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Comparison of Overall Characteristics between an Air-Assisted Fuel Injector
and a High-Pressure Swirl Injector - Part II: Microscopic Spray Characteristics
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ABSTRACT

As a second part of the comparison study, microscopic features of an air-assisted fuel
injector (AAFI) and a high-pressure swirl injector (HPSI) were characterized. They consist of
the internal spray structure in terms of fuel mass and drop diameter, the overall atomization
performance with respect to operating parameters and the drop size distribution. Large droplets
are concentrated in around the head part of a spray field of the HPSI, while in the case of the
AAFI, they were distributed in the tail part. Although the AAFI showed the better atomization
performance, the feasible ranges of operating parameters such as injection and ambient pressure
were found to be wider in the HPSI. Drop size distribution of the AAFI sprays was more

dispersed than that of the HPSI. However, at the well-atomized condition, it appeared to be
very uniform.

F8 7|80} : gasoline direct injection engine(ZY&EA}A 7t&d dR), air-assisted fuel
injector(F 7] .2 §A}7]), high pressure swirl injector(ZLt A 3]4] RA}7)),
drop size distribution(¢] 2 £ ¥)

Nomenclature : constant
ALR : air liquid mass ratio (=ma/my) : length, m
c : coefficient of atomization : mass, kg
Ds;  : Sauter mean diameter, m : pressure, Pa

: gas constant, 0.287kJ/kgK for air
: polytropic constant

: density, kg/m3

: efficiency

: surface tension of liquid, kg/s’
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Subscripts
A,a : air
amb : ambient
ai : air injection
fi : fuel injection
L : liquid
n : nozzle
sh : sheet
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Fig. 4 Spray structures of the AAFI and the HPSI at
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Table 1 Atomization trends of the AAFI and the HPSI by previous studies

Operating parameters AAFI

HPSI

Injection pressure
difference

D3, decreases with higher air
supply pressure

Ds; is inversely proportional to
the square root of the fuel
injection pressure

Ambient pressure

D3, enlarges with its increase

Same trend as the AAFI

Injected fuel mass

Ds; increases with more mass and
such an effect increases at
coarsely-atomized conditions

Almost no effect

Air-liquid mass ratio
(ALR)

Its increase reduces Ds;. However,
this effect disappears as ALR —
increases over than 2.
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Fig. 5 Influence of injected fuel mass on mean drop
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Fig. 6 Influence of ambient pressure on mean drop
diameter of both injectors

m;=1.2x10"%(kg) ma=1.2%10"5(ke)
ALR=1.0 Pos=1.0x10%(Pa)
Pi=8.0x10%(Pa) P;=5.1x10%(Pa)

olg]gt gtEol HE4E W AAFIE= 11.7pm(3H
%) 13.8 zm), HPSIE 21.0 p m(Z4 ] 22.1 gm)
9] Dan#tE 7H2th

Fig. 5& EAlda® e Hdd7 H3e
BoFEa gloh F7|d a4 #u(air-liquid mass
ratio; ALR)E RAAAE A9 BAE7IFE
RN A FEo diste JEAsE Hetdt
ok HPSIE 74 EAld g ol tisted Ao 3
g Wzl gt FHGYH] gyl B4 B
E Z70A AAFIS] HT 47 o] HPSIRT 22

251um

E 10 30pm
£
G0
® 35pm
2 08
donm
a
2
§. 06 Too lame
] D,, reaion
<
04
Unrealstic region
4
L} T M L] T
0.2 04 08 0.8 1.0
Ambient Pressure (MPa)
(a)

28un

Fuel Injection Pressure (MPa)

Too large
D,, region

L T L] ¥ v T
0.2 0.4 0.6 0.8 1.0

Ambient Pressure (MPa)

(b)

Fig. 7 Mean drop diameter maps showing relation
between ambient pressure and () air supply
pressure in the AAFI (b) fuel injection
pressure in the HPSI

Ao yehgth AT, FHdd 03MPa 23
A ZAAEZC] ok o4 HY AAFIS H
@70l HPSIET o] a7 $7hste 2%E 2
At

FHcke e st he BHUYA AshE Fig
6ol Uehdslch F A1 FMEFE 43
OE2A Yehdth AAFIME 38 37184

Hi8H HM5%, 2000 33



A - I

Yo ds) FugHo] FAhhH BAlgHR
(injection pressure difference)’} AjH o2 34
Zadtz] Wi FEYAel HA sle FHe
a8 F7RIY B3 EAQEG] e A%
T 23§ 71e717t &L wd daFo) AL
& 3718 718717 ° ARXE Aoz ye
o7 FagYo] AXE AR, & LR
AEEAEFS A 8t 4338 B5xog 3
57t Aol wEe] ojed wye
Bgo] 7hsd Aoz AlgHTh

A (D QEFH BAYET FHEgE 2
ol We F BA7|e HagA e w78
HHFig. 7). AdHog HE 7158 Wes
HPSIZ} W31, D32 15 um o]uie] Hojd w3}
A& Hole T AAFIVL §& RoZ e
Woh AHEAN JMEd dARE EAV|9 #HF
A3 FAE 25umetn & o, HPSIY #H$
TAIGEE TMPa o]} 2o2 37 HE H4He
b 4RE WeldE R ¢ 4 Atk Wl
AAFIE EA719) 844 1gke] Fugrs)y
BHS AT 7] AE] FLEAl HEA F

o7} g st

e e ¥

Ol
©

.

