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Prototype Tests on a 200 Watt Forced Convection

Liquid Hydrogen/Deuterium Target*

by

k. D. Williamson, Jr., J..E. Simmons, F. J. Edeokuty
J. H. Fratwcll, J. T. Martin and H. Ficht

ABSTtiCT

A forc~d convection targ~t system 10 being developed for use at tho

Clinton P. Andcraon Mason Phy~ica Facility (LAMPF)which will produce

ntutrone by bombarding liquid dmtarium with s proton baam via the pro-

cassp+d+n+2p. Th, wmk daecribad h,rain diacusa~s the daaign ●nd

oporating charact~riatico of ● prototype unit daaignad to oparato with

a haat ~nput of 200 watts, Data ●ra praacntod on tha op~rating charac-

toriatics of th~ unit uoing liq6id hydrogan with heat diapoaition from

both ●loctrical hoatara ●nd from ●n sl,ctron bgam of 25 MaV which haa ●

tima ●tructurc ●nd in~ma’ity similar to that of IAMPF. Ill@ctron baam

3
●nargy dapoaitions of 25 W/cm wara ●chiav~da Using data obtainad on

.

Co9iooion.
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Prototype Tests on a 200 Watt Forced Convection

Liquid Hydrogen/Deuterium Target

by

K. D. Williamson, Jr., J. E.’Simmono, F, J. Edeakuty
J. El. Frotwell, J. T.’ Martin and H. Ficht

.

10 Introduction

A forc~d convection target ●yet6m la being d8vel@ped for use at th~

Clinton P. Anderson Mooon Phyoico Facility (lAl@F) which will produce

neutrons by bombarding liquid doutarium with ● proton beam via the pro-

caaap+d+n+2p. Incident ●nergiso will vary in the range from 300

to 800MV0 This neutron ●ourco IS favorabla from two points of view:

1) ●t mro d~grcaa tha ●mitt@d nautrono hava ● small snargy spread and

good ●~paration from lowar ●ncrgy nmtront ●aaociat,d with meson pro-

duction, and 2) ●t,an ●ngle naar 26” the noutrona ●ra ●mitted with ●

spin polarisation ●vcrasing JO%●nd with ● dograd~d but uaablo ●n*r8y

72
●p9ctrumo To obtain ●n 800 MaV nautron ~lux of 10 /(cm -s4c) at 8 mat~r.

from tho sourca will r~quira 84 ~ proton~mm paosins through 15 cm c’ 14)2

This V@lUQ of bmm .,\

●arliar planning. For

●ra now ●imin~ ●t ●

coal ~f 150 W b~am diaoipatiori cmpabflity at nqligibla don.lty variation.

In tha paot ralativdy’faw ●ccal~ratprs o’~oratint at mmlium ●nd high $
~

•~rty had oufficicntly Intcnao ●xtarnal btam. to roquira ●pacial conoldcra-
$
t

tlon for haat rnoval from LH2 tat80to. Aa ●~caption ia tho SIAC high
3

mar~ ●loctron Iiuaar sacalaratoro wtmro ●xtarnal baamo of 13 VA ●ra

“l-
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accelerated. Sinco the area of

2
0.25 cm , high powor density la

cryogenic LH2 targets reduction

the SfiC beam is mall, approximately

cteated in a targat aubetanca, and for

of liquid denuity occurs owing to vaporizs-
,

tion in the path of the bmm. Two approached have been used at SLAC to

circumvent this problem. Anderam’(l) described a target in which en-

hancemcmt of natural convection waa u;ed to remove heat from the inter-

●ction region. Subaoquently, Bell et-al.
(2)

dascribed a forced convection
h

targat in which LH2 is driven througi, ● cloacd loop by ● fan. Part of the

loop coaprisad the target call and part was in thermal contact with ● LH2

raacrvoir wharc tha dapooitad heat was ●xtractad. With this ●yetam danaity

variations wcra reducad

Kaia.r(3) has mad.

to l-es than 1%.

calculation of’ tha~l conduction in LH9 baing

drivm by heat Input ’from 60 MeV ●lactron boama. Ha Invastigatad tha

tampcraturo rim in cylindrical gaomtry In which tho outar radius IS

that of tho targat call, maintained ●t ● flxad ramrvolr tmparaturs.

