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Summar

Results of current studies simed st the development
of low sctivity blankets for Tokamak experimental power
reactors are presented. First wall loadings in the
range of 0.5 - 1.0 Mi(th)/m? have been sssumed. Blanket
designs are developed for both circuler plasms reactors
(R=6.25m, &#=2.lm) and non-circular plasma reactors
(R=64.0m, a=1.0m, b-3.0m). For each of these two re-
sctor choices, two blanket options are described. 1)

In the first option, the blanket is thick graphite
block structure (~50cm thickness) with SAP coolant
tubes carrying helium imbedded deep within the graphite
to minimize radistion damage. The neutron &nd gamma
energy deposited in the graphite is radiated elong in-
ternal slots to the coolant tubes where ~80% of the
fusion energy is carred off by He at 380°C. The re-
maining 20% of the fusion energy is removed by a
sepsracte He stream st a slightly lower temperature.

The mgximum graphite suvrface temperature is telatively
low (~1700°C at 1 MW (th)/m2). 2) In the second blanket
option, the blanket is composed of aluminum modules.
The eluminum shell (5000 series alloy) 1is maintained at
a low temperature (~200°C) by a water coolant stream.
Approximately 407% of the fusion energy is removed in
this circuit. The remaining 607 of the fusion energy
is deposited in a thermally insulated hot interior (SiC
and B,C)where it is transferred to a separate He cool-
ant, with exit temperature of TOOCC.

In each of the four blanket designs described, a
modular blanket approach is adopted, with a fixed
continuous shield supporting the modules. The inner
wall of the shield forms the primary vacuum seal.
Modules can be inserted aad/or removed through a set
of 356 access ports in the shield; module-header con-
nections sre made in the access ports after insertion.
The complete blanket is formed by the assembly of ~200
modules. Replacement of all modules in the blanket is
estimated to require several weeks.

Introduction

In all fusion resctors using the deuterium-tritium
Euel cycle, a large fraction ~80% of the fusion energy
will be released as ~l4 MeV neutrons which must be
slowed down 1in & relatively thick blanket surrounding
the plasma, thereby converting their kinetic energy to
high temperature heat which can pe continvously removed
by a coolant stream and converted in part to electricity
in & conventional power turbine.

These fast neutrons activate many candidate blanket
materials snd induce radiation damsge which may neces-
sitate frequent replacement of the blanket., It is
desirable therefore that the blanket be made from
materials that exhibit little or no residual radio-
activity thereby easing the problems associated with .
repair, maintenance, replacement and storage of blanket
componeats. This paper describes two different low
sctivicy blanket ceoncepts currently under study at
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Overall Mechanical Design

To provide a basis for current studies, two
Tokamak EPR designs were selected, nameity, the circflar
plagma reactor corresponding to the ANL-TEFPR design‘and
the non~circular plasma reactor corresponding to the
GA EPR design,Zoverall dimensions of which are shown
ic_Fig. l. For each of these two reactors, two dif=
ferent blanket concepts have been analyzed, one based
on the concept of a thick graphite wall end all helium
coolant system and the other composed of aluminum shell
modules cooled by water and heltum. In both concepts,
the overall mechanical design is roughly as shown in
Fig. 2 thru 4.

Since at this point in the development of fusion
reactor technology, it 13 impossible to speak with
agsurance of the useful life of components, we have
elected to design the blanket in a modular fashion so
that should replacement of any modules be required, it
could be accomplished with reasonable effort.

Fig. 2 shows schematically how the blanket and
shield is constructed. The shield forms a fixed
structure from which the blanket modules are supported
and aglso provides the primary vacuum seal. Blanket
modules are mounted on heavy aluminum backing plates
which are in turn aupported from the fixed shield.

