A Vision of the NASA Aerosciences Discipline
Under the Agency’s New Operating Model

David M. Schuster

NASA Technical Fellow for Aerosciences
NASA Aerosciences Capability Lead
Langley Research Center

Mark D’Agostino

Deputy NASA Aerosciences Capability Lead
Marshall Space Flight Center

Future CFD Technologies Workshop

Kissimmee, Florida
6-/7/ January, 2018



NASA’s New Operating Model
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Capability Leadership organized as Disciplines, Systems, Research, and
Portfolio Management.

= Each Composed of a Capability Leader, supported by a Capability Leadership Team
with NASA Field Center and Mission Directorate Representation.

= Each team conducts an initial baseline assessment (Aerosciences, 2014) and a re-
baseline every 3 years with an annual Executive Summary.

= Disciplines and Systems report to the NASA Engineering Management Board (EMB).

« EMB carries discipline and system issues forward to Agency budget and program planning
boards.
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Outline

The NASA Aerosciences Technical Discipline
Assessment and Recommendations.

NASA'’s Aerosciences Facility Funding Model
and Year-one Experience.

Pilot Project to Evaluate CFD as a Surrogate for
Wind Tunnel Testing.

The NASA Aerosciences Strategic Vector.
Initiatives Addressing the Strategy.



NASA'’s Aerosciences Capability

NASA Aerosciences Capability Assessed in 5 Sub-Disciplines

Aerostructures
(Aeroelasticity)

Aerodynamics Aerothermodynamics

Propulsion Flowpath
and Interactions

« Capability delivered by:
Analysis/Computations, Ground Test, Flight Test.



Aerosciences Technical Discipline
Capability Assessment

- Assessment informed by state of Launch Vehicle Ground Wind R ikt
capability to execute NASA’s o
Missions:

= Aeronautics, Human Exploration
and Operations, Science, and
Space Technology.

= Heavily influenced by technical
challenges and issues addressed
by Technical Fellows/Technical
Discipline Teams.
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Assessment Findings and
Recommendations.

. . . Agency Critical Aerosciences Facilities
« Two primary findings from the assessment: AerodynamicTest Copailty
1. NASA’s inconsistent charging strategies for e e =
Aerosciences tools make computations e | S —r
significantly cheaper (no cost to programs) than T
ground teSt_ Aeroprupul::::estCapabllltv
a. Prematurely pushing us to a computational-based 00 o0a 09 12 2 3 4 5 6 10

analysis and design approach.

GRC || GRC 8x6
9x15

X
— GRC 10x10

2. NASA’s Human Exploration and Science Missions
have high dependency on the Aerosciences
discipline, exemplifying the need to recognize,

il The NASA Budget
lead, and manage the discipline as an Agency vital JE— (FY15)
resource.

a. NASA Aerosciences is recognized effectively as udger
Aeronautics. (8) 4
* Resulting in the following recommendations to R

Ag e n C y L ead ers h I p : Space Technol Science Human Exploration

and Operations

o N ® ©

Agency Aerosciences Workforce by Mission

1. Develop an enduring base capability funding
mechanism to research, develop, and maintain the
(Aerosciences) technical capability required to R
execute NASA Programs and Projects.

2. Reconcile charging differences between test and
computations.
m B

ARMD STMD HEOMD



LaRC 14 x 22 Foot LaRC National Transonic ARC Unitary Plan Wind LaRC Unitary Plan LaRC Aerothermodynamics

Subsonic Tunnel Facility Tunnels Wind Tunnel (FY17 Portfolio) Complex
Subsonic, Alternate Uses High Reynolds Number Flow  11°x11’ Transonic Wind Tunnel Supersonic Speed Range Exploration Workhorse
9'x7’ Supersonic Wind Tunnel

yper

Specialty Tunnels:

GRC Icing Research Tunnel GRC Propulsion Systems LaRC 20-Foot Vertical Spin

Laboratory Tunnel (FY17 Portfolio)
Engine (and icing) Simulation at Spin Characteristics & Dynamic
Altitude Stability

Aircraft Icing Condition Simulation




The primary objective of the New
Funding Model is to improve
access to our facilities, putting
them back in the hands of our
NASA researchers and engineers
to execute NASA’s missions,
programs, and projects.

