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ABSTRACT

Effective use of water which is the most used by humankind has been
emphasized. so extensive water research such as water purification and
desalination are underway. In addition, high concentration water which is
oxygen—dissolved by artificial methods is widely used in various industrial fields.

The oxygen—dissolved water contains a large amount of oxygen gas
compared with the general water so it is used in various industrial sites such
as inland fish farm, waste water disposal plant, hydroponics and fish
transportation etc.

However, the production of oxygen-dissolved water is not easy for
small-scale business operators due to problems such as space, budget, and the
lack of operational expertise.

Many researchers who have been studying the understanding and effect on
oxygen—dissolved water keep focusing on studying effective ways to dissolve
oxygen gas in the solution.

Also, by using this technology, researchers are trying to improve further
technologies of fish farming and hydroponics using nutrient solution. Therefore,
it is expected that the technology utilized oxygen-dissolved water accelerating

the growth of plants and animals will be improved consistently.
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(a) 3D modeling of flow field in Ejector (Without capillary)

(b) 3D modeling of flow field in Ejector (With capillary))

Fig.3 3D model of fluid flow field and Ejector conformal
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(c) Diagonal Drawing of Ejector

(d) Side drawing of Ejector

Fig.4 Ejector conformal, side section
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Fig.5 producing rapid prototype for 3D mock-up

v

Fig.6 Internal structure for miniaturization oxygen and producing turbulence
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Fig.7 Ejector with a capillary

(top) for empirical experiment

verification test and Ejector without a capillary (bottom)

oo
%
T
0
=
=
>

Fig.8 Conceptual diagram of test-bed for verification

Table 3 Specifications of Ejector Geometry

test

Diameter of inlet Gap size Number of
categorize and outlet L capillaries(EA)/
(mm)
( mm) Surface area(mm?2)

Without
capillary Ejector 50 15

. With 50 15 8ea / 1.767
capillary Ejector
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Fig.9 3D test-bed design of Ejector for verification test demonstration experiment

Table 4 Specification of dissolution system for demonstration experiment

cture performance/

posi ton manufacturer Product type model name Measuring
E range

@ ASTRAL PCC ¥ AVCTORIA 26 m’/h

t PLUS "
@ 2 3] A} orel PDR500-700KA - Absolute
¥t A o] h N 0~700 kPa
& wl Al 2= El
© " e : 0~10L, 0~80L
A| &

@ &) 259 GSAB00 15A ~ 6000A
e % Rl frEs47] liquid
Sensortechnik }

© DO =747 AM-40 Oppm ~ 30ppm

Meinberg (<
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Surface
area
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Table 5 Simulation environment of Ejector Geometry
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Table 6 Environmental condition of Ejector 2L Oxygen dissolution Experimental

Oxygen
flow rate Input(water) Input(O2) Output
Flow rate Flow rate Flow rate
3.90 0.03 3.93
(L/s) (L/s) (L/s)
Flow Flow Flow
2L velocity 2.92 velocity 0.52 velocity 21.58
(m/s) (m/s) (m/s)
Pressure Pressure Pressure
197 56.7 108.2
(kPa) (kPa) (kPa)
Turbulence Average
Oxygen Turbulence O LENLTF
flow rate Intensity (%) 9/ 9 (ppm)
(m?/s%)
Min. 1.84
2L Max. 147.46 5.23 27.33
Ave. 52.86
28 L
24 |
T 20|
a
2
8 16 |
12 |
—=&— 2 minute per point
8 | | | | | |
0 10 20 30 40 50 60

Time(min) -

Fig.12 dissolved oxygen amounts of sea water after passing through the ejector

without capillary (the amount of injected oxygen : 2L)
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(b) Flow velocity

Fig.13 The CFD simulation result of Ejector without capillary (Pressure and Flow
Velocity : 2L)
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(d) Turbulence Intensity

Fig.14 CFD Simulation of Ejector without Capillary Turbulence Energy and Turbulence
Strength Result
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Table 7 Environmental condition of Ejector 4L Oxygen dissolution Experimental

