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.« Outline .of a Liquid Metal Pile

G. Young

1. Introduetion

The purpose of the present report is to elaborate a little on
a remark made in Mon P-190 (footnote no., 50, p 25), and to cousider
more explicitly the poselble use of fissionable material in a
’ fluid form. The report oited gives (p 15) some diecussion and
references relating t;a such a possibility, and OLQGY~=2 comments on
the advantage of b\eing eble to continually renlenish the fissionahle

material as 1t is destroyed.

We here consider a thermal 23~-thorium pile with Be moderator
and Bi' coplant, 'l‘.'he fiagionable material ie imagined to be in a
11quid metal alloy resting within Be metal walls thru which the
heat is conducted to thecsglant flowing 6én the other side of the
. walls; thms, in effect, the BeAeeparatee the stationary ﬂsaioning
11quid from the moving cooling liquid, and holds the former in
place in the pile while the latter rushes thru to carry away the

heat.

-

, Evidently the resistance of Ba to attack by the liquid metals
w‘.:ll bs 1mpo'rtaxi-t for such a propos}al; there is some evidence (p 8
aud 22, Summary of New Pile .Studies“, Young 10/22/U6) that Be may de -
resistant to Bi and PY, but thie ie highly preliminary, .Work on
t'.hé resistance of Be metal to Na-E alloys has been carried somewhat
farther (9T«3726; Sammary, p 9 and 22), and Na cooled Be piles

(MUC-GY~39; Mon P-190) are being considered by G¢. ¥, for the Bavy,

*Roreafter to be referred to simnly as " Sammary" .
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2. Buclear Constants

Table 1 gives some nuclear constants estimated in discussion ’

with K, Way.
Table I
Haterial Property® Value References and Remarks
23 gz 500 CLM-K¥-1
?& . ' 2.34 CLM-KW~1
Bi | g?%?' .05 Taken a little larger than act1=
vaxion result,.
TEr 9 liquid Bi; MUC-HEG-T
Be i .01 MUC-KW-60
fé; y MUC-KW-60 gives a value of 3.5;

' more raecent results (CP-36UT)
sugeest that with finer crystals
the value might te as larce as
5 to 7. )

« 115415 MUC-WC-MLG-10 (or CF-3u03, p U3),

’ CL-AMY=-1, and Mon P-160, p 5
Fize a calculated value of 94-98
for a metal density of 1.85,
This is probably a lower 1limit
to the tiue value, and & larger
value has been guessed here,

“The bars denste Maxwell averages(taken in the appropriate way)

at ordinary room temperature, In the thermal rezion the scattering
crosa—-sectlons will be assumed independent of energy, and the
absorption cross-sections to vary as 1/v°

This document contnrins information 2ffecting the national
defenss of the U,3, within the mescinc of the Esplonage

sct, U.8.C, 50, 31, amé¢ 32, Ite transmission or the
revel=tion af its cm.wats. i any mapaner $0 an uvasvihoriged
person ie prohiditex by Law, " :




We imagine the pile to contain aqual volumes of Be and Bi wi’sh“

at éperaﬂng temperatures, densities of 1,82 and 9.8 reszpectively.

"There are then 4.3 atoms of Bs per atom of Bi, and at thermal ene-gies

we 1pve

absoxrption in Bi
absorption in Be

scattering in Bi
.acattering in Be

Y
-

)
oo

0.35

0.52

The velues in Tgble 11 are taken from MUC-HHG-7, As a rough

guoss we take O®(B1) — J8(Be) %o have sn effective value of 1.6

in .the slowing down range; thus

Tabls 11

‘Neutron Energy Je(Be) Ge(B1) Os(Bs) 5 (3(a)
resonance ' 6 9 1.5

0.1L MV | N5 10.5 2.3k

1 MEV 2,9 5.5 1.83

'3 MEV ' 2 6,2 3.1

in this range
scatteri in B3 =
ering in Z 0.37 ]

- scattering in Be

1l

\

Ao age of 115 at ;4 = 1.85 increases to 119 at /= 1,82, and upon

adnixing Bi as assumed above this is furthes multiplied by f%rto reach

a volue of 347, 1In the abaence of a better calculation we shall uso

this value for the age in the pile.




