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Introduction

1. Considerable work has been performed in the investigation of the
liquid thermal diffusion isotope separation method during the period between
Pebruary 1, 1943 and July 15, 1943« 1In that time, 18 columns have been built
or completely renovated, apparatus has been operated 1000 column days, and a
total of 400 samples have been sent for analysis., This work has led to the
design and testing of columns suitable for operation at high temperatures and
pressures and possessing no bellows and little dead space. A pyramid con-
sisting of four layers and employing eight columns has been successfully
operated for 42 days. A series of experiments employing high pressure steam
has demonstrated the value of employing high hot wall temperatures. Experiments
have shown that columns built alike perform alike. Other tests show that
columns may be run for long periods without change in performances

Column Construction

2., About February 1, 1943 it became clear that the construction of a
column capable of withstanding high temperatures and pressures was necessary
if the advantages of high hot wall temperatures were to be exploited.
Ultimately, a design was perfected leading to columns capable of being run at
a hot wall temperature of 286° C and a UFg pressure of 4000 lbs per square
inche A typical UFg operating pressure is 1000 p.s,i. The column possesses
no bellows and is simpler to construct than earlier models,

3. The new type column has been tested under various operating
conditions over a total of 600 column days. No failures of any kind have
occurred. Blucprints (Plates 1-3) of the new design are attached.

Reproducibility

Le One question of interest in connection with the performance of
columns is that of reproducibility. Some generalizations can be made; any
column one can construct will give isotope separation., If the O,D. of the
nickel and the I.D. of the copper are properly chosen, this separation will be
fairly large even if the nickel is not spaced concentric with the copper, or
even if other gross imperfections are present. Thus, an imperfectly constructec
column might have a spacing of 20 mm, on one side and ,30 mms on the other.
Yet this column would give an equilibrium separation of 60% to 90% that of a
much more carefully constructed unit whose spacing was always close to .26 mm.
At the same time, it is observed that an imperfect colwun has a longer
equilibrium time,

5« An experiment has been conducted using five columns to check repro-
duecibility., These columns were made as nearly alike as possible, Hot wall
temperature of 185° C and a cold wall temperature of 60° ¢ were employed. The
results are shown in the following table:




Time Cole #33 Col. #34 Col. #37 Cole #38. Cole #41 Average

1-1/4 days 11.0 g P} 10,3 11.4 8.8 10.6
3-1/4 days 171 1449 17,0 19.3 1579 16.9
8-1/4 days 28.5 2947 22,0 28,6 2547 26.9
12-1/4 days  31.8 34,0 3547 3545 3157 33.7
17-1/4 days 37.4 41.8 4346 L1.5 391 40,7

6s It is of interest to note that the initial part of the curve deviates
strongly from the equation:

log S = B(l-e~Xt)

7« A number of our columns have been run practically continuously for
six months at a hot wall temperature of 185° C and a cold wall of 60-65° C.
Performance curves were obtained at the beginning of operation of the pilot
plant, Recently new performance curves were obtained, The two sets of data
are in good agreement a s shown in Flate 4.

The Pyramid

8¢ Several combinations of columns in series and parallel have been run
successfully, Most noteworthy is a group of eight a rranged in a pyramid con-
sisting of 1-2-4~1 and comnected together in the manner shown in Pla te 5.
Circulation in the loops is obtained through the action of thermal convection.
To prevent convection between columns, valves are placed as indicated in
Plate 5. The valve action is obtained by freezing UFg in a section of. the
1/16" I.D. tubing.

9. The pyramid was placed in operation as follows: The eight columns
(no bellows type) were produced by renovating eight old bellows type units,
After being hung in place the columns were cleaned, dried, and fluorinated,
Connecting loops were installed and a storage chamber placed in position and
heated. Steam and circulating water were turned on. At this point the unit
should have been in operation. However, due to incomplete drying of the
columns a plug occurred in one of the loops. This was quickly corrected.
The pyramid was operated for 42 days with no further difficulty or interrup-
tion. Operation ceased only when a shutdown occurred for a customary boiler
cleaning and it was felt that other experiments should be performed. During
the period the duties of operating personnel consisted in changing circula-
tion every two hours, occasionally checking circulating water temperature, and
removing samples.