Oxygen
flow rate Input(water) Input(02) Output
Flow rate Flow rate Flow rate
3.90 0.06 3.96
(L/s) (L/s) (L/s)
Flow Flow Flow
4L velocity 2.92 velocity 1.05 velocity 33.09
(m/s) (m/s) (m/s)
Pressure Pressure Pressure
197.00 63.60 108.00
(kPa) (kPa) (kPa)
Turbulence Average
Oxygen Turbulence e LEXAF
flow rate Intensity (%) 2/ 9 (ppm)
(m?/s%)
Min. 1.76
4L Max. 144.84 10.84 26.63
Ave. 51.05
30 ~
27
24 L
21
=
o
2 18 |
o
0o
15 |
12
9 —e— 2 minnute per point
0 ‘1IO 2IO BID 4IO 5I0 GIO

Time(min)

Fig.15 dissolved oxygen amounts of sea water after passing through the ejector

without capillary (the amount of injected oxygen : 4L)
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(b) Flow velocity

Fig.16 The CFD simulation result of Ejector without capillary (Pressure and Flow
Velocity : 4L)
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(d) Turbulence Intensity

Fig.17 The CFD simulation result of Ejector without capillary (Turbulence Energy and
Turbulence Strength : 4L)
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Table 8 Environmental condition of Ejector 6L Oxygen dissolution Experimental

Oxygen
flow rate Input(water) Input(02) Output
Flow rate Flow rate Flow rate
3.90 0.10 4.00
(L/s) (L/s) (L/s)
Flow Flow Flow
6L velocity 2.92 velocity 1.57 velocity 21.59
(m/s) (m/s) (m/s)
Pressure Pressure Pressure
194.50 66.50 107.50
(kPa) (kPa) (kPa)
Turbulence Average
Oxygen Turbulence Kinetic Energyg LENLFH
flow rate Intensity (%) 2/, 2 (ppm)
(m°/s%)
Min. 1.70
6L Max. 142.92 492 28.35
Ave. 50.76
30 -
27 -
24
21t
£
a
2 18|
2
15 |
12 +
—&— 2 minute per point
9 1=
1 | 1 | 1 |
0 10 20 30 40 a0 60

Time(min)

Fig.18 dissolved oxygen amounts of sea water after passing through the ejector

without capillary (the amount of injected oxygen : 6L)
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(b) Flow velocity

Fig.19 The CFD simulation result of Ejector without capillary (Pressure and Flow
Velocity : 6L)
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(d) Turbulence Intensity

Fig.20 The CFD simulation result of Ejector without capillary (Turbulence Energy and
Turbulence Strength : 6L)
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Table 9 Environmental condition of Ejector 8L Oxygen dissolution Experimental

Oxygen
flow rate Input(water) Input(02) Output
Flow rate Flow rate Flow rate
3.90 0.13 4.03
(L/s) (L/s) (L/s)
Flow Flow Flow
8L velocity 292 velocity 210 velocity 21.56
(m/s) (m/s) (m/s)
Pressure Pressure Pressure
192.50 68.80 108.00
(kPa) (kPa) (kPa)
Turbulence Average
Oxygen Turbulence e LEXAAF
flow rate Intensity (%) 9/ 9 (ppm)
(m?/s%)
Min. 1.81
8L Max. 135.41 474 28.42
Ave. 49.53
30 -
27
24 |
- 21 F
£
a
2 18}
2
15 |
12 |
—<— 2 minute per point
g PR
0 10 20 30 40 50 60

Time(min)

Fig.21 dissolved oxygen amounts of sea water after passing through the ejector

without capillary (the amount of injected oxygen : 8L)
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Fig.22 The CFD simulation result of Ejector without capillary (Pressure and Flow
Velocity : 8L)
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(d) Turbulence Intensity

