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Study on the Performance Characteristic in
Underwater Harvest Ice Storage System

In-Soo Choi

Department of Refrigeration & Air Conditioning Engineering,
Graduate School, Pukyong National University

Abstract

Recently, the demands of the saving energy are increasing because the
consumptions of the electric powers increase. But the consumptions cause a
surge up electric power demand during summer. The fee policy which it is
discounted at the night time of was made at 1985 to decrease the week points
such as the electric peak power. The ice storage system is the system which
the refrigerator is operated at the night time, because the fees of electric power
are low during this times, so the ice or chilled water is made by the night
time power and those things are supplied at the afternoon. That is the strong
point of the ice storage system to get the electric power of low fees and to
reduce the consumptions of the electric power at the afternoon. But ice storage
system using the electric power at the midnight use have a difficulty fault at
installation for medium and small-sized building.

Therefore this study contribute at the point of the peak-cut of electric power
using a cheap electric power at the midnight and is the technology which is

able to install a buildings with many electricity consumptions to be contributed



at state of energy resource or efficient usage of electric power through
developing the ice storage system of the new middle - small sized underwater
harvest system capable to cooling - heating operation.

In this research that is out of existing a conventional thermal storage system,
it  developed the <core factor of domestic productional model of
small-to-medium-sized harvest thermal storage heat-pump system; for supplying
cold-water which stored in a thermal storage tank by floating the ice which
manufactured and deiced from underwater by buoyancy for air-conditioning and
supplying warm-water which stored in a thermal storage tank by the heat-pump
principle for heating to medium and small building.

In view of these, this research present the basic design and optimum data
from comparing the characteristic of a thermal storage tank by storing and
air-conditioning of developed system, the characteristic during driving of

developed system, and efticiency of conventional system and developed system.
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NOMENCLATURE

Q : Heat quantity[kcal/hl

m : Flow rate[kg/h]

¢, ° Specific heat at constant pressurelkcal/kg - €]
T : Temperaturel €}

L. : Latent heat[kcal/h]

h :  Enthalpyfkcal/kg]

AW : Electric power required [kcal/h]

Subscript

C ¢ Condenser
WC : Cooling water
E ¢ Evaporator

i ¢ Inlet

0 ¢ Qutlet
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Table 3.1 Experimental conditions

Parameters Conditions
Refrigerant HCFC-22
Inlet refrigerant temperature, [Tl -4~-18
Defrost refrigerant temperature, [T] -4
Initial water temperature, [T] 17
Cooling water temperature, [T] 20+£0.5
Cooling water flow rate, [ ! /min] 10
Chilled water flow rate, [ { /min] 4, 8
Charging processing time, [h] 5
Using limit temperature, [C] 7, 10
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Table 3.2 Experimental conditions

Parameters Pattern | Pattern | Pattern
A B C

Refrigerant HCFC-22

Inlet refrigerant temperature, [T] -13 -13 -18
Outlet refrigerant temperature, [T] -1 -3 -3
Initial water temperature, [T] 17+0.5

Cooling water temperature, [TC] 20+0.5

Cooling water flow rate, [  /min] 10
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Table 3.3 Experiment conditions

Parameter Conditions
Refrigerant HCFC~22
Refrigerant flow rate, [kg/hl 57.6
Defrost refrigerant temperature, [T] -2
Initial water temperature, [T] 25
Cooling water temperature, [C] 20+0.5
Cooling water flow rate, [ { /min] 12
Chilled water flow rate, [ !/ /min] 35
Charging processing time, [h] 10
Using limit temperature, [C] 10
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Fig. 3.9 Schematic diagram of experimental apparatus of heat pump
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Table 3.4 Experimental conditions

Parameter

Conditions

Refrigerant HCFC-22

Refrigerant flow rate, [kg/h]

72, 54, 13

Initial water temperature, [C] 25
Cooling water temperature, [ ] 20£0.5
Cooling water flow rate, [f_/;’lin] 12
Heated water {low rate, [ 7 /min] 35
Charging processing tme, (| 10|
Using limit Lemperaﬁlre, [t - J _I()i -

Table 3.5 Properties of phase changing substance

Parameter Values
Density, kg/m’* - TAQ()S o
Liquid of specific heat, kcal/kgC N 0.4
| Solid of specific heat, kealkg | 03 |
Latent heat, kcal/kg 22,714
Freezin;g point, T ] ;5.5 -
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Fig. 4.14 Vertical temperature of ice storage tank for new type

apparatus at charge of cold mode
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Fig. 4.15 Vertical temperature of ice storage tank for usual type

apparatus ai charge of cold mode
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Fig. 4.16 Vertical temperature distribution of ice storage tank for

new type apparatus at discharge of cold mode

- 108 -



A4 7 dl2EY W5E L9 54 49

30 T T T

1
Cool Water Flow Rate : 35 [l/imn] |
| Outdoor Temperature : 27 [°C} :
| | Relative Humidity : 80 [%] |

Air Flow Rate : 678 [m’/h]

l
|

Temperature{C)

