SD2905 Human Spaceflight

Lecture 9, 14-2-2014

Research on the International Space Station




Utilization areas on ISS

« Science
* Weightlessness
« Space view
« Earth view

« Space environment (radiation, vacuum, human
Isolation)

« Technology demonstrations / development
« Exploration preparation
« Education / outreach / inspiration
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In Space

Weightlessness (0G) iIs used for
Inumerable experiments in physics,
medicine, biology, technology...
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Weigtlessness (LG):
Get rid of gravity-driven phenomena

« Falling objects
 Boyancy
« Sedimentation

« Convection in gases and fluids due to differences
(gradients) in temp or density
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Critical phenomena affected by or - yngerlying processes on Earth emerge:

dominant in microgravity: - Pressure-driven flows
Surface wetting & interfacial tension ~ * Capillary flows
Multiphase flow & heat transfer » Diitusion
Multiphase system dynamics * Viscosity .
Solidification . E!ectrpmagnetlc forces
 Vibration

Fire phenomena & combustion

[Stratified flow, 1 g,]

Multiphase Flow

[Annular flow, microgravity]
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Verify models and calculations



The Microgravity Environment

Microgravity is: {
* a general label for sclentific Microgravity Environment
investigations that D
exploit near-weightlessness

* one-millionth of Earth's
normal gravity
* a reduced gravity
environment
Component
------------------ -----------:r'--------——-—-
Frequency 0<f<001Hz | 001<f<300Hz |  broadband
Magnitude ug's (or less) peak ltens to thousands ugml tens of mg's peak
gravity gradient & rotational | oqulpmont pumps, fans, vehlcle. thrusters, dockings
Primary effects: not at center of mass | centrifuges, compressors, etc. crew: pushoffs & landings,
Sources drag: function of altitude, crew: ergometer or treadmill drawer/door closings,
attitude, day/night, etc. I exercise experiment setlup

vehicle: venting water or air |  vehicle: structural modes ' equipment: machinery startup
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It is only in the center of gravity you can get
perfect 0G

j ‘\ | N Want to know more about calculating the uG levels:
f g \\ R http://www.spaceflight.esa.int/impress/text/education/M
% - icrogravity/Question_Microgravity 008.html
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Microgravity levels are measured on ISS
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Interlude: Introducing ESA

¢-esa

European Space Agency
Agence spatiale européenne

European Space Agency

Established 1975 by 10 countries

Came out of two older organisations:
ELDO (European Launch Development Organization)
ESRO (European Space Research Organisation)




20 MEMBER STATES AND GROWING

ESA has 20 Member States:
18 states of the EU (AT, BE,
CZ, DE, DK, ES, FI, FR, IT, GR,
IE, LU, NL, PL, PT, RO, SE, UK)
plus Norway and Switzerland.

Seven other EU states have
Cooperation Agreements with
ESA: Estonia, Slovenia, Hungary,
Cyprus, Latvia, Lithuania and the
Slovak Republic. Bulgaria and
Malta are negotiating
Cooperation Agreements.

Canada takes part in some
programmes under a Cooperation
Agreement.
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ESA’S LOCATIONS

ESTEC EAC
(Noordwijk) (Cologne)

Harwell .
Brussels '
@ EsA sites/facilities ESA HQ Redi j

Salmijaervi
(Kiruna)

ESOC
( ) (Darmstadt)
Paris
i Toulouse
E orices Cebreros, Oberpfaffenhofen
A ESA ground stations Villafranca
ESAC
(Madrid)
,‘ Mosc‘o‘\'/,vﬁé‘

Washington —

Houston

New Norcia
Perth
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ﬁi%g ESA 2012 BUDGET BY DOMAIN

$ verens
38 OCH KONST 2

s

M¢€: Million Euro

Launchers includes Third Party Activities

Navigation*
14.4%, 578.0 M€

17.9%, 720.7 M€
Telecom & Integrated

Applications*
8.2%, 330.0 M€

Earth Observation¥*
21.4%, 861.4 M€

Budget 2012
4020.1 M€

Human Spaceflight*
10.3%, 413.3 M€

Robotic Exploration
& Prodex
3.1%, 123.0 M€

Technology support¥*
2.0%, 81.0 M€

Space Situational Awareness
0.4%, 15.4 M€

Associated with
General Budget
4.8%, 190.3 M€

Scientific Programme

S European Cooperating
11.9%, 479.7 M€

Basic Activities
5.500. 221.5 MC States Agreement
’ ! ’ (ECSA) 0.1%, 5.8 M€
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*Since 2001 — Now ELIPS-4

