
Nuclear Society of Slovenia
2nd Regional Meeting: Nuclear Energy in Central Europe

n s s , Portoroz, SLOVENIA, 11.-14. September 1995

S19900057

On Premixing Phase of Steam Explosion Using
Probabilistic Multiphase Equations

Jure Marn, Matjai Leskovar
'Joief Stefan" Institute

Jamova 39, 61111 Ljubljana, Slovenia

ABSTRACT - Basic probabilistic multiphase equations are used to model one of the most important phase
during core meltdown frequencies: spreading of molten fuel in coolant. This phenomenon may occur during
severe accident conditions following the core meltdown and can attain either in-vessel or ex-vessel mode.

In this paper the general probabilistic multiphase equations which are the form of ensemble averaged multiphase
flow equations are presented and first 0.40 seconds after the molten fuel has penetrated the liquid coolant are
simulated. Only the hydrodynamic part of the phenomena is analyzed. The results for velocity, pressure and
void fraction field are presented and the convergence analysis is performed.

1. Introduction

Steam explosion is a physical process in which molten fuel contacts more volatile water
coolant and rapid fuel fragmentation occurs with accompanying heat transfer and coolant
vaporisation, at time scales short enough to produce shock waves causing rapid coolant vapor
expansion. Such an event can occur during a severe reactor accident following core meltdown
and can attain either in-vessel or ex-vessel mode.

In general, there are four phases of steam explosion progression. During the first stage the
melt mixes with the coolant and exists together separated by vapor film. The occurrence of
a trigger destabilises the interface between the melt and the water and leads to some locally
enhanced heat transfer, pressurization, and fragmentation. The trigger front then propagates
through the premixed region. Once an interaction starts it may become self-sustaining. The
resulting high pressure behind the propagating front which undergoes expansion performs
work on its environment. This expansion is important in determining the damage potential
of the steam explosion.

In this work the hydrodynamic part of the first stage of a steam explosion, the formation of
the premixed region, was simulated.
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2. Equations

Each phase in the multiphase flow is described using continuity
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equations. These equations were derived by ensemble averaging, where the equations are
averaged over an ensemble of identical experiments.

Some dimensionless quantities are introduced

vo =

7
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In this contribution the energy equation was not taken into account.

The pressure equation was derived from the momentum equation (2,3) by taking into account
the continuity equation (1)

Nuclear Energy in Central Europe, Portoroi, Slovenia, 11.-14. September 1995 433



\-BDl*v —i—2+—-i—^
drdz r dz dz2 ) P

r Br r dz

\ r l ) \ r * ))v

dr\rdr l dz

[ v
dz\r dr * dz

To improve the numerical results the pressure equation may be derived from the discrete
form of the momentum and continuity equations.

3. Methods of solution and results

To achieve second order accuracy, the continuity
and momentum equations were solved using Lax-
Wendroff scheme. The pressure equations was
solved on a staggered grid using the alternate
direction implicit scheme. The equations were
solved in the 2D cylindrical coordinate system.

The initial conditions are shown on figure 1. In
the centre of 1 m high cylinder there is molten
fuel, on the bottom is water, and on the top is air.
The initial velocity of all three phases is zero.

On the following page one can see the
movement of the molten fuel phase, water phase
and the air phase. The time period between the
pictures is 0.2 seconds. The black colour means
that the phase probability a is one, and the white
colour, that it is zero.

The molten fuel moves downward, ousts the water
and spreads at the lower part. The air is following
the molten fuel.

Lmax

1 : I n i t i a l conditions, Grid size:
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Molten fuel phase

Figure 5: t = 0.0s Figure 6: t = 0.2s

Air phase

Figure 2: t = 0.0s Figure 3: t = 0.2s Figure 4: t = 0.4s

Water phase

Figure 7: t = 0.4s

Figure 8: t = 0.0s Figure 9: t = 0.2s Figure 10: t = 0.4s
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On the next two figures (Figure 11, Figure 12) the phases velocity field at simulation times
t = 0.2s and t = 0.4s is shown. The velocity field at the beginning of the simulation (t =
0.0s) was stagnant. The arrows show the flow direction and the colours the flow speed.
White means zero flow and black maximum speed flow. In the middle of the figures we see
the formation of a vortex.

Figure 11: t = 0.2s Figure 12: t = 0.4s

4. Convergence analysis

To establish a suitable grid size for the simulation of our problem the convergence analysis
was performed for a number of selected physical quantities. We tested the water phase
probability, air phase probability, molten fuel phase probability, radial velocity component,
vertical velocity component, pressure and the phase volume.

The basic grid and the initial conditions are shown on Figure 1. The basic grid size is 6 x
9 mesh points (grid size: lx). The calculations were performed for 2 (grid size: 2x), 4 (grid
size: 4x), 6 (grid size: 6x), 8 (grid size: 8x) and 10 (grid size: lOx) times larger grids with
the same geometry and initial conditions. The selected physical quantities were traced always
at the same mesh point at the location: r = 1/3 of cylinder radius and z = 1 / 4 cylinder
height in cylindrical coordinate system. The results of the convergence analysis are shown
on the following figures.
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Phase probability

The phase probability results for all three
phases are nearly identical at grid sizes: 6x, 8x
and lOx.

! " '
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time

Figure 13: Water phase probability

Figure 14: Air phase probability Figure 15: Molten fuel phase probability

Pressure

The pressure shows rather strange behaviour.
The peaks in the pressure field are due to
numerical problems which appear when the
phase probability in the tracing mesh point
changes rapidly and have no physical
background.
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Figure 16: Pressure
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Velocity field

In the first part of the simulation the velocity field changes continuously. During that period
the phase interfaces are still smooth and the phase probability in the tracing mesh point is not
varying to fast.

time

Figure 17: Radial velocity component
time

Figure 18: Vertical velocity component

Phase volume

On the three figures (Figure 19, Figure 20,
Figure 21) one observes the,volume of all
three phases. Phase 1 is the water phase, phase
2 is the air phase and phase 3 the molten fuel |
phase.

time

Figure 19: Phase volume, Grid size: 2x
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Figure 20: Phase volume, Grid size: 6x Figure 21: Phase volume, Grid size: lOx

of ourThe convergence analysis shows that the grid size: 6x is suitable for the simulation
problem, based on our engineering judgment.
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5. Conclusions

A 2D multifluid flow model was developed. In the future the model will de developed
further. In the momentum equation (2,3) the probabilistic drag has to be considered properly
and the fragmentation of the melt has to be simulated. The energy equation (4) has to be
taken into account and the probabilistic heat transfer has to be calculated. When the model
will be completed it will be able to simulate the first, premixing phase of a steam explosion.
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