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FLEX-ICE-GA
STICKER



• The critical point is in the fact that the 

chemical models have to be used in 

connection with very heavy CFD 

simulations

• Also for single component fuels, models 

with thousands reactions are used to 

describe the evolution of matter. This 

approach becomes impracticable when 

practical fuels with hundreds of 

compounds are investigated

• Surrogates are considered also for the 

evaporation phase to simplify the 

overall approach

• Lumped or reduced chemical schemes 

based on surrogate fuels are utilized to 

render acceptable the total 

computational cost.
Rationale: CFD and 

Chemical Kinetics



• Simplified fluid-dynamics, heat and mass 

transfer, to study the fundamental processes 

during heating and combustion of fuel 

droplets

• Simplified fuels, the surrogates, that well 

represent practical fuels in terms of 

composition, thermo-physical or combustion 

properties

– Decane: jet A fuel surrogate;

– 1-hexanol: renewable long chain alcohol 

for conventional fuel blends or co-
solvent for biodiesel mixtures;

– heptane and ethanol: light sooting and 

non sooting fuels

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

normal g

µg

Rationale: Why µg?



How to obtain 0-gravity

we can remove the effects of gravity on an object 

either by placing it in freefall or by recreating freefall 

conditions 



Call sign   Alpha, Station

Crew Fully crewed 6

Currently aboard 6 (Expedition 42)

Launch 1998

Launch pad   Baikonur 1/5 and 81/23

Kennedy LC-39

Mass approximately 450,000 kg

Length 72.8 m 

Width 108.5 m

Height ≈≈≈≈ 20 m 

Pressurised volume 837 m3 (21/3/2011)

Atmospheric pressure 101.3 kPa

Perigee 416 km 

Apogee 425 km 

Orbital inclination 51.64 degrees

Average speed 7.66 km/s (27,600 km/h)

Orbital period 92.84 minutes

Orbit epoch 15 November 2014

Days in orbit 5851  (27 November)

Days occupied 5138  (27 November)

Number of orbits 91478

Orbital decay 2 km/month

ISS Facts and Figures



Air & Water



GRC NASA 
2.2 seconds drop tower

• Microgravity Duration: 2.2 seconds 
• Free Fall Distance: 79 feet (24 m) 
• Gravitational Acceleration: < 0.001 g 
• Mean Deceleration: 15 g 
• Peak Deceleration: 30 g

Drop Tower



•The time between an application and 

performing an experiment is short.

• Excellent standard of microgravity, 

just 10-5 g is considered standard.

• 4.74 seconds or 9.48 seconds (with 

catapult: 30 g) of microgravity

•Access to the experiment shortly 

before and after the drop.

•Turnaround time is quick so several 

runs can be made in just a few days.

•There are minimal safety 

requirements.

•The cost is low compared to other 

microgravity platforms.

Drop Tower



or “vomit comets”parabolic flight aircraft

Parabolic flights



Sounding Rockets

100 Km ∼ end of 
atmosphere (traces)

end of µgstart of µg

• Provide between 3 and 13 minutes of microgravity.

• A good standard of microgravity (typically 10-4 g).

• A relatively quick access to flights (typically 1 – 2 years after approval).

• Simple safety standards.

• Direct involvement in developing and operating the experimental hardware.

• The possibility to actively control the experiment whilst in flight (telescience).

• Access to the experiment up to one hour before and by one hour after the flight.

• A wide range of ‘off the shelf’ experimental modules for commonly performed     

experiment types. 



