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ABSTRACT OF T H E DISCLOSURE 
The invention provides a means for exhausting the 

fission gases from the rods of a nuclear reactor fuel 
element while preventing the coolant from reaching the 
inside of the rods on any transient conditions of the 
reactor. Said means comprises a vertically elongated 
chamber which is superimposed to the fuel element and is 
sealed at its top and side walls, a series of apertures being 
provided only at the lower section of it at a short distance 
from the top end of the fuel element rods which apertures 
communicate the inside of the chamber with the sur-
rounding space where the coolant stream of the reactor 
flows upwards. Each fuel rod is provided with a very 
thin tube connecting the top section of the rod with the 
top section of said chamber the profile of the side wall 
of the latter may be chosen in such a way that a suction 
is applied to said apertures by the coolant stream which 
suction at least partially compensates for any increase 
of pressure on the same apertures due to an increase of 
frictional losses downstream of the chamber whenever 
there is an increase of the flow speed of the coolant. 

valves in normal conditions prevent liquid metal from 
entering the rod, but allow the escape of the released 
gases whenever their pressure within the rod is greater 
than the coolant pressure; said valves being designed to 

5 meet as far as practicable the dimensional and opera-
tional requirements of the reactor. 

Said valves may be hydraulically or mechanically 
operated or their operation may be based upon capil-
larity etc. 

10 However all of these differently operated valves, even 
when adapted for solving the aforementioned problem, 
are affected by some drawbacks when considered from 
the following standpoints: 
(a) plant contamination; 
(b) liability to obstruction; 
(c) re-entering of sodium into the fuel rods in certain 

operating conditions of the reactor; 
(d) excessive overall length of the element which may 

badly affect the production cost due to high handling 
and operating costs of the plant; 

(e) resorting to techniques and materials which are not 
enough proven nor enough well known; 

( f ) core safety; 
(g) applicability to fast reactors with high thermohy-

20 

25 

The present invention relates in general to nuclear 
reactors and in particular to fuel elements consisting of 
bundles of rods, which elements are provided with a relief 
device of the gaseous fission products and are usable 
mainly in liquid-metal cooled fast reactors. 

As is well known, in the liquid-metal cooled fast reac-
tors, fuel elements are used which comprise a bundle of 
rods, each rod consisting of the fuel material (in particular 
ceramic fuel) contained in a metal tube the function of 
which is for supporting and containing the fuel material 
and for protecting the coolant against it. 

The fission products released from the irradiated fuel 
may be retained within the rod tube or released in good 
part by a suitable means. 

In the first case, such rods are employed which are 
sealed at their ends; this solution involves characteristic 
safety and economy problems affecting both the nuclear 
plant and the fabricating and reprocessing cycles of the 
fuel elements. 

In the second case several solutions have been sug-
gested namely: solutions whereby the fission released 
gases, through suitable systems are directly led to the 
cover gas and/or to a suitable purifying and draining 
system; solutions whereby the released gases are removed 
by means of the coolant which conveys them in the 
greatest part to the covering gas. 

The last mentioned solutions include the class of 
devices adapted for a single rod and the class of devices 
adapted for a whole bundle of rods; in developing both 
said devices, various artifices are applied with the aim 
mainly of removing or lessening the hazards which may 
arise as a consequence of the fuel coming to direct con-
tact with the liquid-metal coolant. 

The solutions up to now suggested consist mainly of 
suitable valves to be applied to the rod ends, which 

draulic performances. 
None of the suggested solutions meets the total of 

the above requirements. I t is therefore an object of this 
invention to provide a device whereby all of the above 

30 problems are simultaneously solved in a satisfactory way. 
This device is remarkably safe from the point of view 

of its liability to obstructions of the gas outlets; it is 
also capable of preventing the sodium coolant from re-
entering into the rod in all the operating conditions when-

35 ever this becomes a requirement while the overall length 
of the element is compabale with that in other solutions; 
furthermore, the release of the fission gases in an area 
downstream of the core such that the gas flow does not 
cause any disturbances of the thermohydraulic steady 

4 0 state of the core. 
This device has a simple structure; it can be applied 

also to those reactors wherein the hydraulic losses across 
the core are high; it aids even in reducing such losses. 
This device does not contemplate any fluidtight intercon-
nections among the rods of a bundle and therefore the 
elements are more readily assembled if compared with 
the known devices; furthermore, in case of one rod fail-
ing, the liquid metal does not penetrate into the remain-
ing rods of the bundle. Lastly with regards to contamina-
tions, by the device of this invention, the outflow of the 
fission products is retarded in such a way as to substan-
tially concur to the long term reduction of the fission 
products activity into the coolant within safe limts. 

