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Point Source Blast Pressures

Current curves in PAIR: Interpolation between Glasstone & Dolan (<5Mt) and Aftosmis (>250Mt)
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Blast Hazard vs. Energy

PDC25 Scenario

Cape Town (87° entry) St. Petersburg (18° entry)
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Using spherical blast at single Height-of-Burst
Can obtain same blast radius from a smaller burst near the worst height or from a larger ground impact.
See presentation by Lorien Wheeler for point source trends for PDC25 scenario

See presentation by Michael Aftosmis for comparison with 3D simulations using energy deposition
along trajectory.
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Y sin(18°)
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Petersburg (18°)
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Thermal Hazard vs. Energy

Cape Town (87° entry)
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PDC25 Scenario: Cape Town

For a luminous point source the altitude has little affect in current
models.

Dominated by the luminous efficiency (Energy emitted as light /
Initial kinetic energy of asteroid).

Currently a relatively wide range in potential luminous efficiencies.
Possibility may be underestimating the maximum luminous
efficiency for ground impact cases.

Highlights need for accurate radiation models in simulations to
determine actual distribution of luminous efficiency and
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Radiation Solver

Radiation propagates in all directions every point in space affects every Shear
other point within line of sight. i
Photons of different wavelengths differently emitted and absorbed by g
different media at different temperatures. Interaction
Full radiation solver cost = N cells x N directions x N frequencies. Thisis |
extremely computationally expensive.

Common approximation of radiation uses thermal diffusion. Reduces
problem to a local one. Good for localized heat transfer such as from a
bow-shock to a spacecraft or asteroid, but cannot model long range
propagation of radiation through near-transparent ambient air to the
ground. 1 IR spectra
To accurately predict the heat transfer to the ground and the wildfire |
ignition risk need to use a full radiation solver.

NASA’s new high-fidelity, computationally efficient, radiation solver NERO
provides speed-up of 100 to 1000 over legacy solvers NEQAIR and HARA.
Validated on Orion spacecraft, Mars Sample Return Lander, Dragonfly
space probe. Wavelength [um]
Coupled ALE3D hydrocode to NERO radiation solver. Running duty cycles

with 10 — 50% of time in the flow solver and 50 — 90% of time in the

radiation solver. Expensive but now feasible, which was not case with

legacy radiation solvers.
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DB: D100_Capetown_120.05258357
Cycle: 5258357 Time:5.275e+06
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A100m
Airburst

DB: D100_Capetown_NoNero_120.06914693
Cycle: 5914693 Time:7.26501e+06
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A100m Airburst Blastwave

100+ 11y 2.6 ﬁ
oy, ! 241
807} <
L.:.||.:... ................................. Havenrrenns 221 %
60 :":' g 21
,—A 1 & (7)) —
' ih : 3 ©
e » 5 L8t -
= L : & N FOR P WO 10 psi Buildings collapse ...
40 2 ©
2 |'|| : 8 S
[ S TP S M B AT R ? 1.6
3 | Siu o
> 20 ¢ wig Q14
L T A - P S e S ieivdAdots ot S
RO 1 JU. v J0-ruhet=r-o /AP -3 S
s 1.2
0r+ :13:§8
1
_20 T 1 - J 0.8 » I - L I |
0 5 10 15 20 0 5 10 15 20

Distance (km) Distance (km)




A100m Airburst Radiation

Flash may blind and vaporize top layer of skin, but won’t catch on fire unless

directly underneath. (See flash vaporization of leaves in nuclear test
Operation Doorstep (Upshot-Knothole Annie) but did not cause forest fire)
Effective luminous efficiency <0.01% (lower bound in PAIR).

RADIATION << DANGEROUS THAN BLAST FOR THIS CASE
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DB: D300_Capeftown_120.11326690
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(A300m Ground Impact Blast

DB: D300_Capetown_NoNero_120.20736691
Cycle: 20736691 Time:4.6e+07
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A300m Blast
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(300m Ground Impact Radiation

Heat inside crater obviously extreme, but temperatures in 10’s of thousands Kelvin
from fireball can ignite wildfires in excess of 50 km away.

Late time heat from expansion of plume in upper atmosphere has minimal effect
here but slightly increases luminous efficiency at longer distances. May be
significant for km size asteroids

Effective luminous efficiency =0.7% (close to upper bound in PAIR).

RADIATION MORE DANGEROUS THAN BLAST FOR THIS CASE, PARTICULARLY <30km
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Imp ments

Currently only air (O
and ions). Rock/ro
Adding carbon, iro

itrogen molecules, atoms,
odelled as transparent.

boling with asteroid (or
) will enable heat flux to not
(improving duty cycle ratio).
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Crush Curve

B Lunar regolith
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Full atmosphere simulations

Half energy
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* ALE3D hydrocode loosely coupled to radiative transfer code NERO
* Test case of 1GT impact into continental crust
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Comparison with/without NERO

@200m, 7.9g/cc, 17 km/s (PDC2019)
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e Temperatures noticeably cooler with radiation cooling the hot regions




