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ABOUT MARINET 
MARINET (Marine Renewables Infrastructure Network for emerging Energy Technologies) is an EC-funded network 
of research centres and organisations that are working together to accelerate the development of marine renewable 
energy - wave, tidal & offshore-wind.  The initiative is funded through the EC's Seventh Framework Programme (FP7) 
and runs for four years until 2015.  The network of 29 partners with 42 specialist marine research facilities is spread 
across 11 EU countries and 1 International Cooperation Partner Country (Brazil). 
 
MARINET offers periods of free-of-charge access to test facilities at a range of world-class research centres.  
Companies and research groups can avail of this Transnational Access (TA) to test devices at any scale in areas such 
as wave energy, tidal energy, offshore-wind energy and environmental data or to conduct tests on cross-cutting 
areas such as power take-off systems, grid integration, materials or moorings.  In total, over 700 weeks of access is 
available to an estimated 300 projects and 800 external users, with at least four calls for access applications over the 
4-year initiative. 
 
MARINET partners are also working to implement common standards for testing in order to streamline the 
development process, conducting research to improve testing capabilities across the network, providing training at 
various facilities in the network in order to enhance personnel expertise and organising industry networking events 
in order to facilitate partnerships and knowledge exchange.   
 
The aim of the initiative is to streamline the capabilities of test infrastructures in order to enhance their impact and 
accelerate the commercialisation of marine renewable energy.  See www.fp7-marinet.eu for more details. 
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ABOUT THIS REPORT 
One of the requirements of the EC in enabling a user group to benefit from free-of-charge access to an infrastructure 
is that the user group must be entitled to disseminate the foreground (information and results) that they have 
generated under the project in order to progress the state-of-the-art of the sector.  Notwithstanding this, the EC also 
state that dissemination activities shall be compatible with the protection of intellectual property rights, 
confidentiality obligations and the legitimate interests of the owner(s) of the foreground. 
 
The aim of this report is therefore to meet the first requirement of publicly disseminating the knowledge generated 
through this MARINET infrastructure access project in an accessible format in order to: 

 progress the state-of-the-art 

 publicise resulting progress made for the technology/industry 

 provide evidence of progress made along the Structured Development Plan 

 provide due diligence material for potential future investment and financing 

 share lessons learned 

 avoid potential future replication by others 

 provide opportunities for future collaboration 

 etc. 
In some cases, the user group may wish to protect some of this information which they deem commercially 
sensitive, and so may choose to present results in a normalised (non-dimensional) format or withhold certain design 
data – this is acceptable and allowed for in the second requirement outlined above. 
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LEGAL DISCLAIMER 
The views expressed, and responsibility for the content of this publication, lie solely with the authors.  The European 
Commission is not liable for any use that may be made of the information contained herein.  This work may rely on 
data from sources external to the MARINET project Consortium.  Members of the Consortium do not accept liability 
for loss or damage suffered by any third party as a result of errors or inaccuracies in such data.  The information in 
this document is provided “as is” and no guarantee or warranty is given that the information is fit for any particular 
purpose.  The user thereof uses the information at its sole risk and neither the European Commission nor any 
member of the MARINET Consortium is liable for any use that may be made of the information. 
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EXECUTIVE SUMMARY 
 

A conceptual Pressurized Oscillating Water Column (POWC) has been tested in the UNIFI-CRIACIV Wave-
Current Flume as a wave energy converter. The POWC concept suggests that the wave motion in a 
chamber equipped with a system of one-way (check) valves will allow water oscillation up - but shall 
restrict water movement down - and thus will generate a hydraulic head, supported by the vacuum 
pressure into the chamber. Furthermore a low-head turbine connected with the chamber can be used to 
generate electricity when the air valve is open and the pressure in the box is equal to the atmospheric 
one. At tidal seas the wave-driven water elevation can be superimposed to the high tide level, thus 
providing additional power potential. The system has the advantage to accumulate the power, and use it 
when necessary. 

