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Hypersonic
weapons race

The United States sees itself in an
urgent game of catch-up, mainly
against China.

By Keith Button

14

Remembering
“John Young
cool”

A veteran astronaut who
trained and flew with
the NASA legend reflects
on his personality and
character.

By Tom Jones

On the cover: A conceptual hypersonic waverider aircraft simulation.
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Wind tunnels and
CFD need each
other

Far from being
relegated to history by
computational fluid
dynamics, wind tunnels
remain critical to
aerospace engineers.

By Joe Stumpe
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Extending the
lives of satellites
on orhit

Commercial satellite
operators and builders
predict when they'll be
able to repair or refuel
their spacecraft in the
geosynchronous belt.
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d EDITOR’S NOTEBOOK NEW FEATURE

Introducing the
Aeropuzzler

any years ago, one of my editing mentors was less than pleased when I dropped the term A Take the iceboat

challenge by turning
to the Aeropuzzler
on Page 11.

Reynolds number into a draft article with little or no explanation. When I started working
the phones, I quickly discovered that even the experts, or especially the experts, had trou-
ble putting the meaning of this aeronautics formula into words. One engineer finally told
me: “Look, all I know is that if the number is above [a certain figure], the plane won't fly.”

Boiling a complex concept into words that anyone can understand is a skill that will serve an engineer
or scientist well. A member of Congress or a CEO could one day look over to you and say, “It says you
want a few million dollars to research flight at high Reynolds numbers. What the heck does that mean?”
You'll want to be ready, or if you think you already are, it can’t hurt to prove it.

In that spirit, we introduce the Aeropuzzler [Page 11]. The truth is, you could probably solve our in-
augural puzzler and those to come in a flash, either with your knowledge, or with the aid of your Google
brain. Your challenge isn’t just to find the answer. It’s to craft a concise, unique and creative explanation of
250 words that anyone could understand. Email that to us, and with the help of experts in the particular
topic area, the Aerospace America team will select the best answer and publish it on the Aeropuzzler
page of the next issue.

Our hope is that this won't feel like homework or a throwback to it. For some, unraveling a conundrum
and making the answer accessible is part of the fun. The weekly “puzzler” was a classic segment of the
“Car Talk” radio show. And of course there was the greatest puzzler creator and solver of them all, Albert
Einstein. He managed to craft thought experiments that were interesting to some of the smartest people
in the world and yet understandable to the nonspecialists who read his popular books. Who among us
hasn't stood on a train platform and thought about Einstein’s train-car-lightning-bolts experiment? It’s
such an obvious real-world analog, but so thought provoking that it’s still discussed today.

There will never be another Einstein or “Click and Clack, the Tappet Brothers,” but maybe each of us
can take a bit of inspiration from them. Email your puzzler answers and ideas to aeropuzzler@aiaa.org. *

E%J:)

Ben Iannotta, editor-in-chief, beni@aiaa.org
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In the biographical
information
accompanying the
May Q&A (“Rotorcraft
modernizer”), we
misstated the hurricane
deployment of U.S.
Army Brig. Gen.
Thomas Todd Ill.
Todd deployed to
Honduras in 1998

for Hurricane Mitch
relief efforts.
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The aerospace industry has set ambitious goals for the next three generations of commercial
transport aircraft to accommodate rapid growth in emerging markets and ensure the

future sustainability of air travel. One approach being explored to meet these targets is
nontraditional aircraft propulsion using electric, turboelectric, or hybrid-electric powertrains.

Recent workshops by the IEEE and AIAA have identified the need to bring together
electrical engineers and aerospace experts as the industry looks to more electric propulsion
technologies for future aircraft. The AIAA Aircraft Electric Propulsion and Power Working
Group, the IEEE Transportation Electrification Community, and the College of Engineering
of the University of lllinois at Urbana-Champaign are collaborating to organize a new two-
day symposium to address these issues. The event occurs on 12-13 July, following the AIAA
Propulsion and Energy Forum.
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The symposium will focus on electric aircraft technology across three programmatic
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1. Electric-power enabled aircraft configurations and system requirements

2.Enabling technologies for electrified aircraft propulsion
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I FROM THE CORNER OFFICE I

It’'s More Than 3 T%e

his is my first column as executive director of AIAA.

My first few months on the job have been insightful,

interesting, and very educational. I look forward to

working with all of you in the coming years. Please

reach out too and let me know what you think of your
Institute—what we do well, and what we could do better. The AIAA
Engage platform is a great way to connect, or you can email me
at Daniel. Dumbacher@aiaa.org. I look forward to talking with
you at section events, forums, conferences, or here at our Reston
headquarters. I want to hear from you!

Have you ever noticed the “Shaping the Future of Aerospace”
motto in the ATAA logo? I have come to realize how little we use
this key statement. “Shaping the Future of Aerospace” is a daily
and continuous endeavor for ATAA.

ATAA “shapes the future of aerospace” in many ways. Our mem-
bers are designing, building, integrating, testing, and operating
commercial and military aircraft and systems, developing new
air traffic control technologies and systems, executing near-Earth
and far-reaching science missions, developing next-generation
space transportation systems and technologies, all for the benefit
of our global society. Your daily work across industry, academia,
and government, combined with your passion, makes everyone’s
lives better and richer.

Atadeeper level, what does “shaping the future of aerospace”
mean? To me it means that we are constantly challenging ourselves
to be future focused—to ask, “where is the aerospace profession
headed in aviation and space?” In other words, how do we as
Institute members and staff ensure that AIAA remains relevant!

Aviation is exploring new technologies in hypersonics, air
traffic control, data analytics, and efficiencies needed for the
commercial market. Space is transitioning from the past—govern-
ment funding driving the research and development—to private
enterprise increasingly participating and defining new markets,
more efficient methods, and new and innovative technologies.
Across the profession we should be asking “what do we need to
do to prepare for the future 5, 10, 15 years out?” We must adjust
to, and prepare for, the coming changes in aviation and space to
shape the future of aerospace effectively.

We owe this to the next generation, paying it forward as
our mentors did. The leaders of the generation before us set

the bar high, challenged us, trained us, and established the
programs to address national security, civil space, and aviation
needs—all to benefit society. Importantly, they recognized it
was a “long-term game.” It is imperative that we change with
the times, address the new and changing needs, and help
mold the future to remain the world’s leading authority on
aeronautics and astronautics.

