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Heat Transfer Analysis of EGR Cooler with Different Tube Shape

Chang-Hyun Sohn’

Departmen of Mechanical Engineering, Kyungpook National University, Daegu 702-701, Korea
(Received 8 January 2007 / Accepted 23 March 2007)

Abstract : With the Euro-4 regulation coming into effect, the domestic car industry is forced to look for newer options
to reduce NOX in the exhaust. EGR (Exhaust Gas Recirculation) Cooler is an effective method for the reduction of
NOX form a diesel engine. High efficiency, low pressure loss and compactness are desirable features of an EGR Cooler.
The cooling performance of EGR depends on the shape of tubes and the location of the entrance and exit. This paper
reports the computational work conducted to estimate the performance of EGR cooler with three different cross section
tubes and a triangular spiral tube. Three dimensional computation results show that the triangular tube is more effective
than circular and rectangular tube. The most effective geometry is a triangular spiral tube with offset inlet and outlet

locations.
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Fig. 1 Diesel engine with a EGR coolerer
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Fig. 2 Flow direction of the coolant and exhaust gas in EGR
cooler
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Fig. 3 The shape of tubes

Table 1 Hydraulic diameter of an each tube shape
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Table 2 Inlet conditions for exhaust gas and coolant

FEH(Upwind
Fig. 40| EGR Coolers] 2]
o]

Temperature Pressure Mass
(°C) (kPa) Flow Rate
Gas 500 ABS 260 0.0389 kg/sec
Coolant 90 ABS 130 5.83 mfsec

Table 3 Various cases considered

Shape Flow
Case of tube condition Remark
1 Circle Laminar Aligned inlet and outlet
2 Circle Turbulent Aligned inlet and outlet
3 Circle Turbulent 70°different 1.“@ and
outlet position
4 Triangle | Turbulent Aligned inlet and outlet
5 Triangle | Turbulent Aligned 1¥116t and outlet,
Spiral tube
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(a) Aligned inlet and outlet locations (Case 2}

(b) Rotated inlet and outlet location (Case 3)
Fig. 5 Modifying inlet and outlet locations
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Heat Transfer Analysis of EGR Cooler with Different Tube Shape
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Fig. 6 Test results of grid number dependency

Table 4 Computational results for considered cases

Case Water(K) Gas(K) Effect
T, | T, | AT w | T | AT | (%)
1 363 366 3 773 15998 | 173.2 -
2 363 13666 3.6 773 | 565.1 | 207.9 | 20.03
3 363 | 366.7 | 3.7 773 | 559.3 | 213.7 | 23.38
4 363 1367.11 4.1 773 | 5414 | 231.6 |33.72
5 363 368 5.1 773 | 478.4 | 294.6 | 70.09
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Fig. 7 The circie shape tube (Case 2)
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Fig. 8 The triangle shape tube (Case 4)
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(b) temperature distribution at cross section
Fig. 9 The temperature distribution of exhaust gas in the
triangular spiral tube
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Fig. 10 AT of water with different cases
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Fig. 11 The AT of gas with different cases
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Fig. 12 Enhanced heat transfer rate compared with first case
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