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Abstract

Most of vehicle manufacturers have applied exhaust gas recirculation (EGR) system to the development of
diesel engines in order to obtain the high thermal efficiency without NOyx and Particulate Matter (PM) emitted
from the engine. EGR system, which reflow a cooled exhaust gas from vehicles burning diesel as fuel to a
combustion chamber of engine, has been used to solve this problem. In order to confirm the safety of the EGR
system, finite element analysis was carried out. The safety of EGR system against temperature variation in the
shell and tubes was evaluated through the thermal and structural analysis, and the modal analysis using
ANSYS was also performed. Finally, the performance of EGR system was verified through the experiment
and numerical simulation using effectiveness-NTU method. Program for the estimation of the heat exchange
efficiency of the EGR system with regard to the dimpled tube shape was developed.
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Fig. 1 Spiral multi tube type shell and tube EGR Cooler

Flange Shell body

Dimpled Oval Core Tube

Fig. 2 Conceptual design of EGR Cooler
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(b) Dimple modeling with 5 area entities

Fig. 5 Three-dimensional dimple modeling

Fig. 6 Finite element model of EGR Cooler
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Fig. 7 Distribution and non-dimensional trend of
temperature for EGR Cooler

Fig. 8 Distribution and non-dimensional trend of stress
for EGR Cooler
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(c) 3“mode : 7,070 Hz

Fig. 10 Mode shape of EGR Cooler

Azl 7hxl Fapape] ogk Fxlol g kA
S AR 98 AE R A =rjxow
TS Fig. 10 ol A ] Ao} Fo] & A|AE
,] 12} af AF4E= oF 3,785 Hz 2 e =T
sk ARl 7ERl FekeE 9 523 Hz
(5,000RPM)o] B2 2 &4 ZA3E ntgom
Alz=dle] gzl vy el e A vvsirtar wd
o g

EGR Coolerfl] &= :;5%_1101] 3}4

ol gk %—?%E% Table 2,3 o YERHIAT 2 AT
oA AI¢Hsk EGR Cooler ¢ Hy dusdt g8
58 Zol7} 150mm ¥ °F 60%, 200mm & 73
o oF 5% E A=

Table 1 Experiment conditions

Inlet Temperature 400/450/500* [C]
Gas Flow Rate 0.022/0.028/0.033* [kg/s]
Inlet Pressure 196 [kPa]
Inlet Temperature 90 [TC]
Coolant Flow Rate 25*/40/60 [L/min]
Inlet Pressure 98 [kPa]

* . basic experiment condition

Turbo Fan Heater
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(a) Schematic diagram of experiment apparatus

(a) Experiment apparatus

Fig. 11 Experiment equipment
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Table 2 Analysis result of 150mm model

Outlet Temp. [TC Efficiency [%
Test Condition - p L€] - y.[ |
Experiment Analysis Error [%] Experiment Analysis Error [%]
400 213 214 0.47 60.2 60 0.33
Gas Inlet
o 450 231.8 235 1.38 60.5 59.7 1.32
Temp. [TC]
500* 2575 256.6 0.35 59.3 59.4 0.17
0.022 229 229.3 0.13 65.7 66.1 0.61
Gas Flow
Rate [Kg/s] 0.028 244 246 0.81 62.4 61.9 0.80
0.033* 2575 256.6 0.35 59.3 59.4 0.17
Coolant 25* 2575 256.6 0.35 59.3 59.4 0.17
Flow Rate 40 254 251 1.18 60 60.7 1.16
[L/min] 60 2515 249 0.99 60.4 61.2 1.32

* : basic experiment condition

Table 3 Analysis result of 200mm model

o Outlet Temp. [C] Efficiency [%]
Test Condition - - - -
Experiment Analysis Error [%] Experiment Analysis Error [%]
400 198 198 0 64.9 65.3 0.62
Gas Inlet
o 450 214 2148 0.37 65.3 65.2 0.15
Temp. [C]
500* 231 2315 0.35 65.4 65.1 0.35
0.022 209 205 1.91 71.3 727 1.96
Gas Flow
Rate [Kg/s] 0.028 218 217.8 0.09 68.4 68.9 0.73
0.033* 231 2315 0.35 65.4 65.1 0.35
Coolant 25* 231 2315 0.35 65.4 65.1 0.35
Flow Rate 40 228 227.8 0.09 65.6 66 0.61
[L/min] 60 225 224 0.44 66.2 66.7 0.76
* : basic experiment condition 43 27 U HE
ELEE
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Inlet Temp, : 500
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(a) Efficiency estimation
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(b) Outlet temperature estimation

Fig. 13 Evaluation program of thermal performance
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