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Digital Engineering (DE): An integrated digital approach that uses
authoritative sources of systems’ data and models as a continuum across
disciplines to support life cycle activities from concept through disposal.
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Lunar In-Situ Resource Utilization (ISRU) NA
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Lunar Carbothermal Reduction with Solid-Oxide
Electrolysis
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Digital Twin

Pilot Project Goals

Y Project ASoT (Teamcenter in AWS)

Y Digital Twin (limited)

Y Model anchoring

Y Embedded engineering (limited) |} °

Y VR-enabled comp review (e.g. CDR)

Y ICD tracing (limited)

Y Requirements tracing (limited)

S Real-time emulation of HW in test|

S Auto-scaling and optimization
Y-Yes, S-Ph2/Ph1 Stretch

Simulation
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u “:
[NX : CAD } SIEMENS N
» Import STEP files for relevant geometry 1

« Optimize geometry for simulation processing

STAR-CCM+ : CFD @
« Mesh imported geometry from NX

« Conduct computational fluid dynamics STAR-CCM+
simulations to validate part designs I

Teamcenter : MBSE :'v

 Thread subsystems TEAMCENTER

« Parameterize inputs/outputs to quickly
update different environments
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Overview:
Condenser Modeling

: Solid-Oxide
Miggggfglron Condenser H20 _
Electrolysis
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[ ]
Overview
S T
| Methanation CHa Condenser R 5023;?::&13 _I
rI Reactor H,0 H0 Electrolysis |
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* Methane and water vapor enter the
condenser
» Water vapor condensates and is led to
electrolyzer
* The condenser consists of three main parts:
* inner fluid (where liquid water is formed)
 outer fluid (where coolant draws heat
from process fluid)
 solid shell (the structure containing and
separating the inner and outer fluid)

Process
fluid inlet

Process
fluid
outlet

Coolant
fluid
outlet

Coolant
fluid
inlet
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« Used the functions in NX to optimize CAD drawing for better meshing
Optimizing CAD Model in operations and Parasolid generation

NX

Conjoined patches to form solid
geometry

« Original CAD models solid regions, fluid volume extracted as
separate parts for different physics

» Model is bisected along a symmetry plane to reduce computation

Inner Fluid Outer Fluid (Coolant . .
(Condensing Gas) Liquid) Solid Shell (Solid)

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited. 4 August 2023

TFAWS 2023 — August 21-25, 2023 9




Import to CFD

« The CAD is exported as a Parasolid file and then imported to STAR-

Optimizing CAD Model in CCM+
NX

» The tolerance and grain size can be adjusted for better resolution

Importing Parasolid to
STAR-CCM .

The conformal imprinting of coincident entities allows more accurate
iterations

B import Surface Options x

Parasolid Transmit Import Options
Mark Feature Edges |Sharp CAD edges ~
Solid

Interface

Fluid

Sharp Edge Angle (deg) 30.0

Merge Parts by Name

F

|
u,
X

[ Create One Part Surface per Part

Create Part Contacts from Coincident Entities
Interface of coinciding bodies O create shells
Coincidence Tolerance '\,UErﬁl
[ Check Parts’ Validity
\ [ repair Invalid Bodies
& simplify Assembly Structure
Import Colors of Unnamed Entities
Importer Preference |Import Settings
Tessellation Density |Very Fine ~
[] show Detailed Tessellation Parameters

Import Options

N, Open Geometry Scene After Import

Conformal Meshing cell to cell

OK Cancel Help

Settings for import
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Optimizing CAD Model in
NX

Importing Parasolid to
STAR-CCM

Physics Continuum

Enabled Models
Coupled Energy
Ideal Gas
Coupled Species
Gradients
Coupled Flow
Non-reacting
Multi-Component Gas
Solution Interpolation <Not required by other models>
Laminar
[v] Steady

Three Dimensional

Physics models for Inner Fluid

« The initial heat transfer model was simple air flow at 22.25C in
counter flow with cold water at 5C in steady state

