PRAA o) P2t A] A 9P A 13(2004)/1

rir

HO

49

2 $A O AAHY =F Pyl B4

Jm

Effect of nozzle geometry on the injection characteristics

and spray behavior

ol F A, A G, AE G

C. S. Lee, S. W. Park, M. S. Chon

ABSTRACT

This paper describes the characteristics of injection rate and macroscopic behavior of
fuel spray injected from common-rail type diesel injectors with different nozzle
geometries. The injection rates according to the nozzle geometries were measured at
different energizing duration of the injector solenoid and injection pressure by using the
Bosch’s injection rate meter based on the pressure variation in the tube. The spray
behaviors injected from the different nozzles were visualized using the spray
visualization system composed of an Ar-ion laser, an ICCD camera, and a
synchronization system at various injection and ambient pressures.

It is revealed that VCO nozzle has higher spray tip velocity at the early stage of
injection duration and wider spray cone angle than the mini-sac nozzles. Also the spray

cone angle is increased with the increase of nozzle diameter.
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Table 1. Specifications of injectors

Nozzle . Number |Nozzle
Ref| Hole diameter

type of holesjcone angle
A |mini-sac| 0.138mm 6 153°
B Imini-sac! 0.143mm 6 149°
C {VCO 0.143mm 6 153°
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Fig. 2. Spray visualization system
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Table 2. Experimental conditions

Injection pressure [MPa] | 80, 100, 135
Ambiet pressure [MPa] | 0.1, 2.0, 4.0
Energizing duration {ms] | 0.7, 1.0, 1.3

Light source Ar-ion laser, 5W

Exposure duration [us] 50
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Fig. 4 Effect of nozzle geometry on injection
rate (Piy=100MPa, teng=1.0ms)
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Fig. 5 Effect of injection pressure on injection
rate (teng=1.0ms)
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e BN A3, 274
€ "4 =29 A3E A% B7t VCO =&
d AHAE Cro £F Agde £&7 o Fdh
A As B 34 vvde] FHE 19
87t 271f £AHH7) g VCOH =&
AAE Crr} x7] 4271 ] WEg RoT B
dech =3 JAAYH A9 4, JAE BHET
Z7ldE £=71 o Rou 04ms ol FolE
e Bt =7t vEt. oz Aol
el ojfE Z7lde QA A9 =2 A
el ¥ Aopg BA &% Jdy BRY
A, BAEE FFe] op F9 VAZ e
o #8e o go| ur) By Aoz B
o}

Fig. 102 % ouA2Rg ds5 &F9
Z45g §3F Aot £ Aty R4
< xF FAAAM 59 HegFo] o= 7
L= ey, EAl Ve 57 Axn

HA o150 04ms olFole Ao d4AT A
o= Jeiytth VCO =2 AAH CY A
nys =2 AN A Ex BRO £57 l
g Aez vehgt £ QA BY A%
el ART EFZol & oz YeEyEd,
dAE Bl =% HAol 1] Z7] BEQA FHe
2 @agt

o

4. 4 &

¥ AFelAE M2 T8 =F J¥T 2E
v QdAYESY BA} EH R BZ ug
HRe BAE EF A 2R R A A2

9e olgse) pHsges, 28 T
Zo] aotg 4+ Uk

(1) QA= AA A 71209 Hlx= §
A 7Y 14 Az HYen, BH 73]
Z71g5E A B4 N1 ¥l §AH
7)) 2R3k

) Hd EAELS A QY 25 A} g
Holu} AT TAQC], FH AF ¥
0.7ms ¥2M Jebgth £ VCO =% <
AE e A% Ho EAE =22 F oYy =5
Qe o] vl EAMGo] A FAdAT

(3) =29 Fyo] BF ojWAY BF M
o] £¢ Agd uAE 9L vmy vng
Ao 2 e

(4) A 2710} olUA =& AAE 7 VCO
=% QAE uld BF Mg £x7t ¢ &
Ao vepgt =¥ & AR AEFH
A 270 #F 4527 o 3o, 04ms o
Folle Al QHE 2R wsigo

(5) ERZL VCO =% A&HZ myNe
O g aAn xF F{70] E4F BFEZ 2
Aoz vehgrt

—

%71

o] 28 20033 ST AG A
93t AxHien, d7FE AdHFI /A
7% ZA =YY (KRF-2003-042-D20025).



(DC. S Lee and S. W. Park, "An
experimental and numerical study on fuel
atomization characteristics of
high-pressure diesel injection sprays”,
Fuel, Vol 81, No. 18, pp. 2417-2424, 2003

(2)J. Y. Koo and J. K. Martin, "Droplet
sizes and velocities in a transient diesel
fuel spray”, SAE Paper, 900397, 1990.

(3) F. Payri, J. M. Desantes, and J. Arregle,
"Characterization of D.I. diesel sprays in
high density conditions”, SAE Paper,
9600774, 1996

(4) S. W. Park, H. ]J. Kim, and C. S. Lee, "
Investigation of atomization characteristics
and prediction accuracy of hybrid models
for high-speed diesel fuel sprays”’, SAE
Paper, 2003-01-1045, 2003

(5) S. W. Park, S. H. Bang, K. H. Lee, C. S.
Lee, and J H. Lee,
characteristics  of

" Atomization

common-rail diesel
injector with multi-hole”, SAE Paper,
2003-01-1844, 2003

(6) S. W. Park, C. S. Lee, "Macroscopic
structure and atomization characteristics of
high-speed diesel spray”, International
Journal of Automotive Technology, Vol. 4,
No. 4, pp. 157-164, 2003

(7) S. Gupta, R. Poola, and R. Sekar, "Effect
of injection parameters on diesel spray
characteristics”, SAE Paper 2000-01-1600,
2000

(8) W. H. Nurick, "Orifice cavitation and its
effect on spray mixing” Journal of Fluids
Engineering, pp.681-687, 1976

(9) F. Payri, V. Bermudez, R. Payr, F. ].
Salvador, "The influence of cavitation on
the intemal flow and the spray
characteristics in diesel injection nozzles”
Fuel, Vol. 83, pp. 419-431, 2004.

(10) W. Bosch, "The fuel rate indicator: A

new measuring instrument for display of

A ul et A A9B A15(2004)/7

the characteristics of individual injection”,
SAE Paper, 660749, 1966.

(1) D. A, Nehmer and R. D. Reitz,
“"Measurement of the effect of injection
rate and split injections on diesel engine
soot and NOx emissions” SAE Paper,
940668, 1994

(12) M. Ikegami, K. Nakatani, S. Tanaka,
and K. Yamane, "Fuel injection rate
shaping and its effect on exhaust
emissions in a direct-injection diesel
engine using a spool acceleration type
injection system”, SAE Paper, 970347, 1997

(13) M. Xu, K. Nishida, and H. Hiroyasu, “A
practical calculation method for injection
pressure and spray penetration in diesel
engines”, SAE Paper, 920624, 1992



