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Abstract

Numerical simulations of freely propagating flames burning stoichiometric CHs/CHCL:/O2/N2 mixtures
are performed at atmospheric pressure in order to understand the effect of the O: enrichment level and
the CHCL;/CH, molar ratio. A chemical kinetic mechanism is developed, which involves 69 gas-phase
species and 379 forward and 364 backward reactions. The calculated flame speeds are compared with
the experiments for the flames established at several CHCl3/CH4 molar ratio (R<l), the results of which
is in excellent agreement. As a results of the increased O, enrichment level from 0.21 to 1, the flame
speed and the temperature in the burned gas are increased. At high CHCI:/CHs molar ratio two peak
which are affected by CClL+0->CIO+CCIO and

values appear on the O: consumption rate,

H+0,->0+0H.
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Table 1 The species included in the reaction set

Table 2 Physical properties of species including Cl

He H 0] 0O
OH H:0 HO:; H0.
C CH CH: CH:(S)
CHs CH4 COo CO;
HCO CH:0O CH:OH CH30O
CHsOH CH CoHe CoHs
CHy C:Hs C:Hs HCCO
CH:CO HCCOH CH,CHO CHsCHO
Cl Ch HCI Clo
HOCI CHiCl CH:Clz CHCI
CHCl, CH:CIO CHCIO CHCI
COClz CCIo CH.CH:Cl  C:HzCl
CH.LClz  CHCI CHsCl CH:CICHCl
CHsCHCI CHCICCI  CHCI3 CClz
CCh CHsCHClz CH:CICHCl: CH:CICCl:
CHCICHCl: CHCICHC! C.HCl3 CCly
CLClz CLClz CCly Ar
N
2 dAfdAMe ditged @ gstF o=
TEE 022 33, CHCLY w5 HLS 334K0)

N
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171 238 2= 39d d8 A4S £3
4tk GRI3.0 ¥ H 7MY F(http://www.me.
berkeley.edw/gri mech), Leylegian 5,"” Lee SVl
A AHEE sEkEe] 498 9 EElA EAXES
849 AF dHolg2 AE3IH I, Table 20
Fa 4AE XFS FgohFd g 23 24X
£ Axtsted a3 ¢4 dojEE Yehdoh

3. 28 o =9

Valeiras £©¢] wa=w Zauzt 190 CHY
CHCL;/Oy/N; <& 3}golAx CVH 87} 12 &
2 A9 UM FF uh-g-2|(global reaction)
g3t 2

CHCI3+ = CH + (% +%) 0,+ 152 N, 1
(1+%) €Oy + (& 1) H,0+3HCH (L +-L) 152 W,

9714 RE& dA8ZA CHCL/CH:8 E ], Q

rlr
>

Species ¢/ka® o® 1@
Cl 151.00 3.339 0.00
Cl 316.00 4217 0.20
HC1 344.70 3.339 1.10
CIO 211.35 3.842 1.70
HOCI 453.97 3.968 1.93
CHsCl 350.00 4182 190
CH:Cl 356.30 4.898 1.80
CH:Cl 340.28 4.305 0.80
CHCl 420.85 4.694 1.57
CH:CIO 535.00 4610 1.80
CHCIO 361.00 4.340 150
CHCI 224.70 4.163 1.57
COCly 376.00 4,700 1.10

CCIO 388.53 4.730 1.80

CH:CH:CI 379.29 4.816 2.00
CzHsCl 349.00 4.644 150
CH:CCl, 412.18 5.013 1.34
CzHClI 332.62 4.335 0.44
C2HsCl 300.00 4.898 2.00
CH:CICH:Cl] 471.20 5.116 1.80
CHsCHCI 379.29 4.816 2.00
CHCICCI 426.19 5.140 0.90
CHCIz 340.20 5.389 1.10
CClz 348.00 4.644 0.00
CCls 444.36 5.031 0.00
CHsCHClz 43590 5.102 2.00
CHCICHCIz 498.90 5.397 1.70
CH:CICCl: 498.91 5.379 1.70
CHCICHCIz 472.50 5.316 0.90
CHCICHCI 426.19 5.140 0.90
C-HCIz 472.50 5.316 0.90
CzCly 514.90 5.640 0.00
CLCl3 473.36 5.247 0.90
CLlz 442.70 4.958 0.00
CCly 322.70 5.947 0.00

(a) : The Lennard-Jones potential well depth &

/ks in Kelvins.

(b) : The Lennard-Jones collision diameter o in
Angstroms.

(c) : The dipole moment p in Debye.

Xo,
Xo,+Xn,
R, Xos XpE 77 Aast die E 3ol
t}. R gto] 091 F$-= vig 3dojx, R gho] 3
2l ZA$E= CHCL 3190]x, R gto] 0z} F&oh A}
old] v A4 d5=2A dEd CHCLE £33
stgoith. R ghol 28 FAL zAA ¢ e

2 o3

¥ oIt AaFHES



896 o]

50

= Our Calculation
O Leylegian et al.
B Valeiras et al.

-~
<

Flame Speed, cm/s
v
@

N
@

0.4 0.6 0.8 1 12
R (= CHC13/CH4 Molar Ratio)

10 T
0 0.2

Fig. 1 A comparison of flame speeds for stoichiometric
flames buming CH4/CHCly/OyN; mixture with
respect to CHCl:/CH, molar ratio
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Fig. 3 Spatial temperature profiles for a R=0.5 flame
at ¢=1 with several O, enrichment levels,
presented with respect to position
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Fig. 7 Net rates of some species for a R=0.5
flame at ¢=1 with the 21% O, enrichment
level, presented with respect to position
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flame at $=1 with the 50% O, enrichment
level, presented with respect to position
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