10 S o* il pal : Sensor F}

: : Sensor &
—— : Sensor D
—w— > SensorC
—o— : Sensor B

| —c— : Sensor A
N R L L
0 1 2 3 4 5
Time(h)

Fig. 4.17 Vertical temperature distribution of ice storage tank for

usual type apparatus at discharge of cold mode
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Iig. 4.18 Temperature of FCU inlet/outlet at discharge of cold mode
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Fig. 4.19 Capacity of discharge of cold and temperature difference
of FCU inlet/outlet
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Fig. 4.20 Inlet/outlet temperature of compressor for usual type
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Fig. 4.21 Inlet/outlet temperature of compressor for new type
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Fig. 4.22 Comparison inlet/outlet temperature of compressor between
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Fig. 4.23 Temperature of ice-storage tank for new and usual type
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Fig. 4.24 Compressor inlet/outlet pressure for new and usual type at

charge of heat mode
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Fig. 4.25 Compressor inlet/outlet pressure for new type at charge of

heat mode
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Fig. 4.26 Comparison compressor inlet/outlet temperature between new

and usual type at charge of heat mode

- 123 -



A7 % s2Ey U5A A2 54 Y

4.4.2 W9 A ¥

(1) F24 gz ) L2983}

Fig. 427¢ #eA & 2 A2ZE 240 doid $22 W x93
£ el ol 7 ale] el Lt WAERRE W, F, 22 T AS
9z yo BF LEPTo)N, 2Pl o] AwHLZ H2E A
o) 712 Aol wH FY LEHAA wA vehdom, 2 @A glel4
£ yeizeg] we Al LXiEsl e Ao vehyd. o)Re 4
WEgdo) E4% JRIREY AS59Pol Bol FAE Y| EEX
7} BT ZUFE HRY) dEeld, TUT d%oz 34 ¥ A4 293
R LELTE e o2 wud)

(2) FCUY - &7 2=4Ws

Fig. 4.28, 4.29= 71& 2 A2 & B4 glolAd YRS o, F,
&2 3ld FAecr} ddA HaEeR A& dIZLdFHEFCU)
9 - &7 EEWEE Jepd ZFold. HEA FCU7E Aalso = AW
£5%E 20004 FCUWE £33 49 #3& 35/ /min2 & 34t

A1 7ko] Ao w2}l Fig. 4.279) F9Z g Lxwstet FAA
FCUYI &7 +5& st 2%E Jepdz ok 222 APl 33
% FCUYET &EAE g&dte 3% vdehiie, 4 =34 427 2
5 F2an g 943 $90) s HL& duje@ge] AL ALr 3A Y
B3 gl =3, Azte] ANELEF YETY 2EAL FLded oE
257} YepA S E FCUY 42 $Yo] Aesr] qioz ddgdcl.

Fig. 4.30& Wrll&#edo]l Fd o, 71& 343 A& AL dGe=

- 124 -



Ad43d 57 saEd Y5A A2 54 49

FCUYST £593H8 nmste] debyl Astelch, 1o)X ol A7
o ARl vt 4ETF LEob LA AL JE Bt M2 e B
4 BE A9 AFE veblAR, 2z T2 A4 S0 e ARE
B9 397t WA AL Aoz vehdzm sloh webd, &40 o] $3A
SEE MRS $AY Aol MTE PHOR ZAF A9 WA 2
A7 g4 5 AHE 2 F ok

50 g
indoor Temperature : 20°C
3 Hot Water Flow Rate : 35 //min
45 ok,
r i

Q 40
S [
o
| =9
2 L
® 35
- i
Q@
[« 8
E [
30

—e— : Conventional Type(Large)
—o— : Conventional Type(Medium)
—— : Conventional Type(Small)
25 | —— : New Type(Large)

F —a— : New Type(Medium)
—0— : New Type(Small)

20’....I...;I.--1l...;l.‘..
0 1 2 3 4 5

Time(h)

TFig. 4.27 Temperature of ice-storage tank for new type at discharge

of heat mode
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Fig. 4.28 Fan coil unit inlet/outlet temperature for usual type
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Fig. 4.29 Fan coil unit inlet/outlet temperature for new type

- 127 -



Aag #% sMaEy WEd g

iy
ox
>
a2

50
—— : FCU Inlet Temp.(Medium, Conv. Type)
—o— :FCU Inlet Temp.(Medium, New Type)
45 —v— . FCU Outlet Temp.(Medium, Conv. Type)
: FCU QOutlet Temp.(Medium, New Type)
-~ 40
o L
L
e
3 5
@ 35
o
a
£ L
'2 L
30 -
25 | indoor Temperature : 20°C
[ Hot Water Flow Rate : 35/ /min
20 e " L 1 n i A i I i 1 i " L i i n
0 1 2 3 4 5
Time(h)

Fig. 4.30 Comparison fan coil unit inlet/outlet temperature between

new and usual type
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Fig. 4.31 Temperature of ice storage tank at charge of heat mode
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Fig. 4.33 Temperature of ice storage tank at discharge of heat mode
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