I!ffoct. of convection w~ra not considcrad. k found that ralativoly ●all

•ma~a baama of ●pproximately 1 PA could cam 10’C tampcratura Incroaaao
●

✼
✌

in tha Interaction cylindm, for raaoonablc Soomatriao. An impliad con-
.

clu.lon of this work to that thmmal conduati;n ●lona is not ●daquata to
#

maw. tha hont dcpositod in LH by r~letivi;tib ●loatron boama ~rentor
2,

than 1 pA Intanoity. &
. .

In thi. papar th~ charactcriatico of ●“protp’typa tarcot dasl~nad to

oparat, with ● heat input in tho nai8hborh~od of~lo(l to 200 W●a dio-

auooad. Data ●a pr~omtcd on th oparatins’oha~aat~rlot~aa of tha unit

uoi~ Mquid hydrogm with hect dapooition ftom both doctriaal haatarc

-2-



ROUGHDRAFT *

and from on eleccron beam of 25 MeV which haH a time structure eLmllar to

the IAMPF beam. In the electron beam experiments energy deposition of

3
.

approximately 25 W/cm were achieved.’ Using data obtained on these teeto

the final target syetem was deeigned and will be briefly discussed.
.

The basic objectives of the prototype flow loop tests were the

(a) Confirm the deeign of tha hsat ●xchanger between the LH2 and

the GHa heat sink.

(b) Provide apcrational data on the pumps used for LH2 circulation.

(c) Study ●ffact of anorgy deposition by ●n electron beam with

emphasis on the queetion of vaporization at high power deneitiea.

II. Equipment ●nd Inatrummtation

A schematic flow diagram of th~ •yat~m la shown in Fig. 1. Tha major

componanta of the ●yatam ●rc tha compraoooro, purifia, sas holder, Collins
9

rafri~arator, vacuuq jsckotad tranafor linoa bctwson tha flow loop ●nd
&

rofrisorator, tha prototypa targ~t loop ●nd aaaociatad baam diagnostic

9qulpmento
h

T’h 200 Wh@lium rofrigarator umd was ~ollino unit modal CHC-14,
,

● incoming hi~h prossurt warm uao la firot prosrossivcly coolad within

th, main ho8t OKChS~ ●r by tha coolar outgoing halium gaa and by LN

2
in ● pracoolins coil. It i. th~n expandad $0 i~o final t~mparaturg (14 K) ~

. * u.

<n tm reciprocating ●panoion ●nginas. This cbld gas 10 than pipad to ‘J

‘J

Y
*

the load whro it piako up hgat ●nd i. thkn raturnad to th rofri~orator. $
, d

aqrooood and tho ayala rapoatad~

-3-



$
A representation of the protot~pe flow loop la shown in Fig. 2.

The major components of this oyatem ●re the, LM2 - GHe heat exchangers,

the LH2 pumpn, a venturi/target teet section and a oerieo of three heaters
.

to provide a load for teeting the refrigerator when not in uee at tho

Electron Prototype Accelerator (EPA) and for bal&tcing the beam lead with
.

the rafrigaration capacity. Instrumentation consisted of a microphone

to monitor pump oparation, praosure:gmgaa, carbon rasiato~ temparatura

held ●pproximately 13 liter. d LH2 -- this volume b~ins partly ● ruault

of th~ fact that tho pump~ ware fans capabla of only a 12 m Hg pr~sour~

difforantial. TIM ●yatam was .Izgd to mop within this AP limitation.

Tho pumps ucod war~ ●hmrsiblo 3-inch blowors. (4)
They Utiliso

thraa phaaa motor. ‘that opmat~ frm 10 to 40 volts dapanding on torquo

raquiremsnts. Spoada vary from 500 to 3500 rpm. The ball baaringo arc

non-lubricated with ● non-metallic retaidor,

Two cdl oactiona were umd. TIM flrtt wm a vantuftl uo~d to csl-

Ibrata tha pumps. Tha ●acond wac tht this ●luminum windw teot #action.

‘5) from flat 1100 alumlnumohaots ●id ●achTIM windows wera hydro-fomad
.

had ● final thicknoao of 0.0076 cm. Tha window ●p~rtura was rectangular
.
●

in ohap~, boi~ 13 cm low ●nd 2.5 m wide. Thy wera dich ●hapad to pro-s

-4-
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● 0.16 cm d~amator Cerroaaal (low temperature iridium solder) O-ring.

