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Outline
oLarge component CFD/ MHD si mul ati on:

ADescription of a sector -based, replaceable DCLL in -board blanket for a FNSF/FPP

AHe-cooled FW and He -cooled vertical stabilization plates (grid plates) for the PbLi
breeder

I 3 separate helium streams with a single PbLi breeder stream
i Presentation emphasizes the He cooling aspects

ALocal heat transfer enhancements and scale -up to full first wall
ANested manifold and connector designs for He and PbLi

AStart of manifold optimization for better flow distribution

APlasma and volumetric heat loads, field and flow parameters
ACFD/MHD large component model development and meshing
APreliminary steady state CHT results for our baseline design
AObservations and Conclusions
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22.5° sector of an inboard DCLL blanket for a Fusion Pilot Plant adapted from FNSF
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IBSector Flow Parameters

AHe @ 54 kg/s (3 separate flow streams)

APbLi @ 3 kg/s (1 flow stream)

AT,=350 C, FW gé&=0hl8anrnWtm qd66d6 from radial build MCN]|
AHe pressure = 8 MPa

APbLi pressure= 101 kPa

AB-field: x -direction at 0.5 T ~stable, 5.0 T is oscillatory

AGravity in dy-direction and buoyancy

ABCs: everything insulated except RAFM PbLi channels with SiC FCls, floating insulators w/ no slots

A Steady -state segregated solver RANS with k  -epsilon turbulence for CHT and 1 -way coupled MHD
(inductionless), electrodynamic potentials
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Volumetric Heating Profile from T. Bohm (Univ. Wisconsin)
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Nuclear Heating Profile
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Platforms I Siemens Star-CCM+ v15.06.007-R8 multiphysics
The CADES CRAY HPC computer cluster is a subset of the ORNL Titan supercompute

This research used resources of the
Compute and Data Environment for
Science (CADES) at the Oak Ridge
National Laboratory, which is supported
by the Office of Science of the U.S.
Department of Energy under Contract No.
DE-AC05-000R22725.

1) CADES uses CRAY
X86 64 processors of
155 nodesvith 32
cores with 125 GB
RAM per node.

2) AMD Linux
Workstation with 224
core 3.5 GHz with
4TB of RAM memory
and 150 GB of fast
cache pecpu

CADES
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36 channesubmodelwvith vane enhancements usedlatermine average convective heat
transfer coefficient.

F82H 4mm -thick walls, T,,,<550 C
FNSF qo0=0.2BPMWin>1.20 MW/ m

2 384.4

OAK RIDGE equivalent ave. h=2500 W/m 2K
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Geometry $QAKRIDGE

nested manifolds

3 poloidal manifolds
on each side = <
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Mesh tapered supply manifolds
Cross Section & orifices

53 holes about 1/3 size
behind divertor

toroidal direction —

#}&:ﬁlh RiDx

— 215 holes FW

Tapered FW supply current size

FW return : = -
Flow channel

: 53 holes about 1/3 size
Inserts Behind divertor

Grid return
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Mesh

A36.6 M polyhedral cells  current results
A54.7 M polyhedral cells v
A68 M prism cells in F82H only mesh
A166 M prism cells in F82H for MHD
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Helium Mass Flowrate
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PbLi streamlines indicate change in flow character under changing
field orientation

1 kg/s INSULATOR everywhere

Transition to FCls
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