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Suggestion of exhaust emission reduction technique based on the effect of air
entrainment acceleration of unsteady spray

Horibe, Naoto
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A series of experiments was conducted using a single-cylinder diesel engine
to investigate the smoke-reduction effect of multiple injection. The experiments were performed
under a constant injection quantity condition and under a fixed NOx emission condition. The
experimental results were explained using the results of CFD simulation.
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Table 1 Major engine specifications

Direct-injection,

Engine type single-cylinder, water-cooled
Displacement [cc] 550
Bore [mm] 85.0
Stroke [mm] 96.9

Compression ratio [-] 16.3:1

Number of valves [-] 4 (Intake 2, Exhaust 2)

Common-rail system
with solenoid injector
(Max. press.: 180 MPa)

Injection system

Supercharging External supercharging

EGR system Low-pressure loop EGR

Table 2 Engine operating conditions

Engine speed [rpm] 1,500

JIS No. 2 diesel fuel

Fuel

(cetane index: 57)

Injection nozzle

hole dia. [mm] x num. [-] 90.125x7
Injection pressure [MPa] 90
Total-inj. quantity [mm?®/cycle] | 33
Pilot-inj. quantity [mm?®/cycle] 6
Pilot-inj. timing [°PATDC] -19

23

Main-inj. quantity [mm?3/cycle]

(27 for the case
without post injection)

Main-inj. timing [°PATDC]

1

control valve =
_________ -
Pressure, gas
pickup |Lub.
oil b Supply Fuel tank
tank pump
Data |___== _q Dynamo-
recorder Rotary meter
encoder

Fig.1 Experimental setup

Post-inj. quantity [mm?/cycle] 4
Post-inj. timing [°ATDC] 11-21
Swirl ratio [-] 1.8
Intake pressure [kPa (abs.)] 120
Intake temperature [°C] 35
NOx emission [ppm] 150+5




Figure 2 Grid systems for the seven-hole
nozzle at 20° CA.

Table 3 Initial values in CFD.

In-cylinder pressure

at 145° BTDC 123 kPa

In-cylinder temperature

at 145° BTDC 338K

Initial gas composition
N2 78.7%
0O, 16.7%
CO, 2.5%
H.O 2.1%
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Figure 3  Effects of the post-injection timing
on the indicated thermal efficiency 7;, intake
oxygen concentration O, j,, and smoke emission
(experimental results).
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Figure 5 Isosurfaces for a mixture fraction £, = 0.05 (seven-hole nozzle, Gy« = 11°ATDC).
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Figure 6 Histograms for the mixture fraction f;
(seven-hole nozzle, without post injection,
main-injection quantity: 27 mm?®).
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Figure 7 Histograms for the mixture fraction f,
(seven-hole nozzle, Gyt = 11° ATDC).
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