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1.0 Abstract 
 
The 2005 Oregon State University Microgravity Flight Team is proposing a dual 
investigation of a prototypical nuclear space reactor with the Western Oregon University 
Microgravity Flight Team.  This physics feasibility test of the Zero-Criticality Rotating 
Fluidized Bed Reactor will be conducted in two phases; Alpha and Beta.  Alpha will be 
completed by the Oregon State University team while Western Oregon University will 
conduct the Beta Phase. 
 
Human space flight to Mars depends on the 
development of nuclear power as the primary 
means of propulsion.  This experiment will be 
the first microgravity test of a centrifugally 
controlled fluidized bed and therefore the 
reactor core response to various start-up and 
shut-down situations in microgravity.  
Recorded data from both phases will be 
analyzed with image processing software and 
used to correlate the microgravity tests with 
existing data.  These resulting correlations will 
be applied to a Monte Carlo N-Particle 
Transport Code model of the reactor’s neutron 
interactions.  This model will allow for further 
design and engineering of nuclear space 
propulsion systems.      Figure 1:  Core Vessel 
 

The integrated teams share the 
same experiment designator:  
qvi docent discit, (lat., “he who 
teaches, learns”) and include a 
Zero-G Educator in the flight 
manifest.  This previously 
created Oregon State University 
Microgravity Flight Team 
position mirrors NASA’s 
Educator Astronauts.  The Zero-
G Educators will deliver 
outreach demonstrations from 
the microgravity platform of the 
C-9B and coordinate and lead 
outreach activities with NASA-
Ames Aerospace Education 
Specialist Tony Leavitt. 

Figure 2:  0kRFBR Microgravity Test Assembly 
 

2.0 Test Objectives 
 
The Zero Criticality Rotating Fluidized Bed Reactor (0kRFBR) experimental program 
will investigate the operation of a half scale model of a gas space reactor.  In order to 
ensure a non-hazardous test, several parameters of the model have been changed.  The 
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model will run at standard ambient temperature, use relatively low pressure helium as the 
flow gas, and contain no radioactive fuel.   

 
Data collected and analyzed with a LabVIEW© virtual instrumentation system will be 
used to develop correlations between the microgravity tests and previous ground 
experiments.  Additionally, the data should confirm the feasibility of centrifugal fluidized 
beds for space applications.  The correlations will be used to generate a more accurate 
Monte Carlo N-Particle Transport Code model of the simulated reactor core power 
profile.     

 
3.0 Test Descr iption 
 

3.1 Exper imental Descr iption 
 
3.1.1 Overview 
 

The 0kRFBR experiment will be performed in two phases over two different flight 
weeks.  The OSUMFT will conduct the initial testing of reactor startup sequences during 
the alpha phase.  In addition to collecting data, the OSUMFT will also determine the 
optimal core spin velocity and mass flow rate of the gas.  During the beta phase (operated 
by the WOUMFT), these two variables will be used to quickly generate centrifugal 
fluidization to test the reactor shutdown sequences.  Each team will run tests with two 
different simulated fuel particles; 600 micron glass spheres and 850 micron placebo 
TRISO fuel particles.   

 
3.1.2 A-�  (OSUMFT): Reactor Star t-up 
 
The alpha phase will record the simulated fuel particle motion at reactor core start-up.  
Reactor start-up will be operated as follows: 
 

3.1.2.1 Condition 1 Sequence 
3.1.2.1.1 0g Achieved 
3.1.2.1.2 Gas Flow Initiated 
3.1.2.1.3 Core Spin Initiated 

 
3.1.2.2 Condition 2 Sequence 

3.1.2.2.1 0g Achieved 
3.1.2.2.2 Core Spin Initiated 
3.1.2.2.3 Gas Flow Initiated 

 
3.1.2.3 Condition 3 Sequence 

3.1.2.3.1 Core Spin Initiated 
3.1.2.3.2 0g Achieved 
3.1.2.3.3 Gas Flow Initiated 

 
 

3.1.3 B-�  (WOUMFT):  Reactor Shut-down 
 
The beta phase will record the simulated fuel particle motion at reactor core shut-down.  
The reactor will enter the 0g portion of the parabola with the core experiencing the 
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appropriate spin and gas flow values as determined by A-� .  Reactor shut-down will then 
be performed under the following conditions: 
 

3.1.3.1 Condition 4 Sequence 
3.1.3.1.1 0g Achieved 
3.1.3.1.2 Fluidization stabilized 
3.1.3.1.3 Core Spin Aborted 

 
3.1.3.2 Condition 5 Sequence 

3.1.3.2.1 0g Achieved 
3.1.3.2.2 Fluidization stabilized 
3.1.3.2.3 Gas Flow Aborted 

 
3.1.3.3 Condition 6 Sequence 

3.1.3.3.1 0g Achieved 
3.1.3.3.2 Fluidization stabilized  
3.1.3.3.3 Gas Flow and Core Spin Aborted 

 
 
4.0 Exper iment Background and Descr iption 
 

4.1 Rotating Fluidized Bed Reactor  
 

The Rotating Fluidized Bed Reactor (RFBR) design was initially formulated in 1960 [7].  
In 1973 the design was revised and further tested at Brookhaven National Laboratory, but 
was never flown in microgravity [9].   

