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Abstract

A model for calculation of the aerosol generation rate resulting from sur-

face bubble rupture during molten core-concrete interactions is discussed.

One aspect of the model, based upon previous work in the l i terature, considers

that f i lm rupture occurs due to growth of f i lm oscil lation disturbances in the

surface l iquid f i lm . Calculations are presented for molten pools with l iquid

properties in the range of prototypic interest.

*Work performed under the auspices of the U.S. Nuclear Regulatory Commission.
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Summary

The Reactor Safety Study [1] and subsequent LWR safety analyses [2] incor-

porate in their calculations estimates of aerosol release from molten corium

during the core melt-concrete interaction phase of the accident sequence. This

source of aerosol release has been observed in experiments by Sandia Labora-

tory [3]. Available codes such as CORRAL [4] enable the user to specify the

aerosol release rate from this mechanism as input quantities. No mechanistic

models are incorporated into any of the available aerosol generation or trans-

port codes.

The aerosol release from a pool of molten corium which is agitated by gas-

es that emerge from the concrete is expected to be of two sources: i) con-

densed vapors from volatile melt species and ii) aerosols produced by mechani-

cal breakup of the liquid by the flowing vapors. This paper discusses a model

for the second of the sources identified above.

The mechanism of aerosol production from bubbling pools is expected to de-

pend upon the two-phase pool flow regime. In bubbly flow, i.e., at low gas

velocities, the aerosol is expected to result from breakup of liquid sheets

resulting from bursting of individual bubbles as they break through the liquid

''Work performed under the auspices of the U. S. Nuclear Regulatory Commission.
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surface. At higher gas velocities, the bubbly flow regime breaks down into

churn flow and the mechanism of droplet generation is expected to change. In

this regime the droplets generated are expected to form by liquid filament and

sheet instabilities within the bulk of the two-phase medium and not (as in

bubbly flow) at the two-phase pool surface. In both the bubbly and churn flow

regime, the droplets produced in the pool will not all be carried off by the

flowing gas. Only those droplets whose terminal velocities are less than the

gas velocity will be carried off. The remainder will fall back to the pool.

The aerosol generation rate, finally, is expected to depend on the gas flux,

properties of the fluids, i . e . , densities of gas and liquid, surface tension,

and viscosities, etc.

Consider a molten pool of corium of cross-sectional area A which is

sparged by gases released from core-concrete interactions at the boundaries of

the pool. Let n(r)dr represent the number of bubbles of radii in the incre-

ment dr about r which cross the pool surface per unit time. Define v,j(r,p)dp

as the volume of droplets produced per unit time of radii in the increment dp

about p resulting from the passage of a bubble of radius r through the pool

surface. Then the volumetric rate of droplets produced is

vd(r,p)dp n(r)dr (1)

It is further assumed that the upper limit of droplets produced which will be

carried off by the flowing vapor above the pool is p*. The remainder, for

which p > p*, will fall back to the pool. The volume flux of droplets carried

off by the flowing vapor can then be written as

"4 - JI vd(r,p)/-1-drdp (2)
oo j IT r
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where jg is the superficial vapor velocity and <i>(r) is the bubble size dis-

tribution.

In order to calculate the rate of aerosol generation from Eq. (2), we need

to know (i) the bubble size spectrum characteristics of sparged pools of cori-

um, (ii) the spectrum and volume of droplets produced per bubble burst, and

(iii) the upper limit of droplet radius p* which can be carried off by the

flowing vapor.

While bubble size spectra data are not available, Powers [5] has suggested

10 mm as a characteristic bubble size representative of conditions during

core-concrete interactions.

Data are available for the rate of aerosol production due to gas bubbling

through water and other liquids with properties (density, surface tension)

close to water [6,7]. The available data indicate that droplets produced from

a bubble burst have a double-peaked size spectrum. Droplets in the range of

tens of microns are produced from the surface liquid film which bursts. Drop-

lets with diameters in the range of hundreds of microns and millimeters are

produced from a jet which emanates from the bubble crater. For bubbles of di-

ameter greater than approximately 5 nrn, the data indicate that the large-diam-

eter droplets are not produced. For 10 mm bubbles, this suggests that the

droplets would be produced only as a result of the breakup of the liquid film.

No experimental work has been found with liquids whose physical properties

are closer to that of molten corium (large density and large surface tension).

Azbel, et al. [8], however, have proposed a model to predict the mass of the

liquid film which surrounds the gas bubble at the instant of bubble break-

through. The model considers that film rupture occurs due to growth of film

oscillation disturbances driven by acoustic noise in the liquid pool.
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Mathematically, the rupture criterion specifies that the fundamental frequen-

cies of oscil lation of the liquid f i lm and the bubble vapor cavity are identi-

cal . The model, which does not predict the droplet size distribution, was used

in the present work to predict the total volume of droplets produced per bub-

ble burst.

Equation (2) was evaluated assuming a single bubble radius, that all the

droplets are carried off (p* •*• •») and using Azbel's model for the aerosol

volume produced per bubble burst.

Typical calculation results are presented parametrically in Fig. 1 for a

range of assumed liquid pool properties and vapor fluxes. Values of jg on

the order of 1 m/s are expected shortly after molten corium is introduced to

the reactor cavity, while 0.1 m/s is expected to be characteristic of a longer

time period following melt ar r iva l . For a pool with properties characteristic

of molten UO2 and steel, an aerosol generation rate of 10 cnr/s or 288 kg/hr

is predicted. This quantity of aerosol production is a significant contribu-

tor to the total production rate during this early time period. For a pool

characteristic of later times in core-concrete interactions, the density would

be approximately 3,000 kg/nr and the vapor flux would be of the order of 0.1

m/s. The aerosol generation rate would be approximately 1 cm-fys or 10.8 kg/

hr. This aerosol production rate, while relatively small, could be the major

contributor i f the core melt has cooled significantly (but is not yet so l id i -

f ied) .

The above estimates of aerosol generation rate are based upon models which

hava not been evaluated with fluids whose properties are similar to those of

corium and concrete mixtures. The results, moreover, are probably conserva-

tive since the calculations assumed that al l droplets produced can be carried
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Fig. 1: Aerosol Generation Rate Calculation Results
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off by the flowing vapor system. Further work is needed to evaluate and fur-

ther refine the models.
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