
REFERENCES

Ted M ao, D a v id  c.s. K uhn, and H onghi Tran. (1997). Spread and Rebound o f  L iq­
uid D roplets upon Impact on Flat Surfaces. A IC hE Journal, 4 3 (9 ), 21 6 9 -  
2 1 7 9 .

X iaoguang Zhang, and O sm an A . Basaran. (199 7). D yn am ic Surface T ension  E ffect 
in  Im pact o f  a Drop w ith a S olid  Surface. Journal o f  C o llo id  and interface 
sc ie n c e , 187, 166-178 .

N . M ourougou-C andoni, B. Prunet-Foch, F. L egay, M . V ign es-A d ler , K. W ong. 
(1 9 9 7 ) . Influence o f  D yn am ic Surface T en sion  on the Spreading o f  Surfac­
tant S olution  D roplets Im pacting onto a L ow -Su rface-E n ergy S o lid  Sub­
strate. Journal o f  C ollo id  and interface sc ien ce , 192, 12 9 -14 1 .

R. R iob oo , M . M arengo, and c .  Tropea. (20 0 2 ). T im e E volu tion  o f  L iquid drop im ­
pact onto so lid , dry surfaces. E xperim ents in F lu id s, 3 3 , 112-124 .

R. R iob oo , c .  Bauthier, J. C onti, M . V ou é, and J. D e  C oninck. (2 0 0 3 ). E xperim en­
tal Investigation  o f  splash and crow n form ation during sin g le  drop im pact 
on  w etted  surfaces. E xperim ents in F lu ids, 3 5 , 6 4 8 -6 5 2 .

F. Gentner, R . R iob oo , J.p. Baland, J. D e C oninck. (2 0 0 4 ). L o w  Inertia Im pact D y ­
n am ics for N anodrops. L angm uir, 20 , 4 7 4 8 -4 7 5 5 .

R. R iob oo , C. Tropea. (2 0 0 1 ). O utcom e from  a drop im pact on so lid  surfaces. Jour­
nal article, 11 (2 ), 155-165 .

A b d u lla tif M . A lterraifi, D alai Sherif, A b d elsam ie M oet. (2 0 0 3 ). Interfacial effects  
in the spreading o f  liquid droplets on solid  substrates. Journal o f  C ollo id  
and Interface S c ie n c e , 2 6 4 , 22 1 -22 7 .

R. R iob oo , M . H. A dào, M . V ou é, J. D e  C oninck. (2 0 0 6 ). E xperim ental ev id en ce  o f  
liqu id  drop break-up in com p lete  w ettin g  exp erim ents. Journal o f  M aterial 
S c ien ce . 4 1 (1 6 ), 5 0 6 8 -5 0 8 0 .

M . V ou é, R . R io b o o , c. Bauthier, J. C onti, M. Chariot, J. D e  C on in ck . (2003). D is­
sip ation  and m ov in g  contact lines on  non-rigid  substrates. Journal o f  the 
E uropean C eram ic S oc ie ty . 23(15), 2769-2755.



44

ร. S ik alo , c. Tropea, E .N . G annic. (2005). Im pact o f  droplets onto inclined  surfaces. 
Journal o f  C o llo id  and Interfacial sc ie n c e . 2 8 6 , 6 6 1 -6 6 9 .

Zhao Y u, Tang G e, L .-S . Fan. (2 0 0 6 ). M u ltisca le sim ulation  o f  ob lique co llis io n s  o f  
droplet on  a surface in the L eidenfrost reg im e. C hem ical E ngineering sc i­
en ce .

Hatta, N ., F ujim oto, H ., K inoshita, K ., Takuda, H. (1 9 9 7 ). E xperim ental studies o f  
deform ation  m echanism  o f  a water droplet im p in g in g  on  hot m eta llic  sur­
faces ab ove the L eidenfrost temperature. Journal o f  F luid  E n gin eerin g, 119, 
6 9 2 -6 9 9 .

Fukai, J., Zhao, Z ., P ou likakos, D., M egaridis, c. M ., M iyatake, o. (1993), M odeling  
o f  the deform ation  o f  a liqu id  droplet im p in g in g upon a flat surface, Phys, 
F luids 5, 25 88 .



APPENDICES

S ystem  ca lib r a tio n
In order to calibrate high speed  so lid  state C C D  C am era, 4 m ethods o f  

calibration m ust be ap p lied  (B all calibration, N eed le  C alibration, Pendant drop 
calibration, and sess ile  drop calibration). The ob jective o f  calibration is to align  C C D  
cam era perpendicular to light system  and object.

