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<Abstract>

This paper discusses the evaporation time of a pure water droplet on smooth
surface of copper, carbon steel and stainless steel. The initial surface temperature
ranges from the lowest limit to the highest limit of the nucleate boiling region.

The surface temperature just below the droplet is calculated from the 2 dimensional
transient conduction, using the heat transfer correlating equation of nucleate pool
boiling proposed by Rohsenow. And the evaporation model proposed in this paper is
used to calculate the changes of contact area between liquid droplet and heated
surface. With these time dependent values of surface temperature and those of
geometrical shape of droplet, the total evaporation time for a specific liquid-solid
combination can be predicted as the initial surface temperature and the initial droplet
size,

The predicted evaporation times are compared with the experimental data. Though
the present model consists of some assumptions which include bubble waiting time,
heat transfer coefficient and the shape of liquid droplet on surface, the predictions and
measurements are in good agreement,
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7tdA Aboll &2 AAH(droplet) S HAAIZIE HA A9} rdH Y HFZslo, o
A WX AWA NEZ SAE w7tz ZhdEY, o] 77ke] g ¥, AF oA AL
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Aol AqHNE dAG AL, 7tdRe] 2rlexs A S zlel #AE E23s o
EAIZE ERAzE FHo2RE O o] AuEoejAn, o] FHL IAHoR EE WG
ZA(Pool Boiling Curve)® SAAIZ 4=} fArsth w2y A3uTE FErj5a 2
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o nl5o] AP A 7lE ii‘ﬂ—-i Lre AW T4 258 FASAY B AF
*_"17101] we} v Zsls iz Aol vk R,

o] 9ol Groendes &(6)% H2A FHE7IN Fo| 7B Ho| x HHE FH3}A, 2
71eE Two HE @A77 20 &% 23518 1 49 o] AL A 95t o&ge
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ulgte] vf¢ A, B3 /AW U2 AR 2-WE Aol Tu o &L Aoz s
of @ A vt w-g Ao A SAE FAh 4 (DM T, £ 99 7] &
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3, g 7F o g, F4 7hgykel d&Fe HaA FUR Ty v TAHHLE T B
w5 ‘,’\l‘-jr.

AN 7)zre] B F, AAH YRAAME Ad£AH 7|E WA o2 Fgl v)So z]ag:;h,].
o] wWo| njF 7, Johnson(s)°1 AAGE Aol dulF Fido] g ¥ T
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3T _ . B . 9T __
0<z<Rpad =1, =0 |lim T=T, lm 5 )
E WHEHA|F)= r 9] exponential §4S 2§}
o BAZAR > 0) :
2-0,0<r < RAN &y (F2) = h (Teey — T, ®
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r=09r=Rp I _%:11: =0 (11)
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2] (8) & 719y FHolA nA-gA HE: WFH Yo v dAY 2do, dF 4
245, h = 23 go] FA 5+ Rohsenow €] #A AL g3t

— 1 J _ _g__ <y (Tw - Tsat) 2 1
h —cf3 ki\ (o 0y) p [ hy J

52 (12)

A (12) oA ¢ o g2 TW 2 282 B TS BF o = 0013 o] ghg& A=
sal AR on, Bagel AolE of Fe AT

A @ € 7t EReld AAsh F2EA ¢, oyl ol x2W el Y VA =
Aom, 4 (10, 1D 9] 7tew PR 2425 2 AFPelM) PAzAS vehar)

2. 98 nj5 2d

B oA s, dFo] 7tdH AddA vl Gt Sk w, o S FF HAEHE R
T 2 ALE 5L AHS3le, dA-uA ke AH FE Wy Q SHAL, tevap & AF
37) 9% nd 236 disty AgsRen, 788gd aEsE f3td g9 MEES
={Jdh

(1) 2¢71 F, 7hd) AolA YA 7R K5 (spherical cap) F44-E /AT
th 7] AHIZAT7 olg & AS FHL7] T, B AP A" 43 F37)(Vo <
0477 cm3)lM = A4 715 Ak

(2) 2917t ZF, A4S vH A A FAHA HAFANA EHE 42 E FASH

(3) AA Y 7] 2P0 A% Ao B 4L gvdn ZpFJL o] A
o, AL 7oA v 7k R M G A AHE ¢ Ao

ST

Fig. 1. Droplet on the heated surface.