« Models are chosen for accuracy to the situation while avoiding
inefficiencies with unnecessary calculations

* Models below are used to simulate heat transfer

Enabled Models
Coupled Energy
[ Gradients
Coupled Flow
Solution Interpolation
Laminar
[ steady
Constant Density
Liquid

Three Dimensional

Physics models for Outer Fluid

<Not required by other models>

<Not required by other models>

Enabled Models
Gradients
Coupled Solid Energy <Not required by other models>
Solution Interpolation <Not required by other models>
Constant Density
Steady

Solid

M Three Dimensional

Physics models for Solid Shell
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Physics Continuum
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« A separate simulation that only includes the inner fluid part is used to

Optimizing CAD Model in model condensation. This is done to simplify and reduce computation
NX requirements during model development until both simulations are
combined.
Importing Parasolid to
STAR-CCM « The condenser physics initializes in implicit unsteady state
Enabled Models v (@) Multi-Component Gas v @ Fluid Film
B Implicit Unsteady v @ Gas Components + @ Models
[ Solution Interpolation <Not required by other models> » O N2 @) Constant Density
Multiphase Interaction <Not required by other models> » © H20 ‘®) Flow Model
[ Segregated Fluid Enthalpy ! Material Properties ®) Laminar
[ Gravity <Not required by other models> ¥ @) Multiphase Interaction v (@) Multi-Component Liquid
[ Fluid Film <Not required by other models> 22 Phase Interactions v @ Liquid Components
s Film Mixture - Gas » & H20
[ Laminar
i Models b Material Properties
[ Constant Density @) Component Mapping B Noissesctiog
Segregated Species ®) Evaporation/Condensation ®) Segregated Fluid Film Temperature

W Gradients o) Film-Physics Continuum Interactit ®) Segregated Species

Segregated Flow ) Modified UNIFAC @) Shell Three Dimensional

9 Multiphase Material ®) Solution Interpolation

Non-reacting
Multi-Component Gas

Three Dimensiona

Physics models for Inner Fluid (Condensation) Selected gas components and enabled Enabled models for fluid film
models for MP interaction

* N2 was used in physical testing
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Boundary Conditions

« Each fluid/solid part is assigned to its own region
Optimizing CAD Model in

NX « Each fluid region is split by patch to identify an inlet, outlet, wall, and

symmetry plane
Importing Parasolid to
STAR-CCM

« Appropriate boundary conditions and interfaces are defined

Define Boundaries

v I
8 Inner Fluid v 8 outer Fluid v @ solid Shell
v Boundaries v Boundaries = Botrdirias
» B8 walls > wall
S . ) . d B walls » @ Inner Fluid/Solid Shell [0]
ettlng eg|0ns an B Symmetry Plane B symmetry Plane » @ Outer Fluid/Solid Shell [0]
Boundary Conditions b8 Inist _ > DA Inlet b ¥ Solid Region
» W Inner Fluid/Solid Shell [1] » B oOuter Fluid/Solid Shell [1] e e
» Bil Outlet » Eil outlet b ¥
Outer
Fluid

Outer
Fluid

Outlet

Solid

N Solid
region

region

~

Symmetry
Inn‘er plane Inner
Fluid Fluid
Inlet
Boundaries defined in Regions defined in model

model

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited. 4 August 2023

TFAWS 2023 — August 21-25, 2023 13




Boundary Conditions
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Boundary conditions and initial conditions are set based on test cases

Optimizing CAD Model in e
NX v Inner Fluid
» & Models

» @ Reference Values

v [ Initial Conditions
Inner fluid initial conditions set to conditions measured at inlet

