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[571 ABSTRACT

A device for detecting the overheating of fuel ele-
ments in a nuclear reactor of such a type that liquid
coolant is allowed to flow through space among a
number of fuel elements inserted into the core of the
reactor, in which a particular fuel element is provided
with a cylindrical or planar septum with a slight inter-
stice therebetween. When the particular fuel element
is abnormally overheated, the overheating is detected
by detecting the filmy boiling of the coolant flowing in
the interstice around the particular element which oc-
curs before the filmy boiling of the coolant flowing in
the space around the other fuel elements occurs.

6 Claims, 5 Drawing Figures
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DEVICE FOR DETECTING THE OVERHEATING
OF FUEL ELEMENTS FOR A NUCLEAR REACTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a device for preventing dam-
ages of fuel elements in a nuclear reactor core, and
more particularly to a device for detecting abnormal
overheating of fuel elements, which is a main cause of
damages of the fuel elements, before such damage can
occur.

2. Description of the Prior Art

In order to operate a nuclear reactor safely and eco-
nomically, it is necessary to prevent the rupture of fuel
elements in the core of a nuclear reactor. To achieve
this object, some means must be provided which accu-
rately detects the occurrence of abnormal phenomena
causing the rupture of the fuel element to immediately
provide the necessary measure for preventing the rup-
ture of the fuel element.

The damage of the fuel element in the core of a nu-
clear reactor is mainly caused by the overheating of the
fuel elements and the overheating of the fuel element
is caused by the excessive self-heating of the fuel ele-
ment and/or the reduction of the cooling ability of the
coolant around the fuel element. Accordingly, over-
heating of the fuel element can be detected by some
method for preventing the breakdown of the fuel ele-
ment. :

The following methods of detection have so far been
proposed. According to a first method, a core of a nu-
clear reactor is composed such that a specified fuel ele-
ment can give rise to a particularly larger self-heating
than the other fuel elements and the rupture of the
specified fuel element, which is to occur prior to the
rupture of the others, is detected.

According to a second method, the cooling power of
the coolant around a specified fuel element in the core
of a reactor is made smaller than that of the coolant
around the other fuel elements so that the above speci-
fied fuel element ruptures prior to the other elements
and the rupture of the specified fuel element is de-
tected.

The conventional methods described above, how-
ever, suffer from the disadvantage that the specified
fuel element actually ruptures.

SUMMARY OF THE INVENTION

This invention is intended to obviate the deficiency
described above and an object of this invention is to
provide a device for surely detecting abnormal over-
heating of fuel elements, which causes rupture of the
fuel elements, without actually damaging any fuel ele-
ment inserted into the core of a nuclear reactor.

In order to achieve this object, the invention provides
a septum around at least specified one of a number of
fuel elements inserted into a core of a nuclear reactor
with a slight interstice therebetween and a means for
detecting the filmy boiling of coolant flowing through
the interstice, whereby, when the fuel elements are ab-
normally overheated, the abnormal heating which is a
cause of the rupture of the fuel elements is detected be-
fore the rupture occurs to prevent the rupture of the
fuel elements by detecting the filmy boiling which oc-
curs prior to the occurrence of the filmy boiling of the
coolant flowing through the gaps among the remaining
fuel elements. ‘
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BRIEF DESCRIPTION OF THE DRAWING
FIG. 1 is a graph showing the characteristics of a

coolant in a reactor core in the boiling process.

FIG. 2 is a longitudinal sectional view of a main part
of a reactor core illustrating the principle of the com-
position of a device according to this invention.

FIG. 3 is a longitudinal sectional view of the structure
of a main part of an embodiment of this invention.

FIG. 4 is a longitudinal sectional view of the structure
of a main part of another embodiment of this invention.

FIG. 5 is a longitudinal sectional view of the structure
of main part of a further embodiment of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Description will first be made of the principle of this
invention.

