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An Experimental Study on Waste Water Concentration by
Separating Method of Freezing
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An Experimental Study on Waste Water Concentration by

Separating Method of Freezing
JUNG-SIK, KIM

Department of Marine Engineering System

Graduate School of Korea Maritime University

Abstract

Water is one of the most valuable material in this world and it is
connected directly to all organisms including human being. But
currently many countries is experiencing a water shortage and this
condition will be deteriorated. Another problem which threatens the
mankind with water shortage is water pollution. A lot of pollutants
are discharged as a result of population growth and industrial
development and the quantity is increasing continuously. Specially
water pollution inflicts a fatal effect on not only the mankind but
also an organism. So various control techniques were developed and
applied to treat pollutants but most of the methods was suitable to

treat a great quantity of waste water.



This study was progressed on the freezing behavior of waste
water in relation to freeze concentration method useful to waste
water treatment system of small and middle size and which can
re-use purified water.

First, the fundamental experiments were carried out for a variety
of parameters on a NaCl aqueous solution. Afterward, the waste
water composed with the lead(Pb) and the chrome(Cr) was used in
actual experiments. The research on the freezing behavior of NaCl
aqueous solution has been continuously progressed and this research
results were applied to actual experiments.

The fundamental experiments was performed to investigate freezing
behavior of NaCl aqueous solution along a vertical cooled circular
tube with bubbly flow. The experiments were carried out for a
variety of parameters, such as air-bubble injection method, and
cooling wall temperature. It was found that the experimental
parameters gave a great influence on the freezing rate and the
salinity of the frozen layer.

The object of this actual experiments is comparing a pollutant
contain of the frozen layer and of an aqueous solution by cooling
wall temperature, a flow field effect and a initial thickness of frozen

layer. In this experiment, the followings was applied as cooling wall

_iv_



temperature: -2C, -7C, -12C and especially -17C on bmm initial
frozen thickness. Air—-bubble was directly injected on the surface of
frozen layer to check a flow effect and the experiments were carried
out for each one of Imm and Smm to investigate the effect of initial

thickness of frozen layer.
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Fig. 2.1 Schematic diagram of experimental apparatus
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Fig. 2.2 Photograph of experimental apparatus
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Table 2.1 An experimental condition(NaCl aqueous solution)

Flow method Salinity Cooling
Temperature
Not flow field
o o0
Air injection From 18wt _?g
a cylinder wall 3 6wt 127
A shape of ring flow field

Table 2.2 An experimental condition(waste water)

Prlm'flry Heavy-metal Cooling
freezing Flow method
. content temperature
thickness
Not flow field -2C
Pb 2.2 ppm .
1mm -7C
_ _ Cr 0.07 ppm .
A shape of ring flow field -12°¢C
-2C
) ) ) Pb 2.2 ppm -7C
S5mm A shape of ring flow field Cr 0.07 ppm 197
-15C
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G =—\- (T,— T))/5 (3.16)
Go=h(Ts,— T;) (3.17)

h=X- (T, T,)/[5(T},~ T,) (318)
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Fig. 3.1 One dimensional heat transfer model in a cylindrical tube
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(a) 1,,=-2C (b) 7,=-7C (c) 1,,=-12C

Fig. 4.1 Photograph of freezing at C;=1.8 wt%

(a) T,=-2C (b) 1,=-7C (c) T,,=-12C

Fig. 4.2 Photograph of freezing at C;-=3.6 wt%
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Thickness of ice (mm)
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Fig. 4.3 Thickness of freezing at C; =1.8wt%
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Thickness of ice (mm)
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Fig. 4.4 Thickness of freezing at C;=3.6wt%
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Salt content (wt%)
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Fig. 4.5 Salt content of Ice
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Salt content (Wwt%)
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Fig. 4.6 Salt content of aqueous solution
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(a) C;=18wt% (b) C:= 36 wt%
Fig. 4.7 Photograph of freezing at 7, =-2T

(a) C'=18 wt% (b) =36 wt%

Fig. 4.8 Photograph of freezing at 7, =-7TC
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(a) C;=1.8 wt% () C;=36 wt%

Fig. 4.9 Photograph of freezing at 7,=-12T
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Fig. 4.10 Thickness of freezing at 7 =-2T
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Thickness of ice (mm)
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Fig. 4.11 Thickness of freezing at 7] ==-7TC
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Thickness of ice (mm)
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Fig. 4.12 Thickness of freezing at 7 =-12T

