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Relations are presented that make it possible to determine the tem- 
perature rise in a pressurized-water reactor for various starting condi- 
tions. 

The total  useful  c ro s s  sec t ion  for  heat t r a n s f e r  
agent  in the core  fuel a s s e m b l i e s  can be de t e rmined  
in two ways: 

o r  

F . , o  = Q ( 1 )  

a D ~ 
P u,o = ~ - -  ( 2 )  
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F r o m  the second equat ion,  us ing  (1), we find the 
core  d i ame te r  

D = V 4Q (3) 8n Cp A tmax Kr Yav W a v K 2  " 

The t he rma l  capaci ty of the r e a c t o r  

Q = Fsu qs . . . .  �9 (4) 

In genera l  fo rm the average  heat load on the fuel 
e l emen t  sur face  is given by the fo rmu la  [1] 

qc~xmin (5) 
q . . . . .  K . . . .  Kt/Xmin Ka Ks.f 

If rod- type  fuel e l emen t s  are employed the heat 
t r a n s f e r  sur face  of the core 

F~u = a(df+6H)HD(1--e) (6) 

Hence,  us ing  (3)-(5),  we find the height of the r e a c t o r  
core: 

" 2 

H = K . . . .  KHXminKaKs.fK1K2 ~ Cp A [rnax ~]av Wavdf. (7) 
4qcr Xmin (df + 6H) (1 --e)  

Using (3) and (7) and in t roduc ing  the notat ion A = 
= H/D, we obtain the average  heat ing of the heat t r a n s -  
fer  agent in the r e ac to r  core:  

A qc rXmin  (1 - -  8 )2 /3Q I/3 (de + 6H)2/3 . (8) A t'av = 2.74 2/3 2/3 
K2/3 zz213 t2-2/3 t,,-2/3 ~ .44/3 ~. 1w tz  

rrnaxZ\HXminl \a  l \s .f  1\2~f C'u Wav/ \ l  

If in designing atomic power plants the power on the 
shaft of the main turbomechanical unit is given, in 
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Fig.  1. a) Effect of individual  p a r a m e t e r s  and 
b) c r i t i ca l  heat load on the average  heat ing of 

the heat t r a n s f e r  agent in the r eac to r .  

(8) it is de s i r ab l e  to exp res s  the t he rma l  capacity of 
the r e a c t o r  in t e r m s  of the shaft power N e and the 
plant  eff ic iency 77e; then 

2/3 2/3 " _\2/3 Aft/3 2,74A qcrxm~n(1--~) ~ (df-~OH)2/3 (9) 
A i a v :  ~.2/a r.-2/3 ,,2/3 ,~2/3 I/3 T1d4/38~ ~ t~  �9 

l\rmax l \HXmin /~a  /~s.f ~e /k2 f /av avl ' , l  

It follows f rom (9) that the heat ing of the heat t r a n s -  
fer  agent is affected by the following p a r a m e t e r s  of 
the r e a c t o r  and the plant:  the c r i t i ca l  heat flux in the 
sec t ion  along the length of the fuel e lement  where  the 
safety factor  is at a m i n i m u m  qerXmin;  the poros i ty  
of the core  with r e spec t  to the heat t r a n s f e r  agent e, 
the coeff ic ients  of nonun i fo rmi ty  of heat r e l e a s e  with 
r e spec t  to height Krmax ,  and fuel a s sembly  Ka; safety 
factor  Ks.f;  d i a m e t e r  of fuel e lement  dr; m a s s  ve loc-  
i ty TavWav; power Ne; and plant  eff ic iency ~?e' 

The quant i ta t ive  effect of these  fac to rs  on the heat -  
ing of the heat  t r a n s f e r  agent is shown in Fig.  1. At 
H/D = 0 .8 -1 .2 ,  Aiav A va r i e s  l i t t le  (Fig. l a ,  curve 1). 
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The effect of ~?e is also sl ight  (curve 2); thus, as ~?e 
i n c r e a s e s  f rom 20 to 28%, Aiav~e d e c r e a s e s  by 12%, 
whereas  as e i n c r e a s e s  f rom 0.5 to 0.7, Aiav e fa l ls  
by 50% (curve 3). An i n c r e a s e  in the fuel e lement  d i -  
ame te r  is accompanied  by a d e c r e a s e  in the heating 
of the heat t r a n s f e r  agent. It follows f rom Fig.  l a  
(curve 4) that i n c r e a s i n g  the d i a m e t e r  f rom 5 to 12 m m  
leads  to a fall  in Aiavdf by 50%. The quant i t ies  

AiavYavWa v and Aiavi l  K are  s t rongly  inf luenced by the 
veloci ty of the heat t r a n s f e r  agent in the core (curve 

5) and the product  ilK = Ks. fKrmaxKHXminKaK1K2 
(curve 6). 

