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• New combustion technologies

• Rocket propellant

• Fluids in Microchannels

• Tools made of light
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The approach
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Why microgravity, why in the space



normal g µg

Why microgravity, why in the space



Pictures from  NASA 

A flame in the space

Why microgravity, why in the space



How to obtain 0-gravity



Our experimentation in µg

Experimentation in simplified boundary condition on simplified fluids: the key to link fundamental processes to real world



By NASA/Crew of STS-132

Microgravity Duration: months

Microgravity Level: 10-6 g

Experiments Number: 105

Aboard the ISS (International Space Station)



ICE-GA: un sostenitore molto speciale …



NOx and Soot formation

https://www.engineerlive.com/content/ecophysics R. He et al., Experimental Study on the Pyrolysis and Soot Formation Characteristics 
of JP-10 Jet Fuel. Energies 2022, 15, 938. https://doi.org/10.3390/en15030938



V. Undavalli et al., Recent advancements in sustainable aviation fuels, Progress in Aerospace Sciences, Volume 136, 2023, Doi: 
10.1016/j.paerosci.2022.100876.

Soot formation pathway



Yiguang Ju, Understanding cool flames and warm flames, Proceedings of the Combustion Institute, Volume 38, Issue 1, 2021, Pages 83-119, doi: 
10.1016/j.proci.2020.09.019.

Cool, Warm and Hot Flames: Chemical Kinetics



0.382 MPa

D. L. Dietrich, R. Calabria, P. Massoli, V. Nayagam & F. A. Williams (2017) Experimental Observations of the Low-Temperature Burning of 
Decane/Hexanol Droplets in Microgravity, Combustion Science and Technology, 189:3, 520-554, DOI: 10.1080/00102202.2016.1225730
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Sub-Orbital Spaceflight VSS Mission Virtute 1



Virgin Galactic Parabolic  Flight



Spaceport America, Las Cruces, New Mexico (USA)

Virgin Galactic Spaceport America



Sealed SDCCs 
(First Protection Level)

Sealed External Protection
(Second Protection Level)

Payload size compliant with 
the Middeck Locker NASA Unit

Auxiliary 
components

Payload structure

Autonomous: trigger, power supply, control electronics, etc.
Size MAX: 50cm*42cm*25cm
Weight MAX: 16 Kg



Detail of the fuel circuit and absorbent fabrics

Atmospheric Pressure Combustion Cell: internal body structure High Pressure Combustion Cell: central body and LEMO connectors (left);
view of the window flange (right)

Cell structure



Payload structure



Experimentation @ ZARM – ESA µg Drop Tower

• 3 cells for droplet combustion studies (2 for low-viscosity fuels; 1 for high-viscosity fuels )
• 1 cell for radiative heating of soft matter (micro/nano colloidal suspensions of liquid or solid

particles in a liquid matrix)
• Each cell is designed to perform a specific experiment on fuel droplets at a pressure of up to 30 

bars in normal or syntethic atmosphere
• The payload is fully automated and autonomous: a computer embedded in the payload manages 

the payload and all subsystem procedures and experiments
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Experimentation @ ZARM – ESA µg Drop Tower

Thermo-optical analysis 

Ultraviolet and 
infrared emissions 
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C6H14O – C10H22 – [Al2O3 np + C3H80]  – CTAB 

Thermofluidodynamics of Complex Fluids in µg



Puffing & Sputtering Microexplosion

Thermofluidodynamics of Complex Fluids in µg
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Microfluidic chip

Microfluidic systems in CubeSats

Role of microfluidics in aerospace applications

https://pubmed.ncbi.nlm.nih.gov/35497325/

Ramjet microchannel cooling



300 x 300 µm

600 x 600 µm

Property Water Oil

Density [kg/m3] 998 865

Cp [J/kg*K] 4185,5 1820

Thermal Conductivity [W/m*K] 0,6 0,105

Viscosity [kg/m*s] 0,01 0,052

Molecular Weight [kg/kmol] 18,02 869,16

- Belkadi, A., Tarlet, D., Montillet, A., Bellettre, J., & Massoli, P. (2016). Study of two impinging flow microsystems arranged in series. Application to emulsified biofuel 
production. Fuel, 170, 185-196.
- Ji, Y., Bellettre, J., Montillet, A., & Massoli, P. (2020). Fast oil-in-water emulsification in microchannel using head-on impinging configuration: Effect of swirl motion. 
International Journal of Multiphase Flow, 131, 103402.

Generation of micro suspensions liq/liq (W/O) in 
microchannels



Emulsification of water-in-oil (W/O) in microchannels: 
effect of diluition ratio 

w/o: 13%

w/o: 16%

w/o: 7,5%

w/o: 11%

w/o: 16,8%

w/o: 22,5%

Top View Side View - Outlet



Emulsification of water-in-oil (W/O) in microchannels: 
CFD Simulation – model definition

Software:  ANSYS Fluent 2024 R2 
Unsteady simulation – Timestep 1 μs 
Volume of Fluid (VOF)  method;   turbulence model: k –  SST

Type of mesh Mean Cell dimension Boundary Layer Number of cells

Starting mesh 25 µm 5 layers on 60 µm 1.08*106

Adaptive Mesh 
Refinement

Refinement – Phase Oil Volume Fraction Higher than 0.06

20 million cells



Emulsification of water-in-oil (W/O) in microchannels: 
Results of CFD simulations

w/o: 22,5%
Side View - Outlet



Isovolume – water in oil
Time: 0  5 ms
w/o: 22,5%

Emulsification of water-in-oil (W/O) in microchannels: 
Results of CFD simulations



• New combustion technologies

• Rocket propellant

• Fluids in Microchannels

• Tools made of light

Thermofluidodynamics of Complex Fluids in µg



The Tractor Beam: science or fiction?



Momentum vector analysis 

The Tractor Beam: force generation



Longitudinal Force: a pushing force Transversal Force: a restoring force

The Tractor Beam: forces analysis



Optical Tweezers: 2 beams forces analysis



Optical Tweezers : experimental system



Optical Tweezers : particles trapping

Particle of 90 µm trapped in the optical tweezers Two particles of 20 µm simultaneously trapped
in the optical tweezers
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The End

Dr. Patrizio Massoli
STEMS – CNR
patrizio.massoli@stems.cnr.it

…really it is the end !
Thank you for your attention …..


