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Performance and Exhaust Emissions of a Diesel Engine Equipped with Dual Injector System

Naoto Horibe Masato Yagi

Hiroki Kuwabara

Hiroshi Kawanabe Takuji Ishiyama

To examine the feasibility of performance improvement by highly flexible fuel injection, a series of experiments

were performed using a single-cylinder diesel engine with a dual injector system which includes two sets of

common-rail injection systems. This system enables variable injection rate for each injection pulse and a wide-range

dwell between injection pulses, i.e. even negative injection dwell can be performed. Experiments with multi-stage

injection were conducted with various injection pressures, injection timings, and injection quantities. The results show

that switching injector for pilot and main injections reduces smoke emission, and a higher pilot injection pressure

increases CO emission without a reduction of smoke emission, while a higher main injection pressure reduces smoke

emission with no increase in CO emission. Split-main injection with zero injection dwell increases thermal efficiency

under high injection pressure condition. However, negative injection dwell markedly increases smoke emission owing

to the spray-to-spray interaction.

KEY WORDS: Heat engine, Compression ignition engine, Performance/fuel economy/efficiency, Dual injection, Injection rate (A1)
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Fig.1 Experimental setup
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Table 1 Standard specifications of test engine

Engine type

Direct-injection diesel engine,
Single-cylinder, Water-cooled

Combustion chamber

Bore x Stroke [mm] 85.0 x 96.9

Displacement [cm?] 550

Compression ratio 16.3
Toroidal

(Cavity diameter: 60.0 mm)

Dual injection system,
Common-rail systems with a piezo
injector (Max. pressure: 220 MPa)

$0.115 mm x 8 holes nozzle
(Spray-cone angle: 156°)
External supercharging
Low-pressure loop EGR

Injection system

Supercharging
EGR system

Fig.2 Combustion chamber shape
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Fig.3 Nozzle-hole arrangement
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Fig.4 Effect of injection pattern on engine performance and

emissions
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Fig.5 Comparison of in-cylinder pressure and heat-release rate between injection patterns
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Fig.6 Effect of pilot-injection pressure and main-injection

pressure on engine performance and emissions
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Fig.7 Effect of split-main injection on engine performance

and emissions

dQ/do Jideg
N D OO ©
o O O o

o

dQ/de Jideg

(o]
o

(02}
o
1T
=

1

——FFF
——FFFR

N
o
T

135MPa — FFRF

N
o
T

dQ/de Jideg

| 1 |
-10 TDC 10 20 30
Crank angle °ATDC

Fig.8 Comparison of heat-release rate between single main

injection and split main injection

WL DBGREN TR o= B2 b5, 72, pj=110, 135MPa
OERITHBRAEROE—7 METF L, SAFEIKT L.

BEERSRXE



TR OIS > AT AR i 2 72T 1 — X IOVERBE O PERE & HER

after inj.
Inj. rate
ﬂ AT split inj.
0.4 CA
§ Q03
% % 0.2
aao [ 8:8=" S
T = 01 o048
= - 0.46 ~
oo ~8 {044~
£ 1000 |- - 0.42
8 = OO e
2 500 |-
(:é —O— split injection
= 0 —— after-injection - 1500 £
o
% - 1000 &
= 3
E 3 - - 500
1l i&m:g
$
o Tr
UE) 0 | 1 | | \

-2 0 2 4 6 8
A6, °CA
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injection quantity on engine performance and emissions
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injection quantity on heat-release rate
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