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A scheme is proposed for  the modeling of the:dynamics of the active zone, with specified 
distr ibutions for the h e a t - c a r r i e r  flow rate and for the energy re lease ,  and the procedure  
involves the use of nonidentical boiling channels with quick-response  fuel elements.  As 
the initial condition, we use the p o s s i b i l i t y -  demonstrated in this ar t ic le  - of a r igorous 
descript ion (with a single channel) of a group of channels that are  var ious ly  heated, but 
with a volume energy re lease  s imi la r  for each. 

The channels of an operat ing r eac to r  exhibit various thermophysical  conditions. They differ in t e rms  
of the magnitude of energy  re lease ,  and the flow rate and heating of the heat c a r r i e r .  Even in the case of 
ideal flow rate (identical heating in all channels), the channels exhibit diverse thermal  inertia and react  
differently to per turbat ions  in inlet enthalpy, power, etc. 

If the heat c a r r i e r  is boiling in some of the channels, its average density in such channels will differ 
substantial ly f rom those in which it is not boiling, and consequently these channels make different contr ibu-  
tions both to the react iv i ty  and to the change in the h e a t - c a r r i e r  volume of contour I. 

The act ive-zone model developed to investigate nonsteady reg imes  must  ensure the required accuracy  
in the descript ion of the changes in a number  of averaged h e a t - c a r r i e r  cha rac te r i s t i c s  (averaged over  a 
channel or  a group of channels) (for example, the ave ragevo lume  density and the inlet enthalpy of the heat 
c a r r i e r ,  averaged over  the c ross  section), as well as in the descript ion of cer tain local charac te r i s t i cs  
(for example, the maximum variat ions in tempera ture  or  heat content at the channel outlet). 

The capacity of a digital computer  is inadequate to model each channel of an active zone in the study 
of nonsteady regimes  for r eac to r  operation, and a group of channels linked by some common indicator must  
thus be replaced by a single equivalent channel. 

The resul t ing difficulties are  associa ted  with the need for a sufficiently prec ise  description,  s imul-  
taneously, of the average hea t - re l ease  rate (qjL/Gj ~ coast) and inert ia (L/V0j r coast). 

We will demonstra te  that on the basis Of the famil iar  nonsteady distribution of enthalpy in a channel 
with the smal les t  static flow rate we can determine the precise  distribution of enthalpy in another channel 
of the reac tor ,  with the same volume re lease ,  but with a grea ter  static flow rate for the heat c a r r i e r .  

This enables us to average the channel pa ramete r s  on the basis of only a single indicator,  adhering 
s t r ic t ly  to the noaequivalence of the channels with respec t  to some other indicator.  Obtaining the enthalpy 
distribution in the channel which is not modeled direct ly  on the basis of the enthalpy distribution in a channel 
with another flow rate does not require  the solution of differential equations. 

The equations of continuity and heat balance for the j- th channel with a constant c ross  section and a 
heat flow constant over  the length have the form 
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Oy i OGj = 0, 
Sj -g-  + Ox 

Sj O (Yib + 0 (Gi)j 
Ot Ox = qj (t) 

in the a s sumpt ion  that  the t h e r m a l  iner t ia  of the fuel e l e m e n t  is smal l .  
s ta te  

l 
- ' - - 1  " ~ ' ,  

v-~ = (v)-~ + (v) -1  - -  (v')  -~ (i - i '), i > i ' ,  [ 
(~?,) , t . . , , t  r 

(1) 

Comple t ing  (1) with the equat ion of 

(2) 

we de r ive  a s y s t e m  of equa t ions  with 3 unknowns Tj(x, t), Gj(x, t), and ij(x, t). 
iin(t), and qj (t) a r e  spec i f ied  equat ions  of t ime.  

Let  us examine  (1) for  i < i ' .  

The quant i t ies  Gj in (t), 

We a s s u m e  qj(t) = q0jn(t), whe re  q0j is the s ta t ic  heat  flow in the j - t h  channel ;  Gj(x, t) = Vj(x, t )Sjyj  

= V0j~(t)SiT j, where  V0j is the ve loc i ty  of the heat  c a r r i e r  in the j - th  channel .  

