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[57] 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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D E V I C E F O R D E T E C T I N G T H E O V E R H E A T I N G 
O F F U E L E L E M E N T S F O R A N U C L E A R R E A C T O R BRIEF D E S C R I P T I O N O F T H E D R A W I N G 

DARPPDNNWN - r u n IXTX/CMTÎ NI FIG. 1 is a graph showing the character is t ics of a 
B A C K G R O U N D O F T H E I N V E N T I O N c o o l a n t in a r eac to r co re in the boiling process . 

1. Field of the Invention 5 FIG. 2 is a longitudinal sect ional view of a main par t 
This invent ion re la tes t o a device for p revent ing d a m - of a r eac to r co re illustrating the principle of the coin-

ages of fuel e lements in a nuc lea r r eac to r core , and posit ion of a device according to this invention, 
more par t icular ly to a device fo r de tec t ing abnorma l FIG. 3 is a longitudinal sectional view of the s t ruc ture 
overhea t ing of fue l e l ements , which is a main cause of of a main par t of an e m b o d i m e n t of this invention, 
d a m a g e s of the fue l e lements , be fo re such d a m a g e can 10 FIG. 4 is a longitudinal sectional view of the s t ruc ture 
occur . of a main pa r t of ano the r e m b o d i m e n t of this invention. 

2. Descr ip t ion of t he Pr ior Ar t 
In o rde r t o ope ra t e a nuc lea r r eac to r safely a n d eco - FIG. 5 is a longitudinal sect ional view of the s t ruc ture 

nomical ly , it is necessary t o p reven t the rup tu re of fue l of main par t of a f u r t h e r e m b o d i m e n t of this invention, 
e lements in the co re of a nuc lea r reac to r . T o achieve 15 
this ob jec t , some m e a n s mus t be provided which accu- „ „ „ „ 
rately de tec t s t he o c c u r r e n c e of a b n o r m a l p h e n o m e n a DESCRIPTION O F T H E P R E F E R R E D 
causing the rup tu re of t h e fue l e l e m e n t to immediate ly E M B O D I M E N T S 
provide t he necessary measu re fo r prevent ing t he rup- Descr ipt ion will f irst b e m a d e of the principle of this 
tu re of the fue l e l emen t . 20 invent ion. 

T h e d a m a g e of the fue l e l emen t in the co re of a nu- An observat ion of the boiling process of a coo lan t in 
c lear r e a c t o r is mainly caused by the overhea t ing of t he a nuc lear r eac to r co re indicates character is t ics as 
fuel e l emen t s and the overhea t ing of t he fue l e l emen t shown in FIG. 1. The curve in FIG. 1 shows the rela-
is caused by the excessive self-heat ing of the fue l ele- t ionship be tween the thermal flux Q released f rom the 
men t and /o r the r educ t ion of the cool ing ability of the 25 su r face of t he cover ing tube of a fue l e l emen t into the 
coo lan t a r o u n d the fue l e l emen t . Accordingly , over- coo lan t and the t e m p e r a t u r e d i f fe rence AT( = T t o — T s ) 
heat ing of t he fue l e l e m e n t can be de t ec t ed by some be tween the surface t e m p e r a t u r e T „ of the cover ing 
me thod fo r prevent ing the b r eakdown of the fue l ele- tube and the sa tura ted boiling t empe ra tu r e T s of the 
ment . coo lan t . 

T h e fol lowing m e t h o d s of de tec t ion have so f a r been 30 T h e curve has a max imum value Q„ a t a point AT = 
proposed . Accord ing to a first m e t h o d , a co re of a nu- AT„ and a minimum value 0 6 a t AT = AT6. T h e region 
c lear r eac to r is c o m p o s e d such tha t a specif ied fue l ele- a where AT is smaller than AT„, is called a nuc lear boil-
men t can give rise to a par t icular ly larger self-heat ing ing par t . In this region, voids caused by the boiling of 
than the o t h e r fuel e l emen t s and the rup tu re of the the coolan t a re mixed in the coolan t and the cooling 
specif ied fue l e l emen t , which is to o c c u r prior to the 3 5 power of the coolan t is a t a maximum. T h e region b of 
rup tu re of the o thers , is de t ec t ed . AT be tween AT„ and AT„ is called a transit ion boiling 