Similarly the value of 557 cn® for 12 in pure Be of /2= 1,82

te maltiplied by 4 to become 1085 cm® in the Be - Bi
1.3 x1.52

mixture, In passing from roon temperature to an absolute temperature

3 times ao great (about 600° C) the value of 12 is further multiplied

by E{"z'}?‘to become 1880 cmS. . . ‘

Pile Size

GConsider, for example, & pille contgining.3000 Be atoms for wach

atom of 23. Then w23 - 0.86%, abs in Be _ 64
wt Be \ abe in 23 =~ OF o

abs in Bi = . .
~abs <o 23" 2.1%, and for 12 in suclg a mixture we have -

1880 ,081 - 141 en®, The loesses just descrided amoont to 8.1%;
T 3

-]

we sghall assume & value of 2,135 Tor k, which amounts to 1nc'r»ea_aing~%he
losses by 1.5% (2,135 = “"%"g% o With these values the solttion of .

1l +BL2 = @_-Bf is B = 1671 10""1‘%. (ooh)zo go that the radius
of & Pare spherical pile is % = 78.5cm, Fora ba're cylinder
of minimum volume the height 1s 136 cﬁ and the radiue i2 73.6 cm;
this gives \a pile yoiuma of 2.31 nJ, & Be velzht of 2.1 tons, and”

cells for 18 kg of 23,

 Heat Output

The total cross-ssction area of the Bi ducts in such a
uniform pile is 8500 cma,, and at a velecity of 2 meters per second

the total flow 18 1.7 z 206 gé{; The heat capacity of Bi is oal
a

Ac = 0.36 (physiclal data on Bi is taken largely from 0P=e3061) ez ends

80 that 1f the average temperature rise is 100° C (temperature rise

along central stream = 232°) we find a heat output of 6.1 x 107 %’% or

255,000 kw, which amounts to 11,200 kw per kg of 23,

[




If the 23 is contained in Be plates of lLmm thickmess the total
surface of the plates is 5.8 % 106 cmao 80 that the average heat flux

from the Be surface is 10,5 zm.:.:. The maximum heat flux is 3,64

times this, or about 38 ‘3&1 from a plate at the center of the

cme sec
pile.

We imagine each 16 mm plate to comprise two 2 mm plates with the
fiseioning liquid held in a thin layer between them, as 1nd1cated 1n :

Fig. 1. Then the distance

Vw‘-"-' ' = V!WW' {a‘-l‘td " - J‘“
cooling cooling
liquid | liquid
Bo { - ) Be |[|[Be | Be.
!
H
diT

7 : /"v-r .

fissioning liquid
Fig. 1 _
the heat flows in Be is 2 mm, If.the conductiv{ty of the Be ia -
{Mon P- 190, p 4 7, 10; reference No, 45 .on p 2U4; Summaryv P 22; J
. P=762) 0.2 in cogs=-calorie units, the mgxinmm temperature drop in the
plates is about 40° and the corresponding value of § (Mon P-190;

P 6-"89 10) is 2000

5. Heat Transfer ‘

N

, The temperature drop between the plate and the Bt stream is
somewhat uncertain (Summary p 10, 97; Hon P-1U7, p 26~29, T2-Th;

CP=3582, p 42 CE=2737, p 26). If we apply the usual turbulent




" convection formula we get

. vher§ G 18 mass velocity, D is .d‘i ameter, and H is a constant which
(CP-3061, p 6) for Bi at 500° has a value 5 x 10=3 1in cge-calorie
unite, With G = 9.8 x 200 and D = .8 cm, this gives h = 2.25 so

8
that the maximum "film drop" wonld be -5}-2-5 =179,

. This velue of 17° is probably too low. A calculation made.’
by Karush (CP-3289; Mon P-147, p72-7h; CP-2796, p25) for Bi suggects
doudbliing the value to get 34%,  Pactors smaller than 2 have also been

’

 euggested (CF-3582, p 42).

