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Research Concerning Injection Nozzle Shape for Direct-Injection Diesel Engine

Using Common Rail Injection System
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The influence of the nozzle hole characteristics on exhaust emission and power were analyzed from investigation

of spray characteristics and flame behavior for a DI diesel engine with a common rail injection system. As a result

of this experiment, the effect of the nozzle hole characteristics were clear, and we established the optimum nozzle

characteristics that realize low emission and high power.

Key words : Diesel engine, Fuel injection, Engine performance, Common- rail, Nozzle hole, Visualization

gogn

00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000 0000000000000
000000000000000000000000
000000000000 0000000000000
000000000000000000000000
0ooooooooon
00000000000000000000000
000000000000000000000000
000000000000000000000000
00’00000000%°000000000000
0000000000 000000000000
0000000000000 00000000000
000000000D0O0000
000000000000D00000000000
0000000000D00000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00oooooog

uggoooo

21 0DO0OO0OOOO0OOOO0OOO0O0O0

O00O0OTable 10000003LO00000000O
goboooooobooooooooooooooon
gobodoooobodoooooboooooooon

goobogobogobogooooboooooooooooon
gogbogobogbogoobogooobogooooooogo
gooooobobboosMpPal OO DOOOOOO0
goboboboooboooboobobooobboon
goboboooboobboboboobboooobg
gobooobobooobboobbuoobboon
0.75L.0 0 000DbbOOoUobobOoobobobooobooDoo
gogboobooobooobooobboobboon
o0ooo00oooOoooooooooveod valve
Covered Orifice0 000000 O0O0Table 20000
goboobooobooobooboboooboboon
gobooooboobobooo

Table 1 Engine specification

Displacement 3L
Number of cylinders in line 4
Compression ratio 18.5

Table 2 Nozzle hole specifications

Nozzle type VCO (Valve Covered Orifice)
Hole number 6
Nozzle cone angle (deg) 155
Hole diameter(mm) | 0.150 | 0.160 | 0.170 | 0.180 | 0.190

Discharge coefficient | 069 | 073 | 077 | 080

Hole length(mm)

0.5 l 0.8 | 1.1 [ 1.3 |1.49

0 Translated and reprinted from FISITA 2002 Proceedings with permission from FISITA Conference Office



0000oo0o0o0o0000o0OvolD O No.O O 2003

Table 3 Experimental condition of engine performance evaluation

Low speed High speed Exhaust emission
torque condition output condition evaluation condition
Engine rev. /load | 1200rpm/ 100% 3600rpm / 100% 1750rpm / 25%
Injection pressure 70MPa 135MPa 73MPa
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Table 4 Spray characteristics evaluation method

Penetration (mm) | Direct measurement on photograph

Spray cone angle (deg) I
SMD(um) PDPA

Table 5 Experimental condition of spray evaluation

Low speed
High speed torque condition
output condition | Emission performance
condition
Injection
pressure 135MPa 70MPa
Igm‘:}? 90mm?3/st 25mm’/st

0300

pray cone angle

Penetration

Fig. 1 Photograph of spray
(inside of high pressure vessel with 0.88MPa
of argon gas)
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CCD camera Strobe Fiber scope

Fig. 2 Visualization system
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Fig. 3 Influence on engine performance by nozzle specifications
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Fig. 5 Influence on spray and combustion behavior in combustion chamber by characteristic
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Fig. 6 Heat release rate when changing spray characteristic
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Fig. 7 Image of fuel dispersion by penetration
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Fig. 8 Nozzle hole specification required to realize high speed output, low speed torque and low particulate
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Fig. 9 Measures to improve nozzle discharge coefficient

[Straight] Discharge coefficient 0.69

[Rounded (R0.06)] Discharge coefficient 0.80

[Tapered angle (0.015)] Discharge coefficient 0.74
Outlet hole diameter :0.14mm

Hole length :1.21mm
Sack pressure : 10MPa
13

MPa [Rounded (R0.06)+ Taper rate (0.015) |

Discharge coefficient 0.84

Fig. 10 Pressure distribution in nozzle hole
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Fig. 12 Engine performance of tapered nozzle
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