55 s WS TIESFIR % 14% % 289 2020% 2 A

Eco-Environmental Chinese Journal of Vol. 14, No.2  Feb. 2020
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074
= WEEH: KKRIGERER
| DOl 10.12030/j.cjee.201904019 hESES X511 SCHAR RS A

S, XU, AR, 5 T Fluent (%6 Pk st 11 2% 2 S MEAR T A0 BLATMEIILT]. BREE TR224R . 2020, 14(2): 457-
464.
LIANG Wenjun, LIU Di, REN Sida, et al. Numerical simulation of catalytic combustion of toluene in monolithic catalytic

reaction system based on Fluent[J]. Chinese Journal of Environmental Engineering, 2020, 14(2): 457-464.

FT Fluent B EAR S AMEAL ST N, £ Gt B A B R ) 2
{EFH

B A, ARk AR

bR T K2, REKRE ST EPGIL T E S S %=, Lt 100124

H—VEE . R (1978—), T, WA, HEE. AR M KRG REER . E-mail: liangwenj@bjut.edu.cn
AR VR

B OE CNER PR AL B S P R LA ) Fluent 18.1 % 3 PR 2 At 4k =2 W 2 55 vh B 35 23 S 1R 40
(Pt) b MR BE R M 04T T B (AL . T iR Z AL A T A )R R 68 35 B CPfr, #ES7r T =M 2L A4 i
HEALBR BRI . 205G AIF , A% ) BB 6% AR 47 M 52 B H DR AE RS R G0 b I B BE ke 1 o 3l 3k xS RO AR G TR
Y. WeBE AR 00 T 0L ST R il oy B R IR BE R & B . USSR R LR be . B AAA R T 5
RSREE ;s MEH/NT 1, ADREDNT 2ms" B, AR FaARE, AR 6% L L ; M i
B, ADREE KRN, AR T3 RIS, L EIFRSEE iz R m S2br i R4t T 5% .

KHEIR WOR; fEfbSAL; BUEERL; RBAE; AR

HEAL IR BE 12 02 H i AL A5 R A LY (VOCs) A R0 k2 — 120 B il AR s o B o 1
fRRE, AR RN FIE), P2 e A58, WA S I BT o TR EE , ) R AT Ay 52 o Tk R A fef 4 S A AE % Ak
AR OME DL AR I S ey, REIRBE RO ACA, PR, BT X AR AR 1 S B 1 B A Y B
B Tl Bw AR 2 —FOR BRI, — Rl s R R . 0REIR i £k 59
FE Tl B0 FH I B2 K AR R 2 3 28 . WORLIR 245 M) A, JF HAR PEOR | PARRE T 45 M B AT L A
2, A MMGX LT g FIFRTAE, WA H TREM . TR | (EREORE . T Y
AR Y AR i TR AL A RO AR E, BRI, 7RV 4 R R 5 Tl 45
WA TENTIZHN ], TEAR U 25 R R D

ARG R v, BT (B8 IS HLEIAH S A2 4%, DR, X S [n) @ K 2 Bk A 15 31 52
TP ) g R e, i 1 A LA R ASE UL 1) T 2 Ay 3k — MR AL 1 5 — % R —— il i A R O
AT RN AT — ZR AL, AT WL Sy i s A8 FUEE . B R, T i 2 AR )2 Fluent, B R
AZFHERY R, nTDGE T IR BRI . MU MR SE 29U [ I8l B4 S ik i SR i 4%
R J7 i, W 20006 B10E SC, W] DU BERR A9 07 45 50 s SR K Y f5 A0 31 1) 68 1 RE 1 45
s BHE: 2019-04-02; FAHHEA: 2019-06-06
EEWE: EZEELHFLITR (2016YFC0204300); JbH TR # 8 A ZE i 2 FHE TR (Z2161100004516013)


mailto:liangwenj@bjut.edu.cn
mailto:liangwenj@bjut.edu.cn

458 ok L OB ¥ M 4%

FIRRAE L AT O b 2 A ke o 2 R O X A TR [ A R s PN ek ) i AL R e R AT T I
U, HE— 2B UE T Ak R0 R Y TR B RE O R T AU, S Y HNE R E R, AR T AR N GE
W HEAT 5 8 SO X AE R R R HCCL & ShAL b i i AL MR Be AT T BE40L, QI T e 2 s iy, Jf:
TEYN A3 AT T AL R Be Xt HCCI & shHLEL NI 3% & CO. HC. NO WRIEHRY R 5 T 08 5555 X 78 4%
P A 1 7] v O ) 8 R 8 RV AR R R AT T BB, DB I FLIE K 528 T 2 Fh o Ui
S5 4 A A T

