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Analysis on the Coldness Release Process of Ice Storage Tank
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This paper presents an analysis to predict thermal behaviors of water in ice storage tank

during the coldness release process. To deal with complicated transient phenomena due to ice-
water phase change and the density inversion, a theoretical model which consists of initial
perfectly mixed, stratified and thermal diffusion state was introduced and a criterion on the

growth of thermal boundary layer was developed. The analysis includes considerations on the

type of ice-making heat exchanger, refrigerator on/off and tank arrangement. Also, discussions

on the various parameters and operating conditions which have influence on the performance

of the system were made. Finally, simulated results were shown, which agreed with experiments

in trends reasonably.
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Table1 Simulated Cases in the Present Study

Type of Ice ; -
CaseMarking Heat Refrigera ;I;ank

Exchanger tor | Arrangement

1 Double Spiral on Single
Double Spiral off Single
Multi- Stage on Single
Coil

4 Multi- Stage on Serial -
Coil Connection

Table2 Input Data for Case1-4

Variable |Data|Variable| Data|Variable {Data

k, 1036 | pi (017 dy | 0.25
k(190 | 0015 G |114
ry |80 rp |0.0135] 6,,C0) | —7
rlooot] o Jo Bui—bwo | 20
Co |10 | 8.0 0 a; | 150

Cp 0.884 Vr 22.8 &, 100
Pw 1000 Hy 1.86 Ay 50
o, 1050 | a; [0.125

C:;;able Ly, | » | 1PF| G, | @
I 1940 | 23 | 01 | 41 |82000
2 1940 | 23 | 025 | — 82000
3 672 | 2 | 02 | 49 | 98000
4 336%| 1 | 02 | 49 | 98000

* per each tank

F Aol 3 dSH P Fug 93
Table 2o AASHA o,

Table 1] 7} 7S o3
Fig. T~11e] ZAIE 328 WEG A
ol 2 A7ko] thet &% 8 A|Zlol B o
(pull-down) ¥ 1elste] 12A177b2] A
AFstglh Fig. T~11e4] () AlZhl] oz
FRERA AA L PPN ZRE 1A
7

dolnl, (b= 9 - FTFES T S4le) whes



16/

o) TEwsEA AT
sl Mol 274

D# =
2 - EFAlole FAARE SRR
 AHolM Y F2¥stoin), WEZ|7E B4
7HEEE A2 dE e (od WasEe
H3LE FAERleH, 2z HEdde 4
Solle zhzte] Wzted 9 AlE #AEHY
o}, B3], Fig. 9o F7189 T4 34 %
oA 7ledt WGake] B R2A SR 7HIET
m'/hz A&y FEF & v

ol },

Al glgAdel #AsiAe dzde
AP EH ] A Hgxe B Z <l
o T3 ol t]gEheE AHoF HME &
Pyolgonmz, Aoyl Huhe AHAdAH
oA HE=o & FHeoln), F, A AR
o =y 1A ¢ BEEAES JEAREE U}
g o 533 Ao dste Hdn sidE2s
b dAREH ets sl Eo] At oR By
shrbil @y shs AL wrgdstrh gk, o2
g Ay ate] Aol A shehA A4
of Erl Aol 7I7te HrE AMSToEHN
Avg g UG Aol EF, A
¢l &2 A% ;A sidrde] Py ¥
Mol FAlelm A% Fs]or & dAlo|ch A
&8 &2 3} (Fig. 1~11) 9 A2 7e] 23
qol Hlus, Ad¥EAse] 58 9 7idsy