An observation of the boiling process of a coolant in
a nuclear reactor core indicates characteristics as
shown in FIG. 1. The curve in FIG. 1 shows the rela-
tionship between the thermal flux Q released from the
surface of the covering tube of a fuel element into the
coolant and the temperature difference AT(=T,—T,)
between the surface temperature T, of the covering
tube and the saturated boiling temperature T, of the
coolant.

The curve has a maximum value Q, at a point AT =
AT, and a minimum value Q, at AT = AT,. The region
a where AT is smaller than AT, is called a nuclear boil-
ing part. In this region, voids caused by the boiling of
the coolant are mixed in the coolant and the cooling
power of the coolant is at a maximum. The region b of
AT between AT, and AT, is called a transition boiling
part. In this region, a film of void begins to be formed
at a part of the surface of a covering tube and thus the
cooling effect beomes unstable. The region ¢ of AT
larger than AT, is called a filmy boiling part. In this re-
gion, the entire surface of the covering tube is covered
by a film of void having a low thermal conductivity and
the cooling power of the coolant drops rapidly. As a re-
sult, an abnormal overheating of the fuel element oc-
curs and the fuel element (particularly its covering
tube) is ruptured.

As is evident from the above consideration, the rup-
ture of a fuel element does not occur until AT becomes
large in the filmy boiling part ¢. In other words, the
filmy boiling of the coolant around the fuel element
necessarily occurs before the fuel element is ruptured
by overheating.

This invention is based on this fact and the abnormat
overheating causing the rupture of a fuel element is de-
tected by detecting the occurrence of the filmy boiling
described above.

Further, in order to prevent all the fuel elements
from falling into such an abnormal overheated state
when some abnormal condition occurs, this invention
employs a method, in which the filmy boiling of the
coolant around a specified fuel element in a reactor
core is forced to occur before the filmy boiling of the
coolant around the remaining fuel elements occurs.

Accordingly, the device of this invention comprises
a means for causing the filmy boiling of the coolant
around a specified fuel element in the core before the
occurrence of the filmy boiling of the coolant around
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the remaining fuel elements and a means for detecting
the occurrence of the filmy boiling.

The construction ‘of the embodiments of this inven-
tion will now be described with reference to the accom-
panying drawings.

FIG. 2 shows the principle of the construction of a
device according to this invention, in which equally
spaced fuel elements 1, 2, 3, 4 and S are inserted into
a reactor core. A flow path 6 for the coolant is formed
in the gaps between the fuel elements and a coolant
(such as light water) is made to flow therethrough in a
direction indicated by the arrows. Each fuel element is
made by sealing a fuel material 7 such as UQ, in a metal
covering tube 8. Thus, the heat generated by the fuel
material 7 during the operation of a nuclear reactor is
released into the coolant through the covering tube 8.

In this invention, a cylindrical (or planer) septum 9
is provided around a specified fuel element (fuel ele-
ment 1 in FIG. 2) in the reactor core, and an interstice
10 is formed between the covering tube 8 and the sep-
tum 9. The coolant introduced around the specified
fuel element 1 is divided into the inner and outer flows
relative to the septum 9 as indicated by the arrows.
Since the septum 9 prevents mixing motion in the trans-
verse direction perpendicular to the direction of flow)
of the coolant around the specified fuel element 1, the
void generated at the surface of the covering tube 8 is
likely to remain fixed to the surface of the covering
tube 8. Therefore, when the fuel elements in the reac-
tor core are ‘abnormally overheated, the filmy boiling
occurs first in the coolant flowing through the interstice
10. At the time when this first filmy boiling occurs, only
the specified fuel element described above is in an
overheated state and most of the other fuel elements
are in d sufficiently safe state. Accordingly, if the filmy
boiling occurring in the interstice 10 is detected and a
measure for preventing the rupture of the fuel element,
such as the reduction of a reactor power, is taken im-
mediately, the rupture of all the fuel elements, includ-
ing the specified fuel element 1, can be avoided.