The challenge to all of us is that we think and act to con-
tinue “Shaping the Future of Aerospace”. How do we do that?
We recognize that the fast-paced and changing environments
in aviation and space require exploring new partnerships and
collaborations, new ways of engaging with our current members,
former members, and potential new members, both individual
and corporate. With this recognition, we seek and develop new
relationships, strengthen our current relationships, challenge
ourselves to prepare for the future, do it faster, and most impor-
tantly prepare the next generation.

As we strive to meet the highest of standards and shape the
aerospace profession we must remember that we have a deep
responsibility to the future generations of aerospace professionals
and society. All of us, with our individual stories, started our ca-
reer journeys in grade school, proceeded through undergraduate
studies (and for some graduate studies), and off to our respective
careers. Our desire to make things happen, take control of our
futures, and ultimately make a difference is the same desire of the
generations following us. We wanted to be relevant, and so does
the next generation! All of us—no matter the career stage—can
help the generations that follow to “shape the future of aerospace.”

We have the tools in place. We have the dedicated and passionate
membership. We have the AIAA Strategic Plan for 2018-2021, which
you will be hearing more about soon. We have the governance
structure we need in place and the process streamlined. We have
the AIAA staff to help execute. Let’s put our focus on the future,
rather than the past, and go make it happen! x

Dan Dumbacher

Daniel L. Dumbacher, AIAA Executive Director
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AIRCRAFT SAFETY

TRENDING

How technicians search
for weakened Tan blades

BY TOM RISEN | tomr@aiaa.org

he fatality in April aboard
a Southwest Airlines flight
posed a major challenge
for Southwest Airlines and
others that fly engines of
the kind that broke in flight, spraying
debris and causing the deadly cabin de-
pressurization thatkilled a passenger.

The airlines needed to inspect
the 24 fan blades on 3,716 engines
for signs of metal fatigue like the six
crack lines discovered in the broken
blade recovered inside the CFM56-7B
engine after the emergency landing
in Philadelphia. Southwest said on
May 17 thatithad completed the fan
blade inspections on the engines on
its Boeing 737-700 and 800 jets, with
“no additional findings of subsurface
cracks.” Earlier, the airline said a few
blades were sent to GE Aviation, based
in Ohio, “for further inspections to
ensure our conclusions.” The CFM56-
7B engines are made by CFM Interna-
tional, the joint venture of GE Aviation and Safran
Aircraft Engines of France.

The following is how a fan blade inspection un-
folds, according to experts in the field. The engines
are kept on the wings, and technicians remove and
clean the 24 titanium fan blades from each engine.
They look for cracks or flaws with their eyes before
covering the blades with glycerin, a gel, that trans-
mits the sound from an ultrasound probe to the
surface of the blade. In fact, glycerin is often one
of the ingredients in the gel that doctors spread on
the skin during ultrasound exams, such as those for
pregnant women.

If there is an irregularity in the fan blade, such
as a microscopic crack, this shows up on a hand-
held display as a peak in amplitude of the signal
that echoed from the crack.

The reading must fall within the acceptable
range set by the calibration standard or the inspector
will run a separate test in which electromagnetic
signals are transmitted into metal. These signals

8 | JUNE 2018 |

should form eddy currents. Cracks, however, will

prevent eddy currents from forming around the
compromised section. These gaps will show up on
the device’s voltage display, and the fan blade will
be set aside and replaced. Such eddy tests require
attaching separate probes with electromagnetic
conductor coils to transmit the current.

In the case of the Southwest engines, GE Aviation
is following up on the suspect blades by conduct-
ing eddy current tests. If an eddy test indicates a
problem, technicians will cut into a fan blade for
further inspection.

That can mean cutting a blade in half with a circu-
lar diamond-impregnated saw blade while spraying
water on it to avoid generating heat, explains Victor
Sloan, president of Victor Aviation, an FAA-certified
repair center in California. Sloan has a U.S. patented
cryogenic nondestructive testing process that exposes
a fan blade to extreme cold temperatures and then
reheats them to test for internal metallurgic defects
and residual stress. *

aerospaceamerica.aiaa.org

A A Southwest Airlines
technician examines a
CFM56-7B engine whose
fan blades have been
removed, exposing the
vanes that direct air
through the engine.

Southwest Airlines



I TRENDING I UNMANNED SYSTEMS

V The Mars Helicopter,

seen in a screen grab

from an animated video,

will travel with the Mars
2020 rover.

Drone tech opens door

to Mars

BY TOM RISEN | tomr@aiaa.org

ASAs announcement thatit willadd a tiny

helicopter to its planned Mars 2020 rover

came after a series of test flights inside a

vacuum chamber proved the feasibility of

adapting consumer drone technologies
into a craft capable of flying in an atmosphere just
1 percent as dense as Earth’s.

If all goes as planned, the softball-sized, 1.8-kilo-
gram Mars Helicopter will become the first heavier-
than-air vehicle to fly in another world’s atmosphere.
The Soviet Union in 1985 flew balloons in the skies
of Venus carrying the Vega 1 and 2 probes to study
the atmosphere. U.S. scientists and engineers have
since the 1970s envisioned flying fixed-wing aircraft
on Mars. A recent proposal was to fold up a glider
inside a cubesat and detach it from the Mars 2020
capsule during descent.

The plan announced by NASA in May calls for
the rover to place the helicopter on the surface after
it lands in February 2021 and then back away. The
helicopter will take off for 30 days of flights that will
include numerous takeoffs and landings from the
Martian surface.

The closest thing to a science instrument aboard
the helicopter will be a color camera. “If we are
successful demonstrating [the helicopter] flying

aerospaceamerica.aiaa.org |

elicopter

on Mars this will open the door to future missions,
a next generation of helicopters designed to carry
scientific instruments,” says Mimi Aung, the project
manager for the Mars Helicopter at the NASA-funded
Jet Propulsion Laboratory in California.

The minimalist design was made possible by
capitalizing on durable lightweight materials, solar
cells, lithium ion batteries and autonomous flight
software developed for consumer drones, Aung
says. Manufacturing of the flight helicopter is due
to be completed by the end of the year. NASA JPL
is building the fuselage and has been working with
California-based drone maker AeroVironment, which
is building the landing gear and rotor.

Aung’s team test flew a prototype helicopter in
January in the Twenty-Five Foot Space Simulator at
JPL. “We took it close to near vacuum and backfilled
itwith carbon dioxide gas to get to Mars atmospheric
density,” Aung explains.

