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In this study, it was attempted to obtain the fundamental data tbr the formation and oxidation 

of soot from a diesel engine Combustion of spray injected into a cylinder is complex 

phenomenon having physical and chemical processes and these processes aft~ct each other. 

Tbe~e are many f:ac~ors ~n *he mechanism of  the tbrmation and oxidization o f  soot  and it is 

necessary Io observe spray combustion microscopically, In order to observe With that view, fl~ee 

fuel droplet  array was used as an experimental object  and the droplet  array was injected into an 

atmosp~e~ic combustion chamber with high )temperatme Ambient temperature of  the c o m b u s  

tion chamber; interdroplet spacing, and droplet  diameter werc selected as parammers, whicl~ 

afl;::ct the R)zmaation and oxidation of  soo t  In this s tudy  it was ~bund that the parameters also 

aftEct ignition delay of droptet. The ambient temperature especially affected the ignkion delay 

of  dropb~ as well as the flame temperature after seltUignition. As the interdroplet  Spacing that 

means the local equivalence ratio in a combustion chamber was narrow, ibrmation of  soot was 

increased As diameter of  droplet was large, surface area of  the drople t  was atso broad, and 

hence evaporat ion of  ~he droplet  was more active than that of a droplet with ~elative small 
diameter. 
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1. Introduction 

h? recent years, many experimental studies }]ave 

been attempled to ~educe soot /?om diesel engir~es. 

There me ~wc, experimental approaci~es for the 

reductior~ of the diesel soo t  One is :to improve fl~e 

spray combustion in a combustion ct~amber and 

the other is ~o filter soot particles (Kamimoto eg 

ed., 1980), Most of" the studies, however, are 

%cusing or? the combustion improvement to re- 
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move the cause of the soot ff~rmath.m In me~hods 

of 'combustion improvement, the combustion p r o  

tess of {he spray in combustion chamber o f  diesel 

engine is treated macroscopical |y  and the quantigv 

of soot related to ~he variation of combustion 

conditions is measured and analyzed (Lee et aL, 

1997; Lee et a L  1996i. The influence of  the 

spatial  non uni~:ormhy of dioplet  distribution, 

tl~e local distribution o f  temperatme, droplet: size, 

and ~o forth on the soot lbrmat ion and oxidat ion 

are nm clar i f ied Therefore, ihe mechmfism of  

~brmatior~ and oxidation of  soot are not yet suffi- 

cient, The combustion of  tirol spray injected into 

I:he combustion chamber ~s a complicated pl!eno~ 

menon in which physical and chemJcat processes 
p~oceed simuhaneously with affecting each other 
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R~c~ors ~ha~ h a v e  n t ] u e n c e  o n  m e  R)r rm~f ion  of 

