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Main Scientific Organizer  Robson Brown, Kate

Deputy Organizer Ferré, Elisa Raffaella

Welcome and Highlight Talks
Chair: Robson Brown, Kate
Date: Tuesday, Aug 04, 2026. Room: Lorenese 1

G0.5-0001-26 17:30 - 18:00

Welcome Addresses - 29th ELGRA Symposium
Robson Brown, Kate

G0.5-0002-26 18:00 - 18:30

ELGRA - Highlight Talk - ESA’s Exploration Science Programme
Saint-Michel, Brice

G0.5-0003-26 18:30 - 19:00

ELGRA - Discussion
Robson Brown, Kate

Life Sciences I - Cellular and Medical Considerations in Spaceflight
Chair: Carvil, Philip
Date: Wednesday, Aug 05, 2026. Room: Lorenese 1

G0.5-0004-26 11:00 - 11:15

FLUMIAS — A Modular, Multi-User Facility for Live-Cell Fluorescence Microscopy in Micro-
gravity and Variable Gravity on the ISS
Carstens, Anna Catharina; Braun, Markus

G0.5-0005-26 11:15 - 11:30

Live-Cell Imaging of Astrocyte Reactivity Adaptations under Space Conditions using FLUMIAS-
ISS

Lichterfeld, Yannick; Schmakeit, Theresa; Schunk, Sarah; Drouvé, Laura; Carstens, Anna Catharina; Liemers-
dorf, Christian

G0.5-0006-26 11:30 - 11:45

B cell function and somatic hyper cell mutation (SHM) in space
Sundaresan, Alamelu; Mann, Vivek

G0.5-0007-26 11:45 - 12:00

Effects of Altered Gravity on Human iPSC-Derived Motor Neurons: Integrating Molecular,
Morphological, and Axonal Transport Analyses in Spaceflight and Ground-Based Models
Schunk, Sarah; Lichterfeld, Yannick; Holbeck, Ilse; Busskamp, Volker; Liemersdorf, Christian

G0.5-0008-26 12:00 - 12:15

Spaceflight and Exercise: The Impact of CDKN1A /p21 on Bone Regeneration in Mice
Maglio, Josephine; Almeida, Eduardo



G0.5-0009-26 12:15 - 12:30

COSMOCARD: Cardiac Assessment and Regulation Device for Space Exploration
van Royen, Yann; Risaliti, Chiara; Leggieri, Glenda Team: SPHERE

Life Sciences II - Brain and Behavior in Spaceflight
Chair: Ferré, Elisa Raffaella
Date: Wednesday, Aug 05, 2026. Room: Lorenese 1

G0.5-0010-26 15:00 - 15:15

Out of Gravity, Out of Mind: How Altered Gravity Destabilises Perception
Ferré, Elisa Raffaella

G0.5-0011-26 15:15 - 15:30

Vestibular Adaptation in Cosmonauts explained with fMRI based neural mechanisms.
Schoenmaekers, Catho; Wuyts, Floris; Jillings, Steven; Mortaheb, Sepehr; Tomilovskaya, Elena; Glukhikh,
Dmitriy; Naumov, Ivan; Rukavishnikov, Ilya; Pechenkova, Ekaterina; zu Eulenburg, Peter

G0.5-0012-26 15:30 - 15:45

A pulsatile phantom model to investigate cerebrospinal pressure dynamics under variable gravity
levels

Batonon, Célia; Monnier, Heimiri; Connesson, Léna; Gaubervile, Arnaud

G0.5-0013-26 15:45 - 15:55

V-STARS: Vestibular Stochastic Techniques for Adaptive Responses in Spaceflight

Haq, Maryam; Grandchamp Des Raux, Héléne; Perry, Emily; Risco Narvaez, Isabel; Da Silva Baiao, Milena;
Gallagher, Maria; Ferré, Elisa Raffaella

G0.5-0014-26 15:55 - 16:10

Brain and vestibular function related to gait and balance after spaceflight
Finazzi Agro, Anna; Mortaheb, Sepehr; Rukavishnikov, Ilya; Kitov, Vladimir; Shishkin, Nikita; Glukhikh,
Dmitriy; Pechenkova, Ekaterina; Zago, Myrka; Tomilovskaya, Elena; Wuyts, Floris

G0.5-0015-26 16:10 - 16:20

Altered Gravity Disrupts Adaptive Emotional Processing
Maljoku, Misian; Haq, Maryam; Ferré, Elisa Raffaella

G0.5-0016-26 16:20 - 16:30

Altered Gravity Impairs Human Cognitive Flexibility: Implications for Decision-Making in
Spaceflight
Murali Parthasarathy, Kavya; Ferré, Elisa Raffaella

Physical Sciences I - Fluid Dynamics
Chair: Mali, Jakob
Date: Wednesday, Aug 05, 2026. Room: Lorenese 1

GO0.5-0017-26 17:30 - 17:45

AtmoFlow: A Space-Based Laboratory for Investigating Large-Scale Planetary Atmospheres
Szabo, Peter; Egbers, Christoph; Adrian, Astrid

G0.5-0018-26 17:45 - 18:00

Saturation of thermo-electrohydrodynamic instability in a dielectric fluid confined in a cylindrical
annulus during parabolic flights under microgravity

Sliavin, Yaraslau; Hamede, Mohammed Hussein; Motuz, Vasyl; Meyer, Antoine; Egbers, Christoph



G0.5-0019-26 18:00 - 18:10

Experimental study of dielectrophoretic induced convection in a rectangular cavity with asym-
metrical shaping walls under microgravity conditions

Motuz, Vasyl; Hamede, Mohammed Hussein; Strangfeld, Matthias; Sliavin, Yaraslau; Egbers, Christoph

G0.5-0020-26 18:10 - 18:25

Chemical Synthesis in Space: Advances from (Photo-)Electrochemical Water-Splitting and CO2
Reduction in Reduced Gravitation

Brinkert, Katharina

G0.5-0021-26 18:25 - 18:40

Specifics of ultrasonic emulsification in zero gravity conditions
Mali, Jakob

G0.5-0022-26 18:40 - 18:50
Multi-modal sloshing mitigation using tuned moving baffles

Gligor, Dan; Marques, Pedro Afonso; Salgado Sanchez, Pablo; Méndez, Miguel Alfonso; Martinez, Ursula;
Porter, Jeff

G0.5-0023-26 18:50 - 19:00

Sloshing mitigation and control in microgravity

Gligor, Dan; Salgado Sanchez, Pablo; Tinao Perez-Miravete, Ignacio; Fernandez Fraile, Jose Javier; Olfe, Karl;
Lapuerta, Victoria

Physical Sciences II - Materials Sciences
Chair: Kréamer, Stefan
Date: Thursday, Aug 06, 2026. Room: Lorenese 1

G0.5-0024-26 09:00 - 09:10

Comparing sublimation rates and volatile deposition under convection-driven gravity versus
diffusion-limited microgravity conditions

Hipp, Florian; Adiaconitei, Alexandra; Shangbhag, Abhimanyu; Schild, Timon; Hadler, Kathryn; Harries,
Dennis; Reiss, Philipp; Conti, Melchiorre; Cowley, Aidan

G0.5-0025-26 09:10 - 09:20

Passive control of lunar habitats combining surface coatings and phase change materials
Borshchak Kachalov, Andriy; Salgado Sanchez, Pablo; Oviedo, Alvaro; Fernandez Fraile, Jose Javier; Bello
Garcia, Alvaro; Martinez, Ursula

G0.5-0026-26 09:20 - 09:30

Coaxial 3D-printing for lunar habitats construction
Borshchak Kachalov, Andriy; Mollah, Md. Tusher; Spangenberg, Jon; Salgado Sanchez, Pablo; Ezquerro
Navarro, Jose Miguel; Seta, Berin

G0.5-0027-26 09:30 - 09:45

Chemically foamed regolith for 3D-printed thermally insulated lunar habitats
Muniak, Karen; Borshchak Kachalov, Andriy Team: RegOFoam

G0.5-0028-26 (WITHDRAWN) 09:45 - 10:00

Large Area Additive Manufacturing of Low-Water Regolith Materials for Lunar Construction
Trusevic, Ilja; Alberdi Pagola, Pablo; Breseghello, Luca; Canul Polanco, Jennifer Anette; Fischer, Gregor;
Seta, Berin



G0.5-0029-26 10:00 - 10:15

Effect of Particle Size and Agglutinate Content on the Ballistic-type Vibratory Transport of
Lunar Regolith Simulants in 0.16g Parabolic Flight

Dillenburger, Jarrett; Pirrone, Serena R.m.; Dyson, Joseph; Zhang, Xiaochen; Shangbhag, Abhimanyu;
Estupinan Donoso, Alvaro A.; Aminnia, Navid; Patil, Trunal; Hadler, Kathryn

G0.5-0030-26 10:15 - 10:30

Low-Gravity Performance Assessment of a Continuous Lunar Regolith Particle Size Classification
System

Zhang, Xiaochen; Estupinan Donoso, Alvaro A.; Aminnia, Navid; Shangbhag, Abhimanyu; Dyson, Joseph;
Dillenburger, Jarrett; Hadler, Kathryn

Education, Technologies and Facilities
Chair: Kénemann, Thorben
Date: Thursday, Aug 06, 2026. Room: Lorenese 1

G0.5-0031-26 11:00 - 11:15

Purdue 1 — an Historic Spaceflight Research Mission
Collicott, Steven

G0.5-0032-26 11:15 - 11:30

Candles in a Gravity Continuum

van Loon, Jack; Blanchard, Anne-Clémence; Croccolo, Fabrizio; Dowson, Alan; Ertel, Hanno; Krupova,
Michaela; van Loon, Rijk; Savage, Nigel

G0.5-0033-26 11:30 - 11:40

A laboratory set-up for hands-on learning on convective and radiative heat transport in engi-
neering education

Salgado Sdnchez, Pablo; Oviedo, Alvaro; Borshchak Kachalov, Andriy; Tinao Perez-Miravete, Ignacio;
Laveron-Simavilla, Ana; Lapuerta, Victoria

G0.5-0034-26 11:40 - 11:50

Towards the real-time downlink of high-rate data via low-rate telemetry using POD: application
to the MarPCM experiment

Salgado Sdnchez, Pablo; Varas, Fernando; Porter, Jeff; Gligor, Dan; Martinez, Ursula; Ezquerro Navarro, Jose
Miguel

G0.5-0035-26 (WITHDRAWN) 11:50 - 12:05

A Rolling Horizon dynamic network flow framework for In-Orbit Servicing mission planning in
Low Earth Orbit
Caseiro, Alice; Sundaramoorthy, Prem

G0.5-0036-26 12:05 - 12:20

ICE Cubes Service: Supporting microgravity research beyond the ISS
Ferreira, Miguel J. S.; Facciolati, Luca; Sapera, Andrei; Surdo, Leonardo; Ricci, Mauro

G0.5-0037-26 12:20 - 12:30

Performance Studies of ZARM’s GraviTower for Experiments in Microgravity and Partial-
Gravity Conditions

Konemann, Thorben; Cornelius, Merle; von Kampen, Peter; Avila, Marc

ELGRA Management
Chair: Robson Brown, Kate
Date: Thursday, Aug 06, 2026. Room: Lorenese 1