The twin, counter-rotating blades of the elec-
tric-powered Mars Helicopter must spin 10 times
as fast as an average helicopter on Earth to get the
same lift.

NASA had also considered the glider concept
called PRANDTL-M, short for the Preliminary
Research Aerodynamic Design to Land on
Mars and a reference to Ludwig Prandtl, who is
famous for research to reduce drag from wings.
Al Bowers, the chief scientist at NASA's Armstrong
Flight Research Center and the glider project’s
manager, says his team will propose flying a
glider as part of a future Mars mission. The glider
would measure density, pressure and temperature
of the Martian atmosphere while gliding to the
surface.

Bowers says he is “very excited about the heli-
copter project’s potential to open the door to Mars
aeronautics,” including his own glider.

In the late 1970s, NASA Dryden Flight Research
Center aerospace engineer Robert Dale Reed de-
signed a hydrazine-propelled plane that would have
unfolded to fly on Mars. An earlier gasoline-fueled
version of Reed’s plane called the Mini-Sniffer test
flew from 1975 to 1977 to study how to measure
pollution from high altitudes on Earth. *
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Do you want to make a difference?

By making a contribution to the AIAA Foundation, you are
shaping the next generation of aerospace professionals.

To date, your contributions have:

> Funded more than 1,300 K-12 classroom grants, impacting more than 132,000 precollege students.

> Awarded more than 1,300 aerospace scholarships to undergraduate and graduate students.

> Supported more than 400 student conferences engaging 13,000 students.

> Sponsored design competitions that have attracted more than 11,000 college students, giving them
the chance to apply engineering skills outside of the classroom.

For more information and to make a tax-deductible contribution, please visit

aiaafoundation.org

I JAIAA
FOUNDATION

) Advancing Aerospace

AIAA will match gifts to the Foundation, up to $2 million for unrestricted gifts only.




AERO

PUZZLER

chauenge

You and a friend are bundled up, ready
to watch an iceboat race. The wind is
blowing 18 mph (30 kph). Your friend,
a business student, says, “Gee, | wish
it were windier. I’'d like to see a boat go
faster than 18 mph.” Is your friend
correct that an iceboat can’t go faster
than the wind? School your friend on
the physics.

We’ll choose the most interesting and accurate response and run it here
in the July/August issue, along with the next Aeropuzzler.

er@aiaa.org

Can you boil a complex
concept into words
anyone can understand?
Draft an answer of no more
than 250 words to the
question at left and send it to
aeropuzzler@aiaa.org with
your contact information.
Look for the Aeropuzzler in
the July/August issue to
learn whose response we
publish.
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Q&A SIMON “PETE” WORDEN, EXECUTIVE DIRECTOR OF THE BREAKTHROUGH STARSHOT INITIATIVE

SIMON “PETE”
WORDEN

POSITIONS: Executive director
of Breakthrough Starshot since
2015; director of NASA's Ames
Research Center in California
from 2006 to 2015; retired

from U.S. Air Force in 2004

as brigadier general; special
assistant to the director of the
“Star Wars” Strategic Defense
Initiative from 1983 to 1986 and
then deputy for technology from
1991 to 1993.

NOTABLE: While deputy for
technology at the Strategic
Defense Initiative, Worden
ensured funding for the
experimental DC-X Delta Clipper
vertical takeoff and landing
rocket, which first flew in 1993 to
test reusable rocket technology.
At SDI he also co-proposed an
early concept of the Clementine
lunar orbiter and ensured
funding for the satellite, which
the Pentagon launched in 1994
to test sensors related to missile
defense; Clementine’s readings
indicated there is water inside
the moon.

AGE: 68

RESIDES: Mountain View,
California

EDUCATION: Bachelor
of Science in physics and
astronomy from University
of Michigan; doctorate in
astronomy from University of

¢ Arizona; graduate of Squadron
- i Officer School at Maxwell Air

¢ Force Base, Alabama; graduate

of the National War College;
degree in National Security

Interstellar visionary

to be lucky than good.”

eteWorden has long had areputation for looking far beyond the confines of his career in the

U.S. Defense Department and NASA, so it was perhaps not surprising that after a four-decade :

government career he would find a bold and provocative goal. Worden leads what’s expected

to be a decades-long, privately funded endeavor to launch a succession of spacecraft, each :

weighing just a few grams, toward the next star system over, Alpha Centauri 4.3 lightyears :
away. Worden’s team is still figuring out exactly how this might be done, but the current concept calls More online
for accelerating small wafers, called StarChips, to incredible speeds by projecting laser light onto a aerospace
centimeter-scale lightsail attached to each chip. These StarChips would fly by the exoplanet Proxima-b : america.
to beam back images and maybe spectral readings to determine whether it could sustain life. I spoke .
toWorden by phone about the timing of the Breakthrough Starshot and what it will take to achieve it. alaa.org

— Tom Risen
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IN HIS WORDS

Timetable for launch
If all goes well, 25 years from now we’ll launch our first
interstellar probes.

Proxima-h

We hope we find evidence of what might be a life-bearing planet.
Currently the best approach is to try to send [StarChips] to fly by and
get images and maybe other kinds of data, spectrum and so forth,
to really characterize this planet. One of the ideas is obviously some
spectrometer [readings]. We'd like to get close enough, if there’s
something that looks like forest, to get a spectrum of the forest area
versus oceans. A few million kilometers will be our flyby distance.

Images from a super-small spacecraft

What you really need is an optical system, probably a few tens of
centimeters [across]. The baseline approach is to actually configure
the sail itself, so it acts as an optical [element]. Another idea is
that when you get close to the target system, you actually deploy a
small, lightweight optical system. So, you need basically some sort
of telescope-type function.

Funding the Starshot

Yuri Milner has committed $100 million for the next five to seven
years to do the technology. Hopefully after five years, we could begin
to construct some sort of major field demonstration. That presumably
would take five or so years to build and test. Then sometime 10 to 15
years from now we would start building the full-scale system.

A swarm of nano-spacecraft

The mothership would [release] probably hundreds or thousands

of [StarChips and sails]. We're thinking of something that would
look about the size of a typical communications satellite, so a few
thousand kilograms maybe is the mothership. It would be in a highly
elliptical orbit where the apogee would be pointed kind of in the
direction of Alpha Centauri.

