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Abstract: Based on the detailed reaction mechanism on toluene proposed by Metcalfe, the initial reaction framework consis-
ting of 92 species and 607 reactions was obtained by using the DRGEP. After that, the mechanism was further reduced by a-
dopting the reaction ratio analysis and temperature sensitivity analysis under the condition that the temperature, pressure and
equivalent ratio are in a broad range. As a result, the reduced reaction mechanism on toluene consisting of 48 species and
176 reactions was got. Extensive validations of present mechanism were performed compared with the experimental data of ig-
nition delay time in shock tube, profiles of species concentration in jet-stirred reactors, and HCCI engine. The results show
that the predicted results of the reduced reaction mechanism on toluene are in excellent agreement with the experimental re-
sult. The toluene oxidation and H abstraction reaction by OH radical could improve the process of combustion, and increase
the system temperature at lean combustion conditions, but it will restrain the system reaction under rich conditions. In addi-
tion, the reactions related with O-0C¢H,0, play important roles in ignition, and the effect of O-0OC;H,CH, generated

process by C¢H,CH, and O, on ignition delaying becomes stronger with the increase of temperature.

i B H9.2017-08-13
BEE&TA  IIAE HQRPEIES T H (ZR2016EEMO5 , ZR2016 YLO10 ) 5 K HE K 2 PURHLIA b 27 [ 52 F o5 S 36 28 P g (K2017-05)
TEE BN B (1977-) 5 #8 4 WF5T 7 ] R ISR DR BH S Bk be A il fb BB AT 51T B4 R . E—mail : fenghongqing@ upc.

edu. cn,



- 112 - PEEHKFFROAARFFR) 2018 48 A
Keywords : toluene; DRGEP; ignition delay time; reduced mechanism
VAR Z R0 2 0 2 AT 5, 0T ELIA 7™ A i
CA = z (O’ _UA,iwi) . (4)
i=1

A= TR R H B ot AR A ], R b et 72 e
B E BRI TR AN AL o R i AL 2 Bl ) 2 dGIE
RS A S5 ot A e 4 L R 1 R AR R R e R —
FOTC EEFH DU bt e (B R, )2 R
FE KA SR SIHUIEGE i ff FRs TE B e T S5 4ot
BIRIE IR A Y, BDJERE 2 LR (PRE) AR B
T A= B X R be et B A S e, SR, 8 R
AP EH 20% ~50% B955 74, Horp g i
I AR ERLLSr, L, PRE FI/ERCERRLAR
RETERRRTLSE PRV TR M I AR LA . A TR 4F
BRI BRSO U B R 2 B T 2 4 4,
IEBERE Sk H R = 21 3 RRE BE NS T M PR
THELRRPESS (B FRE TI5 & ke, e 5
BEIEATE B TRE fa AL ML G 78 TR 2 1 4a pL ]
FEhth b AT VR ) R R BB 2 e — S R
R FEAR . FEORAE S BB S F iR AR W I
HAAE ML A IF 5T bl 2 AW & 7). Pitz, Da-
gaut AELSIAL G0 W T 20 AR ) R I R Bl
R, ZEH R B R B 2R AL N 8 2
BUHI AT T4k, 2T 0 3 2 53 B AU 23 AT
PEZHLTAE SRR RN A8 R HCCT & B ML
TS R HEA T X LG

1 HIEREEYLH

PEBGE T2 B E Y Metcalfe FF 7 E4RAIL HI17E
SRRIGEHLE], SEEARAL SIS A 329 FhdL 4 176 4>
SR 3 TR 22458 1) H 42 ¢ R K7L ( DRGEP)
AT, AR BIPI D HELE W20 320 & 92, N 8K
D3 607, EIEXRREEE(DRG) H Law 2
P AL A s, TR RIS 26 RO pL
ALY A X B AR B IE FAL BTk r o, 2 B2 53
A5 B ZHEIHEA KR, Desjarding %X 1, i
AT B A T R A R R E B

n
21 ‘ vA,iwi(S;s ‘
iz

DRGEP _

AP _max(P,\,C,\) ' <1)

5o L, 55 i DR S A FB; 2)

Plo, i AR REE A A B

P, = 2 <O’UA,£wz) , (3)
i=1

M KTHEBE e B, WK A 5 BHG.

