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Abstract—Wave energy converter arrays have the 

potential to provide coastal protection in addition to 

generating power from incoming waves. As part of a wider 

experimental study to investigate dual-use applications, 

this paper presents the results of wave flume testing 

conducted to analyse the performance characteristics of a 

single, generic Oscillating Water Column (OWC) device, in 

preparation for the next phase of study that will focus on 

multi-device arrays. The specific focus of this flume testing 

was to characterise parameters such as Response 

Amplitude Operator (RAO), Capture Width Ratio (CWR) 

and Phase Response, as well as the device’s effect on the 

local wave field.  

A potential limitation when using scaled experimental 

results for OWCs are the differing scaling factors that 

should be applied to the device’s submerged volume (λ³) 

and air volume (λ²) which, together with the Power Take 

Off (PTO) damping, can greatly affect the air-spring 

stiffness experienced within the OWC. 

A subset of 34 tests (out of a total 134) were conducted 

under monochromatic wave conditions with wave heights 

of 20 mm or 40 mm and wave periods ranging from 

1.2 s to 2.2 s. In these tests the PTO damping was varied by 

adjusting the orifice diameter, while the air volume was 

varied via an adjustable auxiliary air chamber. Results 

show that for the smaller orifice diameters (i.e., higher 

damping) tested, air-spring stiffness played a significant 

role and counterintuitively increased with increased air 

volume. 

Effects of the single OWC device on the wave field 

within the flume were also investigated. Results revealed 

that while there is a marked difference when comparing 

the OWC to an identically-shaped blockage, there was no 

significant measurable difference in the wave height 

change observed for all the damping and air volume 

parameter settings that were modelled, despite a general 

trend when comparing to the empty flume. 
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I. INTRODUCTION 

N order for wave energy converter (WEC) technologies 

to potentially reach the higher levels of technological 

maturity that other renewable energy generation sources 

have achieved, synergistic or niche applications unique to 

wave energy should be explored [1]. Among WECs, the 

Oscillating Water Column (OWC) has been widely 

studied and modelled (both physically and numerically) 

as well as a growing number of full-scale devices 

deployed [2], and can be considered as one of the more 

mature WEC technologies at the current time. 

Model scale testing continues to play an important role 

in the development and advancement of ocean renewable 

energy technologies, serving as a critical step in 

validating and assessing the viability of these devices [3]. 

A wide range of deployment strategies for OWC-type 

devices have been proposed and include isolated, 

breakwater integrated and arrays. Investigations have 

focused primarily on improving the hydrodynamic 

performance and overall power of the device or array [4-

16].  

An important limitation in modelling OWCs 

highlighted in [17] arises when using scaled experimental 

results for OWCs. This occurs because Froude scaling is 

generally employed in the laboratory, as gravitational 

and inertial forces tend to be the dominant factors within 

the device hydrodynamics. However, the air 

compressibility cannot be effectively scaled using this 

criterion, which can then lead to misleading predictions 

of full sized device performance [12]. As a result it has 

been suggested that scaling the air chamber volume by 

the length scale squared (λ²) rather than the Froude 

volumetric scaling (λ³) may be more appropriate [17]. A 

number of studies, e.g. [8, 9, 18-21] have addressed this 

issue by attaching additional auxiliary air tanks to the air 

chamber of a single device to allow for appropriate air 

compression to occur.  

Constructing an array of multiple OWCs for use in 

wave basin experiments, each with its own large air 

chamber, is generally not feasible nor practical. As a 
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result, a common approach is to ignore these potential air 

compressibility scaling effects. Additionally, when testing 

‘generic’᮵ devices᮵ of᮵ an᮵ indeterminate᮵ scale,᮵ it᮵ is unclear 

how to address the air compressibility issue. 

This paper presents the results of wave flume testing 

(Fig. 1) carried out to characterise a single,᮵‘generic’ OWC 

device, in preparation for multiple device array testing in 

a wave basin at a later stage. The primary focus of the 

future basin study is to explore the use of OWC arrays for 

coastal protection. As such, in assessing the performance 

of the device tested, effects on the wave field will be 

explored in addition to the Response Amplitude Operator 

(RAO), Capture Width Ratio (CWR) and Phase response.  