Participant from 4 research organisations from 3 EU countries – Bulgaria, Croatia and Portugal have been 
involved. Tests have been carried in the period 22 June – 4 July 2015. Main objective was to check the 
above concept, and provide some basic data for further numerical modelling. Test programme included 
tests under regular and irregular waves. The main conclusion was that a very good progress was made in 
light of clarifying the concept of the POWC. However further studies were recommended, in particular 
concerning modification and optimisation of the system for practical use of the generated hydraulic 
head. 
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1 INTRODUCTION & BACKGROUND 

1.1 INTRODUCTION 
The concept of the POWC Pressurized Oscillating Water Column (POWC) as a WEC suggests that the wave 
motion in a chamber equipped with a system of one-way (check) valve(s) can restrict water movement 
down, and thus generate a water column supported by the vacuum into the box. Furthermore a low-head 
turbine can be placed above the mean sea level (Figure 1.a), and used to generate electricity when the 
air valve is open and the pressure in the box is equal to the atmospheric one. The system has the 
advantage to accumulate the power, and use it when necessary. 

The height of the water column will be proportional to the significant wave height Hs, however it will 
also depend on mean wave period, and of the geometry/shape of the box. The discharge through the 
outlet (turbine) will be highly dependable on the hydraulic head and the amount of accumulated water. 
Wave generated water elevation can be superimposed to high tide level (at tidal coasts), thus providing 
additional power potential. 

For the current tests, in order to simplify the model, the system of hydraulic valves can be replaced by 
an open aperture, assuming that the effect of different resistance on the generated hydraulic head hp 
can be neglected. 

 

a) General concept model 

 

 

b) Simplified model 

 

Figure 1. Concept of a POWC 
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Objectives of the test were: 

- To check and prove the basic concept of a POWC 

- To provide basic measurement data upon the height of the water column in the chamber as a 
function of Hs, and peak wave period 

- To provide measurement data upon various discharges (l/s) through the outlet as a function of Hs 
(and peak wave period) 

- To provide comparative measurement data for the case of an Alternative OWC (AOWC) generating 
a hydraulic head at normal - atmospheric pressure . 

- To provide a data set for validation of a further CFD model, to study and compare power 
potential of both POWC and AOWC. 

 

 

 
 

Figure 2: AOWC (Alternative OWC) generating a hydraulic head at atmospheric pressure 

(comparison vs POWC)  

  



Infrastructure Access Report: [Insert the User-Project acronym] 

Rev. 03, 08-Sep-2015 
Page 9 of 28 

1.2 DEVELOPMENT SO FAR 

1.2.1 Stage Gate Progress 
Previously completed:  
Planned for this project:  

 

STAGE GATE CRITERIA Status 

Stage 1 – Concept Validation 

 Linear monochromatic waves to validate or calibrate numerical models of the system (25 – 100 
waves) 

 

 Finite monochromatic waves to include higher order effects (25 –100 waves)  

 Hull(s) sea worthiness in real seas (scaled duration at 3 hours)  

 Restricted degrees of freedom (DofF) if required by the early mathematical models  

 Provide the empirical hydrodynamic co-efficient associated with the device (for mathematical 
modelling tuning) 

 

 Investigate physical process governing device response. May not be well defined theoretically or 
numerically solvable 

 

 Real seaway productivity (scaled duration at 20-30 minutes)  

 Initially 2-D (flume) test programme  

 Short crested seas need only be run at this early stage if the devices anticipated performance would 
be significantly affected by them 

 

 Evidence of the device seaworthiness  

 Initial indication of the full system load regimes  

 

Stage 2 – Design Validation 

 Accurately simulated PTO characteristics  

 Performance in real seaways (long and short crested)  

 Survival loading and extreme motion behaviour.  

 Active damping control (may be deferred to Stage 3)  

 Device design changes and modifications  

 Mooring arrangements and effects on motion  

 Data for proposed PTO design and bench testing (Stage 3)  

 Engineering Design (Prototype), feasibility and costing  

 Site Review for Stage 3 and Stage 4 deployments  

 Over topping rates  

 

Stage 3 –Sub-Systems Validation 

 To investigate physical properties not well scaled & validate performance figures  

 To employ a realistic/actual PTO and generating system & develop control strategies  

 To qualify environmental factors (i.e. the device on the environment and vice versa) e.g. marine 
growth, corrosion, windage and current drag 

 

 To validate electrical supply quality and power electronic requirements.  

