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The  d y n a m i c  stresses in the  core  components  of  a fast pulsed r eac to r  

a re  inves t iga ted .  The  results of a n u m e r i c a l  c a l c u l a t i o n  are  presented .  

In fast pulsed r eac to r s  operat ing on the the rmal  
expansion pr inc ip le  the energy r e l ea se  is l imi ted  by 
the dynamic s t r e s s e s  that develop dur ing the pulse  in 
the core ma te r i a l  [1,2]. In mos t  cases  in se lec t ing  
the r eac to r  ra t ing  it  is suff icient  to know only the max-  
imum value (amplitude) of the s t r e s s e s ,  which is  
reached in the free v ibra t ion  stage [1, 3]. 

In the core components  of a fast  pulsed r eac t o r  the 
s t r e s s  ampli tude depends only on the total t empera tu re  
r i s e  dur ing the pulse  and on the product  of the na tura l  
f requencies  of the component  and the pulse width [4]. 
The s t r e s s e s  a re  a lmos t  in sens i t ive  to other f iner  
var ia t ions  in pulse shape. 

This paper p resen t s  the r e su l t s  of numer i ca l  ca l -  
culat ions intended to ver i fy  these conclus ions .  

The calculat ions  employ the complete set  of pulses  
obtained in the s imple  case  w h e n t h e r e a c t o r  p rocesses  
a r e  de te rmined  by a s ingle  osc i l la tory  sys t em with one 
degree  of f reedom. The dependence of s t r e s s  ampl i -  
tude on pulse shape is invest igated with r e fe rence  to 
the example of spher ica l  shel ls  with different  na tu ra l  
f requenc ies .  The ra t io  of the effective s t r e s s e s  in the 
shel l  to the s t r e s s e s  that would occur in the total ab-  
sence  of the rmal  expansion of the shell  (the quantity 
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Fig. 1, Shape of power pulse 
at var ious  values  of the pa-  
r a m e t e r  wl~0: 1) colt  0 = 

= 0.18; 2) 1.44; 3) 11.5. 

F) is computed. This ra t io  bes t  cha rac t e r i ze s  the dy-  
namics  of the the rmal  expansion of the shell .  

The sys tem of equations has the fo rm 

dt - -  Yi ul n, 

t 

d2Utdp = (o~ (a i q - -  ui), q (t) = .t ~ n (t) dr, 

o 

Fi(t) = ( a i U ~ - - l )  ' q  i = 1, 2, 3. (i) 

The equations were solved numer i ca l ly  on a computer  
for the following values  of the p a r a m e t e r s :  3'1 = 2 �9 109 

St ress  Amplitude F ~ Obtained f rom the Analytic 
Fo rmula  and the Numer ica l  Calculat ions 

Stress ampl i tude  F ~ 

~T Numerical calculations 

0. 156 
0.314 
0. 468 

0. 645 
0,940 
1. 380 

1,404 
1.935 
2.82 

3.21 
4,14 
5.81 

6.72 
9,62 

Calculated 
frum (4) 

0.997 
0. 987 
0,973 

0. 947 
0. 892 
0. 786 

0.780 
0,636 
0.410 

0,329 
0.184 
0. 059 

0.030 
0. 003 

(o~011 co~c% 

- -  0.997 

.-~-297 0._987 
0 

.L7-389 0.949 
0 

- -  0.784 
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- -  0.32 
0,19 

- -  0.03 
0,004 

c0~OJ~ 

0.787 

0.44 

0.08 

1 / s e c . m ;  wl =0.45"105 , o92=0.15.105 , w3 = 1.35"105 
1 /sec ;  ce1=0 .75 .10  -4, ce2= 2 .25.10 -4 , c~a =0 .25"10  -4 
m / M J ; r  0 = 4 " 1 0  -6 , 8"10 -6 , 16.10 -~, 32"10 -6 , 64.  
�9 10 -G, 128 - 10 -6, 256 �9 10 -6 sec.  

In the case r ep re sen t ed  by Eqs. (1) the pulse  shape 
depends only on the p a r a m e t e r  wl TO. As it decreases ,  
the half-power pulse  width, expressed  in TO units ,  de-  
c r e a se s  and the pulse  becomes  inc reas ing ly  a symmet r i c .  

