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Abstract : Numerical study on the impingement process and the fuel film formation of the hollow-cone fuel spray was
conducted under vaporization condition, and the effect of the wall cavity angle on spray-wall impingement structure
was investigated. A detailed understanding of this phenomena will help in designing injection systems and controlling
the strategies to improve engine performance and exhaust emissions of the Gasoline Direct Injection (GDI) engine. The
improved Abramzon model was used to model the spray vaporization process and the Gosman model was adopted for
modeling of spray-wall impingement process. The calculated results of the spray-wall impingement process were
compared with experimental results. The velocity field of the ambient gas, the Sauter Mean Diameter (SMD) and the
generated fuel film on the wall, which are difficult to obtain by the experimental method, were also calculated and
discussed. It was found that the radial distance after the wall impingement and the SMD decreased with increasing the
cavity angle and the temperature.

Key words : Gasoline direct injection(7}< & 2| & £-A}), Fuel injection( 4 5 A}, Fuel spray($d =++5-), Impinge-
ment model(&-= 5. @), Vaporization model(5 2. 4€])

Nomenclature Pr : prandtl number
) . droplet radius,
A : surface roughness coefficient ' FOpIct TACIuS, 2
Re : reynolds number
B : transfer number S hmid b
. : t
Cp : specific heat, kl/kg - K ° sehmidi number
o cop : Sh  :sherwood number
D : vapor/air binary diffusion coefficient o
: o Ts : liquid boiling temperature, K
myg  :droplet vaporization rate .
Tpa : pure adhesion temperature, K
La - laplace number Tn : nakayama temperature, K
Nu - nusselt number Trr . pure rebound temperature, K
TrLiea  : leidenfrost temperature, K
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Tw : wall temperature, K

T : temperature, K

We : weber number

D : density, kg/m’
Subscripts

cr : critical value

g : gas phase

: droplet surface

00 : conditions far from droplets

1. Al =

GDI(Gasoline Direct Injection) <1712
5] golats A & 7HH 2 ek Aol
S R EEREEECEE T
718 REAZ 0 2H 23l o]g 3
e
2] 7]

olr

B b (A
L o2

o rlo

o

Aol o}a) o) FoAX T, WA ] &
3k QoA AUy Wz EAbE AR oF
o] 7} 24w iEol] 3 G &o| Frhgl me o]
2o)7 k) o] 9} 2-& GDI el o N = drrt A
ol 2 A BALE 7] o) s mys), 5,
7] BAE 913 Azto] wl$- gk whebd whe

GDI A7) E&H HA 2 A% F42 993 g
<49 JQAHZRE YHHE FTT 43P 279

S 4o gt o] sl = WA o],

=
Hite] FE3HA €k o8 S5 A4
d ==

[l A B3k
AR o7, L97] 7IA, H el 43 Aee
&3l o] FAA7] wiZe] e GG mE 2

48] Z o] ik Kawajiri 572 AT ol

H 9 oim oot FNof oigt XN o7

i F‘{E
o
ol
%
C
2
s
—d
ﬂllo K
of
iy
o
0%
r.l
i
N

o o
%
ol
£
2
2
1o off
L
N
N
N
o M
ol
il
e 2
oF

offf ok

1o
o
ord
tlo
)
o
T
o
2
1)
2
of
i
ol
o N oE

d a2 o b R

e o do ofp KU

ot )
40
i’
2
i/
s
0z
ol
2
oo
[o
it
Sl
-
0

o 1y

Agths A28 A9k Kang 5
(Laser Induced Exciplex Fluorescence) 7}
of 7)8]E] 2 7G o] b Tl & v
= 29)y] L7} B7heel] wheh us
7o) A= A BE3UTE Drake
GDL alzle] | ~Eo] YAEE A% ko] Ay
T8 A3 &2 AAC ts) E4skiH-
A A A
ol Thepat B917) 2AoNA G BE-8 FE 3

i
2 o
£ o
™
HUHEC’?DE
> |

o
1
o i o 2 U K o lo 4o ok

0.
=

offl

2
fu)
o
e
&
5,
)
.

o
o>
=2
2
M
%
s
S

Hd

s

L=
=
o)t} ¥ Al FdlZ= Watking &
A

d,” Gosman 2&'"VG0] 1oH, 7}

$t7) wjE-of|, GDI Aol &8-317] $Jsires &
T SE wdo) AR sl i3t HEe] B
she}. wpeba] B Axpse) A8 A7 Shim &
Gosman KEl-& o]-galod theFgh 97| A oA
GDI ¥%°] ¥ Z& HA4 S ALt en, 43 4
et et Sttt

£ AT X = A=F 5 ¢ A5 Gosman &
293} Mg Abramzon P& o|-g3te] Fk
Z70 A ¥H A & GDI 59 ¥ 5& 2
Aol gis) AlLtstd e, 43 23et vlastc
Rt A o3 HSol AT ARV EE &
27] 714 &5, SMD G-& X4 Wy 0.2 8|45t

At

ol

2. 25 2 3 AL A
A

a3F 293 AAE AN BAE
O

4 ehH, ouke tha) oA}, o d o Fad o)
A4 5o 79 71 A she) A5 Ag o2 vl PsiEh

Transactions of the Korean Society of Automotive Engineers, Vol. 16, No. 2, 2008 167