II. EXPERIMENTAL DESIGN 

A. OWC Geometry 

So that the results of this study can be applied to 

OWCs in general as opposed to a specific commercial 

design, a generic, bent duct OWC geometry with a 

rectangular cross section was chosen. To simplify the 

hydrodynamics for future array studies, this paper 

focusses on offshore-stationary OWCs, a configuration 

previously studied as a single bent duct OWC by [12, 22-

24] and as both a single and array cylindrical OWC by 

[13, 25]. The device was constructed from 18 mm 

plywood with a 200 mm x 300 mm cross section (Fig 2). It 

 
Fig. 1.  Plan View of Experiment (Top); Experimental Setup showing OWC and Air Chamber (Bottom-Left); Empty Flume with OWC and 

rigid wooden frame (Bottom-Right) 
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was rigidly mounted on a wooden frame attached to the 

flume floor. All comparative flume tests without the 

device were conducted with the frame in place to include 

any wave field effects (however small) from the frame.  

B. Air Chamber Design 

An air chamber with an adjustable volume up to 1.5 m³ 

was attached via a 50 mm diameter vacuum hose, 4.6 m 

in length and situated in parallel to the orifice (Fig. 1). 

The air chamber hose port on top of the OWC (Fig. 2) 

could be blocked completely to perform tests without the 

chamber. The air chamber volume was adjusted by 

partially filling it with water. 

C. Power Take Off 

To simulate the Power Take Off (PTO) a bell-mouth 

funnel orifice was attached to the top plate. Seven 

diameters of orifices (20 mm to 50 mm in 5 mm 

increments) were tested to allow for adjustability in PTO 

damping (smallest and largest shown in Fig. 2). 

Additional tests were performed with no top plate, and 

with the submerged entrance blocked (labelled ‘Open’ 

and ‘Blocked’ in subsequent figures). The bell-mouth 

funnel shape was chosen to reduce an aeroacoustic 

resonance phenomenon observed in the pressure signal 

during preliminary testing (see Fig. 3). This phenomenon, 

referred to as Helmholtz resonance, was caused by the 

initial sharp-edged design of the orifice plates creating 

flow instabilities. This resonance occurred on the inhale 

only and resulted in a pressure fluctuation greater than 

the pressure signal from the excitation of the free surface. 

 Changing the design of the orifice plate to a bell shape 

design with thicker orifice walls allowed for lower 

instabilities and so did not trigger the Helmholtz 

resonance.  

D. OWC Instruments 

The OWC device was fitted with a capacitance wave 

probe, measuring the amplitude response of the internal 

free surface with a precision of ±1 mm. An Omega 

PXM409-350HDWUUSBH differential pressure 

transducer was used to measure the air pressure 

difference between the internal OWC air pressure and 

atmospheric pressure. A recording artifact was observed 

between the pressure and wave probe time series which 

had to be corrected during post-processing. This resulted 

in an inherent reduction in the accuracy of the CWR 

analysis. 

TABLE I 

WAVE CONDITIONS PRESENTED 

Wave Condition Height (mm) Number of Waves Periods (s) 

Monochromatic 

40 

20 (per period) 

1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 

   1.53 1.63 1.73 1.83     

   1.55 1.65 1.75 1.85     

   1.57 1.67 1.77 1.87     
 

20 

 

 
Fig. 2.  Dimensioned OWC Design with largest and smallest 

orifice size on left 
  

 
Fig. 3.  Aeroacoustic resonance in preliminary as a result of a 

sharp orifice entrance (top). Similar conditions but orifice replaced 

with bell-mouth funnel (bottom) 
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E. Test Facility 

Physical model testing was conducted at the UNSW 

Water Research Laboratory in a 3 m wide by 32.5 m long 

wave flume set with a constant water depth of 1 m. 

Capacitance wave probes with a precision of ±1 mm were 

placed in 3 groups of 5 probes as shown in Fig. 1 to 

measure the wave field in front, behind and adjacent to 

the OWC. One of the 'near device’ probe locations 

(referred to as the ‘Phase Probe’) was aligned with the 

centerline of the OWC in order to measure the phase 

delay between the incident wave and the free surface 

excitation. 

A foam dissipative beach at the end of the flume was 

used to attenuate reflected waves.  

F. Device Configurations and Test Conditions 

Several OWC parameters, including device draft, 

orifice diameter and air chamber volume, were varied 

throughout an extensive testing program. In total, 44 

different device configurations were tested with regular 

waves, and a limited subset of configurations were tested 

using an irregular JONSWAP wave condition as well as a 

chirp signal which is a sweep of wave frequencies from 

long to short waves [26]. In all, 135 runs were conducted. 

