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Abstract — In this experimental study, the two-dimensional hydraulic model experiments were conducted to exam-
ine the effect of attenuating the surface wave energy due to the bubble curtain generated by releasing compressed
air from a perforated pipe. Rising bubbles in the bubble curtain induce vertical current, which produces horizontal
currents flowing away from the bubble curtain area in both directions. In this study, wave experimental system was
constructed in consideration of the incident wave conditions, the depth of the perforated pipe and the air flow rate
due to find main factors of the wave attenuation effect of the bubble curtain. From the results of this experimental
study, it was confirmed that the attenuation of wave energy due to the bubble curtain is very closely related to the
air flow rate generated from perforated pipe, the depth of air source and the incident wave condition. In particular,
it was found that the bubble curtain can have a great influence on the control of the short periodic wave and the
greater the relative depth and wave slope of the incident wave is the more effective.

Keywords: Bubble curtain(7] 3£ %5}), Compressed air(%5 & 7]), Hydraulic model test(5=2] 2.3 A &), Wave
energy attenuation(3} oU=] 7+4])
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(Dispersed phase + continuous phase)
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" at perforated pipe

Fig. 1. Wave attenuation mechanism of the bubble curtain under wave field condition.
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Table 1. The specification of water tank and the bubble generator

Classification Specification

Water tank (m) 35.0 (L) x 1.0 (W) x 1.0 (H)

Wave maker

Reproducible period (sec)

Paddle size (m)
Max. Wave height (m)

Max. Water depth (m)
Method of operation

1.0 (W) x 1.0 (H)
0.3
0.5~2.5
0.8
Servo motor piston type

Bubble generator

Orifice diameter (m)

Orifices spacing (m)
Total length (m)
Air-compressor

0.0025
0.020
0.840
5.5 HP, 366 liter/min, 2ea

0.4

0.4

1.0m

1.0m

0.4 04

Absorber

bubble

Steel

Bubble source

P3 |P2 |Pl Wave propagation
0 U A @

Bottom slope ; 1/30

pipeline

Rotameter — — - —  Compressor

Needle Pressure Needle
valve gauge valve

Fig. 2. Wave flume experimental setup of this study.

Table 2. The 2D hydraulic model test conditions

 steel pipeline

gauge |
i &rotameterg 4

_{,‘,
- L ey

air-compressor

Cases Wave conditions Air flow conditions
Water depth (%, m) Wave period (7, sec) Wave height (H, m) Wave length (L, m) QO (LPM, liter per minute)
0.7 0.755
No. 01~12 0.3 08 0.037 ~ 0.046 0.961 5.0,9.0,13.0
0.9 1.168
1.0 1.373
0.79 0.971
No. 13~27 0.5 0.94 0.055 ~ 0.063 1.353 5.0,7.0,9.0, 11.0, 13.0
1.26 2.207
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Fig. 3. Definition sketch of wave field around the bubble curtain.
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surface elevation (cm)
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(a) The surface elevation at the P1(in front of the curtain) under wave condition.

surface elevation (cm)

-5.0 T T T T 1

30 32 34 36 38 40
time (sec)

(b) The surface elevation at the P6(behind the curtain) under wave condition.

Fig. 5. The measured time series of the surface elevation in front of and behind the bubble curtain under experiment condition; #=0.3 m,
H=0.054 m, 7=0.70 sec, no air flow (dashed line), O=13 LPM (black line).

surface elevation (cm)

-5.0 T T T T 1

30 32 34 ) 36 38 40
time (sec)

(a) The surface elevation at the PI(in front of the curtain) under wave condition.

surface elevation (cm)

-5.0 T T T T 1

30 32 34 36 38 40
time (sec)

(b) The surface elevation at the P6(behind the curtain) under wave condition.

Fig. 6. The measured time series of the surface elevation in front of and behind the bubble curtain under experiment condition; #=0.5 m,
H=0.064 m, 7=0.79 sec, no air flow (dashed line), 0=13 LPM (black line).
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Fig. 7. The scene measuring the wave and currents induced by the bubble curtain.
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Fig. 8. The significant wave height and period of the wave induced by the bubble curtain at three measuring points (P4, P5, P6).
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Fig. 9. Comparison of the reflected coefficient (Ky) of the wave induced by the bubble curtain under the experiment condition according
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Fig. 10. Comparison of the transmitted coefficient (K;) of the wave induced by the bubble curtain under the experiment condition according
to change the relative water depth (k) and wave steepness (H/L).
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