 
The RFBR design was based on 
two basic engineering concepts:  
fluidization and centrifugal force.  
The design called for a high 
temperature gas reactor cooled 
with diatomic hydrogen [Figure 
3].  The core consisted of a 
perforated drum containing 
spherical nuclear fuel particles.  
The drum was spun at a high rate 
of speed and the combination of 
the high gas pressure and 
centrifugal force pushed the fuel 
particles into a critical formation 
along the walls of the drum.  The 
hydrogen coolant flowed through 
the plenum and into the core 
through the perforated walls, 
creating a cylindrical fluidized 
bed around the rotating axis. 
 
 

Figure 3:  Or iginal Rotating Fluidized Bed Reactor  



Oregon State University – Western Oregon University Microgravity Flight Team 
Physics Feasibility Test of a Zero-Criticality Rotating Fluidized Bed Space Reactor 

 

103 Memorial Union, Box 351 � Corvallis, Oregon � 97330 
microgravity@oregonstate.edu 

http://groups.engr.oregonstate.edu/microgravity 
 

 
The RFBR was conceptualized as a Nuclear Thermal Propulsion (NTP) system, meaning 
that the reactor’s primary purpose was to heat propellant to an exit temperature 
appropriate for an exhaust velocity.  (Nuclear Electric Propulsion (NEP) operates on the 
premise of converting all the fission heat to electrical power.)  The optimal reactor design 
was fueled by 233U and had about 90 kilo newtons of thrust and generated approximately 
1050 MW of power [9].   
 

4.2 Gas-Solid Fluidization and Centr ifugal Force  
 
Solid particles suspended in a gas or liquid are said to be fluidized.  This particle 
suspension is known as a fluidized bed.  Gas moving through the bed creates void spaces 
between the particles.  The flow rate of the gas can be altered to change the overall 
particle distribution density.  Increasing the flow rate widens the gaps and expanding the 
bed height.   
 

Fluidization conditions result from the forces 
acting on the fluidized particles.  This can be 
illustrated through a balance of the three 
characteristic forces [Figure2]; the 
gravitational force, Fg, the buoyancy force, Fb, 
and the drag force, Fd.  Fluidized beds 
operating in microgravity are not dependent 
on the gravitational or buoyancy forces.  A 
balance must exist for fluidization to occur, 
necessitating the substitution of artificial 
forces [14].   

 
 
Figure 2:  1-g Gas Par ticle Fluidization 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3:  Gas-Particle Fluidization and Centr ifugal Force 
 
OSUMFT 2001 successfully demonstrated that the force balance can be restored by 
utilizing the force of a non-uniform magnetic field, provided the particles are 
magnetically susceptible [2].  However, some particulates are unable to be magnetically 
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controlled due to experimental or material constraints.  Hence, the developments of the 
rotating fluidization drum, where a centrifugal force acting perpendicular to the bed 
height controls the bed. 
 

The high gas pressure and flow rate allow the denser particles to be separated from the 
gas centrifugally.  At standard pressure in microgravity, the floating particles would 
simply remain suspended in the center while the drum spun around the outside [14].   

 
4.3 Zero Cr iticality Rotating Fluidized Bed Reactor 
 

4.3.1 Zero Cr iticality  
 
0k designates that the experiment is a “zero criticality”  test.  Monitoring neutron reactions 
in fission reactors is of utmost importance since each interaction involves energy 
exchanges which determine the total power output.  A multiplication factor, k, is 
introduce to characterize the neutron interactions [6]: 
  
k �  # of neutrons in one generation / # of neutrons in preceding generation 
 
When k = 1, the reactor is said to be critical, and therefore sustaining a nuclear reaction.  
If k is less than 1, the reactor is subcritical, and if k is greater than 1, the reactor is 
supercritical.  Since no neutrons are being produced by the simulated fuel in the 
experiment, k will equal zero.   
 

4.3.2 Modifications from RFBR 
 
Several major design modifications of the original RFBR were made to ensure a safe 
testing environment. 
 

