China Ocean Eng., 2017, Vol. 31, No. 4, P. 458465
DOI: 10.1007/s13344-017-0043-0, ISSN 0890-5487
http://www.chinaoceanengin.cn/ E-mail: coe@nhri.cn

Wave Power Focusing due to the Bragg Resonance

TAO Ai-feng®®, YAN Jinb, WANG Yib, ZHENG Jin-hai® > * FAN Jun®, QIN Chuan¢

aState Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China
bCollege of Harbor Coastal and Offshore Engineering, Hohai University, Nanjing 210098, China

¢College of Energy and Electrical Engineering, Hohai University, Nanjing 210098, China

Received September 22, 2016; revised March 23, 2017; accepted May 22, 2017

©2017 Chinese Ocean Engineering Society and Springer-Verlag Berlin Heidelberg

Abstract

Wave energy has drawn much attention as an achievable way to exploit the renewable energy. At present, in order to
enhance the wave energy extraction, most efforts have been concentrated on optimizing the wave energy convertor
and the power take-off system mechanically and electrically. However, focusing the wave power in specific wave
field could also be an alternative to improve the wave energy extraction. In this experimental study, the Bragg
resonance effect is applied to focus the wave energy. Because the Bragg resonance effect of the rippled bottom
largely amplifies the wave reflection, leading to a significant increase of wave focusing. Achieved with an energy
conversion system consisting of a point absorber and a permanent magnet single phase linear motor, the wave energy
extracted in the wave flume with and without Bragg resonance effect was measured and compared quantitatively in
experiment. It shows that energy extraction by a point absorber from a standing wave field resulted from Bragg
resonance effect can be remarkably increased compared with that from a propagating wave field (without Bragg

resonance effect).
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1 Introduction

Wave power development has drawn much attention due
to its immense energy potential along the coastlines world-
wide, especially in the sea area that prevails westerly winds
between 30°-60° latitude in northern and southern hemi-
sphere (Falcdo, 2010). In Chinese coastal line, the estim-
ated total wave energy is about 12.8 GW, but the wave en-
ergy power density around coastal area is only 3—7 kW/m,
which belongs to low wave energy density (Shi et al., 2011).

In order to extract the wave energy, usually there are
three stages for wave energy conversion (Zhang et al.,
2013). The first stage is the wave body, which gathers the
wave energy and keeps the motion of itself. The second
stage is an intermediate conversion device. This stage aims
to convert the wave’s kinematic energy absorbed by the
wave body into the available mechanical energy. The third
stage is the power generation equipment, in which the
mechanical energy is converted to electrical energy through
the generator.

Although noticeable progresses of the wave energy ex-
traction have been made in the past few decades along with
broad application prospects, wave energy capture and ex-
traction still encounter many problems especially the relat-
ively low conversion rate. So many efforts have been de-
voted to the technologies to improve the conversion effi-
ciency in mechanical and electrical ways. Various specific
mechanical devices have been designed and applied into
preliminary test.

However, enhancing the wave energy density in the sea
area for wave power exploitation was ignored, because the
wave height in sea areas is thought to be naturally determ-
ined in conventional thinking. So, all the attentions were
paid to find the sea areas with high wave energy density and
to improve the wave energy equipment’s conversion rate.
But the sea areas with high wave energy density are mostly
far away from the coastal line, and it will cost much to lay
the power transmission cable system. Paradoxically, in shal-
low water coastal regions near the coastal line, the wave en-
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ergy density is smaller than that in deep water areas.

Unlike the previous mechanical and electrical orienta-
tions, this research focuses on enhancing the wavy energy
density in coastal regions by amplifying its free surface
fluctuations based on one classical type of the wave-bottom
resonant interaction - Bragg resonance. This resonance,
firstly proposed in X-ray crystal reflection in 1910s, when
the spacing of the crystal is an integer multiple of the half
wave length of the incident wave, the reflection of X-ray
through two parallel crystals is the strongest. Then it was in-
troduced to the water wave theory from 1980s with plenty
of studies afterwards. Similarly, when the water waves
propagate through the periodic topography (rippled bot-
toms) and the rippled bottoms’ wave length is an integer
multiple of the half wave length of the incident waves (espe-
cially when the free surface wavelength is twice the bottom
wavelength), the Bragg resonance will also occur. Then
strong reflected waves are induced (large amount of the
wave energy is reflected) and intensive oscillations (partial
standing waves) are generated on the seaward free surface
above the wavy bottoms.

