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In-Cylinder Phenomena in a Swirl Type GDI Engine

Ki Seong Kim, Sang Kyu Park
(Yosu National Univ.)

Abstract: For the purpose of helping development of a GDI(Gasoline Direct
Injection) engine, the in-cylinder phenomena, such as the spray behaviors and fuel
distributions, unburned fuel, and flame characteristics were investigated in a single
cylinder GDI engine. The GDI engine was equipped with a swirl type electronic
injector and SCV(Swirl Control Valve). PLIF(Planar Laser Induced Fluorescence)
system with KrF Excimer laser was used for the measurements of the fuel
distributions. The effects of the injector specifications, such as the spray cone
angle and the offset angle on the fuel distributions and combustion characteristics
were investigated. As a result, it was found that the injected fuel spray collided
with the bottom of the bowl and moved upward along the exhaust side wall of
the piston bowl. This fuel vapor played a important role in the instance of spark
ignition. The injector specifications had a great influence on the flame

characteristics

Key Words: GDI Engine(7}& @ 2 H 842 dz), PLIF(gElolA % #34), Fuel
Distribution(@ 28 ¥), Flame(3}9), Injector(¥A}71)
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Fig.1 Layout of the GDI engine

Table 1 Engine specifications

Combustion Chamber Pent-Roof

Bore X Stroke[mm] | 820 x 935

Valve Configuration | DOHC 4 Valve
Swirl Ratio(Port) 30

AxAUNZ 31
£ 719 WRgo Wiy EEF B
N #9E7] @] Axduel z9u7}
Z7leA Do FERIEANNE BE
23uA2E P57 A ¢EYR F7)
o BAE a7 dEol SCVl o

A£Aule z9d wWaE BaE A9
Ags £87) Bxo 4BL Foq A

Aol Ao A FFS FA v A
2B Bgbowhel #HA Jed, o

M-76



01dE #Furg | REE #AGEHE =8

g fAe e

9 ¥Ald d&9

€ A7 WE 012

o4 F8g dojth
Table 10] “Ebd 8fg} o] of <z

< da4d P4o] MEFZHol, DOHC

q8Bojtt o R FHzeo AgH|E= 30

LR ES LR
FUET A A
CEE TR

H B
T

o
g

[a
(129

d4e &4%7 A8 A
AlFe) AR HsAEE
}’51 @718 & stAlE Ao
T3¢ Re=zA, Fig2sh 2ok 7HA 4
< HA &7 93y d= 2HE 8mm
Zrobwl om, SFS(Synthetic Fused Silica)
2 " Addd geluzt dxFHo] YojA
oA dxHWE Y F UEES
o] gtk AdH el & SFS HA=Z
T olfrE AYd FdgdA FR4E F
A 37 9% RoE B AFoA o)gE}
£ PLIF a8 &3A 249 golx 3
4 KiF A golAe A$ Ao

AT O-)
2
Hmf&rﬁ

o
o =

J
[0

_11)(

248nmol7) WE Y +HE o4y
A% Tyl FA Wob AYsA ¥l
o o] o,

Fig.2 The picture of experimental

engine

01A010

N

2

42

BEEX 3 HHYEY A2H

A4 U QBRYE A3y 99
Bye 253 ol 2 ;A5
ICCD(Intensified CCD) 7ivigte] gz
At #HolA &8 FAZYHo FZ o
53 Utk #ojHE o] &3 v
FEEA 7l HEET #F 44
wet 32A A 71X Z U=, Rayleigh
k&, Raman 4@ % LIF(Laser Induced
Fluorescence)& ol &% wWyo] glon,
o) FA LIF ol 714 ®ol ol &5
2 gtk LIF 9ye H34 sahe go)

31 AL =

Ag daizald 2AEld 7] H 4
(ground state)ol]l U EARE H7IAA

of Ex7t BT A7) sAY
B2 Mol sHM TAs}E ¥yBE 23
st FHolt, o] ¥#E& Raman AHeHHol
H& A7)7F AN 249 d8RY 24
o] £o]3}l3, Rayleigh At& s iz
YAE Bt & AFdie] ¥ wEdv
o &) S/N¥l(signal to noise ratio)7} =
ot el Aok ojeid FH o oA
Az o] P42 W FPAMe A8
¥ 340 M3 AAHG wiez 49
A Udn, A5 Je Hyol.

