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The present invention relates 'to nuclear reactors and
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more particularly to homogeneous ‘nuclear. reactors utiliz-

ing a liquid fuel.

The nuclear reactor of the presemt invention is an
improved reactor of the homogeneous type, and is de-
scribed as particularly suitable for use as a research_de-

vice where a maintenance free. reactor of m de f tely hlgh

neutron flux is desired.
Homogeneous reactors_of the priopr art generally re-
quire extensive fuel handlmg and gas recombining sys-
- tems. Also, in the prior ‘art reactors, éxfensive fuel cir-

culating apparatus is required or such Teactors are dras- .

tically restricted to low power levels
liance om convection circulation.
are requIred in" the present invention, Simce COTV:
circulation is materially ajded by the desngn and op ]
temperature of the systém: T

Although the descrlptlon of the pre?erre embo ment

per square cm. per sec. u?ing ord'inai'f/:w:
ator, an approprm*e sua!e-up of the re

would include a larger crmcal reglcrr,
capacity, and volume of fuel. )

The preferred émbodiment of 'the présént jfivention
provides for the renioval of heat from the critical region
by utilizing the steani bubbles formed in the critical
region. The critical region has a plurality of upwardly
extending small diameter tubgs. The liquid fuel is di-
rected up these tubes and down the adjacent annular area
containing heat exchanging apparatus and back into the
critical region. It is the relation of the length and
diameter of these tubes which distinguishes the present
invention from the circulating systems of the prior-art.

Further, in the present jnvention_the liquid-gas inter-
face is not within_the critical region; i. & ot within
the geometry whicl determines the critical mass. There-
fore, disturbances on the liquid surface will have a re-
. duced effect upon the power -and neutrof level.

The reactor of the present inventjon is prlmanly con-

1ty and the power level may be adjusted b regulatmg the
“flow of cooling fluid. For a steady feutron flux; & &on-
stant rate of flow will be required. =However, conven-
tional control rods may be used_ if desired.

Therefore, it is an object of the present invention to
provide a homogeneous nuclear reactor which is rela’,tiiiely
inexpensive to build, safe to operate, compact in ar-
rangement and which has an improved liquid fuel cir-
culating system.

Another object of the present invention is to provide a
homogeneous nuclear reactor which utilizes the bubbles
formed in the liquid fuel to c1rcu1age the 11qu1d fuel
through a heat exchanger. --
. A further object of the present mventlon is to provxde
"a method and apparatus_ for circulating the liquid fuel
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2
of a homogeneous reactor in a simple and rapid manner
without the use of complicated circulating apparatus.

" Astill further obect of the present invention is to pro-
vide a method and apparatus for circulating the liquid

_ fuel of a homogeneous reactor which results in a highly

stable neutron flux level.

Other objects and advantages of the present invention
will become more apparent from the following descrlp-
tion including drawings, hereby nmde a part of the s*pecn-
fication, wherein::

Figure 1 is a sectional view of one embodiment of the
present invention showing the internal components there-
of,

Figure 2 is a detailed sectional view of the reaction
shell and associated circulatiug tubes,

Flgure 3 is a schematic diagram of the circulating sys-
‘tem, and

Figure 4 is ‘a schematic diagram of one modification
of the present invention.

APPARATUS

= The preferred - embodiment of the present invention
shown in Figure 1 comprises a closed reactor vessel 11,
preferably fabricated from stainless steel, having a
flanged top plate  asembly 12. The top plate assembly
12 consists of the vessel flange, a “central platf> 13 and
a manifold plate 134. The central plate 13 is sealed to
the flange of the reactor vessel 11 and contains appropri-

" até coolant inlet channels and steam outlct chamnels con-

nected, respectively, to a coolant supply aud power pro-
'aucing facilities. The manifold 13a _is sealed to the
top of central plate 13.

