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Abstract

An experimental study was conducted on the film boiling of nanofluid droplets at a surface temperature range of 300 to
500°C. The nanofluid was made by mixing pure water with copper oxide powder of diameter of 80 nm. The initial volume of
the nanofluid droplet ranged from about 21 to 44 pl, and the volume, base diameter, and time were measured during the evap-
oration process. It was found that nanofluid droplets evaporate faster as the surface temperature increases. Also experimental
results showed the droplets evaporate quickly at the beginning of evaporation, but as the volume of the droplets decreases, the
evaporation rate gradually slows down, and this trend becomes stronger as the surface temperature increases. In addition, the
evaporation rate of nanofluid droplets was slightly faster than that of pure water droplets, this was believed to be because the
contact area of nanofluid droplets increased.
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surface temperature, Ts = 300~500°C

ofN

o] g wel Ao FuHstE i
(a) 300°C, (b) 400°C, (c) 500°Ce] tha}led L}E}

E 26@401]*1 Z7)0lle AF o] w2 ‘?—;}1
o} dHe] By} el FE =

r_EL
fo
1

5.:
52 ¢
)

lN
o
L
P%
f
:
x O
BN

= & g0k ol
= 20| Zadtal, &
2b st A 2 EXpol 7t

ASY oz uf

12 o
_124,
2 1o
4o
H
N
N
N
o
9

o
2

SN

RS
ol
&

7] B2l F

ki)
>
rr
S

o

Ny
ot
ol
o
Lo

>

)
a
ja
N
E
:L
Yo
l:l:l
)
rlo
b
=2
=
of
& oz J
id

ERfi ATt

o by g

4 o a2 oo

E
- 2“4 1 oflA
W2 A ZaskR| g
7} =R ow o3 AL FHLLE

(<]
= s vehdal dlee & 5 ok

Figure 791 21 271539 V'=1.52 72l i3}
o] B AFA 9} Baumeister 59 #2102 o] &3
ARAIE T YeRAITE 9 F o] Sksle Fet o
U WA HEH A ] SdgAlTE vt 2ol
veRd 5 9l
dv

Ap = hAAT (1)

1

_ KX gpipn)t
h—0.68( ATi L, ) 2

Baumeister 5 425 Z NA 3 22 dzo
5 =

walo] Zzte] PEUAL the)

2.5 T T T
‘ ’ I
O : Pure Water (Open Symbol) [Ref. 13] |
W : Nanofluid (Solid Symbol) :
T Y B

2 N I I
Vi=21~44,0 ! !
T,=300~500C | |

P - Calcurated Results

for Pure Water [Ref. 10]

05 F~=----~

e}
I Ty

o
o
w
o
o
o
©
N

Fig. 7 Correlation between V" and t"

A= 1.25(p-———-—-——1g A;ﬂv L) e (3)
2,
A= 1.5(%;)31/5 )

. 32
vV =v(Z) 6)
P&
. pl/zﬂ /140_5/2 174
! t//{ 317/2V* J (6)
kg X p AT
Baumeister 5 25 GG s )23 HE

Ao Bt (3), WAL

(5), (O] FAAFE EUFORA ofee] FuaS
AATE.

V'3 =y13_0.448¢ for V208 7
V2= 208261 for V' <0.8 8)
©}, Baumeister 5 V'=08% 7|Fo 2 Z AF 7
e o1 g PRI Fig 727 i 959
S 71 Baumeister 59 A2 S o] &35F A4
Fuswsh o) was) ety 98 o 5 sl
Dol 2 el PR A o) FuS
b ed B olme) Zukwnc ok w2 tehty
9L & & Utk ol PA AT vish o] FAG



o Fujola A 4] HEEH o] St
2l Ao viotdn} FApN-v] o} TR
ol-g3te] At A7 Aol oAM= kAl ek np
o} 7ol ez Ru7p & S 270N e FUEHET}
o7k w2l o F o] Ry} Zopdes SHEHET} 3F
adte AEFE & 5 AT 22y Baumeister 5°I
At & HA AL f o] FuLr wste] gk
gk AAARE derd s Il
4.4 2