Youngsam Shim - Gyungmin Choi - Duckjool Kim

=9 vPe @ AHe N2 FE5] HEEE
58 M3 3Bk B wgae
2=+ LISA(Linearized Instablhty
Sheet Atomlzatlon)-APTAB(Aerodynamically Progre-
ssed Taylor Analogy Breakup) 2.9,V Zat pdlgz =
¥ Abrazom =9,"” 944 7+ WIF HAL
O'Rourke 5.9, B¥. ¥ 2= v a2 = Gosman &
99¢ A8
21 e S5 o
Gosman %5 o]l 23] At B-F-8 FE
e AP viRo ne e
FEehe 4o A5E g Fig 12 4
o] FEY 7S doluhs AL 67112 TR5}o)
e o]tk o RAANAE FE A4 A0
== 72 544 uje) vl 31 ) 7 $- Stick, Spread,
Splash®] o2 &L FHo| td 4= Rebound,
Spread, Splash ¢~ 2.2 T3} 3} T} Fig. 2= Wes
o MR ez nleh 25 Ge by 1ol ok
vl 2378 o] 79 Stick 9} Spread+= Adhesion 0.2 %
et 18 3A ). Adhesion®} Splash®] 7|5& We
T e 2

We, =A « La 8 | (1)

(d) Boiling-induced | -
break-up

{e) Rebound with {f) Break-up

(2) Spl

Fig. 1 Schematic of different impaction regimes

168 siaxis=xI2sts|=2% HMi6A H235, 2008

Breakup

Spread Rebound with

Breakup

' Rehound

—t »
TnTer Trea Tw

Tg Tpa

Fig. 2 Overview of droplet impingement regimes and transi-
tion condition for dry wall at fixed Laplace number
and surface roughness

o714, A W] & AA7| ojEe= A
o), La+ Laplace & YERATE
fe gue) 4% |1 e 2ok

Rebound — Spread : We_, =5 (2)
Spread — Splash : We_ =1320La"""° (3)
22 52 pd

=

¥ s E‘L/‘F@W ] <

Abramzon 2 @&

e 979 Exe Baes Qs AT

ot Wethu sdsslen, o £a3 /
fEAlolel @ % A Aol AR FAE e
bl o el G5H o) ek g skl

ol A1 =41l.Q

=11 O E.'E‘f: Q"ﬁ"q” Z':l’]:jl'

A

p—

m = 2rr p, D, Sh 111(1 + B, 4)
k, |
= 2271'?"87]\7 111(1 + By) (5)

A7) A A e AR TS el L, g
= JAee YerdY. 183 By, BE 47
Spalding®] 2 AE4 2 A W4z vhe3) g},

Y~ Yy |
Bu= Ty, ©)



Numerical Study on Impingement Process and Fuel Film Formation of GDI Spray according to Wall Geometry under High Ambient Temperature

qnq(TootTS)

T Uy o "

A7, L Tg)=
ytoqi;dek_,_.ga ‘4’]—:4"14]_[4' Ia=al
Aegd 2 o83 2ot

C, (T~ T
— A 5
& =m B, ~L( Ty 8
N F A 7o g PSS I L 2
AAE2 039 A oz 2480
N*=2+(N0_2) 9)
A,
. (Shy—2)
Sh =2+ 10
HBy) {10
SA U A 77 §ls A et sl el s 2
‘i‘i‘@}% HH el Hg-= WA F e fEol
A7 o] 2] 3t Stefan 52 o] FAE S}

& =
A7l 93ke 3 ol&]st 9 =
Spalding ¢] 4 &< Bol| G & Wk}

AB=(1+ prr 2D an
28] vk Aol A Nusselt 59} Sherwood

S v gk

N, =2+0.6/Re Pr'/* (12)

Shy =2+0.6 v/ Re Sc'/° (13)

9 49) BBYE Aol ALEH FAsHAH A
ARt el nhet gebich B AT A 7)E

&
S5 AL o] &= 1138 F o E AAeY

TT=TS+§(TDO~—TS) (13)
1

Yy, =1=Ypg, (15)

NA G L 7)AGE ] EAXES &2 2 ¢

Ho) g AP o, £V BAXE &

S (mixture rule)S AF-8-3F] A|4Fss o)

2.3 AM =

Table 12 A4t 2708 YER AL ok Al 99
£ 100 mm x50 mm o] B, 40007§2] parcel©] 2.0 m
Fob AL Jo 2 BARL: 2] BAZRe A9
o 2AR 60 E AQSATE AN FH o) x7] B9
7] QtE I} 1o)7] &%= 0.1 MPa, 473Ko|t} 25
A2]+= GDIARI oA £-7] FAF Z2A(BTDC 60721
46.7mm ©|™, F|¥| €] 2742 30 mmo] Tt} #H A4}
o] WglE 9 AnE 2 07, 30°, 60°, 90° o]t
Fig. 3& A8 Z 79 )5k 7158k A X4 1,})5}.14}
al 9}\5}

CIJ

High pressure-

swirl iizjector
| Distance from
! the wa!l (Z)

......
womt

|

l
l
i

..............................

. Impingement walil

LCavity diameter

Fig. 3 Explain of geometry parameter

< Nd:YAG laser
W
0,_:"_: (sl 266nm+532nm
N: tank
»
NG
S5 v
_ ]
- ]
+ Shuiter controller
:
3“ .
N: tank Digital deiaya’pulse genez‘ator Computer

Fig. 4 Schematic of experimental setup

Transactions of the Korean Society of Automotive Engineers, Vol. 16, No. 2, 2008 169



Table 1 Experimental and computing conditions

Fuel Hexane/Fluorobenzene/DEMA
Injection pressure (MPa) 5.1
Injection duration (ms) 2
Injection quantity (mg) 15
Ambient gas N2
Ambient temperature (K) 473
Ambient pressure (MPa) 0.1
Impingement distance (mm) 46.7
Cavity angle (degree) 0, 30, 60, 90
Cavity diameter (mm) 30
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