UNCLASSIFIED

AAEC/E30

AUSTRALIAN ATOMIC ENERGY COMMISSION

‘A NOTE ON THE RESPONSE OF ‘A CIRCULATING FUEL
REACTOR TO RANDOM FLUCTUATION IN FUEL
CONCENTRATION

£y

ﬂe ’-Sc j'ﬂ.ampaan

-Summary

‘A simplified model of a Uranium — Sodium — Beryllium circulating fuel reactor
has .been analyzed to determine the root mean .square power .and temperature fluctuations
.due to random vatiations in-the inlet fuel concentration.

The results-indicate that limits .of 2% on the fuel concentration .should reduce the
mean squate power excursion, due to this.canse, to-less than %%, -

The calculations are based on assumptions only,.as regards the specification.of

the statistical nature of the fuel concentration, .but the .method.can.be used to obtain more
realistic estimates when experimental .evidence becomes available.

November, 1956.
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NOTATION
Power level
Power excursion
Mean neutron life time
Fuel density coefficient of reactivity
Density variation from mean (fractjonal)
Temperature excursion
Temperature coefficient of reactivity
(mean fluid .density X mean specific heat)—1
Power transfer coefficient, due to heat transfer to moderator

Time

Distance .along channel from inlet

-Fluid velocity

Channel length

Transfer Function — ratio of Laplace Transforms
Angular frequency

Spectral Density

Correlation Function

Number of chanrels

Mean duration of constant density

Mean constant density.length

Mean square power excursion

Mean square inlet density variation

Denotes mean over a channel

Denotes .channel

i orin Denotes inlet to channel

O or out Denotes outlet to chapnel






INTRODUCTION

‘It is to.be expected that the concentration of the fuel suspension.entering the moderator
channels in.a Uranium — Sodium. circulating. fusl .reactor will -fluctuate in.a random fashion.about
-a-mean value, because .of the various physical processes possible in the external circuit. Until
experimental evidence is. available -, there is no possibility of useful calculations, .but.the
necessary techniques.can be established'and .some idea .of the size of the effoct obtained. by the
-analysis.of a simple model. Together with the results.of .caleulations .on the effect of sudden
density changes for the same -model, .théy ‘may help in.the .choice of permissible limits. -

THEORY

‘Consider first.a reactor -with.constant power density .along all .channels, .all physical
properties constant, constant.moderator .and inlet.temperatures .and no.delayed neutrons. «Assuming
that the weighting functions for reactivity changes:due to fuel concentration.and fuel .carrier
temperature changes are independent of position, .and that the power and temperature .excursions
-from the .mean.steady state are small, .the .governing .equationsare
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The Transfer Functions relating power and temperature excursions to the mean.density
change are therefore

Y(,p) =522 /D | 3

Y(g,Jm) = CSP"( k)L @+ ¥ (q +k8)7T [exp (~(q +kS) L/ ~11)/D 4)

Y(qsgout) & ‘:,?—PQ (q +kS)~1 (1~ exp(—(q +kS)L/1) }/D (5)
with | |

D= q+ %PS(qeke)yl (147 (q+ksy1 (exp(-(q+kS) L/) 1) ] )

If the density fluctuations at inlet.and.outlet-to each channel are stationary random processes,
then since
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the power spectral density of .a channel mean fuel density fluctuation.can be written in terms of
the inlet and outlet power spectral densities.
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where

Xiolw) .= —-2.,; jquio (T cos(wT)AT
(¢

etc,, the correlation functions being.defined by

Rip (T) = Lim 2T f Lialt) Pout (t -|-'T)dt
T ® ,

For a reactor with n channels, the power spectral density of the overall mean fuel
density fluctuation is

X@ = L 3w - ©
1

n

-As all-channels are fed from the one source it is reasconable to assume that X (@) etc.,
are the same for all channels. Thus
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The mean square power and temperatuce excursions are now calculated from
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etc,, when, -from (3)-(4).and (5)
Yo, py 17 = (L2 (252 +02)Y/z (12)
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APPLICATION

It is necessary to.assume some form for the spectral densities to perform the
integrations .indicated by .equations (iI}. etc.,’ in the absence of .experimental evidence.
For this purpose it will be assumed that an ever.changing density pattern moves con—
tinuously -along.a channel with velocity . This. pattern consists .of random lengths of
.constant independent .random fuel concentrations. .It is therefore generated by random inlet
fuel density changes occurring.at tandom intervals.as.shown below.

=TT |

Pout(t) = Pinf *qu)

and .from (8).and the definition.of the correlation functions,

Thus

Xekw) = ZGER (1-cos(9E) I, 16)

Ifiit is further assumed that the density changes.are independent, and.that the probability
of a change in time dt is proportianed.to.dt, ( = Adt), then the . .changes have a Poisson distribution.
The .constant Ais. equal to 1/T:where T is the mean time duration of 2 constant inlet.density length,
-This .distribution is:.chosen for. sxmphcxty, -and because it applies to traffic and telephone calls, .which
have some similarity to the .problem in hand.

‘Thus )
= _lr..___.._... 2 .
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and the integrals become
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These have been evaluated for.a 1:100:2000 'Uranjum ‘— Sodium — Beryllium system using
ithe .following -values, leaving n unspecified.
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‘Po = 1200 cal/cc/sac.
c = 02
T = 25=x 10-4 sec,

a = 53x 1070

k = .5505:cal/cc/sec/OC
S = 33 (calfce/oC)]

L = 80 cm

AF = B800.c¢m/sec.

The results ate shown in'Figuses 1.and .2 for.a 1% root mean square inlet density
fluctuation, but.are .applicable .only.if P/ Po is small. -

:For the system chosen, the mean temperatuse is 500°C.and @ fuel.chahinel radius of
‘3.cms makes .0} about 7. ‘Thus from .Figure 1, a 1% root mean squaze density fluctuation will
‘never.cause the root mean square power excursion not.the root mean square mean temperatute
excursion to exceed about.3% and 1% of their.mean.operating values respectively. - These figures
can be considerably .reduced if the mean constant.density length is made.small,\and 1.cm.length
gives values of 0.6%.and 0.2%. The outlet temperature refers only to.the exit from the channels
-and.is not.immediately significant from the point.of view .of the external heat.exchangers.

. +An upper limit.of 1 2% on.the peak density fluctuations.would :almost certainly imply .an
£.m.8. value less than 1%, as the r.m.s, value for:a rectangular probability density function between
t 2% is'1.16%. - Thusthe conclusion .can.be .drawn.that, :for the model.chosen, limits.of .+ -2%-on
the density fluctuations would keep the r.m.s. power.and mean.temperatuie .excursions below:14%
and'1/6% of their.mean values, .if the mean constant densityilength is not greater than Licm. It:is
-believed that these values.are pessimistid, since the appropriate value‘of:n%:? f6rc3 cm, radius
.channels is almost.certainly greater than 7. . :

‘Although the probability .distributions .of the magnitudes have.not been specified, an ;assumed
normal distribution for-the power fluctuations, with.a r.m.s. value of }4%:, indicates that the power
excursion would .exceed 2% for.only 1/10000 .of the operating time,

{GONCLUSION

‘The results apply .only to.a particular.system under one .set of operating conditions, .but the
forms .of the functions involved will enable the trends to.be assessed. Theianalysis puts.on.a
quantitative :basis the intuitive idea that the effect of density fluctuations .canibe minimised by
increasing their frequency and the number of fuel.channels.
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