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The nonuniformity of the temperature distribution in an LMFBR leads to

dif ferential thermal expansion of the walls of an assembly hexcan. These

thermal expansion dif ferentials cause the hexcan to distort or "bow." Conse-

quentially, the assembly experiences a spatial displacement, which results in

a change in reactivity for the core. A computational model .to calculate the

reactivity feedback due to material displacements induced by assembly bowing

effects has been developed.

Since the displacements are quite small, on the order of 1 cm or less, no

additional transport effects are to be expected, and the traditional tools of

LMFBR neutronics analysis are applicable. I t w i l l therefore be assumed that

the analysis can be carried out within the context of multigroup diffusion

theory. I t can further be assumed that f i rst-order perturbation theory can

be employed i f care is taken to avoid the mathematical anomalies discussed

recently *ln the l i terature. 1* 2* 3

The major d i f f i cu l t y , in this case, in u t i l i z ing f i rst-order perturbation

theory is the evaluation of the reactivity integral for the distorted geometry.

A straightforward method is to project the perturbed material distr ibution

onto the same mesh used to define the unperturbed material d istr ibut ion. The

disadvantage of this procedure is that because the reactor material d istr ibu-

tion is discontinuous, the materials must be rehomogenized. What was a

homogenized fuel region may now contain bits of blanket and control material.

We avoid this d i f f i cu l ty by use of an alternative approach.

The central idea is to recognize that the core materials themselves have

not been perturbed, but only displaced. The key to the new approach is the

application of a coordinate transformation on the reactivity integral for the
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perturbed state. This coordinate transformation is the Inverse transformation

of the physical displacement of the assemblies, and maps the material distri-

bution back into its original unperturbed state. In first-order perturbation

theory, the flux 1s assumed to be unchanged by the physical perturbation ano

remains stationary with respect to an unperturbed coordinate system. However,

when the above coordinate transformation is applied, the assumed stationary

flux appears to be shifted with respect to the new coordinates. Therefore,

what was a shift in the discontinuous material distribution has been trans-

formed into a shift in the continuous flux distribution. The small perturba-

tions to a continuous quantity may be evaluated more easily than perturbations

of Identical magnitude made to a discontentuus quantity.

In practice, however, the flux distribution is not a continuous function

but is represented by a discretized function in the context of the finite

difference approximation. Therefore, it is necessary, for this application,

to develope a continuous representation of the flux from the results of a

finite difference calculation. A locally defined polynomial expansion can be

made for each axial slice of each reactor assembly. A polynomial function of

two variables is used to represent the flux distribution in the radial plane.

The axial variation is represented by a polynomial in the axial variable, and

is used to modulate the two dimensional radial distribution. The polynomial

representation should preserve all the Information which can be obtained from

the finite difference solution. Therefore, the polynomial representation is

constrained to preserve the average group flux in each triangle of the trian-

gular mesh on which the finite difference equations are solved. In addition,

this approximate representation must preserve the radial and axial neutron

currents. The Imposition of the above 14 conditions (6 average fluxes + 6
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radial currents + 2 axial currents) per group ensures neutron balance for the

critical condition.

A code which embodies the above method has been developed and implemented

at Argonne National Laboratory. The code, entitled BOWPERT (BOWing PERTurba-

tion), is interfaced to the DIF3D1* diffusion code, in order to obtain flux and

adjoint distributions, as well as the bowing analysis code NUB0W-3D5 from

which assembly displacements are obtained. BOWPERT has been used to determine

the bowing reactivity feedback distribution for various LMFBR core designs.

The bowing reactivity distribution presented in Fig. 1 for a representative

design of an LMFBR core typifies the results obtainable from BOWPERT.
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Fig. 1.

Scales:

-y- 0.508 cm Gap/Displacement

Jmm\ 2687 Nt Contact Force

Legend:

C » Driver Assembly
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Total Bowing Reactivity Worth
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Relative Bowing Reactivity Distribution for
Representative Heterogeneous LMFBR Core.
Bowing Induced by Raising Temperature from
Hot Standby (650°C, Isothermal) to Full
Power (930°C, Outlet), (Arbitrary Units)
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