Accord ing to a second m e t h o d , t he cooling power of par t . In this region, a film of void begins to be fo rmed 
the coo lan t a r o u n d a specif ied fuel e l emen t in the co re a t a pa r t of the sur face of a cover ing tube and thus the 
of a r eac to r is m a d e smaller than tha t of the coo lan t cool ing e f fec t b e o m e s unstable . T h e region c of AT 
a round the o t h e r fue l e lements so tha t the above speci- 4 0 larger than AT6 is called a filmy boiling part . In this re-
f ied fue l e l emen t rup tu res prior to the o the r e lements gion, the entire sur face of the covering t u b e is covered 
and the rup tu r e of the specified fue l e lement is de- by a film of void having a low the rma l conduct ivi ty and 
tec ted . the cooling power of the coo lan t d rops rapidly. As a re-

T h e conven t iona l m e t h o d s descr ibed above , how- suit , an abnormal overhea t ing of the fue l e l emen t oc-
ever , suf fe r f rom the d isadvantage tha t the specif ied 4 5 cu r s and the fue l e l emen t (part icularly its cover ing 
fuel e l e m e n t actual ly rup tures . t u b e ) is rup tu red . 

As is evident f r om the above cons idera t ion , the rup-
S U M M A R Y O F T H E I N V E N T I O N ture of a fue l e l emen t does no t occu r until AT b e c o m e s 

This invent ion is in tended to obvia te the def ic iency large in the filmy boiling pa r t c. In o the r words , the 
descr ibed above and an ob jec t of this invention is t o filmy boiling of t h e coo lan t a round the fuel e l emen t 
provide a device fo r surely de tec t ing abnorma l over - necessarily occurs be fo re the fue l e l emen t is rup tu red 
heat ing of fue l e l ements , which causes rup tu re of the by overheat ing . 
fue l e l emen t s , wi thout actually damag ing any fue l e le- This invention is based o n this f a c t and the a b n o r m a l 
men t inser ted into the co re of a nuc lear reac to r . 5 5 overhea t ing causing the rup tu re of a fue l e l emen t is de -

In o r d e r to achieve this ob jec t , t h e invention provides tec ted by de tec t ing the o c c u r r e n c e of the filmy boiling 
a septum a r o u n d at least specif ied o n e of a n u m b e r of descr ibed above . 
fuel e l emen t s inserted into a core of a nuc lea r r eac to r Fu r the r , in o rde r t o p reven t all t he fue l e lements 
with a slight interst ice t he rebe tween and a m e a n s fo r f r o m falling into such an abnormal overhea ted state 
detect ing t he filmy boiling of coo lan t f lowing th rough 6 Q when some abnormal condi t ion occurs , this invention 
the interst ice, whereby , w h e n the fue l e l emen t s a re ab- employs a m e t h o d , in which the filmy boiling of the 
normally ove rhea t ed , the abnormal hea t ing which is a coo lan t a r o u n d a specified fue l e l ement in a r eac to r 
cause of t he rup tu re of the fue l e l emen t s is de t ec t ed be- co re is fo rced to occu r b e f o r e t he filmy boiling of the 
fore the rup tu r e occu r s to p reven t the rup tu re of t he coo lan t a round the remaining fuel e lements occurs , 
fuel e l emen t s by de tec t ing the filmy boiling which oc- Accordingly , t he device of this invention compr i ses 
curs prior to the o c c u r r e n c e of the f i lmy boiling of t he a m e a n s for causing the filmy boiling of the coo lan t 
coolan t f lowing through the gaps a m o n g the remaining a round a specif ied fuel e l ement in the co re b e f o r e the 
fuel e lements . o c c u r r e n c e of the filmy boiling of the coo lan t a round 
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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 5 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 U 0 2 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 a 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 

filmy boiling can also be detected by monitoring the 
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 

5 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 
10 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: 
15 1. 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 arranged around and spaced from one of said fuel 

20 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, 

25 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. 

30 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 

35 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-

40 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 
45 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-

50 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. 

>5 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 

;0 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 

>5 said interstice. 
* * * * * 


