I’:__,\)_l\r =0 <.z

b

e &

F‘ MQ {;ﬂry'j;.} e { }/'L.
C oo RouR s

A particular oxide fueled fast reactor core consisting of 50% sodium, 30% fuel, and 20%
stainless steel by volume was described in detail in HW #24 In that HW, you were asked to

compute the material atom densities and several other quantities, including the k., of the core
material. "

a. Using the results from HW #2 (or see the tabulated cross sections for Fast Reactor #1 in the
core_refllg_gui code), compute the critical size of a bare 1-D reactor using Cartesian,
spherical, and cylindrical geometry. This should be done by hand (i.e. show your work).

Now run the core_refllg_gui code, select the Reactor Type: Fast Reactor #1 and validate
your hand calculations from Part a. Are your results as expected — that is, do things agree
with your hand calculations and with your overall understanding of bare critical systems? In

reviewing these results, tabulate the non-leakage probability (NLP) for the three geometries
for the just critical case (i.e. when kegr= 1). Explain your results...
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Let’s again consider the fast reactor core described in HW #2.

a. If the sodium-fuel-structure combination described in that problem was put into a cubical
bare reactor configuration, estimate the length of one side of the cube that would be needed to
give a beginning of life ke of about 1.10. Describe any assumptions.

Mo s coyTeal )
b. Estimate the mass of the PuO, fuel needed for this system. Again, describe the logic used to
obtain your result.

Note: This problem deals with a 3-D system -- which is not quite consistent with the above
HW title. However, the same methods can be used to solve multi-dimensional bare reactor
problems as long as the correct B is used. In particular, see Table 6.2 in Lamarsh for the
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C:\Users\John White\Dropbox\School Folders\...\sphere_lg.m 1l &E

PN
% SPHERE_1G.M Plot Spatial Flux Distribution for Various Harmonics of
% the 1-Group 1-D Bare and Reflected Reactor in Spherical Geometry
%
% File prepared by J. R. White, UMass-Lowell (last update: Oct. 2016)
%
clear all: close all; nfig = 0;
% Material properties (data from the core refllg gui code for Fast Reactor #1)
nusigfc = 7.145e-3; % core parameters
sigfc = 2.421e-3;
sigac = 5.173e-3;
Dc = 2.075; d = 2.13*Dc;
sigar = 2.485e-4; % reflector parameters
Dr = 2.223;
Lr = sqrt(Dr/sigar);
3
% Critical core size (data from the core_refllg _gui code for Fast Reactor #1)
Rib = 97.:5; R r = 63.4;
3
% Bare Core Case (Spherical Reactor)
%
% Determine and plot the flux profiles (first three harmonics) for bare core
— r b = linspace(0.0001,R_b,100);

Bl b = pi/(R_b+d); B2 b = 2*Bl b; B3 b = 3*Bl_b;
f1xl b = sin(Bl b*r b)./(Bl b*r b); flx2 b = sin(B2_b*r_b)./(B2_b*r_b);
f1x3 b = sin(B3 _b*r b)./(B3_b*r_b);
nfig = nfig+l; figure (nfiqg)
plot[r_b,flxl_b,'r—‘,r_b,flx2_b,‘b——',r_b,fle_b,'g:‘,'LineWidth‘,Z).grid
title('First Three Harmonics for Bare Spherical Reactor')
xlabel ('radial distance from core center (cm)'),ylabel('normalized flux')
legend('Mode 1', 'Mode 2','Mode 3', 'Location','SouthWest')

% do again but go to extrapolated distance to show that BCs match
r be = linspace(0.0001,R_b+d,100});
flxl be = sin(Bl _b*r be)./ (Bl _b*r be): flx2 be = sin(B2_b*r be)./(B2_b*r_be);
flx3 be = sin(B3_b*r_be)./(B3_b*r_be);
nfig = nfig+l; figure(nfig)
plot(r be,flxl be,'r-',r be,flx2 be,'b--',r be,flx3 be,'g:','LineWidth',2),grid
range = axis; hold on
plot([R b R b],range(3:4),'m—-", 'LineWidth"', 2)
title('First Three Harmonics for Bare Spherical Reactor (out to R_o+d)")
xlabel ('radial distance from core center (cm)'),ylabel('normalized flux')
legend('Mode 1', 'Mode 2', 'Mode 3', 'Location', 'SouthWest')
hold off

o

o

Reflected Core Case (Spherical Reactor)

=

— First plot f£(B) to locate first three eigenvalues
fB = @(B) Dc*(B.*cos(B*R r)-sin(B*R_r)/R_r) + Dr*(1l/Lr + 1/R_r)*sin(B*R_r);
B = linspace(0.001,0.3,1000); £fBB = fB(B);



C:\Users\John White\Dropbox\School Folders\...\sphere_lg.m
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%

nfig = nfig+l; figure(nfig)

plot (B, £BB, 'r-"', 'LineWidth',2),grid

range = axis; range(2) = 0.3; axis(range);
title('Location of Roots of f£(B) = 0')
xlabel ('B values'),ylabel ('£(B}')

Note: from f(B) plot, try intervals of [0.01 0.05], [(0.05 0.1], and [0.1 0.15]
rl = linspace(0.0001,R_r,200); r2 = linspace(R_r,160,200); r_r = [rl 2]

mode 1
Bl r = fzero(fB, [0.01 0.03]):
phitle = sinBl e*el). (Bl x*rl);
philr = sin(Bl_r*R _r)/Bl_r.*exp(-(r2-R_r)/Lr)./r2;
phil r = [philc philr]);
mode 2
B2 r = fzero(fB, [0.05 0.1]1):
phi2c = sin(B2_r*rl)./(B2_r*rl);
phi2r = sin(B2_r*R _r) /B2 r.*exp(-(r2-R_r)/Lr)./r2;
phi2_r = [phi2c phil2r];
mode 3
B3 r = fzero(fB, [0.1 0.15]);
phi3c = sin(B3_r*rl)./(B3_r*rl);
phi3r = sin(B3_r*R_r)/B3_r.*exp(-(r2-R_r)/Lr)./r2;
phi3 r = [phi3c phi3r];
plot all three modes
nfig = nfig+l; figure (nfig)
plet(r_r,phil r,'r-',r_r,phi2 r,'b--',r r,phi3 _r,'g:','LineWidth’,2),grid
range = axis; range(3:4) = [-0.4 1.2]; axis(range); hold on
plot([R r R _r],range(3:4), 'm—--"', 'LineWidth', 2)
title('First Three Harmonics for Core-Reflector Spherical Reactor')
xlabel ('radial distance from core center (cm)'),ylabel('normalized flux')
legend('Mode 1','Mode 2','Mode 3', 'Location', "NorthEast')
hold off

Il

end of simulation
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A bare cylindrical reactor of height 120 ¢cm and diameter 150 cm is operating at a steady-state

power of 50 MWt. If the origin is taken at the center of the reactor, what is the power density at
the pointr =15 cm, z=-25 cm?

Hint: Here you can assume that the extrapolation distance, d, is small, since no information
about the core material properties is given -- thus, there is no way to accurately estimate d in
this case. Note also that an explicit fission cross section is not needed since this cancels from the
final expression when combining the normalization factor with the unnormalized power density
term. Finally, to numerically evaluate the Bessel function expression, you should use either
Matlab or some other appropriate online resource...
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