A p p en d ix  A  B a ll C a lib ra tio n

A 1 B a ll C a lib r a tio n
Top - Right

Right

Bottom - Right

Left

Bottom - Left

Middle

Bottom

F ig u re  A1 Iron ball (2  m m -diam eters) on inverse n eed le  and 9 different p osition s  
(T op, T op-L eft, T op-R igh t, M iddle, L eft, R ight, B ottom , B ottom -L eft, and B ottom -  
R ight).
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The iron ball im ages are fit by program in order to indentify  “H p o sitio n ” o f  
iron ball im age. A fter that, C O E D G .B A T  and S P H 3 .B A T  is com p lied  in c++ 
program  in order to fit curve to calculate “Center o f  sphere”, “sphere radius”, 
“A sp ect R atio” , and Standard error.

CA C:\WINDOWS\system32kmd.exe i l l
|C:\DOCtJhE~l\PARE\DESKTOP\MYLABS~l\TEST\ FILE ะ 135 DIR ะ 0 TOTAL SIZE ะ 12
1 0 2 .EDG 920 08/13/10? 02 40P103.EBG 920 08/13/107 03 12P1 0 4 .EDG 920 08/13 /10? 03 21P1 0 5 .EDG 920 08/13/107 03 22P1 0 6 .EDG 921 08/13 /10? 03 23P1 0 7 .EDG 920 08/13 /10? 03 25P1 0 8 .EDG 920 08/13/107 83 26P1 0 9 .EDG 920 08/13/107 03 26P1 1 0 .EDG 920 08/13/10? 03 26P110PRE1.EDG 921 08/14/107 11 39P110PRE2.EDG 921 08/14/107 11 43 p111.EDG 921 08/13/107 02 36P111PRE1.EDG 920 08/14/107 11 38P111PRE2.EDG 922 08/14/107 11 44P1 1 2 .EDG 920 08/13/107 02 36P112PRE1.EDG 921 08/14/107 11 39P112PRE2.EDG 920 08/14/107 11 44P1 1 3 .EDG 921 08/13 /10? 02 53P113PRE1.EDG 921 08/14/107 11 40P113PRE2 iEDG 920 08/14/107 I t 45 p
■ DIR 10/05 11:04 — HYPER — 3 1 Replaceintent p«d + s Diet»ENTERS L o ad /0 ir ABac fesftsice<2 > ะ เ̂ ?? 1. «510 AI ะ I lise Pt F 2 2 ร wm a € ii

F ig u r e  A 2  C O E D G  program  interface.

F ig u re  A 3  S P H 3 .B A T  program  interface.
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F ig u r e  A 4  C urve fitting o f  iron ball.
In order to  calibrate by u sin g iron ball, the accuracy o f  va lu e  m ust be set 

w ith in  3 d igits.

T a b le  A 1 5 p ositio n  o f  iron ball calibration results ( l .T o p , 2 .M id dle, 3 .B ottom ,
4.L eft, and 5 .R ight).
1. T o p

T o p X y R a d iu s A s p e c t  R a t io S T D
11 0 2 8 .7 3 36 .38 8 .3 2 6 7 0 .9 8 5 2 0 .0 4 0 8
111 2 8 .7 0 36 .38 8 .2923 0 9 812 0.0381

36 .38 8.3001 0 .9 8 3 4 0 .0 3 9 0
113 2 8 .6 7 36 .38 8.2551 0 .9 7 8 9 0 .0 3 9 4

-  ....- 0 .9 8 1 7 0 .0 3 7 8
A V G 8.2919 0.9821 0 .0 3 9 0

S T  D E V 0 .0 2 5 9 0 .0 0 2 4 0 .0 0 1 2
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2. M id d le
M id d le X y R a d iu s A sp e c t  R a tio S T D

110 29175 29 .45 8 .3473 0 .9 8 5 6 0 .0 2 6 5
111 2 9 .7 2 29 .45 8 .3152 0 .9 8 2 2 0 .025 5
m 2 9 .7 3 29 .45 8.3331 0 .9 8 4 6 0 .025 3
113 2 9 .7 4 29 .45 8 .3440 0 .9 8 4 8 0.0271
114 2 ^ .7 1 29 .45 8.3151 0 .9 8 2 4 0 .0281

