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Verification of Improving Hypoxia Apparatuses Effect by
Computational Fluid Dynamics

Ryo TOYA™, Ryoko KOJIMA™', Takashi ISHIMARU™ and Tomoji TAKAMASA™

Abstract: We conducted experiments using a Solar-Sea-Oasis (SSO) and a microbubble generator (MB) to

improve hypoxic condition at mooring place in Tokyo University of Marine Science and Technology. We looked into

effects of these apparatuses by computational fluid dynamics (CFD). When we operated SSO, the effect of dissolved

oxygen (DO) supply was only confirmed near the water outlet. This was suggested by computational fluid dynamics

that water that came out from water outlet rising upward without staying in the bottom was the causes. Then, we

conducted experiments using a MB to aerate bottom of the sea more directly. Vertical distributions of DO showed

oxygen was supplied horizontally, but DO concentration increased about 0.24 mg L that was lower than SSO

experiment. This was suggested by CFD that water came out from MB generator spread horizontally without staying

near the MB generator was the cause. Therefore, it is necessary to improve of making the MB water staying more

near the MB generator.
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Float z <

Water surface Water inlet

Enclosure and water outlet

Tl

Size of apparatus The upper part

100 cm X 30 cm
The lower part 100 cm X 100 cm X 60 cm
SUS304

Maximum flow

Material of enclosure
100 L min™
Power consumption 340 W
Rated power 150 W
Rated voltage AC 100 V
Hose Length Sm
Water outlet Number 208
Radius

Pump

3.5 mm

Fig. 1 Schematic diagram of Solar-Sea-Oasis (SSO)
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Pump “Air inlet

Water surface

Microbubble generator Water inlet
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Horus
Wonderfully

Microbubble generation method High speed whirling method

Selling agency
Name

Rated voltage 100 V

Power consumption 370 W

Size of pump 30cm X 38 cm X 30 cm
Hose Length 10 m

Fig. 2 Schematic diagram of microbubble generator system
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Fig. 3 Location of the observation point
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Enclosure (SS0)

9 9 9 seleldp o,
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Fig. 4 Observation points around SSO
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Microbubble generator
® @ %/Q ® ® @
° ° p ° ° . *-
iBDcm
100cm | 50cm | 50cm!{ 100cm 100cm | 100cm ‘ Pier

Fig. 5 Observation points of MB experiment
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Fig. 6 Vertical distributions of density (brown, o,) and DO
(blue, mg L") before SSO operation

Fig. 7 Vertical distributions of density (brown, o,) and DO
(blue, mg L) after SSO operation
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Fig. 8 Comparison of density between SSO operation (a, c,)
and CFD (b, kg m™)

Fig. 9 Pathline of discharged water from SSO colored by
velocity (m s™) on CFD
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Fig.10 Vertical distributions of density (o,) on CFD about Om
water intake (a) and 1m water intake (b)
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Fig.11 Vertical distributions of the mean DO (a, mg L") of
before and after 1 day of microbubble generator opera-

tion difference, its closed up near bottom (b, mg L) and
the mean density (o, , c¢) for nine experiments
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Fig.12 Vertical distributions of density (kg m™) after Microbub-
ble operation on CFD
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Fig.13 Vertical distributions of velocity after Microbubble
operation on CFD
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Fig.14 Pathline of MB water colored by velocity on CFD
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