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la liquid-typo hoaoge&eous reactors, bubbles of pM are forned aa a result
of fission aaA radiation. Tbs fUsloo-produced |[U It aoutly xenon, uhich
haa a fairly large neutron-capture croaa section. The other gates com 1st
of hydrogen aaA oxygen foraad aa a rtault of the dtoo”poiltioa of tattr by
raAlatioa. |If ths gas bubbles art aot raw ed froa the aystea, the? aay
quite rapidly affect the stability of tha reactor by capturing aeutune
aaA by changing the effectits rolumt of the reactor core.

Xa the 1000-kv. homogeneous reactor not being coostrueted, gas bubbles
till be renovsd by the actloa of a vortex flow developed within the
reactor core. Tbs vortex la formed by feeding the fuel eolation tangen-
tially into the core and removing it froa tha top center, perpendicular
to the lalnt strata. Centrifugal forces associated vith thin vortex flat
cause the gat bubbles to collect la a narrow needle-like colama at the
center of the core. This cohmm of gas la thsa drawn out through the

lamer pipe of two concentric pipes, the liquid fuel being removed through
the outer pipe.
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Urper fronoiuaoouo rtMtora aw betas yropoood will rofvtre conelM M |
eart potir to fHwrtU i w ui of nfritint uten*it* u nam Um
jtatt. far U li raaoea other typoe of M firiun Um Ul
outolde of tho tort ora W U| inraottgetod. to ertereal onparator tom -
tig*¥tad fry ymt«M varltri «u a oeraU-type nyiritor tfrlefr ladocod a
tartar into tfra fuel itnaa (}). The o«roll-type oaparater rmovel m m «-
ttolly all of tfra pa bubble# with toot fuel* tow tir, proeemra drop aero**
tfra m il «ti quite high. la order to obtain ooparatloa viU t MaUar
prtttura drop, a etuple loop-typo ooparater «<M «topftol. Ut papor U

a otaty of Uw oaparatlai goalltiee of ouch » loop eeporoter.

A loop*typo otparator coaolete eoeeeUallj of a «IkU coll of plpa or
tublop laitrtto lato tfra foal itm a. la paoolag through tfra loop, a
elitara of pi ud liquid till fro actod upon by eeatrlffrgal fortao able*
coootstrata tfra poo oo tfra toner ourfaca of the loop. Srtractloa tapo
loeatod oo tfrlo laoor ourfaoo permit renoeal of tfrlo «u layer,

Wort too b#|ua oa tfrlo proJoel October 99, 1911, aod cooplotod horenher
17, 1W.

1. MBPtTd

Tfra oajor portion of tfrlo latoatlpitlaa too coacomod nth tfro otudy of
a atool toot loop of 13 la. diameter at tfro oooUr lino placad la both

a borltoatai end a tortleal pooltloo (too Figure 1 for rortloal loop
erraageaent). Tiro loop had an olllptical crooo faction vltfr tfrrao no-
traction tapo loeatod on tfro Inoor ourfaea at 223, 270, and 315 docroao
from tho ontranco to tfro loop. AIll data more taboo for a motor-flow rata

of 100 gnl./nla. and at alr-floo ratoo ranging fron 0.2 to 1.0 g./o#c.
Tfro vatar temperature vu 5#HT.

flinoo tfro donolty of air lo negllglbly onoll eonparad to tfrot of motor,
tfro ooparatlof qualltloo of tfro equipment mill depend prinarlly upon tfro
volume occupied fry tfro air In tfro vator otroan ratfror than on tfro naoo.
For tfrlo raaoon tfro data art prooo&tod la torao of tfro porcoat by roluno

of air la tfro lalot otroan. Tfro porcant extraction or ronoval of tfro air
lo froaod 00 tho omo, homowor.

Table# Z and 12, given la Appoadix B, ohov tfro toot rooulto for tfro loop
la froth a borltoatai and a rartical pooltloa. la addition to tho above*
eostlonod paronotoro, tfro tabloo include tfro operating proooura for vfrich
tfro air “roluno woo calculated, tho porcoat of input vator which meo re*
noted vith tfro oxtractod air, tfro prtooure drop aerooo tfro loop, and tfro
proooura differential batvoao tfro loop and tfro entrainment ooparator.
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Figure* 8, 3, aad % are plot* at tte percent of air eitrwt#d wrwi Ut
percent volum of air in tte islet strewmn under nrioui conditions of
operation. 1teM plot# 1lovetrUU 1lplfIMit trend*. Ptret, i1t cob to
oooo that o m <& of tte air could be titrated water uoet condition,
except far the cut where the pressure differential between the loop ead
tte eatr e T at separator om only 55 Ib./eq. in. I» general, tte ex-
tratloo lacrented m this pressure differeatinl Incremind.

vitt Mm loop la a hoclicetel position, It It to be noted tost tte
extractloo om always several percent greeter than lo tte vortical position,
la tte region below 8.5% volua* of air la tte Inlet strews, tte extmet loo
Invariably dropped off, la toot eaeea to below 60%.

