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Our goal in this research is to relate bubble performance in processes such as bubble breaking,
dissolution, coalescence and breakup to bubble interfacial character, including surface tension, surface
charge and surface rheological properties. This fiscal year we have studied bubble dissolution rates
in "clean" fresh water and in sea water samples representing a wide range of biological activities.
Previous measurements of bubble dissolution have used water that was equilibrated with a known
atmosphere - a process that takes many hours and results in alteration of chemical and biological
properties. We have used a novel gas tension method to determine 02 and N. partial pressures in the
water phase. Our results indicate that mass transfer rates for dissolution in fresh water coincide with
theoretical predictions, but those for sea water are always significantly less and especially at Jow
Reynolds Numbers.

Bubble coalescence and breaking of bubbles at the air-water interface were observed in fresh
water and sea water samples. Both process were observed to produce satellite bubbles. For example,
millimeter-size bubbles breaking at the air-water interface each produced 20 or more bubbles of greater
than 30 pm in diarmeter.
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Long-Term Goals:

Our long term goal is to determine the effects of natural surface
active materials including dissolved salts on bubble dynamics in
sea water. In particular, we intend to relate bubble performance
in processes such as bubble breaking, dissolution, coalescence, and
break-up to bubble interfacial character, including surface
tension, surface charge and surface rheological properties.

Near-term objectives include:

1. Developing models to understand the experimental results
we have now obtained for bubble mass transfer, bubble coalescence
and bubble breaking.

2. Studying bubble coalescence in more detail to determine the
contributions of dissolved salts and surface active organic matter
in the markedly different behavior of bubble coalescence in sea
water and fresh water.

3. Further examining anomalous bubble behavior, e.g., stability
against dissolution or breaking, to determine the cause and the
frequency of occurrence in natural populations.

Approach:

We are currently modelling our earlier results. For example, our
mass transfer results might be described by diffusion through a
thick film in series with a normal convective diffusive boundary
layer. Experimental studies of coalescence are being treated in
two ways, one in which the process is viewed by microscope and film
thinning is observed directly, and the other in which bubbles are
maintained in suspension and precisely manipulated into contact.
In this second configuration surface tension and electrophoretic
mobility can also be measured and related to contact time.

Tasks Completed:

This fiscal year we have studied bubble dissolution rates in
sea water and in "clean" fresh water. The sea water samples
represented a wide range of biological activity and included
filtered samples of coastal sea water and samples of phyto-
plankton culture medium.

Results of the mass transfer measurements have been modelled
using normal mass transfer relationships.

Studies of bubble coalescence and breaking in distilled water
and in sea water were conducted in samples representing a wide



range of biological activities. This work led to development of a
new system for studying bubble coalescence - a system that permits
measurement of coalescence time and in addition bubble/water
surface tension and bubble electrophoretic mobility.

Results:

This fiscal year we have studied bubble dissolution rates in sea
water samples representing a wide range of biological activities.
Unlike previous studies we have characterized both N2 and 02
concentrations in the water phase. The basis of our method is
measurement of gas tension, which is the sum of the partial
pressures of gases dissolved in water. Of this total pressure,
about 99% is N2 and 02. Thus, we have measured 02 by wet chemical
methods and inferred N2 from gas tension. Knowing the partial
pressures of these two gases, we have been able to use normal mass
transfer relationships to compare with our experimental results.
We have found that bubble dissolution in distilled water behaves
very nearly as predicted, but for dissolution in sea water mass
transfer is significantly impeded (figure 1). This reduction in
mass transfer is especially great for bubbles in actively growing
phytoplankton suspensions.

A second set of experiments has focused on bubble coalescence and
breaking. We have found that in both processes smaller bubbles may
be produced. In sea water as many as 25 bubbles of 30 microns or
greater are formed when millimeter sized bubbles break at the air-
water interface. Observed differences between fresh water and sea
water may help in understanding variability of bubble dynamics in
terms of effects of dissolved salts and natural surfactants.

Accomplishments:

The most important accomplishment is development of the method and
instrumentation for determining the concentration of N2 in water -
an accomplishment that has allowed measurements of bubble mass
transfer rates in well controlled experiments. Previous
measurements of bubble dissolution have used water that was
equilibrated with a known atmosphere - a process that takes many
hours and results in alteration of natural surfactants and changes
in biological activity. Results show that bubble mass transfer in
sea water is significantly below that predicted from theoretical
considerations. ACO 43 0 I . ..r
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