NASA Project
Structure
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Destiny 
Racks



1616

MISSE-8 RRM-P2 STP-H3,

SCAN 

Testbed

SMILES, SEDA-AP

MAXI, MCE

HREP-HICO RAIDS

EXPOSE-R2 on Zvezda

External 
Workstations

Destiny



• Launched to ISS in Nov 2008 (Shuttle Endeavor)

• Operational since Mar 2009

• Multi-purpose facility for housing a range of 
fundamental science and spacecraft fire safety 
experiments

• CIR consists of:

– 90 liter combustion chamber

– Fuel Oxidizer Mixing Apparatus (FOMA)

– Passive Rack Acceleration System

• Experiment-specific hardware inserted into the 
CIR combustion chamber

– Multi-User Droplet Combustion Apparatus 
(MDCA)

• Flame Extinguishment Experiment (FLEX) is the 
first experiment

– Droplet combustion experiment

– FLEX-2

– FLEX-2J: NASA/JAXA/Nihon Univ./Yamaguchi 
Univ. collaboration

– FLEX-ICE-GA: NASA/ASI/Istituto Motori-CNR 
collaboration

The Combustion Integrated Rack (CIR)



• Provides capability to store, dispense 
and deploy free-floating and fiber-
supported droplets in microgravity.

• Fuel stored in two (crew-replaceable) 
syringe connected to the two fuel 
needles

• Ignition from two horizontally opposed 
hot-wire igniters

Multi-User Droplet Combustion Apparatus

(MDCA)



1. CIR FOMA operation to correct atmosphere

2. MDCA dispense fuel to needle tips

3. MDCA dispense droplet to appropriate size

4. Slowly ‘stretch’ droplet

5. Initiate auto-sequence

6. Rapidly retract needles

7. Igniters ON

8. Igniters OFF

9. Igniters retract

10.Data recording for a preset time

FLEX-600

Experiment Sequence



Experiment Diagnostics
Backlit view of droplet:

• Droplet size, soot shell dynamics, soot volume fraction

Flame luminosity filtered for OH* (308 nm)

• Flame size, relative intensity, flame dynamics

Color camera view of flame

• What the eye would see

• Flame size, flame dynamics, flame color (yellow, blue)

IR-filtered view of flame/fiber

• Estimate of flame temperature (for fiber-supported tests)

• Estimate of soot temperature (in combination with soot volume 
fraction)

Radiometric views of flame

• Wide band radiometer

• Narrow band looking specifically at H2O emission



• 4 – 10 Test points (droplet combustion tests 
per day)

• 1 or 2 ambient atmospheric conditions per 
test day

• Approximately 1-2 test day per week

• Real time experiment control at NASA GRC 
TSC

• Real-time audio/video feed to ASI/Istituto-
Motori

• Approximately 1 day required for data 
downlink

• Approximately 1 week for data 
decompression/formatting

• Collaborative data analysis between 
Istituto-Motori and NASA

• 1,5 months of experiment operations

• Schedule allows for modification of test 
matrix between test point days

• Examine parameter space of interest based 
on previous results

Experiment Methodology



… but are you ready to work with NASA as 
Associate Employer? …

56789101112



All experiment operations controlled at John H. Glenn Research 

Center (GRC) Telescience Support Center (TSC) Cleveland, Ohio. 

•Video/audio link to external PI

Experiment Operation

Istituto Motori – CNR, Napoli 30/7/2013 00:12



• Determination of fundamental combustion characteristics (burning rates; 

flame front as a function of time; droplet lifetimes) of blends 50%/50% vol

of n-decane/1-hexanol and 50%/50% vol of n-heptane/ethanol.

• Analysis of soot tendency of the blends in terms of soot volume fraction 

and soot temperature as a function of time

• Characterization of flame extinguishment as function of droplet diameter 

and ambient pressure and oxygen concentration.

• Evaluation of the stability of the blends and their ideal/non-ideal 

behavior.

• Formation of a database and comparison with experimental data at

normal gravity.

• Comparison of the experimental data with numerical models.

Expected Results

BUT ALSO

New Combustion Behaviors
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Thank you for your attention …..  

….. first part





the meeting at the headquarter of ASI

with the astronaut 

Luca Parmitano

after the return to Earth



Our first very impressive

PUBLICATION

with huge

IMPACT FACTOR

Mickey Mouse (in Italian: Topolino) 
n.3006 del 9 Luglio 2013



….. really it is the end !

Thank you for your attention …..

THE END




