
C H A P T E R  III 
E X P E R IM E N T A L

3.1 E x p e r im e n ta l S e t up

T h e  e x p e rim e n ta l u n it u sed  in th is  s tu d y  c o n s is te d  o f  th re e  m a in  p arts : a lig h t
so u rce , d ro p le t g e n e ra to r, an d  im ag e  cap tu re  u n it as  sh o w n  in  F ig u re  3 .1 .

F ig u re  3 .1  E x p e rim e n ta l se t-u p  in  th is  s tu d y

ร. 1 .1  L ig h t  s o u r c e  u n it;  T h e  lig h t so u rce  u n it w as  c o m p o se d  o f  a  lig h t g e n e ra to r  and  
se rie s  o f  len s. T h e  lig h t w as  g en era ted  b y  an  100W  (O R IE L ) an  e le c tr ic  b u lk  p a ss in g  
th ro u g h  a  se rie s  o f  len s. It f irs tly  p assed  th ro u g h  1%  filte r  w h ic h  a llo w e d  on ly  o n e  
p e rcen t o f  lig h t p a ss  th ro u g h  filte r. A fte r  th a t, th e  f iltra te d  lig h t p a sse d  th ro u g h  th e  1st 
c o n v e c tiv e  len s in  o rd e r  to  fo cu s  ligh t in to  one  spo t. T h e  p in h o le  w a s  se t up  b eh in d  
th e  1st c o n v e c tiv e  le n s  to  sp o t lig h t in to  o n e  spo t. A f te r  th e  lig h t p a s se d  th ro u g h  th e  
p in h o le , it p a ra lle liz e d  by  th e  2 nd co n v ec tiv e  len s w h ic h  w a s  se t up  o p p o s ite ly  w ith  
th e  1st c o n v e c tiv e  lens. T h e  p a ra lle l ligh t w ith  c irc u la r  sh ap e  w as c o n f irm e d  by  m e a 
su rin g  th e  lig h t a re a  a t th re e  d iffe re n t d is tan ces.
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In  o rd e r  to  o b ta in  p a ra lle l lig h t, a  la se r b eam  w as u sed  an d  set in  th e  s tra ig h t 
line  to w a rd  th e  C C D  cam era . T h e  p e rfe c t p a ra lle l l ig h t w as fo u n d  to be p ro d u c e d  as 
c o n firm e d  b y  th e  sa m e  lig h t a re a  a t any  d is tan ce  p o s itio n . T h e  lig h t so u rce  u n it se t up  
is  sh o w n  in  F ig u re  3 .2 .

F ig u re  3 .2  S et up  o f  a ) L ig h t so u rce  b) se ries  o f  len s  an d  filte r

3 .1 .2  D r o p l e t  g e n e r a to r  u n it;  It co n s is ted  o f  a h o ld in g  a rm , p la s tic  tube , n e e d le , so lid  
su rface , a n d  s tra ig h t sy rin g e . T h e  sy rin g e  w as h e ld  b y  th e  h o ld in g  arm . T h is  h o ld in g  
arm  co u ld  b e  ad ju s ted  th e  n eed le  p o s itio n  b o th  in  h o r iz o n ta l a n d  v e rtica l d ire c tio n  to  
as sh o w n  in  F ig u re  3 .3 . T h e  w a te r  w as p ro d u ced  by  p u m p in g  w a te r  th ro u g h  a  p la s tic  
tu b e  c o n n e c te d  to  th e  sy rin g e  u s in g  a  m icro  p u m p  (H am ito n , m o d e l) . A  w a te r  d ro p le t 
w as c a re fu lly  g e n e ra te d  at th e  tip  o f  th e  need le . T h re e  s izes  o f  w a te r  d ro p le ts  w ere  
g en e ra ted  b y  u s in g  d iffe re n t n eed le  g au g es  (N eed le : g u age#31  I.D . 0 .13 m m , 
g u ag e# 2 5  I .D . 0 .26  m m , an d  d u ag e# 2 3  I.D . 0.31 m m ).

