I

ol

o
e
02
o
iz
)l
A
B
re
oo
r
ot
) a

Measurments of 2-D Image Soot Distribution
for Different Piston-Shapes of a DI Diesel Engine Using
Elastic Scattering, Laser-Induced Incandescence
and Flame Luminosity

S. M. Noh, Y. H. Won, J. G. Park, I. Y. Choi, K. M. Chun
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Abstract

Soot formation and oxidation is closely related to the combustion phenomena
inside a diesel engine. Laser-based diagnostics provide a means for improving our
understanding of diesel combustion, because they have highly temporal and spatial
ability. To understand the soot behavior we did preliminary study by taking flame
luminosity photographs and 2-D images of soot distribution using Laser Elastic
Scattering(L1S) and Laser-Induced Incandescence(LIl). From the data we found that
soot concentration was high in the bowl and disappeared from the central region in
the late combustion stage and that soot exists in the flame using luminosity, LIS and
LIL

- =

ddde 7t&dd
s gatd L 2544 FlEY NOx soot
A s € o ol wiEAUY. oY wEE
& Zo7] Aside dadgTe] A,

s F et
serrd Al HAL
:n*t*té;q] q]g};z



o] W3ttt #HolA AWIEL AA,
A Balsel E7 W& 8lAAY,
Blgde HadNe] ALFFE EA6
= Ao

B AFdME oA B#A Ay

(LIS)et #olA 97| HER(LIDE &3
g4 Frida A F28 Y wE
soot?] #EE 2x9AoR ZHAL
o, obgel & YAE s e
stgel AEFE #FPdsta 2

SEAEE L AolAFol PR JA
d Axtol ot o] A o] WAL &
o #27t ¥FAHAE @
S ol &3t dAE Tt
o SA T dArel 7

o (2 8 > oxo it
1)
of
e
1N
of,

B C, G Ge 7I1ANHE &
TABLYAsoot P VIPHER
ol ) EF soot YAE E A
IR BAL e sbetd AxE Az H A9
64 Foll w2 R, 277} soot YAkl
H 3] o}F #& Cy, Cp Coe Aty 7
=7} soot YA Aol wlE] FAE
F Ade HEZ Ao gk old 9
29 AEFo AIZE o= HE FA

J

_{

] 2= o)
= T A
w5 John Dec. 9 =22 43

s

, gatFade sgdAe FHHa
LZ3 soot AEFol el e

=

LA G EAE WL oA B
Ay AselA ozre ozt AL
Rolth. AT o HFHALHE soot
Aol wa vleksty] o] FA5
o % Fysiet

A7 HAREe HEE dIHYOE F
520 e YAE sHAsd, 2ol
g 4R 2ARE AEsel 7
shshe otk 39 F soord A
Qo] gaolr] WEd dHold B2

L

AAtEH 2 71zE Foll sootY A
E=7F 4000KAH =71A] 7tE o] HEF
| Yoy old EXARS HEE F3f
A dlolHE #H53ste Wolo. Fig. |1
2 PolHo] o8 4500KZ 7FE ¥ soot
Aot sld2exQl 2300K9 sootYd AR
e B Arg a3dsie o o
Ebd 1oty a¥dA HAHoE e
EAgG AT dle d& So 400nm
dAZoA 10008 E He AL ¢ F
Rk, WA g3 53 gEHE AME
3t 7 400nmeolste] FwE HEs)
oA elsle] 7t wlddAT
& Mdog stAstste sty Aol 7t
=&t} 047]zawa4_4 =2

rlo

O

JErA;

r l

o (8 o X

UN
rlo
[‘-{II.
-io
£
X

% ]°ﬂ*‘1 g Aoz ‘45}"“14

It o« D& -N @
o714 Dst soot YA AAS, N
Aol £EEE JEbdg. 9 A
HE#d Zxrt d@d Bz Hsho
soot YA REFE Bk 7H7kE A
g€ BoF3 o
gde gaddergo] gis] soot YA
& AdH o g 7N st sheEtAl T A

rr rle

_184_



1.0€8 - -+ 1.0E6
1:= 45Q0K

1.067 © hoes

3 -1 0E4
o€ TeB0OK _ . ¢

1065 7 1.063

£, Wimdm

1084 E4500 7 £2300 Lare

1063 101
10€2 . o R ]
300 400 588 §00 700 80O 900 1080 1100

Wavelength am

Fig. 1 Comparison of radiant wave
intensities between natural luminosity
and LIl of soot™
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Table 1 Specification of test engine
Bore X Stroke 95 %95
Cooling Water Temp. 80T
'Intake Air Temp. 70~80C
i{Compression Ratio 118

