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Ahstract.  Neuwtron rransport endes are cssential tools in nuelear reactor and shielding design. Transport
codes implement an itgrative technigue thit suffers rom slew convergence while solving highly scuttering
problems. This necessitated the development of acceleration methods, amung which. the dilfusion syn-
thetic acceleration {NSA) is the fastest and the only stable method.

1n this paper we present Lhe development of “TDMIDSA ™, a two dimensional multi-group diffusion
synthetic accelerated neutron transport computer code. TDMGDSA implements DSA to solve the dis-
crete ordinate equations in X-Y geomerry for three spatiak differencing schemes: the diamond, weighted
diamond, and linear discontinuous differencing. TDMGIDSA is the first o implement 4 linear form of
DSA for the diamond differencing, and is one of the first to implement DSA for the weighted diamond
and linegar discontinuous differencing schemes. TDMGDS A has been tested and is shown to be working
reliably,

Introduction

Nucicar rcactor engincering and design requires neutron transport computer codes
thut are [ast, stable, and accurate. Typically, such codes involve solving the discrete-
ordinates multigroup neutron transporl equalion in two or three dimensional
geometries. Transport codes uwsed for designing thermal reactors use iteration
methods that often converge very slowly. Different methods have been developed to
accelerate the convergence of these codes. The coarse mesh rebalance method [9]
and the Chebychev acceleration method [{] ure examples of eurher approaches to
solve this prablem.

Diffusion Synthetic Acceleration [2-11] (DSA) is a very powerful alternative
acceleration method that is stable, regardless of the size of the spatial mesh, und is
specially effective in highly scattering media.
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The objective of this paper is two folds. First, to develop diffusion synthetic
acceleration algorithms, based on the procedure developed by AboAlfaraj [13], that
iake into account the linearly anisotropic scattering and source terms for three spatial
discretization schemes; namely the diamond, the weighted diamond, and the linear
discontinuous schemes [10], Second, to develop a two dimensional multigroup neut-
ron transport code “TDMGDSA”, that impiements these algorithms to accelerate
the convergence of the solution.

The Diffusion Synthetic Acceleration Method

The syniheiic acceleration method was tirst proposed by Kopp[2] in 1963, Kopp
introduced most of his basic ideas in the context of the one Zroup neutron transport
equation in slab geometry. The synthetic method involves the construction of the sol-
ution of a difficult problem by combining the solutions ta a sequence of much easier
problcms that have the same solution. Crawford and Friedman [3] adopted Kopp’'s
method (o more general, multidimensional geometries, and used the diffusion equa-
tion to aceelerale Monte Carlo transport computations. In 1269, Gelbard and Hage-
man |4] implemented Kopp's method for the discrete-ordinates transport cquation.
Their implementation is the basis of the current DSA methods, and hence will be
described bricfly here.

The one-energy neutron transport equation with isotropic source and scattering
can be written in the form

¢=k(0,0+8) {1 a)

where g is the scattering cross section, S is the neutren source density, and K is a
form of the transport operator. Let us assume that Ky is an operator that approxi-
mates K very closely, while K| is a cruder approximation of K. Then both

¢y = Ky(o.¢y +8) (1 b)
¢, = K {a,0,+35), (1-c)

apptroximatc the transport equation. Eq. (1-b) is called the “high order” (almost
exact} equation, while Eq. (1-c) is called the “low order” equation. Typically, the
high order equation is the discretc ordinates equation, while the low order equation
is a diffusion-like equation. In practice, the solution we seek is the solution of the
high order equation, which should approximate the transport solution well. The
basic principle of the synthetic method is to use the low order equation to accelerate
the convergence of the high order equation,

To show how this is done, let us assume that @) is some approximate solution
to Eq. (1-b), and let
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¢“ =¢(0)+ E(O). (]*d)

An equation for the error, €™, van be obtained by substituting Eq. {i-d) into Eq,
(1-b) to get

¢(°) +e® = Ky (a_,¢(u) + a‘&_(o) + S), (1-¢}

(/ ‘Kuo's)fm) = KH(%'?’(DJ + 5)* ¢’(0] =", {1-7)

yhere R is residual and I is the identity operator. Instead of the high order equa-
tion, the low order equation is used (o estimate ¢, through the equation

e =i KIIU:)_]R(U)”{l_KLGs)_lR(G) (1-¢)

Ience, the transport problem is solved by doing the following two steps in each iter-
ation

gt v KH(a,npm + S). (1-#

¢(;+1) - ¢(:+1.'2)+ (r- KLG,]_I(G(“W)— ¢(1)] (1-9)

The first step is the usual transport sweep, but now followed by a correction step
in which the low order operator is used. From Eq. (1-i) it is clear thal we need to
invert the low order operator. It might be possible for some cases, depending on the
low order operator, to perform a direct inversion, but normally an iteration method
is used.

