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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. Edeskuty
J. H. Fretwell, J. T. Martin and H. Ficht

ABSTRACT

A forced convection target system is being developed for use at the
Clinton P. Anderson Meson Phyeics Facility (LAMPF) which will produce
neutrone by bombarding liquid deuterium with a proton beam via the pro-
cess p+d > n+ 2p. The work described herein discusses the design and
operating characteristics of a prototype uni; designed to operate with
a heat input of 200 watts. Data are presented on the operating charac-
teristica of the unit using 1iquid hydrogen with heat disposition from
both electrical heaters and from an electron beam of 25 MeV which has a
time structure and 1nioniity similar to that of LAMPF. Electron beam
energy depositions of 25 H/cn3 were achieved, Using data obtained on
these tests a final target system has been designed and will be briefly

discussed.

r: .
This work performed under the auspices of the United States Atomic Energy

Commission.

ROuari URAFT

LASL-AEC-OFFICIAL

LASL-AEC OFACIAL



FQ(:}iab(ﬁ _:d‘w :ﬁ

: A
Prototype Tests on a 200 Watt Forced Convection

Liquid Hydrogen/Deuterium Target
by

K. D. Williamson, Jr., J. E.'Simmons, F. J. Edeskuty
J. H. Fretwell, J. T. Martin and H. Picht

I. Introduction

A forced convection target oyetém is being develcped for use at the
Clinton P. Anderson Meson Physics Facility (LAMPF) which will produce
neutrons by bombarding liquid deuterium with a proton beam via the pro-
cess p + d + n + 2p. Incident energies will vary in the range from 300
to 800 MeV. This neutron source is favorable from two points of view:

1) at zero degrees the emitted neutrons have a small energy spread and
good separation from lover energy neutrons associated with meson pro-
duction, and 2) nt;an angle near 26° the neutrons are emitted with a

spin polariszation averaging 30X and with a dogradod but usable eanargy
spectrum. To obtain an 800 MeV neutron ;lux of 1074Kcm2-|oc) at 8 meters

L

from the source will require 84 WA proton beam passing through 15 cm of tbz

vhich implies 500 W dissipation in the do;tovium. This value of beam .

dissipation has been used as & design goal An our earlier planning. For

various reasons we have lowered our oightt'and we are nov aiming at a

goal ! 150 W beam dissipation capadbility at negligible deneity variation.
In the past relatively ‘few accelerators oforating at medium and high

energy had sufficiently intense extaernal beams to require special considera-

tion for heat removal from LH ta:.oto.' An o;eoption is the SLAC high

2
energy electron linear accelerator, where external beams of 15 uA are
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accelerated. Sinca the area of the SLAC beam is ;mall. approximately
0.25 cmz. high power density is created in a target substance, and for
cryogenic LH2 targets reduction of liguid density occurs owing to vaporiza-
tion in the path of the beam. Two approaches have been used at SLAC to
circumvent this problem. Ander.on(l) described a target in which en-
hancement of natural convection was u;ed to remove heat from the inter-
action region. Subsequently, Bell et‘al.(z) described a forced convection

1}

target in which LH2 is driven througr a closed loop dy a fan. Part of the

loop comprised the target cell and part was in thermal contact with a LH2
reservoir where the deposited heat was extracted. With this system density
variations were reduced to less than 1X.

Klil.t(3) has made calculations of thermal conduction in LH, being

2
driven by heat input from 60 MeV electron beams. He investigated the
temperature rise in éylindrical éoomotry in which the outer radius is
that of the target cell, maintained at a fixed reservoir temperature.
Effects of convcctioﬁ vere not considered. HNe found that relatively small
average beams of approximately 1 LA could ceuse 10°C temperature increases
in the interaction cylinder, for rsasonable geometries. An implied con-
clusion of this work is that tho;nnl conduct?;n alone Js not adequata to
remove che hoat deposited in LHz.by rolctiviatib eloctron beama greanter
than 1 uA intensity. : ' .

In this paper the chnrnct;riotici of n'érotoiypo target designed to
operate with a heat input in the neighborhood of. 100 to 200 W are dis-

cuesed. Data are presented on the operating characteristics of the unit

using liquid hydrogen with heat depoeition from both electrical heatere
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4..
and from an eleccron beam of 25 MeV which has a time structure s:milar to

the LAMPF beam. In the electron beam experiments energy depositions of

approximately 25 w/cm3 were achieved.. Using data obtained or these tests

LASL-AEC CEFICIAL

the final target system was designed and will be briefly discussed.
fhe basic objectives of the prototype flow\loop tests were the
following: '
(a) Confirm the design of tha haat exchanger between the LH2 and
the GHe heat sink.
(b) Provide operational data on the pumps used for LH2 circulation.