AHADTR) PH A2 DdEtg ey, F
SR 9 oo Bywzts AFgddA

23 =
A oot A oRL: AT
ol, Al AMgE YdEzteE AY o2RH
AR e FAHEAY] W EolI= AN, 2
Aol A A g s A meo] e Ehs
oF HolFrn g,
AYE Ga@riea] ofFuAdd mi= chr

o 7P A

FAHE MEsie 3l davle A4, =
dee] A, F3do] &3y 0491 A

o],x] g A
2ol M=
sl A

5ol Jhilg A% e

1.P.F. = .1 FROUDE NO. = 1.748956
EZ.G

5 | —

i 1.5

1.0

0.5¢

0O "= — #® @

TEMPERATURE {DEG. C}
() Temperature Distribution of Water

I.P.F. = .1 FROUDE NO. = 1.748955
G‘c
It -
=}
. 308
% 1 /
2 /
o [ X /

12
TIME [HOUR]
(b Transient. Response of Water Temprature

LP.F. = .1 FROUDE NO, = 1.748956
=
2 i
£

" 60000}
o
S |
& 40000

20000}

qj 1 1 13 1 H IG 1 1 Js 1 1 112

TINE [HOUR]
{¢) Variation of Refrigeration Capacity

Fig. 7 Typical Simulated Results for

Case | (Constant Water Flow Rate)
o] o] wj Fof] HHAol7l &= shxlwl, Fig. 7
;102 vmg o o AF3EAl A
HHog §A%E BT & don ole
Azol AedEA uerideged g

H



ERBI - HHETR RHE B1E F1 8 (1989)/17
L.P.F. = .5 FROUDE NO. = 1.748956 1.P.F. = .25
520 = 40
5= g
W 1.5 =3+
& | G
1.0" o

20
1

bg—— % % © / / //

TEMPERATLRE (DEG. C)

(a) Temperature Distribution of Water

I.P.F. = .25 FROUDE NO. = 1.748356

40,

2
10f /
1 il 13 1 1 ls L 1 1 il '

i 12
TIME [HOUR)

) Transient Response of Water Temperature

Fig. 8

[DEG., C]

TEMP.

Typical Simulated Results for Case?2
( Constant Water Flow Rate)

2 WA 5 loks AaeA o,
W%, Fig. 79 82 MlmFoms W4
WE7l EATIEA R 2 QS| u]x

LP.F. = .25

2.0

=

[

§ g

Wwi1.5-

1.0

0.5
g% =z __ I @

TEMPERATURE [DEG. C!

(a} Temperature Distribution of Water

qj 1 1 112
TIME [HOUR]
() Transient Response of W ater Temperature

Fig. 9 Typical Simulated Results for Case 2
( Variable Water Flow Rate)

FFe Y F b ArM, Tz R}
Fdatmg WE7l vizkse] A 5 (Fig. 8)el
PEREL BA3 ﬂol:fm zdz JFF
1.PF. = .2 . = 2,090216

=2.0

=

&

w150

1.0f

0.5}

0.44 20

rmn&' 1EE. C)
{a) Temperature Distribution of Water

1.PF, = .2 FROUDE NO. = 2.090216

40

TEMP. (O€G. CI

}.

-
o
T

qj 1 A l3 l‘ 4 18 ) B § 2 § - ‘Jz
TIME [HOUR]
(b) Transient Response of Water Temperature



18/

LPF. =.2 FROUDE NO. = 2.090216

(KCAL/H]

. CAP.

& 4p000

q) L I 5 Il 1 18 L A é AL 1L2
TINE [HOUR]

(¢} Variation of Refrigeration Capacity

Fig. 10 Typical Simulated Results for Case 3
( Constant Water Flow Rate)

1.P.F. = .2 FROUDE NO. = 2.090216

n

HEIGHT NI
tn

/

1ST TANK

0.G;

1.0r
0.5r
A 110 1 AIN

)
TENPERATURE [DEG. CI

40

i
Ay
1 L b o
N2 uo off mR ok
9 B
r =

EO

o >
fl
>
2 ol
o

jud =)
2R RE AR o

oft 2L
o I 0 N 2 pf 2

g
N
)
ol
>
=2
4 o
fo
9,
ik
N>
o
Y J
ol
o
o
> oml
e AL orfo ok A
C

o

,4
b

ko
-l
N
BN
lo
~d
=
B
ol
ol
X
=
4

HEIGHT (M)
)]

e
f=]

2ND TANK
0.5

I R N

(a) Temperature Distribution of Water

L.P.F. = .2 FROUDE NO. = 2.080216

(=

2

L 1ST TANK

TEMP, (DEG. CI

3

1o 2ND TANK

|

% 3 - s ls ] A l3 A L 112
TIME [HOUR]
(b} Transient Response of Water
Temperature