G0.5-0038-26 15:00 - 15:30

Educational Activities
Robson Brown, Kate

G0.5-0039-26 15:30 - 16:00

ELGRA - General Assembly
Robson Brown, Kate

G0.5-0040-26 16:00 - 16:30

ELGRA - General Assembly - Votes
Robson Brown, Kate

Life Sciences III - Plants in Reduced Gravity Scenarios
Chair: Herranz, Raul

Date: Thursday, Aug 06, 2026. Room: Lorenese 1

G0.5-0041-26 17:30 - 17:45

Sensing the Future of Space Agriculture and Food: Linking Plant Digital Management to
Astronaut Food Perception through AI

Fuentes, Sigfredo; Mayorga-Martinez, Arturo; Harris, Natalie; Gonzalez Viejo, Claudia

G0.5-0042-26 17:45 - 18:00

From Omega-3 to Zero-G: How Space Simulated Conditions Shape Flaxseed Oil Perception
Gonzalez Viejo, Claudia; Pointner, Tobias; Mayorga-Martinez, Arturo; Harris, Natalie; Fuentes, Sigfredo

G0.5-0043-26 (WITHDRAWN) 18:00 - 18:15

The Microbiome and the Metabolome of the International Space Station
Karouia, Fathi

G0.5-0044-26 18:15 - 18:30

Comparative crop rhizosphere microbiome function for space agriculture

Sabau, Stefania; Gonzalez, Emmanuel; Pitre, Frederic; Barker, Richard; Cornet, Cas; Ng, Carl; Brereton,
Nicholas

GO0.5-0045-26 18:30 - 18:45
Influence of leaf inclination, airflow velocity, and gravity on heat and mass transfer at the surface
of leaf replicas

Kuzma, Joanna; Wurtz Pra, Soléne; Fontaine, Jean-Pierre; Dussap, Claude-Gilles; Godia, Francesc; Aronne,
Giovanna; Izzo, Luigi; Romano, Leone; Jakobsen, @yvind Mejdell; Jost, Ann-Iren Kittang; Schymanski,
Stanislaus; Pascual Garcia, Cesar; Balakrishnan, Divya; Surdo, Leonardo; Poulet, Lucie

G0.5-0046-26 18:45 - 19:00

Partial gravity simulation on ground: A comparison between U-grav and Yuri RPM facilities in
Arabidopsis meristem model system

Herranz, Raul; Manzano, Aranzazu; San Miguel, Carlos; Gonzélez Rodriguez, Maria; Van Loon, Jack J.W.A.

Poster Program - Wednesday, 16:30 - 17:30, Poster area: Posterroom




WTF-224 G0.5-0047-26

Translating spaceflight neuroimaging findings to mal de debarquement syndrome
Finazzi Agro, Anna; Schoenmaekers, Catho; Tomilovskaya, Elena; Deblieck, Choi; de Smet, Dario; Rukavish-
nikov, Ilya; Pechenkova, Ekaterina; Jillings, Steven; Zago, Myrka; Wuyts, Floris

WTF-225 G0.5-0048-26

Altered Gravity and Pain Perception
Hagq, Maryam; Ferré, Elisa Raffaella

WTF-226 G0.5-0049-26

Modelling GCR and SEP exposure for manned missions in transit to Mars
Omojola, Joseph; Engelbrecht, Nicholas Eugene; Moloto, Katlego

WTF-227 G0.5-0050-26

Project AURORA-HFSM: Autonomous Ultrasound & NIRS Rig for Orbital Redistribution
Assessment — Headward Fluid Shift Monitor
Hassan, Sakina; Tatka, Marianna; Gudowski, Kajetan; Tsuyuki, Ayumi; Thomas, George; Komedera, Maria

WTF-228 G0.5-0051-26

From archive to insight: Reusing space-flown data to transform biofilm research in space biology.
Baxter, Katherine; Brereton, Nicholas Team: OSDR Biofilm Subgroup Review Team

WTF-229 G0.5-0052-26

Catalysing UK Space Biology through Experiential Learning: The University of Glasgow
STELLAR Hackathon.
Baxter, Katherine; Knox, Kirsten; Bain, Stevie

WTF-230 G0.5-0053-26

Organoids bridging Laboratory and Human Research: Tissue and cellular responses to space-
flight conditions

Schunk, Sarah; Lichterfeld, Yannick; Habibey, Rouhollah; Knorr, Kim; Schroeder, Insa Sigrid; Busskamp,
Volker; Liemersdorf, Christian

G0.5-0054-26 (WITHDRAWN)

Neuroendocrine Regulation of Locomotion After Acute Hypergravity Exposure in Drosophila
melanogaster
Arumugam Amogh, Sushmita

WTF-232 G0.5-0055-26

Adapting to Gravity: The Role of Embodied Experience in Physical Reasoning in Children and
Adults
Grandchamp des Raux, Helene

Poster Program - Thursday, 16:30 - 17:30, Poster area: Posterroom
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WELCOME ADDRESSES - 29TH ELGRA SYMPOSIUM

Kate Robson Brown, katharine.robsonbrown@ucd.ie
University College Dublin, Ireland

- Welcome Addresses - 29th ELGRA Symposium -
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ELGRA - HIGHLIGHT TALK - ESA’S EXPLORATION SCIENCE PROGRAMME

Brice Saint-Michel, brice.saint-michel@ext.esa.int

[ESA-ESTEC], [Telespazio Belgium SRL]|, Noordwijk, Netherlands

ELGRA - Highlight Talk - ESA’s Exploration Science Programme
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ELGRA - DISCUSSION

Kate Robson Brown, katharine.robsonbrown@ucd.ie
University College Dublin, Ireland

- ELGRA - Discussion
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FLUMIAS - A MODULAR, MULTI-USER FACILITY FOR LIVE-CELL FLUO-
RESCENCE MICROSCOPY IN MICROGRAVITY AND VARIABLE GRAVITY
ON THE ISS

Anna Catharina Carstens, anna.carstens@dlIr.de
German Space Agency at DLR, 53227 Bonn, Germany
Markus Braun, mbraun@uni-bonn.de

University of Bonn, Bonn, Germany

FLUMIAS (Fluorescence Microscope Analysis System in Space) is a multi-user facility devel-
oped by the German Space Agency at DLR as a national contribution to ESA’s Exploration
Science program. Designed for the International Space Station (ISS), FLUMIAS will enable
high-resolution, long-term live-cell fluorescence microscopy under microgravity (0g) and con-
trolled variable gravity conditions up to 1g. The facility is built by Airbus DS and integrates a
state-of-the-art, space-qualified Structured-Illumination Microscope (SIM) developed by TILL
[.D. (Martinsried, Germany), which has been adapted for operation on a built-in rotating
centrifuge. This unique configuration allows for real-time, non-invasive imaging of biological
specimens while systematically varying the effective acceleration level, thereby enabling the
dissection of gravity-dependent cellular processes with unprecedented temporal and spatial
resolution. The modular design of FLUMIAS centers on interchangeable Experiment Blocks
(EBs), each housing a fully autonomous sample chamber with integrated temperature control
and precise fluid handling. These EBs are stored in a compact magazine within the facility and
automatically transferred to the rotating centrifuge platform for imaging. This approach en-
sures experiment-specific customization—enabling tailored use of microscopy slides, fluorescent
probes, culture media, and objectives—while maintaining operational efficiency and minimizing
crew time. The facility supports both time-lapse and dynamic imaging, with real-time data
transmission to ground stations for immediate analysis. FLUMIAS is designed to serve a broad
scientific community, supporting research in cell biology, microbiology, immunology, tissue engi-
neering, and molecular physiology, but is also suitable and will be used for an even broader field
of research such as material science or fluid physics. Following a competitive international call
for proposals by DLR and ESA, ten experiments have been selected for the initial operational
phase, covering topics such as cytoskeletal dynamics, stem cell differentiation, microbial biofilm
formation, and immune cell signaling in altered gravity. The facility is also intended to foster
international collaboration, with plans to extend access to partners beyond Europe. FLUMIAS
is scheduled for launch to the ISS in 2026. This presentation provides an in-depth overview
of the current project status, details the hardware architecture and key technical innovations,
highlights the scientific rationale and selected experiments, and outlines future prospects for
dynamic live-cell imaging in space. FLUMIAS will establish a new benchmark for biological



research in space, offering a versatile platform for exploring the fundamental mechanisms of life
under extraterrestrial conditions.
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LIVE-CELL IMAGING OF ASTROCYTE REACTIVITY ADAPTATIONS UN-
DER SPACE CONDITIONS USING FLUMIAS-ISS

Yannick Lichterfeld, yannick.lichterfeld@dlr.de

DLR - Inst. of Aerospace Medicine, Kéln, Germany
Theresa Schmakeit, theresa.schmakeit@dlr.de

DLR - Inst. of Aerospace Medicine, Koln, Germany
Sarah Schunk, sarah.schunk@dlr.de

DLR - Inst. of Aerospace Medicine, Cologne, Germany
Laura Drouvé, laura.drouve@Qdlr.de

German Aerospace Center (DLR), Kéln, Germany
Anna Catharina Carstens, anna.carstensQdlr.de
German Space Agency at DLR, 53227 Bonn, Germany
Christian Liemersdorf, christian.liemersdorf@dlr.de
Deutsches Zentrum fiir Luft- und Raumfahrt, Kéln, Germany

INTRODUCTION The project LAARA (Live Assessment of Astrocytic Reactivity Adaptations
under Space Conditions) aims to investigate how astrocytes, the most prominent type of glial
cell in the brain, adapt to altered gravity using the automated FLUMIAS-ISS live-cell fluores-
cence microscope. Astrocyte reactivity has been shown to be influenced by altered gravitational
loads|1]| and is thus relevant for astronaut health as it is thought to play an important role in
brain physiological changes in prolonged space missions.

METHOD FLUMIAS (FLUorescence Mlcroscopic Analysis in Space) is a newly developed
research platform, funded by the German Space Agency at DLR. It combines an automated
microscope with a life support system and a centrifuge to apply variable gravitational loads
up to 1g onboard the ISS. The FLUMIAS microscope enables live visualization of astrocytic
adaptation processes and sensitivity thresholds at altered gravity conditions. To increase the
knowledge on astrogliosis and the impact of space conditions on the reactive state of astrocytes,
cytoskeletal dynamics and mitochondrial activity will be investigated. To prepare for this
unique and complex microscopy platform, extensive testing protocols and procedures in ground-
based facilities have been devised.

RESULTS As ground-based preparation studies for the LAARA mission on FLUMIAS-ISS, we
have established various pretesting protocols for our primary murine astrocyte samples which
can be generalized for future cell-biological missions on FLUMIAS. The imaging properties of
the FLUMIAS science-reference model (SRM) and engineering model (EM) have been tested
with mission-relevant samples and various live-cell staining agents and compared to standard
microscope systems. Biological samples and culturing protocols have been adapted and tested



with a life-support fluid system and the FLUMIAS-specific microslides to verify their viability
under the challenging conditions of an ISS mission including launch-site preparations and upload
conditions such as temperature, medium exchange, vibrations, and hypergravity exposure.

CONCLUSION The FLUMIAS microscope enables fast live-cell microscopy with confocal-like
resolution. Living samples can be cultured on FLUMIAS microslides and survive under simu-
lated upload conditions as well as simulated on-orbit life-support system operations. Seeding
density and conditions have been optimized for the time constraints caused by ISS-upload
procedures. Staining protocols and imaging procedures have been adapted to work with the
FLUMIAS life-support and microscope optical system and are stable for several weeks under
incubation conditions. The testing protocols will be published and recommended for other
science teams utilizing FLUMIAS.

