Transactions of KSAE, Vol. 14, No. 3, pp.10-21 (2006) Copyright © 2006 KSAE
1225-6382/2006/081-02

S2t=0} EGR Z=FA|AH EH 2IHZE2| ECU AHHa|Y
C|&7|ae] MS 2 NO, -THC HIZ= EMo|| 2t ot

=1*1 2 3
-2 g0 24

£
g M

BATIED T EBIL, BB7|2E7 IS0 PHE" - DEANBE - 24T

A Study on Characteristics of Performance and NOy - THC Emissions
in Turbo Intercooler ECU Common-rail Diesel Engines
with a Combined Plasma EGR System

Myung-whan Bae " - Young-jin Ku®” - Bong-sub Lee”

" Research Center Jor Adircraft Parts Technology, School of Mechanical and Aerospace Engineering,
Gyeongsang National University, Gyeongnam 660-701, Korea
“Korea Transportation Safety Authority, 523 Gojan-dong, Ansan-si, Gyeonggi 425-801, Korea
Y Graduate School, Gyeongsang National University, Gyeongnam 660-701, Korea
(Received 23 May 2005 / Accepted 28 February 2006)

Abstract : The aim in this study is to develop the combined EGR system with a non-thermal plasma reactor for reducing
exhaust emissions and improving fuel economy in turbo intercooler ECU common-rail diesel engines. At the first step, in
this paper, the characteristics of performance and NO,THC emissions under four kinds of engine loads are
experimentally investigated by using a four-cycle, four-cylinder, direct injection type, water-cooled turbo intercooler
ECU common-rail diesel engine with a combined plasma exhaust gas recirculation(EGR) system operating at three kinds
of engine speeds. The EGR system is used to reduce NO, emissions, and the non-thermal plasma reactor and turbo
intercooler system are used to reduce THC emissions. The plasma system is a flat-to-flat type reactor operated by a plasma
power supply. The fuel is sprayed by pilot and main injections at the variable injection timing between BTDC 15° and
ATDC 1° according to experimental conditions. It is found that the specific fuel consumption rate with EGR is increased,
but the fuel economy is better than that of mechanical injection type diesel engine as compared with the same output.
Resuits show that NO, emissions are decreased, but THC emissions are increased, as the EGR rate is elevated. NOy and
THC emissions are also slightly decreased as the applied electrical voltage of the non-thermal plasma reactor is elevated.
Thus one can conclude that the influence of EGR in NO, and THC emissions is larger than that of the non-thermal plasma
reactor, but THC emissions are greatly influenced by the non-thermal plasma reactor as the EGR rate is elevated.
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Fig. 1 Schematic of experimental apparatus

Table 1 Specifications of test engine

Item Specification
4 Cylinder, 4 Cycle,
Water cooled,
Type

DI(Direct injection),
Turbo intercooler

Piston displacement (cc) 2497
Bore (mm) x Stroke (mm) 91 x 96
Max. power (kW/rpm) 104.5/4000
Fuel injection type Bosh common rail
Compression rate 17.5:1
Intake exhaust type TC1

Fuel injection timing BTDC 15° ~ ATDC 1°
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A Study on Characteristics of Performance and NOx - THC Emissions in Turbo ntercooler ECU Common-rail Diesel Engines
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Fig. 2 Plasma reactor

Table 2 Specifications of plasma reactor

High voltage applied
electrode

150 mm x 80mm
Mica plate coated by copper
200 mm x 120 mm
Mica plate coated by copper

Ground electrode

Dielectric Mica plate
Total surface area of 2880 mm®
flow path
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Fig. 3 Effect of EGR rate on brake specific fuel consumption
rate as a parameter of engine load at an engine speed
of 2100 rpm
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Table 3 Reduction rate of NOx emissions by increasing EGR
rate at an engine speed of 1500 rpm

Table 5 Reduction rate of NOx emissions by increasing EGR
rate at an engine speed of 2700 rpm