The interior chamber of the Vmcl 11 of the preferred

“embodiment may be divided into thres sectioms. The

first section is the critical region 14 and is located near
thie bottom of the vessel 11. The second region is the
heat exchanger and tube bundle region 13, and is lo-
cated immediately above the critical region.  The third
region is the gas recombination region 16 which is located
in the top of the vessel 11, i. e., above region 15. The
critical region 14 of the ‘vessel 11 in the preferred em-
bodiment has a spherical reaction shell or baffle 17 fab-
rication from stainless steel having a thickness of about
0.1 inch. In this manner its effect upon critical dimen-
sion calculations is  negligible, . The lower portion of
the reaction shell 17 is perforated as at 18 or otherwise
partially open so_that liquid fuel may enter.. The re-
action shell 17 is supported in_any conventional manner

_in spaced relation. to the bottom and the sides of vessel

11 thereby allowing liquid fuel to flow through the chan-

nel 19 so formed. Channel 19_has approximately the

same crosé sectional flow area as the total flow area of

“the tubes 20.

~ Extending upwardly from the critical region is a bundle
of small diameter tubes 20 welded to the top portion
of reaction shell T7. These tubes extend upwm!ly from
the reaction shell 17 and connect the interior of the
shell 17 with the upper portion of the heat exchanger
region 15. The tubes 20 are spaced fromi the walls of
vessel 11 thereby forming down-channel 21. The num-
ber of tubes required is depeudent upon the cn'culatlon

being ¢ descrlbed about 100 of these tubes would be re-

quired for the desired power output and circulation rate.

,The tubes are welded or otherwxse attached to each other
in such a manner that the 1nterst1ces between tubes_ are

‘sealed from the liquid fuel.  The Iength and diameter of

these tubes are an important aspect of the present in-

ventlon
= The Tength of each tube 20, see Figure 2, in the pre-
ferl‘ed embodiment is"at least as_long as the height of

the critical Téglon 17” so that the majority of the bubbles
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are formed in the tube rather than in the critical region.
The diameter of the tube should be of the same order of
magnitude as the diameter-of the bubble upon reaching
the upper portion of the tube. These relations result
in a greater circulation rate than is possible by utihzrng
a single tube. The reason for the increased rate of cir-

culation with a plurality of tubes is that the small di-
ameter of the tubes approximates to a closer degree the
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average size of the bubble formed, so that a geyser ’

effect takes place in each tube forcing the liquid fuel out
the top of the tube as the bubble rises. Furthermore,
with a plurality of tubes, bubble surges are random and
have very little effect on the reactivity. With a single
channel the presence of a series of bubbles produces
a surge in circulation, and allows neutrons to escape
more easily from the critical region, since the reflective
influcnce of the bubbles is considerably lower than that
of the liquid.

The length of the tubes is also 1mportant
are originally formed as microscopic bubbles in the re-
action shell 17. As these bubbles rise in the tubes, they
coalesce to larger bubbles. The tubes must be long
enough so that sufficient time is available for this co-
alescence to become “appreciable in order that the geyser
effect will function to circulate the liquid fuel. It has
been found that optimum circulation is obtained, at
an operating temperature of 100° C., if the tubes are
at least as long as the height of the reaction region, al-
ducrng the length the order of a few centimeters less
than the reaction region§) height.

The diameter of the tubes has been found to be crrtrcal
if maximum circulation is desired. For the specific in-
stance of_ spherical reaction shell of about 25 cm. di-
ameter, a tube length of about 25 cm. and an operat-

'mg temperature of 100° C., the tube diameter which

gwcs maximum _efficiency in circulating the liquid fuel
is about 1 cm. _ Further it has been found that this
diameter is not dependent upon the drameter of the
critical region.

