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/1 Roles of the PDCO

Planetary Defense Coordination Office (PDCO)

NASA Headquarters, Science Mission Directorate,
Planetary Science Division

Mission Statement
Lead national and international efforts to:

* Detect any potential for significant impact of planet Earth by natural objects.

« Appraise the range of potential effects by any possible impact: Function of
the Asteroid Threat Assessment Project (ATAP) - Led by NASA Ames.

* Develop strategies to mitigate impact effects on human welfare.
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POC: Eric Stern
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» Classical Meteor physics* treatment of meteoroid ablation reduces ablation and heat
transfer phenomena to two parameters, which are typically assumed to be constant.

* Uncertainty in the heat transfer coefficient and the heat of ablation can strongly
influence atmospheric energy deposition profiles, particularly for “smaller”
asteroids (< 30m).

Heating
M = mass . .
M Spv® S e *Note: Ablation is a complex
— = wetted area . c . c
a8 A 20 ° p = s donsity process involving vaporization,
o o oAt melting and spallation
Ablation

Objectives

» Utilize high energy/enthalpy testing facilities (LHMEL and IHF arcjet) to gain insight
into meteoroid ablation phenomena at flight relevant conditions.

* Generate data that can be used to improve high-fidelity models for meteoroid ablation.

* Opik, 1958 [5] , Allen, Baldwin and Scheaffer, 1959-1971 [6,7]



Pathfinder Laser
Experiment (LHMEL)

Tamdakht H5 Observations from High-speed Video
Chondrite

5 kW/cm? Laser Spot
1 atm.

High-speed video (1000 fps) from the experiment provided insight into important
phenomena in meteor ablation processes

Energetic vapor/soot plume produced by ablation process

Spallation and/or ejection of molten droplets appears to be a significant
mechanism
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Interactive Heating Facility Arcjet Testing [8]

POC Eric Stern, Pl: Parul Agrawal

Test Objectives:
» Obtain quantitative recession data for development and validation of numerical models for
meteoroid ablation: Looking for ablation processes: vaporization, melt and spallation.

» Obtain high-resolution spectra of the emission of ablation products to assess numerical
models for meteor light production.

Test Concept: Dinesh Prabhu
Implementation: Agrawal, Stern, Arnold, Jenniskins & Burkhard
Test Conduct: Test Engineer: E. Rodriguez + Ames arcjet test crew
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Meteor Entry Simulated in the Arcjet
POC:‘Eric Stern, Pl: Parul Agrawal

Still frame from high-speed video capturing meteorite
ablation via vaporization, melting,and spallation
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* Reduced spectrum clearly shows emission from ablation products has been observed.

* Spectrum for Tamdakht H5 chondrite is rich in more volatile elements (Li, Rb, Na, K); more
refractory elements (Si, Mg, Al) in ordinary chondrite elemental composition are not strongly

* Quantitative spectrum is being used to assess and validate numerical models which can then

5/9/17

Echelle Spectra from Tamdakht Arcjet Test
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Aines Reerh G POC: Eric Stern

« 2015 Pathfinder LHMEL test shows significant spallation and
probable that radiation blockage is occurring at ~ 5 kw/cm? and
one atmosphere pressure, with no flow.

« 2017 LHMEL test will help quantify radiation blockage at 1.07
microns at conditions up to 8 kW/cm?2 and 5 atmosphere pressure
with shear flow.

« 2016 Pathfinder arcjet test was highly successful showing
ablation processes: vaporization, melt and spallation at flight
relevant conditions.

 Testing results will go far in validation of CFD/Ablation
simulations giving rise to improved models for Probabilistic
Asteroid Impact Risk (PAIR) assessments. (Heating, Heat of
Ablation and Luminosity)

May 2016 Page 10
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PAIR for the Asteroid semble [9]
POC Donovan Mathias

Probabilistic Asteroid Impact Risk (PAIR)
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Input Parameter Distributions

30 Million Impact Realizations

Size: H-magnitude from 20-30 corres-
ponding to diameters up to 400m

Density: 1.1 to 7.5 g/cc

Macroporsity: 1 to 70%

Strength: 0.1 to 10 MPa

Strength Scaling Exponent: 0.1 t0 0.3
Impact Velocity: 11 to 40 km/s

Entry Angle: 0 to 90 degrees, weighted to 45°
Impact Location: Randomly selected over globe
Ablation Parameter: 3.5e-10 to 7 e-8 kg/J
Luminous Efficiency: 3e-4 to 3e-2
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Size threshold:

~ 65 m diameter

1 in 108 affecting
ten thousand
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Definition of Affected Population
Number of persons within the area where overpressure > 4 psi’
or 3" degree burns are suffered. Overpressure dominated.

Cumulative Annual Damage Exceedance
Probability that an asteroid within a given 10m size range will
affect at least a given number of people or more assuming, an
impact of that size occurs. Then weighted by the likelihood
per year that such Impacts actually occur.
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PAIR for a Specific Hypothetlcal Astermd 2017 PDC
POC Donovan Mathias
Definition of Affected Population
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/1 Data from a Rendez u Mission

Z.—.  Enables Best-Case PAIR Assessment [10]

. Optical Navigation, combined with ground observations, dramatically improves
definition of the asteroid’s orbit and predictions of the strike location, probably to
less than 100 km for Hypothetical Asteroid 2017 PDC. [10].

. In-situ measurements provide detailed information about the asteroids shape, size,
mass, spin rate, spin orientation, regolith, surface structure (~ 1 meter resolution to
ten meter depths) and interior structure resolved to 10-15m via radar[10].

