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ABSTRACT

In this study, the theoretical investigation of the electrically heated catalyst(EHC) for vehicel
application has been carried out using the thermal equivalence of EHC system and the data of ve-
hicle tests to meet ultra low emission vehicle(ULEV) standard. To improve the efficiency of EHC
-system, 1t is necessary to understand relation between the power, the operating time and the con-
version efficiency of EHC system. The relation was found with thermal equivalence of EHC
system which considers the power supply to EHC, heat loss, chemical exothermic energy generated
by oxidation reaction and net energy coming in via the exhaust gas. From this relation, the limits
of needful power and operating time to meet the ULEV standard can be suggested, when the con-

version efficiency of catalyst was known.

Fa7)e89 : EHC, LOC, Converter(*H%>]), ULEV Standard(&A2] z}E=} vh7]4]), Con-
version Efficiency (& 81-&), Secondar_y Air( o] 21327])

NEAE—————— By SHRE Q0] 43 2AEE dux

g =R S
A1 EA h  :gdg AL
c ¥4 ko gdE A
E. 1 AshdgelA 2AEE A 2ddd A M, : 3%2 (9] mole
En Doi7IW uld 2elea A% M. 3R e & 2
En  33hE o) Wz Nu : 37 Nusselt 4=
Pr [ Prandtl
* 15716379 A7) edTY 4. :EHC Alaglo] Eol7k= 313t oq= &

* Y, 1grEdTd AT AT Qo @ EHC A|&R1o|A s = 53t o1 &



16 £74-01 42 0| A%

Qei : EHCo g8+ #¢

Qoss - EHC Al 28] EA) A 45 &= oy R]-8
Qsenc « EHCH A7 <=

Qsoc : LOCH A A oi=)

Qu . BHC Al~®q) Hol7b= 4 JuA|&
Que  EHC Al2gloA w25 o Ju=x]s
Re :Reynolds 4 '

rpm I EFE A

t TAIZE
T. [HH 2%
T. 59 49 2%

U. 59 g9 &%
Xi o sheE ie] wak)
v EEAAE

1M B

A2k Bl & kol & 57271 9= Califor--

nia®] ULEV(Ultra Low Emission Vehicle) 7]
g FAoR ZgHa Aot A f 42
A5l As AHEst e A SojH A
= Euj7t B4d8Es AT £ 100E o]
95% ol el 3 AE A3t A Holx 2o
v, Eulj7} B4 85 7] o]Hd Yl vad ©
sla4 4 AEEs AR T2 2z g F
oz wjEHch oA Zoirt B 2x 39
of =] Aol viEEle f3 AR B A}
ol me} oha t2rle shd FTP75 wjz] Al
A AA Real A iEH] 80% ole 4
Far= g}, wEps ZraE= wiz] gAE T
Z£3)7] 3t Ful2 DA Ul B3 2
ddoz o= 3z 7lgEol o WHA
g ol odrh~®

olHF Jlw T &3l JYIR veE
EHC(Electrically Heated Catalyst)?} F+&2&
W gltkt? EHCE AHsatg 342 =& ¥
Azle] A7) AR E DAA R FF3te] Zof
o & TEEhs 9L 3, ol Y E
& HUF o]&Ey] st EHC H&o LOC
(Light-Off Catalyst)Z H3A}3tct, EHC A3
Zg A7 dutro s 10~100%2 EHCH

&7 o] ekl o3 FAH. A F
Az BETS WY v He s $7)
A S, old ArEE WYL AFAE FH
A g AN FEEE, B9 2T 47

“A) "o A= 1.5kW o] Ake] HAHFFE Bl

3k, o] o]4e] MY T2 HEe] FHA E=
fefo] FoiE FHA) g 2H7|7L d g 3ok uf
#M, EHC7} 44319 ¢ EHC 28 2o
o] 2L AFat W A7A 29 EA 2 &9
of 2lol & HEE AAF Ao}

EHCe] AY Agzke [OCe UCC(Under-
body Catalyst Converter)®] Light-Off Time
of o8] ZAHY Fgg A "o F, Eof7}
3= = vt RE55, Fuvt 48
AZe] wES5E uld g@alpd AR R 443
a7t ] AslsA o, ojd 2 d= whg
do| Eolje] LF SAIA, Fule] Hd AT
o] WL mw=A Fd. £I, I AR 84
Euj gl A Adle AdAE XS 2337
2 FEAE RS WA E /KA T Ut o] e
EHC &4 ol #HA Exg A]2x(EHC+
LOC+UCC)9] #3zlaEs= EHCo] £Hz710
A3t e A, JA7A] ol B4l gt A
AR AFE LEE Bt glov], Socha ol
EHC Axle] 4344 g aajsle] EHC A=
do] A3l A8% o5 Ao ARe|r}?

