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An Optimization of the Combustion Parameters for Reducing Exhaust Emissions
in a Direct Injection Diesel Engine

F B A
Bongchul Joo, Byungijoon Rho, Kyuchul Kim, Samgoo Lee

O W

ABSTRACT

This study is to develop the diesel engine which has 6 cylinder natural aspiration direct
injection type of 7.4% with high performance, low emissions and low fuel consumption.
Finally the developed engine meets Korean '98 exhaust emission regulation for the city bus of
heavy duty diesel engine by optimizing the various combustion parameters affecting performance
and exhaust emissions. Combustion parameters are the swirl ratio of intake ports, the profile of
injection pump's cam affecting injection pressure, the design features of piston bowl of
combustion chamber and injector's hole size. Through experimental analysis, various combustion
parameters are optimized and the results are as follows; the swirl ratio is 2.20, the profile of
injection pump's cam is concave and re-entrant ratio, inner diameter of piston bowl! and hole
diameter of injector is 0.88, ¢64.0 mm and ¢ 0.25 mm respectively.
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Nomenclature
Cr : flow coefficient
Comeany : mean flow coefficient
Rs . swirl ratio

: non-dimensional rig swirl
: small dia. of piston bowl
: large dia. of piston bowl
: re-entrant ratio

: valve lift/valve diameter
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Table 1 Test engine specifications

Cycle 4

No. of cylinder 6
Cylinder alignment In-Line
Displacement  (cc) 7,412
bore (mm) x stroke (mm) 110 x 130
Compression ratio 19.7

Max. power (kW/rpm) 130/2900
Max. torque (N.m/rpm) 490/1700
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Table 2 Combustion parameters for test engine

Specifications Specifications for

Parameters for base engine | test engine

swirl ratio of - Atype: R, =176

eyl head port | F= = 22 - B type: Ry = 207
- Ctype : Ry = 220
cam type of - tangential cam

tangential cam

injection pumps - concave cam

hole size of ¢0.25 mm, ¢0.24 mm,
nozzle 4025 mm #0.23 mm, ¢0.22 mm
combustion re-entrant shallow dish type
bowl type type bowl P63, P64, P65, P65’
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Fig. 1 Core box and core for intake port

(b) core

Fig. 2% Q¥ 24rjg 4g3xz, ddd
= ¥E9 Wy 9 ¥y 2AV|TE R
z2@A9 Hul(dummy) 4849 oy, 98-
299 E(CUSSONSAD, F#E3%, 371&%
2 g B9 2 Rl FAEC viv] Add
o] 44 & ¢ 110 mmolx, 2ol AR 1754
ol 1925 mmz AZAAh L 3 mme
AT 45 mm Zol& Hoj Jor, ALFHF F
Ax0 24& 98t 10:1 0|39 ZAojg A3
ne 221 o B8 3719 KFE FF #F
7l o8 A HAAPLFE Azt AL
& e st /e s FUYe
2= 37 kW 948 $3718 AHgadh

Flow direction
Cyhnoer nead —
adapters

te— Dumimy cylinder

[ s ) Honeycomb
% 3y
!

+ Oilbatn
A

\
Torque arm .\}\J

"
"
Strain gauge v |
1 )
i

)
1 impuise swirl meter
]

VTomue

Laminar fiow meter

Fig. 2 Equipments of impulse swirl meter
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Fig. 3 Geometry of tangential and concave cam
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Fig. 4 Characteristics of combustion bowl
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Fig. 5 Schematic diagram of engine dynamometer
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Fig. 6 Flow coefficient for A,B,C type port
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Fig. 7 Non-dimensional rig swirl with valve lift
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Fig. 8 Swirl ratio and mean flow coefficient
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Fig. 11 Partial load performance curves for piston
bowl types at 1740rpm
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