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The Effects of Drying Method for Droplet on the

Forming of the Film on the Substrate

Student : Chun-Kui Lu Advisors : Dr. Ren-Haw
Chen

Institute of Mechanical Engineering

National Chiao Tung University

Abstract

With the generalizatrion of inkjet printer and the study of
relevant technology, inkjet printing technology is not only applied
to jet ink on paper, it also jets other materials such as conductive
polymers, ceramic materials, nanoparticles, and etc. on different
substrates, and can be applied to many industrial fields. Inkjet
printing techniques are getting more attention by it’s properties of
automation, miniaturization, cost reduction and so on.

When a droplet dries on a substrate, it leaves a ring-like
deposit along the perimeter. The drying process of droplets on the
substrate is found to be a key factor that forms the film. The
experiment and simulation are constructed to investigate the drying
processing of droplet formed the film on the substrate. In
experiment, we use different viscosity of polyvinyl alcohol aqueous

solutions and the combination of convective drying and water bath

il



to investigate that the effect of temperature gradient and wind
velocity for forming film. In simulation, we use ANSYS to analyze
the heat transfer in droplet and to explain the experimental result.
The findings display that the effect of wind temperature and
velocity to form the film is obvious for the higher viscosity of
solution. The more the temperature gradient, the more the effect that
solute deposit toward center. The higher the wind velocity, the

worse the roughness of deposition.
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2.1.2 # & E a4
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K- B AR BERY - B> @ F 4 A @iE (heattransfer) o # &
WHen? N5 =48 0 # @ % (conduction) -~ # ¥ (convection) £

%@i&ﬁf(radiation)o R B A MR EARALDE A A §
KRB R4 TR RKESHA T 2 Fa 4 FEI Ak
B oo
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5]+ 4 B 2-1’7%@@:1528,:?@15“%\%

Qcond =—kA— ( W) ( 2-3 )

Hoe > fEEFEABEFABE S 5 P 5 - 2 E o kMRS
BOEGEALBRODEG o AT/MEER PR - A

=\ + =
}\?Z\'TF

Y

Qcond - kAC:j_l ( W) ( 2'4>

* # % Fourier (h# i@ § 2 & o

G Nt
2. f L(: ‘3‘": e

A G BB - FHHEA &fﬁﬁﬁ%ﬁﬁ%é%@i
> Vol on B BT o

=3

=1

% (E\‘ d : @Ef’ %\ i '-@ _,Lu:l /ﬁl'gg) ’
F BB e LA A z@,'@armWWﬁ%g 42
= rﬁ,él" }LJ' pint 1] 2 P @ﬁ #% # 2 i 'EQ E‘hﬂf‘]

/

7 ¥ d “Newton er/4 #r T & %k & 7

Qun =NA(T,-T,) (W) (2-5)
He hz B HnGtli AZA2ZEHH DL o T.5 20 F
BoMET & ER

L
~p
oo G PRI g 0 e
% it ’?“ ¥ow F

3. #Foig &

{ﬂéﬁiﬁﬁ&’?Qﬁﬁiﬁﬁiﬁﬂjﬁgﬁ%w
% 77

Qemit:gJAsTs4 (W> (2'6>
g% & o s F 5 5=567x10°W/m*.K* 2 Stefan-Boltzmann ¥ # >
As 2o o f > METL 20 8HER ~a FFHAARE
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Tﬁﬁ*mﬁmﬂ@ﬂamﬁ BERGEHFT LT 5
rad SOAs(T4 Tsurr) (W) ( 2'7)

2.1.3 3 4] %= (Forced Convection)

AN E P RE AR T FOE N AR O
Booo G IS SR HAE Y AT (o T AR B8 H R
- BAG A E PN A AR A E LA R
(de D 354 k) @RB IR E T D 0 A L SR E T T

H2- ke - R RLIF I OT F0d o 4o 2-20 xifh i
i %ﬁdi\ﬁfé%/r' T L whind > e o0 0 'Eﬂlﬂ_)iﬁ'-r A
ERE GV oA T FERE 2 H SR é_ﬁ)ii;%?.‘/éi]?\ € 4
= — k& i¢ (laminar flow) ; & T4 fg & > R d > 34 ¢ % = 5Lin
(turbulent flow) o d & /it . dkimigt /v 2 & LN Eod e ke

»

=
Zﬁﬁ,ﬁ?ﬁgﬂ:’zﬁé

iy

& A

\\\

/

B~ PAERE 20 BA oA SE P S
% # (Reynolds number) X | & -~ H ¥ 2 1 %
ReX:p_\/X:\ﬁ (2_8)
J7F %

HY pi v B R us®4A AR v=ulps AR -  H3N 0 A
T ot o d RingEE L nd ¥ ed2 amhd ik
Re, =5x10°}+ o

EEE A Y o i F e F Bic(Nusselt number) & # %%
G E Tl T AR

N =D (2-9)

HY o ki ad @ E %fko Lcéﬁf%ﬁz{»)i om ¥ T 4 P =&
/i-—'/ Q%%E} d’T‘\‘%\/ —»

