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Numerical simulation of fluid-structure interaction of a wind blade turbine

Introduction

The main purpose sought in the present work is to stimulate numerically the fluid-structure interaction of a wind blade turbine and investigatethe influence of dimensionless numbers such as, relative velocity, Reynolds, Froude and Cauchy numbers use them an open source tool: OpenFoam-1.5-dev. Forthe fluid part of the problem, we use the finite volume method, whereas forthe part concerning structure, we use the finite element method. Solving the Navier-Stocks equation is ensured by the PISO algorithm (pressure implicitwith splitting of operators). The equation of the conservation of quantity of movement is solved explicitly such as to insure the conditions at the interfacebetween the two environments. The partitioned approach, totally explicit, was used to link the two areas during the simulation.

Conservation equations and interface(coupled analysis)

We may seek to build a dimensionless form of all conservation equations and interface conditions. The following variables are used to render equations dimensionless:

x + = x L ; t + = t * E/ρ s U 0 ; U + = U U 0 ; p + = p ρ f U 2 0 .
(1)

We define reduced speed as:

U r = U 0 E/ρ s , (2) 
Conservation of mass for the fluid:

∇.U + = 0, (3) 
And conservation of the quantity of motion:

1 U r dU + dt + = - 1 F 2 r e z -∇p + + 1 ∆U + . (4) 
In solid medium, we define the conservation of the quantity of motion as:

D ∂ 2 ξ + ∂t +2 = - U 2 r F 2 r e z + ∇.σ + , (5) 
D 1 2 (∇ t ε + + ∇ε + ) = (1 + ν)σ + -νTr(σ + )I, (6) 
with the dynamic condition:

C y [-p + I + 2 d + ].n = σ + .n. ( 7 
)

Materials and Methods( Dynamic validation of a cylindrical beam)

The used solver icoFsiFoam enabled us to solve, in non-stationary regime, the equation of motion in fluid medium as well as the equation of conservation of momentum in solid respectively. The wind blade turbine is placed 10 × C 0 from inlet, from 5 × C 0 walls while the outlet is placed from the blade, were C 0 is the characteristic length (the maximal length of the chord). The wire of rectangle domain is thus (40 × 10 × 10)C 3 0 (see figure 2-right).

To ensure that our mathematical model is closed, we imposed the boundary conditions shown below: 

1. Input: x=0, ∀(y,z) -→ U = U ∞ , V=0, ∂p ∂x = 0, 2. Output: x=L, ∀(y,z) -→ ∂U ∂x = 0, V=0,p = cte, 3. Walls: ∀(x,y,z) ∈ Ω w -→ U=V=0,∇p.n = 0

Conclusions

• Numerical results illustrate the validity of the coupling between the different operators at stake in this fluid-structure interaction. • a blade having a number of weak gravity will be subjected to lower stresses than a blade having a small number of gravity. • The frequencies of the system fluid-structure depend on the geometrical and physical properties.

• The numerical method used in this work could be a reference for a wind blade turbine design.
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  Figure3: Comparison between the numerical and theoretical results
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