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EFFECT OF DEFECTIVE FUEL ELEMENT PARAMETERS 

ON TEMPERATURE DISTRIBUTIONS 

V. E. Minashin, I. N. Gorelov, 
V. N. Rumyantsev, and V. N. Levchenko 

UDC 536.24 

Resul t s  a re  p resen ted  of the calculat ion of t e m p e r a t u r e  dis t r ibut ions  in the c ross  sect ion of fuel 
rods  with a defect ive contact bond. The effects  of the dimensions and t he rma l  conductivity of the 
defec ts ,  the d imensions  of the fuel e l ement ,  the heat-conduct ion p rope r t i e s  of the fuel e l emen t  
core  and cladding, and the ra te  of cooling a re  de termined.  

The ef fec ts  of the t he rma l  conductivity and the d imensions  of defec ts ,  and the d imens ions ,  hea t - conduc-  
tion p r o p e r t i e s ,  and ra te  of cooling of defect ive fuel rods on t e m p e r a t u r e  dis t r ibut ions a re  es tabl ished.  

During the manufac ture  and use  of fuel e l ements  var ious  defects  may  develop,  the mos t  impor tan t  of 
which a r e  local  impa i rmen t s  of heat  t r a n s f e r  between the core  and cladding. Such defects  tead to a dis tor t ion 
of the t e m p e r a t u r e  dis t r ibut ion,  which in turn gives r i se  to t he rma l  s t r e s s e s ,  acce le ra t ion  of co r ros ion  p r o -  
c e s s e s ,  and a loss  of mechanica l  s t rength.  In view of this it is n e c e s s a r y  to develop methods for  calculat ing 
t e m p e r a t u r e  dis t r ibut ions in defect ive fuel e l ements  to de te rmine  the control l ing f ac to r s  which have an a p -  
p rec iab le  effect  on the t e m p e r a t u r e  distr ibution.  

The m o s t  accura te  de te rmina t ion  of the t e m p e r a t u r e  dis tr ibut ion would  involve the s imul taneous  solution 
of the di f ferent ia l  equations desc r ib ing  the t e m p e r a t u r e  dis tr ibut ion in the fuel e lement  and in the coolant. How- 
e v e r ,  because of the difficulty of descr ib ing  the veloci ty  dis tr ibut ion and the turbulent  component  of heat  conduc- 
tion mos t  calculat ions have been p e r f o r m e d  by solving the heat-conduct ion equations in the fuel e lement  with 
boundary conditions of the third kind specif ied at the boundary between the fuel e lement  and the coolant. 

Calculational methods or  the r e su l t s  of t e m p e r a t u r e  calculat ions for  ce r ta in  spec ia l  p rob l ems  have been 
published [1-4], but the bas ic  rules  for  the effect  of d imensions  and t he rma l  p a r a m e t e r s  of fuel e lements  and 
defects  on the  dis tr ibut ion of t e m p e r a t u r e  f ields have not been es tabl ished.  

If these ru les  were  known the cons t ruc t ion  of fuel e lements  could be opt imized so as to min imize  the  
effect  of the i r  defects  on the i r  opera t ing  life. 

With this in mind we have p e r f o r m e d  numer ica l  calculat ions of t e m p e r a t u r e  dis t r ibut ions in the c ro s s  
sect ion of a fuel rod with an infinitely long defect  in the contact bond between the core  and cladding. 

Fo r  constant  physica l  p a r a m e t e r s  and dimensions  of the fuel e l emen t  and defect ,  and a constant  coeff i -  
cient of heat  t r a n s f e r  f rom the sur face  of the fueI e lement  the d imens ionless  equations desc r ib ing  the steady 
t e m p e r a t u r e  dis tr ibut ion in the c ross  sect ion of a fuel e lement  with a defect  of width 2q~)R t have the fo rm 

Trans l a t ed  f r o m  Inzhenerno-F iz ichesk i i  Zhurnal ,  Vol. 36, No. 4, pp. 737-741, Apr i l ,  1979. Original  
a r t i c le  submit ted  Apr i l  24, 1978. 
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Fig .  1. D i s t r i bu t ion  of o v e r h e a t i n g  of o u t e r  s u r f a c e  of fuel  e l e m e n t  c l a d -  
ding f o r  ce c R l /k  1 = 8.6; OtDRi/k 1 = 0; k~/h 1 = 2.15; R~/Ri = 1.14. 

