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This paper* presents an outline of engineering design 

features of a group of nuclear reactors having in common the use 

of particulate fuel capable of being fluidized in liquid media. 

Fluidization of particulate fuel .in ,nuclear reactors offers 

major potential advantages in that it gains ~he quality of mobility 

in the otherwise rigid fuel thereby allowing long burnup periods and 

facilitating the transfer of fuel to, {'rom, ~a.hd within the reactore 

In cases where relatively.low thermal conductivity fluids such as 
I . 

water and organics are the fluidizing medi~, f luidization greatly 

enhances the heat transfer capabilities of the systeme In the present 

group of reactor designs, however, the fluid associated with the 

particulate fuel is a liquid metal in all cases and, consequently 

high capacity for transfer of heat in the fuel systems is available 

regardless of whether the fuel is in the fluidized or the settled 

state. As a result, considerable latitude in the approach to the 

engineering design problems is gained. 

Among the reactor designs considered two concepts, a sodium 

cooled thermal reactor, and a lithium (7) cooled thermal reactor call 

for the use of small particle size fuel (100 µto 200 µ ) which would 

be maintained as settled beds during normal operation of the reactor, 

but with the alternative that the beds be maintained in the fluidized 

state if further investigation should so indicate. The other two 

concepts are both sodium cooled fast breeder reactors utilizing larger 

size fuel (up to !-inch spheres) malntained only as settled beds 

*The material presented in this paper is based entirely on a preliminary 
repor.t, BNL 5372 (limited distribution), entitled "Evaluation of Large 
Power Reactor Systems Utilizing Settled Bed Fuels". 

605 02 



-2-

during normal operation. With the smaller size fuel the coolant would 

flow in heat exchanger tubes within the bed, whereas with the coarser 

fuel the coolant would pass directly through the bed of fuel particles. 

All the designs call for f luidization of the beds during transfer of 

fuel from and to the reactor and. of t'u~l di~tribution within it. 

In general one would expect t<>' fip.d lower fuel cycle costs.· 

with the use of nonrigid fuel. systems. ~han is the case with the conven­

tional solid fuels, as a result of-lower fuel fabrication costs, higher 

burnups, and lower excess reactiv~ty requirements. The question is 

whether these costs advantages would be off set by increased core 

complexity resulting in higher fixed charges and increased operating 

and maintenance costs due to the fuel cycle. For· this reason designs 

were evolved with particular attention paid to reducing complexity of 

the core structure. It should also be noted that all but one of the 

designs permit fission product contamination of the primary coolant. 

Thus, for the present, the final choice of a design in this regard 

·would be determined by assessing the magnitude of the coolant 

contamination problem as shown by in-pile experiments performed during 

research and developmeht phases. However, coating of fuel particles 

to prevent the escape of fission products to the coolant is a promising 

possibility. 

The settled bed concept, with the coolant flowing directly 

through the bed, would seem to avoid or minimize some of the outstanding 

problems of the directly cooled fluidized bed reactor, namely, 

fluctuations in fuel density as a result of turbulence in the coolant 
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flow and attrition or breakage of fuel material as a result of impact 

between particles. The use of solid reactor fuels in particulate form 

either as settled or fluidized beds offers the following advantages: 

ae Maintenance of uniform distribution of the fuel-containing solids 

and, therefore, of the fuel density, throughout the entire core. 

bf! Overall mobility in the fuel permittirig the. parti<;:le suspension to 

flow in tubes connect in~ tl'~e r~actor- core' .region with an outside 

vessel (for fuel makeup and reproGessirig) in response to. pressure. 

adjustment in the fluidizing liquid streatn.- Provision for fuel 

makeup at frequent intervals is itself an' important advantage since 

only small amounts of excess reactivlty would then be required. 

c~ With the small particle size fuel the low thermal conductivity of 

ceramic fuel materials such as U02 is not a limiting factor 

because of the high particle surf ace to mass ratio. (In the designs 

where the larger fuel particles are used, thermal conductivity and 
~ . . 

consequent thermally induced internal stresses within the particles 

become very sensitive design considerations). 

da Elimination of excessive fabrication costs co~only associated with 

the manufacture of solid fuel elements under close tolerance 

requirements. 

e. Excellent possibility of very high burnup in the fuel. 

f. Ease of reprocessing of the fuel due to the ability to transfer the 

' fluidized fuel in the same manner that a liquid is. transf errede 

g. Assurance of achieving uniform burnup in the fuel by virt'ue of its 

mobility. 