Fig. 3, a representative 209 sector of the torus,

shows three vertical outer modules and one vertical
inner module. Not shown are the tapered upper and
lower horizontal modules which complete the blanket
region. The complete blanket consists of 72 vertical
modules and 108 horizontal modules arranged so that

any one of the 10 modules associated with each 209
sector can be removed through relatively small access
ports located on the outer wall between adjacent
magnets (see Fig. 4). The upper and lower access ports
are go arranged as to permit removal of any one or
more of the modules assoclated with each sector.
example, removing the upper Leshaped piug permits
removal of the upper horizontal modules or the outer
vertical modules, while the lower plug provides access
to the lower horizontal modules. The inner vertical
modirles would be moved to the outer wall (via manip-
ulators inserted horizontally thru both the upper and
lower openings) after which they can be removed verti-
cally thru che upper opening. Alternately, the lnner
vertical moduley might be repiaced by solid graphite
modules (such as sre described later) thereby ele-
minating the likelihood of their ever requiring re-
placement while at the same time imposing a alightly
larger heat load on the remaining aluminum modules
which are ralatively much esaler to replace.

For

The non-circular plasma case is similar wirh
suitable dimensional changes as indicated later.
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Blanket Deaign

The two alternate blanket module designs being
studied consisc of an all graphice module as shown in
Fig., 5 and an sluminum jacket module as shown in Fig. 6.

In several recent studies, notably.Conn, et 1153
Powell and anueth.4 and Powell, et al.?
the use of graphite as a moderating and protective
material for fusion reactor blankets has been considered.
These studies indicate thac thick layers of graphite in
front of coolant surfaces are attrsctive since radiation
damage to coolant gsurfaces can be considerably reduced.
The graphite layer exhibits very low residual radio-
activity, low Z and very high temperature capability.
In addiction radiation damage to the graphite should -
anneal out. The graphite blanke: module shown in Fig.5
consists of a thick screen of graphite blocks in which
the fast neutrons and gammas deposit most of their
energy. The bremsstrahlung energy is deposited on the
graphite surface and re-radiated away as thermal radi-
ation. Almost all of neutron and gamma deposited enargy
thermelly radiates down cavities between the blocks to
the secondary blanket whére it is absorbed by a row of
SAP tubes cooled by high pressure helium, The coolant
tubes are protected by the primary blanket from radi-
ation damage and should not require replacement during
the life of an EFR.

The aluminum jacket module shown in Fig. 6 is
fundamentally different, consisting of a water cooled
aluminum cen filled with silicon carbide and borun
carbide both of which are cooled by direct contact
with helium gas. Each aluminum shell with its
elliptical head facing the plasma ie designed to contain
the helium coolant at 20 atma pressure, while the shell
itself i3 cooled to approximately 200°C by integral
water carrying passages, Immediately behind the
ellipticalhead and extending for spproximately 20 cm is
a region of silicon carbide blocks in which much of
the neutron moderation takes place., Behind the SiC
blocks, there is 30 cm of B4C im which the remainder
of the neutron slowing down and gbsorption occurs.

Thus the bulk of the fusion energy is absorbed by these
high temperature ceramic materials from whence it is
transferred to the helium stream at temperatures of the
order of 700-800°C.

Both the graphite modules and the aluminu: jacket
modules are mounted on 20 cm thick aluminum pl .tes
which form che basic support for the modules. Since & .
significant portion of the plasma energy penetrates
to this aluminum plate, internal coolant passages are
provided.

Neutronics

Each blanket module was subdivided into a number
of zones and within eech zone, the components were
homogenized for the one dimensional ANISN® calculations.
The geometry of the reactor is represented as an in-
finite cyclinder (with its axis in the center of the
plasma) with a vacuum boundary condition at the outer
radiua. A Pj option was used for the order of angulsr
scattering and an Sg option for angular quadrature.

