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Fig. 5 Mass concentration decay of gold aerosols under wet conditions

in ENAK at various heating power levels. cm in mg tu , t in hours.
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13. Sodium Vapour Aerosol Formation and Sodium Deposition Current Work

Within the United Kingdom by P. HAWTIN and G. SEED/,United Kingdom

ABSTRACT

The significance to reactor operation of sodium transport through
the cover gas of a sodium-cooled fast reactor and i t s subsequent
deposition on cooled reactor surfaces is fully appreciated in the
UK. A programme of work is therefore underway designed to •under-
stand the mechanism of sodium transport under these conditions.
This paper described the work which has so far been completed,
discussed the work presently in progress, and outlines future plans.

1. Introduction

In the United Kingdom, work in the field of aerosol formation and
sodium deposition within the gas spaces of Sodium Cooled Past
Reactors, was initially directed to provide data for the design of the
250 MW(e) Prototype Fast Reactor which is now operating at Dounreay
in Scotland. The desire to reduce radio activity levels within the
blanket gas, during reactor shut down periods, when handling reactor
components, led to the realisation that the presence of sodium
aerosols within the blanket gas required special filtering consideration.
Early experiments were therefore, aimed at providing a suitable design
of aerosol filter.

Investigation into sodium deposition was generally considered as a
complimentary part of specific component development. Some experiments
were carried out on gas space insulation packs but the design phil-
osophy adopted was to "design out" the problem by circulating gas
through "important" in-roof spaces, ie. pump shaft/casing clearance
gap. Hence the adoption of a continuously operating gas circulation
and sodium aerosol filtering system. Operation of PFR provides a
very important source for data in this field for the design of future
commercial fast reactors. To date such data has not been examined in
depth, but investigation of plant performance has led to the indirect
generation of information. Current attention is now directed towards
initiating am experimental programme, which, in addition to PPR data
will provide the designer with a greater understanding of what is
happening in the significantly larger gas spaces of commercial
reactors. Fig. 1, for example, gives some indication of the difference
in gas space volumes of PPR and CPR.

The current status of work being carried out in the U.K. and the
envisaged programme is outlined below.

2. Present Status of the Work in the UK

The mechanisms controlling the rate of transport through the cover gas
have long been recognised as being of major importance to the reactor
designer. Their detailed study in the UK is however limited. It has
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teen suggested that a method given by Hills and Szekely (l) offers a
reasonable means for calculating the rate of transfer of sodium from
open pools through an inert gas. Simple calculations on data obtained
by Sutherland et al (2) has confirmed that the approach was reasonable.

It has also been suggested that the rate of transport of sodium through
helium should be more rapid than through argon. However some experi-
ments carried out in the UK, found that the converse was true. These
observations, using sodium, have been supported by the more detailed
experiments of Ralph and Bennett (3) using water as the medium trans-
ferred and also by studies elsewhere (4)-

Clement and Hawtin (5) have developed idealised models for sodium
vapour transport through argon or helium and the subsequent roof
condensation. These models suggest that for both gases the dominant
heat transfer mechanism franthe pool is radiation but the mass
transport process is convection for argon and diffusion for helium.

Ralph and Bennett have experimentally determined the heat and mass
transfer rates between a hot water pool and a cooled horizontal roof
for several cover gases (including argon and helium) at atmospheric
pressure (3). They show that with the exception of helium the heat
transfer observations were consistent with a system in which combined
radiation and convection were occurring. Even in cases of known
water droplet formation by condensation within the gas space and
'rain back* into the pool, the measured total non—radiative heat
transfer was consistent with the assumption of a direct heat and
mass transfer analogy ignoring condensation, thus confirming the
theoretical predictions.

The mass transfer measurements showed that in cases of significant
temperature differences between the liquid pool and the cooled roof,
condensation and rain back into the liquid pool did occur. The observed
results were found to be consistent with the predicted behaviour of
the system.

When helium was used as the cover gas the presence of water vapour
suppressed convection and heat and mass transfer then took place by
radiation, conduction and diffusion.