An overestimate for the temperature drop is gotten by imagining
the heat coming into the stream to flow thru stationary Bi for a dist-
! - ) ) X . v
ance equal to 3 the thickness of the stream. This glves h = ,..93'! 0.4,

wvherein 0.04 is the thermal conductivity of Bi; and the corresponding

temperature drop 1s 2% = 95°,
@thar oonaidex-at;ion which n;ai be made is that an average
value for the eddy diffusion coefficient in a flat streem of .thi,dcnees
'2a and velocity V ie given (CP-30L1; Mon P-147, p 70) by B= 0.1 a V
Y3 },‘ where (eg. McAdams, Heat Transmission, p 119) f is the Panning
friction factor., Taking the viscosity A of B %o be 0,012 poise; ve
havé for the Reynolds n@b\er ;n the present case a value %}'}? =1.3x 105:

' 2
the value of £ 1s then (McAdams, pll8) about (.07) so that E comes out

to be 0.28, This is equivalent to an eddy thermal conductivity E/PC =

0.1; since this 18 2.5 times the molecular thermal conductivity it

/




appears that the above value of 95° may be two or three times too large.

Work 4s currently im progress on heat transfer to liquid metals
at Argonne {(cf. talk by Zinn at October, 1946, Information Meeting at
Clinton; and lecture by M, Novick on Feb, 11, 1947, to the Pile

Technologi class), at 'Clinton (R. Lyon), and at Dow Chemical Co.

. 6, Prossure Dioa‘,

/

The pressure drop along a stream is given in dynamic unitie Yy

& = o2 ol-8 -
RS e (2)

.

With the numerical values msed previously (2) comes out to be 4270
dynes/cm3 v end over a lensth of 136 cm the pressure difference is thns

5.8 x 105 dynea/cm2 or 0.58 atmospheres. The power required to pump

C 1.7 % 106 cnl/sec thru sach a pressure difference is 100 Ew; 1f the

flow is throttled over the pile crose-section so as to keep the temp-
erature rise everyphecre the same, the totel flow rate and the power

expenditure are both divided by 2.3. On the other hand, the additional

. pressure drop in the refléctor, piping, heat ex'chaﬁgen,, ets. outside

the plle proper will somewhat increase t,h‘e pumping power. .

7. Fissloning Liquid

It is not known jJust what this liquid mi=ht de. Some search
for low-melting alloye containing U or.'l‘ h has been unsuccessful
(Summary p. 10; CP-3726), bnt. 1s being continued by Brewer at Calif-
ornia and similar work 1s getting under way at M.I.T, (CT=3573, 10;

CT® 3602, p 11; CT-3619, p 7; 0’1’=3650, P 12 and 12-=a) 'A sugpestion




may pechaps be gained from the story that Brewer has o'btainetl 5"’%
solubility of U in liquid Pd with a small amount of Na. |
‘ Assuming 25 Pb atoms (wit}i absorption—é". = 0.15 b) for each 23
aton gives a m;utron loes to the Fb of 0.75%, If Bi can be used
with or in place of Pb the melting point and neutron loss would be’
lowerad, and greater dilutionm of the 23 would De poseidle (see
section 11). |

Ta get an estimate for the thickness of the fissioning layer

we assume that the 18 kg of 23 is presen\t in 400 kg of liquid of
Y 3

density 10, giving a volume of 4 x 10 cm”, Thic is spread over a !
sarface of 2.9 x l.O6 cmz, go that the thickness would be about

)
1.4 x 10™2 cm which 1s of capillary dimencions.

The rangse r of fission fragments in matter of density 10
y

18 around 5 x 10 ‘em, and the number emerging from a surface of a

uniform fissioning slab is (eg. MUC-GY-20) equal to the number produced

in a layer of thickmess r/l. Thus even with the fissionins liquid
spread as thinly as estimated above, the fraction of the fiasion

1.4 x10°
i
2%, This fraction will, of course, be greater if there is any

products recoiling into smooth walls in only g-g——"‘——]‘g:g or aronnd

adsorption or conc\entrayion. of 23 at the so0lid-liquid interface,

or if the walls are rough. ‘ |
According to Seitz the solubility of heavy noble gases

‘such as Xe may be expected to amount (at a partial pressure of

1 atmosphere) to an atomic fraction of 10”2 or less in metals,

Tl;e absorption cross-section of X;135 is some 5000 timee that of

23, and hence this Xe causes 2 neutron losgs of/J_.% if 1t is presgent

to the extent of 2 x 10~ atoms vper atom of 23 or ( {f the 23 has

an atomic dilution of 20 in the fissioning liguid) 10=1 atoms of




Xo per atom of the fissioning mixture, Thus at a par%ial pré'ssux.’e:

