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Abstract 

Fusion reactors could be used to generate electric power and produce synthetic fuels with 

.- relatively high.efficiencies (about 60%) [ I ] ,  A two temperature zone blanket coupled to  a 
hm -= iPlMm-e* w. & &k39..- j~ 

the ratio of the fusion neutron kerma energy absorbed by the hot interior (the higher temper- 
ature zone) to the total energy/fusion. This parameter i s  calculated as %.5 for both a one 
and two-dimensional model of the blanket module, and i s  a reasonable value for efficient 
energy production. 

Introduction 

The high energy neutrons from DT fusion reactions can penetrate very deeply into materials 
before their kinetic energy i s  transformed to heat. This unique feature of fusion energy, and 
the fact that about 80% of the energy released per DT fusion reaction i s  carried by 14 MeV 
neutrons, can dramatically increase the efficiency of electric power generation (to about 
60%) as weld as produce H2 and H2-based synthetic fuels a t  high efficiency (about 50-70%). 
This deep penetration of the primary neutrons makes two temperature region blankets feasible. 
In this concept, a relatively low temperature (300-400'~) metallic structure i s  the vacuum/ , 
coolant pressure boundary, while the interior of the blanket, which i s  a simple packed bed 
of non-structural material, operates a t  a very high temperature ( c 1 5 0 0 ~ ~  process steam or 
800'~ He). Separate coolant circuits are required for the two temperature regions, as well 
as a thermal insulator between them. 

The analysis consisted of the following steps: 
1. Determination of the geometry and atomic concentration of the blanket module pro- 

ducing high temperature steam for a high temperature electrolysis (HTE) process. The overall 

toroidal structure i s  shown i n  Figure 1, and the blanket module cross section in Figure 2. 
2. A one-dimensional case was run on the blanket module using the computer program 

ANISN [2]. A one-dimensional heating analysis was performed. Also, the calculated flux was 
plotted and analyzed t o  determine an appropriate collapsed energy group structure of the 
scattering cross sections. A Po Legendre e n D & @  an S-4 angular quadrature were used 
(i.e., PoS4). I t  has been determined that a P0S4 calculation i s  accurate enough for scoping 
studies, b u t  that for accurate calculations of a particular design, PgSs must be used. Cross 

~ - f i ; ~  2d8 sections from the Radiation Shieldfng Information Center (RSIC) data library DLC-37D [31 

&~p were used. I t  consists of 121 coupled energy groups (100 neutron + 21 photon groups), That 
library was collapsed to 20 energy groups (14 neutron + 6 photon groups). This was used as 

part of the input to the two-dimensional calculation. 
3. The 121 group kerma (kinetic energy released in material) factors were collapsed into 

a consistent 20 group structure. 

*performed under the auspices of The U. S. Department of Energy. 
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Figure 3. Blanket Models 



4 .  Tllc two-d i r l~cr~s ion i~ l  cdse was run on thc b lanket  111odu1c using thc co l l~ l~u tc r  progralll 

TWOTRAN-I1 [ 4 ]  which generated the neutron and photon f lux..  The geometry used was R-Z,  w i t h  
the Z-axis l y i n g  along the  magnetic ax is  ( i .e . ,  the center  o f  the plasma a x i s  o r ,  equiva lent ly ,  : 

i 
the  minor a x i s ) ,  and the R-axis going i n t o  the b lanket  ( i .e . ,  the minor rad ius ) .  I n  F igure 2 ' 
the Z-axis i s  hol- izontal above the p i c t u r e  and increases t o  the r i g h t .  The R-axis i s  v e r t i c a l ,  I 

i and increases downward. The plasma i s  a hor i zon ta l  band a t  the  top o f  the  p i c t u r e  and the 

curved l a y e r  o f  coolant  tubes i s  the  f i r s t  wa l l .  . 
1 
1 

5. The heat energy absorbed was ca lcu lated,  using the TWOTRAN-I1 two-dimensional f l u x ,  
I 

the geometry and atomic concentrat ions and the appropri'ate 'kerma7actors. 

