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Introduction

Introduction
Motivation
Sensible engineering fields, like the nuclear safety assessment, involve the analysis of
large installations composed of very different scale components, where single and
two-phase flows take place. Thus, the verification of plant accidents has forced to the
community to use System Codes like RELAP and ATHLET, which are based on the
domain reduction and the use of empirical correlations.
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Mathematical model

Governing Equations
1. Momentum equation:

∂(ρU)

∂t
+∇· (ρU⊗U) = −∇p +∇· τ +ρg

2. Volume and temporal discretization:

U = U0+∆t [(pinl − pout)/(ρL) + g(hinl − hout)/L]

+∆t
[(

1
2
λ

L
Dh

U2 +
1
2

KU2
)
/L + ∆Pext

]
3. Algebraic solution:

Un = Un−1+∆t
[
(pn

bc,1 − pn
bc,2)/(ρL) + g(hinl − hout)/L

]
+∆tf (λ, (Un)2)/L + (∆tHg)/L

where H(Q) = C1Q2 + C2Q + C3
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Mathematical model

Government Equations:

In order to solve the heat transfer 0D model, the Effectiveness-NTU Method
was implemented.
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Mathematical model

Governing Equations: 0D Thermal model

For the BC specification in OpenFOAM, the user data file input contains the
following parameters for the velocity and temperature fields at the
INLET/OUTLET patches.
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Numerical Model

Numerical Model

Computational domain:
≈ 800, 000 cells.
Domain simplifications: Only
the inlet/outlet pipes and the
reflector were considered.
Solver: Compressible
(buoyantPimpleFoam).
Turbulence model: Realizable
k − ε.
Core pressure drop: Porous
media was chosen. A
Forchheimer coefficient F = 60
was adopted.
Core power: It was imposed as a
volumetric power source.
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Numerical Model

Results - Steady-state condition

The steady state conditions were assessed
for two power conditions:

Case 1: 100kW
Case 2: 265kW (Mesquita et al.,2011).

The simulation was carried out for 17h,
using parallel computing.

For each hour of problem simulation,
3,42h of CPU time was required.
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Results and analysis

Steady-state condition
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Results and analysis

Results - Steady-state condition
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Results and analysis

Loss of forced convection event

Event: A primary pump shut-down condition
was simulated.
Consequences: The loss of forced convection
leads to a progressive coolant heating because
the free-surface heat transfer is not enough.
Core power: A constant core power of
265kW was assumed.
The simulation was carried out for 5000s.
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Results and analysis

Loss of forced convection event

t=0s t=1600s t=3200s t=4800s

∼ Video ∼ a)

b)

c)
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Results and analysis

Loss of coolant accident

Event: A downstream 2A-LOCA pump
condition was simulated.
Solver: The compressible Volume of Fluid
(VOF) solver (compressibleInterFoam) was
used to track the free surface motion.
Core power: A constant core power of
100kW was assumed.
Consequences: A quick increase of the flow
rate in the pump is caused by the loss of
downstream circuit.
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Results and analysis

Loss of coolant accident

t = 0s t = 250s t = 450s
∼ Video ∼
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Conclusions

Conclusions

The work address with the implementation of a new dynamic boundary
condition in OpenFOAM 5.0, for coupling 0D and 3D CFD domains.

The model was used to simulate operational and accidental conditions in
the TRIGA MARK I reactor with different core powers.

The TRIGA simulation results were in good agreement respect the
design and experimental data.

Loss of forced convection event: The pump shutdown quickly reduced
the flow in the external circuit. The natural convection governs the flow
circulation. In consequence, the reactor heats with a constant rate.

Loss of coolant event: A quick increase of the flow rate in the pump is
leaded by the loss of downstream circuit. The core is uncovered after
500s. Even though core temperature rising, saturation condition is not
achieved.
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