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Study on Heat Exchanger Efficiency of EGR Cooler with Dimpled
Rectangular Tube Shape for Application of Diesel Vehicles

Young-Ho Seo, Seong-Chan Heo, Tae-Wan Ku, Woo-Jin Song, Jeong Kim and Beom-Soo Kang
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Abstract

In this study, the investigations on the dimpled type Exhaust Gas Recirculation (EGR) cooler have been
focused on the high heat exchanger efficiency. To overcome low heat exchanger efficiency of general EGR
cooler, the dimpled type EGR cooler was developed. It was ensured the improvement of the performance of
the dimpled type EGR cooler related to the heat exchange based on a series of the experiment. These results
were caused by the increase of thermal surface area in accordance with the dimple’s one. The estimation
model of the heat exchanger efficiency using the Effectiveness-NTU method was also developed in order to
verify the validity of experimental result. Also, the program for the estimation of the heat exchanger
efficiency on the EGR cooler with regard to the dimpled tube shape was developed. Resultantly, it was
confirmed that the dimpled type EGR cooler could be served better performance than the conventional one in
view of the heat exchanger efficiency.
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Table 1 Experiment conditions

A} - H.3 EGR Cooler & &

Inlet Temperature 400/450/500* [TC]

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

Coolant Tank
O? Flowmeter
L Exhaust
Gas

Turbo Fan Heater VU U

@ + Temp. Sensor

Fig. 3 Schematic diagram of experiment apparatus
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Fig. 6 Conceptual design of EGR Cooler
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Table 2 Analysis result of 150mm model

. Outlet Temp. [TC] Efficiency [%]
Test Condition
Experiment Analysis Error [%] Experiment Analysis Error [%]

400 213 214 0.47 60.2 60 0.33

Gas Inlet
o 450 2318 235 1.38 60.5 59.7 1.32

Temp. [C]
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* 257.5 256.6 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 61.2 132

* : basic experiment condition
Table 3 Analysis result of 200mm model
Outlet Temp. [T Efficiency [%
Test Condition P-[C] y [l
Experiment Analysis Error [%] Experiment Analysis Error [%]

400 198 198 0 64.9 65.3 0.62

Gas Inlet
o 450 214 214.8 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 1.91 713 72.7 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 0.4 66.2 66.7 0.76

* : basic experiment condition
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