805 04 



.-

-4-

h. Confinement of the fuel to the core of the reactor while retaining 

the other advantages of a liquid fuel •. 

i. Use of the particulate form of solid fuel without the need to 

recirculate the fuel through pumps~ valves, etc., and wi_thout 

problems of ·erosion or attritiori of fue~ particles. Even with 

fluidization of the smaller· .size fuel almost quiescent conditions 

obtain with the laminar flow state. 
. ' I .._ 

An experimental pro~.~·am' .ha.~~· ~e~n ·carried out at Brookhaven on 

the performance characteristics of particu~ate uo2-NaK systems at room 

temperature. Studies on the wettabillty- of 100 µ U~ partic1es by NaK 

have shown that the material is readily we~ted after reduction with 

hydrogen to give near stoichiometric U-0 ratios followed by thorough 

degassing. It was then found that fluidized beds of uo2 particles in 

NaK could be established in the usual manner and that they showed the 

desired characteristic of mobility. X-ray pictures of a U02-NaK 

fluidized bed are shown in Fig. lo Other features of laminar fluidized 

beds which are of primary importance in the present studies were 

demonstrated using beds of 100 µ and 200 µ glass beads in water, 

(See Figs- 2 and 3). These features include uniform suspension and 

settling out in a continuous system made up of interconnected narrow 

channels, ease of transfer in tubes from one vessel to another, and 

general stability of such suspensions. No experiments have yet been 

carried out at BNL to represent the case where f luidization and transfer 

of the larger (up to ! inch) fuel particles would be involved, but 

such systems have been studied in detail by others and no serious 
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difficulties with respect to fuel transfer are anticipated, however, 

the larger particle beds in turbulent f iow systems certainly would not 

operate as smoothly as the smaller particle beds in laminar flow systems. 

Of much greater importance and .concern here is the problem of 

compaction of settled beds to dependat>~y-st~ble levels. A bed of spheres 

of equal diameter will, under ideal- closest packing, have a void volume 

of 25.95 percent of the total volµ¢e ·of the b~d._ ·c1osest packing is, 

of course, never realized when the $pheres ~re~ packed at random such as 

when they settle from a state of suspension:or fluidization. The problem 

in this regard, therefore, is to cletermine to what extent settled beds, 

with or without subsequent compaction, may be considered stable for 

dependable reaction operation. Moreover, the question of fuel particle 

sintering or "stitching" is a most prominent one which will require early 

investigation. Obviously, there are a number of other serious problems 

to be faced in any attempts to determine the feasibility of utilizing 

settled bed fuels for nuclear reactors. However, the economic advantage 

to be gained through the successful development of settled bed fuel 

reactors, stemming from the reduced fuel cycle costs associated with the 

mobile solid fuel, would seem to warrant an aggressive effort in this 

direction. 

UQi-SODIUM-GRAPHITE THERMAL REACTOR 

Under this concept the granular fuel,. (100 µ U02 in sodium), 

occupies a single continuous region which fills the spaces between the 

~oderator-heat exchanger elements~ These elements are arranged in a 
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hexagonal pattern with each element ~quidistant from its neighbor. 

Confinement of the fuel in a single ·.continuous region offers the 

advantage that only one set of pipes is required to provide for transfer 

of fresh fuel to and discharge of spent fuel from the reactor, and only 

one pipe would be required for ~ntry of fluidizing sodium~ The reactor 

is cooled with sodium and moderated with graphitee The active core is 

a 10 ft. right cylinder, and has a poweF-output of 850 MW(t). A 

special feature of the design ·is .that -the .coolant is carried in channels 
' \ . . 

formed within the double walled c;i.addingwh~ch encases the hexagonal 

graphite moderator blocks. Use of the combined internal heat exchanger 

and moderator elements greatly facilitates replacement of internal parts. 