10. At the withdrawal rate of 205. gms. per day of enriched.material, the
pyramid settled down to the following average conditions;

Bottom of pyramid Bottom of Bottom of Top
= Bottom of 4 columns Two Columns Top of
in parallel in parallel Column ramid
- 5.7 + 942 + 23.2 + 30,2

"**  DECLASSIFIEL
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11, Tt is clear that the pyramid was not operated under optimum with-
drawal conditions, The proper rate was about 100 gms. per day which would have
resulted in a separation factor between top and bottom of close to S = 1.7
instead of S = 1.376.

Column,Performance at High Temperatures

12, A study has been made of the possible use of high hot wall tempera-
tures., Unfortunately, our present steam facilities do not permit the simul-
taneous operation of more than one 48 foot column at steam pressures over 170
1bs. We have operated in the pressure range from 600# to 1000# three 12 foot,
four 24 foot, three 36 foot, and four 48 foot columns. The data collected
from runs on these columns is presented in the following table:

Calfg &4 1L T To Power Max. Calec Calec.  Effec.
mm, o¢ O (Cals/sec Col. Bellows leas, Equil Half L
gms. gms., Sepn. Sepn, Time
No
Bellows
27 .25 36' 65 254, 29,000 1260 400 1,367 1,40 51 days 18!
28 30 36' 65 254 1506 400 1,20
29 25 240 &5 255 1100 100 1.185 1,19 1,2 days 24!
30 25 24y 65 25 1100 100 1,19 1.195 142 days 24
31 .20 36! 65 254 35,000 150 400 1.28 1,496
32 20 24 65 254 700 100 1e24 1431 1.8 days 24!
35 23 24t 65 254 820 100 1.16 1,20 1.4 days 241
42 25 12t 61 254 : 380 1,106 1,107 5 hrs, 121
43 25 12t 61 254 380 1.071 1,073
L5 23 12' 61 286 340 1,12 1,123 745 hrs 12
34 25 48' 65 254 1720 1,45 1,62 245 days 4O
34 25 48" 65 270 1,52 14,66 2,25 days 40!
34 .25 48" 60 286 48,000 1600 . 1.62 1,785 1,7 days 38t
36 23 48 61 286 1540 1.51 1.62 2 days  40¢
L, 23 48 6L 267 51,500 @ 1540 1,71 1,90 5 days 46!
46 «20 48 61 259 50,750 1340 - 178 2:23 8 days 4l.5!

13, In the above table we have presented all the data that has been
collected in the course of high temperature runs, Some of this data was ob=
tained from columns which post mortem examination showed to be not perfect.
The last column, labeled effective length, refers to the fact that the neutral
point of some columns is not at the ends This is important when considering
the true equilibrium time of the whole column. Figures for the separation are
given for the full length as listed in the third column,

A
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Rate of Material Withdrawal

1l4. The relation between hold-up, equilibrium time, and permissible rate
of withdrawal has not been well established. The problem is complicated by
the fact that an equation of the type log S = B(1-e~kt) does not hold over the
entire range of the s vs. t curve, Under these circumstances the concept of
a half equilibrium time is of limited significance. Fortunately, deviation
from the exponential type of curve occurs mainly at the start with observed
separation increasing much more rapidly than log S = B(l-e~%Xt), 1n plates 6
and 7 are shown two typical curves of time vs. separation. Over the portion
of the curve from half of equilibrium on, it is possible to fit an exponential
curve with reasonable accuracy.

15, A plot of amounts which can be withdrawn at various fractions of
equilibrium separation is given in Plate 8.

16. Work is progressing in an effort to obtain more points on this
curve. In our calculations of permissible withdrawal rate, we assume that at
half equilibrium one can withdraw 436 columns per half time period, On this
basis one can withdraw from a .25 mm. 48 foot column operating at 1000# of
steam, 208 gms. UF¢ per day with a separation factor of 1.336. For purposes
of plant design it would probably be safer to take a production rate of 150
gms, per day with a separation of 1,30,

Separated Materials on Hand

17, Incidental to our various experiments we have collected certain
quantities of UFg. This material represents less than half of that actually
separated. A list of the prineipal items on hand follows:

1 1b. + 38,9
8¢5 lbs. + 30.4
15 lbs. w 21.7
16.5 1bs, + 14.1
29 1lbs. + 13.8
15 1bs. - 17%
46 1bs, - 8%