 To quantify survival conditions, mooring behaviour and hull seaworthiness  

 Manufacturing, deployment, recovery and O&M (component reliability)  

 Project planning and management, including licensing, certification, insurance etc.  

 

Stage 4 – Solo Device Validation 

 Hull seaworthiness and survival strategies  
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STAGE GATE CRITERIA Status 

 Mooring and cable connection issues, including failure modes  

 PTO performance and reliability  

 Component and assembly longevity  

 Electricity supply quality(absorbed/pneumatic power-converted/electrical power)  

 Application in local wave climate conditions  

 Project management, manufacturing, deployment, recovery, etc  

 Service, maintenance and operational experience [O&M]  

 Accepted EIA  

 

Stage 5 – Multi-Device Demonstration 

 Economic Feasibility/Profitability  

 Multiple units performance  

 Device array interactions  

 Power supply interaction & quality  

 Environmental impact issues  

 Full technical and economic due diligence  

 Compliance of all operations with existing legal requirements  

 

1.2.2 Plan For This Access 

 

The following plan for this access was envisaged, corresponding to Stage 1: Concept Validation: 
 

• Linear monochromatic waves to validate or calibrate numerical models of the system (25 – 100 
waves): yes 

• Finite monochromatic waves to include higher order effects (25 –100 waves): yes 

• Hull(s) sea worthiness in real seas (scaled duration at 3 hours): n.a. 

• Restricted degrees of freedom (DofF) if required by the early mathematical models: n.a. 

• Provide the empirical hydrodynamic co-efficient associated with the device (for mathematical 
modelling tuning): n.a. 

• Investigate physical process governing device response. May not be well defined theoretically or 
numerically solvable: yes 

• Real seaway productivity (scaled duration at 20-30 minutes): yes 

• Initially 2-D (flume) test programme: yes 

• Short crested seas: no 

• Evidence of the device seaworthiness: provided by irregular wave tests 

• Initial indication of the full system load regimes: provided by irregular wave tests 
 

2 OUTLINE OF WORK CARRIED OUT 

2.1 INTRODUCTION 

 
Tests have been carried in the wave-current flume of UNIFI-CRIACIV, Florence, Italy, in the period 
22 June – 4 July 2015. 

Participant from 4 research organisations have been involved, as shown above. 
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2.2 OBJECTIVES   

 Objectives of the test were: 

To provide some basic measurement data upon the height of the water column in the chamber (hydraulic 
head) as a function of Hs, and peak wave period, as well as to measure relevant discharge (l/s) through 
the outlet, in order to: 

1) test a conceptual POWC in order to check the basic concept of generating hydraulic head using 
one-way valve system and generated vacuum pressure  

2) Compare measurement data for the case of an Alternative OWC (AOWC) generating a hydraulic 
head at normal - atmospheric pressure (without any valve system) 

3) Pprovide a data set for validation of a further numerical (CFD) model, to study and compare 
power potential of both POWC and AOWC. 
 
 

Tested models  
 

CONFIGURATION DESCRIPTION 

PWC 

The two air valves, on top of the model,  are operating and the outflow pipe 
positioned on the rear of the model is closed. 
The air valve diameter is 3.6cm while the outflow pipe diameter is 2.0cm. 
The water depth in the flume is 55.0cm. 
The geometrical characteristics of the model are depicted in Figure 2 

PWC_1 

The two air valves, on top of the model, are always open and the outflow pipe 
positioned on the rear of the model is open. 
The air valve diameter is 3.6cm while the outflow pipe diameter is 2.0cm. 
The water depth in the flume is 55.0cm. 
The geometrical characteristics of the model are depicted in Figure 2 
Water level in the channel equal to 55,0cm. 

 

Figure 3- Configuration PWC & PWC_1: i) Front view ii) Side view iii) Plan view iv) Rear view 

PWC_2 
Same as the configuration PWC except the presence of the three openings on the 
frontal wall as depicted in Figure 3. 

PWC_3 
Same as the configuration PWC1 except the presence of the three openings on 
the frontal wall as depicted in Figure 3. 