2 g7z vlE 7129 ULEV 74 7k
& A3 EHC A|l2¥& Agete A%, EHC Al
~¥e] 43 HYE I 1.5 DOHC A%
o] Mzt ZaE o|&3a], 1.5 DOHC =}=ke] 4
% fisted EHC 24 28 HYHFE EHC &
A T AA Ay A]28(EHC+UCCH+LOC)
o] A3las EHC Al=#le] A3lEate] A
A A%, A &siei

2. siMey

2.1 EHC AlAE|e| &= mY

Figle & @74 welg EHC Al~g
(EHC+LOC)S| 2% Bamolct. s B3
g #2402 vepid e 2o



Electrically Heated Catalyst(EHC)2] A i} 2 &) B3 o8z AF 17

Qune

Quioc Qeo

Fig.1 Thermal Equivalence of EHC Systemn
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M= mass of the EHC

Cenc= constant
— pressure specific heat of EHC

Tenc=average temperature of EHC during

time 1

M oc=mass of the LOC

C,roc= constant
— pressure specific heat of LOC

T.oc=average lemperature of LOC during

time t

ogh. A (DA 4o Aol e doh.

gi=rate of electrical energy addition to the
system via the EHC

gui=rate of thermal energy addition to the

system via the incoming exhaust gas

gme=rate of thermal energy removal at the

exit of the system

g-=rale of chemical energy addition to the

system via the incoming exhaust gas

go=rate of chemical energy removal at the

exit of the system

Quss=Tate of heat loss via the surface of the

system
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Memi=mass flow rate of exhaust gas

Cpemi=constant pressure specific heat of ex-

haust gas
Tiemi=1inlet exhaust gas temperature

Temi=outlet exhaust gas temperature
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Table 1 Some Bond and Resonance Energies

Bond Energy, kcal/mole

C-C 85.5

C-H 98.1

O-H- ©109.
C=C 143.
C=0 167
0=0 118.86

Compound| Resonance Energy, keal/mole
Benzene 48.9
CO, 33.

Table 2 Combustion Energies of Unburned

Hydrocarbon
Exothermic Energy,
Compounds
kcal/mole

Formaldehyde 126.94
1, 2, 4-TM-Benzene 1016.58
M-Xylene 891.67
Tolune 766.56
Benzene 1533.

2-M-Propene 528.04
Propene 403.03
Ethylene 278.02
2, 2, 4-TM-Pentane 1047.95
2, 3, 4-TM-Pentane 1047.95
2-M-Butane 672.92
Pentane 672.92
Butane 547.91

Ethane 297.89
CH, 77.88

co 221.57

E..=weight of chemical compound i

M.;=mole weight of chemical compound i
E.=1otal emission weight

X.;=mass ratio of chemical compound i
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Table 3 Vehicle & Catalysts Specification

Specification Contents -
Vehicle Espero, DOHC
Transmission | 4-speed Automatic

Cylinder 4-cyl. in Line

Displacement | 1500cc

ucCC 1.8L, 50,000 mile Field Aged
EHC 0.52L, Fresh
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Table 4 Limit Conditions to meet ULEV Standard for a EHC Aftertreatment System

C. E. of THC at total cat. system 0.985 0.980 0.975 0.970 0.965
C. E. of THC at LOC 0.15 0.25 0.37 0.45 0.60
C. E. of CO at LOC 0.92 0.95 0.97 0.98 0.99
operating time of EHC, sec 29 25 22 17 11
temperature of LOC, T 310 330 350 360 380
Tiemi— Toem K 260 229 120 93 88
mass rate, g/sec 12 12 8.7 8.7 8.7

% CE : conversion efficiency
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