"m Check for updates

ZSYA|AEIZEE|X| H24F H|45 pp. 68-76 2020 82 ISSN 2713-8429(Print) ISSN 2713-8437(Online)
Journal of Power System Engineering https://doi.org/10,9726/kspse 2020 24 4,068
Vol, 24, No, 4, pp. 68-76, August 2020

AEAEHE HEe H7]7tA MAE =X 2EX[Q] M5 It
Performance Evaluation of Aftertreatment Parts for the
Reduction of Exhaust Gas Emissions by Design of
Experiments
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Abstract : This paper was performed to evaluate the performance of aftertreatment system on the
reduction of smoke and NOx emissions in a direct injection diesel engine by DOE (Design of
Experiment). Control factors were four types of catalysts and two levels of exhaust gas temperatures in
order to reduce the exhaust emissions selected as responses. An aftertreatment system filled with
catalyst-coated beads was installed to the exhaust pipe line of 1 m behind from the exhaust manifold
and the exhaust gas flow path of the engine was controlled by a butterfly valve. Engine tests were
carried out at an engine speed of 1,500 rpm and various engine loads. This study showed that smoke
was not affected under all catalysts and exhaust gas temperatures, but NOx emission was affected by
the types of catalyst and exhaust gas temperature. The C4 catalyst for NOx emissions was more
effective when the exhaust gas temperature was higher than when it was low. Through the DOE it has
been proved that the C4 type catalyst and higher exhaust temperature was effective and adequate to

reduce the NOx emissions without deterioration of smoke.
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Table 1 Specifications of test engine

Description Specification Unit
Engine model ND 130DI -
Number of cylinder 1 -
Combustion chamber DI -
Bore x stroke 95 x 95 mm
Displacement volume 673 cc
Compression ratio 18 -
Max. Horse power 13/2400 PS/rpm
Max. Torque 42/2000 N-m/rpm
Injection timing BTDC 17 TA
Injection pressure 100 MPa
Coolant temperature 7042 C

Table 2 Properties of diesel fuel

Item Diesel fuel Unit Test method
. o KSM2010:
Flash point 42 PM, C 2004
Kinematic 5 ,, | KSM2014 :
viscosity 252 |40 C, mifs 2004
KSM 2027 :
Sulfur 8 mg/kg 2005
. KSM2610:
Cetane index 54 - 2005
. o .| KSM2002:
Density 826 15C, kg/m 2006
Lower 143116 | Mikg | ASTM D240
heating value
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Fig. 1 Schematic diagram of experimental apparatus
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Fig. 2 Aftertreatment system
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Fig. 3 Aftertreatment catalysts used in this study
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Table 3 Accuracy and uncertainty of measured parameters

Instrument Measured parameters Range Accuracy Uncertainty (%)
Load indicator Engine torque 0-343 Nm +0.69 Nm 0.2
Speed sensor Engine speed 0-10,000 rpm + 10 rpm 0.1
Laminar flow meter Inlet air flow rate 0-203.4 kg/h +£0.72% 0.72
Exhaust gas analyzer NOx emission 0-6,000 ppm + 10 ppm 0.17
CO, emission 0-30 % +0.5% 1.7
CO emission 0-10,000 ppm + 40 ppm 04
O, emission 0-21 % 0.01 % 0.05
HC emission 0-5,000 ppm +30 ppm 0.6
Smoke meter Smoke 0-100% +0.1% 0.103
Pressure transducer Cylinder pressure 0-250bar +0.1 bar 0.04
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Table 4 Created factorial design and responses

Y
B
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Factors Responses
Order| Run Exh. Temp. W/O aftertreatment With aftertreatment
Catalyst type .
(©) Smoke (%) NOx (ppm) Smoke (%) NOx (ppm)

1| 14 Cl 250 7.7 1023.9 28.1 10743

2 | 4 Cl 500 35.0 1577.6 323 1579.9

3 3 C2 250 1.7 1064.9 22 1103.5

4 | 13 2 500 46.8 1547.2 473 1541.8

5 |10 C3 250 28.1 1417.5 25.9 1235.9

6 6 C3 500 59.6 1423.0 79.1 1532.1

7 | 12 C4 250 8.8 1018.0 8.6 1020.3

8 5 C4 500 43 993.4 48 1041.2

9 7 Cl 250 213 1570.2 25.6 1560.7

10| 9 Cl 500 8.3 930.3 31.3 995.4

11 | 8 C2 250 21.2 1581.4 23.7 1475.9

12 | 2 C2 500 5.4 959.5 6.3 926.6

13 ] 1 C3 250 80.2 1467.4 82.3 1511.7

14 | 15 C3 500 2.6 992.9 2.8 1004.0

15 | 16 C4 250 29.4 1410.7 472 1467.1

16 | 11 C4 500 2.7 978.3 5.1 960.9
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