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One-and Two-Dimensional Heating Analyses of Fusion Synfuel Blankets#
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Comparisons between one~and two-dimensional neutronics and heating analyses
were performed on a Brookhaven designed fusion reactor blanket featuring

¢}

synthetic fuel production.

In this two temperature region blanket design, the structurél shell is
stainless steel. The interior of the module is a packed ball of high temper-
ature ceramic material., The low temperature shell and the high temperature
ceramic interior are separately cooled. They are also thermally insulated by
a fibrous material compatible with the Interior material. Process steam
Ch1500°9) is then produced in the ceramic core for the production of H2 and
Hz—based synthetic fuels by a high temperature electrolysis (HTE) process.

The analyses consist of the following steps:

1. Determination of the geometry and atomic concentrations of the blanket
module based on the current design as shown in Figure 2.

2, A one-dimensional neutron transport calculation was run for this blanket
module using the computer program ANISN.(Z) The cross sections from Radiation
Shielding Information Center (RSIC) data library DLC-37D(3) were used. These
are 121 coupled energy groups (100 neutroa and 21 photon groups) isotropic (Po)

and anisotropic (P3) cross sections.

* Work performed under the auspices of The Department of Nuclear Energy.
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- f_3 One—dinenbloual ﬁcdting analysis w 'S, perforred using the 121 group
kerma (kinetic Lucrgy zelcdsed jn maLerial) fagtors.a' .
‘ }4§‘ Appropriate co]lap;ed energy gxoup qrrurture was chosen.:.Thié"library,f

i'“of 20 collnased energy roups (14 ncutlun 4+ 6 p“oton groups) will be used in’

SLhe Lwo-dimensional calculation.,ﬁf’A
'j'.j .f-5;; Tuo-dlmensional Lases ate run with Lhe conputor progran TF01RAW~II ()
R—Z cylindrical 5ecvet1y vas used, w1rh ZNazis lying aloug Lne maqnetie axis
.(Lhe ™ nor-axis of the plasma), and‘the R~axis going into tbe-blénkef (the
3eew1nor radius - see F{gure 1). Ceretaas taken in redistributiag the nagds vhile
~1;~vuar{ng Lhe curve <‘eci_:hm of Lhe bJ“nket :ouule for thls_calculutlun; -
'16;" Tua dlﬁnnsional hnating ax 13 is was vechLmed with nengron and .‘1a
if1nxes; Ihe Lo1lapsed 20 gloup kerma faciors, and apprqpr;nte ataalc_ccnm
‘ontrauions.:’t | o
The rcsults’of Lhe hnatlng unnlyees ofan‘“'ﬂuﬂlaukeg mudule‘are’Suumarized
vin Teble 1. Reeults f;om P3S8 one—dinep fonal zum and botn P°S4 and_?338 trro~
| A nsional ans are compaxed j Prom the eue»éiﬁeuﬂienel rnuu1t,-thenFT'*'4on ’
7-_55 nequon and g mra heat enelgy depOsired in the hot —drPL’Ur Lngnn of the E
'beenket ncdule is 0 63. eThis is‘to be uempared w1th 0.57 from both the P 54"‘
"‘;und P S tno~diﬁ=nsional rnsults, DhiLh are virLLally ]LeanPa] L IE the aldha

3°8
parthle enexgy is included the fr ctlonal enex 3ies abuo bed are 0.53 end 0.;8

:pecLively..n-'.

The flaction of Leating ener y ﬂb"nrbed in Lhe hot iuiclior is "bouL 0. 6

.1(0 5 iffanha energy is 1ncludcd) for both 2 cvc»end thO"(JrcPhLO‘al redal of -

b’aqket ”ocule..‘The ood avle mie nts for rnebe cares «v;v1d ﬂoL be . v:ly

)

k,..‘ 1

7'btxrsaed since the GSUlLS may be deslon &LyendLnt-
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Table 1

Geometry and Fractional Neutron and Photon Energies

Two—Dimensional Cage . One-Dimensional Case -

o (@8, amd B8 - (BsSy)
0w 0.0 09  1.65 4,65 26.15 _
Plasma .- | 0 o | o Y .00°
- 225,88 L—— — : : - _ ,
. Vacuum S N . o |0 }{ O .00
“Tubes . | <.006° | <,006 ~ }<.006 = | = .06 1 .11
R 282,90 L | S ) T - : L
" shelx - - | <.006  |<.006 | .oL 07 1 T 12
C T 283,57 USRS BESSTEESE BT N 4 »
. Fiber . | .01 .| ,01  .]<.006 .04 . .05
S 286423 { - S B : ' - - .
C Bet . . ] - o n - IR , ‘
_ Imterfor  { . 7 | «2534 ) B
LT pgmiss 2 | 2020 ) .01' ._ 253 | 05
Interior . = 04 SR o) w314 - )} .
B | 355.44 .os*: . .qs { <02 4319% SR E <454 |
‘Fiber == <.006 |<.006 [<.006 - <.006 : .00
- 358.83 L. ~ ' A S e
"~ Backing | <.006  [<.006 . [<.006 | .02 |- (T .01 |
Plate 370,13 |- SRS (- N B =
; ] <. L - - : C :
Shield 483.13 | .006 - |<.006 <.006 .| <.006 1 -00

- Tube  Shell  Fiber . Hot Interior
"I—F-§"Eesu1t which is different~from P 34 e

+ Included fibet and wall. -
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NOTE: APPROX. 60% OF BLANKETS
ARE TRITIUM BREEDERS -

SCHEMATIC SHOWING MODULE REMOVAL

Figure 1
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