Facility Funding Model Goals and Experience

20,000
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Enable technology innovation oo

and risk reduction by providing 4.000
easier access and remove cost 2,000
bias that favors computation 0
over test 2011 2012 2013 2014 2015 2016 2017 2018

Projection

Reinforce the role of facilities as a NASA centrally managed resource.

Improve facility utilization.

Enable capability and discipline sustainability.

Provide an improved measure for facility decisions involving capability partnering,
investment, and divestment.

First-year experience shows the model to be an unqualified success in
meeting these goals, and for the first time in over a decade NASA’s wind
tunnels are operating at full capacity.




Evaluation of CFD as a Surrogate for High Supersonic
Wind Tunnel Test
Proposed Test Cases

Multi-Body Aerodynamics for High
Speed Separation Events.

Aero/Propulsion Interaction for
Supersonic Retro-Propulsion
Deceleration.

Aero/Reaction Control System
Interaction for Entry Vehicle
Control.

Control Authority and
Effectiveness for Aircraft and
Missiles.

Cases focus on areas of highest uncertainty for CFD simulation in the Mach 2.5—- 6.0 speed regime. "



AEROSCIENCES
Aerodynamics — Aerothermodynamics — Aerostructures — Aeroacoustics — Propulsion Integration

Flight Test for

Qualification
Linear Integrated Physics-Based Integrated-
Analysis Test/CFD System Simulation
Flight Qualification

Synergistic use of test/computations by Analysis

R reduces test requirements
$\(\6 0"" v’ Computations for attached > Chemically reactingand > Coupling of Aerosciences
< flows nearing maturity combustion CFD not sub-disciplines
Databases from > Airframe propulsion ready for routine use > Integration with
Wind Tunnels integration challenges tests > Push toward unsteady complementary
and computations. separated flow CFD disciplines — Flight
» Automated geometry requires advanced Mechanics, GN&C,
modeling and adaptation algorithms and Structures, Materials,
require robust investment computer technology Loads & Dynamics, ...
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mw?usm Aeronautics and NASA

No specific Agency
action to establish a base
funding mechanism to research,
develop, and maintain technical
capability to support NASA'’s
programs and projects.

= Doesn’t mean the message didn’t

get throu.gh. . - A Look Back at the Entry Systems

R&D targeting specific systems Modeling Project
likely resonates better with S——
NASA’s Mission Directorate . I
organizational structure. ’

= Space Technology Mission
Directorate’s Entry System Modeling Project may be a good template for
conducting the research and development supporting NASA’s space programs
and projects.

= A sibling Ascent Systems Modeling project could support Launch Vehicle and
Abort Vehicle R&D.
With Aeronautics Research Mission Directorate’s Transformational
Tools and Technologies Project addressing the needs of NASA
Aeronautics, we could piece together a pseudo base R&D clearing
house covering the complete range of NASA aircraft, launch vehicles,
and spacecraft programs and projects.

12



Technology What is it? Delivery
US3D Unstructured 3D hypersonics CFD solver 2015
Radiation Analvms Tool Hyp-Fun3D Unstructured 3D hypersonics CFD solver 2015
for Space Exploration MAP Object oriented DSMC software 2016
: Computational Dynamic Stability [Completed at supersonic, lower speeds in work 2017
Magnetic Suspension WT Subsonic nearing completion 2017
Parachute Descent FSI High fidelity model for parachutes and clusters 2018

Radiation Databases Multiple delivered in air, CO2, Titan ongoing
NEQAIR Radiation emission and transport solver 2017
HARA Radiation emission and transport solver 2017
oughness Databases LaL and HFFAF databases 2016
-SAPE Multi-mission systems analysis tool 2016
igh Enthalpy Mars DB ICUBRC database and comparison to SOA simulation 2017
uMA Microstructural analysis tool 2017
ATO High fidelity ablation response model 2016
carus Engineering design tool for material response 2018
oupling via LibMesh Demonstration of CFD/AMR coupling using LibMesh 2016
igh/Low Density Conformal Conformal ablator in a range of densities 2014
Iternate Resin Conformal IConformal ablator using resins other than phenolic 2016
0 W/cm2 Flexible TPS HIAD Gen-2 TPS material 2015
5 W/cm2 Flexible TPS HIAD Gen-3 TPS material 2016
HIEFS 2018
Brake 2017
High-order resolution of unsteady flows
Simulated flight of ballistic range model 13




Top Aerosciences Technical Challenges

Aerosciences Discipline Assessment

Understanding,
Predicting, and
Managing:

