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DOD

Computational Research & Engineering Acquisition
Tools and Environments (CREATE)

CREATE is an example of the ideal “Software Factory” described in
Feb 2018 report of the Defense Science Board.

DEPARTMENT OF DEFENSE
-
Automated
‘l || Build

DEFENSE SCIENCE BOARD
B Source Repository

DESIGN AND
Developers

ACQUISITION oF SOFTWARE
FOR DEFENSE SYSTEMS

Automated Test" Dynamic Test

(unit, static) Fuzz Testing

Project Management

<
SN
a0
g
(' \‘..

Beta Users

“Our base recommendation, which underlies all
other recommendations, is the importance of
the software factory — the efficacy of an
offeror’s software factory should be a key
evaluation criterion in the source selection
process for software.”
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CREATE “Software Factory” delivers impactful technology to the DoD

L — Directly Impacts Programs of Record

(COMPTROLLER)/CHIEF FINANCIAL OFFICER
FEBRUARY 2020

CREATE software products have been used to impact 38 Programs of Record in which the Department
is scheduled to invest more than $54 Billion in FY2021. In addition to the Programs noted in the chart
below (extracted from Comptroller’s Report), CREATE software products are being used in support of MANY
other important programs, e.g., Future Vertical Lift, Future Attack Submarine, Next Generation Combat
Vehicle.
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Paradigm change:

— From reliance on physical test as the driver for design iteration and primary source for “actionable
engineering data”, e.g. support warrant holder requirements, system certifications, etc.

— To using physics-informed analysis and virtual test to drive design iterations and as a source of
actionable engineering data.
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Physics Based System Analysis HPC

® During the design process we can eliminate poor design choices by
Increasing the fidelity of the PBAs as more information is known (objects
and connection notional)

Outer Mold
Line OML

Increasing Multi-disciplinary
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Physics Based System Analysis

® During the design process we can eliminate poor design choices by
Increasing the fidelity of the PBAs as more information is known (objects
and connection notional)
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Physics Based System Analysis

® During the design process we can eliminate poor design choices by
Increasing the fidelity of the PBAs as more information is known (objects
and connection notional)

Outer Mold
Line OML
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Increasing Multi-disciplinary
Increasing Detail/Accuracy

Page-7
Distribution Statement A: Approved for public release, distribution unlimited.



Physics Based System Analysis

® During the design process we can eliminate poor design choices by
Increasing the fidelity of the PBAs as more information is known (objects
and connection notional)
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Increasing Multi-disciplinary
Increasing Detail/Accuracy
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Physics Based System Analysis

® During the design process we can eliminate poor design choices by
Increasing the fidelity of the PBAs as more information is known (objects

and connection notional)
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Physics Based System Analysis

® During the design process we can eliminate poor design choices by
Increasing the fidelity of the PBAs as more information is known (objects

and connection notional)
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Physics Based System Analysis

® During the design process we can eliminate poor design choices by
Increasing the fidelity of the PBAs as more information is known (objects
and connection notional)
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Physics Based System Analysis

® During the design process we can eliminate poor design choices by
Increasing the fidelity of the PBAs as more information is known (objects
and connection notional)
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Physics Based System Analysis

® During the design process we can eliminate poor design choices by
Increasing the fidelity of the PBAs as more information is known (objects
and connection notional)
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Physics Based System Analysis

® During the design process we can eliminate poor design choices by
Increasing the fidelity of the PBAs as more information is known (objects
and connection notional)
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CREATE-AV Kestrel

® Coupled physics: aerodynamics, thermochemistry, structural
dynamics and thermodynamics, propulsion, flight controls

® Fighter, Bomber, Tanker, Transport, UAV, Munitions
® | ow-speed, transonic, supersonic, hypersonic

® Cruise, maneuver, take-off/land, refueling, formation flight,
store carriage and release, pilot ejection, precision air-drop,
and more...