This paper presents the results from the regular 

(monochromatic) wave periods at a single draft 

(𝐿𝑐 = 565 mm) varying the orifice diameter and air 

chamber volume. In total 17 configurations tested at 2 

wave heights totalling 34 runs tested with 23 

monochromatic periods per run. The wave conditions 

presented in this paper are summarised in Table I and the 

testing matrix in Table II. 

III. ANALYSIS AND RESULTS 

The focus of this flume testing campaign was to 

characterise parameters such as RAO, CWR and Phase 

Response, as well as the potential effect of the device on 

the wave field around the device. 

G. Response Amplitude Operator 

The Response Amplitude Operator (RAO) refers to the 

transfer function of a device to the prevailing sea state. 

Experimentally this is determined by: 

 𝑅𝐴𝑂 =
𝐻𝑜𝑤𝑐

𝐻𝑤

 (1) 

where 𝐻𝑂𝑊𝐶 is the mean wave height of the internal free 

surface within the device and 𝐻𝑤 is the mean wave height 

of the incident waves. Experimentally, the number of 

waves used for each monochromatic period was based on 

the time it took for the first reflection from the beach to 

reach the device. The 𝐻𝑤 was found using the mean wave 

height of the ‘Near Device Probes’᮵indicated in Fig. 1. The 

experimentally derived RAOs were further compared to 

the solution to the equations of motion for a linear 

oscillator in the frequency domain, [27-29] which can be 

expressed as: 

 𝑀𝑤𝑥̈ = 𝐹𝑒 + 𝐹ℎ𝑠 + 𝐹𝑟𝑎𝑑 + 𝐹𝑣𝑖𝑠 + 𝐹𝑃 (2) 

where 𝑥̈ is the vertical acceleration of the free surface, 𝐹𝑒 

is the excitation force, 𝐹ℎ𝑠 is the force from the hydrostatic 

pressure, 𝐹𝑟𝑎𝑑 are the radiation forces, 𝐹𝑣𝑖𝑠 are the forces 

from viscous losses, 𝐹𝑃 is the force damping the free 

surface oscillation due to air pressure generated by 

change of the internal air volume. 

Under linear conditions, the equations of motions can 

be expressed as: 

 𝑀𝑥̈ + 𝐶𝑥̇ + 𝐾𝑥 = 𝐹𝑒 (3) 

where 𝑀𝑥̈ represents inertial forces, 𝐾𝑥 the restoring 

forces and 𝐶 representing losses in the system. 

Or, in terms of damping ratio and resonant frequency 

 𝑥̈ + 2𝜁𝜔0𝑥̇ + 𝜔0
2𝑥 =

𝐹𝑒

𝑀
 (4) 

where the resonant angular frequency 𝜔0 = √
𝐾

𝑀
   and the 

damping ratio 𝜁 =
𝐶

2𝑀𝜔0
. 

The inertial forces can be decomposed into the mass of 

water in the system and the frequency dependent added 

mass (𝑀𝑎), which is assumed constant. 𝑀𝑎 is a measure of 

the inertial interaction with the surrounding fluid and is a 

component of 𝐹𝑟𝑎𝑑. The total effective mass 𝑀 is given by: 

 𝑀 = 𝑀𝑤 + 𝑀𝑎 = 𝜌𝑤𝐴𝑤𝐿𝑐 + 𝑀𝑎 (5) 

where 𝜌𝑤 is the water density, 𝐴𝑤 is the cross-sectional 

area of the OWC and 𝐿𝑐 is the chord length of the water 

column.  

𝐹𝑟𝑎𝑑, 𝐹𝑣𝑖𝑠 and 𝐹𝑃 contribute to the losses in the system 

(𝐶) and are taken a single constant incorporated in 𝜁. 

TABLE II 

TESTING MATRIX PRESENTED 

Chord Length 

(mm) 

Orifice 

Diameter (mm) 

Additional Air Volume 

(L) 

N/A No Device N/A    

565 

20 0    

25 0 594 1064 1538 

30 0    

35 0 594 1064 1538 

40 0    

45 0 594 1064 1538 

50 0    

Open 0    
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The restoring forces include the hydrostatic force (𝐹ℎ𝑠) 

expressed in equation (6) and the air-spring stiffness 

associated with the radiation susceptance of the volume 

flow which is a component of 𝐹𝑃 [30]  

 𝐾 = 𝐾ℎ𝑠 = 𝜌𝑤𝐴𝑤𝑔 (6) 

𝐹𝑒 is the excitation force exerted on the submerged 

entrance from the dynamic pressure (𝑝𝑑𝑦𝑛) of the incident 

wave. According to linear wave theory this is given as 

[28, 29] 

