
CHAPTER II
BACKGROUND AND LITERATURE SURVEY

2.1 Atomization

A to m iz a t io n  is  d e fin e d  as the d is in teg ra tio n  o f  a liq u id  in to  sm a ll d rop s or  
d rop lets. T h e  a to m iza tio n  p r o c e ss  m a y  b e  c la s s if ie d  in to  tw o  m ajor  c a te g o r ie s  in  
term s o f  r e la tiv e  v e lo c ity  b e tw e e n  th e liq u id  b e in g  a to m iz e d  and th e su rrou n d in g  
a m b ien ce . In th e  first c a teg o ry , a liq u id  at h ig h  v e lo c i ty  is  d isc h a r g e d  in to  a s till or 
r e la tiv e ly  s lo w -m o v in g  g a s  (a ir  or o th er g a se s ) . T h e  p r o c e s s e s  in  th is  ca te g o r y  
in c lu d e , for e x a m p le , p ressu re  a to m iza tio n  and rotary  a to m iz a tio n . In th e  se c o n d  
ca teg o ry , a r e la t iv e ly  s lo w -m o v in g  liq u id  is  e x p o s e d  to a stream  o f  ga s at h ig h  
v e lo c ity . T h is  c a te g o r y  in c lu d e s , for e x a m p le , tw o -liq u id  a to m iz a tio n  and w h is t le  
a to m iza tio n . T h is  research  is  fo c u se d  o n  p ressu re  a to m iz a t io n  in  d ie s e l e n g in e s .

P ressu re  a to m iza tio n  is  o n e  o f  th e  m o s t  c o m m o n ly  u se d  tech n iq u es  in  
g en era l a p p lic a tio n  areas. In p ressu re  a to m iz a tio n  o f  a liq u id , p ressu re  is  co n v er ted  
to k in e tic  e n e r g y  to acce lera te  th e  liq u id  to a h ig h  v e lo c i ty  r e la tiv e  to  th e  su rrou n d in g  
a m b ien ce . P ressu re  a to m iza tio n  in  d ie se l e n g in e  is  c a lle d  p ressu re  je t  a to m iza tio n , 
w h ic h  u se s  a p la in -o r if ic e  a to m izer  as a p ressu re  a tom izer .

F or  s te a d y  in jec tio n  o f  a liq u id  th rou gh  a s in g le  n o z z le  w ith  a c ircu lar  
o r if ic e  in to  a q u ie sc e n t g a s  (a ir), th e  m e c h a n ism s  o f  je t  b reak  up are c la s s if ie d  into  
fou r p rim ary areas (F igu re  2 .1 )  d u e  to th e  re la tiv e  im p o rta n ce  o f  in ertia , su rfa ce  
te n s io n , v is c o u s , and a ero d y n a m ic  forces . O h n e so r g e  p r o p o se s  th e  m o st  c o m m o n  
criteria  for th e  c la ss if ic a t io n . E ach  area is  ch a ra cter ized  b y  th e m a g n itu d e s  o f  tw o  
d im e n s io n le s s  n u m b ers, w h ic h  are the R e y n o ld s  n u m b er, R e L and th e O h n eso rg e  
n u m b er, Oh:

O h =  W e ° 5 R e ' 1 (2 .1 )

(2 .2 )

Note-. S u m m a rized  from  L iu  (2 0 0 0 ) . S c ien ce  a n d  E n g in e e r in g  o f  D ro p le ts
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W e L U lP iA ,
CT

(2 .3 )

w h ere  U[. is  th e  liq u id  v e lo c i ty  at th e  n o z z le  ex it. W eL is  th e  d im e n s io n le s s  n u m b er  
c a lle d  th e  W eb er  n u m ber. O h is  the O h n e so r g e  n u m b er or s ta b ility  n u m b er  or 
v is c o u s  grou p . It rep resen ts th e  ratio o f  an in tern al v i s c o s it y  fo rce  to a su rfa ce  
te n s io n  force . A n d  P l , P l  and o  are the d e n s ity , v is c o s it y  and  su r fa ce  te n s io n  o f  the  
liq u id , r e sp e c t iv e ly , and d0 is  the d ia m eter  o f  th e  th in  c ircu lar  tu b e .