It WRSnccaamary to uoe ● nw O-ring ●ach tlmo the window k. :oplaccd .
●

Salf-atiwgirad, t~flon-coatad O-ringt wore uaod to ●ttach the call oection~

to tho f~ou bopa Thea rinss laakad on eevcral occasiona.
.

racomandad for uaa on tha final targat syotau.

In tho countarcurr” ;jt GHa-LH2 h&t ●xchangar
twenty-two

p~na~o through thQ/ 1 cm insid~ dlamator coppar

the cold

tubaa In

and would not b.

@SOOU# hslium

parallal whilo

thg M. flow in tlw ●nulus around tha outaida of tho tube.. ti@O ●t tachad
4

to tha h.~t axchari~’er ●action vcro thrm, 300 W, heaterl ~ ich

ware umd to ●imulatc baa hsat Input during tho initial tcating. Tha

2c.alculatad hat trandor coaf ficionta wara O.21 W/(cm - K) on the H2

2
sido for ● flowrata of 38 ~/miII ●d 0. 01~ WI(cm -K) on the helium oida

● t a flow of 0.015 */min. Th ovorall hut trnnefar coaff icint, U, was

0.013 W/[CB2-K). With ● log Man AT of 3 K thio should provido ● hut
.

raovad capability of 260 W. It should ba notad tlwt ths controlling
●

coofficiant 10 on tha Fh lsidc~ With ● latgcr rofricarator ●nd ccmprwsor

tho haat taoval capability of the Iwat u&ngar Ntould imprmm unt 11

tha H, cocfficimt bccomas ceqmabla to that on tho LH2 ●id.. TIM haat

●xaMn~or was dao~gnad 00 that it oould bc comovad oantl y f ma tha hop

without di-~~bly Of tha ~ooi?~ ●

Tha C*S handling ●yotam ~rovidd th8 ~pab?l ity of f ill-

IW tha loop dlmctly with LH9 or by 8SS condanaat{on on tha haat gxclm~or.
6

war, inatallcd ,botlt on tho”flow loop and vacuw

-3-



rise in the system in caee of a vacuum failure.

~ince eeven houre was required to condeme the loop full of LH2
.

this technique of filling waa not uued after the initial runs. In

ganaral th~ loop vas purgedmd -~nt~ia.d und- Positive WWOUS hali~
.

pressure, tha refrigerator ●tartcd and the cooldown allowed to prcceed4

until M tampcrmturc. wart obtainad.
2

‘At this point the gaaeoua helium.

~ cd with M from an ut*rnaJ storage vaoaol.
2

As tho liquid M2

began to mlbcool tha alactrical Imatora wwa wijuotcd to maintain tho

Throughout this uporinntal program difficulty was exparimced with

tho operation of tho ● ref~igar~tor” Pramatura shutdowm resultad from
.

r~9atod ●oimmo of tha pistons in tha ~anaion anglnaao Inotallat ion

of a LH2 trap on th. CEla lin~ to rem’va u= and othar pomibk cml-
●

tninatoo did not SOIVC the problm.

111. -

Th6 oporatlng charactariati~o of tkm blwaro ●r@ .hown in ~i~. 3
●

+ ,

t- tho blwers. &
● ..

l’ho fluid valocity raquirad to mow ● partick of” F12 •CrO@~ tha baam path

b.twocn 8.3 Moc b.am PU1OOS10 100 a@ocL It ~C daoirabl. to oporato ●t

volociti,o in exuao of this to @WUr@ that n- fluid 10 in tha path of

●
✎

☛

ttw boa for Oadl pulooo TW gaow-hall- Mquid-hydroccn Iwat
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sxchmger perfomed as ●xpected. At ~a maximum ‘qxperimentnl total best
●

remval rate of 175 W no degradation of performance was noted. with 175 w

being removed by the heat axchangar, che LH2 temperature wao 19 K. Thin

value lwered to 18.5 K at a 135 W rpoval rate. Depending upon the

hdium ovarpreoaure applied to the top of the loop oeverml ~egrceo of eub-

cooling could be achieved.

TM 0.0076 cm ●lumlnum window were rupture tested to determine the

preasura rise in th~ •y~tem following window failure. It was neccetiary to

provide ● puncturo unit sin:. the tindowa wintained thetr integrity at

pr~ssurca in excass of 160 psi. Follc+ng rupture of the window tihe vaporiza-

tion of M, caumd a peak of 30 psig in tha containment veesel ●pproximately

●nd

IV.

