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An Experimental Study on Exhaust Gas Emission Characteristics

according to the Piston Crown Cavity of Diesel Engine
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List of nomenclature

Excess air ratio

L/i Theoretical air ratio
VO Dry combustion gas quantity
’ Fuel consumption rate
’ Exhaust gas emission quantity
‘ Exhaust gas concentration
X

Exhaust gas molecular quantity



An Experimental Study on Exhaust Gas Emission Characteristics

according to the Piston Crown Cavity of Diesel Engine
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Department of Marine Engineering
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Abstract

Recently the environment of the world has been exposed to the severe
air pollution emitted from the rapid developing industries. And the
necessity of controlling the emission from the diesel engines such as NOXx,
PM, SOx, COx also has been raised up gradually. @ Among them the NOx
emission from the oceangoing vessels has been layed under regulation from
international convention of MARPOL Annex VI of IMO, dated from 1st
January, 2000.

Various measures have been tried to reduce the NOx emission from
diesel engine but with partial success, because the mechanisms of NOx
formation and PM formation appear to have trade-off relation between
each other. Therefore it has been known to be difficult to reduce NOx

emission and PM emission simultaneously.



Two stage combustion method ie. a combustion process which has rich
combustion stage and lean combustion stage one by one, has been
developed successfully to reduce NOx formation in continuous combustion
chambers such as in the boilers. But until yet it is not successful to
apply the same method in intermittent combustion chamber like in the
diesel engine cylinder, as it was, only several research works were carried

out.

In this study the various modification of configurations of piston crown
and spray impingement was attempted to attain a geometry that realize the
two stage combustion in the diesel engine cylinder and to acquire a

simultaneous reduction of NOx and PM.

It was found that the NOx emission decreased significantly at various
condition of operation both with the two stage combustion type engines &
impinge swirl type engines of this series of configuration, but other values
such as smoke, CO and specific fuel consumption deteriorated as usual.
And it was suggested that the weakening of swirl intensity due to the
existence of radial division of rich-lean combustion region and reduction of
penetrating momentum due to the spray impingement act as a reason of

ineffectiveness of this series of combustion chamber geometry.
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a) High swirl b) 2-stage combustion c¢) Impinge swirl

Fig. 2 Photos of 3 types of pistons.
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Table 1 The specification of test engine.

Description

Specification

Remarks

Model

ND&0ODI

Daedong, Korea

Engine type

Single, water—cooled

4 stroke diesel engine

Piston displacement (cc) 631 cc
Cylinder bore x stroke (mm) 92 x 95
Max. power (kW / rpm) 5.8%8 / 2,200
Compression ratio 19
C . 18 MPa, 21 MPa
Fuel injection pressure (MPa) 18 MPa
24 MPa
Nozzle injection angle (°) 144° 144°, 100°
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Table 2  Properties of test fuel.

Parameter Value
Density, 15C 0.8359 g/cm
Kinematic viscosity, 40T 2.751 mr/s
69 C

Flash point

0.031 W/W %
0.005 V/V %
10,252 kcal/kg

Sulfur

Water & Resident

Calorific value(Net)
Carbon residue 0.08 W/W %
Cetane index 54

Ash 0.001 W/W %

Nitrogen 40.7 mg/kg
Carbon 86.59 W/W %
Hydrogen 13.31 W/W %
Stoichiometric ratio 14.44 kg/kg
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Table 3 Specification of dynamometer.

Model D-10A (Japan)
Max. capacity 7.36 kW (10 ps)
Max. speed 2,200 rpm
Max. measuring torque 49 Nm
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Table 4 Specification of combustion analyzer.

Model

KANE-MAY QUINTOX 9006

Measuring object

Range (accuracy)

0 ~ 25 % (+0.2)

O

CO 0 ~ 4,000ppm (£20)
NO 0 ~ 5,000ppm (+5%)
NO; 0 ~ 800ppm (£5%)

Table 5

Specification of smoke-meter.

P8340, G Cussions (England)

Model, Company (nation)
range 0~100 %
4% 17172 5 NOx 2 CO9 wl& ¥=& o 4=
Azt & wEER 3teel g
A5 1 kg 5ol C, H, O, S, N, g+ % FFo] 77
} c,h,0,s,m,a
kg $Hr¥le] duta et o] &4 FUIE( )2
L,
kg/kg
L,,= 11.49¢+34.5(h—0/8)+4.31s \
Nm’/kg

L,,=8.89¢+26.7(h—0/8)+3.33s
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Fig. 19 Smoke curves of impinged 2-stage combustion type pistons

at 1,800 rpm.
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Fig. 22 BSFC curves of impinged and unimpinged 2-stage combustion

type pistons at 1,800 rpm.
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Fig. 23 BSFC curves of impinged 2-stage combustion type pistons
at 1,800 rpm.
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Fig. 24 NOx emission curves of impinge swirl type pistons

at various rpm.
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at various rpm.
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Fig. 26 NOx emission curves of impinge swirl type pistons at 2,000 rpm.
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Fig. 27 NOx emission curves of impinge swirl type pistons at 2,000 rpm.
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Fig. 28 CO emission curves of impinge swirl type pistons at various rpm.
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Fig. 29 CO emission curves of impinge swirl type pistons at various rpm.
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Fig. 30 CO emission curves of impinge swirl type pistons at 2,000 rpm.
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Fig. 32 Smoke curves of impinge swirl type pistons at various rpm.
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Fig. 33 Smoke curves of impinge swirl type pistons at various rpm.
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Fig. 35 Smoke curves of impinge swirl type pistons at 2,000 rpm.
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Fig. 38 BSFC curves of impinge swirl type pistons at 2,000 rpm.
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type pistons compared with IMO regulation.
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