 

Figure 4 – Configuration PWC_2 & PWC_3: i) Front view ii) Side view iii) Plan view iv) Rear view 

PWC_4 A second chamber is added behind the first. This second chamber is hydraulically 
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connected to the first one by means of two circular openings (diameter 6.2cm) 
sited below the surface level. Moreover the absence of the roof on the second 
chamber assures that its free surface is subjected to the atmospheric pressure. A 
outflow pipe is positioned on the rear face of the second chamber (diameter 
4.5cm) as depicted in Figure . 
The two air valves on the roof of the first chamber  are always open. 
Water level in the channel equal to 55,0cm. 
Note that the probe WG4 is positioned in the second chamber. 

PWC_5 Same as PWC_4 but the water level in the channel equalled 58,0cm. 

PWC_6 Same as PWC_4 but the water level in the channel equalled 59,0cm. 

 

Figure 5 – Configuration PWC_4, PWC_5 & PWC_6: i) Front view ii) Side view iii) Plan view iv) Rear view 
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2.3 WAVE FLUME SETTING  
 

2.3.1 PWC – PWC_1 – PWC_2 – PWC_3 

 

 

LEGEND: 
WG: Ultrasonic level probe 
PT:    Pressure transducer 
AV:   Air valve 
OD:  Output discharge 
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2.3.2 PWC_4 

 
 

 
 

LEGEND: 
WG: Ultrasonic level probe 
PT:    Pressure transducer 
AV:   Air valve 
OD:  Output discharge 
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2.3.3 PWC_5 

 
 

 
 

LEGEND: 
WG: Ultrasonic level probe 
PT:    Pressure transducer 
AV:   Air valve 
OD:  Output discharge 
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2.3.4 PWC_6 

 
 

 
 

LEGEND: 
WG: Ultrasonic level probe 
PT:    Pressure transducer 
AV:   Air valve 
OD:  Output discharge 
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2.4 POSITIONING EQUIPMENT 
  

 1 hydrometric tip positioned 1.82m far from the Wavemaker; 

 1 camera positioned in front of the models; 

 1 camera positioned on the side of the models; 

 7 ultrasonic distance sensors  positioned as summarized in table 1 (see Figure 6); 

 1 pressure transducer to measure the air pressure of the internal air volume (see Table 2 and Figure ) 
 

Table 1 - Distances of the ultrasonic distance sensors  

NAME Distance from the wavemaker [m] Relative distances [m] 

WG1 4.00 4.00 

WG2 18.35 14.35 

WG3 18.66 0.31 

WG4 18.96 0.31 

WG5 24.93 5.97 

WG6 25.20 0.27 

WG7 – on the models’ roof  31.34 6.14 

 

  

Figure 6 - Ultrasonic distance sensor HONEYWELL Series 943-M18 F4V-2D-1C0-330E. Picture and technical data sheet. 

 

Table 2 - Distance of the pressure transducer from wavemaker and calibration curve. 

NAME Distance from wavemaker [m] Calibration curve  

PT 31.50 Y [mbar] = 13.347X [V] – 25.476 

 

  

Figure 7 – Relative pressure transducer- KELLER Series 46X. Picture and technical drawing. 
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2.5 TESTED WAVES  

 
Table 3 – Characteristic parameters and duration waves as measured by WG1.  

REGULAR  WAVES 
H and T values have been measured as mean values in 

the time window starting at 20s and ending at 30s 

CODE H [cm] T [s] 
Measurement 

time** [s] 

H01 8.5 1.5 80 s 

H02 11.5 1.5 80 s 

H03 14.0 1.5 80 s 

H04 11.2 1.1 80 s 

H05 16.0 1.8 80 s 

H06 16.5 1.5 80 s 

H07 15.0 2.1 80 s 

IRREGULAR WAVES (γJonswap = 3.3) 
H and T values have been measured as mean values in 

the time window starting at 20s and ending at 50s 

CODE H [cm] T [s] Duration [s] 

H1* 12.5 1.5 80 s 

 
* The irregular wave attack has been repeated 5 times. Each repetition has been characterized by the same 
spectral shape but a different time series.   