With' this internal heat exchanger type of reactor the question 

of degree of separation of the fuel from the coolant stands out as a 

major consideration. Since complete separation of coolant and fuel would 

require a more complex heat exchanger and manifold system, some small 

degree of conununication between the fuel and .coolant regions is tolerated 

under this arrangement in order to gain a major simplification in the 

mechanical design. With uncoated fuel particles some direct fission 

product contamination of the primary coolant would result but the 

contamination should be held at low levels as a result of (1) maintaining 

the fuel bed in the settled state during normal reactor operation with 

no flow of sodium through the bed, and possibly, (2) maintaining a 

stratified protective layer of BeO particles on top of ·the fuel bed., 

The BeO would be introduced along with the fluidized fuel and would find 

its way to the top of the bed by virtue of its lower density. The 
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advantages gained through the simplification of the internal heat 

exchanger system with its once-through' flow arrangement would seem 

to outweigh the disadvantages imposed by low level fission product 

contamination of the primary coolant .• 

Reactor Core 

The reactor core consists --Of a. lattice of 217 graphite 

moderator logs and coolant tube el;ements i,n a ·10 ft. diameter x 10 ft~ 

long settled fuel bed surrounded by_ a reflector of graphite at the sides 

and top and BeO at the bottomo The weight of the core is supported by 

a bottom grid structure resting on beam supports welded to the flat 

bottom of the reactor .vessel. The moderator log and coolant tube 

elements are free to expand upwards against a spring loaded hold-down 

structure located in the nitrogen ~as blanket above the cooling sodium 

level. Twenty-five control rods are provided in the undistu=bed 

lattice for shim and dynamic control and scram. The mechanical design 

of the calandria permits the removal of singular elements of moderator 

log and coolant tubes and reflector graphite elements without disturbing 

companion elements. In addition, the lower support grid structure as 

well as all.other internal supports and piping are removable for 

maintenance or repair as required. 

The general arrangement of core and reflector is shown in 

Figso 4, S, and 6. 

Each of the 217 graphite moderator log and coolant tube 

elements is a right regular hexagonal prism approximately 7.1" across 

graphite f1ats with 15.5 ft. overall length. At its lower end, each 
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element has tapered pipe fitting with a companion tapered fit ting in 

the mouth of the coolant channel and support pipe column in the upper 

support plate. The coolant tubes are formed by welding a continuous 

rolled corrugated plate of 25 mil-304 stainiess steel to the graphite 

moderator can, also 304 stainle~~ steetf.as indicated in Fig. 5, 

Detail Y. The corrugations form.a ~~des o{ ten 0.350-inch o.d. 

half-tubes per face. These tubes "extend frc>m' a built-in plenum at 
: ' ' ·.I 

the bottom of each element along the f ul,1. ~ength of the element. 

Inlet cooling sodium from the main i~iet ~plenwri passes through the 

support column channels into the pott.oni, pl.entim of each graphite moderator 

log and coolant tube element and up through the corrugation tubes into 

the cooling sodium outlet plenum above the upper reflector section~ 

Each moderator and coolant tube element is free to expand upwards 

against a hold-down spring into a guided pin connection at its upper-

most extremity. 

Particulate Fuel Handling System 

The fact that a fluidized bed fuel may be treated somewhat 

as a liquid, insofar as its flow characteristics are concerned, permits 

the charging and discharging of fuel to and from the reactor through 

an interconnecting piping system. The fuel handling system provides 

for the maintenance of the fuel in the fluidized state in the reactor 

and in the external reservoir as required. The fuel suspension is 

transferred from one region to the other by means of simple adjustments 

of pressure in the fluidizing liquid circuits. The system, shown in 
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schematic form in the flow diagram, Fig. 7, contains two independent 

liquid circuits, one of which serves to fluidize the fuel in the two 

or more external reservoirs during the fuel charging and discharging 

operations. This type of fuel handling system is applicable to al.l the 

reactors described in this paper • 

Loading the fue 1 into the· readt~t· is .accomplished as fallows. 

The desired quantity of fuel is f trst ch~rged to the fuel reservoir and 

then fluidized by means of sodium.(lcw froq·pt.unp·noe 2 .. The transfer 

line valve is opened~ .and the val.ve on th.e outlet line from the fuel 

reservoir is adjusted to pressuriie the f iuidized fuel, thereby ·causing 

it to flow through the transfer line and into the fuel region of the 

reactor. In order to discharge fuel from the reactor, the transfer line 

valve is opened, and the sodium return line valve is closed while 

maintaining the fluidizing sodium flow. The static head of fuel in the 

reactor causes the fuel to transfer to the fuel reservoir. At this 

time, the fuel may be blended with enriched U~ and returned to the 

reactorw or discharged to the spent fuel receiver. .for shipment to the 

rep~ocessing plant. 

