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ABSTRACT

- . e — ———— . E

A conceptual blankot design, hased on lithium coolant,
is_proposcd for a nD~T fusion recactor. The rcactor is a
Tolamak made of 316 stainless steel with major and minor

diameters of 12.5 and 2.8 meters. Tho maximum nmagnetic

field is 86 kilogauss, The nominal wall loading is

-

N

0.85 mw/n”, and the maximwa temperature on the first wall

is 500 c,
The flow configuration is a compromnise between power

consunption and thermal efficiency, The power reoqguired for

pumping is noderate, and some power 1is sacrificaed to reduce
thernal feedback problaems.  The magrictic ficld is uvtilized

to contiol the flow distribution within the Llanket, The

effects of thermal stress and hoop stress in the first wall
: o ‘ ]

arc considered.
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The blénkct of a D-T fusion recactor has to pexform the
foliowinq tasks: | . . |

1. Hecat removal,

2. Tritium breceding,

3. Neutron mederation.

For heat removal, various coolants have becen proposed; the
. ? ]

usual ones are lithium, f£libe and helium. For tritium breed-

ing, the blanket must contain cither pure lithiwn or a lithium

salt, such as flibe (FdLiZBe).' For neutron moderation, a

graphite layer is commonly included.

Yor +the prosent study, we have chosoen lithiuwn as the ccole
. d ot

and the brecding ﬁntcrial, for the following YCOSONS §

1. The low wall loading (dictated by radiation damage
considerationﬁl) pernits use of iithium without
excessive pressures or pumping cosfs;

2, Lithium-cooled systens tend to he simplér'thén flibe
or heliunm systems.' '

3, The heat genération in the first wall would be sig-
nificantly increased by y-radiation (backshine) if
flibe were uscd,

4, The availability of berylliwn, a component of flibe,

. . 2
3.5 in doubt, T

The mnin‘problém with lithium is the Aifficuliy of trans-

¢

porting it across magnetic fields, Early work on lithiua

. 3 . : PR
cooling  gave very high pressuxe drops forx the high wall

.



loadings considered thoero, Howevery, with thoe recent. trend
to lower wall loadings, interest in lithium as a coolant

has incrcascd.l'4

REACTOR SYSTRY

The reactor considered heré is a low-B Tokamak made of
316 stainless steel. The majér and minor diamaeters are 12.5
and 2.8 meters., The power output of the reactor is 1167 mw (),
whiéh corresponds to a wall loading of 0.85 mw/mz, The thick-
ness of the blanket is 1.0 m. The heoat genaration rates
for a stainless steel structure arq not yet availablc;.hence,
the results for a niobium structure are uscd. The resultin
differencas in hcat'gcncraticn rates are‘estimated ﬁo be small.

within the blanket, but nay be s

it in the first wall,

Lla

gnyfilc

”y

The maximnum témpcraturg in the first wall is taken as 500 C
to limit the rate .of corrosion of thc‘stainless stcel Sy the
lithiunm. Our.calculéfioné are bascd on a édmbined corrosion::
and sputtering loss of 0.1 wn/yr for the”first wail; and an
opc:ating cycle of 20 years,

The'redcth is made up of 12 independent nodules, one
for cach magnet., A schematic view of one module (30° of torus)
is shown in PFigure 1, Within cach module there are thr&c
cooling units: one in the inner spacc.petwccn.thc divertors
and two on the outcer sida."Thc uhit between the divortors is
_the most criticnl, because the magnets are closer together

theve, and-the nagnetic field strength is near 1ts maximum,



The caleulations given, below anxe for this region, .
'ﬁiquxcs Y, 2, and 3 show the coolant f{low scheme, Bach
cooling unit is connccted to the outside by a fecd pipe and

a discharqge pipe. These pipoes conncét‘with~toroidal headers
inside the h).Am':}:ct,' yunning jvarallczl to the main magnctic
ficld, fhe toroidnl headers oﬁﬁn into poloidal headcrs, run--
ning poerpendicular to the main magnetic field, The two sets
of hcéders occupy the outer 0.3 m of %ﬁc‘blankct, thus providing
large flow cross scctiions to avoid excessive pressure dtOps.
The poloidal headers are conhccted‘to heat removal cells.

vhich cover the first wall as shown in Figure 3, A qfaphite
moderator-reflector, 0.2 m thick,jis provided ﬁctween the
headers and the heat removal cells. The xadial bafifles of the

beat rairoval cells arc braced by poloidal tie rods to main-

tain their alignmont, -

DESIGH GUINELINES

.t

Two main'cénsidorations yave been used in designing the -«
coolant channels:
1. 7o avoid large pressure drops, low velocities have
heen uscd, QSpccially in crossing magnetic fiield lincé.
Thus, the poloidal headers and racdial flow pa;sagcs(
ns.well ag the feed and discﬁarqe pipes, have been
designcd with largae total croés‘sections. ‘
é,‘rTo achicve a high heat transfer cffectiveness,

L] e

i} . :
coolant ont. - “coolant in . -
4 STk ALL AL i , (1)
11‘ . ) "

