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NUMERICAL INVESTIGATION ON COUPLED AERO-
HYDRO-ELASTIC RESPONSESAND WAKE
INTERFERENCE OF FLOATING WIND TURBINES

ABSTRACT

With the rapid development of offshore wind power industry, offshore wind turbines
areadvancing towarthe direction of largescale, deejsea area and clusterinithe f1oating
wind turbines havegradually moved from conceptual design to engineering aijaics.
Compared with landbased wind turbines or shallesea fixed wind turbines, floating wind
turbines are subject to more complex wimdve current loads. At the same time, there are
strong interactions between the wind turbine, the floating platfnchthe mooring system,
which makes the coupled adngdrodynamic responses floating wind turbine show
significant unsteady characteristics. As the size of the wind turbine blade increases, the
characteristics of slendéwngthin blades become more pnment, resulting in the
continuous increase of the structural deformation of flexible blades, which further affects
the coupéd reponsef floating wind turbine. In addition, due to the scope of wind farm
layout and construction cost, there is signiftcavake interference phenomenon in floating
wind farms, which will worsen the inflow conditions of downstream floating wind turbines,
thereby changing the coupling response of downstream floating wind turbines. Due to the
adverse sea conditions, complexupled aerenydrodynamic responses, significant blade
structure deformation, and mutual interference of floating wind turbine wakes, the
promotion and application of floating wind farms still face greater challenges. It is necessary
to carry out numericahvestigatioron the aerdnydro-elastic coupling response of floating
wind turbines explore the coupled dynamic response characteristics of floating wind
turbines under combinedind andwave loads, analyze the complex wake interaction
characteristics bewen floating wind turbines. This is of great significance for deepening
the understanding of the coupling response mechanism of floating wind turbines and
optimizing the overall performance of floating wind farms.

This thesis focuses othe numerical invedigation of coupled aerchydro-elastic
responsgand wake interference of floating wind turbinegler combined wingvave loads.
In order to improve the calculation efficiency, the actuator line model is used to calculate
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the aerodynamic performance of wind turbine, and the actuator line model is extended to
the simulation of the nacelle atieetower. Furthermore, theewabr line model is modified

to consider the influence of platform motion and blade deformation on the aerodynamic
responsg Based on the equivalent beam theory #redonedimensional finite element
method, a blade structural deformation model is éstedl. The CFD method is used to
predict the hydrodynamic performance thfe floating platform, and thepiecewise
extrapolating methods applied to solve the mooring system. fihée hydrodynamic
calculation modeis establishedor the floating platform Using the tweway coupling
method, acouped aerchydro-elastic calculation modelfor floating wind turbines is
established by combing the the aerodynamic model, the hydrodynamic model, and the
structural deformation model.

According to the coupled respsm calculation model for the floating witidrbines
mentioned above, based on the existing-phase flow CFD solver, the wind turbine
aerodynamic performance calculation module, the wind turbine control system module and
the blade structure deformationl@aation moduleare developed. The hydrodynamic
calculation module of the floating platform is modified, so that it can perform numerical
simulation on any number of floating structures. Furthermore, the data interface between
different calculation module is developed, an@ coupled aerdydro-elastic response
solverFEWT-SJTUis established for the floating wind turbin&ubsequently, a series of
standard calculation examplese performed to verify the reliability of the calculation
modules and the cpling calculation, including: aerodynamic responses of single wind
turbine and two tandem wind turbines under different blade tip speed ratiedefi@gtest
of the floating platform and its motion responses under regular waves, wind turbine
aeroelasticresponse simulation, and coupled alkydro-aeroelastic simulation for the
floating wind turbine under uniform wind and regular waves. Numerical results show that
the calculation results of tHeEEWT-SJTUsolver are in good agreement with the published
expeimental data and other numerical results, indicating that the solver has high reliability
in the simulation of aerbydro-aeroelastic responses of floating wind farm.

In this paper, th&EWT-SJTU solveris used to carry out a numerical study on the
aerchydro-elastic coupling response of a floating wind turbine under the combined wind
and wave loads. Fillgt in order to study the coupling effects between the aerodynamic load
of the wind turbine, the motion response of the floating platform and the deéifmmma
response of the blade structure, a series of calculation condiierdesigned, and the
influence of the aerodynamic load, platform motion and blade deformation on the coupling
performance of the floating wind turbimee analyzed. Secondly, the gded aerenydro
aeroelastic responses of the floating wind turbine under different inflow condéiens
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discussed, and the influence of wind shear effect, inflow wind speed and sea conditions on
the overall performance of floating wind turbirsediscussg. Then, numerical simulations

are performed for the coupled response of the floating wind turbine considering the control
system under the combined wind and wave loads, and the influence of torque control and
pitch control on the aerodynamic loads, platiomotion responses and structural
deformation responsese analyzed.

Furthermore, th&EWT-SJTUsolveris used to numerically simulate and analyze the
complex wake interaction characteristics between two floating wind turbines in different
layouts. Under the condition of tandem arrangement, the coupling response of two floating
wind turbines under different motion states, different inflow wind speeds and different sea
conditions are simulated. The influence of the motiorustanflow wind speed and sea
conditions on the aerodynamic load coefficient, blade root bending moment, yaw moment,
blade structure deformation response, platform motion and mooring tension of the
downstream floating wind turbinare analyzed and discussed. Moreover, fthe filed
characteristics, such as thaienensional vortex structure, tinaverage wake velocity
distribution, turbulent kinetic energy and Reynolds staessnalyzed. For the condition of
two floating wind turbines with offset layoutimulationandanalysis discussioare also
carried out to investigate the influence of platform movement, inflow wind speed and sea
conditions on the interference characteristics of the turbine wake and the coupled aero
hydro-elastic response characteristics of the dsiveam floating wind turbine.

Finally, in order to study the wake interference effects between multiple floating wind
turbines, th&eEWT-SJTUsolveris used to perform coupled adrgdro-elastic simulation
for the floating wind farm consisted of nine flwag wind turbines under shear wind and
regular waves, and the control system of the wind turbine is considered. The coupled aero
hydro-elastic responses of the floating wind turbines at different 8odlateral positions
are compared and analyzed. Thituience of the superimposed wake effects of the first two
rows of floating wind turbines on the coupled response characteristics of the third row of
floating wind turbines such as aerodynamic load, blade root bending moment, yaw moment,
blade deformatiorplatform movement, and mooring tenseg discussed. In addition, the
threedimensional vortex structure, vorticity distribution, thaeerage wake velocity,
turbulent kinetic energy and Reynolkstsessn the wake fieldare analyzed.

Keywords: floating wind turbine, coupled aerdydrodynamic responseifexible blade
deformationwake interference, actuator line modtlid-structurecoupling CFD
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Fig. 3-19 Mean velocity deficit profiles alongherizontal line for two wind turbines in tandem layout
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