 𝐹𝑒 = 𝑝𝑑𝑦𝑛 ∙ 𝐴𝑤 (7) 

 𝑝𝑑𝑦𝑛 =
𝜌𝑤𝑔𝐻𝑤

2
∙

cosh(𝑘(𝑑 − 𝐿𝑒))

cosh(𝑘𝑑)
∙ sin(𝜔𝑡) (8) 

where 𝑘 is the wave number, 𝑑 is the total depth of the 

water column in the vicinity of the device and 𝐿𝑒 is the 

entrance depth taken as the depth of the midpoint of the 

OWC entrance.  

The RAO, as derived in [28] is given by Eqn. (9). 

 𝑅𝐴𝑂(𝜔) =
𝜔0

2

√(𝜔0
2−𝜔2)

2
+(2𝜁𝜔𝜔0)2

∙  
cosh(𝑘(𝑑−𝐿𝑒))

cosh(𝑘𝑑)
 (9) 

The experimental RAO results were compared with the 

theoretical RAO in Equation (9) where 𝜔0
2 and 𝜁 were 

found using the MATLAB fittype and fit functions. 

Results comparing no air chamber and the 8 damping 

conditions (7 orifice diameters + Open device) are shown 

in Fig. 4. The larger wave condition (𝐻𝑤 = 40 mm) 

consistently produced a smaller peak in the RAO as a 

result of higher damping forces associated with viscous 

damping, radiation damping and dynamic air pressure. 

Results comparing different auxiliary air chamber 

volumes are shown in Figs. 5, 6 and 7 for orifice 

diameters 25 mm, 35 mm, and 45 mm, respectively. It can 

be seen that larger air chambers resulted in higher peaks 

in the RAO, due to the flow of air mass through the 

connecting hose. This then leads to higher viscous losses 

and radiation damping. RAO results in Figs. 4 to 7 

 
Fig. 4.  Performance characteristic for all orifice diameters 

(𝑂 = [20, 25, 30, 35, 40, 45, 50] mm and Open) with no added air 

chamber (𝐴𝐶 = 0). RAO (top) and Phase (bottom) results compare 

experimental results (circles) and the numerical fit (solid lines). CWR 

(middle) show experimental results only. 

 
Fig. 5.  Performance characteristic for single orifice diameter 

𝑂 = 25 mm added air chamber (𝐴𝐶 = [0, 594, 1064, 1538] L). RAO 

(top) and Phase (bottom) results compare experimental results 

(circles) and the numerical fit (solid lines). CWR (middle) show 

experimental results only. 
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compare the experimental results (circles) and the linear 

fit (lines).  

H. Phase 

The average phase delay, 𝜙, between the phase probe 

and the free surface excitation was calculated for each 

monochromatic wave period tested, by taking the time 

delay between the two wave probes averaged over the 

same number of waves used to calculate the RAO: 

 𝜙° = 𝜃° −
180

𝜋
(tan−1

𝜔0
2 − 𝜔2

2𝜁𝜔𝜔0

 ) (10) 

where 𝜃 is a correction applied as a result of the probe not 

being perfectly aligned with the ‘centre’ of oscillation of 

the device. 

The MATLAB fittype and fit functions were used 

to first iteratively find 𝜃 and then 𝜔0 and 𝜁.  

As can be seen in Fig. 4, the peak period occurs where 

the measured phase delay is = 65.8° (at the intersection 

point) instead of the expected 90°. This is due to the 

placement of the probe being parallel to the vertical 

section whereas the true ‘centre’ of the device, the 

location that would result in phase plots to intersect at 

90°, is somewhere between the submerged entrance and 

the phase probe placement. This ‘centre’ location is 

situated at the front wall of the device which is also 

approximately where the chord line starts rising from 

horizontal.  

I. Capture Width Ratio 

The power ‘output’ of the device was characterised 

using the capture width ratio defined as 

 𝐶𝑊𝑅 =
𝑃𝑂𝑊𝐶

𝑤𝑂𝑊𝐶 ∙ 𝑃𝑤

 (11) 

where 𝑃𝑂𝑊𝐶  is the power through the orifice, 𝑤𝑂𝑊𝐶  is the 

width of the device and 𝑃𝑤 is the wave power per metre 

of wave front. 