At shomn la Appendix C, tte Absolute values of tte tela are only reliable
to within 9. Since tte various treadt are teem to be fairly coaststoat,

honever, tte errore Involved ore not believed to have affected tieee treadt
appreciably.

Tte water entrained by tte extracted air varied froa 0.5 to 5*2$ of tte
water Input. Tte olal- ieatmlaoent occurred at tte lowest erasure
differential between loop and eatralaocent teparator la tte caee where

only oot tap oat open. Tte aoxioao eatralaotot occurred at tte greautt
preeeure differential when all tte tept were open.

During all tte rust, tte preeeure drop acrott tte teat loop vm between
Ofcand 1.0 Ib./sq. la. Vitfc no tape open and no air la tte system, tte
preeeure drop woe at its caxlauo. Bated on eoplrical data of preeeure

drops through curved plpoe (1), tte predicted preeeure drop vot 1.1
Ib./eq. la.

Two otter type* of loop* were alto Investigated lo this study. A Pyrex
7-1a. center-to-center loop woe ueed, but because tte tape vert too enall
only about 55% of tte air could be extracted. This loop ruptured under
tte etralae Ugosed oa It at tte higher pressure* Frau this piece of
equipment, however, it me noted that essentially all tte bubble* reacted
tte Incite surface of tte loop ot an angle of 870° froo tte Inlet. Thi*
value colored favorably with tte 2hk® as calculated froo F. V. Peebles*
equations (as cited la a report by flplecak (2), see Appendix D). A
corresponding value of Ily was calculated for tte ateel loop, and by
applying tte correction factor found with tte Pyrex loop, n value of 15°
ms obtained as being tte probable actual value. Since tte first tap on

tte steel loop was looated at 225 , no check on thin predicted value could
be Mcertalned froa the data.

Tte otter extractor used consisted of too Pyrex loops connected In aeries.
lo data obtained tram this piece of equlynent because the tips were
Inserted at tte wrong locations during its construction.
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la the dasign of the test loop, two factor* were considered: (1) the
pressure drop acroaa the loop aad (2) tha flow pattern of the air bubbles.
A correlation by 1. Richtar (I) showed that the ratio of tha radius of
curvature of caster line to pipe radius which would give tha alnlaia
equivalent length of straight pipe for copper pipe was 5.0. Ibs only
glass loop aval labia which approached this desired ratio was one having

a disaster of 2 la. and a radius curvature of 3*5 In. Tha actual pressure
drop encountered iIn this auction was slightly less than the value predicted
by Rilcbter®e relation, being leas than 1 Ib./sg. In.

the flow pattern of air bubbles for thls loop was calculated by neana of
Peebles®™ correlations (2). These calculations predict#? that the bubbles
would fora a uniformly thick layer after traversing fMr of tbs loop for
a water flow rate of 100 gel./min. Since this uniform layer was observed

to fora la 270°, Peebles™ relations proved to be satisfactory for this
design*

Because the glass loop failed structurally under high pressure, a 13-in.
steel loop was constructed. The extraction taps wera located well beyond
the region where the air bubbles were calculated to have all reached the
inner surface. In the investigation with the steel loop, sn efficiency of
greater than 90# was obtainable under most conditions. With modifications
ths efficiency could be Increased. The Halting factor of the apparatus
Investigated was the tap site. Tha disaster of the taps used was only 1 In.
Since the width of the bubble layer on the Inside surface of the loop ex*

seeded the area covered by the tap, It sppeara that coaplcte removal of air
bubbles could not be obtained with the test apparatus used.

The slI™Mit Increase In extraction efficiency noted with the loop in a
horltontal position nay be cttributed to the fact that any buoyancy affects

on the bubbles encountered In the vertical arrangeasnt will be considerably
reduced.

The importance of the degree of entralsnent of water by the extracted air
depends on tbs use of the separator. The lain purpose for using s compact
separator of the loop type instead of a simple settling tank Is to cut down
the holdup In tbs system, which Is of considerable Interest In a reactor.
In the larger reactors being pro?osed, even a I£ entrainment would require
the use of additional separators of large capacity. Therefore, any modi-

fications which could ellninkte entrainment without appreciably affecting
the extraction are to ba desired.

Bven with entrainment, however, it merely becomes necessary to feed the

entrained liquid back Into the system at some point of lover pressure then
at the extraction loop.