Fig.23 The CFD simulation result of Ejector without capillary (Turbulence Energy and
Turbulence Strength : 8L)
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Table 10 Environmental condition of Ejector 10l Oxygen dissolution Experimental

Oxygen
flow rate Input(water) Input(02) Output
Flow rate Flow rate Flow rate
3.90 0.16 4.06
(L/s) (L/s) (L/s)
Flow Flow Flow
10L velocity 2.92 velocity 2.62 velocity 21.58
(m/s) (m/s) (m/s)
Pressure Pressure Pressure
197.20 71.80 107.80
(kPa) (kPa) (kPa)
Turbulence Average
Oxygen Turbulence e Buenay LEAAF
flow rate Intensity (%) 9/ 9 (ppm)
(m°/s”)
Min. 1.77
10L Max. 136.38 471 28.23
Ave. 49.22
30 ~

DO(ppm)

—e— 2 minnute per point

10

20

30

40

Time(min)

50

60

Fig.24 dissolved oxygen amounts of sea water after passing through the ejector

without capillary (the amount of injected oxygen : 10L)
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(b) Flow velocity

Fig.25 The CFD simulation result of Ejector without capillary (Pressure and Flow
Velocity : 10L)
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(d) Turbulence Intensity

Fig.26 The CFD simulation result of Ejector without capillary (Turbulence Energy and
Turbulence Strength : 10L)
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Table 11 Environmental condition of Capillary Ejector 2L Oxygen dissolution Experimental

Oxygen
flow rate Input(water) Input(O2) Output
Flow rate Flow rate Flow rate
3.90 0.03 3.93
(L/s) (L/s) (L/s)
Flow Flow Flow
2L velocity 2.92 velocity 0.52 velocity 33.03
(m/s) (m/s) (m/s)
Pressure Pressure Pressure
194.60 56.70 108.20
(kPa) (kPa) (kPa)
Turbulence Average
Oxygen Turbulence e LEN2F
flow rate Intensity (%) 2/ 9 (ppm)
(m?/s°)
Min. 2.75
2L Max. 626.11 11.35 27.04
Ave. 225.01
30 ~
27
24 |
21
=
(=R
2 18 |
Q
0
15
12
9 —=— 2 minnute per point
0 10 20 30 40 50 60

Time(min)

Fig.27 dissolved oxygen amounts of sea water after passing through the ejector

with capillary (the amount of injected oxygen : 2L)
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(b) Flow velocity

Fig.28 The CFD simulation result of Ejector with capillary (Pressure and Flow
Velocity : 2L)
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(d) Turbulence Intensity

Fig.29 The CFD simulation result of Ejector with capillary (Turbulence Energy and
Turbulence Strength : 2L)
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Table 12 Environmental condition of Capillary Ejector 4L Oxygen dissolution Experimental

Oxygen
flow rate Input(water) Input(02) Output
Flow rate Flow rate Flow rate
3.9 0.06 3.96
(L/s) (L/s) (L/s)
Flow Flow Flow
4L velocity 2.92 velocity 1.05 velocity 33.04
(m/s) (m/s) (m/s)
Pressure Pressure Pressure
194.30 63.60 108.00
(kPa) (kPa) (kPa)
Turbulence Average
Oxygen Turbulence e LENEF
flow rate Intensity (%) 9/ 2 (ppm)
(m?/s%)
Min. 2.59
41 Max. 625.64 11.20 26.63
Ave. 223.09
28
24 +
20
£
o
=
O 16 L
O
12 +
—#— 2 minute per point
8 | 1 1 1 | |
0 10 20 30 40 50 60

Time(min)

Fig.30 dissolved oxygen amounts of sea water after passing through the ejector

with capillary (the amount of injected oxygen : 4L)
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(b) Flow velocity

Fig.31 The CFD simulation result of Ejector with capillary (Pressure and Flow
Velocity : 4L)
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Fig.32 The CFD simulation result of Ejector with capillary (Turbulence Energy and
Turbulence Strength : 4L)
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Table 13 Environmental condition of Capillary Ejector 6L Oxygen dissolution Experimental