The device of this invention comprises a space which 
5 5 is provided at the top of the rod bundle; a plurality of 

small tubes whereby the released fission gases are con-
veyed towards the upper section of said space and means 
for conveying the same gases from the lower section of 
said space to the outside thereof. 

6 0 The invention will be more readily understood by con-
sideration of the following description and of the at-
tached drawings which illustrate a few preferred embodi-
ments thereof. In the drawings: 

6g FIG. 1 illustrates a fuel element assembly including 
the device of this invention; 

FIG. 2 shows a cross-section of the fuel element of 
FIG. 1; 

FIG. 3 shows a vertical cross-section of a fuel rod 
70 of this invention; 

FIGS. 4, 6 and 8 illustrate three alternative embodi-
ments in addition to that in FIGS. 1 and 2; 
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FIGS. 5, 7 and 9 show respectively a cross-section of 
the fuel element of FIGS. 4, 6 and 8. 

With reference to FIG. 3, fuel rod 1 according to this 
invention comprises a metal tube 9 wherein the fuel 8 
is contained. Above fuel 8 there is a space 10 for allow- 5 
ing the fuel expansion and for receiving the condensed 
fission products thereinto. A section of fertile material 
11 and a porous medium partition are superimposed to 
fuel section 8. The upper end of tube 9 is connected to 
a capillary tube 3 by means of an adapter plug 13. Below 10 
the fuel section there is another section of fertile ma-
terial 14 and a plug IS which is sealed by welding it to 
tube 9. Also plug 13 may be welded to tube 9 and cap-
illary tube 3. 

As shown in F IG. 1, fuel rods 1 are enclosed within a 15 
hexagonal duct 2 and at their upper ends communicate 
with as many capillaries 3 which extend through a per-
forated grid 4 and into a gas collecting chamber 6 where-
in they reach almost to the ceiling of the chamber. 

Tubes 3 interconnect the fuel mass within rods 1 with 20 
the upper section of chamber 6 which is provided with 
a plurality of apertures 7 at the area where grid 4 joins 
the walls of chamber 5. 

The outer surfaces of chamber 6 and grid 4 and the 
inner surface of duct 2 define a space through which 25 
the coolant flows. Because the cross-sections at the dif-
ferent heights of said space have different areas, the speed 
of the uprising flow is different at the different cross-
sections. In particular, at the maximum cross-section of 
chamber 6, that is at the area where grid 4 joins the 30 
peripheral walls of chamber 6, the speed of the uprising 
coolant flow is at a maximum. 

The refrigerant flow through the space defined by the 
outer wall of chamber 6 and the inner surface of duct 
2 is subject to changes during the reactor operation. When 35 
the flow speed increases there will be also an increase 
of the frictional losses along duct 6 downstream of port 
7, and as a consequence, an increase of pressure on 
ports 7. 40 

Now according to an aspect of this invention, such an 
increase of pressure on ports 7 may be partially com-
pensated for by the venturi effect obtained through a 
proper design of the outer profile of chamber 6. Such 
compensation is in fact automatically being produced by 
the same flow speed increase which causes the frictional 
loss decrease. 

The operation of the device of this invention at its 
steady state is as follows with reference to FIGS. 1, 2 
and 3. The gases released by the fuel as a consequence g^ 
of the irradiation, after passing through sections 10, 11, 
12 and therefore after having been partially purified, are 
led to the upper section of chamber 6 by means of 
capillaries 3 with which each rod is provided. Any cool-
ant within chamber 6 is first driven out of it through g 5 
apertures 7 by the incoming gases. Subsequently the gases 
themselves outflow f rom chamber 6 through apertures 
7 and are conveyed by the coolant towards a suitable 
area of the cooling system where means are provided 
fo r separating the gases f rom the cooling liquid. qq 

In transient conditions any increase of the liquid metal 
pressure at apertures 7 and/or any simultaneous decrease 
of temperature of the fission gases contained in chamber 
6 and in the inner spaces of rods 1 cause the coolant to 
re-enter into chamber 6 through apertures 7 until an 0 g 
equilibrium condition is again attained of the inner and 
outer pressure at apertures 7. Chamber 6 is so designed 
that, in any predictable transient conditions, the coolant 
level within the chamber will never reach to the upper 
ends of the capillaries 3. Therefore in no condition is the 70 
liquid coolant allowed to reenter into the rods. 