A V G 8.3309 0 .9 8 3 9 0 .026 5
S T D E V 0 .0 1 5 4 0 .0 0 1 5 0 .0 0 1 2

3. B o ttom
B o tto m X y R a d iu s A sp e c t  R a tio S T D

115 3 1 .6 2 19.25 8.3163 0 .9 8 5 8 0 .0 4 4 9
116 31 .63 19.25 8 .3365 0 .9 8 8 7 0 .0 4 7 2
117 3 1 .6 3 19.25 8 .3412 0 .9 8 7 9 0 .0 4 2 9
118 3 L 6 3  1 19.25 8.3381 0 .9 8 7 4 0 .043 3
119 3 1 .6 7  n 19.24 8 .3 5 6 0 0 .9 8 1 5 0 .0 4 3 8

A V G 8 .3376 0 .9 8 6 3 0 .0 4 4 4
S T D E V 0 .014 2 0 .0 0 2 9 0 .0 0 1 7

4. L eft
L e ft X y R a d iu s A sp e c t  R a tio S T D
1 0 0
101 18 .79

27 .23
27 .23

8 .3 0 7 4
8 .3839

0 .9 8 6 8
0 .9 8 4 5

0 .0 2 4 9
0 .0 2 4 3

102 18 .76 27 .23 8 .3 4 8 9 0 .980 1 0 .0 2 3 7
1 0 3  ' 18.81 27 .22 8 .4097 0 .9 8 4 5 0 0 2 2 5
1 04 18 .79 2 7 .2 2 8 .3935 0 .9 8 2 6 0 .0 2 2 6

A V G  8 .3 6 8 7  ! 0.98.5 7 0 .0 2 3 6
S T D E V  0 .0 4 0 9  0 .0 0 2 5  0 .0 0 1 0
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5. R ig h t
R ight X y R adius Aspect Ratio STD

125 44.65 26.34 8.3457 0.9855 0.0380
126 4 4 .6 6 26.34 8 .3 5 2 7 0 .9 8 6 8 0 .0 3 7 4
127 44.70 26.33 8.3868 0.9896 0.0414
128 44.70 26.34 8.3843 0 .9 9 0 7 0 .040 8
129 44.66 : 26.34 8.3444 0.9876 0.0360

AVG 8 3628 0 .9 8 8 0 0 .0 3 8 7
STDEV 0 .0 2 1 0 0 .0021 0 .002 3

A2 Ball C alib ra tio n  results
T h e  a v e ra g e  v a lu e  o f  “ M id d le ” an d  “B o tto m ” p o s itio n  are  u se d  to  fin d  rea l 

sca le  an d  a sp e c t ra tio  s in ce  m id d le  an d  b o tto m  are  th e  m o s t u se  p o s itio n  in  th e  
ex p erim en t.

M iddle R adius (pixel) A spect R atio STD
1 8.3309 0.9839 0.0265Ü |S Iร เร ์ร !
2 8.3621 0 .9 8 5 9 0 .0 2 8 4
3 8.3256 0.9848 0.0253

A verage 8 .339 5 0 .9 8 4 9 0 .0 2 6 7

B ottom R adius (pixel) A spect R atio STD
8.3376ท โ;:c i f 0.0444

2 8 .3 5 7 0 0.9839 0.0413
3 8.3309Its 0.9864 0.0368

A verage 8 .3 4 1 9 0 .9 8 5 5 0 .0 4 0 8

B a ll  d ia m e te r  (m m )  =  2 .0 0 0 0  
B a ll  d ia m e te r  (p ix e ls )  =  16 .6 8 1 4  
A s p e c t  R a tio  =  0 .9 8 5 2  
R e a l S c a le  (m m /p ix e l)  =  0 .1 1 9 9
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T he n eed le  calibration is used  to verify w hether resu lts from  ball calibration  
are correct. The calibration step is;

a) P lace n eed le  in  vertical d irection perpendicular to the horizontal line.
b) Take 3 im ages at different tim e period w ithout m o v in g  n eed le.
c) R epeat step  a) and b) but p lace n eed le in  horizontal d irection.

Appendix B Needle Calibration

O O๐ ■> 60 —° °O O50 — O O
• j° OO c40 — • ; 40 —

I o ท ©Q. O c a>- O c >30 - c cc OT - 0 oooooo«ieeaaoeoaaoooooeooooaac<icccccecee.cooooO O 20 —O OO c20 - O O
" f üO l1 ! 0 1 ’ i 1 120 40 60 10 20 30 40 50X (pixel) X (pixel)

F ig u re  B . l  P lot data o f  n eed le  both in vertical and horizontal d irection.

Three p o sitio n s are used  in the calibration H orizon ta l-M id d le , H orizontal- 
M iddle, and V ertica l-M id d le  because th ese  3 p ositio n s are the m ost u se  area in  the 
experim ent.
T a b le  B 1 N ee d le  calibration  results.

