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Why do we need Space Power?

Nuclear-Electric is power starved.

The specific mass of current space power solutions 
is too high to provide power to current electric 
propulsion.

VASIMR = 2.5 N/kWe. To get 0.01g acceleration, 
we need 10kg/kWe specific mass

This talk outlines how this is possible using a Dusty 
Plasma Fission Fragment Reactor.
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The Problem of Energy Conversion

185 Kwe/1MWth = 18% efficiency @1150K!

Must reject 82% energy as low-grade heat.



The Promise of 
DPFFRE

Since the dusty fuel 
does not need to 
maintain mechanical 
integrity, it doesn't 
limit the age of the 
reactor. 
It is also replaced 
frequently depending 
on burn rate, since 
charge state of dust 
depends on fissioning 
fuel, spent fuel will be 
expelled. 
Solves lifetime limit.



What is a dusty plasma?
Charged dust + plasma = a “plum pudding” Coulomb 

crystal, or as Cooper-pairs in BCS theory. Note 
surface tension & crystalline interaction.

   Iowa                     Auburn                      MSFC

Dusty plasmas are held together by electrical charges in a neutralizing fluid 
(plasma), as in the Iowa groups experimental work in dusty plasmas.
The plasma in turn may be influenced by magnetic fields, as in the Auburn 
groups current-stabilized levitation; or static magnetic fields (MSFC). 



Schematic of DPFFRE
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Direct Conversion of FF to Power

   This is a tested 
concept for 
converting FF 
to electricity 
without the 
need for a 
thermal cycle 
and Carnot 
efficiencies. FF 
efficiency 
>95% possible





IR to electricity conversion

http://dx.doi.org/10.1103/PhysRevLett.110.074801

Triple-photon 
conversion of 
IR laser pulse 
to electrons in 
typical FEL 
(free electron 
lasers). 
Efficiency only 
~2%, but could 
 rival SS 
thermoelectric 
devices.



Hot electron surface plasmon

Gold nanoparticles tuned to the wavelength of interest 
produce hot electrons. (Nature Photonics, 2014)





IR → Power converters HiT

Gold melts around 1200K, which permits these 
devices to operate close to the nuclear reactor. 
Neutron resistance is also high. 

Cooling for the converters is the hot temperature for 
a Brayton. So the IR converters act as an additional 
efficiency on top of the thermal. 

While theoretical efficiencies are quoted at 85%, we 
expect that a combined IR + Brayton will come in 
around 50% conversion efficiency.

The (TBD) weight optimization may favor pure IR.



Dusty Plasma Fission Fragment

Name eff Power-e 
kWe

Power-t 
kWt

Mass kg Radiat
ors kg

Kg/kWe

kilopower 15 10 80 1500 10 160

RTG Pu238 10 100 1.2 5000 1000 60

Brayton 20 1000 5000 10,000 400 10

DPFFR 50 424,000 628,000 Name 29,000 0.1

The overhead for DPFFR is steep, but the weight driver is radiators---
for the moderator! If YH works as a re-entrant moderator, we can raise 
the temperature and shrink the radiators to perhaps ½ the mass.









Mf/Mi Comparison Missions

\ loc
rocket

Grav 
Len 10yr

Oort Cld
30yr

Centauri
550yr

shuttle 1.2e4 e(2222) e(10666)

Xe Ion 72 2.69e43 2.9e208

FF 1.029 1.95 24

Fusion 1.021 1.65 11



Conclusions

Dusty Plasma Fission Fragment Reactors are capable of 
generating 10's to 100's of GWth because they 
radiatively self-cool. This makes the moderator 
radiators the mass driver of the system. 

The FF can be used to generate direct electrical power, 
which can increase surface power installations by a 
factor of 30 for the same size w/o moving parts.

The greatest mass after radiators of a DPFFR is the 
moderator. YH and ZrH have nice high temp. Do they 
permit re-entrant though? 