Laser propulsion

The notional place [for the laser beam] would be the Atacama Desert
in Chile. Another possibility may be southern New Zealand. It has

to be in the southern hemisphere because Alpha Centauri is not
visible from the northern hemisphere. We would only [propel] one at
a time. It takes about 10 minutes to accelerate [each StarChip] to
20 percent the speed of light. Then the next day you would launch
another one.

Light sailing

The total mass of the light sail plus chip is a few grams at most. It’s
probably going to be folded up in some way. It should have really low
absorption [to avoid heat damage]. It's how much power [the laser]
can put on the sail and how long you can focus it. You reflect most of
the light. That’s what gives you your [propulsion] pressure.

Avoiding collisions
One of the reasons that we're going to send hundreds of them is
we're probably going to lose a lot of them. [Collisions with] dust is

the most serious issue. You'll have three or four cameras, so if one
of them gets hit by a piece of interstellar dust there’s other ones to
take over.

Optical communications

After you've flown through the system you turn around, lock a small
laser on board back on the Earth then we fire the laser signal back.
We're convinced that the battery technology as it exists is within the
power levels we need.

Starshot contracts in 2018

The next five to seven years we're going to be addressing key
technology questions. We've narrowed down to three we consider the
real deal breakers. The first is, “Can you build this giant laser array
[on Earth] for any affordable cost and get the beam through the
atmosphere?” We are writing 13 contracts for the first study phase
of that. The second key thing is the light sail and how you attach the
[StarChip] to it. We're within a few weeks of releasing our request
for proposal on that. The third part is how do we communicate back
from Alpha Centauri? Later this year we’ll have the RFP for the
communications piece.

Other science targets

We're funding efforts of ground-based observatories to see if we
can find [other] planets around Alpha Centauri A and B. If we're
lucky we'll have several planets to fly by. Between TESS [the
Transiting Exoplanet Survey Satellite], the James Webb Space
Telescope and these ELT [Extremely Large Telescopes], we will find
out in a decade if there is a potentially life-bearing planet, or at
least something that seems to show some evidence of life, around
one of the nearest stars.

Affordable missions

| think this is a revolution in our ability to explore the solar system
and even deeper interstellar space. As we make progress we could
send these probes to the Oort Cloud, to the Kuiper Belt. And they'll be
cheap. Once you've built the basic system, it’s a few million dollars
per mission, not tens of millions. Titan [Saturn’s largest moon],
Venus and Ganymede [the largest moon in our solar system] might
have no life but they might have some residual organic matter that
would be worth investigating.

Willingness to adapt

You're looking at whatever concept works. There are a number of
people who believe that our advances in fusion engines are coming
along. If those things mature faster than a light sail, then we'll
switch. Nothing has been presented yet that would suggest that we
should change.

On the late Stephen Hawking, a Starshot adviser

He kind of made it clear this was one of his dreams, too. He was
very concerned about the interstellar medium and so some of the
questions he asked, we investigated those in detail. He [thought]
eventually we can even send humans. We're skeptical of that but he
was very forward leaning on this. %
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After the final space shuttle mission, the crews of
STS-1 and STS-135, the first and last missions, gathered
in 2011 at NASA’s Johnson Space Center. John Young,
STS-1 commander, center, was joined by, from left,
STS-135 pilot Doug Hurley, STS-1 pilot Robert Crippen,
STS-135 commander Chris Ferguson, and mission
specialists Sandy Magnus and Rex Walheim. Magnus is
the former executive director of AIAA.
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BY TOM JONES
www.AstronautTomJones.com
Skywalkingl@gmail.com

Astronaut John W. Young
died at age 87 on Jan. 5.
He was the ninth human

to walk on the moon, flew
six space missions, and
served as an astronaut for
over four decades. Veteran
astronaut Tom Jones, who
trained and flew (aircraft)
with Young, remembers his
personality and character.

hen in 1996 NASA
planted seven young
live oak trees at

Houston’s Johnson
Space Center to me-
morialize the seven
Challenger astro-
nauts, lost in flight 10 years earlier, its most
senior astronaut, John Young, advised his

younger colleagues to show up at the cere-
mony. “Y’all better go — you're all going to
have a tree of your own out there someday.”

In May, John'’s sturdy oak was dedicated
i at Johnson’s Astronaut Memorial Grove, its
: ] base blanketed by red roses laid in tribute by
the astronaut corps. A T-38 rocketed upward
from its four-ship “missing man” formation in
a final, fitting salute to the legendary test pilot
and astronaut.

John was NASA’s longest-serving astronaut,
with 42 years in service to the U.S. space agency.
He is unquestionably one of the top flyers ever
to have piloted an American spacecraft. He
launched into space six times — seven, if you
count his Apollo 16 blastoff from the moon. For
nearly two decades as NASA’s senior astronaut,
he employed a watchful eye and insistent voice
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Young piloted the
Apollo 10 command
module “Charlie Brown”
in lunar orbit. On this
dress rehearsal for the
first lunar landing, Apollo
10 set the record for the
highest speed attained
by any manned vehicle
at 39,897 kilometers per
hour (24,791 mph) during
its return to Earth on May
26, 1969.
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to enhance astronaut safety.

The highlights of John'’s career are well-known.
He served in the Korean War as a fire control officer
aboard a destroyer, then trained as a naval aviator
and test pilot. In 1962, he set two world time-to-climb
records in the powerful McDonnell F-4 Phantom 2
interceptor. Hired with NASA’s second group of as-
tronauts in 1962, John flew as Gus Grissom’s pilot on
the first Gemini mission in 1965. Gemini 3 was aloft
for only three orbits, but John and Gus demonstrated
the spacecraft’s ability to change its orbit, essential

aerospaceamerica.aiaa.org

for later Apollo rendezvous maneuvers around the
moon. During the flight, John famously surprised
Gus with a corned beef sandwich he had stashed
in his spacesuit pocket, a treat enjoyed by Gus but
blasted as a possible safety risk by a few humorless
congressmen.

John commanded Gemini 10, and with Mike
Collins docked with an Agena target spacecraft,
another critical test for Apollo. In 1969, he flew as
Apollo 10’s command module pilot on a successful
lunar orbit rehearsal for Apollo 11’s historic first




“The number
one job of any
astronaut Is to
keep any other
astronaut from
getting killed.”

— John Young, as remembered
by astronaut Alvin Drew

landing two months later.

