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Fuel Economy Improvement of a DI Gasoline Engine Using a

Fan-Shaped Fuel Spray

Makoto Koike, Tetsunori Suzuoki

goog

goboooobooooboboooobooooo
gboobooooboboboooboobooooboo
goboobooooboobooobogooooo
gboobooooboboboooboobooooboo
goboobooooboobooobogooooo
gopooobObObObOOooooooooooooo
goboobooooboobooobogooooo
gboobooooboboboooboobooooboo
goboobooooboobooobogooooo
gooboooobbooobobooooboboooo
goboobooooboobooobogooooo
gboobooooboboboooboobooooboo

goooo

gboooboooobooboooobooboon
oobooobooobobooboboooboo
goboobooboooboboobooboon
gobooboobooobobooboobooo
goboobooboooboboobooboon
goooboooboooo

gobooobooboooooooooobooo
goooobooooooooOoooobooo (g)
goboooboobooobbooobooboon
goboooboobooobobooboobooo
gooooooooood

gooobogoboboobogobobooboboboobooboboobooboboo

Abstract

A new stratified charge combustion system has
been devel oped for direct injection gasoline
engines. The special feature of this system isthe
use of athin fan-shaped fuel spray formed by a
dit nozzle. The stratified mixture is prepared by
the combination of this fan-spray and a shell-
shaped piston cavity. Both under-mixing the and
over-mixing of the fuel in the stratified mixtureis
reduced by this system. This combustion system
does not require a distinct charge motion such as
tumble or swirl, which alows the intake port
geometry to be simplified in order to improve the
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full-load performance. This paper first describes
the theoretical background, which focuses on the
mixing speed of the fuel with air in the cylinder
during the compression stroke. Next, the major
characteristics of the fan-shaped spray are shown
and compared to the cone sprays with swirl
nozzles. Finally, some spray effects on engine
performance are described. The fuel consumption
and emissions such as smoke, CO and HC are
greatly improved at medium load and medium
engine speed.

Direct injection, Gasoline engine, Stratified charge, Spray, Mixture preparation, Fuel economy,
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Fig. 1 Fuel-air mixing process.

7

gobobooboobooboobooboobob

goobbooobobooobobbooooboboo
goobbooobobooobboooobobogoo
goobbooobobooobobbooooboboo
o(oooo)boooooooboooboooooo
goobbooobobooobobbooooboboo
goobbooobobooobboooobobogoo
goobbooobobooobobbooooboboo
goobbooobobooobboooobobogoo
o0000O0O0Fe. OO DOOODODOOODOO
goooioooooooooobbbobooooo
gooooooooobobbbbobbbobooooo
gbooooooboboooobbooobbbgoo
goooboooobobooobobboooobobbooo
gbooooooboboooobbooobbbgoo
goooboooobobooobobboooobobbooo
gooooooooobbboboboooobooooo
goooboooobobooobobboooobobbooo
gbooooooboboooobbooobbbgoo
goooboooobobooobobboooobobbooo
gbooooooboboooobbooobbbgoo
DDDDDDDDDDDDFig.ZDDDDDDl)DD
gbooobooooboboooobobbooobbbgoo
goboobooooboboooboboboooobobboo
gbooobooooboboooobobbooobbbgoo
goboobooooboboooboboboooobobboo
gbooobooooboboooobobbooobbbgoo
goboobooooboboooboboboooobobboo

DI Diesel
25 |
100
20 |-
& 80
2 s Lk
g 60
z 40
£ 10 o
Q d(A/F)/dt o<
E (palﬂ -vf 2)0425 . t—OAS
-
5 b=
DI Gasoline\
0 1 1 1

0 200 400 600 800
Spray Velocity,Vf (m/s)

Fig. 2 Air entrainment speed of spray.
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Fig. 5 Comparison of spray shape.
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Fig. 6 Spray angle effect on penetration.
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-Shaped Cavity

Fig. 7 Test engine configuration.

R&D Review of ToyotaCRDL Vol. 36 No.4 (2001.12)

U
U



|

10

000o000o0o0ooooooooooooooog
oo0ooO0o0oooooooooooooooog
000o000o0o0ooooooooooooooog
o00odo0ooo0ooooooooooooooog
ooog

O0000o00oo0DoDOo0o0ooooo0ooFig. 7
0000000000 DO0ooooooo4000d
o00odo0ooo0ooooooooooooooog
00002000 000000000000000
o00odo0ooo0ooooooooooooooog
000o000o0o0ooooooooooooooog
o00odo0ooo0ooooooooooooooog
000o000o0o0ooooooooooooooog
oo0oo00ooooooooooooooooooo
000o000o0o0ooooooooooooooog
o00odo0ooo0ooooooooooooooog
000o000o0o0ooooooooooooooog
o00odo0ooo0ooooooooooooooog
000o000o0o0ooooooooooooooog
OOoO0000000Y0000000000000
000o00o0oooooooooooooooog
o00od0oooooooooooooooooog
000o00o0oooooooooooooooog
o00od0oooooooooooooooooog
000o00o0oooooooooooooooog
o00od0oooooooooooooooooog
000000000 LIF (Laser Induced Fluorescence)
o00odo0ooo0ooooooooooooooog
0000000000000 0OFRg. 8000000
o0od0ooo0ooooooooooooooog
000o000ooo0oooooooooooooog

Spark Position

I:I Fuel mass fraction = 0.0384

Fig. 8 Gas movement and mixture behavior (Simulated).
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Fig. 11  Spray angle effect on ISFC.
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