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The initial response .of a 1:100:2000 U~Na~Be Reactor, operating .at.a power density
of 1200 cals/cc/sec, to a sudden change-in the fuel concentration in the .circulating -carrier,
has been calculated on the assumption of constant inlet temperature and.no.delayed neutrons,

The results confirm that the peak temperatures and power can be accurately calculated by
ignoring the moderator temperature rise, and that the approach to the new steady state values
is given by the solution.of the linearized equations, - The slow moderator heating .implies that
the departures from the steady state are still large when the cartier and fuel have completed
one transit of the extetnal circuit. .

The assumption that the mean temperature is the arithmetic mean of inlet and outlet

temperatures .very nearly gives the true mean temperature peak but overestimates the maximum
power and outlet temperature excursions by 15%% and 7% respectively.
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Notation

Flow velocity

Channel length

Power density

Temperature

Excess reactivity due to a change in fuel concentration
Density

Specific heat

l/p Cp

mO‘oDH"Ul—'%
g

v/v

Carriet/moderator volume ratio

Power excursion

%—'F

Temperature excursion
X Fraction of power generated in moderator

Power transferred from moderator fot unit-volume .of carrier per degree temperature -difference

Distance along channel from inlet

ﬁq) [

Time

T Mean neutron lifetime

q -Complex variable occurring in the Laplace Transform solution.of the linemtized equations
qi i"th root of the secular equation for small disturbed motion

o Temperature coefficient.of reactivity

Denotes moderator
Suffix 0 Denotes initial steady state conditions
Suffix -m Denotes mean w.r. ¢, ’b‘

Suffix © Denotes.new steady state values

Assumptions

(D No delayed neutrons
(2) Constant power density along the thannel
(3)  Heat transfer coefficient and specific heats constant -along the channel throughout
.the disturbance
(4)  Density and temperature reactivity coefficients independent of position .along-the .channel
(5) No axial heat conduction



Equations

Power equation:

gtf !=‘—'rE ia“"“a(Tm“Tom)— " (Tm' = Topy) ]

Heat balance for catrier:
T
P+ K{(T'=T) = pC ("’ a2k
Plp oa,
Heat balance for moderator:

_ ey V. o'c t 4t
Xp§ - KI-D Y= 0" 4

The initial steady .state is defined by

P, f K(To'-To) = pCpay Lo
X Py = k(T' ~ To)

i.f-f.,; TO 1n + SP L(1+x) %

To' =Tin +"—1;—° + ol (1 +x) 2

In terms of the power and.temperature excursions.from the steady state,

dpe Po tPp o @ 4y )

S(p+ k@ -1)) = 2 +ar- %7,

SLxp-uI' -0 - HE

Approximate Solutions

By-assumingg-out = Zym the equations simplify to

(1
(2}

3

(6)



‘These equations have been solved numerically by step—by—~step methods -ﬁsing
.the first two derivatives in a Taylors Series Expansion with.time intervals of..01 sec,

for two cases. 4
@¥a' 2o, k =o
(&) X =05 k =.5505 cal/sec/cc/°C
" Case (a) implies no heat transfer from‘modérator to carrier, while the value of k in

case (b) was obtained by assuming .a channe] radius of 3 cms.and a heat transfer coefficient
of 6400 .BTU/ft2/he/OF, together with the following.numerical-vajues,

Py = 1200 calfcc/sec (R 5MW/lite)
T = 25x1074 sec
[ = 3,3 (cal/cc/°C) '
' = .85 (calfec/°C)y~"
L = 80 cm
' = 800 cm/sec
v/v' o= 287
@ = 52x1070  (q)

50 x 10-6  (p)

@' =  74x10-6

For both (a) and (b)

A = .04t o< t <.1

A = ,004 t 2.1

- corresponding to 2% change in.concentration.and.a density coefficient of reactivity of 0.2
Case (a) .

