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Scope of the Study

•The spiral blanket is proposed as one of the next options for consideration by the
Group IV of the APEX study.

•Thus far it has only been a scoping study to determine the limits of neutron wall
loading potential and power cycle efficiency.

•The design direction is the use of nano-composited ferritic steel as the structural
component and Flibe (low viscosity) as the coolant.

•At this time surface heat fluxes and neutron wall loading distributions are taken from
the ARIES-AT design.
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General Description

•As in the ARIES-AT design, the blanket consists of modules extending vertically from
the bottom to the top of the chamber.

– Total module height along the blanket curvature is 6.7 m

– Dimensions at midplane 0.3 m x 0.3 m.

– Dimensions at extremities 0.3 m radial x 0.22 m toroidally.

•The blanket module is equipped with spiral discs ramping up from the bottom to the
top. The Flibe coolant is rotated from the rear of the module to the front, back to the
rear, and so on all the way up the vertical extent of the module.

– The disc’s shape ranges from near square at the midplane to near rectangular at
the bottom and top extremities. The discs come within ∼0.5 cm from the walls of
the module but do not touch them.
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Description (contd.)

•To provide neutron multiplication, the discs are made from Be metal. They are
mounted on a steel shaft and are keyed to it in a way that prevents vertical swelling
from accumulating. Also, there is an expansion joint at the rear of the discs, which
alleviates radial swelling and aids in the assembly of the discs on the shafts.

•The amount of Be needed for a good breeding ratio was estimated at 15–20 v/o.
Assuming a separation of 6 cm between discs, the thickness of the discs is 1.2 cm.

•The FW is scalloped with semi-cylindrical projections inclined in the direction of
coolant flow. The discs come close to the ridges between the scallops. The scallops
start at the middle of the side walls and continue around the FW to the middle of the
opposite side wall. At the FW, the geometry resembles a smooth round tube providing
an unimpeded path for the coolant.
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Dynamic Viscosity of Flibe
= 5.94 X 10e-4 exp(4605/T) g/cm.s for N=2 and
T= 740-860 K

Viscosity of Flibe taken from Summary of Physical 
Properties for Lithium,
Pb-17Li, and (LiF)n.BeF2 Coolants
S. J. Zinkle
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Design Guidelines

•The maximum Flibe/ferritic steel interface temperature set at 700oC.

•The maximum nano-composited ferritic steel temperature set at 800oC.

•Melting temperature of Flibe [(LiF)n·(BeF2)] low viscosity, 469oC.

•Neutron wall loading 5–10 MW/m2.
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First Scoping Example Parameters

Flibe inlet temperature 500oC

Module vertical distance 6.7 m

Number of spiral discs 93

Space between discs 6 cm

Thickness of discs 1.2 cm

Average velocity at mid-channel 4 m/s

Velocity at FW 7 m/s
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Initial Results

At 5 MW/m2:

Flibe temperature rises from 500oC–550oC

Maximum Flibe/steel interface temperature is 591oC

Maximum steel temperature facing plasma is 636oC

At 10 MW/m2:

Flibe temperature rises from 500oC–600oC

Maximum Flibe/steel interface temperature is 669oC

Maximum steel temperature facing plasma is 759oC
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Pressure Drop and Pumping Power

The pressure drop has been estimated by obtaining a coefficient of local resistance and
friction from a Handbook of Hydraulic Resistance (I.E. Idelchik) for flow in circular
geometries.
The pressure drop is equal to 1.3 MPa for the front blanket only. Other friction in the
remaining blanket components has to be added.
Based on the 1.3 MPa pressure drop only, the pumping power for the whole reactor is
7.6 MWe.

Fusion Technology Institute

Department of Engineering Physics, University of Wisconsin-Madison



Design Issues of Spiral Blanket

•The use of Be metal as a multiplier in the discs must deal with its brittleness and high
volumetric swelling.

•Some design considerations can be implemented to mitigate swelling.

•Possibility of alloying Be with W or Al will improve brittleness. Any alloying will
increase the thickness of the discs.
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Conclusion

•Initial estimates indicate potential for the Spiral Blanket to be capable of achieving
high neutron wall loading while staying within prescribed temperature limits.

•Designing the blanket for a Flibe exit temperature as close to 700 C as possible and
combining it with an advanced supercritical steam cycle will achieve a power cycle
efficiency of 50+%.

Future Work

•Doing a parametric analysis to determine maximum potential for the Spiral Blanket.

•Using the FLUENT code to analyze accurate thermal performance and to determine
the pressure drop using the actual geometry of the blanket.
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