F ig .  2. M a x i m u m  o v e r h e a t i n g  of s u r f a c e  of fue l  e l e m e n t  co re  as  a funct ion 
of the s i ze  of the de f ec t  in the a z i m u t h a l  d i r e c t i o n  fo r  OtcR1/ki = 8.6; k J k  t = 
2.15; R ~ R  1 = 1.14. 1) aDR1/ki = 0; 2) 0.12; 3) 0.88. 

wi th  the boundary  condi t ions  

v~Tt = - -  1 for L~.~ 1,0, (1) 

v2T~ = 0 for 1 . O < L ~ R 2 / R i ,  (2) 

v~T3 = 0 for RJR,  < L <~ RJRi  ; (3) 

_ OTi_~ = ~ OTz for L = I . 0 ,  r  (4) 
OL l i  OL 

OT~ _ BiD(T ,_  Ts) R--! for L = 1.0, ~p ~< r (5) 
OL Ri 

~z OTz X3 OT3 for L =- RJR~, tp > r (6) 
~t OL ~,i dL 

T, = Tz for L = 1,0, r > [PD' (7) 

T~ = T3 for L = R.JRi, r :> r (8) 

__ OT~ = Bi 3"-At T3 for L = R3IR, and any ~. (9) 
OL c ~3 

T h u s ,  the d i m e n s i o n l e s s  t e m p e r a t u r e  is in g e n e r a l  a funct ion of the fol lowing combina t ions :  

(~ZD~ ~ ;  acR~ . ~ . ~ . r . ]9) T = f  ~l ~, ' ~, ~, R, 9; �9 (10) 

The  t e m p e r a t u r e  d i s t r i bu t ions  w e r e  ca lcu la ted  n u m e r i c a l l y  on an M-22 0 c o m p u t e r  u s ing  the me thod  of 
p a r t i a l  f a c t o r i z a t i o n  [5]. 
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Fig. 3. Effect of thermal  conductivity of defect on the maximum overhea t -  
ing of the surface of the core and the outer surface of the fuel e lement  clad-  
ding for  ~cR1/kl = 8.6, k~/k I = 2.15, and R~/R1 = 1.14. 

Fig. 4. Maximum overheating of surface of fuel element core as a function 
of ~cltl/h 1 for aDR1/k 1 = 0, ~t3/k 1 = 2.15, and R~/R 1 = 1.4. 

Some of the tempera ture  distributions calculated numerical ly  were  compared with data obtained by e lec -  
t ronic modelling and analytically [4]; the difference did not exceed ~5~ 

The re su l t s  of calculations per formed for a wide range of pa ramete r s  are  presented in the form of graphs 
of the dependence of the rat io of the temperature  difference in a fuel element with and without a defect ,  i .e. ,  
overheating,  to the thermal  head on a number of combinations. 

In a fuel element with a defect in the contact bond [4] the tempera ture  of the core  surface is above 
nominal,  especial ly in the region of the defect. At the boundary of the defective region there is an abrupt 
change in temperature .  

The tempera ture  of the surface of the cladding in the defective region (Fig. 1) is below nominal,  and the 
decrease  in tempera ture  increases  with a decrease  of the thermal  conductivity of the defect. However,  the 
minimum calculated value of the surface temperature  of the cladding cannot be below the mean coolant t em-  
pera ture  as a consequence of the assumed boundary condition of the third kind (9). Outside the region of the 
defect the surface tempera ture  of the cladding is above nominal,  par t icular ly  at the boundaries of the defective 
region where there is a thermal  spike. 

An abrupt change in tempera ture  at the boundary of the defective region can lead to appreciable thermal  
s t r e s ses  in the fuel element core and cladding. 

As the defective region increases  in the azimuthal direction the maximum overheating of the core in- 
c reases  l inearly for valuesofo~DR1A 1 < 0.12 (Fig. 2). For  l a rge r  values of r~DR1/kl the increase  in overheating 
is slowed down as the size of the defective region increases .  