® Designed for change

* ”
Kestra

DOD

MODERNIZATION PROGRAM
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Kestrel Architecture HPC

® CREATE-AV/Kestrel: Production-quality, high-fidelity, multiphysics simulation of fixed-wing
aircraft by DoD acquisition professionals

- Coupled physics: aerodynamics, thermochemistry, structural dynamics and thermodynamics, propulsion, 6DOF, S&C

— Low-speed to hypersonic flight regimes, all aircraft types and ground test facilities

— Cruise, maneuver, take-off/landing, refueling and formation flight, store carriage and release, ...

® Designed for change in anticipation of new requirements, models

- Complexity maintained in focused, modular components and managed through an event-based paradigm

— Language-neutral data warehouse (WAND)
Common Scalable

—  Users have choices for best approach to solve their problem Infrastructure (CSI) Components m
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Job Inputs Log Files
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Kestrel Architecture

® Designed for Multi-fidelity, Multidisciplinary Interactions

— Easy for Users to choose between various fidelity Aero, Structural, and Thermal solvers

DOD

MODERNIZATION PROGRAM

— Modules can be replaced by surrogates to execute with precomputed solutions

— User Interface makes it easy for Users to choose between various modules

® Continuous Testing Model Fluid Solvers

— Overnight Testing
. Unit : ~29,000
. Integration : ~2,000
. System : 64

(RN SAMAIr (Cartesian) Structural Solvers

Modal/SD * csd

g

Acceptance Testing

. Executed every 2 weeks * avm KCFD (UNS/FV)
. 275 Jobs including Full Aircraft Cases
1

Compared to Flight/Ground Tests

. ~158,000 CPU Hours
*.avm COFFE (UNS/FEM)

Sierra/TF Aria

Santda
Natonsl
| atortons
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Approach to Multiphysics Simulations

Coupling previously driven by an unsteady, CFD-focused approach

New approach (v1l) moves towards a fully-flexibly coupling paradigm

CFD solutions integrated via time-based Kestrel actions like other physics capabilities

Non-CFD physics integrated into simulation via Kestrel “actions” in context of CFD solution

Notional hypersonic trajectory problems intractable in this context

Unable to run simulations without high-fidelity CFD

Action-based CFD allows for steady / unsteady solution types

"lteration” defined as a monotonically increasing value independent of CFD solvers

Freestream conditions independent from a particular CFD solver and introduction of an action

to change freestream conditions in time

Per-action recurrence settings and automatic convergence detection

Altitude

— Thermal solves, time-accurate
e e CSD solves, static
® e CFD solves, quasi-steady

Time
Notional trajectory problem requiring non-uniform physics coupling

Distribution Statement A: Approved for public release, distribution unlimited.

MODERNIZATION PROGRAM

L0, 1010 1 MOMENT KETErENce Hi
Add new Action x
Name
PRI Control Surface

Engine Throttle

: External Forces

FEM CFD (COFFE)
FVM CFD (KCFD)

Prescribed BC
Prescribed Body
Prescribed Structure
Responding Body
Responding Structure
Responding Thermal Body
Rotating Reference Frame
Target Coeff Motion
——

Update Freestream Conditions
IS I

Page-18



Example Hypersonic Trajectory

2D hollow cylinder with aero-heating during notional hypersonic trajectory

e Solid
— 2D structured grid with ~77k quad elements
— Inner wall at radius = 1 inch, isothermal boundary at 294.4 K

— Outer wall radius = 1.5 inches, fluid-thermal interface

— 321 stainless steel with constant material properties
trajectory

— Time-accurate thermal solution at At = 0.01sec for 15 min (900 sec)using heat flux distribution s CFD Segments
from most recent fluid solution ,

® Fluid
— 2D quad-dominant grid with ~80k triangle cells and ~1.16M quad cells

Altitude, km

- Air modeled as perfect gas
— KCFD flow solver with Mentor SST turbulence model
trajectory

— Local time stepping with CFL = 1000 until converged (max 10k iterations) every 10 sec using ]
T distribution from most recent thermal solution N B e S S

® Wall time (44 core, onyx at ERDC DSRC)

Present Work | No Convergence Couple every iteration Couple every iteration
Detection At=0.001 (predicted) At=0.00001 (predicted)
28 hrs 54 hrs 87.5 hrs 8,750 hrs B 00 I A
0 SOOTIme, s600 900 age 19
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Example: Hypersonic Trajectory

