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Design and Performance Evaluation of Dimpled EGR Cooler
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Abstract: A conventional EGR cooler, which is used in an EGR system of an automobile diesel engine, has a low
heat-exchange efficiency. To maximize the heat transfer between the exhaust gas and coolant, dimples are formed
on the surface of heat exchange tubes. When designing the dimpled EGR cooler, the net heat transfer areas in the
conventional and dimpled tube-type EGR coolers are compared. Structural integrity evaluations are also performed
by combining finite element analysis with a homogenization method. Subsequently, the process of manufacturing the
dimpled tube, i.e., the formation of dimples, edge bending, center v-notch bending, compression, and plasma
welding, is established and carried out. Thus, the dimpled EGR cooler is developed, and its performance is
verified.
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Table 1 Comparison of net heat transfer area

Spiral (A) | D-T4 (B) | D-T10 (C) | (B/A)*100 | (C/A)*100
Width 52 38 39 - -
Shell Height 41 55 54 - -
Length 144 146 146 - -
. Internal Volume 307,008 305,140 307,476 99% 100%
Geometrical ( mm™ )
Specifications
(- mm ) Width 5 5 5 - -
Tube Height 5 48 24 ] ]
Length 150 150 150 - -
Tube Number (EA) 22 4 10 - -
Net Heat Transfer Area ( mm’ ) 73,005 63,600 87,000 87% 120%
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Fig. 2 Primary design of dimpled tube
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Fig. 4 The structure of dimpled EGR cooler
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Fig. 5 Composition of dimpled EGR cooler
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Table 2 Equivalent material property with original
value

Material ~ Property
(Unit: E, G: GPa, k: W/mm « K)

. Original . Original
Equivalent (SUS304) Equivalent (SUS304)
E, | 104 k, | 0.015

E | E, | 200 200 k| k, | 0005 0016
E | 7 k, | 0.014
G 9 Ugy | 0.277
v v,. | 0.112
v 0.29
G| G,.| 46 86 v % 0.29
Uy | 029
v,, | 0.077
G,.| 110 =
Uy | 0.06

—e— Homogenized model
—4-— Original model
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Fig. 7 Heat transfer analysis result [unit:C]
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