3.3 QA B ¥(drop size distribution)

gty o o HAr|el HPSIY AL
AAFIRT 743 EXE BoFE oz o
Z190t}t. Houston and Cathcart”e] 134 z}o] A
E YFYHL AAFIV} AR Q73R E = HPSI
H o §A BXHOE BEHS HoFT ¢
o Fig. 8dl& & A7 A48 BAIEY ¢
BEE}F e itk AdFE 9wt AHege
Z etk leg ¢ 5 gtk

3, PFUAFol FE3] FE 2HAAME ¥
ofd ngst g w ol AAFIY YAREs}
HPSIET #datA vepyt). shAIT, Aoz 9l
YAEE—UEE AFHIY % (mass median
diameter) 0. & A 7F3}3te] 4 X —&= HPSI9
HREAY A HA 93 HeE gz ¢l
t}.(Fig. 9)

4 HAIXNESXSH=2Y

0.06

Injected fuel mass = 23mq
AAFI/P, 1D,

(MPa) (um)

—*— 0.1 134

——— 03 230

HPSI/P,  / D,
—— 01 222

0.05 -

0.04

Volume Density
&

L] 20 4‘0 = . 60 .

Drop Size {(um)
Fig. 8 Drop size distributions of sprays from the
AAFI and the HPSI

Iniected fuel mass = 23mq

AAFI/P, . I D,

(MPa) (um)
—©— 01 134
- 0.3 230

HPSI/P,, ! D,
—=— 01 222
—— 03 239

Volume Density
o o o -
-~ -] o -3
T

[
~

00 L "
0 1 2 3 4
Normalized Drop Size (=D/D, , ;: pm)

Fig. 9 Drop size distributions by normalizing drop
diameter with mass median diameter

4 | =2

. =2 [ o—

A AHEA 714 Ao H483 e
7}A] #A}7]Q1 AAFIS} HPSIS] mjAjz BE
e FUT AGAAYG 2AZANA otat
2% vusgh ojg B3l gy 2o 2
T AAT

de Skl mat £ BAIZRE U
T2 Furt d2A Jelkth AAFI
THE7Y Fez dF d5y FYE
o] k3lElE whd, HPSIAE o #3lE o
Z BFe] 345U

AFl EF7AdMe & d4Hge] 59
o 2 F¥3e whd, HPSIgAE &

Kok e A

3
=

-39

o

O

Z

X ox rr
I ofN Ho
> i

E
E )
4
M



FTNRZE AV 39f A4 §A719 84 M- Part 12 wiAY £5 &4

el vy REd 2XEY olYF AP
2 Y& 50| AAFIA = A} ©7)d, HPSISA
E BAF 2710 A7) diolth oj2FY
g9 gd A& ZdoMe AAFIZE 8 9439
718 Z®o A= HPSIZF 48ds ¢ 4 o

- At BEY HAFYA-E AAFIL o F
A Jdehdes Bk, dzd H8 e BARRH
3 FEtde] 23 HeE HPSIZE ¢ WA o
Bhytth. AAFIAME FHGE e S7to U3l 3
TRl NAstA F7hst7) WiEeloh

- BRAo QARYEE HPSIZF o #Y3HA
Elyith. AAFIQ] 7S Hgsl Aol Hold
ZAME HPSIY ZA$Rg o 798 A%
¥E 2ok

=V |

1) F.Q. Zhao, M.C. Lai and D.L. Harrington,
“A Review of Mixture Preparation and
Combustion  Control  Strategies  for
Spark-Ignited  Direct-Injection  Gasoline
Engine”, SAE Technical Paper 970627,
1997.

2) R. Houston and G. Cathcart, “Combustion
and Emissions Characteristics of Orbitals
Combustion Process Applied to
Multi-Cylinder Automotive Direct Injected
4-Stroke Engines”, SAE Technical Paper
980153, 1998.

3) YP. Lee, S.S. Kim and SM Choi, “A
Study of Two-Phase Injector Performance

Stratified-Charge
Engines”, Atomization and Sprays, Vol.§,
pp.199-215, 1998.

4) T. Kume, T. Iwamoto, K. Ilida, M.
Muramaki, K. Asishino and H. Ando,
“Combustion Control Technologies for
Direct Injection SI  Engine”, SAE

Technical Paper 960600, 1996.

for  Direct-Injection

5) J. Harada, T. Tomita, H. Mizuno, Z.
Mashiki and Y. Ito, “Development of a
Direct Injection Gasoline Engine”, SAE
Technical Paper 970540, 1997.

6) C. Jang, S. Kim and S. Choi, “An
Experimental and Analytical Study of the
Spray Characteristics of an Intermittent
Air-Assisted Fuel Injector”, Atomization
and Sprays (in press), 2000.

7) C. Preussner, C. D¢ring, S. Fehler and S.
Kampmann, “GDI: Interaction Between
Mixture Preparation, Combustion System
and Injector Performance”, SAE
Technical Paper 980498, 1998.

8 C. Jang, C. Bae and S. Choj,
“Characterization of Prototype High
Pressure Swirl Injector Nozzles - Part I
Prototype
Characterization of Sprays”, Atomization

Development and  Initial
and Sprays (in press), 2000.

9) K.S. Kim and S.S. Kim, "Drop Sizing and
Depth-of-Field Correction in TV Imaging.
Atomization and Sprays", Vol.4, No.l,
pp-65-78, 1994,

10) A4, HAA, 2H/A BAIS 2%
84 A7) S4 W - Part L
F L ANY BEEY, SIATAE
3}3] =% 3 (submitted), 2000.

11) M. Ohsuga, T. Shiraishi, T. Nogi, Y.
Nakayama and T. Sukegawa, "Mixture
Preparation  for  Direct-Injection  SI
Engine", SAE Technical Paper 970542,
1997.

12) C. Jang, S. Choi, C. Bae, J. Kim and S.
Baik, “Performance of Prototype High
Pressure  Swirl Nozzles for

Gasoline Direct Injection”, SAE Technical

Paper 1999-01-3654, 1999.

Injector

g mM5Z, 2000 35



