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The first tests of the Anaconda wavepower device to be carried out in a wave basin revealed 
some shortcomings in the novel instrumentation that was required to record the response of the 
device in waves, and usefully capture wave power under laboratory conditions. The most 
valuable measurements were those of water waves radiated by propagating bulge waves. At 
present there is no theoretical framework with which to compare these data. 

 
1. INTRODUCTION 

The Anaconda is a novel wavepower device that consists of a submerged flooded rubber tube aligned 
with the predominant wave direction (Farley & Rainey, 2006a). External wave-induced pressure 
oscillations feed energy to bulge waves in the tube that propagate just ahead of the wave crests and 
grow in the downwave direction. Tuning is achieved by matching the speed of bulge waves (a function 
of the tube’s material properties and geometry) to the phase speed of the water waves. Wave energy is 
concentrated in the form of oscillatory flow in the tube, and can be extracted to drive a turbine.  

Experiments were carried out in the Offshore Wave Basin at DHI as part of a work programme 
aimed at developing a better understanding of the hydrodynamics of the Anaconda. The device is 
unlike all other marine systems with the possible exception of dracones developed in the 1950s for the 
transportation of gasoline and freshwater by sea (Hawthorne, 1961). Being totally compliant and 
having an enormous number of degrees of freedom, it has few features in common with surface or 
subsea vessels, or with offshore or coastal structures.  In planning experiments on the Anaconda we 
have therefore had to develop new laboratory techniques, and some of these were tried out for the first 
time in the DHI tests. 

The stated objectives at the outset were to answer the following questions: 
• How well is the basic theory of Farley & Rainey (2006b) supported by measurements? 
• What capture widths can be demonstrated over a range of wave frequencies with a simple 

power take-off system under laboratory conditions in regular waves? 
• How does the device behave in irregular waves and in extreme waves? 
• How do our estimates of mooring forces agree with measurements? 
The Anaconda tests at DHI were the first to be carried out in a wave basin; they have not delivered 

definitive answers to any of these questions, but the results have had a major influence on experiments 
carried out subsequently at the same scale elsewhere. This paper describes the experimental 
arrangements and the most significant results. 

 
2. EXPERIMENTAL ARRANGEMENTS 

These tests were carried out at a scale of about 1:25, using a 7m long tube which in its unstressed state 
had a diameter of 215mm, and a wall thickness of 1-2mm. The layout of the apparatus is shown in 
figure 1. Each end of the tube opened into a header tank in which the water level was higher than that 
outside, in order to keep the rubber in tension at all times. Pistons at each end were driven by electro-
magnetic actuators that were programmed either to generate or absorb bulge waves. During the tests, 
the parameters that were varied were the amplitude and frequency of both the generator piston and the 
external water waves, and the water level in the tanks (in other words, the static pressure inside the 
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tube). Instrumentation included pressure transducers on the face of each piston, and strain gauges 
designed to record the curvature of the tube at 20 points over its surface. In repeated tests, 12 wave 
gauges provided data on water waves at a total of more than 80 points in the wave basin. Figure 2 
shows the tube installed in the tank, aligned with the predominant wave direction. 
 
 
 

 
 
 
 
 

 
 
 
 

Figure 1. Experimental arrangements 

Figure 2. On the left, the header tanks installed in the wave basin with the array of wave 
gauges alongside; on the right, a view from below of the submerged tube, on which can be 

seen some of the strain gauge installations.  
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3. TEST PROGRAMME AND RESULTS 

The test programme aimed to measure  
• water waves in the empty wave basin, 
• the distensibility of the tube (i.e. the relationship between static internal pressure and 

diameter), 
• water waves radiated by mechanically-generated bulge waves, 
• bulge waves generated by water waves with the pistons stationary, 
• bulge wave power recovered by the stern piston. 
In the event, the success of the programme was limited by the failure of the strain gauges, and by 

the poor performance of the servo system that was designed to absorb, at the stern piston, the power of 
incoming bulge waves. The strain gauges were installed in pairs, on each side of short thin strips of 
spring steel that in turn were attached to the surface of the tube. As the tube expanded in response to 
an increase in internal pressure, the gauges recorded its diminishing curvature, but the increasing 
pressure on the inner strain gauge itself generated some flexing of the spring steel in the opposite 
direction, severely contaminating the output. As to the servo systems, we were unable to raise the loop 
gain to the point at which the pistons would appear as dashpots of sufficiently low impedance, without 
instability. Both these issues have been addressed in subsequent experiments. 

Successful measurements were made of water waves in water otherwise at rest, radiated by bulge 
waves that were generated by harmonic motion of the bow piston. It is a desirable feature of 
wavepower devices that when driven in still water in the mode in which they are intended to absorb 
wave energy, they should radiate waves predominantly in the forwards direction (Newman, 1979). 
Theoretically the Anaconda has this attribute, as long as the speed of free bulge waves in the tube is 
reasonably close to that of the radiated water waves. The third objective listed above was aimed at this 
point, and although the tests had to be carried out with the other piston stationary (and therefore 
without any mechanical extraction of wave power), the results appear rather promising.  

From this series of tests, figure 3 shows contours of the water surface at 5 instants over one bulge 
wave period. The black bar down the centre of each plot represents the Anaconda, in which bulge 
waves are propagating in the direction towards the top of the page. Contours on the left were generated 
from recordings of water surface elevation at 77 points in the tank; those on the right are their mirror 
images. There is a strong indication of water waves progressing predominantly forwards, in 
accordance with earlier theoretical calculations.  
 

 
4. CONCLUSIONS 

These experiments were the first in which the concept of the Anaconda had been physically tested, 
other than in narrow wave tanks where wall effects were likely to be rather severe. We successfully 
generated bulge waves by driving an internal piston at one end of the tube (and obtained 
measurements of the free bulge wave speed in reasonable agreement with predictions). We gained 
extremely valuable experience in experimental techniques as previously untried and innovative as the 
device itself. Measurements of power captured by the model Anaconda were hampered by the poor 
performance of the servo systems, which prevented us from matching the impedance of the power 
take-off to that of the tube itself. Nevertheless, unique and very useful measurements of radiated 
waves were obtained. At present there is no theory with which these results can be compared, but 
development of analytical and numerical models is in progress at the University of Southampton. 

Figure 3. Water waves radiated by mechanically-generated bulge waves in water otherwise at rest  
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