The enriched material could be mixed together to give 70 lbs, 0f+17.8% UFge

=l

DECLASSIFIED

B
]



N. R. L. 66







g e F e R g

" oy 2 M AL .0 g o % -

o Jisrs ; : 7 ( m 4 ..14..I..‘..‘I4...._. o RS _” .\ .w.._‘..km,.) _
T £ TTdN b THCTNGLE] ; TR T T

FIDE g XM GLC W& L2X0T- %) = & . | o | vgZ |
* g == \4 T5 LR LB o e v AR 4 A TN |~u = :
1 3 3 ANV AA 5 2 : lm < a,ﬂ.l !NW.\ A.v\. MAM - Jlﬂ
8 RSO FINY 7.7 , & __ b gt R e
= < ...u. = e Gy s e —————s et U s SR A
2 ! e FIL & GQYVINVLS | 777Le N B H“
.m - S5 S~ —~ — : o . i 11 " P Tttt W SR TED o L Ry
o J LV LI h | Z | o Vd _
I =T A | i N o . : Z g ] .......rJt i f\ N _
| 44 NOI |t )f[\__ﬁ | THINT 1Y Qo34 {1 ON
. 40 R R S B - v : _ | _ |
J il il L B Q.’- l__ -_.._m 3 ”
% L







B P "T""'_—
f [ 4 g “ql
. WAHIN (SN P 3 & 4
A - e e




ey 661 S INOLC Fava L31:N(2avos
" AN LIIACSY
-ON
dIONVHOKS LV IH
 o'a'viisoownv.anasmias.
AMOLVHOHEYT HOMVY3SIY TVAVN 'S 'N

0820
0010 F

0100

0s00" =+ ™
OECO = ™

nQOO uﬂ

S "TOEWAS
..... S ¥ “IOBWAS
PR BR R R wmnl_om_z.rm

"€ TI0HWAS
%2 TOBNAS

........._...:. i M SEINAS

el Jomzrm

(J3LON ISIMHIHLO SS3TINN)

SADNVHITIOL ‘AIND3 MIIHL ANY STOHWAS

A0ON3M3A3Y SdiHS 40 Ny3adng

‘N'S'N"UaNOD

HOLD3HIA ¥O4d

e

L

T ¥ ,d Y . oo ﬁ | 7 T M.m. Y \

/2

J47 4T < Y e

STE—

% 1§ 90 \Ldhis AP PN )

NOISIATG
AVAOULdY

e Y : HIANDIHD

y A\A Y HIOVHL

NYWSAIVHQ Aaiuo | PNildvug ST LT | woavanmaa

ITEVL NOILYHI LY




N.R. L &

7 I
Py l : ?
f ) 'r
) | . |
3 |
L} !
g |
N | 1
4 J = - s T TP T et e
| } i | |
> | | (] 4 !
¥ 1
- ! 1 |
! | { 1 | |
T i ! i 13 ! ! I
" U g / | { i ik an i
_ . i ! 1 g o]
L — - b e {
: _ L 3
;e | FEE !
e - —— n o S A v g S SR o A s !
Sy 3N, ¥y FILL i
\ : 0 i
o~
VAZ '
":_ i _r{) 57 ‘.:.‘;LL }
SRR SCALE FULL SIZE
= / i = R - P -]
o AR itk = i
e Y&
o y Y8 -
Al
4 - '
A F b i S
- ~ i ~— Sy e— —— -
W | SRR R i IEEES ( F | S m tn oy o £, 0641 ]
p 1.4 ~ i | et
o J e | ’ 1
/ . ™, £
., 1
- |
|
\
H ] \ 1 l.
! ) 1 ‘..L’ | !
e e o LR R e L% p- e A o
. : | T . . :
\ | { & Ly |
! ! . :
i
: R
N, ; M
/"
S
S -
- { - s ! |
i i




.




e

i
i
|
'

