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Abstract | A numerical simulation has been pertormed to investigate efiects of toluene mixing on soot formation in pure ethylene

opposed-flow nonpremixed flame. Mixture ratios of toluene were 3%, 5% 10%, and 20%. Senkin code for 0-D simulation and oppdif code

for 1-D simulation based on CHEMKINII were utilized. 0-.

benzene were increased with increasing toluene mixture ratio.

D results by senkin showed that concentrations of methyl radicals and

This implied that the mixing of toluene in pure ethylene difliision flame

produces more PAHs and soot than those of pure ethylene flame. 1-D result of 10 % toluene reaction by oppdif code showed that

production rate for H radical was a crucial fictor or benzene formation . These results imply that methyl radical , benzene and H radical

play a important role on soot formation in difliision flames.

Key Words : Soot, Toluene, Nonpremixed flame, Benzene, Methyl

1. M B Sith= 7t dapgo] dusuA Zh Ut M= v 7]

w77kl W3t qpAlE v AAsHA dAlsta ik
A AT B409 WA BH YrEo] o|43 Hw 53] F Aol wEw, F9fE Avte] wiEshs s el A
A Zedo] ool 2T} Rol A% duA7ses e 1 o A LdEde] F2 A A S48 Al viEs)
4 A=A} Asb wo] o]Folx 1 gom(sEarEaws © WA LHEde] T 5% ol2e Ao vkt
5, 2010), ool wet 714 woh dnjl B 2o gAdze] ool F R Elde) aere] duRA ARG H= v 7h
24z w9tk wlA] fA AR CO, HlEZe] Ao =Y 5o AAIAR] g vl |ixke] A S gk
ARA ARE oS3 ATt AN w Qrk@IAE T ET AT wokelnh vAR hed dRe e d
233, 2010). 12 AAARE HUd Wz g3 #apspe S (Hydrocarbon species) o] EE ot 015l ?ﬁ T
O 7| 7e 7p%el 7|3kl vkl AAEA A mlay Aax B AR FFUCGHCHy) M n-fen-CiHe)ol 2 5 9l
S2(NOY7L ol MiEath 53] Wjde Agke] Qle] @ 5 ol T EFAS U AnTe] WIS e dic
= dag, ud A5 HES gakeas il

* NEA A} FA138]9) choi_jh@hhu.ac.kr, 051-410-4257
T wAAR - A3 Y, ydh@kopo.ackr, 051-330-7846

=9
A gael sirh web 247} S g

- 139 -
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Fig. 1. Temperature distributions for the toluene mixture
ratios of 0%, 3%, 5%, 10%, and 20% in the

counterflow diffusion flames as a function of time.
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Fig. 2. CHs concentrations for ethylene-based flame and

toluene mixture ratios of 0%, 3%, 5%, 109 and

20% in the counterflow diffusion flames as a

function of time.
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Fig. 3. C¢Hg concentrations for the toluene mixture ratios
of 0%, 3%, 5%, 10%, and 20 % in the counterflow

diffusion flames as a function of time.
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function of distance from the fuel nozzle.
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§ Colls + Ha <> CoHs + HRT5) ol 2] 3¢
i, 10% 559 & 399 H5 CeHsCHs + He> Colls +
CH3(R8)¢} CoHs + CeHsCH; <= CsHs + CeHsCHA(R11)Q! A& &

WA A o] A o]l

Table 1. Reactions for pure ethylene flame

ol Adel wiEt =4

:F
gajelel 49 WA
@ e S H 2

Step . Reaction rate, Q o

(Num.) Reaction (moles/cm’s) Q_percentage(%)
75 C6H5 + H2 = C6H6 + H 9.317E-07 92.71
69 C6H5 + H = C6H6 8.070E-08 8.03
66 C6H6 + OH = C6H5 + H20 -2.759E-08 -2.74
8 C6H5CH3 + H = C6H6 + CH3 2.632E-08 2.62
35 C6H50H + H = C6H6 +O H -4.510E-09 -0.45
56 C6H5CHCH2 = C6H6 +C 2H2 -2.590E-09 -0.26
11 C6H5 + C6HS5CH3 = C6H6 + C6H5CH2 7.7161E-10 0.08
118 C5H6 + C2H3 = C6H6 + CH3 1.072E-10 0.01
120 C5H6 + C6H5 = C6H6 + CoHbH 3.528E-11 0.00
48 C6H5CH20H + H = C6H6 + CH20H 1.838E-11 0.00
39 C6H5CHO + H = C6H6 + HCO 1.153E-11 0.00
58 OC6H4CH3 = C6H6 + H + CO 1.104E-11 0.00
64 C6H6 + O = C6H50 + H 5.443E-12 0.00
92 C6H50H + C6Hb = C6H50 + C6H6 3.520E-12 0.00
50 C6H5CH20H + C6H5 = C6H5CHO + C6H6 + H 1.510E-13 0.00
43 C6H5 + C6H5CHO = C6H6 + C6H5CO 4792E-14 0.00
67 C6H6 + 02 = C6H5 + HO2 -6.608E-15 0.00
65 C6H6 + O = C6H5 + OH -4.536E-15 0.00
623 C6H5 + C8H18 = AC8H17 + C6H6 -1.307E-30 0.00
618 CeH5 + C7TH16 = C7TH15-2 + C6Hb6 -7.942E-31 0.00
617 C6H5 + C7H16 = C7HI5-1 + C6H6 -5.108E-32 0.00
1.005E-06 100.00

Table 2. Reactions for 10 % toluene mixture flame
Step . Reaction rate o

(Num.) Reaction (moles/cm’s) Q_percentage(%)
3 C6H5CH3 + H = C6H6 + CH3 1.277E-05 46.01
11 C6H5 + C6HACH3 = C6H6 + C6H5CH2 7.098E-06 2557
15) C6H5 + H2 = C6H6 + H 7.038E-06 25.35
69 C6H5 + H = C6H6 1.231E-06 443
66 C6H6 + OH = C6H5 + H20 -2.7100E-07 -0.97
35 C6H50H + H = C6H6 + OH -8.649E-08 -0.31
56 C6H5CHCH2 = C6H6 + C2H2 -5.583E-08 -0.20
120 CbH6 + C6H5 = C6H6 + CoHb5 1.951E-08 0.07
118 C5H6 + C2H3 = C6H6 + CH3 4.243E-09 0.02
48 C6H5CH20H + H = C6H6 + CH20H 4.194E-09 0.02
58 OC6H4CH3 = C6H6 + H + CO 2.362E-09 0.01
92 C6H50H + C6H5 = C6H50 + C6H6 1.848E-09 0.01
39 C6H5CHO + H = C6H6 + HCO 6.032E-10 0.00
50 C6H5CH20H + C6H5 = C6H5CHO + C6H6 + H 5.741E-10 0.00
C6H6 + O = C6H50 + H 5.322E-11 0.00
43 C6H5 + C6H5CHO = C6H6 + C6H5CO 4.188E-11 0.00
C6H6 + O = C6H5 + OH -4.156E-13 0.00
67 C6H6 + 02 = C6H5 + HO2 -2.497E-14 0.00
623 C6H5 + C8H18 = AC8H17 + C6H6 -6.643E-28 0.00
618 C6H5 + C7H16 = C7H15-2 + C6H6 -3.344E-29 0.00
617 C6H5 + C7THI16 = C7H15-1 + C6H6 -1.067E-29 0.00
2.776E-05 100.00
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