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Abstract

This study analyzed the effect of four control factors, RPM, load, EGR rate and cooling water
temperature on the exhaust emissions of the small DI diesel engine. The amount of NOx and smoke
emissions were measured through experiments for three levels of four control factors according to
orthogonal array table, and the effect of four factors on NOx and smoke emissions was analyzed
quantitatively. The main results obtained in this study are summarized as follows:

1. RPM, load and EGR rate have a great influence on NOx and smoke emissions, and the effect of
cooling water temperature is negligible.

2. As RPM and load increases NOx emission increases and decreases sharply as the EGR rate increases.

3. Smoke emission decreases or increases randomly according to RPM and load, but increases sharply in
proportion to the EGR rate.

4. EGR rate has the greatest effect on NOx and smoke emissions by more than 60% of contribution to
variance, especially in the case of NOx emission, EGR rate represents a significant result even under the
confidence level of 99% on ANOVA.
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M=
<Table 1> Specifications the test engine
Item Specification
3-cylinder
4-stroke
Tyvpe direct injection
P Diesel engine
with exhaust
T/C
Compression ratio 184 : 1
Power 40KW at 2600rpm
Bore (mm) 100
Stroke (mm) 110
Piston speed (m/s) 9.53
Fuel injection time BTDC 17+1°CA
Fuel injection pressure (MPa) 19.61
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<Table 2> Control factors and levels

1 level |2™ level |3 level
RPM 1200 1500 1800
Load (%) 40 50 60
EGR rate (%) 10 15 20
C/W temp. (C) 40 60 80
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<Table 3> I,(3") orthogonal array of experi-

ment
Exp. RPM | Load EGR C/W
No. rate temp.
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
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[Fig. 2] Schematic diagram of EGR system
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<Table 4> Experimental layout and result of
experiment

Exp. RPM Loa | EGR | C/W | NOx |Smoke

No. d | rate | temp. | (g/Nm’) | (%)

1 1 1 1 1 3.4 10

2 1 2 2 2 33 23

3 1 3 3 3 1.1 60

4 2 1 2 3 2.6 7

5 2 2 3 1 0.9 23

6 2 3 1 2 5.8 9

7 3 1 3 2 1.6 33

8 3 2 1 3 6.7 3

9 3 3 2 1 5.5 26

<Table 5> Analysis of variance table for NO, data of test engine

Factor i::irgsf foeg;g(e)rr(l)f Mean square F-ratio F-value(0.05) %toco\?;ii:r?zieon
RPM| 6.50 2 3.25 46.43 * 19.00 17.82
Load 4.02 2 2.01 28.71 * 19.00 11.02
EGR rate |25.82 2 1291 184.43 ** 19.00 70.78
C/W temp. | 0.14 2 0.07 1 19.00 0.38

- 589 -



<Table 6> Analysis of variance table for smoke data of test engine

5 -
Factor Sum of Degree of Mean square F-ratio F-value(0.05) o contr.lbutlon
squares freedom to variance
RPM 489.56 2 24478 2421 * 19.00 19.74
Load 460.22 2 230.11 22.76 * 19.00 18.56
EGR rate 1510.22 2 755.11 74.68 * 19.00 60.89
C/W temp. 20.22 2 10.11 1 19.00 0.82
6
S |
o ',___,‘-"‘——..
S |.
[ 3
‘o
Gl
c 2
5]
g |t
Z
0
1 2 3 1 2 3 i 2 3 1 2 3
[Fig. 3] Interaction plots for NOx data of test engine
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