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Abstract—The thermal neatron diffusion lengih in Tsowtheem-A has been mcasured al 200, 507, Boe,
LIO, 107, I30F, J00¢ and 230°C, By varying the peulron nbsorplien cross-section by the addition
of an crganic boren compound the neutran 4iffusion constant and Gifusion heating coostant were
dedermdoed at 20°, §0°, 140° and T0FC,

A theoretical model (anabogous (o the Melkin madel for wales) for neutron scalfering by protons
boand in p;:lgphmy]; bas been developed. The physical ercdel comprises & free translator of mass
T, = hindered retaticnal oscillator of effective mass 213 st an enerpy of 002 &V and two vibrational
ascillators al enecgies O-146 and 0-38 &V with equal masses of 2128, The predictions of this meddel
are io guudﬁmmm with the present experunental resulis for DowthermeA, with experimentzl
datn on the diffusion purameters of dipheny] und wirh resulls of neutron scattering law measurements

for Santowar-R. The sensitlvity of the predictions of the madel te the variation of mods PAramless
1] iJ1.1.'-=iI.'ig_:|.1.|:d.

1. INTRODUCTION

AMONG organic liquids the polyphenyls appear to be the most resistent to the decom-
posing effects of the combination of high temperatures and nuclear radiations present
if 4 nuclear reactor core. IT they can be successfully vsed, they have the advantage
over water that they have a much lower vapour pressure and do not therefore require
such mossive pressure containment.

In spite of their relative resistance to the offects of radiation and high temperature
early reactor experiments in which polyphenyls were used as modernator and coolant
showed an unacceptably high rate of preduction of decompesition products and
interest in the use of polyphenyls lapsed (Campaerr, 1966): more recently interest
has been revived with the concept of using the polyphenyl as coolant anly in a core
in which the main moderator is heavy water, In such reactors the neutron diffusion
bength in the coolunt is a necessury desipn parameter which must be aecurately known
wver the operating lemperature range. [t is also necessury to be able o prodict the eflect
on the thermal nevtron energy spectrum of passing from the {relatively) cool main
moderator through the hot moderating coolant before absorption in the fuel. In
arder to predict this latler effect it i3 necessary to have @ model to represent the ERErgy
exthange processes between neutrons and moderating coolant, Prior to this investiga-
tian the only other acourate measurement of the diffusion paramelers of Dowtherm-A
{a eutectic mixture containing 2657 diphenyl and 73-5% of diphenyl oxide by
weight) were made by KlOcuee (1960) using the pulsed neutron technique at four
temperaturcs up to 180°C, Bata, Kus and Pav (1958} measured the diffusion
length in Dowtherm-A using a Po-Be neutron source but the results differed eodi-
siderably from those of Kiichle and were of doubtful accuracy. The present work
was carried out in order to provide accurate data upon which & suitable physical
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rmodel could be constructed to represent the inter-actions between thermal neutrons
and polyphenyls.
i. BEXPERIMENTAL APPARATUS
The ﬂp:rmu:ntmgaistslemﬂla]]}- of the measurement of the fall-cff of the (thermal
nevtron population with distance when passi ng through the moderatar,
The source of meutrons for the experiment was the horizontal graphite thermal
column of the London University research reactor. The face of the column is 37§ in,
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quare and has & nominal thermal neutron flux of 10 n.om—2 see—1 when the

: ] : react
mhapeml:-:d at the full pawer of 100 KW, The fast (above thermal} neutron flux LJ:
about 3 per cent of this value. In order to reduce this ratjo a gruphite extension
stuc‘: l4 in, t:m:]{ was placed close to the access face of the column.

remotely operated movable cadmium shutter was Maced between the '

; : aphite
extension column and the measuring tank. With the shutter cloged, only &p:?-t;:EmﬂJ
u::utmnﬂ- could enter the tank and therefore the required effect due to thermal neyirons
alone w ' ' i
gy :;u;r:fmable as the difference between mewsurements with shutter open and

The measuring tank is shown in vertical sectiog in Fi
o ig. 1. It was made from } in,
nltun_mmu; plate (flh:lg.r type S1C) and was 38 in. wide % 30 in, long = 40 in, di-:p
and contained liquid to & depth of AT} in. The top of the tank had a 4 in. wide !’Iangr:
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to which were bolted two § in, thick sheets of Sindanyo (u hard asbestos-type maserial)
leaving a & in. wide slot along the centre of the tank. In this slot way placed the
mechanism for moving the neutroa counter.

The neutron detector was a ¥ fission chamber with a diameter of § in, and an
ective length of 20 cm. The chamber was suspended vertically from a hollow alu-
minjum block mounted on a travelling aluminium platform. The platforn rested on
paraliel flat and inverted “¢" runners. The runmers were fixed to a § in. sluminium
base plate which in turn was fixed to a § in. aluminium plate screwed to the tank in
the 6 in. space between the sheets. The block and platform wnit contained a fixed
brass nut through which passed a 30 in. long aluminium alloy screw with square threads
of 2 mm puch. Rotation of this screw by means of a flexible drive cuused the block
and platform, carrying the fission chamber, to move along the runners in a direction
radial to the reactor core, An indexing microswitch enahled the fission chamber to be
positioned remotely with an accuracy of better than 0-003 cm.