In their work, Gelbard and Hageman used both the diffusion and S, “low arder”
operators to accelerate the “high order™ transport cquation. Their analysis showed
that the iterative solution of the transport equation can be greatly accelerated by
using the synthetic acceleration method. To confirm these findings they wrote two
computer codes to compare’ the synthctic approach with the block Gauss-Seidel
accelerated transport equation. The results showed that the synthetic approach was
very effective for prablems where the scattering ratio (o,/a,) is close to unity. How-
ever, Reed [5] then compared the synthetic method to the coarsc mesh rebalance
method and showed that both methads hecome unstable for optically thick (g, Axe
1) spatial meshes. Reed’s analysis showed that the synthetic method should be
applied to meshes that are not larger than about one neutron mean free path. This
instability imposed a severe limitation that prevented the synthetic method from
being used in practical problems.
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The source of this instability was later explained by Alcouffe [6-8], who
developed for the first time a stable diffusion synthetic acceleration method.
Alcoufte showed that if the synthetic equations are derived consistently with the
transport cquation, a stahle acceleration method, regardless of the size of the mesh,
is obtained. Reed derived the analytic low order cquation directly from the analytic
transport equation, und then he spatially discretized both equations independently
from one another. This created an inconsistency hetween the discretized transport
and diffusion equations. For small meshes the inconsistency is less important, thus it
allows the method to accelerate effectively. However, as the mesh size becomes
large, the inconsistency grows and ultimately makes the method unstable. [t is very
important to note that the success of DSA is highly dependent on the use of a dif-
ferencing scheme for the low order equation that is consistent with the differencing
scheme for the transport equation, However, there isno a priori guarantee that con-
sistency alone produces a stable method.

In the practical implementation of his DSA method, Alcouffe [8] introduced
inconsisient linear approximations o the diffusion terms, and he non-lincarly treated
the removal term to manipulate the low order equations into a new form that can be
more readily solved iteratively by the multigrid method. These manipulations have
been suspected to be the causc of the degraded performance of Alcoufte’s DSA form
experienced in some problems {20].

Alcouffe’s consistency ideas were later generalized by Larsen {9], who intro-
duced a procedure that results in unconditionally stable acceleration for several dis-
cretization methods for the transport equation. Larsen used a separation of variables
technique to Fourier analyze the stability of the resulting methods. This Fourier
analysis technique has proved to be a very cffective way to analyze different acceler-
ation methods. Lursen tested his procedure on various differencing schemes in slab
geometry, showing great improvement on the rate of convergence.

AboAlfaraj {13-14] showed that the particular form of the DSA mecthod
encoded in the TWODANT [18] computer code for solving neutron transport prob-
lems in X-Y geometry does exhibit poor performance as the spatial mesh size
increases. He proposed an alternative form and showed that the new form produces
an unconditionally stable acceleration that is much more efficient than the existing
form especially for problems with large spatial meshes.

[n two-dimensional geometries, the diamond-differenced transport equation is
the only discretized transport cquation for which the DSA procedurc vields easily
solvable low order equations. Other differencing schemes produce system of low
order equations that are algebraically impossible 1o collapse into a solvable equation.
AboAlfaraj [13] developed for the first time a method that produces a set of diffusion
synthetic acceleration equations for the weighted diamond und the lincar discontinu-
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ous spatial discretization schemes in X-Y geometry. He showed that his method per-
forms very well in (ypical reactor and neutron shielding problems characterized with
spatial meshes smaller than four neutron mean free paths. For larger meshes, the
method degrades but remains stable.
The Multigroup Transport Equation
The multigroup transport equation (10) can be writtcn in the general form
-~ " - G » A -
[4.9+ o'g(r)]ws(r.ﬂ) = E_[ 4 o“,(r,g.g )wg'
g'=l
G .
&
+xgzvafg.(r)¢g.(r)+ qg{r.ﬂ). (2-a)
g'=1
Here we used standard notation. The above equation can be written more com-

pactly as,

Ly(r.f)= Sy(r.2)+q(r.2), (2- b}

The L operator represents the neutron loss due to leakage and absorption, the
S operator represents the production of neutrons due (o scattering, and the term g
represents neutron production due to fission and external sources. The scattering
term can be divided into three parts, upward scattering S, within-group. scattering § N
and downward scattering §,. Thus,

