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This paper discusses xenon oscillations of reactor power with due re- 
gard to their relationship with the other components of an atomic 
Power plant. 

The condi t ions  fo r  the s t a b i l i t y  of the fundamenta l  
h a r m o n i c  (power  a s  a whole) f o r  a r e a c t o r  with an 
open coo lan t  loop w e r e  obta ined in [1, 2]. In th is  c a s e  
the t e m p e r a t u r e  of the coo lan t  on e n t r y  into the r e a c -  
t o r  i s  cons t an t  o r ,  m o r e  p r e c i s e l y ,  does  not  depend 
on the r e a c t o r  power .  F o r  b r e v i t y  we wil l  ca l l  th is  
type  of s y s t e m  an open r e a c t o r .  

In p r a c t i c e ,  however ,  the coo lan t  loop of a r e a c t o r  
i s  u s u a l l y  c l o sed .  This  can a l t e r  the condi t ions  fo r  
s t a b i l i t y  of the r e a c t o r  a s  r e g a r d s  xenon o s c i l l a t i o n s  
in c o m p a r i s o n  with the c o r r e s p o n d i n g  cond i t ions  fo r  
an open r e a c t o r .  

We wil l  confine o u r s e l v e s  to the s t a b i l i t y  cond i t ions  
fo r  a r e a c t o r  o p e r a t i n g  in a t w o - l o o p  plant .  F o r  o t h e r  
p o s s i b l e  s y s t e m s  ( t h r e e - l o o p ,  fo r  ins tance)  the s t a -  
b i l i t y  i s  ana lyzed  in a s i m i l a r  m a n n e r .  

In w r i t i n g  the  equa t ions  fo r  the v a r i o u s  va lue s  c h a r -  
a c t e r i z i n g  the p r o c e s s  we make  the fo l lowing a s s u m p -  
t ions :  

1. L i n e a r i z a t i o n  of the equa t ions  i s  p e r m i s s i b l e .  
2. The t ime  cons t an t s  of t h e r m a l  p r o c e s s e s  in the 

r e a c t o r  a r e  s m a l l  in c o m p a r i s o n  with those  of t h e r m a l  
p r o c e s s e s  in the hea t  e x c h a n g e r .  

3. The r e a c t i v i t y  of the r e a c t o r  is  d e t e r m i n e d  by  
the mean  t e m p e r a t u r e  of the coo lan t  and the Xe-135 
concen t r a t i on ,  c a l cu l a t ed  f rom the mean  neu t ron  flux. 

4. The r e l a t i o n s h i p  connec t ing  the r e a c t i v i t y  with 
changes  in the coo lan t  t e m p e r a t u r e  and the xenon con -  
c e n t r a t i o n  i s  l i n e a r .  

5. The t h e r m o p h y s i c a l  p r o p e r t i e s  and flow of the 
coo lan t  in the p r i m a r y  and s e c o n d a r y  loops  a r e  con-  
s tan t .  

6. A l u m p e d - p a r a m e t e r  m o d e l  i s  u s e d .  
Then for  an e l e m e n t a r y  r e a c t o r  

n (s)~ k (s) = ~ t  (s), (1) 

an e x p l i c i t  e x p r e s s i o n  fo r  W r can be  found in [1 ,2] .  
We note that  in the c a s e  of xenon p r o c e s s e s  a good 

a p p r o x i m a t i o n  is  1 /W r : 0 ( see  [2]). 
The r e l a t i o n s h i p  be tween  the coo lan t  t e m p e r a t u r e  

a t  the  ou t le t  of the r e a c t o r  and the r e a c t o r  power  has  
the form 

t r. out (s} = A t t ?~ tz (s) + ?, tt. in(S). (2) 

F o r  the  mean  t e m p e r a t u r e  of the coo lan t  in the r e -  
a c t o r  we have 

1 
+tr. re{s) : --~ I~,tr. in(S) + +tr. out{s}[ (3) 

and 

k t (s) = a t ~ tp.cp (s). (4) 

We in t roduce  a t r a n s f e r  funct ion connec t ing  the r e -  
a c t o r  power  with xenon c onc e n t r a t i on  

8px e (s)/6 n (s) = Wxe (s), (5) 

then the xenon r e a c t i v i t y  i s  

kx~ (s) = axe~p• (s) = axe Wxe (s) ~ n (s). (6) 

An e x p l i c i t  e x p r e s s i o n  fo r  WXe is  given in [1]. 
F o r  s i m p l i c i t y  we n e g l e c t  the l a g  in the p ipes  of 

the p r i m a r y  loop and obta in  

6 t he. in(s) ~--- ~ tr. out(S), (7) 

6 tr. in(S) -~ ~ the . out(S). (8) 