F o r  exis t ing  and pro jec ted  r e a c t o r s  [3, 4] IlK = 
= 9 .5-4 .0 .  F r o m  Fig.  l a  (curve 6) it follows that as 
ilK i n c r e a s e s  f rom 1 to 4, Aiavil  K fa i l s  by 60%, af ter  
which this effect d imin i shes  and in the range  f rom 4 to 
9.5 the heat ing fa i ls  by 18%. T h e r e f o r e  to obtain an 
impor tan t  i n c r e a s e  in Aiavi i  K it is n e c e s s a r y  t o r e -  
duce IlK to l e s s  than 4. The effect of c r i t i ca l  heat flux 
is  shown in Fig.  lb .  As qcr  i n c r e a s e s  f rom 2 to 8 
mW/m 2, Aiavqe r changes by a factor  of 2.5. 

We will cons ider  in g r ea t e r  detai l  the d e t e r m i n a -  
tion of the c r i t i ca l  heat flux (9) in  the sec t ion  along the 
fuel e l emen t  in which the burnout  safety factor  is m i n i -  
mum.  In [1] a r e l a t i on  was obtained for de t e rm i n i ng  
the c r i t i c a l  heat flux and the coeff ic ient  of nonun i f o r m-  
i ty of heat r e l e a s e  with r e s p e c t  to height in a p a r t i c -  
u la r  sec t ion  for the case  of a cos inuso ida l  d i s t r i b u -  
tion and subheat ing of the heat t r a n s f e r  agent at the 
channel  outlet _>10 ~ C. We will cons ider  the case in 
which, to i n c r e a s e  the t he rma l  economy or improve  
the weight c h a r a c t e r i s t i c s  of the plant,  the t e m p e r a -  
ture  of the heat t r a n s f e r  agent at the outlet of the mos t  
heavi ly  s t r e s s e d  channel  is a s sumed  to be equal to the 
sa tu ra t ion  t e m p e r a t u r e .  The lack of a convenient  gen-  
e ra l  analyt ic  dependence of the c r i t i ca l  heat flux on 
subheat ing embrac ing  the en t i re  r ange  of va r i a t ion  of 
that p a r a m e t e r  down to zero  p rec ludes  an absolute ly  
r i go rous  calcula t ion.  However,  s ince  in the range  of 
va r i a t ion  of subheat ing f rom 10 to 0 ~ C the c r i t i ca l  
heat flux r e m a i n s  p rac t i ca l l y  constant  for [4], we can 
a s s u m e  that the m i n i m u m  safety factor  will occur  in 
the sect ion along the length of the fuel e l emen t  where  
At H = 10 ~ C. On the bas i s  of [2] the coordinate  of the 
sec t ion  in which the safety factor  is m i n i m u m  with 
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Fig.  2. Design complexes  as a rune-  
tion of the heat ing of the heat t r a n s -  
fer  agent (~ in the mos t  heavi ly  
s t r e s s e d  fuel e lement :  1) (Xpr + 
+ H/2)I-I; 2) (Xmi n + I-I/2)H at 
H/H '  = 0.835; 3) (Xmi n + H/2)H at 

H/H' = 0.925. 

AtHout = 0 is de t e rmined  f rom the f o r m u l a  

H' 
X m i n  - -  N 

sin n H  1~/ .~ n H  
x arcsin 2 H 7 - - -  sm ~ - - 4 f ( 1 - - f )  , (10) 

2 (1 --f) 

where  f = 0.33, H T = H + 26ef f. 
The plus sign in f ront  of the root  in (10) has been 

d i scarded ,  s ince it is equivalent  to the extens ion of 
(10) to an unspecif ied range  (AtHout < 10 ~ C). 

F o r  the s ame  r e a s o n  in some cases  it is not p o s s i -  
ble to employ (10) even with a minus  sign in front  of 
the root.  We will cons ide r  these cases .  Xpr is found 
f rom the following relation: 

20)i ,11, Xp~ -- arcsin s i n - -  1 
2H' h lm~ 

The ra t io  (Xpr + H/2)H, d e t e r m i n e d  f rom (11)as a 
funct ion of the t e m p e r a t u r e  r i s e  in the mos t  heavi ly  
s t r e s s e d  channel ,  is shown in Fig.  2; the same  f igure  
gives the ra t io  (Xmi n + H/2)H calcula ted  f rom (10). It 
follows f rom the graphs  that the use of (10) is valid 
when H/H ~ = 0 .925-0.835 for A t m a  x >- 40-48  ~ C; at 
s m a l l e r  values  of Atma x the sec t ion  co r re spond ing  to 
the m i n i m u m  safety factor  l ies  in the reg ion  At H < 
< 10 ~ C and, consequent ly ,  if we employ qer  f rom [5] 
we cannot use the coordinate  de t e rmined  f rom (10). It 
follows that the determination of the coefficient of non- 

uniformity of heat release with respect to height and 
the critical heat load in the absence of subcooling at 

the outlet from the most heavily stressed channel and 

in the presence of a eosinusoidal distribution of heat 
release for use in calculating the subcooling of the 
heat transfer agent averaged over the core must be 
made in accordance with formulas (21) and (22) of [1] 

with X = Xmi n in accordance with formula (10) for 
Atma x --> 40--48 ~ C and X = Xpr in accordance with for- 
mula (11) for Atma x _ 40-48 ~ C. We note that at Atmax 

Atmax = 20 ~ C, Xpr = 0, KHX = KHmax , and 

qcrX~ 1275 (Way%v) ~ ( v"--v, v' "1 - I s )  . 

