
HOW DO MELTDOWNS OCCUR

▪ Usually there is a black-out which cuts the coolant circulation
▪ Coolant is stagnant and once it passes its boiling point, it evaporates
▪ Once it evoporates, there is no way to remove the heat produced from the

nuclear reaction and the temperature raises
▪ Now the fuels, cladding, moderator, etc start melting.

HOW DO WE RECREATE IT 
COMPUTATIONALLY?

DESCRIPTION ANALYSIS

Material used Air (dark blue), water (light blue), 
uranium dioxide (yellow), zirconium (red)

Method Coupled level set and volume of fluid 

Boundary condition No slip boundary condition at the walls 
(0 velocity at the wall)

Initial conditions Temperature = 4000 K
Pressure = 100 atm

Equations of state Compressible liquids and ideal gas law 

Recreated through Ansys Fluent. A volume of fluid + level
set model is used to analyse the interface between
different fluids and capture the interaction. The reactor is
recreated in 2D and the assumption is that all the
materials melt at the same time. Also no heat generation
is added. This is to simplify the model. Temperature and
pressure used are typical of a nuclear reactor under
meltdown.
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ANALYSIS
Table 1: Problem formulation and description 

Figure 1: Chernobyl disaster following nuclear meltdown



RESULT

g

The core is falling and impacting on the lower plenum where
it is relocating on the walls and then falling back down where
it is concentrating. You can note that the method is showing
the bubbles of air trapped underneath the molten core. It is
interesting how the different fluids interact based on their
densities for example: i.e., Zirconium on top of uranium
dioxide. If this is not stopped, the heat produced will melt the
lower plenum (bottom of the pressure vessel) and escape.

HOW CAN IT BE STOPPED - CORE CATCHER 

ANALYSIS

DESCRIPTION ANALYSIS

Material used Water, uranium dioxide, zirconium 
mixture
Tungsten for the walls 

Method Heat flux method 

Boundary conditions No slip boundary 
Temperature = 2000 K 
Heat flux = -600 kW/m2

Core catcher: inverted dome
of 0.20 m of tungsten alloy
placed at the bottom of the
RPV to collect the corium and
cool it. This will give it a
higher structural strenght
and thermal resistance. This
will «catch» the molten core
falling.

The modelling was done with Ansys Fluent and a heat transfer analysis
(how does the heat behave) was done. A negative heat flux (heat going
from centre to the wall) was applied. Initially the colour is completely red
as it is all at the same (very high) temperature. Then the walls start
having lower temperature (yellow, green, blue) as heat is being removed
= cooling.

Fig 2: core relocation at t = 0 s, t = 0.62 s, t = 0.95 s, t = 1.24 s, t = 1.52 s 
and t = 1.75 s

Table 2: Problem formulation and description 

Fig 3: 3D core catcher temperature 
profile

RESULT

Fig 3: Cooling temperature profile at t=0 s, t=1.4s and t=6 s



CONCLUSION:
This research found that the lower plenum is the most affected area of the pressure vessel
when impacted by the liquid nuclear core. If not dealt with, this can lead to failure of the
pressure vessel itself with a consequent loss of radiative material.

To avoid this, an in vessel core catcher has been presented to «catch» the liquid nuclear core.
This would be a 0.20 m tungsten alloy inverted dome placed on the lower plenum. It would
give a more solid structure to the lower plenum and a more effective protection from thermal
loads.

This research is a continuation of previous ones, but has added further layers of depth to a
topic that can be developed further from here on. A multi phase, system initialised at reactor
temperature and pressure conditions was created and nuclear material equations of state
implemented.

FUTURE STUDIES
In the future, a compressible system could be implemented for the relocation study and a
heat generation input added. Also further materials used.

For the core catcher, a more complete, mixed convective and radiative system should be used
and analysed.

Fig 5: Nuclear accident at the Fukushima Daichii Power Plant
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