 
Fig. 7.  Performance characteristic for single orifice diameter 

𝑂 = 45 mm added air chamber (𝐴𝐶 = [0, 594, 1064, 1538] L). RAO 

(top) and Phase (bottom) results compare experimental results 

(circles) and the numerical fit (solid lines). CWR (middle) show 

experimental results only. 

 
Fig. 6.  Performance characteristic for single orifice diameter 

𝑂 = 35 mm added air chamber (𝐴𝐶 = [0, 594, 1064, 1538] L). RAO 

(top) and Phase (bottom) results compare experimental results 

(circles) and the numerical fit (solid lines). CWR (middle) show 

experimental results only. 
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The wave power per metre is defined as [6] 

 𝑃𝑤 =
1

8
𝜌𝑤𝑔𝐻𝑤

2 𝐶𝑔 (12) 

where 𝜌𝑤 is the water density and 𝐶𝑔 is the group velocity 

calculated as [6] 

 𝐶𝑔 =
1

2
(1 +

2𝑘𝑑

sinh(2𝑘𝑑)
)

𝜔

𝑘
   (13) 

The pneumatic power is defined as [6] 

 𝑃𝑂𝑊𝐶 =
1

𝑡𝑚𝑎𝑥

∫ 𝑝(𝑡)𝑄𝑝(𝑡)𝑑𝑡
𝑡𝑚𝑎𝑥

0

 (14) 

where 𝑝(𝑡) is the pressure drop across the orifice and 

𝑄𝑝(𝑡) is the volumetric flow through the orifice. As 

shown in [21], the simplified expression of the flow rate 

through the orifice is sufficient to estimate pneumatic 

power and is as follows. 

 𝑄𝑝(𝑡) = −
𝑑𝑉

𝑑𝑡
−

𝑉0

𝛾𝑝0

𝑑𝑝(𝑡)

𝑑𝑡
   (15) 

where 
𝑑𝑉

𝑑𝑡
 is the volume change of the air in the device due 

to the free surface excitation, 𝑉0 is the still water air 

volume, 𝛾 = 1.4 is the specific heat ratio of the air and 𝑝0 

is atmospheric pressure. 

Due to the recording artifact as mentioned in 

section II-D in the pressure sensor, the magnitude of the 

CWR peak should only be used for comparison purposes. 

Nonetheless, the peak location was found to match the 

resonant period of the RAO and phase analysis which do 

not use pressure sensor data. The CWR plots also exhibit 

the equal compression critical point described in [4]. 

From Fig. 4 is can be seen that the peak power ‘output’ 

occurs when the orifice diameter is 𝑂 = 40 mm. While the 

RAO results show that a larger air chamber leads to a 

higher peak in response, this is not always seen in the 

CWR results as the air volume associated with peak 

power ‘output’ changes depending on the incident wave 

height and orifice. 

J. Performance Characteristics Discussion 

The main objective of this study was to characterize the 

device in part by determining resonant period (𝑇0) and 

damping ratio (𝜁). As per sections III-G and III-H this was 

achieved via a MATLAB curve-fitting function applied to 

the RAO and Phase Response data. The results of this 

curve-fitting are presented in Figs. 8 to 11, which show an 

Fig. 10.  Damping ratio (𝜁) results curve fit on RAO. The colourbar 

values are on a logarithmic scale. 

 
Fig. 8.  Resonant period (𝑇0 =

2𝜋

𝜔0
) results from curve fit on RAO. 

Contour in top right figure shows natural frequency, 𝑇𝑛 = 2𝜋√
𝐿𝑐

𝑔
 

Fig. 11. Damping ratio (𝜁) results from curve fit on phase response. 

The colourbar values are on a logarithmic scale. 

 
Fig. 12.  𝑇0 (from phase) vs Air Chamber Volume 

 
Fig. 9. Resonant period (𝑇0 =

2𝜋

𝜔0
) results from curve fit on phase 

response. Contour line shows natural frequency, 𝑇𝑛 = 2𝜋√
𝐿𝑐

𝑔
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interpolated colourmap of the resulting fit for all runs 

conducted. Comparing 𝑇0 results for RAO (Fig. 8) to 

Phase Response (Fig. 9) the RAO fit was observed to 

consistently produce a higher 𝑇0 (3% on average). 

Similarly the damping ratio curve fitting for the RAO 

(Fig. 10) was observed to produce consistently lower 𝜁 

(19% on average) than for the Phase Response (Fig. 11). 

These differences can be attributed to: 

1. The phase wave data is not subject to as many 

sources of error as for RAO as precise wave height 

data is not required to measure the phase. 

