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The temporary load cases for the structure during installation are of 
significant importance, particularly for wave impact loads, such as 
slamming loads, imposed on individual structural members when 
lowering through the splash zone. The concern is the transmission 
of the potential slamming loads and the resulting bending moment 
at the root of these members.

A further aspect of the installation phase is the stability of the 
structure as it is lowered through the water column to the seabed. 
The behaviour of the structure, in this free hanging configuration, 
is of interest as, prior to testing, it is unknown if the structure will 
tend to find an equilibrium position when suspended in the water 
column during wave and current conditions or whether it will tend 
to oscillate either laterally or rotationally about the main crane line.

To support this design work, a series of marine operations tests have 
been carried out to confirm this slamming coefficient as it applies 
to the structure under design as well as the stability characteristics 
of the structure as it is lowered through the water column in typical 
installation environmental conditions. 

Scaled model tank testing
Following identification of the uncertainties covered above, it was 
decided to carry out scaled model tank testing. It was determined 
that the facility which offered the best combination of capabilities 
and total cost to suit the scope and budget was the IFREMER facility, 
Boulogne-sur-Mer, France. The following outlines the various 
considerations in the design of the tank testing campaign 

The typical approach to estimating a suitable scale to adopt in 
model testing is to begin with the facility limitations themselves in 
terms of:

•	 Water depth.
•	 Tank area: model area ratio.

•	 Flow conditions.
•	 Wave conditions.

Based on the constraints imposed on these considerations by the 
IFREMER facility, a scale of 1:20 satisfied the following:

•	 Installation site water depth.
•	 Acceptable blockage to flow.
•	 Extreme flow conditions.
•	 Operational wave conditions.
•	 Operational combined wave-current conditions.

To correctly model the TSS at model scale, geometric, dynamic and 
kinematic similarity needs to be satisfied. In practice, this is not fully 
achievable due to the incompatibility of scaling both Reynolds and 
Froude numbers simultaneously using freshwater as the liquid. 

This presents a challenge in that the most appropriate scaling 
law should be adopted based on the parameters to be measured 
during specific scaled environmental conditions. 

For the tank testing of the model of a TSS, due to the requirement 
to model both waves and current, Froude scaling was used with 
artificial techniques then applied to give the correct flow regimes 
at lower Reynolds numbers, e.g. turbulence and surface roughness.

CFD simulations
The primary objective of the CFD simulations was to act as a 
flow visualisation tool and to assess the impact of rotating tidal 
turbine rotors on the onset of vortex shedding from the TSS. This 
required a number of geometrical configurations to be tested in a 
range of flows. Initially, the TSS was tested in isolation in a range of 
configurations and a sensitivity study carried out on the turbulence 
models to be used in the remainder of the simulations. No vortex 
shedding from the TSS in isolation was observed. 

Fig. 1 Measured load versus Morison’s Equation modelled load on a 
structural member of the TSS - Courtesy of Black & Veatch

Fig. 2 Measured TSS structural member slamming coefficient relative to 
industry standard values - Courtesy of Black & Veatch
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While this was encouraging, these fundamental behaviours of 
subsea structures should be validated. This was undertaken through 
the tank testing, which located vortex shedding for a particular TSS 
configuration. 

The use of CFD has been treated as a guide only in qualitative 
assessment of the flow field around the TSS in isolation and TSS with 
rotating rotors. In Black & Veatch’s view these simulations could not 
have been used in isolation to inform the detailed design of the TSS 
without appropriate validation material through tank testing. 

Conclusion drawn
On completion of the tank testing campaign, CFD simulations and 
analysis of the priority datasets, the following was concluded:

•	 The application of direct hydrodynamic loads to the 
TSS from waves and currents has been shown to be 
conservative when using industry standard drag and 
inertia coefficients and the Morison’s Equation formulation 
in the majority of cases, but some corrections have shown 
to be required in certain cases to provide conservative 
estimates of loadings. 

•	 Vortex shedding was found to occur at a single TI value 
from the TSS and only in a temporary configuration of 
the TSS following installation. This data allows numerical 
calculations to be performed to either avoid coincident 
natural frequencies of the structure or demonstrate 
acceptable behaviour of the system in these cases.

•	 The installation tests have informed the design process 
in respect of the most appropriate configuration in which 
to install the TSS up to maximum installation limits. This 
testing has provided a valuable dataset from which 
the installation plan may be developed and de-risked 
significantly on the basis of the behaviour observed during 
this testing. 

•	 The slamming coefficient, Cs, determined from the 
dedicated tests for a particular TSS structural member 
align with industry recommended coefficient values for 
typical installation environmental limits for vessels and 
lifting operations. Therefore no further modification to this 
coefficient is necessary in the determination of final design 
loads.

The tank testing campaign and CFD simulations confirmed that 
the design methodology adopted by Black & Veatch to perform 
the detailed design of an innovative TSS, that will achieve CoE 
reductions, is suitably accurate and cost effective.

Summary
This work has addressed the variety of design uncertainties which 
existed in the application of direct hydrodynamic loads on the 
TSS, the behaviour of the TSS during lifting operations during 
installation and the appropriate slamming coefficient to use on the 
TSS structural members for temporary phases loads analysis during 
installation. 

The value of this work cannot be understated in the context of 
achieving certification of the TSS from an independent body. 
Addressing the uncertainties in the design which existed from 
the outset has been crucial in achieving acceptance of the design 
methodology adopted and the resulting design of the TSS.

The editor and publishers would like to thank Tim Baker, Chief 
Engineer - Marine Energy, and Keith O’Sullivan, Senior Marine 
Engineer, both with Black & Veatch, for providing the above article 
for publication.
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