We a l s o  a s s u m e  [in v iew of  (7) and (8)] 

the. out(s)~ ~ the. in(S) = 6 tr. in(S)/6 tr. out (s) = l}'he(S ), (9) 

then f rom (3), (4), and (9) we obta in  an e x p r e s s i o n  f o r  
t h e t e m p e r a t u r e  r e a c t i v i t y  

~kt(s) - a t A t t  l+Whe(S)  8n(s) .  (10) 
2 1 - -  Whe(S) 

Equa t ions  (1), (6), and (10) c o m p l e t e l y  de f ine  the p r o b -  
l e m  of xenon o x c i l l a t i o n s  of the  power  of a r e a c t o r  
o p e r a t i n g  in a r e a c t o r  p lant .  The c h a r a c t e r i s t i c  equa -  
t i e r  has  the  fo rm 

1 - -  W r (s) [ax+.Wxe(S) +a tWt ( s ) ]  : 0, (11) 

w h e r e  

IV t ( s ) =  A!j 1 4-1Vhe(S) . (12) 
2 1 - -  Whe(S) 

C o n s i d e r i n g  a s p e c i f i c  r e a c t o r  p lant ,  we m u s t  ob-  
ta in  in e x p l i c i t  f o rm  the h e a t - e x c h a n g e r  t r a n s f e r  func-  
t ion Whe and,  us ing  (11), d e t e r m i n e  the condi t ions  fo r  
s t a b i l i t y  of the r e a c t o r  power .  

We wi l l  confine o u r s e l v e s  to a d e t e r m i n a t i o n  of the 
e f f ec t  of c l o s u r e  of the p r i m a r y  loop on the condi t ions  
fo r  s t a b i l i t y  of the r e a c t o r  power  in the c a s e  of a two- 
loop plant .  Hence,  we use  the  s i m p l e s t  equa t ions ,  
b a s e d  on a lumped  p a r a m e t e r  mode l ,  which d e s c r i b e  
the t h e r m a l  p r o c e s s e s  in the hea t  e x c h a n g e r :  

Mlct d/he, Out = Gtctthe. in-- GiCllhe. out-- 
d* 

- - k F (  the" in +the" ~ Tin+-Tout / (13) 
2 ] '  
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M2c~ dTout __ 6~c2Tin-- 6~iou t + 
dx  

-~kF(the'in+2the'~ Tin +2--T~ ) . (14) 

It  is  obvious  that  the e n t r y  of hea t  into the hea t  ex -  
c h a n g e r  with the s e c o n d a r y  coo lan t  m u s t  be  p r e s c r i b e d  
o r  d e t e r m i n e d  by  the c o r r e s p o n d i n g  equa t ions .  We 
a s s u m e  GzczTin = cons t .  

We wi l l  examine  two c a s e s :  
1. The r e m o v a l  of hea t  by  the s e c o n d a r y  coo lan t  

l eav ing  the hea t  e x c h a n g e r  i s  p r o p o r t i o n a l  to i t s  t e m -  
p e r a t u r e ,  

O2iout = q~c~Tout, (15) 

which is the case, for instance, when the secondary 
loop i s  open.  

2. The r e m o v a l  of hea t  by  the s e c o n d a r y  coo lan t  
l eav ing  the hea t  e x c h a n g e r  i s  cons t an t ,  

62lout = const, (16) 

which is  the c a s e ,  fo r  i n s t ance ,  if  the hea t  c o n s u m e r  is  
a tu rb ine  with an e f f i c i ency  independent  of the  p a r a m -  
e t e r s  of the work ing  s u b s t a n c e  and with an idea l  r e g u -  
l a t o r  of the n u m b e r  of r evo lu t ions .  

Then fo r  c a s e  1 f r o m  Eqs .  (13)- (15)  we obta in  

W/he(S) = [1 - -  al + as + s% (1 - -  a,)l • 

X {1 - + - a l + a s + s [ ( 1  + a t ) x z + ( 1  + as)xa]-~- s~xlx~}, (17) 

w h e r e  

xl = Mtc,IG,cx; xs = M2c~/62c2; (18) 

kF A t, kF h T, 
at . . . .  ; a s . . . . .  (19) 

2Gift 2A Tlz 2G~c 2 2A T n 

Similarly, from Eqs. (13), (14), and (16)for case 2 
we have 

1 + 2sC2(1 - -a , )  
, ,  (20) Whe(S) = 1 + six, -F 2x~(1 + al)l + 2s 2 ~lx 2 

w h e r e  

Whe --~ 

for  c a se  1 and 

C 2 = M~c~/kF (21) 

and T, a l ,  and a 2 a r e  d e t e r m i n e d  f r o m  (18) and (19). 
F o r  an open r e a c t o r  (in the c a s e  Whe = 0) the con-  

d i t ions  fo r  s t ab i l i t y  of the fundamenta l  h a r m o n i c  a r e  

at<:O, lat] >ac r -  (22) 