HAT, T o35 % A LA 76 4 A0 70 28 T 9 S B ATLBE L I L 40 R 43 A LA 7 8 Ak 751 B AL
R W HEAT, B, s R S R L ST TR . ASBIESE LR R VOCs 1948
Y, RA—L RN, FIRTEMERRERG D PR | A Y& LR E 5
MAER KRBT ; IHRHZ LA TR R B R be , iF— 2 IR R fb B 1 R 48 9 HE R A
TRIRBE B o A, P Fluent 3 0F UEAT SO AR, JF mixd R Be pebE A7 48 5%, DAE Ry 5L Bs
N LS
1 It EREB R R E

K1 R AR5 T 2R JH 60 B A A SR 58 B 0 o = e Wy BRASE AR . BREE SR A 1 B AR N 20 mm, A
HAHK 80 mm, B A 1267 mm, M 558 mm 4b 4 B K BE A 150 mm () AR AL, I Sh s A
TE P 0 AR, A Ak T B B LAY TR A
WAL TR 2 B i sh M2 i . BABE A R e S 4 4y

AL HHRIX BHIX X BTy RRzIX tha

B, X RPN R R, il T AR A B 1 L R E A

AR, SARRaIEREL Fig. 1 Mes\h diagra: of tolu;lem ::talytic cot;lbustion unit
TERCE A AT, TP, X B g A5 R0 U gk Ay

7 P BE

O S 0 7 RSN Bl B 3042 338 7 (80 A A 46 1 1) 454> S HO 55

QJz o7 i BE T e B AABE T, S5 AP FEIC I ze e, AL T XM S R A

(DU B 5 A 1) JO o 7 ORI o 3 o 1 5 | ke ) A 8 Z W AN T T

@ S 1 52 20 AT

G T A SARER R AS W] R 45 i 1

@B AL 1) Z LA R 2 — A i

(D IR P 25 DXl =1 I 3 AH 45

VERWINU 58 & 3, 4 ik B e 4 P R BB R T 10° We(m* K) ' B, 58 Y B 2R A ] 44
FEAR AT AE R 38— A AT Rf o Y0 UK P 09 AR R B0 R BB L s, FUU™ 43 51X 10PPI AT 20PPI
TR B 2 R BR e R B AT T, S5 R RW], WMBE R 0.08 ~5.56 mes™ B, T4 (A
HERECH 100~1 800 kW-(m*- K)o #UBR % Ry B - il 2 A FEAY o

LA BRI A SR EI T,

D) R s A i€ A velocity-inlet, i 3 A 48464 0.16~4 m-s™',

@ ) I 7 4 E1i% %€ A pressure-outlet .,

QR # A DR EER R 300 K, MRAEAS4 05, HIRASERMMAER (O). FE (o) F35CR
FH T AT 32k 15

D ZFLA T X AR BRI IR B & A AR, 2L R W B B, DL SEE AR e 2 f LA
FE X s R . A T AT, WEYE N E R, BUEI T . FLBRE R 0.841, BN 650 kg'm ™,
A 8247 J-(kg'K) !, TR A 423 W-(m'K) "', FIRRECN 1399, WU RN 1098, WU RHL



%2 ROCRAF : HT Fluentf) B UL SN 2R SRR H R A RUERELL 459

93015 Z LA T IX BH 5 2 50 Gl BH 7 Z BORHSHE B ) 3R B0 A 4 IR B IR AR U 5 AT 20 1 4 5K
AT .

OAFFE R ZRAE Pt N 1 — 25 W HLEENY, FARSEOE BT . F5RIR T 4=1.26x107s™,
AL BE E,=92.6 kJ-mol ',
2 1EBIIEIE

X AR AT T PR B IET,  o Ag H5 FEAR
s 2 X EZEMEMN . MK EAE, A
REME I R THA TR PR ER KK, &3

R 1 MAE T KM RS L

Table 1 Comparison of grid-independent validation data

VRN e AT B T R R it k2 IRIBC A
VRN B 2 ) — A i A X i 027 082
FURGIEAT LU 2 v, kpEgcmas 0233 0909
NSCE EVRIRCR TN AICE A IEREN S VL B 2R 0233 0.909

F 1w,

100 r e—e—e—e

& 1 al 0L, MRAEmeE 1k )E, Bt LN R
s, X5 G 4 UM B EOLT % B ol
W, A BIE 5T T A 3T AR = e X RO RS 3R AT 1 IR 85 |
a2 5T . 31 80 |
NN AT *
3 ERHSTSITE % 0l
—a— LR O
31 BER/EEEAYHELNE N ST e jmatin
TEAOFE RN 2ms BEHT, siZsHA /s 6ot
55 L L L L L L !
SOMEEH, A R AR [ 2 0 A P R 02 04 06 08 10 12 14 16

FERCIRERL B0 . 2% 510 26 /2 54 B L 1 AR
E2 BEEAEMADLEHOEK

REGAL R, 25 E 2 FiR . . ) o
. Fig. 2 Change of toluene conversion rate with inlet
HHOR BG4 R AR5 20 (1) #4715 equivalent ratio
n=f§j;ﬁix100% (1)

