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An Experimental Study on Freezing Behavior of Sea Water
in a Rectangular Vessel with Cooled Top Wall

B.H.Choi, M.H.Kim

Abstract

In recent years, we are coming up against serious water deficiency, due to a
explosive increase in population and a rapid industry growth. it 1S a pressing
matter to build dams and to develop desalination system fer a continuous and
stabilized water supply. Therfore many efforts have been concentrated on the
turning salt water into fresh water. Recently in Korea, the demand of Liquefied
Natural Gas(LNG! is very being increased, because of a cheap and clean energy
which does not cause an enviromental pollution problem. As a general rule, LNG
is storaged in a tank as a liquid state with below -162C. However, when it is
serviced, the LNG of liquid state absorbs a heat source from the sea water and
transforms to the gaseous state. Bv the way. during that process, a tremendous
amount of cold energy accumulated in the LNG is wasted in the sea water. This
wasted cold energy can be utilized for the source of a desalination system,
resulting into the cost reduction of fresh water production and a continuous, stable
supply of water to the factories and the houses around the LNG base. Therfore
the purpose of this study is to develop sea water freezing desalination system for
utilizing LNG wasted cold enery. In this study, First of all, in order to obtain the
fundmental data concerned with a freezing behavior of sea water, the freezing of

sea water were performed experimentally in a rectangular vessel with cooled top
wall
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Table. 1 Comparison of supply with demand of water
@99 948

d = 1994 2001 2006 2011

T F| 3221 3429 3454 346.5

F ¥ | 2990 | 3364 | 3499 | 3665

TEESH 45 20.0

Table. 2 Estimated supply of LNG
99 m

dx | 1997 1998 1999 2000
LNG | 6.3%10°| 7.0x10° | 79x10° | 9.0x10°
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Fig. 1 Schematic diagram of experimental apparatus
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Fig. 5 Quantity of freezing




246 BRI AR KB wOCE 218

fr&ol $715t7] dEolth. 2go2RE 3w Yo A9s wusdd TP 2 5
220 & 2P diga YRE B9 F9It Fobsn AL 4 Yok oA
BN Wl WztHo| fgdo] FHge wal 428 YRR £AL N ganz g
Bzl by dZiRe] B9 2ol FHES U 1BEY FLdoT 2HHE fo] Mo
22 T2AEY Y FHLEY 3 &l ¥A H7) gBo|th. B4 x7)d w3 A
ToRAEe B4t YR Aeu 4% 2 20 HA YBYS ¢ 5 U
ol & A AU A4 Hed §F0] $AR }r2 TUIE o|5HNoT 27
2E5CZ fAH e 4479 FE 2Pz A SAAUN B3 gaddge
Pz dxgdgel N 7 Ywe B vsd FAx A= o8y =
2% R 52&0] F43) o}

33 Y2 250 ofal

Fig. 7& He-Ne Gas Laserg ©| &% 1389 Hoz S4AFd nx= Wzd &%
o 9FE M Aotk Il ¥ F UE AANY YA LTt posz
BAWl A3 USE F, TZFo| F/AYTE AL L £ U} o]HF o]g=
A A vl go] WztHel 2EJ s E SAANGN Y 25 Ful} Aoz
dted WARo g dfdo] Frtste] BAFo A Hr| WREolg =H oA
A+ e AAYH FPW B9 F$ $do] ¥ e HEHE uEre =4
Aol stR 2 Eels LS TA B £ Ut 29D IYOoTRY uEE S8
do] MEHe FaE 99 NHoz ?l’éﬂ“] IRE AXNZRE THUHYL & F
ATH

Fig. 8% Fig. 9¥ Fig. 7% 2L ZdA Alzte] g% SdLn S2ALo] wWas
Bl Aoz A& uiol go] WHe 257 Uesrs A% Zrlsln TAS
Al ARE ZE 24 Atk 23 shE JAwe) A9 vmstey ded SdL
A& W3t FEFL A Ay = gk

H3°fﬂ

0,

off 1B £

(@) Tw = -5T (b) Tw = -10TC () Tw = -15T

Fig. 7 Effect of cooling wall temperature on freezing behavior
(Ci = 35wt%, t = 13hr)



by T T T T T T T T T T T T T T T T T T T T
o o - "::;::.‘7‘_. J-(.;(,;: e P
e i N v
o e e | oBf O TeSChme | A B
_“E Sy [ Tam Sl ; 7 i::::gm! /X,/: 2
S s S s 3 o T TR
=T . < c=35wm% 4
i ' 2% - P
\E' 'y R N /“/ .,;",.;/ -
o 3 " @ o, e/\
] 3 . A .?_ . A e
S s S ]
E r * % a—h . 7 §
@ . c a /7l g
wo oty o T St o i -
P, TR e S
R | ‘: . e ’ it
0 N 1 L 1 A L 1 T ., 1 1 L s i 1 I L 1 I Lo
T 2 3 4 5 6 7 8 9 T 2 3 4 5 6 7 8 9 10 11 12 13
Time (hr) Time (hn)
Fig. 8 Quantity of freezing Fig. 9 Freezing rate
345239 4 W PR
Fig. 1001 4% yzwe digtd SHE FZ2AR X9 2225 Y Y7
oznriel el ekl EAGGTh ageze BAAU HA} WY FHALE
dol @ wAstn Pee o & gou, s o g TR EL

M RESE7 gws dolds AW F
b ogolstal Gebbi Ae HEE e A%
shof galol ool ofste Awiss A RHel
wel 7Sl 398N BEZF Hugh B 24
ol ol Aol oatel A WE7| Bl Wil o

[6)

XE dveda gled, s
o) SAof upeh goliolMel Ao
CEFEe] 92 Yl w7

DEEsgUdel AAUFE 2
=]

1 . 1= = 1 3 o o
ol th. Fig. 11904 thebdl shiel wizbel 290l 4Rw wWae 49 LERE B
g vmebel w1 Aol Wil ¢ F Atk F ARW WhM e Afe
R I . A ALz ) - - - 9 PP o o
Syl wWzhe] 4 2o exBy Ak Fosiue] AFRY wzbo] 4% B9 WL
Y T T T T 10 T - . 1
~
B =i = 4
g G
5 <
: 2 S
E of % ok '.n"/r’ ;‘ |mln‘lcnelﬁu.z-nhy-r N
@ oY H - T,=0'C
a » y GRS
E X ;} rr'lmuhuoﬂmnnhy.r!’f g [ ] _ on |
2 P T=a7C 2 ; o \
) ; —C— 4hr
' ‘ \ | —O— 8hr . E
; I —&— &nr
| —A— ——h— 10hr
—— —@— 12tr |
, L L L - -1 " 1 ; N
50 100 150 200 50 100 150 200
X(mm) X(mm)

(a) Ci = 35wt%, Tw = -10T (b) Ci = Owt%, Tw = -10TC

Fig. 10 Position of frozen layer and temperature distribution
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