F ig u re  3 .3  a  ) A  d ro p le t g e n e ra to r  u n it, b ) sy rin g e , an d  c) n e e d le s
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3 .1 .3  I m a g e  c a p tu r e  u n it;  I t c o n s is te d  o f  a  h ig h -sp e e d  so lid  s ta te  C C D  cam era , w ith  
C C D  c a m e ra  lin e a r p o w e r  su p p ly , PC  a rith m e tic  fram e g rab b e r, an d  tw o  o u tp u t m o n 
ito rs ; o n e  w a s  u se d  to  co n tro l P C  a rith m e tic  fram e g ra b b e r  an d  a n o th e r o n e  w as u sed  
to  d isp lay  e x p e r im e n ta l re su lts , as sh o w n  in F ig u re  3 .4 . th e  H ig h -sp e e d  so lid  sta te  
C C D  c a m e ra  as sh o w n  in  F ig u re  3.5 h ad  6 4 x 6 4  p ix e l b o th  in  v e rtic a l an d  h o rizo n ta l 
d irec tio n s . It w as  se t a t 2 56  g ra y  levels  w ith  a  m a x im u m  sp e e d  o f  2 9 0 0  im ages p e r  
sec.

F ig u re  3 .5  H ig h -sp e e d  so lid  s ta te  C C D  cam era s
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3 .1 .3  S u p p o r t  u n it;  It c o m p o sed  o f  a  v ib ra tio n -iso la tio n  ta b le  w h ic h  w as u sed  to  
e lim in a te  an y  e x te rn a l v ib ra tio n  su ch  as  foo t s tep  and  a  c o v e r  b o x  w h ic h  w as 
w rap p ed  w ith  b lack  p a p e r  to  e lim in a te  w in d  and  lig h t e ffec ts  b e c a u se  th is  sy s tem  w as 
v e ry  se n s itiv e  to  w in d  an d  ligh t. W in d  co u ld  a ffec t d ro p le t p o s it io n  and  L ig h t co u ld  
a ffec t g ray  lev e l c a lc u la tio n . T h e  p h o to s  o f  th e  c o v e r  box  an d  v ib ra tio n -iso la tio n  ta 
b le  are sh o w n  in F ig u re  3 .6 . D u rin g  th e  e x p e rim e n t th e  sy stem  te m p e ra tu re  w as c o n 
tro lled  c o n s ta n tly  a t 25  ° c .

F ig u re  3 .6  a) C o v e r  b o x  b e fo re  w ra p p e d  w ith  b lack  p a p e r  b) C o v e r  b o x  a fte r  
w rap p ed  w ith  b la c k  p a p e r  an d  c) V ib ra tio n -Iso la tio n  tab le

3 .2  S tu d ie d  L iq u id  a n d  S o lid  S u b stra te

U ltra  h ig h  p u r ify  w a te r  u se d  in  th e se  s tu d ies  w as  p ro d u c e d  b y  u s in g  a  rev e rse  
o sm o sis  a n d  d e io n iz a tio n  te c h n iq u e  (B a m ste a d , m o d e l) . T h is  w a te r  u sed  w as  fre sh ly  
p re p a re d  fo r  each  e x p e rim e n t.



