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Abstract

Influence of various design and operational factors on the
performance of a faling film freeze concentration system for
wastewater treatment was experimentally investigated. The ice growth
rate on the inner surface of freezing tube was dependent on the
hydraulic characteristics of the falling wastewater flow. The inclusion
of pollutants into the ice crysta was reduced by the increase of
turbulence in the falling flow, which was as a result of the increased
the diffusion and convection of pollutants at the interface of ice and
falling wastewater flow. The inclusion of ionic substances into the
ice was higher than that of non-ionic organic substance, but the
difference was reduced at turbulent regime in the falling flow. The
inclusion of anions into the ice was affected by the electro-negativity,
but for cations, by their ionic radius. As raw material for freezing
tube was replaced from stainless steel to copper with higher heat
conductivity, the ice growth rate was significantly increased by the
increased heat transfer, but the inclusion of pollutants into the ice
crystal was aso increased. In order to improve the performance of
faling film freeze concentration system, influence of electromagnetic
field on the separation of pollutants and ice growth rate were
investigated.  During the growth of ice under the electromagnetic
field, the inclusion of pollutants into the ice was reduced without

significant loss of ice growth rate.
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Fig. 2.13 Change of electromagnetic fields intension under linearity

current condition(b)
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Fig. 2.16 Structure of electromagnetic field generator using a antena

Fig. 2.17 Internal structure of electromagnetic field generator

Table 2.1 Summary of corelation approved each voltage, resistant,

current, consumption power

approved ) consumption
resistant current
voltage power
30 Q 500 mA 75 W
15V
40 Q 375 mA 5625 W
30 @ 1000 mA 30 W
30V
40 Q 750 mA 225 W
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Table 3.1 Detail part of freezing concentrater
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/ Flowchart of Freeze Concentration Cycle \

1. Main Power ON
>
2. MCC Pannel Main NFB ON
82
3. MCC Pannel BKM ON
>
4. Setting on the Freezing Temperature
L
5. Crystallization S/W ON
J L
6. Controlling the Over Flow S/W
2y
7. Controlling the Expansion Valve
s
8. Controlling the Freezing Timer
g
9. Pump S/W ON
L
10. Compressor S/W ON
4
11. Crystallization
L
12. Decrystallization
<>
\ 13. Recycle the No.11 and No. 12 /

Fig 3.2 Procedure for the operation of the freeze concentration system
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Screening Injection

Injection of coolent Curcle of wastwater

il

Injection of hot gas Decrystalization

Fig. 3.3 Flowchart for experiment using the freezing concentration

system

_30_



_..__m_.o

Y

are)
wr
"
"o

&
%

o

)
oy
__9_

N
Ho
W
Ho

H

+
o7

=
ﬁo
)

——
70

d =7} 3000ppm, COD7}

3]

AL

A o
Bl

9}

=
=t

O

=1
=

1000ppm¢! 7]

0

]
)
B

ol

11_.0

pzel

ojn
W

,_.*m_.o

To
B

ol
T
W
o

BR

&
Mo

T
&

e

X
o

T
o]

il
_ZTV
ol
~
iz
(@]
=

o
i

gyl

o)
ojn
o
g
L.

O
pE

fop-

o
~o

pzel

Ho

o7

I

Al A 18] (cycle)

o
d=4

7}

£ 4% uRE

g3 5

&

3

Ao o

-
R

N 7da

I

U} o]

a3

mpy

o}
N

WO

Ny

T
o

1L/min,

170 2]

3L/min, 5L/min® ® 3}A] % o}

st o,

A

-10C=

Le]

HH
o
o
=
Ho

= A

PetA

zolol uhet

=
juw N

A9

_31_



\WJI
I

M
Ho

)
Hr

junt

o

__io
el

,_Ir‘”
i
Ho

T
Mo

o %79

2174

2] A 7] a1

)=
RUN

16cm, 12cm, S8cm, 4em A 4 o A

ojn
Pl

\_.mo

Workman-Reynolds & %

=]
=

3.2.2

I

o}

A

N

WO

\_ﬂ.ﬂ
o)
=)
T
Ho
)

—

o
<
ﬁo

\_._mo

®
o}

o
T
oln
!

¥+ &S 5L/min®

o

N

T
&

52

Falem, 174 ¢

Tz 143

-10

=
=

el

.
o

B

el
o
;On_

il

o

-
=)

el

—~
o

Ion ChromatographyZ A&

o
s

X
o

beach,

)

&

il

xr
Tor

i+

Aol x1e =

I

]

<M

p/]

= (IGR)

4
XO
el
ojn
o

F

A

Hote] Bt

A

At =ols

B
o

olp
o

jase]

B

To
e
Ny
xr

ol

oAt

A2k

=
=

_32_



eEEE!