Engine | Applied Reduction rate(%) Engine | Applied Reduction rate(%)
load electrical load electrical
(%) voltage(kV) | EGR 0% | EGR 10% | EGR 20% (%) voltage(%) | EGR 0% | EGR 10% | EGR 20%
0 0 58.6 82.0 0 0 724 87.5
8 0 58.3 82.0 8 0 72.9 87.5
100 100
10 0 56.7 81.1 10 0 73.8 87.5
12 0 55.8 80.2 12 0 74.5 88.4
0 0 459 754 0 0 27.3 39.8
8 0 42.6 74.0 8 0 28.0 41.6
75 75
10 0 415 73.6 10 0 27.8 415
12 0 43.0 742 12 0 28.3 40.4
0 0 38.5 63.3 0 0 39.5 452
8 0 35.8 62.3 8 0 36.5 42.1
30 50
10 0 36.0 64.0 10 0 359 422
12 0 34.8 63.9 12 0 37.6 429
0 0 244 64.1 0 0 11.8 276
8 0 222 63.5 8 0 12.2 28.4
25 25
10 0 18.7 60.7 10 0 12.3 28.8
12 0 19.8 62.2 12 0 13.9 292

Table 4 Reduction rate of NOx emissions by increasing EGR
rate at an engine speed of 2100 rpm

Engine Applied Reduction rate(%)

load electrical

(%) voltage(kV) | EGR 0% | EGR 10% | EGR 20%
0 0 68.7 87.8
8 0 . .

100 69.1 87.8
10 0 69.3 87.9
12 0 66.4 85.7
0 0 23.6 66.8
8 0 . .

7 31.0 67.1
10 0 344 67.6
12 0 357 68.6
0 0 63.2 82.0
8 . .

50 0 50.0 76.4
10 0 472 71.3
12 0 46.2 78.2
0 0 453 65.6
8 0 . .

5 46.0 66.7
10 0 475 68.9
12 0 48.3 69.0
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Table 6 Reduction rate of NOx emissions by increasing the
applied electrical voltage at an engine speed of 1500

rpm
Engine EGR Reduction rate(%)
load rate
(%) (%) 0kv 8kV 10kV | 12kV
0 0 1.7 6.7 12.1
100 10 0 1.1 2.6 6.3
20 0 1.7 2.5 34
0 0 59 8.2 8.5
75 10 0 0 0.7 3.6
20 0 0.7 14 43
0 0 4.8 7.4 9.6
50 10 0 0.6 3.6 4.2
20 0 2.0 9.1 1.1
0 0 3.8 14.5 15.3
25 10 0 1.0 8.0 10.1
20 0 2.1 6.3 10.6
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Table 7 Reduction rate of NOy emissions by increasing the
applied electrical voltage at an engine speed of 2100

Table 8 Reduction rate of NOy emissions by increasing the
applied electrical voltage at an engine speed of 2700

rpm rpm-
Engine EGR Reduction rate(%) Engine EGR Reduction rate(%)
load rate load rate
(%) (%) 0kV 8kV 10kv | 12kV (%) (%) 0kV 8kV 10kV | 12kV
0 0 1.6 2.7 18.9 0 0 47 6.3 6.5
100 10 0 2.9 4.7 12.8 100 10 0 6.1 10.8 13.5
20 0 1.5 3.0 45 20 0 4.5 6.0 134
0 0 0.4 1.2 1.5 0 0 5.1 59 10.2
75 10 0 10.1 15.2 17.2 75 10 0 5.9 6.5 11.3
20 0 1.2 35 7.0 20 0 7.8 8.4 11.0
0 0 272 31.8 37.7 0 0 6.2 8.6 10.0
50 10 0 1.1 3.4 4.6 50 10 0 1.6 3.1 7.1
20 . 0 4.7 14.0 20.9 20 0 0.9 3.5 6.1
0 0 1.6 47 94 0 0 2.6 3.9 53
25 10 0 2.9 8.6 14.3 25 10 0 3.0 4.5 15
20 0 4.6 13.6 18.2 20 0 36 5.5 73
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Fig. 6 Effect of the applied voltage on THC emissions for various engine loads as a parameter of EGR rate at an engine speed of

2100 rpm
Table 9 Increasing rate of THC emissions by rising EGR rate Table 10 Increasing rate of THC emissions by rising EGR
at an engine speed of 1500 rpm rate at an engine speed of 2100 rpm
Engine Applied Increasing rate(%) Engine Applied Increasing rate(%)

load electrical load electrical

(%) voltage(kV) | EGR 0% | EGR 10% | EGR 20% (%) voltage(kV) | EGR 0% | EGR 10% | EGR 20%
0 0 8.4 71.6 0 0 36.5 162.8
8 0 9.4 58.5 8 0 33.1 153.2