References: [1] Lichterfeld Y, Kalinski L, Schunk S, et al. Hypergravity Attenuates Reactivity in
Primary Murine Astrocytes. Biomedicines. 2022;10(8):1966. doi:10.3390 /biomedicines10081966
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B CELL FUNCTION AND SOMATIC HYPER CELL MUTATION (SHM) IN
SPACE

Alamelu Sundaresan, alamelu.sundaresan@tsu.edu

Texas Southern University, Houston, Texas, United States
Alamelu Sundaresan, sundaresana@tsu.edu

Texas Southern University, 77004, Texas, United States
Vivek Mann, vivek.mann@tsu.edu

Texas Southern University, Houston, Texas, United States

Microgravity has been shown to profoundly influence immune cell behavior, yet its impact on
antibody diversification mechanisms remains poorly understood. In this study, we investigated
the effects of simulated microgravity on B cell function. Although T cell function in micrograv-
ity has been vastly explored, B cell function has not been investigated deeply. B cells are not
merely passive participants in microgravity induced immune dysfunction but are directly af-
fected at multiple regulatory levels. Understanding these mechanisms is essential for developing
countermeasures to preserve humoral immunity during extended spaceflight. Human B Cells
(Ramos) were cultured under simulated microgravity conditions using a simulated microgravity
cell culture analog (3D clinostat and rotating wall vessel (RWV)) and compared with static
controls at 1g. Cellular growth and viability were assessed by cell counts and MTT assays,
while morphological changes were evaluated using phase-contrast microscopy. Cytoskeletal
remodeling was analyzed by fluorescence staining of filamentous actin, followed by quantita-
tive image analysis. Further, reactive oxygen species generation was quantitated using the
CellROX assay. Simulated microgravity significantly altered B cell morphology, inducing cell
rounding and reduced adherence, accompanied by a disruption of the actin cytoskeleton. These
structural changes correlated with reduced proliferation and metabolic activity. Analysis of
SHM-associated pathways revealed that activation-induced cytidine deaminase (AID), the key
enzyme driving somatic hypermutation, was altered under microgravity conditions, as demon-
strated by Western blotting and immunofluorescence. Luminex multiplex cytokine profiling
showed a shift toward an inflammatory microenvironment, suggesting altered autocrine signal-
ing. In parallel, intracellular reactive oxygen species (ROS), measured by Cell ROX assays,
were significantly elevated, indicating oxidative stress as a potential mediator of microgravity-
induced genomic instability.

Overall, these data suggest that microgravity disrupts cytoskeletal organization, redox home-
ostasis, and AID expression in Ramos B cells, leading to impaired somatic hypermutation.
These findings provide mechanistic insight into how spaceflight-associated immune dysregu-
lation may compromise adaptive immunity and antibody diversification during long-duration



missions.
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EFFECTS OF ALTERED GRAVITY ON HUMAN IPSC-DERIVED MOTOR
NEURONS: INTEGRATING MOLECULAR, MORPHOLOGICAL, AND AX-
ONAL TRANSPORT ANALYSES IN SPACEFLIGHT AND GROUND-BASED
MODELS

Sarah Schunk, sarah.schunk@dlr.de

DLR - Inst. of Aerospace Medicine, Cologne, Germany
Yannick Lichterfeld, yannick.lichterfeld@dlr.de

DLR - Inst. of Aerospace Medicine, Koln, Germany

Ilse Holbeck, ilsemarie.holbeck@dlr.de

German Aerospace Center, Cologne, Germany

Volker Busskamp, volker.busskamp@uni-bonn.de

University of Bonn, Bonn, Germany

Christian Liemersdorf, christian.liemersdorf@dlr.de
Deutsches Zentrum fiir Luft- und Raumfahrt, Kéln, Germany

INTRODUCTION

Astronauts face multiple health risks during both short- and long-duration spaceflight, with
microgravity and increased ionizing radiation posing significant threats to the musculoskeletal
and sensory-motor systems. Disturbances in motor function are frequently observed in astro-
nauts. Given the critical role of motor neurons in neuromuscular function, we investigated the
impact of altered gravity in key processes in motor neurons, e.g. cytoskeletal organization,
axonal transport, organelle activity, and synaptic plasticity.

METHODS

Human induced pluripotent stem cell (hiPSC)-derived motor neurons were exposed to hyper-
gravity and simulated microgravity using ground-based facilities at DLR Cologne, as well as
to real microgravity during MAPHEUS sounding rocket flights (MAPHEUS-13 -14). Live-
cell imaging was performed using the Hyperscope, a high-end fluorescence microscopy system
mounted on the DLR short-arm human centrifuge (SAHC), enabling real-time analysis of cy-
toskeletal dynamics, mitochondrial function, and calcium signaling under hypergravity up to 4g.
Axonal transport kinetics were quantified by fluorescent cargo tracking, allowing the assessment
of vesicle velocity, directionality, and frequency.

RESULTS

Hypergravity exposure induced a rapid reduction in actin-associated vesicle transport within
axons of motor neuron. Mean vesicle velocity decreased markedly compared to 1g baseline
conditions, with the strongest suppression observed immediately after acceleration to 2.25g.



Partial recovery of transport velocity occurred after prolonged centrifugation, indicating an
adaptive cellular response. After extended exposure, vesicle velocities approached baseline
levels, suggesting compensatory mechanisms that restore axonal transport efficiency despite
sustained hypergravity.

The overall motor neuron morphology was not altered following the exposure to both simulated
and real microgravity. Post-flight phase-contrast microscopy revealed no morphological differ-
ences between flight samples and ground controls, confirming sample integrity after fixation.

DISCUSSION

These findings demonstrate that altered gravity has immediate and profound effects on cytoskeleton-
dependent axonal transport in human motor neurons, followed by a time-dependent adaptive
response. The observed plasticity highlights the capacity of motor neurons to partially com-
pensate for altered mechanical loading, yet also underscores a vulnerable window during acute
exposure that may compromise neuronal maintenance and synaptic stability. To further char-
acterize these effects, samples are currently being analyzed for transcriptomic, proteomic al-
terations, as well as super-resolution imaging to reveal ultrastructural changes on the synaptic
level. The insights gained could inform strategies to preserve neuronal function in space, reduce
long-term neurodegenerative risks at the synaptic level, and guide the development of targeted
countermeasures to prevent synapse loss.
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COSMOCARD: CARDIAC ASSESSMENT AND REGULATION DEVICE FOR
SPACE EXPLORATION

Yann van Royen, yann.van.royen@ulb.be
Université Libre de Bruxelles, Herentals, Belgium
Chiara Risaliti, chiara.risalitiQunifi.it

Italy

Glenda Leggieri, glenda.leggieriQunifi.it
University of Firenze, Florence, Italy

SPHERE

Chiara Risaliti Glenda Leggieri

Prolonged space missions pose numerous health risks. Physiological adaptations include auto-
nomic dysregulation and post-flight orthostatic intolerance. Current non-exercise cardiovascular
countermeasures such as fluid loading, compression garments, and lower body negative pressure
are incompletely effective and require significant resources including real-time ground support.
Thus, proving the need for preventive, personalized and autonomous healthcare solutions that
can operate in delayed-communication, or Earth-independent environments.

COSMOCARD, a wearable, non-invasive device is designed to provide real-time cardiovascular
monitoring and vagus nerve stimulation compatible with spaceflight. As the vagus nerve is a
key regulator of parasympathetic cardiovascular control and baroreflex sensitivity, which are
both affected by microgravity, targeted neuromodulation may help restore autonomic balance
and mitigate orthostatic intolerance. By integrating a wearable sensor with machine learn-
ing algorithms, COSMOCARD detects early deviations in key cardiovascular parameters, such
as heart rate, heart rate variability, blood pressure and oxygen saturation, and initiates per-
sonalized neuromodulatory interventions before clinical symptoms arise. The system employs
non-invasive transcutaneous vagus nerve stimulation, with adaptive control allowing both up-
and down-regulation of vagal activity in response to detected deviations.

In addition to the technical design, the proposed framework outlines challenges related to
defining appropriate physiological ranges in microgravity, ensuring Al reliability, and vagus
nerve stimulation safety in space, and on Earth.

The COSMOCARD concept, developed by Team SPHERE (Université Libre de Bruxelles Uni-
versity of Florence) within the framework of the 19th Student Aerospace Challenge, as part
of the Medicine Work Package (WP4), is thus a novel, non-invasive strategy to support opti-
mized cardiovascular regulation in space that shifts from reactive treatment toward proactive,
personalized care.
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Gravity is one of the most stable and pervasive features of human experience. From birth,
the nervous system develops in an environment where gravitational acceleration is constant,
reliable, and predictable. This enduring regularity shapes behaviour. Yet gravity has rarely
been treated as a computational variable within models of brain function. Contemporary pre-
dictive processing theories propose that perception arises from a balance between incoming
sensory information and internal expectations about the world. On Earth, gravitational signals
conveyed by the vestibular system are exceptionally reliable, helping to stabilise perception.
Here, we propose that gravity functions as a foundational prior that anchors perception to the
external world. When gravitational input is disrupted, this stabilising influence weakens, in-
creasing reliance on internally generated predictions and making perception more unstable. To
investigate this idea, we adopted a multi-level approach combining neuroimaging evidence with
terrestrial analogues of microgravity and behavioural measures of perceptual instability. First,
we conducted a meta-analysis of functional MRI studies from spaceflight and validated ground-
based analogues. This analysis revealed a predominantly right-lateralised network involving
primary sensorimotor cortex, insula, and opercular regions - areas central to vestibular and
gravity processing. Systematic changes in these regions under altered gravity conditions suggest
large-scale recalibration of internal models that normally predict and compensate for gravity.
Building on this neural evidence, we examined whether disrupting vestibular-gravitational in-
put alters perception at the experiential level. Participants underwent a 60-minute flotation
tank immersion, a well-established method for simulating near-weightlessness by minimising
vestibular input. Following flotation, participants completed a task designed to elicit subtle
sensory hallucinations under ambiguous conditions. Simulated weightlessness reliably ampli-
fied illusory perceptual experiences. To confirm that these effects were specifically vestibular
in origin, we conducted a second experiment using artificial vestibular stimulation. Direct
perturbation of vestibular signals reproduced the same increase in illusory percepts observed
after flotation. Together, these findings provide the first experimental evidence that gravity
acts as a stabilising prior for perception, helping to maintain the boundary between external
reality and internally generated experience. Beyond their theoretical significance, these results
have important implications for human spaceflight, identifying a neurocognitive mechanism
through which microgravity may increase vulnerability to perceptual distortions, altered states
of consciousness, and psychotic-like experiences during long-duration missions.
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Introduction Long-duration spaceflight alters the otolith organs functions in the inner ear,
which on Earth detect gravity and other accelerations. In microgravity, the absence of Earth’s
gravitational reference leads to otolith deconditioning, manifested as reduced otolith-mediated
reflexes such as the ocular counter-roll (OCR). This deconditioning demands neuro-vestibular
adaptation to altered sensory environments and creates challenges in posture, balance, and spa-
tial orientation upon return to Earth. This study examines whether changes in OCR following
spaceflight correlate with changes in functional connectivity (FC) within the cortical vestibular
network in cosmonauts, and further characterizes brain network adaptations associated with mi-
crogravity exposure. Methods Fifteen Russian cosmonauts who completed 6-month missions on
the International Space Station underwent pre- and postflight MRI and vestibular assessments.
OCR measurements were obtained in the same cohort shortly before flight and within the first
days after return using off axis centrifugation. Resting-state functional MRI data were analyzed



using a seed-based connectivity approach with regions defined by a human vestibular cortical
atlas. Primary analyses investigated pre-to-postflight FC differences and correlations between
OCR changes and FC changes within vestibular seed regions. Results Cosmonauts exhibited in-
creased FC between the left cingulate sulcus (seed region) and regions including the anterior cin-
gulate cortex, superior parietal lobule, and thalamus. Decreased FC was observed between the
left parieto-insular vestibular cortex (OP2pIV C)astheseedandparietalregions, whileenhanced FCemergec