~,~}~,i UACtD[ t e l  the OI]CCYI]2{1 experl;i]]enlal };H- 

a m e m r  [ he  t e s t  f a d s  h a v e  t h e  s a m e  c h e m i c a l  c~m 

D o ~ H o u  ~ ,w  (r a ' h o s e  a / k a H ~  

g r o u p  h a x  t h e  m o l e c u l a r  sB 'ncH~re o t  c h a { n  [Ul} 

a n d  ,q ~net/~F[~lapd*thtl/#,'~> ( ~ , a i i v ( ' H  " b o s e  a~o 

m a u c  r d r o c a r b o n  g r o u ~  ha~ l h e  m >/ec~dar 

~aaL~C[LHX I r~r}~ hDk Ha~'/l/~{ u~e ccaH~I{.' ~]Hw~ber 

~ , ,  m l ~ . : ,  w i i h  "~he ~ a m e  v o h J n l e l r l c  r . u o .  [ h  

[oFn e/ ~MIaH} ~;~ the c e ~ a n e  R~ln] l~er  a ~  a~ta 

sm) r  ~ r . n ~ o f  de l~  1 O~A H]g ~,~ r  / tqnHrb~ 

c h a r a c ~ e r m H c s  H o w e v e r  b e c a u s e  ~he h m e r  ha~ 

OOOf /}{[][l/O[] c B a r a I t c F I s H c s  t h e  c o { o n e  ]~LHI~I[)C~ b, 

:~r{ [h< celane mmr}er of test Rein me c 

{}'[IC~IOI] tH  f]~(~.VgIfd{%gIM{* I]]}Xe. Y%][~] ~/ ;HPIM 

| u a  ph~h a t e n e  

T w o  o u ] s e s  Q o m  �9 o u b ,  e g 4 n e a a a ~ r  a r c  / ran> 

e r r e d  ~, u-; p e z o l d M  w a v e  o s c i l l a t o r  a r t~  ~u~u~o. 

l / a h .  r e s p e c H v d ?  t h e  pu lses  a r e  ~t tns~t}rrile{l 

~r~ p e z o ~ d a [  w a v e >  w h i c h  a r e  d e t e r m i n e d  b \  

v o l t a g e  l ev e l  o f  U~e o s c ~ H a h w  an{ ,~ans~er~ed  { 

p tezoe~ec l r~c  ~ ragsd tR-e r  A d r ~ p l m  ~ g e n e r m e ~  

Fern  hq{Hd ~DCt m H*Ie ~ra l~sdDcer  Dy r e p e m ~ e  

COHH acHr, g n-~era[~ol/ ~llro~ g h  a n  ~rH[ce H I t  

~ e n e r a l e d  {~ mete/  ; ire 14[ 14~ a n d  ~6{~ fib 

acspec{ ive}> .  T h e  m * e r d r o p l e [  s p a c i n g  ,,, c o m r o b  

led bv  a p u l s e  g e n e r a t o r  w n h  75 [O(L a a d  / 2 5  H z  

~ - p e c H v e / ) . .  F h %  c o r ~ e s F o n d  ~o 9 3  }~ a r m  "~ B 

[]/ag] t t/e r  { re in  {he  t e n  ~er oF a d r o p l e t  t~ 
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t h a i  o t  m e  n e x t  o r o p / e t  

A n  , , p d c a l  p r o b e  o f  t w o . - c o i o r  m e @ o d  ~ m a d e  

-,r ~ ,p t t ca ]  f r e e r .  F h e  o p t i c a l  p r o n e  ~s i n s t a l l e d  

)H a l r a n s l e r r m ~  b e d  R) m m c  a l o n g  i ] a m e  o f  

l r o p I e i  a r r a y ,  a n d  a d h e r e d  c l o s e l y  m @ e  q u a r t z  

w i n d o w  F h e  ~caIe i~ a a a c h e d  m ~he t r a n s ~ i x r i ~ g  

b e d  [o  m e a s m - e  t h e  ~ g n m o n  p o i m  d d r o p | e ~  

a f r o >  a n d  f l a m e  l e n g t h  m c o m b u s t a o n  c h a m b e r  

f h e  ~;ght  o f  [ l a m e  m d [ v h [ e d  l i n e  a w e  pa r~s .  

m r o u g t ~  ~wo b a n d - - p a s s  l i l t e r s  o f  5 5 0  n m  am~ 7 5 5  

am each el  vh~d' l  i s  c h a n g e d  I n t o  e l e c t r i c  s ~ g n a l  

~> , p h o t o d t o d e  F h e  c h a n g e d  s~gnat ix s a v e d  o3 

a c o r n p m e r  a f t e r  a m p l i f i e d  b y  a p h o t o  s e n s e ,  

m i n i / f i e f ,  l ' h e  d r o p l e t  a f r o >  ~ o r m s  d r i p  l l a m e  

d o w n w a r d  h om ~ g n m o n  p o m ~  m t h e  c o m b u s t t o n  

c h a m b e r  t h e  o p t i c a l  p r o b e  ,~ m o v c ~ l  / ? o r e  m e  

g n m o n  p o i m  o f  f l a m e  ~o tl~e e n d  p o i m  o f  c o m -  

b l i s t ~ o n  ",, t h e  t r a p s | e r r i n g  b e d .  a n d  [lae c i n c t u r e  

