Reduction of NO Emission with Combustion Chamber based

on 2-Stage Combustion Concept on Diesel Engine
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Abstract

The Nitric monoxide(NO) emission from the combustion of hydro-
carbon fuel peaks at stoichiometric condition and becomes a little at
either condition of lean or rich combustion. There are lots of studies
on 2-stage combustion which making rich condition in the early

combustion period and lean condition late period.

But it is difficult to realize 2-stage combustion in diesel engine due
to its nature of combustion process such as being closed system. So
far, most studies on NO emission control from diesel engine were
focussed on exhaust aftertreatment using catalytic method, exhaust
gas recirculation(EGR), water injection etc.. But these methods invite
either high cost or additional system to control. If it is possible to
realize 2-stage combustion in diesel engine combustion chamber
without power loss and increase of another emissions like CO or

smoke, it might become a better way to control the emission.



In this study, devised was a uniquely shaped combustion chamber
with reformed piston crown intended to keep fuel-rich condition
during early stage of combustion and fuel-lean condition during next
stage. The engine for experiment was direct injection type single
cylinder small diesel engine, which has displacement of 631cc. Each
spray from 4 hole nozzle is directed to narrow and long cavity and
keeps rich condition, and after that unburned fuels are mixed with air
in big cavity to make lean combustion. The strong squish and
reverse squish from and to top flat position of piston were used to

help mixing fuel and air.

It was found that the NO emission decreased significantly at
various condition of operation with the 2-stage combustion type
diesel engine, but CO and smoke emission and specific fuel
consumption increased. It was suggested as conclusion that 2-stage
combustion concept could be a potential way to control emissions and

fuel consumption in diesel engine.
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(b) 2-stage combustion piston

Fig. 2 Conventional high swirl type piston and 2-stage

combustion piston
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Table 1 Engine specifications

Item Value
Model ND&0DI
Company (nation) DAEDONG (Korea)

single cylinder water—cooled

Type of Engine 4 Stroke diesel Engine

Combustion Chamber direct injection 4 hole nozzle

Displacement Volume

(cc) 631 cc
Cylinder bore
xStroke(mm) 92 79
Continuous Maximum 8 / 9200
Power (ps/rpm)
Compression Ratio 19 refolrén ed
. 18 MPa
Fuel Injection Pressure 18 MPa 91 MPa
Fuel Injection Timing btdc 22,
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Fig,5 Schematic of system
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a) Model diesel engine and dynamometer

b) Control panel

Fig. 6 System for experiment
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Table 3 Specifications of dynamometer

Model D-10A (Japan)

Max. Capacity 7.36kW (10 ps)
Max. Speed 2200 rpm
Max. Measuring Torque 49 N -m

W7ol 24 NOZ %38 71ete] wjZ7p2se] RS Ha

KANE-MAY 9] QUINTOX ¢14#47] Table 49} Smoke? 4S % o

2 ZAHE 4 dE Smoke Meter® AH&3t1th. [Table 5)

Table 4 Specifications of combustion analyzer

Model KANE-MAY QUINTOX 9006

Measuring Object Range (accuracy)

02 0 ~ 25 % (+0.2)

CO 0 ~ 4000ppm (+20)
NO 0 ~ 5000ppm (+5%)
NO2 0 ~ 800ppm (£5%)
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Table 5 Specifications of smoke meter

Model, Company (nation) P8340, G Cussions (England)

range 0~100 %
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Fig. 8 NO emission at 1000rpm of 2-stage
combustion type compared with conventional
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Fig. 9 NO emission at 1400rpm of 2-stage
combustion type compared with conventional

high-swirl type
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Fig. 10 NO emission at 1800rpm of 2-stage
combustion type compared with conventional

high-swirl type
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Fig. 11 CO emission at 1000rpm of 2-stage
combustion type compared with conventional
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Fig. 12 CO emission at 1400rpm of 2-stage
combustion type compared with conventional

high-swirl type
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Fig. 13 CO emission at 1800rpm of 2-stage
combustion type compared with conventional

high-swirl type
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Fig. 15 Smoke emission at 1400rpm of 2-stage
combustion type compared with conventional

high-swirl type

50 4

—l— High swirl, btdc 22° ,18MPa
—/\— 2-Stage, btdc 24.5° ,18MPa
404 —[0— 2-Stage, btdc 22° , 18MPa

—— 2-Stage, btdc 19.5° ,18MPa

R\

30

Smoke (%)

