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SECTION A
INTRODUCTICON

The past month has seen a shift of emphasis toward the
homozeneous vile. Since mechanical configurations will orobably
be tue limiting factors in utilization, total P-8 reguirements, in-
stantancous power rating and production capabilities, most of the
effort has been directed toward finding the limiting cases. The
concept of a central cylindrical (or spherical) pile surrounded by
external heat exchangers through which the slurry is pumped, has
been cormmon to all attacks.

‘One of +4he most important variables is total P-9 require-
ments. This is obviously made of the sum of the hold-up in:

1.) The nile proper (84 - 69%

R.) The piping (2 - 1)

3.) The pumos (5 - 4%)

4.} The heat exchéngers (g - 28%)
Bach presents a sepurate problem and each has limitations governed
by different considerations. The hold-up of the pile is determined
solely by nuclear considerations. This section is enguzed in eval-
uating the hold-up problems of thc other three factors.

In addition to hold-up, power dissipating capucities of

heat exchangers and pump casacities and designs have been under con-
sideration. :
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SECTION B
ABSTRACT

Further work on the teﬂ)erwture distribution in the alum-
inum sheath surrounding active metal rods in water cooled ribbed
annuli shows temperature rise is real and of sufficient magnitude
to warr:nt consideration.

The calculations on the 23 nroblem have shown that concen-
trations can be attained which are of the sume order as for 49 in
the pile. Vork on tais problem will be finished in about 6 weeks and
resorted separately. Alth.ugh the grous carrying on this work has
been dissolved, the problem will be finished and rejorted.

Two members of the section have been assigned to a snec-
ial proup to renort to the P-9 Committee on shielding

liork has been started and »reliminary results obtained on
configuration and hold-up, utilization of P-9 and total power rating,
of homogeneous piles.

The permissible erosion-corrosinn rute o»f the homogeneocus
system has been correlated with loss in k und rate of rework of the
slurry.

-Some thought has been »ut on air cooled heat eLcaanwers
for use on low »ower P-9 cooled ﬁlle

The designs for a heiium blower with 10 atmos. suction
and 11 atmos. discharge were reviewed with the Sutorbilt Company,
who have an order from us for a set »f designs. Progress is evi-
dent and a blower desisn,saticfactory for the services exjected,
will soon be ready for flnil examination and aporoval,

Arrangenents of heatl exenangers, »umas and >oing around
an homoreneous »ile have been studied in cousideruble debidil to ex-
~lore lae range of values of total hold-up, total power dissipating
veiue and P-9 utilization. The main result is 1: show vwhat phases
of design will require the most vork wnd grecztest desarture from
standurd oractice. Detailed studies on munufucturing limitztions
have been undertaken for the same purpose.

A little work has been done on the heterogeneous pile
water headers, shields, control rods, breech blocks, tube closures,
and coffin design.

a afferting he parioual

+ his document eontaiii B} i1%111;:011l aﬁ“ectmgthem’ﬁ’o‘ﬁ!ﬁ
Gefense of the United, Stdtfs within the]meaning'@ﬁﬁé
Espionage Act, U.8.C. 50; 31 and 32, Its; LSRR dR
or the revelation of its contents -in ‘enyt*msnner o
en. unauthorized person is prohibited by law.
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SECTION C

THEORETICAL GROUP - K. P. Cohen, Group Leader

Summary and Conclusions

A final revort on the heat distribution in a ribbed tube
is being published. A report on the nroduction of &3 will be sub-
mitted after a little further work,which will be finished at New
York City. 7

This group is being dissolved officially as of August 3lst,
1543, S

_ A temporary group uader tne direction of the P-9 Committee
has initiated work on the relative merits of'sufficient" wet and dry
shields for both complete and partial acecessibility to the pile.
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I. Heat Distribution In A Ribbed Tube (K.P.Cohen, I. Kaplan)

A final report (CT-883) sresenting the results >f the theo-
retical calculations on heat distribution and temperature rise in the
neighborhood of the ribs on the aluminum tubes in a heterugeneous
pile is n:w in the process of publication. The oreliminary exreri-

‘mental data (by another secti.n) gives sufficient confirmation to the

theoretical conelusions to emphasize the fact that the temperuture
Tise can not be neglected. A continuvance of the exnerimental work
is definitely necessary. '