{ e

!
_
|




1% £ S YA T A
6|

|

i SRR A

[

H-
b ¥
Ly 5 ._ W
- -l 4
t | N, ~
m o i a ) Ly
J . L
] g & —;.,.
Ve ) g v

]
|
!
|
|

| e 00,
| 3

_14. — - e
| ' m

|

2
k\
\
\
<
e ———







RILed v

HO9

k6l 6 ANNAL Aaiva o i 4
STV 13d
¢ ON
=3 m} “./ | ,l;..\_ ! \J 5 o
HIONVHOX T 1vVIF
‘D 'A 'YILSOOVNY .‘INA3T134d,
AHOLVHOBY T HOMVYIS3YH IVAVN S N

QOGSO T S TOENAS
0820 F -~ TP TI08NAS
00Il0 F “HE TTOEWAS
0S00" F

Omoo.um L JOBWAS

(Q3LON ISIMHIHLO SS3"INN)
SADNVHITOL "AIND3 HI1FHL ONY ST1O0EHWAS

dON3YF43Y SdiHS 40 NvadnNg

‘N'S'N'YanoD

HOLO3¥Id HOo4d

NOISIAId 3 ¥ W 40 '1dNs TSSO AN G
AVAOHdALY
“ : HAMDIHD
¥IADVAL
lem..n.uq_zﬂ o wum.hmwmmxw.ﬂwc HESI M | 4OLVANIT3a

378Vl NOILVHILIY




SPCHAMFER

B L @
B e D i PR

vy )

4 HOLEST AT 90° L
#5 NJICKEL SCR

& 0

NICKEL

SY M B

OL\?Z OUTE]

COPRE

SR L




i e

BRI SR AR S
~

§ o i
T e
L

P

B h R

-

i,

{71000 — -

- Q
Bk
<

I~

LEE

3/

VG

s

y ngh

CALE

et

I N ERE

i

/BE




T R

Q- ’30(:’;25/ DRILL

SLEEVE

NICAEL
SYM'PJ A
I -REQ

-S\. &'-I;: = 9'” =/ F _T !

A-*

5’.”»’28 ‘ZJ’“ML

&

+,00

P~/ 7999

S 6l
Lt o e, e B O —— ”OOO I_Ef'f- i PR Al iy
e Y50 ;--r——
ta o T o
vy % AT TSI TS
i { ; ;
(i] _l i __'__._E... - i it i e B S g g T i RS e
r i ‘ -
{ !
6t R _ 3
R A RS !L_ —} AP ERIR S Y| B | 5 L "

[

i

- p— I'm _‘..

(14 SLEFVE

;_,L. f e ’/: f

LIk

o B
¢ AR

'I:

N U INDERCUT Y0246 DFED

SCALE
Pk

9/N'Jr J'.:

:: ;_;J‘ Cj /







2

A2

)

1§

| @

S




ALTERATION TABLE DELINEATOR .S_;“r Qm SEL .L..W.MI)MMM.%MQ n:.nﬂ%x)mﬂmz)z

TRACER ~

- . _.__...._..(,.r. ). m
CHECKER T LAV A LXA)
APPROVAL
PHYS1CLST SUPT. OF MEE" DIVISION

FOR DIRECTOR

COMDR. U.S. N.
BUREAU OF SHIPS REFERENCE

U. S. NAVAL RESEARCH LABORATORY
“BELLEVUE,” ANACOSTIA, D. C.
L E A Cll AN GER
HEAT EXCHANGERK
SYMBOLS AND THEIR EQUIV. TOLERANCES
(UNLESS OTHERWISE NOTED) 8 S
TG AR T IR - TR i BE SRR S D Y
SYMBOL 1 .. TRl D, Gt LRSS "W e T e .
SYMBOE 2% @ =m0 DEFATLS
SYMBOL 2% it Sl S ol R
BB B s e s o %+ .0050 L T \

: SCALE ATE JONE & 1942 u
SYMBOL 835 . . .ot = 7eni 600 o e .
SYMBOL 4 . : ot i ot B o aiOSN0
BYMBOL. B e L e i o HE RO BB e i Y

ME O




DATE

LONG 7IME PERFORAANCE

FESTS ON COLLMNS
25 sy EE T COLUMNG

BELLEVUE, D, C.