46th COSPAR Scientific Assembly 2026

Materials Sciences in Space (G)
29th ELGRA Symposium and General Assembly (G0.5)

A PULSATILE PHANTOM MODEL TO INVESTIGATE CEREBROSPINAL
PRESSURE DYNAMICS UNDER VARIABLE GRAVITY LEVELS

Célia Batonon, celia.batonon@gmail.com

Ecole des Mines de Saint-Etienne, Saint-Etienne, France
Heimiri Monnier, heimirim@gmail.com

CHIMERE INSERM UA21, Amiens, France

Léna Connesson, ena.connesson(at)etu.mines-ales.fr

IMT Mines Alés, Ramonville Saint Agne, France

Arnaud Gaubervile, arnaud.gauberville@Qetu.mines-ales.fr
IMT Mines Alés, Toulouse, France

Understanding cerebrospinal fluid (CSF) dynamics and intracranial pressure (ICP) regulation
under altered gravity remains a major challenge in space physiology. Direct ICP measurements
are invasive, while non-invasive imaging approaches provide only indirect estimates and are
mostly limited to supine conditions. Recent spaceflight and parabolic flight studies have re-
ported gravity-dependent modifications of ICP and cerebral venous drainage, with implications
for Spaceflight Associated Neuro-ocular Syndrome (SANS), although the underlying mecha-
nisms remain debated [1,2]. The MODEFONE project aims to develop a simplified physical
phantom of the cerebrospinal system capable of reproducing pulsatile pressure dynamics while
explicitly accounting for gravity effects. The primary objective is to investigate how grav-
ity level and orientation influence mean and pulsatile intracranial and spinal pressures during
parabolic flights.

The experimental setup consists of a water-filled craniospinal phantom coupled to a pulsatile
hydraulic circuit mimicking cardiac-induced cerebral blood volume variations. A deformable
spinal section introduces global system compliance, inspired by previous craniospinal phantom
models [3]. Pressure sensors placed in the cranial and spinal compartments allow synchronized
measurements. The device was operated during a 2025 CNES parabolic flight, providing re-
peated transitions between terrestrial gravity (1g), hypergravity (1.8g), and microgravity (0g),
and tested under different phantom orientations corresponding to supine and upright configu-
rations.

Under terrestrial gravity and hypergravity, results show that increasing phantom inclination
from supine to upright configurations leads to a decrease in mean ICP and a concomitant in-
crease in mean spinal pressure, consistent with hydrostatic effects. Under microgravity, mean
pressures become homogenized and largely independent of orientation, confirming the disap-
pearance of hydrostatic gradients. Analysis of pulsatile dynamics reveals a strong dependence
of pressure waveform amplitude and morphology on both gravity level and orientation. Hy-



pergravity amplifies intracranial pressure pulsatility, whereas microgravity induces attenuation
and waveform reorganization. The spinal compartment exhibits smoother pressure waveforms,
highlighting its damping role in the system. A qualitative comparison with human pressure
waveforms reported in the literature indicates that the phantom reproduces key morphological
features of physiological dynamics, including polyphasic intracranial pressure waveforms and
the smoothing effect of the spinal compartment [4,5|, while highlighting limitations related to
the absence of active physiological regulation.

MODEFONE provides an original experimental platform bridging numerical modeling and
human observations to investigate cerebrospinal pressure dynamics under variable gravity. It
represents a first step toward more advanced phantoms integrating venous regulation and ocular
compartments, with direct relevance for the study of SANS.

[1] Alperin N. et al. Role of cerebrospinal fluid in spaceflight-induced ocular changes and visual
impairment in astronauts. Radiology. 2017. [2] Lawley J.S. et al. Effect of gravity and microgravity
on intracranial pressure. The Journal of Physiology. 2017. [3] Bouzerar R. et al. Physical phantom of
craniospinal hydrodynamics. Acta Neurochirurgica Supplement. 2012. [4] Czosnyka M., Smielewski P.,
Timofeev 1., et al. Intracranial pressure: more than a number. Neurosurgical Focus. 2007. [5] Alperin
N., Bagci A.M., Oliu C.J., Lee S.H., Lam B.L. Role of cerebrospinal fluid in spaceflight-induced ocular

changes and visual impairment in astronauts. Radiology. 2017.
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Verticality refers to the ability to determine the direction of gravitational “up” and “down”.
Humans perceive the gravitational vertical with high precision, typically within approximately
two degrees of the physical gravity vector. This ability relies on the vestibular system, whose
inner-ear receptors encode gravitational acceleration. Vestibular signals are integrated with
other sensory cues to form an internal model of gravity that supports spatial orientation.
During spaceflight, however, the absence of gravity disrupts vestibular signalling, resulting in a
mismatch between incoming sensory information and this internal model. This sensory conflict
leads to impairments in verticality perception and spatial disorientation. One mechanism that
may support adaptation under such conditions is stochastic resonance, whereby the addition
of low-amplitude noise enhances the detectability of weak or unreliable sensory signals. In
the present study, we tested whether stochastic Galvanic Vestibular Stimulation (sGVS) could
enhance perceptual sensitivity under altered gravity conditions.

Simulated weightlessness was achieved using a robotic platform in the Orbital Robotics Lab
at the European Space Research and Technology Centre (ESTEC). Eighteen participants com-
pleted a Verticality Detection Task before, during, and after exposure to simulated weightless-
ness. In each phase, participants were presented with blocks of vertical and tilted lines and
made yes/no judgements as to whether the stimulus was vertical. Sensitivity (d) and post-
perceptual response bias were estimated. During task performance, participants received either
active sGVS or sham stimulation.



sGVS selectively enhanced perceptual sensitivity in the robotic platform condition, where grav-
itational signals were attenuated. Although a general learning effect was observed across con-
ditions, the improvement associated with sGVS was additive and exceeded practice-related
gains. No significant effects were observed on post-perceptual response bias, indicating that
sGVS specifically modulated sensory sensitivity rather than decision criteria.

These findings demonstrate that verticality perception is adaptable under altered gravity and
that vestibular stochastic resonance can enhance perceptual sensitivity when gravitational cues
are degraded. The results have implications for mitigating spatial disorientation during space-
flight and for the development of sensory countermeasures in other extreme environments.
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Long-duration spaceflight and subsequent re-entry on Earth induce profound sensorimotor
adaptations, with marked changes in balance, gait, and vestibular function. Recovery after
landing is a time-dependent, multilevel process involving peripheral vestibular signals, whole-
body motor control, and cortical multisensory processing. Most prior work has linked neu-
ral changes to behavioural performance using targeted, pairwise correlations. Here, we use a
multimodal, fully data-driven framework that does not assume in advance which behavioural
measures should map onto neural changes.

We analysed a unique longitudinal dataset collected before and after long-duration missions
aboard the International Space Station in a cohort of cosmonauts. Balance was assessed with



computerized dynamic posturography (n=16), gait with treadmill analysis (n=17), vestibu-
lar function with ocular counter-roll (OCR, n=18), and brain connectivity with fMRI dur-
ing plantar foot-sole pneumatic stimulation (n=11). Recovery trajectories were modelled with
mixed-effects models. Vestibular—postural associations were tested cross-modally (n=13). Mul-
tivariate neural-sensorimotor relationships were identified with ridge-regularized canonical cor-
relation analysis (rCCA, n=8), addressing strong multicollinearity and enabling integration of
heterogeneous gait and balance variables (different units and ranges) into a single sensorimotor
dataset.

Balance and gait showed longitudinal patterns consistent with the literature, but multimodal
analyses revealed a mechanism-specific picture. Shortly after landing, reduced OCR was selec-
tively associated with impaired balance in a vestibular-challenging condition (SOT4), indicating
an early otolith-related contribution to postural instability. This coupling differed by flight ex-
perience: multiple-time flyers showed smaller OCR reductions and better SOT4 performance
than first-time flyers. In contrast, rCCA identified a distinct cortical component: instability
during dynamic head-tilt conditions (SOT5m) covaried with reduced functional connectivity
within a parieto-insular—cerebellar network involved in multisensory integration and predictive
motor control.

Post-flight impairment is not a unitary “loss of balance” but reflects multiple, partially in-
dependent mechanisms unfolding over time: an early peripheral vestibular contribution and
a higher-level cortical multisensory contribution, which is engaged under demanding postural
tasks. In this work, we combined targeted vestibular—postural testing with multivariate integra-
tion of fMRI and multiple sensorimotor measures. This framework enables unbiased mapping
of structured vestibular, neural and sensorimotor relationships. Furthermore, it also supports
scalable analyses of multimodal spaceflight datasets, with potential relevance for vestibular and
balance disorders on Earth.
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Disgust is a core adaptive emotion that signals potential harm. Rapid recognition of disgust
in others provides critical information about environmental threats, enabling humans to avoid
pathogens, toxins or other hazards. This capacity is especially crucial in extreme or novel
environments, such as spaceflight. Efficient processing of disgust expressions not only protects
individual safety but also supports team cohesion, allowing crews to detect and respond to
threats collectively, which is essential for survival in high-stakes settings.

Disgust perception relies on a network of cortical regions that also receive and integrate grav-
itational information. Key regions include the posterior insula, anterior cingulate cortex and
temporo-parietal junction. By converging on these shared areas, gravity signals can influence
the brain’s processing of survival-relevant emotions. This integration ensures that humans can
evaluate environmental risks accurately and coordinate adaptive behavioural responses.

To examine how altered gravity affects disgust perception, participants completed a Disgust
Detection Task under two conditions: a gravity-incongruent head-down tilt (6° below the feet),
which disrupts normal vestibular-gravitational signalling by creating a mismatch between the
internal model of upright orientation and incoming vestibular otolith cues, and an upright,
gravity-congruent control condition. The task was designed to be challenging, using brief pre-
sentations of low-intensity disgust expressions from the Radboud Faces Database embedded
among neutral faces, requiring participants to detect subtle emotional cues under uncertain
conditions. Disgust sensitivity (d), reflecting the ability to discriminate disgust from neutral
expressions, and post-perceptual response bias (c¢) were quantified using Signal Detection The-
ory. Head-down tilt selectively reduced sensitivity to disgust, indicating a diminished ability to
detect subtle disgust cues under altered vestibular-gravity input, while response bias remained
unchanged.

These findings demonstrate that altered gravity signals can impair the detection of survival-
relevant emotional cues, such as disgust, by reducing perceptual sensitivity without affecting
decision bias. The results highlight the critical role of vestibular-gravity integration in support-
ing adaptive emotional and social processing, particularly in extreme or novel environments.
Understanding how adaptive emotions rely on gravity-dependent brain networks is essential for



designing countermeasures to maintain individual safety and effective team functioning during
spaceflight.



