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Fig. 1. Curvature circle diagram.
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K1 BAESINSIERS N TR AR (A7 105 em™3)

Table 1. Neutron density change of linear introduced reactivity in reactor (unit: 103 cm™3).

AL K% B VRPN /ETAFS Uk AR i

h = 0.0001 s h=0.1s h=1s h=0.1s h=1s h=0.1s h=1s
0 1.000000 1.000000  1.000000 1.000000  1.000000 1.000000  1.000000
1 1.231589 1.231704 1.231864 1.232148 1.237365 1.231588 1.231488
2 1.452070 1.452286  1.452588 1.453125  1.462976 1.452068  1.451878
3 1.662077 1.662385  1.662810 1.663573  1.677523 1.662075  1.661807
4 1.862212 1.862601  1.863132 1.864096  1.881657 1.862209  1.861871
5 2.053039 2.053501  2.054123 2.055265  2.075991 2.053035  2.052637
6 2.235093 2.235620  2.236319 2.237617  2.261102 2.235089  2.234638
7 2.408879 2.409462 2.410227 2.411662 2.437533 2.408874 2.408378
8 2.574871 2.575504 2.576323 2.577877 2.605797 2.574866 2.574331
9 2.733520 2.734197  2.735058 2.736715  2.766377 2.733514  2.732946
10 2.885249 2.885965  2.886860 2.888605  2.919729 2.885243  2.884648

2 MRS BIVERS v T AR (B4 105 em™3)

Table 2. Neutron density change of step introduced reactivity in reactor (unit: 10° cm™3).

1AL FHf fige iR YEERPN /ETAFS BEdIVETALS

h=0.01s h=0.1s h=1s h=0.1s h=1s h=0.1s h=1s
0 1.000000 1.000000  1.000000 1.000000  1.000000 1.000000 1.000000
1 1.226902 1.227013 1.227253 1.227548 1.233592 1.226901 1.226771
2 1.440934 1.441143 1.441596 1.442152 1.453543 1.440931 1.440687
3 1.642824 1.643121 1.643761 1.644547  1.660649 1.642820 1.642474
4 1.833261 1.833636  1.834440 1.835429  1.855661 1.833257  1.832822
5 2.012897 2.013338 2.014286 2.015452 2.039284 2.012892 2.012379
6 2.182342 2.182841 2.183915 2.185234 2.212184 2.182336 2.181755
7 2.342175 2.342724  2.343907 2.345358  2.374987 2.342169  2.341530
8 2.492942 2.493535  2.494808 2.496373  2.528283 2.492935  2.492246
9 2.635156 2.635787  2.637137 2.638797  2.672626 2.635149  2.634418
10 2.769303 2.769965  2.771379 2.773119  2.808540 2.769296  2.768529
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Abstract

The point kinetic equations are the system of a couple stiff ordinary differential equations. Many studies have
focused on the development of more advanced and efficient methods of solving the equations, such as the high order
Taylor polynomials method, the Haar wavelet operational method, the fractional point-neutron kinetic model method,
the basis function method, the homotopy analysis method, and other methods. Most of these methods are successful
in some specific problems, but still have, more or less, disadvantages. For example, the accuracy of the Haar wavelet
operational method is limited by the collocation points, and it needs more computing time for a high precision. Aiming
at the requirements that some numerical calculation results must have the higher precision and only the positive error
in the nuclear reactor safety engineering and ship reactor for the maneuverability, in this paper we try to look for a new
numerical method to satisfy that the calculation value is slightly higher than the real value when the actual curve is
upward convex or downward concave, and the error is not greater than that by the Euler and improved Euler method.
The new method is so-called the curvature weight (CW) method, which is based on the curvature circle method and
considers the contributions of two curvatures at the interval step point to the average curvature inside the interval step.
Using the decoupling method to remove the stiffness of equations and the instantaneous jump approximation to derive
the neutron differential equations, the first and second derivative of neutron density are obtained. Then the CW method
is used to solve the point reactor neutron kinetic equations, and thus obtaining the numerical solution. Compared with
the results by the Euler and improved Euler method, the numerical calculation results by the CW method are always
higher than the real value, and the calculation accuracy and speed are improved significantly. When this new method
is used to solve the point reactor neutron differential equations with the step and linear reactivity inserted into the
subcritical reactor, the numerical results which satisfy the requirements of positive calculation error and high precision
can be obtained quickly. After improving the calculation step length, the precision reduction by the CW method is
significantly lower than that by the Euler and improved Euler method. So the CW method can greatly shorten the total

computing time, and it is also effective for most of differential equation systems.
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