13

A s sh o w n  in  F ig u re  3 .7 , th e  su p e r-h y d ro p h o b ic  film  o f  p la sm a -tre a te d  p o ly 
p ro p y le n e  f ilm  c o a te d  o n  a  g la ss  su rface  w a s  d o n e  b y  3 se q u e n tia l s tep s . T h e  firs t 
s tep  w as to  a tta c h  th e  p o ly p ro p y le n e  film  an d  g lass  su rface . T o  a tta c h  th e  p o ly p ro p y 
len e  film  o n to  th e  g la ss  su rface , tw in  a d h e s iv e  tap e  w a s  u sed . T h e  se c o n d  step  w as 
th e  p la sm a  tre a tm e n t w ith  o x y g e n  a t 15 se e m  and  fo llo w e d  b y  A r  a t 5 seem  at 40  
m to rr  p re ssu re  a n d  50  พ  p o w e r fo r  3 m in . F o r  th e  th ird  s tep , th e  su rfa c e  w as  trea ted  
b y  u s in g  C F 4 p la sm a  a t 10 seem , a t 35 m to rr  p re ssu re  an d  10 พ  p o w e r  fo r  10 m in . 
A fte r  th e  su rfa c e  tre a tm e n t, th e  su rface  h ad  th e  co n ta c t an g le  w ith  p u re  w a te r  o f  140° 
a n d  at 2 5 °c .

F ig u r e  3 .7  P la sm a -tre a te d  p o ly p ro p y le n e  f ilm  co a ted  o n  a  g la ss  su rface  

3 .3  E x p e r im e n ta l P r o c e d u r e

W ith  th e  h ig h -sp e e d  so lid  s ta te  C C D  cam era , w a te r  d ro p le t im a g e s  w e re  cap 
tu re d  d u rin g  th e  w a te r  d ro p le t ap p ro a c h in g  a n d  re b o u n d in g  o n  th e  so lid  su rface . T he 
e x p e rim e n ta l p ro c e d u re  w as d iv id e d  in to  2  s e q u e n tia l s tep s ; d a ta  g ra b b e r  a n d  d ro p le t 
an a ly s is .

3 .3 .1  Im a g e  R e c o r d
F irs t, th e  n e e d le  w a s  p o s it io n  in  th e  fo c u s  len g th  o f  th e  C C D  c a m e ra  to  o b ta in  

th e  sh a rp es t a n d  c le a re s t im ag es . T h e  n e e d le  h ad  to  b e  se t u p  a t th e  c e n te r  o f  th e
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cam e ra  fram e  in  o rd e r  to  o b ta in  th e  c lea r w a te r  d ro p le t im p ac t p h e n o m e n a . A fte r  th e  
n eed le  p o s it io n  w as a d ju s te d  at an y  d e s ig n e d  h e ig h t, w a te r  w a s  ca re fu lly  p u m p e d  
th ro u g h  th e  p la s tic  tu b e  to  g en e ra te  a  w a te r d ro p le t a t th e  tip  o f  th e  need le . A n d  f in a l
ly  th e  w a te r  d ro p le t fe ll b y  th e  g rav ita tio n a l fo rce . T h re e  d iffe re n t s izes o f  n eed les  
w ere  u sed  to  o b ta in  d if fe re n t m ass  o f  th e  fa llin g  w a te r  d ro p le t.

A s so o n  as th e  w a te r  d ro p le t left th e  n e e d le ’s tip , th e  C C D  cam e ra  w as  tu rn  
on  w ith  th e  m a x im u m  sp e e d  o f  2 9 0 0  im ag es  p e r s e c o n d  to  cap tu re  im ag es  o f  th e  w a 
te r  d ro p le t u n til th e  w a te r  d ro p le t d id  n o t reb o u n d . T h e  P C  fra m e  g rab b e r w as  set 
g ray  level a t 127 o u t o f  0 to  255 w h ich  w as th e  d e fa u lt  v a lu e . T h e  Z ero  g ray  level 
v a lu e  in d ic a te s  th e  b la c k e s t  co lo r. O n  th e  o th e r h a n d s  th e , 2 5 6  lev e l in d ic a te s  the  
w h ite s t co lo r. E d g e  lo c a tio n  scan n in g  w as sep a ra ted  a n d  s to red  in to  4 d a ta  se ts . T he 
1st d a ta  se t w a s  sc an n ed  fro m  left to  rig h t, T h e  2nd d a ta  se t w as  sc an n ed  fro m  r ig h t to  
le ft. T h e  3rd a n d  4 th d a ta  se t w ere  sc an n ed  fro m  to p  to  b o tto m  an d  b o tto m  to  to p , re 
sp ec tiv e ly . T h e  F o u r se ts  o f  d a ta  w e re  c o m b in e d  to  o b ta in  o n e  w a te r  d ro p le t im age.

