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1. INTRODUCTION

In Liquid Metal Fast Breeder Reactor (LMFBR), the
liquid sodium is used as a coolant, transmitting the heat
generated in a reactor core to a water-steam system. The
sodium is chemically active, so the free surface of liquid
sodium is usually covered with inert gas, argon gas. The
space filled with such a inert gas is generally called a
cover-gas space. The cover-gas space between the lower
plate of shield plug of reactor and the sodium pool surface
in a reactor vessel is a representative one. In general,
under the operating condition of reactor, the space is
filled with sodium vapor/mist (mist-filled space).
Therefore, many modes of heat and mass transfer such as
natural convection, radiation, conduction, evaporation,
condensation (deposition) appear simultaneously in the
space and the mechanism of them becomes more complicated.
However, it is needed from the design of shield plug to
obtain some knowledge about the heat and mass transfer in
such a cover-gas space.

An information about the heat transfer in the mist-
filled space is essential for the thermal design of a
shield plug of LMFBR. On the other hand, the one about the
sodium vapor/mist transport and deposition is needed to
mantain the operational function of shield plug under the
moderate condition. A series of R & D activities related
to the problem mentioned above had almost finished about 3
years ago. These-are described briefly in the following
sections.

2. HEAT TRANSFER

The contribution to the total amount of heat
transmitted through, a cover-gas space of reactor vessel is
mostly due to the combined radiation and natural convection
heat transfer. Studies related to the natural convection
in a confined space have been done considerably up to the
present, so many data are available. On the contrary,
there are no data about the radiative heat transfer in the
mist-filled space. Therefore, R & D activities on heat
transfer have been mainly centered on the radiative heat
transfer so as to estimate the amount of heat transmission
by radiation. These include the studies to examine ther-
mophysical properties such as radiative properties of
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sodium mist-filled space, emissivities of liquid sodium
and sodium vapor/mist-deposited (mist-deposited) stainless
steel.

"Normal total and monochromatic emissivities of liquid
sodium were measured in inert gas atmosphere, using a black
body as a reference energy source. The data were obtained
in the range of sodium temperature from 200°C to 520°C.
The values of total emissivities were 0.05 - 0.06 in this
temperature range. Monochromatic emissivities exhibited no
wavelength dependency.

Similar measurements were conducted on the mist-
deposited stainless-steel plate. The sample to be measured
were finished in the experimental vessel, provided for the
study of combined natural convection and radiation heat
transfer. The results obtained showed that the values of
emissivity had different ones, dependent upon the deposi-
tion patterns and impurity content in the cover-gas space.
Especially, the impurity had strong effect on the emissi-
vity. However, the values measured immediately, after the
sodium deposition completed, showed roughly one for liquid
sodium.

Concerning to the radiative properties of mist-filled
space, extinction coefficients were obtained for the mist
layer 50 cm in thickness, using the black body radiation
as a incident radiation flux. The measurements were
carried out varying the concentration of sodium mist and
the temperature cf black body. The results showed that the
attenuation of incident radiation was very large. This
fact made a ph'/3ical model for radiative heat transfer
through the mist-filled space more simple. On the other
hand, Mie theory was applied to a single particle of sodium
mist, to have some knowledge about the radiative properties
of sodium mist. From this analytical results it was found
that the particle diameter of sodium mist was about 3 -
4 \im in consideration of experimental data.

Experimental investigations were also performed on the
combined radiation and natural convection heat transfer
through the cover-gas space over the sodium pool. The
amount of heat transmitted from hot sodium pool to cold
wall through the cover-gas space filled with sodium
vapor/mist was measured. The amount of heat transmitted
through the space, obtained through experiments, was com-
pared with one calculated using thermophysical properties,
obtained through a series of experiments. The agreement
was relatively good between the experiment and the calcula-
tion.
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Simulation experiments on a 1/2 ücale shield plug model
of LMFBR were conducted. The temperature distributions in
the shield plug and the cover-gas space over the sodium
pool were measured. From these results, it was found that
strong natural convection took place in the annuli of
shield plug. This caused some nonuniformity in the circum-
ferential temperature distribution of the wall of annulus.
However, this nonuniformity could be reduced fairly for the
shield plug equipped with multi-stage fins in the annulus.

3. MIST TRANSPORT AND DEPOSITION

The sodium vapor/mist in the cover-gas space is con-
veyed into the annuli of the shield plug of reactor by
natural convection and diffusion, and deposits on the cold
walls. Such a deposition lowers the operational function
of shield plug, dependent on the degree of deposition.
This is not desirable from the viewpoint of reactor opera-
tion.

The studies on the sodium vapor/misu transport and
deposition have not been conducted until recently. The
existence of sodium mist in cover-gas space was clarified
for the first time at the end of 1970 and then the mecha-
nism of mist formation was examined about self-nucleation
and foreign-nucleation, respectively. Concerning the
sodium deposition, sodium vapor condensation on the wall at
relatively high temperature is acceptable, though the
effect of sodium mist must be taken into consideration for
sodium deposition on the wall at low temperature, it was
pointed out.

In Power Reactor and Nuclear Fuel Development
Corporation (PNC), the fundamental and the small scale
model experiments-have been conducted on the vapor/mist
transport and deposition in the annuli of shield plug and
the cover-gas space over sodium pool.

In the fundamental experiments were conducted a series
of studies such as visualization of cover-gas space,
measurement of sodium mist concentration, chemical analysis
of cover gas, measurement of particulate size distribution
for sodium mist and deposition experiment of sodium
vapor/mist. It was found that, from the visualization
study and the measurement of mist concentration, the for-
mation of sodium mist was due to foreign nucleus.
Furthermore, foreign nucleus was NaH from the chemical ana-
lysis of cover gas.
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On the measurement of particle diameter of sodium mist,
particle size distribution in the range of temperature
300°C - 500°C was measured using a cascade impactor.
Size distribution for the same temperature range was also
calculated analytically using Smoluchowski's equation,
dealt with a process of mist formation. From the experi-
ment and the analysis, the following results were obtained;
concerning mist particle, size distribution extends in the
range of diameter 0.5 - 10 um and mean diameter based on
mass is about 2 -3 um. Furthermore, it exhibits a lognor-
mal size distribution, independent on the temperature of
sodium pool and the volume of cover gas.

On the other hand, the studies related to the sodium
vapor/mist deposition were carried out using a vertical
concentric annulus and a horizontal plate facing to the
sodium pool, respectively. The experiments were conducted
for laminar and turbulent mist flows, respectively and the
amount of sodium deposited on the walls of annulus and
plate was measured. The results obtained were compared
with the analytical ones based on mass transport, dif-
fusion and thermophoretic deposition, respectively. This
showed that the deposition was primarily originated in
thermophoretic process.

The small scale model experiments, simulating a annular
space of shield plug of LMFBR, were conducted to examine
the operational function of a device for avoiding the
inflow of sodium vapor/mist. Two kinds of devices, called
a convection barrier and a drip receiver, were used to
control the vapor/mist flow into the annualr space of
shield plug. Sodium mist concentration in the annular
space was decreased by the aid of these devices. Namely,
the amount of sodium deposited on the walls of annulus was
considerably reduced in comparison with the case without
devices. The annulus of rotating plug is equipped with a
device, called a Z-ring, in order to reduce sodium deposi-
tion on the annulus walls. The experiments were also
carried out on this device. The results were satisfactory.

Furthermore, a fundamental study was tried to examine
sodium vapor/mist deposition on the walls of a vertical
annulus. In the experiment the forced gas flow was intro-
duced into the annulus to reduce sodium vapor/mist deposi-
tion on the walls.
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