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A Study on the Engine Performance and Emission Characteristics

in a LP EGR System with Electronic Throttle Control
Jun-Heuk Park’ - Jong-Han Lim' - Jun-Kyu Yoont
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Abstract: Research and development of LP EGR system for the performance improvement and emission
reduction on diesel engine is proceeding at a good pace. LP EGR system seems to be helpful method to
further reduce NOy emissions while maintaining PM emissions at a low level because the boost pressure is
unchanged while varying EGR rate. This study is experimentally conducted on a 2.0L common rail DI
engine at the medium load condition (2000 rpm, BMEP 1.0 MPa, boost pressure 181.3 kPa) that difficult
to use large amount of EGR gas because of deteriorations of performance and fuel consumption. And we
investigated the characteristics of performance and fuel consumption while varying EGR systems. The
overall results using LP EGR system equipped with ETC identified benefits on reduction of PM and
improvement of fuel consumption and thermal efficiency while keep the NOy level compared to HP EGR
and LP EGR with back pressure valve.

Key words: ETC (Electronic Throttle Control), LP EGR (Low Pressure Exhaust Gas Recirculation), VGT
(Variable Geometry Turbocharger), NOx (Nitrogen Oxides), PM (Particulate Matter), BMEP (Brake Mean
Effective Pressure)
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Table 1: Engine specification

Item Specification
Engine Volume 1995 cm
Bore x stroke 84.0 x 90.0mm

Compression ratio 16.0
Maximum torque 39227 N'm
q (2000 rpm)
Maximum power 137.2 kw
P (4000 rpm)

HP EGR| s

S50

o® Loop

ust

pll
3

as
Analy
= HP EGR nee
| Valve |

controller

LP EGR
Loop

Figure 1: Schematic diagram of experimental engine

setup
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Table 2 Experimental conditions

conditions
2000 rpm
1.0 MPa
181.3 kPa
80 £ 2 C

Control Item
Engine speed
BMEP
Boost Pressure
Coolant Temperature
Intercooler
Temperature

40 + 2 C

- HP EGR loop
- LP EGR loop with
back pressure valve
- LP EGR loop with ETC
0~20 %

EGR System

EGR rate

Opatm XOZ.intake

X

> 100

DR [%) )

Oyatm

N

1 52 0052012, Xo iniake

| |[—e—LP ETC

Dillution Ratio [%]
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10 12 14 16 18 20

EGRrate [%]

Figure 2: Relationship between EGR
dilution ratio
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Figure 3: Measured cylinder pressure while varying
EGR system
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Figure 4: Comparison of cylinder pressure with
three EGR systems at fixed dilution ratio 11%
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Figure 5: Calculated the rate of heat release while
varying EGR system
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Figure 6: Calculated the rate of heat release with
three EGR systems at fixed dilution ratio 11%
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Figure 7: Measured the gas temperature in intake

manifold while varying dilution ratio with three
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170 |

Air Mass Flow [kg/h]

140 I U U RN R

Dillution Ratio [%]

Figure 8: Measured the air mass flow rate into
intake manifold while varying dilution ratio with
three EGR systems
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Table 3: VGT vane duty while varying EGR system

EGR | BP EGR | Mo pre” | logp

valve) (ETC)
0 66.9 66.9 66.9
7 68.75 67.15 67.15
15 70.5 67.6 67.85
20 72.5 67.85 68.3
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