The 14,1 MeV cource neutrons ara taksn to have a uniform
spatial distribution in the plasma region.. The coupled
neutron and gsmma-ray cross sections (for 100 neutron
energy groups and 21 gamma-ray energy groups) together
with the neutron and gamma-ray Kerma factors are
supplied by che data library DLC-37,

The cylindrical geometry used in the calculations
approximated the actual geometry of the reactor designs
by equating the cross sectionsl areas of corresponding
zones in the cylindrical and actual geometries. The

wall loading was 1.0 megawatte (thermal)/m?, The
compositions, volume fractions and dimentions of each
zone for each of the four designs are given in TableT”

The totsl neutron fluxes are shown in Fig. 7. On
each curve there is inalcated cthe boundary between the
blanket module and its thick aluminum backing plste as
well as the boundary between the aluminum backing plate
and the shield. Fig. 8 shows the total heat deposition
rates due to neutron and gamma heacing as a function
of discance from the first wall, The sudden rige in
the heat deposition rate in the aluminum modules at
about 20 cm is a consequence of the B4C which starts
at this poinz. The neutron energy escaping from the
shield is about 10 eV/fusion neutron for tha circular
aluminum case, about 50 eV for the circularend non-
circular graphite cases, and about 50 eV for the non-
circular aluminum case.

Thermal and Hydraulic Analysis
Graphite Modules

Since the graphite modules represant a rather

- unusual design, detailed thermal analysis was under=

taken to determine maximun surface temperatures, to
predict the steady, periodic tamperatures within che
structure, and to determine the heat flux to the
incernal coolant tubes deep within the structure.

To insure that the graphite surface Zemperature
did not exceed 2000°C, since surface evaporation at
higher temperatures could poison the plasmawe have
provided a thermal radiation sink covering from 10-20%
of the first wall. We have also exscined the use of
special surface layers of low conductivity material
such as fibrous mats or pyrographite. The radiation
sink is a simple tube bank of conventional material,
such as SAP tubes, and cooled by helium. Replacement
of the sink may or may not be necessary during the life
of the EPR.

In our thermal snalysis, we have considered a
small finite rectangular element of unit depth, for
which the two dimengsional finite difference equutions
for non-steady heat conduction with non-uniform heat
generation may be written as:

4
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In the present notation i represents the nodes
surrounding the node of interest, j. Heterogeneous,

anisotropic solids are admitted in the formulation
(i.e., at each node thermal properties may be tempera-
turs dependent and in addition, the thermal conductivity
may ba orientation dependent). The interface condition
for nodes surrounding the node of interest is specified
by maintaining continuous thermal flux at the boundary.
Coolant tubes are accounted for by adjusting the thermal
conductivity in Eq. (1). For example, the heat trana-
fer coefficient, h, may be related to an equivalant
thermal conductivicy, kw, by

k¥ = hZ
A radiation gap between the graphite blanket and coolant
tubea is also provided for in the computer program.

Fos unsteady heat conduction the :ime derivative
is made discrete by introducing the forward
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© radiative energy exchange with the surroundings.
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difference expressicn.
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In addition the left hand side of Eq. (1) is assumed
to be evaluated at the "old" time (i.e., at time a).
This results in the standard explicit method; the
temperature at time o+l is an explicit function of the
known temperature, and internal heat generation at
time z.

The surface which faces the plasma experiences
The
boupdary condition is expressed by
b owy
kA T\ =oFe (Ts -T Ja-pa  (5)

Jy y=0
L ]

where F i3 the view factor between the element of area
A and the sink area, In the case F=1,0 since we assume
parallel planes and ¢ , the emissivity of the sink area,
1s taken to be 0,1~0,2 (sink area of 10% or 20%), Ts
1s the swr'face temperature of the blanket, and T* ie
the sink temperature. The piasma is assumed to be
perfectly trerusparent to thermal radiation.
Bremsstrahlung radiation from the plasma to the blanket
surface i3 accounted for via P, and 1s assumed isotrp-
pic. Details of the use of the computer ccde as well
as application to other gecmetries may be formed in

a report, "CONRAD: Heat Conduction-Radiation Code" of
the Brockhaven Naticonal Laberatary.

Graphite Blanket Test Cases

Teble II provides swmmaries of the blanket
materials, and material properties assumad for.
the t2st cases. Case I is a circular plasma
with 17% bremsstrahlung load, a plasme on time of
30 sec and off time of 30 sec, with SAP cooling tubes
operating at 4009C in both the radiation sink and the

interasl regions.

