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CONACS-l (the f i rs t version of the DOE Containment Analysis Code
System) which is currently under development requires extension of
existing debris-bed dryout data to the wide range of conditions
possible in an accident sequence. While there has been much effort
on modeling of debris-bed dryout from f i r s t principles, there is no
definitive model for beds of irregularly shaped particles of wide
size distribution and for beds of varying height. Existing debris-
bed heat-transfer data with real materials are for the most part
limited to dryout as a function of bed depth for adiabatic conditions
of atmospheric pressure. These data must be extrapolated with the
use of appropriate theoretical models based on experimentation with
simulant materials to the conditions under consideration in the
containment analysis.

The data base selected for CONACS-l is from measurements of dryout
for beds of 100 to 1000 un UO2 with the sodium phase Joule heated
[ 1 ] . This particle size range which is typical for debris from fuel-
coolant interactions is the most reasonable to use. I t is unlikely
with present knowledge that any other range could be predicted from
any particular accident scenario. The empirical correlation [1] of
these data for the dryout heat flux, qdryout» a s a function of UO2
loading, Bf, is :

q d r y o u t = 3.46 - 0.0073 Bf + 4.021 x 10

461 < Bf < 900 kg/m2

q d r y o u t = 0.946 MW/m2

The UO2 bed loading can be related to the bed depth, J^f, by:

= 2 x 10~4 Bf m (3)
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The presence of stainless steel in the debris must be considered in
most accident scenarios. If the UO2 and stainless steel are
uniformly mixed, the following semiempirical correlation (1) based on
data for 100 to 1000 nn UO2 and 600 to 1000 un stainless steel is
used:

3-46 " ° - 0 0 7 3

4.021 x 10"6 (Bf + B s s ) 2 MW/m2 (4)

or q d r y o u t = 0.946 MW/m2 0 < Bf + Bss < 461 kg/m2 (5)

where the bed loading of stainless steel, Bss, can be related to
depth, Ĵ ss by:

2.5 x 10-4 B s s n
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The effect of system pressure, P, on the debris bed dryout heat flux
can be estimated by extrapolating the equations for dryout at
atmospheric pressure, Pa, by assuming turbulent flow for the vapor:

Where h v £ is the latent heat of vaporization, p. Is the liquid
density, and py is the vapor density. Satisfactory agreement was
obtained with Eq. (7) for the data of Dhir and Catton [2] for
inductively heated lead particles in methanoi and acetone at
pressures less than atmospheric (see Fig. 1). On Fig. 1 the curves
calculated from Eq. (7) are based on 1 bar except for the 848 un
particles in acetone. For this case the experimentally measured
dryout heat flux at 1 bar appears aberrant in that it is below that
for the dryout heat fluxes at lower pressures. Therefore the curve
was based on the dryout heat flux at 0.8 bar.

The effect of flow of a noncondensibie gas through the bed on the
dryout heat flux was experimentally modeled by sparging air through
an inductively heated bed of metal particles in water. The dryout
heat flux declined with increased air flow. The reduction in dryout
heat flux with increasing airflow can be explained by assuming (1) no
further alterations occur in bed geometry (constant friction factor
f) after initial introduction of air into the bed, (2) turbulent flow
of the combined air and vapor, and (3) the pressure gradient (dP/dz)
is the difference between the liquid and gas densities and, there-
fore, is a constant. The pressure gradient can then be expressed in
terms of the vapor velocity, V v a p, and the air velocity, Va^r, as

dP 2 f (Vvap + Vair)2 "gas
Sz g B

where p g a s is the gas density, g the gravitational constant, and D a
characteristic diameter.

By assuming that the rate of vapor generation is uniform throughout
the inductively heated bed, we can express the vapor velocity as a
linear function, C z, of bed height z, where C 1s a constant. Then,

2 f pMt. r z o^ J dzr z

Integration of the above expression leads to:

V2

(̂V) = & {—J2E+ Vyap Vftir + V 2
i r ) 1 / 2 « constant (10)

On Fig. 2 data for nickel, stainless steel and U02-sta1nless steel
(50-50 volume percent) beds are plotted in terms of +(V) against the
superficial air velocity. It is seen that $(V) Is Independent of the



air velocity for air flows greater than 0 for the three different
beds. Introduction of air flow changed the configuration of the bed
of the smaller nickel particles resulting In less flow resistance;
therefore, $(V) Is greater than Vvap with zero air flow. Apparently
the configurations of the larger stainless steel and the UO2-
stainless steel particle beds were not altered by the Init iat ion of
air flow through the beds. Thus, 4>{V) Is the same as Vvap at 0 and
higher air flows.

For use In the CONACS-1 code Eq. (10) was put in terms of heat fluxes
and rearranged to give:

"gas " - 1 ' 5 pv hv* Vgas + [<dryout " ° ' 7 5 (pv \ t
(11)

Where qdryout is tne dryout neat flux without the presence of
noncondeniiDie gas flow, and qaas is the dryout heat flux with the
additional gas flow. y

The above equations for dryout heat flux can be applied to beds with
heat removal at the base and with the overlying pool temperature
below the boiling point. For this condition four zones are
assumed: 1) a bottom conduction zone, 2) a central boiling zone,
3) a top conduction zone, and 4) a convection zone in the overlying
pool.

The effective bed thermal conductivity, Ke, 1n the conduction zones
is determined from the Kampf-Karsten expression [3]:

(1 - e) (1 - -j£)

K - K [1 -. *—r-J (12)

/ + (1 - e ) 1 / 2 (1 - J )

Where K£ is the conductivity of the liquid or vapor phase (if dryed
out), Kb the conductivity of the solid fuel debris and e the bed
voidage. In the convection zone the heat transfer rate is found from
[4]:

Nu = 0.0535 Ra1/3 Pr 0 - 0 8 4 (13)

Where Nu is the Nusselt number, Ra the Rayleigh number and Pr the
Prandtl number.

This analysis can be applied to a variety of conditions such as an
insulated base, the overlying pool at saturation temperature, the
boiling rate below that to cause dryout and to a post-dryout
situation in which the bed 1s partially dry but heat transfer by
conduction in the dry zone may be sufficient to prevent propagation
of the dried out zone.

This analysis of debris bed heat transfer for the CONACS-1 code by
using existing data for both real and simulant materials provides a
versatile technique using simple expressions for treating the wide



variety of conditions which must be considered in containment
analysis.
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Figure 1. Comparison of Turbulent Flow Model for the
Effect of Pressure on Dryout with Data of
Dhir and Catton 12].
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Figure 2. Effect of Additional Flow of a Noncondensible
Gas on Debris Bed Dryout.
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