100 100
10 0 9.6 55.8 10 0 30.1 148.4
12 0 8.8 54.9 12 0 28.1 141.8
0 0 132 15.1 0 0 29.1 69.6
8 0 133 153 0 42.1 974

75 75
10 0 219 26.3 10 0 40.4 81.3
12 0 7.4 25.9 12 0 38.9 81.6
0 0 5.1 6.1 0 0 26.4 120.1
8 0 5.1 7.1 8 0 23.4 62.3

50 50
10 0 52 6.2 10 0 23.1 51.0
12 0 4.1 4.1 12 0 21.9 46.6
0 0 4.4 6.7 0 0 8.5 254
8 0 3.3 6.7 8 0 7.1 20.6

25 25
10 0 22 4.4 10 0 7.1 19.3
12 0 22 4.5 12 0 8.0 14.5
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Table 11 Increasing rate of THC emissions by rising EGR
rate at an engine speed of 2700 rpm

Engine Applied Increasing rate(%)
load electrical

(%) voltage(kV) | EGR 0% | EGR 10% | EGR 20%
0 0 25.0 145.0
8 . .

100 0 10.7 87.2
10 0 9.9 78.6
12 0 46.2 139.2
0 0 51.2 130.7
8 . .

75 0 52.1 112.7
10 0 53.4 98.8
12 0 52.8 88.8
0 0 3.2 6.5
8 0 . .

5 5.1 10.2
10 0 5.6 14.1
12 0 7.9 15.1
0 0 48 15.0
8

25 0 7.2 20.9
10 0 7.9 20.5
12 0 7.9 15.2

Table 12 Reduction rate of THC emissions by increasing the
applied electrical voltage at an engine speed of

1500 rpm
Engine EGR Reduction rate(%)
load rate
(%) (%) 0kv | 8kv | 10kV | 12kV
0 0 0.9 28 47
100 10 0 0 1.7 43
20 0 16 | 147 | 168
0 0 13 99 112
75 10 0 12 29 157
20 0 1.1 1.1 29
0 0 1.0 2.0 2.0
50 10 0 1.0 1.9 2.9
20 0 1.9 38
0 0 0 1.1
25 10 0 1.1 2.1 32
20 0 0 2.1 3.1
F 25 THC v Szl v 2l <17hdske]
=2 ‘%ﬂ“*EGRgﬂ-ﬂ@4¥%QVFﬁ%
o] J o] okt AA vEuiTh V@3 HLrEe] o
ol o Mblsoo rpmE T O 2 7|93 A Lo
* HC wi&io] ¥k, —ol 2100 rpm°ﬂ/\1 EGR

NO, - THC Hi&E S4of zst iy

Table 13 Reduction rate of THC emissions by increasing the
applied electrical voltage at an engine speed of

2100 rpm
Engine EGR Reduction rate(%)
load rate
(%) (%) 0kv 8kV | 10kV | 12kV
0 0 1.3 1.9 1.9
100 10 0 3.8 6.6 8.0
20 0 4.9 7.3 9.8
0 0 152 16.1 174
75 10 0 6.7 8.8 11.1
20 0 13 10.3 11.5
0 0 31 7.5 8.2
50 10 0 5.5 10.0 114
20 0 28.6 36.6 38.9
0 0 0.7 1.4 2.8
25 10 0 1.9 2.6 32
20 0 4.5 6.2 112

Table 14 Reduction rate of THC emissions by increasing the
applied electrical voltage at an engine speed of

2700 rpm
Engine EGR Reduction rate(%)
load rate
(%) (%) 0kv 8 kV 10kV | 12kV
0 0 6.5 9.0 35.0
100 10 0 17.2 20.0 24.0
20 0 28.6 337 36.5
0 0 0.6 1.8 3.0
75 10 0 0 0.4 2.0
20 0 12.7 23.5 315
0 0 4.8 8.4 10.3
50 10 0 3.1 6.3 6.3
20 0 1.5 1.8 3.0
0 0 8.4 9.6 9.6
25 10 0 6.3 6.9 6.9
20 0 3.6 5.2 9.4
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