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ABSTRACT

Idealised models are presented for sodium vapour transport
through argon or helium and the subsequent roof condensation.
For both gases the dominant heat transfer mechanism from the
pool is radiation but the mass transport process is convection
for argon and diffusion for helium.

For argon a theory based on work of Hills and Szekely is pre-
sented Which predicts a heat transfer rate independent of the
actual amount of condensation occurring in the cavity, and
which suggests a mass transfer rate close to that calculated
in the absence of condensation. Experimental determination
of the temperature and velocity flow characteristics are desi-
rable to examine and Improve on the suspect basic assumption
of the theory that the velocity flow pattern is unaffected by
condensation.

For helium diffusion theory predicts a mass transfer rate an
order of magnitude smaller than for argon, but only a slightly
smaller overall heat transfer rate because of the dominance
of radiation.

1. INTRODUCTION

Recently Gliddon and Hotchkiss {1} suggested that a method
given by Hills and Szekely {2} offers a reasonable means for
calculating the rate of transfer of sodium from open pools
through an inert gas.

Comparison of the predictions made with this theory with
experimental results obtained by Sutherland et al {3} leads
to the conclusion that it apparently places an upper bound on
the rate of evaporation of sodium between 100°C and 400°C into
a 38°C argon atmosphere. The evaporation rate predicted is,
however, a factor of 2-3 larger than the experimental rate at
temperatures below 200°C. This encourages one to believe
that the theory might be adequate for a closed cavity.
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The method of Hills and Szekely is closely similar to that used
by water engineers to relate the convective heat transfer to
the water loss from a reservoir via the Bowen Ratio {4}.
This ratio is derived on the assumption that the eddy diffusi-
vities of water vapour and heat in air are equal (that is,
the Lewis number is equal to 1). It seems to have been first
employed by Pasquill {5} in 1949 and subsequently by other
workers {6-10}. All report satisfactory agreement with obser-
vation provided that atmospheric conditions are neutral or
stable.

The cover gas in a fast reactor is not an infinite medium in
the sense that the air over a reservoir is, since the gas space
is bounded by a cover plate at the top. In this paper we
examine the theory of Hills and Szekely as it might be applied
to a closed cavity and show that the basic assumptions of the
theory are, in this case, mutually incompatible.

2. SODIUM TRANSPORT THROUGH ARGON

2.1 Description of the Physical Model Employed

The idealised physical model of the cover gas cavity in a fast
reactor, used in this paper, is an infinite cavity bounded by
two horizontal planes, the lower and upper being at tempera-
cures To and Ti respectively. The predicted results are inde-
pendent of the height (&) of the cavity provided it is of the
order of 30 cm, in which region the convection is turbulent.
This model should accurately represent reality if the width
of the cavity is much greater than i. The cavity is taken to
be filled with argon at 100 kPa pressure. The dependence of
the results on pressure can be estimated from p a p and D « p"1,
other quantities being constant at a constant temperature.
Further, it is assumed that there is no considerable gas flow
through the cavity. Within the cavity turbulent convection
is taking place so that there are sharp temperature drops
near the top and bottom surfaces. The mean temperature in
the central region is nearly constant though there must be a
difference in the mean temperatures of the rising and falling
gas. The partial pressure of sodium vapour is everywhere
much less than that of the argon. Condensation of the sodium
vapour may take place in the temperature boundary layers, par-
ticularly at the bottom, with the formation of an aerosol mist.
Experimental data {l} confirm that for sufficiently large T0-Tj
there certainly will be condensation. The heat liberated by
this condensation is comparable to the heat transmitted through
the argon. At the top surface boundary layer the argon must
transmit this excess heat so that the temperature gradient in
the top boundary layer is greater than bhat the bottom. The
addition of this top boundary layer is the main difference
between a closed cavity and an open pool.
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The gas velocities are almost certainly not great enough to
entrain droplets from the surface of the liquid sodium, pro-
vided that the surface is not sufficiently agitated by motion
in the liquid to aid such a process. The question remains:
"What happens to the condensed sodium?" If it is assumed
that all the droplets are eventually deposited on the roof an
upper limit to the deposition rate is obtained. Clearly, how-
ever, at the steady state (assuming that the temperature is
not so low that the condensed sodium is solid) the sodium will
be raining down as large droplets into the pool at the rate at
which sodium is deposited on the roof.

