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Abstract The increasing number of species and reactions in the combustion mechanisms has caused inconvenience
to the engineering application of turbulent combustion simulation. The minimized reaction network method was
adopted to develop combustion mechanisms for typical C, fuels such as ethylene, ethane and ethanol under specific
chemical resolution. Each C, single mechanism features a compact reaction network with reversible reaction.
Moreover, the direction of all reactions was unified in form. For kinetic parameters, the form of classical Arrhenius
equation with two parameters (A, E,) was adopted. This choice ensures physical significance while facilitating
parameter optimization. The mechanism reduction process was avoided in the development of the C, mechanisms,
while the number of species and reactions were significantly decreased. The simulation results indicate that the
C, combustion mechanisms developed in this work exhibit high reliability while maintaining small scales, which
may bring convenience to the practical engineering application of the mechanisms by reducing computational
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Demands of turbulent
combustion simulation
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I Chemical resolution

A minimized reaction network CCData

[ Validation and optimization

¥

CKL-C; mechanism

Scheme 1 Modeling flowchart of minimized reaction network method

CKL-C, mechanism: combustion kinetic mechanism for C, fuels with minimized reaction network developed in this work.
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Table 1 Independent reactions of C,H,, O,, H, as initial components

No. Species C,H, 0, H, No. Species C,H, 0, H,
1 C,H, 1 0 -0.5 8 H 0 0 0.5
2 C,H, 1 0 -1 9 0 0 0.5 0
3 G,H 1 0 -1.5 10 OH 0 0.5 0.5
4 CH,0 0.5 0.5 0 11 HO, 0 1 0.5
5 HCO 0.5 0.5 -0.5 12 H,0, 0 1 1
6 (00 0.5 0.5 -1 13 H,0 0 0.5 1
7 Co, 0.5 1 -1

FERE P i R RO AR A R D R S s UR , ARts 2 5% 16 kil
SRR R 13 A0 ST R

C,H,=—C,H,+0.5H, (6)
C,H,—C,H,+H, (7)
C,H==C,H+1.5H, 8)
C,H,+0,——2CH,0 )
C,H,+0,==2HCO+H, (10)
C,H,+0,==2C0+2H, (11)
C,H,+20,=2C0,+2H, (12)
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H,==2H (13)

0,—20 (14)

H,+0,—20H (15)

0.5H,+0,—HO0, (16)

H,+0,—=—H,0, (17)

H,+0.50,—H,0 (18)

e b, S EER TR PIFHESEN , COHRBHRBE M IR IR S B e LR BIAR R 1 3h 1 A A
AT D A 3o S N7 S 0 B L S N AR T A . AR BT S RO R A R A, XSSy
PRIE G CH ARG E 22 0 . SR, H TR M7 S S AS IR FETC RO, 5 2 PR A R 2 Y S
AL A LA AUIX BE il = AT RS SO, SR AR Ak B2l 25 e LB RUBE L ol T R
A 1 Co-C ALERBEERAL 5 B MR AN SN, AEXE AL SN A T AR BIR , AN X A BR F A0 Fof A S 007 7
PR ) RRSZBR bR O T SRS AP B SO AL B, SRR B R S TR RIS R A A
D72 K . 25 A IS T R AN L, B0 CH HLEEAT 16 SRR 24 A W (R L5 N, Ar,
He), HHEAL S AY Co-C LB, FUBE 1 4 M 104N (22). 78 CH HLIE X S286 T oL H 3 1
SRR AR TS 04 SN A T 3l S 2 SRR R R AL, DAGRUEIL A I b R S
AR L S LB HAT [ S

Table 2 Added reactions with kinetic parameters of C,H, module

Species Reaction Af(em®+mol™+s7) E/(J-mol™)
C,H, C,H,(+M)=C,H +H(+M) 2.00%10' 461010
Low-pressure limit 2.60x10"7 403660
H,/2/H,0/6/CO/1.5/CO,/2/CH,/2/Ar/0.7/
C,H,+0,=—=C,H,+HO, 4.22x10" 157250
C,H,0H==C,H,+H,0 3.77%10™ 27880
C,H, C,H,(+M)=C,H,+H(+M) 1.89x10" 164230
Low-pressure limit 3.31x10" 137520
H,/2/H,0/6/CO/1.5/C0,/2/CH,/2/Ar/0.7/
C,H,+0,==CH,0+HCO 1.85x10" 0
C,H+H=C,H,+H, 8.00x10'° 0
C,H, C,H,==H+C,H 2.63x10" 497750
C,H,+0,==CH,0+CO 5.86x10" 153870
C,H,+OH==C,H+H,0 3.53x10" 75950
C,H C,H+0,==HCO0+CO 5.00x10™ 6270

