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Abstract

Introduction: Population increment along with the environmental crisis due to the fossil
fuels use has led humans to seek other sources such as renewable energy. One of the most
important sources of renewable energy is sea and ocean waves, which can meet some of the
human needs for energy resources. One of the key steps in development of wave energy
renewable technology is the design and validation of physical models. Although physical
models can not be accurately simulated, all the details and performance of the original
prototype, they can be a valuable source of information for researchers, developers, and
inventors in this area. Due to its simple mechanical structure, the oscillating water column
has become one of the most common tools for converting wave energy in the world. The
oscillating water column could be used as a breakwater on the shores in addition to
generating energy from the waves. Due to the complexities related to the hydrodynamic
conditions of air and airflow inside the system, it is necessary to use laboratory models to
study it more precisely.

Methodology: In the present study, laboratory flume model GUNT HM162 with a length of
12.5 m, width 0.31 m, and height 0.47 m with glass walls and the metal floor was used. A
centrifugal pump with a flow rate of 165 m3h and a height of 16 m was used for the
experiments. A wave generator with a frequency of 0.5 to 1.11 Hz was applied to create a
wave in the laboratory flume. All the experiments were performed at a constant flow depth
of 200 mm. Three values were chosen for the distance of the OWC device from the water
surface in the normal state (d), according to the chamber length (B). Therefore, distances of
10%, 25%, and 45% of the OWC chamber length were used as parameter d. To investigate the
effects of back wall height (Z) on OWC efficiency, three physical models were made in three
modes without back wall and with 5 and 10 cm back wall. In this research, the power
generated by the wave inside the device was performed to evaluate the OWC performance.
In addition, a two-way analysis of the variance test was used to investigate the effects of
independent parameters such as back wall height, the depth of the system, and the frequency
of waves on the output power to determine the main and interaction effects.

Results and Discussion: The results show that as the installation depth of the system
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increase, the amount of output power initially increased, then it had a decremental trend.
Accordingly, the depth with the best performance must be considered for OWC. In this
study, it was found that 0.25 B (chamber length) installation depth has better performance
compared with two other cases. Comparison of the effect of the back wall on the
performance of the device at a depth of 0.25B shows that the models with the back wall have
better performance compared with the model without a back wall. The performance of the
two back walls at frequencies less than 0.8 is similar, while for higher frequencies, the 10 cm
back wall has better performance compared with another back wall. All the main effects
have a significant influence on the output power, which the frequency of the waves and the
height of the back wall have a higher effect. The results related to the interaction effects of
independent parameters show that the interaction effects have a high influence on the
amount of output power. Among the interaction effects, (Z x d) and (Z x Frequency) have a
significant effect on the output power, which indicates the effect of the back wall on the total
power. The results of the margin averages show that at the maximum frequency used, the 5
and 10 cm back walls were increased the efficiency of the OWC by 98% and 182%,
respectively, compared to the model without a back wall.

Conclusions: Based on the results of the experiments, the presence of the back wall has a
high effect on the OWC output power. Specifically, in the best installation depth (d =0.25B)
and frequency of 1.1 Hz, the 5 and 10 cm back wall, increases the output power by 1.18 and
1.83, respectively. A two-way analysis of the variance was used to investigate the effect of
different parameters on OWC efficiency. The results of two-way ANOVA shows that the
frequency of the waves and the back wall had the greatest effect on the output power.
Moreover, the interaction of the back wall with the frequency and installation depth also had
a significant effect on output power. The performance of the two back walls used at low
frequencies was similar, but for the higher frequencies, the 10 cm back wall performed better.
Accordingly, it can be concluded that the presence of a larger back wall cannot produce more
power in all frequencies.

Keywords: Oscillating water column, Renewable energy, Wave energy conversion,
Laboratory modeling, Two-way ANOVA.
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Table 2 Results of two-way ANOVA based on only the main effects

Source df Mean Square F Sig. Partial Eta Squared
Backwall height (Z) 2 169747.39 19.63 .000 0.29
Position (d) 2 60347.89 6.98 .001 0.12
Frequency (Hz) 5 250600.63 28.99 .000 0.60
jzz ——d=01B 0,lg0 Dy g aS wad o Hlad S pl il oo 258l
350 | T d=025B . Ms) AS ° sl oKwo LS")U » 6.5!1.; u‘;—*—" 4
300 -=-=d04B = .
E a0 | e M)LA@J@}S]@'/VY u\.nL.ul.;k_gjp O‘?S u:l:..;bs‘
g 200 ) ) e e il e . 0.
oat s (o3 Ghal 8l £l G L Jy 03
o Slosslus l5l 4 OWC ;5 oads sll Slugs zge Cul
0[].5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 5 u‘ Jm‘ 9 009{ M M dJ )Jfb ‘/VY )‘ ).4.40.5

Frequency (Hz)

Fig. 8 Effect of OWC placement on output power without
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Table 3 Results of two-way ANOVA based on the main and interaction effects

Source df Mean Square F Sig. Partial Eta Squared
z 2 169747.39 39.56 .000 0.59
d 2 60347.89 14.06 .000 0.34
Frequency 5 250600.63 58.40 .000 0.84
Zxd 4 33392.91 7.78 .000 0.37
Z x Frequency 10 22050.80 5.14 .000 0.49
d x Frequency 10 10751.34 2.50 .015 0.32
Z x d x Frequency 20 7690.12 1.79 .046 0.40
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Table 4 Inter-group effects on back wall height using Bonferroni test

99% Confidence Interval

mz )z Mean Difference (1-J) Std. Error Sig.
Lower Bound Upper Bound
0 5 -97.30" 15.43 .000 -144.72 -49.88
10 -132.58" 15.43 .000 -180.00 -85.16
5 0 97.30" 15.43 .000 49.88 144.72
10 -35.27 15.43 .079 -82.69 12.14
10 0 132.58" 15.43 .000 85.16 180.00
5 35.27 15.43 .079 -12.14 82.69

1 Bonferroni test
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Table 5 Inter-group effects on OWC placement using Bonferroni test

999% Confidence Interval

(nd J)d Mean Difference (1-J) Std. Error Sig.
Lower Bound Upper Bound
0.10B 0.25B -73.08 15.43 .000 -120.50 -25.66
0.45B -4.55 15.43 1.000 -51.97 42.86
0.25B 0.10B 73.08 15.43 .000 25.66 120.50
0.45B 68.52 15.43 .000 21.10 115.94
0.45B 0.10B 4.55 15.43 1.000 -42.86 51.97
0.25B -68.52 15.43 .000 -115.94 -21.10
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Fig. 11 The effect of OWC placement on output power
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