The device of this invention according to a second em-
bodiment thereof is illustrated in FIGS. 4 and 5, the 
main difference with respect to the first embodiment of 
FIGS. 1 and 2 being in the fact that chamber 16 wherein 7 5 

,152 
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the released gases are collected is defined at its sides 
by the wall of duct 2 (which while being in general of 
hexagonal cross-section may have a different' cross-sec-
tion along its length corresponding to chamber 16); at 
its top by a wedge-shaped seal 18; at its bottom by a 
wall 19 which is frustoconical provided with a plurality 
of holes for leaving the capillary tubes to pass through 
the mouth of the funnel facing downwards. A second 
frustoconical wall 17 with its larger base facing upwards 
is joined to said frustoconical bottom and a row of aper-
tures is provided all around the joining area. Frusto-
conical walls 17, 19 define at their inside a venturi tube 
through which the coolant which comes f rom the rod 
bundle is led to flow. Due to this flow a suction is ap-
plied at the apertures 21 and at steady state of the reactor 
the released gases are drawn from chamber 16 and 
mixed to the coolant stream flowing through constric-
tion 20. 

The device of this invention according to a third em-
bodiment thereof is illustrated in FIGS. 6, 7, the main 
difference with respect to the other embodiments herein 
described consisting in the fact that chamber 26 for col-
lecting the gases is defined a t the inside by a straight 
wall 22 which may be cylindrical or prismatical; by a 
first frustoconical wall 24 joined all around the lower 
end of said straight wall 22 and extending outwardly and 
downwardly f rom said straight wall 22 and by a second 
frustoconical wall 24' extending outwardly and upwardly 
f rom the top end of said straight wall 22; said first 
frustoconical wall 24 being perforated for letting the 
plurality of capillary tubes 3 pass through. Both frusto-
conical walls 24, 24' at their outer periphery are welded 
to the inner surface of the duct so as to make a sealed 
joint therewith. A structural element in the form of a 
ring 23 with wedge-like cross-section is provided for 
strengthening and ensuring the lightness of the joint be-
tween duct 2 and the inner wall 24' at the top section 
of the latter. A plurality of equally spaced apertures 23 
are provided all around duct 2 at a level corresponding 
to the lower section of chamber 26. 

The operation of the above third embodiment of the 
invention is again similar to the other embodiments but 
for the fact that the released gases outflow from cham-
ber 26 through apertures 25 and are removed therefrom 
by the coolant which flows outside of duct 6 and not by 
that flowing within duct 6. 

A fourth embodiment of this invention is illustrated 
by FIGS. 8 and 9. According to this embodiment, cham-
ber 32 for collecting the fission gaseous products has a 
toroidal form being generated by the rotation of a plane 
figure about the vertical axis of duct 2, which figure 
comprises a straight vertical line which is the outer side 
of the figure, an ogival downwardly pointing line 29 at the 
bottom, an inclined straight line sloping upwardly and 
outwardly which is the inner side of the figure and a 
horizontal straight line joining the upper ends of said two 
straight lines 31, 27. By these configurations two passages 
are provided for the coolant flow: one is between the 
wall of duct 2 and the outer wall of chamber 32; the 
other passage 33, which has the profile of a venturi tube, 
is defined by the inner wall of chamber 32. A row of 
apertures 28 is provided at the narrowest section of pas-
sage 33 which connect the same with the inside of cham-
ber 32. A plurality of holes are provided at the bottom 
of the lower section of chamber 32 for introducing the 
capillary tubes into the same chamber. 