>0

10

]
-—

T T T T T T T
10 15 20 25

Torque (N- m)

el |

Fig. 16 Smoke emission at 1800rpm of 2-stage
combustion type compared with conventional
high-swirl type
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Fig. 18 BSFC at 1000rpm of 2-stage combustion

type compared with convent. high-swirl

type
700
600
] | |
—~ 500
—
'C -
2 O
= 400 %&—W/A
< ] u -
- \
O 300 H—m
[T 4
% 2004 —Hl— High swirl, btdc 22° ,18MPa
—/\— 2-Stage, btdc 24.5° ,18MPa
1 —[0— 2-Stage, btdc 22° , 18MPa
100 - —— 2-Stage, btdc 19.5° ,18MPa
0 T T T T T T T T 1
5 10 15 20 25

Torque (N- m)
Fig. 19 BSFC at 1400rpm of 2-stage combustion
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Fig. 20 BSFC at 1800rpm of 2-stage combustion
type compared with convent. high-swirl
type

_25_



500

—l— High swirl, btdc 22° ,18MPa
400 —/\—2-Stage, btdc 24.5° ,18MPa
— —[O— 2-Stage, btdc 22° , 18MPa

o 1 —— 2-Stage, btdc 19.5° ,18MPa

1
\

100

0 T T T T T

5 10 15
Torque (N m)

Fig. 21 Exh. Temp at 1000rpm of 2-satge

combustion type compared with convent.

high swirl type

500 4
— [l — High swirl, btdc 22° ,18MPa
—/A\— 2-Stage, btdc 24.5° ,18MPa
—DO— 2-Stage, btdc 22° , 18MPa
400 —O— 2-Stage, btdc 19.5° ,18MPa /AQ/DA
o
~ 300
o /
IS il
(0]
= / /
= 200
< = "
w [
100
0 T T T T T

20

5 10 15
Torque (N m)

Fig. 22 Exh.Temp. at 1400rpm of 2-stage

combustion type compare with convent.

high-swirl type



500
<

] O
400 /
—
300 /
1 /.
200 5/l
g u —[l— High swirl, btdc 22° ,18MPa
—A— 2-Stage, btdc 24.5° ,18MPa
100 + —[O— 2-Stage, btdc 22° , 18MPa
—— 2-Stage, btdc 19.5° ,18MPa

Exh. Temp ( C)

0 T T T T T T T T
5 10 15 20 25

Torque (N- m)

Fig. 23 Exh. Temp. at 1800rpm of 2-stage
combustion type compared with convent.

high-swirl type

AR E 18MPacll A o] A F7kA8 Ad A 2vds v AaEod A9
q

- 27 -



Fig. 24~2604 < &AM 9 S

}
4ot 18MPaz &% 449 2ddAy FJ2EV|H3 71 nehRI
o

9 ~E 7)ol

rie

Awd o g

Foll weh

Fig. 27~29°& #Abete S
799} 18MPaz #A}sle] e Ao 2vtdd A
AR I AE 7|#He] CO WEES vy YE

NO ( g/kW- hr)

1‘
filo
—
o0
=<
o
a3

=
x
\S)
—
<
o
a3

t
0%
o|
>,
a
Mo
2
r

18MPacl Al 21MPaz &A1 7
%

L
oy

— Ml — High swirl, btdc22° ,18MPa

—[— 2-Stage, btdc22° , 18MPa
—/A\— 2-Stage, btdc22° , 21MPa

Torque (N- m)

Fig. 24 NO emission at 1000rpm of 2-stage

combustion piston, injection press. 21MPa



15
124 - — M- High swirl, btdc22° ,18MPa
—[]— 2-Stage, btdc22" , 18MPa
E —/\— 2-Stage, btdc22° , 21MPa
z 7]
|
4
z \.
g - \
o 6 u—N
Z
0 T T T T T T T T 1
5 10 15 20 25

Torque (N- m)

Fig. 25 NO emission at 1400rpm of 2-stage

(g/kW- hr)

NO

combustion piston, injection press. 21MPa

15
127 —M— High swirl, BTDC22" ,18MPa
—[0— 2-Stage, Btdc 22° , 18MPa
n —A\—2-Stage, Btdc 22° , 21MPa
o \
AN
—n
J o T TT—nm
6 —
34 é—%é\
A
0 T T T T T
5 10 15 20 25

Torque (N- m)

Fig. 26 NO emission at 1800rpm of 2-stage

combustion piston, injection press. 21MPa

_29_



40
—l— High swirl, btdc22" ,18MPa
—[— 2-Stage, btdc22° , 18MPa

304 O —/A\— 2-Stage, btdc22° , 21MPa

20

CO (g/kW- hr)
D\
g

10

0 T T T T T T 1
5 10 15 20

Torque (N- m)

Fig. 27 CO emission at 1000rpm from 2-stage
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combustion piston, injection press. 21MPa
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Fig. 30 Smoke at 1000rpm from 2-stage

combustion piston, injection press. 21MPa
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combustion piston, injection press. 21MPa
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