F rom  th e se  eq u a tio n s , th e  p rop erties  o f  th e  liq u id  that a ffe c t  th e  a to m iza tio n  
are su r fa ce  te n s io n , d e n s ity  and v is c o s ity , w h ic h  can  b e  c a lle d  a to m iza tio n  
ch a ra cter is tics  o f  th e  liqu id .

F ig u r e  2.1 B reak  up r e g im e s  o f  round  liq u id  j e ts  in  q u ie sc e n t  air. 
N o te : S u m m a rized  from  L iu  (2 0 0 0 ) . S c ien ce  a n d  E n g in e e r in g  o f  D ro p le ts
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F rom  F ig u re  2 .1 ,  th e  r e g im e s  are:
1. R a y le ig h  je t  break  up
2 . F irst w in d -in d u c e d  break  up
3. S e c o n d  w in d -in d u c e d  b reak  up
4 . A to m iz a t io n

2.2 Alternative Fuels for Diesel

A lte r n a tiv e  fu e ls  for d ie se l that h a v e  b e e n  u se d  in  T h a ila n d  are th o se  
d er iv ed  from  b io m a ss , e .g . v e g e ta b le  o i ls , b e c a u se  o f  th eir  a v a ila b ility . T h ere  are tw o  
m eth o d s in  w h ic h  v e g e ta b le  o i ls  can  b e  u sed  (P o la b u t, 2 0 0 2 ) . T h e  first m e th o d  is  to  
u se  v e g e ta b le  o i ls  d irec tly  w ith o u t a d d in g  an y  a d d it iv e s  or c h a n g in g  their  p rop erties. 
In the s e c o n d  m e th o d , v e g e ta b le  o i ls  m u st b e  first c o n v e r te d  to  a fa tty  acid  m eth y l 
ester  (F A M E ) b y  tra n sester ifica tio n . T h en , F A M E  can  b e  u se d  d ir e c t ly  or b len d ed  
w ith  d ie se l. D ir e c t  u se s  o f  v e g e ta b le  o i ls  h a v e  n ot b e e n  w id e ly  p ra cticed  b e c a u se  o f  
their  h ig h  v is c o s it y  that a d v e r s ly  a ffe c ts  th e  a to m iz a tio n  ch a ra cter is tics . T h e  
in terestin g  a ltern a tiv e  d ie se l fu e l is  F A M E  b e c a u se  its p rop erties  are c lo s e d  to  th o se  
o f  d ie se l fu e l (A lle n  and W atts, 2 0 0 0 ) . T h ere are se v e r a l in v e s t ig a t io n s  o n  the  
a to m iz a tio n  ch a ra cter istics  o f  F A M E  b e in g  rep orted .

A lle n  and W atts (1 9 9 9 )  a n a ly z e d  v is c o s it y  and d e n s ity  o f  m e th y l ester  from  
p ean u t, r a p eseed , c a n o la , o l iv e , c o c o n u t, c o m , p a lm , s a f f lo w e r , su n flo w e r , so y b e a n , 
su n o la , c o t to n se e d  o i ls , b e e f  ta llo w , butterfat and lard u s in g  eq u a tio n s  (2 .4 ) - (2 .6 ) :

In  Pm =  £  y i In Pi (2 .4 )

^  =  Ê W i (2 .5 )

Wj =  m a j +  c (2 .6 )

w h ere  P m  is  th e  m ea n  d y n a m ic  v is c o s ity  o f  m ix tu re  (P a « s ) , P i  is  th e  d y n a m ic  
v is c o s ity  o f  p u re ith co m p o n e n t (P a * s), yi is  th e  m a ss  fraction  o f  th e  ith c o m p o n e n t (-
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), ท is  the n u m b er  o f  c o m p o n e n ts  ( -) , CTj is  th e  m e a n  su rfa ce  te n s io n  o f  th e  m ix tu re  

