Hierachical and component-wise 1D models for fluid-structure
interaction problems

Alfonso Pagani, Erasmo Carrera
Dipartimento di Ingegneria Meccanica e Aerospaziale, Politecnico di Torino, Torino, Italy
E-mail:alfonso.pagani@polito.it, erasmo.carrera@polito.it

Keywords: fluid-structure interaction, flutter, gust response

Accurate predictive methods for Fluid-Structure Interaction (FSI) problems are of high interest in
modern industry as well as in various research fields. In the recent decades, there have been sig-
nificant advances in computational FSI research. In these researches, the attention has been mainly
focused on the challenging problem of coupling the structure and fluid phenomena, which are com-
monly characterized by different scales and meshes (see for example [1]). However, the coupling
techniques can be drastically simplified and the computational efforts reduced if 1D models are
adopted.

In the present work, an advanced 1D formulation for accurate FSI analyses is proposed. In
the first part, the structural formulation is developed by exploiting the Carrera Unified Formulation
(CUF) [2], which allows one to hierarchically implement any-order beam model in an automatic
manner. Particular attention is here focused on the component-wise CUF beam models, which have
been recently adopted to analyse complex aircraft structures [3]. The refined CUF models are solved
both numerically and analytically and, subsequently, adopted for flutter and gust response analyses
by coupling with a doublet lattice panel method [4].

In the second part of the work, 1D CUF models are extended to the analysis of compressible,
laminar, viscous flows and used to analyze flow fields in rigid pipes [5]. Finally, the fluid-mechanics
models are coupled with 1D CUF structural theories for FSI analysis of flows into thin-walled de-
formable cylinders.

The results demonstrate the efficiency of the proposed advances 1D models, which are able to
replicate 3D-like analyses with very low computational costs. These enhanced capabilities of the
CUF/CUF FSI tool, along with the simplified modelling techniques that typically belong to 1D for-
mulations, provide good confidence for future research in this direction.
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