Oxygen Input(water) Input(O2) Output
flow rate
Flow rate Flow rate Flow rate
3.90 0.10 4.00
(L/s) (L/s) (L/s)
Flow Flow Flow
6L velocity 2.92 velocity 1.57 velocity 33.06
(m/s) (m/s) (m/s)
Pressure Pressure Pressure
194.50 66.50 107.50
(kPa) (kPa) (kPa)
Turbulence Average
Oxygen Turbulence S e . L& 4
flow rate Intensity (%) 9/ 9 (ppm)
(m?/s”)
Min. 2.58
6L Max. 623.66 11.04 27.43
Ave. 221.08
30
25 |
E 20 |
&
o
|
15 |
10 - —&— 2 minnute per point
0 1|o 2lo 3lo 4|0 5lo Glo

Time (min)

Fig.33 dissolved oxygen amounts of sea water after passing through the ejector
with capillary (the amount of injected oxygen : 6L)
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(b) Flow velocity

Fig.34 The CFD simulation result of Ejector with capillary (Pressure and Flow
Velocity : 6L)
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(d) Turbulence Intensity

Fig.35 The CFD simulation result of Ejector with capillary (Turbulence Energy and
Turbulence Strength : 6L)
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Table 14 Environmental condition of Capillary Ejector 8L Oxygen dissolution Experimental

Oxygen
flow rate Input(water) Input(O2) Output
Flow rate Flow rate Flow rate
3.90 0.13 4.03
(L/s) (L/s) (L/s)
Flow Flow Flow
8L velocity 2.922 velocity 2.096 velocity 33.091
(m/s) (m/s) (m/s)
Pressure Pressure Pressure
1925 68.8 108
(kPa) (kPa) (kPa)
Turbulence Average
Oxygen Turbulence T e e—— LEAATF
flow rate Intensity (%) 2/ 2 (ppm)
(m°/s”)
Min. 2.609
8L Max. 621.757 10.838 27.41
Ave. 218.483
28
24 |
20t
£
a
2
O 16 |
[
12 L
—4— 2 minute per point
8 | | | | | |
0 10 20 30 40 50 60

Time(min)

Fig.36 dissolved oxygen amounts of sea water after passing through the ejector

with capillary (the amount of injected oxygen : 8L)
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(b) Flow velocity

Fig.37 The CFD simulation result of Ejector with capillary (Pressure and Flow
Velocity : 8L)
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Fig.38 The CFD simulation result of Ejector with capillary (Turbulence Energy and
Turbulence Strength : 8L)
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Oxygen
flow rate Input(water) Input(O2) Output
Flow rate Flow rate Flow rate
3.90 0.16 4.06
(L/s) (L/s) (L/s)
Flow Flow Flow
10L velocity 2.92 velocity 2.62 velocity 33.12
(m/s) (m/s) (m/s)
Pressure Pressure Pressure
197.20 71.80 107.80
(kPa) (kPa) (kPa)
Turbulence Average
Oxygen Turbulence T e e—— LEAATF
flow rate Intensity (%) 2/ 2 (ppm)
(m°/s”)
Min. 2.62
10L Max. 611.34 10.61 27.71
Ave. 215.77
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Fig.39 dissolved oxygen amounts of sea water after passing through the ejector

with capillary (the amount of injected oxygen : 10L)
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Fig.40 The CFD simulation result of Ejector with capillary (Pressure and Flow
Velocity : 10L)
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Fig.41 The CFD simulation result of Ejector with capillary (Turbulence Energy and
Turbulence Strength : 10L)
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Table 16 Flow Analysis result of Ejector without Capillary and Ejector with Capillary (CFD)

Turbulence Turbulenc .
Intensity (%) e Dissolv
Oxygen flow Average ed Flow
rate Kinetic | 0Xvgne | velocity
(IL/min) Min. Max. Ave. Energy rate (m/s)
(ppm)
(m°/s%) eP

