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Research Objectives

« Develop a new generation of fission-based heat and
radiation sources.

* To be accomplished by

— pushing promising new technologies in the areas of ceramics,
graphite foams and coatings, and composite materials;

— adapting lessons learned from previous research in advanced
reactor design.
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Design Philosophy

Reactor viewed as a Modular Source of Heat (and/or Neutrons & g-rays) to a
larger System.

Transfer of Heat to the reactor’s boundaries by Conductive Heat Transfer. No
fluids involved.

Operation will be Application Independent: The Reactor’s Inherent
Temperature Reactivity Coefficient will Adapt Heat Generation to the
Variations in Heat Flow Through its boundaries.

Transfer of Heat from the reactor’s boundary will be the responsibility of the
end process application.



Design Approach

Solid Core made of Carbon coated pellets of U-235 embedded in
Graphitized Carbon Foam. T

Main goal of Carbon is not neutron moderation. Carbon in the pellets is
for fission product containment, and in the core for structural support and
heat transfer.

Carbon Foam density and fuel enrichment optimized for negative
reactivity feedback with temperature.

Neutron Spectra in the Fast/Epithermal region.

Operating mean temperatures in the 60°C -> 1000+°C region (depending
on the application)
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Inherent Safety core design techniques adapted to the normal load-

Technologies Involved

following operation of the reactor.

Advanced pelletized fuels developed for Gas-Cooled reactors.

High Conductive Heat Transfer Coefficient materials such as ORNL’s new
Graphitized Carbon Foams.

High Temperature structural materials like graphites, ceramics, and

tungsten.
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Demand Driven

Simulated response of expected behavior to a 10% increase in Heat Flux out of the core
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High Thermal Conductivity Carbon Foams

*Based on fabrication technique developed at Oak Ridge National Laboratory.
- Raw material is 100% mesophase pitch graphite

* The thermal conductivity of perfect s1ngle crystal graphite is as high as 2,000* W/m/K along
the crystallographic basal planes (copper’s is 400* W/m/K). J gjf%“

g /Jmi’/ e

*ORNL’s foam is of open microcell structure:

- The cell walls are made of oriented graphitic planes. Their thermal conductivity is estimated
to be above 1500* W/m/K. The foam’s overall thermal conductivity is greater than 180* W/m/K

- Specific conductivity 1s* 6 times greater than that of copper and 5 times that of aluminum.
- Large specific surface area (>4 m?/g)

- Withstands temperatures as high as 3000°C.

* at room temperature (20 °C )

Density 0.58 g/cm?®

Interlayer Spacing (dyp,)  0.3355 nm

Stacking Height (L ,4,0) 80 nm

Coherence Length (L, 40, 20 nm

Thermal Conductivity up to 187 W/m/K

Specific Conductivity up to 322 (copper = 45) W/im/K
Compressive Strength up to 3.4 MPa
Compressive Modulus up to 144 MPa
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Thermal Conductivity [W/mK]

Thermal Conductivity of Materials
Decreases with Temperature and Irradiation
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Possible Applications

Steam Generation '
MHD Electricity Generation @ ;

Thermoelectric Generation

Isotope Generation and Disposition
H2 Generation e
Space Propulsion b

Space Habitat Heating @

Remote Communications and Beacon Stations



Summary of Characteristics

Passively self-controlled without moving parts.

Standby temperature below the mechanical limits.

generation.
When heat removal stops the internal temperature will increase to the standby

temperature at which the nuclear reaction stops.

Heat transported to the boundaries without fluids.

Always-ready like a common battery &
\ /,

Simple and Safe

Heat generated on demand:
As heat is removed the internal temperature will go down causing reactivation of the heat



