









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













NIAC Spring Symposium



FFRE Powered Spacecraft 27March 2012 Robert Werka MSFC EV72 FY11 NIAC Fellow



NASA Innovative Advanced Concepts A program to support early studies of innovative, yet credible visionary concepts that could one day “change the possible” in aerospace



The FFRE A FISSION FRAGMENT ROCKET ENGINE THAT: Can Free Spacecraft From Today’s Propulsion Limitations • Far Less Propellant Than Chemical Or Nuclear Thermal • Far More Efficient Than Nuclear Electric • Far Safer: Charge Reactor In Space, Radioactivity Ejected



Has Highest Exhaust Velocity Possible Today • 10s To 100’s Lbs Of Continuous Thrust (Years) • Specific Impulse Above 500,000sec In A Practical Design



Powered Spacecraft Assessment Study Will Reveal The Attributes • • • • • •



Faster Travel More Payload Nearly Unlimited Electrical Power Greater Human Safety (Mission Travel, Maintenance) No Need For Vast Propellant Supply Close Coupled Nature Of The FFRE & Spacecraft



Principles of FFRE  Nanometer-sized, slightly critical Plutonium Carbide dust grains suspended and trapped in an electric field. The fission fragments, neutrons and gamma rays that result travel omni-directionally. The dust is radiatively cooled.  A cooled, deuterated polyethylene moderator reflects sufficient neutrons to keep reacting dust critical through use of control rods.  A cooled Carbon-Carbon heat shield reflects the dust infrared energy away from the moderator.  Cooled low temperature superconducting magnets direct fission fragments out of the reactor. However, many fragments collide instead with reactor components and the reacting dust, creating heat.  Electricity is generated from heat shield coolant using a Brayton Cycle power system  The hole in the reactor allows escape of much of the heat. The escaping fission fragments, whose velocity is reduced by collisions from 3.4% to 1.7% light-speed, create thrust.



Fission Fragment Thrust at 1.7% Light Speed



FFRE History



Grassmere Dynamics, LLC The Company • Engineering & Consulting • 40 Years Of Combined Experience In Engineering Design, Materials, Testing & Quality Assurance. • Specialty Modeling Skills: • Computational Fluid Dynamics (CFD) • Magneto Hydrodynamic Plasma (MHD) • Nuclear (Radiation, Reactor Design & Performance) • Optical



3D Simulation Of Tokomak Nuclear Fusion Reactor Magnetically Confined Plasma Using Grassmere Developed Code



Study Groundrules



Study Plan



Schedule



Forward Work



FFRE Design Status Revised FFRE Designs



Base FFRE Design Nozzle Beam Straightening Coils



Moderator Heat Shield Reacting Dusty Plasma Cloud



Superconductors



Attributes:  



Generation 1



Ellipsoid Moderator Ring Magnets



Assessment:  5.4 m Ø



 0.8 m Moderator







2.8 m



Reduced heat load so less Spacecraft radiator mass Complex Shape Moderator Thrust & Isp unchanged



11.5 m



Master Equip List Mass incl 30% MGA FFRE System Total, mT



113.4



Distribution Total R eactor P ow er



(MW) 1,000



Neutrons (30% to FFRE)



24.2



Nozzle



6.4



Gammas (5% to FFRE)



95.6



Magnetic Mirror



28.6



Other



70.2



Exit Field Coil



11.1



Thermal (IR)



699



Moderator



51.2



Jet Power



111



Moderator Heat Shield



0.1



Control DrumSystem



0.7



Thrust



43 N (9.7 lbf)



Electrostatic Collector



0.3



Exit Velocity



5170 km/s



Dust Injector



7.2



Specific Impulse



527,000 s



ShadowShield



7.8



Mass Flow



0.008 gm/s



Performance



Attributes:  



Generation 2



Dual Paraboloid Moderator Ring Magnets



Assessment: 



  



Reduced heat load so less Spacecraft radiator mass Complex shape moderator, difficult to support & cool, weighs more Thrust: 2X (86 N, 19 lbf) Isp unchanged (527,000 s)



Spacecraft Concept Overview 60 mT Crew Fwd RCS Habitat & Exploration Payload Equipment Avionics Radiators



Low Temp (SuperConducting Magnet) Radiators Med Temp (Moderator) Radiators High Temp (Moderator Heat Shield) Radiators