Fluid Temperature, K

MODERNIZATION PROGRAM
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Surrogate Building
Software infrastructure to enable surrogate model generation from data
driven analytics and physics-based analytics for DoD Air, Land, and Sea

Vehicles

*Surrogate = approximate model used when a full-physics computational model is intractable

Physics Slmulatlon

Sensor & test data

llllllll

CREATE Common Software Infrastructure for Sulrrogate Model Blfl|dlng
—R ,“Ih -
nmmnm

Software + High Performance Data julif:l
Product fensorriow  Analytics Software Py TSR CH
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Surrogate Building
Software infrastructure to enable surrogate model generation from data
driven analytics and physics-based analytics for DoD Air, Land, and Sea

Vehicles

*Surrogate = approximate model used when a full-physics computational model is intractable

4 Sensor & test data ) Physics Simulation : \
X % : “ =
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Su ort
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SOftdware “¢~  High Performance Data julia - k:um:;:h‘ "“Illi s within DoD
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~ o~ Digital

DOD Engineering
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\gcs!irel Example Of Surrogate BU|Id|ng Elements Io:la;
Reduced-Order Modeling
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: Flight
- |i§}§ Dlrectlon

o E ~~  ROM
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Time= 0.000s. c,
BT | T 0 [T

0.50 0.92 1.33 1.75 217 2.58 3.00
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DOD

Example of Developing an Authoritative Digital
Surrogate Reduced Order Model for Aerodynamics

Increasing

* Geometric Fidelity
* Physics Fidelity
*Surrogate Credibility

Experiments /
Tests

x
v(x; 2;) = mx;, 2;) + € (X, 2;)

T

\ 4
, o o £~
. . . Y Level —_— -
High Fidelity Model " Additional Data
xMe.n from
y(xi,20) = m(x;, z;) + € (xi, ;) « Models
A ]
Model Mixed-Input * Tests
Low Fidelity Model fx,8) Gaussian . gperalt.lrons
. * Digital Twins
Latin K Input Output Gaussian P.rocess Process . AIgC oenitive
Hypercube |- - | x y = f(x,0) —Regression ___ Learn?n
Space Filling | - (Kriging) g
DOE : “
Model Calibrated
0 Parameters Digital

Emulator

Adaptive DOE, Added Training Data

Edward M. Kraft, “Development and Application of a Digital Thread / Digital Twin Aerodynamic Performance
Authoritative Truth Source,” AIAA-2018-4003. Aviation Systems Conference, Atlanta, GA, June 25-29, 2018
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Concluding Remarks and Discussion

CREATE is a 13+ year program created to meet the needs of the
acquisition community moving towards Virtual Test and Digital
Engineering

Kestrel is a production-quality multidisciplinary simulation tool for
fixed-wing air vehicles targeting DoD acquisition professionals

Kestrel strives to fill the gaps between high-fidelity physics modeling
and engineering decisions while balancing usability, robustness,
accuracy, and maintainability

Modifications to allow a less CFD centric approach have opened up
simulation capability that includes more disciplines and variations in
fidelity — Direct impact on OEM developers

Authoritative digital surrogates are required by the DoD Programs of
Record and their creation is possible with the current and future
CREATE capabilities
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Page-25



Acknowledgements

® Material presented in this presentation is a product of the CREATE-AV
element of the Computational Research and Engineering for Acquisition Tools
and Environments (CREATE) Program sponsored by the U.S. Department of
Defense HPC Modernization Program Office

® Huge thanks to Dr. Dave McDaniel, Dr. Andrew Wissink, the CREATE-AV
Development Team, the CREATE-AV Quality Assurance Team and all of our
collaborators for their contributions to this presentation

® Thanks to the CREATE Management Team, the 96t Test Wing RNCS/RNCE,
and AEDC for their financial management and facility support and the DoD
HPCMP DSRC'’s for their computational resource support

Page-26
Distribution Statement A: Approved for public release, distribution unlimited.



DOD

MODERNIZATION PROGRAM

Questions?
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