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Added Mass

e Effective mass of a body increases as it moves through a fluid

* Neglected for wind turbines since added mass << structure mass
* Should be considered for marine turbines

* Implementation based on Morison’s equation
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Added Mass

1
F = pC,Vi +[pCaV(iL — v)]+ =PCaA(u —v)|u — vl
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* Cqn: normal to chord added mass coefficient

* C,+: tangential to chord added mass coefficient

* Cqm: blade pitch added mass coefficient

* Cpn: normal to chord dynamic pressure coefficient

* Cp,¢: tangential to chord dynamic pressure coefficient




Demonstration Cases

e Simulations conducted using RM1 rotor*
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RM1 Rotor. Illlustration by Will Wiley

Floating RM1 Quad. /llustration by Will Wiley
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* No added mass: C, coefficients =0

De mon St rat | on Ca Ses * Inflow: C, coefficients calculated at rated

e Calm: C, coefficients calculated in still water
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Added Mass Coefficients

e Calculated from 2D CFD (see “Determination of Added Mass Coefficients for

Floating Hydrokinetic Turbine Blades using Computational Fluid Dynamics” poster by
Tran and Wiley)

* “Inflow”: rated conditions (1.9 m/s steady and uniform inflow, 11.5 rpm)
e “Calm”: still water conditions (no inflow, 11.5 rpm)
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Inflow Calm
Heave: 6 s period, 1 m amplitude = Cen=68Ca=055 Con=48.Cq =016
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Inflow Calm
Surge: 6 s period, 1 m amplitude = Cen=68Ca=055  Cun=48Coe=016
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Pitch: 6 s period, 5 deg amplitude
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Conclusions

*OpenFAST can account for added mass on rotor blades

* Added mass coefficients are sensitive to inflow and body
motions

e Added mass affects instantaneous blade and rotor loads
* Blade, support structure, and generator sizing
* Mean values unaffected

*Coefficients impact magnitude of added mass loads




Future Work

1. Incorporate tight coupling
Update example cases

3. Further quantify added mass effects
* Wider range of amplitudes and frequencies
* More realistic floating platform motions
* Blade pitch, turbulent inflow, structural flexibility
 Off-rated operating conditions
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