The motion and growth of drops in aerosol mists are not a very
well understood subject. Droplets can either escape by falling
under gravity or by penetrating boundary layers. In order to
do either they must reach a certain size for their momentum to
overcome the viscous drag force. If their velocities are then
large enough they can penetrate the boundary layer and be
deposited, say, on the roof. If not they will eventually fall
under gravity. Since one expects the droplets to grow mostly
in the region near the liquid surface it seems a safe assumption
to make that less than half of them will finally be deposited
on the roof.

2.2 Mathematical Description of the Theory

The theory of Hills and Szekely {2} attempts to relate the
Sherwood number (Shc) in the presence of condensation to the
Nusselt number (Nu) in the absence of mass transfer, and as a
consequence to derive the new Nusselt number (NUQ) in the
presence of condensation thus predicting the amount of
condensation.

In the case of horizontal planes in the absence of mass
transport, McAdams {ll} gives an empirical correlation for Nu
when the convection is turbulent:

= 0.075 (1)

where the symbols have the meanings assigned to them in the
Nomenclature Section and:

Ra = (2)

The quantities specifying the gas in equation (2) are evaluated
at some mean temperature between To and T1.

The theoretical assumptions in the present situation are:

i) Gas movement occurs by free convection.

ii)

124

iii)

The concentration of vapour m = Py/p is small.
Terms of order m2 are neglected both in the mass and
heat transport equations and P may be taken as the
density of argon. Also, as stated by Hills and
Szekely, the heat flux through the sodium vapour
itself (as opposed to its condensation) is neglected.

The condensation does not significantly change the
flow pattern. This assumption is not stated by
Hills and Szekely {2} and it is probably a good
approximation for the case of evaporation into a gas
stream considered by them and also for the applica-
tion suggested by Gliddon and Hotchkiss {1}. In
the present case we shall show that it conflicts
with assumption (i).

iv) The Lewis number (Le) is approximately unity1:

Le =
Sc
Pr pCpD

= 1. (3)

A value for D of 0.88 cm s"1 for Na in Ar at 654°K
is available {12}. With thermal properties of
Ar {13} this gives Le = 0.9 so that taking a value
of 1 is a reasonable approximation.

Let the mass transfer rate in the absence of condensation be i
and assume the vapour is in equilibrium with the liquid at the
top and bottom of the cavity (the top having a liquid Na film)
with concentrations mi(Ti) and mo(To), respectively. Hills
and Szekely {2} take the saturated vapour equilibrium form
of m to be given by the equilibrium partial pressure so that:

m = exp (B - C/T)/

where B, C are constants.

(4)

If z is the vertical co-ordinate in the cavity the mass trans-
fer rate for any form of m is:

(5)

The similarity between the mass and heat transfer equations
gives:

(6)



where Am = m0 - nij

Since

q = - k
3T(0)
3z

we have, using the assumption that Le = 1:

(7)

(8)

This result is equivalent to the statement that the Sherwood
number Sh, with no condensation, is equal to Nu.

The heat transport rate through the gas plus that due to
evaporation and condensation of Na vapour is:

q̂ , = q + Li,

where, L is the latent heat of sodium,
equation (9) from equation (8) gives:

/c AT + LAm\

(9)

= -*•£? = q

Substituting for i in

... (10)

... (ID

The function £ was introduced by Hills and Szekely for the case
of condensation. It has a simple physical interpretation in
that its derivative is related to the heat transport through
the gas space (ie, excluding radiation) and must necessarily
be conserved over the cavity. Hence:

where we can always define 5 by

E = T + L"

3?(0) _
5 " 3z

... (12)