** The 80 s of measurement time is composed by: 10 s with wave maker at rest (pre-trigger), 35 s of wave 
generation, 35 s of wave maker at rest (post-trigger).    
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2.6 CONDUCTED TESTS  
 

Table 4 – Conducted tests 

CONFIGURATION WAVE S.W.L. DATE Measurements FILE 

PWC 

H01 +55.0cm 26-06-2015 H01PWC.tsv 

H02 +55.0cm 26-06-2015 H02PWC.tsv 

H03 +55.0cm 26-06-2015 H03PWC.tsv 

H04 +55.0cm 29-06-2015 H04PWC.tsv 

H05 +55.0cm 29-06-2015 H05PWC.tsv 

H06 +55.0cm 26-06-2015 H06PWC.tsv 

H07 +55.0cm 26-06-2015 H07PWC.tsv 

H1sid1 +55.0cm 26-06-2015 H1-sid1PWC.tsv 

H1sid2 +55.0cm 26-06-2015 H1-sid2PWC.tsv 

H1sid3 +55.0cm 26-06-2015 H1-sid3PWC.tsv 

H1sid4 +55.0cm 29-06-2015 H1-sid4PWC.tsv 

H1sid5 +55.0cm 29-06-2015 H1-sid5PWC.tsv 

PWC_1 

H01 +55.0cm 29-06-2015 H01PWC_1.tsv 

H02 +55.0cm 29-06-2015 H02PWC_1.tsv 

H03 +55.0cm 29-06-2015 H03PWC_1.tsv 

H04 +55.0cm 29-06-2015 H04PWC_1.tsv 

H05 +55.0cm 29-06-2015 H05PWC_1.tsv 

H06 +55.0cm 29-06-2015 H06PWC_1.tsv 

H07 +55.0cm 29-06-2015 H07PWC_1.tsv 

PWC – PWC_1 Resonance test +55.0cm 26-06-2015 ResonanceTest_PWC.tsv 

PWC_2 

H01 +55.0cm 30-06-2015 H01PWC_2.tsv 

H02 +55.0cm 30-06-2015 H02PWC_2.tsv 

H03 +55.0cm 30-06-2015 H03PWC_2.tsv 

H04 +55.0cm 30-06-2015 H04PWC_2.tsv 

H05 +55.0cm 30-06-2015 H05PWC_2.tsv 

H06 +55.0cm 30-06-2015 H06PWC_2.tsv 

H07 +55.0cm 30-06-2015 H07PWC_2.tsv 

PWC_3 

H01 +55.0cm 30-06-2015 H01PWC_3.tsv 

H02 +55.0cm 30-06-2015 H02PWC_3.tsv 

H03 +55.0cm 30-06-2015 H03PWC_3.tsv 

H04 +55.0cm 30-06-2015 H04PWC_3.tsv 

H05 +55.0cm 30-06-2015 H05PWC_3.tsv 

H06 +55.0cm 30-06-2015 H06PWC_3.tsv 

H07 +55.0cm 30-06-2015 H07PWC_3.tsv 

PWC_2 – PWC_3 Resonance test +55.0cm 29-06-2015 ResonanceTest_PWC_2.tsv 

PWC_4 

H01 +55.0cm 02-07-2015 H01PWC_4.tsv 

H02 +55.0cm 02-07-2015 H02PWC_4.tsv 

H03 +55.0cm 02-07-2015 H03PWC_4.tsv 

H04 +55.0cm 02-07-2015 H04PWC_4.tsv 

H05 +55.0cm 02-07-2015 H05PWC_4.tsv 

H06 +55.0cm 02-07-2015 H06PWC_4.tsv 

H07 +55.0cm 02-07-2015 H07PWC_4.tsv 

PWC_5 
H01 +58.0cm 02-07-2015 H01PWC_5.tsv 

H02 +58.0cm 02-07-2015 H02PWC_5.tsv 
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H03 +58.0cm 02-07-2015 H03PWC_5.tsv 