4

of 10~ -atmosphere of Xe' 32 above the liquid metal we should expect
the Xo to be soluble to the extent of causing 14 neutron loeé, At |
250,000 kv the smount of 23 fissioned per day is 250 g or about 1 mol.,
and the dally amount of Xel3d produced® is ébont 0.06 ’mol., Since the
7235 radio-mctive 1ifetime 1s sbout 14 bours, there would de abcut

| 0.035 mol present 1f i1t were all decaylng outside the pile; at one
atmogphere this would occupy 0.8 ljters, and to reduce the partial
pressure to 0,01 atmosphere it suffices to provide an empty spe\ace""’
of .08 mo. Howevér. rthe Xe 1s produced inside the pile and (MUC-£PW-
134, p 22-23) must get out in a minute or so 1f 1te neutron capturs

4& to be avoided; 1t probably will not do this naturally in the

aarrow canfines of the fissioning layers, and may need to be aided
somehow. One has a considerably longer time during which the parent

jodino may be removed, if some way of doing this is availab\le‘,

A considerable fraction of the fisslon product chaims include
noble gas members, and if these could be swept m\at'i.t would help %n
the elimination o'f f4seion products from the pneél see various
discussions which were given in the Clinton stiundy of homogeneous
solution piles (eg. CL-P-406). dthers of the products might

135

sThere are, of course, Xe imotopes other than Xe
which are produced in fission.

s%1¢ gppears (MUC~EPW-101; Mon 7.221) that activated
charcoal may be hundreds of times as sffective in
absording Xe as a like volume of empty space.

1ot}
£
g
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p;‘ecipitate out of the liquid gnd tend‘to be separable becaﬁsé of
density differences, though ma:iy mizht remain 1;1 the liquid or adhere
to the walls., In processing the liquid some products might de
evaporated out by heating, or frozen out by cooling. Evidently,
purifying such a dangerously radlo-active 1iquld and removing
.fiesion products which deposit on the plle walls conetitute major
prt;blema; probably the liquid metal carrier (Pd etc) would be eventu~
ally discarded v;ith the fiassion pm\dngts,, and only the 23 'saved bty

solvent extraction etc. methods for re-use in the pile,

'The effect of the fission products on the thermal conductivity,
viscosity, U solubility, wall attack, etc. of the liquid mixture

will, eof éov.raea need investigation. -

We will return later (section 1ll) to the mechanical die-

advantagzes of having the fissioning 1iquid in such thin layers.

8, Cuoling Ligquid,

There are ~e;,bout 11 tons of B{ in the pile proper; probably
the total in the entire system would b; nearsr 100 tons. At a cost
of one dolla.r_ for 1‘ 1b, (figure quotad in Handbook of Chemistry and
Phyeics) this amounts to $200,000, or an investment of $3.20 per

mechanical kw (assuming an engine efficiency of 5%).

In the vresent nlant about 280 g or 1,2 mol. of 23 are destroyed

per day. VWith 2% as many neutrons being captured in Bi, the

production of Po is about 2,4 x 102 mols or 5 ¢ per day. Since the

lifetime of Po is 200 days, we see that the plamt maintains 1 ke of
Po in e;istenceo If this amount 48 present in 100 tons c;f Bi the

concentration of Po \isl part.in 100, It may be remarked that 1 kg




=11 -

of Po generates about 1U0 kw of hest. |

A kg of Po amounts t.ol 1.7z 10t 7 disintegrations per second,
‘Morgan (Tolerance and Permissidle Concentration of Polonium in the
Water and Alr, 10/6/U45; Tolerance Values for Polonium, 12-20=U45)
estimates the tolerance level of Po in air which is éontinnélly ‘
breathed by people to be 17 dis per sec per cubie meter, Thus 1f a1l
the Po produced were uniformly dlspersed in air, the above ‘pla.nt would
maintain 101.6 nd of air at a nea.r-déu;ggrous level of aétiviti; this

- ammounts to all the air above the Upit:ea States to a height of 0.8
miié., 0f course, impressive anmuntlls of radio»acﬂvity are produced
in any major pile operatipn. and the problex; is lﬁrgely ona of
successfully cdﬁfiniﬁg the active xhéterial, In this rgSpect (Lum
12/16/146; de Benedetti) the Po problem may not be so a1fferent from
that encountered in other cases; eg. radio-activity in a ﬁa coolant, '

or 'f:_lssion products in high pressure helium as in the Daniels' pile.