In th is  c a s e  the c r i t i c a l  va lue  of the t e m p e r a t u r e  coe f -  
f i c i en t  of the r e a c t i v i t y  ~ c r  depends  on the r e a c t o r  
p a r a m e t e r s .  F o r  a r e a c t o r ,  c o n s i d e r e d  t o g e t h e r  with 
the plant ,  the condi t ions  fo r  s t a b i l i t y  have the s a m e  
form as  (22), but the va lue  of ~ c r  is  changed.  We e s -  
t i m a t e  th is  change by  c o n s i d e r i n g  the l i m i t i n g  c a s e  
n, ~ 0, r~ - -  0, and r~ ~ 0. On these  a s s u m p t i o n s  

1 - -  a ,  q-  as 2A Tt2 + A T~. 
= ( 2 3 )  

1 + a t + a s  At ,  

W/he-+ 1 (24) 
for  c a s e  2. 

Thus ,  in the c o n s i d e r e d  l i m i t i n g  c a s e  the t e m p e r a -  
t u r e  f eedback  r e a c t i v i t y  (10) has  the s a m e  fo rm for  an 

open and c losed  r e a c t o r  and the only d i f f e r e n c e  l i e s  
in the va lue  of the n u m e r i c a l  f a c t o r  (1 + Whe)/(1  - W h e  ), 
which fo r  an open r e a c t o r  is  equal  to 1, and fo r  a 
c lo sed  one is  d e t e r m i n e d  f r o m  e x p r e s s i o n s  (23) o r  (24). 
Hence,  on the b a s i s  of (10), (23), and (24) we can ob-  
ta in  the  r a t i o  of the ~ c r  va lues  fo r  a c losed  and open 
r e a c t o r :  

in c a s e  1 
act, el ._~ Atj  
acr. op 2AT,~ + AT2 ~< 1, (25) 

in e a s e  2 
g Cro Cl 

- ~ O. ( 2 6 )  
act. op 

E x p r e s s i o n s  (25) and (26) show that  a r e a c t o r  with 
a c losed  coolan t  loop b e c o m e s  m o r e  s t a b l e  a s  r e g a r d s  
xenon oxc i l l a t i ons  of power  than an open one with  the 
s a m e  p a r a m e t e r s .  The d i f f e r e n c e  i s  p a r t i c u l a r l y  p r o -  
nounced in c a s e  2, whe re  the s t a b i l i t y  of the r e a c t o r  
wi th  T 1 = r~  = 0 r e q u i r e s  on ly  the  nega t iv i ty  o f  the  t e m -  
p e r a t u r e  coe f f i c i en t  of the r e a c t i v i t y .  

F o r  a r e a c t o r  with a c losed  loop and w h e r e  the hea t  
w i thd ra w a l  f rom the s e c o n d a r y  loop i s  p r o p o r t i o n a l  
to the t e m p e r a t u r e  of the s e c o n d a r y  coo lan t  a t  the out-  
l e t  of the hea t  e x c h a n g e r  ( c a s e  1), the e f fec t  of c l o s u r e  
of the p r i m a r y  loop on the p o w e r  s t a b i l i t y  i s  l e s s .  In 
c o m p a r i s o n  with an open r e a c t o r  even in the c a s e  of 
r l  = r2 = 0 the va lue  of C~cr i s  r educed  a f in i te  n u m b e r  
of t i m e s .  

NOTA TION 

Here n denotes the relative reactor power; 6k is the 

reactivity; W is the transfer function; t is the tempera- 

ture of the primary coolant; PXe is the xenon concen- 
trations; a is the reactivity coefficient; M is the mass 
of the coolant; c is the specific heat of coolant; G is 
the flow of the coolant; i is the heat content of the sec- 
ondary coolant; k is the heat transfer coefficient in the 

heat exchanger; F is the surface of the heat exchanger; 

R is the temperature of the secondary coolant; At I is 
the steady-state heating of the coolant in the reactor; 
AT 2 is the steady-state heating of the secondary cool- 

ant in the hea t  e xc ha nge r ;  ATt2 is  the mean  t e m p e r a -  
t u r e  d i f f e r e nc e  be tween  the p r i m a r y  and s e c o n d a r y  
loops  in the  hea t  e x c h a n g e r  in the s t e a d y - s t a t e ;  s is  the 
v a r i a b l e  t r a n s f o r m s ;  6 is  the dev ia t i on  f r o m  the s t e a d y -  
s t a t e  va lue ;  r is  the t ime .  S u b s c r i p t s :  1 r e p r e s e n t s  
the p r i m a r y  loop;  2 is  the s e c o n d a r y  loop;  the in i s  
the in le t ;  out is  the out le t ;  r is the r e a c t o r ;  he is  the 
hea t  e x c h a n g e r ;  t is  the t e m p e r a t u r e ;  Xe is xenon;  c r  
is  c r i t i c a l ;  op is  open; cl is  c lo sed ;  m is mean .  
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