, ~ g n a l q  a r e  m e a s u r e d  a n d  s a v e d  b 5 a n  o s c i l l o s c o p e  

a n d  a P C .  ~, s e N e s  e l  l h e s e  p r o c e s s e s  a r e  r e p e m c d  

e n  ~{me~ a t  t h e  ~ a m e  p o i n t  o f  d a m e  cOntinuous[y  

[ 'he  m e a s u r e d  v o l t a g e s  a r e  t n p m  m a p r o g r a m  

a n d  c a l c u l a t e d  r o t e  A~L m c n ~ r  a n d  l l a r n e  ~ e m p e r -  

Utlt"~ D} il DrOp! r a n l ,  

b * g m e  3 s l R ) w s  I n n  s c h e m a t i c  d m g r a m  m 

m e a s m e m e n t  m e t h o d .  Injected d r o p l e t  a r r a y  m m  

@ e  m e a s m e m e m  p a r a  w~th  h i g h  l e m p e r a u K e  m 

g r a t e d  n y  ~ t se / t  a l~e r  s o m e  i# n i n o n  d e l a y ,  in  o r d e r  

n m e a s m e  [~(A f a c t o r s  [ o r  [ l n l e  h m t o r y  Of  d r o p ~ e i  

L}FQp~e :[e[}erm( 

j -  
/ 

Fi~. 3 

Ol:<~elv# 

D i a g r a m  o[ af~d . . p t / c a [  m c a s a ~ e m e N t  lne[r}od 

a r r a y  I ] a m e .  w ~ h  d i v i d i n g  d~e m e a s u r e r n c n ~  

p o s i t i o n  o t  , p t { c a |  p r o b e  b y  ~ ram, m e y  a r e  

m e a s u r e d  f r o m  ~gmtao~  p o i n ~  / o  r i t e  e n d  o[ '  { l a m e .  

% l t h o u g h  t w o  c o  o r  m e t h o o  ~o b e  u s e u  m {h~s 

s t u d y  ~s n o t  a b l e  t o  c l a s s i f y  and a n a ~ e z e  t h e  

p r o c e s s  o f  ton i :  [ o r m a t ~ o n  a n d  o k ~ ( l a t ] o n  i |  can  

g e t  a u a l i t a t i v e  v a l u e s  o f  v a r i a t i o n  n ,<~ c o n c e [ a ~  

~ r a t l o n  w H n  Hme h i s loQe  I l e n c e .  ' < ~ e c e s s a r ,  m 

m e a s u r e  t h e  ]:(]  [ ' a c t o r s  o f  t l a m e  ,- a o o v e  a n d  ~o 

d i v i d e  i r o n  @ e  o e g a n r u n g .  @e m @ d h  a n d  t h e  e n d  

p e N o ~ l  f l~  m e  i l a m e  l e n g t h ~  w h i c h  a r e  c o m p a r e d  

w i t h  lhcR>rs  o f  e a c h  p e r ~ o d  r e l a t i v e l y .  [ h e r d b r e  

~ c o m e >  t o  o b t a i n  t h e  i n i \ ~ r m a ~ i o ~  o~ o r m a a ~ o n  

a n d  o x @ a n o n  o f  soo~ w i I h  .[(I r e c t o r s  -~ d-an 

p e r g o d  

4. Results  and D i s c u s s i e ~  

4. |  Ignit ien de |ay in each  cond[~io~a 

L b , . u r e  a q t o w ~  m e  d i s t a n c e  b e t w e e n  m j e c t t o n  

e m r a n c e  a n d  { g n m o n  p o m ~  of '  d r o p l e t  a r r a y  w~lh 

a m m e m  t e m p e r a t u r e  m m ~ e r d r o p l e l  s p a c i n g ,  S_o 

m m  d i a m e t e r  o d r (  n b t  160  m n  ~ [ h e  a m h m m  

[ e m p c ~ a ~ m r c  i n c r e a s e s .  ~ne i g n h k m  p o i n t  , ,  

a d v a n c e d  t o  r n e  e m r a n c e ,  l ' h c  i g n t n o n  aml{ m [ l i e  