 Funded for 3-4 years at Ministerial Councils
210 M€ in 2012 (down from 285 in 2008)

* Separate funding from ISS Exploitation

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE



s

é;g‘ =S ‘g%g

FKTH %
4 Y
& verens

28 OCH KONST 9%

s

ESA’s

Material |SS Facilities
Science

Lab

(returned Se

-

European
Modular
Cultivation

System
European

Drawer

European |
Physiology
| IModdule

e
‘s
Y=

European
BIOLAE Transport

Carrier

Microgravity
Science
Glovebox

Science
Lab



ZKTHS

o Many platforms for research
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Short, medium, Long
Duration Bed Rest

Unmanned satellites (weeks)

Sounding Rockets (6-
13 min)

Heavy lon Radiation
Biology (IBER - GSI)

Isolation Studies
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EXAMPLES of HUMAN
PHYSIOLOGY EXPERIMENTS

- Salt retention and effect on bone
metabolism.
- Sampling during high salt/Low salt diets.

- Help assess optimal sodium intake.

CARD

- Understand how microgravity affects the
regulation of blood pressure.

- Establish how some of the hormones
responsible for regulating the
cardiovascular system are affected by long-

term exposure to weightlessness. . .
“ 2 Vestibular experiment1818

performance

Astronaut = Guinea pig
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&lirs  Key Research Topics d:esa

human spaceflight

* Sensitivity to Gravity of cells,

JERMSERERTRELS

o Molecular mechanisms for
sensing and adaptation

o Multicellular structure
formation

o Development and performance T
of organ systems

o Lifecycle from embryonic
development to senescence

* Biological responses to multiple
stressors

Vvey sm‘mﬁuﬁs‘ﬁ#ﬁ%ﬁ&éﬁfﬂn\summ L ccureroie A
PN LSO N M




18F r=0.984

' GRAVI-1: Gravity

' perception thresholds

' established in Lentil

' seedlings. “Gravitropism”.
' The physical processes

" underlying the detection

' of the gravity vector by

' plants

Curvalure (°)

MULTIGEN-1: The circumnutation (circular movement of
stem) of Arabidopsis shoots occurs in microgravity, but
with significantly lower amplitude than 1.g. Additionally
the period of circumnutation under microgravity is altered
in the presence of light. These unique observations
showing how endogenous processes interact with light
and gravity signals.

ROALD on ISS in 2008. An enzyme, LOX-5, that regulates
life expectancy becomes more active in micro-G.

Right: 7 weeks later
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human spaceflight

ASTROBIOLOGY

* Organic compounds and
mineral interactions
W 3 _
. Po_ngne_r_isation, bility and
= = ;
replication studies
- — e
. Reﬁpu‘siof pre-biotic
building blocks to extra-
terrestrial conditions -

W TR
* Mechanisms of survival
adaptation cgf extre ..
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"Space Survivorg”

- Cyanobacteri
Lichens
Tardigrades
Plant seeds

-~ m

&_.






b, EXAMPLE ATMOSPHERIC
gy ENVIRONMENTAL RESEARCH

. Atmosphere Space Interactions
Monitor (ASIM)

{ *  Will study recently discovered
~ M phenomena

— Transient Luminous Events (in
1989). Electric discharges
between thunderstorms and the
ionosphere

— Terrestrial Gamma Flashes (in
1995). Flashes of X- and Gamma- '
rays from above thunderstorms | ® . o |
Bremsstrahlung from relativistic
electrons
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&lips  Key Research Topics desa

human spaceflight
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—*Influence of the processing e o .
- conditions on features of i

crystalline and amorphous
phases and of biological,
organic and inorganic
materials.

—3

* Links: materials processing -
structure - properties of new
light-weight structural metallic
oi intermetailic materials.




,
T Newr

" - New lightweight TiAl e -New NiAl catalytic powders
turbine blades for jet for hydrogen fuel cells and | ; i
 ERYIKES aind gas™ = - other chemical processes ESRANGE, Kiruna
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&lirs  Key Research Topics d:esa

human spaceflight

WL

PHYSIC.WF FLUIDS AND CC

Dynamics-and properties of
interfaces

Convective instabilities under
conditions not realisable on Earth

Phase separation, evaporation
and heat transfer

Complex fluids:
coarsening and stability

Combustion processes of
dispersed systems

=




« Aggregation of nanoparticles.

