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Abstract

A power plant is one of the key infrastructures for developed countries. These plants are occa-
sionally shut down by the intrusion of marine life (seaweed, fish, Jellyfish, shrimp, etc.), which
causes serious socio-economic problems. Air bubble barrier have been used to prevent sea life
from entering the power plant intake port and stopping power plants. In this study, an ex-
perimental device is developed to analyze the vertical behavior of air bubbles. The empirical
equations are presented by measuring the rising speed of air bubble by water depth according
to the amount of air injection. The proposed empirical equations will be used as a basic tool for
the design of an air bubble barrier, which is expected to contribute to secure the operational sta-
bility of power plants.
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Table 1. Domestic and overseas power plant damage cases by sea animals

63

Power plant Time of occurance Cause Remark
Kori 1988.0~3/1991.08/1998,1/1998 .4 Seaweed, Fish, etc
Uljin 1992,12~2003.06 Jellyfish, Shrimp 17 times
Kalpakkam(India) 1985.04/1990.09~10 Jellyfish
Ringhals(Sweden) 1977.07/1978.09 Jellyfish
St. Lucie(USA) 1984.01/1984,08~09/1993.09 Jellyfish
Calvert—Cliffs(USA) 1984.10 Jellyfish
Diablo Canyon(USA) 201406 Jellyfish
Hamaoka(Japan) 2006 Jellyfish
Kobe(Japan) 2000.02/2000.6~8 Moon jellyfish 7 times
Kobe harbor(Japan) 1999, 06~07, 09 Jellyfish 4 times
Tokyo harbor(Japan) 1962~1997 Jellyfish 123 times
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Table 2. Specifications of high speed camera

Model Contents Specifications
Model InLine 500
Sensor CMOS array, 8—bit monochrome resolution
Shutter 1x, 2x, 3x, 4x, 5%, 10x and 20x the recording rate

Begins recording when the record function is enabled,
Recording Modes | Continues to record and store images in memory until an external trigger
signal is received,

Playback modes

Single step mode plus auto playback at 1, 2, 3, 4, 5, 10, 15, 25, 30, 50,
60, 125 and 250 frames per second, forward and reverse

Display Uses PC monitor
Trigger input | Contact closure or standard TTL signal, 3 to 30 VDC
Mounts C—mount lens mount, multiple 1/4—20 tripod mounts top and bottom

Size & Weight | 6ecm(W) * 6cm(H) * 17cm(D); 0.5kg
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Table 3. Specifications of experimental device

Item Specification
Size 0.84 X 0.84 X 2.24m
Height of tube 2.0m
Diameter of tube 230mm(diameter)

0.4mm(diameter),

Diameter of nozzle 0.8mm(diameter)

Pressure codition 0~3 bar

Air bubble injection pressure 0.1~1,0 MPa
Discharge of Air bubble 1.0~10 L/min
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Figure 3. Experiment case of air bubble with

1L/min of air supply
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Figure 4. Experiment case of air bubble with 2L/min of air, air pressure 0.1Mpa,

at depth range of 0.5~0.8m

oolite] AEEHE L41 9iotod 49

1 eg] A olgslo] U3

& Bolo] oflo] LAl I 70 ofolut A5k

O] OFARS. BLAEIAITE AlF AL (Table 4) 0] AA]

o Hpef o] ofo] ZARE £ L
Ao, ofefs ZARE 0.1

Table 4. Experimental conditions

Condition Range
Diameter of nozzle 0.4mm(diameter)
Depth of Air bubble injection 1.8m
Air bubble injection pressure 0.1MPa

Discharge of air bubble

1.0, 2.0, 3.0, 4.0, 5.0 L/min
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Table 5. Mean rise velocity by water depth according to discharge of air bubble

Mean rise velocity by water depth
Discharge of air
bubble Casel Case2 Case3 Cased Caseb
(0.3~0.5m) (0.5~0.8m) (0.8~1.1m) (1.1~1,4m) (1.4~1.7m)
1L/min 0.41 0.42 0.39 0.34 0.36
2L/min 0.48 0.48 0.45 0.38 0.36
3L/min 0.48 0.52 0.48 0.46 0.45
41/min 0.45 0,51 0.49 0.46 0.50
5L/min 0.55 0.65 0.49 0.55 0,52
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Figure 5. Rise velocity according to discharge of air bubble
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Figure 6. Rise velocity by water level
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Table 6. Air bubble ascending velocity by depth interval from injection point

Case (Depth)

Empirical formula

case 1 (0.3~0.5m)

y = 0,0175x3 — 0,1546x2 + 0.4222x + 0,1198 (R? = 0,97)

case 2 (0.5-0,8m)

y = 0.0136x3 — 0,1149x2 + 0,3242x + 0,194 (R? = 0,97)

case 3(0,8-1,1m)

y = 0.0019x3 — 0,0284x2 + 0,1363x + 0.2782 (R? = 0,99)

case 4(1,0—1,4m)

y = 0,0037x3 — 0,0316x2 + 0,1271x + 0,2405 (R? = 0,95)

case 5(1,4—-1,7m)

y = —0.0095x3 + 0.085x2 — 0.1741x + 0.4543 (R? = 0.99)

(y=Rising speed of air bubble (m/sec), x=Air injection quantity (L/min))
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