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Abstract: Technical ceramics, due to their unique physical properties, are excellent candidate materials for
engineering applications involving extreme thermal and chemical environments. When ceramics are rapidly cooled,
they receive thermal shock. The thermal shock parameter is defined as the critical temperature difference. The critical
temperature difference for ceramic parts is influenced by its size, the convective heat transfer coefficient, etc. The
thermal shock for a component is analyzed by using the transient thermal stress. If the transient thermal stress
exceeds the modulus of rupture (MOR), cracking by thermal shock is initiated. The critical temperature difference for
water is less than the critical temperature difference for air. The three-way catalyst substrate used in this study has
an adequate performance against thermal shock because its radial and axial temperature differences existed below the
critical temperature differences.
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Table 1 Constants and exponents in Eq. (2)~(3)

Cylinder type| Flow type GrPr C n
Horizontal | Laminar flow | 10°~10°| 0.53 | 1/4
Horizontal [Turbulent flow|10°~10" 0.13 | 1/3

Vertical | Laminar flow | 10*~10° | 0.59 | 1/4
Vertical ~ [Turbulent flow|10’~10"| 0.10 | 1/3

Convective heat transfer coefficient h (W/m2 °C)
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Fig. 1 Convective heat transfer coefficient of ceramic
honeycomb substrate in cooling
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Thermal convection
: two surface load
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Fig. 2 Finite element model for heat transfer and thermal
stress analysis
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Table 2 Mechanical properties of ceramic substrate
Longitudinal elastic modulus Shear elastic modulus Poisson's ratio
E (GPa) G (GPa) v
Radial Tangential Axial Radial Tangential Axial
E 2 E, G, Gy G, T 5 e
2.5 2.5 4.3 0.6 0.6 1.4 0.22 0.3 0.3
Table 3 Thermal properties of ceramic substrate
Properties Radial direction Axial direction
Density p (kg/m’) 513
CTE a (1/C) 6x10”
Thermal conductivity & (W/mT) 0.3 0.5
Specific heat C (J/kgC) 1047.2
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Fig. 3 Transient thermal stress vs. time for air quenching
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Fig. 5 Maximum thermal stress distribution in

three-way catalyst substrate
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Table 4 Vehicle driving test conditions
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Vehicle . : Temperature Humidity Driving distance | Driving speed
. Driving section o o
driving test (T) (%) (km) (km/hr)
National road
1 No.7 21 65 12 80
Seoul-Donghae 71 65 53 100~170
expressway
) National road 21 65 57 60~80
No.7
10 10
+Airh(ro) [| —® Air,
N a i °T —a—air
8H Radial MOR 8 Axial MOR,,

T

Maximum radial stress ¢ (MPa)
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Temperature difference 4T (°C)

(a) Radial direction at air
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1 1 1
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Fig. 7 Maximum thermal stress vs. quenching temperature difference
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