






















subject Dan Burbank), two JAXA astronauts (including the very 
first subject Soichi Noguchi in 2010) and ESA astronaut Paolo 
Nespoli in 2011. 

In terms of basic research, the prolonged weightlessness on 
the ISS offers a unique opportunity to study various aspects of 
spatial orientation, which are intrinsically linked to gravity. It is 
the only location where the gravitational field can be removed 
for extended periods, and it provides the ability to manipulate 
spatial orientation and follow its adaptation during the early 
and late phases of flight and after returning to Earth-bound 
gravity conditions.

Results of this neurological experiment will improve our 
knowledge of neurological processes and provide an insight 
into the efficiency of performing certain tasks in space, which in 
turn can improve training techniques for astronauts.

Passages forms part of a widespread group of ESA neuroscience 
experiments undertaken on the ISS and on ground. Another 
experiment in a similar vein, Neurospat, was the first 
neuroscience experiment to utilise the full capabilities of the 
European Physiology Modules, and now requires only one more 
test subject. Ground-based pre- and post-flight experiments 
have included Otolith, ZAG and Spin though the first two 
experiments have now gathered enough test subject data and 
are also complete.

The VVIS rotational chair in Star City near Moscow.  Final check 
before centrifugation of cosmonaut Yuri Malenchenko as part of 
the Spin experiment

→ FLUIDS RESEARCH 
  Understanding fluid flows in a spherical system  

to provide an insight of our planet

The Fluid Science Laboratory in ESA’s Columbus laboratory has been the home to an important series of 
experiments (Geoflow) since 2008, with the second extended run of experiments (Geoflow-2) concluding  
almost 14 months of on-orbit activities in  May 2012. With some very important results coming from the 
first Geoflow experiment, which is helping to provide an insight into geophysical processes occurring inside 
planets, what can we expect to come from the extensive amount of data generated from Geoflow-2, and 
where can we expand on this for the future?

How to simulate a planet

The inside of our planet moves like a highly viscous fluid, 
though it is not possible to physically look inside the Earth to 
see the precise geophysical processes at work. We therefore 
rely on numerical models to estimate this extremely complex 
situation. The Geoflow experiment has been gathering 
extensive amounts of benchmark data on the ISS through 
the use of experiment hardware which acts as a simple 
representation of a planet in order to validate and update 
models of spherical fluid systems. 

The experiment container consists of an inner and outer 
sphere rotating about a common axis with an incompressible 
fluid situated between the spheres to represent the fluid-like 
motion inside a planet. Due to the disturbing influence of 
gravity on Earth this experiment has to be undertaken in the 
weightless environment of the ISS, where a central electrical 
field is generated within the Geoflow experiment container 
to simulate a gravitational force acting towards its centre  
of mass. 
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data gathered in Columbus with data from a whole host of 
different passive and active detectors from NASA, JAXA and 
Roscosmos placed all around the ISS. 
The radiation environment surrounding Earth is an extremely 
complex environment to assess with many different elements 
including UV, X-rays, and high energy particles: electrons, 
neutrons, protons and heavy ions (cosmic rays). The levels 
of these different types of radiation can vary for a number of 
reasons. The 11-year solar cycle causes variations, for example 
with increased solar flare activity. Events such as galactic 
supernovas can have a similar influence in increasing high-
energy radiation levels. Considering the orbit of the ISS there 
is the additional daily effect of increased radiation when the 
Station passes through the South Atlantic Anomaly where 
Earth’s magnetic field is weaker and the ISS encounters 
increased radiation doses for a short period of time. There are 
even variations in the radiation field through the ISS due to 
different shielding qualities in different modules.

With the complexity of the space radiation environment it is 
clear to see why the process of monitoring and analysing it 
is an on-going one involving generation of extensive amounts 
of data from different experiments and collaboration with 
International Partners. In December 2011 ESA also completed 
another long-duration radiation survey in the US laboratory 
as part of the ALTEA-Shield experiment (see next article). With 
respect to DOSIS-3D the experiment is scheduled to continue 
until at least 2013, with the passive dosimeter sets scheduled 
to be swapped at least once during this time.

A more precise determination of the (variations in) the radiation 
field in Low-Earth orbit is of great importance on many levels. On 
a basic level it is obviously of vital importance in monitoring and 
securing the safety of our astronauts currently in orbit and in 
the future. The data can also be used to determine the shielding 
qualities of different areas of the ISS and be used to improve 

our understanding of how the radiation environment has an 
influence on the upper atmosphere and hence can influence 
climatology, thus helping to improve current climate models. 

ESA’s broad spectrum of research work touching on Earth’s 
climatology is also supported by data coming from additional 
research payloads such as the Solar facility, which has been 
studying the Sun’s irradiation with unprecedented accuracy 
across most of its spectral range since 2008, and will include 
projects in the future such as the Atmospheric Space Interactions 
Monitoring Instrument (ASIM), which will study giant electrical 
discharges (lightning) in the high-altitude atmosphere above 
thunderstorms. Additional Earth Observation projects based 
from the ISS are currently in the planning process.

In the future the data gathered within DOSIS-3D will be expanded 
with ESA’s TriTel experiment which will detect radiation that 
enters the Columbus laboratory from all directions and will be 
recorded with time resolution so that the dynamic fluctuations 
of the incoming radiation and full directionality can be assessed. 

Data from DOSMAP experiment in 2001 which used a Dostel 
detector as also used in DOSIS 3D. Sets of 3-4 higher peaks due to 
passing through the South Atlantic Anomaly. The variation in the 
lower dose rate is due to a variation in ISS latitude
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→ ALTEA-SHIELD EXPERIMENT 
  Improving cosmic radiation shielding 

The second major part of the ALTEA-Shield experiment series was started by André Kuipers in June. This part 
of the experiment is testing two different shielding materials (polyethylene and Kevlar) that were delivered 
to the ISS on ATV-3 in March. The materials have been through successful particle-accelerator testing on 
ground, though the question is now how will they perform during tests on orbit and what could this imply 
for future exploration missions and Earth-based technologies?

The area of radiation shielding is vitally important and becoming 
more so both in orbit and on Earth. Improved radiation shielding 
will be necessary for future human exploration missions which 

will take our astronauts outside of the protection of Earth’s 
magnetic field in low-earth orbit.  Improved shielding also holds 
applications on Earth in such areas as high-end technology.




















