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About NASA
Agency of the U.S. federal government

10 centers and several more locations
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NASA locations
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Artemis Missions
(Plan) Three missions to return the first woman, first person of color, and the next man to the South Pole

of the Moon.

Create a sustainable human presence in cislunar space.
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Artemis II Crew

Christina Koch

Victor Glover

Reid Wiseman

Jeremy Hansen
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Comparison to Apollo
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Apollo: One Saturn V Launch per Mission

One Saturn V launch from Kennedy Space Center in Florida, USA

Including two spacecraft: Command and Service Modules, Lunar Module

CSM has a large engine to enter Lunar orbit and return to Earth

Lunary module has two engines; one for landing and one for taking back off

CSM stays in lunar orbit (w/ one astronaut) while LM lands on Moon (2 astronauts)

Only CSM returns to Earth

Lunar ascent module discarded in Lunar orbit

Eventually crashes into the Moon

Only Command Module reenters Earth’s atmosphere
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Apollo Launch Vehicle: Saturn V

3 stages + 2 spacecraft

First stage (S-IC): 5 x F-1 engines: kerosene + liquid oxygen

Second stage (S-II): 5 x J-2 engines: liquid hydrogen + LOX

Third stage (S-IVB): 1 x J-2 engine, used twice during mission
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Apollo Spacecraft: Command and Service Module

Apollo 15 CSM in lunar orbit (photo taken

from Lunar Module)
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Apollo Spacecraft: Lunar Module

Apollo 16 LM on surface of the Moon
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Artemis Spacecraft
NASA vehicles (with ESA support) get the crew to Lunar orbit

Commercially provided vehicles (SpaceX, Blue Origin, and others) provide landers and laboratory for lunar orbit
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Artemis Launch Vehicle: SLS

➟
Legacy Space Shuttle hardware

includes RS-25 engines and

Solid Rocket Boosters

Apollo-like mission using Space Shuttle hardware
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Artemis Crew Spacecraft: Orion
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Artemis Human Landing System

Unlike Apollo, Artemis crew will not launch with their lander

For Artemis III and IV, NASA has selected SpaceX

to provide “Starship HLS” as the lander

NASA will not take possession of these landers
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Artemis Human Landing System

Unlike Apollo, Artemis crew

will not launch with their

lander

For Artemis V, NASA has

selected Blue Origin and

collaborators to provide

“Blue Moon” as the lander

NASA will not take possession

of this lander
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More about Artemis
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Historical Context: Constellation Program

2008 launch of Ares I-X, prototype of

Ares I crew launch vehicle

Illustration of Ares V cargo launch

vehicle (construction never started)
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Artemis Accords

Agreement currently signed by 29 countries (09-13-2023) that reaffirm the Outer Space Treaty and allow

for extraction of resources from space (e.g. Helium-3 from lunar regolith)

Argentina, Australia, Bahrain, Brazil, Canada, Colombia, Czech Republic, Ecuador, France, Germany, India,

Israel, Italy, Japan, Luxembourg, Mexico, New Zealand, Nigeria, Poland, South Korea, Romania, Rwanda,

Singapore, Spain, Saudi Arabia, Ukraine, United Arab Emirates, United Kingdom, United States, Isle of

Man

Credit: Mapchart.net & Wikimedians

https://creativecommons.org/licenses/by-sa/4.0/deed.en 30
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More interesting landing sites

Credit: NASA GSFC

Credit: NASA

The Lunar south pole region has craters whose

bottoms never see sunlight. That means water ice

can persist there! (Moon’s axial tilt is only 1.54°,

compared to Earth’s 23.4°)
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Appendix: Supercomputing in the

Artemis Program
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Artemis I: We Are ReadyArtemis I: We Are Ready

Credit: NASA

Producer: Lisa

Allen, Barbara

Zelon, Alysia

Lee

Writer &

Director: Paul

Wizikowski

https://youtu.be/wKwoBudYIiI

https://www.youtube.com/watch?v=wKwoBudYIiI
https://youtu.be/wKwoBudYIiI


Supercomputing in the Artemis Program { background-image=“figs/jedi125-q1-1-001-m110a0-y0-

mach.png”}

What’s the deal with “aerosciences”?

Or, why does creating this image need more computing power than simulating 30,000+ launch trajectory

simulations?
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Supercomputing in the Artemis Program
What’s the deal with “aerosciences”?

Or, why does creating this image need more computing power than simulating 30,000+ launch trajectory

simulations?
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High-Performance Computing and Aerosciences

Does this picture help explain it?

Predicting aerodynamics (or aerothermodynamics or acoustics…) at a single flight condition means solving for

state variables at millions of points

And the points are highly interrelated, so you can’t solve one at a time
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How Does it Work?

Split the flow into smaller chunks

Each computer “core” works on one chunk

Lots of communication between the cores

Each boundary between color changes in this image
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How Does it Work?

Split the flow into smaller chunks

Each computer “core” works on one chunk

Lots of communication between the cores

Each boundary between color changes in this image
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Put it All Together
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Environments
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Artemis Launch Environments
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Reentry Environments
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Liftoff and Related Environments
Credit: NASA Ames/LAVA Team

Video: Tim Sandstrom

POC: Michael Barad

This visualization depicts the Space Launch System’s

geometry and a volume rendering of mass fractions for

liquid water (blue), water vapor (white), and vehicle

exhaust (purple low, yellow high). The water system and

liquid engines are started and allowed to reach a quasi-

steady state before the solid motor engines are started.
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Ascent Abort
Credit: NASA Ames/LAVA Team

POC: Francois Cadieux

Scale-resolving simulation of supersonic Ascent Abort

Test 2 (AA-2) during its initial firing sequence when the

vehicle is moving at nearly 1.2 times the speed of sound.

The video shows a slice through the density field where

high density is blue (air), and low density is red (hot

exhaust gas). It also depicts the axial velocity on the

surface of the vehicle where white is high and black is

low. The rendering illustrates the large disparities in flow

velocity and density in the highly turbulent plumes, which
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Booster Separation
Credit: NASA Ames/Jeff Onufer, Tom Pulliam

Video: Tim Sandstrom

POC: Derek Dalle

movement of booster noses

and inches: 48



Then and Now
High-Performance Computing for Apollo, Space Shuttle, and Artemis
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Supercomputing for Apollo?
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Supercomputing for Space Shuttle

Fred Martin and Jeff Slotnick, 1989: F.W. Martin Jr. and J.P. Slotnick. “Flow Computations for the Space Shuttle in Ascent Mode Using

Thin-Layer Navier-Stokes Equations.” Applied Computational Aerodynamics, edited by P. Henne, chap. 24, AIAA 1990, pp. 863–886.

Accurately predicting the Space Shuttle ascent aerodynamic environment has proven a very elusive

goal.

By the end of the program, use of supercomputing for aerosciences looks a lot like today.
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Why Is High-Performance Computing Necessary?

Stock answer: Modeling is cheaper than other types of testing

Stock answer: Modeling is cheaper than other types of testing

Some truth to that overall, but reality is more complicated

Most direct reason to use HPC: would it be rational to not use a tool that

improves flight safety?

Computational/numerical models are much quicker to set up and change,

making them really useful in the early stages of a program

Numerical models can incorporate physics that are hard to ground-test

In today’s environment, ground testing, flight testing, and supercomputing

modeling are highly complementary

53


