Plotting (E) and ¢(u)

a. Using the data given for T =300 C, carefully plot ¢(E) vs. E and ¢(u) vs. E for this situation,
and clearly describe to the reader the behavior observed in each plot. Do the profiles make
sense? Explain...

b. How does this flux spectrum compare to the one given in the Lectures Notes for T =20 C --
that is, “Is it a harder or softer spectrum (be sure to explain what is meant by this terminology)?

Discussion for Parts a and b of problem (see figures below):

As described in the Lecture Notes, the ¢(E) vs E “distribution clearly shows the three distinct
spectrum functions that make up the composite ¢(E) spectrum, with the fission spectrum at high
energies, a clearly observable 1/E behavior at intermediate energies, and a Maxwellian distribution
at low energy.” However, for the spectrum at T = 300 C, the thermal component has a smaller
contribution relative to the composite spectrum given in the Lecture Notes for T = 20 C because the
temperature is larger and the thermal Maxwellian broadens as the temperature increases. This is
simply due the increased kinetic energy of the “dilute” neutron gas which is at thermal equilibrium
with its environment. As the neutron energy increases (on the average), the spectrum shifts to the
right (i.e. higher energy) and this is referred to as hardening the spectrum. Thus, in comparing the
two ¢(E) plots, the one for T =300 C has a larger epi-thermal and fast component, and a much
lower thermal contribution -- and this is exactly as expected because of the increased (harder)
average energy of the thermal neutrons.

Concerning the flux per unit lethargy plots [i.e. ¢(u) vs. E]. since ¢(u) = E¢(E), we expect the high
energy region to be increased relative to the change in ¢(E) at lower energies and. of course, since
o(E) is proportional to 1/E in the intermediate “energy ranges, the ¢(u) profile is constant at these
energies. Thus, the composite ¢(u) profile is quite different from the ¢(E) curve, but the observed
differences are easily explainable. Finally concerning the ¢(u) profiles at two different
temperatures, the above discussion about the shift in the Maxwellian spectrum still applies, and the
decrease in the “thermal” component and the increase in the intermediate and fast contributions are
quite apparent -- even more so than in the ¢(E) plots.

Note: In all cases, the total energy-integrated flux is 10'? neutrons/cm’-s.
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Multigroup Diffusion Equation

a. Is upscatter possible within this group structure? Explain...

Yes -- upscatter can occur when there are multiple thermal groups (i.e. multiple low energy
groups below about 1 eV). This occurs when a neutron gains energy when scattering from a
target atom. In this case, scattering from group 4 to group 3 is possible. This, however, is the
only upscatter of importance here.

b. Give explicit expressions for the inscatter rates to group 2 and to group 3.
inscatter to group 2: Y5201 (downscatter from group 1)

inscatter to group 3: Z15301 T Zosaby + Za3ds  (includes downscatter from groups
1 and 2 and upscatter from group 4)

¢. What is the removal rate from group 2? What about from group 3?
removal = absorption + outscatter
removal from group 2: o0+ Zos3b+ Zoubr = (Zp + 2o+ Zosa)Pr = Zrabho

removal from group 3: 203+ 235403 = (23 1+ Z354)0 = Zrabs

d. What is a reasonable distribution of numerical values for the multigroup fission spectrum? State
any assumptions.

11 =10 and ¥ =7%3=7%4=0.0 (all neutrons are born above 1 keV)

e. Give explicit expressions for the fission rate in group 2 and the fission source in group 2. What
is the difference in these two quantities?

fission rate in group 2: Zphr
fission source in group 2:  2vEnd; + vEpdr + vEnd; + vEubds) = 0 (since x2=0.0)

The fission rate in a group gives the number of fissions per second in the group (per unit volume
or integrated over space, as desired). However, the fission source gives the number of fission
neutrons born in the group of interest from fission in all groups within the given volume.

f. Write an expression for the overall 1-group average absorption cross section.

4
N . . Eau¢’u
5 = '[0 Ea(h)‘b(h)dE — ; - . E:i]qu +za2¢'2 +Ea}¢'3 +Ea4¢'4

_[:‘b(E)dE i‘bg 01+ +93+0,

g=



Multigroup Diffusion Equation

g. Inan infinite homogeneous system, the multiplication factor simply becomes a property of the
materials within the system. Within this context, write an expression for k. for a 4-group.

1-region problem. Explain any assumptions/simplifications that may be needed.
4
vEe0, —
K = §< e > (szlq)l > + (szzq’z ) g <Vzr3¢3 > + (sz'4¢4> _ \"_:’:f
- i( %00, > (zal‘:b]>+<2a2¢2>+<2a3¢3>+<za4¢'4> 2a

g=

where the 1-group average cross sections are defined as above.

h. Write an expression for the power density within the system.

4
P(r)= Kzztg(bg = K[Zflq)l + 200, + X305 + 2:‘4‘1’4]

g=l

where « is the recoverable energy per fission with units of joules/fission (Lamarsh uses Eg here).
This expression simply says that

- J fissi / I/ W .
P(r):>[ : J[ 188]01]38 S)= T T = power density

fission cm cm’  cm




