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Long-Term Goals

This combined experimental-computational research addresses the probiem of flow-induced
forces on vortex-shedding bluff bodies. The long term goals are:

1. To improve understanding of the relation between the unsteady forces and vorticity histories
in the near wake,

2. To use new results and insights to assess existing models for flow-induced unsteady forces and
to seek alternative models.

Objectives

Immediate objectives are to obtain experimental and computational descriptions of velocity and

vorticity fields in the near wakes of vortex-shedding bodies and the corresponding forces on the
bodies.

Approach

The basic approach is to obtain measurements in correlated laboratory experiments and
numerical simulations of flows past bluff bodies, especially circular cylinders. Laboratory
measurernents include flow visualization and digital particle image velocimetry (DPIV).
Numerical simulations are based on vortex methods. Interpretation of reiations betwezn
measured velocity/vorticity fields and body forces is sought through the generalized Biot-Savart
law. The role of Reynoids number, effects of three dimensionality, and effects of body motion
are investigated. Relations to the mean near-wake flow and mean force (drag) are also studied.
for their basic technological importance and also for insights into the unsteady motion.
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Tasks Completed/Technical Accompiishments
This is a new project, but in the meantime we have accomplished the following:

A small experimental flow facility has been assembled {ot investigating the cffect of three
dimensionality. The fluid (water based) is ferromagnetic and the test section is located in the
magnetic ficld of an cxisting large clectromagnet in our laboratory. The magnetic field can be
parallel or normal to the cylinder axis. The motivating idca is that the magnetic field interacts
with and modifies the velocityNorticity fields in the near wake. This exp >riment is related to a
previously reported one in which cffects on spanwise (ie “three dimensional”) velocitics and on
body-force history was achicved in gravity-stratificd flow.

A study (Roshko. 1994) on the mean flow 1n near wakes of bluff bodics has been compicted It
addresses the “closure” o1 “reattachment” 1egion on the downsticam ude of the ncar wake and
complemcats an cathict study and paper (Roshiho, 1993)  Denoung the dommstscam distance
from the cylinder base to cdosure point tw /' and the transverse wadth of the ncar wake ty ¥, an
interesting 1esuit of the model 1 that the aspect 1atio of a ncar wake with splittes plac s
independent of the linder cross sectional shape and has a salue LW 3 (The kength [.4d. docs
depend on the doss wotional shape)r ¥ or vorten-shedding obinders both 1 ‘W and | Jd are mwch
simaller but to moded them will be more diftacult

We started a fcaubublity study using real-ume feedback control mistems 0 tedue the Som andced
oscillation of a Whindiwal pendulum  In ous expenments, the pendulum was puvoled from a base
plate i a astion  The hase plate was mounted on a vomputcs contiolked traverse Our
feedback system controlies 15 desypned 0 punane the angic betacen the pendulum and certual
by moving the baw  The vontsol algenthm s PD controilet with an uifse! o avomodate for kw
torque of the wodor 31 km voltage We plazs to study the etror (olfset signal) in terms of
dynamical system pasamcter  These studics will be performed for thw co~ditions of natural o
forced by means of an upstrcam aroular shinders

We continued o imesigaic the impadt of the additeon of a slicammise component of Yot to
a boundary laver at the pounst of wparatson from an aussmmetin ufl bods s cffedt wae
achierved by having 4 1otating nbbon al the point of sepatation (scc Last vear's repaort for detasls )
Imaal studies indicaicd a mere 24% drag 1o Juction at certain Re numbet range  However, duc
1o some complen mcchamical problems in the mittal st of expenasents. we would bke o repeat
these experiments  Hot wire studies of the mstial rcpon of the shear laves indsastcs some
dramatic change 1 the growth and cvolution of the miung layer We pan to corvelase these
changes 16 the base pressure disinbution and o devcdop  plasacal model Yor the prvssbie drag
reduction e ations

A sequence of two-dimenuonal numeial umulstions of fkre past 8 Glinder underpong v anous V, -
owaliatony metone—cotation, cross-flow. and frecsrcam—aere performed uung out ugh

resolution, viscoud vorter mcthad  The cosults 3re hesng used o s the intersctons of tad

motions and ncar wake vortees and theat effect on bodh jotues The hugh rewobuizon method has

teventh beenumplemented on the oncw € RAY 130D paralied compater at JPE Prehimiman test -
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Results
This is a new start beginning in 1994,
Impact for Science or Sysiems Applications

Relaticuship to Other Programs or Projects
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Dynamics, Instabilities and Modifications, Arizona State University, Tempe, December
8-10, 1993.
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Roshko, A., Cardell, G., and Lisoski, D. “Interactions between the Vortices and the
Free Shear Layers in Biuff-Body Wakes”. Fourth Workshop on the ONR Accelerated
Research Initiative Vortex Shedding and Vertex Wakes: Dynamics, Instabilities and
Moaifications, Arizona State University, Tempe, December 8-10, 1993,

Leonard, A. “Numerical Simulation of Turbulent Flows". ICASE/NASA Langley Short

Course on Turbulent Flow Modeling and Prediction, Hampton, Virginia, March 14-18,
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Leonard, A. “Vortex Metihods for Three-Dimensional Separated Flows". 14th
International Conference on Numerical Methods in Fluid Dynamics, Bangalore, India,
July 11-14, 1994,

Roshko, A., “What is the Turbulence Problem?" and “Shear Layers, Base Pressure and
Bluff-Body Drag." Invited speaker for two seminars at the Luigi Crocco Colloquium,
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Roshko, A., “What is the Turbulence Problem?” Invited speaker for two special
seminars—the first one was held at the Los Alamos National Laboratory, New Mexico,

July 14-15, 1994 and the second one was held at the Sandia National Laboratory,
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Roshko, A., “Instability and Turbulence in Free Shear Flows.” Invited speaker at the
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