Intake Open BTDC20°
ilntake Close ATDC44’
‘Exhaust Open 'BTDC44°
Exhaust Close 'ATDC20°
‘Injection Time BTDC19°

Injection Open Pressure 225kg/cm®
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Fig. 2 A cross section diagram of
optically accessible diesel engine
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Fig. 3 Plates to pass laser
sheet
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«Shallow Bowl : D=50, H=16.3
*Deep Bowl : D=45.5, H=19.7

Fig. 4 Acryl Pistion
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Fig. 5 The apparatus of optics
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Table 2 The specification of

Apparatuses
Nd:YAG Laser
Name SL303G
C Spectron
ompany Laser System
Wavelength 532nm
Pulse Duration (5~7ns
ICCD camera
ICCD Single
Name
Frame Camera
Company V-Tek
Gate Time =100ns
Flame/Sec 1
Hi-speed camera
Name Model 4540mx
Company Sycron
Gate Time =1/13200s
Flame/Sec <13200
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Fig. 6 The diagram of the
experimental apparatus to LIS and LII
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Fig. 7 Schematic diagram of TTL
signals to synchronize
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Fig. 8 The diagram of experimental
apparatus for flame luminosity
measurement
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Fig. 9 The diagram of measurement
area
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Fig. 10(a) Images of flame luminosity using Hi-Speed Camera
(ATDC 069 ° to 93 °)
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Fig. 10(b) Images of flame luminosity using Hi-Speed Camera
(ATDC 100 ° to 1867 °)
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Fig. 10(a) Images of flame luminosity using Hi-Speed Camera

(ATDC 193 ° to 100 °)
A3 soote] A& AAHM AAG A
olglm & 4 itk ATDC 60 °ojF %

HE sootd] FEE HZEBJMEEH Al
A7te e # F e 90 ‘o
FE2E 79 #Hob B F 8o B &

LISAl & ¢k LIA

5 % 99 94e gn Q=
d o gge AUM H=s U
zte) At Fpgty] dEols eEsb

WH o2 w7l W&o sootd] AT
g4 HgHu ddaA] Rsioh ®
259 d3dse diE 2&<td
ALS) 7] o Bl soote] AAII Ao
e HEYgdEgE Fun ¥ F
t}.

Deep X.-2 3% Shallow E&& HlusE
d sge] EFoA= Deep HEO]
Shallow H-g&Hth A #ojw, Shallow

B2ge EEUAS 9z o =E

Y0 > Ar o b ok B

Shallow E-22] sootd A2EL Deep B
2 o waA AYgHn YL B
4 Jow Fig. 1094 8 4 %o A
- 3slde] BET sootd] BE Ekd
2e 54¢ JYEYL e As

g 4 9tk Fig. 10(c)2} Fig. 11904
ATDC 20 °%¥ 90 “7HX 9 ZEe &
Hyd & £ o}, G A sootd] EE
AEgL sldol EAT du FEAA
AfsM AHHT oty F3 80

B

=
ohgel 7] AxAA ¥ W BE F4

FEoM g SFFANFE  sooto]
Y Fe glon Ao FU)AqME of
kel e B 5 ded add=

2219 soot BEE JbAlm A =AHQ
sootd] F& TFEE A2 YA, &4

o] &A3te FEoIXA soote] FEAFch

- 190 -



ATDC 20deg

ATDC 30deg ATDC 30deg

ATDC 4Qdeg

ATDC 50deg ] ATDC 50deg

ATDC 60deg ATDC 60deg

ATDC 70deg

ATDC 80deg ATDC 80d
=

ATDC 90deg

*Deep Bowl ATDC 90deg
LIS LIl +| |S Shallow Bowl L]

Fig. 11 Images soot distribution by LIS and LII
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