An Experimental Study on Sea Water Freezing
Behavior in a Cooled Circular Tube
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Abstract

Everyone knows that water is the most important thing to
make our living. However in Korea, many expert organizations
have predicted that it will also become water deficiency in the
near future.

As becoming generally known, the most effective method is to
desalinize the sea water in order to obtain the fresh water. In
this present, there are various methods for the desalination of sea
water. But the most considerable point for adopting the
desalination system is the production cost of fresh-water based
on an energy source which should be obtained easily and cheaply.
Recently in Korea, the demand of Liquified Natural Gas (LNG),
as a cheap and clean energy which does not cause an
environmental problem, is greatly being increased. In general, we
put this LNG in storage as a liquid state at below -162 in a
tank. When the LNG transforms to the gaseous state at high
pressure, it absorbs energy from a heat source. In this process, a
large amount of cold energy is wasted. Therefore, we focused to

make the desalination system by utilizing this wasted cold



energy. In characteristic point of sea water, high concentration of
aqueous solution becomes an eduction from frozen surface in case
it frozen over. Therefore, it is possible to desalinize from sea
water.

First of all, we have to reveal the freezing mechanism of sea
water so as to make the desalination system. The goal of this
study is to measure the freezing quantity and freezing rate, and
to investigate the freezing heat-transfer characteristics in a
Circular Tube. The experimental results will help to provide a
general understanding of the sea water freezing behavior to reach

completion of the desalination system in the future.
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Table 1.3

——MSF (Multi Stage Flash Method)

ME (Multi Effect Method)

—ME-MSF

—R/O (Reverse Osmosis)

-——ED (Electro Dialysis)
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Table 1.4 LNG

1999 2000 2003 2005 2010
LNG 12,617 13,702 16,777 17,260 20,814
LNG 13,142 14,596 16,980 16,980 14,680
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Fig. 1.1 Fresh water freezing behavior in a circular tube
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Fig. 2.2 Diagram of test section apparatus
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Fig. 2.3 Photo of experimental apparatus
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2.2
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Table 2.1 Constituent parts on concentration of sea water

(g/kg-s.w.)
Cl 18.9799 Na 10.5561 CaS0O4 1.3786
SO4 2.6486 Mg 1.2720 MgSO4 2.1025
HCO3 0.1397 Ca 0.4001 MgBr2 0.0775
Br 0.0646 K 0.3800 MgCl2 3.2813
F 0.0013 Sr 0.0133 KCI 0.7242
H3BO03 0.0260 NacCl 26.6912
21.8601 12.6215 34.2553
NaCl
7| €
6% |
MgSO4_

6%

MgClz
10% 4

78%
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Fig. 2.4 Equilibrium phase diagram of aqueous solution
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Table 2.2 An experimental conditions

Experiment | C; (Wt%) | T, ( ) | T.( )
1 0.0 -15 0.0
2 18 -15 -0.7
3 35 -15 -1.7
4 0.0 -10 0.0
5 18 -10 -0.7
6 35 -10 -1.7
7 0.0 -5 0.0
8 18 -5 -0.7
9 35 -5 -1.7
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(a) Ci = 35wt% (b) Ci = 0.0wt%

Fig. 3.2 Effect of flow pattern on concentration of aqueous
solution
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Fig. 3.3

Fig. 34

Fig. 35
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(a) Time = 10 min (b) Time = 15 min (c) Time = 25 min

Fig. 3.3 Freezing characteristic of aqueous solution
; C,=3.5wt%
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Fig. 3.4 Freezing mechanism of aqueous solution
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3.2
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(a) Ci = 0.0Wt% (b) Ci = 1.8Wt% (c) Ci = 35wt%

Fig. 3.6 Effect of concentration of aqueous solution on
freezing behavior ; Tw= -5 |, Time = 4hr.
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Fig. 3.8 Freezing rate
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(@) Ci = 0.0Wwt% (b) Ci = 1.8wt% (c) Ci = 35wt%

Fig. 3.9 Effect of concentration of aqueous solution on
freezing behavior ; Tw=-10 , Time = 3hr.
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Fig. 3.11 Freezing
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(a) Ci = 0.0Wwt% (b) Ci = 1.8wt% (c) Ci = 35wt%

Fig. 3.12 Effect of concentration of aqueous solution on
freezing behavior ; Tw=-15 |, Time = 2hr.
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Fig. 3.14 Freezing rate
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3.3
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Fig. 3.18 Fig. 3.20 Cc;=18wt%, Fig. 3.21 Fig.

3.23 C;=0.0wt%
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(a) Tw=-15 (b) Tw=-10 () Tw=-5

Fig. 3.15 Effect of cooling wall temperature on freezing
behavior ; Ci = 3.5wt%, Time = 2hr.
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Fig. 3.17 Freezing rate
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(@) Tw=-15 (b) Tw=-10 (c) Tw= -5

Fig. 3.18 Effect of cooling wall temperature on freezing
behavior ; Ci = 1.8wt%, Time = 2hr.
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(&) Tw=-15 (b) Tw=-10 () Tw= -5

Fig. 3.21 Effect of cooling wall temperature on freezing
behavior ; Ci = 0.0wt%, Time = 2hr.
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Fig. 3.23 Freezing rate
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3.4
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(a) Cc; = 35 wt% (b) C; = 0.0 wt%

Fig. 3.24 Configuration of frozen layer
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Fig. 3.25 Frozen layer and temperature distribution

- 63 -



Freezing temp.at initial
concentration T=0°C

0 min
10 min
20 min
30 min

1hr

Thr3dmin | ™

2hr

3 hr

Temperature(°C)

tatiil

C,=0.0wt%, T =-15°C

19 ] ] | | | izl
0 10 20 30 40 50 60 70
X(mm)

Fig. 3.26 Frozen layer and temperature distribution
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Fig. 3.27 (3.5W1%) (0.0Wwt%) (165° ),

(90" ), (15" )
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