Thus there must exist a region in the centre of the cavity
where i~ = 0 and heat and mass is carried vertically by con-
vection alone. Expressed mathematically in terms of the
vertical velocity v , the conditions are:

q = " k Iw

i = - D(0) p(0) ^

3T(D _ —-
3z " pp z

... (14)

= pv m.z (15)

The averages are over time and over a horizontal plane in the
centre of the cavity. From the conservation of gas in the
cavity we must have:

pvz = 0. (16)

Equations (14) and (15) show that the temperature T and con-
centration m are not constant in the horizontal plane but are
on the average greater in rising columns of gas where v > 0.

z

In fact the averaging may be divided into two parts giving
mean temperatures T r and Tf over the regions where v z > 0
and v z < 0, respectively. Thus equation (14) becomes:

- T f (17)
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The right hand side has a simple physical interpretation in
that it is the difference between the heat carried up and
carried down by circulating gas currents.

We noted above that ? is always conserved and that this followed
from the basic assumptions of the theory. However, assumption
(iii) also implies that the flow pattern and therefore the velo-
cities are unchanged when condensation occurs and are fixed
only by AT. Then the equations for E and for T in the absence
of condensation are similar and we have:

i£(0)
3z

= ̂ v"' / AT, ... (18)

where 1 represents the top surface, z = %.

In the turbulent regime, numerical values indicate that:

3T(0) _ AT
IS 1" ... (13)

- 5f>, (19)

where we have defined £r, ?f in a similar way to T r, 1^; and
fpvji is identical to that of equation (17) under assumption
'(ill).



When || from equation (18) is substituted in equation (10)
an identical value of qip is obtained so that the theory predicts
the following physical results:

i) The total heat transfer is independent of the pre-
sence or amount of condensation;

ii) The heat transferred (qT) is independent of the form
of m(T) within the cavity.

From equations (17) and (18) the new temperature difference
between rising and falling gas in the centre of the cavity,
T " I " is predictd

g g
Tr" - If" is predicted as:

V " V + r
p

" m (V ) J

~ Tr Tf + C p AT
 (Tr Tf )'

. . . (20)

From the exponential dependence of m on temperature we deduce:

V " V > Tr " Tf' '"
2.3 Numerical Results Predicted by the Theory

The form of m(T) used was obtained by fitting equation (4) to
the sodium vapour data of Dunning {14} which allows for dimeri-
zation, yielding B = 10.70 and C = 12720. This empirical
relationship fits the data to within 1% or 2% over the tempera-
ture range 300°-600° C.

In terms of the mass transfer rate without condensation, given
by equation (8), the evaporation rate fran the pool and the
condensation rate on the top surface are:

S ( o )
Q'Cty

jj&(0)
9z

('AT + -=-

Am
... (22)

"c —* If'" -

where, from equation (4)

.. (23)

i = 0,1. .. (24)

The difference between iE and i^ gives the condensation rate
within the cavity, or the droplet formation rate:

V
(25)

The evaporation rate ig gives an upper limit to the deposition
rate on the roof. A better guess might be to assume half the
droplets are eventually deposited there, in which case the
total mass transfer rate of sodium onto the roof is:

ic + h id = h (ic + ig). ... (26)

The heat transfer rates through the gas are given at the top
and bottom surfaces by

k 3z

respectively, and can be obtained in a similar fashion frcm
equation (18). The ratio of temperature gradients at the
top and bottom of the cavity is:

3T/U)/ 3T'(0) =
 k ( V

3z ' 8z k(Tj
P ... (27)

In practice, we can nearly always neglect Im'JTjJ/C so that
the ratio is generally much bigger than unity, its approxi-
mate value without condensation. This suggests, though with-
out proof, that the mean temperature in the centre of the
cavity is greater for T^ than for T.

The radiative transfer rate, q^, for a cavity with two infinite
walls whose emissivities are eo and ei, corresponding to To
and Ti respectively, is {15}:



... (28)

eO Kl

where a = 5.673 x 10-12J s"1 cm"2 IT1*.