$=5,+5 +5,, (3)

Now if Eq. (3) is substituted into Eq. (2-a), we obtain,
(L-54-5)v=8w+q (4)
This is solved iterativcly as follows:
(15,8, "0 =5,y 44 (5-4)

Equivalently,
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(8.7 4 0, ()] # (1)~ 3 Ta2o (7,2 ) )

g'=1

G
Zldﬂ'a“.(r,!‘}.ﬁ’)lyi” + 2 ZV"fg’(rwg)(’) + q;(r,f)) (5-4)
g'=1

g=gel

To understand how the multigroup transport equation is solved we need to
closely examine Eq. (5-a) and (5-b). The first equation describes an outer iteration
procedure. Starting with some given multigroup estimate of the neutron flux ¥4,
the right had side of the first equation is computed. Using Eq. (5-b), the within-
group flux is calculated for cach cnergy group, starting with the highest energy (g =
1) and proceeding to the low energy group (g = (). This results in a new estimate for
the flux ¥4+ 1), and the iteration is repeated until ¥ converges.

The solution of equation (5-b) involves an inner iteration which can be explained
by rewriting the equation in the form

L‘vgnl) -S,gwf,m) - Sf“) (6)

Here we have moved all references of other energy group fluxes to the right side,
which are known at the beginning of each group calcuiation, and can be thought of
as a fixed source. The left side of Eq. (6) contains two terms, the loss of ncutrons due
to lcakage and absorption, L, and the production of neutrons due to sell-group scat-
tering, S,.. The presence of the self scattering term makes it difficult to solve the
above equanon by directly inverting the left side operator. This necessitates solving
the within group equation iteratively. Such a procedure, known as the inner iteration,
can be described by

w§l+l,k+l) (1+1,%) S(Hl)

S5V, N

Here the k index refers to the k’th inner iteration.

The above within group inner iteration is actually a form of the fixed source iter-
ation method. With the appropriate values for the source and the material cross sec-
tions, the problem can be reduced to a one group transport equation with fixed
SQuUrcc.

It should be clear that the inner iteration constitutes the heart of each transport
caleulation. The computer spends most of the time performing these iterations for
each encrgy group in each outer iteration. In order to solve the multigroup transport
equation quickly, an accelcration technique is needed for rapidly solving the inner
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iterations. The similarity betwcen the within group equations and the one group
fixed source transpart equation is the primary reason behind the interest in accelerat-
ing source iteration problems. Acceleration techniques that perform well with the
one-group fixed source problems can be yuite easily extended to multigroup truns-
port calculations.

Diffusion Synthetic Acceleration of the Fixed Source
Discrete-Ordinates Equuations in X-Y Geometry

Stable and reliable ditfusion synthetic acceleration is used to quickly solve the
fixed source problem “inner itcration” that constitutes the heart of the multigroup
calculations. The forms of the Diffusion Synthetic Acceleration implemented by
AboAlfary] [13-14] is used here. Support for linearly anisotropic source and scatter-
ing were added resulting in somewhat more complicated equations but essentially
with the same flavour, The detailed derivations are available [15], only the final equ-
ations are shown here.

In order 0 numerically solve the problem, the transport equation has to be
descretized both in spacc and direction. The problem is divided inter rectangular cells
as shown in Fig. 1. Each cell is assumed to consist of a uniform material composition.
Hence the cross sections are constant within each cell and are allowed to vary from
cell tocell. Neutron direction of travel is also limited to fixed number of discretc ordi-
nates,

h,
R —
L Yierr2
|
Kl —— = 1l= == ¥,
|
} Yi-we
X\
Xi w2 X|+1r2

Fig. 1. X-Y geometry spatiai cell

Starting with an initial flux, solving the fixed source problem consists of doing a
transport sweep [10] optionally followed by a diffusion accelcration step. This accel-
eration generates correction factors f's that are added to the corresponding transport
flux. The new estimate is then used in the next iteration, the process is repeated until
the flux converges.
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The spatially descretized one group discrete-ordinates neutron transport equa-
tion with linearly anisotropic source and scattering in x-y geometry is given by [10].