AL T E S 0.1 ~ 1 MPa, ¥ J& K 400 ~
1000 K, 24 & o 0.25 ~2.0, 4 % 2L C,H,CH, .
H,0.CO, NG 53, ME N 0. 05, W) fRifk pyAL
il 28 22 B T K S N el v A IR I ALy, 2
Jei P DAL B R 23 T RS 3| B N A A T
B FE MRS, #E—,
1.1 KRR

K12 H TR R 500 K K1 0.2 MPa 24
O 0.5 IR 3 W 5T 0 SO 3 8 oy Bt 2R v
() S Gt A FROR T AL Fh B 5, AR 1 AT
DL EE 2145 S 0 e 48 5 20 7326 B T FE 19 5% 1)
FEEE, XFFHIR 7 LR SRTZY 21 CA(CA R
b R B ) T A6 G248 SO, T AR e PR % BN S
POREE A AL A R P A K2 O JE T4k
OC¢H,CH, . 7RI 322l 2R S fb A L (R1\R2)
i A K RS (C H,CHO) M C,H,CH,00 (R17
RI18) {HFEHL,

R1:C,H,CH,+OH=C,H,CH,+H,0,

R2:C,H,CH,+0, =C,H,CH,+HO,

R17:C,H,CH,+HO, =C,H,CH+H+OH,

R18:C,H,CH,+0, = C,H,CH,00.

FE ] P (C H, ) T8 i 2 ) R8 th
OC¢H, CH, 43 fif A5 B, 38 2 4804k 2R 55 (R36) AR
MBS T (R35) THAE,

R8.0C4H,CH, =C,H,+CO+H,

R36:C,H,+OH=C H,+H,0,

R35:C,H,+0=C,H,0+H.

AR AL (CH CH, ) B 1T B 45 Ak O 4% H g
(CeH;CHO) &b 3B A 5y Hb— 5% 35 B2 (0] 2 | Ny 3 12
Eﬂﬁiﬁi C14H14( R13) :

R13.C,H,CH,+C,H,CH,=C H,,.

H— IR A Z )G, R ML (CH,) 78
FAEAHT 204 CA ZE A i AR AR B (CgH0)
(R f i A2 B, 9 OH ALl C H, /N1, 51
CsH,0 .C,H,OH N FF 3 2 I 4

283k g B LA R O %A 4 A, WA T
A AR BT A B ep )4 BT 3 0 A R T AR

=

BN

o



%42 B %4 kg % . DRGEP 5B 5-H 7 ik M i W R R ALsh h AR - 113 -

E —R1
o g = g WA --R2
“ feapsl 20 £t = i
‘i"E -0.010 ‘T’E 0.02 --R15
° —RlL e+ 1 e R16
ki R = RL7
£ -0.020 K3 s 0 2 kT8
{i?l— e Eg ﬁ o 04 ——R28
‘}.?Q -0.030 [ .. g8 ﬂg \
2 ey £l
X -0, 040 AL X -0.02p e A . .
-35 -30 -25 -20 -15 -34 -30 -26 -22 -18 -14 -10
phEhEE A/ (°CA) thishE f/ (°CA)
(a) C,HCH, (b) CH,CH,
) 0.00004
T 0.04 T 0.00002
Too.02f n 0
. L
c i sl EOﬁmw
o - \ i < -0. 00004
M —0.02f X | —=Rs8 M
b i v - R35 # -0.00006
']ﬂ -0.04 vl --R36 ’12‘
® L S ::%2(7) 1% -0.000081 Z7p52
-0. 06 - - 2 - : -0. 00010 : . : !
-24 -23 -22 -21 -20 -19 -18 -35 -30 -25 -20 -15
ghihEE A/ (°CA) piEEE g/ (°CA)
(e)CH, (d)C H,
. 0.0157
- 0.010] T
S 0.005] %,
o~ °
g 7
5 ~0-005] ;;
- |+ R36
§0ﬁw4$£ !
% -0.015 [ §130 ti
-0.020 ) . .
-30 -25 -20 -15 -10 -5 0 —28 -26 -24 -22 -20 ~-18
ghihEE A/ (°CA) thhEE A/ (°CA)
(e)CH; ()CHO
- 0.0003[ ..o
“ 0.0002(2 2R38
S 0.0001| R0
S
£ 0 =L o
~ Vi
#-0.0001 Vi
bl il
£ -0.0002 il
X 5
-0.0003 s ,
-23 -22 -21 -20 -19
thshEf/ (°CA)
(g) CH;

