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Crust Formation And Mixing In A Gassy Two-Liquid Pool

Introduction

Molten fuel pools with:anbéyéflying layer of steel can be expected
to form in varibus stages of the ﬁost-accident heat removal sequence, either
on in-ﬁessel or ex-vessel core catchers, or on a concrete or'fefractory floor‘
beneath the reactor vessel. Since the boiling point of steel is approximately

the same as the freezing point of UO,, one can‘expect that a crust of frozen

2

UO2 may form at the. interface. However, there ﬁay be significant bubblihg
through the interface, either by boiling within the fuel pool or by gas re-
leased froﬁ.the concrete of sacrificial material. The objective of this work
was to study the conditions for crust formation in a two-liquid layer pool
with gas_evolution; A unique physical phenomenon was‘Qbsérvéd, however, in -
the. cggbme».,_esﬁ._bp&m@mna,; .t,cvém;_s.‘ius.ftxm&,;g:ﬁ.,,.chgsa formaticn of ‘qui,,rz‘g;epeé'g,' balls of.
ice. formed by water transporteﬁ'by the bubbles enteripg the cold hexane. Tﬁese
“formed a raft of hollow spheres at the fop of the hexane léyer.~ By analﬁgy,
one might expect considefable mixing of UO2 in the form of hollcw spheres into o
-the molten Stéel, witﬁ important consequences for the pool geometry-and heat
transfer.
Equipment

. The apparatus consisted of 3" i.d. tubes joined together, a 12-in. section.
of 3-in;Aglassipipe, containing water;Asqined‘td an uppert24-in. section of 3-in. i
lucite tubing contaiﬁiﬁg hexénea A vacuum jacket was fitted around the glass tube
to prévenf frost guildup as the hexane cooled. The hekane‘temperature COuld‘fé |
" reduced to -30°C by a refrigerant coil, and the water cduld be warmed‘by é elec-
‘trical heater. Th? air could be bubbled in from a porous pléte at the bottom or
from ; single tube. Five thermocouples were used to monitor temperatﬁfes in the
two iayers and above the pool. The porous plate produced Bubbles of ¥ to 5 mm

diameter, depending on the air flow, while the tube produced bubbles of 5 to 10




mm diameter. The upper hexane was cooled by a refrigerant.éoilo

Two methods of cooling the hegane ﬁere used. At very low air flow rates,
the hexane was cooléd after pouring into the tﬁbe. However, as the air‘flow was’
increased, a significant amount of water would freeze on the'réffigerént coil.
Abové 20 c;/min air.flow, therefore; the héxang~was cqoled t6 ;20°C-before4
starting the air flow; Thé qodiing cqii was thén taken out when the air flow
was'started and as the hexane Warmed up measureﬁéntslwere made of the inte;face‘f“
level and temperatures'as a funétion of time.
Results .
Crust Formation

A crust of ice formed with no air flow below a hexane temperature of
-SOC. The crust grew'in patches.as the hexane was coéled'qntii fiﬁally it
covered the interface éompletely. When an air flow was started, the4¢rus£
formation was dominated by gfdwth from the gdges of the tube, and eveﬂ Qery
low éir flow rates prevented the patches in the center of the interface from
f§rming.» At six bﬁbbles per minute, crust patches in the cenfér of'the-iﬁter-
face were oﬁserved at -ZSOC, but the crust formgtionAwasidominated by ice
growtﬁ from the edges. The significant result here is that very low flows
destabilize the crust stréngly._
Shell Formation

Air flows up to 250 cc/min were used to observé hollow ball or shell
formation.' éignificant transfer of ice to the héxane was}observed at these
flow rates. Even when the temperature.was not low eﬁough to.fréeze;the w;ter
As it was pushéd through the inferface by the bubble, water was carried upward
with each air Eqbble. Under these conditions, when the air bubble reached the
top of the hexang, the:air broke free and the water dropped back through.the
he#ane to the interface. When large bubbles (d > 3-4 mm) reached the interface

there was a short time lag before the bubble continued to rise through the
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4.« " hexane. However, smaller bubbles,such as produced with a porous plate,
stépped at the interface temporarily until enough coalesced to break free -
from the water interface. The longer the delay time at the interface, the
less wés qarried prards by tﬁe bubble. This would explain the lowerbﬁatér
transfer‘rates observed for the porous plate, as opposed.;o’the tube, for
equal.tAtal flow rates. There was essentially no hesitation dpon’f%sging
through the interface for.buﬁbles greater than 5 mm. At hexane temperétures
of O-SOC, partial ice shells detached from the bubbles and fell down through
the hexane. At -5%¢ to -10°C‘the ice shell was carried to the top of the
hexane, but liquid drained down. At femperatures below -1000; all bubbles
were surrounded with continuous shells and bélon-IS?C;;éﬁe'water transfer
raté appears to becomé about constant;‘as might Sebexpected. Figure 1 ghbws

that with the porous plate the water transfer rate increasés fai;ly iineariy
with tempe;ature below"-56b,bwith the slope increasing witﬁ(higher air flows.
Figure 2 shows data for a single column of air bubbles, with a tehdency to
level off at a maximum transport rate with temperature is clearly seen.
bonsider now a 20 cm. layer of fuel with 30 cm. steel above it, lying
on a concrete floor. Supposing the concrete specific graQity to be 5, and
its. weight fractioﬁ of water to Se 0.1, a layér of concrete only 1 cm. fﬁick
ﬁ 3:? need to be dried out in order to intersperse thé fuel-gas balls coﬁpletely in
the steel. If the éoncréte wére intact, this would require less than 103 sec.;
but if spalling and crackiﬁg occurs, with a mean heat conduction distance of
0.1 cm., the fime is reduced to 10 sec. Hence the stratifiéd fuel-steel pool
never exists, and_a three ( and possibly fogr) phase homogeneous mixture is
formed immediately. This mixture is stable, since the boiling point 6f steel
is about the same as the melting point of fuel. Hence the mixture acts as a
natural heat pipe, excess heat being removed by boiling of the steel, which

condenses in the colder region above the mixture, ‘and then returns by gravity.



L _- _ _ .

The heat transfer from the fuel is greatly 1mproved by embedding fuel balls
in molten steel, and the pool containment problem is similar to that in steel

foundries.



| Air Flow 150 Cc/mi‘n
8__. : .
—
| 100

s T

e

~ -

3 - /

(&) 6 |

5

O .

T 5F 50 |

o ' e 40

Iz | o

s 4 |
i > 25

53l ,
S ;
=
S | 5,
Q@
525
-12 -6 - -20 -24

Hexane Temp. °C



- . FE N
s e o e Ly ey Wonts oA he nd bt gtttk e TP - ARy e
s . 2 d

R
T
]
-
=
~
(&
S
e,
S =T
w 0
A
< ) |
. O
°..
4
a
=
¢}
T
° o
°
o
e O
x
(M)
T
— 0O
]
— <
]
,,.xm
I .ﬂ
L1 | | | | | L
o Q@0 N~ (o Te} < ') N — e

uiw /29 .Bom 13jsupd] I3IDM




