 600 K

GRI-Mech 3.0:  ==v =298 K==v =350 K== =400 K = =v =450 K
==v= =500 K==v =550 K==+ =600 K

100
(8) Xcne = 0.2

80 4

S, (cm/s)
3
1

20

Equivalence ratio, ¢

10T (b) Xepy, = 0.4 ]

S, (cmfs)
8

40

20

0.6 0.8 1.0 12 14 16
Equivalence ratio, ¢

T T T T T
0T (0 Xcna = 0.6

80 -

60 -

S, (cm/s)

40 |

20

0.6

100

80 -

60 -

S, (em/s)

40|

20 -

0.6 0.8 1.0 1.2 1.4 1.6
Equivalence ratio, ¢

ooslS B b YAA S ilie ile S Ll 5 0 XCHA (ol s cailises
\ ,Las o reduced Okafor 3 GRI-Mech 3.0 ¢5.0l56 95 o g5 o0l dpw o
< yal]

90 (Galiwy 4 ool dwlme galad S Gl Gl YOS o
Fero smle,S i 5o reduced Okafor 4 GRI-Mech 3.0 456l
oS 53 lanl gllas loos dslie e /A 5 +IY Jge juS g cuslS
2 (P 23 g0 il gpiline Togu &g, p3e 53 0l e SV Jga

VEoo olo oot Y1 G 1A (ol 3yl g g (gl i3S (ot
it oKL ¢y



14-E.C. Okafor, Y. Naito, S. Colson, A. Ichikawa, T. Kudo,
A. Hayakawa , H. Kobayashi , measurement and
modeling of the laminar burning velocity of methane-
ammonia-air flames at high pressures using reduced
reaction mechanism, Combust. Flame 204 (2019) 162-
175.

15-Han X, Wang Z, Costa M, Sun Z , He Y, Cen K.
Experimental and kinetic modeling study of laminar
burning velocities of NH3/air, NH3/H2/air,
NH3/CO/air and NH3/CH4/air premixed flames. Int ]
Combustion and Flame 2019;206:214-226.

16- G.P. Smith, D.M. Golden, M. Frenklach, N.W. Moriarty, B.
Eiteneer, M. Golden- berg, C.T. Bowman, R.K. Hanson, S.
Song, W. Gardiner Jr, GRI-Mech 3.0, 1999,
combustion.berkeley.edu/gri_mech, (2011).

17-U. Mechanism, Chemical-kinetic mechanisms for
combustion applications, me- chanical and aerospace
engineering (combustion research), University of Cal-
ifornia at San Diego, 2014.

18- https://web.eng.ucsd.edu/mae/groups/combustion/
mechanism.html

19-Z. Tian , Y. Li , L. Zhang , P. Glarborg , F. Qi , An
experimental and kinetic modeling study of premixed
NH 3 /CH 4 /O 2 /Ar flames at low pressure, Combust.
Flame 156 (2009) 1413-1426.

20-Han X, Wang Z, Costa M, Sun Z , He Y, Cen K.
Experimental and kinetic modeling study of laminar
burning velocities of NH3/air, NH3/H2/air,
NH3/CO/air and NH3/CH4/air premixed flames. Int ]
Combustion and Flame 2019;206:214-226.

21- ANSYS Chemkin-Pro® Release 17.0 (Chemkin-Pro
15151) ANSYS, Inc. (2016-01-11).

FCCI-2022-0006

aalss alls lie galed Ca s sga> a4 byl onl saled s pus
29 Ol S5 Brae b plgie ole)S iy Oliee ez b e,
S Al e alive slalads Sy 4 S SIS B wd g as
S S gy g LS gueS lacdl> jo (0,5 0,5 iy (6,108 51 .2l
Fo S 53 Giale S i ol p odle 5 Cenl (5 kagaS gl Ll

el e (YL (g S5l 5550 e oy

&=l

1- Zamfirescu, C., Dincer, I, 2009, “Ammonia as a green
fuel and hydrogen source for vehicular applications”,
Fuel Processing Technology, 90, 729-737.

2- Goshome, K, Yamada, T., Miyaoka, H., Ichikawa, T.,
Kojima, Y., 2016, “High compressed hydrogen
production via direct electrolysis of liquid ammonia”,
Hydrogen Energy, 41, 14529-14534.