H04 +58.0cm 02-07-2015 H04PWC_5.tsv 

H05 +58.0cm 02-07-2015 H05PWC_5.tsv 

H06 +58.0cm 02-07-2015 H06PWC_5.tsv 

H07 +58.0cm 02-07-2015 H07PWC_5.tsv 

PWC_6 

H01 +59.0cm 02-07-2015 H01PWC_6.tsv 

H02 +59.0cm 03-07-2015 H02PWC_6.tsv 

H03 +59.0cm 03-07-2015 H03PWC_6.tsv 

H04 +59.0cm 03-07-2015 H04PWC_6.tsv 

H05 +59.0cm 03-07-2015 H05PWC_6.tsv 

H06 +59.0cm 03-07-2015 H06PWC_6.tsv 

H07 +59.0cm 03-07-2015 H07PWC_6.tsv 

 
Format of the file that contains the measurements: 
 

 First line -> header 

 First column -> Date and Time 

 Second column -> Paddle displacement [mm] 

 Third to Ninth column -> ultrasonic distance sensors  [mm] 

 Tenth column -> Pressure transducer [V] 
 
Pay attention to: 
 

i. The acquisition frequency is equal to 20Hz. 
ii. Each ultrasonic distance sensors measurement is the distance from the sensor tip to the free surface; it gives 

zero at sensor tip and the z axis is downlooking; 
iii. The values acquired from the pressure transducer are in electrical units [V] and need to be processed in units 

of pressure [mbar] applying the calibration curve shown previously. 
 

 

Figure 8 - Example of output table 

Note that while the measurements of the incident wave conditions, the internal free surface oscillations and the 
internal pressure drop are reported in the file mentioned in Table 4  the measurements of the discharge flowing in 
the outflow pipe positioned in the rear of the models are reported in Table 5. 
 

%Time Paddle Displacement WG1 WG2 WG3 WG4 WG5 WG6 WG7-PWC PT

30/06/2015 21.46.35.862 -0.0145248 229.023 211.991 204.581 225.787 220.539 237.208 275.967 1.92286

30/06/2015 21.46.35.912 -0.0145012 229.027 212.013 204.575 225.765 220.537 237.103 276.005 1.92297

30/06/2015 21.46.35.962 -0.0144411 229.014 211.979 204.575 225.855 220.545 237.029 275.982 1.92297

30/06/2015 21.46.36.012 -0.0144144 229.075 211.986 204.591 225.821 220.537 237.028 276.01 1.92289

30/06/2015 21.46.36.062 -0.0144888 229.009 211.993 204.679 225.841 220.558 237.047 275.893 1.92278

30/06/2015 21.46.36.112 -0.0145254 229.107 211.957 204.594 225.89 220.538 237.065 275.999 1.92284

30/06/2015 21.46.36.162 -0.0144781 229.007 211.881 204.566 225.956 220.55 237.048 275.966 1.92292

30/06/2015 21.46.36.212 -0.0144373 229.03 211.979 204.569 225.879 220.489 237.076 276.03 1.923

30/06/2015 21.46.36.262 -0.0144176 228.996 211.967 204.558 225.849 220.522 237.021 275.936 1.9229

30/06/2015 21.46.36.312 -0.0145231 229.01 211.998 204.551 225.746 220.558 237.075 275.945 1.92295

30/06/2015 21.46.36.362 -0.0145079 229.025 211.975 204.548 225.795 220.544 237.048 275.975 1.92308

30/06/2015 21.46.36.412 -0.0144627 229.079 211.997 204.548 225.741 220.549 237.249 275.985 1.9229

30/06/2015 21.46.36.462 -0.0144196 229.041 211.972 204.548 225.755 220.546 237.279 275.971 1.9229

30/06/2015 21.46.36.512 -0.0144747 229.043 212.003 204.58 225.747 220.505 237.147 275.949 1.92303

30/06/2015 21.46.36.562 -0.0145252 229.004 211.98 204.575 225.729 220.544 237.185 275.969 1.92294

30/06/2015 21.46.36.612 -0.0144756 229.028 211.984 204.55 225.765 220.5 237.066 275.989 1.92295

30/06/2015 21.46.36.662 -0.0144493 229.055 212.016 204.558 225.752 220.551 237.064 275.985 1.92291

30/06/2015 21.46.36.712 -0.0144289 229.033 212.006 204.576 225.753 220.552 237.223 275.955 1.92285

30/06/2015 21.46.36.762 -0.0145136 229.048 212.002 204.543 225.752 220.551 237.124 276.039 1.92298

30/06/2015 21.46.36.812 -0.0145088 228.978 212.023 204.544 225.735 220.481 237.179 275.974 1.92293