Within the gas spaces of the reactor, the sodium aerosol burden is
normally unimportant in the prediction of the rate of mass transfer,
although the persistance of the aerosols may have an effect on the
overall rate of transport when the reactor temperatures are changed,
for example, when temperatures are reduced in the reactor to insert
'adaptor tubes'. These are tubes used to facilitate the handling of
reactor components.

During the removal of a component, an adaptor tube is placed over the
top of a roof penetration. After the removal of the roof plug and
the component, the top of the adaptor tube is closed by a valve and
the open penetration and adaptor tube assembly are left connected
to the cover gas above the sodium pool (see fig.2). The adaptor tube
is cooled by heat loss to the air in the secondary containment and the
walls of the roof penetration are cooled by the roof cooling circuit.
The heat transfer sets up a natural convection flow within the tube
which will draw gas from the vicinity of the sodium pool into the tube.
Since this gas contains sodium vapour and possibly aerosols a
mechanism exists for transferring sodium to the cooled walls of the

tube. Since any significant deposition within the adaptor tube
could create problems it is important to estimate the magnitude of this
transfer process.

The effect of temperature on aerosol burden is also important in the
consideration of the blockage of small annuli and is of major signifi-
cance in the design of aerosol filters for the cover gas clean up
plant. The PPR cover gas clean up plant is fitted with a hot aerosol
filtration system which was developed from experimental data. This
unit is designed for a normal flow rate of 0.5 m3/min. Limited data
so far obtained under non-equilibrium conditions indicate that the
filter decontamination factor is about 104 at a maximum reactor
sodium pool temperature of 4°0°C.

So far it has not been possible to assess the accuracy of theoretically
predicted heat and mass transfer rates in a defined geometry eg. an
adator tube, when sodium pool and tube wall temperatures are changed,
because, no relevant results for sodium or analogue systems exist.
Some simple heat transfer measurements made on AGR systems confirm
the accuracy of the prediction of the temperature field but leave
open the question of the accuracy of the prediction of the velocity
field and hence, in the sodium case, the mass transfer rate.

Current theories of mass transport through the cover gas are such that,
whilst they appear at least in simple cases to predict accurately the
steady state rate of transport, they are not designed to predict the
gas phase sodium burden. At the present time there seems to be no
way of predicting this. Simple measurements have however confirmed
the commonly reported view that the sodium burden is substantially
above that predicted from vapour pressure conditions alone suggesting
the presence of aerosols.

The results of some experimental work in this field, found that evap-
oration rates were not dissimilar to those calculated from open pool
correlations. It is however important to note that, as shown by
other workers (3,5) the evaporation rate merely provides an upper
bound to the amount of material which can be transported through the
cover gas. Some attempt has been made to characterise the nature of
the aerosols present in the gas using either microscope slides to
sample the gas or absolute filters to remove all the sodium aerosol.
To date results have been somewhat irreproducible-

With regard to work in the field of sodium deposition, some theoretical
work has been carried out on the build—up of sodium droplets on
stainless steel plates. This work was subsequently extended to provide
an estimate of the rate of build-up of sodium between horizontal
plates and also to estimate the minimum size of drain holes to keep
them clear. However experience with PPR operation has emphasised,
certainly in one specific case, that deposition rates are an order of
magnitude higher than those experienced in a test rig environment.

Heat transfer work within the reactor roof and component shield plugs,
identifies the need for sodium emissivity data and gas circulation
data in narrow annuli. The proposals for experimental work in this
field are discussed below.



3- Planned Future Programme

A substantial programme of work on sodium deposition and aerosol
behaviour is planned in the UK to enable the conditions prevailing
within the CFR gas spaces to be assessed.

The first stages of this programme will deal with heat and mass
transfer effects in:

i) an idealised flat plate geometry studying the transport
of sodium through argon.

ii) simulated adaptor tube geometries using an analogue
system of air and water.

iii) annuli, again using the air/water analogue.

The experiments in (i) will use idealised geometries and are essen-
tially repeats of the earlier water analogue experiments reported
by Ralph and Bennett (3)« In the first stage of the work the rate of
heat transfer from a sodium pool through a cover gas to a flat cooled
plate will be studied. In the second stage the flat plate will be
replaced by a downward facing conical surface which will allow the
sodium arriving at the top plate to be measured. Comparison of the
heat transfer results in the two versions of the rig will provide
assurance that the introduction of a shallow conical surface does
not lead to a significant departure from the idealised flat plate
geometries considered in the theory. The water analogue experiments
already completed support the view that this approximation will
prove to be justifiable. In a third stage it is hoped to remove
samples from the gas space and to determine its sodium burden.