4.3.2.1 Simulated Fuel Par ticles 
 

The RFBR was originally designed to be fueled by 500 – 1000 micron diameter 233U fuel 
particles.  Since this is a zero criticality test, no nuclear fuel will be used.  Instead, the 
experiment will use two types of simulated fuel particles. 

 
500 micron quartz beads will be used to provide a direct reference to data from the 1-g 
tests previously executed.  Additional data will be generated by using placebo TRISO 
fuel particles.   
 
TRISO fuel particles were developed for use in Earth-based high temperature gas 
reactors.  These 850 micron particles consist of multiple layers of pyrolitic graphite and 
silicon carbide surrounding a plutonium core [Figure 4].  They are able to withstand 
extremely high temperature and pressure and retain fission products in the fuel material.  
Graphite is also an excellent moderator, meaning that it ªslowsº neutrons down very 
well.  Moderated neutrons have thermal energies, which generate fission better.  TRISO 
is on obvious precursor to fuels to be used in the RFBR.   
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Figure 4:  TRISO Fuel Diagram 
 
The simulated particles are identical in structure and composition, with a notable 
exception [Figure 5].  The plutonium core has been substituted with an equivalent 
density non-radioactive placebo. 

 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5:  TRISO placebo fuel particle 
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4.3.2.2 Coolant System  
 

The RFBR originally called for hydrogen to be used as a coolant and subsequent ground 
tests were run using nitrogen to simulate the flow gas.  Upon further consideration, 
helium may provide a viable alternate coolant.  
 
Hydrogen and helium are the most abundant elements in the universe, making them 
relatively easy to find.     
 
Since the OkRFBR would ideally couple to a plasma propulsion system, use of the 
coolant should be examined for plasma generation.  The lower ionization energy of 
hydrogen (1312.0 kJ/mol) compared to helium (2372.3 kJ/mol and 5250.5 kJ/mol) would 
generate a plasma more efficiently.  However, helium is a larger ion, which means it has 
a higher rotational energy.   
 
Helium is an inert gas and will not burn in the presence of oxygen.  For this reason, use 
of a helium-cooled reactor would provide an additional measure of safety during 
spacecraft launch in an oxygen rich environment (such as Earth).     

 
Given these considerations, the reconceived RFBR will be modeled with both helium and 
hydrogen coolant.  Therefore the 0kRFBR will use standard ambient temperature helium 
at (18 psig) for the experimental flow gas.     

 
4.3.2.3 Scale Considerations 
 

The RFBR was designed with an extremely small core diameter of 50 cm.  As a result, 
0kRFBR can easily be built on a 1:5 scale.   

 
4.4 RFBR / VASIMR Propulsion System 
 
An amalgamation of NTP and NEP, the new RFBR represents the next generation of 
nuclear space propulsion.  The new RFBR is designed to divert a portion of coolant to 
drive a high efficiency gas turbine providing the spacecraft' s electrical power.  The 
RFBR would also couple to a Variable Specific Impulse Magnetoplasma Rocket 
(VASIMR) providing spacecraft thrust control.   

 
VASIMR creates much larger power densities than similar previously developed 
neutralization while avoiding the associated complications such as exhaust beam 
neutralization in the ion engine, electrode corrosion in the Hall thruster, and charge-
exchange losses in the Lorenz-force accelerator [3].  
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Figure 6:  VASIMR Laboratory Exper iment 

 
VASIMR uses high efficiency helicon antenna (3) emitting high-frequency radio waves 
to ionize hydrogen or helium gas into a plasma [Figure 6].  Magnetic cells (4) confine 
the plasma and increase the plasma temperature.  An ion-cyclotron-resonance-heating 
antenna (5) provides additional heating through low-frequency radio waves to further 
energize the plasma.  The exhaust magnetically detaches from the rocket (6) to provide 
spacecraft propulsion [3]. 
 
This unique propulsion system advantageously combines high thrust at maximum power 
with variable specific impulse [3].  VASIMR can be throttled at constant power to 
provide continuous control of the velocity and direction of the spacecraft.  Mars transit 
times with a VASIMR propelled craft would be approximately 90 days as opposed to 8 
months with conventional chemical rockets [4].  VASIMR also has the capability to turn 
around in the necessity of an emergency abort where chemical rockets have a long engine 
burn, then coast to Mars.  The plasma rocket is currently under development at NASA-
JSC in the Advanced Space Propulsion Laboratory.   

 
The high voltage, low current plasma generator needs a power source.  Coupling 
VASIMR with a RFBR would provide pre-heated helium gas for the plasma and 
electrical power from the simultaneously driven turbine.  After revising the RFBR design 
with the microgravity flight data, a VASIMR / RFBR coupling will be modeled.  
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