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7%:-

Flux and Power Mapping in RFSP

o Fuel Management Program RFSP has FLUX
MAPPING and POWER MAPPING capability

o Alternative to unusual RFSP method of solving the
finite-difference diffusion equation in 3 dimensions

| o Mapping used to monitor core power distribution
under nominal equilibrium core conditions at
CANDU 6 sites (Gentilly 2 and Point Lepreau)

o Advantage over diffusion-type calculation is direct
inclusion of in-core data in the power calculation
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ﬁ:-

Calculations of the Harmonics (con’t)

The Adjoint Flux Vectord*=(d ¢,) satisfy the $*(R—P)=0
Bi-Orthogonality of the natural modes:

m --—)T
x "F x> (blN(r) >
fO1m (D) dop ()P > | dr=0
7
L -

for any two different harmonics M .NE. N
For a pseudo-one-group flux ¥7=%*%2 | itis
self-adjoint: |

[drM (D VE () by (1) dr=0 M=N
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Calculations of the Harmonics (con’t)

Calculation of the Nth harmonic mode involves
subtracting off from the unconverged flux the

componentls\I oflthe previous harmonics:

¢uc ‘buc B 121 AI‘l)I

The Amplitude A, of the component of the Ith harmonic
determined using the approximate orthogonal
property of the total flux:

A= I¢Tl(r)v2 (r)<I>T (dr) [—1. NI
o1, (OVE ()6 (1)dr
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A

Calculations of the Harmonics (con’t)

o A repetitive “Iterate - Subtraction” procedure forces
convergence to the next higher harmonic.
Harmonics generated are orthogonal (Gram-Scmidt
Orthogonalization Procedure).
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A

Harmonics for CANDU (Cylindrical

Reactor)
o For homogeneous bhare cylindrical reactor, flux

shape given by (inr,0 , z co-ordinate):
¢(r,9,z=JM(aML.r/RO)*cos(M*G)*sin(N*ﬂ:*z/H)M even

0(r,0,z=Jpg(ap-t/Rg)*sin (M*8)*sin(N*n*z/H)M odd

where Jy is the Mt order Bessel function,
o is the Lt zero of J,,
R, is the radius of the reactor
H is the height of the reactor

o Various combinations of M and N give the
Harmonics. Flux shape used as initial guess in
*MONIC
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Harmonics - Natural Modes (Example)

1-D Problem Slab reactor, thickness fromx = —a/2to+a/2

d2¢ , o
—+B<¢=0
dx2 ¢

Ignore flux extrapolation beyond slab surface,
i.e.assume ¢ =0atx=a/2and-a/2

Note also symmetry ¢=()=¢(-x) and % =0atx=0
Solution: ¢?(x)=A cosBx+CsinBx
3{1 =0atx=0  forces C=0
#3)=0  forces os(3)=0
Therefore, ¢(X)=Acos(Bpx)= Acos(x) n=135..
B, are the eigenvalues, cos (B,x) are the e?genfunctions
(harmonics) B.2 is the buckling of the fundani@i@a¥mode
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Examples of Higher Harmonics - Natural

Modes of a Slab Reactor

Steady State One-Group Diffusion Equation

DV2¢-X,¢+s=0
Define 12=(Unitcm2)
d

Since s=nEaF¢andf=EaF/Ea

then s=nfX;o=keoX;0
V2¢+k;'L°51¢=o

Define B2=*°5

then Vv2¢+B2¢=0
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