a m b { e n l  t e m p e r a t u r e  ~ 1 7 3  K ~s e a r h e r  i h a n  @a~ 

m 9 7 3  K T h e r e l b H  @ e  b ig  m r  a m b i e m  Lea> 

pe raHn~e  a r o u n o  d r o p l e t  , ~  t h e  m o r e  a p p r o p r m ~ e  

m e  c o ,  t u r e e n  f -  s e l f - i g n i t i o n  ~1 d r o p / e ~  ;-" PUb'- 

m e  : s h o ~ -  t h e  d i s m n { e  b e t w e e n  m i e c H o n  e , . .  

t r a n c e  m ~  / g a b { o n  p o m ~  (H d r o p { e l  ~r~a wiH~ 

m ~ e r d r o D l e t  s p a c i n g  - H ~baerd [ e m , ~ e r a m r e  

/ ~ K~ d m m e l e r  "~ d r o l l e r  16{~ em \ m e t  

d~op/c~  s p a c i n g  n o , e a s e s  t h e  ~mae q ne[tl{[otl i,, 

d e l a y e d  m o r e  a n d  m o r e  F h e  m ~ N o w e ~  s p a c e  

b e t w e e ~  d r o p l e t s  ,,~, t h e  d e n s e r  [ue l  vaDu~ a r o m ] d  

d r o o l e ~  ,.,_ ~o ~he~ d r o p l e ~  a r r a s  h a s  p r o p e ~  c e n t u -  

r i o n  f o r  s e } ~ - t e m H o n  e a H ~  / : i n u r e  0~ J ~ o w s  t h e  

d i s { a n t e  b e t w e e n  n , x [ ~ o n  e m r a n c  and t m t i ~ i o r  

p o i n t  o~ m-onle*  a r t ;  w i @  H~e - a t t u n e *  ,, 

d r o p m ~  d m m e t e r  m a m b i e n t  [ e n m e r a m ~ c  / 1 7 3  K .  

m ~ e r d r o p l e [  s p a c i n > .  5 .6  r a m .  A s  ~Hopm~ d ~ a m @ e r  

i n c r e a s e ,  @e l i m e  o f  i g m f i o n  is  de l a~  e~ m o r e  a n d  

m o r e  i ' h e  s m a l l e r  d~e d i a m e t e r  ~ l  d r o  )m{ , .  m c  

d e n s e r  fue l  va-~o~ a r m m d  d r o p b {  ~>. a n d  t e p e e  

d r c  ple~ a r r a ~  I~a< p n  p e r  c o n d i l a o n  f ia t  e a r t  set  

i n n / l / o f t  
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~nterdroplet epacm~ (S,b m m  

[)~star~ces ~?l ~.n/[ioB point  w~}] meR roD/el 

b D a c H ] ~  

4.2 I n f l u e n c e  o f  t h e  a m b i e n ~  ~ e m p e r a ~ u r e  e ~  

t h e  soe~ f o r m a t i o n  

b~gu~e ~bow~ ~lame ~empera [u re  a rm [~]~ 

time, o r s  ~?om ~ g n m o n  ~o he  e n d  o f  c o m b u s t i o n  o f  

d r o p l e t  arra-~ w i t h  mea~  val t /e~ o~ e x p e r i m e m a /  

r e su l t s  o[ w e  runes Fhe  e x p e r i m e m a /  cond i t io r~s  

a~e ce~ane m m b e r  50 3 ro r~e t  d i a m e t e r .  ~0o szm 

m t e r d r o p l e [  s p a c i n g ,  ),(-~ m~?. AS ambk~l] t  r  

a m r e  mci~a~e~ I?om 973 K l o  1173 K m F i g  /. 