« Aims at measuring the weak critical Casimir
forces (caused by density fluctuations), and
control the growth of nano-structured material
bv temperature

5.0
Astronaut Furukawa installing SODI
COLLOID In the MSG
oo, I ey B
) Y

~

Gyration radius {urm)

Aggregation of ,
nanoparicles ¥
over approx 1
hour (video)

104 i
6.0 10.0 320
Time (batch #)

Evolution of aggregates size as a function of time

References:
D. Bonn et al. Phys. Rev. Lett. 103, 156101 (2009)
F. Ferri et al. Phys. Rev. E 70, 041405 (2004)
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P EXAMPLE FUNDAMENTAL PHYSICS
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j : ':' gases into which dust particles have been injected.
-..The dust particles accumulate charge and adopt a
¥ behaviour which can “mimic” that of atoms in a

. 7"~ crystal, liquid-or gas.
«' This particularity makes them interesting, as one
"s can study and actually observe with microscopes

* « phenomena which, in the case of atoms, are too

+*_+ small and too fast to observe.

-
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- The gases used for the plasma are e.g. Argon or
Neon The ionization is produced by electric

’- : dlscharges (DC-or RF).

f " PK-4 will be a DC discharge chamber, particularly
_._f":'f:.ffl well adapted for the study of flows.in the liquid

~5°3 phase.
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EXAMPLE FUNDAMENTAL PHYSICS

=

Quantum test of the Weak Equivalence Principle - QWEP

Space Atom Interferometer: Atom interferometer for fundamental physics
studies in space

Objective: Atom interferometry test of the Weak Equivalence Principle on
guantum object at 10-1° level for a mission opportunity on the ISS in 2018-
2020. (Today’s limit is 5-10-1%)

Trajectories of two
different atom clouds
aboard the ISS are
monitored as they fall
around the Earth.
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EXAMPLE FUNDAMENTAL PHYSICS

ACES: The Atomic Clock Ensemble in Space

HTV on-orbit
transportation

* Two high-performance atomic —_—
clocks for the most precise
2 measurement of time in space.
: (Stability 1015 - 10-16)

* Benefit different research areas
including testing Einstein’s
general relativity and
alternative theories of
gravitation.
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You DO get younger in LEO —
or rather you age slower

* During my total 26.7 days in LEO |
“gained” 0.75 ms from high velocity §

« Butl “lost” 0.08 ms from the

gravitational field being 20% less!
(“redshift” effect)

A 7~ Important effects to correct for in GPS signals — 34
18/2/2014 otherwise position error would grow with =10 km/day!



Silicon layer
1
Silicon layer
9
(total of 7 m?2)
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Extreme Universe Space Observatory
» N * Ultra-high energy Cosmic

N International Spo'ce Station (ISS) Rays E: >3%10!9 eV
¥« Earth atmoshere as detector

?1 i = i * Measure produced UV and

| 4 el LW Chrenkov light from ISS
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IE‘\i 4 EUSO —% 102 - Fluxes of Cosmic Rays
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ﬁ 10" 1 particle/m 2sec

E
UV photon E
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Ankle Y
. 52 1 particle/km 2 yr
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Automato ldeniioadon | _ . TECHNOLOGY
DEMONSTRATIONS

System)

Developing a global
satellite-based shipping
. control system
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Deploying cubesats from ISS
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Summary

Space offers some unigue opportnities for various fields of science.
In particular those that can benefit of weightlessness (0G or more properly uG)
or the views of the Earth and towards space.

ESA has a specific scientific program for this: ELIPS

The main areas of research are in the fields of

 Human Physiology
Almost every physiological system is affected by uG

« Biology (and astrobiology)
From gene expressions to and cellular level to full plants and animal (e.g. mice)

« Atmospheric and environmental physics
* Fluid physics
« Combustion Sciences
« Material Sciences
« Fundamental Physics

Technological demonstrations
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http://www.nasa.gov/centers/marshall/news/background/facts/microgravity.html
http://www.spaceflight.esa.int/impress/text/education/Microgravity/Why Do_Microgravity_Research.html
http://www.nasa.gov/pdf/501343main_Microgravity_Science.pdf
http://www.spaceflight.esa.int/impress/text/education/Microgravity/Question_Microgravity_008.html