_If the diameter of the tubes in the partlcular embodi-
ment being described is increased to greater than about

10 ]
- the liquid fucel is introduced into_ the reactor...
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been found that an undesired effect on the circulation
rate ‘results. The tubes 20 are preferably thin walled
stainless steel tubes of approximately equal length. In
the preferred embodiment shown in Figure 1 no pro-

vision has been miade for a central control rod. How-

ever, if such a rod is desired, several of the centrally
located tubes may be removed and a sleeve (not shown)
for the control rod inserted. Such a sleeve would ex-
tend upwardly through the gas recombining' region’ and
top plate assembly. N o

"The heat exchanger 22 consists of a series of flat
spaced coils of 3 inch O. D, % inch L D. stainless
steel tubing, the tube bundle havmg a generally cylm-
drical form. The heat exchanger 22 is manifolded in
flange 13a, and is connected to annular coolant channels
23 and 24. The heat exchanger inlet and outlet pipes
25 are evenly distributed around the interior surface
of the vessel 11, only two being shown for illustration
purposes. Coolant inlet 26 and coolant outlet 27 are
connected, respectively, to annular inlet channel 23 and
annular outlet channel 24, which are located in the bot-
tom surface of manifold plate 134. The heat exchanger
22 is supported by the outlet and inlet pipes 25 which
are attached to the top plate assembly 12, so that the
entire fuel cooling apparatus niay be removed ‘with the
top plate assembly 12.

Above the upper extremity of the heat exchanger 22

splashmg of the hqurd fuel upwardly into the recom-

bmlng regron and .to act as_an entrainment trap for

45

50

05

60

63

70

15

o A e B =
droplets of fuel forced upwardly by the geyser action
in the tubes 20.

The level 29 of the liquid fuel during operation is
approximately equal to or slightly below the upper ex-
tremity of tubes. 20. The heat exchanger area located
above the liquid level 29 funetions to condense the stean
and return it to the quurd tuel.

“A liquid fuel inlet pipe 30 is provided whiclt is sealed
to the top plate assembly 12 and extends to the bottom
of the interipr of reactor 11. Through this inlet pipe,
) The inlet
pipe is coninected through a control system (not shown)
to a storage tank (not shown). Thus the fuel may be
removed from the reactor and stored at a remote, shielded
location, if maintenance of the reactor components is
required. Inlet pipe 30 also provides a means for adding
fissionable material, moderator, or other material to the
. liquid fuel, as this may be rcquired after operating the
reactor for some time.

The recombiner regioni, indicated generaily at 31 and
supported by bracket 32, and its arrangement is de-
scribed_in copending apphcatlon Serral No. 493,579 by
Harold M. Busey, filed March 10, 1955, entitled Method
and Apparatus for. Catalytrcal[y Combining Gases, the
subject matter of which'is incorporated herein by refer-
ence,

The reflector, slueldrng and thermal column_ construc-
tron and control apparatus are also not descirbed herein,
1 ize and type of such components are wgll
.known ig the:art

The upper .po on of ‘the reaotor vessel 11 may be
enclosed in @ cooEnt ‘jacket, not shown, to aid the cop-
“vection circulation in_the gas recombrnlng reg10n apd
the cold Teg of the fuel crrcuIatmg region. - . 51

Between the vessel 11 and the reflector 31 a sleeve 34
is located which is fabricated from a neutron absorbing
material, such as cadmium, boron or similar material,
The sleeve 34 is movable parallel to the axis of the vesse!
11 by manual or ‘automatic means (not shown) and i
_preferably supp ed by an electromagnet 35. In this

ion_of the reactor can be coutrolled
rgizing the clectroma'rnet 35 which will
allow the sletvie 34 to fall 1 to its bottom position_thereby
surroundlng the cutrcal region 14 and cuttmg off reﬂected
neutrons.

Crmcal regton cuul fuels

Varrous hqurd fuels such as, for example, soluuons
or slurries, may be used in the reactor of the present
invention: ~ These include, but are not limited to, en-
riched wuranyl nitrate or uranyl sulphate in ordrnary or
heavy water, as well as quuld fuels including plutonium
as the fissionable material. Only one specific example
will be given, although no limitation is thereby intended.