122 ZHEAEME 5 IRRRHARE R N HLEREA 5 AR, CH % [EAE C,H, B LR3I
R A T4, Hras Rl CH A1 CH,. H T8 T CH 20 A B 1~ CHL A SN, e C HLEL R, CH,
I AR CH, HEA T AR, BRI, 76 CH e R AL B S SR v AH He CH AL I T C,H,, C,H,, CH, A
CH,3X 4 MiFl . CH ML 5 20 MIFN (N, Ar, He[R40), Bl ok 17. ek g ¢, H LR
33NN, AHER CH LIS fin 4 AP 9 S B g, Forh b & C,I Rl 24>, OBk 64>, ansk3
s .
123 ZEHEMZE WK ZERBEHLILE C,-C, LR 34 m T C,H,0H, CH,CHOH, CH,CHO,
CH;CO 1 CH,CO 3X 5 MR . Bt 1 C,H;OH HLERSE 20 1P CRAL 5 N, ArfilHe) , 237 [ £
17. A5 C,H,0H HLER AT 35 28 AN R, AIXTTF Co-C MLEHE 8 A4 10 4~ C, 52 B AN S1(IAR S
FEEE IR .

IR LI LB FERR B HLIRAL B I PR BRI RN £S5 NUIG L. 1 & fb B e L i
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Table 3 Added reactions with kinetic parameters of C,H; module

Species Reaction Al(em®+mol™-s7) E/(J-mol™)

C,H, C,H (+M)==CH,+CH,(+M) 1.62x10' 358390

Low-pressure limit 3.31x10" 302510
Ar/0.7/H,/2/H,0/6/C0/1.5/CO,/2/CH,/2/C,H /3/

C,H,(+M)=C,H+H(+M) 5.64x10' 420130

Low-pressure limit 9.36x10 409050
Ar/0.7/H,/2/H,0/6/C0O/1.5/C0O,/2/CH,/2/C,H /3/

C,H+0,==C,H,+HO, 6.02x10" 133380

C,H+OH=—=C,H,+H,0 1.20x10" 10990

C,H#+HO,==C,H+H,0, 1.32x10" 73020

C,H; C,H (+M)=C,H +H(+M) 8.20x10" 167200

Low-pressure limit 3.02x10" 102490

Ar/0.7/H,/2/H,0/6/C0O/1.5/CO,/2/CH /2/

PR BORI K2 BRI RS HE A T 4, W, SR AR/ M SO I 2% D7 vk A Y CKLAILER RS 2 28 IR 32
R

Table 4 Comparison of reactions and species(containing N,, Ar, He) of NUIG and

CKL1.0 mechanisms”
Fuel Skeletal-NUIG CKL1.0
CH, 545-305¢ 195-24r
C,Hy 49s-284r 23s-33r
C,H,0H 38s-265r 23s-28r

*s: species; r: reaction.

2 PRI ARG IE

JF A A AR A o 246 A A IR | 5 A I ) AR 22 37 M 8 SR 2 R e bt A T T
IO, B4 SR 5 AramcoMech3. 07, UCSD™/ 1 USC-II" Z& PEANALEE A 25 SR E AT T He i, RpTd 5
NUIGL. 1 fajfb /B 4epL3 > F Fluent SVEHLEE S5/ NRSTHLERDES T T XS LG, BEAh, 5% O Id kA 25 22
T Singh &5V BALHLEE AR RLZE B (Quasi-global C,H,). FrAT YA L TAEHI R FH Chemkin-Pro 4%
PEUSSEY, AR B Al P AL 2 S K HEIR B [ fef FH R 4 B PR A ROV 2, )2 0 Mk
JE Aol FH TR 2 0 A M B T S
2.1 HHMNIERE

Y AT S T IR B 2 A S5 1 T S B T 0 AR 15 B TR A P I RIS B IR B, S A ik
P8 RN HLBE AT SRR — AN SEATR AR . A KA IR B SRR bE S N ML IR ELAT 53 R 56 LA St 1)
P28 . F P AL S L E L A RO TR BE RS SR T T XS L . AR S B AL A
WIZS (p=1x10° Pa, T,=298 K) . BAK} 525 (79%N,+21%0,) 18G4 54T 15 4 H K I R 5 an 8] 1
AR HETA), (COFIE) A, CHRRLE A EISE AL 0. 5~2. 0 25 B L (b, FRRHRBERT, 5241k
e T i S 1 AR R i S Bk 25 i AR AR R 1 22 bR ) Y R Y T ArameoMech3. 0, USC-11, UCSD SEFE4AHL
PG 485 S IEAHH R, 15 B AL A LB AT 45 L A R K S TR P T