The dimensions of the graphite blocks, the radi-
ation channel, the SAP coolant tubes in the graphite
and the coolant tubes in the aluminum backing plate
ure all showa in Fig. 5 (for the circular plesma).
Volumetric heating rates for all four cases are
shown in Fig. 8. The various Lreaks in the curves of

Fig. 8 raflect the changes in composition and struc-
ture as indicated in Table I, Fig, 9 shows the surface
temperatures based on a plain graphite surface, a
pyrographite layer, and a layer of fibrous mat. It
will be noted that the change in aurface temperature
between plasma off and plasma on is wuch grester when
the low conductivity surface layers are used, but for
all ceses studled, the muximum temperaturs is well be-
low the 2000°C design limit we have assumed. Surface
temperatures for the nonecircular plasma cases are
essentially indistinguishable from those of F'7, 9.

We have made no attempt to optimize the size of
the therzml radiation sink required and can only report
thet a sink equal to 10% of the first wall area ef-
factively holds the surface temperature within design
Linits. A 20% sink results in a slightly lower surface
temperature; no sink at all results in exceasive surface

tezperatures.

Below the surface, heat is conducted thru the
graphite atructure toward the region of the SAP coolant
tubes, Heat is also radiated dewn the narrow slot to
the SAP tuber, Approximately 40% of the thermal energy
reaching the SAP tubes arrives via the conduczion path
and the remaining 50% arrivas via radiation down the

slot. Typical temperature profiles are as shown in
Fig. 10. It should be noted that the upper line of
temperatures are the graphite surface temperatures
whereas all others are at the ncde centers. The Hs
temperature in the 3AP tubea 1s constant at 6539 in
the lower corner of the slot. In calculating these
internal temperature distributions, a radlation gap
was assumed to exist between the SAP tubes and the
immediately adjacent graphite structure. The graphite
temperatures immediately adjaccnt to the SAP tubes sre
soumewhat higher than they would have been had we as-
gsumed good thermal contact. The lowest line of temper=
atures in Fig. 10 repressota the He coolant in the
aluminum support bese,

Table IIT indicates some of the important design
parameters of the He coolant circuits assoclated with
the graphite blanket modules, The valuea for radie-
ation sink are shown parametrically to indiccte that
there is a rather wide range of acceptable values with
much room for optimizatiou.

Alunirum Medules

The aluninum module is fundamentally differept
from the graphite module in three respecta: 1) she
first wall being alumipus rust be prevented from
reaching temperatures in excess of about 250°C; 2)
since the SiC and ByC are cooled by direct contact
with helium, the aluminum shell must withstand the
total helium pressure; and 3) to maximize power con-
version efficiency, the heat leakage from the high
temperature ceramic region to the low temperatu e
2irat wall coolant atream zust be ninimized, To
accarplish these ands, it i3 proposed that the shell
be made of material structural and corrosion prope-
erties similar to those of the 5000 series alumimum
alloya, that it ba water cooled, and that a 1 cm layar
of low X graphite felt separate the aluminum surfaces
from the SiC and ByC. To minimize the energy fraction
deposiied in the low temperature region, the shell
wall thickness must be ket thin, however, this thea
limits the internal helium pressure to rather modest
levels. We have elacted to use an aluminum chell 2 em
thick which then limited the He pressure to 20 atza.
The shell wall is slotted on the inside with approxi-
mately 800 slots each 0.3 cm x 0.3 cm which serve as
cooling water passages. Flow patus, inlet and outlet
locations, and pertinent dimensions are as shown in
Mg. 6.

The SiC acd B)C reglons are presumed to be con-
structed from rectangular rods designed so as to pro-
vide a void fraction of 15% between adjacent rods
forming channels for the He coolant which flows
parallel to the longitudinal axis of the module in a
two pass arrangement. Suitable thermal insulation
must be provided between the hot carbide rods and the
low temperature aluminum shell, between thehot carbide .
rods and water manifolds, and betwsen the He inlet and
outlet connections and the aluminum shell thru which
they zust pass. Each of these insulation requiremants
fall, within current technology.