TABLE OF REACTOR CHARACTERISTICS 

Engineering Data 

lo Reactor Vessel 

Desisn pressure: 

Design temperature: 

Vessel ID: 

75 psig 

1000°F 

14 ft-3 in. 
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TABLE OF REACTO~ Cl-1.A..RP.CTERISTICS (cont.) 

Engineering Data (cont.) 

1. Reactor Vessel (cont.) 

Vessel height:-_ 

;fall thickness;, 

Material:· 

2. Reactor Core 

3. 

4. 

Active core height: ..... . \ 

Active core diameter~ · 

Reflector thickness: 

?rimary Loop 

Number of loops: 

Size of loop: 

Flow per loop: 

Heat Transfer 

Reactor ?ower: 

Coolant: 

Inlet ternpe:rat1u;e: 

Outlet temperature: 

Coolant Flow ~ate: 

Number of passes: 

Maximum velocity: 

Maximum fuel center 
temperature 

Average fuel center 
temperature 

22. ft-6 in. 

T! in . , 4 .• 

~tainless steel 316 

iO ft 
·10 ft 

2 ft 

4 

24 in. ( nom.) 

15,250 gpm 

850.MWT 

sodium 

l000°F 

25.6 x 106 lbs/hr 

1 

28 ft/sec 
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TABLE OF REACTOR CHARACTERISTICS (cont.) 

Engineering Data (cont.) 

4. Heat Transfer (cont.) 

Maximum tube surf ace 
temperature (outside): 

Average tube surf ace 
temperature (oµtside): . 

Axial peak/average 
power ratio 

Radial peak/average:. 
power ratio:· 

Overall peak/average 
power ratio: 

Coolant hot-channel 
factor: 

Bed average volumetric 
heat generation: 

Core average volume 
heat generation: 

Coolant average 
pressure drop: 

Average specific 
power: 

Average heat flux: 

Hot-channel outlet 
temperature: 

Maximum graphite 
center temperature:· 

Required core 
pumping power: 

907°F 

1.17 

1082 KW/f t 3 core 

50 psi 

90o4 KW/kg U 

4~5 x 105 Btu/hr-ft2 

1330 Kiii] 
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u233-LITHIUM-7-Be0 THERMAL BRE2DER 

Under this concept the 100µ granular fuel, a mixed oxide 

of uranium and thorjum, in lithium, is maintained as a single continuous 

region as in the previous case. The r~a~tor is cooled with lithium-7 

and moderated with BeO. This reactor system is distinguished from the 
' I 

sodium cooled reactor in one important regard by the fact that the 
' 

lithium-7 coolant has an activation produy.tof very short half-life 

and, on this basis, little or µo shiel~irlg of the primary loop is required. 

Accordingly, in order to prevent radioactive contamination from the fuel 

region, the design calls for an internal heat exchanger of a type which 

provides for complete separation of the fuel and the coolant. Since 

the EeO moderator would be compatible with lithium, no cladding is 

required and moderator maintenance would be reduced to a minimum, thereby 

allowing appreciable mechanical simplification of the internal heat 

exchanger and manifold system. With zirconium alloy coolant tubes the 

core, which is contained in a 10 ft. right cylinder, has a power 

output of 850 MW(t) and a conversion ratio greater than one. By using 

niobium instead of the zirconium alloy for the coolant tubes, the outlet 

coolant temperature could be increased and, as a result the same size 

core would be capable of a substantial increase in power output. However, 

the conversion ratio would suffer due to the higher cross section of 

niobium as compared with zirconium and would in all probability drop 

below unity. 
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Reactor Mechanical Design 

The major design features of this .Settled Bed Reactor are 

illustrated in Fig. 8. The plan view of the reactor shows the general 

arrangement of the moderator sections, side r~f lector, and fuel channels •. 

