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Stability of the Functionally Heterogeneous Reactor

Yuichi OGAWA
Yasutomo OZAWA

Abstract

A practical and concrete method for analysing the reactor stability is derived. The
discrimination of the stability, the region of its existence and also the start-up charac-
teaistics are determined by considering the effect of the functional heterogeneity of the
reactor system. For this purpose, non-linear integral kinetic equations containing the
effects of the delayed neutrons, and of two internal feedbacks of quick and slow responses
toward the reactivity are set up and analysed by considering the effects of heat exchange
between the heterogeneous structual elements and of the coolant speed which were ignored
in V. N. Andreiev’s treatment.

The integral equations are transformed into four non-linear simultaneous ordinary
differential equations of the first order from which two important singular points are
produced, one corresponds to zero out-put and the other corresponds to a certain definite
out-put. Assuming the linear approximation in the vicinity of these singular points, one
obtains the quadratic algebraic equations at both points. These equations allow us to
discuss the stability of the reactor both at the starting point and the operating out-put
point.

These algebraic equations can be simplified in great deal under the condition of
C,> Cr> C,, where C,, C; and C, are the heat capacties of the moderator, fuel and the
coolant of the reactor respectively. Applying the condition of the Hurwitz’s polinomial
to the simplified algebraic equation we can obtain four crossing hyperbolas and one cubic
curve which determine the stable region of the reactor at the singular point which corre-
sponds to the definite out-put.

This theory was applied to a Calder Hall type reactor as an example. The results
of the numerical caluculation are presented in the form of diagrams.

The treatment may be useful for the rapid evaluation of the stability of the hetero-
genenus reactor at any operating condition.
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