He voyaged again to the moon (one of only three
humans to do so twice) as commander of Apollo
16, landing in the Descartes highlands with Charlie
Duke in April 1972. During their first moonwalk,
the pair learned that the U.S. House had approved
funds for NASA’s planned space shuttle. From the
moon, Young radioed, “The country needs that
shuttle mighty bad.”

John would command the first space shuttle
mission, STS-1, on orbiter Columbia in April 1981
— inmy opinion, his crowning career achievement.
It was the first time — before or since — that a new
spacecraft was launched carrying astronauts on its
first voyage. Roaring skyward on the untried shuttle
“stack” — external tank, boosters and orbiter —Young
and pilot Bob Crippen orbited Earth 36 times and
flew Columbia to a perfect touchdown at Edwards
Air Force Base, California. The pair’s skill and courage
were central to the success of what NASA acclaimed
as “the boldest test flight in history.”

John’s final spaceflight saw him command
STS-9, Columbia, in 1983, a mission to carry the first
European-built Spacelab module in the orbiter’s
cargo bay. The crew overcame two flight computer
failures and a fire in two of three auxiliary power
units driving their aero-surface hydraulic systems.
Columbia landed safely after 10 days. Later, Young
said, “We didn’t know it was on fire. We had no
idea. Fact is we landed on Thursday and found out
about the fire on Saturday — so that’s the kind of
fire to have.”

That was “John Young cool.”

Cool, I saw first-hand, did not mean oblivious
to risk.

From 1974 until 1987, John served as chief of the
Astronaut Office. Piloting a NASA training jet over

.

A Gemini 10’s
commander, John
Young, left, and Michael
Collins, the pilot, on the
deck of their recovery

carrier, USS Guadalcanal.

The pair conducted two
rendezvous with Agena
target spacecraft, made
two spacewalks, and
during nearly three days
in orbit demonstrated
techniques needed for
later Apollo voyages to
the moon.
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Cape Canaveral, he witnessed the shuttle Challenger’s
catastrophic breakup on Jan. 28, 1986. In an internal
memo written before the accident, Young warned, “If
we do not consider Flight Safety first all the time at
alllevels of NASA, this machinery and this program
will NOT make it.” When the memo leaked to the
press in March 1986, the resulting uproar led NASA
a year later to reassign him as technical adviser to
the director of Johnson Space Center.

Theloss of seven of “his” astronauts caused Young
toredouble his focus on crew safety. Astronaut Alvin
Drew remembers Young saying: “The number one
job of any astronaut is to keep any other astronaut
from getting killed.”

John continued to write memos — I still have at
least three dozen — to the astronauts, Space Center,
and headquarters management suggesting design
and operational upgrades to improve shuttle safety.
Budget limitations kept many of his hardware fixes
from implementation, but his innovative ideas for

JUNE 2018 | 17
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expanding the shuttle’s launch abort and emergency
landing options eventually became reality.

When I became an astronaut candidate in 1990,
John in his role as special assistant to the director was
aregular at our Monday morning staff meetings. He sat
quietly off to the left of the chief’s table as the astronauts
discussed the week’s issues, including ongoing flight
preparations, tests and safety questions. We could always
count on his laconic commentary on NASA's progress
(orlack thereof) in meeting those challenges. He didn’t
say much, but his words were reliably memorable. He
always softened a probing question by adding in his
apologetic drawl: “Just askin.”

We astronaut candidates were sometimes lucky
enough to draw Young as commander in a shuttle

I’d answer the phone and
hear a familiar drawl. “Hey,
ol’ buddy, this is John Young.
Want to go fly to the cape
tomorrow? We'll go kick the
tires on an orbiter”

On his fourth flight, Young,
commander of the Apollo 16
lunar landing mission, leaps
from the lunar surface as he
salutes the U.S. flag at the
Descartes landing site. The
lunar module “Orion” is at left
rear with the Lunar Roving
Vehicle parked in front.
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simulator session. No shuttle malfunction or tight
corner of the flight envelope fazed him, but once,
during a simulated ride to orbit, one of my class-
mates, the flight engineer, deliberately (and on the
sly) shut down one of our main engines. The failure
forced John to finesse an emergency abortlanding
into Morocco. I was aghast, worried that my class-
mate’s practical joke had gone too far; one word
from Young and neither he nor I would ever fly in
space. But when the gag was revealed, John loved it;
a “good one,” he said. We came away hopeful that
John'’s tutelage would help us someday strap into
the seat of a real shuttle. We came away admiring
his ability to laugh with us novices as much as his
sure hand at the controls.

Every few weeks I'd answer the phone at my desk
and hear a familiar drawl. “Hey, ol’ buddy, this is
John Young. Want to go fly to the Cape tomorrow?
We'll go kick the tires on an orbiter.”

Well, John called everybody “ol’ buddy,” but his
invitation was nevertheless a genuine compliment.
Wed streak from Houston'’s Ellington Field in a NASA
T-38, soar across the Gulf of Mexico, and touch down
at Kennedy Space Center’s shuttle landing runway.
We'd hop in a van and 15 minutes later be checking

out a real space shuttle in its hangar. Any chance
to get close to a shuttle was a privilege, but to do it
with John Young? Priceless.

Flying home into the sunset at flight level 380,
I'd nudge John from the back seat: What was it like
to live on the moon? “Well, for one thing, being able
to pour water into a cup in one-sixth G sure beats
free fall any day.” These flights offered spaceflight
readiness training along with a critique of NASA
operations or exploration plans, delivered by a
man who'd lived it all, from triumph to tragedy.

Young left NASA in 2004, but even after re-
tirement, he continued to write and speak about
everything from the nation’s need for heavy lift
launchers, to the value of the moon in a space
economy, to the challenges of protecting the planet
from rogue asteroids. Young believed in safety, yes,
but he also believed we must explore. Know the
risks, work to safeguard the astronauts, but keep
pushing outward.

