Development of a CFD-based Screening Tool for VIV Prediction
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ABSTRACT

Large meshes and long simulation times are two of the main constraints of accurate methods for the
analysis of vortex-induced vibration (VIV) such as computational fluid dynamics (CFD), which is
very expensive in computational time and necessitates high performance computing. This paper
presents a collaborative work between K-Epsilon and Total E&P to develop an efficient screening
tool which allows the study of the dynamics of the VIV phenomena with almost the same accuracy
of a full 3D CFD approach, but with a reduction in computational times by a factor of nearly 20
compared to the 3D approach. Such a large reduction makes the use of CFD-based analysis feasible
on a workstation within a reasonable time frame and opens the possibility of CFD approaches in a
subsea pipeline design process.

The developed tool is based on the 2D strip method and comprises the coupling of a structural
solver and a fluid solver through ports called sockets, using the ZeroMQ distributed message
library. The use of sockets allows the communication of multiple fluid calculations, which are
executed in parallel and independently, with a single structural calculation.

The proposed strip method in this work executes the following algorithm: several 2D CFD
calculations are run independently on different processors. Once each of the fluid domains is
resolved, the resultant efforts are sent to the structural solver. The structural solver then uses the
information obtained from each one of the fluid computations to load the structure and computes
the displacements. Finally, it communicates the new displacements to each of the fluid
computations. Each fluid calculation communicates independently with the structure solver using a
particular socket.

The dynamics of the structure is here solved using K-Struct, the non-linear unsteady FEM structure
solver, core of the K-FSI fluid-structure interaction suite. The flow is solved using FINE™/Marine
(ISIS-CFD), a solver based on the FVM that solves the incompressible Unsteady Reynolds-
averaged Navier-Stokes equations (URANS).

The developed tool is validated on the sheared flow, tensioned riser of Chaplin et al. and Huarte
[1][2], which was used as a bench marking case for numerous VIV prediction tools. The resulting
VIV response is compared to both the experimental and prior 3D numerical results. An excellent
agreement is found for both the in-line and cross-flow response predictions. A comparison with
other tools used in the oil industry is also made. The present results are shown to be superior to
existing tools for in-line predictions and comparable in cross-flow predictions.
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