D ia m e te r  (p ix e l) S T D E V
H o r izo n ta l - M id d le  (Ay) 13 .0 9 5 9 0 .0 9 3 4

13 .09 69 0 0 8 1 9
; ; P 13 .1 0 6 8 0 .0 6 7 6

a v era g e 1 3 .0 9 9 9 0 .0 8 1 0
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1 . . .  . .  > 13.0721 0 .0 4 0 9
13 .0742 0 0413
13 .0735 0 .0401

av erag e 13 .07 33 0 .0 4 0 8
V e r tic a l -  M id d le  (A x) 12 .80 80 0 .0 6 6 3

12 .8982 0 .0 9 8 8
12 .8606 0 .1 0 7 6

av erag e 12 85 56 0 0 9 0 9

N e e d le  d ia m e te r  (m m ) =  1 .4700
A s p e c t  R a tio  =  0 .9 8 2 4
R e a l  S c a le  x -d ir e c tio n  (m m /p ix e l)  =  0 .1123
R e a l S c a le  in  y -d ir e c tio n  (m m /p ix e l)  =  0 .1143
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Appendix c  Pendant Drop Calibration

A fte r  ball an d  n e e d le  ca lib ra tio n , th e  p e n d a n t d ro p  o f  w a te r  an d  ace to n e  is 
u sed  to  v e r ify  s in ce  th e  p e n d a n t d ro p  is  c lose  to  th e  rea l e x p e r im e n t m o re  th an  iro n
ba ll and  need le .

P e n d a n t d ro p  su rface  te n s io n  is  m easu red  b u t f ittin g  cu rv e  fro m  p lo t d a ta  by
M E G .B A T  p ro g ram . T h is  p ro g ram  w ill ca lcu la te  su rface  te n s io n , su rfa c e  area, d ro p
v o lu m e.

C:\DOCUME~ 1 \pareVDesktopWYLABS~1 \PENBAN-1 VTB. EXE
turbo Basic S e tup  U indou Debug

CUHAG.BDS b in e  i  ___  C o l 1 __ In s e r t  In d e n t la bPENDANT BUBBLE -  -  -  WII-5Ï7 M806017 NT I T Feb. , 10 ,'93
DEFDBL A-H, O-V DEFSTR z DEFI NT I-N  nfread = 60 Nl = 1 2 0 0  N2 = 3550 Z1 = " b a l l . f i l "ogr = 71.97 -  exp water of su rfac tan t so l 'n  
0 gr = 0 . 0 0

--------- Message
.ng: MAG565 S t n t : 650

ftlt-FS-Zoon ftlt-F6-Next
F ig u re  C 2: M E G .B A T  p ro g ra m  in te rface .
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T a b le  C l  W a te r p e n d a n t d ro p  resu lts .
Im a g e

no.
S u r fa ce
T en s io n

rad iu s
(p ixel)

p Xapex yapex S u r fa c e  A re a  
(m m 2)

V o lu m e
(m m 3)

100 7 1 ,9 3 0 9 .9 7 7 -0 .173 3 2 .0 0 0 3 1 .7 8 6 17 .618 7 .275
101 7 1 .8 6 0 10.135 -0 .1 7 9 3 1 .0 0 0 30 .4 6 6 18.201 7.671
102 7 1 .9 5 6 10 .086 -0 .1 7 7 3 9 .0 0 0 30 .021 17 .199 7 .3 8 7
103 71 .9 9 9 10.095 -0 .1 7 7 38 000 30 .043 17.205 7.403
104 7 1 .9 8 2 10.081 -0 .1 7 6 3 8 .0 0 0 3 0 .0 2 6 17 .187 7 .3 7 7
105 7 1 .9 4 0 9 .850 -0 .1 6 8 3 9 .0 0 0 31 .9 3 2 16.109 6  771
106 71 .911 9 .8 5 4 -0 .1 6 9 3 9 .0 0 0 3 1 .9 1 9 16 .125 6 .7 8 2
107 71 .9 4 0 9 .850 -0 .1 6 8 39 .0 0 0 31 .9 3 0 16.714 6 .896

T h e  ta rg e t o f  p e n d a n t d ro p  c a lib ra tio n  is to  m e a su re  su rfa c e  te n s io n  o f  w a te r  
a n d  a ce to n e . I f  su rfa c e  te n s io n  is c lo se  to  th e  re fe ren ce  th a t  m e a n s  C C D  cam era  
a lig n m e n t is  in  a  c o rre c t p o s itio n . T h e  re fe ren ce  su rface  te n s io n  v a lu e  o f  w a te r an d  
a ce to n e  a t 2 0  °c a n d  1 a tm  are  7 2 .8  and  2 3 .7  resp ec tiv e ly .

