Final exam Dec 2004 - Solution
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[10 Marks]  Briefly:

a. distinguish between neutron flux and neutron current
(1) C,b‘:' NU (sells) , I = Ny Cveelion)
b. distinguish between reactivity, p, and multlphcatlon factor, k
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c. describe € of the four factor formulae
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e. describe f of the four factor formulae ¥ Q G‘G\
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f. describe p of the four factor formulae
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g. distinguish between geometric buckling and material buckhng
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(¢ L describe xenon over-ride.
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3 [10 marks] What is the obvious error in the following expressions? Explain briefly.

a. Steady state one-group neutron balance equation:
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b' Z:total < Z

absorption

U vatav(/’ j“‘*-o']’ gs% 5.2{_&0}@

C. The gradient of the flux is continuous at an interface
d p=

o= kel
() =%

e. For a reactor operating at constant power, as the fuel is burned up, the flux
remains constant over time
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f. I'* decays with a half life of 9.17 hours to Xe'** which decays with a half life of
6.58 hours
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g Neutron current is defined as: J = -D V¢
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h. For the same power, the smaller the reactor, the lower the flux.
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Point Source in an Infinite Medium

For a point source, it is appropriate to work in spherical 0T N surface area = 4nr?
coordinates: ,\ \‘(5
1dodp 1, fN )
r—2$r E_ L_zd) - Sé(r) l|| S&(r) ,,:
where the source, S, is at r = 0. \\\ ,/i
Now
4nr?J(r) = S8(r) =S
s S
o lim () =—
3r—0 0 47
We define a change of variable
2
1
w=rp = aar_(; -— 0=0
L
and, therefore, as before:
o=Ae™ +Ce"'"
or
e-r/L er/L
d=A C and C=0 as before.
r r
Now,
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dX rL r2
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Note: Inthe above two cases, as in most reactor cases, the flux, ¢, is proportional to the source

strength, S.
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Modelling the Source Term when it is a 8 Function

2
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and S has units of #/cm’-sec. Now we know that [§(x)dx =1, .". units of §(x) = L
¢ cm

1
—.
cm” sec

-8,

Watch out when doing numerical solution. Integral through:
—jD—dx+jz ddx = [S,8(x)dx =S,
ox’ Ax Tf—’
1

Consider D 2de

, etc. const over Ax . Thus

2
D 0 d); Ax +2., ¢,Ax =S, at the planar source cell

= 0 otherwise.
So, the equation to be numerically simulated is
82<|>
—t2,
8X2 b= Ax
not
¢,
-D Gxd)zl +2,¢, =S

This can be physically interpreted as the planar source term of infinitesimal thickness being spread
over a finite thickness cell.
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#4

Consider a large one dimensional reactor composed of many replicated identical
cells, each containing fuel and moderator. Each cell consists of a central fuel region of thickness
“a” surrounded on either side by a reflector of thickness “b”. Near the centre of the reactor, we
can assume that one cell looks and behaves like its neighbours since the reactor is large. Thus,
the flux distribution in each central cell can be calculated independently.

a) What are the governing flux equations for the steady state?
b) What are the boundary conditions?
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