II. Studies on the "23" Systems (K. P. Cohen, I Kaslan)

Orienting calculations on the application of piles to the
production of £& have produced considerable data but do not nresent
a well-rounded pnicture wurranting a report at this time. The rela-

“tively small amount of work reguired- to finish the nroblem will be

comnleted at llew York City, since this group (Group I of P-$ Section)
is being disbunded. ‘

Briefly, caleulations imdicute that a 15 em. blanket of
thoria (density 6) cutside tie reflector .f a P-9 »ile will produce
2% in a concentration of the sume order as that >f 49 within the
nile. Heterogeneous niles seem more feasible than homogeneous viles.
(See LM~-192, MUC-HCV).

I1I. Shielding Group

A temporary group has been foxmed to study a sarticular
asnect of shielding. This group is made uy of F, L. Friedman (of
the Physics Section headed by E. P. Vigner) and G. F. Quinn and L.
B. Thompson (of this section). The direction of the group will be
accomplished through the P-@ Pile Committee rather than through the
administration channels of the individual sections.

The nission assigned to the zroup is to present informa-
tion concerning the basic features of a sufficient shield for euch
of four cuases., These cases are respectively:-

I Contiimuously accessible — Fet skield tyne
II hccessible after 1/2 hr. stutdom - iict shield type
III Céntinuously accessible ~ Dry shield type
IV Accessible after 1/2 hr. shutdown - Dry shield type

: This information is expected to be used by the P-8 Commit-
tee it a decision as to wanich shield case is to be used for a 5 il
experimental pile at Clinton. The progress to date is not of a
type to be reported ut this time with the execeonticn of the mention
of the existence of ilemo 118, wnlch prese.ts a progrim for sone im-
nediate experimentul work. -
i N .

The activities of this group will be renorted monthly by
this section, in addition to any reporting through other sections
or comnittees,

N
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SECTION D
PROCESS GROUP - J. H. Chapin, Group Leader

Summary and Conclusions

Data have been developed to show the power ratings attain-
able with various numbers und sizes 0f heat exchangers grouped as
closely as possible around a »ile. For a »ile operating at 120° C.
naximum tenperature,with cooling water at 15° C., 800,000 KW, mny
be removed at a cost of six to eiwht tons of ﬁ—s held up in pumos,
piping, and heat exchangers.

- 4 table indicating the decrease in k w.ich may be expected
due to corrosion and erosion of eguipment in u homogeneous plant is
presaited.

An investigation of the potential power dissipating abil-
ity of air cooled heat excnangers for an experimental pile cooled
by natural convection has been started.

Drowings of a er\oued helium pump dealvn submltted by a
manufacturer are under review,

N
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P-9 Utilization in Homogeneous Piles (J. J. Goett, M. T. Kane,
G. F. Guinn, L. B. Thompson, F. R. %urd, J. T. ieills)

7ithin the limitations imposed by heut e:changer manufac-
turers (see report of Application Group), process design work is
being carried out on the heat exchangers ass:sciated with homogeneous
piles of varying sige. Siuce all work hus been aimed towocrd 2 min-
imum hold-up of slurry in the externar system, it is, with very
8li;:ht modification, equally applicable .to P-9 cooled heterogeneous
piles.

. .

In order t0 obtain some specific data on utilization of

P-9, certain reasonable co.:ditions were assumed which are believed
to be close ennugh to any likely actuazl set of conditions to sermit

" extrapolation or internolation of the data for eotlﬂatlrﬂ )urvoaes,
These assumptions include the following:-

Guantity of P-9 in plle - 40 tons
Highest temserature in pile - 120o C.

Lowest " noon _ 50 C,
Cooling water temperature - 15o c,
n v oexit temp. - e5°% ¢,
Hold-up in circulating pumps - 0.7 cu.ft. per 1000 gal /mln.
Veloecity in pipe' - 10 ft. »er oece

Radial veloeity in heat exchunger headers - 2 ft. ver sec.
Heat exchungers are arranged in rows uround the )1¢e,
flance to flange.,

The results are correlated by curves showing utilization
and total power as functions of the amount of P-9 in the entire sys-
tem. Samnle data are given below for a 600,000 KW. plant. These
and other data, now being develoved, will be presented w:d discusced
in detail in a fortheoming report.

