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Abstract

In order to study the effects of different initial temperatures and different initial gas concentrations
on the oxidation reaction characteristics of low-concentration gas (below 5%), CHEMKIN software
was used to simulate the gas oxidation reaction under different initial conditions in this paper. The
results show that the increase of initial temperature (1200~1400 K) accelerates the chain reaction of
free radicals, and the ignition delay time is shortened by 92%, the maximum reaction temperature is
increased by 5%, and the maximum reaction pressure is decreased by 10%. After promoting the pro-
duction of nitric oxide and nitrogen dioxide, the final mole fraction increased by 21.8% and 1.2%, re-
spectively, while the final mole fraction of carbon dioxide decreased by 4.6%. At the same time, the
maximum mole fraction of carbon monoxide fluctuated around 0.04. The increase of initial gas con-
centration (1%~5%) increased the total amount of fuel, prolonged the ignition delay time by 64%,
and increased the maximum reaction pressure and temperature by 57.96% and 56.91%, respectively.
Itpromoted the production of carbon dioxide, nitric oxide and nitrogen dioxide, and the final mole
fraction increased by 45%, 1.4% and 1.6%, respectively, while the maximum mole fraction of carbon
monoxide was in the range of 0.00784 to 0.0402. The results show that temperature affects the reaction
rate of oxidation reaction and gas concentration affects the upper limit of energy release. It is proposed
that in practical application, it is necessary to balance temperature and gas concentration, give prior-
ity to controlling the temperature threshold to suppress the disastrous gas, and improve the heat stor-
age and oxidation efficiency through concentration gradient optimization, so as to provide theoretical
support for the safe utilization of low-concentration gas.
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SINEIFLHTRERF R 2 [ 14]. BIREBL15]. ZEHRF[16]155@ T FLACS FARIL B A MEAL 3% 1 R 77
B JAGN R AR FE . FIHRDS[17]3E FH Fluent FAFREIL A M1 42 BUETRRVEAL SR RR I o T VR 2 2438 1)
WEFCAUESE T BLTRIE 2 BRI AR IR . W46 FLR B R R (W52 [ 18]-[21]. Pekalski [22]+ Gieras [23].
Zhang [24]F1 Ning [2515 NSLBGH 5T 7 AN ARG IR FE 2% AF(273~513 K) N RLBTERIE SR R 24k, 15
B 7 PR NE B JJAEAS R IR B T AR R, I R IR o ) A T T v f R R A E TR T B A, T i
KJE 7 ETFE AR I AR B B . Huang [26]1411 Niu [27]255%F A [ B BE (8%~11%) I (IR 34T T #F
Foo T T R KIGERAES B R FE AR . Gao S5 [28 3@ BUE AL 40 AT T T [l XS IRk
JEE BLATRT BLIT RN AT o AR R R R 2, 15 HE B DL AR FAIR BE N 0% 8 N2 3%, e KHEELL
LRVENG N, T KO R T R S - O - D - OE R % . Chen SF[29 1M B B K R R
RLEE, ZHT 1%~1.5% MM BE FLITTE 1000°C il B AR, el e s 2 P UM IR 8 A0 s g i 2
SRR E 0 TR RS R A T PR

Cia FORFE LRI, BT AR BE R B A AR KRR BE b S RO AR SRR . BRI, A SR A
CHEMKIN Ao (1) 35 PR 22 4 35 Jo1 s 2B 2R, ASEAUMIGIR P BL BT (1%~5%) 7E =i 25 11(1200~1400 K) T )
RN, BT A ORI B RO & AR 22 AR P PR h B BE A, 4R B (VR B BT R FH R
AT B EEE .

2. IEBREER
2.1. RNMHIE

B P AP Ak 2 2385 BT BB HEAT T RE WAL, 530 8 38 /& GRI-Mech 3.0 #13E. ‘B HA 53
P2 gy 325 NEETCRI, BATZHER . B FEAS R 06 R 2 AN 46 TU AR 5 6t BU AT 404 S B R 1
DRI, VEMELEON 1, RN 1200~1400 K, JE7704 0.1 MPa, & GRI-Mech 3.0 HLEE173& FH 214,
BRI 1 FrR[30].

