Thermo-mechanically coupled fluid structure interaction for
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ABSTRACT

Experiments have shown that aerothermodynamical loads induced by high enthalpy flow on thin
metallic panels in combination with unavoidable constrains for the movement of the structure
might lead to undesirably localized plastic deformation and buckling phenomena. In the con-
sidered supersonic flow at Mach numbers of Ma = 7.7, the buckling of panels into the stream
flow creates shocks and expansion areas which significantly impact the efficiency. In this work
the fluid structure interaction between the panel and the flow are shown.

An important part of the structural model is the description of the material behaviour. This re-
quires a fully thermomechanical coupled viscoplastic model including large deformations. There-
fore a realistic description of the highly temperature- and rate-dependent material behaviour of
the structure must be considered, which is based on the thermo-mechanical framework derived
in [1]. Besides convection and heat radiation, the temperature dependence of the mechanical
material behavior as well as the deformation dependence in conduction and capacity terms have
to be included in the thermomechanical coupling. For that an extended thermomechanical model
is used which takes non-linear thermal evolution into account. This is achieved by defining a
heat capacity which is nonlinearly dependent on the temperature. Therefore, a thermodynami-
cally consistent model of finite thermo-viscoplasticity with non-linear kinematic hardening and
isotropic hardening for large deformations is chosen. The Helmholtz energy includes nonlinear
functions of the temperature and the isothermal energy, which decomposes into an elastic, a
kinematic and an isotropic hardening part [2]. To avoid locking effects, which occur for stan-
dard linear elements, and to reduce computational time, the material model is included in a
solid-shell framework with reduced integration and hourglass stabilization. For the fluid simu-
lation the program TAU from the Germany Aerospace Center is used. The flow composition of
five species is also fully resolved and the effect in comparison to an ideal gas formulation will be
shown. For the fluid structure interaction the program ifls from TU Braunschweig, Germany
is used. A loose fluid structure interaction is chosen, which provides the opportunity to cou-
ple two different commercial codes. The fluid-structure interaction focuses on the choice of an
equilibrium iteration method, the time integration and the data transfer between grids.
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