‘The results are sh.own in-Figs, 1 and 2 from AAEC/ARC/P29. ‘The new steady states are
given by : ‘

(T m) o

1]

A ®/a
Po = 207 (Im) o/LS

The lineprized equations give a quadratic whose roots imply a damped oscillatory approach
to the new values, The .damping factor 10(= U7/L ) and the half wavelength of .094 sec. calculated
from these roots agree well with the results'of.the numericai -calculation.



el

Case (b)

These results are shown in Figs. 1, 2 and 3 with-Case (a-) replotted on Figure 1 for
comparison,

The new steady states ate given by .

(o = ag/ (8% LAIOa+ o) ]
Imyeo = L0 by,
(Ja"y, = G‘; + —-i—————SLﬁ:")) f o

The linearized equations.give a cubic equation with one real and one pair of complex
roots with the following values, calculated for several values of ).

q|_1 4,3 14 wavelength
sec sec sec
0 -.3278 -10.81 ii_'28.88 .1083
05 —~.4354 —=10.75 *i 28.73 .1044
.10 =.5684 —10.69 *i 28.02 L1121

“The oscillation is .damped-fairly rapidly leaving a slow exponential approach to the new
steady state, essentially due to the slower heating of the moderator, For Case (b} a moderator
temperature disturbance falls to half its value -in.about 1.6 sec., indicating that the departures
from the new steady state associated with the altéred fuel concentration may still -be large by
the time the heated carrier returns to the inlet.

The discrepency between the maximum temperature excursions for (a).and (b) shown on
Figure 1 is due.to the fact that in (a) k = 0, and the value.of -0 is slightly different. The values
of Pat the time that o/ m is a maximum are approximately the same, and the ratio of the maxima for
(a) and (b) is very close to (1 + SKL/24U%) as would be expected if the difference is due to k.

It follows that in the approximate solution i.e. %ut = 2 T, the initial response is
calculated quite accurately by assuming constant moderator -temperature and including the heat
transferred from the carrier.

Exact Solution

‘To assess the accuracy of the assumption.that Tour = 2 T, Case (b) has been solved

exactly assuming constant moderator temperature, The relevant equations are



idig . Pg_*P(A_ 0 Jm) (1a)
t
stp - kd) 52y 4 -%—% ()

The solution of 2ain the general case is

J-s7 5ja%r) exp (—kS(e~1)dT +Tin (= :‘if) exp (~kS3/v)
t- 3 ,

For the problem in hand gin = o.and it follows that

-d__g.:.u_t = S(p —k Jour) - Sp(c -L) exp (~ kSLAM)

i'gtﬂ = Sth - k) ~ﬂ‘f Tout :

Thus an identical step—by—step method can be used-to determine yont.and'h The results are
shown in Figs. 4 and 5, and compared with the solution of (b). - The new steady state solutions —
which have little significance as §J' will not remain zero — are given by

Indp = Do/
(Joutd = () (1~exp(~ kSL/AM )/k
Po = kTmg / (1+ %r—sT{(exp(—-kSL/U)—l))

Both the maximum outlet temperature and the maximum power are overestimated by the
approximate analysis. The linearized equations.lead to an equation which has no real To0ts, so the
new .steady state is approached via.a number of superinposed damped oscillations. - These complex
roots have not been evaluated as the example becomes artificial with-increasing t, so the question
of stability cannot be answered, If the.oscillations are damped, -the ratio of Zfout/JIm approaches a
value close to 2, and it is inferred that in the exact solution of.the -problem in which.the moderator
temperature tise is included, there will occus a slow exponential .approach.to the new values
practically identical with that given by the approximate solution. -For futute reference, the secular
cquation for this problem is asifollows:

1l
.S 'y'l xX
T q +kS f-%'

q + Poof

¥ SPo a+“tksrlf) q+ks'¥r (1+X) . —L—q(q+k8'-‘£,)
qt 1= - . ¥V

'tV 1 vV 1V 5
¢S/ g sk(s4s' Iy ) 1+ S8 L) |
LA
exp - oL, q+kE+S yr) —l} = o
v oq4s'H



Conclusion

A similar investigation of the response following varying inlet temperature should
be carried out to assess-the reliability of the methods to be used at a later date in more

detailed investigations of kinetics. - In particular it should be determined if the approximate
solutions lead .to conservative results by overestimating the maxzimum excursions.
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