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Flow in Lattices
Many chemical engineering technologies rely on intimate contact between a
moving fluid and a porous solid. New additive manufacturing (AM)
technologies create opportunities to precisely control the architecture of a
porous solid,? and push the performance envelopes of these technologies.
To take full advantage of these opportunities, we seek AM techniques that
create small pores within large parts. We are using computational simulation
and optimization methods to design porous solids,3* printing prototype
structures with a commercial partner, and verifying print accuracy using x-ray
tomography.

Design of High-Resolution, Diagonally Oriented Cube-Edge Lattices

For high fluid-solid contact, we desire micrometer-scale pores that only
photopolymer 3D printers can achieve. Images are projected into a resin,
adding a layer of solid cubes at each illuminated pixel. We propose unit cells
requiring only a few printed cubes. The cube-edge unit cell shown allows for
flow in 3 dimensions. A column aligned with the cube body diagonal enables
lateral mixing. The unit cell must be alighed with the printed cubes, so the
column is alighed with the cube diagonals.
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Fig. 1. (a) Cube-edge unit cell. (b) Rectangular prism unit cell composed of
cube-edge unit cells with body diagonals aligned vertically. (c) Column derived
from the unit cell in (b). (d) A part with 4 columns.

Evaluation of Manufactured Photopolymer Lattices
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Fig. 2. Optical micrograph

X-ray tomography combines x-ray transmission images collected at many
angles to create a 3D grayscale representation. We chose a threshold to
identify solid vs. void and digitally aligned the parts for comparison. The
thresholding process can make it difficult to accurately determine porosity,
but we can use the results to identify how well the shape and size of the unit
cells matches the designed parts, and whether sparse point, line, or plane
defects are present.
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built part shows more rounded features,
unit cells that are not perfectly aligned,
and sparse defects. One defect is circled.
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Fig. 3. Slices of the part perpendicular to a cylinder axis. Left: as designed.
Right: as printed, and measured by x-ray tomography. White is solid and black
is void.

T m——, Sandia National Laboratories is a multimission laboratory managed and
Qe ) NERGY EEgrated by National Technology & Engineering Solutions of Sandia,

i a wholly owned subsidiary of Honeywell International Inc., for the U.S.
A',S&é‘é Department of Energy’s National Nuclear Security Administration under
Navionay Nucioar-Socurtmmamistaton contract DE-NA0003525.

SAND No.

w

=

SandialNationalflLaboratoriesfisfalmultimissionflaboratorvimanagedlandjoperatedib

of part printed by Acrea3D.

SAND2022-4263D

Additive manufacturing of porous lattices with spatially optimized permeability
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Computed Flow Properties
Slow flow through porous materials can be modeled by Darcy’s Law, relating
a macroscopic velocity v to the pressure gradient, fluid viscosity u, and
permeability k. We desire a relationship between x, the unit cell size D, and
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Using COMSOL numerical modeling software, we have computed the k(D, &)
relationships for a cube-edge lattice by solving the Navier-Stokes equations

for a column of 4x4x10 rectangular unit cells. The data can be fit as: kK =

2.2
Dg; (0.056 + 0.42¢). The lattice permeability is lower than that of a square

array of cylindrical tubes with the same D and ¢, presumably due to narrower
channels, sharp corners and zigzag flow paths.
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Fig. 4. Calculated permeability as a function of (left) unit cell size and
(right) porosity.

Using this relationship, we can adjust D, and

porosity £ by changing unit cell or strut size by e
appropriate factors, and achieve precise local «X¥-
adjustment of the fluid flow. ZQ;*F’
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Fig. 5. lllustration of large unit cells tiled on a layer ﬁf :
of smaller unit cells. |

\ders are oriented in the cube - diagonal direction. A part with 46 um unit cells had clog

Optimized Flow Properties - 5107
If we model a column that is spherical ; I*‘-‘
instead of cylindrical, with a uniform % ’
permeability, the midplane velocity and g I?

transit times are nonuniform.
Optimization algorithms show that if the
permeability is higher near the inlet and
outlet, this can be corrected. Our lattices
should enable testing of this prediction.
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spherical column.

Conclusions
Additive manufacturing techniques enable novel architectures for porous

media. Our lattices approximately follow k &« D?&? and likely allow more
precise tuning of permeability than porous media made from randomly
packed powders. We predict that optimized grading of permeability can
achieve desired fluid velocity fields and transit times in flow columns. We
aspire to apply these methods to practical applications in the handling of
renewable fuels such as hydrogen, and electrochemical energy devices.
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