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Artemis: A Foundation for Deep Space Exploration
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The Natural Environments group at
Marshall Space Flight Center compiles
relevant natural environments research
Into a design specification for engineers

to use while designing flight hardware

SLS-SPEC-159
REVISION |

National Aeronautics and EFFECTIVE DATE: OCTOBER 27, 2021

Space Administration

Experiments and Measurements

CROSS-PROGRAM
DESIGN SPECIFICATION FOR
NATURAL ENVIRONMENTS (DSNE)




“The lunar regolith is the
surficial layer of fragmented
material (rocks, soil, and dust)
that covers virtually the entire
surface of the Moon.”

—DSNE Section 3.4.2.1, General Description of
the Lunar Regolith

Median Regolith Depth

Mare

Highlands

| AT X e ',"';;‘f

NASA/JSC/AS11-40-5877 7



Lunar Regolith Particle Shapes

(a) Apollo soil partigles

4]

Impact- glass bead

Rock J@tl "'

Lunar regolith particles

have angular, irregular

shapes due to impact
processes

Figure from Zeng et al. 2019.



https://doi.org/10.1029/2019JE006237

Craters on the Lunar Surface
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Rocks on the Lunar
Surface

Rocks are relatively rare on
lunar surface; fractional area
of rocks > 1 m typically < 1%

Rocks are not randomly
distributed; fractional area can
be high (10% - 20%) in
certain regions

DSNE 3.4.1.4

NASA/JSC/AS17-138-21039









Radiation Environments

The solar wind consists of ions
originating from the Sun

Radiation can disrupt
electronics, causing single
event effects, and cause long-
term damage from exposure

SOHO/LASCO C2 Coronagraph


https://soho.nascom.nasa.gov/gallery/images/c2eitnov800.html

NASA/JSC/AS11-40-5873

lllustration of the Heliosphere

Radiation Environments

EEEEEEEEEE

Galactic cosmic rays—originating

outside the solar system—can also

oo B R cause single event effects and
nteracting with the contribute to the total radiation dose

lunar regolith creates a population of
neutrons radiating from the surface



Natural light sources

e Solar illumination

» Average solar flux at Moon Solar Flux at Lunar Orbit
same as that at Earth Maximum 142145

 Maximum and minimum eras W
affected by lunar orbit T m?

* Incident light nearly collimated
(angular diameter = 0.5°)

* Lunar day, or synodic period, Is
29.5 Earth days

Minimum

DSNE Section 3.3.9.1.1



L unar Surface Thermal Environment

44444

Surface temperatures
on the Moon vary
widely, from 18 K in
permanently shadowed
regions at the poles, to
~400 K on the equator

at local noon

50 100 150 200 250 300 350 400

- —— — Brightness Temperature










Earth’s lighting environment

Rayleigh scattering

Mie scattering

Aerial perspective

W.A. Chambers



Earth’s lighting environment

1807 m (5928 ft) elevation
17 km (11 mi) distant

1844 m (6050 ft) elevation A&
6.6 km (4.1 m) distant Sass

W.A. Chambers
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Lunar lighting environment

Lack of lunar atmosphere has a
significant effect on lighting
environment, and therefore on
human perception

No atmospheric scattering,
distortion, and no familiar visual
cues (e.g., trees, clouds)

AS15-86-11603
NASA/scanned by Kipp Teague



Induced Environments
caused by the presence of your
spacecraft or vehicle

Examples include
 Dust contamination
 Plume-surface inte




Plume-surface interactions
occur during retropropulsive
landing on an unimproved
planetary surface

Rocket exhaust erodes and
ejects material, posing potential
hazards to landing spacecraft
or surrounding assets



Approaches to Studying
Plume-Surface Interactions




Historical testing at NASA

ApO I I O-El‘a TeSU f g Langley Research Center

—
it

N4 ] | |

Land and Scholl (_1969) Video Supplement Land and Scholl (1969)