The elevation view is sectioned in order to show some of the details of 

the coolant heat exchanger, bottom ref le ct or,. core tanks P reactor vessel, 

vessel supports, and other reactor cpmpqnent~"" 

Reactor Core 

The reactor core contairis2~ unclad BeO moderator slabs 

arranged to form 14 parallel fuel channels. Each moderator slab is 

5 ft. x 12 ft. x 7.2 in. Coolant tubes and fuel occupy the space between 

parallel moderator slabs. The equivalent core diameter is 10 ft. and the 

active core length is 10 ft. The core is completely surrounded by a 

105 fto BeO reflector. 

As shown in the drawing? the eight coolant headers are located 

above the side reflector. Coolant tubes project from headers into the 

fuel channels and do not crossover the m<:>derator slabs, thus permitting 

removal of the slabs by vertical withdrawal without disturbing other 

parts of the core. Similarly, each pair of coolant inlet and outlet 

headers and the associated tubing may also be removed by vertical 

withdrawal without disturbing other parts of the core. 1175 high 

temperature zirconium alloy U-tubes are required for each of the core 

quadrants. The U-tubes are 0.305 in. x 0.025 in., wall and are spaced 
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on 0.505 in. equilateral triangular centers. There are three rows of 

tubes in each fuel channel. Spacers are used extensively to provide 

structural integrity in the heat exchanger tube bundles and assurance 

that the distances between adjacent tubes and between tubes and 

moderator surf aces are preserved •.. 

The fuel consists of a settled bed of 100 µ Tho2-UOi fuel 

particles in lithium. The fuel is introduced into the core in a 

fluidized state and fills the 5J?a,ces b~tween the coolant U-tubes and 

the moderator slabs~ The method o( ~uel ~raµsier or fuel addition is 

similar to the methods discussed previously for the sod"um cooled 

reactor. There is provision for fourteen control rod thimbles, ei:1.ch 

located in the center of a moderator slabo This arrangement facilitates 

removal by remote means. 

TABLE OF REACTOR CHARACTERISTICS 

Engineering Data 

1. Reactor Vessel 

Design pressure: 

Design temperature: 

Vessel I,D.: 

Vessel height: 

Wall thickness 

Material: 

75 psig 

1050°F 

13 f t-3 in. 

18 ft 

zirconium alloy 

605 15 



-15-

2. Reactor Core 

3. 

4. 

Active core height: 

Active core diameter; 

Reflector thickness~ 

Moderator: 

Max. dimensions 

Coolant channel· 
geometry; 

Primary Loop 

Number of loops: 

Size of loops: 

Flow per loop: 

Heat Transfer 

Reactor power: 

Coolant: 

Inlet temperature: 

Outlet temperature: 

Coolant flow rate: 

Number of passes: 

Maximum velocity: 

Maximum fuel center 
temperature: 

Average fuel center 
temperature: 

10 ft. 

10 ft. 

18.in. 

2~ BeO rectangular slabs 

5 £t. x 12 ft. x 7.2 in. 

4700 high temperature zirconium­
alloy U-tubes 0.305 .in. OD x .02s in. 
wall x 20 ft. Tubes are spaced 
·a.sos in. on centers in an 
equilateral triangular array. 

4 

10 in. (nom.) 

5~610 gpm 

850 MWf 

lithium-7 

52l°F 

1050°F 

s.s x 106 lbs/hr 

2 

40 ft/sec 

1125°F 
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TABLE OF REACTOR CHARACTERISTICS (cont.) 

Engineering Data (cont.) 

4. Heat Transfer (cont.) 

Maximum tube surf ace 
temperature (outside)::--

Average tube surf ace 
temperature (outside): 

Axial peak/average 
power ratio: · · 

Radial peak/avep!.ge 
power ratio: 

.. 
Overall peak/average 
.power ratio: 

Coolant hot-channel 
factor: 

Bed average volumetric 
heat generation: 

Core average volum­
etric heat generation: 

Coolant pressure drop: 

Average specific power: 

Average heat flux: 

Hot-channel outlet 
temperature: 

Maximum moderator 
center temperature: 

Required core pumping 
power: 