U. S. NAVAL RESEARCH LABORATORY

1615 ANYH-1 437

AYM HIHLO IHL OV

*dOL A8 1SN S

ATIVANOZINOH) AYM 2IHL Q q\_.....m 1 L3HHE

e : -
4 N 3]
SnwEaE | 1
aen e + * Ba s i i
-+ +HH = } T : 5 ]
r LT ] ! o i
h T T ot - 2 Ees
b HER | Tk
|4-1 4 -4 I 1
= ‘ 1L " LE -
AW N B M
RE ¥R t q
4o 1 H
e AE ai; e :
4 1}
T R EdERvE ia e BKE : ] _ uh
.. b {1 “
[
. b 1 L §
- “ |—l> nh . _-
L 1 oW A T
g = w
41 . . M ap
R B 3. 1 1] Tl i
1 B o \
I i : £8
R ..*_ﬂ B mE o G §E WEE {
o e h_+ H i D
L 11 1 mikn Ci. T .le
= S - m a5 H HH
n | " | [N W
a" C mEn s s
H n o : L
s -4 " |M I 1
mHa : Tt
1 " .“ - il ]
i : i Fesidica ict m t
1 W a1 pial M1 Het L -
\o Y % * Q ® N %
m ™ ay u a ~ 3o Q
- - . . L

v
LAYrS

PLATE &






U. S. NAVAL RESEARCH LABORATORY

=

DAT

BELLEVUE, U, .,

4

L e O

1
i
et
I
i

-1

AL
T T o

ESDEN
T

A4

aeel

BB
i

SREEE

‘AAIS ONVH-1437 38 18NW SIHL (A7vD) B

TLEM BRULE TP 9059
S/ ObS T & 20DZ" ~ NP 70D , 8%
WY GITP0.7 OL OO LY

AVM HIHLO IHL AV3H 81 LHAHS 41

‘d0L 38 150W §

T

ATIVINOZIHMOH) AVM SIHL AVEY S L33IHS

vIe i

WON

fLA7LE &



NAVAL RESEARCH LABORATORY

6 2E -}

DATE

BELLEVUE,D.C.

v
A
4
-1 r
¥
.
e e L 1+ 4
" -._1.1 ? b
L 1 i § N
v
E § 4 mEEE
k
| §
|
! in
nE Fugay v
1 1] 4 "
T i -
i A [ i ¥ 8 47
. E & A
EE LT
Il u_v
; Hun b amn
! -
7 HERA A W
} W
1 H 1 : EEREX |
HEF TR e i Tt : : T
T = 1 na i._ T
PN i
..T EEe o ._m .Ji..%.
E " 0¥ b A !
E b = - - " in-
: b4 L e a5 " 1..
= ﬂ. o
ns g b e e ¥ it
T T
: : H e L
o et e # |
= i = EREERR e o
1 [
: f H e t T
RS el bias dnaiieastiitenetietien
T w 1
- Hr =+ 1 H It
- o | ¥ } 1 1 i
] }
T e i ! |”,r T A !
=43 3= ._ =
i B ! ] i ;
1] LL L E " 3 . b
L :
I
THEE = o
.ﬁ 2 T T . 5 A M n
Tt _“ 1 “ 1 “ il 1 L .“ -

HTLEM DWILETAIND o OF ~ WETLS 3¢ OOO

LM

NHRT702 ,8¢ s e’
RS G TINOT Of HIVOY SV

81 L33HG 41 FOL G BN ¢ B 1T ENOZIHOH) AYM

Vi

vy

n

rb07

FPLAZE 7



NAVAL RESEARCH LABORATORY

. S,

DATE

C.

BELLEVUE, &

A2/ EI 78087 Z

ERARALE T HH + > P .
SaRusauwnaman ! : B I ; EE g Ea| HumExsnanssn
EEREinaffEsumanas suaRRAEaS: Seasats f S REEasasners 8 H e e
N 11 Ll I | e INNY | I | 1 L L H a LR | i L T 1 1Lt
THIL RS ES 7707 OVNE PO 704
SO NOILINAS & SV FLWY TEMEYOHLIM
J " Ve TF NN
3
. - ._- o
[Tk AAISONYH=-L437 38 15N Sk XYM HINLO FHL Ay I 51 13 541 4oL 32dg 18014 4 ATIVINGZIYOH) AYM B HL avad 51 133HE )

TFHIL TR [ SADTTON NW2TOD

N

TNIL ST IS NMYS I LIM 7 AN
P-TT7OH NHRT702 OL TVR0F FHATOA AHIIHM LY TV



