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Abstract — Heat transfer characteristics were experimentally investigated for ice slurry which was made from
6.5% ethylene glycol-water solution flowing in the circular pipe. The test section was made of a copper tube
of 13.84 mm inner diameter and 1,500 mm length. The ice slurry was heated by passing hot water through an
annulus surrounding the test section. The ice packing factor(IPF) and the mass flux of the experiments were
varied from 0 to 25% and from 1,000 to 3,000 kg/m’s respectively at a fixed hot water temperature and flow
rate. The measured heat transfer rates increase with the mass flow rate and IPF; however the effect of IPF appears
to be minor at high mass flow rate. At the low mass flow rate condition, a sharp increases in the heat transfer
coefficient was observed when the IPF was above 15 ~20%. And finally the measured heat transfer coefficients
were compared with those calculated from the correlations.

Key words : Ice slurry, Direct transportation, Heat transfer coefficients, IPF

"To whom corresponding should be addressed.
ChungJu National University 50 Daehak-ro, Chungju-si,
Chungbuk 380-702, Korea

Tel : 043-841-5282; E-mail : jeongbae kim@cjnu.ac.kr

234



7= AL U} 53] ofo]a&w e
T =4 Ol Bols A4S HRALE g9E du
YETolM e =27 A Y] e o
o], w3t /\4b01 © =3l AAZ) 7FEER =
of Qlct [1
ofo] A& Eifqa YA 2 Zgatr] fleisde &
w27 ofe|A&ee]d 5 B FHY EAo] &
**"WE T E oo Bt fESA] W AF=
277 il WoflA ofolasEE|7t A= 3
om T ebgHoR A ofnsl, Qe 5
Jo| 53 B9} ofFA HEAE AEE A
o7, FfejolA] BelE g A [2,5,6]7F 3=
AUck 2y ofolaswE] Y] QY S/dof tsliA]
£ Aoz e} ol el Aok
AS Z2Ea A7 A E AL 31 3+ 2= 9Jr}. Inaba
et al. [3]2 o]5¥H4 %“‘E%W] Woll A A-F(< 600
kg/m’s)l 7--2] ofo|a&ele] gAY AL
o Tiigt A ATE S, ol e 4
& oxgo] w3l ki 2 AP Uehn QL
AABE(IPF)0] /K45 drgeo] 2715k 2
sholaisict. et o] Z71aA B Tk
ol 79-0] g sk IPFe] e Lhe}
Ux] ¢F=ckar B 31519t 31 Kawanami et al. [4
o FIHO A dALY AFS B dooxi} 1
e FtollA, & IPF7E 2 Z-fol, @HEAG7 5
7Vohe A& E.L‘lﬂ t}. ¥hHof Knodel et al. [5]&
ofo|~&eP| ] f&o| HlnA Z 9o gt A
F A oA, PF7} S7FHA A Al o)t
FA Aol JOH Oé‘?‘d%’“lﬂTﬂ Atk A3

o ) ot i ok
o

jak)

o]-n m[o

il

ol

o mu L o
ﬁ

=
e R0y duaslold, oolsgelelel faF
Z71) wteh QUEASE SRS A9
SR TR PP AYE U] of

(]

—

js

GG 5ol ue A A 235

N,
of,
‘?‘grlr
Y
&ﬁj
oH,
o ox
z
lﬂ
W
oo
rok
T o
o_|_,0
£\1
_g,—‘_‘
—V#E
O
o
E‘E
o9 O
dgé
ful
o)

ot
)

o
[>
i
4
o
¥
O
)
L
rlo
[\e}
o
(o]
&
10
A
%
ox
>

[e)

[
)
Kl
i1
ot
N
Rl
1o
i
flo
_>|.1_4‘
s
=2
1o

14
el
1o

]_

i)
H ooz

]
b

d

Do O o |y
sy

L DS

_f‘uz —
R
fl
O
il
a3
T
I
T
=
Rl
o
m

On‘. N ol

r
"z

0| AL 2L of
wastol 4 mme| ASUAE 2
wREo] ol AFgetE ofol s
171 6-8%2] DUZeIHEG) 489

Al me] ALl Al

o
:<|>-‘_L,
_>L
_1\1

rl:l
&
o
ru{ru

&8 e 1y o
Ir Hﬁﬂ o &
2 = il
v>~ OCE? o
(R ﬁ I
2 2o mlm
ik >
% o
i)
fr
o
©
[
[
i)
o
1o
e
2
ﬂiﬂ
Jlm
ox

e
g
iy
u(s

o
o

= m
>
> %
_q'_l; -1
o e
T2
w5
2k
?
ob>
P,ﬂ
&

g

it

e o oh N\
N

= 5ol AYE ofelasE | dE 54
o2 AmHEgith ofo]A&e
RSA7HA ddgds S48 9

2

i)
1o

Moo > 2 1ok

52
n>
ook

a
I

3
0%
Rl

_04 .
o o\
o)
s
HIJ:B.
={
it
N
> 2
)
)
3
>
_V!i
E
)
ng
)
i

o,
filo
17
9
I
N
1o
rSL'
l>
x iy
e ot Jm

ESKIJXO]—X]—E_ Flg~ 13} gk
A7), A ofol
e S ololsaiep ot
dHo] +H=E ofolag® Y &

7Hhohes 25 R ?‘HE}M‘—’]’
Sol()ellAl AL SRTE A%712
o, S92t SUS 442 o 9 89

oo
.
rr
ok
ofr
)
o
2
i)
rﬂ

I‘E

N
oX
ol

lr e oX
It

Y
iz
ﬂm

o
obo o kI nth
>

i

o
Olr

S ATE AR O Rl otolagE
WS $IEF WIS AAsh AR F ol
B2 ofo|ALE e GE5EAIS ATE Lee at al. [2]

o cielslst Falsit

clolestiele] Gl Rt ol st Y
i, Ta ARR A Sl AAE T o] Ak
PAZ TATIS, SHEREE AN DS
S AFgalgom, by pass Wkt W] oJ3) gahal
Y ofolasEE AFRE £4T & UES
sheick AHEO] ke B Aol HE olf %4

Journal of Energy Engineering, Vol. 19, No. 4 (2010)



236

Magnetic
Flow Meter

4

Test Section{Double Pipe)

Hot
Water
Bath

Agitator

Mass Flow Meter

Ice
Slurry
Maker

oy

—10

Mass Flow Meter

Fig. 1. Schematic diagram of experiment apparatus.
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