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Comparison of Overall Characteristics between an Air-Assisted Fuel Injector
and a High-Pressure Swirl Injector - Part I: Flow Rate and Macroscopic
Spray Characteristics
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ABSTRACT

Characteristics of two favorite injection tools for gasoline direct injection application were
compared. An air-assisted fuel injector (AAFI) and a high-pressure swirl injector (HPSI) were
designed and fabricated for prototype development, and the characterization strategies and
processes for both injection tools have been arranged in parallel. Characterization works were
carried out mainly through measurements, and in some cases, computational fluid dynamic
analysis was utilized. In this paper, overall characteristics defined as flow rate, spray pattern,
penetration, internal spray structure and drop size distribution, was discussed. The AAFI was
found to be advantageous in flexibility of fuel flow rate, and the HPSI in stability and
precision. Spray shape factor was introduced to describe the development of intermittent sprays
from both injectors. Axial penetration appeared to be almost linear in the case of the AAFI
while its speed continuously decreased with time in the HPSL

F87)1%<80] : gasoline direct injection engine(FHEALY 7F&EY AF), air-assisted fuel
injector(F 7] BZ& ¥A}7)), high pressure swirl injector( ¢} A 3]4 EA}7)),
spray shape factor(¥ %3 e A4)

Nomenclature ALR : air-liquid mass ratio
HPSI : high-pressure swirl injector

AAFI : air-assisted fuel injector
MPI : multi-point injection

P : pressure, Pa
39, BRI ed JAZND 6 : angle, degree
Subscripts
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amb : ambient
inj : (fuel) injection
sup : (air) supply
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Fig. 1 Typical schematics of air-assisted fuel injection
(left) and high pressure swirl injection (right)
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Fig. 2 Prototype of the AAFI (left) and the HPSI
(right)
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Fig. 5 Spray development of the AAFI. Py,= 0.7MPa, Puy=0MPa. Time interval is Ims

Fig. 6 Spray development of the HPSI. Piy= 5MPa, Pam=0MPa. Time interval is 1ms
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Fig. 8 Spray shape factor variation of two injection
tools with respect to time

3.3 357l o](penetration depth)

AAFIA BAEE E53L 2719 A9 3
MAQ AFZolel F71E Holtyt EAME 371
o} W F719 o] FE3] o]FofW AHd
A A7) FAA i AgE Bl
o] YukAQl dF koM EAHE EFFS
BE7L AojHA AHeR sE FAAA £719
gedoz Q) A EAHS gdojHE]r] B
Aol Agel wel M &=7t EFol=e B
& Jehdch M3 ALY A9 vsd 3RS A
25k, F719ke] A3 gl o Fstx, 2 A=t
ugst Ao wel g AolE dod|v| HE
o BT gaxZo dd 71&e AP Vejy
g By o]Ee I WA ¥FE E F 3
\:}-19{

B dFdME A4 dd dixd 4% e
3te] AL £ 3ms o|ul, FFZHo] 100mm o[
o datd =HAPL FP3tAct Fig. 99 Fig.
10& AAFIs} HPSIO| wistd 7tz &AZ2AE
BHoZFE3 Qlth 2RPEYRYEH F A &
Bgo] S WIATH HIXHE ¥ 7 Ak

g2

Ao g ¢ AN BREIFHITE T3
=olg upe} o] AAFIE o 3% ojde it
Asx = by, HPSIA = A& og 1 &
o] ylojzith.

Air P. (MPa) Ambient P. (MPa)
—0— o3 0.0

g

—0— 05 —0— 01
soF —b— Q7 —a— 02
—v— 08 -9— 03

-]

Tip Penetration (mm)

8

Ambient pressure = 0 MPa ir supply pressure = 0.7 MPa

1 2 3 1 2 3
Time (ms)}

Fig. 9 Influence of air injection pressure and ambient
pressure on spray tip penetration of the AAFI
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