7 A=A

|

Y

T
<o

A% 5

ol
-

7ok

of wut

Frapel F7he
A7k A 719 e,

A~ FL A~
T3

o} ]

7

A = |
I U

2}
2}

°]

o
oF

bl A

)

il

W
<

Tor

S0 ey

o)
=

A

)

o
el
<

oy

o o o
@ faf

]
aS|

A 7E A of

w2} A

Rl

el

oF
e
H

o}
¢+

o

p—

0

o ZH

gl
N2 A= &80 7ldd.

o

i

0|
pa

A717) 4]
331 A A

7(—1%_

e

719

)
=

7]

[o}
T

Fol 9= 7F 3000ppm, CODZ}F 1000ppm 2!

]

E92 AHE

23|

par?
o
oF

el
_,AO

Aze]

ojn
W

o

o

o
B

ol
T
W
o

W
&

I

=y
Al
Ho

|

o, o] FA oA

4

ol

B
G

o

o
o

JﬁAl
ﬂl
ofp
o

il

_33_



} 1L/min, 3L/min, 5L/min®. & W3}A| A 1ujo]

3e 2

oF
)

o

oF

—_
o

ﬁo

iy

oy
o

<0
o)

o
mo

=

,_Ir‘”
o
;On_

A

BR

—_
o

Z.E
)A
oy

ofp
o

)

b
BR

O

A6] CODst

=]
-

332 AZa & AYF

o

)

5
7

A 2

bl A R R e A )

B

q
_TT
&7
o
3
o}

Hr
)

el
ﬂ
T
Ho

A

Ao} COD%}

12 e

=

A=
=

3

A

Ea

ol w o] &4 3} o]

Foi et

s

B

o
Ny
vA
el

o
.gon_

il

o

73t

)

T
ml

o u

W
Ho

R
oy
Tm
of

—

23]

—_—

ey

Fd ATl

Al

Nz Anw Fg4g0 2A gad.

_34_



3 of

F71el = v

A s

=
=

2 27y 3000ppm, 6000ppm, 9000ppm, 12000ppm,

el

stol 4H s,

FE Ax

912

24000ppm ¢!

o

N
N
Ho
T
1o

34

3.4.1 A3 g AA(Electric field)

&} Fig. 34

A7) )

3

i

&

AA=

T

19 =4

Mo
Gl

</

X

)

=)

A AL Z
2 TFig. 359 YEIH AT

=
=

& 30V, 60VE ®3tA 7)1 A

Gl

(DC)

Fig. 3.4 Photograph of freezing tube connected electric cable for electric

fields

_35_



Approved DC 30V Approved DC 60V  Approved DC 90V

Fig. 3.5 Photographs of power supply for various voltage conditions
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Fig. 3.7 Photograph approving on appratus forming eletromagnetic field

into freezing tube
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Table 4.1 Reynolds number for various flowrate of falling film
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4.5
3.9

Final of 4cycle
5.8

5.8
5.3

Initial of 4cycle
6.2

Temperature of Wastewater(C)
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Before freezing
8.3

pipe
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1200
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Nr

Table 4.2 Temperature Change of circulating wastewater into freezing
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k. SRERE Fehmeld AeNEFIN F@AYFEA, IGRE Table

4.3 HER T

Table 4.3 Crystallization and growth of ice for condition of various

height of freezing tube

. . Average
Height of ice| Amount of . . |Ice Growth Rate
Thickness of ice .
column, (cm) Ice, (g) (cm/min)
deq, (cm)
16 22 0.6484 0.0811
12 23.5 0.7083 0.0885
8 25 0.7721 0.0965
4 26 0.8174 0.1023

Table 43914 B v} o] ALAHS AFE 2 FwFAE 94
Arute) wolwz Aolsl AT, Fig 435 Ao ol we IGRW
3 #AE welFm gtk mE H go AAHE AL FANA F
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Table 4.4 Change of NR and diameter of falling—film for condition of

various height of freezing tube

Height of ice
deq (cm) D¢ (cm) Reynolds number
column (cm)
16 0.6484 2.0532 2900
12 0.7083 1.9334 3080
8 0.7721 1.8058 3300
4 0.8174 1.7152 3470
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Table 4.6 pH change of circulating wastewater for condition of various

Reynolds number
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