_33_

w



—_—— -2°C
—h— .7°C
—a— 12°C ]

Salt content {(wt% )

1.8 3.6
Concentration of aqueous solution{wt%)

Fig. 4.13 Salt content of Ice
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Fig. 4.14 Salt content of aqueous solution
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(a) Exp. No. 1 (b) Exp. No. 2 (c) Exp. No. 3
Fig. 4.15 Photograph of freezing at C;=1.8 wt%, 7,,=-2TC

(a) Exp. No. 1 (b) Exp. No. 2 (c) Exp. No. 3

Fig. 4.16 Photograph of freezing at CZ'-=1.8 wt%, 1,,=-7T
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(a) Exp. No. 1 (b) Exp. No. 2 (¢) Exp. No. 3
Fig. 4.17 Photograph of freezing at Q=1.8 wt%, 1,,=-12T
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Fig. 4.19 Thickness of freezing at C;=1.8 wt%, 7,=-7T
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Fig. 4.20 Thickness of freezing at C.=1.8 wt%, 71,,=-12T
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Fig. 4.22 Salt content of aqueous solution

_43_



]

(e}

i

[e]
H

FE7F 36wt%d A9

oll
ol

- =
= 4e

Fig 423 ~ Fig. 4.25

-
o)
No
T
Ho
)

S
T

Fig 4.26 ~ Fig. 4.28

)A
il

)

—
o

il

cO
gl
N

&

4

2

oy

ol
No
eyl
Ho

N
Nlo
o)
ay!

X7

X
B

I A G

7hara

W

vzel

-

S

e
(o

+

22

ek
j -

Fig. 4.30

=1
=

T3 Fig. 4.29

)

o

73

L 1.8wt% Y

‘q

oll

PN
T

M

il

B8R

o}

No

o

el
N
H

ol

o]

5

—_
o

Mo

oy
7

o)
50

a]
o

I

o

ol
N
H

oy

il

TR

_ZMO
T
Ho

A EA
37}

Z)
Al

21}, A

% %

e

=
o

7}

j
a

A B+

=
=

=

2o

o]
o

==
=

==
0

oo
¢+
wr
&+

&

B

—_
o

_44_



(a) Exp. No. 1 (b) Exp. No. 2 (c) Exp. No. 3
Fig. 4.23 Photograph of freezing at C;=3.6 wt%, 7,,=-2TC

(a) Exp. No. 1 (b) Exp. No. 2 (c) Exp. No. 3
Fig. 4.24 Photograph of freezing at C;=3.6wt%, 7,=-7C
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(a) Exp. No. 1 (b) Exp. No. 2 (c) Exp. No. 3
Fig. 4.25 Photograph of freezing at C;=3.6 wt%, 1,,=-12T
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Fig. 4.26 Thickness of freezing at (;=3.6 wt%, 7,=-2T
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. 4.29 Salt content of Ice
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Fig. 4.30 Salt content of aqueous solution
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(a) 7,,=-2TC (b), B 5727, C (c) T,=-12C

Fig. 5.1 Photograph of freezing at not flow field

(a) T,=-2C (b) T,=-7C (¢) T,=-127C

Fig. 5.2 Photograph of freezing at a shape of ring flow field
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Fig 5.3 Thickness of ice at not flow field
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Fig. 5.5 Pb content in ice
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Fig. 5.6 Cr content in ice
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Fig. 5.7 Pb content in aqueous solution
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Fig. 5.8 Cr content in aqueous solution
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[ == - _a
(a) not flow field (b) flow field
Fig. 5.9 Photograph of freezing at 7,=-2T

(a) not flow field (b) flow field
Fig. 5.10 Photograph of freezing at 7,=-7TC
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(a) Not flow field (b) Flow field
Fig. 5.11 Photograph of freezing at 7,=-12T
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(a) S;=1mm (b) .S5;=5mn
Fig. 5.12 Photograph of freezing at 7,=-27C

[ g 4
(a) S;=1mm (b) .5, =5mn
Fig. 5.13 Photograph of freezing at 7,=-7TC
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(a) S;=1mm (b) .S5; =5mm
Fig. 5.14 Photograph of freezing at 7,=-12T

(a) S5;=5mm
Fig. 5.15 Photograph of freezing at 7,=-15T
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Fig. 5.16 Pb content in ice
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Fig. 5.17 Cr content in ice
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Fig. 5.18 Pb content in aqueous solution
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Fig. 5.19 Cr content in aqueous solution
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Table 5.1 The effect of flow method
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