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Concentration Distribution of Liquid/Vapor Phases under In-Cylinder Flow Field
with Different Injection Timings
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ABSTRACT

The present study experimentally investigates the concentration distribution of liquid and vapor phass
with different injection timings in the in-cylinder flow field of a optically accessible engine. Ths
conventional MPI, DOHC engine was modified into DI gasoline engine. The images of liquid and vapcr
phases in the motoring engine were captured by using exciplex fluorescence method. Dopants used in
this study were 2% fluorobenzene and 9% DEMA(diethyl-methyl-amine) in 89% solution of hexane by
volume respectively. Two dimensional spray fluorescence images of liquid and vapor phases were ac-
quired to analyze spray behaviors and fuel distribution in the in-cylinder flow field. Measurements wers
carried out for four different injection timings, namely BTDC 270°, 180°, 90°, and 50°. Experimental
results indicate that behaviors and distribution of vapor phase were largely affected by in-cylinder tumble
flow, and mixture formation process was also greatly affected by in-cylinder flow at early injection mode
and by ambient pressure at late injection mode.

ZQ7|%80] : Spray characteristic(2-5-54]), Optically accessible engine(7}-A]3}<17), Exciplex fluc-
rescence method(Exciplex & 3%), Fluorescence intensity(& 47+ =), Injection timing(¥-
ARALZT)
Nomenclature b4 :  distance from injector tip (mm)
A : spray area (mz) .
BTDC : before top dead center Subscripts
CA : crank angle (degree) ave :  average
I :  fluorescence intensity lig : liquid phase
r : radial distance (mm) vap @ vapor phase
t : time after injection start (ms) max :  maximum
* 39, e Ed
* 39, Fadsn ZpAredTa
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Fig. 1 Schematic diagram of experimental setup

Table 1 Engine specifications

Specification Resources
Cylinder 4
Bore(mm) 86
Stroke(mm) 86
Displacement(cc) 500
Compression ratio 10
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Table 2 Experimental conditions

Ambient gas Nitrogen
Injection pressure (MPa) 5.1
Injection duration (ms) 2
Engine speed (rpm) 450
Injection timing (CA) BTDC 270°, 180°, 90°, 50°
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Fig. 2 Temporal evolution of liquid distribution for four different SOI
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(2) BIDC 270°
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Fig. 3 Temporal evolution of vapor-phase distribution for four different SOI

50°%1 Z-olth. @sk (b= 7] BAR = 0],
©% (& F7) BARE=oID

Fig 2 *de] 228 el Aotk (a)
G ) 2A1RAL A%, B F 2R

®ol 7] f5ol %S 27 B Yol ¥

AFE FE 4ge wol Ayl ¥ 79

sl 2] I ©%F @ Fr1wAke) 3
¥ ]

A A gout B

Fig 3& %7149 2xs v Aol
CERCEIESENERERE SR

2ol BAPIZE FoE B 4% X
WA gtk g BASE St §7] §
Fol GBS ol A2 A Bxex 9
B ©% @9 FAEALY AL, BAAL F
A= #97) gEo] Hok 2 9PL wol F7)

%
4o MR woldlth RASE Foli 29
7] 4ol ola) 227t 228 Az

3.1.2 dWay SI149 AUZc

Fig. 49} Fig. 5& ZHZt 2718ASE 5]
et 7t g e FREREH RF 3
£

~~
N2

Fe
it

oL |

el Blelth. F5& A4
ol A zhzt Al 8B = ()
2t sl 23R EDE 3

o} YD ma) 3t A TE ] 1
71%ol, o WAk wj7)%

“LI OlN o lO
N
0%
1
o
L o>

o o it fd
i
it
LK
i

¥ o

ot
o
ol

L

Fig. 45 Z7]%AFQ) BIDC 270°0] 4] HA}3H
7dg-0olt}. EAMZIZE HollAlE dAkel (a9 A
¥, z=10mms} z=30mm EF TF 47 £
TE Yt 2AEE Fole g4, S
Hol 28HE A& & F Ak F7AA )
o] 7%, z=10mmo) A EA}7]3t 2 F(3ms)7}A]
=0 ‘jﬂ"ﬂ*i TR ¥AE A, BAS

T o rEeR XA Udes B F

ey
=
q 9 Z30mmel A BAZIZE A E4A)

-

HoAH ™53, 2001 99



Radial distance, r(mm) Radial distance, r(mm)

(a) Liquid phase (b) Vapor phase

Fig. 4 Profile of fluorescence intensity with radial direc-
tion at the injection timing of BTDC 270°

Relative intensity, 1/,

Radial distance, r(mm)

Radial distance, r(imm)

(a) Liquid phase (b) Vapor phase

Fig. 5 Profile of fluorescence intensity with radial direc-
tion at the injection timing of BTDC 90°
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Fig. 6 Temporal variation of spray area ratio for dif-
ferent injection timings
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