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B. Code and Result

1. Modify the input processing routine to define the additional second order diffusion
coefficient which requires the total cross section. Modify the linear system setup routine
such the 2x2 matrix .

- Input processing

3 L .
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g
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diffusion coefficient& A-gato] #%gkt}. self scatteringoll ©]gF source term< | A3t7] <134

self scattering xs = 022 A 73ste] =t}

- Linear system
Linear system< setupd}”] 913141 7} subregione] gt node size®} A& Z7Isto] Ft}.
D D _
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diagonal termS- A g3le] wwelE A7k 4= 9t}

2. Write a LU factorization routine for a block tridiagonal matrix. The block size is 2x2.
Write also the forward and backward substitution routine to the block LU factors in
solving the block tridiagonal linear system. Establish the outer iteration scheme with the
solution obtained from the LU solver.
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- Block LU factorization & forward and backward substitution
Block tri-diagonal matrixell 4] 2 by 2 matrix2 ©]5F°] %l blockS #7] $138 matrix &2} inverse
matrixs AlAtele FRES Frdtete] w29, 718 34 tri-diagonal matrixE = WHI 2
g2 de AR F3 Ur7] 7t matrix 33 inverse matrix ®  AlAHE = A o]t} 2 by 2 matrix
o] AR 123,49 index(idin)® A3t}

Forward and backward substitution <} A] tri-diagonal matrix& 3~
=

o] 2x2 matrix ¢} 2x1 matrixe] HOoE FIHE Ho| t}

$43 fApelT B, el

A

! LU factorization
do i=1,nx
do idir=1,4
if(i.It.nx) then
upper(idir,i)=ccx(idir,i,m)
lower(idir,i+1)=upper(idir,i)
endif
diag(idir,i)=am(idir,i,m)
ut(idir,i,m)=upper(idir,i)
enddo

enddo

dt(:,1,m)=diag(:,1)

do i=2,nx
It(:,i,m)=mtm2(lower(:,i),invmat(dt(:,i-1,m))) ! mtm2 : (2x2 matrix) x (2x2 matrix)
dt(:,i,m)=diag(:,i)-mtm2(It(:,i,m),ut(:,i-1,m)) ! invmat : inverse matrix

enddo

! Forward and backward substitution
y(1:2,1)=tsrc(1:2,1,m)
do i=2,nx
y(1:2,i)=tsrc(1:2,i,m)-mtm1(lt(1:4,i,m),y(1:2,i-1)) I mtm1 : (2x2 matrix) X (2x1 matrix)
end do

sol(1:2,nx)=mtm2(invmat(dt(1:4,nx,m)),y(1:2,nx))

do i=nx-1,1,-1
dum(1:2)=y(1:2,i)-mtm1(ut(1:4,i,m),s0l(1:2,i+1))
sol(1:2,i)=mtm1(invmat(dt(1:4,i,m)),dum(1:2))
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phihat(1:2,i,m)=sol(1:2,i)

end do

- Quter iteration scheme

outer iteration< source iteratione AF-&3Fo] 423513t}

! LU factorization
do m=1,ng
call blufac(m)

enddo

Vinitialize variables
do i=1,nx

sum=0.

do m=1,ng
phi(i,m)=1.
phihat(2,i,m)=0.01
fsrc(i,m)=0.
tsrc(1:2,i,m)=0.
phihat(1,i,m)=phi(i,m)+2.*phihat(2,i,m)
sum=sum-+xsnf(i,m)*phi(i,m)

enddo

psi(i)=sum*hx(i)

enddo

I solve linear system
eig=1.
reig=1./eig
do iout=1,nmaxout
do m=1,ng
do i=1,nx
fsrc(i,m)=reig*xschi(i,m)*psi(i)
ssrc=0.
do k=1,2
ssrc=ssrc+phi(i,k)*xssm(i,m)%from(k)
enddo

tsrc(1,i,m)=fsrc(i,m)+ssrc*hx(i)
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tsrc(2,i,m)=-twoo3*tsrc(1,i,m)

enddo

call blusolve(m)

do i=1,nx
phi(i,m)=phihat(1,i,m)-2.*phihat(2,i,m)
enddo

enddo
print '(i4,f10.6,1p2e15.6)',iout,eig,releig,relpsi
if (convchk()) then

niter=iout

exit

endif

enddo

3. Solve the 1-D C5G2 problem which consists of UOX(Composition 2), MOX(Composition
3), and Reflector(Composition 1) strip.

- Result
5749 geometry:= thS-3F 2}
UOX MOX REFLECTOR
10.71 20.72 20.72
Tl £AY =g FiT] AA st Alte Ade v 2k
# of node per a region 2048 / 4092 / 4092
node size 0.005
# of iteration 26
k-eff 0.956837
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4. Examine the node size dependence of the solution by trying several refined mesh
calculations. Estimate the true value of k-eff and regionwise fission source distribution.

