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Study on Prediction of High Temperature Thermal Behavior of -
Automotive Catalytic Converters with Oval Type

84, 958, oF&
Hyungseok Heo, Jongphil Won, Kyuhyun Lee

ABSTRACT

Considering the high temperature durability, the most important issue is to accurately predict the maximum
operating temperature of the shell, mat and substrate. This temperature prediction then defines the material
selections for the mat, shell and cones, and allows an assessment to be made as to the necessity of heat shielding.
In this papers, The commercial code FLUENT was utilized to simulate automotive oval type catalytic converters,
with the objective of predicting thermal behavior under steady-state, high-load conditions. Specialized
computational models are used to account for effects of heat and mass transfer in the monolith, conjugate heat
transfer in the various converter materials, and radiation heat transfer. '

F 9 7]<4-8-0] : Oval type converter system( 223 A E Al4"), Inlet cone angle(PT & 4E), Air
gap(ello] 78), Outlet cone angle(Z7- & Z%), Gap bulk density(7] A3 T=

Nomenclature hr : fluid enthalpy[J/kg]
ke : effective thermal conductivity of the medi-

Ar : open cross sectional area[ m?*] um[W/m - K]
A, : total area of the monolith[ 7] ®  :porosity of the medium [%]
C :a coefficient which has been tabulated for ke : thermal conductivity of fluid[W/m - K]

various Reynolds-number ranges and for va- ks : thermal conductivity of solid[W/m - K]

rious D/t [-]
D/t :the ratio of monolith diameter to monolith 1. A&

length {-]
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ME Y 453 2 NTELe 5 5 Ak )
AnE Y 45 AdH oz gA olH el F
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C, : inertial resistance factor{m]
T :temperature{K]
ot : fluid density[kg/m’]
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Table 1 The geometric and material properties of the

substrate

Material Cordierite ceramic
Cell density 400 cpsi
Wall thickness 0.17 mm
Solid fraction 25 %
Material density 1.7 g/em’
Bulk density 0.28 g/cm’
Material porosity 35 %
Open frontal area 75 %
Sui(f)';ggtr:r:ea 27 em¥/em’
Specific heat 1050 J/kg - K
Thermal conductivity 3 Wm-K

Table 2 The material properties of the shell, mat and air

gap
ltems Shell Mat AirGap
. SUS | Interam .
Material 409 -100 Air
Density(kg/m’) 7800 | 993 1.205
Specific heat
kg - K) 724 1110 1092.3
Thermal conductivity
(Wm - K) 272 0.194 | 0.05396
Thickness(mm) 1.5 4 6

2.2 Porous Media

vl AWE AN F53 ddE Aul &
2] & Monolith¢} Monolith &) 5 & & o] 4 &3}
AN o= s 4 9t Monolithel] A &) &%
AWEH £S5 2 dY3i( 714 = Carte-
sian coordinatesol} A 9] zZ o2 Aoz 714
st o33 Zo] E 3 A gE xlolo BAE
o] 43} Porous Media® =92 5153 t}.”
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Porous Media 9§ QoA 2] dAZE 34 3}7]
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A 1/4 Symmetry EA 0. 2 o] SHA F=} Veloerilt;(m/s) ( 5e1 jum) ( 8;gh)
2 7743ttt Fig. 32 Model 4¢] A2} A4 & Temperature(C) 750 950
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Smm | I
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————- [o; I L LXK e LL
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lMaHGap lmntz
. 4 4.

(c) Model 3
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_Aj—e‘w/ x"‘j N—’“’/ : ! -‘. C
G = e e m B — % ______ o=}

N

(f) Model 6

(¢) Model 5

Fig. 2 The basic models of the converter for thermal
flow analysis

Heat transfer

coefficient(W/m2 - K) 20 20
Emissivity 0.3 0.3
Temperature(C) 303.15 303.15

0 =018

Fig. 4 Ploting locations
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