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Outline
« NASA’s Icing Mission (. ,{
« Capability Portfolio: ;9 """" >
— Test Facilities, Laboratories, and Computational Tools
« What we are working on ju “ .o,.o‘.
 Ways NASA collaborates! = ‘.“‘: > -‘O:-";ou'j
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developing tools and methods
for simulating and evaluating the

growth of ice on current and
~ future aircraft surfaces or inside
- .engines and the effect(s) that ice

may have-on the behavior of
aircraft in flight.
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NASA's Portfolio of Icing Capabilities

https.//www1.grc.nasa.gov/aeronautics/icing/
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Ilcing Analysis of Alternatives Study Outcomes (2020-2021)

NASA priority needs

— 3D icing simulation capability for vehicle assessment
» Assess Transonic Truss Brace Wing icing impacts & knowledge gaps

— Low ice adhesion material development
— Build icing assessment capability for AAM vehicles

— Engine Icing: Std. 30k
« Continue ice crystal icing (ICl); shift some focus to fan icing / shedding A‘f‘i’.c _
« Supporting the assessment of engine ICI certification envelope igp[,) 5 ~ 20k
Community enduring needs 1
— Continue foundational icing physics studies in the public to -

improve current capabilities
« Especially in newer areas such as SLD and ICI \ | \ |

SLD ICI
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What we’re currently working on...

S
% \ i

| /,,|> Application Focus Research

“r“ao’. “n o °‘° oao)q Y
Atmospheric Characterization \

Fundamental Research & : _
Capability Improvement \ Simulation

Tools
i
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(GlennlICE, ...)

6 www.nasa.gov



National Aeronautics and Space Administration
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GlennICE

Fully 3D icing simulation and particle tracking tool

GlennICE ]

CFD post processor
External Icing

Lagrangian droplet tracking with adaptive refinement Rotational Icing

Predicts water impingement & resulting ice growth on Ice Crystal Icing
arbitrary aircraft surfaces

Fully parallelized trajectory scheme built for HPCs

As of 2018,GlennICE is the
Glonnick foundational code through
which NASA will develop

Surface

and evaluate physical

models associated with ice
accretion

Project Sponsors: AATT, RVLT, TTT 7
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Ongoing Application Focused Research

High Lift = Common
Research Model

degradation

» Assess icing impacts
» IRT tests scheduled in 2024 / 2025

AAM Icing

»Build icing assessment capability
»Add rotational icing to GlennICE
»|RT tests occurred in 2023/2024

Project Sponsor: AATT, TTT, RVLT 8 www.nasa.gov
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New Application Focus Research
Efficient Quiet integrated Propulsor (EQuIP)

lcing Work Areas:
» Fan Icing

3D rotational icing simulation

* Ice shedding simulation

« Requirements for engine fan icing test rig
» Ice Crystal Icing (ICI)

« Simulation tools

« |C capability development for IRT / AIT

New Tech Challenge (FY24-FY28)

Overall EQuIP Goals

Predict, model, and assess...next-gen propulsors
...while reducing risk* for use on...aircraft in 2030s

* lcing work in EQuIP seeks to reduce risk by
raising TRL of engine icing simulation tools

Project Sponsor: AATT 9 www.nasa.gov
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Atmospheric Characterization

— T Y

FLIGHT RESEARCH B R

» High Ice Water Content Flight Research
» Characterize ice crystal cloud properties
> Participated in 5 campaigns; 3 with NASA DC-8

« Most recently in 2022 in high-aerosols

Project Sponsor: AATT www.nasa.gov
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Ongoing Fundamental Research

’J

x Simulated Inter-compres’_s_'or_ Duct Research
.. Model (SIDRM) o

br £ - Generated i for ice crystal (IC) icing

.'ﬁ

IC accretion using a heated surfaces

Project Sponsors: AATT, RVLT 11 www.nasa.gov
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Ongoing Capability Improvement

Impedance based ice / Investigating tomography for
water sensor

Microwave-based collection
efficiency measurement with
Bavlor Universit

Distribution of
droplet sizes

move around airfoil
with flow

e .
., ° / impinge and splash

dAf —@ . _____T--=__~¢
. ® impinge dSa
Prototype system accurately

o airfoil
measuring 3 nozzles

Project Sponsors: TTT, CAS 12 www.nasa.gov
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Supercooled Large Drop (SLD) Research

Characterization of large drop 4 Instrument & facility
velocity with PI-PTV probe in IRT intercomparisons

1

'.'I. .xlul-t“

_~ Particle Tracking” .
: Began in 2016
& \Velocimetry (PTV) Partners: NRCC, CIRA, ECCC, FAA, NASA

%" Probe
E\ - --_L_.

!

i l ‘ -‘J‘r !

Icing Tunnels: NRC, NASA, CIRA

Probes: PSD & LWC (current & emerging technology)
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NASA Collaborations in Icing

Regulators Industry
N % ith domestic and international community
% ndu‘, Academia, Other Gov't ENl#es
Academia Other Gov't Ips via Space Act Agreements (SAA

9 Ours 2 / non-rei ble

NASA Partnerships \@®me
O > Rese - s _ pe

| - SmaNBesine iohRes SIR
Q SBIR-STTR Sma INess TNNOVGIO: | .Ch( I

B = + NASA Research Annojl
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L T e
“\m "NASA Program ‘Stimulate Competitive
" Resea ) L

- Student Internships / Academic Fellowships
« Coming soon: Icing Community of Interest (FAA/ NASA)

LEADERSHIP I J i i

UNIVERSITY
INITIATIVE NASA Postdoctoral Program
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Summary

NASA:

Maintains world-class icing facilities

Develops tools and methods for icing simulation
Conducting research activities guided by recent study
Continually seeking collaboration opportunities

Ilcing Research Topics

Application Focus Research
Atmospheric Characterization

Fundamental Research /
Capability Improvement

www.nasa.gov
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Thank Youl!

PROJECT Advanced Air Vehicles
ACKNOWLEDGEMENTS L Piogfam

Advanced Air Transport Technology
Revolutionary Vertical Lift Technology

Transformative Aeronautics
Concepts Program

>

Transformational Tool & Technology
Convergent Aeronautical Solutions

Aerosciences Evaluation &
Test Capabilities Portfolio

Operations
Capability Improvement

16 www.nasa.gov
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