Transactions of KSAE, Vol. 15, No. 1, pp.139-145 (2007) Copyright © 2007 KSAE
1225-6382/2007/085-18

A vi7|oj{ZE=0| Huj= +H oS
R

ARCHE RSA - 7|A R}

Thermal Fatigue Life Prediction of Engine Exhaust Manifold
Boklok Choi’

Department of Automotive and Mechanical Engineering, Wonju College, Gangwon 220-711, Korea
(Received 8 June 2006 / Accepted 7 July 2006)

Abstract : This paper presents the low cycle thermal fatigue of the engine exhaust manifold subject to thermo-
mechanical cyclic loadings. The analysis includes the FE model of the exhaust system, temperature dependent material
properties, and thermal loadings. The result shows that at an elevated temperature, large compressive plastic
deformations are generated, and at a cold condition, tensile stresses are remained in several critical zones of the exhaust
manifold. From the repetitions of thermal shock cycles, plastic strain ranges could be estimated by the stabilized
stress-strain hysteresis loops. The method was applied to assess the low cycle thermal fatigue for the engine exhaust
manifold. It shows a good agreement between numerical and experimental results.
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Fig. 1 Analysis process for the thermal fatigue life
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Fig. 2 Finite element model of the engine exhaust system
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Table 1 Material properties at room temperature

Part FCD-50 Steel Aluminum
E (GPa) 160 205 69
v 0.29 0.30 0.33
CTE (um/mK) 12.2 11.5 214

CTE : Coefficient of Thermal Expansion

Stress (MPa)
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Fig. 5 Temperature dependent material properties
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(a) Test apparatus of thermal shock
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(b) Thermal shock cycles
Fig. 6 Thermal shock rig test
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Table 2 Convection type boundary condition

Location TEC) | Rm*T/W) | b (Wm®T)
Inlet |Head side| 85(coolant) 0.004 250
flange | Airside [139.5(ambient) 0.004 250

Runner 139.5(ambient)]  0.070 15
Outlet | Airside [139.5(ambient) 0.050 20
flange | CCC side Insulated

R(thermal resistance)=1/h(heat transfer coefficient)
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Fig. 7 Temperature profile during thermal shock
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Fig. 8 Temperature field at full load
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Fig. 9 Plastic strain of the exhaust manifold during thermal
cycle mode
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