. ) .
first wall, max, -~ “coolant in



all the coolant is wade to flow closce to (he fixnt

wall, and the hot and cold streams are scqgregated,
PRESSURE DROPS . S

ctor is dominated

&

The coolant pressare drop across the re

by magnetohydrodynamic effects, We have estimated these from
: : : " 5
the following cguations, recomaended by HNofifman and Caxlson:

1. DPEntrance or exit from magnetic field:

—hp o blawnh ] | - (2)

l‘pl)z

e
s

Jlexe o©

the elcdtricaliconduCtivity of the fluid;~
v is thie mean vélocity; .
b is the chanacl half-width in the direction of the
ficld'(hcfe'takvnvaﬁ ™N/S for a pipe of dimngtcr D) ;
B, is the nagnetic ficld component normal to th mean
velocity in the given cross secéion; !
X is a dimensionless funcgion of’gcoméﬁrQ and wall con- .

ductance ratio, given in.rligure.l4 of Refercence 5.
Notational changes have been made here to allow estimation of
Ap for gradichts in the velocity vector v, as well as gradients
in the magnetic fiald B.

2, I)c:ye].(;»pcd flow in straight channels (limit for high .{:):ax';:s'—_
verse Uaxﬁmanh number, HzaB Jo/yw )Q

2 vi ? o t

-8R oy NC T WA ' ' ' (3)
dx T 77 OY9C T TA(ING) . . ) .

[4
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Here »o dg the f1uid viscosity; ‘

& is the ceffeciive half-width of the f£low cross-scction,
in the direction of By, Tor a circular cross section
a = R/1.3; ’ '

0. is the electrical conductivity of the wall;

t. is thé wall thickness;g |

C is the wall conductance ratio,'cwtw/na.

Upper bhounds on the piressure drops have been cstimated
by adding the predictions of Egs. (2) and (3) for each region,
The calcuiations are sumarized in Table 1 and Piﬁurc 4, The
overall pressure drop is.about 380 psi for the blanket, and
290 psi for cach of the feed and discharge pipes. The re;
quived power input to the fiuid is 20.8 ww, oy 1,8% of the

reacter's thewmal cutput,

HEAT TRANSTFER

]
.t

Finite-difference calculations have becen made for the
temperature profiles in a representative portion of a heat
Py
removal cell (Figure 5). By treating the. temperature changes

for successive U-bends as additive, we get the following re-

sults for one hcat removal ccll containing four U-bends:

Y

- First Seccond Third Fourth
U-Bc:n(1 U-Bend U-Bond }_)_—_-_{3_01\(1
Tin | 275 .. 325 375 425 C
S A Ao : 15 ' 75 C
,Tout E 325 o 375 . 425 475 C.
® max, . 350 400 ° 450 . . 500 C

fiyrst wall



6

T only cine U-bend 5 used in coch cell, with the same
total "coolant teomperature rxise, the calculatcd values are
ih] .

T, 18 C
in

1out 278 C

T nas, 500 C
first wall

'Ju

This is c]oar)y unaccepiable, since lithiuvm solidifics at

186 C, The poorx perxformance of such a unit is due to the
thermal feedback caused by the lowex coolant velocity and

the shorter heat flow path hﬂteocn the hot and cold streams,

DESTGN CORBINERATIONS FOR THE PIRST WALL

Stninlqés >fool s geneyally discounted as a first wall
material because of thermal strass c0nu*doranxon Ylowever,
with the small wall loadings now contémplatcd, and with the
added considerations of availability, cost and ease of fabrica-
tion, tu;nlc s steel is a reasonable choicc |

The first wall faces the vacuun, ana Lhuﬁ mu"L bear a
naximum pressurc ulffc“ cnee of 622 + 15 = 637 psi, To contaiﬁ
this pressure and impart rigidity, we uso a wall of toroidal
half-tubes as shown in Figurxe 1, A tube size of 7.5 cm is
chosen; laxgex sizes give 1ardor stresses in the wall,

g -The fiyst wall is subjcétod to theymal stress and’ hoop
strcss. The sum of these twe is the total stress in the wall
matoxtal facing thc_plnnmﬁl' Figurc 6 shows thesc stxnsnés as
f\mctlon*" of the wall thi c:?:no(:c;.6 The mininur stress oc;é:urs

in a wa].l approximately 4 min thick, The initial wall thickness



Fore
A

3 chosen as 5 mm, to allow for corrosion and sputtering
overy - 20 year peyxiod,
Foy cyclic reacter oporation, the stresses will vary with

time, and the fatigue linits of the wall ma terial will need

to be considered.

CLUSIONS,

| XY
v e
~.

This study indicutcs that lithiumicooling is_fcasible
for D=7 fusion rcéctors in the range of wdllvlbadings and
muqnctic field strengths cons ldcrqd here, Thc.pdwer con-
sumption‘is modoerate and the pressures are acceptables

The results obtained here suggest some important areas
for futurc work.' ‘hoe prcsrufc drops and power consamplion

-

arxe tolewabloe for this dos!

-t

gn, but it would bz desirable
to alleviate them $0 as to handle higher mass flows and
higher magnetic fields. rhn theraal perfermance can also be

improved, by varving Lhe'COﬁnoctlon of the .hecat removal cells.

YOI o'.n,,,r)r‘."‘“n‘ ' -
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