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Abstract : Through this study, the performance evaluation on the addition of low-pressure loop EGR(Exhaust Gas
Recirculation) in a 6.0 L commercial diesel engine was carried out using WAVE modeling and simulation. Since the
key technology of advanced diesel engine combustion such as low-temperature combustion is to steadily supply high
rates of EGR in a wide operating range, the current study could be effectively contribute to the design and development
processes of up-to-date diesel engine systems as real-world reference data. The current simulation results show that the
system in which low-pressure loop EGR is added shows almost 2.3 times increase in maximum EGR rate at 1000 rpm
as well as almost 1.6 times increase at 2200 and 1600 rpm in comparison with an engine system employing
high-pressure loop EGR only. Also, both turbocharger axis speed and charging pressure level did not deteriorate due to
the addition of low-pressure loop EGR at 2200 and 1000 rpm, but they were fairly decreased at 1600 rpm.

Key words : LTC(Low-Temperature Combustion; #]<=%14~), EGR(Exhaust Gas Recirculation; ¥l 7] 2 <=3}), Advanced
combustion(4! $14r), Diesel engine(H] & N Z1), Simulation(A] & 2 o] A1)
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Table 1 Engine specification

Fuel type Diesel
Number of cylinders 6 (in-line)
Displacement 5.89 liter

100 mm x 125 mm
Turbocharged, Aftercooled
High-pressure common rail

220 PS @ 2200 rpm
17.5
0,2,9 CAD (BTDC)
@ 1000, 1600, 2200 rpm

Bore x Stroke

Aspiration

Injection system

Rated power

Compression ratio

Fuel injection timing

High-Pressure

EGR Loop
Diesel Engine //
| — ®J
| IS |
EGR Cooler EGR Valve

Intake Valve Intake Cooler
Ci

p

~\

Low-Pressure
EGR Loop

j Turbine
Valve

Exhaust Gas

Cooler
Intake Air

Fig. 1 Schematic of engine system layout
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Fig. 2 Normalized maximum EGR rate versus LPL valve
plate angle at different engine speed
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Table 2 LPL/HPL EGR valve plate angle and VTG vane open
yielding maximum EGR rate at different engine speed

Engine speed LPL VPA | VTG vane open | HPL VPA
(rpm) (deg) (%) (deg)
5 60 90
30 60 90
2200
45 60 90
90 40 45
5 40 45
30 40 45
1600
45 40 45
90 60 90
5 30 30
30 30 30
1000
45 40 30
90 40 5

mHPL 7zLPL mTotal @ 2200 rpm

EGR flow rate (kg/s)

=llll
iR
FECEE

5 30 45 920
LPL valve plate angle (deg)

Fig. 3 EGR flow rates through HPL and LPL versus LPL
valve plate angle at 2200 rpm
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Fig. 4 EGR flow rates through HPL and LPL versus LPL
valve plate angle at 1600 rpm
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Fig. 5 EGR flow rates through HPL and LPL versus LPL
valve plate angle at 1000 rpm
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Fig. 6 Turbocharger axis speed versus LPL valve plate angle
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Fig. 7 Compressor exit pressure versus LPL valve plate angle
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