No value of e for liquid sodium has been found, so calculations
were performed with a guess of e = ex = e0 =0.1. The results
are proportional to a good approximation.

Constants for use in the calculations were taken from Referen-
ces 13 and 14. Mean values were calculated wherever necessary.
Heat transfer rates were calculated from equations (1) and (2)
for q, equation (10) for Cg, and equation (28) for qR. The
results are shown in Fig 1.

We notice that qip is close to being linear over the temperature
range 550°-300° C and that radiative heat transfer dominates
over the whole range for e = 0.1. In fact, we would have to
have e < 0.01 for radiative heat transfer to be negligible.

Mass transfer rates were calculated from the heat transfer
rate q using equation (8) for i, equation (22) for iE,
equation (23) for ±Q and equation (26) for i,-, + \ i^. The
results are shown in Fig 2. They indicate that ig is close
to linear over the temperature range and that the actual con-
densation rate on the roof, i,-,, falls after initially rising.
The percentage of sodium condensing out into mist or droplets
rises from 24% at Ti = 550°C to 99.5% at Ti = 300°C.

2.4 Discussion

The fundamental assumptions of the theory lead to the somewhat
surprising conclusion that the total heat transfer is
independent of the amount of condensation provided that liquid
is present.

It is of course possible to formulate alternative theories to
circumvent this difficulty. Thus we could start with equa-
tion (19) and allow v z to change by keeping (Tr - Tf) constant
in the two cases. Indications are that this would reduce the
mass transfer rate but a sound theory requires a better experi-
mental relationship between v z and
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(Tr -

As noted in the previous section, the percentage of sodium
condensing as droplets rises from 24% at Ti ~ 550°C to 99.5%
at Ti = 300°C, in each case for a liquid temperature of 600°C.
In fact, the amount condensing may well be less than these
figures, particularly for higher values of Tj.

The assumption that half the droplets are eventually deposited
on the roof leads to a total deposition rate (ic + \ id) quite
close to i. Thus there is a possibility that condensation
might not enhance the mass transfer rate.

The correlation (1) of McAdams {11} does not seem to be well
established experimentally and experiments by de Graaf and Van
der Held {16} give results for air which purport to supplant
the earlier results. Using these latter data and scaling on
the basis that:

Nu = Nu(air) P 7 ( a i r ) (29)

leads to the conclusion that the net effect of this revised
correlation on q and the derived quantities qT, i, ip and i E

is to increase the values given in Figs 1 and 2 by amounts
varying from 7% for T1 = 550°C to 14% for T: = 300°C.

To generalise to the case Le ^ 1 the similarity between the
heat and mass transfer equations gives the corresponding mass
transfer correlation in terms of the Schmidt number (Sc)
instead of Pr. Thus from equation (3) the correlation (1)
gives the Sherwood number as:

Further, the theory suggests, as shown by the relationship in
equation (21), that the temperature difference between the
rising and falling gas in the presence of condensation
(Tj/ - T^) is greater than the corresponding difference in
its absence (T ~ T f ) • This prediction, which is theoreti-
cally verifiable by experiment, constitutes the grounds for
doubt concerning the use of the theory in that it conflicts
to some extent with assumption (i). The convective velocity
of flow depends on temperature differences, yet we suppose
that these are unchanged from the free gas case despite a
significant change in the temperature difference between rising
and falling gas.

Sh = Nu Le1
(30)

The diffusivity of sodium through argon has been calculated
by the method previously used by Peak {17} at lower tempera-
tures with the neglect of sodium vapour dimerization which,
although it may not be an important effect, still introduces
uncertainty into the calculation. The results give a value
40% less than the single available experimental point {12},
and give a value of Le, calculated from equation (3) with p
as thg*gas (not the total) density, practically constant at
1.72 over the range 300°C-600°C.



