A monolithic formulation of fluid-structure interaction for
co-simulation applied on the 1D piston test case
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ABSTRACT

This abstract presents a coupling method for fluid-structure interaction problems. Various
methods have been already proposed, due to the numerous fields of application. Most of them are
partitioned methods, where the problem is treated as uncoupled, which is easy to implement but
lacks accuracy due to the time-lag involved by the method. The other methods are monolithic,
more efficient in terms of stability and accuracy but also difficult to implement and generalize.
The idea of the proposed method is to take full advantage of partitioned and monolithic methods.
Thus, the formulation used is monolithic, to unsure the energy conservation, and is resolved by
a co-simulation algorithm to allow the generalization.

The method is based on the GC coupling method, proposed by Gravouil and Combescure for
the structural sub-domains, and extended later to the fluid-structure interaction problems. For
instance, Meduri has recently proposed a fully Lagrangian finite elements coupling for fluid
and structural sub-domains. The aim here is to extend this coupling method to more classical
spatio-temporal discretization methods for each sub-domain. The middle-term objective is to
use existing commercial codes, from Ansys products. In this way, the structural sub-domain is
discretized in space by the finite elements method and in time by the Newmark implicit scheme.
The fluid sub-domain is discretized by the finite volume cell centered method and explicit second
order Rung-Kutta scheme. The coupling condition of velocities continuity is driven thanks to
the Lagrange multiplier methods.

This method is validated using the one-dimension piston test case introduced by Piperno. First,
we use the same time-step for the fluid and the structural sub-domain, then we adopt a structural
time step chosen larger than the fluid one, until hundred time larger.
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