T a b le  C 2  A c e to n e  p e n d a n t d ro p  resu lts .
Im a g e  S u r fa c e  R a d iu s  p X apex Yapex S u r fa c e  a rea  V o lu m e

n o. ten s io n  (p ix e l) (m m 2) (m m 3)

101 23 .001  7 .503  -0 .3 0 6  3 0 .0 0 0  2 9 .4 7 2  10.781 3 .6 5 4
102 2 2 .9 5 7  7 .543  -0 .3 1 0  3 3 .0 0 0  33 .7 6 4
103  2 2 .9 7 9  7 .5 2 3  -0 .3 0 8  3 3 .0 0 0  3 3 .6 1 7
104  2 3 .0 1 8  7 .4 5 8  -0 .3 0 2  2 9 .0 0 0  3 0 .2 5 0

11.153
10 .769

3 .7 8 2
3 .760
3 .60210 .7 6 9
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Appendix D Sessile Drop Calibration

W a te r  is u sed  a s  a  te s ted  liqu id  in  sessile  d ro p  ca lib ra tio n . W a te r  se ss ile  d ro p  
o n  p a ra f ilm  su rface  h a s  co n tac t ang le  b e tw e e n  1 0 5 -1 2 0  d eg ree  d e p e n d s  on  th e  w ra p  
q u a lity  o f  p a ra f ilm  o n  ac ry lic  su rface.

F ig u re  D 1 S S .B A T  re su lts  o f  w a te r  se ss ile  d rop  on  p a ra f ilm  w ax  su rface .
In  th is  c a lib ra tio n  S S .B A T  p ro g ra m  is c o m p lie d  to  c a lc u la te  se ss ile  d ro p  

co n tac t an g le  (b o th  le ft an d  rig h t co n tac t an g le ).

F ig u r e  D 1 S S .B A T  re su lts  p ro g ram  in te rface  o f  w a te r  se ss ile  d ro p  o n  p a ra film  w ax  
su rface .
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T h e  w a te r  se ss ile  d ro p  is sh o w ed  on  the  tab le  be low . 
T a b le  D1 W ate r se s s ile  d rop  o n  p a ra film  w ax  su rface .

W a te r  S e ss ile  d rop  on  p a ra film  w a x  su r fa c e
S I C 2 5 .0 7 6

R a d iu s  (p ix e l) 14.7552

p 1.0967
L eft  c o n ta c t  an g le 11 3 .4 5 2

7f§Ç :;ÿ : - R ig h t c o n ta c t  angle' 113 .452
Xapex 3 4 .0 0 7
Yapcx 3 8 .6 9 2
S T D 0 .1 4 7 0 3

T e m p 25
L eft  p la te 5 3 .6 7 8 5 ± 0 .0 0 4 8

R ig h t p la te 5 3 .6 6 5 6 ± 0 .0 0 9 3
P la te  d iffe r e n t 0 .0 1 2 9 4

B ecau se  p a ra f ilm  su rface can  be s tre tch ed  w h ic h  a ffe c t to  th e  w a te r  co n tac t
an g le  th e  w a te r  c o n ta c t ang le  is v ary  d ep en d  on  th e  w a rp  q u a lity  o f  p a ra f ilm  w ax
su rface .
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C U R R IC U L U M  V IT A E

N a m e: M r. P a trap ee  A rcade
D a te  o f  B ir th : Ja n u a ry  13th, 1981
N a tio n a lity :  T h a i
U n iv e r s ity  E d u ca tio n :

2 0 0 0 -2 0 0 4  B a c h e lo r  D egree  o f  C h em ica l E n g in ee rin g , D e p a rtm e n t o f  
C h em ica l T e c h n o lo g y , F acu lty  o f  S c ien ce , C h u la lo n g k o m  U n iv e rs ity , B an g k o k , 
T h a ilan d
W o r k in g  E x p e r ien ce :

2 0 0 4 -2 0 0 6  P o s itio n : P ro cess E n g in ee r
C o m p a n y  nam e: S iam  M itsu i P T A  CO., L td

P r e sen ta tio n s:
1. C h av ad e j, ร Y , L in . (2 0 0 8 , A p ril 23) W a te r d ro p le t im p a c t p h e n o m e n a  on to  

su p e r-h y d ro p h o b ic  su rface . P ap e r p re sen ted  at T h e  14 th S y m p o siu m  on  
P e tro le u m , P e tro c h e m ic a ls , and  P o ly m ers , B an g k o k , T h a ilan d .
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