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Abstract

This experimental study is to investigate the intermittent spray characteristics of a pintle nozzle. High
speed camera used in this expreiment with 9000fps.
The factor, which controls the diesel spray, is the Injection pressure, ambient pressure and ambient
temperature. In this paper, experiments were conducted free spray for the ambient pressure(3, 4, 5Mpa),
. nozzle Injection pressure(10, 14, 18MPa) and ambient temperature(293, 473K). With the higher opening
pressure, the spray tip velocity and spray penetration increases while the spray angle decreases, On the
other hand, With the higher ambient pressure, the spray angle increase while the spray tip penetration
and spray tip velocity decrease. also, With the higher ambient temperature, the spray penetration
decrease while the spray angle decrease.
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Fig. 1 Schematic Diagram of Experimental Setup.
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Fig. 2 Pulse Timing diagram in Spray image
capture system(P1 : Photosensor output signal, S1 :
Solenoid input signal, Hl1 : High speed video
camera input signal, N1 : Needle lift signal)

Injection Pumpg] € dxolc wWH el 3&u|
te sivaey TFE& Photosensor?t Injection
PumpellX A&% 5V B241358 EfA iz
wol ZAE 3T} Fig. 291 2839 AFAE #H
ol MX g ®Hlth,

S EALER Y AFEAY Y EARE HAS] A
AL BEAA Y BEFEe wmIgow, A
32 F0)7] Yt 2070 REEES AT
g, e 297 teRe £F9 F2
F2)8t7] 8t Np 7t2& AHE3toh
ot BN 4z ARHEF 3ES 9%
2y 2gAE £FF T8 M 23
Sol7l7) ¢tM APr#HolA S A 2AUS

o M)

my ¥R fo S

ok

O

a

2

o

- 047 -



z=x3te] 7| &8 % ot
3. AlEdn

3.1 22EMo| o|xE 2AIAH A

BEREA vl EAYGHe Ad%e 97
A& 29719t el 3MPal el EAGEHE
10, 14, 18MPaZ WA A7 IEAN AY& 33
act.

Fig. 3, Fig. 4& A3l Qojz 259 AR
I 22qaMdg Holm It Fig. 32 247
%+ Pa=3MPa, Injection Pump Speed 700rpm¢]
Aeol A BAYE I18MPay¥d We 2R IS
9000fps 2 &G FAolth. BFAlole] AT AL
0.1lmsol® $AHE 1.89msERAY AEA 9
o} Fig. 42 A EL] A4S HAFH
£ °l% "Hl% A|Zbo) wtg REejgerg AF

T
|

I

Fig. 3 Photographs of Diesel Spray in High
Pressure Chamber( P,,~18MPa, Pa=3MPa, 700rpm,
90001ps)

Fig. 5 =Z2AM4E (10, 14, 18MPa)e] ¥ 3}
o we ERze Wis FAF Aotk (e
@4 500rpm, (b)= 3 A% 900rpmel A e 23
olth. (a), (b) B, ZF I AFd FARC EA
o] ZF71gel wa BEFZe] A ok
EF ASHYA AFL (a), (b) BF AR
Aol we BFzo] A AAHAAA dAT
Az dsista ok, =3 14MPag] ALY E
tu] 10MPadl % Zol ZA Jeldt. I3
o2 BAQHEo] Asdd wel 274 ESA

BERgdo e 2A Fostn B¢
A BFIGAA Holg oA
Ao £ 29 £ ok
Zad 9y BF2 #HA4 A
o B Ay a SHERA
qog Jorts | Bt 10MPa<|
xE9 FASE Roz AAA
Y 14MPa2 MR 53 T AR #
gHg. webA o AZag

or Pur= 18MPa
.t Time fron Injection
tms

g F 0.22ms Interval
8 L Pa=3MPa
g 700rpim
£ o
]
E-4 -
4
=
g
H
=
)
1004

e PR S [TV S|

20 [ w20 [ 20 20 0 0

Radiat Distance ()

Fig. 4 The outline of Diesel Spray Photographs
(Pa=3MPa).
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Fig. 5 Effect of Nozzle Injection Pressure on
Diesel Spray Angle
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Fig. 8 Effect on Ambient Pressure on Diesel Spray

h=]
Qo olg s& Angle

- 949 -



W @
.