olAte] FIAEEHE Fig. 1 3 22 A4 % »dS u2dA

agolA AAel MHe vV, mAEy AN HEAL gz ®AFE, 2717 AF
wAe WA R, & 4 (133 ol Vo & 6 w9 2 BAFE 4 vk o @AY
NA 6 = FHY Ao HFzoln, ] A V, & 8t AL A Y§ =
Hoguy o4 oz gAY Aol P} HEE g FRE A3, F
717 9] vt 9453 FFHAH dake AdE 5 Aok
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R, = [ V4 (1*-cos¢9 + cos @

3, o] Ql]&]o] grA 2wl R THEEe 2 9% Q © YAl 275 E T,
o] &gy L toyar, A HERHE A 2 3,

t

Q= Vool hy + 1 ( Tuw ~Ti) ] = L”h( Ty — T ) A dt (14)

olth, 4] (14) A toap & AAZHCE & 5 g1, B3 h € Tw £ 242} At we}
WA B8t 9 AE 98t AIZHE P4, 4t B FESE, o] 73t F SR
elale] F4d A 4V 4 (198 &k

[ h(T, —T/) n R* 4t]
av = P{[ hfg +CI(Tsat - Tl)] (15)

QA AA] AHLE T 0 <t <ty V[Tl BA 27125 Tio &, ta <t £ tevap
dME A AN ¥er R 7Hd HYenZ Ty & AR, Tw © GAL #HAo
A Aldrgr AnAE Sl I rAAIZE 4t = 2 A Aol R FRAAA
QFHE S UESALE Add3th 4V o F4z g 2L Hd&dAFe w3 R
T, 4 (13) o 93y

R = 3(V; AV:.)“(lilncise)(zsmcise)]lﬁ* (16)
otk AAZN FelME VX o2 AY M V1Tt 3% LEA AR, YA

FARNEZ E0Ae gt o dstd @2 Ao, oy W AMe R < 0 EE
T AV =V, 44 Adsd, A4 RES N o a9 4 17 1 gol 3 2wz,

tevap & A& 5 UL,

tawp = ts + N At (17)

m A33 2 iy
Age o FoAA AAF 2wAZE G2y 2 Ao wE slhhe) Lx BE 5

FAst7] skl stdmel A 3 AN WAAA FAHROR, o Aatd Aol
g 298 Wsse, Ads) 27 ARAR), 27] §L BVLE, Rue) exulsl 97
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Fig. 2. Sectional Diagram of Heating apparatus.
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Fig. 3. Details of Heating Plate
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spdrge. Egoe = Hel Yo A 128 mm ¢ Watlow cartridge heater(l kw,
120 VIE A1, 1 F9= 7t go] MAEE Q4RS A8ty 25 9d AR b
dyt FAdli Avd #da 2712w S0l 4AE 9sta] AU} Ao A
m, o] AAUE thermostat & AR 9w 7o Tgshl o] Ay ad

T P o] ybd B o) MAHE sEe, B Aol F, vad, 2EHAAE

%9] 3 7HAE A& WAL, 1dne] V)EteE d48F AdE HAR st 9
1, A7 80 mm, 57 10 mm 9 9% £y Yo Axy A} N4 HE2EH by
A3te] A7 50 mm, ‘”3] 22 mm 9 BEF5E AAsch e, 53 del T2
FA87) f8kel, #95 ddAglon), d3 JHERAL, HAo] ARG A" 7
Zaloll A ‘}1011%\_' 743. wAEt ) fske]) Fig. 3 3 zke] ¥bAo] 75 mm & s
2t FALY 2428 97 AN Bl 23 Ao npgha s 3R A
] A&z 59 E’fl.“i]--i stz FHAA 0.3 mm Hold dxgu, =7le) 7Y% &
£ 3ol 53 mm, 10,3 mm Zoldlx dAUES dAFc},