B 1 LY B R R 2R 5 A
Fig.1 Reaction rate analysis of some species
L2 BRESRMESN JE )45 R SRR b A AR, L (LR B
BRI TR AL A R rh — R RS2y R BURGRBUS M L A SO B E R
Brort FER M R G BUNMES R, X SUBRELL AR, PR B AR E 1 SR, DT SRR
TIRGERGERUL, RAGTEL E TOL T s fbss e sh iUl A RIAE Ay T 2 o A acd 8 it B2
JO7 B A O A NV SIS R B RN R Gl HORCRURR, R S SR R SR 23 B ok Y AR AR A



114 - P E Bb K ER( 8 RAER) 2018 48 A

WREHITIGE, K2 G T AT T FRRE  PLEHWSECN 5142 110 cm, 2 120 em, EFFKE
WU AT S5 S SURE ATl k2 Bl 2 B 192 em, JE4G 17,545 1400 t/min,
Chemkin Pro it S H, H&E PR HCCI k3

C,H,CH,+OH=C,H.CH,+H,0 F—
E Se—————— C,H,0+H=C H,0H
e —— 0C,H,CH,+H=HOC H,CH,
- ="  CHCH+H=CHCH,+H,
s Se— CGH,0+H (+M) =C.H,OH (+})
—— go}lcscflﬁc%tgggccsgfggﬂoz
I ¢-0.3 o CHIHOCH+O,
Y ¢=0.5 zcaH c]-f =C 4H £
- 147714
L_Je=1.0 'Eiﬁ CH,CHO=C . co+H,
CH,0+OH=CHO+H,0 =
C,H,CH,00=C,H_CHO+OH o
CH,0+0=0-C H,0,+H e
C,H,CH,+H0,=C,H,CHO+H+OH p——
H+0,=0+0H T -
OC,H,CH,=C{H +CO+H "
C,H,0+H0,=0-0C,H,0J+0H ’
CeH,CH,+OH=C H CH,+HO, e
H+0,=0+0H ]
C,H,0+H0,=0-0CH,0J+0H . : .
-1.2 -0.8 -0.4 0 0.4 0.8 1.2
PRI B R R B
(a) FRHEL
: | IéIOHC%I)-IJ:I(-IIHSC+I(_)IHO=I$CGH40H3+H20
: . C.H_CH +H=C_H CH,+H,
rﬂ_ CgH0H+0,=C;H.0+HO,
— CH,O+H (+M) =C H_OH (+M)
—— HOC H CH,+0=0C H,CH,+OH
s HO,+OH=H,0+0
1-700K | CH,#H0,=CH,+C,
N =500k - € H,OH+O0H=C H_0+H,0
[ 1 r=410x - C.H,+0H=C,H.-A+H,0
¢, H,+0,=HCCO+OH %
CH,0+0=0-C,H,0,+H ]
CO+0H=CO,+H e
C,H,CH,+0=0C,H,CH,+H < ,
H+0, (+M) =HO, (+M) o~
C.H,0=CO+C H,+CH, = .
CH,CH,+OH=C,H CH +H,0 . .
HOC,H,CH,+0,=0C,H,CH,+HO, 5 :
H+0,=0+0H —
C,H,0+H0,=0-0C,H,0J+OH 5 .
-0.5 0 0.5 L0
PRI SR R R
(b) RIFAIHEELRE

CB,0+H=C/H,OH
C.H,CH,+0=0CH, CH,+H
CH,0+H (+}) =C,H_OH (+})
HOC H,CH,+0=0C H CH,+0H

C B, OH+O0H=C H,0+H,0
C.H,CH,+0,=0C,H CH,+0
CH,CH,+H=C/H CH,+H,

HOC H,CH,+0H=0C H,CH,+H,0
CH,0H+0,=C,H,0+HO,

€ H,0H+0=C,H,0+0H

C,H,+0,=HCCO+OH _——
€ H,CH,+0,=C,H.CH,+HO, =
C.H,0=CO+C,H,+C,H, ———
CH,0+H0,=0-0C,H,0J+0H 5
HOC H,CH,+0,=0C H,CH,+HO, )
CH,.CH,+H0,=C,H.CH,+H,0, -
CH,0+0=0-C,H,0,+H S
CH,CH,+0H=C/H CH,+H,0 —
H+0,=0+0H S
OGN0, |, : :
-0.6 -0.3 0 0.3 0.6 0.9

RERESURERS

() RRHIEE S

B2 BEANEBREHFRMESHT

Fig.2 Temperature sensitivity analysis of toluene oxidation
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Table 1 Result of temperature sensitivity analysis
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Fig.3 Ignition delay sensitivity of toluene in shock tube
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Fig.4 Reaction path of toluene oxidation
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