30/06/2015 21.46.36.862 -0.0144611 229.012 211.991 204.565 225.764 220.546 237.251 275.993 1.92276



Infrastructure Access Report: [Insert the User-Project acronym] 

Rev. 03, 08-Sep-2015 
Page 21 of 28 

Table 5 – Measurements of the discharge flowing in the outflow pipe 

CONFIGURATION WAVE FLOW   [l] 

PWC_1 

H01 0,000 

H02 0,005 

H03 0,010 

H04 0,000 

H05 0,490 

H06 0,025 

H07 1,875 

PWC_3 

H01 0,000 

H02 0,005 

H03 0,015 

H04 0,000 

H05 0,430 

H06 0,045 

H07 1,390 

PWC_4 

H01 0,000 

H02 0,000 

H03 0,000 

H04 0,000 

H05 0,000 

H06 0,000 

H07 0,000 

PWC_5 

H01 0,000 

H02 0,000 

H03 0,020 

H04 0,000 

H05 0,900 

H06 0,100 

H07 2,925 

PWC_6 

H01 0,100 

H02 0,345 

H03 0,595 

H04 0,000 

H05 1,730 

H06 0,900 

H07 4,450 
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2.7 TESTS 

2.7.1 Test Plan 
The preliminary Test program is given here below in Table 6.  

Table 6 – Preliminary test program (proposal phase) 

NO. TEST RUNS WORKING DAYS 

1 INSTALLATION OF THE MODEL IN THE FLUME, CHECK TEST OF THE SET-UP - 1 

2 FREE CONCEPT TEST (1) OF THE POWC (VARYING WATER DEPTH & 

FREEBOARD, CHECK-VALVE PROPERTIES). ADJUSTMENT MODEL 

PARAMETERS 

12 1 

4 CASE 1 POWC: MEASUREMENTS (PRESSURE, HYDRAULIC HEAD/WATER 

LEVEL); REGULAR WAVE TESTS 
18 2 

5 CASE 1 POWC: MEASUREMENTS (PRESSURE, HYDRAULIC HEAD/WATER 

LEVEL); IRREGULAR WAVE TESTS 
12 2 

3 FREE CONCEPT TEST (CASE 2) OF THE AOWC (VARYING WATER DEPTH & 

FREEBOARD, CHECK-VALVE PROPERTIES). ADJUSTMENT MODEL 

PARAMETERS. 

18 1 

7 CASE 2 AOWC: MEASUREMENTS (PRESSURE, HYDRAULIC HEAD/WATER 

LEVEL); REGULAR WAVE TESTS 
18 2 

8 CASE 2 AOWC: MEASUREMENTS (PRESSURE, HYDRAULIC HEAD/WATER 

LEVEL); IRREGULAR WAVE TESTS 
12 2 

10 DISMANTLING, DEMOBILIZATION - 1 

 TOTAL  12 

 

 
Detailed description of conducted tests is given here above in section 2.6. 

2.8 RESULTS 
78 test runs have been carried out, over two basic models on the suggested ‘pressurized’ and 
‘alternative’ OWC, under regular and irregular waves. 
 
Data will be processes, and results will be published within 6 months after completion of the tests. 
 
Some preliminary results are illustrated here below. 
 

Hs- Significant wave height (incident), (m) 
Tm – mean wave period (s) 
h0 – water depth (m) 
hh – hydraulic head (m) 
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a) 
 
 

 
 

b) 

Figure 9 - Example Time Series:  

 (a) Water Surface Elevation in the Test Flume; (b) Wave Induced Hydraulic Head  into the Pressurised OWC  
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a) 

 
b) 

Figure 10 - Examples on preliminary (indicative) test results on Wave Induced Hydraulic Head: 

a) as a function of incident wave height; b) as function of wave steepness 

 
All test results will be processed and analysed within a 6 month period after the completion of test. 

