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Effects of Environmental Flow Velocity on the Evaporation

of Free Droplets

S.S.Chung, J. Y. Ha, J. S. Lee, S. S. Lee and O. Kawaguchi

Key Words: Free Droplet (z}-oR =), Evaporation (Z1}),
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Abstract

Evaporation Rate Constant (Zu+<

An experimental study hés been performed to obtain the effect of relative velocity between

droplet and environmental gas on the evaporation of a n-heptane free droplet of 180 um in

diameter flying in a hot and normal pressure air flow. Measurement of droplet diameter and

velocity was conducted in a series of time by an electrically controlled optical system. From the

experimental results, an empirical equation associated with the relation between evaporation rate

constant and relative velocity was obtained.
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Tabel 1 Evaporation rate constant and the ratio calculated by Egs.(6) and (7)

Re 0 0.5 1 1.5 2
Eq.(6) 0.199 0.214 0.224 0.232 0.240
Ke Eq.(7) 0.191 0.124 0.224 0.231 0.238
Eq.(6)/Eq.(7) 1.04 1.00 1.00 1.00 1.01

Eq.(6) : Ke=0.199(1+0.124 Re*™)
RMS=2.57x107% (mm?2/s)

Eq.(7) 1 Ke=0.191(1+0.173 Re'?) -

RMS=2.88%10"° (mm?/s)
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Tabel 2 Theoretical critical evaporation constant and the thermophysical properties used for the estima-
tion of the value!?4%

Keo Amix Te Tu L Ou
CASE
mm?/s mW/mK K K kJ/kg kg/m®
A 0.324 34 623 372 337 620
B 0.323 33 623 357 340 634




2044 A - BEE - ol F
O.50 T T T T I v T T 7 T T T T T
Tg: 623 K
4
~ n~heptane P
0.40- 7 :
" -
> L P i
= -
£ -
w 0.30F Ke=0.191(1+0.173Re"'/?) -
= ~——-Ke=0.323 (1+0.268Re'’?)
.
0.2 0 4
1 1 11 1 1 1 1 i 1 . 1 i |
0.0 0.5 1.0 1.5

Revz [_]
Fig. 11 Comparison of present data with previous
data

£

W] 5L &}

=

v o

eh it =l e
9171 Fok Ao 4
2 P el %

H /u]/dg] x] 7J 180
4g, 623K F71H F
7 abell ek HE el 2

o) O
18T
7/

o
o b
Bkt a2

A

s

ol %

28

n-heptane
ghat, dlsiA|zke
dshE, W7l Aow Aejd ek

RS
‘\‘_o‘ [

ol

o

£

e A F
oxL

[

14
3
N

SIS G -
R
pERCANY

o

R

fd
o

7

*1

o

a
2
o2
o
o
P
>
2
ol
ol

.
2
fu

3
ﬂ\_l_’
Shd
Ao
i
_?_1"
b

N
2k
2
2
o
2
)

bt

PO U

i3
oX.

N
2owE e or 12

=
i =

e ohe

2

oY, ::11\1_, _IH"
e 2 ojo Bofn

s

fu

o

24 Reste] #AE

L

Do T g

L
mhlkaiiJhile
o

ok

2
I

ol 44 I

Ke=0.191(1+0.173 Re'?

ojAto g BE, o 7l7d 27917 180 um
Arel AFAAe] Hfols, FHEEH 5o AA
ste delEas ke, HAdF Fo o, £
Folgo] Auiste Aoz F4 7h5dg U
1=

% 7]

Bl 199565 Folfdme] sl z4
ulo olsle} SgEl Rez ofFu] Aol ozt
AR oA e{ EA AR =iyl

Anes

(1) Ranz, W. E. and Marshall, W. R. JR,1952,
“Evaporation from Drops, Part 1,” Chemical
Engineering Progress, Vol. 48, No. 3, pp. 141~ 146

(2) AT, 1973, "SiRSHPLET T 5 MBEM

WOREE, " HABME &R E (B250), #39%,
Fi317%E, pp. 287~296

(3) AmmWE—, 1976, “mik, HEOREHIZ

PR i ) R B, %‘kt:ﬁaﬁﬁ“éﬁﬂn." f?é%jtﬂ—

KERE TR i
(4) Agoston, G. A., Wise, H. and Rosser, W. A.,
1956, “Dynamic Factors Affecting the Combus-

tion of Liquid Spheres, " 6th Symp. (Interna-
tional) on Combustion, pp. 708~ 717

(5) FMRFEw, JURETE, HHEH ik %
1985, “EhwHEfrHzBEER EEIC
LR, AABMA &R (BR), #5144, 6

4718, pp. 3615~ 3622
(6) MhARMEES, 1980, KA, #HMIELEFE, 511

4%, pp. 357~365, Wz, T tiit
) NEIRRAE,  BRATSCRE,  EREE hHER=,
1973, “&iRkSABRP L AHE T T 5 MNEED
FHKE IR, " HARBRS e E (B2, #£39
4, #5320%%, pp. 1308~1315

(8) Chung, Sung Sik and Kawaguchi, O., 1995,

“Evaporation Rate of Free Paraffin Hydrocar-
bon Droplet in a High Temperature and High
Pressure Gas Stream, " JSME International
Journal, Vol. 38-1, B, pp. 121 ~128



AFAA e Tl v 4

rir
M

(9) /IPKiFE, 1954, “MEKIOIE S UM N+
HHIR (B3W), " HAMMEE Hk £20%,
#100%%, pp. 837~843

(10) ==gFmI, BSILEE, EHEH, 1992, PR
BOBBI RITTEBRAOBE), " B A uiesor
E2& Skt » £ L HGRCHE, pp.
217~222

(1) HAKetmese, 1975, H# 22K, D43

A7 5ol o

2 2045
(12) HA#MES, 1983, MR BMPENESE, pp.
22~23

(13) kirCfsis, 1985, YIEERCHE S, B s
Bk, 3, pp. 27~55, 215~ 224, 57~189,
308~309

(14) /RiFE, 1954, RIOESE S Ui Bl
T BT (1), " BR300, 207,
#100%%, pp. 823~831