IV. COWCLUSIOKS AID RKCCOODATIOI8

Fro* tha teit diU on the loop separator Inveitlgated, It La concluded
that:

1. In the range of flova where the cm occuplaa fro* 2 to 10f of

tha total voluae flow, aueh * aeparmtor can extract over 9Cif
of tha cm™*

2. Pressure drop through tha loop la very snail and can ba

calculated with reasonable accuracy by aathoda avallabla in
tha literature (I).

3* Tha alia of loop and location of extraction tape can ba
dealgnod with the aid of pertinent equation* developed by
Feablea (2). These aquations predicted the location of a
uniformly”thick layer of air on tha inner surface of the
loop within SOft of tha obeerved location.

k. Additional *odIficatlona will ba neceseary if it la dealred
to allalnate entrainment of water or laprova the extraction

of gas flow* which occupy leas than 2.0" of tha total voluae
flow.

Based on thaaa conclusions, It is reco—ended that an improved design be
a*de and taatad. Such a design could have Incorporated in it the features
depleted In Figure 5- These include the addition of a trap at the tap
opening which could be designed to return the entrained liquid to tha
eyatea at tha loop. This nethod was suggested by J. 0. Bradfute, a
mntar of (ML, and would entail having a separate liquid return line
entering tha atree* Just after tha loop where It will not be re-entralued.

k second aodlflcatlon, also depicted In Figure 5, should Uprove the
separation at gas flows less than 2.0ft of the total voluaa flow. This
Modification would be in the cross-sectional shape of the loop, end en-

tails creating a V-shaped channel which would collect even the saallest
air straaas.
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V. PROCEDURE

Since the percent extraction of air was the primary Itea to be

investigated la this work, itm necessary to cal lbrat* the inlet air
roteattar afalaat the bellows-type gas aster used in Maturing tts ex-
tracted air. THiis cross calibration was then checked against a vet-test
aster and by actually collecting the entered air in a water-filled bottle
of known capacity. Tbs orifice pints annoaster la ths water line was cali-

brated by acasurlng collected aaocuata of altered water and by using a
Heptane water aster.

To test the different loop sections, air was astered Into the water stress
at flow rates froa 0.2 to 1.0 g./sec. The water flow was aalataissd at
100 gal./ala. Various combinations of extraction taps were then opened,
and the extracted air and water were separated la a sasll tank whose water
level was aalntalned constant with the aid of a waive (see Figure 1). The
upstreaa pressure was varied froa 6.0 to 25.0 Ib./sq. la. (gauge), and the
pressure differential between the stress and separating tank was varied
froa 5.5 to 21.0 Ib./sg. In.

The following Items were recorded:

Ailr input, g./sec.

Alr extracted, g./sec.

Hater flow rate, gal./aln.

Hater extracted with air, gal./ala.
Upstreaa pressure, Ib./sq. in. (gauge)
Pressure drop across test loop, in. Kg

Pressure differential between loop and separation tank, Ib./sg. in.

Original test data are located In Data Hotebook lo. 1879, pages 17-26, on
file at the N.2.9. Engineering Practice School, Oak Ridge, Tennessee.



n. Approa

A, ATPAIU3US

A scbsmtlo diagram of tbs apparatus in ihova la Figure 1. Arotasater
«m used to ataeure the aaouat of air fed to the rystea. Btedle tolyos
preceding tad following this rotantter vtro laaortod to lists It tbt
lalot air pressure at 60 Ib./sg. in. (gnugo). A 1.0125-in. orifice
plato mi placed la tht 2-la. voter llat to that tht voter flow rote
could be asasursd by ataat of a calibrated atrcury aanoroter.

The toot sections cootieted of tbt follovlagx
1. a 7-la* Pyre* class loop with a 2-la. X.D.,

2. a 15-in. steal loop vith aa elliptical cross-section
1.25 by 2.25 In., and

5 a 7-in. doable loop section vith a 2-In. XD.

Attraction taps located on tbs Inner surfaces were Inserted at tqol-speced

points to ream the collected air bubbles sad to enable an investigation
of ths effect of tap location.
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C. ERROR AXALTSIS

Ib® precision of the rotaaeter calibration against th® bollovs go® atter
0.05 ¢./i®c. The precision of tb® m iur— ttti of txtrtcU4 air

1.5f* for an air Input of 0.600 4 0.050 g./eec., th® extracted
air eaa about 0.530 4 0.006 g./a®e.

.lextracted alr\ p —1
\Inlet air / U(inlet air) A(®xtracted air
extracted air " Inlet air extracted air J
Ini®t air

- 4 0.098

o (extracted air)

. Inlet air * T ®
- 4 0.086
percent tracted air . A(®xtract®d air)
extraction Inlet air 4 Inlet air
(68.J 4 8.6)5l

lota: ThI® error anal/sli 1® not aad® for a particular run, but

represent® the order of aagnltud® of error enccftinteied la
each nan.