Geometry. b la ter ia ls  and Results 

The r e a l  s t ruc tu re ,  shown i n  F igure 2, which has a cross sect ion which i s  constant i n t o  

the paper, i s  modelled d i f f e r e n t l y  f o r  the one-and two-dimensional cases. The rounded p a r t  

a t  the top (c loses t  t o  the plasma) cons is ts  o f  fou r  regions--the tubes, the s h e l l ,  the f i b e r  

and the "dome" ( the  "dome" i s  the  top p a r t  o f  the hot  i n t e r i o r  and has a curved edge - roughly  

a h a l f - e l l i p s e .  The f i r s t  th ree  regions are curved s t r i p s .  I n  the one-dimensional case, the  

cross sect ion o f  each o f  the f o u r  regions i s  modelled as a hor i zon ta l  band p a r a l l e l  t o  the 

plasma. I n  the two-dimensional case, each curved s t r i p  i s  modelled as an open-ended roc- 

tang le  (bottom s ide  miss ing and three remaining sides having th ickness) .  The "dome" i s  

modelled as a rectangle.  (See Figure 3) 

The th ickness o f  these model f i g u r e s  i s  determined by equating the cross sect ional  areas 

o f  the regions o f  the actual  module and those o f  the  models. The mate r ia l  compositions are 

shown i n  Table I. The dimensions, together  w i t h  the f r a c t i o n a l  neutron and photon energy 

absorbed, a re  shown i n  Tables I 1  and 111. Note t h a t  these f r a c t i o n s  sum t o  un i t y ,  and du n o t  

inc lude the  alpha p a r t i c l e  energy (3.5 MeV). 

The c a l c u l a t i o n  f o r  a s ta in less  s tee l  s t r u c t u r a l  sh ie ld ,  14 9 0-steam cooled h igh  temperature 

i n t e r i o r  r e s u l t s  i n  .57 as the  f r a c t i o n  o f  neutron and photon energy absorbed by the h igh 

temperature i n t e r i o r .  If the alpha p a r t i c l e  energy i s  included, the f r a c t i o n a l  energy 

absorbed by the ho t  i n t e r i o r  i s  .48. This  i s  t o  be compared w i t h  .53 from the one-dimensional 

ANISN c a l c u l a t i o n  using 121 groups. The ca lcu la ted  Q values ( t o t a l  energylfusion) are 

22.1 MeV f o r  the  one-dimensional case and 22.2 MeV f o r  the  two-dimensional case. While the 

agreement between the one-and two-dimensional r e s l l l t s  i s  good, no general conclusions should 

be drawn s ince the r e s u l t s  may be design dependent. 
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Tab le  I 

M a t e r i a l  Composit ions 

Element 

N I  (Nat )  

CR (Na t )  

FE (Nat )  

MN-55 

. ..o-Je 
H-1 

Backing P l h t e  

S h i e l d  

N I  (Nat )  

CP. (Nat )  

FE (Na t )  

MN 55 

FIG (Nat )  

0 



Table I 1  

Fractions1 Energies Absorbed - One-Dimensional Case 

Eabs n+ -Neutron and y Ener Absorbed in t h a t  Part  of t h e  Blanket Sh!eld System ' Total Neutron and ?Energy Absorbed in the Entire  Blanket S h ~ e l d  System 

Region # Name Coordinates 

0.00 
. . Plasma 

225.68 

Vacuum 
282.10 

Tubes 
283.30 

Fiber 
287.64 

Hot In te r io r -Par t  1 
("Dome") .25 (contains 

no f i b e r  & 
wall s ) 

293.55. 
. . 

Hot In te r io r -Par t  2 .45 ( i n c l .  
f i b e r  & wal l s )  

Backing P la te  
370.13 

Shield 
483.13 

Q E E  
t o t a l  = 18.59 + 3.52 = 22.11 MeV 
abs ,+y + Ea 

For the Hot I n t e r i o r :  F = .-63, no t  including E, 

Eabs 
2 = .53,  including E, 

Q 



Tzb le  I 1 1  

F r a c t i o n  Energies Absorbed - Two-Dimensional Case 

'abs 2 = Neutron and Gamma Energy Absorbed i n  t h a t  P a r t  o f  t h e  B lanke t  S h i e l d  System 
E t o t a l  T o t a l  Neutron and Gamma Energy Absorbed i n  t h e  E n t i r e  B lanke t  S h i e l d  System 

absn+y ~ o t  

Tubes S h e l l  . F i b e r  I n t e r i o r  

Plasma 

Vacuum 

Tubes 

F i b e r  

Hot  I n t e r i o r -  
P a r t  I ("Dome") 

Hot  I n t e r i o r -  
P a r t  I 1  

. \ 

F i b e r  

Backing P l a t e  

S h i e l d  

E~~~~~ = 18.70 MeV 
abs n+y 

t o t a l  
+ Ea 

= 18.70 + 3.52 = 22.22 MeV 
= 'abs n+y . . 

For  t h e  Ho t  ~ n t e r i o r :  F  = .57, n o t  i n c l u d i n g  E, 

.48 , i n c l u d i n g  E, 




