=t (VA 3%

BN EEFEARERRR

ol A X T2#

& H &

20004 6H



qAEYe v§ls 4444
{3 AW A7

Y H i - S ]

o] WYX< LB HLBMN Row RHD

20004 6H

P KB ERKEE
BEAY A T8H
&« B &%

W% TEFELBRY HNS XKD

2000 4F 6 A

EEZAR
- -0

E 5 =] £l

=

=




An Experimental Study on Atomizing

Formation Process ‘of Diesel Spray

Ki-Bong Kim
(Supervised by professsor Jong—Chul Huh)

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF MASTER
OF ENGINEERING

DEPARTMENT OF MECHANICAL-ENERGY
ENGINEERING
GRADUATE SCHOOL

CHEJU NATIONAL INDUSTRIAL UNIVERSITY

2000. JUNE



SUMMARY c-vrveeeiansntseanereneersonionenssessneseststestsssessssssasasssissassssissessssnse 1
L A B b 3
I AB AR D HFH e ecesereniseneseeesssses e sessresssassssaan 6
2-1, AEEAF AHAE oo 6
2-2. AR E W L AFHRZ 11
IL AT E LF coeeressieeseessesissessesssisessssesssessssssseeses 15
3-1. TJABEE 2 o] BEO ST e 15
3-2. 297 H o) 23 B M TA i 24
3-3, BH0] B | TF e 34
VI, Z B ettt et are e st s s e nebene 37



SUMMARY

In this study, the experiment has been conducted to investigate
the spray characteristics under the parameter of an ambient
pressure with a single hole nozzle having aspect ratio(L/D) of 5
and diameter of 0.45mm. Under the condition of the injection
pressure of 14MPa, the initial disintegrating process of a diesel
spray is investigated and analysized according to change of the
ambient pressures, 0.1, 1, 2 and 3MPa. The double flash method
has been employed to visualize the process of the diesel sprays.

The results obtained in this study are as follows;

1) After spray starts, the spray is shown as non-disturbance liquid
column within about 1~2mm from the nozzle tip, whose diameter is
similar to that of a nozzle. For the same injection pressure, the increase
of the ambient pressure makes the length of the non-disturbance liquid

column become short.

2) Due to the surface wave, ligaments of the shape thread appear at
the boundary of liquid column right after spray. The more developed
wave together the progress of spray transforms ligaments into droplets

that have generally the uniformed size.



3) In case spraying into chambers having different ambient pressures, 1,
2, and 3MPa, the spray tip velocities reach up to 1.5, 1.2, and 0.6ms,
respectively, and decrease with lapse of time, The spray angle keeps
increasing for 0.6, 1.2, and 1,4ms after spray under the various ambient
pressures, 3, 2, and 1MPa, respectively, and hegins to decrese and
maintains the constant value. Therefore, the transition points appear
near the point where the velopcity decreses and the spray angle
increases, simulataneously. The higher ambient pressure leads to fast

apeearance of transition under the same spary pressure.

4) The disintegrating mechanism of the liquid spray is two combined
effects: a) friction forces between the surface waves generated at the
surface of the liquid column and the ambient gas, b) the collisions of

liquid droplets and ligaments by spray were overtaking.
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Plunger pump 10.
1st accumulator 11.
Pressure gauge 12,
2nd accumulator 13.
Pressure transducer 14.
Solenoid 15.
Fuel injection nozzle 16.
Photointerrupter 17,

Double pulse generator delay circuit 18.

Nanolite
Stroboscope
Nozzle controller
Camera
Oscilloscope
Pressure chamber
Pressure gauge
N2 Gas bomb
Check valve

Fig. 1 Experimental apparatus
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Photo. 1 Photograph of double pulse signal from delay circuit
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Table 1. Experimental conditions

Discriptions Conditions
Injection press. (MPa) 14
Ambient press. (MPa) 01,1 2, 3
Ambient temperature Room temperature
Ambient gas N2 gas
Fuel Low sulfur diesel oil (S = 0.84)
Nozzle Single hole (L/D=5, D=0.45,)
Lens 105mm Micro, Telemicrolens

(Magnification : X 4.5)

Camera Nikon F-2
Film KODAK Tri-X{ASA 400)
Spark light sources Strobo (Pulse duration : 20 ys)

Nanolite (Pulse duration @ 17 ns)

- 14 -
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t1 = 0.10ms t1 = 0.10ms t1 = 0.10ms

0.30ms

I
H

tz = 0.20ms tz = 0.25ms t2

Photo. 2 Enlarged photographs of initial diesel spray by double

flash at Pa=0.1MPa (Pi=14MPa, D=0.45mm)
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t1 = 0.10ms t1 = 0.10ms t1 = 0.10ms

H

0.40ms

§

tz = 0.20ms tz 2

Photo. 3 Enlarged photographs of initial diesel spray by double
flash at Pa=1MPa (Pi=14MPa, D=0.45mm)
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0.10ms t1 = 0.10ms t1 = 0.10ms

tz = 0.25ms t

0.30ms tz = 0.35ms

Photo. 4 Enlarged photographs of initial diesel spray by double

flash at Pa=2MPa (Pi=14MPa, D=0.45mm)
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0.15ms t: = 0.15ms

t: = 0.15ms t

tz = 0.25bms tz = 0.30ms tz = 0.35ms

Photo. 5 Enlarged photographs of initial diesel spray by double
flash at Pa=3MPa (Pi=14MPa, D=0.45mm)
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t1 = 0.10ms t1 = 0.10ms t1

il
[

0.10ms t1 = 0.15ms

tz = 0.30ms tz = 0.40ms tz

0.35ms tz = 0.35ms

Pa = 0.1MPa Pa = 1IMPa Pa = 2MPa Pa = 3MPa

Photo. 6 Enlarged photographs of initial diesel spray by double

flash with various ambient pressure (Pi=14MPa, D=0.45mm)

- 22 -



it
it

t1 = 0.2bms
tz = 0.35ms
Photo. 7 Disintegrating mode of initial diesel spray at
Pi=14MPa, Pa=0.1MPa and D=0.45mm
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Photo. 9 Photographs of devel
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} A

X/2

6=2tan "1 (2Y/X)

Fig. 5 Definition of spray angle( @)
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Fig. 6 Influence of ambient pressure on spray tip penetration

(Pi=14MPa, D=0.45mm, L/D=5)
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Fig. 7 Influence of ambient pressure on spray angle

(Pi=14MPa, D=0.45mm, L/D=5)
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Fig. 8 Influence of ambient pressure on tip velocity

(Pi=14MPa, D=0.45mm, L/D=5)
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(a) (b)

Fig. 9 Disintegrating mode of developing spray
(a) t = 0.23msec, (b) t = 0.30msec

(Pi = 14MPa, Pa = 0.1MPa, D = 0.35mm, L/D = 3.857)
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