Hame  Length o f  d r o p ] N  a r r a ,  is a b o u t  ~0~ 50. a n d  

(~0 ram.  r e sOec t ivd3  ~.s a m b m n t  ~ : 'mpera [u re  de,- 

c reases  b e c a e s e  the  ~gnmot l  de l a}  i n c r e a s e s  m e  

m a x i m u m  t e m p e r a t u r e  o f  f l a m e  ,~ m o v e d  g( m e  

i g n i t i o n  p o r e :  o f  f l a m e  

Before  d rop le~  a r r a y  ~s ~g:mted by i~seHo q u a m ~  

~y o f  fk~e~ ,.',~por d e p e n d s  u p o n  t h e  ~gn i t ion  de l ay .  

~kmce t /n ine  t e m p e r a t u r e  s r~gh b e c a u s e  *,, ,he  

l a r g e  n u m o e r  o f  ~uet v a p o r  \ ~ e r  ~g~idon  

?~owever b e c a ~ s e  drople~ ~s s m a l l  re lad~ ~ y  ~o ~he 

c a s e  o~ shor~ ~en i t i on  dela3 ~lame t e m p e r a t u r e  

d e c r e a s e s  g r a d u a H }  b e c a u s e  o f  a m[~e a m o u m  ,~f 
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~lle] e~u }~ t }n  t h e  o t h e r  h a ~ d  m u l e c a s e o l s h c ,  rl 

~ g n m o n  d e l a y ,  d n ~ p l e {  ~ | a l s o  or~ t he  ~ g n m o n  

[~pae ~ e k [ I w e l  [o lhe c a s e  o f  l o n ~  I }~g H / O f ' t  {lela ~, 

Be~ a u s e  d rop~e~ a r r a y  n l h e  f l a m e  } ~,s m g h  l e m -  

p e r a ~ u r (  :n,~[rol]~Y~elil ',JBd t h e  qt ta / l l /F~ o l  ~ue{ 

y a p  ' '~ l l ] c r e a s e s  a r i d  i ] a | l l e  { e l / i p e r a i H r e  i / /c ic}tses  

g r a d u a l b  w~th l a e  p r o g r e s s i o n  o f  c o m b t l s U o n  

A H e r  ~ c n  a m c e  t h e  m c  v a p o [  q t n m m y  o l  

d n  o / e l  is s m a l l  - , cous~dered  d~al  f l a m e  {en>  

o e r a t u r e  d e c r e a s e s  g r a d u a H ~  In aH c o  ~dIHo~[~ ~ f  

ammem t e m p e r a t u r e  K /  ~ac~ors a r e  ge t~era l l>  

ms <,, m e  ca r l ?  c o m b u s l ~ o n  p ~ a s e  a~)d [tit_}[] 

g r a d u a l / )  d e c r e a s e ~  / e L  i]~c{ors h a v e  m m o m  singu- 

l a r  v M u e s  w~d~ e a c h  r o b e  ~, fl~e /a*e c o m b u s h o ~  

n h a s ;  In t i l e  c a s e  ,~  I17{ k [ ( L  t lac{or> .~re 

h i g h e r  d m n  f f [ o s e  o f o ~ u e [  cen{iH{oas. ~. ' [  l a o o r s  

a r c  s  p r o p o r t i o n a l  ~u t h e  e a d i e m  ,,, 

l ] a m c  ~ e m D e r a ~ u r e .  a n d  / t e ~ c e  a m b i e m  ~emperao 

~ure ~as m t / u e n c e  {m ~ ~e A'[, Ii~:~o~ I h e r e f i > r e .  

a ~ l i h l e l  l e r F ~ p e r a [ u r e  B a s  H I H Q e ~ C e  r / h e  l ~ H I / l t H l  