F r o m  (1) we obtain 

Oil 4-Void( t )  Oij __ qoJ I n(t)" (3) 
Ot Ox Sj  y~ 

Let  us examine  a group of k channe ls  with s i m i l a r  volume h e a t - r e l e a s e  r a t e s  qj0/Sj  = ~, j = 1, 2, 
� 9  k .  

Equat ion (3) is then r e w r i t t e n  in the f o r m  

Oij , Oij a 
0-~ ~- Voj~(t) -- n(t).  (4) 

Ox y' 

We will t r e a t  x as  a funct ion of t ime ,  s a t i s fy ing  (5): 

dxj __ Voj~ (t). (5) 
dt 

If (4) d e s c r i b e s  the t ime  va r i a t ion  of en tha lpy  at each  point  of the j - th  channel ,  the equat ion de r ived  
f r o m  (4) and (5) will  ev ident ly  d e s c r i b e  the t ime va r i a t ion  in en tha lpy  at a point mov ing  a long the channel  
at  a speed  c o m m e n s u r a t e  with the ve loc i ty  of the s i n g l e - p h a s e  e l e m e n t s  of the hea t  c a r r i e r  in. the channel .  

Subst i tut ing (5) into (4) and so lv ing  the r e su l t i ng  equat ion,  we find 
t 

ct t 4 n (t) dt + ij (to). (6) ij (t) = T 
to 

Let  t o be the ins tan t  at which the pa r t i c l e  en t e r s  the channel .  Then ij (to) = iin, while (6) d e t e r m i n e s  
the en tha lpy  of the p a r t i c l e s  - which en te r  the channel  with an en tha lpy  iin at the ins tan t  t o - at  any ins tan t  
of t ime�9 

We note that  (6) can be t r e a t e d  not only as  the r e l a t ionsh ip  fo r  the de t e rmina t i on  of the entha lp ies  of 
the p a r t i c l e s  en t e r ing  the channels  s i m u l t a n e o u s l y  but a l so  as  the equat ion for  the r e l a t ive  m o m e n t s  tlj of 
which an equal  en tha lpy  will  be a t ta ined:  ij(tlj ) = isp�9 It is ev ident  that  ttj is independent  of the channel  
number .  

F r o m  (5) we d e t e r m i n e  the c oo rd i na t e s  c o r r e s p o n d i n g  to the p a r t i c l e s  e n t e r i n g  the channels  s imu l -  
t aneous ly  and exhibi t ing  ident ica l  en tha lp ies  at a given cons tan t  of t ime  in va r ious  channe ls :  

t l  

x, (tO = Vojj" ~ (t) dr, (7) 
to 

where  t 1 m a y  be a r b i t r a r y .  

It follows f r o m  (7) that  we have the r e l a t ionsh ip  

X~ _ Vo j  
, ] = I ,  2 . . . . .  k .  (8 )  

Xt g o  t 
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Thus ,  hav ing  so lved  (4) fo r  one j and hav ing  d e t e r m i n e d  the en tha lpy  d i s t r i bu t ion  o v e r  the length of 
the j - t h  channel  a t  any ins t an t  of t i m e ,  we know the en tha lpy  d i s t r i bu t ion  in any channel  of the g roup  be ing  
e x a m i n e d .  Indeed,  the  p a r t i c l e s  e n t e r i n g  the channels  s i m u l t a n e o u s l y  r e a c h  equa l  en tha lp i e s ,  and this  a l so  
s i m u l t a n e o u s l y ,  but they c o v e r  paths  in this  c a s e  tha t  a r e  d i f fe ren t ,  and t h e s e  can  be found f r o m  (8), without 
so lu t ion  of addi t iona l  d i f f e r en t i a l  equa t ions .  

We can d e m o n s t r a t e  tha t  an ana logous  conc lus ion  can be drawn with  r e g a r d  to the t w o - p h a s e  s e g m e n t .  