46th COSPAR Scientific Assembly 2026

Materials Sciences in Space (QG)
29th ELGRA Symposium and General Assembly (G0.5)

ALTERED GRAVITY IMPAIRS HUMAN COGNITIVE FLEXIBILITY: IMPLI-
CATIONS FOR DECISION-MAKING IN SPACEFLIGHT

Kavya Murali Parthasarathy, kmural02@student.bbk.ac.uk
Birkbeck University of London, Newport, United Kingdom
Elisa Raffaella Ferré, elisa.ferre@bbk.ac.uk

Birkbeck University of London, London, United Kingdom

Adaptation to extreme environments, such as spaceflight, relies critically on cognitive flexi-
bility, the ability to shift attention, modify behaviour in response to changing demands, and
adopt novel strategies. This capacity allows individuals to balance the exploitation of familiar
solutions with the exploration of new alternatives, a trade-off that is vital when errors can
have severe consequences. As astronaut Chris Hadfield has emphasized, “Most of the time you
only really get one try to do most of the critical stuff and the consequences are life or death.”
Despite its operational importance, little is known about how altered gravity affects cognitive
flexibility. Understanding these effects is essential for maintaining crew performance and safety
during long-duration space missions.

Cognitive flexibility depends on coordinated activity in the medial and lateral frontoparietal
networks, which support working memory, attentional control, and the inhibition of previously
relevant responses. Altered gravity may disrupt these processes by modifying sensory vestibular
inputs and the neural mechanisms that guide flexible behaviour. To investigate these effects,
thirty healthy adults completed the Hearts and Flowers Task under two conditions: upright
(gravity-congruent) and short-duration head-down bed rest on a tilting table (HDBR, gravity-
incongruent). The Hearts and Flowers Task is a validated measure of cognitive flexibility in
which participants respond to visual stimuli across three blocks: congruent trials (hearts), where
responses match the stimulus location; incongruent trials (flowers), which require inhibiting a
prepotent response and pressing the opposite side; and mixed trials, which randomly alternate
between hearts and flowers. Performance in the mixed block indexes cognitive flexibility, re-
quiring participants to switch flexibly between competing rules, while accuracy in the flower
block reflects inhibitory control. Both accuracy and reaction times were recorded.

Results revealed that participants were significantly less accurate in the mixed block during
HDBR compared to upright, indicating that altered gravitational signals selectively impair
cognitive flexibility. Reaction times did not differ between conditions. Performance in con-
gruent and incongruent blocks remained stable, indicating that the effects of altered gravity
are specific to flexible integration of competing rules rather than general inhibitory control or
simple stimulus-response mapping.

These findings demonstrate that altered gravity can directly compromise human cognitive flex-



ibility, highlighting a potential risk for decision-making in spaceflight. By diminishing the
accuracy of adaptive behaviour, altered gravitational inputs may challenge the reliable perfor-
mance of critical tasks, underscoring the need for targeted training and countermeasures to
support astronaut safety and operational effectiveness.
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The investigation of large-scale circulation in planetary atmospheres benefits from laboratory
experiments that faithfully reproduce the governing physical mechanisms. AtmoFlow is a novel
space-based experiment developed by the German Space Agency (DLR) as a national contribu-
tion to the European Space Agency’s SciSpack program. Conducted aboard the International
Space Station (ISS), the experiment examines geophysical fluid dynamics within a concentric
spherical shell, offering a controlled laboratory analogue of planetary atmospheres with realistic
forcing and boundary conditions.

AtmoFlow extends the GeoFlow I and II ISS missions, which focused on planetary interior
dynamics, by employing an optimized radius ratio of 0.7 and enhanced diagnostic capabilities.
Its scientific focus includes fundamental atmospheric processes such as Rossby and Kelvin waves,
as well as baroclinic instabilities, which play a central role in shaping large-scale circulation
and weather patterns on planets throughout the solar system.

Thermal forcing is imposed through equatorial heating and polar cooling, while planetary ro-
tation is emulated by rotating the spherical shell. A gravity-analogous radial body force is
generated using a central electric field, producing thermo-electrohydrodynamic convection via
the dielectrophoretic effect, which serves as an analogue to buoyancy-driven convection under
terrestrial gravity. The microgravity environment suppresses natural convection, enabling pre-
cise control of experimental parameters and access to flow regimes unattainable in ground-based
facilities.

The AtmoFlow experiment is being developed by Airbus in cooperation with Brandenburg
University of Technology Cottbus—Senftenberg and is funded by DLR. Following the successful
completion of Phases A through B2 between 2018 and 2022, the project has entered Phase C/D
of hardware development, with launch to the ISS planned for 2027. This presentation outlines
the scientific objectives, experimental design, and current development status, and highlights
the relevance of AtmoFlow for planetary climate studies and comparative atmospheric research.
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Context and objectives. Dielectrophoretic (DEP) force—driven convection is promising for
controlling heat transfer in dielectric fluids and becomes particularly relevant under micro-
gravity (ug) conditions, where Archimedean buoyancy is suppressed. A persistent challenge in
parabolic-flight campaigns is that the short ug window (about 22 s) often prevents observation
of the nonlinear saturation of TEHD modes, especially when pre-existing flow structures from
the preceding hypergravity phase set unfavorable initial conditions. Here, the influence of (i)
the initial flow state at instability onset under pg and (ii) the cell aspect ratio on the time
required for TEHD-induced flow structures to reach saturation is investigated.

Methods. Experiments were performed in a vertically aligned, differentially heated cylindrical
annulus (radius ratio n = r/ry = 0.5, gap width d = ro — 7y = 5 mm) filled with silicone oil
(Elbesil B2) and subjected to an AC electric potential at f = 200 Hz. Three interchangeable
cells with aspect ratios I' = H/d = 6,12,20 were tested at electric Rayleigh numbers L ~
1.3 x 10*-1.8 x 10%, where H denotes the cell height. Flow evolution was quantified using
multi-plane particle image velocimetry (PIV), focusing on the radial-azimuthal plane, and
complemented by direct heat-flux measurements from a circumferential heat-flux sensor on
the outer cylinder. To control initial conditions, an active mixing protocol was implemented
during the hypergravity 1.8¢ phase (mixing durations 0-15 s), thereby disrupting the natural
convective cell while maintaining the imposed temperature difference AT.

Key results. For the longest considered cell (I' = 20), mixing during the 1.8¢ phase enables
initialization close to the purely conductive state upon entering the pg stage; this, in turn,
allows flow saturation within the available ug time. Moreover, for the same flow parameters, no
saturation was observed in the cases with no mixing during the 1.8¢ phase. The findings further



indicate that saturation is achieved more rapidly during the ;g phase when mixing time at the
beginning of the 1.8¢g phase is reduced, leaving more time for radial thermal stratification to
develop before entering the pg phase. Measured saturation times show good agreement (within
O(1s)) with weakly nonlinear (Stuart-Landau) saturation-time predictions inferred from prior
long-duration pg experiments, supporting the validity of amplitude-equation modeling when
initial conditions approach the conductive base state. Geometry has a strong impact: [' = 12
exhibits delayed saturation compared to I' = 20, while I' = 6 shows no saturation within 22 s,
indicating that axial boundaries can substantially damp or postpone instability development.
Heat-flux measurements identify a conductive baseline immediately after ug onset and show a
subsequent enhancement correlated with instability growth, reaching up to roughly 2-2.5 times
the conductive reference by the end of the pg phase for the highest L in the long cell.

Implications. The proposed hypergravity-phase mixing strategy provides a practical route to
access the nonlinear saturated regime of TEHD convection in short-duration pg experiments and
yields design-relevant constraints (initialization + geometry) for electrically assisted thermal-
management devices intended for space applications.

Acknowledgements. The project “Dielektrophoretisch induzierte Konvektion (DEPIK)” is
supported by the BMWi via the space administration of the Deutsches Zentrum fiir Luft- und
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Context and objectives. Thermal convection of a dielectric fluid in a rectangular enclosed
cavity exposed to an alternating electric field was experimentally investigated under weightless
conditions. In a cavity with flat walls, the electric field remains uniform, resulting in a low
dielectrophoretic force that is generally insufficient to induce fluid motion. Introducing a peri-
odically profiled wall distorts the otherwise homogeneous electric field, thereby increasing the
dielectrophoretic force and intensifying fluid motion within the field.

During a parabolic flight campaign, experiments were conducted to enhance heat transfer by
replacing one of the cavity walls with a periodically profiled surface instead of a flat one. The
study involved experiments with four different shapes of one of the gap walls: two sinusoidal
and two triangular profiles, each implemented with two different profile periods. In contrast to
our previous studies, the present study implemented periodically profiled surfaces on one side
of the cavity while keeping the opposite side flat. The primary motivation was to emulate a
heat exchanger capable of cooling heated flat surfaces.

Methods. Experiments were conducted in a horizontally oriented, differentially heated rect-
angular cavity cell with an aspect ratio of I' = 20, filled with silicone oil (Elbesil B2). The
upper wall was heated to the temperature 7T}, and the lower wall cooled to T, establishing a
stable temperature difference AT = T), —T,. This setup created local variations in electric per-
mittivity, thereby enhancing the thermo-electro-hydrodynamic (TEHD) effect. A high-voltage
generator applied a sinusoidal voltage V() = V.sin(27ft) at a frequency of f = 200 Hz to
induce the dielectric force density.

The fluid motion in the gap was quantified using multiplane particle image velocimetry (PIV).
Two orthogonal setups were used: one with the laser sheet aligned vertically along the midplane



and another positioned horizontally within the upper third of the cavity height to visualise
plume structures. A heat flux sensor located on the gap outside, positioned in the coolant
chamber, was used to perform the heat flux measurements.

Key results. The results show that applying periodic profiled surfaces to one side of the
rectangular cavity in an alternating electric field effectively induces persistent vorticity in the
dielectric fluid. This is due to the misalignment between the temperature gradient vector and
the electric field, which subsequently triggers convective cells in the gap. This is achieved for
the minimum applied electric field during the micro-gravity phase. It was also established
that the convective cell strength depends on the applied electric field magnitude (F), profile
configuration, and profile period. Increasing E induces convective cells within the gap, thereby
enhancing heat flux. Sinusoidal profiles inhomogenize electrical field more effectively than
triangular ones, generating stronger convective cells. Finally, shorter profile periods (higher
profile count within the gap) produce more convective cells and greater heat flux, while longer
periods reduce both. Profile period, respectively the number of profiles within the confined
gap shows a direct correlation with the number of triggered convective cells: shorter periods
generate more cells, while longer periods produce fewer. This directly impacts heat flux, with
shorter periods enhancing transfer and longer ones reducing it.

Implications. Convective flow of dielectric fluids in enclosed rectangular cavities is of sig-
nificant scientific and technical interest. Investigating the onset, development, and behavior
of such flows and their dependence on forces such as gravity and dielectrophoresis provides
valuable insights into fluid motion. These findings can inform the modeling of heat transfer in
electronic cooling systems and aid studies of vortex dynamics and mixing in small-scale devices.

