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Finite Element Analysis and Validation for Dimpled Tube Type
Intercooler Using Homogenization Method
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Abstract

Three-dimensional finite-element methods(FEM) have been used to analyze the thermal stress of an
exhaust gas recirculation(EGR) cooler due to thermal and pressure load. Since efficiency and capability
of the heat exchanger are mainly dependent on net heat transferring area of the EGR cooler system,
the tube inside the system has a numerous dimples on the surface. Thus for finite element analysis,
firstly the dimple-typed tube is modeled as a plain element without the dimple, and then the equivalent
thermal conductivities and elastic modulus are calculated. This work describes the numerical
homogenization procedure of the dimple-typed tube and verifies the equivalent material properties by
comparison of a single unit and the actual full model. Finally, the homogenization scheme presented in
this study can be efficiently applied to finite element analyses for the thermal stress and deformation
behavior of the EGR cooler system with the dimple-typed tube.
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Fig. 5 Geometric configurations and comparison of
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o
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Fig. 8 Boundary condition for equivalent Young's
modulus
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Fig. 9 Von-Mises stress distribution by FE analysis
for equivalent Young's modulus [unit:MPa]
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Fig. 13 Temperature distribution by FE analysis for
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Table 1 Equivalent material property and original value

Equivalent Material Property

104,783 | G, 99,870 | kK, 0.0148

EI
E, | 200,000 | G,. | 46291 | k, | 0.0054
EZ

71589 | G, | 110,661 | k., 0.0136
Vyy 0.277 | v,, 0112 | v, 0.29
Vyy 029 | v, 0.077 | v,, | 0.0598
Original Value(SUS 304)
E 200,000 v 0.29
k 0.0162 oy 215MPa
Unit E.G : MPa, k : W/mm-K

B4, 647 74.008 B3. 369 52.73 102, 051
69,327 T8, 6 88,05 97,411 106.772

(@)

SMN =64. 649
SMK =106.74

64.549

(b)
Fig. 14 Comparison of heat transfer analysis result
[unit:C]; (@ homogeneous model, (b)
original model



158 oldwl - A% -

—s— Homogeneous model
L Qriginal model

120

100

a0 4

B0 o

40

Temperature(“C)

an I 0z I ﬂld I Olﬁ I aa I 10
Nondimensional Length
Fig. 15 Comparison of temperature distribution bet-
ween homogeneous and original models
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Fig. 16 Heat-structure coupled analysis result in case
of applying homogeneous model [unit:MPa];
(a) total model, (b) pipe part(without tube)
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Fig. 17 Heat-structure coupled analysis result in case

of original model [unit:MPa]; (a) total
model, (b) pipe part(without tube)
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Fig. 19 Comparison of structural analysis result [unit:
MPa]; (a) homogeneous model, (b) original
model
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