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Free-floating Clam: “It shrinks as it sinks”

(Farley, EWTEC 2011)



Axisymmetric versions of the FF Clam with flexible bag





Experimental set-up

Physical model of device A
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Numerical model: Static case
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Slow inflation and deflation, device A
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Varying the amount of air in the bag changes the shape of the bag and hence its dynamic 
response.



• Linearised isentropic relations for air pressure-

density relationship in the balloon and 

chamber

• Flow through the turbine is assumed linear

• Tendons are discretised into many small 

elements. 

• Solve for the displacements of each element 

at its midpoint.

• Tendons are assumed to oscillate harmonically 

about the mean or static position. 

• Added mass, radiation damping and wave 

excitation force obtained using WAMIT with 

generalised modes.

• Specify modes associated with the normal 

displacement of each element of the tendons.

Numerical model: Dynamic case



Pumped oscillation test 

(Chaplin et al., IWWWFB 2015)

Creating harmonic pressure variations in the bag by means of a pump, in otherwise 

still water



Case 5Pumped oscillation cases



Case 2Pumped oscillation cases



Device A in waves



Device A

• Varying the amount 

of air in the bag 

changes the shape of 

the bag and hence its 

dynamic response.

• Varying the 

connected air volume 

changes the dynamic 

response.

• Small-scale 

measurements agree 

with numerical 

predictions.
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Slow inflation and deflation, device B
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Device B in wavesDevice B in waves



Device B in waves



Volume study: Upper, Middle and Lower trajectory position

Device B parametric study

Middle trajectory 

positions



Conclusion and future work

• Heaving point absorber WECs have to be large to operate optimally in swell waves; 
breathing devices can be smaller. 

• Breathing action can be used to exchange air through a turbine with a second 
volume. No other mechanical parts are needed because the pressure change in 
the second volume generates a restoring force on the bag. 

• The potential benefits of deformable fabric structures in a wave energy device 
have been demonstrated. 

• The floating devices have resonance periods longer than that of a rigid heaving 
device of a similar size, which means that devices employing flexible structures can 
be made smaller than the more conventional rigid devices.

• The flexible fabric bag is lightweight and may be deflated for storage and 
transport, saving cost. 

• Also, owing to its compliant nature, the bag is naturally capable of taking 
concentrated loads, which will be important for ensuring its survivability in storm 
conditions. 

• Studies on the various load cases, material selection, manufacturing methods, in 
addition to optimisation and control strategies will be essential to progress to the 
next level.  
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