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Abstract

Basic studies on electromagnetic ship thruster and seawater magnetohydrodynamics (MHD)
generator, etc. by using high magnetic fields up to 12 T have been conducted, aiming at
applications of high magnetic fields to a seawater system that occupies 70% of the earth
surface. In these studies, some problems that lower thruster efficiency and generator efficiency
caused by bubbles of electrolysis have been emphasized. However, details of the kinetic
behavior of the bubbles (the gas—liquid interface) generated in seawater under a high magnetic
field have not been clarified, and also the mechanism of lowering the efficiency has not yet
been explained.

Recently, it has been reported that the gas—liquid interface of NaCl aqueous solution is
markedly deformed in a high magnetic field. Since the NaCl solution is a main component of
seawater, the gas-liquid interface deformation is an attracting phenomenon to clarify the
kinetic behavior of the bubbles. The gas-—liquid interface deformation of NaCl solution was
considered to be caused by magnetic stress applied on the boundary surface between NaCl
solution and air. However, no systematic studies on the mechanism of the gas-liquid interface
deformation in terms of the NaCl concentration were carried out experimentally and
theoretically. In addition, the interface deformation of NaCl solution neither under the flowing
condition nor under the rest condition was examined.

The aim of this study is to elucidate the NaCl concentration dependence and flow velocity
dependence on the gas—liquid interface deformation of NaCl solution under a high magnetic
field. At the beginning, deformed variation with differing the NaCl concentration under the rest
condition as well as the susceptibility of the NaCl solution have been measured. Then,
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the theoretical consideration has been added. Next, the Influence of the flow velocity and the
NaCl concentration on the interface deformation under the condition of flow have been
examined. In addition, the possibility of the new technique of flow control by using the
gas-liguid interface deformation has been considered. The results of this study are as follows:

(1) To make the quantitative analysis -of the gas—liquid interface deformation, the susceptibility

(2)

of NaCl solution was carefully measured in magnetic fields up to 6 T at 25%£0.05°C by
using SQUID magnetometer. The measured value was compared with the calculated value
of the susceptibility estimated from the value of vapor pressure in terms of the NaCl
concentration. As a result, the measured value agreed with the calculated value. The
decrease of the susceptibility "y with increasing the NaCl concentration within
concentration of saturated solution was approximately 10%, and it was smaller than the
increase of density p of approximately 17%. Taking into account that deformed variation
of the gas—liquid interface of NaCl solution is proportional to y/p, it was found that the
concentration dependence of the susceptibility could not be disregarded.

The gas—liquid interface deformation of the NaCl solution under the rest condition was
observed in magnetic fields up to 6 T. As a result, the deformed variation of the gas—liquid
interface increased in proportion to the square of magnetic field and decreased gradually
as NaCl concentration increased. In particu|ar; the latter decrease was approximately 5%
for a concentration of 20% increase at 6 T. When the measured value of the deformed
variation was compared with the calculated value, both agreed well for the water. In the
case of NaCl solution, a good agreement was satisfied in a low magnetic field below 1 T.
However, when a high magnetic field was applied, it was observed that the measured
value did not agree with the calculated value: The measured value was much larger than
the calculated value. Considering the force of concentration gradient in NaCl solution (the
force of the osmotic pressure) on the assumption that the concentration gradient was
induced by magnetic field, it was found that the measured value of the deformed variation
agree well with the calculated value. Therefore, the gas-liquid interface deformation of
NaCl solution was determined by the magnetic force affecting the entire solution and the
force of the concentration gradient (the force of the osmotic pressure).

Under the condition of flow, the gas—liquid interface deformation was asymmetrical for the
magnetic center unlike the interface deformation under the rest condition. Deformed
variation of the gas-liquid interface increased with increasing initial velocity and magnetic
field. This deformed variation at a fixed initial velocity decreased as NaCl concentration
increase. The deformed variation was clarified to be due to the influence of the pressure
drop at the interface by increasing the flow velocity, the pressure loss by the viscosity, and
the decrease of the concentration gradient by magnetic field.

Finally, the flow control of NaCl aqueous solution was examined with applying the
gas—liquid interface deformation induced by magnetic fields; Detailed studies of the
dependence of flow velocity and concentration on the change of flow rate were carried
out. As a result, the decrease of the flow rate with the flow of 100 mL/min order by using
the interface deformation was approximately 23% at most under magnetic fields up to
10 T. The change of flow rate was dependent on the flow velocity and not on the
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concentration. Since the flow is controlled in the condition that the inlet side of the
chamber was full with the solution, the height in the inlet side was an important factor.

Followings are the conclusions of this study:

(1)

(2)

(3)

(4)

The Influence of the NaCl concentration not only on the density but also on the
susceptibility should be considered for the gas-liquid interface deformation of NaCl
solution.

NaCl concentration dependence of the gas-liquid interface deformation under the rest
condition was determined by the magnetic force affecting the NaCl solution and the force
of concentration gradient (the force of the osmotic pressure).

Flow velocity dependence of the gas-liquid interface deformation under the condition of
flow can be explained by the pressure drop on the interface with increasing the flow
velocity, the pressure loss by the viscosity and the decrease of the concentration gradient
by magnetic field.

The flow control without any contact using the gas—liquid interface deformation induced by
magnetic field can be applied for the NaCl solution with 100 mL/min order flow, choosing
the appropriate height in the inlet side of the chamber.