Keywords: Thermo-electro-hydrodynamics (TEHD), Induced convection, Microgravity (ng),
Dielectrophoretic force, Dielectric fluids, Parabolic flight, Particle Image Velocimetry (PIV),
Heat transfer.
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The Artemis programme has introduced a new era of space exploration that leads humanity
back to the Moon and in a second stage, to Mars. New life support as well as energy conversion
and storage technologies are required for these undertakings that operate reliably and continu-
ously in the harsh environments present on the lunar and Martian surfaces as resource resupplies
from Earth will be siginificantly restricted or not possible. Electrochemical devices for the pro-
duction and recycling of oxygen, hydrogen and carbon dioxide as well as water are hereby key,
although they suffer from inefficiencies and increased energy inputs in the reduced gravitational
environment present in space: due to the severely reduced buoyancy force, the gas-liquid phase
separation is impeded, i.e. produced gas bubbles adhere to the electrode surface and macrocon-
vectional processes are absent. Here, we will present recent advances in electrochemical water-
splitting and CO2(g) reduction in microgravity environment (10-6 g), generated for 9.2 s at
the Bremen Drop Tower, Bremen, Germany. By combining electrode surface-funcionalisations
with magnetically-induced convection, we show that (photo-)electrolytic oxygen and hydrogen
production as well as the reduction of gaseous carbon dioxide can be realised even in reduced
gravitational environments at terrestrial efficiencies. Moreover, we will discuss the sustainable
synthesis of more complex chemicals in this environment, providing a new application route for
photoelectrochemical devices that integrate the processes of light absorption, charge separation
and catalysis and thus, could contribute to a more lightweight and compact electrochemical
design for space exploration.
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Ultrasonic emulsification relies on acoustic cavitation to transfer energy across liquid-liquid
interfaces, enabling the formation of fine and stable emulsions in numerous terrestrial applica-
tions. Under normal gravity, buoyancy and hydrostatic pressure gradients strongly influence
cavitation bubble dynamics, interface topology, and droplet transport. In microgravity, these
gravity-driven mechanisms vanish, and emulsification is governed instead by capillarity, wet-
ting, viscous stresses, and confinement. This study investigates how the absence of gravity
modifies cavitation-driven emulsification mechanisms, with particular emphasis on the role of
interface organization and horn-interface interaction. Experiments were conducted during 87th
ESA parabolic flight campaign, providing repeated 22 s intervals of microgravity. Ultrasonic
cavitation was generated using a 26 kHz horn inserted into fully filled, confined cuvettes con-
taining water—silicone oil systems with varying phase ratios. High-speed visualization was
employed to directly observe cavitation cloud formation, interface deformation, jetting, bubble
fragmentation, and early-stage emulsion development. Terrestrial reference experiments were
used for qualitative comparison. Results show that microgravity fundamentally alters the ini-
tial configuration and dynamics of the oil-water interface. In the absence of buoyancy, phase
stratification is suppressed and the interface rapidly reorganizes into capillarity- and wetting-
dominated configurations, with oil preferentially coating the container walls and water forming
an interior domain. Cavitation bubbles do not rise relative to the liquid phases, leading to more
spatially distributed collapse events and modified flow structures. As a consequence, emulsifi-
cation pathways differ markedly from 1 g conditions: depending on the phase ratio and horn
position relative to the interface, emulsification may be delayed, intermittent, or, in favorable
configurations, highly efficient. In particular, configurations that ensure sustained interaction
between the cavitation zone and both liquid phases promote repeated interface disruption,
droplet breakup, and the formation of fine dispersions. These observations provide the first
direct experimental insight into ultrasonic emulsification under microgravity conditions. The
findings highlight the critical importance of interface topology, wetting, and confinement in the
absence of gravity and demonstrate that process parameters optimized for Earth cannot be
directly transferred to space environments. Beyond their fundamental relevance to multiphase
flow and cavitation physics, the results are directly applicable to future in-space manufactur-
ing, pharmaceutical processing, food systems, and life-support technologies, where controlled
emulsification may be required in reduced-gravity environments.
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Sloshing motion in microgravity is typically associated with weak natural damping and long
decay times, which can compromise propellant management and vehicle stability. We exper-
imentally investigate a mitigation strategy based on tuned moving baflles that dynamically
modify the internal flow field and disrupt the dominant sloshing modes. By adjusting position
and orientation, the baffles can be designed to intersect streamlines, restrict cross-tank mass
transfer, and promote viscous dissipation and localized fluid stagnation. A series of experiments
performed on the SHAKESPARE vibrating table evaluated the influence of projected height,
length, and placement on sloshing frequency and decay time. The results show that dynamically
tuned vertical baffle configurations provide the strongest attenuation, reducing decay times by
up to 80% relative to the uncontrolled case. The moving architecture allows adaptability
to different modes without significant mass or volume penalties. The findings demonstrate
that moving baffles can offer an efficient, lightweight solution for robust multi-modal sloshing
suppression in reduced-gravity environments.
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In microgravity, sloshing liquids experience low damping due to weak restoring forces and
their low natural frequency, leading to sustained motion that can interfere with propellant
management and vehicle stability. This work investigates complementary mitigation strategies
combining container design (geometry), passive baffles, and active thermocapillary control. The
shape of the tank affects the response frequency while passive baffles, either in fixed or moving
configurations, disrupt the base flow and increase the damping of sloshing motion. Parametric
analysis is used to identify key baffle design parameters, with optimized configurations capa-
ble of reducing decay times by up to 90% relative to the uncontrolled case. Supplemental
thermocapillary control can further increase damping with low control effort, enabling an effi-
cient hybrid passive—active solution. The results establish practical guidelines for lightweight,
adaptable tanks capable of robust sloshing mitigation in reduced-gravity environments.
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Phase-change processes such as sublimation and deposition on cold surfaces are fundamen-
tally controlled by coupled kinetics of heat and mass transport of a gas phase. According
to Hertz—Knudsen—Langmuir, the net sublimation flux depends on the difference between the
saturation vapor pressure at the surface and the actual partial pressure in the adjacent gas
phase [1,2]. Under terrestrial conditions, buoyancy-driven convection removes vapor from the
sublimation zone, maintaining a low local partial pressure and thereby sustaining sublimation
rates. In the absence of such convective transport in microgravity, the removal of vapor is
restricted to molecular diffusion, which can lead to higher vapor pressures near the interface
and a corresponding reduction in net sublimation flux. This regime further affects the spatial
distribution of the vapor concentration field and is expected to favour more homogeneous de-
position on cold surfaces compared to cases where convection is present. This study introduces
a controlled experimental setup designed to investigate the fundamental influence of gravity-
driven convective flows on sublimation and deposition dynamics using iodine as an information



carrier. Cylindrical containers are chosen to simplify the geometry which reduces boundary
effects and flow variations arising from containers shape. This facilitates direct comparison
between experimental results from both flight and ground models and theoretical models. The
properties of iodine allow clear optical intensity observations of the gas phase in the violet spec-
tral range with sublimation and deposition at moderate temperatures in the range of 60-150
°C. By varying the characteristic lengths of a total of three cylinders, the experiment examines
how diffusion-limited mass transport affects the spatial and temporal distribution of vapor.
Repeatable experiments at different temperatures ensure the study of temperature-dependent
changes in sublimation and deposition rates. The three evacuated glass cylinders, contain a
defined mass of iodine sealed under residual atmospheric pressure below 1 mbar. Iodine masses
are varied to achieve a maximum partial pressure of approx. 215 mbar at a temperature of
130°C in each container. Optical imaging and integrated sensors provide in-situ measurements
of temperature, gas phase evolution and deposition patterns. The flight experiment is sched-
uled for launch on a CubeSat platform in June 2026. Two identical ground reference setups
have been operated to provide a comprehensive baseline under terrestrial gravity. This enables
direct assessment of deviations induced by microgravity. These findings are meant to enhance
understanding of volatile handling processes for ISRU applications.

References: [1] Langmuir, Irving, The vapor pressure of metallic tungsten (1913) Physical
Review, 2 (5), pp. 329 - 342, DOI: 10.1103/PhysRev.2.329 [2] Gibbons, M.J., Garivalis, A.I.,
O’Shaughnessy, S.M., Robinson, A.J. DiMarco, P. (2024). Water droplet evaporation in varied
gravity and electric fields. npj Microgravity, 10, 52.
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We investigate the passive thermal control of lunar habitats combining optimized surface coat-
ings with phase change materials (PCMs). The proposed approach aims to mitigate the extreme
temperature variations experienced on the Moon and maintain a thermally stable environment
in the habitat interior, suitable for human life. Due to the absence of a dense atmosphere
and the reduced gravitational field, radiation and conduction are the main mechanism for heat
transfer. In accord to this, a simplified model depending on the thermo-physical properties of
regolith and the thermo-optical properties of the external habitat surface is proposed. From
this framework, scaling laws are derived to predict the mean interior temperature (and qual-
itative estimates of associated fluctuations) as a function of key dimensionless parameters:
radiative-to-conductive ratio, Fourier number, eclipse fraction, and time-dependent solar flux.
In dimensional form, these correlations map the expected mean interior temperature over exist-
ing coating databases, organized in the solar absorptivity—infrared emissivity plane, supporting
rapid thermal predesign. In addition, we analyze the integration of PCMs within the habitat
walls, exploiting the associated latent heat to damp thermal oscillations. Despite the reduced-
order nature of the model, the proposed methodology facilitates the preliminary selection of
coatings and materials, and serves as a starting point for a more detailed thermal design of
passively regulated lunar habitats.
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We experimentally investigate a novel concept for lunar habitat construction based on coaxial
additive manufacturing, using a customized 3D-printing nozzle capable of extruding shell-core
strands for smart multi-material fabrication. By combining materials with suitable thermo-
mechanical properties, this approach aims to design habitat structures that can withstand the
harsh lunar environment. The study focuses on the use of coaxial printing to passively mitigate
extreme thermal fluctuations (on the order of 100 K) associated with the lunar day-night cycle.
In line with In-Situ Resource Utilization (ISRU) strategies, a simulant of lunar regolith is used
as the shell material, providing structural support and environmental protection. The core ma-
terial is selected to regulate internal temperatures within a range suitable for human habitation.
We investigate the extrusion and stability of coaxial strands using (i) a regolith-based core and
(ii) a representative phase change material (PCM) to exploit latent heat for thermal buffering.
Cross-sections of the 3D-printed samples are introduced into a two-dimensional numerical model
to evaluate and compare the thermal response between coaxial and single-material strands. Re-
sults demonstrate the feasibility of coaxial additive manufacturing, supporting its potential as
a sustainable approach for thermally resilient lunar habitat construction.
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The development of thermally insulated construction materials from lunar regolith is essen-
tial for enabling sustainable surface habitats that must withstand extreme thermal cycling
between lunar day and night while relying on in-situ resource utilization (ISRU). This study
investigates alkali-activated regolith-based foams designed for integration into extrusion-based
additive manufacturing systems suitable for lunar surface construction. The internal foam
structure is expected to reduce the thermal conductivity of the material compared to the non-
foamed state. Particular emphasis is placed on the influence of sodium hydroxide molarity
and the dosage of chemical foaming agents (aluminum powder, and hydrogen peroxide) on re-
action kinetics, rheological evolution, pore formation, and mechanical stability. The alkaline
activator concentration governs dissolution processes and hardening behavior, influencing vis-
cosity, setting time, and the material’s capacity to retain and stabilize gas during expansion
and shaping. Aluminum powder and hydrogen peroxide generate gas through distinct chemical
pathways, resulting in differences in expansion dynamics and pore morphology. These effects
are evaluated in terms of gas evolution rate, pore distribution, and compatibility with layer
wise deposition, which are parameters strongly affected by gravity levels. Finally, controlled
chemical foaming is integrated into an extrusion-based 3D printing process to investigate pore
evolution and stability during fabrication.
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Reliable methods to handle and transport regolith and other granular materials are essential for
enabling in-situ space resources utilization (ISRU). Vibratory-based transport offers a promising
solution due to its low power consumption and high resistance to abrasive wear. However,
empirical studies into the impact of lunar gravity on these transport systems has been limited.
This work addresses the gap by utilizing parabolic flight experiments to investigate the transport
dynamics of various lunar regolith simulants under induced lunar gravity.