Critical stress locations are at the flat outside
walls ani at the Jjunction of the elliptical nead and
the intermediate flat walls, It is recognized that
some form of reinforcing will be required at tiese
pointa to reduce streszes tc acceptable levels., Tae
hoop stress in the elliptical shell (first wall) is
4,500 psi which is about 40% of the yield stress for
5h54 T-0 aluntnum at 240°C. The maxtmm therml stress
occurs in the first wall and amounts to about 5,000 psi.

Typical thermal and hydraulic characteristics of
the water and He coplant systems of the aluminum
blanket module are 1listed in Table IV. Once again it



uust be ezphasized that these are 2ot pecessarily
cptimm values. Tor exazple, Ve have chosen a vater
inlst tezperature of 187°C and sn exit tezperature of
20L9C which results 2n less than 0,17 of the powver out
put required to circulate the vater coolast. A larger
flow rate Tesulting 1o & s=aller tezperature rise and
the resulting highe: efficiency in the pover coaversion
cycle zmight well be justified.

The present design uhows epproximetely L4f of the
total energy being depomited in the water circuit with
the reseining 56% going <o the He circuit. This ree-
sults from the ZPR guidelines of no bresding or aesutron
sultiplication and no divertor slot, all of vhich vould
change in a commericel reactor vhich can ressocadly be
expected o have a substantially larger fraction of the
total enargy in the high temperature circuisl.

Activation Zevels

The zajor coatriduters to the sguvnuon of the
bilanke: spd shield zmaterials ars A< produced by
{n,2a) ﬁnct:m on AlS!; hn:-lge of 7.3 x 105 years
ard Na2% produced by (3,a) on AL€T; ha)2-11fe of 15
hours., The values of the ectivation of these 1sotopes
at seactor shut down tize after a thres-year period of
cperation are given in Tadie V. In ten half-lives
(about 2ive days}, the Ua¥ activation is rediced by a
Zactor of a thousand, vhile in tex 2ays, 1% is down by
a Zectar of one =illicn.

Zover Coanversion Crcle

A suitable pover copversion cycle for we IR using
almioum blanket zodules explcoying both water aod He as
coolants i3 shown 4n Fig. 1. This 2lcir sheet reps
resents a cocbination ¢f the process coniinious raporsed
20s zhe Ju=it Sower Staticn of the Delzarva 2ouer and
Light Co.8 (which favolves a helius 2coled Zisslon Tee
actor) and the Cozsncte Peak Staticn of the Texae
Utilities Generating Co.? (which involves a PAR). The
bulk of <he heliuz whick leaves the blanket at 14009
13 uged o raise steaa at 950°T snd 24000 psia and %o
rakeat the stean %o 10000F, The eteas conditioos wre
identicel to those of he Delz=arve Plaat. They ore
easgentially the esaze as the eteas condiziony exployed
in zany Zossil fueled pover plaats., The high tezpera«
surs stean cycle cperstes at a net thar=al efficlency

of about 36".
Water from the Zirst wvall cooling circuit is

£lashed to produce saturated stsan at 370°F amd 1T3 psia.

The liquid leaving the flash dmm is recycled to the
first vall. The saturated steam is supcshested to S00°F
ysing some of the high teoperature He., This superheated
stean drives a low pressures turbine in a cycle with a

set therzal efficiency of only 22.2%.

Tor the combioed cycle, the overall efficieacy ie
approxizately 30%. It is expscted that this will in-
crease to about 32% if the fraction of total energy o
the water circuit can be reduced from its present value

to sbout 33%.

For the graphite blanket zodules, the He exit
sezperature 1s only 380°C, hence, the efficiency of the
high tecperatura portion of the power coavarsion cycle
w1l be reduced sudbstantially. Ou the other nand, ¢
1ow pressurs staaxz circuit with its low efficlency
would be eliminated entirely and an overall efficlency
in the vicinity of 30% might be reslizadle.,

Conclusions

1, Low activity, He gas cooled blankets and shields

cst be incorporated into EFR's of the eizes and shapes

(e.g.), ANL TEPR and CA desigas) conterplated witbout
significant penaltiss 0 perforaance or zaguetic %eld

requirezants.

