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The project on aerodynamic dissemination is of interest to several agencies of the Army
and funding for a continuation of our shock tube studies and new initiatives for
- correlating data are being discussed by BMDO.

Significant progress has been made on thlS project over the grant penod Two theoretical
—experimental studies (in the references) were prepared on Rayleigh-Taylor instability of
drops in high speed airflow (high Weber numbers) and one study of Kelvm Helmholtz
instability which may play a role in breakup.

A paper on the cavitation of liquids in a journal bearing based on the maximum tensile
stress rather than pressure was published. We showed that the conventional criterion
based on the pressure underestimates the risks to cavitation; the stress coming from
motion plays a significant role. We have done studies of drop breakup at very high
altitudes, very low pressures. - We learned that outgassing of absorbed water was an
important factor in the breakup at high altitudes. We carried out studies and created
models for outgassing in the “so called” foamy oils.

1. Technical Objectives and Motivation

The goal of research on aerodynamic “dissemination is to determine the fraction,
placement and drop size distribution of agents exposed to a high-speed air stream at high
altitudes. : . '

The problem is to understand the dissemination of agents which are exposed to a high
Mach number air stream, between, say, M=3 and M=8 at high altitudes. It is known that
a liquid mass is reduced to a droplet cloud in hundreds of microseconds. It is believes
that considerable amounts of vapor or mist are produced, but that the mechanisms of
breakup, the distribution of drop sizes, the volume fractions of mist and vapor and the
precise effects of thickening agents on the droplet distribution and breakup mechanism
_ are not known. The unknowns are inputs for computer codes designed to predict how the
droplet clouds are disseminated, where they will drift and the condition and size of the
droplets that ultimately reach the ground.




This is a very difficult problem because there is such a great difference between the
breakup of organic liquids (solvent) and thickened liquids (solvent plus polymers).
Organic liquids shatter into small drops and mist at high Mach numbers, but at the
highest Mach numbers tested so far (slightly supersonic), viscoelastic fluids are pulled
into threads but don’t shatter. From this research, (possibly the first) data for thickened
agents up to Mach 8 in our shock tube will be obtained. It is vital to see if and how these
threads per51st in the severe conditions behind a strong shock.

The problem is significant because without,more precise knowledge of the mechanisms
and consequences of breakup and the condition of the droplet cloud immediately after
breakup, the dissemination of agents is unpredictable and uncontrollable.

It turns out that the shock tube is the only way to look at high altitude bfeakup at low
cost. The low pressure environment does change the dynamics and we are studying this.

2. Technical Approach

We are gathering results from the shock tube studies and from an outgassing jar bell. In a
controlled way. The results are interpreted by physical reasoning and math analysis in a .
traditional way.

3. Significant Accomplishments

The shock tube experiments described in the references probe high Weber number
breakup in regimes which could not be accessed before. Many new results some of
which are reported in the references, have been and are being attained. The role of
Rayleigh-Taylor instability in breakup has been demonstrated. We are now able to assess
the effects of thickeners. We did experiments on TEP, DEM, and TBP neat and
thickened. A final report of these tests appears in “Shock Tube Experiments on
Aerodynamic Breakup of Thickened Liquids” by Joseph, Beavers, Brendan, Eichman and
Hannah performed for Army Labs under Battelle contract 135905 which can be obtained
from them. '

4.  Cooperation with Army Laboratories
We were collaborating with BMDO (Col. Sylyvia Ferry) through separate $100,000/ year

sub-contract with Battelle (Carl Alexander) to fund shock tube studies. We are now
talking to Dan Williard who represents Walt Hollis at the Pentagon.
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6. Awards and Honors

The P.I. of this ARO-sponsored research, Daniel D. Joseph, was named the Timoshenko
medallist of the ASME for 1995 and he received the Thomas Baron Fluid-Particle
Systems Award of AIChE for 1996. He received the Illinois Institute of Technology
Professional Ach1evement Award from the University of Chicago. He gave the L.S.
Kovazny Distinguished Lecture at the University of Houston i in 1999." He won the 1999
Fluid Dynamics Prize from the American Physical Society. There is a week long
symposium to honor the contributions of Dan Joseph to fluid mechanics June 23-28, 2002
at the 2002 IUTAM meeting in Blacksburg, VA. '
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