A solution of enriched uranyl sulfate (U0,SO,) in
ordinary water havmg, for example, of the order of
-0.5 molar solution, is the preferred fuel concentration
for the reactor of the present invention. This type of
liquid fuel has been used in homiGgenedus reéactors in
- the past and many of its characteristics aré known. (See
“An enriched homogeneots tiuclear reactor,” Review of
Scientific Instruments, volume 22, No. 7, pages 489-499,
JuIy 1951, and AECD-3287, Techaical Informauon Serv-
ice, Oak Ridge, Temnessee; 1952.) °

The fissionablc comporent of the preferred fuel is
uranium enrlched in the isotope U5 to a value of about
90 percent. " The reflector material may be of a ma-
terial well known in the art as a neutron u,ﬂectox such
as graphite.

The conﬁguratron of the critical region is as u close
_approximation one-half cylindrical and one-half spherical
Thus the critical size is determined by cxtrapolatmg be
:tween the critical size for a sphere and the critical size
for a cylinder, Each of these calculations, as well as
the extrapolation are well known in the art. Such <al-
culations are performed in accordance with the genterally
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accepted theory as described in Glasstone and Edlund,
“The Elements of MNuclear Reactor Theory,” chapter
VIII (Van Nostrand Co., 1952).

By this analysis the approximate quantities and propor-
tions for the preferred liquid fuel are as follows:

Uranivm- ... 90 percent U238

Critical mass-_. 900 gm. U2

Operating mass. 2 Kg. U2

Dimensions of

critical region.. One-half spherical with 25 cm. diam-

eter plus a cylinder 25 cm. diameter
and 12 cm. high

Moderator Normal water 15 liters

Reflector Graphite (60 inch cube)

Utilizing this fuel solution the power output would
approximate 100 kw. with a maximum thermal flux of
" the_order of 10'? neutron/sq. ¢m./sec. based upon ap-
proximately 7 kw./liter of solution.

Should heavy water be utilized as the moderator, the
dimensions of the critical region would have to be in-
creased accordingly, and this would about double the ther-
mal neutron flux at a-given power lever. This would ne-
cessitate a decrease in the quantity of U235 required to
maintain a particular power output. It should be noted
that the term “water” as used herein, unless otherwise
specifically indicated, includes both normal water and
heavy water, and that enrichments of U235 other than 90
percent are specifically contemplated.

Further, liquid materials other than water, for example,
slurries, and low_boiling point fused salts. and organic
liquids, such as, UFg, are specifically contemplated. The
term fissionable material, as used herein, means material
which readily undergoes fission when bombarded by
thermal neutrons, i. e., U233, U235, ‘or Pu®8. Tt should
also be noted that the quantities and proportions pointed
out above are only approximate, and that the calculation
of the exact values depends upon the flux desired, the de-
sired operating power level, the ‘size of the reactor the
amount of éffective poisoning components in the solutlon,
and the moderator and reflector utilized, Thus, it is ap-
parent that the exact physical meaning of “critical region”
will depend upon a number of variable factors. How-
ever, in any case this term necessarily implies a fuel-
moderator congentration in a critical geometry sufficient
to ‘sustain a fission chain reaction, i. e., the effective
neutron multiplication factor is at least unity. In the
specific embodiment bemg described_the entnre region 14
within the vessel 11 is the critical region, since the re-
action shell 17 merely functions as a flow dlrectmg baffle
having negligible neutronic thickness.

START-UP OPERATION

In starting up the reactor of the present invention the
sleeve 34 is raised to about the half-way position to allow
a portion of the neutrons reflected back to enter the
critical region.

The vessel 11 is then evacuated through pipe 36 by a
standard vacuum system not shown. The reactor of the
present invention is preferably operated with practically
all ajr removed. Although this is not essential to oper-
ability, it has certain advantages, such as, the over-all
internal pressure during operation will be reduced, the
efficiency of the condensing surfaces will be increased, and
the high water vapor content will decrease the possibility
of explosions of the oxygen-hydrogen mixtures resulting
from the radiolytic decomposition of the water moderator.