2. The totsl long=lived (hal? 1ife1 dsy) re-
sifual motivity of such dlankets is on ke order of
10° less thap that of steinless steel or nicbius
blankets.

3. Acceptadle cherzal pover conversica efficien-
ciles, 1.e,, 30%, can be achieved vith low ectivity
blankets.

4. Zither modular alumizum and the siodular graph-
ite low activity blankets zay be useld Zor botb circular
and non-circular plas=a PR,

S. For the 208t pact, %be lov acsiviiy blsnkets
use currently available zateriels. Tte =odular
aluzinus blaoket would require some =modificavion of the
basic 5000 series sluninum alloy o reacve objecticcable
elezents preseatly used for grain coosrel. Suitedle
qubstitutes appear %o be available. The graphise
blanket requires SAP Sude tecknology sizfler %0 that
previcusly developed Zor ths heavy vater organis
soderated resctor. lo oew technology would be needed,
but oev production facilities would be sucessary.

§. The zoduler designs presented tave the 2ollove
ing Zeatures: s=al) muzber of modules (~200 for the
entire blanke:) each of rnlatively =odest =otal weighe,
rapid replscezent Of <he satire dlanke: shrough a set
of relatively szall eccess jorss oa the extericr =ajor
circunference of the bSlanket (sypically, 35 porzs),
and ready sccessibility %o tha regios cutside the
blenist and ghield.

o S—

RaZerences
e

s -

1. Towamsk Experizencel Povsr Amactor Studies,
ANL/CTR=75-2, June 1975,

2. Expericantal Pousr Resctor Conceptusl Design

Study, GA-All534, July 1975,

3. R.¥W. Conn, G.L. Kulcinski et el., “New Con-
cepts for Controlled Fusion Resccor Blenker Dasign™,
Nucl. Technel., 26, 125 (1975).

4. J.R. Pousll end O. Lazarech, "Fusion Blenkets
vith Minisuam Activation end Hinimus VWlneradilicy to
Rediecion Damage”, Trans. Am. Mucl. Sec., 19, 17 (1924),

S. J.R. Powell, O. Laxzereth, P. Tichler, "The
Pulsed Grephice Blanket Concept’, Trsns. Am. Nucl.

,Soc., 21, 50 (1925).

6. ANISN, CCC-82, Rsdiation Shielding Informstion
Cencer, Hodifield (Oak Ridge) Nacionsl Leboratory, Oak
Ridge, T2an.

7. Coupled 100~Group Neutron snd 21-Group Gemes-
Rey Cross Sections for Z2R Calculetions, DLC~37, Radi-
ation Shislding Informstion Center, Holtfield (Osk
Ridge) Nationsl Leborscory, Osk Ridge, Tann.

8. “Summit Power Statien Preliminary Ssfety Ana-

lysis Report”, Vole., 3 & 6, Dalmarvs Pouer end Lighe
‘Corp, (1974).

9. "Comsnche Pesk Scesm Electric Ststionsry Pre~
limtnsry Sefety Anslysis Report”, Vol. 5, Texas
Ueilities Genersting Co. (1974).

* The data 4n the Al blanket, Tadle I does not reflect
ainor dssign changes made at to completion of
the neutronics computstion.

