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Numerical Study on Catalytic Reaction in a Channel Using Detailed Chemical Kinetics
(Effect of Gas Composition on Deoxidization of NO in Exhaust Gas by Catalytic Reaction)
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Abstract : A high emphasis is placed on reducing environmental pollutant in combustion gas, because of an increasing

concern about global environmental problem. Honeycomb catalyst is commonly used for NO reduction in exhaust gas.
But, the measurement of concentration in the honeycomb is very difficult, because it is assembled with a lot of millimeter-

sized channels. So, it is necessary to investigate the physical quantity by the numerical simulation and to understand the
phenomenon in the honeycomb. The detailed elementary reaction kinetics for CHy-air combustion gas and Rh catalytic
surface are considered. The details of NO reduction in a channel, such as mass fraction in the gas and catalytic surface and
coverage are obtained. Especially, the effects of exhaust gas composition on NO deoxidization by catalytic reaction are

estimated, and the catalytic reaction mechanism becomes clear.
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Fig.1 Schematic of analytical model
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Table 1 Sticking coefficients <Rh>

Reaction ! /() s n Ref.
ANO) NO NO(s) 08 1 [5]
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Table 2 Desorption constants <Rh> Table 3 Elementary surface reactions <Rh>
Reaction i i(s) AQ1/s)  |E? (kJ/mol) Ref. Reaction | / i(s) J'(s) A, 1/s) | E,(kd/mol) | Ref.
D(NO) NO NO(s) 1.00E+13 113 (4] R(1) 1 NO(s) Rh(s) | 1.00E+13 794 [5]
D(CO) CO CO(s) 1.00E+14 159 (4]
D(0,) 0, O(s) 5.00E+12 2175 (5]
D(N,) N, N(s) 1.00E+11 118 5] 2T, K[ BRIGHEERTH D, RATRINS,
D(CO,) CO, CO(s),0(s) 1.00E+13 109 [4] E
K| = A exp| ——L 22
i 1 I{ RT, J (22)
2 0(s) = Oz + 2 Rh(s) :D (02) E72, O BED 0,0 BHEREITICE T 5 SIEY) DB

e &3, BEHEREOY—5 2 IzEEBIE DL
B 72 I 3EBREE O i) 13, R oL, <M
T B DfLERE G LR bDET R, B, N &
COy IZBBERIGIE H % 23, HIH (a) D & )i, WERIGIE
BREINTOR,

FA 1 EYS D) ORI FAND BT i o Bl
(HZ IR N B 9 2 S L AR O %) w13 RAD & 9
ITRIN B,

Z s

[ d
W, =K/'8,.4

(18)
ZIT, WD i(s) FEBEESIED B & L T oL
M, oy BZDORE Y. TITIE, ape OHEITTAX
T10 & L7 &8, i=C0 DL EFFSICKICHD 2
fHy, kRTINS,
choz = Kgozecoe) 90{5) (19)
22T, KAQUs) EAERE ¢ HSEAZIRERTIC 0 A - 1 A S
S 2 L 2R TH D, XKRTRTILENTES,

d
Kr." = A, exp !
RT,

5

JiHE SO B S B fl 4 DESL% Table 2 IT/RT.

(20)

(c) EERIT (Surface reaction)

AR B 1) % R0 R IE, Langmuir-Hinshelwood #%
ICEDS BROEETERINI D D ET S, Lo T,
L2 SOGIE R IC S TR ToRAEL
%, FIEKIG RQ) EARBHTTIX, FREDO 1 20OAREHET
5.

NO(s) + Rh(s) =N(s)+ O(s)  : R(1)

[ BHDORIGDY A+ 1472 D I2 BV B SOGEE (b7
R BUR§ 2 bt o fEE) wy i XAD &k Hicksn
5.

W, = Kfrgr"fs)g (21

£'(s)

“7)

BRTH D, 12771, KIBITIZIHEEIC 2 > Ty 2 il
MMid Rh(s) & LTHEZ D, REBICIZEET 2L 2RI E
X O 4 DERE Table 3I1ITRT,

24.3. E#REICHT 2ERIEFEOKBRICHT 5XE
el

WA LA R D P R DRI G X, A2 O 7 Al o

A MBI 2SO AR § 2 W - KIRBUG - Bk

£ ) B OGS K > TS N, XA TRI NS,

dg'. $, r
% =W, -2wy (23)
dé
W =W, WS 24
dt AR
dg £ a r a
;“ we -W, -wa (25)
do
— L= 20, KW =2 G -~ W, (26)

BRI, JEERGIREDZDIT, 005 =09, Oy =0.1
& L7ns, Rt TIE, #WIMISHEICAET, Horieiss
ol L 7% EFIREBICO W TR T 5.

