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Fuel Atomization of a Multiple-hole Nozzle Injector

googaog
Yasuhide TANI

googaog
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Atsushi SUZUKI

Fuel atomization is known as an effective means of reducing the exhaust emissions of internal

combustion engines. We have focused on a multiple-hole nozzle as a cost-effective atomization method

that does not require any auxiliary devices or an external energy source to carry out atomization.

In this report, we will discuss 10 how fuel atomizes according to the multiple-hole nozzle, 200 the

atomization characteristics such as spray droplet diameter and spray spatial distribution when the

factors which effect atomization with the multiple-hole nozzle are changed, and 30 a comparison of

the HC reduction effect in an actual engine with a conventional air-assist injector.

Key Words [ Port Injection, Atomization, Multiple-hole Nozzle, Flow Analysis, Flow Visualization,

Emission Reduction, Air-assist, Injector
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Table 1 Specifications of test

displacement ) 29L ﬁ compression 98
volume - ratio ’
bore 87 nm maxinm
forque 191 Nm
stroke 91 mm R 103 kW
power
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Table 2 Low emission regulations in California,

9AMY TLEV LEV
normal 94MY- 9IMY-
NMOG* 0.25%* 0.125 0.075
CO 34 34 34
NOx 0.4 0.4 02
* non methane organic gas unit : g/mile

**non methane HC

433 0OOO0ODOO

Fig. 160 000000000000 OODO 1200
obooboOooOoboboobodHcOocodblOnNoOxOo
oobobobbooooobobobbooooobooDbiao
ooooboboboobooobuobobooboodHCechOoo
obobobooooooobooboboo

sl | test conditions ]|

‘| | mode :'75FTP

- | LA#4
vehicle:2.2LLEV |

L —

omncmrnnal
12-hole ~ 5 st

conventional
12-hole ", s ceiet

Fig. 16 Emission test results

goooooooooooboorcoobooood
oooooooooodHCOOOOoOooOOO0OFrg. 17
oooooooHCOOODOODOODOOOO OO0
oobooooooooooooooooooooon
OooooobooooooooooodrCcOOoOOnO
ooobooooooobooooooo



p—— L0 B
g ﬁ i e l g
E [ — A ASSisl 160 2
E _
g :;;g f l ?/ Iﬂﬁﬁ@m— :;g E
g 250 ———— - 100 2
S w0 x\ = — 0 0O
E 150 1 70% discharge of cold THC ——{ 80 £
100 — e

— { 20
e et ek, l o

0 50 100 150 200 250 300 350 400 450 500 550

e Y

time (s)
Fig. 17 Cold mode HC emission test results

ooboobobooob1200000000HCOO
O000000o0oO00o0O0oO0o0O0OdFrg. 180000
Oi1000HCOODOOODOOODOOOAOOHC
Ooboooooobooboobooboobez2kKOoO OO
oboooooobooboboodcOobobooboboooo
ooooAbODOO0OOOoAbDOOBOOOOOODOOO
ooooon

ooobOooAdO0OOOOO0OOOoOooOOoOoOooOoog
coooboooooboobobooooooooooooo

12-hole injector ]

ppm -
R T T e
=1
g 13
5
o2
=
=
o J N N
E a - i il v
o 10 5 8 0
ppm | conventional Air Assist injector

THC concentration

50 60 70
time {s)

ooboooooooooboocoOobobocooboooo
oboHCOOOOOOOOOoOOOoOoOobOooooo
uboobooobooooooooboobob1z000O
oobooooooooobocoooboooboooo
gobooooodobooxRCchOobooooboooooon
oooooooo

gbooAdobOOBOOOOOOOOOOOOOOO
Oo0o0o0oOooskPaO D OOOOOOOOOOOO
oobooooooooooooooooooooon
oobooooooooooooooooobooooon
DooodooooooeckPaO DO DOOOOOOOO
oobooooooooobooooboooboooon
ooboooboooboobooodCcoOoooboboooon
ooooooo

obh12000000000000D00000DO0
ooboooooooooboocooooooboboooon
oHCOOOOOOoooooooooooo

Fig. 190 000000000000 O0O00O00O0
200000000SMDOOOOOCOO

companison of THC

160

140

120

106G

&0

40

accumlated THC concentration
8

20

Fig. 18 Analysis of cold mode HC emission test

results

0340



0000000000000 O0Vol.O O No.O O 2000

measuring method :laser diffraction boooooooouoy
test fuel :n-Heptane 0000000000000 0000O0O0oooo
injection pressure :300kPa
measuring location ~ :50mm below nozzle goodoodoooooaooaooodo
220 ; T I P
200 | ) .
180 Conventional _ / gooood
160 Air Assist / 10 K. Takeda, T. Yaegashi, K. Sekiguchi, K. Saito, and N.
140 / Imatake; Mixture Preperation and HC Emissions of a 4-
g 10 7 valve Engine with Port Injection during Cold Starting
g "gg > hode ] yd and Warm-up” , SAE Paper 950074, 1995.
“ 60 20 A. Saito, K. Kawamura, and Y. Tanasawd, Improvement
40 = 7 of Fuel Atomization in Electronic Fuel Injector by Air
20 Flow” , ICLASS- 88, P.263, 1988.
Q H
20 40 60 80 100 30 G. Saikailis, R. Byers, and T. Nogi; Study on Air Assist
Ambient Pressure Fuel Injector Atomization and Effects on Exhaust Emis-
40 Von J. Abthoff, D. Huttebraucker, W. Zahn, and H. Bock-
el; Die neuen Vierventil-Ottomotoren fur die mittlere
>.0bun Braureihe von Mercedes-Benz [0 Germany[™, MTZ 53,
0oo0oooboobooobooooooooo P.496, 1992.
uoooooooooooobooooooooon 50 S. M. Rivette and L. W. Evers: Compound Port Fuel
oo0oooooo0oooooooooooooooo Injector Nozzle Droplet Sizes and Spray Patterns”, SAE
000000000000000000000000 Paper 960114, 1996.
O0000000000o0o0oooooooonnn 600 J. Heyse, F. Schats, B. Ader, J. Schlerfer, and S.

Haubold,” Electroformed Multilayer Orifice Plate for

oobooboooobooooooooa
Improved Fuel Injection Characteristics”, SAE Paper

goooooboobooobooooooooa 971070, 1997.
boooooodoooooooodoooogon 70 C. Arcoumanis, M. Gavaises, J. M. Nouri, E. Abdul-
gooooogoo Wahab, and R. W. Horrocks; Analysis of the Flow in the

0000000000000 oooooooo Nozzle of a Vertical Multi Hole Diesel Engine Injector” ,

SAE Paper 98811, 1998.

801 Y. Tani, Y. Mori, and K. Mochizuki; Multiple-hole Noz-
zle Atomization for SI Engines”, SAE Paper 1999-01-
0564, 1999.

000000000000 0000000D0 300kPald
sMbeopO O OoOoooooOoboi120000000
coobooooboobooobooooooooooooo
cobOooocobOoOooobOoodCcOobOboonoaono

i iy Ly Y Yy D Ly Iy Ly Ly Ly L D LD D D D D D D7 D7 LD~ D7 D7 D7 D70
goooo

gooo
oob ooooo

oooo
cooooooo
ooooooooano

ooooooodgooooooan
cooooooo

goobogooboob2gd
goboboooboobooboboo

goood
goboooobooboo

googo
gobgoobogo

coooooooood
coooooOoooboooood
ooooao

goboooooo?2d
gobooobooooboooooo

—_—
~——

0350