&n inquiry (CL-GY-3) to the Dayton project regarding the
 tendency of Po %o escape\from molten Bi has recieved the following
reply (1/23/L7):

%At one time,‘ pa?t of the routine operation cons_isted of
melting‘ bismuth containing approzimate'l-& 2 me of polonium
per gram of bismuth and running the molten bismuth
through small orifices into cold water, For this

purpose an eléctr%cally heated stalnless etee}. f‘urné.ce
was found snitable, The loss of polonium, while small,

wae believed to substantially contribute to the high




1pvé1 of contamination generally existent at that time,
Since the operation was abandoned some time ago, no
Turtherconelderation has baan glven to the problem,

At present, work 1s in progress on the ‘vapor
pressure of pure polonium, As yet no vapor pfessure
measurements have been made on alloys or mi.xturet;

So far as we know, the polonium appears to bs soluble

in molten bismuth in the concentrations mentioned above,?

6

perts

‘The concentration quoted here is ons (1) part‘ef Po in 2.3 x 10
of Bi, or about L% of the concentration estimated above for the
coolant of the pz;esent pile. Evidently oneh air operations with
sach 1iquids are not recommended, and attention should be paid to
keeping the system tight, Electro-maznetic lealgless pﬁmps
(Summary, p 11; Dow Chemical C;); current work ‘at Argonne) may be
iadvantageousdn this respecf, If submerged solid parts are unloaded
from the Bl Dath it may be necessary to dv this through vapor locks,

scrubbing chambers, etc.

There seems to be a report (LA-604) on physicai propsrties

of Po, but we have not succeeded to get hold of this. Lum (12/16/46)
remarks that the recovery and isolation of Po\ from Bl1 1s-done by a:

eimple process,

9. Breeding Losses,

The losses due to neutron capture in Be, Bi, and Pb as estimated

earlier are repeated in Table III,

While the above discussion of Xe solubility and related

items does not sug~est. that it will be easy to get rid of the .




Xe, the fluidity ¢f the system gives us at least a fighting chance
to do something about 1t. Thus instead of the ueual (eg Mon P-190,
section 6) value of 7% for the Xe = Sm loss, we shall her® assume

that 1t will be possible to reduce this to say 3%,

As regards the rest of the figssion products, we shall hera
merely assume them to represent an average (CL-LCN-1; Mon P-190,
section 6; CL-GY-1) crose-section of 50 barns per fission, or 3
harns for stom of 23 de\stroyed. and proceed as in the references
Just cited. Prbxumat;ly in the present system there will be a
continuous feed of 23 to keep the amount in the pile constant. and
WO imlagine the fissioning 1iquid to be periodicelly purified in a.
batch to remove the fission products, Let the amount of 23
destroyed in the plle between purifications be a fraction T of
the constant amount~present in the pile, C = fraction of the 23 -
lost in the purification process, and p = Sg’gw = 0,09 the ratis
of the croes-section of the fission products resulting from a
canture to the cross—=section of the 23 atom before the captﬁre
occﬁrredf, Then (Mon P-190, p 12; CI=GY-1, p 7) the bdrecding loss 1s

_ ¢ . f .
vEgtg : (3)

with a minimum value given by

(W)

With C = 0.5% and the other values as above we find £ = 1/3 and
L 2,3%., this latter value heing equally divided detween polisoning

and purification losses,




These various losses are shown '1n Tabls I1I. Besides the

iteme mentioned here there remain for consideration the capture

Teble III
N Be | 6 ¢
’ B , 2.1
Pb | 0.8
Xo + Sm 3.0 :
Other fiasioxi products 1.%
Purification 1 1.5
Total 14,9 %

products or heavy isotopes (Q’L—»RWSa}l)., the losses in pile controls,
and the losses in the thoriun\x breeding blanket around the pilé

(Mon P=190, section 8; CL=R¥S-31; cerrent work by Goertzel and
Householder), As geen from Table I, the sum of all the losses

must be less than 346 4f the breeding rat1§ e = 7] = 1 = lo’sses -
is fo exceed unity, If g 18less thanl the plant would operate

as a 'daﬁghter pile" giving power clorresponding to times the

1
l=g
amount of 23 fdel fed to it; it could similarly operate on 25

feod, but with a somewhat smaller value of g.