Le t  us e x a m i n e  s y s t e m  (9): 

O(y/j) + O(V/jyj) qoJ n (0, 
Ot Ox Sj 

OYs +OVJYs =0,  
Ot Ox 

w h e r e  Vj(x = O, t) = Voj~ (t) and qj(t) = qojn(t); y and i a r e  r e l a t e d  by 

Y =  v'(1 - -qD)+ v"% 
vi = (1 - -  qo) v'i' + ~v"i", 

f r o m  which,  e l i m i n a t i n g  ~o, we obtain 

V -1 = (y,)-a r - -  i' [(y-)-t _ (V,)-l] + i (y,,)-I _ (V,)-i. 
r r 

We will  s u b t r a c t  i f r o m  i*  so that  we s a t i s f y  [(@~-I _ ( T , ) - l ] i n / r ,  whe re  in = i - i * .  

T h i s  g ives  us 
i* = i ~ - -  r (y,)-i (v,,)-~ _ (v,)-~ 

It is not difficult to see that replacement of the variables does not alter the form of the f irst equation 
in (9) when we consider the continuity equation. Indeed, the equation 

O{Tj[ijn @ i'1} + O{YJVj[iin@ i ' l} = qoJ n(t) 
Ot Ox Sj 

r e d u c e s  to the equat ion  

However, 

0 ( 'b60 + 0 (VjV/~n) = qoJ n (t). (10) 
Ot Ox Sj 

~]ir 1 [ (~'r)-i ~ (V')-I ] -1 = -- : COIlSt, 
r 

and (10) t h e r e f o r e  a s s u m e s  [1] the f o r m  

OVj _ qoJn (t)((Y")-~--(Y') - '  1 -l .  (11) 
Ox Sj r 

Since we have  chosen  channe l s  with iden t i ca l  vo lume  e n e r g y - r e l e a s e  r a t e  fo r  the group,  we have 

qoi r 6, 
s~ (V') - ~ -  (v') -~ 

and the solut ion  of (11) is found in the f o r m  

Vj (x, t) = 6n (t) [x - -  hej (t)] 4- Vj [hej (t), t] = 6n (t) [x - -  hej (t)] + Voi~ (t). (12) 

With c o n s i d e r a t i o n  of (12) the cont inui ty  equa t ion  is  wr i t t en  in the f o r m  

OYi + yiOn ( t )+ Oyi {Voi~ (13) o-7 ~ (t) + ~n (t) [x - ~ r  (t)] } = o. 

As in the p r e v i o u s  c a s e ,  we Will a s s u m e  tha t  x is a funct ion of t i m e ,  d e t e r m i n e d  by the  equa t ion  

dxj _ Voj~ (t) -~- an (t) [x~ (t) - ;  hej (t)]. (14) 
dt 

M o r e o v e r ,  we a s s u m e  ~j (t) = ln(y  j (t)/y<). 
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Equat ion  (13) then r e d u c e s  to 

whence  

d %  _ 6n(0, (15 )  
dt 

t i 
~Fj (t) = 6 t- n (t) dt + Tj  (t~j). (113) 

, 3  

tlj 

As was d e m o n s t r a t e d  above,  the p a r t i c l e s  en te r ing  the channel  s i m u l t a n e o u s l y  r e a c h  equal  en tha lp ies  
at  the s a m e  ins tant  of t ime.  Consequent ly ,  if tlj denotes  the ins tant  at which the sa tu ra t ion  entha lpy  is a t -  
ta ined in the j - th  channel ,  we have t~j = t 1 when j = 1, 2 . . . . .  k and 

T (t 0 = In ~/(i') = 0. .f' 

Since d x / d t -  d e t e r m i n e d  f r o m  (14) - denotes  the ve loc i ty  of the heat  c a r r i e r  in the evapora t ion  zone,  
we see  f r o m  (16) that  equal  values  of tI, j (and consequent ly ,  equal  values  of dens i ty  and enthalpy) for  pa r t i -  
c l e s  e n t e r i n g  the channels  s imu l t aneous ly ,  on mot ion th rough  the evapora t ion  zone,  will  a l so  be a t ta ined 
s i m u l t a n e o u s l y  (although they will  c o v e r  d i f fe ren t  paths  in this  case) .  