Unsteady Separated
Flow

. Aeropropulsive

Interactions

Aerothermodynamic
Environments and
Interactions

Parachute and
Decelerator System
Performance

&y

Improved Aerothermal Prediction:
DG methods attack largest remaining
weakness in hypersonic CFD; roughness
heating augmentation models

33304

100,

W 4000

Increasing
Roughness

Unsteady Separated Flow

MSWT, dynamic free flight, multi-body

separation dynamics

ESM Maps to the Top
Aerosciences Challenges

Parachute Aerodynamics:
FSI models for single chute and cluster;
inflation via ESI-16 partnership

&

RCS/Jet Interactions
Advances in underlying methodology
(DF, free flight, AMR, adjoint) will

2

enable future work in this area FUN3D Grid Adaptatlon
t=13 t=141 Adjoint- istic-
sed = ased
H -
; ‘ ;
D, pressure, Comem pressure, Co mer
|
. N !
| —— P>}

14



Riding the Vector

CFD 2030
' This ain’t your Granddaddy’s CFDI’

* Physics-based integrated-system simulation

is on a path to revolutionize vehicle research,

development, and operation.

= We’re way beyond CFD mimicking and/or
replacing wind tunnels.

= We’re talking about things we can’t even dream
about doing in a ground test facility.

Full-scale, Full-environment, Nonlinear,

Transient Flight System Simulation

Case in point:

* NASA has spent over a decade building
aerodynamic and aerothermodynamic
databases to serve as input to flight
simulation codes for MPCV.

* Replacing today’s database with simulation-
integrated CFD capability eliminates:

» Linearization, interpolation, and extrapolation
errors.

» Uncertainties due to scale effects, test
assumptions, propulsive simulants, quasi-
steady assumptions.

= Time and resources required to build
databases, portions of which may never be
exercised.

ESM Hypersonic Entry
6-DOF Coupled CFD

High Altitude
Segment

Courtesy: Eric Stern, NASA ARC 15



Riding the Vector — Part |l

Notional Liquid Engine/Solid Rocket
Booster Startup Including Water
Deluge Acoustic Suppression

Programs are becoming increasingly

dependent on computational capability to

solve highly complex, time-critical technical

problems.

= NASA’s Engineering organizations are

leveraging program support and first-hand
knowledge of technical requirements to
develop, assemble, and validate computational
capgbility to meet their vehicle development
needs.

Case in Point:

In 2008, MSFC began using CFD to simulate
Space Shuttle SRB ignition and plume flow
development around KSC Launch Complex
I39A a;]ter damage resulting from the STS-124
aunch.

» Simulation included reacting flow plumes and
the highly complex geometry of the Mobile
Launch Platform and Pad 39A Flame Trench.

= Water deluge acoustic suppression could not be
simulated and was found to be a major
contributor to the overall plume development
and flow.

= 10 years of persistent development and
application has seen the addition of the water
deluge.

= NASA is investigating the use the capability to
evaluate launch pad environments during
booster ignition.

Simulation

Courtesy: Jeff West, NASA MSFC

TIME =0.10013
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Get off the Stage

« NASA Capability Leadership serves as a bottom-up ESM Parachute Disreefing
component of the Agency’s operating model maintaining Using OVERFLOW
critical capabilities to meet mission needs. Environments

 The Aerosciences Discipline Capability Leadership Team
continually assesses the state-of-the-discipline, sets a
strategic vector, and identifies top technical challenges
facing the discipline. ' '.‘.m

* Programs are becoming increasingly dependent on
computational analysis to solve complex, time-critical
technical problems.
= Must reinvent base R&D as a co-dependent effort among our

Mission Directorates and Research and Flight Centers.

* Physics-based integrated-system simulation is on a path to

revolutionize vehicle research, development, and operation.

» Where we need to focus: Displo

» Fast, robust, high-fidelity unsteady flow simulation, including
separated flows.

» Automated geometry processing and model development.
» Error-based adaptation striving toward user-independent analysis.

» |ntegration with current (flight) simulation tools.
+ Ref: LaRC/NESC/Georgia Tech Project to Couple FUN3D with POST.

AFM-03, Monday Afternoon
AlAA-2018-0291

Coupling Computational Fluid Dynamics with 6DOF Rigid Body Dynamics
for Unsteady, Accelerated Flow Simulations

Courtesy: Paul Bauman (SUNY) /Scott Murman, (NASA ARC) 17
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