The theoretical treatment for argon cover gas made the basic assump-
tion that the convection cells were unaltered by the presence of a
condensable vapour. However when that theory is applied the temp-
erature difference between the rising and falling gas in the presence
of condensation is found to be greater than the corresponding difference
in its absence. Since the convective flow depends on this temperature
difference there would seem to be a basic incompatibility in the
theory. The close agreement between the theoretical predictions and
the analogue experiments of Ralph and Bennett suggests that the
incompatibility must be small. Further experiments are planned
where it is proposed to measure the local velocities within the
gas space. Preliminary calculations suggest that it will be necessary
to measure local velocities in the order of 1 cm/s.

Two simulated adaptor tubes have been built, one of 70 cm diameter
the other 15 cm. Both are 3-5 m high. These tubes using the air/
water system as an analogue will be used to measure the axial and
radial, temperature and velocity profiles, the overall mass (water)
deposition on the wall and the local wall heat transfer rates. The
velocity profiles will be obtained by cross—correlating the signals
from a pair of thin wire thermocouples mounted a known distance apart

at predetermined positions inside the tubes. Preliminary results
obtained in the absence of condensing vapour show that this is a
powerful technique. Subsequent comparison of these results with the
corresponding values obtained in the presence of condensing vapour
should throw further light on the theoretical incompatibility
referred to above. In order to measure the local heat flux a small
heat flux meter has been manufactured and tested. This works on
the normal principle of measuring the temperature gradient across
a material of known thermal conductivity. In this case a 1-g- mm
thick 1 cm diameter 'Perspex' disc. By careful matching of thermal
gradients it has proved possible to measure heat fluxes in the required
range of 0.02 to 0.5 w/cm2.

The proposed analogue annulus experiments are similar in character to
those proposed for the adaptor tube. In this case itisproposed to
measure the flow and temperature profiles within the annulus and the
local heat flux on the external wall of the annulus as a function of
gap size, temperature difference and eccentricity of the cylinders
forming the gap (ie. variable gap width). Because, in this case,
circumferential variability of mass deposition on the walls is to be

expected the rig has been designed to permit the mass deposited in. 10
separate sections to be collected. In addition to the above measure-
ments it is proposed to study the effect of superimposed flow on the
observed results. Preliminary experiments already completed show that
the experimental techniques developed for the adaptor tubes work well
in annuli. Many of the above experiments require a uniform gap width
throughout the annulus. This is difficult to achieve due to the need
for accurate concentricity of the cylinders forming the annulus. It
would therefore be more convenient to carry out many of these experi-
ments in a parallel plate geometry which under appropriate conditions
could be expected to approximate to the annular geometry. To this
•. nd a rig consisting of two 2J- m high by 6jj m long parallel flat plates
is "being constructed. The results from this rig will be compared with
results from a similar sized annular rig and, if it proves possible
to read across from one to the other, the flat plate rig will be used
to obtain much of the required data.

The sodium heat and mass transfer work proposed will inevitably provide
an estimate for the emissivity of materials covered with sodium. There
is however, a specific need to measure the emissivity of surfaces
covered with sodium and oxides of sodium (ie. cases where there is
appreciable in-leakage of air) and an experimental programme is being
considered. But, the role if any, of aerosols in reducing the
radiative heat transfer through cover gas is not well understood. The
theories of Clement and Hawtin treat the gas space as if it was
totally non—absorbent. It is possible to envisage a situation where
a sodium aerosol might be present as a dense fog, thus absorbing
radiant heat. This effect is likely to be particularly marked if the
aerosols are present as oxides. To date there is no evidence from UK
sources thai this is a serious effect. Nevertheless its likely
impact on the convective behaviour is in principle sufficiently
significant to warrant further investigation. It is hoped that the
experiments already planned will highlight any aspects of this potential
problem requiring further investigation.
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