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Topics today include:
» multi-physics and why we have chosen
COMSOL,
» past success of COMSOL with HFIR,

» multi-physics research goals for HFIR LEU
conversion,

* current status, and
* some results



COMSOL is our choice because:
part 1 of 2

* Finite-element methods are (arguably from advocates of
other methods) the most accurate numerical simulation
tool available for deterministic solutions.

« COMSOL is a 100%-true finite-element method code for
all the physics to be simulated by COMSOL.

» COMSOL is (arguably) the only true-multiphysics code
commercially available (weakly-compressible NS, heat
transfer, structural mechanics for this project).
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COMSOL is our choice because:
part 2 of 2

- If desired, the standard equations solved may be altered
on INPUT by the USER (for example, constituitive
equations including turbulence model).

« COMSOL provides a convenient GUl in modern
computing environments.

* COMSOL continues to provide technical support and
code improvements at a remarkable pace (distributed
parallel processing, new modules, interface tools,
response to user requests, etc.)
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Success Story:
COMSOL
(FEMLAB)on
the HFIR Cold
Source Project

COMSOL was
the design
basis tool for
the cold
source
pressurizer
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Success Story: COMSOL multiphysics
simulation of the HFIR cold source
pressurizer Part 1 of 2
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Success Story: COMSOL multiphysics
simulation of the HFIR cold source
pressurizer Part 2 of 2
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Fundamental goals for COMSOL on
the HFIR LEU Conversion Project

* Provide an accurate (best-estimate) 3D simulation of:

- the fuel-plate and coolant heat transfer,

- the structural response due to thermal expansion
(TSI),

- the structural response due to fluid interaction
(FSI),

- other physics as necessary (corrosion, radiation
effects, etc.).

* Provide perturbed-estimates to the best-estimate
models to answer safety-analysis questions (hot spots,
buckling potential, reduced flow, decay heat, etc.).
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COMSOL Model Development Approach on
the HFIR LEU Conversion Project

* Develop physics test bed in 2D to feed results to the 3D
models.

* Develop 3D geometry, mesh, and property inputs.

* Perform separate-effects simulations in 3D to V&V
physics goals (heat transfer, FSI, TSI).

* Provide perturbed-estimates to the best-estimate
models to answer safety-analysis questions (hot spots,
buckling potential, reduced flow, decay heat, etc.).

* Provide input data for other parts of the HFIR SAR
analysis (transients using RELAPS, etc.).
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Simplifying assumptions, inputs, and boundary
conditions reproduce the existing conservative safety
basis (HFIR SSHTC)
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A COMSOL v3.5a best-estimate comparison with the
the existing conservative safety basis provided by
the HFIR SSHTC.
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COMSOL v4.0a is providing an improved

turbulence model for increased accuracy of the
wall surface temperature.
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3D meshing starts with a 2D working plane
of the involute plate to be extruded in the
axial direction

coolant (coupled to the opposite side
through an extrusion coupling variable)
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COMSOL CAD Tools Also Provide Geometry
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all geometry parts shown that we are modeling with COMSOL in full 3D
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Typical 3D result: metal surface temperature

outlet

shown is the clad surface temperature adjacent to the turbulent-wall of the coolant
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Typical 3D result: velocity distribution

Boundary: Velocity field [m/s] Max: 21.651
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shown is the velocity distribution (not to scale, unequal axis to show details)
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Structural mechanics is coupled to account for:
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Structural mechanics is coupled to account for:
: buckling effects caused by thermal expansion

: vibrational effects caused by high-speed flow and flow

changes
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Conclusions and Current Status

COMSOL is providing a modern simulation tool for the
design of LEU fuel and analysis of present HEU fuel.

The COMSOL analysis provides details and accuracy
heretofore not possible, and allows for precise margin
estimates.

The 2D analysis provides a test bed for the 3D analysis
to establish consistent parameter set (wall offset, mesh
density, solution procedure, etc.)

2D results demonstrate methods that yield accurate
benchmarks with established data base.

3D computational requirements have been
demonstrated on a representative model.