Some indicative results at this point show that: 

- Wave induced hydraulic head inside the “pressurised” OWC is proportional to incident wave 
height, and for the given range of tested regular waves, it varies as from 0.30 to 0.63 of wave 
height (Hs). Similar values are detected during a quick check of the irregular wave tests 

- Increasing the wave length (decreasing the wave steepness) leads to essential increase of the 
generated hydraulic head  

- It can be expected that a further optimisation of geometry and other components will provide 
conditions  to get even better results in generating a higher hydraulic head. 
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2.9 ANALYSIS & CONCLUSIONS 

3 MAIN LEARNING OUTCOMES 

3.1 PROGRESS MADE 
 
In general, all the tests have been completed according to the plan. During the testing period some new 
ideas were born, to modify geometry and test-set -up components (pipes, valves, etc), following the 
observations and current test results. Therefore some extra tests have been carried out, to provide more 
comprehensive impressions on the tested structure. 

As a general conclusion it can be stated that a very good progress was made, in light of clarifying the 
concept of the “pressurised” oscillating water column. Sufficient data from measurements have been 
collected, that will give opportunity for further process and analysis, as well as for development of a 
numerical (CFD) model.  Due to restricted time of access (only 2 weeks!) there are still a number of open 
issues, that need further investigation, in particular concerning possibilities for practical use of the 
generated hydraulic head  for producing electricity. 

Some issues can be mentioned, that can be avoided by others in future etc. 

- The suggested POWC has shown very good performance in order to generate hydraulic head, 
however it has been concluded that it hard to be used in practice, unless a complicate valve 
system is used to regulated pressure differences, and avoid air flow back to the chamber; 

- If studies on this (or similar) system are planned in future, it is strongly recommended: 

A. to use mathematical model in advance in order to optimise geometry, in function of wave 
climate (pressure variations). 

B. To test in advance, and provide high precision reliable valve system, in order to avoid any 
uncertainties of test results due to imperfections of this component. 

3.1.1.1 Next Steps for Research or Staged Development Plan – Exit/Change & Retest/Proceed? 

2nd styage of testing can be suggested, in order to take in account ‘lessons learned’ and try to optimise 
parameters, in order to proof (or reject) its applicability. 

In that case, some results from numerical modelling (optimisation) could be available by that time, that 
will give opportunity to build a better model. 
 

3.1.2 Progress Made: For Marine Renewable Energy Industry 

 
The system tested is still at concept level. At this point there is not too much to advice for practical use 
in Marine Renewable Energy Industry 

3.2 KEY LESSONS LEARNED 
 

 Suggested POWC has shown very good performance in order to generate hydraulic head, however 
it has been concluded that it is hard to be used in practice, unless a complicate valve system is 
used to regulated pressure differences, and avoid air flow back to the chamber; 

 The tested alternative AOWC suggests a good way to store the extra energy (released by the 
check-valve at very high pressure in a conventional OWC) by pumping water in a fee water 
surface volume. However, more studied are needed to proof this concept and optimise the 
system.  

 If further studies are envisaged in future on these (or similar) system, it is strongly recommended: 
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 to use mathematical model in advance in order to optimise geometry, in function of wave 
climate (pressure variations). 

 to test in advance, and provide high precision reliable valve system, in order to avoid any 
uncertainties of test results due to imperfections of this component. 

4 ER INFORMATION 

4.1 SCIENTIFIC PUBLICATIONS 

List of any scientific publications made (already or planned) as a result of this work: 
 

 A publication is planned, title and content to be agreed by partners. 

4.2 WEBSITE & SOCIAL MEDIA 
Website: under development/upload at www.coresbg.eu 

YouTube Link(s): under development/upload 

LinkedIn/Twitter/Facebook Links: n.a. 

Online Photographs Link: under development/upload at www.coresbg.eu 
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Testing of a Conceptual Pressurised Oscillating Water Column as a Wave Energy Converter, Project 
Proposal, V. Penchev et al., MARINET, February 2015 

 

6 APPENDICES 

6.1 STAGE DEVELOPMENT SUMMARY TABLE 
The table following offers an overview of the test programmes recommended by IEA-OES for each Technology 
Readiness Level. This is only offered as a guide and is in no way extensive of the full test programme that should 
be committed to at each TRL. 

 
 
It is considered that current development is at Stage 1, TRL 1 (with partly components of TRL 2) 
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6.2 ANY OTHER APPENDICES 
 
Attachment 1: Photos from the tests. 

 


