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Abstract

Light-off catalyst has been used for minimization of cold-start emissions. Improved cold-start
performance of light-off catalyst needs the optimal design in terms of flow distribution, geometric
surface area, precious metal loading, cell density and space velocity. In this study, these influential
factors are numerically investigated using integrated numerical technique by considering not only 3-D
fluid flow but also heat and mass transfer with chemical reactions. The present results indicate that
uneven catalyst loading of depositing high active catalyst at upstream of monolith is beneficial durmg
warm-up period but its effect is severely deteriorated when the space velocity is above 100,000 hr',
To maximize light-off performance, this study suggests that 1) a light-off catalyst be designed double
substrate type; 2) the substrate with high GSA and high PM loading at face be placed at the front
monolith; and 3) the cell density of the rear monolith be lower to reduce the pressure drop.
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CO : carbon monoxide
HC : hydrocarbon(CsHe)
cpsi ! cells per square inch

SV : space velocity(hr)

LME

LEVS 22 4A w2 FAE TFA77] 9
o Hg FuWe AR FHAEL ERFHoE
co 2 HCE AAst7] H3E  CCC(Closed
Coupled Catalyst), EHC(Electric Heated Catalyst) 3
AIS(Air  Assist  Injection  System)  Z# 3L
EGI(Exhaust Gas Ignition System)¥ 2-& 47|
58 Awsle] g ol seEL BF F
e 9% B4S FAAA €48 k9
shed AEls AIRE A48 A% Aot
o]3= FTP-759) Alg F3dF F WEEF 60~80%
7} Z7) 100~200%9) 33t A A wjE=Y] o
Bolh, wta Zeuvlel A3 A @
o] TES oAV AL FF BHA
o}
B3] o] A&d Zoo g4dFE 47 4
g J2E Fd A2 Bel AEHI dE A
23 © Za)¥ ) (Under Body Catalyst) £ ol
7] UE= Jiztelel A2 FWHE7]
(Light-off Catalytic Converter)& #&3dc AOE
HT Wz AEA UBCYF ANALEE ®¥
& w7z HCe AL 9ske] AHEHm A?

Aegd ZojHdye Zxds QY ZTWL
7} 38 g A5grAd dFE A=
gA3 old 77k EEHoE FFEof tEE
He Pd(Warm-Up)o] HAF aF@vt ALE
A 207 Adse Exds Ud #&% 7
d=, AHY EWe EFHH  EHEH(GSA:
Geometric Surface Area), AYE @1 AFE
Zujg) EXFge) we} g 4L AEY T
ga old] HF s ATVt Iy Fel 4
E]‘_.(15--17)

A& Zd9 A EXxd g d= sod
o Zukre #9¢ d77h 3PH) goh on®
= Bugay Z0gr)d de A5 &9
294 FTRIZ APHoz SUNA T4

ExoAde 43 A5 Hiastd AdP3eR
Bass 2ojEXY AL7 WAAEA Co
WaFe @A #2AZ F dFE B
t}. Psyllos™ F€ 2Wg Fojlrs £XE 93
A EBH gz 15y 849 =R}
79 2Ry va & S} A e
3 % 9le e Hudth Barati®®® @ Stefano”
To #A3y 208 YHes FEE F3
g g A7E g BHEEs SHEESR
31 EEATE ZAYSEE 9 £YPT 2AH
#H2 2v]EXE Dirac delta 374 FHE Vg
¢e B v gk BpEE’? 5o Bxdgs
9l toll A 20-30mm PGl nE e FWE BEX
AN AL 84 AL E2AE 5 IS
g, A2 Tronci® S Bidl2d Zojdgs)
of W& ZujE e Ui A3 Ade Esdo
ATz dgd nExEe FME BFAE AT
A ot& i ol

2079 Ay TAS A Tl 4
A g gsAd wig A79% goddl Fwy
¥ A7t F35H7] AFEa esavt E45
w2 g fsith: AL HAS[T. o
g 2 GSAE 9V] 98t & dYEs Bu}
gke Ad WEAE 947 A% A7t J@F
L—q_.(l7)

B AT ME ve dAd FIH ALEH F
W7 E 33y 554 2 Beds W g
gube s g 4 2 BAAGS adY £
A PIg ol gg ML T AFSES
o) 2xyias Adx, Jgla o] AHe] A
L84 Zujudsle Mg Hxe G st
o dFstgch £ olHF Y AAE 3o
AL Eu WEr)e E&E IFUs AL F
AE AAMLE Atsgct.