% IR Nux:hx =0.332Re’ Pr'”? Pr > 0.60 (2-10)

L 0.6 < Pr < 60

pron Nw:hJ:OO%mRQﬁ¥” ) , (2-11)
k 5x10° <Re, <10
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# ¢ > Pri ¥ ¥ ¥ (Prandtl number) > £ P i B 2 F R E R K o

RN P X

FERERSDLIES NS RETHRTTORERZE R G IFEER
o REY R R R Sk KHRF LR
B o oW 23977 o R WE- BHFEAS AP ESF G
mmw’ﬂﬁw7$mm&&@ 2 110
FF o e NER RAF IR E T FR 3
%ﬁﬁﬁ#&mm'#wr*m&wmm&@%
C -0 S A U - Wi -2 B OOl S -2
ok £k EER K FHFAERETHRA T LR R
FroRtwgd B ERAME ERFE ZIEREH A E o
AR AoB 2-4 -

tul

2. kBN E

7] 55 %2 ZEISS Axioskop 40 P 4% 10X > $ & 2X -~ 5X ~ 10X »
20X 50X 2 CCDAE G~ kS i » 8@ L 7 rgd ey
PR o B 2-50 AR RRFIEE DA

3. ZHaBRE: LA kR ERRK
4o B 2-60 H B % 3] 5. 5 Kosaka Laboratory Ltd. ,ET-4000 -
Tr R ERL AR R R

4. FLR
4o B 2-7> % % B Brookfield o & @ {F ¢34 4+ 5% 4 & 3+ > LVF
A o R RS N2 EE TR EREF R PRR
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AP IEY RS RN PR RGP U Pl PR R
(polyvinyl alcohol, PVA) » ## & 5 5 BP-24S - R ¢ ffi 5 - &
vod PR 4 R kSRR XL ESPRBEHEEALF o H B
LG AR il 5 R R R F A AR WA
- SRR NN LI S A ) Foe Gk iy BoKA
feer kA EF A REEF e FHEDEFT Vs FAF
ol ORFEREF BMFOEREN e N G TR PVARA LD
B* PR TF EAE £

FEY o f* PVAZ RRHIRPELEE AW ERSRBR
IR AR MR BEHAF S EEE R R T kiR

S i AR R R TN E WIPVA kA R R R B F HAE

v
JF
=y
-
m
>
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e
o
Ae
i
&
>

-

\

L F (Si0y) e & AR HE fpg R iL 0 B VAR
& B %2!‘9%%?’3 Fl* -5 it 2
u%%m%%éw’:if #ﬂﬁiwséiévﬁﬁéﬁ%
HEF % HEPIANEF BFRS
EH BRI (4]
fﬂ»‘“’“?a%“‘ﬁ'“r?%?*572&*2‘?*7%1@?ﬁ£?9%%‘j£”ﬁ—%ﬁ
0.2umeh= § i & » H = o X ) 4 2cmx2cmx2mm e # * w7 f
(acetone)& 5 A BT S~ 4 /T‘%\,\i&é’ﬁja %%&?’ﬁ%;,l‘z—ié}g
FoRkR S s 4 BN F F RiC

o

223 BB
S F R At R T AR R 50£10% F R 25+1°C
Fr3k R T e (F o PVA KA Rk AR T A F 10cps ~ 100cps
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2 1000cps > 4 2-1 %77 » B~ 2 g 2 2R EnT @ L F o
FHMNFAEBAS AP RigHFE Ry LB T E 2

AFER25EICT o B E N HE pARZFF AL TR R &

2. @ KB e E b 55 4

B R A EBA RFRANRfCEAR A RSDER CRHE AL TR
RAZSFNDORET % o RFDAIED g HRIR R
H A 25T flr AHE BB DR AH 2 B Aot

¥

Mk Fret Al o ot R AR F AINNER o RF DL G
BEBD F o R KA 0 d A g Ak /fFT?i’*’%‘}fﬁiﬁ’_Ji
T FnE RS €7 BE T RF RS S H TR T
(1.0£0.1m/s) % I n 5 7@ e BFEIC A 75+1°C) 0 2 B % f in i
BT (551 C)* F ok a& (1,0£0.1m/s » 1.5+£0.1m/s = 2.0+0.1m/s)
B TR P RTINS 4R 10cps ~ 100cps
v 1000cps = & > J| * 2 BFB(NUE 0.5mm)#-03 7% F A P
LR OV RAREETIRIHAEGGELCTEL DRTEL 5
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% 2-1 ZbR & Bl
T % B (cps) 10
& & (rpm) 60 30 12 §
K 10.6 5.2 2.1 1
i = LVl LVI LV1 LV1
% 1 2 5 10
ZE & (cps) 10.6 10.4 10.5 10
F ¥ E (cps) 10.375
T % B (cps) 100
# ¥ (rpm) 60 30 12 6
B 19.9 9.9 4 2.1
& = LV2..l LV2 | LV2 | LV2
% #c 5 10 25 50
Ak & (cps) 99.5 99 100 105
F % @ (cps) 100.875
T 4 B (cps) 1000
#& ¥ (rpm) 60 30 12 6
B 49.4 | 259 | 10.2 4.9
i LV3 | LV3 | LV3 | LV3
% #c 20 40 100 200
Ak B (cps) 988 1036 | 1020 | 980
F % B (cps) 1006