The study demonstrates that ballistic-type vibratory transport of lunar regolith simulants un-
der lunar gravity (0.16g) significantly increases their mean transport speed relative to terres-
trial gravity (1g). In the reduced-gravity environment, the transport speed becomes highly
dependent on particle size and morphology. Finer size fractions (100-150 pm) exhibited a
five-fold increase in transport speed, while coarser fractions (500-600 pm) exhibited a two-fold
increase in transport speed compared to terrestrial experiments. These results suggest that



reduced gravity unmasks material-specific transport behaviors that are normally suppressed
in 1g. Furthermore, irregularly shaped agglutinates compositions showed increased transport
speed compared to non-agglutinated simulants in lunar gravity. Since actual lunar regolith is
rich in agglutinates, vibrational transport appears to be an effective transport method in the
lunar environment.



46th COSPAR Scientific Assembly 2026

Materials Sciences in Space (G)
29th ELGRA Symposium and General Assembly (G0.5)

LOW-GRAVITY PERFORMANCE ASSESSMENT OF A CONTINUOUS LU-
NAR REGOLITH PARTICLE SIZE CLASSIFICATION SYSTEM

Xiaochen Zhang, xiaochen.zhang@list.lu

Luxembourg Institute of Science and Technology, Esch-sur-Alzette, Luxembourg
Alvaro A. Estupinan Donoso, alvaro.estupinan@esric.lu

Luxembourg Institute of Science and Technology, ESCH SUR ALZETTE, Luxembourg
Navid Aminnia, navid.aminnia@esric.lu

European Space Resources Innovation Centre (ESRIC), Esch-sur-Alzette, Luxembourg
Abhimanyu Shangbhag, abhimanyu.shanbhag@list.lu

European Space Resources Innovation Centre (ESRIC), Belvaux, Luxembourg

Joseph Dyson, joseph.dyson@esric.lu

University of Luxembourg, Luxembourg Institute of Science and Technology, European Space
Resources Innovation Centre (ESRIC), Esch-sur-Alzette, Luxembourg

Jarrett Dillenburger, jarrett.dillenburger@esric.lu

Luxembourg Institute of Science and Technology, Esch-sur-Alzette, Luxembourg
Kathryn Hadler, k.hadler@imperial.ac.uk

Imperial College London, London, United Kingdom

Particle size classification is a critical preparatory process for lunar regolith in-situ resource
utilization (ISRU), but most conventional techniques are significantly constrained by the lunar
surface environment and the complex regolith particle properties. To address this challenge,
we adapted a conical particle size classification system based on [1] and [2]| to evaluate its
suitability for lunar applications.

Through mathematical modelling and terrestrial laboratory experiments, we identified the ma-
jor parameters influencing system performance. To extend the study to reduced gravity, we
developed the PARTICLE (Performance Assessment of Regolith sortTing in Controlled Lunar-
like Environment) experiment for the European Space Agency’s (ESA) 88th parabolic flight
campaign, in which all parabolas were flown at lunar gravity levels.

The PARTICLE hardware comprised three conical particle separation modules arranged in two
enclosed racks. Two modules operated under controlled humidity, while the third module was
housed within a vacuum chamber to investigate the separation outcomes under both reduced
gravity and low-pressure conditions. Each module incorporated an automated particle handling
subsystem for dosing, feeding, separation, and fraction collection. During the lunar-gravity
phases, the modules were tested with different physical configurations, operational settings,
and lunar regolith simulant types. The resulting data will be compared with ground-based
experiments and discrete element method (DEM) simulations to assess system performance



and improve predictive modelling.

This work contributes new experimental evidence on dry, gravity-driven particle separation in
both terrestrial and lunar gravity settings. In addition, lessons learned from the development
and operation of PARTICLE are discussed. These insights help inform the design and execution
of future reduced-gravity studies involving granular material handling systems.
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Purdue 1 is the name of an historic spaceflight research mission presently scheduled for 2027.
There are numerous firsts in Purdue 1, including the first large researcher-operated sub-orbital
experiment, the first researcher-operated sub-orbital physical sciences experiment, the first
graduate student to perform their own thesis research in spaceflight, possibly the first sub-
orbital quantum experiment, and the first university-chartered spaceflight mission. The College
of Engineering at Purdue University is leading the way by flying one professor with his large
experiment, one graduate student with her large experiment, two additional large, automated
experiments, and three Purdue alumni who may be involved in smaller research tasks. This
crew will fly to sub-orbital space on the new Virgin Galactic Delta Class spacecraft.

The four large experiments, the size of a Shuttle Middeck Locker with mass up to 22kg, are
the Spaceflight Liquid Interactive Control Experiment (SLICE), the Human-tended Rotational
Slosh, a quantum technology experiment from Purdue and Infleqtion, and an automated chip-
manufacturing experiment. The three minutes of high-quality weightlessness are vital for these
experiments to meet their science and technology maturation goals.

SLICE studies the non-linear advance of a partially wetting liquid over solid surfaces to advance
spaceflight technology for applications like managing water in life support systems or plant-
growth systems during long duration spaceflight. SLICE is selected for funding by NASA’s
Flight Opportunities Program.

Human-tended Rotational Slosh measures damping rates for liquid propellant sloshing excited
by spacecraft rotational maneuvers. Good and poor wetting liquids in actual spaceflight tank
and propellant management vanes are investigated. This experiment is an improvement on an
automated experiment which was funded by NASA’s Flight Opportunities Program and flown
on Virgin Galactic’s G-7 mission in June 2024.

The automated quantum experiment examines laser-cooled neutral rubidium atoms at near-
absolute zero temperatures to measure a variety of parameters that are key to atom-based
quantum technology in microgravity. This is a step towards effective Quantum Positioning,
Navigation and Timing (Q-PNT) capabilities for future spaceflight missions.

The in-space chip manufacturing experiment is an automated experiment which explores a laser-
assist technique to deliver substantial energy during a fabrication process. This experiment aids
in enabling semiconductor and metal manufacturing in space.
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Combustion is one of the processes where gravity, or the lack thereof, has a major impact.
Therefore, a flame is a very suitable object to show the impact of gravitational changes. In this
“Candle” educational / demonstration project we want to exposed a flames of different candle
types to various gravity levels, from microgravity up to hyper-gravity, and analysed the flame
behaviour over this gravity continuum. The initial drive for this activity was to generate new
experimental data that can be used for education / training and outreach purposes since such
materials are not available to ESA at the moment. Applying the range of gravity fields onto the
combustion of a regular candle flame also shows the potential to use different platforms within
the ESA portfolio of ground-based research facilities. In addition to the microgravity data from
a parabolic flight, we exposed the flames, using exactly the same set-up, to hyper-gravity by
making use of the Large Diameter Centrifuge facility at ESA-ESTEC and, of course compared
all data to normal Earth gravity. In this work we are especially looking into changes in flame
shape, size and temperature by means of visual and infra red imaging.
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We introduce a laboratory set-up designed to support hands-on learning of conductive and
radiative heat transfer properties in aerospace engineering education. Developed within the
framework of experiential and project-based learning, the set-up enables students to experimen-
tally characterize the convective coefficient of a cooling fan and the thermo-optical properties of
aluminum plates with different surface coatings. A custom-built, LED-based radiation source
(the ESAT Sun simulator) and a calibrated temperature acquisition system are used to emu-
late and monitor radiative heating under controlled conditions. Simplified physical models are
developed for both the ESAT Sun simulator and the plates that capture the dominant thermal
dynamics via first-order energy balances. Results demonstrate good agreement between the
model predictions and observed temperatures, which supports the suitability of the set-up for
education. The proposed activities can strengthen student’s understanding of convective and
radiative heat transport in aerospace applications while also fostering skills in data analysis,
physical and numerical reasoning, and system-level thinking. Opportunities exist to expand the
material library, refine the physical modeling, and evaluate the long-term pedagogical impact
of the educational set-up.
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We explore the use of low-dimensional approximations based on Proper Orthogonal Decompo-
sition (POD) for data compression in order to enable real-time downlink of high-rate data via
low-rate telemetry. Two approaches are considered: one based on projection and a second one
based on interpolation via the Discrete Empirical Interpolation Method (DEIM). Both tech-
niques are examined in the context of the ISS experiment “Effect of Marangoni Convection on
Heat Transfer in Phase Change Materials" (MarPCM). The experiment will provide real-time
telemetry data and high-resolution images, which can be downlinked with a latency of tens of
minutes. The first technique consists of projecting experiment images onto a low-dimensional
space formed by the leading POD modes of a representative image database and downlinking
the associated projection amplitudes as real-time telemetry. Once these amplitudes are received
on ground, they can be used to (linearly) reconstruct the associated image(s) and improve the
real-time tracking of the experiment. The second technique, using DEIM, relies on downlink-
ing a limited set of pixel values, selected to ensure a well-conditioned interpolation problem.
Choosing between projection or interpolation involves a trade-off between computational cost
and reconstruction quality.



46th COSPAR Scientific Assembly 2026

Materials Sciences in Space (G)
29th ELGRA Symposium and General Assembly (G0.5)

ICE CUBES SERVICE: SUPPORTING MICROGRAVITY RESEARCH BEYOND
THE ISS

Miguel J. S. Ferreira, miguel.ferreira@spaceapplications.com
Space Applications Services, Sint-Stevens-Woluwe, Belgium
Luca Facciolati, luca.facciolati@Qspaceapplications.com
Space Applications Services, Sint-Stevens-Woluwe, Belgium
Andrei Sapera, andrei.sapera@spaceapplications.com

Space Applications Services, Sint-Stevens-Woluwe, Belgium
Leonardo Surdo, leonardo.surdo@spaceapplications.com
Space Applications Services, Sint-Stevens-Woluwe, Belgium
Mauro Ricci, mauro.ricci@spaceapplications.com

Space Applications Services, Sint-Stevens-Woluwe, Belgium

The ICE Cubes Service, established by Space Applications Services, provides scientists with
access to microgravity aboard the International Space Station (ISS) to conduct life and phys-
ical sciences research and technology demonstrations. Since 2018, it has supported a broad
scientific portfolio through an end-to-end mission implementation service encompassing feasi-
bility assessment, hardware development, certification, integration, sample transportation to
and from space, and in-orbit operations. The ICE Cubes Facility accommodates plug-and-play
Experiment Cubes within a sliding framework using standardized power and data communi-
cation interfaces, enabling automatization, while minimizing crew intervention and supporting
near-real-time data transmission for monitoring and control from ground.

In life sciences, the ICE Cubes Service has supported research on microbial growth and behavior
in microgravity, and organoid-based models to study disease mechanisms and accelerated age-
ing. More advanced tissue and disease modelling capabilities are now under development, with
applications relevant to biotechnology, biofabrication, and pharmaceutical RD. The service has
also supported research in the field of crystallization and material synthesis, which has con-
tributed to structural biology and drug discovery by leveraging the microgravity environment
to improve crystal quality. In the physical sciences, the service has facilitated investigations
of fluid instabilities, droplet dynamics, and other microgravity-driven phenomena, allowing
researchers to isolate gravitational effects that dominate under terrestrial conditions.

Looking toward the post-ISS future, the ICE Cubes Service is developing capabilities and
infrastructure to ensure scientific continuity across future orbital platforms, including commer-
cial low-Earth orbit destinations and autonomous free-flyer vehicles. These efforts reinforce
European capacity in space-based research, technology development, and education, while sup-
porting a smooth transition into the next generation of microgravity research platforms.
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Drop towers utilized for microgravity research have the advantage of high accessibility and
flexibility while providing excellent microgravity quality. The demand for higher repetition
rates without compromising microgravity quality is driving the development of innovative drop
tower concepts. In particular, guided platforms provide the added benefit of enabling partial-
gravity conditions.