Fig. 11

L.P.F, = .2

FROUDE NO. = 2.080216

q] I N |3 I 1 AB i Ao ls [ 112
TIME THOUR)

(¢} Variation of Refrigeration Capacity

Typical Simulated Results for Case 4 ( Constant Water Flow Rate)



ARy
=
ol

B X
R A
b
(a1 == ol O |C
CrdEk

o ofi

o
)
O
2
o
s
u
o
[}
of
ol
N
N
o fr
P
Ho 3L o U op% 2

>

o3
i
]
Yo
i)

(o]
N
lo
il
et
9
¥
lo
st

12 off
129
P i
ot ©

oy
o o oY
flo
J

rx
a8
o
i

Ao

A

BN

o

>

e
1w

-]

TE L #g

o 0!

o

R

o2

o o

N

rr

rk

e (g

211
G

2

N

R

rir

i

rD

o
ity
X
i\v‘
™
= o
o) 1
0 o L
g
= )
Logr 2 %
o
o 7 X
I
o
EORbs
Sl
>
il
30
ot
B o

Mo A
o o
ok
of ok >
o BNl g
>
5
£
2
ol
iny
8%
do 1ir
ol
&
o
N
2
B

o
o

o
4

1]
ir
o
ol
P
Ho
i1
o
8
Jo

gpl‘z
;o BN
Lo

o H M &

w2 opl o
o> R
N
N
o)
7% ol

o
X
o
d
}'n-l
)
i)
44,

)
)
it
2 oly

1
i
'
i
5

-
i

“0

32
v

[
i)
=
Y
g r
BN
L%
EY
_Qi
My
8

2o g
>
2
JN
2
Hd
Y
il
kl
)
il
L'

fr @

2

A}, o7)4
=

SRAN - HHRTE RE B 18 £ 1% 1989)/19

A xR A Wl me gdd A ¢
ol st IS A, ndT 5 YA
vhaidmd B o] A Hgen Fad
At F7HE Adweg vhestEg o7y
= =odlA A9 g

5. 8 B

B2G YEIALLNM, PIAAEY &
Yzl GAATS 2AHoR o 2ar] 9
% Sard

Fr % AujelAel wsjo] wap 7] wEs
Aedse YYHoe I Y, 2Ax
o aulAABANN Heo)Ee) Fton &

el A=

=K
Aol w25 ws

=
55 EEEE dAAI A" i &
%

% 7]

)
M
>
e
of
BN
oo

i)
Hyi
iitd
J
>
.
L
e

3
o
e

2 n 2 #

1. Johnson, R.R. and Hilson, D.W., ‘“Peak
Shifting Potential of Ice-Making Thermal
Energy Storage System for Residential
Cooling,” Proc. 17th IECEC, 1982.

2. ASHRAE Technical Data Bulletin, Thermal
Storage, ASHRAE, 1985.

3. Rawlings, L., “Strategies to Optimize
Ice Storage,” ASHRAE Journal, May,
1985.



20/

4. Stamm, R.H., “Thermal Storage Systems,”

=1

Heating, Piping and Air Conditioning,
Jan., 1985.

v— b F T L HERE, No.24
I HEE, 1985

FE A% KEBYWETHRE LIOKERS
XOWE(FO I KB BRORIUER LA
BEHR), ZEAF - HETBE BER
T, 1984

B RS, KBYTHRE LAOKERT
XOWR(FOE6 KM 2T L&D
BEBRORRER), SRAM - HETR
g RBMRICE, 1985

Bh

8.

10.

FEHERE, KBEWEHRE L AKES
FEOWE(FOI 2 TFalCAIATN
FRETOEHBO BN, ZHEFM - %
A TREGRMEHRCE, 1986

B A%, AREYEHRLELOKERT
KOWE(EO 10 HEBRICET HET
OHEBEAES T A —2OHE), DHRH
- mAeTREaRMHE 1986
MERESE, XBEHrHRE LOKEHR
HRORE(ZDS AABR OET ) 7
EERTES T A—AOHE), ERHAM - HE
THeBfmE, 1984





