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Abstract : Recently, diesel engine has been frequently applied to RV, SUV and light duty truck due to the good fuel
economy and high thermal efficiency. NO, and PM, environmental pollution materials are basically produced in diesel
combustion process. The most important target in diesel engine research is the development of system to reduce the
emissions of NOx and PM. Cooled EGR system is an effective method for the reduction of NO, emission and PM
emission from a diesel engine and EGR cooler is the key component of the system. This study investigates the EGR
cooler of oval gas tubes compared with the EGR cooler of shell & tubes to verify the heat exchange efficiency of cooler

by means of engine dynamometer tests, rig performance tests and numerical analyses.
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Fig. 1 3D model and CFD analysis condition
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Fig. 3 Temperature contour of exhaust gas
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Coolant Qutlet
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Fig. 4 Temperature contour of coolant
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Table 1 Specification of engine

Engine type In-line, 4cyl, SOHC
Displacement (cc) 1991
Bore x Stroke (mm) 83 x92
Max. power (kW/rpm) 93 /4,000
Max. torque (Nm/rpm) 289 /2,000
Compression ratio 17.7
Breathing TC
Injection type DI
EGR system Cooled type




Euro-5 CHS CIHAXIE EGR 29| Sug 58 oY

Table 2 Requirement of EGR cooler Shell & tube type " ovaltpe t1 Oval type # 2
Desi Test condition Target efficiency 5687 PR G Tuee | ) iy S -
esign : arge ‘00000000 I 563 2a
i | Gy | e | ® 888883z N ég
(kg/l) temp. (°C) 260300600 L-8E8 S § s
A 50 560 94 99000800 8 % o
B 80 550 90 -00000000 T ‘
0000000000
Table 3 Specification of EGR cooler ‘ ‘.a;n}
Type S&T | Ovaltype #1 Oval type #2 Fig. 4 Section diagram of each EGR cooler & specifications
Length (mm) | 217 217 217 of wavy-cooling fin
Tube (mm) &7 |H7.7*WSL.1*¥T0.6 | H7.7*W51.1*T0.6
Number 56 6 6
Fin pitch - 6 4
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#25 224.3%0|t}. direct= Y2t & HEHF, & AAAEZAL AN Q] Aulk 7|7t =
ThERE Y& E ol W HES uo] A S =0 D-13 5 =9} EGR fouling A| g4 x5 =93}
HA-E, indirect= 3 7] & A E A4, S finz v} 7] 7} o] Fig. 77} 7] X4 s+t
Table 4 Comparison of heat transfer area
Type Body shell Gas tube No. of tubes (EA) | Length (mm) H.T. area (cmz) Remark
S & tube T7*64.7%210 ¢7 56 210 2586 100%
direct 1392.7
Oval#1 77*64.7%210 6 210 9
v indirect 3438 186%
direct 1392.
Oval #2 77%64.74210 e 6 210 7 224%
indirect 4407

* direct : area between tubes and coolant
indirect : area between fins and gas
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Fig. 6 Schematic diagram of heat dissipation tester and EGR
cooler

EGR Cooler Mode
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Fig. 7 Engine test mode
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Fig. 8 Test results of gas outlet temperature
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Fig. 9 Test results of cooler efficiency
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Table 5 Efficiency of each EGR cooler
Efficiency (%)
Type -

Target | CFDresult | Dynotest | Rigtest

S & tube - 76.1 74.4

Oval # 1 87.0 84.2 83.0 82.1

Oval #2 89.6 87.9 88.6

etz Qi) 22 ovald 221 W% fin pitch
4mm<] ovald #22] -2} fin pitch 6mm¢$) oval 3
#1BE T HEH A o] oF38% 7| wol] WA &)
S48k Uehdar glok Ao 7h2 R 120kg/h ]
ZZ10l| A Fouling 3 Zele] A Aztet
AA AR A L A rig Al Z 7S Table 5 A
2l ettt oval @ #27} S F3h= &S VAL
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