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(54) Packed fluidized bed blanket 
for fusion reactor 

(57) A packed fluidized bed blanket for 
a fusion reactor comprising elongated 
pressure tubes 2 containing a bed of 
stationary particles during reactor 

operation, cooled by a radial flow of 
coolant. During fueling/refueling, an 
axial flow is introduced into the 
elongated tubes in stages at various 
axial locations 18 to fluidize the bed 
and remove particles from the tubes. 
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SPECIFICATION 
Packed fluidized bed blanket for fusion reactor 

This invention relates to fluidized beds and more particularly to fluidized blankets for fusion 
reactors. 

5 Fusion reactors produce energetic neutrons which preferably are captured in a blanket region 5 
structure substantially surrounding a reactor core. In a fusion-fission hybrid reactor, the blanket contains 
a fertile fuel intended to breed fissile fuel and to produce energy by neutron induced fission. In a pure 
fusion reactor, the blanket contains fertile species which capture neutrons to form valuable isotopes. In 
both reactor types, the blanket is cooled by a fluid coolant to which heat is transferred to cool the 

10 reactor. 10 
The design of a suitable blanket is considered a significant obstacle to the development of a 

practical fusion power reactor. Several concepts have been proposed encompassing liquid lithium or 
solid lithium compounds for tritium breeding, solid fertile fuel for fissile element breeding, and gas, 
liquid, and even pebble bed coolants. All have drawbacks. A solid blanket must be removed for isotope 

15 recovery and for blanket repair. Blankets of liquid lithium and other liquid metals in the presence of the 15 
strong magnetic fields (in magnetic confinement fusion reactors) experience magnetohydrodynamic 
forces which limit their serviceability. Gas cooled blankets have intrinsically lower material densities 
which reduce the efficiencies of heat transfer. Pebble bed blankets generally require high coolant 
pumping power. 

20 The principal objects of the invention are to provide a blanket for a fusion reactor which can be 20 
refueled on-line, has high density, and is well adapted for power and isotope production. 

The invention resides broadly in a blanket for a nuclear reactor comprising at least one elongated 
tube for containing particles, said tube having a structure for conducting a coolant into said tube, 
characterized by additional structure for conducting a fluid flow for acting upon said particles in said 

25 tube to produce a fluidized relationship between said particles. 25 
During operation of the reactor, a coolant, such as helium, flows radially through the bed of solid 

particles and removes blanket heat and preferably is used to generate power. 
Since the radial flow path is short compared to the axial length ofthe pressure tube this minimizes 

coolant pumping power requirements and coolant pressure. 
30 During fueling/refueling radial coolant flow is stopped and a second fluid, preferably identical to 30 

the coolant, is passed axially upward through the particle bed. This "fluidizing" stream serves to 
transport the bed fuel particles out of the pressure tube for replacement and/or reprocessing. 
Replacement is performed intermittently during shutdown of the reactor or even during operation. On-
line refueling capability is of significant advantage in a fusion-fission hybrid reactor because the rate of 

35 fission reactions in the fuel particles due to buildup of fissionable nuclei resulting from neutron reactions 35 
in fertile nuclei can be controlled by appropriate removal of the enriched particles and replacement with 
new fertile particles. Also, in the case of a pure fusion reactor, the net yield from the reactor of 
radioactively decaying tritium can be increased by continuous or frequent removal and early use of the 
isotope. 

40 The blanket is provided with a series of staged fluidization flow distributors to allow the 40 
fluidization and/or removal of particles in stages so as to minimize the required fluidization flow 
pumping power. 

The invention will become more readily apparent from the following description of a preferred 
embodiment thereof shown by way of example only, in the accompanying drawings, in which: 

45 Figure 1 is a schematic diagram of the general blanket arrangement; 45 
Figure 2 is a plan view schematic of a Tokamak reactor; 
Figure 3 is a schematic section of one pressure tube; 
Figure 4 is a schematic section from Figure 3; 
Figure 5 is a schematic section from Figure 3; and 

50 Figure 6 is a schematic illustrating the arrangement of pressure tubes. 50 
Referring to Figure 1 a schematic section of a Tokamak fusion reactor utilizing a packed-fluidized 

bed blanket is shown. A core region 1 is surrounded by a plurality of pressure tubes 2 comprising inner 
tubes 4 and outer tubes 5 containing the fuel particles ofthe packed fluidized bed. 

Referring to Figure 2 a field coil 6 and shield 7 surround the blanket. A vacuum vessel 8 contains a 
55 core region 1. The inner pressure tubes 4 and the outer pressure tubes 5 have coolant inlets 9 and 55 

coolant outlets 10 connected to inlet manifolds 11 and outlet manifolds 12, feeding and receiving from 
flow to the pressure tubes 4 or 5. 

Referring to Figure 3 one of the pressure tubes is shown having a tube coolant inlet 13 and a tube 
coolant outlet 14 and a fuel outlet and inlet port 15 for fuel particle 17 replacement during refueling. 

60 Port 15 may be arranged to distribute particles to many tubes 2 via a manifold or may be provided 60 
individually to each tube as shown in Figure 3. 

The tubes 2 have fluidization rakes 18 at various elevations. These rakes 18 have a source of 
fluidization flow (not shown) which may be individual to each rake 18 or which may have a grouping 
such as, for example, the rakes 18 at a common elevation. 
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Refer to Figure 4, which is a section IV—IV as indicated from Figure 3. An arrow 19 shows the 
direction of coolant f low during reactor operation. Support walls 20 function to form coolant inlet and 
coolant outlet manifolds 21 and 22. The walls 20 have holes 23 to permit coolant f low passage. 
Screens 24, supported by walls 20 have a mesh size to contain particles 17. 