IH '~}{ :  ~ l / l t l  e v a o o r a l l o [ /  { I t l a [ ] [ l l )  O l  l [ l e l ,  a c c o r d m :  

h t h e s e  i r f f l u e ~ c e s  o e [ e r m m e  p r e m [ x e d  q [ m n u 0  

a n d  H a m e  [ e m p e r a m i e  o~ c o m b u s t i o n  d u r a h  m 

r ~. m~o~'~ o~ d n } p l e  f l a m e  t e m p e r a t u r e  has 

m l l u  race --" l h e  s l ~ c l o r  a n d  ne~tce ,, is 

c:o m / d e r e d  tba~ H a m c  t e m p e r a t u r e  m [ g h  }ca)us ,v 

t~INure ~ d~ow ~  i n c a ,  v a m e  o l  f,([~ m c a w s  fb) 

H}e v a n a l . . ,  o~ t e m p e r a H u e  in d w  c a s e  e,, 

o r e m m e d ,  d d ~ u s i o n  a n d  {a te  c o m b u s ~ n > a  ~l/ase 

/</. ~i~ciors n a v e  / o ~  v a h m -  m m e  c a s e  o~ 973, K 

a r id  I{}7~ g .  a n u  i o r m a H ~ m  o l  s o o /  m r e m ~ [ v e  b, 

2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  z . . . . . . . . .  

'~'+~Q~ {]~ff~ JSlO f I fX t~AlNIk t/ Or I,l~l 

O ' + ~  

Ambien{  tem0oratore~ K 

F i f o  8 K e b _ { l l o i ~  b e  w e e n  K L  t a c l o r ~ ,  a n d  c o m h u s [ h ) ~  

" ~.~*, { b  1 h e  a ~ b l t ! l ~ t  [eJrY~De~:uur~ 

h~rv.er t h a n  ~he c o ~ M m o n  o f 9 7 3  K a r m  1073 K m 

d~e c a s e  o ~  1 / 7 3  K tn  ~he ca,~ ~ , , ,  1 / 7 3 K  / ( L  

~ a c l o r s  a~v I l I F . h e l  ~ v  k:~OOH{ ~ ~ h a ~ /  H l o e  o~  

9 7 3 K  HY73K ~c ~ p h a s e  o i  p r e m i x e  c o r o n a s -  

r i o  ~ m c  a m b i e m  ~ e m p e r a m r e  m c l e a s e s  [ ~ ' L  

f~tC[ors i~ l c r ea se  {n d~e o h a , u  , , f  d J f l h s i o n  ~ :ombuv  

r~on | n  t he  p h a s e o f ] a { e  c o m p a s s i o n  q l ,  l ac to r~  

a r e  h~,,, , n t h e  c o n : : { / ~ o n  oF ~/7~; K P r o m  ~=~c 

r e s H I  ~< }I ~}] a R J M e R t  /c /~ O e r ~ H t i f C '  F e M H [ %  / r  [ l~( 

m c r e n  ell }~ ~oo~ ~ o r m m / o m  h ~ ,  n s l d e r e d  [}'~a 

r f o r n l m t o n  mcrease,~; b e c a t m e  i h e  amr  u n l  ( f f  

d H ] u m o n  c o m b u s t i o n  is re~mbr hlr~ c r  ~o m e  

s l l o n e l  i M n l t / o n  d d a v  > o o ,  is }x~d/zed u e l  

gn i t {o rL  h o w e v e r ~  q u a m u ~  f f  oxMa~io~l  , s  d~e 

h{rb~eS~ h~ ~}~e c a s e  }t ~ I 7 3  K .  T h e r e f o r e  m o~{m~ 

~c~mve soo{  ~ g r  to  m e c c a s {  i h e  

quaintly o/  p r e m i x e d  m i x t u r e  {o h, b r a i n e d  m m e  
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