Importing Parasolid to ® Pressure .
STAR-CCM © Species Mass Fraction —  Rapeat for outer fluid and solid shell
@ Species Specification
@ Static Temperature
@ Velocity
v D& Inlet v il outlet v B walls
v Physics Conditions » & Physics Conditions v Physics Conditions
5 Elow Direction Specification v Physics Values ' Reference Frame Specification
. : 7~ Mass Flow Option o~ Pressure ' Shear Stress Specification
Settlng Reg|0n5 and %~ Reference Frame Specification '9'- Species Mass Fraction 57' Tangential Velocity Specification
Boundary Conditions > Species Specification > Static Temperature > Thermal Specification
> Target Mass Flow Rate U User Wall Heat Flux Coefficient Specification

v @ Physics Values
> Mass Flow Rate
'y~ Species Mass Fraction
7 Supersonic Static Pressure
7 Total Temperature

> Wall Species Option

v @ Physics Values
o Ambient Temperature
U Heat Transfer Coefficient
% Thermal Resistance

* Inlet and outlet conditions set to match measurements
« Wall thermal specification set to convection, allowing heat transfer
coefficient (calculated from measured heat exchange) to be set
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Optimizing CAD Model in
NX

Importing Parasolid to
STAR-CCM

Setting Regions and
Boundary Conditions

<

Boundaries for condensation and heat transfer models are identical
where applicable

The fluid film model requires a shell region

The film region boundary conditions should reflect the parent region

v Regions Simulation % |- Simulation 8 |
v 88 Inner Fluid Region » W Nzway er mix = » @ Physics Values
v @ Boundaries v @ Reglon< ~ B wall shell
» M Inlet v I 1 E Ragon v @ Boundaries
» Bil Outlet TR it shell Region » M Inlet edges
| Pl " » B Interface to Inner Fluid Region
Symmetry Plang . New Group » 1 interface to Inner Fluid Region [In-place
» B wall Group By > » B3 Outlet edges
» B wall [In-place 1] : B Symmetry Plane edges
» @ Phvsics Conditions n » B wall
Fluid boundary conditions Create shell region Boundary conditions of
film

Shell region in fluid film
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Optimizing CAD Model in
NX

Importing Parasolid to
STAR-CCM

Setting Regions and
Boundary Conditions

Robust Meshing

« The automated mesher is used to generate mesh of volume

« The mesher uses the prism layer, surface remesher, and polyhedral

volume mesher
* Thin mesher is used in the solid tubes

» The set base cell size allows easy manipulation of relative target &

minimum sizes

» Lower value cell quality indicates more reliable calculations in the cell

| Cell Quality
0.0369 0.515

nqrv

(Heat Transfer Model) — Cell quality of mesh
condensation model is
equivalent minus other regions
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Optimizing CAD Model in * Scenes can be created to visualize different values in space
NX

(Heat Transfer Model)

Importing Parasolid to
STAR-CCM e ST

Initial flow field model with heat transfer temperature profile

Temperature Plot

* The solvers can be customized

n n 0] o and allow for desired outputs
Setting Regions and : ] for data validation (ex: location,
Boundary Conditions  |i§ SRR data type, analysis method,
b e e il o e o etc.)
Rob uSt M esh i n g 50 100 150 200 250 300 3I3-: .i”IACD' 450 500 550 800 850 700 —
e Residuals X~IH’)I|7&I‘|".INY
« Convergence of residuals s

Solvers and Outputs

towards zero shows T o \ \ ‘
increased certainty in ' @wﬁm) S
results
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Optimizing CAD Model in
IND

Importing Parasolid to
STAR-CCM

Setting Regions and
Boundary Conditions

Robust Meshing

Solvers and Outputs

(Condensation model)

4

Solution Time 0.01 (s)

Inner fluid film thickness increasing as water condensates
down the tube walls
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Condenser Modeling Results
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Optimizing CAD Model in + Continue to refine model and simulation into a digital twin to
NX accurately represent data

Importing Parasolid to  Digital twin is then utilized to drive and support engineering

STAR-CCM

Physics Continuum

Setting Regions and

Boundary Conditions

Modified mesh model
Previous mesh model

Refinement

Robust Meshing

Previous mesh & thermal settings Modified mesh & thermal settings
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