From the preliminary investigations of Davies (1982a,
1982b), Heathershaw (1982) and Davies and Heathershaw
(1984), this special phenomenon for water waves began to
acquire a lot of concerns. Based on the previous experiment
and linear solutions, more analysis methods were utilized by
Mei (1985), Kirby (1986, 1988), Dalrymple and Kirby
(1986), and Davies et al. (1989). Then more types of the
Bragg resonance were introduced by Belzons et al. (1991),
Guazzelli et al. (1992) and Liu and Yue (1998). This inter-
action usually exists in the nearshore area and involves con-
tinuous submarine periodic wavy bottoms which are either
naturally existing serial undersea sandbars or multiple artifi-
cial submerged long-crest structures. For naturally existing
sandbars, they were found at many estuaries and coastal re-
gions in China, such as the Yangtze River Estuary and the
Pearl River Estuary (Yang et al., 1999; Sun et al., 2010).
For artificial submerged structures, the coastal defense en-
gineering based on Bragg resonance induced by multiple
series artificial submerged breakwaters was studied. Hsu et
al. (2002) compared various shapes of the multiple artificial
submerged breakwaters by numerical study based on the ex-
panded elliptic mild slope equation. Cai (2003) found that
the Bragg reflection bandwidth will increase for a series of
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submerged breakwaters on the slope bottom by experiment.
Wen and Tsai (2008) studied the parameter effects on the
reflection bandwidth and maximum reflection coefficient
based on the expanded elliptic mild slope equation and the
collected previous researches.

Once the Bragg resonance is triggered, the maximum
wave height of the partial standing waves on their antinodes
will be larger than that of the original incident waves. Ow-
ing to its wave energy concentration in the form of partial
standing waves by reflecting the incident wave power, this
resonant interaction becomes an alternative to increase the
wave amplitude and enhance the wave energy density and
wave power capture at specific nearshore regions.

So, a series of flume experiments were performed to
study the enhancement of the wave energy extraction by
Bragg resonance quantitatively. The model of a point ab-
sorber was settled in the wave flume to convert the wave en-
ergy into mechanical energy. And a permanent magnet
single phase linear motor was utilized to generate electri-
city. The effects of different incident wave periods and wa-
ter depths on wave energy extraction were analyzed to find
out the features of the wave-power enhancement by Bragg
resonance. This study combines the Bragg resonance in wa-
ter wave hydrodynamics and the practical application of
wave energy power generation.

2 Experimental setup and process

Based on a wave flume and a point wave energy ab-
sorber, the experiment was performed in the Estuary Water-
way Experiment Hall of Hohai University. The total length
of the wave flume is 67 m. And the height and width are 1.5
m and 1.0 m, respectively. The incident regular waves were
generated by the paddle wave maker. At the end of the wave
flume, the rubble slope was settled to dissipate the incident
waves (Fig. 1).

Five fixed continuous sinusoidal wavy bottoms were in-
stalled to induce the Bragg resonance. The wavy bottoms’
wave length is 0.9 m and the height is 0.3 m. So the steep-
ness (the ratio of the bottom wave height to the bottom
wave length) of the bottom undulation is 0.3 which is large
enough to trigger intensive Bragg resonance and reflect a
large amount of the incident wave energy (Fig. 2). These si-
nusoidal wavy bottoms were installed with a distance of
36.75 m to the wave maker. And the distance between these
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Fig. 1. Experimental set-up of the wave-power enhancement by Bragg resonance.
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Fig. 2. Continuous sinusoidal periodic topography on the bottom of the
flume.

bottoms and the slope of the end is 25.75 m. It has enough
space for the reflected wave to propagate from the wavy
bottoms to the wave maker, also for the transmitted wave to
propagate from the bottoms to the end slope. So it ensures
enough time for wave gauges to record the free surface sig-
nal without the effects of the reflection from the wave
maker and rubble slope.

Sixteen capacitive wave gauges were installed along the
wave flume. Among them, three groups of the wave gauges
were set to separate the incident and reflected wave signals.
They were installed on the upstream side of the point ab-
sorber, between the point absorber and the wavy bottoms,
and on the downstream side of the bottoms respectively in
order to measure the reflection coefficients of the point ab-
sorber, wavy bottoms and the endmost rubble slope. In each
group, three wave gauges were used for wave separation by
Mansard’s incident and reflected wave separation method
(Mansard and Funke, 1980). Besides, three wave gauges
were arranged between the wave maker and the point ab-
sorber with a 4.5 m neighboring distance. The other three
gauges were set above the sinusoidal wavy bottoms. And
one wave gauge was set at the downstream side near the
rubble slope.