Us ing  (9), we can find the average  subcool ing in 
the core  for  specif ic  condit ions.  In this case ,  s ince  
the values  of the c r i t i ca l  heat flux and the coefficient  
of nonun i fo rmi ty  of heat r e l e a s e  with r e spec t  to H en-  
t e r ing  into the f o r mu l a  depend on Atma  x, it is n e c e s -  
sa ry  to specify the value of Atma x, which, if n e c e s s a r y ,  
can be cor rec ted  in accordance  with the Aiav obtained 
f rom (9). The r e l a t ion  between Aiav and Atmax is 
given by 

A iav = A tmax Cp/K1. 

For atomic power plants with fixed capacity it is 
also possible to solve the inverse problem of determin- 
ing the necessary reactor parameters (dr, KI, Kr, Ka, 
KH, Tav, Wav) ensuring a given subcooling of the heat 
transfer agent in the core. 
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Fig.  3. Average  heat ing of heat t r a n s f e r  
agent in r eac to r  core as a function of the 

capaci ty (hp) of the power plant.  

To s impl i fy  the m u l t i v a r i a n t  ca lcu la t ions  based on 
(9), we have plotted in Fig.  3 the dependence of the 
heat ing of the heat t r a n s f e r  agent in the r e a c t o r  core 
Aiav 0 on the capaci ty  of the plant  for the following s t a r t -  
ing data: IlK = 5, H/D = 1.0; ~?e = 0.2; Wav'/av = 3.  
�9 106 kg/m2, hr ,  e = 0.5; df = 5 m m ,  5 H = 0 .5mm;  qer  = 
= 4 mW/m 2. 

The average  heat ing of the heat t r a n s f e r  agent over  
the core  under  condit ions di f fer ing f rom those indicated 
can be de t e rmined  using the graphs  p re sen t ed  in Fig.  
l a ,  b as a r e s u l t  of mul t ip ly ing  the value de t e rmined  
f rom Fig.  3 by co r r ec t i on  coeff icients  that take into 
account  the devia t ion f rom the o r ig ina l  var ian t :  

A iav= A/avO A/aVWavVav A lay% h iave A iaWc r X 

X A/avdf A iav[I~C h iavA. (12) 

NOTATION 

Q is the t he rma l  capacity of r eac to r ;  Cp is the spe-  
cific heat of the heat t r a n s f e r  agent; Fuse ,  Fsu ,  and 
qsu. av a re  useful c ro s s  sec t ions  for the heat t r ans f e r  
agent in the fuel a s s e m b l i e s ,  heat  t r a n s f e r  sur face ,  and 
average  heat load on core  su r face ,  respec t ive ly ;  e is the 
f rac t ion  of the core  c ro s s  sect ion occupied by the heat 
t r a n s f e r  agent; D and H are  the d i ame te r  and height 
of the core ,  respec t ive ly ;  6 e f  f is the effective r e f l e c -  
tor savings;  df and 6 H are  the d i a m e t e r  of the fuel rod 
and twice the th ickness  of the can, respec t ive ly ;  N e 

and Ue a re  the capacity and eff iciency of the plant ,  r e -  
spect ively;  qcr  is  the c r i t i ca l  heat flux; At and At H 
are  the t e m p e r a t u r e  r i s e  of the heat t r a n s f e r  agent and 
subheat ing,  r espec t ive ly ;  v" and v ~ a re  the specif ic  
volume of the vapor and water  on the sa tu ra t ion  l ine ,  
r espec t ive ly ;  7avWav is the m a s s  veloci ty of the heat 
t r a n s f e r  agent in the core;  K 1, KH, Kr ,  K a a re  the 
coeff ic ients  of nonuni fo rmi ty  of heat ing in the fuel a s -  
s emb l i e s  and with r e spe c t  to the height, r ad ius ,  and 
fuel a s sembly  of the core,  respec t ive ly ;  K 2 is  the co- 
eff icient  by me a ns  of which we take into account the 
heat t r a n s f e r  agent cooling the shie lding and e l emen t s  
of the mode ra to r  control  sys tem;  Ks. f is the burnout  
safety factor;  IlK is the product  of the coeff icients  K; 
Aiav,  Aiav 0 a re  the average  heat ing (enthalpy increase)  
of heat t r a n s f e r  agent in the r e a c t o r  core  (Fig. 3); 
Aiav j is the change in the value of the average  heating 
of the heat t r a n s f e r  agent in the r e a c t o r  core  owing to 

p a r a m e t e r  j (j = ~e, e, qcr ,  dr, A, HK, ~/avWav); Xpr  
is the coordinate  of the fuel e l emen t  c ros s  sect ion up 
to which the f o r m u l a  for qcr  f rom [5] is valid; Xmi n 
is the coordinate  of the fuel e l emen t  c r o s s  sect ion in 
which the safety factor  is  m i n i m u m .  Subscr ip t s :  max is 
the m a x i m u m  value of the p a r a m e t e r ;  out is the value of 
the p a r a m e t e r  at the r eac to r  channel  outlet.  
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