John Young was a pilot, engineer, astronaut and
explorer, a Renaissance (space)man, you might say.
He wrote in his memoir that he considered his space
experiences a marvel. John concluded, “I just want
those marvels to continue for the next generations.” *

aerospaceamerica.aiaa.org

A Robert MccCall
painted Young, in
shuttle spacesuit,
carrying the Stars and
Stripes in McCall’s
mural “Opening the
Space Frontier, The
Next Giant Step” on
display at NASA’s
Johnson Space Center
in Houston.
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hinese researchers have been pub-
lishing technical papers at a blistering
pace about their fundamental research
into hypersonic flight, loosely defined
as maneuvering in the atmosphere
at speeds above 6,000 kph. Flying
faster than Mach 5 could be a handy
way to travel, but for the leaders in
this field — China, Russia and the
U.S.—the emphasis has shifted to weapons. At least
some of China’s research appears to be headed in
that direction, based on references to missiles in the
published papers, although my inquiries to the
Chinese Embassy’s press office about the purpose
of this research went unreturned. The Pentagon re-
ported to Congress earlier this year that China has
conducted 20 times as many hypersonic flight tests
as the U.S. The most noteworthy recent test was in
November, when China flew a new hypersonic mis-
sile, the DF-17, capable of flying 1,800 to 2,500 kilo-
meters, as first reported by The Diplomat website.
Enter Russian PresidentVladimir Putin. Perhaps
seeking not to be outdone by China, in March he
delivered his state of the nation address at the his-
toric Manezh Central Exhibition Hall in Moscow and
narrated a series of video presentations about Rus-
sian high-speed weapons. The Russian TV network

Ru-RTR broadcast the speech and posted the videos
online, where they were picked up by media outlets
throughout the world. One video showed a wedge-
shaped “Hypersonic Glide Vehicle” weaving and
porpoising through the fringes of space in a shroud
of hot plasma, avoiding antimissile defenses. An-
other video concluded with nine warheads about
to descend toward South Florida, the site of U.S.
President Donald Trump’s Mar-a-Lago resort.

U.S. Air Force Gen. John Hyten, commander of
U.S. Strategic Command, which is in charge of the
country’s nuclear-armed missiles, told reporters at
the Space Symposium in April: “You should believe
Vladimir Putin. Everything he said [Russia has]
worked on.” But Hyten said “the operational status
of all those capabilities” is a “different issue.”

Many experts who watch developments in this
area are convinced that it’s not Russia but China
that has sprung ahead of the U.S. in hypersonics
research and weaponry. The view that the U.S. is
behind any country, whether China or Russia, is not
unanimous, however.

“From what I know, we're not falling behind atall,”
says Philip Coyle, who was in charge of national se-
curity and international affairs in the Obama White
House’s Office of Science and Technology Policy in
2010and 2011, and was an assistant secretary of defense
in the Clinton administration. “It’'s very common
whenever somebody makes a speech the way President
Putin did for members of Congress or people in in-
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dustry to say, ‘We're behind; we're behind.’ ButI don’t
think that’s the fact.”

If China and possibly Russia have gained an
edge on the U.S., they've done so by mixing new
technologies with proven ones. The Holy Grail of
hypersonic research would be a vehicle capable of
culling oxygen for combustion from the air instead
of lugging it along in a tank as a rocket must. The
U.S. setarecord for air-breathing hypersonic flight
in 2013 when the Boeing-built X-51 Waverider
propelled itself for 210 seconds after being released
by a booster. Meanwhile, China and Russia chose
to focus much of their work on weapons that would
be boosted to hypersonic speeds via conventional
rockets and then glide to their targets. Hence Putin’s
Hypersonic Glide Vehicle, for instance.

Feeling behind, the Trump administration pro-
poses pouring hundreds of millions of dollars into
a game of urgent catch-up led in part by Michael
Griffin, the Pentagon’s chief technology officer and
under secretary for research and engineering. Much
of the emphasis will be on boost-glide concepts,
although air-breathing will still be vigorously pursued.

The Air Force and DARPA began collaborative
projects in hypersonics in 2014 and 2015 with the
goal of feeding lessons into programs of record in
the 2020s. “We have simply accelerated the [science
and technology] activities into prototypes sooner
than planned,” says Air Force Col. K. Colin Tucker
in the office of the assistant secretary of the Air Force
for acquisition.

Griffin told a Senate Armed Services subcom-
mittee that China can field or is close to fielding
hypersonic missiles that can reach thousands of
kilometers from its shores to strike U.S. aircraft
carriers.

“We, today, do not have systems which can hold
them atrisk in a corresponding manner, and we don't
have defenses against those systems,” Griffin told
the committee. “It is among my very highest priori-
ties to erase that disadvantage, creating our own
systems to hold them atrisk” and to “provide defense.”

The latest budget numbers suggest a major shift
in magnitude and emphasis.

In April, the Defense Department awarded Lock-
heed Martin a $928 million contract to develop and
test the Hypersonic Conventional Strike Weapon.
These boost-glide missiles would be launched from
the air. Lockheed is to develop them from mature
technologies as quickly as possible. DARPA is seek-
ing to boost its overall hypersonics spending by $148
million next year. Much of that is destined for the
Tactical Boost Glide program to develop technologies
for an air-launched hypersonic missile that would
glide unpowered at hypersonic velocity after an
initial rocket-powered acceleration.

Air-breathing research continues under a pro-
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A Boeing is building
DARPA’s hypersonic
Experimental
Spaceplane, or XS-1,
which Boeing calls
Phantom Express and
is seen in an artist’s
rendering.

gram called HAWC, short for Hypersonic Air-breath-
ing Weapon Concept, but funding would be reduced
by halfin 2019 to $14 million. Another air-breathing
hypersonic program, the Advanced Full Range
Engine program, would receive $53 million — an

$18 million increase — to develop an engine that
could accelerate from low-speed takeoff to hyper-
sonic velocities.

The U.S. Air Force, which is a partner with DAR-
PA on the Tactical Boost Glide and HAWC programs,
plans to fly demo versions of the missiles by 2020.
For developing prototype missiles and other hyper-
sonics research, the Air Force is seeking to spend
$500 million next year, up from $258 million this
fiscal year.

With all this spending and a new emphasis on
gliding weapons, advocates of U.S. hypersonics
programs worry that the country does not have a

aerospaceamerica.aiaa.org |

unified strategy, especially for the basic research
that feeds into applied research.

“It's not only about how much money, it’s how
you're spending it, and coordinating it nationally
into a more coherent formulation,” says Mark Lew-
is, director of science and technology policy at the
Institute for Defense Analyses in Washington, D.C.

When it comes to basic research, “what we have
now is a bunch of great people scattered about the
country doing great work mostly on their own, but
no concentrated effort,” says Iain Boyd, a professor,
hypersonics researcher and faculty director of gov-
ernment relations at the University of Michigan.