2 1.84 147.46 52.86 5.23 27.33 21.58

. 4 1.76 144.84 51.05 5.04 26.63 21.58
Without

capillary | 1.70 142.92 50.76 492 28.35 21,59
Ejector

8 1.81 135.41 49.53 474 28.42 21.56

10 1.77 136.38 49.22 471 28.23 21.58

2 2.75 626.11 225.01 11.35 27.04 33.03

4 2.59 625.64 223.09 11.20 26.63 33.04

With

capillary 6 2.58 623.66 221.08 11.04 27.43 33.06
Ejector

8 2.61 621.76 218.48 10.84 27.41 33.09

10 2.62 611.34 215.77 10.61 27.71 33.12
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oy (%),
]
I

g efficien
ey
=
T

Dissolvin
%]
(]
T

Time (min)

Fig.43 Dissolution rate for Ejector oxygen supply with Capillary
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Fig.47 Test result of Ultrasonic flowmeter flow measurement
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Fig.48 Test result of Ultrasonic flowmeter flow rate measurement

_57_



Pressure guage (kPa)

DO (ppm)

100

80

40

20

24

16

12

—m— p1
- p2
—i— 03

-

a 1 M 1 M 1 a 1 M 1 M 1 a ]

2 4 =] 8 10 12 14 18 18 20
Time (min)

Fig.49 Test result of Pressure gauge operating condition

e 4
-—
ol _,_,_I—l‘—‘—*
i
e
A A
f’# - I o & » o = o
. w
//!“
A~

—=— 02| &
—e— 22| E
—a— 42| B
1 L L 1 L 1 L L v EE'-lE-i

L 1 1 a L
1 2 3 4 5 8 7 8 9 10 11 12 13 14 15 16 17
Time (min)

Fig.50 Test result of DO meter data Transmit-Receive

_58_



CIR

=
=

3) &3 DO

e
Mo
Ho
)
X
~X

B
—_
o
20

o
B

29y 99 = 4

o

o = olAE St FAT g oA i EAHo] o] AE ol 1A

el

Jr
file)

0
_Zrl
=K

Table 17 Experimental conditions for DO measurement experiment

%)
3)

M8 oy < oloo| |oa|=t|o|oo| - |a|=|wloo|
M 2 (222 8ee 8882 ks
> 2l e e ee
im ololclo|C|lo|lo|o|lo|P|lo|lo|a|a|@

N~
<
)
=
3]
rS »
o o
S E
—
P35 R
.A_Io(\ o0
—
T
21w g
P —
— oS
N> =
ﬂ__lﬂ(
. .
m) m)
3 g S g g
- - B>
5 5= 8 5= 8 63
(SIS, &3] o 33T
+ Q . S 5 = = e
9 g g =S - = 8 &
Z | £ | £E§o [ FEEHS
— — ® o .0 —
=26 =20 Py
& &= s
O O

o] 101.3kPa°] %A ¢

=
=

o
H

s

o]

3

LA 1413

A Bol= dAAtel

B

o
i
mjm

_59_



DO (ppm)

DO (ppm)

28

24

20

16

12

—a— 2 /min
—a— 4L/min
—a— BL/min
—v— 8L/min
—e— 10L/min

0 10 20 30 40 50 60
Time (min)
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Fig.52 DO numerical rise data of Ejector with Capillary
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Fig.56 DO measurement data during supply to 2L oxygen per minute

—a— without capillary
—+— capillary |

10 20 30 40 50 60

Time (min)

Fig.57 DO measurement data during supply to 4L oxygen per minute
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Fig.59 DO measurement data during supply to 8L oxygen per minute

_65_



DO (ppm)

30

27

24

21

18

15

12

—a— without capillary
—+— capillary

10 20 30 40 50 60
Time (min)

Fig.60 DO measurement data during supply to 10L oxygen per minute
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Fig.64 Dissolution data during supply to 8L oxygen per minute
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