. Knowledge from the rendezvous mission provides set-up information for a new ATAP
model [12] that can treat entry and breakup of rubble pile and monolithic asteroids that

could be representative of asteroids like 2017 PDC (part of future sensitivity study).

. Monostatic Bistatic Fragment Cloud Model — Rubble Pile

Rubble piles Regolith layers Coherent or fractured monoliths

Breakup condition:
Pur¥’ > §
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Summary

ATAP is fulfilling its role for NASA’s PDCO with its Probabilistic

Asteroid Impact Risk (PAIR) assessment capability to develop
information [WHERE and HOW DEVASTATING STRIKES CAN BE].
In the event that a real threat materializes this information

will be critical for planning mitigation (deflection or civil defense).

Two of ATAP’s functions have been described: (1) How ground testing is
being used to validate simulations of entry and breakup of asteroids
during atmospheric flight, and (2) Examples of the PAIR assessments

dealing with the threat from the ensemble and from a specific, hypothetical
asteroid 2017 PDC.

Lessons learned from the simulations and validation testing of extreme
atmospheric entry will benefit the advancement of the design of planetary
probes for both very high speed flight, e.g. Jovian entry and multi-body
hypersonic aerodynamics, e.g. re-contact of back shells.

- ATAP will continue its work under the PDCO and begin study of global effects

May 2016

created by asteroid strikes in FY 2018.

Page 14



/
Ames Reseorch Center

Acknowledgements

 Lindley Johnson and the PDCO/NASA Headquarters for support of the ATAP from

FY 2015 - 2017.

* Louis Braxton, Jack Boyd and Pete Worden for their support during the
development of the proposal that led to the creation of the ATAP.

 And to these individuals:

May 2016

Michael
Parul
Jim
Charles
Marsha
Aaron
Joseph
Peter
Kathryn
Craig
Alex
Yih-Kanq
Paul
Tony
Jessie
Ali
Justin
Peter
Chris
Randy
Donovan

Aftosmis
Agrawal
Arnold
Bauschlicher
Berger
Brandis
Brock
Brown
Bryson
Burkhard
Carlozzi
Chen
Chodas
Dobrovolski
Dotson
Gulhan
Haskins
Jenniskens
Johnston
LeVeque
Mathias

David
Marian
Dan
Grant
Francesco
Tina
Dinesh
Darrel
David
Joseph
Derek
P.

Eric
Anna
Stephan
Ethiraj
Lorien
Susan
S.
Diane

Morrison
Nemec
Ostrowski
Palmer
Panerai
Panontin
Prabhu
Robertson
Saunders
Schulz
Sears
Seltner
Stern
Tarano
Ulamec
Venkatapathy
Wheeler
White
Willems
Wooden

Page 15



References

[1] www.Ipi.usra.edu/sbag/meetings/jun2016/presentations/johnson-neo.pdf Jun 30, 2016.

[2] Prabhu,D. K. et. al,, “Thermophysics Issues Relevant to High-Speed Earth Entry of Large Asteroids”, AIAA Scitech Special
Session: Aerothermodynamics of Meteor Entries, San Diego CA, January 4-8, 2016.

[3] Venkatapathy, E. , Aftosmis, M., Gulhan, A., Mathias, D., Seltner P., Stern, E. and Willems, S., “In Pursuit of Improving
Airburst and Ground Damage Predictions: Recent Advances in Multi-body Aerodynamic Testing and Computational Modeling
Validation” IAA 5" Planetary Defense Conference, Tokyo, Japan. May 15-19, 2017.

[4] Johnston, C., and Brandis, A., “Influence of Coupled of Radiation and Ablation on Meteor Entry”, ” AIAA Scitech Special
Session: Aerothermodynamics of Meteor Entries, San Diego CA, January 4-8, 2016.

[5] Opik E. J., Physics of Meteor Flight in the Atmosphere, Dover Press, 1958.

[6] Allen, H. J., “On the Motion and Ablation of Meteoric Bodies” Paper presented at the Durand Centennial Conference, Stanford
University, Palo Alto California, 1959.

[7} Baldwin, B. and Scheaffer,,Y., Ablation and breakup of large meteoroids during atmospheric entry” JGU July, 1971, Volume 76,
Space Physics Pages 4653—4668.

[8] Stern, E.C., White' S. M., Agrawal P., Prabhu: D. K., Chen: Y-K , and Jenniskens: P. “Ground Testing of Meteoroid Ablation for
Atmospheric Entry” Asteroids, Comets and Meteors, Montevideo, Uruguay , April 10-14, 2017.

[9] Mathias, D. L., Wheeler, and L., Dotson, J. ,”A Probabilistic Asteroid Impact Risk Model: Assessment of Sub-300 m Impacts”
Icarus 289 C (2017) pp 106-119, doi:10.1016/j.jicarus.2017.02.009.

[10] Arnold, J. O., Chodas, P. W. , Ulamec, S., Mathias, D. L., and Burkhard, C. D., “Using Information from Rendezvous Missions
for Best-Case Appraisals fo Impact Damage to Planet Earth Caused by Natural Objects”. IAA 5" Planetary Defense Conference,
Tokyo, Japan. May 15-19, 2017.

[11] Morrison, D. D, Venkatapathy, E., Asteroid Generated Tsunami: Summary of NASA/NOAA Workshop NASA/Technical
Memorandum (NASA/TM-219463), January 2017.

[12] Wheeler, L. F. and Mathias, D. L., “Modeling the atmospheric breakup of varied asteroid structures: inference for the
Chelyabinsk meteor and risk assessment application: IAA 5" Planetary Defense Conference, Tokyo, Japan. May 15-19, 2017.

/1
Ames Reseorch Center

May 2016 Page 16



