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A Numerical Study on the Spray Characteristics of the Swirl-Type

Gasoline Direct Injector
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Choong-Hoon Lee, Soo-Jin Jeong, Woo-Seung Kim, Ki-Hyung Lee, Jac-Il Bae

ABSTRACT

In this study, the characteristics of high-pressure swirl injector have been studied using a
commercial CFD code, STAR-CD and experiment to investigate the effect of the length of
orifice and swirl port on the spray characteristics. Influences of swirl port angle and initial
conditions have also been examined in terms of penetration depth and Sauter's mean diameter.
Computed results of the spray characteristics are compared with experimental results. The
results show that the tangential velocity at the nozzle exit decreases, but the axial velocity
increases as swirl port angle is increased. Hence, the static flow rate increases, but the initial
spray angle decreases with increasing the swirl port angle. It is also shown that the values of
the initial SMD used as input data for spray simulation influences the penetration depth and
SMD. The spray pattern from the present numerical simulation agrees well with experimental

result.

F27]%8&0°] : High pressure swirl injector(:1} =¥ <14 E), Gasoline direct injection(GDI,

MR AHA

A}, Static flow rate(d 2 %), Sauter mean diameter(SMD,

Sauter H 7Y 7A)

Nomenclature P, : air pressure, Pa
D, : orifice diameter Pe : fuel pressure, Pa
F : intensity of the measured light signal 9m  : mass flow rate, kg/s
L : axial length of orifice S : general source term
m . mass, kg 67 : theoretical spray cone angle, degree
o : general dependent variable

* 319, FFustm 3ty Subscripts

o B9, st 7 AF gt c : continuous phase
xxx KEFICO(F) d : dispersed phase
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Table 1 Specification of the injectors

Model 1 Model 2
Seat angle 80°
Needle lift 60 um
L/Ds 1.34 0.504

W53 EF i AL 2de] Azpe
€ ’:1235}71 A3 Fig.2el Jebd uie} o] 3
2 o]&A HAE(grid dependency check)Z&
AAsa. WE-F5 e FAee FAlgd
E}E 73“—11r%*—4 WSLE dolr g EF8)49)

T AAgel 4E HAFEALY RslE Avn
9&‘3}. a A% F 3S BT A 3500070
e AAFZE 2 AFA Y At o 2
oug B Ao ME 35000709 AtAALE 84
of AL-3c.

22 =X 294 2 AxA

71&9 QAE o] Ui X4 755V
=g e uAdEE ASS st §

AfrEE dEsAy =348 digd 47
dwt FFE5o] 9l HhH REEXMo da)]A
= FE Ay o &Est= dA ol “JrEVi
B AFoAe 293 oAE A HAAR
QA EEHFE A7 s HFAFH -5':

F e dAs AT

8 ]

5 /
L3

i

T T T T T T 1
15000 20000 25000 30000 35000 40000 45000 50000
Grid number

(a) Variation of static flow rate as a function of
grid number

v

T M M T T T T T
5000 10000 15000 20000 25000 30000 35000 40000 45000
Grid number

(a) Variation of penetration depth as a function of
grid number

Fig. 2 Grid dependency check for optimal grid
generation

TR L 272 o] £33t ¢4
Ho e gAY JAHY {5 g AYLHEZ
A on o ANARE FoA ETEE,
%71 %7, A44%F 5& dERPoE A%
e EFEAS HASLHE s

22 $E24e 3719 ALK continuous
J,].xJo}]k] ou:_q,] HA].A}-

Lagrange #7dolA a4
3+ Euler-Lagrange 8 Vg Alg3tgid.
A& Euler 8 A2 023 o] Y

Eld 4= glth
—%(MDCH (pcuc,¢) (I’w gf} )

=S0,.+50.4 (H

phase)2 Euler

(dispersed phase)

H8A x6=, 2000 M



o3& - B5A - S

- o]7]% - uiAf Y

714 Sp. = G 75 AAAM Y UntstE
Aoy S, = A&4T B 1 AEF
£ 97 A4S Jehdch

BAY e @A E & 2o

-t

7| Fae "i}?ﬂ(drag force), F,& &9
3 #df 3, Faoe 7MHEZd 93 9
(added-mass force), Fy= | &(body force)
< Yepith

AzAto Al AFe] EHE Bag #EH
Stripping £g¢ F7HA d7hgFel oA &)
Mg

Eulerd Auig4e dig sig A7) s

F8 AEYE FFEHES Ao £
7‘& 9 otz AAE A A Y

£ SIMPLE ¢13&g, ul3ddd siMde
PISO g ES AHESAT

GHRde BFE k—e RS AMEEGLH
UYRSE 2 BF Mo AHed BAA, 271 %
A %L Table 29| L}E}lﬂ‘}i‘:}. T3 W5
E 9 ERgAe 7] 2 AAZRZ g A
T & Fig.33 o] ‘45}"“91‘4.

SHE HgEHdez JHgstden AHE 9
AT &7l 47 AT EAGS Vg
2 AR 329 HMe FYPAT £F5EA
A 7] SMD BXE £33 ot A
oz T3ty oJ7| Wil GDIE UFEH
2Rsio] AH4E 71E wREYY 248 Fu
3] 50 umel AT BEXZ MR 27
SMD #3le] m& gl dfAE e T3
gk AAE F EA|HE 2 msolw AlMA
BAAZ F A 449 FE 400002 343t
At Aake SGI Indy HA2HOAE AME
sdgon RS M 1 AR2REH £5A
AR AL oF 1247k0] 28 FH AT

=Fo+ Fo+ Fum+ Fy @)

Table 2 Computation conditions
n-heptane ( C;Hyg )

Fuel ( p=685kg/m®,
=0.0006Ns/m*)
Injection pressure 10 MPa
Ambient pressure 0.1 MPa

Boundary Inlet & outlet constant

conditions pressure BC,
for internal flow | Cyclic BC, Symmetric
simulation BC
Constant SMD
Spray angle
Static flow rate
Droplet velocity (from

Initial condition
for spray
simulation

internal flow simulation)

Inlet BC, P=P;

Symmetry BC

Cyclic BC

Outlet BC, P=P,
(a) Internal flow simulation

Initial conditions

(b) Spray simulation

Fig. 3 Schematic systems of the computation

conditions
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Table 3 Injection conditions
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Fig. 23 Comparison of the calculated and

experimental results of penetration depth
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