For Le f 1 the generalization of equation (8) is:

. q_ Am 1

1 = C A T 1 ^

... (31)

where a general correlation of the form of equation (30)
been used.

has

For a turbulent flow, the case considered above, b = \.
Using equation (31) with this value of b and Le = 1.72 means
that all the values of i given in Fig 2 must be reduced by 301
For b =-§-the reduction is 17%. The total heat transfer rate
is still given by the definition (10) in terms of? but the
definition (11) is replaced by:

= T +
Im (32)

Thus qT given in Fig 1 is slightly reduced in the case of no
condensation. However the equation for £ is no longer simi-
lar to that for T and equations (10) and (18) do not have
simple generalizations. On the other hand the analogues of
equations (22) and (23) still exist in terms of qT, viz:

Jr.
C Le
P

C Le
P

... (33)

(34)

Thus, if the theoretical value for Le is used in the calcula-
tion instead of the experimental value which is close to 1,
the numerical results must be modified. In particular, the
theory of Hills and Szekely {2} breaks down so that an alter-
native is required.. The practicality of doing this depends
upon the experimental elucidation of the temperature and
velocity characteristics of the flow within the cavity.

3. SODIUM TRANSPORT THROUGH HELIUM

The calculated value for the diffusivity of sodium in helium
is about 3 times that in argon. Thus at first sight one
might assume that the sodium mass transport would be larger in
a helium cover gas. In fact the converse is likely to be the
case. In some recent experiments at Harwell Ralph and Bennett
{18} have determined the mass transfer of water through helium
and argon. Although the experimental conditions are not

exactly analogous to the mass transfer of sodium with very
large temperature differences, their findings that mass trans-

._fer was greater in argon will probably carry over. The basic
'"'reason for this reversal, which we now examine, is that the
very low density of helium makes convection in it difficult or
impossible.

The total density of helium saturated with sodium vapour at
atmospheric pressure shows a minimum at about 540 °C in the
temperature range 300°C-650°C. With a pool at 600°C the
density decreases anomalously with decrease in temperature to
the minimum and then increases to its initial value at 460°C.
Thus unless the temperature of the top plate is less than 460°C,
p (TJ £ ps(T0), and there is no possibility of convection by
tne normal thermal expansion.

For smaller values of Ti, and consequently larger values of
the temperature difference, convection would theoretically be
possible if the sodium vapour can become highly supersaturated.
In practice a degree of supersaturation of at least 60% would
be necessary and this is thought to be extremely unlikely.
If the temperature of the pool (To) is increased much above
600°C convection is always impossible.

The physical picture of the transport processes in helium is
thought therefore to be one of diffusion. As AT is increased
(probably between 100°C and 150°C) the vapour starts to con-
dense out in a mist over the surface. This is similar to
ground mists formed in the atmosphere on a cold night. Because
of its inertia the mist is an additional stabilizing influence
against convection. If there are no lateral gas currents in
the chamber the droplets grow until they fall out under gravity.
At equilibrium the fall-out rate will be almost equal to the
evaporation rate from the pool.

3.2 Mathematical Description

To calculate the heat and mass transfers involved we first
note that heat transport through the sodium vapour itself can
be neglected since k N aAHe ~ 0-04. Also kHe is a linear
function of temperature to a very good approximation over the
interval 300°-600° C. It is convenient to write the diffusion
equation in terms of the ratio:

m =-P/P.He' (35)

This choice, rather than pv/p, is made to utilise the constant
Lewis number (4.4) obtained with the diffusivity calculated as
in section 2.4, and results in a simplified mass diffusion



equation (see Appendix). The coupled one-dimensional diffusion
equations are:

... (36)

... (37)1 d (,, dm'
C t e d z \ K d i d'

kAT

where m, is the condensation or droplet formation rate.

For m, = 0 the resulting fluxes are:

... (38)

. _ kAm ,39.
u C~LeT* "*"

The corresponding tota l heat transport rate i s given by:

q_, = q + LL . . . . (40)

When condensation takes place in, can be eliminated from equa-
tions (36) and (37). Neglecting the small variation of L with
T (consistent with our neglect of the heat transfer through
the sodium vapour) we obtain:

0, ... (41)

where £ is given by equation (32).