(N /m ) , a m is  th e  su rfa ce  te n s io n  o f  th e  ith c o m p o n e n t (N /m ) , Wj is  th e  su rfa ce  te n s io n  
w e ig h t  factor  for th e  ith c o m p o n e n t, m  is  the s lo p e  o f  th e  su r fa ce  te n s io n  linear, 
w e ig h t-fu n c t io n  lin e , and c is  a con stan t o f  th e  su r fa ce  te n s io n  linear, w e ig h t-  
fu n ctio n  lin e .

T h e  au th ors fou n d  that th e  carb on  ch a in  len g th  a ffe c ts  th e  su r fa ce  te n s io n  o f  
th o se  f ifte e n  b io d ie s e l fu e l ty p e s  but n o t as d ra m a tic a lly  as for v is c o s ity .

T h e  s tu d ie s  o f  k in em a tic  v is c o s it y  and sp e c if ic  g r a v ity  o f  c o m m e r c ia lly  
a v a ila b le  b io d ie s e l  (N O P E C  C orp ora tion , L a k e lan d , F L ) b le n d e d  w ith  N o . 1 or N o . 2 
d ie se l in v a r io u s  ra tio s sh o w  that the k in em a tic  v is c o s it y  sh a rp ly  in c r e a se s  as the  
tem p era tu re d e c r e a se s  (T at and G erp en , 1 9 9 9 ). M o r e o v e r , th e  k in e m a tic  v is c o s ity  o f  
th e  b len d s  v a r ie s  b e tw e e n  that o f  b io d ie se l and th e  d ie se l fu e ls  a c c o r d in g  to  their  
p ercen ta g es . F o r  th e sp e c if ic  g ra v ity  o f  th e  b le n d s , it w a s  fo u n d  that the s p e c if ic  
g ra v ity  lin e a r ly  d e c r e a se s  as the tem peratu re in c r e a se s  and ca n  b e  p red ic ted  b y  the  
eq u ation :

S G Blend = I S G , x m ,  (2 .7 )

w h e r e  SGeiend is  the sp e c if ic  g ra v ity  o f  th e  b len d , SG i is  th e  s p e c if ic  g ra v ity  o f  
c o m p o n e n t i, and m, is  th e  m a ss  fraction  o f  c o m p o n e n t  i.

P o la b u t (2 0 0 2 )  h as reported  so m e  n e g a tiv e  s id e s  o f  F A M E , w h ic h  in c lu d e  
h ig h  p ro d u ctio n  c o s t  and c o rr o sio n  so  the d ie s e l p rod u cers a v o id  u s in g  it as fu el 
d irectly . B u t F A M E  h as b etter lu b rica tin g  p rop erties  than h y d ro ca rb o n -b a sed  
lu b rican ts b e c a u s e  its p o lar structure can  p r o v id e  e f fe c t iv e  b o u n d a ry  lu b r ica tion  and  
a cts  as a barrier to  m eta l-m eta l con tact. T hat m a k e s  F A M E  m o re  in terestin g  to b e  
u sed  as a lu b r ica tin g  a d d itiv e  in lo w  su lfu r d ie se l as so m e  resea rch ers h a v e  a lread y  
p resen ted  (A n a s to p o u lo s  e t a i ,  2 0 0 1 ).