Boyd says the arrival of Griffin is encouraging
for the applied research side of things, in which
prototypes are created to clear the way for fieldable
weapons. “There is a process there, so I would say
that that’s in better shape,” he says.
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CHINA'S PROLIFIC AUTHORS

Chinese researchers presented more papers at the 2017 AIAA International Space Planes and Hypersonics

Systems and Technologies Conference — 260 — than all the other countries did combined. Here are the top 10"

Country 2005 2006 2008 2009 2011 2012 2014 2015 2017 Total
China i 17 4 15 18 31 3 42 260 397
U.s. 61 64 38 38 60 15 18 32 14 340
Germany | 11 17 16 30 28 25 10 18 9 164
France 22 13 13 16 16 15 5 18 8 126
Australia | 8 24 7 20 10 26 8 13 7 123
Japan 21 17 16 14 13 20 4 i 1 113
[taly 27 10 7 19 16 8 0 7 5 99
ngﬁgif" 6 6 6 8 g 5 1 8 6 55
Russia 14 5 6 4 3 6 0 5 5 48
UK. 2 5 0 6 3 4 1 13 4 38
Total 179 178 113 170 176 155 50 163 319 1,503

Source: IDA Science and Technology Policy Institute

* International Space Planes and Hypersonics Systems and Technology Conference is not held every year.

1 Other nations presenting papers at the 2017 conference were Algeria, Belgium, Brazil, Canada, Greece, Hungary, India, Iran, Netherlands,

Norway, Saudi Arabia, Singapore, South Africa, South Korea, Spain, Sweden, Switzerland, Taiwan and Turkey.

’ European organizations

Taking China seriously

Over the last 10 years, China has given experts in
other nations glimpses of its hypersonics work by
allowing its researchers to publish papers in the
same technical journals where researchers from the
U.S., Germany, France, Australia, Japan, Italy, Rus-
sia and the United Kingdom publish. Boyd, the
Michigan professor, says the papers 10 years ago
were viewed as poor quality. “They were really just
copying what other people had done; really just
catching up,” he says.

Today, that's no longer the case. Boyd says China
has caught up, and then some. The Chinese research-
ers are respected as peers in the community of hy-
personics researchers who share unclassified findings.

In Boyd’s view, China’s spending on modern
research facilities and staffing has started to pay off,
both with air-breathing and boost-glide concepts
and with related subtopics, such as aerodynamics,
propulsion, structures, materials, guidance, navi-
gation and controls.

Boyd says China appears to be ahead of the U.S.
in the race to create Mach 5-plus missiles. China’s
testing of those missiles seems to indicate a boost
glide concept, but not definitively, Lewis says.

Today’s cruise missiles typically top out at the
Tomahawk’s velocity, 880 kilometers per hour. By
definition, hypersonic missiles travel faster than
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Mach 5, or more than 6,174 kilometers per hour
— more than three times faster than the fastest
bullets in the world.

Doubting Putin
Some Western experts are skeptical of Putin’s hyper-
sonic claims. In his presentation, Putin said Russia is
testing the Sarmat, a 200-ton ballistic missile with
multiple hypersonic warheads (the one that was shown
targeting Florida); fielding the Kinzhal (Dagger) air-
craft-delivered hypersonic missile, which began its
“trial service” in December 2017, with arange of more
than 2,000 kilometers and velocity of Mach 10; and
has tested the Avangard, a “gliding-wing,” maneuver-
able intercontinental missile that flies at Mach 20.

One U.S. hypersonics researcher, who asked not
to be named, says that Putin’s claims are difficult to
believe, based on the country’s recent struggles with
technology development and its lack of resources.
For example, Russia launched the fewest rockets for
its space program in 2017 than any year since 1965,
and many of its launches were for U.S. missions.

Russia’s hypersonics research has stagnated
below the U.S., and “way, way, way below China,”
the researcher says. “They just don't have the mon-
ey to be playing in the hypersonics space.”

For his part, Boyd says he won't comment on
whether the Russian claims seem to be truthful, but

aerospaceamerica.aiaa.org



“separating reality from fiction can be challenging,
certainly with respect to President Putin’s comments
about their new weapons. There’s been a lot of dis-
cussion about howreal are some of those capabilities.”

The case for boost-glide
The U.S. continues to pursue air-breathing hyperson-
ics while increasing its focus on boost-glide vehicles.

Charles Miller, president of NexGen Space con-
sulting and a former NASA senior adviser for com-
mercial space, argues that the U.S. government should
follow the lead of the private space industry, which
has invested heavily in rocket propulsion and passed
over the air-breathing hypersonic concepts.

“The free market is saying rockets are the way
to do it; scramjets are not,” Miller says, using a
shorthand term for supersonic combustion ramjets,
an air-breathing concept. “One of them has a large
commercial market that will drive private investment
and make it sustainable; the other does not.” With
air-breathing hypersonics, he says, “Companies are
not going to put private skin in the game. They see
no long-term commercial market opportunity. That
means it’s all going to be cost-plus contracts that
the government has to pay for.”

It would make sense for the U.S. to look to the
technology advances of the private space launch
companies and their potential military capabilities,
says Jess Sponable, former DARPA program man-

“THE FREE MARKET IS SAYING
ROCKETS ARE THE WAY TO DO IT;

SCRAMIETS ARE NOT”

— Charles Miller, president of NextGen Space consulting

ager for the hypersonic XS-1. The rocket-powered
XS-1 Experimental Spaceplane would take off and
accelerate under rocket power to nearly orbital
altitudes to launch satellites, then glide back to
Earth. Flight tests are planned by 2020.

“I think we should leverage the billionaire en-
trepreneurs at the companies investing in reusable
hypersonic launch systems that are rocket-powered,
and we should figure out how to take advantage of
all that capability that people are literally spending
billions of dollars on.”

That does not have to mean giving up on
air-breathing, he cautions.

The advantage of boost-glide is that the rocket
engine technology — how to build them and how
they perform — is well known. The critical design
limits for boost-glide aren’t propulsion; they're
aerodynamics and maneuverability, says Lewis of
the Institute for Defense Analyses.

aerospaceamerica.aiaa.org

V¥ The X-51A Waverider
achieved Mach 5.1 after
launching from a U.S. Air
Force B-52H in 2013.
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“WHAT WE HAVE NOW IS A BUNCH OF GREAT
PEOPLE SCATTERED ABOUT THE COUNTRY DOING
GREAT WORK MOSTLY ON THEIR OWN, BUT NO

CONGENTRATED EFFORT”

— lain Boyd, a professor, hypersonics researcher and
faculty director of government relations at the University of Michigan

Another advantage to boost glide is that its flight is
typically through space during the acceleration phase,
so the extreme thermal conditions and shock waves
caused by trying to push through the air of the atmo-
sphere are avoided during that phase, Sponable says.