Ihe solution of this equation is:

T
= - / k(T)

T0

| L dm
C Le dTC Le
P

dT
dT. ... (42)

We note that the heat and mass transfers predicted frcm equa-
tions (38), (39) and (40) do depend on the height I of the
cavity and vary as 1/SL in contrast to the constant dependence
in the argon case.

3.3 Numerical Results

The variation in heat transport rate (excluding the radiative
component) in pure helium (q) and in helium containing sodium

vapour (q^) with the roof temperature (Tx) calculated from
equations (38) and (40) is given in Fig 1.

The diffusive flux of sodium through the helium (±J) can be
calculated frcm equation (39) and is given as a function of
Tx in Fig 3. The slight fall in L for small Tx arises frcm
the fall in k with decrease in temperature. For TQ = 600°C
and Tj = 300°C the Grashof number calculated frcm the densi-
ties is into the convection region but the degree of super-
saturation required is over 1000%. It is more realistic
therefore to assume that condensation occurs.

In the presence of condensation the total heat transfer (q,J
is given by equation (42) rather than (40). Equation (42;,
if the variation in k is neglected, can be integrated to T = Tj
with z = % which yields an answer identical with that given by
equation (40). The value of q_, is only increased by one or
two per cent if the variation of k with T is included, so that,
to a good approximation, the total heat transfer is indepen-
dent of the condensation rate.

The evaporation rate (LJ) and the condensation rate on the roof
(i ) are given in terms of q_ by the general expressions (33)
ana (34) with calculated results shown in Figs 3 and 4 which
were obtained using equation (4) for m and m(He) = 10 (Ar).

3.4 Discussion

The curves i and :L represent the minimum and maximum theore-
tical flux of sodium through helium. As noted above, the
flux L can only be achieved if the sodium becomes highly
supersaturated (1000%). With a condensation rate leaving
some supersaturation, which is probably the most realistic
situation, the actual flux will lie between the curves for i_,
and i in Fig 3. This rate is an order of magnitude less
than the i or (ic + h. iJ for argon given in Fig 2.

Despite this order of magnitude difference the evaporation
rate (i ) of sodium into helium (see Fig 4) is lower than the
corresponding rate for argon (Fig 2) by a factor of only 4.

Should condensation not occur for seme reason the Grashof num-
bers would range frcm 10" at Tj = 450°C to 2.5 x 105 at Tx =
300°C, enhancing the heat transfer for He by a factor ranging
from 1.6 to 4. The mass transfers would be enhanced by a
further factor of about 2 (from Le*3 dependence) leaving net
mass transfers similar to the argon ones. There is no
reason to believe that condensation does not take place with
such large supersaturations as 1000%, particularly in view of
the ionizing radiation in the chamber and the experiments of
Ralph and Bennett tend to confirm this {18}.
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5.

6.

4. CONCLUSIONS

Idealised models for the transfer of sodium vapour froh
a hot pool through argon or helium cover gas to the cooled
cover plate have been developed. In the case of argon
the rate determining process for mass transport is con-
vection whilst for helium it is diffusion. With both of
the cover gases most of the heat transfer occurs by
radiation. The emissivity of liquid sodium which deter-
mines this heat transfer appears to be unknown.

For argon, a previously published theory due to Hills and
Szekely {2} provides a means of calculating heat and mass
transfer rates in the idealised cavity. This theory
predicts a heat transfer rate independent of the actual
amount of condensation occurring within the cavity, and
suggests that the mass transfer rate may be quite close
to that calculated with no condensation. The theory is
unsatisfactory as its basic assumption that the velocity
flow pattern is unaffected by condensation is very sus-
pect. Experiments are necessary to test the predictions
of the theory and to define the underlying assumptions.

