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2

Validity of Fick’s Law

We re-evaluate each assumption in turn:

Infinite medium. This assumption was necessary to allow integration over all space but

2r
flux contributions are negligible beyond a few mean free paths due to the factor, e t,

Thus as long as we are at least a few mean free paths from the reactor extremities, all is
okay. Corrections can be made at the reactor surfaces as shown later in this chapter.
Uniform medium. A non-uniform medium (ZS = ZS (r)) requires a re-evaluation of the

derivation of Fick’s Law. Now the interaction rate, Zs ¢, is a function of space due to both
¢ and X variations in space. Detailed calculations show, however, that the extra current (ie.

scattering) contributions caused by a locally larger Zs are gxactly cancelled by larger
2r (24X
attenuations (¢ ' =e S & )iff (if and only if) Zs >> Za or Zs /2 ; = constant.

It should be noted however that Zs (r) can lead to large values of %d—) (r) which violates
r

assumption (e).

Sources. As per assumption (a), we can get away with sources as long as they are more
than a few mean free paths away.

Isotropic scattering. Anisotropic scattering can be corrected for by detailed
considerations of transport theory in which D is re-evaluated:

2, + 5D | 1+3DX 7
—\/ \F/D " 1+3D%_F

Where
I =cos (average of the scattering angle in the lab system)
-2
" 3A
Expanding the equation in D, above:

1
3T, (1 - W(1 = 4%, /5% +..)
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—— — for %, /% <<I
3T, 0-1

.. D= _%r_ as previously defined in the supplemental material at the end of the chapter

on Basic Definitions and Perspectives

Slowly varying flux. Further expansions of ¢ are necessary to account for large variations
in ¢ (r). It can be shown that 2™ order terms cancel and that third order terms are not
d%¢
important beyond a few mean paths. Therefore, provided —5(r) is small over a few
dr

mean free paths, all is okay. Large variations in ¢ occur when X, is large (compared to
Z8).

Time -/\dependent flux. The time it takes a slow neutron to traverse 3 mean free paths (in
cm.) is

3x
A~ 8 3xlecm

v 2x10°cm/s
If is changed at 10%/s (a high rate), then

A0 Ad/o XAt ~ 0.1At =1.5x107°.
) At
This is a very small fractional change of flux amplitude in the time it takes a neutron to
move a significant physical distance.

~1.5x107s.
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.

We have previously shown the Steady State Diffusion Equation to be

0 = SF) - I, (F) ¢ (F+D V24(F)

Defining 1% = 22- = [cm2]; L = diffusion length
a

V29— = —% (10.1)
L2
10.1 Infinite Planar Source
¢ 3x)=0,x = 0
[3edx=1,2a<0<b
= () otherwise
Source, S neutrons/m?-s
X
Figure 8 Flux distribution for a planar source
Equation (10.1) reduces to:
"
1 47 g S8(x
e ——2¢(x)= _58(x) (10.2)
¢ dx L D
and forx #0
n
d”o(x)
1z _99 0 (10.3)
¢ dx2 12
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Consider the planar source (as shown in figure 9)

lim J(x) _S
x>0 —— 2
current from either end
(10.4)
The solution to Equation (10.3) has the following form: J J
o) = A el + c XL (10.5)
For x > 0, C = 0, otherwise ¢ is non-finite as x — o0
Lo =A™ x>0 (10.6)
Figure 9 Current "pill box"
From Fick’s Law J|0 - _p¥ + D—A-e"X/L’ _bA_S
dx 0 L 0 L 2
‘. A = _SL
2D
SL x/L
CHx)=—¢ x>0 10.7
b(x) 2D (10.7)
. . |x| /L . .
Similarly for x <0, giving |$(x) = 5 e . Recall that this not valid at or near x = 0.

This solution should make physical sense to you. The flux decays exponentially away from the
source as it is absorbed by the medium. This agrees with the beam absorption laws that we have

previously derived.
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