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An Experimental Study on the Heat Transfer Characteristics
during the Freezing Process of Water in the Vertical Multi
Tube Type Ice Storage Tank
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" Graduate School, In-ha University

“ Department of Mechanical Engineering, In-ha University

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 widly used in the developed country and called the
ice~on-coil type.

Using the system, the ice storage perfomance for various design parameters which were the flow
direction and the inlet temperature of the secondary fluid was tested. In addition, the timewise variation
of the mterface profiles between the solid and the liqud were wisualized, and the heat transfer
characteristics of the Phase Change Material(PCM) in the ice storage tank were investigated.
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During the freezing processes in the ice storage tank with several vertical tubes, decrease of the heat

transfer area and the heat resistance of the ice laver made the increasing rate of ice packing
factor(IPF) less.
The total freezing energy for the upward flow of the secondary fluid was higher than that for the

downward flow.

The average ice storage efficiency for the upward flow of the secondary fluid was higher than that

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

(=0.185+0.689 X 10T+ 273) at 0°C =
T>-183C)

. Specific heat of water [kJ/kg + C]
. Sensible energy released from water

which remainded unfrozon [k]]

. Sensible energy released from ice [k]]
. Sensible energy released from water

[k]]

. Latent energy [k]J]
. Total freezing energy released from

water [K]]

. Height of PCM [ml]
. 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 supphed freezing energy which

carried by brine [k]]

. Temperature [C]
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> Initial temperature of PCM [C]
. Time interval between successive sets

of experimental observation [C]

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

. Temperature of the maximum density

of water(=4.0203C) [TC]

. Melting temperature [C]
. Outlet temperature of brine [C]

: Mean temperature of water [C]
. 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 based on

bottom of ice storage tank [m]

a2|A 2K}

. Density of water

( Pl — Br 1Ty — T:nl i'm))

(kg/m’]

. Density of ice [kg/m’]
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(= 917(1-1.17 % 107°T) at 0C >T>
-140°C)

Om  Maximum density of water [kg/m’]
Bt : Coefficient of volume expansion of
water(=9.2072x 10®) [C™]

A Latent heat of fusion [k]/kg]
s - lce storage efficiency
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3. Melting wank 9. Testseclion
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5. Fluid conlrol valve L. P.C

8. Magnelic flowmeter 12. Thermo controller

Fig. 1. Schematic diagram of experimental
apparatus
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Fig. 2. The plane figure of test section
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Fig. 3 Thermocouple position in the test section

A5 WEgeg =7)9 windowE AXFHL
o HHOEYE halogen FYS ARRSIA
camcorder24 UA AlZlvlth A7RAHY FA
& #Y - 71ES ) o]& Btk
B Ao £A thitatd HEdelg U)o
AAZEAEZHN gHol 0T 5% =2 W=
el 200mm o d|Behs FOl(H)7HA] A
T 9Edgay )Y F£A98cE fidds
AL WZ5A|(ethylene glycol 30wt% + water
TOwt%) S 4709} 297/ 2hzto] disle] Y&
(T E -10C, %2 104/ min2 17GA7]
T HEgEay 9 2V #E REE 4%
7C, 4T, WaAe Fudde AU sk
2 WA SIAES FH3A
HEda g JH3EAY LSS A5
Fig. 3ol Jehd ulg} o] ®WEFEA U Fol
% 18709 gAS gAsgor, #2498 W2
F4=e YARA 47 2 EFEE 549
71 8t 709 AL YT S0l A4 2
N F 16709 HUE A8
E3 AR gE FAUAE AL
At AlPHES st AxE ZEQMEE F
A

'

o WAl 28 FEFOEN SuFS AT

eff 2kof| L4 X|(Solar Energy) Vol. 18, No. 3, 1998



T3 data acquisition system(Fluke 2280B)¢]
9]6]] o 60 & HACE ZHE 7+ YA
=52 PCYl 715 - A8y, AN 744
__i camcorderol|] &3 #FH 3 data® file
Fe 2 PCell AZ3IH T
B Ao Aed 7+ ARNZAES Table 19
LR AT

Table 1. Experimental conditions
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Experiment temperature drection of temperature
of working fluid of working
PCM( ini) flUid(Tinlet)
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Fig. 4. Temperature profiles of vertical direction
upward flow (Tii = 7°C, Tiet = —10C)
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An Experimental Study on the Heat Transfer Characteristics

during the Freezing Process of Water in the Vertical Multi Tube
Type Ice Storage Tank
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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 widly used in the developed country and called the
ice-on—coil type.

Using the system, the ice storage perfomance for various design parameters which were the flow
direction and the inlet temperature of the secondary fluid was tested. In addition, the timewise variation
of the interface profiles between the solid and the liquid were visualized, and the heat transfer
charactenistics of the Phase Change Material(PCM) in the ice storage tank were investigated.

Dunng the freezing processes in the ice storage tank with several vertical tubes, decrease of the heat
transfer area and the heat resistance of the ice layer made the increasing rate of ice packing
factor(IPF) less.

The total freezing energy for the upward flow of the secondary flud was higher than that for the
downward flow.

The average ice storage efficiency for the upward flow of the secondary fluid was higher than that
for the downward flow.
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