The liquid fuel is then introduced through inlet pipe 30.
As the fuel solution is introduced, various tests and cali-
brations are made in accordarce with standard proce-
dures. After the level of the fuel has been raised to the
normal operating level 29, i. e., just below the top of the
tube bund]e 20, the input of fuel is stopped.

As the sleeve 34 is raised further, the meutrons re-

flected back into the critical region by the reflector will
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cause the fissionable fuel to become at least critical, i. é.;
the effective neutron multiplication will be at least one.
Thus, the liquid fuel will heat, since the fission process will
create heat. As the reactor begins to heat, the fissionable
liquid fuel will expand, so that its reactivity is reduced.
The effect is to maintain such a temperature that the
multiplication rate is always very nearly one. The fission-
able fuel concentration should be adjusted so that the
fully withdrawn position of the sleeve 34 represents the
desired maximum operating temperature, such as, for
example, 100° C.

Water is then introduced into heat exchanger 22 and
the cooling jacket. The effect of the water in the heat
exchanger is to increase the power output, since the re-
activity will be maintained at the same value. Thus,
it can be seen that the power level of the reactor is con-
trolled by the amount of heat removed through the heat
exchanger, i. e., the rate of water flow which may be
varied. The water in the heater exchanger is preferably
ordinary filtered city water (not refrigerated) and pref-
erably flows through coolant inlet and outlet pipes 26
and 27 under ordinary city water pressure. The induced
radioactivity in the water, if it is of sufficient purity, will
be negligible and the water may be discarded after a few
minutes delay. .
: FUEL CIRCULATION

The heat which is created in the critical region 14 will
heat the moderator to a temperature in excess of 100° €
thereby forming steam bubbles within the reaction shell
17.” The radiolytic dissociation of the water moderator
within the reaction shell will also form microscopic
bubbles which will move upwardly because of their buoy-
ancy. The upward movement of these bubbles, sece
Figure 3, into the tubes 20 will result in the forcing of
liquid fuel out of the top of these tubes. Therefore, as
the liquid fuel heats, a current is created by virtue of the
rising bubbles which will also be aided by the natural
convection circulation. In this manner the 11qu1d fuel
will circulate from the reaction shell 17 up the tubes 20
down through the heat exchanger 22, where it is cooled,
through channel 19 and back into the reaction shell
through apertures 18 where it will again be heated by the
critical reaction taking place

This arrangement results in a rapid circiation of the
liquid fuel and dispenses with the complications of
mechanical circulating systems. Furthertriore, the reactor
powér level will be unperturbed by the ripples or the
geyser effect takmg place on the liquid. fuel surface, since
the critical region is located in a relatively remote place
with respect to the surface perturbations. The bubbles
formed within the_ liquid fuel will be swept from the re-
action shell by the circulation before there has been suf-
ficient time to appreciably affect the reactivity. This can
be seen by considering the fact that a complete circulation
cycle will take of the order of 5 seconds.

Thus the compllcated control rod mechanisms, which
are required in prior art devices in order to maintain
accurate control of the neutron level, are not required
in the present invention.: .

The bubbles, both steam and gas, rising through the
tubes 20 push the liquid fuel upwardly and eject it out
of the. top of the tube where it falls back toward the out-
side. This geyser action is randam, so that not all of the
tubes ‘are functioning to circulate the fuel at the same
time. The tubes at the center of the tube bundle will
function at the greatest rate, since a large part of the
bubbles in the liquid fuel in the reaction shell are formed
near ‘the center where the temperature is the highest.
Thus the efficiency of the fuel circulation at the center of
the Teuction region is higher than at the outside where
the_tempgratures are comparatively lower. In this man-
ner_the hottest portion of the liquid fuel is the portnon
which is circulated the_fastest, since bubble formation is
dependent upon the temperature.
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- The bubbles formed at the center rise tpwardly forc-
ing the fuel in the central tubes ‘6ut the top. The velocity
of the fuel in the tubes 20 is considerably greater than
the velocity at any other point in the system. Thus, this
higher velocity aids in geyser effect. Obviously, this
‘action is taking place in each of the tubes. Thus, it can
be seen that the number of tubes, i. e., the total area of
the tubes with respect to the cross sectional area of re-
action shell, are interrelated. It has been found that if
the total area of the tube bundle is from about one-third
to about one-half of the cross sectional area of the reac-
tion shell excellent efficiency results, However, it should
be noted that this relahonshlp is not a requlrement since
it is within the purview of thls mventnon to utlize a
cylindrical reaction shell having a diameter equal to the
diameter of the tube bundle.