Oﬁerd+1

No. tons
Ho. tubes Exchanger Exchanger Utiliza- P-9 in
per ex- Tube Velocity Tube tion K./ System
Tube diam.changer Guage in Tubes Lentth ton P-9 Total
1/4v 1615 18 BWG 12 ft/sec 10 ft. 13,000 45
1/4v 1815 18 BG 10 ft/sec 10 ft. 13,00 45.5
1/4n 1615 - 18 BVG 7 ft/sec 7.5 £t. 15,000 4.5
1/4n 2900 18 BYW 10 ft/sec 10 ft. 13,000 4.5
3/8u 1850 16 BW 5 ft/sec 10 £t. 12,500 48
5/81 1350 14 BVG 2.2ft/seec 10 ft. 11,000 54.5
5/8"n 1550 14 BWG 3.6ft/sec 16 ft. 11,000 54
5/8% 1800 14 BWG 2.2ft/sec 10 ft. 11,000 55,5
Spiral Exchungers 8,600 70

It will be noted thot the utilization is fairly insensitive
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to changes in size of individual exchungers vnd to velocity through
the tubes. The uiilization, as shown by the more extensive data, in-
creases rapldly with increuse in the size of the plent.

Calculations are also under w:y to determine the power
outrut and P-9 required for a homogeneous slurry pile which would
have the maximum utilization of P-$ (KW/ton). By balancing the added
hold-up aguinst the added heat removal of additional heat exchangers,
an optimum number of heat exchangers is eventually reached. For a

11 f£t. diameter sohericul »ile, and & heat exchanger .f characteris~

tics outlined in the second row of the previous table, a meximum util~
ization of 4%,700 Kii/ton occurs with 88 tons of P-@ using £25 heat
exchingers placed in six consecutive rows around the pile. The ef-
fect of tube size, tube length, number Lf tubes »ner heat exchunger,
and velocity of through-put are being investiguted. iinile such cal-
culations yield fantastic utilization and pile size values, they do
furnish clues as to the direction in which any improvements in de-
sign should tend.

During the course of the utilization calculations, numer-
ous arrungement sketches have been made. Just enough detuil hos been

- included to show that a given arrangement is shysically possible.

Viork has now been started on more detuiled drawings of vertical ex~
chungers, pumps, and piping, arranged around a pile with hemispher-
ical bottom. o

Tilting the axes of the exchungers off the vertical »ro-
duces no decrease in the hold-up for u given umount of heat transfer
surface., ' ' ,

Effect of Corrosion-Erosion on k

The percentage loss in k in a homogeneous pile for a given
rate of combined corrosion ond erosion and o given rute of removal
of metal for processing may be estimuted as follows:

For stainless steel surfaces (Sp. Gr. = 7.86) the pounds

of steel entering the system per day is 0.11l2 A p,where A is the total

eroding area and p is penetration in inches jer year, For steady
state operation, the amount of steel enteriirg the system in 2 given
tine must egual the amcunt removed with the metal oxide for separa-
tion of »roduct. Assuming a slurry conceatration of 250 g. metal
as U0y ser liter, the amount of steel removed ver day is 470 fix.

Hence | 470 fWx = 0.112 A p

where £ i8 the fraction of metal sHresent in the entire system which
is removed »ner duy, W is the weight of P-8 in the system, and x is
the concentration. of steel in the system exnressed us Houndo of steel
ner nound of metal. Therefore, '

x = O,000£38 & p and the nercent loss
rw
in k is Oc0258.égg- where D is the dinger coefficient of the steel,
i (1.9 for 18-8 S). '

2

AN
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The following table gives some representative values of the
nercentage loss in k if -the total surface exposed to slurry is 50,000

80, ft.