B 1(B), (D)FI(F) R T ke g i AL B 5 0w BAT /D W A B i R e ML B LL 265 1) 265
Bl 1(B), (D)FI(F) AL T NUIGL. 1 & fb )5 B 22 HLBE (Skeletal-NUIG ) 1 285 5, 4 B BORD F2 1oz 0 I
4. K1(B)M(D)EE T Fluent SALHLEE (Fluent-mech ) (25 5 . 1(B) A% T Singh 252 H 2
S LI (Quasi-global CH,) BIZE IR . AFAEIWLIEFI NUIGL. 1 B 4LHLERAF & R 84T, Hah,
Singh S5 2 B A HLBRIRIRE S AL A A HLER A NUIG L. 115 AL EE 1) 448 4 N TR FE AR A1
6], T Fluent SVELHLIR, 430 KO0 IR EE W 7E 2 & R F 0. 8 BB i T LB, T LA X
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Fig.1 Adiabatic flame temperatures of different mechanisms at p,=1x10° Pa and 7,=298 K
(A, C, E) Detailed mechanisms; (B, D, F) small-scale mechanisms; (A, B) C,H,; (c,D) C,Hgs (E, F) C,H,OH.
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Fig.2 Ignition delay times of C,H, mechanism in this work compared with detailed scale

mechanisms and experimental data

(A) ¢=1, p=2.13x10’ Pa, molar ratio of C,H,/O,/Ar=1. 75/5. 25/93; (B) ¢=1, p=9. 31x10° Pa, molar ratio of C,H,/0,/Ar=
1. 75/5.25/93; (C) ¢p=3, p=2. 19x10° Pa, molar ratio of C,H,/0,/Ar=3.5/3. 5/93; (D) ¢=3, p=9. 84x10° Pa, molar ratio of
C,H,/0,/Ar=3. 5/3. 5/93; (E) $=3, p=18. 2x10° Pa, molar ratio of C,H,/0,/Ar=3. 5/3. 5/93.
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Fig. 3 Ignition delay times of C,H, mechanism in this work compared with small
mechanisms and experimental data
(A) ¢=1, p=2.13x10° Pa, molar ratio of C,H,/0,/Ar=1.75/5. 25/93; (B) $=1, p=9. 31x10° Pa, molar ratio of C,H,/0,/Ar=
1.75/5.25/93; (C) $=3, p=2. 19x10° Pa, molar ratio of C,H,/0,/Ar=3. 5/3. 5/93; (D) ¢=3, p=9. 84x10° Pa, molar ratio of
C,H,/0,/Ar=3. 5/3.5/93; (E) ¢=3, p=18. 2x10° Pa, molar ratio of C,H,/0,/Ar=3. 5/3. 5/93.
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ML 0L 28 SR 55 e R L A 22 1) o S B i . &) S4 RNA S5 (LA S H5:45 BO AL T TR g
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Fig. 4 Ignition delay times of C,H, mechanism in this work compared with detailed mechanisms
and experimental data
(A) ¢=1, p=1.2x10° Pa, C,H/0,/Ar=1. 13/3.96/94.9; (B) ¢=1, p=4x10° Pa, C,H/0,/Ar=1. 13/3.96/94.9; (C) ¢=1,
p=16x10° Pa, C,H/O,/Ar=1. 13/3. 96/94. 9.
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UCSD LB 5 K SESR B[R] FE 25 5 U oA 1 BTSN T ArameoMech3. O MLEE ; 7824 & H ol 2 WIGR R 10
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Fig. 5 Ignition delay times of C,H,OH mechanism in this work compared with detailed
mechanisms and experimental data
(A) ¢=0.5, p=11. 63x10° Pa, C,H,0H/0,/Ar=1/6.2/92. 8; (B) ¢=1, p=2. 09%x10° Pa, C,H,0H/0,/Ar=1. 5/4.7/93. 8;
(C) =2, p=2. 31x10° Pa, C,H,0H/0,/Ar=4/6/90.
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Fig. 6 Laminar flame speed of C,H, mechanism in this work compared with detailed mechanisms
and experimental data
(A) T=298 K, p=1x10° Pa; (B) T=298 K, p=2x10" Pa; (C) T=298 K, p=5%10° Pa.
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Fig. 7 Laminar flame speed of C,H; mechanism in this work compared with detailed mechanisms and
experimental data
(A) T=298 K, p=1x10° Pa; (B) T=298 K, p=5x10° Pa; (C) T=298 K, p=10x10° Pa; (D) T=325 K, p=5x10° Pa.
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Fig.8 Laminar flame speed of C,H,OH mechanism in this work compared with detailed mechanisms
and experimental data
(A) T=298 K, p=1x10° Pa; (B) T=453 K, p=1x10° Pa.
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