3- Kobayashi, H., Hayakawa, A. Somarathne, K.D.K.A,
Okafor, E.C, 2009, “Science and Technology of
ammonia combustion”, Proceedings of the Combustion
Institute, 37, 109-133.

4- Verkamp, F., Hardin, M.C, Williams, J.R, 1967,
“Ammonia combustion properties and performance in
gas-turbine burners”, Symposium (International) on
Combustion, 11, 985-992.

5- Hayakawa, A, Goto, T., Mimoto, R., Arakawa, Y., Kudo,
T., Kobayashi, H., 2015, “Laminar burning velocity and
Markstein length of ammonia/air premixed flames at
various pressures”, Fuel, 159, 98-106.

6- E.C. Okafor, Y. Naito, S. Colson, A. Ichikawa, T. Kudo, A.
Hayakawa, H. Kobayashi, 2018, “Experimental and
numerical study of the laminar burning velocity of CH4
-NH3 -air premixed flames”, Combustion and Flame,
187,185-198.

7- X.Han, Z. Wang, S. Wang, R. Whiddon, Y. He, Y. Lv, A .
A. Konnov, 2019, “Parametrization of the temperature
dependence of laminar burning velocity for methane
and ethane flames”, Fuel, 239, 1028-1037.

8- J.Lee,].Kim, ]. Park, O. Kwon, Studies on properties
of laminar premixed hy- drogen-added ammonia/air
flames for hydrogen production, Int. ]J. Hydrogen
Energy 35 (2010) 1054-1064.

9- A . Ichikawa , A . Hayakawa , Y. Kitagawa , KKA.

Somarathne, T. Kudo, H. Kobayashi, Laminar burning

velocity and Markstein length of ammo-

nia/hydrogen/air premixed flames at elevated

pressures, Int. J. Hydrogen En- ergy 40 (2015) 9570-

9578.

P. Kumar , T.R. Meyer , Experimental and modeling

study of chemical-kinetics mechanisms for H2-NH3-

air mixtures in laminar premixed jet flames, Fuel 108

(2013) 166-176.

J. Li, H. Huang, N. Kobayashi, Z. He , Y. Nagai, Study on

using hydrogen and ammonia as fuels: combustion

characteristics and NOx formation, Int. ]J. Energy Res.

38(2014) 1214-1223.

12-Lee JH, Lee SI, Kwon OC. Effects of ammonia
substitution on hydrogen/air flame propagation and
emissions. Int ] Hydrogen Energy 2010;35(20):
11332e41.

13-Lan R, Irvine JTS, Tao S. Ammonia and related
chemicals as potential indirect hydrogen storage
materials. Int ] Hydrogen Energy 2012;37(2):1482e94.

