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Validation. 

Table 5. Drag Force and Drag Coefficients from Aqua-FE simulations of tow test 

Speed, m/s Mean Force, N Oscillating Force, Standard Deviation, N Drag Coefficient 

0.079 1.46 0.69 2.04 

0.16 5.90 1.15 2.01 

0.24 13.17 1.68 1.99 

0.32 22.63 2.11 1.93 

0.40 35.39 3.09 1.93 

0.47 49.40 4.08 1.95 

    

Application to Full-scale Prototype 

The full-scale prototype raft was modeled in Aqua-FETM using an approach similar to the 

modeling of the wave tank case, with four significant exceptions: 

1. The model was updated to reflect the as-built parameters of the prototype, including 

the addition of a predator net.  

2. Mussel ropes were modeled with consistent aggregate elements (also known as “net 

elements”) instead of consolidated ropes, and drag and added mass coefficients 

were adjusted to account for roughness. 

3. The ambient current magnitude was reduced to account for the reduction of flow 

speed throughout the raft. 

4. The model was evaluated using both regular and irregular waves.  

Numerical Model Construction 

Full-scale Prototype 

The numerical model of the full-scale raft system was based on a prototype built by 

Pemaquid Mussel Farms (Figures 16 and 17). The raft’s buoyancy in the surfaced configuration is 

provided by three 3.0-foot (0.91 m) high-density polyethylene (HDPE) pontoons, each containing 
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Figure 17. Planform view schematic of full-scale raft including the upper mooring system. Not to scale. 

Mooring is symmetrical in both the fore–aft and port–starboard directions.  
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it is apparent that lumping the mass of the mussel ropes together in a small number of aggregated 

elements does not adequately represent the distributed nature of the mussel ropes. There was also 

a slight discrepancy in the low-frequency heave response. Consequently, the 54-rope model was 

used for OrcaFlex validation cases in Chapter VI, Numerical Model Validation. 

  

Figure 27. Effect of aggregating mussel ropes. Heave RAO shows that the 9-rope model predicts a  

OrcaFlex models were constructed for both the surfaced and submerged configurations. 

OrcaFlex component specifications are provided in Table 14.  
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Table 14. OrcaFlex model of full-scale mussel raft components. 

Component 

Numbers of 

elements per 

component 

Effective density (kg/m3) 

Pontoon (3) 10 
Surface: 25 

Submerged: 911 

Steel I-beams (5) 6 7850 

Wood beams (18) 1 450 

Aqua 1600 floats (6) 2 86 

Float tethers (14) 4 852 

Tension buoys (4) 2 103 

Tension tethers (4) 16 539 

Equivalent mussel ropes (9) 6 1186 

Dropper weights (9) 1 7880 

Mooring lines (4) 30 539 

Load cells (2) 1 7880 

Mooring chains (4) 37 7880 

Surface chains (4) 5 7880 

Predator net (1) 160 1128 

Clump weights (16) 1 7880 

Massless connector buoys 60 N/A 

Total 1077  

 

As in the Aqua-FETM model of the full-scale system, a steady current of 8.4 cm/s was used 

in the OrcaFlex simulations. This corresponds to a typical free-stream current speed of 14 cm/s 

multiplied by a factor of 0.6 to account for the reduction of flow speed throughout the raft. No 

reduction factor was applied to wave-induced fluid velocities. Current and waves were collinear 

with the mooring axis. The model was evaluated using both regular and irregular waves. 

The regular wave height and random wave spectra applied to the full-scale OrcaFlex 

models duplicated those used in Aqua-FE™. (See Tables 9 and 10 and Figure 20.) However, the 

OrcaFlex software generates wave components for random seas using an equal-energy 

discretization method. Whereas the wave spectra used in Aqua-FE was divided into equally-spaced 

frequency components, the equal energy approach calculates the frequency spacing such that each 

component represents an equal portion of the spectral energy. This method is illustrated in Figure 
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49, respectively. Acceleration RAOs for the surfaced and submerged configurations are given in 

Figures 50 and 51, respectively. 

 
Figure 48. RAO of vertical velocity of three mussel raft attachment points for the surfaced configuration. 
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