Table 1. Application conditions of GRI-Mech 3.0 mechanism and simulation setting conditions
# 1. GRI-Mech 3.0 #l32:i& A F M RARWUR E &1

EHMEL ERHRE/K) & 71/(atm) WEHELL BB E/(K) WEE K J1/(MPa)
0.1~5 1000~2500 0.01~10 0.1~5 1200~1400 0.1
2.2. EBHIGFTE

K CHEMKIN {4 ot P 22 4E 1) S B g i Y, HARRUE 2 H AL T4 PRz, do i EaGeEE )y
T man (D) (@) FroR[31]:

f%:m%«ﬁh%g@) M
W, = ngl"fkkﬂfniil[xj]v;k (i = 1""’kg) 2)
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Table 2. Setting of operating condition parameters at different initial temperatures

F2. AEMREENTASHIRE

WS4 T4 1 T4 2 T4 3 T4 4 TS
WILEIRE/K 1200 1250 1300 1350 1400
WILEE 71/ MPa 0.1 0.1 0.1 0.1 0.1
CHa FE/R 5740 0.05 0.05 0.05 0.05 0.05
O2 FEIR 734 0.1995 0.1995 0.1995 0.1995 0.1995
N2 FEIR 7348 0.7505 0.7505 0.7505 0.7505 0.7505

Table 3. Setting of operating condition parameters at different initial gas concentrations

3. FEMERARENIRSHIRE

WS4 T4 1 T4 2 T4 3 T4 4 T4 S
EILGH N0 1300 1300 1300 1300 1300
HILE J1/MPa 0.1 0.1 0.1 0.1 0.1
CHa B IR 533 0.01 0.02 0.03 0.04 0.05
O2 FEIR 734 0.2079 0.2058 0.2037 0.2016 0.1995
N2 FEIR 7348 0.7821 0.7742 0.7663 0.7584 0.7505

3. ¥IsaiR EEx BLAT SR AL R R MR R
3.1. BRR DR

VISR BE AR P T, LTS F A R BB () AP 2 ] 1 R 2 B LA S
SRR JRE E I ]38 {40 52 4 2 L T 05 T a9, ) R T B AR e 2

ELE. AR, BEEYIRE TR, BUTR R RN T 2R RS, B 1200 K B 0.2043 MPa
P31 1400 K B 0.1840 MPa, TRRIEEN 10%. RIEFASMREGTFE PV = nRT, EWIEE EE
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Figure 1. Variation curve of gas reaction pressure under different initial temperature conditions
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Figure 2. Variation curve of gas reaction temperature under different initial temperature conditions
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Figure 3. Fitting curve of maximum reaction pressure, temperature and arrival time of gas with temperature
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BTSN, KBRS [ TG IR T I T R AR, r KU . AR Ak Tt s, AU RE IR I
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Figure 4. Fitting curve of ignition delay time under different initial temperature conditions
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Figure 5. Curve of CO mole fraction with time under different initial temperature conditions
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Figure 6. Curve of CO2 mole fraction with time under different initial temperature conditions
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Figure 7. Curve of NO mole fraction with time under different initial temperature conditions
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Figure 8. Curve of NO2 mole fraction with time under different initial temperature conditions
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Figure 9. Variation curve of gas reaction pressure under different concentration conditions

0. FRBREES T RMRKE AT s

DOI: 10.12677/me.2026.142048 464 i AR


https://doi.org/10.12677/me.2026.142048

FEEN 4

2700
1% 2% 3% 4% 5% |
(8.5,2498)
-
2400 (8.1,2330
200l (7.3,2117),
2
= (7.0,1868
1800
(6.7,1592)| g
1500 J
1200! L L L
0 5 10 15 20
t/ms

Figure 10. Variation curve of gas reaction temperature under different concentration conditions
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Figure 11. Fitting curve of maximum reaction pressure, temperature and arrival time of gas with concentration
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Figure 12. Fitting curve of ignition delay time under different concentration conditions
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Figure 13. Curve of CO mole fraction with time under different gas concentration conditions
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Figure 15. Curve of NO mole fraction with time under different gas concentration conditions
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Figure 17. Gas oxidation reaction path diagram at different initial concentrations
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