Attraction of air-breathing

While both modes of flight present extreme engi-
neering challenges, air-breathing hypersonic flight
is the most difficult and least developed option.
An air-breathing hypersonic engine — the super-
sonic combustion ramjet, or scramjet — has no
moving parts. The inlet compresses the superson-
ic air rushing in to mix oxygen with fuel for com-
bustion, and a nozzle at the back of the engine
accelerates the heated air out of the combustion
chamber to generate thrust.

Igniting and maintaining combustion when air is
traveling through the engine at 1.6 kilometers per
second is challenging. “It’s like trying to light a match
inahurricane, to keep that combustor lit,” says Spon-
able, the former XS-1 manager. Extreme temperatures
created by hypersonic airflow — more than 1,500
degrees Celsius (2,732 degrees Fahrenheit) on parts of
the vehicle— and the shifting shock waves that buffet
theaircraft at the extreme velocities add to the challenge.
So far, the longest air-breathing hypersonic flight on
record is the 210 second X-51 Waverider flight.

The potential advantage of air-breathing engines
would be that at hypersonic speeds, they could have
three times the specific impulse — a measure of
propulsion efficiency — of the rocket engines that
would drive boost-glide vehicles. That could give
the weapons an advantage in range.

Research community

In the U.S., most fundamental hypersonics research
is handled by universities, while applied research
progresses mostly through DARPA, and to a lesser
extent through the Air Force Research Lab and NASA.
While DARPA receives funding from the Air Force,
Navy and Army for hypersonics research, it doesn’t
have its own laboratories —it farms out the research
activities to its private-industry contractors. On the
university side, Boyd says about 300 faculty members,
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graduate students and post-doctorate researchers
devote themselves to hypersonics research in the
U.S., with about $20 million per year spent on it.
The total number of hypersonics researchers is
about half of that in China, judging by the publicly
available research, he says.

China also appears to employ a more integrat-
ed research effort, putting more of its university
researchers together to work in one place. In the
U.S., thelargest individual university hypersonics
programs may have 25 people, typically not coor-
dinating together but working individually or in
teams of two, Boyd says.

China’s spending on hypersonics is also seen in
its numerous new research facilities, contrasting
with the U.S., which has “alot of great facilities,” but
many are in old buildings that are “creaking at the
seams,” Boyd says.

Importance of basic research

To catch up with China, the U.S. will have to do
more, starting with its spending on fundamental
hypersonics research, Boyd says. “There has to be
more investment, because at the end of the day,
China is investing more people and newer facilities
than we have. We don't have any really secret sauce,
I don’t think, to any great extent that’s going to allow
us to catch up without increasing our effort here.”

If the U.S. decides that hypersonics is going to
be an important element of its national security
strategy, then it's going to have to develop a workforce.
Boosting fundamental research spending would
help accomplish that: educating and training engi-
neers in the details of a challenging field, as well as
germinating the next generation of ideas for new
technologies, Boyd says.

At U.S. universities, 60 percent to 70 percent of
the hypersonics research is focused on aerodynam-
ics and aerothermodynamics: looking at how gases
flow around the hypersonic vehicle in flight, Boyd
says. In China, the research described in journal
articles shows a more even distribution of efforts
across aerodynamics, propulsion, materials and
controls. The U.S. needs to take a more balanced,
multidisciplinary approach to hypersonics research
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its air-launched
hypersonic missile
Kinzhal during a
parade May 9.



to field operational systems, because every aspect
of a hypersonic vehicle affects every other aspect.

The U.S. also needs better coordination, through
centers of excellence or a similar centralized ap-
proach that promotes cross-over between disci-
plines, Boyd says.

On the applied research side, the key change for
the U.S. needs to be increasing the number of test
flights, Boyd says. Demonstration flight programs
that fly only one or four test flights aren’t doing
enough to make any real progress in developing
operational systems, especially when compared to
other U.S. missile programs.

“It’s expensive, and it’s difficult, but it’s like any-
thing — you've got to try it out,” he says. “It’s like
self-driving cars — you've got to put them out there
in the actual environment, and learn some hard
lessons, probably, to get where you want to go.”

Because rocket technology is more advanced
relative to the state of scramjet development, prob-
ably the easiest gains in hypersonics will initially
come with boost-glide concepts, Sponable says.
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Over the longer term, the best hypersonic propulsion
model will be whichever can fly at high speed at the
lowest recurring operating costs, and with acceptable
environmental impacts.

“If you can implement this stuff operationally,
there’s merit to it. If you can't, it’s just endless hobby
shop,” he says. “We've got to figure out how to take
the low-hanging fruit and pursue those hypersonic
systems that we can do. Successes in those areas will
justify the investment in the longer term, more
difficult aspects of hypersonics.”

Based on the current state of hypersonics research,
it’s still an open question whether the U.S. should
pursue both boost-glide and air-breathing concepts,
Boyd says. “The motivation for continuing to study
both is that they may provide, in the end different,
unique and important capabilities. At some point if
it's determined that one system just doesn’t provide
enough of an added value over the other, then it
probably will be dropped.” *

Staff reporter Tom Risen contributed.
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As powerful as computational’
fluid dynamics and o
supercomputing are, they
have not come close to
relegating wind tunnels to
history. In fact, in the U.S,,

a new tunnel is going up at
MIT, and NASA is deliberating
whether it should close a
historic tunnel at NASA’s
Langley Research Center

in Virginia four years from 1
now as planned. HHLLL
explores the relationship that
has emerged between CFD
and wind tunnels.
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s an engineer doing research

under contract for NASA in the

1980s, Scott Imlay remembers

what it took to fire up the agen-

cy’s 16-foot Transonic Tunnel in

Virginia, whose massive fans
were driven by a 60,000-horsepower motor.

“At that time, you could only run it at night, it
pulled so much power off the grid,” he tells me from
his office at Tecplot, an aerospace engineering
software company in Washington state where he is
chief technical officer.

To gather data, engineers at this and other wind
tunnels learned to introduce streams of dye or smoke
into the airflow or to attach strings to the airframe
or airfoil so they could see air flowing across it.

To Imlay and others, the advent of computation-
alfluid dynamics seeme