5 The pressure tubes need not have the circular cross-section as indicated in Figure 4 but could be 5 
square, rectangular, or of other geometry. 

Referring to Figure 5 a typical rake according to Figure 3 is shown having one geometric shape of 
this component which serves to distribute fluidization flow over the cross-sectional area of the tube 
which contains particles and to direct the f low upward. 

10 Refer to Figure 6. Because of the geometric shape of the reactor, the perimeter of a circle drawn 10 
on the inside surface of the reactor (Lt) is less than the perimeter of a circle drawn on the outside 
surface (L2). In order for sufficient pressure tubes 2 to be installed to interdict radiation from the reactor, 
an overlap 25 of tubes must occur in certain regions (core top and bottom) as illustrated in Figure 6. In 
other regions, tubes 2 abut without overlap (see region 29). 

15 An operational cycle of the reactor wil l be described to illustrate the packed fluidized bed blanket 15 
concept. Refer again to Figure 3. Prior to reactor operation, all the pressure tubes 2 are typically filled 
with particles 17 using a port 15. Packing of the bed to a high density is desirable since a high density 
enhances neutron absorption rates which produce useful nuclear transformations, permits efficient use 
of blanket space, and improves the efficiency of energy deposition in the bed. Isolation valves in the port 

20 15 piping (not shown) are then closed. The f low of the main coolant is begun, entering via an inlet tube 20 
13, passing through an inlet plenum 21, (in Figure 4) through a screen 24 and into the packed bed 26 of 
particles 17. 

During reactor shutdown, coolant f low is stopped and fluidization f low is initiated. This flow enters 
via rakes 18, passes axially upward through packed bed 26 and exits via the outlet port 15 carrying the 

25 particles with it. 25 
When it is time to remove particles for processing and replacement, the fluidization flow is 

introduced via the staged fluidization rakes 18 at a sufficient f low rate to cause particle streaming out of 
the blanket via outlet 15 (Figure 3). 

A plurality of f low rakes 18 are provided to reduce the pressure needed to produce fluidization and 
30 removal of particles. In practice, the f low rakes 18 would be actuated in sequence from A to F (see Fig. 30 

3) to remove the bed of particles in stages. A sufficient number of f low rakes 18 may be provided such 
that the necessary fluidization and coolant pressures are about the same, thereby minimizing the 
required thickness of the wall 28. 

The fluidization f low not only serves in fuel particle removal, but also as a backup or emergency 
35 heat removal system, and in addition for mixing the fuel particles to achieve uniform radiation exposure. 35 

Table 1 is included to illustrate parameters presently considered pertinent to a preferred 
embodiment of the packed fluidized bed blanket as applied to a commercial Tokamak hybrid reactor. 

TABLE 1 

Packed Bed Operation 

Helium inlet pressure = 50 Atm 

Helium inlet temperature = 350°C 

Helium flowrate = 1800 kg/s 

Helium pressure drop through 
the packed bed = . 1 6 6 M P a 

Total helium pumping power = 8.8 MWe (<0.5 percent 
of blanket thermal 
power) 

Peak local power density 
(assumed) = 50 W/cm3 

Maximum film temperature drop 
(particle to coolant) = 0.65°C 

Maximum particle temperature = 480°C 
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TABLE 1 cont'd 

Fluidized Bed Operation 

Stage height = 2 m 

No. of stages = 5 

Pressure drop for fluidization = 0 . 1 4 1 MPa 

Fluid (helium) inlet pressure = 30 Atm 

Helium temperature = 77°C 

Fluidization velocity = 0.41 m/s 

Helium flowrate for full blanket = 2 6 5 kg/s 

Helium pumping power (refuel-
ing one blanket segment at 
a time, total of 32 segments 
assumed) = 7.8 MWe 

Blanket Auxiliary or Emergency Cooling Parameters 

Coolant path length = 10 meters (flow 
through the lowermost 
rake) 

Coolant pressure, average = 30 Atm 

Coolant inlet temperature = 1 0 0 ° C 

Coolant AT = 3 0 0 ° C 

Helium Flowrate = 126 kg/s 

Decay Heat Level = 0.01 of full power 

Pressure drop through blanket = 0.209 MPa 

Total pressure drop = 0.251 MPa 

Coolant pumping power (85 
percent efficient compressor) = 0.66 MWe 

The fluidization flow and coolant f low described, if never commingled but rather separated by 
differing periods of operation, may be of different composition, perhaps helium and carbon dioxide 
respectively, or may even include water. 

5 Fuel particles are typically fuels such as UO, UC, Th02, Th—2R, LiPb2, L20. In the size range of 40 5 
to 300 microns the particles are termed microspheres. 

CLAIMS 
1. A blanket for a nuclear reactor comprising at least one elongated tube for containing particles, 

said tube having a structure for conducting a coolant into said tube, characterized by additional 
10 structure for conducting a fluid flow for acting upon said particles in said tube to produce a fluidized 10 

relationship between said particles. 
2. A blanket according to claim 1 characterized in that the coolant admitting structure is adapted 

to conduct the coolant generally radially across said elongated tubes and said additional structure is 
adapted to conduct the fluid flow for fluidization generally axially along said elongated tube. 

15 3. A blanket according to claim 1 or 2 characterized in that said additional structure comprises at 15 
least one flow rake in at least one of said or each tube. 
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