Apollo Flight Data

Apollo landing videos show
erosion, visual obscuration

Apollo 12 astronauts recovered
damaged samples from Surveyor Il

Images from Apollo 15; figure from Metzger et al. (2011)



NASA Plume-Surface Interaction Testing

« Subscale, half-space,
supersonic plume-surface
Interaction test

 Six regolith simulants,
variable mass flow rate,
variable vacuum pressure

e Variations in behavior
observed across
parameter space

Plume flow visualization
Rodrigues et al. (2023)

Experiment with BP-1 regolith simulant

Test overview: https://doi.org/10.2514/6.2022-1811



https://doi.org/10.2514/6.2022-1811

Testing to Understand
Phenomena

Images from Metzger et al. 2009.

& Layers of sand modified by PSI;
arrows show direction of motion

. .

Diffusion-driven flow parallel to

- the developing crater’s surface
—

.



UCF/CLASS/Chambers

Effects of Reduced Gravity

Benchtop " Drop Tower



UCF/CLASS/ Chambers

quartz sand

|

|
& :
\ Cl Orgueil

1

e > N R Y X g uty ~ - - "
- > - ~ . .
- o . > - o> .

50 ms jet
25 cm nozzle height
side view




Computational Modeling

* Generalized PSI modeling .
to complex physics -/

| ,.-'}: Ejectal

° R an g e Of m eth Od S ap pI Ie d Shear l(ﬂll_ ___| I l op < 1, Ma > 1
» Simplified/semi-empirical | |
* One-way coupled CFD T Fluidiz
< ] : '-_:.,-Sn::n'll{:- line a -~ 1 E €rosion
» Two-way coupled CFD Ml e Viowerssion | pese

~ 7 (collision dominated)
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Shock /particle
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=
=
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b
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. . |
Recirculation |

Fluidization/

Sub-surface

e A p p FfoacC h es 5 $, > 0.6, Ma ~ 0

« Eulerian-Eulerian lllustration of flow regime variation, which results in challenges
. EuIerian-Lagrangian for PSI modeling. Figure from Capecelatro (2022), (CC BY 4.0).



https://creativecommons.org/licenses/by/4.0/

NASA Flight Instrumentation

e Stereo Cameras for Lunar Plume-Surface
Studies (SCALPSS)

« Stereo imaging for PSI

« Lunar Lander Base Instrumentation (LLBI)

« Measurement of environment induced below lander
by thrusters and PSI, MEDLI-heritage

 Particle Impact Event Sensor (PIE)
« Measurement of ejecta energy

« Dust Ejecta Radar Technology (DERT)

* Millimeter-wave doppler radar measurement ejecta
particle velocities

« Mini-Suite Electronics (MSE)
» Centralized payload commanding

Lander

Particle
ejection

P

S S =

e R T e, .
e 2 =

o

¥

‘ RFRT Prototype



The Human Landing System
PSI Ground Test

As we return to the Moon with larger spacecraft
and different operating concepts, we need to
better understand plume-surface interactions to
reduce risk to missions and crew

Nozzle

Reduced pressure
environment

Highly under-
expanded plume

R Regoith bed 8 |

60-ft Vacuum Sphere (NASA LaRC)




Conclusions

* NASA missions to the Moon will rely on
understanding the lunar surface
environment

« Experts at NASA and our partners in the
US and around the world are working to
better understand these environments to
enable mission success
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I t h .
than 2,000 students the opportunity to impact the agency’s
ro g ra m s mission through a hands-on internship.

NASA's Office of STEM Engagement provides, annually, more

< >

At NASA, we explore the extraordinary every day and our work is more than
just a profession —it's a lifelong pursuit and a passion. NASA offers several
opportunities for students to undertake meaningful and challenging
projects that truly make an impact on humanity.

https://www.nasa.qov/learnin



https://www.nasa.gov/learning-resources/internship-programs/

~ Questions?