D. 8AICX) CXLCULATIOV

1* Calculation of Prtnurt Prop la 13-la. I*st l'oog

Uelng Fanning Iquatlon for pressure drop (l)i

«*a \
- * .- ) Ib./sq. in.
-KhatrtfjJdJ

S « JVEIBH«

0.131 ft., since loop has an elliptical croaa aectlon.

MDD 62 KIM)(0.131)
u 8.8 x 10%

135,000

t mO0.0050

Using Richter's correlation for equivalent lengths for curved pipes (I):

L#

0.0202 XO1*10~ ) 0*052 (2)

Where X is a factor depending on the ratio R./R
Xe 155 P

/. U - (0.0202)(1.55)(380)Xa(l135,000)0-032

- 2%.; Dl.aet.ra

. 1 Ldp "
- 5-06 ft.

.07(62.1)(32.2)(0.131)5
m 110 Ib./sq. In.



17.

The actual pressure drop = OWIl La. If
e 091 (2)
e 096 Ib./sg. la.

2. Design Calculation of Poaltlon la Test Loop Uhere Ceu layer la of
Uniform Thicknsas (Tf

Tha pertinent aquations for gas velocity aa presented by F. V. Peebles

la a raport oot laauad arm ’7 .
r‘\/

la tba range where

la tba range where

8Inca tba bubble site to be encountered was not knovn prior to operation,
aquation (4) was used vbere tba limiting bubble else la

Using tba average value of valoclty:

« 2 I

S**m**



1&

Substituting equation (D) in equation (h) and neglecting pp in cosparlson
vith oxi -

V6

Tbe tint for a "bubble to travel across the pipe froa the outer surface to
the Inner surface Is given by

Tbs tine for the strean to collets one loop Is

Therefore, the angle traversed before a uniform gas layer Is collected Is

In the case of the single-loop Pyres section:

P - 2R - 0.166 ft.
Q <= 0.225 cu. ft./sec.



- 0.298 ft.
Rp « 0.0633 ft.

0. Ljub f
Li0.0ej5r-*055"J

e 1.7 ft./[*ec.

0g m 202.570.166)*(0.223) °
(0.292)*(0.0635)"

Actual ob.erved ralu. of Oy - 270°.
* 0> 1° -~ 3} A~ - 0.0677 In.

In tb» cut of tb. itMI-loop Mctloe,

) - O.d. ft.

1"« 0.5*8 ft.

Kk - jy VI-4$(i.25) - 0.070 ft.
o o u - 0090 0225 ~ [2<

[(0.070)fe# 3 ~ ]

m .Ul ft./sec.

Oj - 2025 '0-101)3(0.223)~|uP
(0.5%2 x 0.070)'

- U3 r

Aimiming the tame site gu bubble* to exist in both the Pyrex and the

stool test section, the actual value of cl 1b the steel test section
would be *

0" (expected) - H3~ N

- 125°

I*
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1. TABLE (V XMXBCUmFFiS

croee-eectlonal a m of teet loop, ag. ft.

distance across pips (ft.), (equals 2R for s circular cross

section: equals length of minor axis for an elliptical cross
section).

equivalent disaster of loop pipe, ft., (equals URg).
Fanning friction factor for pipes, dimensionless.
gravitational acceleration (equals 32.2 ft./(sec.)(»ec.).

conversion factor In Bevton®s las®of notion fequals 32.2 ft.
(Ib. nass)/(sec.)(sec.)(Ib. force?].

equivalent pipe lengths, ft., (equals &s/&p)*

effective length of pipe, Tt

Reynolds maker, dlaenslonless, [equals (pv"Dg)/io .
liguid volumetric flow rate, cu. ft./eec.

bubble radius, ft.

hydraulic radius, ft., (equals area/vetted perlatter),
loop radius, ft.

representative radius of loop pipe, ft., (equals™k/fr ).
radial gas velocity, ft./sec.

Tangential liquid velocity, ft./eec., (equals stress velocity),

liquid floe rate, Ib. nase/iec.

angle subtended bp loop (equals 360°) =

angle traversed before layer of gas assumes a uniform thickness
on the inner surface of the loop.

surface tension (equals 508 * 1 0 Ib. force/ft. for enter at
difference



AP

pressure drop across tart taction, Ih./sg. la.

tint for bdbblas to raach lunar surface of loop, tac.
residence tint of liquid in loop, a=e.

viscosity of liquid (equal* 6.8 z 101 Ib./aae. ft. at 50M).
liquid density (equal* 62A 1b./cu. ft.).

gaa density Gsqual* 0.13 Ib./cu. ft. at 25 Ib./tg. la. (@bsolute)
aad 60 rD

factor la Richter™sm correlation (I).
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