ettt A




AN SIS
D S TTINS
Alaian hall Alashas SR RI0NAL
Saamlaz Smebloaniag Shrmlas Senntitmuiat
figness Yolum Nidese ‘Sl Tidsese Yiaw Misness Wims
A DAL el ZIMEME (BN AR AU ol DMMS ml.. Lot
i tama use Lo wen e flams Hee e e
2 Vaer 9. bed 4.0 2.9 Yoran
3 Mweaw EXC B W ) LI I Lmaise
4 verem 2 e M 3.2 Seuphite T X S K )
LI TRN e 10 FXC R Sropate [ R ]
s e [ W [N Sropaate
" 3.0
A LT ] .00 Sruphave B
i " .
ne (X1 a2
¢ laeue FY T BT (¥ 2.5 '-n-u- € Lae -
a9, L 29 Alwsises .0 13
I‘C 2.1 2.1
LI FTTFYP W Az (X} 2.32 Iu-u. »o  iie [
KN 2.9 3.4% er 2.9
(X [R1] EX]
[T I FYT P [ Y R XY ] X EN3 ) e e Le
a2, 499 29 (X ]
U A, at L IN) e
i} ] ‘e .4 .29 L) (X ] ATeuD SERITIM ¢ et
0 Alewe e L» 1.0 e I rad LN
[N w0
o |- X} [X ] e 291
s () Srphae (]
a..
[ L X X ] ".e 2.0
! . [ d nLn
Almiam e 1 hie un




TARLE IT
MATERIAL AND THERMAL PROPERTIES IN GRAPHITE BLANKET =

Graphite Pyrographite Fbrous Mat

[}
Heat Capacity, Cal/gm c. 0.5 0.5 0.5
Density, gn/ce 1.9 1.9 _ 1.9
o -
Thermal Conductivity, W/em ¢
Parallel to First Wall 0.5 1.0 0.003

Perpendicular to First Wall 0.5 0.01 0.003



TABLE III

THERMAL, AND HYDRAULIC CHARACTERISTICS OF THE CRAFHITE BLANKET

Helium Cooled Helium Cooled Backing
Helium Cooled Sink Blanket Tubes Plate Tubes

ATp=25°C ATpa50°C  ATp=75°C aTp=20°C BTp=30°C
7,-% M5 | 150 125 180 ' 100
Tex=°C | 375 350 325 380 300
I~cm 500 500 500 500 500
D-cm 0.64 1.287 1.879 0.7 0.7
V-m/s i| .9u.8 5.7 30,4 6h.2 57
n-g/s 13.6 27.2 39.8 10.8 11.1
Re . . PO665  |93255 95998 65342 74050
h-w/cmPolf{ 0.56 0.28 0.18667 0.k 0.k
OP-atn | 2.89 0.343 0.107 1.27 1.13
n | 1850 920 630 ~22000 19500

§




TABLE IV

TYPICAL THERMAL AND HYDRAULIC CHARACTERISTICS
OF THE ALUMINUM BLANKET

Cooling Systems (1 MW/m® wall loading)
Fraction of Power to Water Circult 0
Fraction of Power to He Circuilt 0.56

Water Cond:itions

Inlet Temperature, °C : 87

Outlet Temperature,©C 204

Operating Pressure, psua ‘ 300 b

Water Flow Rate, gm/sec =~ - 7.33 x 10

Water Velocity, cm/sec 2 395

Heat Transfer Coefficient, w/cm® °C 3.4

Module Pressure Drop, psi ' 6.6 "

Pumping Power as Fraction of Total Power 6.5 x 10"
Hellwum Conditions

Inlet Temperature, °C 270

Outlet Temperature, °C 730

Operating Pressure, psi 300

Helium Flow Rate, gm/sec 1.38 x 10°

Helium Velocity, cm/sec 2300

Heat Transfer Coefficient, w/cm® °C 0.15

Module Pressure Drop, psi T.5 -

Pumping Power as Fraction of Thermal Power 6.9 x 10 3
Blanket Conditions

Maximum First Wall Temperature, °c 239

Maximm Side Wall Temperature, ©C 210

Backing Plate Temperature,®C 213

Maximum Water Film Temperature Drop, °C 1.6

Maximum Bed Temperature -ByC Region, OC 820



TABLE V

26
Al and Naah activation (in curies) at reactor shutdown time after a
three=year period of operation.

" Design - o rat
Circwlar Graphite 6 1.9 x 107
Circular Alumimm - 68 1.5 x 108 .

Non«Circular Graphite 13 4.7 x 207
NoneCircular Alumimm 91 2.1 x 108
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