6

mcond ●fter tha bruk. Tlm containmmt vasaal had ● VOIUM of 530 Iitats

was qquipped with a 1 p-i ralief valve.

Tasts in tha 2’5 WV Elactron Beam

The Electron Prototyp Accalarator (EPA) ma built at Loo Ahmoa to

tcot tho side couplod linaar ●ccalarator-c~vity design ●nd to provide

● targat tasting capability ● t high basin p&r. The time

of tho EPA alactron bum was tha ●8M ●s *O LAMPFproton

- ~00’ wac -cro pulso length ● . 120 Hz repetition rate ●nd

otructure

beam, nmaly

● nparimposed

radib fraquancy. Msm in~cn~ity was likewise canparablc, .
.

1 d ●verage. .
.

shows ● plan v~w of thq installtiion .f the EPA. ThF al~etron..
collimator fr- th~ right-hand ci~a of th~ figura, diroctlf

fra tha ●ccclarator without focuooin.g. “TIM $taphita colliutor hac ●

diantar of 0.9 cm, Itc purpom

rqf.om of th, targat. TwQboa

being to confiria tha bum ta n fixti

na.uramnt davicoa ●ra placad ●ft-r tha

-7-
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collimator, ~ly ●n x-y tire scanner for profile memuremmt ●nd a

toroid beam transformer for waurewent of the peak current in the macro-
.

pulse. ,

The beam then enters the cryostat vacuum encloeure and passee
.

through the target cell. A fraction of the beam will be ocattered by the#

windows and hydrogen of the cell and~will be collected on m mvwllar ~raphite

electrode called the beam scraper. , The electrial signal from this

electrode My readily be measured on ●n oscilloscope. ●d has the

characteristic R-C rise and decay tim characteristic of ● rectangular

current pulse charging a cable capacitance with resistive termination.

That part of the ‘beam not collected on the beam scraper la ●toptmd in tha -

final graphite beam @top. Doth scraper and ●top were water cooled.

The ●yata wa~ ●lignd by optical oboamation of bum ●pots made by
,

tha beam and by obaamationc on buB cube ct:ntezs. The canter poeitioa

of the X_y SCAIld~

baa waa that of an

●- an exaEpla of

wiras na oboamed &d calibrated. The Aapo of tha

•l~ted ovel uith I& axio vartical. F@ura 4

2
of tha beam was ●pproxiutaly .0.5 cm ●t ● saction

●

1/10 Wdmlm inten”mity.
.
..

The ●loctron baa depeaiu heat in the tmsot

tho rune. Tho ●raa .
.

corroqwnding to

cdl by emrgy lots in

tuo eech 0. 003-inch •lumia~ &dcm erd & 5.92 Cm L?12. Ihing standard
.

tablm ( 6 ) for collision ●nargy 10SO At ;S Me; Incidfit mer$y, n ‘hava

A E = 1.94 MeV in LU2 and AB = 0.073 HeV in ~th foil., for ● tcml an.rgy
●

lom 2.013 mv. OWMmicro ~ara ●veraco Mare. then depcdta 2.01 mtt~

into tha target cdl.
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In pae~ing through the target a fraction cf the benm ~~ scnttcrcd by

multiple Coulomb interactions. A major part of the scattering is due to
●

the maes of hydrogen, which represents a signal related to the average

density Of hydrogen in the beam path. By u6e of an approximation fomula(7~

the multiple scattering can be eetimated as follows: ems = 2.38@ from

5.72 cm LH2, and eM~ - 1.20° from O;C)ZO cm aluminum, for 25 MeV electrons
,

incident in both CaSeSt We define the angle 01 to be the angle subtended by

the inside radiua of the annular beam ecraper which lor our geometry was

el - 4,19”0 The probability of multiple Scattering at or beyond the angle

81 is 8iV@ti by e%p ( - @e&+ Thio probability givee the fraction,fa, of
*

indicant baam sca ●rad to 01 or Sr@ator.
i

A moaourcmant of fg givao e~~

which may be ralated,to the averaga LH2 dansity by the multipla scatt~ring

formula.