B, ZOMBERINIC X 2RBGMETE L EEZION
20T, HHOZ 2 X =g e L, [HE
HIZE TR D WL 13 5 3 1 B WRABREED 2 DILIE & 45
Lwek L7,

24.4. ElfAREEBFREREFEOSHDEORF
() BFREOEMARERS Y DLEEOEE
R0 & S 28R % 72 12, Al I D HAA
BT D DA R B 4 P8 (1/4) 252 5T 0375
m\e, O A P, TR o R A L T
FEREOMMORIEICBIRT 2. My A ~ i, HEFSh
7o N, AR RICH S LICA>Tw 2 H 0ol
WO BB <. £, BEEERmOMNOREIR S
W & MR T O B IR D O SRR R E &
%, ZOARNEMBEY A N (1/4) 2T, AEORIC
B2 RIGEEZ, MBS A N 18 ) oA OMEED



132

5 TR A RIS 72 ) DL RO R (C4SH
570, ZOWMFEREMUETA FE2HAELZEED
AT RIERRS 72 D LR | DER B, [kg/m’] % RATE
&I,

B, =—— @7)
ZIZT, o m BEU N, &, KMEFEOTTFEE LT RS
Fo¥chd s, ke, LEME1EOERIZ

m,
N)f

(28)
ThHzZ oD, KR, BE, BRI OV TERADILT S,

2Bo=Boy . 2Bn=Bw (29)

AHZETIE, A ZEy 4 P 4 ICELWE L T
bbb, BRI A 23, AR TE 2 L L &,
S/ i R RO R ORI CEICFEELTW 5
ERE L 72,

b) BESLVEBICE S BuREmBEL Y OKRBEE
BOESARRE
M TORMP OALERE i O F & EBREE w,
[kg/(m”*s)] 1&, HIED B, % T, MAZRRIRY 7 ) DUk
HEB IO SOSEEIC > TUTD LY IcET &8
TE?,

Wnos = (beo -Wio ) Byo (30)
wo,s = W3, 73, ) Bo, G1)
Weos = (Wgo -Weo ) Beo (32)
Weo,s = ’T’Vcdo]Bc:o2 (33)
Wy,s = Wy, By, (34)

(c) BlfARE & BEAREEEOTHEDEORESRMt
Il (R 221811 T D XML AR O Y E B B I BT 2 S aeff 13
PIMoX)icns,

wa'..r = _pDr(aiJ

i=NO, 0,, CO,CO,, N,

(33)

22T, fERIGIC & B BEE D & OWE AL, JEEkC X
ZYPEBEIC R TN T, \ELE, £, b
AL DALAERR IS OV T, K & DM BRIV T,
R ERATcRI NS,

HABEE & 55 49 % 148 %5 (2007 4E)

27,
i 8 SR
5

W] (4 11 C D LIS X9 B S S AT D & 9 12k
5.

(Ds=T; (37

HESICOWTIE, BRI THEIARLETSE, XK
TEINS,

ve=0,v,=0 (38)

3. STEBRBLUVEE

KA TIEEFEREZS . BEES A DFRAMRE T, =
750K, MAME U,=10m/s £33, 7, LEKe=09
DIRBER 2B TRAT A L LEHEIZOWT, NO BEOH
PN & AR Lo ER M Z R L, NO-CO KMt
REICOWTHERT S, R, YEkz2ELsE, B
A A DL NO DBTCIKIHIC G 2 BB OB THERT
%,

3.1. NO BESLUVHBEOATHTE NO-CO RICEE
= 0.9 DHA)

WEL ¢ =09 OBBET A ZTAST AL LGB
% NO DEESFEOWEEN I % Figl IZRT, £/, NO
DE RO x JTIANC TG R WIAINTD y Ji 54 % Figd
AR, K& D, NO BEIZ FHME & OVl EE < i
HLTw5, ZHUIAERTIC NO 25 4 Ny 128t
ENTVE2DTHS, NO DEESEIE, RFHEFEHO
WO x=4mm TIEH2FHALTED, XDROWRETIE
XHICNO 2P EIEBZENTRETHE EEZENS,
BEEK 0,5 OWMNSTAEE Figs o T, #HEEE, A
A CTRABICZLL, Z20BIIBIEEL»ICR S, fil
ERMHIZALNEFEZ RN TIZEA L O@6) LI NTE
D, CO(s) IFIEH A2, T4, COs) 127 <IZ O(s)
ERIGL COp I D I BilfEd 2 2 & 2R L Tw
%, £7:,72E %A b Rh(s) FAIIFH TR 2D,
ZOBBIRLINEI S o T3,

0. 0032

0. 003

0. 0023

0. 0026

?
x(mm)
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Fig.4 Comparison of NO mass fraction at x = 1 mm, 2mm, 3mm and
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Fig.5 Coverage at catalyst (7;, = 750 K, U;, = 1.0 m/s, ¢ = 0.9)
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Y10 IR T, BERIE, ¢=08 & 1.0 DEAIIEZOTY
IZATDEETEL L T 308, IR G —~ETh 3.
—J, ¢=1.1 DEFEITIE, WERIAOT»SIZEALE
B —ETH5, ZnLHZ, IhsDYRKDEEIC
1, Fig5 IR L7 ¢ = 0.9 DEAICHEENTHRMTHE
PPICREL TV D L IFR RSl Z R L TW 3,

322. NO DETEEICEZ &

RIZ, YOS NO DEITTIIGICE 2 558D
WTHRETS 5. & 2T RALE x 123 1 2 i 2 8
Y25 NO DEHEER [, 2 XA TELT 2.

