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ABSTRACT

One of the key factors in the design of liquid metal cooled fast reactors {LMFRs) refers to the detailed

° o knowledge of the coolant flow in the sub-channels of the fuel assemblics in the reactor’s core. In fact, a

Ot h e r N C BJ CO I I e a g u e S N thorough experimental investigation of the flow mixing and heat transport in such sub-channels is often

impossible or quite costly to be performed. Due to these limitations, computational fluid dynamics (CFID)

has recently become a valuable tool in the study of the dynamics of the flow within the sub-channel
regions of typical nuclear fuel assemblies.
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Applications

Pressurized Thermal Shock
Inlet 2 ¢

|
Instead of a round pipe, a duct is considered for the
H1l Inlet 1 inlet section. In addition, the flow parameters are
Inlet 1 calibrated to match Re, = 180
+ In the absence of the buoyancy effects, an artificial
inlet 2 is imposed to force the inlet 1 flow towards
Cold Leg K the down-comer
The length of the cold leg is 6 times the equivalent
Cold Leg diameter (D) of the duct
The upper height of the domain is 10D
H2 “The lower height of the down-comer is 23.3D
Vessel - —
Interface ~+—== Barrel “The width of the domain is 20D
Interface
Vessel Instead of a conjugate heat transfer, two boundary
Interface conditions are imposed (i) iso-thermal (2) adiabatic
Barrel Two boundary conditions are imposed (i) iso-
Interface thermal (2) adiabatic
Y

Pressure outlet

IN \\J Relevant ref.
Shams et al. (2015): NED - Shams & Komen (2017): IAEA - Shams & Komen (2018): FTaC



Applications

Pressurized T

nermal Shock

Hs
i

........

Code — NEK5000
- Spectral Element Code

Mesh:
- 0.75 Million Elements
- 162 Million Degrees of Freedom

Computational Power:
- 40 Million core hours

Relevant ref.
Shams & Komen (2018): FTaC




Applications

NEK5000: DNS of Skewed meshes

Re_ =180

Front view
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Applications

Pressurized Thermal Shock: Flow Field
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Applications

Pressurized Thermal Shock: Flow Field




Pressurized Thermal Shock: Flow Field

Vortex 1 0.9750
Vortex 3 .
Vortex 2 |

0.3250

Vortex 4

Cold leg
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Applications

Pressurized Thermal Shock: Thermal
Field
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iso-flux
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Bare rod bundle: Hooper case

Re,, = 49000

Working fluid = air

No thermal field




Applications

Bare rod bundle: Hooper case calibration

Re=49000

Re=3063

Re=1531




Applications

Bare rod bundle: Hooper case calibration

10

—Square Array |

—Triangular Array

+ 49000 1
+ 24500
+ 16333

g 10" ]
1531

1 3 | | | | |
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Applications

Bare rod bundle: Hooper case calibration

Pr=1
Pr=2
Pr=7
292.73 293.18 293.64 294.09 294 55 295.00 X



Applications

Bare rod bundle: Hooper case DNS

> 65 million core hrs

ReTN 600 Code — NEK5000
- Spectral Element Code

i) Iso-flux ii) iso-thermal

AN
NG Pr=7,2,18&0.025

Mesh:
- 1 Million Elements
- 660 Million Degrees of Freedom
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ABSTRACT

One of the key factors in the design of liquid metal cooled fast reactors {LMFRs) refers to the detailed
knowledge of the coolant flow 1n the sub-channels of the fuel assemblies in the reactor’s core. In fact, a
thorough experimental investigation of the flow mixing and heat transport in such sub-channels is often
impossible or quite costly to be performed. Due to these limitations, computational thuid dynamics (CFL)
has recently become a valuable tool in the studv of the dvnamics of the flow within the sub-channel
regions of typical nuclear fuel assemblies.
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sidered geometric design is based on the well-known Hooper experiment, which contains a bare rod bun-
dle with pitch-to-diaimerer ranie of PiD = 1007, However, performmg a BMS camypuration deamespoisdiieg
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Mumerical simulations are conducted assuming constant fluid properties and the efect of the buoyancoy s
raken inno s<couis? by means of Cle Boussinesq approxiniation. Direct Muimerical Simulaticns (DNS] are
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ABSTRACT

This paper presents technical aspects of large-scale direct numerical simulation (DNS) using high
performance computing (HPC) cluster. It is divided in two parts. The first part contains a detailed
description of HPC infrastructure used for the task. located in Ewi:rlr. Computing Centre (€15, Poland.
The description includes hardware configuration, software used for on-demand deployment of dedicated
subclusters, and finally queuing and storage systems. The second part presents the large-scale simulations
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ABSTRACT

This paper presents technical aspects of large-scale direct numerical simulation (DNS) using high
performance computing (HPC) cluster. It is divided in two parts. The first part contains a detailed
description of HPC infrastructure used for the task. located in Ewi:rlr. Computing Centre (€15, Poland.
The description includes hardware configuration, software used for on-demand deployment of dedicated
subclusters, and finally queuing and storage systems. The second part presents the large-scale simulations
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Introduction

The coolant flowing through the channels within the fuel
assembly removes the heat generated by the nuclear fission. In
an ideal scenario, the temperature distribution through the fuel
assemblies should remain uniformly distributed under normal
operating conditions of a nuclear reactor. However, in reality this
does not happen and accordingly it leads to inter-subchannel
mixing phenomena. A detailed knowledge of flow and
temperature in a fuel assembly has always been a major factor in
the design and reliable operation of existing and new nuclear
systems.

Towards Validation of RANS CFD Approach for
Flow and Heat Transfer in a Closely-spaced Bare

Rod Bundle

Step 1 - design a numerical experiment

a)

o T

)
)
)

o

Tomasz Kwiatkowski' and Afaque Shams?

"Department of Complex Systems, National Centre for Nuclear Research (NCBJ), A. Sottana 7, 05-400 Otwock-Swierk, Poland
2Nuclear Research and Consultancy Group (NRG), Westerduinweg 3, 1755 LE Petten, The Netherlands

= 140 ]

Selection of the geometry [2]
Scaling of the the Reynolds number

Assesment of the stream-wise lengths

N3

SRRPES 1 JE——

Introduction of the thermal fields:
-4 Prfluids (Pr=0.025, 1, 2, 7)
- constant temperature and heat flux at the rods

ANSYS Fluent v17.2.0

URANS: k-w SST model

\
N3G
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