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Characteristics of mixed gases separated from water including small sized bubbles scattered

by meotor rotation
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Abstract: Exhalation gases can be used to effectively increase the amount of separation of oxygen underwater. Exhalation,
which contains oxygen, nitrogen, and carbon dioxide for breathing can be used for underwater breathing as long as the amount
of carbon dioxide can be reduced. To reduce carbon dioxide, a membrane that selectively separates carbon dioxide from ex-
halation may be used, but the membrane needs to be cleaned at an appropriate interval to maintain the carbon dioxide reduc-
tion rate at proper levels. In this thesis, a mixer that increases the contact area between water and a mixed gas with exhalation
characteristics was used to continuously reduce the carbon dioxide contained in the exhalation. Water, including the small-sized
bubbles generated by the mixer, was supplied into the membrane; then, the dissolved gases were separated by a membrane
module with many hollow fibers. The amount of gas supplied to the mixer with water was increased from 1 LPM to 5 LPM
by 1 LPM and the components of the separated gas were analyzed by gas chromatography. The amount of carbon dioxide con-
tained in the separated gas was reduced compared to the carbon dioxide contained in the original mixed gas. As the amount of
mixed gas was increased, the amount of carbon dioxide contained in the separated gas also tended to increase, but the reduc-
tion of carbon dioxide was relatively successful.
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LA = Zalo] AAE BF WET A2t TR B A B

ZZo|A] B317)= ol7juE o] f3he] AAE A e 7] AWE =8staA Al Za3 AES FHdth
AR garle AUE wRe dar) pEd geoe S EAel Vi B g g das sne of
g Fol Bl st griden gy gy g I VeE mESEA FEAA SEShE AHE

T Corresponding Author (ORCID: http://orcid.org/0000-0001-7814-5662) Principal Researcher, Energy Systems Research Division, Korea
Institute of Machinery and Materials, 156 Gajeongbuk-Ro, Youseong-Gu, Daejeon, Korea, E-mail: pwheo@kimm.re.kr, Tel:
042-868-7331

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © The Korean Society of Marine Engineering



2]

jUN

o 9

=

sAThs)ie). 71419l
FACE.

<)

5

A
ez

A

-
X

o

= 7] e SbE =

o] 7he) 71

()

o mlauLste] A%

ute} thgsrr 28

Z o

FA 2l &<

o] 2} A
7 %LX}Q ZH§_7]' }E}—X]—Q] Zﬂﬁﬂ' E}%/‘é o] o}‘

1 9

A

o

<

Ml

o

H

M= 2

=
3

1 9

i<

H 3l 9
B!

=

Fok. et Abarol

ol gl Stk

o
AT

o] 7k

4]

A5

5
=]

<
o

[1]. eb7bie] 718184 =7

171 9
= TAZF Tk o]

S
A
2]
=
s
h=

2|

714, w4371,

g

i), =

]

R

P2

T 3 AEY
Figure 29} 7t} 7R EZA}

1(LiquiCel Ak, 5+ 2AF%-2 Table 1

RS

&

=

AHAX
=

=

2.

o

1] 91 Akae] 4]

7}&

No

A 2

gl

=z

3} v

oL
=

)

]

S
fl

o

WA gRA o

< A

3 AbEl7E BarsE T3]

&

stttk ARl

S
=

S

ZIA7Y FrhEEA 5T ZE |

ae

]

A
<}
769

of =

h=]
=

]

1l

F
e RA A=t b i =S

[e)

i

k)
w

FE£E AW, F34} bl 9

1
9]

=]
=4

=

=

714
o 7} g

A o
1 L/'min®] 4] 1 L/min® 7217 5 L/min7}A]

2 W7 200um, 2173 300um=

]_

S

bt

o

3 B
Hel] A7) vl#

sfel 2709 Ha

[<)
(2019.11)

2h=H,

S

Lt

kel

el o
=

K
==
B

1 A9

L
.
it

3} 7)7)e)
At o) A
1 2] A 43¢

k)

2ol v
5} 3]

2 st

aofo

)=}
RU

=
A1 o]

I

SEEE

S

7]



o)
ne
o

~=H -

Membramne
Synthesized Separated
gas tank gas bag
= Water
Gas

Separated
gas exil

Figure 1: Outline for the separation system of dissolved gas-

es with small sized bubbles

718117
- Peak Name
- Peak Conc
692517 —
666.917—|
- N2 7763390
641317 —
] 02 17.190
615.717— 002 45(731
605477
Z | /
B T T Y T B
000 180 360 540 720 900

Figure 2: Compositions of synthetic exhalation gases
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Figure 3: Gas splitter outline generating small sized bubbles

Table 1: Specifications for the membrane used in the separa-
tion system

Name Spec.
Material Polypropylene

Potting materials Epoxy
Surface area (m?) 8.1
Porosity (%) ~25

OD/ID (um) 300/200
Shell side volume (L) 1.26
Lumen side volume (L) 0.61
Height (mm) 512
Diameter (mm) 116.1
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Figure 4: Water mixed with synthetic exhalation gases (a) at
0 I/min (b) at 1 /min (c) at 2 I/min (d) at 3 /min (e) at 4
I/min (f) at 5 I/min
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Figure 5: Compositions of gases separated from water mixed

with 1 LPM of synthetic exhalation gases
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Figure 6: Compositions of gases separated from water mixed

with 2 LPM of synthetic exhalation gases
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Figure 7: Compositions of gases separated from water mixed

with 3 LPM of synthetic exhalation gases
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Figure 8: Compositions of gases separated from water mixed

with 4 LPM of synthetic exhalation gases
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Figure 9: Compositions of gases separated from water mixed

with 5 LPM of synthetic exhalation gases
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Figure 10: Composition of CO, with flow rates of mixed gas
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