R

= PG FET LR AL R 2
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Bl 2-1 @& T4 0# B E[30]

Bl 2-2 T4} enT i3 [30]
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kﬂ +mL+h(T,-T, )=0 (3-2)

an droplet
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% 3-1 F 8L F A £[30]

e | E | HE | HERY | ke
w0 %
£ 0.02m 148W/m-K
A = %
(N 0.02m o 712 J/kg-K
E d, 0.002m % R 2330 kg/m’
T R
L, | 0.001m " 0.607W/m-K
i
B K
T % R n 0.000268m g | 4180 3/kg-K
# & L 0.002m B R 997 kg/m’

#03-2 ke A 4 [30]

B E(C) | % A (kg/m') 02 (Qkg-°C) | # @B % % #(W/m-°C)
25 997.0 4180 0.607
55 985.2 4183 0.649
75 974.7 4193 0.667

%0353 % F g TR A [30]

%R v A P
BRI (g | (o) N e
(W/m-°C)
40 1.127 1007 0.02662 0.7255
50 1.092 1007 0.02735 0.7228
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234 72 RFganARZEiGHEELET T
Im/s » 55°C Im/s » 75°C
NODE | TFX TFY |TFSUM| TFX TFY |TFSUM
10 13.646 |-644.55| 644.7 |22.707 |-1072.6|/1072.8
12 18.0751-629.98/630.24 {30.078 |-1048.3|1048.8
14 22.714|1-615.9 1616.31 37.797 |-1024.9/1025.6
16 23.243 | -604.8 | 605.25|38.678 |-1006.4/1007.2
18 21.917 |-595.97|596.38 |36.471 |-991.74|992 .41
20 19.2271-589.421589.73 131.996 [-980.84|981.36
22 15.66 | -584.5584.7126.059|-972.65| 973
24 11.555(-580.98|581.09 [19.227 |-966.78/966.97
26 7.1022|-578.68578.72|11.819 |-962.96/963.03
28 2.4928 |-577.52,577.53 14.1482 |-961.04/961.05
30 |-2.1393|-577.43|577.44-3.5598]-960.89|/960.89
32 |-6.7479|-578.54| 578.58.1-11.229|-962.74| 962.8
34 |-11.223]-580.75{580.86 |-18.675|-966.41{966.59
36 |-15.381|-584.17|584.38+4-25.595|-972.11|972.44
38 |-19.013]-588.98{589.29 | -31.64 |-980.11{980.62
40 [-21.969|-595.33|595.73 |-36.557|-990.66|991.34
42 |-22.868(-603.98|604.41 |-38.054|-1005.1{1005.8
44 |-22.207(-615.4 | 615.8 |[-36.953|-1024.7/1024.7
46 |-17.338(-629.42]|629.66 |-28.851|-1047.411047.8
48 -11.14 |-644.59/644.69 |-18.537|-1072.6{1072.8
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235 A FphiEziaRELED R
1.5m/s » 55C 2m/s » 55°C
NODE | TFX TFY |TFSUM| TFX TFY |TFSUM
10 16.718 |-789.48|789.66 |19.302 [-911.31|911.51
12 22.143 |-771.63|771.95 |125.564 | -890.7 | 891.07
14 27.825|-754.38| 754.9 |32.121|-870.79(871.38
16 28.473|-740.8 | 741.34 |32.869 | -855.1 | 855.74
18 26.848 |-729.98(730.47 |30.993 |-842.62|843.19
20 23.553|-721.95|722.34|{27.189 |-833.35| 833.8
22 19.183 |-715.93|716.19 [22.145 | -826.4 | 826.7
24 14.154 |-711.61711.7516.339 |-821.41|821.57
26 8.6999 |-708.79|708.85[10.043 |-818.16|818.22
28 3.0536 |-707.38707.39 | 3.525 |-816.53|816.54
30 |-2.6205|-707.27|707.274-3.025 | -816.4 |816.41
32 |-8.2659|-708.63| 708.68.1-9.542 |-817.97|818.03
34  |-13.747|-711.334711.46 | =15.87 |-821.09|821.25
36 |-18.842|-715.53|715.78{-21.75 |-825.93(826.22
38 |-23.291|-721.421721.79 |-26.887|-832.73|833.17
40 [-26.911|-729.19|729.68 |-31.066|-841.7 | 842.28
42  |-28.013(-739.79|740.32 |-32.339|-853.94|854.55
44  |-27.203(-753.78|754.27 |-31.404|-870.09|870.66
46 -21.24 |-770.95(771.25 |-24.521|-889.92|890.25
48 |-13.649|-789.53|789.65|-15.76 |-911.36| 911.5
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