Free Vibrations of a Rigid Cylinder in MIT Towing Tank
Experiment Desciption

Experiments performed by Oyvind Smogeli in 2002.

Documents prepared by Jason Dahl (jdahl@mit.edu), October 2007.

This set of experiments contains data for a rigid cylinder that is allowed to oscillate with free vibrations in the direction transverse to the nominal towing velocity.  The experiments were performed at the MIT Towing Tank in 2002.  The experiments used a force-feedback method for modeling a spring-mass system, by use of the Virtual Cable Testing Apparatus (VCTA).  Fluid forces measured on the cylinder provided feedback for a real time control system that forced the cylinder to move with motions modeled after a free vibration.  A spring-mass-dashpot model was used to describe the structural characteristics of the dynamic system.  The Reynolds number for these experiments was 19,000.  Various damping ratios were tested, with values of one, two, and five, with reduced velocity ranging from 2.6 to 10.  A more detailed description of these experiments, the experimental apparatus, and analysis of the experiments can be found in the following references:

1) Smogeli, O. Design and evaluation of a force-feedback control system for VIV 

experiments. Thesis, Massachusetts Institute of Technology (MIT) and Norwegian University of Science and Technology (NTNU), 2002.

2) Smogeli, O. N., Hover F.S., and Triantafyllou, M.S.  Force-feedback control in 

VIV experiments. Proceedings of the International Conference on Offshore Mechanics and Arctic Engineering – OMAE, v 3, 2003, p 685-695.

Data File Description
The posted data files are in the following formats:

.mat

Matlab version 7, saved workspace.  Workspace parameters are explained 

below.

The data is given as processed values calculated from time series.  The raw data time series are not given, rather coefficients from the time series, phases, amplitudes, and frequencies are given.

freevib_zeta0_01mod.mat

Free vibration experiment with structural damping 

of 0.01.

freevib_zeta0_02mod.mat

Free vibration experiment with structural damping 

of 0.02.

freevib_zeta0_05mod.mat

Free vibration experiment with structural damping 

of 0.05.

Matlab Workspace Variables
Variable


Description
run



Run number , five digits, first three digits are date, last two 

digits are the run number from that day, e.g. 21405 corresponds to Run #5 from February 14.

amp



Amplitude of oscillation in meters

omega



Frequency of oscillation in rad/s

omega_f


Forcing frequency in rad/s

omega_n


Commanded natural frequency in rad/s

mstar



Simulated mass ratio

u



Carriage velocity

dia



Cylinder diameter

clv



Lift coefficient in phase with velocity (mean)

clv_std



Lift coefficient in phase with velocity (standard deviation)

cla



Lift coefficient in phase with acceleration (mean)

cla_std



Lift coefficient in phase with acceleration (standard dev)

clpure



Total hydrodynamic force coefficient (mean)

clpure_std


Total hydrodynamic force coefficient (standard deviation)

phase



Phase between lift and y-motion (mean)

phase_std


Phase between lift and y-motion (standard deviation)

cd



Drag coefficient (mean)

cd_std



Drag coefficient (standard deviation)

ct



Total force coefficient (no inertial correction for cyl mass)

c_incorr


Inertial correction coefficient

zeta



Damping ratio calculated from clv

fy_cross


Cross correlation between lift force sensors (mean)

fy_cross_std


Cross correlation between lift force sensors (std dev)

period



Period of oscillation

rel_amp


amp/dia, non-dimensional amplitude

v_rn



Nominal reduced velocity

v_r



Reduced velocity

rel_freq


omega/omega_n, relative frequency

c_m



Added mass coefficient

omega_a


Actual natural frequency, corrected for c_m