For wave power extraction, a point absorber was made
by a hollow steel buoy of elliptic cylinder, which was in-
stalled at the incident side of the wavy bottoms with a dis-
tance of 33 m to the wave maker. Its horizontal cross-sec-
tion’s major and minor axes are 0.75 m and 0.3 m, respect-
ively. The reason to choose the absorber with an elliptic ho-
rizontal cross-section is to reduce the reflection effect of in-
cident waves by the absorber itself (its minor axis occupies
less space of the flume’s width) and stabilize the wave field
along the flume. Besides, the absorber’s height is 0.3 m and
the weight is 25 kg. Its top cap was welded to a vertical pipe
which moves with the absorber and induces the relative ver-
tical displacement to the stator (Fig. 3). The stator was fixed
above the point absorber and it was the main part of a per-
manent magnet single phase linear motor for wave energy
conversion. The performance of this motor has been intro-
duced by Yu et al. (2012) and Huang et al. (2013). The elec-

Fig. 3. A point absorber made by hollow steel oscillating buoy of elliptic
cylinder.

trical signals outputted from the motor were collected and
recorded by the electric power recorder.

In this experiment, in order to generate obvious Bragg
resonance and avoid the wave breaking above the topo-
graphy, the wave depths were chosen of 0.6 m, 0.7 m and
0.8 m. All the incident waves were regular, and the incident
wave height was a constant of 0.08 m. According to the dis-
persion relation, the incident wave period corresponding to
the resonance peak was 1.15 s, so the incident wave periods
covered the vicinity of the resonance as well as the range
outside it. For this experiment, the incident wave period var-
ied from 1.0 s to 1.4 s with the valuesof 1.0s, 1.1's, 1.15 s,
1.2s, 1.3 s and 1.4 s at each water depth. Therefore, the
wave period of the incident wave as well as the water depth
varies along with the influence factors, and they altered the
intensity of the Bragg resonance and the energy extracted by
the wave-power equipment.

It should be noted that, before the experimental case
study, we tested the point absorber’s response by different
incident wave periods in order to determine its inherent res-
onant period. During the test, the wave height and water
depth kept constant. And the collected electric power of the
point absorber was recorded. It showed that the designed
range of the incident wave period (1.0-1.4 s) was contained
in the inherent period range of the point absorber.

During the experiment, the wave energy conversion by
the point absorber without the wavy bottom was measured
firstly on the flat bottom for comparison. After the absorber
was removed and the wavy bottoms were installed, the free
surface was measured when the incident waves propagated
over the wavy bottoms. So the locations of the antinodes
were identified when strong Bragg resonance occurred.
Then the wavy bottoms were kept in the flume and the ab-
sorber was installed in the flume again at the selected anti-
node locations. And the wave energy conversion was meas-
ured by the electric recorder in order to acquire the effects
of Bragg resonance.

3 Results and discussions
To illustrate the enhancement of the wave power extrac-



TAO Ai-feng et al. China Ocean Eng., 2017, Vol. 31, No. 4, P. 458-465

tion by Bragg resonance, the comparisons focus on the elec-
trical characteristics measured by an electric power record-
er between the cases with and without Bragg resonance.
Firstly, the reflection coefficient of the incident wave by the
wavy bottoms (Bragg reflection) will be presented with and
without the effect of the point absorber. So, the hydro-
dynamic features of the Bragg resonance will be shown.
And the influence of the point absorber on the wave field in
the flume will be evaluated for the experiment’s feasibility.
Then by focusing on the cases when the intensive Bragg
resonance occurs, the time-varied voltage and active power
with and without Bragg resonance (wavy bottoms) will be
compared. At last, for all the cases stated in this paper, their
comparisons of the extracted wave power with and without
Bragg resonance will be presented.

3.1 Reflection coefficients of the Bragg resonance with and
without a point absorber

The free surface responses of the wave reflection by si-
nusoidal bottoms are stated in this section. The reflection
coefficients are calculated by the incident and reflected
wave separation method proposed by Mansard and Funke
(1980). The calculation is based on three wave gauges’ data
in one wave gauge group at the incident side of the wavy
bottoms.