COMSOL v4.0a brings improved models and
computational capability (parallel processing).
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Success Story: COMSOL

simulations of the cold source
hydrogen test heater (part 1 of 2)
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Success Story: COMSOL
simulations of the cold source
hydrogen test heater (part 2 of 2)

Max: 87.0
ISO
70




Success Story: COMSOL multiphysics
simulation of the HFIR cold source
pressurizer Part 2 of 3




Input physics specifications:

- full power and flow

- Re ~ 4x10% based on channel width of 0.050”

- Kays-Crawford expression for Pr; used throughout

-V_in=7.945 m/s (26.07 ft/s), T_in=321.9 K (120 F), 9"’=5.316x10° W/m3
- core exit pressure set to ~ 373 psia for water property evaluation

- solid properties are based on RELAPS HFIR model and vary with
temperature

-water properties are based on NIST/ASME Database 10 v2.21 and allowed
to vary with temperature and pressure

- investigated y*=30, 100, and 10 (and as related to boundary-layer mesh
spacing at the wall) : graphics shown here for y*=10.

- investigated linear and quadratic finite-element basis

- investigated triangles and quadrilateral finite-elements : graphics shown
here for triangles.




2D solutions: COMSOL options

- k-¢ turbulent, non-isothermal (weakly compressible) model

- GLS dissipation on Navier-Stokes, turbulence, and coolant temperature
- cross-flow dissipation on Navier-Stokes, and coolant temperature

- NO additional isotropic dissipation used !

- realizability constraint on turbulence model is used

- corner smoothing not used in 2D solutions, may be needed in 3D

- included optional surface heating from pressure and viscosity terms
- use manual scaling in advanced solution options

- use parametric solver on power level to get to full power

- used segregated solver to get to final solution

- final 2D solution is fully-coupled direct solver

- iterative solver in 3D (see full paper for discussion)



2D solutions: U chns, quad elements, 4671216 dof
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COMSOL v4.0a is providing an improved
turbulence model for increased accuracy of the
wall surface temperature (part 1 of 2).
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Involute plate geometry yields an asymmetry of
the coolant channel at the element sidewalls

The 3D model was expanded to include a full single flow
channel and a full fuel plate on one side

A COMSOL extrusion coupling variable allows for this
configuration to be used

This option was investigated along with several additional
options

Most important is the asymmetry of the fuel plate itself due
to the non-symmetric fuel loading

Also investigating Solidworks interface for more
consistent user interface to the boundary conditions

A final configuration has been established for detailed,
best-estimate single plate model of the HFIR



Structural mechanics is coupled to account for:

- buckling effects caused by thermal
expansion

- vibrational effects caused by high-speed
flow and flow changes

0.2

0.1

-0.1

-0.2

-0.3

-0.4

0 01 02 03 04 05 06 07 08 059 1 1.1 12 13 14 15 16 17 18 19



0.6

05

0.4

0.3

0.2

0.1

-0.1

2D solutions: Ttot, linear elements, 1346998 dof

Power_factor(21)=1 Surface: Total temperature [K]

Max: 372.616

370

365

360

I 1350

1345

0.4

0.6

0.8

12

x10

-3

{340

335

330

325

Min: 321.896



Simplifying Assumptions, Inputs, and Boundary
Conditions can Reproduce the Existing Conservative
Safety Basis (HFIR SSHTC, part 1 of 2)
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COMSOL Meshing Tools Yield High Quality

coolant and fuel region meshing top view, excellent mesh !



COMSOL Meshing Tools Yield High Quality
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2D solutions: U chns (velocity magnitude with
streamline overlay).exit comparison...

linear
demonstrate that a
linear basis is
sufficient in order to
quad ratic gn[i)nimize the dof in




Typical 3D issue: creating accurate geometry

This model of a solid aluminum plate was created using Solidworks
CAD software. Note: rounded top is difficult to achieve using
CAD tools provided with COMSOL. However Solidworks has difficulty

providing an accurate representation of the plate internals (fuel and filler)
that is mesh-able with COMSOL.