Percentace k Loss

Tons P-9 in plant s 60 i 75
% Penetration in./yrs .00 ,008 1,002 :.010 ;.008 ;.002 ].010 {.008 ©,002
Fraction of 4 : ! T i
slurry re-. o t ! ]
processed . i i . : i
each day '] : ' -% : i
.10 5.10 8.1 1.0 58! 2.3 .8 51! 191 .6
| T ¢
.15 B.4: 2,17 .7, 2.6! 1.5 5| 2.0 1.2; .4
.20 . 2q6 f lo's : ns . lng ' 102 i w4 1»5 ‘ vg § 45
_ i p N P : d
.25 ©ozal 12 .4l L5} L9 LB 1.2 RN
i S P b e
-35 1.5 .8 .3 101! T oRp W8 Bl .2
B0 10| .6 I 2l .8 ‘ 51 @ ; 6§ a0 .l

# (inches/year) x 2270 ?/ugs/(sq. cm.)(hr.)

ITT Small Heat Exchangers

) In anticipation of a possible request for cooneration in the
desien and construction of a small exyerimental »ile, enguirles have
been sent to several manufacturers of air -—cooled liquid coolers, and
preliainary calculations of the amount of sower removable by a thermal
siphon have been sturted. The work has not yet »Hrogressed sufficiently
to yield rep-rtuble results. '

IV Gas Punads

o e et sttt

Detail drawings of a pump design to compress helium from
10 atmospheres to 1l atmospheres have been subaitted by the Sutorbilt
Corporation for criticism. The desizn feutures were discussed briefly
with a rejresentative of the company and some changes were suggested.
The drawings are being examined more clssely ac time permits. It ap-
pears that a satisfactory design can be expected.

s N
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SECTION E
APPLICATION GROUP - J. R. Huffman, Gvoup Leader

Summary and Conclusions

Information on the nold-up and design coufflclents of

.

- available commercial heat exchangers and on slurry oumos has been

obtained from manufacturers. The life exyectancy of sumps and heat
exchangers may determine the number of spares reguirved and the abil-
ity of a plant to operate at full capacity for a satisfactory length
of time.

Work on the details of cooling water headers, shields, con-
trol rods, breech blocks, tube closures, head coffins, etec., for a
water cooled P-¢ pile has been slowed down sonewnat due to a shift
of personnel on to problems related tu the slurry sile. However,
severzl additional working dr&miav° have been prepared aud nre under
COLSlde?ﬁtlon. .

e e SN

e
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I Water P-9 Pile Desion (J. J. Goett, M. T. Kane, G. F. Guinnm,
L. B, Thompson, F. R. Ward, J. T. Weills)

During this month, the emphasis has gradually shifted
from the walter cooled heterogeneous pile to the homogeneous slurry
pile and available personnel have been shifted to nroblems related

t0 the latter.

ConsaquentlJ, sone investigutions on the former

have not reached a peint where coherent data can be presented.
Hency only the following summary on present status is repnorted:

1.)

A design of a "spider" for centering and holding
the bottom of the metal rod has been completed.

Calculations on a lead coffin for discharging rods
have been finished and detailed drwNLngu will be
started soon.

Working drawing LZ-1A-4A on the water connections
and detsils of pile construction has had a first re-
vision. The follow1ng adultlonal detail drawings
have been completed:

A.) LZ-W-5A - Header Arrangement and Slab
Shield Supperis ‘ :

.B.) LZ~-W-6A - ﬁetails of LZ-V-5A

C.) LZ-W-7A - Arr.nﬂement of Slab Shielding
D.)} LZ-W-8A - Gauge Board for Inlet Header
(Alth ugh no copies of’these drawings arve iﬁ~

"cluded in this resort, they can be made avail-
able on recuest.) '

4.) Nine modified tees are teing made for erosion, cor—

5.)
6s)
7.)

A

' 8.)

rosion and »ressure drop tests.

The full scale nine tube model of the pile top has
been assembled and ohotographed. Vork on other mod-
els is to continue.

A full scale drawing of a comnlete pile tube has been
finished. Alternate design details are being udded
to it.

Considerable time has been syent gathering informa-
tion on control methods znd mechanisms. One coutrol
mechanisn has been sketched.

Tork on shielding has been atisorbed into the more
general attack as ocutlined earlier in the report.