The filmy boiling in the interstice 10 is detected in
the following manner in this invention.

Since the temperature of the specified fuel element
1 described above rises rapidly when filmy boiling be-
gins to occur in the interstice 10, the occurence of the
filmy boiling can be detected by monitoring the tem-
perature of the fuel element 1. FIG. 3 shows an em-
bodiment of such a device which measures and moni-
tors the surface temperature of the part of the covering
tube 8 covered by the septum 9 by using a thermo-
couple 11 having lead wires 12.

Since the electric resistance of the coolant flowing
through the interstice 10 rises rapidly when the filmy
boiling occurs, the occurence of the filmy boiling can
also by detected by measuring and monitoring the
change in the resistance of the coolant. FIG. 4 shows
an embodiment for this purpose which measures and
monitors the electric resistance between the covering
tube 8 and a needle electrode 13 provided approxi-
mately at the center of the inner surface of the septum
" 9 in opposing relationship to the covering tube 8
through lead wires 14.

Further, since a rapid change in pressure occurs in
the coolant flowing through the interstice 10 when the
filmy boiling occurs therein, the occurrence of the
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change in the pressure. FIG. 5 shows an embodiment
for this purpose which comprises an acoustic wave de-
tector 15 at the center of the inner wall of the septum
9 and which detects the pressure wave generated at the
time of the occurrence of the filmy boiling. The output
from the detector 15 is derived from the reactor core
through lead wires 16.

Detection of the filmy boiling in the interstice 10 can
further be accomplished by directly observing the oc-
currence of a void film at the surface of the covering
tube 8 by using an optical device such as a periscope.

We claim: :

1. In a nuciear reactor in which a liguid coolant is
made to flow through gaps among a number of fuel ele-
ments inserted into the reactor core, a device for de-
tecting overheating of a fuel element comprising a sep-
tum arranged around and spaced from one of said fuel
elements with a slight interstice for providing a coolant
flow path in which filmy boiling of the coolant occurs
prior to the occurrence of filmy boiling of the coolant
in any other flow path defined by the gaps between said
fuel elements when said fuel elements are overheated,
said fuel elements other than said fuel element disposed
within said septum being disposed outside of said sep-
tum, and means for detecting filmy boiling of the cool-
ant flowing through the interstice between said septum
and said one fuel element.

2. A device according to claim 1, comprising a plural-
ity of septums, said plurality of septums being substan-
tially less in number than the number of fuel elements,
each of said septums being arranged around and spaced
from different selected ones of said fuel elements with
a slight interstice between said septum and said respec-
tive fuel element.

3. A device according to claim 1, wherein said means
for detecting filmy boiling comprises means for mea-
suring the temperature of the surface of the fuel ele-
ment surrounded by said septum.

4. A device according to claim 1, wherein said fuel
elements are columnar and said septum is cylindrical.

5. In a nuclear reactor in which a liquid coolant is
made to flow through gaps among a number of fuel ele-
ments inserted into the reactor core, a device for de-
tecting overheating of a fuel element comprising a sep-
tum provided around at least one of said fuel elements
with a slight interstice therebetween and means for de-
tecting filmy boiling of the coolant flowing through the
interstice between said septum and said specified fuel
element, said means for detecting filmy boiling includ-
ing means for measuring the electric resistance of the
coolant in said interstice.

6. In a nuclear reactor in which a liquid coolant is
made to flow through gaps among a number of fuel ele-
ments inserted into the reactor core, a device for de-
tecting overheating of a fuel element comprising a sep-
tum provided around at least one of said fuel elements
with a slight interstice therebetween and means for de-
tecting filmy boiling of the coolant flowing through the
interstice between said septum and said specified fuel
element, said means for detecting filmy boiling includ-
ing means for measuring the pressure of the coolant in

said interstice.
* * * * *



