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A Study on Thermal and Modal Characteristics for EGR System
with Dimpled Rectangular Tube
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and Beom-Soo Kang#

ABSTRACT

Recently, Exhaust Gas Recirculation (EGR) system which re-flow a cooled exhaust gas from vehicles burning diesel
as fuel to a combustion chamber of engine has been used to solve the serious air pollution. For the design and mass
production of EGR system, it is essential to ensure structural integrity evaluation. The EGR system consisted of ten
dimpled oval core rectangular tubes, two fix-plates, two coolant pipes, shell body and two flanges in this study. To
confirm the safety of the designed system, finite element modeling about each component such as the dimpled oval core
tube with the dimpled shape and others was carried out. The reliability of EGR system against exhaust gas flow with
high temperature was investigated by flow and pressure analysis in the system. Also, thermal and strength analysis were
verified the safety of EGR system against temperature change in the shell and tubes. Furthermore, modal analysis using
ANSYS was also performed. From the results of FE analysis, there were confirmed that EGR system was safe against
the flow of exhaust gas, temperature change in EGR system and vibration on operation condition, respectively.
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(b) Dimple modeling with 5 area entities
Fig. 4 Three-dimensional dimple modeling

Fig. 5 A quarter configuration of assembled EGR System
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Table 1 Material properties of SUS 304

Young’s Modulus 200 GPa

Yield Strength 215 MPa

17.3 m/mC at Temp. 20T
17.8 (m/m°C at Temp. 250°C
18.7 tm/mC at Temp. 500C

Thermal Expansion
Rate

Thermal Conductivity 16.2 W/m-C
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Fig. 7 Local coordinate system of FE analysis
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Fig. 8 Thermal boundary condition of EGR system
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Fig. 9 Finite element model of EGR system
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(a) Stress distribution [unit : MPa]
Fig. 17 Stress and displacement distribution of dimpled rectangular tube of EGR system
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Table 2 Comparison with thermal efficiency for dimpled

tube length of 150mm
.. OQut-let Thermal
Test Condition Temperature| Efficiency
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Gas In-let T ~
Temperature* 450 2317TC 60.5
500°C 257C 593
400 214" ,
Gas In-let % BC nc 60.0
Temperature** 450C 235C 59.7
500C 257C 59.4

* Experimental result at coolant flow rate 25L/min, gas flow
rate 120Kg/H
** Calculated result at coolant flow rate 25L/min, gas flow rate
120K g/H
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Table 3 Comparison with thermal efficiency for dimpled

tube length of 200mm
. Out-let Thermal
Test Condition Temperature| Efficiency

400°C 198°C 64.9

Gas In-let - -
Temperature* 450C 2147C 65.3
500C 231T 65.3
400C 197C 65.3

Gas In-let . -
Temperature** 450C 215C 65.2
500C 232C 65.1

* Experimental result at coolant flow rate 25L/min, gas flow
rate 120Kg/H
** Calculated result at coolant flow rate 25L/min, gas flow rate
120Kg/H
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