Aft RCS



Brayton Cycle Generators FFRE Magnetic Nozzle



Triangular Structure FFRE Nuclear Propellant Shadow Tank Shield



FFRE Reactor



Spacecraft Performance (First FFRE / Spacecraft Assessment) Lunar Orbit



Earth



Earth L1



Earth Escape From L1



Spacecraft is acceleration limited



Jupiter



Interplanetary



Isp



Jupiter / Callisto Capture



Performance Trades Effect on Mission Of Adding an “Afterburner “ to FFRE Design



Effect on Mission Of nd 2 Generation FFRE Design FFRE



FFRE



 Thrust: 2X (86N)  Isp: 527,000s



Spacecraft  Assumed no change (conservative)



Mission  ~8 years round trip  Spiral out and in times halved  Small coast period in interplanetary flight  Propellant: ~4 mT nuclear



 Fission fragments accelerate an inert gas added to nozzle via friction, adding thrust & decreasing specific impulse  Thrust: 430N, Isp: 52,700s (notional)



Spacecraft  Added “propellant” and tankage



Mission    



~6 years round trip From Earth: 4 days, Into Jupiter: 40 days Interplanetary Coast: 950days Propellant: 0.3mT nuclear, 22mT gas



Jupiter



Coast



Earth



Jupiter



Thrust



Coast



Earth Thrust



Spacecraft Comparison What Is Learned So Far



HOPE 4.5yrs?



8-16 yrs



 A FFRE is credible – ordinary engineering, ordinary physics. NO MIRACLES.  A FFRE-propelled spacecraft is game changing to travel in space. A spacecraft with a heavy payload can depart for and return from many solar system destinations. NO REASSEMBLY REQUIRED.  Our first constructs of a FFRE are grossly inefficient. We are like a Ford Model T engine. Only a few ways of improving performance of the FFRE and spacecraft have been considered.



THERE’S MUCH WORK TO DO.



























[image: SpiderFab - NASA]
SpiderFab - NASA












[image: SpiderFab - NASA]
SpiderFab - NASA












[image: NanoTHOR - NASA]
NanoTHOR - NASA












[image: TA03 - NASA]
TA03 - NASA












[image: TA03 - NASA]
TA03 - NASA












[image: NanoTHOR - NASA]
NanoTHOR - NASA












[image: 2014 NIAC Symposium - NASA]
2014 NIAC Symposium - NASA












[image: Entry Checklist - NASA]
Entry Checklist - NASA












[image: 2014 NIAC Symposium - NASA]
2014 NIAC Symposium - NASA












[image: Solar Probe Plus - NASA]
Solar Probe Plus - NASA












[image: Solar Probe Plus - NASA]
Solar Probe Plus - NASA












[image: Entry Checklist - NASA]
Entry Checklist - NASA












[image: Powered by Educational Forum * www.ednforum.com]
Powered by Educational Forum * www.ednforum.com












[image: Powered by Educational Forum * www.ednforum.com]
Powered by Educational Forum * www.ednforum.com












[image: Powered by Educational Forum * www.ednforum.in]
Powered by Educational Forum * www.ednforum.in












[image: Roundup - Johnson Space Center - NASA]
Roundup - Johnson Space Center - NASA












[image: Roundup - Johnson Space Center - NASA]
Roundup - Johnson Space Center - NASA












[image: nasa tech brief]
nasa tech brief












[image: NASA-Indoor-Plants.pdf]
NASA-Indoor-Plants.pdf












[image: Powered by Educational Forum * www.ednforum.com]
Powered by Educational Forum * www.ednforum.com












[image: solar powered air conditioner pdf]
solar powered air conditioner pdf












[image: Spacecraft Attitude Stabilization using Magnetorquers ...]
Spacecraft Attitude Stabilization using Magnetorquers ...















FFRE Powered Spacecraft - NASA






Mar 27, 2012 - Nanometer-sized, slightly critical Plutonium Carbide dust grains suspended and trapped in an electric field. The fission fragments, neutrons and ... 






 Download PDF 



















 2MB Sizes
 3 Downloads
 332 Views








 Report























Recommend Documents







[image: alt]





SpiderFab - NASA 

Jul 8, 2013 - tion of a starshade can provide a ten-â€�fold increase in the number of Earth-â€�like ...... a sparse structure in 3D like a spider spins its web, or build up a solid structure in ..... tenna or starshade onto a host satellite bus. ....














[image: alt]





SpiderFab - NASA 

Jul 8, 2013 - necessitate pre-â€�heating of the joint surfaces prior to beginning to deposit .... The vision that has motivated this effort is that of creating a satellite 'chrysalis', com-â€� ... vides a notional illustration of the value proposi-â€














[image: alt]





NanoTHOR - NASA 

Jul 8, 2013 - bital energy from an upper stage in geostationary transfer orbit in order to boost ... of the component technologies required for NanoTHOR indicate that the .... 2.2.3 Required)Winching)Rate,)Tension,)and)Power). ...... NanoTHOR,!we!hav














[image: alt]





TA03 - NASA 

2.2.1.5. Fission. TA03-11. 2.2.1.6. Fusion. TA03-12. 2.2.2. Energy Storage. TA03-14. 2.2.2.1. Batteries ..... chemical, solar and nuclear sources, as well as energy ...