(c) Study effect of energy deposition by an electron beam with

emphasis on the question of vaporization at high power densities.

II. Equipment and Instrumentation

A schematic flow diagram of the system is shown in Fig. 1. The major

components of the system are the compressors, purifier, gas holder, Collins

refrigerator, vacuum jacketed transfer lines between the flow loop and

L

refrigerator, the prototype target loop and associated beam diagnostic

equipment. "
The 200 W helium refrigerator used was gollino unit modal CHC-14.

The inconing high péoonuro varm gas is firlé progrossively cooled within

——the main heat exchanger by the eooler outgoing helium gas and by LN, used
- —  — — - - - > >  ° 2 "

——dn a precooling coil, It is then expanded to its final temperature (14 K)

—4n two reciprocating expansion engines. This cbld gas is then piped to

LA AEC JFFRT

the load where it picks up heat And.io then returned to the refrigerator.
Aftex going through several heat ouchnn;oro'the wvarm low pressure gas is

compressed and the cycle repeated.
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. 4
A representation of the prototype flow loop is shown in Fig. 2.

The major components of this system are thc LH2 = GHe heat exchangers,
the LH2 pumps, a venturi/target test section and a series of three heaters

to provide a load for testing the refrigerator when not in use at the

LASE AFC . JHFICIAY

Electron Prototype Accelerator (EPA) and for Salhncing the beam lcad with
the refrigeration capacity. Instrumentation consisted of a microphone

to monitor pump operation, proo.urejgaugo.. carﬁon resiscor temperaturas
sensors and carton resistor level sensors. The stainlcss steel flow loyp
held approximately 13 liters of LH2 == this volume being partly a rasult
of the fcct that the pumps were fans capable of only a 2 mn Hg pressure

differential. The system was sirzed to xeep within this AP limitation.

The pumps used were submersible 3-inch blownro.(‘) They utilisze
three phase motors ‘that operate from 10 to gO volts depending on torque
requirements. Sp.‘dl vary from 300 to 3500 rpm. The ball bearings are
non-lubricated with a non-metallic retaider.

Two cell ooctiono'varo used. The firdt wae a ventu:l usad to cal-
ibrate the pumps. The second was the thin.a]um#nun window test section.
The windows were hydro—for-od(s) from flat 1100 aluminum sheets and each
had a final thickness of 0.0075 ca. The viﬂdow aperture was rectangular
in shape, being 13 ca long and.z.s c|a vidc: They were dish shaped to pro-
vide a relatively emooth flow passage for the Lﬂz meving through the cell.

The seal between the window end flow channel wps made by comprassing

LASL-AEC -OFFICIAL
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a 0.16 cm diameter Cerroseal (low temperature indium solder) O-ring.
It was necessary to use a new (-ring each time ths window ,_  :eplaced.
Self-energized, teflon-coated O-zings were used to attach the cell gections
to the flow loop. Theee rings leaked on uevoril occasions and would not be
recommendad foi uaze on the final target systeun.

In the countercurr it GHe-LH2 h;at oxchangof the cold gaseous hslium

twenty-two

pesses through thc/ 1 ca inside diamdter copper tubes in perallel wvhile
the Laz flows in the annulus around the ovtside of the tubes. Also attached
to the heat exchanger saction ware three, 300 W, heateri which
were uscd to simulate beam heat input during the initial testing. The
calculated heat transfer coefficients were 0.21 w/(cnz- K} on the Hz
side for a flowrate of 38 kg/win and 0.014 H/(cnz-x) on the helium side
at a flow of 0.015 gclnin. The overall heat transfer coefficient, U, was
0.013 H/(cuz-l). With a log moan AT ot.3 K this should provide a heat
removed capability of 260 W. It should be ?otod that the controlling
coefficient is on the He side. With a latger refrigerator and compressor
the heat removal capability of the heat .xéhnn;cr should impreve until
the He coefficient becomes comparatle to that on the LH2 side. The heat
exchanger was designed so that it could be écnqvod eanily from the loop
without dissembly of the loop.

The gas handling system pfovided the pcplbli.lity of £111-
ing the loop directly with LH2 or bty gas condensat{on on the heat exchanger.
Safety relief valves were installed both on the flow loop and vacuum

jacket. Most of the gas handling valves v-fn 110 V remotely operated

solenoid units. The vent lines ware sized to miniamize tha pressure
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rise in the system in case of a vacuum failure.

