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Abstract

This thesis work, carried out at the Dipartimento di Ingegneria Civile ed Industriale (DICI)
of the University of Pisa, concerns the thermo-hydraulic analysis of postulated accidents

in a HLM cooled fast reactor, i.e. the MYRRHA-FASTEF reactor.

The first part of the work describes the general features and the historical background of
the SIMMER-III code, such as the code assessment, and also a state of the art concerning
the applications of the code to both separate effect facilities and full scale reactors. In this
context, the SIMMER-III code can be adopted in analyses of sodium-cooled fast reactor,
lead-cooled and LBE-cooled fast reactors; with some limitations and integration by

additional models, it can be also applied to molten salt reactors and light water reactors.

The second part focuses on the description of the MYRRHA-FASTEF system and on its
modelling by SIMMER-Ill, highlighting the adopted modelling of the different
components. The reactor was simulated by a 2-Dimensional axial-symmetric geometry.

The results of steady-state and transient calculations are then reported.

The steady-state analysis was performed in order to assess the correctness of the code
and of the adopted model; so, the obtained results in relation to the major variables were
compared with the design values. In particular, the most relevant results obtained for
temperature trends and profile, both in the core and in the PHX, and the velocity and
mass flow rate trends are reported. Significant thermal stratification is predicted by
SIMMER-IIIl in the upper plenum of the vessel which is responsible for temperature

oscillation at the PHX inlet.

Finally, transient analyses were performed. Selected design basis condition transients and
design extended condition transients were addressed in order to assure a sufficient safety
level of the reactor, following postulated accidents or in unprotected transients. The
sensitivity to the MOX density on fuel redistribution in the primary circuit has been also
investigated. After fuel release, a certain amount of fuel particles is transported by the
LBE coolant and, depending on the fuel porosity and the type of circulation, it tends to

settle down or to float at the LBE free surface.
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Roman Letters

A

a
ALPGK
ALPLK4

ALPLKS

Corr

interfacial area (m™)

binary-contact area per unit volume (m™)
volume fraction of gas

volume fraction of fuel particles

volume fraction of clad particles

orifice coefficient

heat capacity (J/kg/K)

hydraulic diameter (m)

entrainment

Xl



e specific internal energy (J/kg)

f volume fraction

g gravity (m/s?)

Gr Grashof number

H heaviside unit function

h heat transfer coefficient (W/mz/K)

i specific enthalpy (J/kg)

K inter-field momentum exchange function (kg/m>/s)
L characteristic length (m)

Nu Nusselt number

p pressure (Pa)

Pr Prandtl number

Q heat transfer rate (W/m?)

q heat transfer rate (W/m?)

R gas constant (J/kg/K)

r radius (m)

Ra Rayleigh number

Re Reynolds number

S interfacial area source term (1/m/s)
T temperature (K)

TLK3 LBE temperature (°C)

TIPINK center pin temperature (°C)

TSK1 surface pin temperature (°C)

TSK4 clad temperature (°C)
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TSK8 can wall temperature (°C

\; specific volume of the structure
V2 velocity (m/s)

Y velocity (m/s)

vM virtual mass (kg/m?/s?)

We Weber number

Greek letters

o volume fraction or void fraction

0 thermal penetration length (m)

I mass-transfer rate per unit volume (kg/s/m°)

K thermal conductivity (W/m/K)

H dynamic viscosity (Pa-s)

P density (kg/m?>)

; macroscopic density (kg/m?>)
surface tension (N/m)

T time constant (s)

Subscripts

a fuel pin interior node

B bubbly flow regime
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CP

Crt

film

FS

GL

hb

hc

HT

int

LCW

MF

nf

fuel pin surface node

cladding or continuous phase

continuous phase

critical (temperature)

dispersed flow regime

dispersed phase

fuel

film region

liquid film

vapour mixture

Terms existing at interface between vapour and liquid velocity
energy component m in a vapour field

fluid and fuel pellet surface (rate of energy interchange between)
fluid and cladding (rate of energy interchange between)
heat transfer

fuel pin interior node

liguid component

left can wall

energy component m in a liquid field

material number or energy component

density component

melting/freezing (rate of energy interchange due to)
nuclear (heating rate)

non-flow volume
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P particle component

PIN fuel pin

pool pool flow regime

q,q velocity fields

aq’ terms existing at interface between two velocity fields
RCW right can wall

S Structure component

slug slug flow regime

S, energy component M in a structure

str structure

VC vaporization/condensation (rate of energy interchange due to)
VS vapour structure

Superscripts

I interface quantity
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