10

11

VFer olo o VY GYA (ol ! 3l 5ol g CB g (il J25S7 yod
3 gy oINS 31 gt


https://www.sciencedirect.com/science/article/pii/S0378382009000241
https://www.sciencedirect.com/science/article/pii/S0378382009000241
https://www.sciencedirect.com/science/article/pii/S0378382009000241
https://www.sciencedirect.com/science/article/abs/pii/S0360319916318766
https://www.sciencedirect.com/science/article/abs/pii/S0360319916318766
https://www.sciencedirect.com/science/article/abs/pii/S0360319916318766
https://www.sciencedirect.com/science/article/abs/pii/S0360319916318766
https://www.sciencedirect.com/science/article/pii/S1540748918306345
https://www.sciencedirect.com/science/article/pii/S1540748918306345
https://www.sciencedirect.com/science/article/pii/S1540748918306345
https://www.sciencedirect.com/science/article/pii/S1540748918306345
https://www.sciencedirect.com/science/article/pii/S008207846780225X
https://www.sciencedirect.com/science/article/pii/S008207846780225X
https://www.sciencedirect.com/science/article/pii/S008207846780225X
https://www.sciencedirect.com/science/article/pii/S008207846780225X
https://www.sciencedirect.com/science/article/abs/pii/S001623611500650X
https://www.sciencedirect.com/science/article/abs/pii/S001623611500650X
https://www.sciencedirect.com/science/article/abs/pii/S001623611500650X
https://www.sciencedirect.com/science/article/abs/pii/S001623611500650X
https://www.sciencedirect.com/science/article/abs/pii/S0010218017303322
https://www.sciencedirect.com/science/article/abs/pii/S0010218017303322
https://www.sciencedirect.com/science/article/abs/pii/S0010218017303322
https://www.sciencedirect.com/science/article/abs/pii/S0010218017303322
https://www.sciencedirect.com/science/article/abs/pii/S0010218017303322
https://www.sciencedirect.com/science/article/pii/S0016236118320143
https://www.sciencedirect.com/science/article/pii/S0016236118320143
https://www.sciencedirect.com/science/article/pii/S0016236118320143
https://www.sciencedirect.com/science/article/pii/S0016236118320143
https://www.sciencedirect.com/science/article/pii/S0016236118320143
https://www.sciencedirect.com/science/article/pii/S0360319909018412
https://www.sciencedirect.com/science/article/pii/S0360319909018412
https://www.sciencedirect.com/science/article/pii/S0360319909018412
https://www.sciencedirect.com/science/article/pii/S0360319909018412
https://www.sciencedirect.com/science/article/abs/pii/S0360319915008885
https://www.sciencedirect.com/science/article/abs/pii/S0360319915008885
https://www.sciencedirect.com/science/article/abs/pii/S0360319915008885
https://www.sciencedirect.com/science/article/abs/pii/S0360319915008885
https://www.sciencedirect.com/science/article/abs/pii/S0360319915008885
https://www.sciencedirect.com/science/article/abs/pii/S0360319915008885
https://www.sciencedirect.com/science/article/abs/pii/S0016236112005339
https://www.sciencedirect.com/science/article/abs/pii/S0016236112005339
https://www.sciencedirect.com/science/article/abs/pii/S0016236112005339
https://www.sciencedirect.com/science/article/abs/pii/S0016236112005339
https://onlinelibrary.wiley.com/doi/full/10.1002/er.3141
https://onlinelibrary.wiley.com/doi/full/10.1002/er.3141
https://onlinelibrary.wiley.com/doi/full/10.1002/er.3141
https://onlinelibrary.wiley.com/doi/full/10.1002/er.3141
https://www.sciencedirect.com/science/article/pii/S0360319910014928
https://www.sciencedirect.com/science/article/pii/S0360319910014928
https://www.sciencedirect.com/science/article/pii/S0360319910014928
https://www.sciencedirect.com/science/article/pii/S0360319910014928
https://www.sciencedirect.com/science/article/pii/S0360319911022968
https://www.sciencedirect.com/science/article/pii/S0360319911022968
https://www.sciencedirect.com/science/article/pii/S0360319911022968
https://www.sciencedirect.com/science/article/abs/pii/S0010218019301026
https://www.sciencedirect.com/science/article/abs/pii/S0010218019301026
https://www.sciencedirect.com/science/article/abs/pii/S0010218019301026
https://www.sciencedirect.com/science/article/abs/pii/S0010218019301026
https://www.sciencedirect.com/science/article/abs/pii/S0010218019301026
https://www.sciencedirect.com/science/article/abs/pii/S0010218019301026
https://www.sciencedirect.com/science/article/abs/pii/S0010218019302068
https://www.sciencedirect.com/science/article/abs/pii/S0010218019302068
https://www.sciencedirect.com/science/article/abs/pii/S0010218019302068
https://www.sciencedirect.com/science/article/abs/pii/S0010218019302068
https://www.sciencedirect.com/science/article/abs/pii/S0010218019302068
http://combustion.berkeley.edu/gri_mech/
https://web.eng.ucsd.edu/mae/groups/combustion/mechanism.html
https://web.eng.ucsd.edu/mae/groups/combustion/mechanism.html
https://www.sciencedirect.com/science/article/abs/pii/S0010218009000881
https://www.sciencedirect.com/science/article/abs/pii/S0010218009000881
https://www.sciencedirect.com/science/article/abs/pii/S0010218009000881
https://www.sciencedirect.com/science/article/abs/pii/S0010218009000881
https://www.sciencedirect.com/science/article/abs/pii/S0010218019302068
https://www.sciencedirect.com/science/article/abs/pii/S0010218019302068
https://www.sciencedirect.com/science/article/abs/pii/S0010218019302068
https://www.sciencedirect.com/science/article/abs/pii/S0010218019302068
https://www.sciencedirect.com/science/article/abs/pii/S0010218019302068

