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Introduction

To validate the design and confirm the design characteristics of the

special retaining device (core catcher) used for protection of BN

reactor vessel in the case of a severe beyond-design basis accident

with core melting, computational and experimental studies were

carried out. The Tray test facility that uses water as coolant was

developed and fabricated by OKBM; experimental studies were

performed. To verify the methodical approach used for the

computational study, experimental results obtained in the Tray test

facility were compared with numerical simulation results obtained by

the STAR-CCM+ CFD code.
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BN reactor core catcher

Core melting is postulated for the BN-800

and BN-1200 reactors despite the extremely

low probability of such an event (residual risk

accident).

To prevent the reactor pressure vessel and

guard vessel from melting, a core catcher

intended to confine the molten core (corium) is

installed under the pressure chamber.

The device for collection and confinement of

BN reactor molten fuel is a core catcher

consisting of a bottom, cone barrel welded to

the bottom periphery, support structure and

seven vertical draft tubes. The internal surface

of the core catcher is lined with the high

melting point molybdenum alloy.

BN reactor core catcher 
1 – cone barrel; 2 – draft tubes;
3 – pressure chamber; 4 – tube from 
the pump; 5 – support structure. 
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Experimental studies in the Tray test facility

Tray test facility model design 

1 – pedestal; 2 – heat exchanger; 3 – support skirt; 4 – vessel;

5 – core catcher with heaters; 6 – current distributor; 

7 – thermal insulation.

The Tray test facility was created to

simulate thermal-hydraulic processes in the

lower part of the reactor vessel near the core

catcher. Its design has geometric similarity

to the reactor with the scale of 1:10. The test

facility utilizes water as coolant.

The aim of the experimental studies in the
test facility was to obtain information about
the circulation circuits taking place in the
model and about their stability, as well as
about distribution of water temperatures in
the circuits. This information was required to
verify CFD codes.General view of the Tray test facility
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Numerical simulation of thermal-hydraulic
processes in the Tray facility

Results of numerical simulation.

Temperature distribution in the model

Thermal-hydraulic processes in the Tray

facility were numerically simulated to verify the

STAR-CCM+ CFD code that is used to solve the

reactor problem of validating the core catcher.

The comparative analysis showed that

calculated and experimental temperatures are

quite close in all options under consideration.

The average deviation is 5%, and the maximum

deviation does not exceed 8% while normalizing

for the difference between the maximum and

minimum temperatures in the test facility.

Computational and experimental studies of

thermal-hydraulic processes in the Tray test

facility proved that the developed methodical

approach is applicable to solving the class of

problems under consideration.

Numerical model
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Numerical simulation of thermal-hydraulic processes
of cooling core fragments in the core catcher

Coolant circulation diagram in case 

the pressure chamber is burned through

Coolant circulation diagram in case

the lower plate of the pressure chamber
is blocked with molten FA steel

Thermal-hydraulic processes occurring when core fragments are being cooled in the core
catcher were numerically simulated based upon the verified methodology for two ultimate
options of developing of coolant natural circulation that are possible in the accident:

- failure of the pressure chamber does not prevent development of coolant natural
circulation through the core;

- failure of the pressure chamber results in that flow passages are completely blocked with
molten FA steel in the lower plate of the pressure chamber.
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Numerical simulation of thermal-hydraulic processes
of cooling core fragments in the core catcher

CAD model of BN-800 reactor

Due to complexities in reactor design geometry

and in simulated physical processes, the problem

was solved by methods that made it possible to

avoid direct simulation of equipment. The solution

that employs direct simulation of reactor equipment

significantly complicates the problem, results in

higher demand for system resources and

consequently extends the problem solving time.

Convergence of the numerical solution was

estimated by normalized discrepancy graphs; by

monitoring the integral temperatures and velocities

in the model; and by monitoring temperatures and

velocities in checkpoints.

Computational mesh
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Numerical simulation of thermal-hydraulic processes
of cooling core fragments in the core catcher

Results of numerical simulation in the reactor for 

the option with the lower plate blocked with 

molten FA steel in the pressure chamber.

Calculational studies of steady-state thermal-

hydraulic processes in the BN-800 reactor showed

the following:

- proposed core catcher design makes it possible

to remove heat from the corium to the secondary

coolant by natural circulation of primary coolant.

- at 13 MW assumed as the maximum estimated

power in the established sodium circulation mode,

maximum coolant temperatures take place in the

corium area and reach 355 °C, if the pressure

chamber is not blocked; and 525°C, if the

discharge chamber is completely blocked .

The implemented computational and

experimental work confirmed the efficiency of the

developed core catcher design and validated its

operability.

Velocity distribution

Temperature distribution 
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Thank you for your attention!