72
I = J:,' puYyody (39)
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Fig.8 Coverage at catalyst (7, = 750 K, U;, = 1.0 m/s, ¢ = 0.8)

o0 - ;-CO(S)
I L nNe)
102 §— Rh(s)
. ﬁ#:
\': 104 - NO(s)
) 1
106 -
10% —06)
o
0 3 4

2
x(mm)

Fig.9 Coverage at catalyst (7, = 750 K, U;, = 1.0 m/s, ¢ = 1.0)
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Fig.10 Coverage at catalyst (7;, =750 K, U;,= 1.0 m/s, ¢ = 1.1)
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DL TS, 72, =08 BXU 0.9 TIX AR
TEABKRE VD, ¢ =1.0 BLU 1.1 TIIZIZERIICH
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Fig.11 Comparison of total NO mass flow rates for ¢ = 0.8, 0.9, 1.0 and
1.1 (T, =750 K, U;, = 1.0 m/s)
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Fig.12 Comparison of NO reduction ratios for ¢ = 0.8, 0.9, 1.0 and 1.1
(Tin =750 K, Um =1.0 m/s)

PLTw3, FIZIZARINTVLZRVE, NO OREERE
DEALITREEA D DORLHF T L W EBbits, 20D NO
DOEEREORNT I BT 3 B{LofHmIE, Figs, 8,
9 BIU 10 IZARIN T3 Rh(s) DEERDOZEAL & B
BhHbrEEZOLNG, Tihbb, =08 BLU 09 T,
Rh(s) DBERED ALLEFHFTOEMNKE WD, WHE
TED ALDEHE THRAENIRE W, £, 9=10 BLY
1.1 TlX, Rh(s) DEEFERIITNA NN L T 7z o,
WE R ERIIEA L Tn s,

XA TEFRSI NS NO DRERIREDIIDH 0, % Fig1l
IR,

d di2
lom Uy Y.’\"O,m x E e pl( Y:\'Ody )
7, = — (40)
pmum YNO,M x 5
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WAOROENM L READDBEFETRKEVERbN S
M, ZOHIE, ¢=08 TRENETIEIE T ER>TWV5,
T, BAKIZ9=09 TIIADMETHEINL, Z0KRED
Mo T3, 2, ADMHETIE X D IiEFIZ NO D
WIS > TWwB T EEZR LTS, ¢=1.0 TIEA
Ha o HIOETIRIZERMICHEMLTYS, £, ¢=1.1
TIHEWETRLIHEMLTWS, Zneh5, ¢=09 8
TN 1.0 DEEICIE, ISICREVLWHEEZHWAZ EICKD,
NO DH % 2 (WS PRFTE S, Lo L, ¢=08, 1.1 Tik
WAOENI WD, KRED F VIPRFTE R,

4. #&

0 Y L il JHEE S 8 7T PRGBS N T 9 NO-CO
B IT DT, BREES 2 DWAIRE T, = 750 K, WA
W U, = 1.0 m/s DA LT, 37 RIS % H
WCEAEBNT 21TV, AT D & 9 AR ZE7.

(1) BT X b AR E ¢ NO 2RI E n, KA
D NO BREILFREE O THMlE & OAlEEEm R 3
%, i, MEERED EcoBMABomERE, A
IHEfFETRBMICEL L, ZDBIIEIZER»ICR
%, RBESD A DMEIEDS 0.9 DA, YAk
FIFEAE OG6) THHSN T3, NO DEILE L
T5DITIE2D 06) ZEREL, BEYA FE2RE
AT 20F3H 5. KIGFERR LD, O¢) 2k
THDITE, CO DWAEFIEDOHRELZRKRELTHT
EWEELEEZ OGNS, —JF, MEN 1.0 DLETIE,
CO(s) DMlRTE L& 11T HE L, HEY A MEPIE
DZIUEERELS SR,

(2) MR, BRBED R DYDY ¢ = 0.9 DUT Tl O(s)
PEEAEHIL, ¢=1.0 DL ETIX CO®s) 23l %,
[ SO D(CO2) 12X B, CO(s) & O(s) V&M= -
THAELT, 0000 %5ETCO, &> TH
HES 2 72, Wi 2R LT 2 2 L3,
F 72, N(s) DEEFIZNOG) X b 2 Ml EKEL,
SIRSOG R(D) DSE CISHESTT 5.

(3) €= YA F Rh(s) DEIGIZ, Bl D(COy) DK
EPREVEROLNSEYE ¢ =09 ~ 1.1 DEFHITK
L, 9=10DEEDBHE LRI,

(4) NO DETLHIEIZIRIEIX ¢ =09 BX U 1.0 DBFPHITK
<, x=4mm BEOWKTH NO EEIZ 2 ~ 3 #HfR
BERAT 5,
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