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Abstract

To reduce the emissions of COz and other pollutants, a novel combustion technology has been pro-
posed and developed, which involves using 0z2/CO: instead of air as the oxidizer in combination with
carbon capture and storage technology. The extinction limits of CH4/COz and 02/CO: counterflow
diffusion flames were numerically calculated using Chemkin Pro. The results indicate that both ex-
cessive flame stretching and radiative heat loss at low strain rates can lead to flame extinction.
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ERUCS

When the strain rate is sufficiently high and approaches the stretch extinction limit, the effect of
radiation can be neglected. The stretch extinction limit is primarily influenced by the dilution effect
of added CO2, while the radiative extinction limit varies due to the radiative effect of COz gas. The
influence of reaction R99 (CO:z + H = CO + OH) on the heat release during combustion increases with
higher CO: concentrations. As the initial temperature of the oxidizer increases, the change in the
stretch extinction limit is greater than that of the radiative extinction limit, resulting in an overall
broadening of the flammable region. Reaction R38 (H + 0z = O + OH) remains the most important
elementary reaction in the combustion process under all conditions.
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Figure 1. Schematic of counterflow diffusion flame
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Figure 2. Temperature comparison between CHg-air flame and CH4/O2/CO: flame under radiation conditions (a = 12 s™!, Xr

=0.2)
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Figure 3. Comparison of the temperature of CHs-air flame and CH4/O2/COz flame with strain rate under OTM (Xr = 0.2)
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Figure 4. Variation of flame thickness versus strain rate
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Figure 5. Variation of maximum flame temperature versus strain rate
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Figure 6. The flame structure of the flame at different strain rates
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Figure 7. The influence of radiation on the flame structure of the flame at different strain rates
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Figure 9. Maximum flame temperature versus strain rate with and without radiation
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Figure 10. Maximum flame temperature versus strain rate at different CO2 dilution levels (on both the fuel side and the oxidizer
side)

10. [E] CO: #REE (RRRHUFIE I T A B SIRE SRHARNX R

3.4. SFINCIRBE XS K AR BR AR M

N T B ZRARRIERG R[55SR TR R TR P £E i SR AT s SRR e s Al AR
BeAHAE & IIMES . BRIl iR SRR R (HITOX) . BRI, AU O TE il 55 1 T KA AR E 1k

DOI: 10.12677/aep.2025.1512178 1659 LR AT U


https://doi.org/10.12677/aep.2025.1512178

BRI

THETTE Xo = 035, Xp = 0.2 BAS[E AN ST HR KR PR 52, Hodr SN R I%E N 300
K. S00K. 700K, #Pd 11 s

1700

1600 -

—
73
=3
=3

1400 -

Maximum flame temperature (K)

1300 -

1200 L L
1 10 100
Strain rate(s™)

Figure 11. Maximum flame temperature versus strain rate under different initial oxidizer temperatures

1. FEVIEEAFIEE T ERESRESHARHXER

SEREW], ERI—HAMPRT, VGBS, SRR KGR E T & RT R RE KOk fRk
Ui, WIARHR B T E AR KR 2 IR R =y, I HAR IR, X R H T ERHE T, HILhHE
AR EE 3 s IR 2 R L R 2, b T KA I Rl S i e, A B T 4ERR K OERR e, R
T B S R R A B R EUR K, RRKIRE R T 10 SR AR, iR A 7 2 1 K
TSR, KO T BRI B R R SR R . R S AR R I KR, JOBTERMRIEE RS R K,
AT b S K8 K B BT 2 PR A8 K Il P2 B DRI AEAS [F) S A R N EHIRLEE T, it KSR AR B (R AR A AN [
Fhi KR IR . 4 aR AL IR N 300 K. 500 K. 700 K B, i1 H 4RSS KRR N a = 3.6 s7'.
a=23s"'\ a=15s" MR KPR35 a=49.1s" a=1068s"' a=210.1s"'. ATLAK
L, WIAE TR EE A SR AT 2 R 1 K@M, R AR KR PRI AR, S s R A K G
X T i A AR BUR . R TR A, S AR T, AR TR S T, X R E R
WK, FONERE T s 0 Fiash E R, (B e A, DRI, HRE R Hok
JEAETEH AL “C-shape” JELKHHZEANTTBRMLBR , 0 SHR B 0T KME I T IEA PR A2 S35 1 o i e ] 11 FRATTRT A
AN, YA EAFIEE TR, HE “C-shape” HIZEt 23058, TURARLIR St — 0/

