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Diesel Spray Development from VCO nozzles for High Pressure Direct-Injection
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ABSTRACT

Spray characteristics of diesel fuel injection is one of the most important factors in diesel
combustion and pollutant emissions especially in HSDI (High Speed Direct Injection) diesel
engines where the interval between the onset of combustion and the evaporation of atomized
fuel is relatively short. An investigation into various spray characteristics from different holes
of VCO(Valve Covered Orifice) nozzles was performed and its results were compared to
standard sac nozzle. The global characteristics of spray, including spray angle, spray tip
penetration, and spray pattern were measured from the spray images which were frozen by an
instantaneous photography with a spark light source. For better understanding of spray behavior,
SMD of the fuel sprays from multi hole nozzles were measured with back light imaging while
the sprays from the other holes are covered by a purpose-built nozzle cap.

The investigation manifestly reveals the different spray patterns at the beginning of injection
produced by VCO nozzles can be identified as three distinct types with their own macroscopic
and microscopic characteristics, while macroscopic non-uniformity disappears at 0.9~1.0ms from
the start of injection.

FQa7)%89 : VCO Nozzle (VCOXx%), Spray Penetration (7 == A ]), Spray Angle (5
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Fig. 1 Experimental setup for macroscopic and
microscopic visualizations
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Fig. 2 Injection pressures at 1600 engine rpm
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Fig. 3 Initial development of spray from VCO nozzle
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S :spray tip penetration
* P : pressure drop across the nozzle
t : time after the start of injection
* : liquid density

: gas density

d, : nozzle diameter

T, : gastemperature

77 by HIROYASU. AP=205 bar
------ by HIROYASU, AP=385 bar
60 bv DENT, AP=205 bar
R by DENT, AP=385 bar
-
Eo .
H e N
T
£ 40 " 1“hole
§ * 2" hole
30 P
a 3'h hole
&
> v 4., hole
[ 5" hole
@ ® Pous=16.9 k/m®
w04 ¥
T T \

T
00 05 1.0 15 20
Tima after start of injection (ms)

Fig. 4 Spray tip penetration from each hole under
pressurized condition at 15bar
( 1600 eng. rpm, mi=15.7mg/str, Tre=30T,
Peramber=15bar, pgs=16.9kg/m® )
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Fig. 5 Spray tip penetration from each hole
under pressurized condition at 30bar
( 1600 eng. rpm, miy=15.7mg/str, Tre=30T,
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Fig. 6 Spray tip penetrations, regarding chamber

pressure at 0.0975ms after start of injection
( 1600 eng. rpm, miy=15.7mg/str, Tre=307T )
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