(Theoretical Group)

Ve
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9.) No further consideration of metal solution in situ
as applied to P-9 piles is contemplated. This method
of operation adds to the complexity of the design and
oseration of a plant and offers no saving in ti-e of

A construction., Memorandum 111 coversthis subject in
nmore detail, -

3 ¥

IY Available Commercial Heat Exchangers (L. B. Thohpson, F. R, Vard)

The Andale Company, the Schutte Koerting Company, and the
Anerican Heat Reclaiming Corporation have been approached with the
problem of constructing a leak-proof stainless steel liquid-liquid
hedt exchanger having as small a liguid hold-up and ‘as high a rating
(heat removal) as possible.

£

A brief summary of design coefficients for tubular hest
exchangers is given in the following table:

Recommended Design Coefficients

Max, Tube %* Max. Tube Diameter
Tube No. Spacing Tube Thickness Tube Overall Overall ##
Size Tubes c¢.to ¢. Length B.W.G,  Bundle Diameter U

1/4v0.D. 1615 3/8" 10 ft. 18 16" 250 750
/gm0,D, 1850 1/2" 12 ft. 16 " zEn 30" 850
5/8v0.D, 1800 13/16" 16 ft. 14 7" 48" 550-600

Maximum velocity: through tubes 10 ft./sec.; on shell side 6-7 ft./sec.
% Triangular spacing | '
¢ Btu./(hr.) sq.ft.)(® F.)

Spiral heat exchangers can be made with a 3/8" annulus
and 54" long, haVing a heat transfer surface of about 1200 sq. ft.
and a hold-up of &3 cu.ft. Allowable velocities seem to be limited

by the high pressure drop in this type of exchangerq

Further design und construction detuils are-given in CE-865.

III Slurry Pumps (J. J. Goett)

The »reliminary survey on slurry »umps has been extended
somewhat by further confervefice with manufacturers. Since emphasis
has shifted from a high-density slurry recuiring high head pumps to
a low-density slurry permitting the use of low head pumps, the in-
vestigation of feasible slurry pumps has had to be broadened. Both
types of service require large capacity, minimum hold-up, substan-
tially no leaksge (or recovered leakage), special methods of lubrl—
cation, and no direct maintenance.

o

A
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Geﬁtrifugal pumns of the volute type appear to meet the re~
guirements best. The axial flow type of pump may alsc be in the nie-
ture for low density and low head service.

A report has finally ‘Deen >repared going intc detail on™ )
slurry pumps in generul, centrifugal numps for this eervice, and sug-
destlons for reducing abr¢s1on, hold-up and leakage in order to meet
the specific reguirements imposed,

Further consideration of this problem awaits the establish-
ment of snecifications on nressure, differential head, tempersture,
slurry consistency, and capacity. IManufacturers can then be presented
with a more definite picture of the requirements. Indications point
to an extensive experimental orogram using full eapacity pumps of the
adaptable commercial makes to determine operation characteristics.
and life expectancy under no maintenance corditions and to investi-

gate imnrovements in desizn to meet requirenments.

IV Power Ratin- vs. Time of Operation (J. R. Huffman)

Present design envisions a homogeneous slurry pile surround-
ed by a sufficient number of cooling units, each consisting of a pump
and heat exchanger with connecting valves and pipes. Beczuse of rad-
ioactivity, the only safe sssumprtion is that this eguiosment cannot be
repaired or renlaced ufter use., Spares can be jrovided to meintain
sroduction at rated canacity oraperation at reduced output can be
resorted to as cooling units fail and are blanked off,

Statistical data on the life exnectancy of pumps, etc., are
being collected in order to determine and balance feasible life time
for the plant as a whole, probuble rate of decrease of rated out ut
and reasonable provision of spare units.,

These con31derJtlons are dnw*lcable to any pile emalOJlnv
a recirculutory cooling system.

¥ Studies of Bubble Foymation (J. T. Weills)

The study of rates of rise and size of stean bubbles - form-
ed at a noint source was terminated after the photogranhing and
measuring of the bubbles with the following results:

N\ il Diameter of bubbles Velocity. of Rise
0.5 + 0.1 em. - 20+ 5 cm./sec.
0.4 * 0.1 em. 25 + 5 cm./sec.
0.5 + 0.1 cm, 50 + 5 em./sec.

This work will be covered in o sepurute report now being
) “Fitten.






