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Interaction of vorticity with a free surface
MI. Charib

Institute for Nonlinear Science

PROJECT ABSTRACT

Long Term- Goals:

W\e intend to combine numerical, theoretical and experimental efforts to systeinmaically

extend our capabilities to underst and and model vort ical and t urbulent flows near a free-

surface.

Near Terms Analysis

W\e have .5 near term objectives:

*. Cont1inue and completeexperi-mental anid 111 me1rical st iidies of the laminar, vortecx rings

and pair interact ion with a free-surface. The goal is to adldress high Reynoldls number

issues. Three dimensionality. free surface nouulinearities. amb~ienlt waves and] surface

tension.

2. Con-duct experiment~s in order to undersi andl thle effect. of surface tension variat ion)s of]

the v~or-ticity/free(-sur,,iface interact ion.

:3. Develop experimental and] numerical approaches to studly interact ion of turbulence

with a free-surface- with and withbout waves, and the surface features associated -withI

the underlying vortical1 flows.

4. Develop diagnostic techniques to measure a) 3D velocity field, b) surface elevation, c)

surface tension.



.5, Design of a surface shear-laver facility.

APPROACH:

Approaches for each of the near term objectives are described in the main text of the

original URI proposal. For the sake of brevity we avoid to repeat the description of the

proposed methodologies.

Task Completed:

Experimental Efforts:

1. Design of the shear layer facility is completed and manufacturers are selected. Delivery

is scheduled for May 1993.

"2. Video based surface color maplping system is assembled and tested.

3. High speed version of the DPlV system is completed. The design of the 3D version of

the DPIV system is completed.

4. Experiments on the laminar vortex ring arid pair interacting with the free surface is

completed.

.5. Experiments on the interaction of a near surface jet with the free surface is completed.

6. Conceptual design of a dynamic system to measure surface tension is completed.

7. A new water tank facility to study grid turbulence interaction with the free surface

was fabricated and preliminary experiments were conducted.

S. Since the project initiation, we have also installed a DPIV system in the 25mm long

MIT Testing Tank Facility. Flow visualization and DPIV measurements behind towed

bodies is being planned.
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Computational Efforts

To date, we have made progress in (i) understanding the role of nonlineartv in the free-

surface boundary conditions: (ii) development of new 2D and 3D direct Navier-Stokes solvers;

(iii) investigation of the interactions between the free surface and a vortex pair with special

focus on the importance of the presence of ambient waves: (iv) the study of the interaction

between a fi-ee surface and a vortex ring with particular attention to the quantification of

the reconnection process; and (v) a fundamental study and simulation of soluble surfactants

and its effect on the underlying free-surface vortical flows.
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