On the effects of humerical parameters for vortex-
iInduced vibration of a circular cylinder

Y. H. Irawan, Department of Mechanical Engineering, National Taiwan University of Science and Technology (d10803806(@mail.ntust.edu.tw)

Adyvisor: Prof. Ming-Jyh Chern
Abstract

A direct-forcing immersed boundary (DFIB) method 1s used in an in-house parallelized C++ code to simulate the VIV responses for an elastically mounted circular cylinder in the laminar and turbulent flow
regimes. The continuity and Navier-Stokes equations are solved together with the equation of motion to capture the VIV phenomenon. The speedup of the solver using OpenMP parallelization is calculated. The
VIV responses for detailed grid independence studies in both laminar and turbulent flows are discussed. The importance of conducting grid independence study inside the lock-in region for VIV simulations has
been ascertained through detailed comparisons of coarser and finer grids in each of the flow regimes. For laminar flows, the effect of the grid on evolution of the vibration response 1s investigated. For turbulent
flows, the effect of different initial conditions on the VIV amplitude 1s studied and hysteresis phenomena is observed in the 1nitial and upper branches.
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Introduction Problem description

The presence of blunt body (e.g. circular cylinder) in the fluid flow || One way to verify numerical results i1s to perform a grid
results in generation of vortices behind the body with an alternating || independence study. The grid independence study checks the effect
pattern, which also produce alternating forces. Once the frequency of || of the grid on the accuracy of the solution. Usually, the grid
those vortices/forces is close enough to the structure's natural || independence study is carried out by taking a set of simulation
frequency, the body starts to oscillate rapidly and enters into lock-in || parameters and calculating them with different grid sizes until the
condition. This is also known as vortex-induced vibration (VIV). optimal grid size 1s obtained.
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Numerical method

The non-dimensional continuity and Navier-Stokes equations for an
incompressible flow are solved using the projection method.
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The numerical procedures are explained in the following steps.

1. Identify solid structure using volume of solid function ).
2. Compute the first intermediate velocity u* by just solving the

diffusive and convective parts of Navier-Stokes equation.

u* —u" 1 _,
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3. Solve the pressure Poisson equation and then advance to the
second intermediate velocity u**.
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The present study highlights the importance of conducting grid
independence study inside the lock-in region for VIV simulations. A
direct-forcing immersed boundary (DFIB) 1s used to simulate the
VIV responses for an elastically mounted circular cylinder in laminar
and turbulent flow regimes. An in-house C++ code based on finite
volume method has been used. To speed up the calculation process,
OpenMP is employed to perform parallel computations. The details
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Figure 1. VIV phenomenon

of simulation parameters are presented 1n table 1 and figure 2.

4. Solve for the virtual force and calculate the total force acting on
the solid.
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dimensional fluid flow for the laminar and turbulent flow regimes.

Results and discussion

constant, Cs = 0.1, for all of the turbulent flow simulations.
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Figure 4. VIV vibration amplitudes for laminar regime. Figure 5. Hysteresis phenomena for turbulent regime. increasing Uy, . decreasing Up, -
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Figure 6. Time history data for laminar case at Re = 100.

Conclusions

1. For numerical studies involving VIV phenomenon, the grid independence study should be conducted
inside the lock-in region for laminar and turbulent flow regimes.

2. For laminar flows in the lock-in region, the grid refinement not only improves prediction of the VIV
amplitude but also affects the evolution of vibration to a stable pattern.

3.In turbulent flows with VIV, switching the initial condition from increasing Uy to decreasing Uy,

leads to hysteresis phenomena in the initial and upper branches of the lock-in region.
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Figure 7. Time history data for laminar case at Re = 109.
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Figure 13. Instantaneous flow structures visualized using
Q-criterion at Up = 4 (increasing Uy ) .
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