10, Miscellaneous,

Each atom of 23 in this pile is associated with 3000 atoms
of Be and 700 atoms of Bi ( not to mention some 25 atoms of Pb used

in the particular fiseioning 1iquid mentioned), For each gram of




: ¢
23 this amounts to a n@a% capacity of about 70 =a%1‘"= in the Be
and 20 -SEL 1 the B1. %emﬁommtm61xldm%£m
or 3400 cal per sec for each gram of 23, Thus if the cooling

circulation should stop the rate of temperature rise would de
k00
S0

38 ofsec on the averass, or 3,6 x 38 = 140 °/_sec at
the center of the pile. If the coolant should suddenly be lost
from the plle the initial rates of rise would be larger by a factor

of 9/7.

The above assumes that the fissioning liquid maintains ita
thermal contact with the Be walls; 4f it shonld get insulated from
these by a zas film its temperature would rise morel than a hundred
times faster. Thus the fissioning liquid should reliably wet the
walls. The total amount of fission product gases formed is
considerably greater than will diasoive in the %1qnid metal and
and 1t may bs desirable to toke steps to vent these; the yield
of permanent noble gas atoms (mostly Xe) is aroﬁnd 0.15 per fission,
and thus when 0.3 of the 23 has fissioned thez;e are 0,05 such gas
atoms per 23 atom or about 2 x IQ"} egae atoms per Pb atom, Thus it
appears that there may be problems connected with gas phéao
formation, Bub'ble's. etc. in thé fiseioning liquidg perhaps this
1iquid will need to be slowly circulated ( say by natural convsction)
through the outer parts of the pile where it can be degassed, heated
or cooled, precipitates separated, etc. If it has to be taken
outside the active pé.rt of the pile for this purpose, there will be

an additional holdup of 23,




- 16 = ' A
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The "plate” arrangement pictured above should perhaps not be

takken toc literally, eamd various mechanical alternates can be

considered, For ezample, Fig. 2 shows s hollow pip® arrangement

fissioning
liquid

Fig. 2

with the cooling streams flo\éing inside the pipes and the fissioning
liquid in the interstices between the pipes. In Fig.,. 2 the
fissioning liquid occuples about 9% of the total volume, whersas
with the previous mumbers it should occupy only about 26; thus

the round pipe arrangement should perhaps be modified to hexagonal
pipes as indicated in Fig, 3. A variety of such Be shapes have
been fabricated (Summary, p 21,22), but the construction of such a
tight Be heat exchanger structure is doubtless a difﬂcult problem,

Fig, 3 does not show the ribs which would be needed to space and support

fissioning
liquid



w

the hexagons,

Besldes reducing the neutron losses, elimination of xel39 s
desirable  to avoild making the pile dead after shmtdown, a.nd other

reactivity effects (Summary, p 59, 62, €3, 67).

Use of & reflector around the pile will reduce the amount of

23 needed and increasa the average heat cutput per upit amoont of
23, On the other hand, taking into account the neutron losses :n

fission products, pile controls, etc will decrease k and increass .

the amount of 23 needed,

It has been sugsested (Friedman) that a horizontal arrangement

"might reduce the hazard of the fissionable material settling to the

bottom of the pile 1f it came gut of solution.

Be metal thermal piles éooled with Na-K alloy are being
considered at Argonne (ANL-WHZ-55; AL-BGS-12); 1n these calculations

Sachs uses 5.9 b for the thermal transport cross—- section of Be '