The circulating fuel forced out of the top of the tubes
20 may be directed outwardly by a lip (not_shown) on
the top of each tube. In this manner the fuel may be
moved into the heat exchanger region 22 where it will
be cooled and circulated downwaldly into channef 19.

The fuel in channel 19 constitutes a portion of the
critical mass since the neutrons from the surrounding
reflector, as well as from the liquid fuel within the criti-
cal shell, will cause fision to take place. Thus, as the
fuel moves downwardly in channel 19, the heating
process has already begun, and upon passage through
aperture 18 enters the hot leg of the circulation cycle.

The reactor of the present invention may be operated
at a_large range of temperatures, examples of which are
shown in the chart below.

Chart
Temperatire__, - _____________ —o.| 100° C. 180° C. 33° C.
Liters of steam per liter of soup per
second at 300 kw_ 12.4 1.44 0.20
Tybe length _____ 25 26 25
Tabe diameter__ Sto LS JTtol4 81012

It is apparent “from this chart that the efficiency of the
circulation is dependent upon the operatmg temperature,
since the volume of steam produced is reduced with in-
creasing temperature and this volume controls bubble
formation, Further since at the hlgher operating tem-
peratures the ‘pressute within the vessel is higher, the size
of the bubbles will vary wlth operating temperature.
Thus, after selecting the operating {emperature, the tube
diameter and length are determined. For a reactor
power. level of 300 kw. and a critical region of 25 cm.
height, it is apparent from the chart that an increase in
operating temperature results in the necessity for a
smaller diameter tube in order to maintain the same rela-
tive circulation rate.

GAS CIRCULATION

The gases liberated by the radiolytic dissociation of the
water moderator and the moderator vapor move into
the area immediately above the solution surface. Baffles
28 function to prevent any liquid fuel from splashing or
otherwise reaching the recombiner apparatus. The dis-
sociated gases and vapor flow into the chimmney 31 where
they pass over a“catalyst. The catalyst functions to re-
combine the hydrogen and oxygen gases to form water.
During this recombination, heat is liberated, whereby
the gases are caused to flow up the chimney 31. The
recombined gases and vapor flow over the top of chim-
ney 31 into the cooling and condensmg charmmel. The
cooling action of the water jacket and the inlet “pipes
condense the water vapor which is directed back mto the
fuel solution by baffles. Non-condensed gases pass into
the hot leg and continue about the convention circuit.

" The recombiner “unit operation is more spemﬁcally de-
scribed in the above referemced co-pending application
Ser. No. 493,579, By this method the dissociated mod-
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" the operating temperature

erator gases are circulated over the recombining catalyst

and are condensed without the use of circulating ma-
chinery. Furthermore, this arrangement makes it pos-
sible to place the recombining unit within the same vessel
as the critical region thereby dispensing with burdensome
and hazardous handling of explosive radioactive gases.
The fact that the recombination takes place proximate to
the liquid fuel means that the shielding of the reactor
also functions as a shield for the gas recombiner. This
arrangement and association of components is more fully
described in co-pending application Ser. No. 500,710,
filed April 11, 1955 by R. P. Hammond and Harold
M. Busey, entitled Homogeneous Nuclear Reactor, the
disclosure of which is incorporated herein by reference