·9020f 

1 33 
• I 

i .. so 

1.17 

26~5 x 166 Btu/hr-ft3 
(7 t 760 kw/f t3) · 

1082 kw/f t 3 core 

120 psi 

1393 kw/kg u233 

4.6 x 105 Btu/hr-ft2 

3450°F 

1205 kw 
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DIRECTLY COOLED FAST REACTORS 

The two directly cooled fast reactors consist of core vessels 

containing the settled fuel beds of U02~Pu02 or UC-PuC particles (up 

to i in. diameter) through which.coolant Na. flows, intimately contacting 

the individual particles. One design calis fo~ the coolant to flow 

axially through the reactor and the otlJ.er '(.:lesign provides for radial 

flow. The core vessel is located in the mai~ ~eactor vessel where it 

is completely surrounded by blanket b~dl? pf UCi or UC particles (up 

to i in. diameter). The blanket beds· are also directly cooled with Na. 

Bearing in mind the relatively high resistance for coolant flow through 

a .bed of these particles in the settled state, the radial flow design 
( 

woulo have the advantage of substantially reduced pressure drop as compared 

with the axial flow design. In the axial flow reactor, coolant Na is 

introduced above the settled bed and then flows downward through the 

bed, .while in the radial flow reactors, it is introduced through the 

perforations in the walls of the inlet pipe located along the core axis 

and discharged to the blanket through perforations in the wall of the 

core vessel. The fuel and blanket beds are fluidized with Na to permit 

their introduction and removal from the reactor, as well as their 

redistribution within the reactor. The core heat output in the two 

cases varies from 822 to 838 Mw, and this is used to produce 300 Mw (e) 

net. 
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Axial Flow Directly Cooled Fast Reattor& 

The directly-cooled axial flow reactor core vessel (Fig. 9) 

consists of a 1-in. thick, 6.2-ft. o.n., arid.5.75-ft. high 316 stainless 

steel tank with dished heads at both·:ends.;, A .i .• 5-in. thick perforated 

steel plate is provided to support the fuel ped. The perforations,_ 
• t \ • 

half a particle diameter wide and ·seyeral:diameters long 7 total in area 

about half the cross sectional·ar~a ofJhe plat~~ The plate and the 

core vessel are externally reinfotced,.-:to .support the weight of the 

fuel bed (approximately 20_.5 tons)• The core vessel is filled to an 

active height of 3.62. ft. and an active diameter of 6.03 ft. with the 

settled bed of 0 0 178-in. diameter spherical tc-PuC fuel particles. The 

fuel bed volume is 10306 ft 3• The upper vessel space is provided for 

bed volume expansion during f luidization. 

The nain reactor vessel is made from 2-in. thick ~16 stainless 

steel with overall dimensions of 9.5 ft. diameter and 12.75 ft. high. 

It is sealed top and bottom with dished heads. The entire vessel and 

bottom head are supported with external steel structural memberse A 

structurally reinforced, 5-in. thick perforated steel plate (similar 

to the one described previously is welded into the bottom head section 

to support the blanket bed (approximately 78~6 tons). Pipes are welded 

to the two heads to provide slip fit connections with the 24-in. core 

coolant lines. 
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The reactor vessel is filled to an· active height of 8.62 ft. 

and a 1,.5-ft. radial thickness with a settled blanket bed of spherical 

UC particles. The bed occupies a volume of approximately 396.5 ft3. 

Provision is made at the top to aliow for .bed expansion during fluidization. 

The core and blanket are filled and draineq as ~described previously. 

Directly Cooled Radial Plow Past Reactors 

The directly cooled~ radial,. ·~loi,v 'rea.¢tor core vessel (Figs. 

10 and 11) consists of a Oo5-in. thJck .316. stainless steel tank, 

- 4.0-ft. O.D. and 5,.00 ft. overall height, with dished heads at both 

ends. A central 24-in. 316 stainless steel. coolant feed pipe runs 

completely through the core vessel, and al-in. thick perfor~ted steel 

plate provides support for the fuel bed. Perforations in the central 

coolant pipe and the core vessel wall are approximately half a fuel 

particle diameter wide and several diameters in length and provide flow 

area about haif the total area. The botton plate and the core vessel are 

externally reinforced to support the weight of the fuel bed (approximately 

6.8 tons) .. 