In each water depth, the variety of the reflection coeffi-
cient with different dimensionless wave numbers (2k/k, &,
is the bottom wave number, and £ is the incident free-sur-
face wave number varying with different wave periods) is pres-
ented. It shows the distribution of the intensity of Bragg res-
onance with various incident wave periods. Besides, the re-
flection coefficients corresponding to the cases with and
without the point absorber (the point absorber was not in-
stalled) are compared to show the influence of the point ab-
sorber on the wave field.

Fig. 4 is the distribution of the reflection coefficient
with the variety of dimensionless wave numbers with and
without the point absorber when the water depth keeps con-
stant of 0.6 m. It shows that when the incident wave period
was around 1.15 s and 1.2 s, the Bragg resonance was in-
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Fig. 4. Reflection coefficient of the Bragg resonance by wavy bottoms
with and without a point absorber at the water depth of 0.6 m.
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tensively triggered and strong wave energy reflection oc-
curred. The reflection coefficient could reach 0.54 as the re-
flection peak corresponds to the dimensionless wave num-
ber of 0.85. But the strong reflection (resonance) just oc-
curred in a narrow range of the incident wave periods. Be-
sides, for the scenarios with the point absorber, the reflec-
tion coefficient curve is basically the same with the cases
without the point absorber. It shows that the effect of the de-
signed point absorber (with a horizontal elliptic cross-section)
on the wave field in the wave flume is small and could be neg
lected. And it also ensures the accuracy of this experiment.

The comparison of the Bragg resonance reflection coef-
ficient between the present experiment without the point ab-
sorber at the water depth of 0.6 m and perturbation theory
(Mei, 1985) is presented in Fig. 5. It should be noted that,
due to the average water depth above the wavy bottoms is
less than the water depth on the flat bottom in the present
experiment, the water depth value substituted in Mei’s per-
turbation theory is the difference between the water depth
on the flat bottom and the bottom amplitude. The reflection
coefficient value from the experiment is quantitatively con-
sistent with Mei’s theory, but the condition of the reson-
ance peak is deviated from the theory due to the frequency
downshift which was also found by previous flume experi-
ments. Liu (1994) illustrated some properties of this fre-
quency downshift of Bragg resonance by theoretical calcu-
lation. And the detailed properties of the frequency down-
shift need further theoretical and experimental investigation
in the future.

— —Perturbation theory (Mei, 1985)
“ Present experiment
7 TN

<o
o)

(=

i
o
o
~

~

<
~
o

Reflection coefficent R
(=} (=}
o W

f=1
—
s P
~
N
e

\/ \

0.0~ i . -
6 07 08 09 10 1.1 12 13 14
Dimensionless wave number 2k/k,

Fig. 5. Comparison of the Bragg resonance reflection coefficient between
the present experiment without a point absorber at the water depth of 0.6 m
and perturbation theory (Mei, 1985).

For the water depths are 0.7 m and 0.8 m, the maximum
value of the reflection coefficient decreased with the larger
water depth. The intensity of Bragg resonance deteriorates
when the distance between the free-surface and wavy bot-
toms increases. When the water depth is 0.7 m (Fig. 6), the
peak value of the reflection coefficient decreases to 0.34 at
the dimensionless wave number 24/k;, of 0.89. When the wa-
ter depth is 0.8 m (Fig. 8), the peak value of the reflection
coefficient decreases further to only 0.195 at the dimension-
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less wave number 2k/k, of 0.96. The comparisons of the
Bragg resonance reflection coefficient between the present
experiment without a point absorber at the water depths of
0.7 m and 0.8 m and perturbation theory (Mei, 1985) are
presented in Figs. 7 and 9. The values of reflection coeffi-
cients are quantitatively consistent with the theory except
for the frequency downshift of the peak reflection.
Generally, with the dimensionless wave number ran-
ging from 0.8 to 1.0, the Bragg reflection induced by wavy
topography is relatively intensive for enhancing the wave
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Fig. 6. Reflection coefficient of the Bragg resonance by wavy bottoms
with and without a point absorber at the water depth of 0.7 m.
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and perturbation theory (Mei, 1985).

power capture. So it is the resonant band corresponding to
the incident wave periods from 1.1 s to 1.2 s. It should be
noted that the dimensionless wave number corresponding to
the resonant peak shifts down from the unity when the wa-
ter depth decreases. So the wave depth not only affects the
intensity of Bragg resonance, but also alters the resonant
peak. Besides, there is still no obvious difference between
the cases with and without the point absorber.