AFNEL g3 e AHAS HEFS WAt Ao R 2iEgor YolFe
712 nAAZET A dde 24 02 mm AA FU4dF=2 HE2E8 K type ©]
] 71% AL OMEGA 9 zoro point reference junction & ARk dddl= z+
DC ZEZ71% A/D HE 7= AA micro - computer ©] Ao FHLEE recorder
ol 12 tg?ul.a—_ AR Micro - processor £ DT8325 data acquisition system¥} Global
Labh. software & AM8-3th
AF L Zutg AHEe] Al AW FFFE AL, 2719 HYex 3
£ 5 AASA FA37] d8le] NA A tank o AZNGIE FEE BEY FAF
Qi—rﬂ Al en, F9 FARF AL uAsy] f3te] e olad HUFE
cEk =3

_O,L'

O

N ofe do e ob o¥

T E3
=
At

ows

P

2. A9

AFA 2E AANEL 34 EY o I Y Ajlsta, of B A3 s1E
2 Pzrein] B S0 H]JLZ‘}C‘% wAPY 2 A3 B FAdd= 1 °C oy A
ex7t EAgod, 418 dHd 7] Adee A Ak

7taRe] 7] RE+, %%4 FHel A Tl dojd 4= e PG 100 - 200
C o] =AM 5 °C ALs F7HAYI 4FFen, Ax 2o =93 Fde
oAl 5°C FA02 7radln AR due] a7 LEAX 7HE T Yol +

2°C 9 #dg 2o Aol mdshd A4S gl dapalglen, Wi 9 vt
A1 YA AR IS FAR Atels dAske feldel AAE cock B 2AA

NAL FAL Felx FRAHs AAFFo] YPYAE oy W AR s, uA
A FEA FEAART T8t Felm 2HGA) FR 71ER el 94X 5 A
&7) Astal, 8 mm EololA etk oA FurAlzle] AuiAQ JEE mAE JF
719 =7)4= #13, #18, #22, #24 o) AL /\}%3}&1 Az 27 Aol 4 )
olAel o 50 W HEE A AA A FAY F, AAFR Pra o5 5 3§
RHEsto] T 4k oizl-ﬁ Agglon, o2 Ry AN, 73 A%, A3 Tab. 1. %
2t
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Tab. 1. The initial diameter of droplet

%13 ¥ 18 22 ¥ 24
27147 (mm) 450 3.29 2.84 254

Az F ooty Aol B4R AR A A4S Adsty] A3, v A3l F
v BEe ollEG R Holy ek E3 A¥Fe] W 432 A% ¢S )
fEle, RE slgge AP A 300 - 350 °C oA e 4 AIZF Fr ALl LA
W= Az Jzglon, YWas, 2 EHEL # 800 sand paper 7FE3ta] U A A7
2 5= Yo

NF] A&zt Z2AL olhye Y At B ¥, YL HAHG S b
wle sldmel LB HA HEAlY kg FAsA §X7 Aujolr A= why
olR gk, WARA olalg Whdel EFo] Brlednz, /g E Aeor (A3 AF
e s FAFE A g SAPYY. FF L TERE LM DERAT
FAHEE FAEL 5o AHE JIlEte], B g A AL Questar QM
-1 9 9AE) dAmAer 10 - 20 v FHosta A FHte HFHzHE SAPT F
AY AL, B AR AREZ A =re) JARAA, HEEe FRol BAR,
28 - 33 ° olm, A=A =7} FIEFLE FAse AEE KA

V. 2784

Agust e Ho] AEde] HEe] Yold wle] ARLL, B WY AL A,
Mo 2712 R A we FAP Wl gone, T AR LEAAe] oF 4Y
A e A BrPsE Adolth wabd B AT /&Y pool AHY BAAE ol
g3to] Mo eEFes HatE dEgon, 1 AUSL APHR FHP A T
2tk vimatE oo A WESe BAND vhest vk