Ao g AR W A DA IR BT 3805 x 0 HE AR R BT 20 2

HE2ATLUEH, ABJEAR—E, WRADRR/ZESY T, PRl FOoR A
DRI BT RE; YR AR, HURFE AL ARBE A D 2 5 LR B AR A . i
H1 0.84 58 hn 2 1.04 iy, AR AR AL R be . A AL h 97.08% T [ 2 85.79%; 4 & I i
1.04 £ 1.25 B, HE LR H 85.79% F MR 77.11%, VIIEAR—SHKFFH S5 A 1A E
— N, ARG LB E AR, R AR P RS W O —E 1, (HBEE O
RAAETEALIE N LB, fLIERKE &, BEE B ARG, 1RG5 A 10 0] 122 i ik 7] 4
B, AR RO B 0 R U 23 A )N o

CHI 2518 (R FE AN 48 T 3 J1 24 BRI VOCs A4k WL . HOSSEINT 261 sL b i 78 R 8, HH
ARATE Pd-Aw/TiO, 45 J& W) i A 70 22 i & 2B 1 4801k B iy A L-H AR, B4 20— 1 H R 93— e A A7)
FM e P WM B RSN IS L-H g, SR WAL L sh iy, HERBIEA N
r=ke/(I+be), b b (B IR/IN B T SN W) 7 A A 00 2 T W B B 2 MERR I . n] LA TR R AE SR A AL )
RSB N A T o TP AR TR R B RS R M = b, PTRLER L, TERRARAIE
T, MBI ILT N 100%; TEE AT, MBI R TR, (HATRERE PR R |



460 ® o T OB W 145

G £ 1 ] IS B O € L e e = R W Gt B ) | = R W S I e 0 Y P £ S

PEAS KB A, W B B O A, IR I X BEE R, E 2 LA IR X SR AT DL A iR )
ML N, 78 2 LA T X5 B AR R HEAT I IR % . M A S ol 1.04 B, fiAEFIDRZ H O
BRI AL RN 85.79%, I # i 11 H 2R 6 AL Ry 96%, L B 43 A A 259k B 40 A DL &) 3. T LR
th, AEHE R 0.63 0F, il X IAEMELRZ B, AT YEE 1.04 6, &R EEE P
WEAKES , JF H iR X R 22T 1000 K, #4650 A HGE 3] 7 F R 28 [ 3 s be iR e, I
U, FERN R e v ke T AT REE . TR H R S8 4k, U0 B R 9 A b R e AR B 32 — i
fRRR B TR B BB 22 i B . EMRIR T, RAREW RN, MERENT &, #h
BRBE AL R B L VR, X UGB, YRR be IR B IR B — W S, — Y L R R R
B — MR AF FARROR, DU PR R B RS p Wk B g b, AR RIS T B SE Tl A= ™
Hh i R B A B AR A T L, AR e RTEA T K e e [ FH AL T DA 2R G DR R OR
REAG, WA RO D> T RS e e A AR R AR e A

s /K
oy 1 783.09

Jix

1677.05
1571.02
1 464,98
135895
125291
1 146.88
1040.84

=
;|
5
934 81
% S D e ——

4

-
2

72273
616.70
510.66
404.63
298.59

(a) AT 204 L 0.63 vk i 14 (b) AF kL 0.630 IR 2

L REK
RN T 2770.19
53R % 2593.65

.H‘
8 241712
7 224058
2 064,05
6 1 887.51
i 171097
5 : I 534.44
N 1357.90
1 13136 =
3 1 00483
828.29
2 651.76
47522
1 208.68
(c) AT M5 104/ = & (d) A4t 1.040 1R 3 =

3 AEIANOHELERREFEE =E

Fig. 3 Concentration and temperature clouds of different inlet equivalent ratios
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Numerical simulation of catalytic combustion of toluene in monolithic catalytic
reaction system based on Fluent
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Abstract In order to obtain the combustion law of toluene in the monolithic catalytic system, numerical
simulation of the combustion characteristics of toluene-air on platinum (Pt) in a monolithic catalytic reaction
system was carried out using Fluent 18.1. Based on the assumption of local thermal equilibrium between gas and
solid in porous media, a three-dimensional catalytic combustion model of porous media was established.
Experiments showed that the model could well reflect the combustion characteristics of toluene in the whole
system. Through the investigation of temperature field, concentration field and velocity field in the whole
reaction system and segmental controlling combustion reaction, it was found that the lean combustion condition
was favorable for catalytic combustion, and the rich combustion condition was favorable for inducing thermal
combustion. At the equivalent ratio less than land the inlet flow rate less than 2 m-s™', which was beneficial to
catalytic combustion, the catalytic conversion rate was above 96%. When the equivalent was relatively high and
the inlet flow rate was large, it was favorable for causing thermal combustion. This result provided a reference
for the practical application of this technology.

Keywords toluene; catalytic oxidation; numerical simulation; reactor; porous medium
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