CONTROL

The temperature of the liquid fuel can be accurately
controlled by the proper positioning of the sleeve 34 or
the adjustment of the fissionable material content of the
liquid fuel. The ava11ab1e react1v1ty may also be con-
trolled by using a control rod, not shown, if desired.
However, the utilization of a control rod will increase the
fuel requirements, and is not required. The negative
temperature coefficient of 'v1ty plus the absence of
perturbations within the critical regxon will result in good

neutron flux stability,

Another method of controlling the reactmty of the pre-
ferred embodiment of_the present invention is by the
addition, or removal of water from the solution. This
can be accomphs by apparatus well known in the art,
See co-pendlng apphcatlon Ser. No. 500, 710 referred to
above.

One embodiment of the present invention which is
specifically contemplated is_one_in which there is no
recombination of gases within the reactor vessel. In this
embodiment the heat exchanger is loc dy within the same
pressure vessel as the critical reaction region, but is
not within the critical geometry, i. e., in the same manner
as the preferred embodiment, and a plurality of tubes
20 are utilized. However, the gas recomblmng appara-
tus or gas venting apparatus would be in accordance with
the teachings of the prior art, i. e., located external to
the reactor vessel Such an embodlment is shown in
Figure 4 of "the "attached drawings ‘wherein the parts
designated are the same as described hereinbefore except
that a gas-outlet 36 is provided in this embodiment so
that the radiolytically decomposed ‘moderator gas can
be directed away from the reactor to a stack or con-
ventional recombining apparatis, while the steam is con-
densed and returned to the reactor.

The circulation of the llql]ld fuel by the method and
apparatus of the present invention is superior to prior
art systems, since the operating temperature is higher,
the circulation rate is maten'ally increased, reactivity
variations are reduced, no moving parts are required
within the reactor vessel, all compoments are relatively
simple in design thereby facilitating maintenance and
replacement, and the inherent safety features of the
homogencous ‘reactor, i. e., megative temperature co-
efficient of react1v1ty and ease of control, are utilized.

Thus, it is apparent that the preferred ‘embodiment of
the present invention provides a system ‘in which  the
rate at“which the fuel is circulated is dependent upon
In this'manner there is com-
plete power wontrol of the nuclear. Teactor.. This can
be seen by consxdermg that the rate at which the heat
is removed by the heat exchanging system will control
the power level of the reactor. ] .

Further, it can be seen that the reactor of the present
invention has a reduced crmcal region dimension, smce
the heat excharger has been removed fromi ‘this region
thereby ~e¢liminating nutron absorptlon in this area by
the heat exchanger. TThis location also reduces the
radnoact1v1ty of the coolant, because the coolant is not
located in the highest flux region. As a result, the coolant
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requires less safety precautions because of the lower
induced radioactivity and the resulting shorter decay
period to tolerable levels.

It is also apparent that the reactor of the present in-
vention may be easily removed from its operating loca-
tion, since all connections are made at the top of the
vessel, thereby facilitating disconnection. Furthermore,
all internal components are suspended from the top plate
assembly so that removal for replacement or repair may
be easily accomplished.

The preferred embodiment of the present invention
utilizing a liquid fuel of uranyl sulfate and normal water
does not require extensive corrosion protection of the
reactor vessel or component parts. However, such cor-
rosion protection in the form of gold, silver, platinum or
similar material may be required for fuels other than
the preferred liquid fuel.

It is, therefore, apparent that the present invention
provides a novel arrangement and association of parts
which results in a nuclear reactor having a simple yet
efficient circulating system. While presently preferred
embodiments of the invention have been described, it
is clear that many other modifications may be made with-
out departing from the scope of the invention. Therefore,
the present invention is not limited by the foregoing
description, but solely by the appended claims.