Fluure s ●howa tha calculated valuaa of fraction of becm scatterad,
9

fa, ●m ● function of,the fraction of normal LH dcnaity in the path of th~ bmm,
42

The tuna includaa the effects of the windows, an measured. Aloo ehown on

tha figure ●ra thrac m~a.urad valuas of fa ~or tho empty

curw indicates two things. Fir#t thorc is a,raaoonable

t’arRat call, Tha

Benoitivity to f.

relative to variation. in th, •varas~ LH2 dqsity. Secondly, the ●cattatin~

dua to the LH2 •lon~ ia ●n ordarof magnitud~ grtatar than that dua to the
. ,

tars~t windows. It will ba ●-n bdow thatozha kculation of fa for full
●

Lt12 dmmity ●ro in reaoonabla ●ccord with Iti ba’am ummuramants.
*

.

-9-
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In any case the calculations of multiple scattering given above are not maant

to be more than raaeonable estimates of the true scattering.

,

The significant results of the EPA meaauremgnte are shown in Fig. 6..

The results are eparee owing mainly to trouble with the refrigerator, ●s

not,d ●bove. Figure 6 shows maasured value. of scattered fraction, f,,

V8 average bum Intanoity, IB, In vA. Data for four runo are shown

numbered from 1 to 4 In chronological order, In ●ch caue th~ rum w~r~

●bortad •ft~r short pariodot but wc laarncd to got mm. data in l~os tim~

in ths last two runo which wa con~idar most reliable. The mcaourad valuao

of f, for low b~am intmmity •r~ in rcaoonabl~ ●groammt with tha calculatd

valuaa shown in Fig. 6, namdy f. ●pproximately 0.15. In runti 3 ●nd 4 we

hava data ●t 24 ●nd 36 PA ●nd in run 3 wc & ona mea.urarnant ●t 48 vA.

At 36 PA tho ●vorago baam dissipation 10 ●pp;oximatoly 72 W. Tha ●ff@ctiv.

3 3volum la 2.8S cm which impliao 2S W/cm p8woz dol.~lty. Dy r~faranca to .
.

Fig. 5 wc concluds that ths data of runt 3 ●nd 4 wcra obtaina~ for 88% or
o

~rmtcr cffactiv~ hydrogan dmmtty in th~ path of tho beam. This la not ●
.

vary strong concluoionB but it WFOouf~iciant to tiva ua confidtnca that

tha prototyp~ oyotam wsc opcratins ●s w. hop’cd IQ would. LookinS ●t run. .-
4 ●lona would havs ●llowad ● ●trongar conclusion;

-1o-



of ● forcod conv~ction flow loop very tlmil~r to that deecrib~d herein,

lnataad of t~flon 0-rlngo AaroquiP cono~~al ~ointa are used throughout and

th~ targ,t ●,ction 1. of waldcd construction to replace the iridium oeals.

Th, loop can bc moved vertically to proaant naw aluminum window ●urfacao

to tho proton beam when radiation ddmage has occurred. A CVI turbino

‘8) ill provida 250w total rofrigaration powato which 1srafrigcrator w t

limitad by tho comprmoora which ●ra now in UHOwtth the

aystom. With propor compratooro tha rafrigarator itnolf in cnpfiblo of

●bsorbing 700 W ●t 20 K. It 10 ●ntiaipatcd that tho #y#tam will ba uaad

on SOM of tho first ●xpmimanto ●t tha LAP@?●ccdarator in July of this

y9ar.

W. would lik~ to ●aknowlsd80 our thank. to tha EPA acccl,rator crw

under Mr~ J. Buoick for th~lr mpport~ Mr. J. C. Mrtin providad much

help in s,ttin~ up tho ●quipmmt ●t tha EPA.

-.
‘,

,

●

.
.
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Figuro tiptlono

Schamatic diagram (plain viaw) of tho prototypa target ●ystom,

●a @@tup●t tha Elactron F’rototypo Accdsrator (EPA).

Drawing of th~ prototypa flow loop (alev~tion) ●liowing$

(a) host uchangar, (b)’LH2 P_aS (c) window vanturi

toot o~ction, (d) hmt@r#. .

Puaping capability of th. Glob@ VAX-3 blwara, nhowing flow

w MS voltago ●croca ●ach unit, for on~ pump only ●nd for

two pump. in e~rioso

Moaour~d 25 MV ●l,ctron baam profila at tha EPA. S@condary

doatron mrrmt (arbitrary unit.) va horizontal or vartical

pooition of ● prob~ wir..

8aatt*rad fraatton of ●loctton bkm w ●voraga baam intensity

~or LH2 tar$at loop full. Oywblo ●, indaxad m followo~ .

0 wn 11 ● run 21 X run 3. A run 4.
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