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Thermal Deformation Analysis of Exhaust Manifold for Turbo Diesel
Engine in Consideration of Flange Design
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Abstract?

Thermal deformation of cast iron exhaust manifold for turbo diesel engine is investigated by finite
element analysis (FEA). The FE model included the temperature dependent material properties as well

as the interactions between exhaust manifold, cylinder head and fasteners.

It also considers the sliding

behavior of the flanges of exhaust manifold on cylinder head when either expansion or contraction of
the exhaust manifold exceeds the fastener pretension. The result of analysis revealed that remarkable
thermal = deformation along the longitudinal direction. Compressive plastic deformation at high
temperature remained tensile stress in manifold and resulted in longitudinal contraction at ambient
temperature. The amount of contraction at each fastener position was predicted and compared with
experimental results. Analysis results revealed that the model predicted deformation qualitatively, but
more elaborated cyclic hardening behavior would be necessary to predict the deformation quantitatively.
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Fig. 1 Exhaust manifold of turbo diesel engine; A:
Outlet to EGR system, B: Outlet to Turbo
charger, C: inlet from cylinder head
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Fig. 3 FE model of exhaust manifold

Table 1 Mechanical properties at room temperature

Part Material E(GPa) v Q(10°/K)
Exh
AU | pCD-SoHS | 160 029 122
manifold
Cylinder head| Aluminum 69 0.33 21.4
600
20°C
= 450 300°C
O
- 500°C
2 300
]
180 700 °C
900 °C
° .
0.000 0.005 0.010 0.015 0.020
Strain

Fig. 4 Stress strain curve of exhaust manifold
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Table 2 Convection type boundary condition

Location T(C) H(W/m?K)
Inlet flange
5 250
head side 8
Inhf.t Qangc 1395 250
air side
Runners 139.5 15
Outlet flange 1395 2
air side
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Fig. 5 Different tolerance given to bolt holes to
allow sliding of flanges
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Fig. 6 Calculated temperature distribution of exhaust
manifold
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Fig. 7 Comparison of calculated and measured
surface temperature
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Fig. 8 Change in distance between fastener ‘holes at each
thermal cycle
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Fig. 9 Comparison of change in distance between
calculated data at 88 cycles and measured data at
1800 cycles
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