What is claimed is:

1. A homogeneous nuclear reactor comprising a vessel
containing in combination a volume of liquid nuclear fuel
including a fissionable material and a liquid moderator,
means for attaining nuclear criticality in a region of criti-
cality in said liquid fuel, and means including a plurality
of small diameter vertically disposed tubes extending
upwardly from said region of criticality to provide circu-
lation of said liquid fuel from said region of criticality,
said tubes producing a geyser effect for forcing liquid
fuel out the top of said tubes when said liquid fuel is
heated, said volume of liquid fuel having a level below
the upper extremity of said tubes and above said critical
region, and a channel for returning liquid fuel from
the top of said tubes to said region of criticality.

2. A homogeneous nuclear reactor comprising a vessel
containing in combination a volume of liquid nuclear fuel
including a fissionable material and a liquid moderator,
means for attaining nuclear criticality in a region of
criticality in said liquid fuel, and means including a plu-
rality of small diameter vertically disposed tubes ex-
tending upwardly from said region of criticality to
provide circulation of said liquid fuel from said region
of criticality, said tubes having a length about equal to
the height of said region of criticality and producing a
geyser effect for forcing liquid fuel out the top of said
tubes when said liquid fuel is heated, said volume of
liquid fuel having a level below the upper extremity of
said tubes and above said critical region, and a channel
for returning liquid fuel from the top of said tubes to said
region of criticality.

3. A homogeneous nuclear reactor comprising a vessel
containing in combination a volume of liquid nuclear
fuel including a fissionable material and a liquid modera-
tor, means for attaining nuclear criticality in a region
of criticality in said liquid fuel, and means including a
plurality of small diameter vertically disposed tubes
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extending upwardly from said region of criticality to
provide circulation of said liquid fuel from said region
of criticality, said small diameter tubes having a length
about equal to the height of said region of criticality, said
tubes having a diameter the same order of magnitude as
the diameter of the bubbles, formed during the heating
of the liquid fuel in said region of criticality, upon reach-
ing the upper portion of said tubes, said tubes producing
a geyser effect for forcing liquid fuel out of the top of said
tubes when said liquid fuel is heated, said liquid fuel
having a level below the upper extremity of said tubes
and above said critical region, and a channel for returning
liquid fuel from the top of said tubes to said region of
criticality.

4. A homogeneous nuclear reactor comprising a vessel
containing in combination a volume of liquid nuclear
fuel including a fissionable material and a liquid modera-
tor, means for attaining nuclear criticality in a region of
criticality in said liquid fuel, and means including a plu-
rality of small diameter vertically disposed tubes to
provide circulation of said liquid fuel in said region
of criticality from said region of criticality, said tubes
extending upwardly from a flow directing bafflle located
in said region of criticality, said tubes being located above
said region of criticality, said tubes and said bafflle
being spaced from the walls of said vessel thereby form-
ing a channel for returning the liquid fuel from the top
of said tubes, said tubes producing a geyser effect for
forcing liquid fuel out the top of said tubes when said
liquid is heated, said volume of liquid fuel having a
level below the upper extremity of said tubes and above
said critical region.

5. A homogeneous nuclear reactor comprising a vessel
containing in combination a volume of liquid nuclear fuel
including a fissionable material and a liquid moderator,
means for attaining nuclear criticality in a region of
criticality in said liquid fuel, and means including a plu-
rality of small diameter vertically disposed tubes to
provide circulation ‘of said liquid fuel in said region of
criticality from said region of criticality, said tubes ex-
tending upwardly from a flow directing baffle located in
said region of criticality, said tubes being located above
said region of criticality, said tubes and said baffle being
spaced from the walls of said vessel, thereby forming a
channel for returning the liquid fuel from the top of said
tubes to said regions of criticality, said tubes producing
a geyser effect for forcing liquid fuel out the top of
said tubes when said liquid is heated, said volume of
liquid fuel having a level below the upper extremity of
said tubes and above said critical region, heat exchanger
means located in said channel, said plurality tubes having
a length about equal to the height of said region of
criticality and a diameter of the same order of magnitude
as the diameter of the bubbles, formed during the heating
of the liquid fuel in said region of criticality, upon reach-
ing the upper portion of said tubes.
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