[image: alt]





TA03 - NASA 

2.2.1.5. Fission. TA03-11. 2.2.1.6. Fusion. TA03-12. 2.2.2. Energy Storage. TA03-14. 2.2.2.1. Batteries ..... chemical, solar and nuclear sources, as well as energy ...














[image: alt]





NanoTHOR - NASA 

Jul 8, 2013 - of the component technologies required for NanoTHOR indicate that the ...... !tether!is!rotating!at!over!8!degrees!per!second,!or!one!revolution!














[image: alt]





2014 NIAC Symposium - NASA 

Feb 4, 2014 - 1:30. Thomas Prettyman, Planetary Science Institute, 2013 Phase I ... purchased and ran a pet store for some years, then acquired a degree in Russian ... Sciences Division, making him NASA's senior computer scientist.














[image: alt]





Entry Checklist - NASA 

Apr 24, 2002 - Additional distribution of this book for official use must be requested in writing to DO3/FDF Manager. The request must include justification and ...














[image: alt]





2014 NIAC Symposium - NASA 

Feb 4, 2014 - Raised on an apple orchard in Indiana, he left home at 14. ... and Software Engineering, including the books Artificial Intelligence: A Modern ...














[image: alt]





Solar Probe Plus - NASA 

2. Solar Probe+: Science Objectives and Measurements Requirements . ..... in the 1940s by the discovery of the corona's million-degree temperature and in the .... ing these ~7 years, Solar Probe+ will spend a total of 961 hours inside 20 RS, ...... 2














[image: alt]





Solar Probe Plus - NASA 

Solar Probe Science and Technology Definition Team ...... provide, as part of its education and public outreach component, for the participation of ...... 616, L171.














[image: alt]





Entry Checklist - NASA 

Apr 24, 2002 - Replace this page with page(s) from Flight Supplement ...... SINGLE APU START (Attempt two APUs). R2 ...... Green Apple â€“ PULL. MS.














[image: alt]





Powered by Educational Forum * www.ednforum.com 

Page 1. www.ednforum.com.














[image: alt]





Powered by Educational Forum * www.ednforum.com 

Page 1. www.ednforum.com.














[image: alt]





Powered by Educational Forum * www.ednforum.in 

Dec 2, 2012 - Illdepartment has issued a clariï¬�cation on the orders of G.O.Ms.No.'35 Education [services -l| department dt.27.05/2005 with regard to second ...














[image: alt]





Roundup - Johnson Space Center - NASA 

Even a Category 1 hurricane can frighten young children, and that's not a memory ... the year. You may be able to put up with the heat and humidity, but children and pets will ..... of the hands-on skills and abilities needed to be successful in tech














[image: alt]





Roundup - Johnson Space Center - NASA 

31 May 2012 - National Aeronautics and Space Administration. LYNDON ... Aerospace Scholars projects reach 10-year milestone; and National Lab Education Project ..... said Regina Blue, the JSC External Relations Office's integration manager for space 














[image: alt]





nasa tech brief 

NASA Tech Briefs are issued to summarize specific innovations derived from the U.S. space program, to encourage their commercial ... Addition of Solid Oxidizer Increases Liquid Fuel Specific Impulse. The problem: Hydrazine and ... Ibm for standard an














[image: alt]





NASA-Indoor-Plants.pdf 

Connect more apps... Try one of the apps below to open or edit this item. NASA-Indoor-Plants.pdf. NASA-Indoor-Plants.pdf. Open. Extract. Open with. Sign In.














[image: alt]





Powered by Educational Forum * www.ednforum.com 

Aug 2, 2016 - matter accordingly. 4. Copy of this order is available on Internet and can be accessed at ... SF/SCs (Shadow file No.31022/5/A1/HR-II/2016).














[image: alt]





solar powered air conditioner pdf 

Download. Connect more apps... Try one of the apps below to open or edit this item. solar powered air conditioner pdf. solar powered air conditioner pdf. Open.














[image: alt]





Spacecraft Attitude Stabilization using Magnetorquers ... 

Jan 5, 2016 - Let Bi be the geomagnetic field at spacecraft expressed in inertial frame Fi. .... In order to simplify forthcoming expressions let us define âˆ†.


























×
Report FFRE Powered Spacecraft - NASA





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