At large values  of 601 TO (wl T0 > 3) iner t ia  effects 
become unimpor tant  and can be neglected. In this 
case the second of Eqs.  (1) becomes  

Ul ~ a l  q, 

and system (1) is solved analytically. If the time is 
measured in To units and reckoned from the maximum 
of the power n, the solution is 

q(m) T = 3.5255%. (2) 
q (0) -- 1 + e-~' 

Here the ampli tude of F(t) in the free v ibra t ion stage 
is de te rmined  f rom the analyt ic  express ion  

Fo--  .o~Oa (3) 
sh  Too~ " 

If our in i t ia l  a ssumpt ion  concern ing  the dependence  
of s t r e s s  ampli tude on pulse shape is cor rec t ,  on the 
bas i s  of (3) for a pulse of a r b i t r a r y  shape we obtain 

FO _ T ~ ( sh T m~ )-1 
3.5255 3.5255 " (4) 

The r e su l t s  of the calcula t ions  a re  p resen ted  in 
Figs.  1 -3  and in the table.  In Fig. 1 the power pulse  
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Fig. 2. Amplitude of F(t)as a func- 
tion of pulse  width for spher ica l  
shel ls  with different v ibra t ion  f r e -  
quencies  (T in ttsec) : 1) w = 1.35. 
�9 105 1 /sec ;  2) 0.45 �9 105; 3) 0.15 �9 105. 

shape is shown for the three m o s t c h a r a c t e r i s t i c v a l u e s  
of c01 To. In Fig. 2 the ampli tude of F(t) is given as a 
function of the pulse width for three  spher ica l  shel ls  
with different v ibra t ion  f requencies .  It is  c l ea r  f rom 
Fig. 2 that as the pulse  width inc reases  the ampli tude 
of F(t) falls the more  s teeply from unity to zero, the 
g rea te r  the v ibra t ion  frequency of the shell .  In Fig. 3 
the ampli tude of F(t) is p resen ted  as a function of wiT, 
and the pulse width in To uni ts ,  which cha rac t e r i ze s  
the change in pulse shape, as a function of r To 
the scale  se lected the values of F ~ for each shell l ie 
close to the same  curve.  

In the table the ampl i tudes  calculated from (4) a re  
compared  with the numer i ca l  solut ion of Eqs. (1). 

Clear ly ,  the s t r e s s  ampli tudes  for each of the 
shel ls  obtained f rom numer i ca l  calculat ions  a r e  ve ry  
c lose  to the va lues  de te rmined  f rom (4). This  fact and 
the data of Fig.  3 show that in es t imat ing  the s t r e s s e s  
in  a fast  pulsed r eac to r  it  is indeedposs ib le  to a s sume  
that the s t r e s s  ampli tude depends only on the total 
heat ing of the components  dur ing  the pulse and on the 
product  of the na tura l  f requencies  of the component 
and the pulse width. 

F ina l ly  we p resen t  formulas  for es t imat ing  the 
s t r e s s  ampli tude in components  of cons iderable  thick- 
ness .  

If for these components  we employ the solution of 
the the rmoelas t i c  p rob lem in the form of a Four ie r  
s e r i e s ,  the s t r e s s e s  in the one-d imens iona l  case have 
the form [4] 

,~ (x, t) = Ao (x) q (t) + 

t 

+ ~_~ Ai (x) 3' q(z) sin o~, (t -- z) clz, (5) 
i=l 0 

where A0(x), Ai(x) are functions depending on the space 
coordinates. 

fo  
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Fig. 3. Amplitude of F (t) as a 
function of the product  wiT 
(curve 1) and pulsewidth  in T o 
units  as a function of the p rod-  

uct wiT (curve 2). 

T]/~.0 

In analogy with the der ivat ion of Eq. (4) we obtain 
the following es t imate  for the s t r e s s  ampli tude at 
point x: 

q ( ~ )  Ao(x) + - -  + 
i=1  (Ol 

oo 

o~ i 3,5255 sh Tcot~ " (6) 
3,5255 

NOTATION 

n(t) is  the r eac to r  power; n M is the max imum 
power; q(t) is the energy re leased  in the r eac to r  by 
t ime t; q(~) is the value of q at the end of the pulse;  
t is the t ime;  T 0 is the ini t ia l  r eac to r  going-up period;  
T is the half-power pulse width; 7? = t/T0; w i, u i a re  
the cyclic  v ibra t ion  frequency and the radia l  d i sp lace-  
ment of the i - th  shell ,  respec t ive ly ;  a i is a p a r a m -  
e ter  depending on d imensions ,  heat capacity,  and 
coefficient of the rmal  expansion of the i - th  shell ;  71 
is the reac t iv i ty  coefficient;  x is a space coordinate;  
and (r(x, t), a~ a re  the s t r e s s  in the component at 
point x and t ime t and the maximum s t r e s s ,  r e spec -  
t ively. 
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