K 12 BoR TEEACTIEE N 300 K. 700 K B, 32 2148 S IR A 5 7 o 8 2R S KA
P A TR TR Y38 5 AR B [ T BT R A0 A o AEFR SRR AR SR PR, 3 2 R B ) TR A R TE
WILEIRIE N 700 K B I/ T 300 K, 12 R BTAG IR E e 00 18 B4 SR K0 K A R BRF S5 82 PR L il P2 A1
IRl S 2 B AR ARG . A TR 300 K B, )RS R99 (OH + CO = H + CO,). R101 (OH + CH,O
= HCO + H,0) & i L E IR N, T bl & B =, R35 (H + O, + H,O = HO, + H0) B /R R101 /%
NTERIRZR I PRI SN, [N R10v R153 1 A7 EE R B TAE my b Al 28 THL T, i S A A 45 e B
PO RIREER T . B R10 7E S 5 1 0T 5 S R TECRAGE 28 52 39 0 o 17 DG 148 2 i Tk 3 v i S A7)
EF KRR R R TR, R38 (H + 02 =0 + OH)# & AR BR B FE i 5 B AN .

DOI: 10.12677/aep.2025.1512178 1660 LR AT U


https://doi.org/10.12677/aep.2025.1512178

ST

800 140
——RI10 O+CH3<=>H+CH20 — - R35 H+O2+H20<=>HO2+H20 ——R10 O+CH3<=H+CH20 — . R3S HO24H20<=HO20
——R38 H+O2<=0+OH — + R§7 OH+HO2<=>02+H20 120 —R38 H02<=0r0H — - R$7 OH+HO2<=02+H20
———R9§ OH+CHI<—>CH3+H20 — - R99 OH+CO<—H+CO2 ———R98 OH+CHA4<=>CH3+H20 — . R99 OH+CO<=>H+CO2

600 F __R10] OH+CH20<=>HCO+H20 = + R153 CH2(S)+CO2<=>CO+CH20

100 ====R101 OH+CH20<=>HCO+H20 == « RI153 CH2(S)+CO2<=>CO+CH20

sol 700K N\

400 300K
a=1.5s"! “\

a=3.6s"!

60 |

40}

<

20 F

20F

Heat release rate by 1'ez|ction[J/cm3 -s]
Heat release rate by reaction[J/cm3 -s]

IS
2

a0 L

-60 F
600 L— L L L L L L L L L L L L s L L s L
490 495 500 505 510 515 520 525 530 535 6.0 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9
x(cm) x(cm)

6000 F  ——R10 O+CH3<=>H+CH20 — . R38 H+02<=>0+0H ———R10 O+CH3<=-H+CH20 — . R38 H+02<=>0+OH

~——R52 H+CH3(+M)<=>CH4(+M) = - R98 OH+CH4<=>CH3+H20 15000 | ———R52 H+CH3(+M)<=>CH4(+M) == - R98 OH+CH4<=>CH3+H20

——R99 OH+CO<—>H+CO2 —  R101 OH+CH20<->HCO+H20 ——R99 OH+CO<=>H+CO2 — - R101 OH+CH20<=>HCO+H20
4500 F  ——RI53 CH2(S)+CO2<=>CO+CH20 = - R284 O+CH3<=>H+H2+CO -

e R153 CH2(S)+CO2<=>CO+CH20 - R284 O+CH3<=>H+H2+CO

- =
¥ L)
E E
= = 10000 -
= 3000f = 700K
S 2 2=210.1s"
2 i
g L g
g 1500 £ 5000
:E) 2>
) P
I :
% %
S 1500 5
g [
E 3000 B : .
= - r = \ '/
\ 7
4500 | o
. . . 10000 . \ . .
4.95 5.00 5.05 5.10 5.15 6.00 6.05 6.10 6.15
X(cm) x(cm)

Figure 12. Heat release rate profiles of the selected elementary reactions which have large contributions to the global heat
release rate at extinction limits
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