2 v 3311211

10 "

s __H,-lﬂ'. P_=10MPu. P,=3MPu. 700rpm
¥ :5 el @ p_=10MPa. P=4MPs, 00rpm
<, P ’4‘ & P_=10MPa, P=SMPa. T00rpm

ojad T T | SR S y —/

16 ‘b)

3 N Y b

1?2 S ey
E s (asaiiiprasaadeasts

s i.,ﬁ} 11325 b iaMP, P =3MPs, 7000m

s gt @~ P_=18MPu, P =3MPu. 700rpm

: ~&— P, =18MPa, P,=5MPa, 700rpmm

oJast

i T T v r T )
00 05 10 15 20 25 3D 35 49

Time from Injection (ms)

Fig. 9 Effect on Ambient Pressure on Diesel Spray
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Fig. 10 The outline of Diesel Spray Photographs
(Pi.,,-=18MPa).
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Fig. 11 Change of Spray Tip Penetration with the

Temperature  (293,473K)  for  the Ambient
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b —#— T=203K
- —o—T=473K
j \ P18k’
TN
£, * \ .-8-0-9-0-0- (‘l—l—l
g :; Q}:l:::::::::::::::::-4—IA--—I’.:‘
% 10 T
<23 . —B— Ta203K
g = A ~o— Tn473K
(7] p.:aokg/m‘
2?) '\-a\\o W
:: \c~.‘.,._.;.4»0::::::::::::::_._a—l—.--q
7] ~0-yg-u-u-a-8-"
12
104 T T — T T
0.0 (1] 1.0 15 20 29 30

Time from Injection (ms)

Fig. 12 Change of Spray Angle with the Ambient
Density(18, 30 &g/ m®) for the Temperature (293,
473K) Injection  Pressure (14MPa), Rpm (700
rpm)

- 950 -



4.8 E

B AYAIN BEY =33 220U87)E A
g3t AAVIBT 2P 2ANN BEAT
UAE FAGYS =FRAGY, 281 A5
9 JBBAE AEH] GeF 2L Aee
Ak,

L BAEO) F7hew BRze zasd @
gg 9 F/NAL W 2R4e AAE e ¢
% Qom 948 F7h BREYAYY BRND
$5& Z7han

oA HzsAT Hold olFr Hopde ¢ %
AT B ERZE 2~3° Z7HE%0

A0 23

(1) Constantine Arcoumanis, "Spray Characterization
in Direct-Injection Diesel Engines,"

International ~ Symposium  Advanced  Spray
Combustion, ISASC, pp.91-108, Hiroshima,
1994,

(2)Dennis L. Siebers, "Scaling Liquid-Phase Fuel
Penetration in Diesel Sprays Based on
Mixing-Limited Vaporization," SAE SP-1415,
pp.223-248, 1999.

(3) H. Hiroyasu, "Experimental and Theoretical
Studies on the structure of Fuel Sprays in
Diesel Engines," Fifth International Conference
on Liquid Atomization and Spray Systems,
ICLASS paper B, pp.17-31, 1991.

(4) Kyu-Keun Song, Hiroyuki Hiroyasu, and Takuo
Y oshizaki,
Distributions in a Direct Injection Diesel
Engine”, SAE Paper 941693.

(5) H. Hiroyasu, T. Kadota and S. Tasaka,
“Penetration of Diesel Fuel Sprays”, Trans. of
JSME, Vol 44, No. 385, 1978.

6) AAE, HAZ, 2, vAxEY BF

T Y d AsATAI=EF 576

“Three-Dimensional Spray

- 951 -

3, ppl20-127, 1997.

(7 J. Y. Koo, J. K. Martin, "Droplet Size and
Velocity in a Transient Diesel Fuel Spray”,
SAE paper 900397.

(8) R. D. Reitz and F. B. Bracco, "On the
Dependence of Spray Angle and other Spray
Parameters on Nozzle Design and Operation
Conditions", SAE paper 790494.

(9) Hiroyasu H.,, and Arai M., "Fuel Spray
Penetration and Spray Angle in Diesel
Engines," Trans. JSME, Vol. 21, 1980,
pp.5-11.

(10) Hiroyasu H., and Arai M., "Structures.of fuel
sprays in diesel engines," SAE paper 900475.