2. A b
2.1 A|Hf & 4l

211 AHEE €Y

Zd A7) W #F5E BA AEF AR
22999 AW 2FFgez FEHI
. A{E5E J9L B ¢FEAH AN
FE8%5 U 9%, &5, YA, s2 4 @



1266 A

F oA 44 % 2ds A ohush ¢
& awngez vehd & Qo

Zot+ o (oud =5 (D gt )45y )

ax

7 AN oE 7 ate] HBE Table 10
JERASIEE

2,12 2x2|A HHA

2 A7 #e gy AL SaWEs]
N2 AR Szl 1A, A
o Zojd gy 27K)e) #HAE Edetil o
7+ gSAE S AZE i Ad
(62cpsc-cells/em’)E 2 o) R0 ¢lon AL ¢
Zuel AgEer R vt IHE A

9 BN oA wPAE ohdsh 2ol
A
(1= 0.0, 2~ (1 - 2 (155

3 aT, 0 o7,
o[ 5(e5e Jr 5 (e5)] @
=[S/ V.udi(Ty= T+ al) 23~ 4H)R,

By ad Mg 7lAe ¢E s Laist
Kim'o] 44¢ TUT P& Agstglen 2
wgda Ad WE S A By @4
g Fdste AR gL )& FY0) 2
FE7)Ho] glong X =FoME AFsr|n ¢
=3

Table 1 The detailed governing equations

$ D, Sy
1 0 0
u, _ap_+ d Ou;
=123 Heft ax, 3x, el g, ax
Bu,
h i u, Bx [”Pﬂ( )
Oh a“k S5
\ZII )ueff ax i
Hett
f ) 0
k 'ya—'f— G-p¢
He
€ = 1 (c1G—cy00)
£

[o]
T

2.1.3 EEHEEE A

v 3% Wg e Vo o
Subramaniam®]] 2| 8]A] Aot® TS ALRER
b meid 88tF¢ CO, CiHg CHi Hi NO,
0; 5 6/ho1™ otget ¢ s HH&-& ALlE)
it

co++

9 Og_’COZ

LeH+4

CH4+202_’C02+2H20 3)

02_’C02 + Hgo

H,+%

NO + CO—CO, + %

(0] 2_’H 20

N,

7} gshgo] dig Ald ZHAA Y WIS Ee
obel 2 (@), (5N oA Axtgct.
A g BT, Y-Yg
= R, “@
Z"-l 2 3 4(CO C‘}HG,CH4,H2, Yr 01)

—Eg/RT ; 17
Ay e BRIyl )

7’62 RZ 1(Y6=NO)(5)
V1A, Y= SHEHE (9] BEEE AWaH, Ry
2 R 0 2 CHed dAEAE JehlY o}
o] o FHAY,
Ri= TIl+kaYi+kaVoldl+ ks YiYi]
X [1+4 4k, YT

Ry=T; V(T + ks Ye)?

2.2 R84

22,1 dA=EA

Aegy Ful A&de §9 A A¥HIE
AME7] Astd FARFL 2328 g2 A
A FRew AlF Z7|d Fv Al2®L 3328K
2 FE3 dd59 o o &3 #Ar] ¢
A% £x9 5o $AHY gl dPeER
B E28 wjy|7tdd =gdth

oln) §rtael LT WL WA dF



WA g AgaE ALEAEZ Hy F4E A% Y 44 1267

500
450
e - .
4001 Y S S
L
350 o
£ 200 4
/
.E 260 1 /
%200- A
@ asod /
1004
50
) T Y T T T T T
0 20 0 60 80 10 120 140
Tima(sac)

Fig. 1 Temporal variations of the inlet
temperature

Table 2 Concentrations of species in inlet gas

CO 1.52%
C:He 1900ppm
CH,4 307ppm

H, 0.39%
NO 825ppm

0. 2.06%
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Table 3 Physical properties involved in the model

density: ideal gas law

conductivity(Wm"K'1):

kg=2.269% 1077 %

heat capacity(Jkg'K™'):

Coy=1009.1248+0.21819T,

kinematic viscosity(m’/s)

v= (6.542x107" T+ (6,108
10579 —-0.89%10 3

gas
properties

volume: 1.08£ (Light-off -variable)
1.8¢ (UBC)
PM loading:
wCC: 30 g/ft!
UBC: 10.1g/f
heat capacity(Jkg'K™):
Co=1071+0.156T,-3435% 10%/T.2

monolith

conductivity(Wm™ 'K ):0.194
heat capacity(Jkg'K'):1110

Mat (3M
Intecram 100)

Table 4 Characteristics of cordierite ceramic

substrates

Cell density(cell/em?) 31 62 93
Wall thickness (mm) 0.15 0.15 0.10
Material porosity(%) 35
Geometric surface area

2 3 20.41 27.77 34.85
(em™/cm)
Hydraulic diameter, 165 L1 0.937
(mm)
Open frontal area(%) 83.99 77.44 81.60
G ge BANE Mg,

T 1.78
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(a) t = 20 sec

(b) t = 40 sec

(c) t = 50 sec
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(e) t = 80 sec

(f) 1t = 100 sec

Fig. 3 Temporal evolution of the wall temperature(K) in a monolith with

the cell density of 62 cpsc
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Fig. 10 Comparison of conversion performance as
a function of time for various light-off
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Fig. 11 Comparison of conversion performances as
a function of time for various light-off
catalyst models (SV=112,000hr")
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