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Interaction of a channel flow and moving bodies
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Introduction
The subject of this paper is the numerical simulation of titeraction of two-dimensional in-
compressible viscous flow through a channel (wind tunnet) arvibrating airfoil. A solid
airfoil with two degrees of freedom, which can rotate arothelelastic axis and oscillate in the
vertical direction, is considered. The numerical simolattonsists of the finite element solu-
tion of the Navier-Stokes equations coupled with the systéprdinary differential equations
describing the airfoil motion. We discuss the discretmatof the problem and present some
computational results.

Formulation of the problem
The two-dimensional non-stationary flow of viscous, incoesgible fluid is considered in the
time interval[0, T'], whereT > 0. The symbok?, denotes the computational domain occupied
by the fluid at timet. The flow is characterized by the velocity field = w(z,t), and the
kinematic pressurg = p(x,t), for x € Q, andt € [0,T]. Further,a(t) andh(t) denote the
rotation angle and displacement of the airfoil.

The fluid flow is described by the Navier-Stokes system wriite the ALE (Arbitrary
Lagrangian—EuLerian) form (see, e.g. [1])
l;tu+[(u—'w)-V]u+Vp—yAu:O, dvu=0 1inQ,
wherer > 0 denotes the kinematic viscosity of the flu.'%;i is the ALE derivative andv is the
ALE velocity. (See, e.g. [1].)

The equations for the moving profile were derived from therhage equations for the
generalized coordinatésanda ([1]). In the matrix calculus these equations have the form

Kd(t) + Bd(t) + Md(t) = f(t), (1)

where the stiffness matrik, the viscous dampin@ and the mass matri&Z have the form
T Ewn  kna 5 Dyn Dpa AT m Sy
K_<kah kaa>’ B_<Dah DaOz), M_<Sa [a>
and the vector of the forcg and the generalized coordinai¢sead
S _ [ —La2(t) _ [ W)
.f(ﬂ( M(t) >7 d(&(t) .
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Figure 1. The main frequencies of the signals

The symboll, stands for the component of the force acting on the profilbenvertical direc-
tion, M is the torsional moment of the force.

The above flow and structural equations are equipped bybdeiitaitial and boundary con-
ditions.

The time discretization of flow equations if carried out byea@nd order backward differ-
ence formula and the space discretization uses the finiteegiemethod stabilized by the SUPG
and grad-div technique. The nonlinear discrete systemh®gdy the Oseen iterations. The
structural system is solved numerically by the Runge-Kuttshmod.

Results
As a result we obtain the pressure and velocity fields andtaisgosition of the moving pro-
file. From this information we derive the frequency charasties. The computational results
carried out on the basis of data from [2] are compared withettgeriment described in [3].
Figure 1 shows a good agreement of computational and expetatresults.
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