v gEn 250 g8 AR
o H&A olaidt FFgE ol P A
{quenching) A3H( 7] e o] £2471 &=}
18 FEo &) duAE LAFoTH,
FEE HANA g3 NAGHRE A
F271 dolXE @R A FFAHQ
A o] ojgrhs gHo] Uk

AN KrF AAIm #HolHE o]
gt AEEE FAHA] A3 emission
spectrum< 300nm-450nm H2ojA 83
o} o] WA, £RE o 2%

23

M-77



&

AM 234 wu 2 REoA AAY A
278 ARFERIES doelat

oM o] &% PLIF Al2¥e

<3 2. oA #HAAo

248nm%l L& We KrF A9 o)A

o, doj Ay ﬁé‘?‘:% 2 ‘.’l o} 7kAls}
Joha

A7 =3

_g‘ r&

Side view &, é%\:{ Z= u zsok gm =3
Al #lo] A TQ“E%“’] e s F4
=2

]
o FriwHEZ
& Ay FHo, )
3mmelt}t. Top view &, A0 Fo
o} A

ZHl g FAA = @l Ho] A5
2 AFGA 3mmatdHS Fsty, o
ol ¥ A= 2mmeolth

o)zl WA

SAAANA AdRrEA
#& UGI11 Schott Glass type HE (30
0~450nm ¥4 Ug F2 THE AA
A 105mm UV @2 ICCDQUIK05)
o8 Aol Fadel HEA Ak

ICCDA 2R dd4azE PCA W@
gz vl
ub o} A et

J8 gAY goz

Fig.3 The picture of endoscope for top

viewing

Wil
A 2
23t
234
%73
Aol of
2737)

2ao) 7]

= A
o F=\T

94*1 AAE 2T 23
A€ H3l7l 98 SHgo &
W=2g olgstgon, YPhg
A8 UGHI 9EHE & AS$
ol &0l  Rayleigh  scattering®  Mie
scatteringol &% 974 25 =TI
% Ze & o] g8 gsith

&AL sdeld AuygsEE Y
< "EE AMR3EA &3 PLIF A&
Aol ICCD oln# Alxd¥log
o}

T ety

™17 rTerT

Normalized Fluorescence Lntensity

130 100 6 20
Crank Angle {BTDC deg ]

Fig.4 Fluorescence intensity during

the compression process.

250 93 AA FHsEd F 9

<l :
o Qe AEBEX dHolEs H7 AA
4 AN zHAAG Zo] A2E W3}

HA Aol o)Ro)Aor B} @AM

B2E HEds AaSHol FAHE ok
Sug F2 olgsted, olisus A$
248nm el dlolAWel sla cir)g

M-78



OId = =878t A& =8

Table 2 Specifications of injectors
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Abbreviation pray Lone s
Angle Angle
45/15 45 15
48/15 48 15
28/18 28 18
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Table 3 Engine operating conditions

Parameters Values
Injection End R
o BTDC 65
Timing
Spark Timing BTDC 23°
MAP 80kPa
A/F 30
Coolant Temp. 8T
Engine Speed 1800rpm
Exhaust Side

Swirl

Intake Side

Fig.6 The shape of piston bowl
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Fig.5 Spay shapes of the 45/15 injector
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Fig.7 Fuel distributions in the GDI engine equipped with 45/15 injector
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Fig.8 Unburned fuel and flames in the GDI engine equipped with 45/15 injector
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Fig.9 Fuel distributions in the GDI engine equipped with 48/15 injector
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Fig.10 Unbumed fuel and flames in the GDI engine equipped with 48/15 injector
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Fig.11 Fuel distributions in the GDI engine equipped with 28/18 injector
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Fig.12 Unburned fuel and flames in the GDI engine equipped with 28/18 injector
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