3 .3 .2  Im a g e  a n a ly s is
F o r th e  im ag e  a n a ly s is , th e  fo u r se ts  o f  d a ta  w e re  c o m b in e d  u s in g  th e  M ic ro 

so ft E xcel in  o rd e r  to  a r ra n g e  d a ta  in to  c o rrec t p o s itio n . T hen , d a ta  w ere  an a ly z e d  by  
u s in g  the  G R A P H E R  4 .0  p ro g ram  to  p lo t ed g e  lo c a tio n  at th is  s te p  a sp ec t ra tio  o f
0 .9 8 5 2  an d  rea l sca le  o f  0 .1 1 9 9  m m /p ix e l th a t w as o b ta in e d  fro m  th e  ball c a lib ra tio n  
step . H en ce  it co n v e rt p ix e l  to  m illim e te r  u n it w h ich  w a s  e a s ie r  fo r  th e  im ag e  a n a ly 
sis.

F ig u re  3 .8  sh o w s a  ty p ic a l im ag e  o f  a  w a te r  d ro p le t  ta k e n  b y  th e  C C D  cam era  
an d  d e m o n s tra te s  h o w  to  o b ta in  th e  ed g e  lo ca tio n  o f  th e  w a te r  d ro p le t. T h e  o b ta in ed  
e d g e  lo ca tio n  d a ta  w as  th e n  im p o rted  to  th e  2007  A u to C A D  s im u la tio n  p ro g ram . In 
th is  step , e a c h  w a te r  d ro p le t  w as  cu t in to  tw o  h a lf  in  th e  v e rtic a l d ire c tio n  (o r y  d ire c 
tio n ), as sh o w n  in  F ig u re  3 .9 . T h e n  b o th  le ft and  r ig h t h a lv e s  w e re  re v o lv e d  fo r 180 
d eg ree  in  v e rtic a l d ire c tio n . A fte r  co m b in in g  b o th  h a l f  to g e th e r , th e  ce n te r  o f  m ass  
an d  d ro p le t v o lu m e  w e re  o b ta in ed . T h e  ra d iu s  o f  e a c h  w a te r  d ro p le t w as ca lcu la ted  
fro m  th e  in itia l s tag e  b e fo re  w a te r  d ro p le t im p ac t o n to  th e  so lid  su rfa c e  by  u s in g  V  =  
4/3  71R 3. A t th is  in itia l s tag e , th e  w a te r  d ro p le t w as  fo u n d  to  b e  sp h e rica l m o re  th an  
th o se  in  th e  o th e r  stages.
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F ig u r e  3 .8  a) Im a g e  o f  w a te r  d ro p le t tak en  fro m  th e  h ig h -sp e e d  so lid  s ta te  C C D  
c am era , b) P lo t o f  e d g e  lo ca tio n  u s in g  the  G R A P H E R  4 .0  p ro g ram .

F ig u re  3 .9  sh o w s  th e  s im u la te d  im ag es o f  tw o  h a lv e s  o f  a  w a te r  d ro p le t u sin g  
th e  2 0 0 7  A u to C A D  s im u la tio n  p ro g ra m s  an d  F ig u re  3 .1 0  sh o w s  th e  s im u la te d  im age 
o f  th e  w h o le  w a te r  d ro p le t.

F ig u r e  3 .9  S im u la te d  w a te r  d ro p le t fro m  2 0 0 7  A u to C A D  a) H eft h a lf , b) r ig h t half.
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F ig u re  3 .1 0  C o m b in e  o f  s im u la ted  w a te r  d ro p le t fro m  2 0 0 7  A u to C A D  sim u la tio n  
p ro g ram .
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