The GraviTower demonstrates our next-generation drop tower system at ZARM, which makes
use of a rail-guided rope drive being able to perform up to 20 experiments per hour and provides
up to 2.5s in microgravity. Its technology is based on a commercial hydraulic winch system
that moves a rail-guided drag shield in a 16 m high tower, upwards and downwards. With its
novel and sophisticated Release-Caging-Mechanism (RCM), the actively driven GraviTower is
capable of controlling heavy drop tower capsules incl. experimental payload of up to 500 kg
with exceptional smoothness and precision. The RCM developed and patented by ZARM also
enables a fast and reliable decoupling as well as re-coupling of the experiment capsule inside
the drag shield. The GraviTower has been successfully in operation since 2022 with over 10,000
experimental runs and a wide range of research applications.

An advanced operation mode of the GraviTower enables measurements under partial-gravity
conditions. Therefore, the required force to generate partial-gravity levels is induced via the
drive without decupling the experiment from the slider, leading to noise levels in the range of
1072g.Severalexperimentcampaignsespeciallyexploiting Lunarand M artiang—level shavealreadybeencor
gravityconditions. T hosededicatedper formancemeasurementswithdi f ferentaccelerometertypesshallgit

With its innovative features, the GraviTower serves as an ideal platform for partial gravity
experiments, especially in the field of human exploration and planetary science. Furthermore,
its high repetition rates offer significant potential for big scientific data handling. Consequently,
the easily accessible and cost-efficient GraviTower platform has opened new possibilities for
ground-based microgravity as well as partial-gravity research.
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Long-duration missions to the Moon and Mars will require self-sustaining food production sys-
tems capable of delivering not only nutritional adequacy but also high sensory acceptability to
maintain crew wellbeing and prevent menu fatigue. This study developed a data-driven frame-
work integrating plant physiology, volatile profiling, and sensory perception of leafy greens
under simulated Earth and Space environments. Eighteen replicates of five leafy green species
were grown in robotic farms under three silicon (Si) treatments: control (low Si), medium
Si, and high Si applied as foliar potassium silicate. Plant volatiles were monitored using a
low-cost portable electronic nose (e-nose), while physiological parameters (stomatal conduc-
tance, total conductance, transpiration, and leaf vapour pressure) were measured using a Li-600
(LiCOR) system, and volatile aromatic compounds were analysed by GC-MS. Measurements
were conducted weekly (morning and afternoon) over four weeks, including baseline (week 0).
At harvest, sensory descriptors were evaluated by 12 trained panellists in immersive Earth and
Space-simulated environments, including a simulated microgravity position. Artificial neural
networks using e-nose outputs as inputs achieved 99% accuracy in classifying Si levels and
showed strong predictive accuracy (R > 0.90) and performance for physiological parameters,
volatile compounds, and intensity of sensory descriptors on Earth and space-simulated set-
tings, with no evidence of overfitting. These findings suggest the feasibility of integrating
non-destructive sensing technologies and artificial intelligence to link cultivation practices with
predicted sensory outcomes, enabling a circular, closed-loop system using digital twins in which
plant management can be dynamically adjusted to optimise both resource efficiency and astro-
naut acceptability during long-duration space missions.
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Astronauts on long-duration missions require foods that are both highly nutritious and palatable
to ensure adequate intake and wellbeing. Flaxseed oil, a plant-based source rich in essential fatty
acids, could support these nutritional needs; however, its sensory perception in space-relevant
conditions is unknown and must be evaluated to ensure astronauts acceptability. Five flaxseed
oil samples were tasted using bread as a carrier by 12 trained panellists in immersive rooms
simulating Earth and microgravity in space environments. Sensory sessions were conducted
using the BioSensory application, which presented the questionnaire and recorded panellists’
physiological and emotional responses via video. Samples were also analysed using a low-cost
electronic nose (e-nose), and the outputs were used to develop machine learning (ML) models
to predict sensory descriptor intensity in Earth and space-simulated environments. Principal
component analysis showed a clear separation between Earth and space-simulated conditions
along PC2. On Earth, samples were associated with perceived mouthfeel and aroma intensity,
while in the space-simulated environment, responses were related to physiological changes (heart
rate and blood pressure), positive emotions, and perceived sweetness. The machine learning
model showed very high predictive accuracy and performance (R = 0.99; b = 0.98) with no
signs of over- or underfitting. The results suggest that sensory perception of flaxseed oil is
influenced by environmental context, reinforcing the need for space-relevant food evaluation.
The proposed predictive model could support the development of digital twins for space foods,
enabling optimisation during pre-mission design and assisting astronauts with in-flight quality
monitoring and assurance.
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Introduction

Perchlorates are highly soluble soil and water pollutants that pose risks to human health but
also inhibit plant growth. On the Moon and Mars, organic-deficient regolith will represent
a fundamental challenge for crop growth, and Martian regolith also contains extremely high
concentrations of perchlorate salts (up to 1wt % Ca(ClO4)3 and Mg(ClOy4)s). How these stresses
might alter plant-microbe interactions in the rhizosphere has yet to be explored in detail.

Methods

Tomato (Solanum lycopersicum) and willow (Saliz spp.) were cultivated in P9 pots (n=9
plants per treatment) in a peat:vermiculite:sand (1:1:1) potting mix or with sand replaced by
regolith substrates (LHS-1 and MMS-1), and with Ca(ClOy4), at 0, 0.5 or 50 mg/pot. Plant
growth was measured and perchlorate fate determined using ion chromatography in roots,
shoots and leaves. Rhizosphere microbial communities were characterised using amplicon and
whole metagenome sequencing (WMS) and differential abundance analysis was assessed using
DESeq2, with compositional-aware methods (ANCOM-BC and ALDEx2) used as sensitivity
analyses.

Results

MMS-1 and LHS-1 did not significantly change the biomass of either tomato or willow after 6
weeks of growth. Tomato tolerated 0.5 mg/pot Ca(ClOy4) but 50 mg/pot induced mortality.



Conversely, willow tolerated 50 mg/pot Ca(ClO4)s with no significant decrease in biomass
production. The combined stress of regolith and perchlorate significantly decreased biomass
at 50 mg/pot, reducing mass relative to the no-perchlorate control by 6.02+£1.26 g (41%)
in tomato and 5.10+2.03 g (21%) in willow. Species-resolved (WMS) differential abundance
analyses of the rhizosphere microbiomes are ongoing, but a total of 4347 taxa were identified
across substrates, treatments and crops, including 1640 putative species. Differential abundance
analysis identified ~500 taxa that were significantly altered in relative abundance by substrate,
~1000 taxa by plant, but only <20 taxa significantly altered by perchlorate concentrations
(excluding lethal dose of perchlorate in tomato).

Discussion

Biomass responses to perchlorate indicated tolerance differences between tomato and willow.
The microbial community was substantially altered by regolith and by the presence of tomato
and willow, with the rhizosphere enriching known growth-promoting taxa. Regolith substrates
restructured the microbiome, showing a severely reduced diversity in LHS-1 and large shifts in
MMS-1. Perchlorate concentration induced small compositional changes in willow, suggesting
broad tolerance, potentially mediated by a subset of taxa with perchlorate-associated functions.
Taken together, the changes in plant-associated rhizospheric bacteria due to LHS-1 suggest long-
term negative implications for cultivation in lunar regolith, despite tolerance over the short-
term. Conversely, while high levels of perchlorates were toxic to tomato, productivity and
microbiome tolerance in willow suggest potential utility of non-food crops to enable Martian
cultivation.

Conclusion

High resolution analysis of plant-microbe dynamics under extreme soil substrates and contam-
ination helps inform future agricultural solutions for space but can also provide insight for
sustainable agriculture in challenging soils on Earth.
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The convective regime, which drives heat and mass transfer at the leaf surfaces, and thus
photosynthesis efficiency, has a strong influence on plant growth. This is particularly striking
in microgravity environments, where there is no buoyancy-driven convection. These physical



transfers can be studied without biological variability and stress-induced responses of real plants
using physical models of leaves mimicking in some cases stomatal-driven evaporation. This
presentation reports on three related experiments aiming at studying heat and mass transfer at
the surface of leaf replicas, on the ground, in parabolic flights, and in Low Earth Orbit (LEO).
The main research question is: how do the combined effects of microgravity, forced convection
and surface orientation influence heat transfer rates at the surface of a leaf replica? The ground
reference experiment was conducted in the MELISSA (Micro-Ecological Life-Support System
Alternative) Pilot Plant (MPP) Higher Plant Chamber (HPC) and provided baseline data
by evaluating thermal and evaporative responses of the replicas in steady state regime under
different air temperatures in Earth gravity. The parabolic flight experiment was conducted
aboard Novespace A310 plane through two CNES campaigns (6 flights total) and provided
successive micro- and hyper-gravity environments to study transient heat and mass transfer
regimes. The third experiment is being developed to run inside the ICE Cubes Facility and
should take place on the International Space Station (ISS) in 2027. This experiment will be
a follow-up of the two previous ones, providing steady-state data in microgravity. Results
from the ground and parabolic flight experiments showed that both airflow velocity and leaf
orientation have a significant influence on the leaf replica thermal response. On the ground,
inclined surfaces exhibited lower steady-state temperatures compared to horizontally aligned
ones, indicating enhanced convective cooling efficiency in the angled position. In the parabolic
flight experiment, the angled surface led to a lower temperature increase during the microgravity
phase and to a different ratio of convection-driven heat transfer to the total heat transfer,
and also to faster kinetics in evaporative settings. As expected, these results show that leaf
orientation can significantly influence the development of boundary layers and convective heat
exchange, affecting the plant’s ability to transfer mass and energy with its environment. In
LEQ, leaf surface temperatures are expected to be similar to those observed on the ground for
high air velocities (> 0.3 m/s); for low air velocities (< 0.15 m/s), the boundary layer on the
leaf replica is expected to be larger in microgravity than in 1g, translating into a significantly
higher surface temperature in LEO than the one in the ground experiment. These studies
provide a more precise modelling of physical processes at the leaf surface and will be coupled
with further biological models of plant growth. This work was funded by a doctoral fellowship
from CNES and the MELiSSA Foundation, and by ESA via the Reserve Pool of Activities
program.
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Since the completion of the International Space Station assembly by 2001, our labs have ex-
tensively used Arabidopsis meristems as model system to characterize cell growth and cell
proliferation balance in real (orbit, Matia et al, 2010) and simulated (by mechanical or mag-
netical levitation means, Manzano et al, 2013) microgravity. Particularly, two paradigms of
partial gravity (hardware or software induced) have been tested in a pioneering experiment
in 2018 (Manzano et al, 2018) using the Yuri (Airbus 2.0) 2-axis RPM. In this talk we will
summarize the achievements with a new facility available in Europe, U-grav, in which the same
plant model system have been used to get a fair comparison with the previous experiments per-
formed by our team in 2018. U-grav simulator is a 3-axis RPM in which particular attention
has been payed to provide a smooth brake system while maintaining the homogeneity of the 3D
distribution of the residual g. Dedicated hardware have been build to create modular culture
chambers for Petri dishes or small pods and white, red and blue LED systems are integrated
from the top and the side of the seedlings. Experiment profile is fully programable (in time
and intensity) for gravity and light, including partial g. Finally, we will present our portfolio
of simulation facilities available at CIB Margarita Salas (CSIC) in Spain including cell culture
and petri dishes clinostats and the new 3-axis rotating facility U-Grav. The southern Europe
research community interested into simulate microgravity on Earth can apply for simulation
time as a first step to prepare a flight experiment to be performed at orbital stations or the
Moon surface, and also as a complement to validate spaceflight experiments results.
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by MCIN/AEI /10.13039,/501100011033 and by ERDF/EU. We acknowledge also ESA fund-
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