The tank was healed externally by means of heating blankets which were controlled
by a Honeywell “Servotronik™ O0—400"C wvisual display temperature coniroller,
actuated by a chromel-alumel thermocouple. Other thermocouples were distnbuted
within the tank 1o verify thet significani temperature gradients were absent and a
remolely operated sturmer was provided at a point far from the measuring region.
A thermostat was also incorporated as a safety device. The tank was insulated with
| in. thick fibre-glass pancly at the sides and } in. thick Sindanyo shect beneath the
tank. Cooling coils were ulso provided within the tank in order Lo reduce Lhe tempera-
ture after a set of measurements had been compleled. During un experiment the
temperature could be kepl conmtant to within 0-25°C and the temperature difference
between the various thermocouple readings was always less than thus higure,

Around the back and two sides and underneath the tank outside the thermal
insulation was fixed cadmium sheet 0-020 in. thick o provide a boundary ‘black’ to
thermal neutrons, The uncertainty in extrapolation length due to the presence of the
heaters and insulution between the tank and the cadmium causes an error of less
than 015 per ceat in the diffusion length of pure Dowtherm-A (Lhe worst casc),

The level of liquid in the tank was maintained constant (and hence the geometric
buckling kept constant) in spite of the expansion of Dowtherm-A by means of an
overflow pipe.

As protection ageinst possible fire hazard the wop of the tank and the counter
truversing mechanism were covered by a lid 11 in. deep joined to the tank Range by
a gasket of high temperature resistant silicome rubber and an inert almosphere of
ritrogen miintained above the Yiquid.

In order to monilor possible long-term fluctuation in reactor power, & BF,
counter wis fized to the framework of the shutter unit.

3. EXPERIMENTAL PROCEDURE
The diffusion lengihs for thermal nesirons in Dowtherim-A and in Dowtherm-A
containing soluble poison (trihexylene glycol biborate) were determined by measuring
the relaxation length for the thermal neutron flux. If higher hurmonics of the fux
distribution areabsent the flux fall off with distanoce from the soerce end of the lunk as;

$(Z) = A exp (—yZ)
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from which the diffusion length may be determined:
1L = u? = 4% — 2{nrfa)d

since in this case the extrapelated dimensions in the x and y directions are the same
{(=a).

A "negative source’ technique was used in which the difference between ‘shutler
open” and shutter closed’ gives the flux distribution in the tank due to 3 source of
meutrons at the cadmium shutter position having an enerpy less than the cadmium
cut-off energy (approximately 0-5eV), Since the thermalisation length for neutrons
of this energy range is substantially less than the diffusion length in the medium the
flux distribution in the tank is determined by the diffusion length of the medium and
does not depend on the slowing down properties.

In order to test the harmonic content of the neutron flux entering the tank the
fux distribution on the face of the tank was measured by the activation of gold foils.
The measured fluxes could be fitted by a cosine distribution and no higher harmonics
were detected, In order to obtain low statistical errors for each experimental point
in & reasonable time quite high counting rates were required and careful measurements
were therefore made of the dead time of each counting system. Counting rates were
measured with the fission chamber at five different positions in the tank at each of
the seven reactor power in the range 1-100 kW. The monitor counting rates were
also recorded at the same time,

Assuming that the reactor power, during a refatively short experiment, is propor-
tional to the irue counting rate, we can write

G XP
and therefore C; = KP/{1 4 KP7)

where P is the power in kW,
K is the constant of propertionality between power and the true counting rate,
T 15 the counting system dead time,
C is the true counting rate and C, the observed counting rate.

A least squares fit of C; against P was used to determine r.
The values obtained were:

Fission chamber =587 = 006 e,
BF, monitor T = &-14 4 0-08 psec.

Measurements of the flux distribution in the tank were made for 15-30 positions
extending over 2-6 diffusion lengths depending on the counting rates and poison
concentrations. At each point sufficient counts were taken to give a statistical error
of less than 05 per cent on “he difference count rate (shuteer open-shutter closed),

Foisoning of the Dowtherm-A was carred out by the addition of tri-hexylene
glycol biborate, commercially known as Borestes-7, The poison was added via a
lin. dia. hole drilled in the top cover of the tank; uteach poison concentration samples
were tiken of the poisoned liquid, by meuns of a long pipette, for subsequent analysis
for boron content.

The messurement of the boron concentration was carried out by u double beam
infra-red absorption method using the eharacteristic absorption frequency of the
B-0-B bond at a frequency of 1412 em2.






