2. As peak resonance always occurs at 𝜙 = 90°, 𝑇0 is 

less affected by the linear approximation on the 

phase response as on the RAO. 

3. The curve-fitting approximations overestimate the 

peak height in the RAO data and thus 

underestimates 𝜁. 

Despite these diffferences both 𝑇0 and 𝜁 follow the 

same trends where 𝜁 increases with decreasing orfice 

diameters and decreasing air volumes. 𝑇0 exhibits an 

 
Fig. 13.  Percent reduction of wave height when compared to an empty flume. Data is separated by colour for orifice diameter and symbol 

for air chamber volume. Periods represent the shortest, resonant, and longest periods. Grey areas are within the error margins of the probes. 

Vertical bars show the error margin between the air chamber tests. The black line shows the mean for all runs (excl. Blocked). 
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unexpected behaviour as air volumes increase. 

Intuitively, increasing the air volume should lead to a 

decrease in the air-spring stiffness as more air is 

‘available’᮵ for᮵ compression thus increasing the resonant 

period. However, the opposite effect was observed here 

for every configuration, most notably at the highest 

damping (𝑂 = 25 mm) and varying the air chamber 

volume. This can be seen in Fig. 12, where the 

intermediate air chamber volumes resulted in the lowest 

resonant period. 

Critically, this reduction in 𝑇0 cannot be caused by a 

change in added mass (𝑀𝑎) as the resonant period 

(𝑇0 =  2𝜋√
𝜌𝑤𝐴𝑤𝐿𝑐+𝑀𝑎

𝜌𝑤𝐴𝑤𝑔
) can only be less than the natural 

period (𝑇𝑛 = 2𝜋√
𝐿𝑐

𝑔
) if a stiffness term is added to the 

denominator. Figs. 9 and 10 show the regions which 𝑇0 <

𝑇𝑛 with a contour line at 𝑇𝑛. As a result, this method alone 

is limited for the purpose of assessing 𝑀𝑎.  

K. Wave Height Reduction in the Lee of the OWC 

For each test run, wave heights along the flume on 

both sides of the OWC were recorded at 15 separate 

locations shown in Fig. 1. A test without the device in the 

flume was also conducted for comparison. An additional 

test with the submerged entrance blocked was used to 

compare the active radiation effects of the OWC to its 

passive reflective properties.  

The percentage change in wave height was calculated 

at each probe location for every run. This analysis is 

presented for three different incident wave periods in 

Fig. 13. The periods selected are the shortest and longest 

periods tested, as well as the resonant period. Note that 

as the wave probes are accurate within ±1 mm, most of 

the measured data points were within the error range of 

the probes themselves, and as such tests with a 

𝐻𝑤 = 20 mm are not considered for this analysis. The grey 

areas in Fig. 13 represent the region where the results fall 

withing the error range of the wave probes. 

Given the 10% blockage ratio of the single OWC across 

the 3 m flume and 52% within the water column, a 

limited effect on the reflected and transmitted wave field 

is to be expected. Additionally, the OWC width to 

wavelength ratio is below 0.1 for all periods tested. 

Nonetheless, some interesting and consistent trends were 

observed:  

1. The OWC in its active mode (i.e. not blocked) 

exhibits wave height reduction in the lee (beach 

side) of the device for periods close to resonance. 

This is not seen in the passive mode. This indicates 

that the energy absorbed by the OWC, and the 

resulting radiated waves have a marked effect 

close to resonance. 

2. At periods away from resonance, there is little 

difference between the active and passive OWC. 

3. The OWC exhibits a reflective regime during short 

period waves, and wave height reduction is more 

marked in the far field. A clear node from the 

reflected wave can be seen at 𝑇 = 1.2 s in the 

offshore (paddle side) probes. This is seen in both 

active and passive modes. 

4. The device has little effect on the wave height of 

longer periods. 

5. Varying both the air chamber and orifice diameter 

did not produce a significant measurable change in 

the resulting wave heights both upstream and 

downstream of the device. This is shown in Fig. 13 

by the vertical error bars showing the error 

margins of the probes.  

Whilst the air compressibility scaling effects can have 

significant changes on the device performance 

characteristics, the results of this study suggest that the 

effects on the wave field are less significant. 

While these small effects could be amplified when 

considering array interactions, the magnitude of the error 

which they present are small but must be considered. 

Based on the extensive flume testing results presented 

here, it is concluded that in future wave basin testing of 

various multi-device array configurations, it is acceptable 

to exclude the use of external air chambers to model 

individual device air volume. 
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