It r e m a i n s  to d e t e r m i n e  the r e l a t ionsh ip  between the coo rd ina t e s  of the pa r t i c l e s  in the evapora t ion  
zone,  these  p a r t i c l e s  having  e n t e r e d  the va r ious  channels  s imu l t aneous ly ,  and exhibi t ing equal  en tha lp ies  
at  a given ins tan t  of t ime.  

Cons ide r ing  that  h e j / h e t  = V0j/V0t , in the light of (8), let us t r a n s f o r m  (14) as  fol lows:  

dx~ _ Voj~(t ) + 6n(t) Ixj(/) - -  he'(t) l/'oj] 
dt V01 J '  

o r  

dXJ  
V~ [ x'(t) hel(t) ] (17) 

dt ~ (t) + ~n(t) Vo j Vo~ ' 

It is obvious that  (17), so lved  for  xj( t ) /V0j  , is ident ica l  for  all the channels  of the group and exhibi ts  
the s a m e  ini t ial  condi t ions :  

xj (t = O) x~ (t = O) 

v0j Vo, 

Thus,  at the one-  and two-phase  s e g m e n t s  the coo rd ina t e s  of the p a r t i c l e s  en te r ing  the va r ious  chan-  
nels  s imu l t aneous ly  and exhibi t ing equal  en tha lpy  (density) a r e  a s s o c i a t e d  by m e a n s  of the r e l a t ionsh ip  

x~ (t) _ x~ (t) 

Yoj Vo, 
P r o c e e d i n g  f r o m  the above,  we can p ropose  the fol lowing s c h e m e  for  the mode l ing  of the act ive  zone:  

1) all  channels  of the ac t ive  zone a re  divided into s e v e r a l  g roups ,  with each  group conta in ing the chart- 
nels  with ident ica l  volume e n e r g y - r e l e a s e  r a t e s  that  a r e  not dependent  on the flow ra te  (the magni tude  of 
heating) ; 

2) f r o m  each  group  we s e l e c t  the channel  with the s m a l l e s t  s ta t ic  flow ra te ,  and for  each we use a 
digi ta l  c o m p u t e r  to solve the equat ions  of cont inui ty  and heat  ba lance ;  

3) f r o m  the de r ived  en tha ipy  d i s t r ibu t ions  o v e r  channel  length for  each  ins tan t  of t ime  we d e t e r m i n e  
all r e q u i r e d  c h a r a c t e r i s t i c s  of any channel  in the g roup  under  cons ide ra t ion ,  without  d i r ec t  model ing;  

4) we ca lcu la te  the c h a r a c t e r i s t i c s  at  the out le t  f r o m  the ac t ive  zone by s imple  ave rag ing  of the a p p r o -  
p r i a t e  p a r a m e t e r s  at  the out let  f r o m  the channels ,  fo r  a given ins tan t  of t ime.  

L and S 
V, G, T, a n d i  

N O T A T I O N  

are ,  r e s p e c t i v e l y ,  the channel  length and c r o s s  sec t ion ;  
a re ,  r e s p e c t i v e l y ,  the ve loc i ty ,  the flow ra te ,  the dens i ty ,  and the en tha lpy  of the heat  
c a r r i e r ;  
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q 
X 

t 
T'  and T" 
i '  
r 

h e 

is the heat flow per  unit channel length; 
is the coordinate along the channel; 
is the t ime; 
are  the densit ies of the water  and of the vapor at the saturation line; 
is the saturat ion enthalpy; 
is the specific heat of vapor formation; 
is the volume vapor content; 
is the length of the economizer  zone. 

S u b s c r i p t s  

0 
in 
out 

J 
n 

sp 

pertains to the initial state; 
denotes the inlet to the channel; 
denotes the outlet f rom the channel; 
is the channel number;  
is a new variable;  
is a specified quantity. 
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