The operation of the device according to the fourth 
embodiment is again similar to the first embodiment; 
however it differs f rom it in that the fission gaseous prod-
ucts outflow f rom chamber 32 through apertures 28 and 
are removed by the small portion of the coolant which 
flows through the inner passage 33. The latter by means 
of a tube 30 communicates with an area of the cooling 
system where the gases are separated f rom the liquid 
coolant. By the artifice of discharging the fission gases 
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into a portion only of the cooling stream, the separation 
of said gases from the liquid coolant in said area of the 
cooling system is greatly simplified because a limited 
amount of liquid-gas mixture is to be processed. 

What we claim is: 5 
1. In a fuel element of a nuclear reactor of the type 

which is cooled by an uprising coolant stream of liquid 
metal, said element comprising a bundle of sealed fuel 
rods, a thin-walled open ended shroud surrounding said 
bundle and a venting device, wherein said device is a 10 
device for venting to the coolant stream the fission prod-
uct gases from said element, said device comprising a 
vertically elongated chamber located above said bundle 
and having a top, bottom, and side walls having openings 
located at a lower portion thereof for comrmiuicating 15 
with the coolant stream, said top, bottom, and side walls 
being gastight except for said openings, and a bundle of 
capillary tubes extending vertically through bottom of 
said chamber along its length, the number of tubes in 
the last-mentioned bundle being equal to the number of 20 
fuel rods in the first-mentioned bundle, said tubes hav-
ing upper open ends located in an upper portion of said 
chamber above said openings which during the entire 
operation of the reactor is constantly free from the liquid 
coolant stream, said tubes having opposite ends each of 25 
which is connected to communicate with the interior of 
a separate fuel rod, the outer surface of said chamber 
and the inner surface of said shroud defines a space 
through which the coolant flows wherein the speed of the 
uprising coolant flow is different at the different cross- 3 0 

sections wherein said flow is maximum at the opening 
of said chamber. 

2. In combination with the device of claim 1, a fuel 
rod comprising in combination with sections of fissile and 
fertile material, a bed of filtering medium capable of re- 3 5 

moving all solid particles having dimensions greater than 
the inner size of said capillary tubes. 

3. The device of claim 1 wherein said chamber has 
a vertically elongated form with metal walls which are 4 Q 
joined one to the other by gastight joints such as welded 
joints; the transverse dimension of said chamber being 
less than the transverse dimension of the rod bundle; 
whereby an annular space is formed between the chamber 
and the duct walls; the upper section of said chamber 45 
being in the form of a thin walled truncated cone of 
which the upper smaller base is blind and the lower 
larger base is totally open and is welded along its pe-
riphery to the cuplike bottom of the chamber whereby 
all around the joining area of said upper and lower sec- 50 
tions of the chamber a restriction is provided of said 
annular space and an increase is produced of the coolant 

6 
speed; said openings forming a row of apertures all 
around said joining area whereby a suction is produced 
through said apertures by the coolant ascending stream. 

4. The device of claim 1, wherein said chamber is de-
fined peripherally by said thin walled duct and interiorly 
by the walls of two hollow truncated cones coaxial with 
the rod bundle which cones are joined at their smaller 
bases and wherein said openings form a plurality of aper-
tures at the periphery of the joining area of said trun-
cated cones whereby the coolant stream flowing through 
said cones is speeded up and a suction is applied on said 
apertures. 

5. The device of claim 1 wherein said chamber is 
defined peripherally by said thin walled duct and in-
teriorly by a thin walled circular cylinder at the ends 
of which two hollow truncated cones are attached by 
their respective small bases, their larger bases being 
bonded at the periphery thereof to the walls of said duct; 
and said openings comprise a series of apertures through 
the duct walls at the level of the lower section of said 
chamber. 

6. The device of claim 1 wherein said chamber has 
a toroidal form generated by the rotation of a plane fig-
ure about the axis of said duct, which figure comprises 
an outer straight vertical side at a distance from the 
duct wall, an inner straight side inclined upwardly and 
outwardly which sides are connected at their top ends 
by a straight horizontal line and at the bottom ends by 
an ogival line pointing downwards, whereby two pas-
sages are defined for the coolant stream; one of which 
is between the wall of said duct and the outer wall of 
said chamber, and the other is within the inner wall of 
the same chamber; a row of apertures being provided at 
the narrowest section of the latter mentioned passage for 
connecting this to the inside of said chamber. 
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