_______ Since seven hours was required to condense the loop full of LH2
this technique of filling was not used after the initial runs. In
general the loop vas purged and maintained under positive gaseous helium
pressure, the refrigerator started ;nq the cooldown allowed to prcceed

until le temperatures vere obtained. ‘At this point the gaseous helium

was rsplaced with LH, from an exterual storage vessel. As the liquid d

2
began to subcool the electrical heaters were adjusted to maintain the

2

desired degree of subcooling.

Throughout this experimental program difficulty was experienced with
the operation of the rofrigcrltpr. Premature shutdowns resulted from
repeated seizures of the pioto‘o in the rxpansion engines. Installation
of a LHZ trap on tho'Gﬂn line to remove uo&n and other possible con-

»

capinates did not solve the prodlea.
III. System Performance "

The operating characteristics of the blo?nro are shown in Pig. 3
for both a single unit and two unite in seriqs. To achieve maximum flow
in the series configuration a vege straightening section was placed be-
twveen the blowers. . ‘ : .
The fluid velocity required to move a partiélo of.n2 across the beam path
between 8.3 meec beam pulses {s 100 gn/hoc; It 1s desirable to operate at
velocities in 2xcess of this to ensure that new fluid is in the path of

the besm for each pulse. The gaseocus-helium liquid-hydrogen heat

-6-
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exchenger performed as expected. Atta naximum.qxperimentnl total heat

removal rate of 175 W no degradation of performance was noted. Witnh 175 W

being removed by the heat exchanger, the LH, temperature was 19 K. This

2
value lowered to 18.5 K at a 135 W ré-ovnl rate. Depending upon the

helium overpressure applied to thg top of the loop several Aegreces of sub-
cooling could be achieved.

The 0.0076 cm aluminum windows were rupture tested to determine the
pressure rise in th) sys.em following window feilure. It wns necessary to
provide a puncture unit since the windows maintaiued their integrity at
pressures in excess of 160 psi. Follcwing rupture of the window che vaporiza-
~ion of LH2 caused a peak of 30 psig in the contairwnt vessel approximately
one second after the break. The containment vessel had a volume of 530 liters

and was qquipped with a 1 pei relief valve.

IV. Tests in the 25 MeV Electron Bean

The Electron frototypc Accclerator (EPA) was built at Los Alamos to
test the side coupled linear nccolcrator'cnvity design and to provide
a target testing capnbility at high beanm pévcr. The time structure
of the EPA electron beam was the same as the LAMPF proton beam, namely
300 msec macro pulse length a. 120 He repetition rate and a guperimposed
200 MH: radio frequency. Beam intengity was likewise comparable,
| }angihg up td 1 mA average. |

_rijure 1 shows a plah Q$t§ of the inlélllltion ,€ the EPA. The electron
beam enters a collimator from the riaht-h‘ﬁd oihc of the figure, directly
from the accelerator without focussing. -The graphite collimator has a
dismeter of 0.9 cm, its purpose boin; to confine the beam to a fixed

region of the target. Two beam measurement devices are placed after the

-7-
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‘.
collimator, namely an x-y wire .canne; for profile measuremerit and a
toroid beam transformer for measurement of the peak current in the macro-
pulse.

The beam then enters the cryostat vacuum enclosure and passcs

throﬁgh the target cell. A fraction of the beam will be acattered by the

vindows and hydrogen of the cell and’ vill be collected on an annular granhite N

electrode called the beam scraper. The electri:al signal from this
electrode may readily be measured on an oscilloscope, and hLas the

characteristic R-C rise and decay time characteristic of a rectangular

current pulse charging & cable capacitance with resistive termination.
That part of the beam not collected on the beam scraper is stopred in the
final graphite beam stop. Both scraper and stop were water cooled.

The systea vas aligned by. optical observation of burn spots made by
the beam and by oburvationl'on beam _ube c.nters. The center poeition
of the x-y .cming vires vu observed l;ld calibrated. The shape of the
beam was that qf an olhonutod .oval with lo;u axie vertical. Figure
showvs an example of the measured profile Uu one of the runs. The area
of the beam was approximately 0.5 cuz at a section corresponding to
1/10 a.ximum intenmity.

The electron beam deposits neat in the ﬁar;ot cell by energy loss in
two each 0.003-inch aluminum vindovs ard 1n 5.2 cm LH,. Using standard
tablu( ¢) for collision energy léu at .25 Ho\.! incident energy, we have

AR = 1,94 MeV in LH, end AR = 0.073 MaeV in both foils, for a total energy

2
loss 2.013 laV. One micro ampere aversage ‘bean then deposits 2.0l watts

into the target cell.

