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ABSTRACT

In this study, basic design data which were required for development of highly efficient ice storage
system with low temperature latent heat were experimentally obtained. The ice storage system
considered in this study was the one that has been widely used in the developed country and called the
ice-on-coil type.

Using the system, the ice storage performance for various design parameters which were the flow
direction and the inlet temperature of the secondary fluid was tested. In addition, the clockwise
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vanation of the heat transfer characteristics of the PCM 1n the ice storage tank were investigated.

During the melting processes in the ice storage tank with several vertical tubes, decrease of the

sohd-hquid mterface area, which was the heat transfer area, between the floating ice and the water

made the decreasing rate of IPF less.

Also, the total melting energy for the upward flow of the secondary fluud was higher than that for the

downward flow during the melting process, but this trend did not appear if the initial temperature of
the PCM was 4T
The average ice recovery efficiency for the upward flow of the secondary fluuid was higher than that

for the downward flow.
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. Specific heat of brine [k]J/kg - C]
. Specific heat of ice [k]/kg * C]

(=0.185+0.689X 10°4(T+273) at 0C=>T
>-1837C)

. Specific heat of water [k]/kg - C]
. Sensible energy stored in i1ce which

remained unmelted [k]]

. Sensible energy stored in water [k]]

. Sensible energy stored in ice [k]]

. Latent energy [k]]

. Total melting energy stored in ice [k]]
. Height of PCM [m]

. Ice Packing Factor

. Distance between vertical tube taken a

front view m]

. Distance between vertical tube taken a

side view [m]

' Flux of brine [m%s]

. Total mass of PCM [kg]

. Mass of ice [kg]

. Mass of water [kg]

: The supplhed freezing energy which

carried by brine [k]]

. Temperature [C]

Tini
At

: Time

. Temperature of  the

. Initial temperature of PCM [TC]

interval between successive
sets of experimental observation [TC]

. Inlet temperature of brine [C]
. Mean temperature of PCM [C]

. Mean temperature of ice [C]

maximum
density of water(=4.0293C) {C]

. Melting temperature [C]
. Qutlet temperature of brine [TC]

. Mean temperature of water [TC]
: Radial direction coordinate based on

outer wall of vertical tube taken a
front view [m]

. Radial direction coordinate based on

outer wall of vertical tube taken a
side view [m]

. Vertical direction coordinate ba‘s’ed on

bottom of ice storage tank [ml]
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p w - Density of water

om(l — Br | Ty — Thl ®8) [kg/m’]
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oi : Density of ice [kg/m’]
(= 917(1-1.17x 10°°T)
at 0C=>T=-1407C)
0m : Maximum density of water [kg/m’]
Bt : Coefficient of volume expansion of
water(=9.2072x 10°) [T
A . Latent heat of fusion [kJ/kg]
n . Ice recovery efficiency

< ’“%ﬂﬂ Hl—”‘* %O]“}Iﬂ
7104-1—7} ate A dFol iL‘-H Qg kst

A 5 o

a3 JHSEAEZRN B2 A WEE
A28 735 AR S AEke] - F7)
=3I g Ao drgo] e BRgR
O 27 wigol ¢ Z#Fo sty -SauAHo
AR RT It F EL 4TCAM HYEEH

] EXHOM 9 27IRE B T2 4T

o

R

oA .o o]30] zAd uwel AN AAYE
freddel oEA Yetbe S4= R %A
o 2 A2s B 0194 pasigdsl gaes

Ef 2koi| L X|{Solar Energy) Vol. 19, No. 1, 1999

B AR AEH 2PN FanzE
Z oad WsEda $2ALH, Lg%’é}xl,
steel 57 Bujel= 3way valve,

£, LEIN2AA, BRAAAAAVR),
S

LEZARA,
|29, £8P, 7P 5ol e, A
A4x MF=E Fig. 19 Yepilth & 2%
N ANERZ AMEH WEFHAY 952 W
100 mm, Z9] 250 mm, 54 5 mm&) pyrex Al
Aol FETE ARRSIRon, #A9%Y WS4
B3 Y2 97e] 20 mmolx FA7F 1 mme!
FAAL FALTA PNE BA FHY WEE

>

———— : Thermocouplie line

— . Copirol line

'

1
(o H{1 4124

t. Brine chiller 7. Distribution lank

2. Cooling tenk 8. Isolhermal sysiem

3. Melting lank 9. Testseclion

4. Circulation pump 10. Data aquision system
5. Fluid conlrael valve 1. P.C

6. Magnetlic flowmeter 12. Thermo conirolier

Fig. 1. Schematic diagram of experimental
apparatus

2]



Ice on Colld A& #<¥

ZEA LM SFHA] SR B YA I/ BYE7]

The front view

Fig. 2. The plane figure of test section
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(b) side view

(a) front view
Fig. 3. Thermocouple position in the test section
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Table 1. Experimental conditions

Iniet Flow Initial
Experi temperature direction of temperature
-ment | of working of PCM

ﬂUid(Tinlet) WOrki ng ﬂUld (Tini)

7C Upward
melting | 4C fow -10T
PrOCess 7C Downward

AC flow
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Fig. 4. Temperature profiles of vertical direction
(Tiniet = 700, Tii = -107C)
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