The maximum overheat ing of the outer surface of the cladding var ies  with the size of the defective region 
in a s imi lar  way. 

Naturally the distort ion of the tempera ture  distribution in a c ross  section of the fuel e lement  decreases  
with increas ing thermal  conductivity of the defect. However,  the curves in Fig. 3 for  the rat io of the maximum 
overheating of the surface of the core and the outer surface of the cladding of a fuel e lement  with a nonconduct- 
ing defect to that of a fuel element with a conducting defect as functions of aT)R1A 1 show that the thermal  conduc- 
tivity of the defect has little effect. Thus,  an increase  in aDR1/kl f rom 0.12 to 0.88, Le . ,  by more  than a factor  
of 7, which corresponds  to changing f rom gases with a low thermal  conductivity to helium, leads to a decrease  
of overheating by only a factor  of ~1.6. The effect of the thermal  conductivity dec reases  with a decrease  in 
the size of the defect. 

Figure 4 shows that the maximum overheating of the surface of the fuel e lement  core increases  l inearly 
with ecR1/kl, and more  rapidly the l a rger  the angle of the defect. The l inear charac te r  of the variat ion of the 
dimensionless overheating with ~cR1/kl shows that the temperature  difference between the core surface of a 
defective fuel element and that of a nondefective one does not depend on the rate of cooling. 

In fact  

t~)-- t~N r l (11) 
q 3 N / %  = A --~-~- , 
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Fig. 5. Maximum overhea t ing  of 
core  su r face  as a function of the 
ra t io  of the t h e r m a l  eonduetivit ies of 
cladding and core  for  ~cRt/'Jq = 2.04, 
~ i A i  = O, and RytRi = 1.09. 

f r o m  which riD - tiN = A(Riq3N/Xl), where  A is a coeff ic ient  of propor t ional i ty .  

The va r ia t ion  of the m a x i m u m  dimens ion less  overheat ing  of the sur face  of the cladding is more  com-  
pl icated:  as ~cRt/ki i n c r e a s e s ,  the inc rease  in overheat ing  is slowed down. 

The effect  of the ra t io  of the t he rma l  conductivi t ies of the cladding and core  on the max imum o v e r h e a t -  
ing of the sur face  of the core  is shown in Fig. 5. The m a x i m u m  overheat ing  d e c r e a s e s  as  X~/kl i n c r e a s e s ,  and 
this dependence is the m o r e  pronounced the l a r g e r  the s ize  or  the lower  the t he rma l  conductivity of the de fec -  
t ive region.  

The m a x i m u m  overhea t ing  of the outer  sur face  o f  the cladding v a r i e s  in a s i m i l a r  way with the ra t io  of 
the t he rma l  conductivit ies of the cladding and the core .  

Thus ,  one can say that  a defect  of a definite s ize and the rma l  conductivity in a fuel rod leads to a sma l l e r  
d is tor t ion of the t e m p e r a t u r e  dis t r ibut ion for  sma l l  values  of O~c.R1/k 1 and for  high values of ~DRi/Xl or  X~A I. 

The e r r o r  in the calculat ion of t e m p e r a t u r e  dis t r ibut ions  under  the assumpt ions  made does not exceed 
~57~ 

r ,  9, t 

r 
RI, R2, R3 
kl, ~2," k3 
aD 
ac 
q~N 
T = thi/qiR~ 
Bi D, Bic 

NOTATION 

a re  the running values of the rad ius ,  angle, and t e m p e r a t u r e  measu red  f rom the mean  
coolant t e m p e r a t u r e ;  
is the angle de te rmin ing  s ize  of defect ive port ion of p e r i m e t e r ;  
a re  the outside radi i  of co re ,  contact  l aye r ,  and fuel e l emen t  cladding; 
a r e  the t h e r m a l  conductivi t ies of co re ,  contact  l aye r ,  and fuel e lement  cladding; 
is the t h e r m a l  conductivity of defect ive region;  
is the coefficient  of heat  t r a n s f e r  f r o m  fuel e lement  su r face  to coolant; 
is the heat  flux densi ty;  
a r e  the d imens ion less  t e m p e r a t u r e ;  
a re  the Biot numbers .  

1+ 
2. 
3. 
4. 
5. 
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