1l1. Revised Sketch,

The thickness_of 1.h x 10“‘2 cm for the filasloning ligid
streame with which ws éame out in section 7 ieg so small as t0 seem
quite unreasonable in practice becanse of inaccuracies in fabrication,
possible groﬁph (Johnson) of alloy layers or dissolving away of Be,
or slisht changes generally, It thqrefore seems preferable to give
the 23 an apprecilably greater dilution, and we shall consider the

thickness of the fissioning layers to be increased %o 1 mm while




the thickness of the cvoling streams is decreased to 3 mm. We
imagine the 23 to be dis<so‘,l.ved in essentially ﬁi,, g0 that of the
entire Bi in the pile 3 1s devoted to holding the 23 and 3/h to
cooling. . Under these ;:ohditions the 23 1s diluted about 175 etoms
to 1l 4in 1.ts liquid matrix, instead of about 25 to 1 as before,
Presumebly some additional ingredients (Pb, Na, etc.) will be
needed in the Bi to dissolve the 23, but effort would be made to
keep the neutron absorption in these small while attaining

the desired eplubility (zbout 0.6 atomic %)

Redgctlon in dimension of the cooling strsams would m;tiply
-the power c:;utpnt by 3/4 to zfva some 10»600 kv per kg of 23, for
the same coolant speed and temperature; rise, The heat transfer
coé:fs.cient will de some;ahat better for the thinner stfeams,
'l‘hé ;Sressure drop will be smltiplied by (1!-/3)]"2 = 1,11 to
become D.82 aimospheres, and pumping povex" for the pile proper by

/

1.81 x 3/4 = 1.06.

The gae diesolving pover of the fissioning liquid is
‘multiplied by about 7, and so also would the "free space"
requirement as estimated in section 7. The heat capacity of

the fissioning liquid is also multiplied by this same factor,

The fissioning 11quid now occupies 12.55 of the total
" volume, which is attained in Fig, 2 with the cylinders slightly

separatéd:
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12, Comparison with Fast Plle.

Tho same sort of 'tw»liqﬁid arrangemnent is also considered
for faet piles or for mixed fast and slow piles (Mon P-250,
©p 32-34), with perhaps Fe replacing Be as the material keeping

the two liquids separated.

The dilution of the fizsionsble material 1s mach lower
in fast piles, Thus the thermél pile we have Just beren discussing,
and the fast piles being Qtudied by Menke (who moes to nnpsualiy
high d;intion a8 compared with other fast piles such as CF=3107),
" contrast somewhat ms indicated in Tabie 1V. The numbersquoted

for the fast pile (or the fast core of a mixed pile) are

Table 1V

Relative Atomic Numbers
Material Thermal Pile Fast Pile
23 ‘ ' 1 - 1
Fissioning liquid _ 175 15
Be or Fe separating walls 3000 1
cooling liquid - 525 . 15
total atomic dilution 3700 - 37

somewhat sketchy and are given mainly by way of illustration,

Thus an order of mgnitude greater solubility is desired
for the fissloning 11qpia in the fast pile; if the fast pile
_were' less dilute as a.wholef, or if one attempts to increase the
ol cooling liquid at the expense of the fissonable liguid, still:

higher solubdilities are called for. On the other hand, the

\ .
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the ﬁni.oning liquid 4n the thermal pile was assumed to be
largely Bi, vhile‘a greater freedom of choice of materials
exists in the fast case, If true l1quid solutions with the
desired compositions can not be found, it may be» nscessary

to consider semi-liquid slurries,. sic.

Roughly speaking, the heat Capacity of the thermal pile
- per unit amount of 23 is 100 times that of the fast pille, for
the heat capacity of the pile minus cooling liguid the ratio

is 140, and for the fissioning liquid it is 12,

Postscript Section

Since the previous sections were written a few more
references have become avallable, The navy pile ﬁeing .
‘studied by G, E. is ‘doe.cribed in a memo by Rickovera"ﬁéport
on Oonfarénco_e With General Electric Company on Ruclear Power
Developments" dated 1/30/47. The fast and mixed piles being |
studied by Menke are described in a Pile Technolosy lecture
given by him on 3/4/h7, A

A more recent M.I1.T, réport CT=3718 gives the‘eolubility
of U in sure Bi aud in pure Al as ‘functions of temperature; the
solubility of 0.6 atomic percent assumed adove (p 18) is attained
in pure Bi for temperatures greater than about l#600. C. A note |
‘received from Brewer {MB-LB-~165) tells that the 1iquid metal work
is not being pursued at California at present ﬂecause of lack of
manpowver, but may be revived to some extent in the near future,

| CL-GY-Y4 mentions the importance of liquids with high atomic

density for fast piles; ez, Al has more than twice the density of

Ra or Bl,





