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August 24, 1962, 

FROM: Theodore Stubbs I 

EXI&IXCT: General Parameter Study of -a -Bare;- - 

the Same Materials as TORY 11-C. 

- 

Due t o  space and w e i g h t  l imitations aboard existing sea-going 
launch vehicles, it i s  of in te res t  t o  study the properties of TORY 11-C with 
the aims of reducing weight and size and increasfng performance. 

The one-dimensionaf neutronics code, ZOOM, has been used t o  obtain 
the dependence of the c r i t i c a l  radius and mass of a bme, spherical reactor on 
the molar r a t i o  of moderator t o  fuel,  The materials used i n  the core are the 
8- ne' and Easteloy having 
precisely the  same mo1ecula.r density as i n  Tory 11-C, the moderator used i s  

BeO, and the  fie1 is included as horseradish.* All  of the materials are 
homogeneously smeared throughout the sphere and the Beo-fuel mixture i s  taken 
t o  have k$ porosity. 
5296). A temperature of lWO°K w a s  assumed i n  the calculations. 

(The Tory 11-C core has an average porosity of about 

Figure 1 i s  a graphic representztion of the results of the above 

calculations, ., W e  define . E  - - molar ratio. For 4 100 

and A 5,000, we do not expect u3OM t o  yield accurate results for at l e a s t  
t w o  reasons. Firs t ,  the  energy-group scattering-transfer coefficients are 
flux-averaged over fluxes having 8;n energj distribution expected i n  200 5 5 
5 
ik the center-of-mass system f'ram all of the nuclear species present. 

horseradish 

3,000; and second, the higher energy neutrons do not sca t te r  isotropically 

5 * 
One mole @' horseradish contains 1.066 moles of OyOz, 1.000 mole of Yz03, 
and 0.997 moles of ZmZ. 
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Therefore, not only the transfer coefficients, but also the transport 
cross sections will suffer from this neglect i n  ZOOM. Thus, although 
we report  results from 0 5 4 f$lO , t he  region of v a i d i t y  is expected 
to l i e  i n  I O O < ~  r: 5,000. 

A shape-independent quantity which may be used to transform 
a sphericaf. jus t -c r i t i ca l  system t o  a jus t -c r i t i ca l  system of any other 
geometry is the Buckling.(') 
all just-critic&- systems must have the same value of buckling. 

For it given composition ( 4 and porosity) 
Figure 2 

2 is a plot of .buckling ( B  ) 
obtained in the above ca.l.culations from UX)M. 

vs 5 throughout the region of validity,  as 

Table I contains the information of both figure 1 and figure 2 

In tabular form: 
Table I 

Cr i t ica l  Radius, Mass, and Buckling (B2> as a Function of e 
as Given by ZOOM 

5: Re (em) Mc (ad 

26 44.3. I 44. 
i 

0.5 44.45 592 44*5 

1 .o I 44.35 I 570 1 44.7 

438. 

10.0 46.15 361 41.5 

50 .O 50.5 i I 161 .o 34.92 

100.0 52.04 96.9 I 33-10 



In particular, we would l ike  t o  investigate the dependence of the 

c r i t i c a l  mass of a Tory 11-C - l i ke  bare cylinder upon dimeter, length, 
composition, and porosity. 
system of given composition, rc and Lc = c r i t i c a l  radius a d  length, 
respc t ive ly ,  of a cylinder at the same composition, then we must have: 

I f  we define Re = crit ical .  radius of a spherical 

9 

H e r e  A i s  the extrapolation length associated with each geometry, 

speaking, %, 4, and % 
which R > 

S t r i c t l y  

not precisely the same, however for systems i n  

+, etc., it is  valid to choose these quantit ies 

The mass of fuel of any cylindrical system consisting of 

moderator afld fuel is  given by, 

0 

L 
I m 

mod 

Fuel 
- - e  m 0 

fuel 

where r = porosity 

d = diameter of clyinder 

L = length of cylinder 

Po = normal, solid density 
m = molar weight. 

It is seen from Figure 2 that for a given composition and density 

{ 
Combining equations I and I1 and information from Figure 2 we see that., i n  
principle, it is  possible t o  obtain a 3-dirnensional graph of csitica3 mass 
vs. L a d  d for a given value of r(&may be eliminated from the problem, i f  

not i c u y ,  then graphicdly). Fi 3 is Just such a plot for 

a n d r  ) there is a unique value of the buckling fo r  a c r i t i c a l  reactor. 

- 
= 0.52. The varfation of f is afso plotted. 
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A s  stated before, Tory 11-C has a value of' p2d 0.52 and an 

equivalent buckling of B2 = 1.76 x If we assume tha t  i ts  

equivalent bare cylinder is optimum, i.e. L -  0.935d we may place t h i s  

reactor on Figure 3 as Shawn. 
c r i t i c a l  m a s s  obtained i n  t h i s  manner differs  from the  actual value f o r  t w o  
major reasons: 

optimum and, most important, the fuel is  only about 77% effect ive ('1 due t o  
the fact t ha t  it has a distribution in the core w h i c h  is  neither axially 
nor radial ly  uniform. 

It is also of in te res t  t o  know how figure 3 transforms as a 

It should now be pointed out t ha t  the 

The Tory 11-C equivdlent bare reactor is  not precisely 

f'uriction of?. 
see tha t  mother core (primed system) of the same m a t e r i d l  camposition 

( 4 i s  held constant) but at so l id i ty  ( 1 - P' ) w i U .  be c r i t i ca l  when all 

of i t s  l inear  dimensions axe transformed according to 

Given a crit ical  core having a "solidity" of (1 -p),  we 

erves the neutron esc 

c r i t i c& mass must then transform according to: 

As an example, say we wish t o  lcnow the values of the parameters 
# 

which yield minimum c r i t i c a l  mass for (1 - f )  5 0.6. Fsom figure 3,  we 
obtain: I 

x 188 z 150 CD 0.48 
0.6 

df 22 - 



Finally, a departure from a uniform distribution w i l l  result 
i n  a change i n  the amount of fie1 required to make a reactor of a given 
size c r i t i ca l .  
worth" for  non-uniform loading may be obtained by averaging the loading 
distribution over the square of the spacial neutron flux distribution, 
Since w e  demand tha t  the porosity and physical dimensions remain constant, 
equation (11) shows how Mc and f must be varied, 

A s  poinied out by Goldberg and Reynolds ('I, the "fie1 

It must be stated tha t  Figure 3 is not t o  be taken as gospel. 
It i s  intended t h a t  t h i s  give only a reasonable approximation t o  the 

behavior of a c y l i n d r i c a  reactor having the same constituents a s  TORY 114. 
Indeed the example at  the bottam of the previous page is not precisely 
consistent with equation(I1) as can easily be verified.  

(1) Glasstone and Edlund ?he Elements of Nucleax Reactor Theory" 
V a n  Nostrand (1954). 

(2) E. Goldberg and H. L. R e y n o l d s .  MRY 11-C Nemorandum No, 350 
July 5 ,  1962. 
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