For helium, a diffusion theory can be used to derive the
transfer rates. The mass transfer is then an order of
magnitude less than that for argon. The heat transfer
rate is smaller but since this is dominated by radiation
the same cavity will only have a slightly smaller value
for Ti for helium than it would for argon. Experiments
to check the predictions of the helium theory are desi-
rable. Uncertainties of a factor of 2 in the numerical
values of the predicted results arise from inadequately
known diffusivities.
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NOMENCLATURE

B,C vapour constants (equation 4)

C heat capacity of gas

D diffusivity of vapour in gas

e emissivity of surface

g acceleration due to gravity

i mass transfer rate with no condensation

i condensation on roof

i, droplet formation rate
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k

a

L

m

Am

P

q

qR

%

T

T"*

AT

vz

z

Gr

Le

Nu

Pr

Ra

Sc

Sh

diffusional transport through He

evaporation rate from pool surface

gas thermal conductivity

height of cavity

latent heat of vaporization

concentration of Na vapour (= p /p for Ar, P.VP H for He)

concentration difference between surface and roof
(= m0 - mx)

gas pressure

gas only heat transfer rate

radiative heat transfer rate

gas + vapour heat transfer rate

temperature

temperature in condensation case

temperature difference (= To - Ti)

vertical gas velocity

vertical co-ordinate

Grashof number

Lewis number

Nusselt number

Prandtl number

Rayleigh number

Schmidt number

Sherwood number

gas thermal expansion coefficient (—)

n

K

P

"He

P,v

gas viscosity

conserved quantity (equations 11 and 32)

argon density

helium density

vapour density

Labels and Suffices

0 value at liquid surface

1 value on roof

C pertaining to condensation case

f falling gas

r rising gas

Except where specifically stated in the text any consistent
set of units can be used for the above variables.

APPENDIX
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REQUIRED DEFINITION OF m FOR THE DIFFUSION DOMINATED
TRANSFER PROCESS (HELIUM CASE)

In this appendix we consider the general diffusion equa-
tions where m is no longer necessarily small. These equations
are:

conservation of total mass: V.(pv) = -

conservation of total
sodium vapour:

and definition of D:

Additionally, the total helium flux is:

V. (pv) = - :

V.(pv + i )

i = - DpV.-v

i flux is:

He- -v

m d ;

& ) •

0 .

. . . (Al)

. . . (A2)

. . . (A3)

. . . (A4)



It is important to note that in the general case the net
flux of sodium vapour is not zero, but that there is a net flux
upwards.

From equations (A2) and (A4) it follows:

V.
- (A5)

Calculated values of D indicate that:

k
Le =

U

10

0>

"o

o

pHe Cp D
= constant. .. (A6)

Pool temperature 600 G

Roof temperature -T| ( C)

600 500 400 300

FIG.1.VARIATI0N WITH T, , OF HEAT TRANSFER RATES qR

[RADIATION WITH e = 0-1), qT (GAS + VAPOUR), AND q (GAS ALONE)

Using this fact together with equations (A3) and (A5) gives:

1

132
V.

Put:

then:

or simplifying:

pHe/PHe

m =

. . . (A7)

. . . (A8)

Equation (A8) i s of course the general form of equation (37)

Pool temperature 600°C
Cover gas: argon

temperature - T, (°C)

300

FIG.2.VARIATI0N WITH T, OF MASS TRANSFER RATES
UNO CONDENSATION), iE(SURFACE EVAPORATION), i c

(CONDENSATION ON ROOF) ic +1/2 id ( DEPOSITION ON ROOF
WHEN HALF THE DROPLETS ARE DEPOSITED THERE)



10r-
Pool temperature 600 C
Cover gas:helium

"600 550 500 450 400
Roof temperature - V

350 300

FIG.3. VARIATION WITH T, OF MASS TRANSFER RATES IN HELIUM
iD(DIFFUSION ALONE) AND ic (CONDENSATION ON ROOF WHEN
CONDENSATION OCCURS IN CHAMBERS)
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Pool temperature 600°C
Cover gas:helium

600 550 500 450 400 350
Roof temperature - T| (°C)

300

FIG. 4. VARIATION WITH T, OF MASS TRANSFER RATES IN HELIUM
i E (EVAPORATION RATE) AND ic (ROOF CONDENSATION RATE AS IN
FIG.3.)