Larger reflection coefficient will induce larger amp-
litude partial standing waves on their antinodes. Based on
Egs. (1) and (2) for calculation of the partial standing
waves, the wave height will be amplified by 54% at the anti-
node when the reflection coefficient reaches 0.54 at the res-
onant peak of the water depth of 0.6 m.

K, = Ar 2 Am A, M
A At AT

A = A+ A
A* = Aj— A

min

2

where A, and 4; are the amplitudes of reflected and incident
waves, respectively; K, is the reflection coefficient. But at
the node of the partial standing waves, the wave height will
be deteriorated to only 46% of the incident wave height.
Therefore, in order to guarantee the wave power enhance-
ment, the point absorber must be installed in the location
near or at the antinode.

3.2 Comparison of the measured voltage with and without

Bragg resonance

According to the experiment cases before, the locations
of node and antinode were measured when partial standing
waves were generated by Bragg resonance. Then a point ab-
sorber was installed in the flume at the antinode for the
wave power enhancement.

The case with the most intensive Bragg reflection
(T=1.15 s, h=0.6 m) is chosen to show the enhancement of
the wave power (Fig. 10). The time-varied instantaneous
voltage was measured at the output side of the permanent
magnet single phase linear motor. The sampling time and
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Fig. 10. Time series of the voltage extracted by a linear generator before
and after the Bragg resonance occurs (7=1.15 s, #=0.6 m).

frequency were 60 s and 1000 Hz. And the sampling began
when the incident wave started to propagate through the
point absorber. It shows that when the intensive Bragg res-
onance was triggered and the wave energy was reflected by
wavy bottoms, the output voltage generated by the point ab-
sorber and its motor can be dramatically improved and kept
stable at the high value of the voltage (about 4 V in amp-
litude).

For comparison, the time series of the instantaneous
voltage measured at the same incident wave elements’ con-
dition in the flat flume (without the wavy bottoms and
Bragg resonance) are presented (Fig. 11). It shows a huge
difference between the voltage extracted by the point ab-
sorber under the same condition of the incident waves with
and without Bragg resonance. Without Bragg resonance, al-
though the instantaneous voltage rises suddenly at the ini-
tial stage due to the point absorber encounters the wave
front, the voltage keeps stable to lower value after 30s at
about 1.5V in amplitude. It should be noted that the differ-
ence of the voltage time series in Fig. 8 before and after 35s
is mainly due to the beach reflection at the endmost rubble
slope in the flume.
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Fig. 11. Time series of the voltage extracted by a linear generator on the
flume of a flat bottom (with the same incident wave in Fig. 7).

3.3 Characteristics of the wave power enhancement (com-
parison of the active power)

For further quantitative comparison, the active power is
calculated to show the extracted wave energy. The active
power is the power in the load at the electric circuit. It is
calculated based on the Fourier transmission of the time
series of the fundamental waves’ voltage and current by
real-time measurement. Then the amplitude and the phase of
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the fundamental waves’ voltage and current will be ac-
quired. And the active power is calculated by the following
equation.

P="Ulcos(¢py —op), 3)
where P is the active power, U is the voltage, / is the cur-
rent, ¢, is the phase of the voltage, and ¢ is the phase of the
current.

For the average active power P, the average of the in-
stantaneous power integration in the load at the electric cir-
cuit is calculated. In each case, the stable part of the instant-
aneous active power is selected to calculate the average
value of the active power. And the duration involved in the
calculation keeps same at different cases. The formula of the
average value of active power is

I L
P=- ; P(t;). “4)

By calculating the average active power, the comparis-
ons of the converted electric energy with and without Bragg
resonance are presented. The cases without Bragg reson-
ance were made in the flume with flat bottoms (no wavy
bottoms were installed).