1. 7bERe) 2xst

<24 7tdd 7+ giRlolAe], =X Al olste] A& 2=wE e, Fig. 4
s} gl ArM E71exE 371X AR BF 140 °C eln, 7|8l FAA uize] 3.82
mm ©] %, A ZHEE YollA L% Rpo|7t AU F wj(AY =7t HIte) Eehst A
) &g w(Ew g7 &S JIFsld BAYT WUz T L= ¥ ols
Ze 2% WY Yo EAEH, I xole, WF G AHde] A2 Fwe F-¢7t 7t
A &Ax Agle] & Aglalage] 71 =24 WYL ¢ £ vl TJ N NEke] 2
Wale A BAIgel, 43 271 AEWARo - 226 mm)e] oF 2 W) A#A, r = 5
mm ol F2As #WEshl O oo AdelMe 2IRES A9 o7t it
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1 / / —o— copper (t=0.08sec. Tw0=140)
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~ 130 woO
%) / —a-——c.steel (t=0.13sec. T =140)
P woO
5 —v—c.steel (t=1.28sec. T =140)
© wo
2 3 —o—stain.s (t=1.17sec. T =140)
£ wo
A —+— stain.s(t=1.99sec. T =140)
WO
110 g v T
0 5 10 15
Radial distance, mm
Fig. 4. Temperature changes on heated surface.
150 T ' T T
Q I o fn. of copper
= = mn. of copper
£ "I o fofc. steel o
3 i ® mn of c.steel
§ 4 fn of stain. s, u 0
T 10l A mnofstains T o Q .
n
s ' o ) .
Q. =
5 l [ ] A 4 & ?
: 120 5 X x X -
P ] A
£ [ 4
o3 A
& 110 5
100 120 140 160 180 200

Initial surface temp. T__ (°C)

Fig. 5. Efeect of T__ on final and mean surface temperture.
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Fig. 5. & &l Ao w3o] 329 mm ¢l 738 A Zo] sjujs ol Yo U9 7]
X Tw 2 7FEE 719 Galsle], Sto]l gtugd w719, AEH F410A Al 3
Ten o HS guAl HF e E Vel gtk ORA, 2eE Ty, /F Z7}1e4
E Hurst 27125 Tw o9 Aole Z78le ZAE8S Woln, oleldt ke 2HQ)
d27dol 7% Az ol 71 A Jehgth I Q9L Tie AdFAASE o,
= 1105 x 107 m%/s o w3k AHQBAATE o, = 4728 x 105 mYs o] B, QEae)
Ae] Yzto g QI3 2aly uA UNolr)e] Mn dstel] od wAte] Fx)Ael A
FA dolur] glEoz vt gatd, BUF 27 stdd SRIME FHdAE &
g wk7le] mhn)go]l dopd & e W, AEIQlEl A AR o] o 7b 2o AdoAE,

439 ex Fez dskd, A% ANFE FAL F dos AL AnAT. w=§ e
BFewst AFLme] Aolt, FHAN Tu T/ B2} A% Zrlsle L Hol

U gagdolu AHRddAGME ZAlErt daste A B, HELT ) ¥R
ernch ok e, Sty Fo mdexst As sinst Bt Frkste 7|3t
EAPTR: gAleke], 2 Zolrt 42 2n e AAY EE A FEII tew O
Wy 2EdE717e Bgo] woe AL Rt 2HE FRdAs HddAe &
frol STk, 7] &2 s §-, HlaF F& 7Eds, 4T 2xd £@s)
o 3¢ @BMe 25E WFLEG B AT UEhT. o7t e waFol} 2w
QA 2FAME, BHANA Dfroe] 2o Hde LT Fo&L BAN FEI S
oz sty WHLerT & HAFxd =ttt Ty dfsol B AfdE,
o=z Aoty WG L=AdFol oFo] Ar] A olv] Fwe] gnHER
AT eme Baewst & Ao A gon, ol A4 e Lx9 FHUAME U
B 4 AR oln) g R e gy e AddME A9
ot olsk Z& FAL2 Fig. 6. oA, AEAH T4 Azl g2 WM 24
i

S i | 1

= : T !

—o— copper (Two=160)

Q wo \ —o— c.steel (Two=160)
pug ! ——- c.steel (Two=180)
2 —+— stain. s(Two=160)
g 0 stain. s(Two=180) |
® stain. s(Two=200)
(=9 T
-S 10 " EEEEE0
0 ----- LX)
g AOCOOOOPOACOCO0O0H
3 120 3 *
OTO i 01 I 02 ' 03 ' 0.4 ' 05 ‘ 0?6 l 0.7 08

Time. sec.

Fig.6. Temperature changes of center with time at Tw§160 -200C
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250
| | |
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