AHA regions 7]+ O 2 mesh 5 25-E] 2MA7MA] &N o] k-effe] 32 AXSAY. o1 AX
= <Fig.4>¢} 7t} Node size7} Zrold =5 54 gh(k-eff=0.9568373)c +H 3= &ld 71 9l

o}

0.958
0.957 .
0.956 /./k’.—.

£0.955 /

~0.954 /

0.953 /
0.952 ‘//

0.951

1 4 16 64 256 1024
# of mesh per a region

Fig 4. Fission source distribution
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true solution K += error reduction ratio p = A}-&3lo]

3} .

||\

@ 57b e 1AW e e

K —k® = p(k" =k ™)
K=k = p(k" —k™2)

k(n) _ k(n—l) — p(k(n—l) _ k(n—Z))

k(n) _ k(n—l)
P =D o)
k* _ k(n) _pk(n—l)
1-p

91e] A& mesh 771 32,64,128%0 A5-5 Ag3te] AMS ST

# of meshes Error reduction
32 64 128 ratio
k-eff 0.9567398865 0.9568121006 0.9568308634 0.259822
Fission source of 3.0777674938 3.0751400784 3.0744497395 0.262744
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UOoX

Fission source of 5.5476104609 5.5490011294 5.5493466852 0.248482
MOX

AT,

A9 F9 p as AHESI] k-eff, FS of UOX, FS of MOXE true solutions 53 A3 of3
et

Estimated true solution Solution using very defined mesh
size(0.000163/65536)
k-eff 0.9568374 0.9568373
FS of MOX 3.0742037 3.0742154
FS of UOX 5.5494609 5.5494651

4

S8 Ao WS A4S meshsize ALglel Qe At Ul AXFE AT 7k alvk,

3t o] A3} SPINEMS AFE-$ A3, 0957229 tjgf x| 3

H
o{.
2

5. Compare the P3 results with the diffusion code result and discuss the reasons for the
differences. Compare then the result with the Monte Carlo result that you can obtain by
using your previously written Monte Carlo code. Use sufficient number of histories in the
Monte Carlo calculation. Plot the angular flux shape as a polar diagram at the two region
interfaces.

- Diffusion code$}2] H] L
Diffusion code®] Z¥tE ARAZ FAsHA Azke] AT DEE AREEe] de AL As
0.9561894°]t}. o] #l¥} SP3 FDMe] A¥b= ti=f 65pcme| 2ko]E H.]ITh. Diffusion codei= P1
equations 7|WFo 2 A E s=o|mE 3%} Legendre polynomials A}-8-3te] angular fluxs
&g P3 methodol] v]& A2 o] "oz,

- Monte Carlo code$}2] H] L
Monte Carlo calculation®] Z3} = oWz =9 A3E A8} T} 1,000,000 historyS A3}

o] AAre Z#sdm 1 A= 0.95705+1.290x107° o]t} SP3 FDMe| ZAjeli= ek
22pcme] Q9 AE B Slt},

- 24 3 AAHEA A Angular flux 32
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B4 7+ AAAA A angular fluxs= Matlabs AF8-31¢] plotS 3}t

t=0:0.001:2.*pi;
phi=[10.36554 -0.08547 -0.04485 0.09209]; % 1G 1-2 1:UOX 2:MOX 3:REF
f=@(t) 0.5.*phi(1) + 1.5.*phi(2).*cos(t) + 2.5.*phi(3).*0.5.*(3.*cos(t)."2-1)
+ 3.5.*phi(4).*0.5.*cos(t).*(5.*cos(t)."2-3);
polar(t,f(t),r")
title(UOX-MOX (Group 1))
saveas(gcf,'1g12.bmp")

UOF-MO (Group 1) LIOK-MOR (Group 2)
90 g .y

Fig 5. UOX-MOX (Group 1) Fig 6. UOX-MOX (Group 2)
MOX-REF (Group 1) MOR-REF (Group 2)

90 4 MW g

Fig 7. MOX-REF (Group 1) Fig 8. MOX-REF (Group 2)

17759 UOX-MOX 7 Ao~ 2] angular fluxi= 2F7Fe] backward peakingS X1t} o] g
< Fig.1 >2] 0-th moment flux®] L XA 17152 UOX-MOX Zd Ao A 2] MOXE] flux7} <F37F

Hir

= UEhs A B4 BAE b vk

N

ol¢} mp7FA| Z 2718 °] MOX-REF 7 7ol 4] 9]
&3+ backward peaking A4S < Fig. 1> oA & 7 Atk 27159 MOX-REF 74 Al <l 4]
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