When the water depth is 0.6 m, the most obvious differ-
ence of the active power is shown in Fig. 12. For the cases
without sinusoidal topography, the active power decreases
slightly when the dimensionless wave number increases,
and its maximum average power value is reached at 7=1.4 s
of the value of 0.0055 W. For the cases with Bragg reson-
ance, the peak value of active power is 0.034 W at 7=1.15 s
and it is much larger than that without resonance. The distri-
bution curve of the active power is similar to the pattern of
the reflection coefficient. This results show that the active
power captured by point absorber raises dramatically when
the intensive partial standing waves are generated by Bragg
resonance (up to 0.034 W). In the presence of the wavy bot-
toms, the captured active power enhances about 11.5 times
comparatively under the most intensive resonant condition
(the active power captured at 7=1.15 s and #=0.6 m under
the resonance is 12.5 times the active power without reson-
ance under the same wave condition). It shows that it is
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Fig. 12. Comparison of the active power extracted with and without

Bragg resonance (4=0.6 m).
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feasible to enhance the wave power extraction by Bragg res-
onance in nearshore regions.

Although the wave height at antinode reaches 1.54 times
the incident wave height when the reflection coefficient in-
duced by Bragg resonance is 0.54 at 7=1.15 s and #=0.6 m,
the amplification of the wave power enhancement captured
by the point absorber at antinode (12.5 times) is much lar-
ger than the amplification of the wave height (1.54 times).
The contribution to this phenomenon may be twofold or
more. The first reason is that, with the increment of the anti-
nodes’ oscillating amplitude induced by Bragg resonance,
wave energy is proportional to the square of the wave
height. Besides, the motion characteristics of the free sur-
face water particle are another key point to the wave power
enhancement for the point absorber. There are obvious dif-
ferences of kinetic features between propagating waves and
standing waves. For the same wave height of the propagat-
ing waves and the standing waves at antinode, the behavi-
ors of the oscillating motion of the point absorber differ a
lot. The corresponding velocity and acceleration show the
different patterns. The water particles move vertically at an-
tinodes of standing waves. So it will be more efficient for
the point absorber to convert and generate energy under the
condition of standing waves or partial standing waves. It is
not only feasible, but also an effective way to improve the
wave energy extraction by Bragg resonance with the point
absorber in the nearshore areas with continuous sandbars or
multiple submerged breakwaters.

It should be noted that, when the Bragg resonance is
pretty weak (corresponding to the incident wave period
smaller than 1.0 s and larger than 1.4 s), the wave power
generation with and without resonance has no obvious dif-
ference. The active power curves intersect at both sides. So
the enhancement of the wave energy extraction just limits in
a certain region of the resonant band.

Then the comparisons of the active power extracted with
and without Bragg resonance for water depths of 0.7 m and
0.8 m are presented (Figs. 13 and 14). When the water depth
is 0.7 m, the peak value of the average active power at res-
onance decreases to 0.015 W. And when the water depth is
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Fig. 13. Comparison of the active power extracted with and without
Bragg resonance (A=0.7 m).
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Fig. 14. Comparison of the active power extracted with and without
Bragg resonance (4=0.8 m).

0.8 m, the peak value of the average active power at reson-
ance declines further to 0.0125 W. The increasing water
depths weaken the intensity of Bragg resonance, so the en-
hancement of the active power attenuates similarly. Al-
though the attenuation occurs at larger water depth, it still
has good performance on wave power enhancement. For the
depth of 0.7 m, the wave power generation efficiency is en-
hanced 2.73 times by resonance when the incident wave
period is 1.15 s. For the depth of 0.8 m, the wave power
generation efficiency is enhanced of 2.07 times by reson-
ance when the incident wave period is 1.15 s.

4 Conclusion

This experiment shows a robust way to improve the effi-
ciency of the wave power extraction based on a classical
wave hydrodynamic phenomenon, the Bragg resonance.
The reflection coefficients measured by wave gauges re-
flect the features of Bragg resonance. And the electricity ex-
tracted by an electric power recorder shows the quantitative
enhancement of the wave energy collection. It reveals that
strong wave reflection induced by Bragg resonance is ef-
fective to amplify the free surface oscillation amplitude at
the antinodes and focus the wave energy in these regions.
More importantly, the electricity generated by the point ab-
sorber along with the permanent magnet single phase linear
motor shows a remarkable increase of the energy extraction
from a standing wave field compared with that from a
propagating wave field. When the point absorber moves at
the antinodes, it takes the advantage of the kinematic char-
acteristics of water particle on partial standing waves.
However, this resonance just occurs in the vicinity of the
resonant peak and the wave height enhancement just fo-
cuses on the antinode area, so the techniques to enlarge the
resonant range and maintain the point absorber’s location at
antinode is important to improve its applicability for the fu-
ture study.
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