2 AFoMs TH2E7F 300~500°CS] A f]olA
Al A e] gl e A¥E A7 FHEd
th e fAE B4 80 nme| AFshrE] el &
FES o 0.1% FosER Efste] Axsdch b
S=frA A o] 27159 oF 21~44 pl W ele) AL, St
goll oix] Fu, o] A, A7k 58 S8k A
HAAZNE vkt e 288 22 & AUtk =
FA AHe AEH vt SIS wEA Sdsial
UeS U 5 AT B BE AFAFlA S8 27
ol eize] w2 SEsAIRE 42 o] )7} Hopd
5 LS A =8AAL Jlew, ol d AR A
dH =Tt #EFE A e 5 & 3
Atk ol Lol o] Az o] |7} opdp=
o] =27 o] hanstar, HEh oA o] v} FEste] A
et Aol 7F A Aasly] W] Aoz viohd
ok B3 & ' QAR eRA fH ] S Hrvf
oFZk whEA| Lepston, 01” e Xﬂ«l FHAIA 3

& FHSEH L 7| 2AFA A el <]t

(1) U. S. Choi, “Enhancing thermal conductivity of fluid

St 58k A] 41294 A|33.(2024)/ 139

with nanoparticles”, ASME FED, Vol. 231, 1995,
pp. 99~105.

(2) S. Lee, U.S. Choi, S. Li and J. A. Eastman, “Measuring
thermal conductivity of fluids containing oxide nano-
paticles”, ASME J. of Heat Tranasfer, Vol. 121, 1999,
pp. 280~289.

(3) P. Kebilinski, S. R. Phillpot, U. S. Choi and J. A. East-
man, “Mechanism of heat flow in suspensions of nano-
sized particles (Nanofluid)”, Int. J. of Heat & Mass
Transfer, Vol. 45, 2002, pp. 855~863.

(4) Y. C. Kim, “Effects of surface roughness on contact angle
of nanofluid droplet”, Trans. Korean Mech. Eng.(B),
Vol. 37-6, 2013, pp. 559~566.

(5) Y. C. Kim, “Evaporation of nanofluid droplet on heated
surface”, Advances in Mechanical Engineering, Vol. 7-4,
2015, pp. 1~8.

(6) H. J. Lee, D. Y. Kim and S. H. Lee, “Influence of par-
ticle size on evaporation characteristics of nanofluid
droplet”, J. of ILASS-Korea, Vol. 22-1, 2017, pp. 36~41.

(7) B. S. Kang and S. P. Lee, “Comparison of the charac-
teristics of spray cooling between water and nanofluid
sprays”, J. of ILASS-Korea, Vol. 19-2, 2014, pp. 88~93.

(8) Y. C. Kim, “Study on spray cooling heat transfer of
nanofluid”, Trans. Korean Mech. Eng.(B), Vol. 42-11,
2018, pp. 705~710.

(9) B. S. Gottfried, C. J. Lee and K. J. Bell, “Leidenfrost
phenomenon: Film boiling of liquid droplets on a flat
plate”, Int. J. of Heat & Mass Transfer, Vol. 9, 1966,
pp. 1167~1187.

(10) K. J. Baumeister, T. D. Hamill and G. J. Schoessow, “A
generalized correlation of vaporization times of drops in
film boiling on a flat surface”, Proceedings of the 3rd
Int. Heat Transfer Conference. Vol. 6, 1966, pp. 66~73.

(11) K. J. Baumeister and F. F. Simon, “Leidenfrost tempera-
ture - its correlation of liquid metals, cryogens, hydro-
carbons and water”, ASME J. of Heat Transfer, Vol.
95, 1973, pp. 166~173.

(12) S. Chandra and S. D. Aziz, “Leidenfrost evaporation of
liquid nitrogen droplets”, ASME J. of Heat Transfer,
Vol. 116, 1973, pp. 999~1006.

(13) Y. C. Kim, “Experimental Study on film boiling of lig-
uid droplets on oxidized copper surfacet”, J. of ILASS-
Korea, Vol. 25-2, 2020, pp. 68~73.