M a sju k i and M a leq u e  (1 9 9 6 )  s tu d ied  th e a n ti-w ea r  ch a ra c ter is tic s  o f  p a lm  
o il  m eth y l ester  (P O M E ) b len d ed  w ith  d ie se l e n g in e  o il u s in g  a fo u r-b a ll tr ib om eter  
test. T h e y  c o n c lu d e d  that th e  b len d  o f  5%  P O M E  resu lted  in  th e  b est  lu b ric ity  
property.
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T h e  stu d y  o f  lu b rica tion  p rop erties o f  lo w  su lfu r  d ie se l in  th e  p r e se n c e  o f  
b io d ie s e l from  su n flo w e r , o l iv e , c o m  and u sed  fr ied  o i ls , lau ric  d ie th y la m id e  and  
p a lm itic  d ib u ty la m id e  w a s  carried  ou t (M asju k i and  M a le q u e , 1 9 9 6 ; H a se e b , 2 0 0 0 ) . 
It w a s  fou n d  that th e  a d d itio n  o f  fou r ty p e s  o f  b io d ie s e l at lo w  c o n cen tra tio n  around  
0 .1 5  to 0 .5 0  v o l%  resu lted  in  a s ig n ific a n t  d e c r e a se  o f  th e  w ea r  sca r  d ia m eter  va lu e . 
M o reo v er , th e  e x a m in a tio n  o f  tw o  tertiary a m id e s  sh o w e d  that b o th  co m p o u n d s  
im p ro v ed  th e  lu b r ic ity  o f  th e  lo w  su lfu r  d ie se l.

T h e  u se  o f  refin ed  p a lm  o il b len d ed  w ith  h ig h -sp e e d  d ie s e l  in  truck  w a s  a lso  
stu d ied  (A k ara p a n ja v it, 2 0 0 2 ) . It w a s  fou n d  that th e  m ix tu re  can  im p r o v e  lu b rica tion  
p rop erties and  d e c r e a se  su lfu r  con ten t and sm o k e . T h e  re fin ed  p a lm  o il  can  b e  ad d ed  
in  th e  d ie se l arou n d  1 0  vo l%  w ith o u t an y  e f fe c t  on  th e in d irect in je c tio n  e n g in e  but it 
c a u se s  the red u ctio n  o f  p o w e r  and a cce le r a tio n  rate and in cr e a se d  carb o n  m o n o x id e , 
to ta l h yd ro carb on  and p articu la te  e m is s io n s . M o st  p rop erties  o f  th e  m ix tu res  are 
a c c e p ta b le  e x c e p t  th e  k in em a tic  v is c o s ity ,  w h ic h  is  to o  h ig h .

T h e  stu d y  o f  u s in g  h ig h -sp e e d  d ie se l m ix e d  w ith  cru d e p a lm  o il  in 10 and  
2 0  v o l%  w a s  in v e stig a te d  (P T T , 2 0 0 2 ) . It w a s  fou n d  that s o m e  p h y s ic a l p rop erties  
su ch  as k in e m a tic  v is c o s ity  and w a ter  and se d im e n t c o n ten t are o u ts id e  the standard  
ran ge. M o r e o v e r , th e y  ca u se  w a x  and in jec to r  d e p o s it  but d o  n o t a ffe c t  the p o w er , 
fu e l c o n su m p tio n  and am ou nt o f  sm o k e  o f  th e  en g in e .

K atp an  and L ee la ta n a m o n g k o l (2 0 0 1 )  s tu d ied  fu e l p ro p erties  o f  c o c o n u t,  
p a lm  and so y b e a n  o il. T h e y  fou n d  that the b le n d s  b e tw e e n  the o i ls  and h ig h -sp e e d  
d ie se l can  b e  u sed  as an a ltern a tive  d ie se l but th e  v e g e ta b le  o i ls  fraction  m u st b e  le s s  
than 4 0  vo l% .

T h e  stu d y  on  c h e m ic a l p rop erties  o f  c o c o n u t  o il b le n d s  as fu el and its 
e m is s io n  w a s  carried  out b y  S ir ib a n g k ea d p o l e t al. (2 0 0 1 ) . It w a s  fou n d  that the  
b le n d s  h a v e  h ig h e r  s p e c if ic  g ra v ity  and v is c o s it y  than  standard  d ie s e l. T h e u se  o f  the  
b le n d s  c a u se s  th e  d ecrea se  o f  so m e  e m is s io n s . T h e  fu e l c o n su m p tio n  and h ea tin g  
v a lu e  are h ig h e r  than the h ig h -sp e e d  d ie se l.
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