The core vessel is filled to an active height of 3.85 ft. and 

an active diameter of 3.85 ft. with a settled bed of 0.125-in. diameter 

spherical UC-PuC fuel particles. The fuel bed volume is 34~3 ft3. The 

upper vessel space is provided for bed volume expansion during f luidization. 

The main reactor vessel is mace from 1. 75-in. thick 316 stainless 

steel with overall dimensions of 6.93 fto diameter and 13.75 ft. higho 

It is enclosed with dishecl. heads at both ends. The vessel sides and bottom 
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head are supported with external steel structural DEmbers. i•. structurally 

reinforced, 1. 75-in. thick perforated steel plate ( simila:L to the one 

described previously) is welded into the bottom head to support the blanket 

bed (approximately 49u2 tons). 

The reactor vessel is filled t'o an ~ctive height of 8.57 ft. and 

1 9 5 ft. radial thickness with a sett+ed blanket ped of 0.125-in. diameter 

spherical UC particles. The bed occupies e. ·vo.lume of approximately 248<?8 ft3 • 

Primary coolant Na is int11oducecf at both ends of the central pipe 

and flows radially through the perforated wall and the core and thence to 

the blanket bed where it is mixed with Na flowing downward through the 

blanket 0 The exiting Na from all parts of the reactor is removed through 

8-in. ~ipes welded to the bottom reactor vessel head. Four 4-in. pipes 

serve as blanket fluidizing Na inlets., All other core vessel and reactor 

vessel connections are similar to those described previously. This reactor 

is filled and drained by the procedure described previously. 

HEAT TRANSFER IND FLUID DYHf.i1iICS 

(Both Axial and Radial Flow Cases) 

The limiting design condition for both reactors is the maximum 

allowable thermal stress on the individual fuel particles - 10,000 psi to 

UC and uo2 o UC-Puc, rather than U02-Pu02 , was selected as fuel because 

the thermal conductivity of the carbide is several times greater than that 

of the oxide'· thereby permitting a substantially higher he at flux. However, 

one radial flow case using U02-Pu02 fuel was briefly investigated and the 
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results are included in the Table of i'..eactor Characteristics. The maximum 

pressure drop in the Na flowing through the bed was arbitrarily limited to 

300 psi to permit the use of standard pumps and ordinary vessel design and 

construction requireJ1Ents. The pertin~nt ~at transfer core design data 

are presented in the Table of Reactor Characteristics. 

The thermal stress in the fuel. particles varies directly with 

the square of their diameter and with ,the vbluinetric heat generation rate, ' . . ' .. j• . 

while the Na pressure drop through· the· f1,le.l bed. varies inversely as the 

1.27 power of the particle di~eter •. A compromise has to be made, therefore, 

between thermal stress and pressure drop requirerents~ The calculated heat 

transfer coefficients using Na coolant are very high, and the resultant 

film temperature differences in all cases studied are only a fe_w degrees. 

The average temperature difference between the fuel particle center and 

surf ace is in all cases calculated to be less than 47°P and the maximum 

calculated fuel particle center tempere.ture ·is 1553°P. 
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TJ:.BLE OF REf_CTOR OIARACTERIST!CS 

A. Engineering Data 

P.xial flow Axial flow Radial flow Radial flow 
(height=diam) (height=0.6 diam) (carbide) (oxide) 

1. Reactor vessel 

Design pressure, psi 350 350 

Design temperature, °F 1100 1100 

Outside diameter,ft 9 .. ,5 7.25 

Over-all height,ft 12.75 12013 

Wall thickness,in. 2 l .. s 

Material A.I.,S.I. 316 SS A.I.S.Io 316 SS 

2. Reactor core vessel 

Design pressure,psi 350 350 

Design temperature,~ 1100 1100 

Outside diameter,ft 6.2 4 .. 0 

Over-all height,ft s.1s 5.oo 

Wall thickness,in. 1 o.5 . 

Material A.I.s.I. 316 SS A.,I.s.I. 316 SS 

3. Reactor core 

Active diameter, ft 6.42 6003 3.,85 4.37 

ACtive height,ft 6.42 3.62 3.,85 4.37 

Volume, ft 3 208 103.,6 34.3 5108 

Composition 

UC-PuC(603) 12408 62 .. 2 20~6 31~1 

Na(403) 83.2 41.4 13.7 20.7 
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TABLE OF P.EACTOR C!-IPJU'~CTERISTICS (cont.) 