LASL AEC OFFICIAL
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In passing through the target a fractisn cf the beam 18 scartered by
multirle Coulomb interactions. A major part of the scattering is due to

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

density of hydrogen in the beam patb. By use of an approximation formula(7)

the multiple scattering can be estimated as follows: eRMS = 2,38° from

5.72 cm LHZ’ and eRMS = 1,20° from 0;020 cm alutinum, for 25 MeV electrons
incident in both cages. We define the angle Ol,to be the angle subtended by
the inside radius of the annular beam scraper which “or our geometry was

61 = 4.19°. The probability of multiple ccattering at or beyond the angle

91 is given by exp ( - Bileﬁns). This probability gives the fraction,fa. of

2

indicent beam lcascrod to 01 or greater. A measurement of fa gives eRMS

which may be related to the average LH2 density by the multiple scattairing

formula.,
Figure 5 shows the calculated values of fraction of berm scattered,

»

The curve includes the effects of the windows, as measurad. Also shown on
the figure ara three measured values of f. ior the empty target coll. The
curve indicates two things. First there is a reasonable sensitivity to f.
ralative to variatioh. in the average LH2 doﬁ'?ty. Secondly, the scattering
due to the LH2 alone is an order of magnitude greater than that due to the
target windows. It will be .oen‘bolqw that the %alculntion of f. for full

LH2 density are in reasonable accord with low beam messurements.

*

f , as a function of the fraction of normal LH2 density in the path of the beam.

S
~ ~
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In any case the calculations of multiple scattering given above are not meant

to be more than reasonable estimates of the true scattering.

The significant results of the EPA measurements are showa in Fig. 6.
The results are sparse owing mainly to trouble with the refrigerator, as
noted above. Figure 6 shows mcasured values of scattered fraction, f..
vs average beam intensity, IB' in YA, Data for four runs are shown
numbered from 1 to 4 in chronological order. 1In each caue the runs were
aborted after short periods, but we learned to get more data in less time
in the last two runs which we consider most reliabie. The measured values
of f. for low beam intensity are in reasonable agreement with the calculated
values shown in Fig.'6. namoly'f. approximately 0.15. In rune 3 and 4 wa
have data at 24 and 36 UA and in run 3 we Bavo one measurement at 48 LA,
At 36 LA the avorage beam dissipation is npp;oximntoly 72 W. The effective
volume is 2.85 cm3 which implies 25 W/cm3 power der-1ity. DBy refarence to
Fig. 5 we conclude that the data of runs 3 and 4 were obtained for 88% or
greater effective hydrogen density in the path of the beam. This is not a
very strong conclusion, but it was sufficient to give us confidance that
the prototype system was opora;ina as ve hoﬁ’d ie would. Looking at run
4 alone would have allowed a .trongo£ conclgnion:

Using the data obtained from these experinents a new target system

has been designed for experiments at LAMPF, 'lriitly the new system consists

FICTIAL
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4
of a forcad convection flow loop very #imilar to that described herein.

Instead of teflon O-rings Aeroquip Conoseal joints are used throughout and
the target section is of welded construction to replace the indium seals.
The loop can be moved vertically to p;ooont new aluminum window surfaces
to the proton beam whan radiation &lmago has occurred. A CVI turbine

8 \
(%) will provide 2350 W total refrigeration power, which is

refrigerator
limited by the comprodoorn which are now {n umc with the
systom., With proper compressors the refrigerator itmelf im capable of
absorbing 700 W at 20 K. It is anticipated that tha system will be used
on some of the first experiments at the LAMPF accelerator in July of this
year.
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Figure Captions

Mgure

Figure

Figure

Figure

Pigure

Figure

1.

2.

3.

4.

Schematic diagram (plain view) of the prototype target system,
as setup at the Electron Rfototypo Accelsrator (EPA).

Drawing of the prototype flow loop (elevation) showing:

(a) heat exchanger, (bg sz pumps, (c) window venturi

test section, (d) heaters.

Pumping capability of the Globe VAX-3 blowers, showing flow
ve RMS voltage across each unit, for one pump only and for
two pumps in series.

Measured 235 MeV electron beam profile at the EPA. 8Secondary
eloctron current (arbitrary units) vs horizontal or vertical
position of a probe wire.

Calculated valves of scattered fraction of electron beam vs
rolativo.hydrogon Jonoicy. Also shown are three measurenents

of traget empty fractions.

Scattered fraction of electron b‘nn ve average beam intensity

for Lﬂz target loop full. Symobils are indexed as follows:

O run l} @run 2§ X run 3, 4 run 4.
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