A. Engineering Data (cont.) 

Axial flow Axial flow 
(height=diam) (height=0.,6 diam) 

---;- . 

4. Reactor blanket 

Radial thickness,ft 1.,5 1-,s 

.s. ?riinary cooling 
system, core 

Number of flow loops 1 1 

Flow per loop,gpm 45,~00 -44 ;100-

Size of flow headers,in. 24 24 

Material of 
construction A.I.s.I.316SS A.r.s.I. 316 SS 

Total·pressure 
drop,psi · 

Total pumping power · 
(at 703 ;efficiency), 
hp 

6. Primary cooling system, 
blanket 

Estimated pressure 
drot>, psi 

Estimated head required 
to circulate Na through 
bed, ft 

Estimated average flow 
velocity, ft/sec 

~99 291 

10,750 

5.44 

15.05 

Radial flow Radial flow 
(carbide) (oxide) 

1.5 l.s 

2 2 

21,600 21,600 

24 24 

61* 

3,010* 2,190* 

45 

125 

*The total pressure drop, pumping power, and flow velocity values are for the core 
only. The pressure drop and pumping power for both core and blanket are about 
503 greater, and the average coolant velocity through both core and blanket is 
about 253 lower. 
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TABLE OF REACTOR·CHARACTERISTICS (cont.) 

B.Heat Transfer 

Axial flow Axial flow 
(height=diam)· (height::;0.,6 diam) 

19 Coolant material sodium sodium 

2o Inlet temperature,Of 550 ·550 

3., Outlet temperature,<ll 1050 ),Q,SO 

4. Coolarit flow rate, 
lb/hr 1.,88 x lOr 1.84 ·x ·107~. 

5. Number of passes 1 i 

6,.. Aver~ge flow 
velocity, ft/sec 3oll 3.45 

7 • Average volumetric. 
heat generation rate 
in fuel bed, Mw/f t3 
bed 4 .. 03 8.,09 

80 Maximum volumetric 
heat. generation rate 
in fuel bed, Mw/ft3 13.8 26~2 

9., Heat transfer 
surface, ft2 36,100 25,150 

lOo Average heat flux, 
Btu/hr-ft2 7.92 x 104 1•14 x 105 

11. Maximum heat flux, 
Btu/hr-ft2 2., 74 x 10_5 3o 70 x 105 

12. Average fuel particle 
internal temperature 
.difference, Op 27.,3 30.8 

Radial flow Radial flow 
(carbide) (oxide) 

sodium sodium 

550 550 

1050 1050 

1 1 

2.,79* 2935* 

49.8 3492 

46.3 43•6 

*The total pressure drop, pumping power, and flow velocity values are for the core 
only.. The pressure drop and pumping power for both core and blanket are about 
503 greater, and the average coolant velocity through both core and blanket is 
about 25% lower. 
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TABLE OF REACTOR CHARACTERISTICS (cont.) 

a..Heat Transfer (cont.) 

Axial flow Axial flow 
(height=diam) (height=0.6 diam) 

13. Maximum temperature 
at center of f ue1 
particle, °F 1553 

14. Maximum thermal 
stress on particles, 
psi 10,000 

15. Maximum-to-average 
radial power peaking 
factor 1.86 1.86 

16. Maximum-to-average 
ax~al power peaking 
factor 1.48 

17. Over~all power peaking 
factor 2.75 

18. Factor to compensate 
for local variations 
in heat transfer 
coefficient over 
particle surf ace 1.25 

19 .• Average core power 
density, kw/liter 
core 142 

20. Average specific power 
in fuel., kw/kg Pu 258 

i6,00Q;' 
I 

1.41 

1.25 

497 

Radial flow Radial flow 
(carbide) (oxide) 

1176 1217 

10,000 10,000 

1.19 

1.40 1.41 

1.72 

1.25 1.25 

849 561 

1000 887 
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A-Settled Bed B-Fluidized Bed 

Radiographs of a uo
2

-NaK Fluidized Bed 

FIG. 1 
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Experimental Particulate Fuel Mockup showing the bed in the fluidized state. 

FIG. 2 
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Experimental Particulate Fuel Mockup. In this view the bed is settled. 
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