2 /. 1+1/2 4172
ﬂ(v&;‘fﬁ’:_; - Vﬂ:l—lli?.'!.j) + _( u(u:.#}ﬂ - V’L;.f-}fz)

+0y wf:fl}m = Usoo,u‘p(()g‘s,- + 3#mdslﬂ,id¢|(g,ij + 3 MmO #00.4 + Smaiie (8-a)

Inorder 10 relate the angular flux at the cell center to those on the cell edges, we
introduce some Auwxillary Equations. In current version of the code only Diamond
Differencing, Weighted Diamond and Linear Discontinuous [13-15] are supported.
The general form of the auxiliary equations is given by:

1+ . 1+
14172 , 14172, A1)
Sw )< —2‘ ¢ -(n.wu)z.; + —2'" Vo t-1/2.1

- - a1
8y + 0.00,4900.5 + Hn Ts10.4910.5+ 3 Mm Tai Ly P11y
%y . (8= b)
L(+12) (102
_ V’.(u.‘.m.'z " Vm.ii-1i2

-6a, 4

Epny

1+ v 1By anm
W.(.::: o %‘1 V’S.Jruu)z.; + —;A Yom i-1/2,5

& ) g ]
8y + ,00.5900,9 + 3 mT310,50%0,i5 + 3 Ts11,4900,4
Ty

o , (B-¢)
-8B, 4 L (L61/2) - (14142)
moi+1i2,5 " Vom,itli2,5

Em g

The above form has the characlerislic that il can be easily reduced to the dia-
mond, weighted diamond or linear discontinous differencing forms by simply rede-
fining the terms o, |, 8, ; and @ such that,



“Idmgdsa™: A ‘I'wo Dimensienal . 61

Em:l:f_' LD
o . 6+ |6, (9=a)
it alm
(7
0, DD
_E”‘H‘J_ D
by = | O [l )
muf n
Blm  wp,
1]
0, Do
1, Lo -
8= {0. Otherwise L9 )

All ncw terms appearing in the above and following equations are defined in
appendix A. The spherical harmonic moments are approximated by

M M
Ppq = erq(ﬂm.nm) Vi Opg = D2,V pgn n) i (9-4)
m=1 m=]
M
and the angular weights w__ are normalized such that 2 Wp =L
m=]

Solving the abave set of quations constitute the transport sweep. Next we use the
DSA 10 generate an estimate of the etror in the transport fluxes. Final form of the
acceleration equation is a diffusion like cquation given by

i+1 (4+1)
Am,ylﬂ(]u,wla,rz,ﬁyz + (CHL_{ + L0 a4 )f00,¢+3!2,j+1f2
1 (1+1)
+Ag &f«lsrz.:—uz + (F wi g+ F W)f 10,441/2,5+43/2

3 (t+1)
(1’4“ BB Y B gn )foo.umz,mn

1] (t+1)
HFPury+ Fy )f f)o.cluz.:—uz + ALl 0045172,54372
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{i+1) (t+1}
+(Cq + C'i,x+1)f 00,6-1/2,4+1/2 ¥ Al 00 5-1/2.4-172

S ¢ J72) U1 A

— + 142 A(f+1f l+l!2) (I+142
Z gl'f’ Z{(ﬂ¢+| j 11'4;' ) Z( ‘j+] .‘{"j J)- (l())
i'=i V=i 1=y =i

Solving the above equation iteratively produces the correction of the scaler flux.
The correction to the other moments of the angular fluxes are caleulated through the
following equations:

(1) {1+1)
fooiziz ez + foisisa,j-
f(‘:i:ili)uz,j _ oot jry2 . Fooi+172.j-112 ’ (11-a)
141 141
(1+1) f&)zem.jiuz + fc‘nf.'luz,,mz
foojz1y2 = > : (11-5)
(i+112) _ 1 (m) (1)
Fro ' = 00,5+1/2.5 ~ (00521025
/ 3”."(“;(:0,«—0'.10,;;) ( ’ )
41/2) (1
a; 10,4 [¢](U+Jj ) I(U,u)
. . {1=¢)
(Gsﬂ),(d - dam,«)
141/2) i I+1 I+
f 1( Ly [f ((Jo.s.}n = f CSOTE,};'-IJZ )
3"‘;(0500.u A
[ pl+12) _ (0 )
N asll.y(¢ll.:j ﬁl.y (“7 d)

(6300,0' - "m,sj)

i+l 5 < (14172} [k
f (()u+q) - [7(29::.:‘;“ i Oa Ry = 205 Gs,g)ft;(%{., - ¢53,«J
1 (I+1 i+1
[3P1 i u ; 5 Uijhi + Tpx_ij }(fm H)-]l?. i f(gﬂ_i—)l.fz,j)]

. -1
"[6px.u i 1+274'(Pw Ty * Op P, 1) auf’] (1i-e)
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(£2] 12y (4112
lgO:_,l)“[T(zpyu y .n_,h: ZPJu; sq) (¢f()0+q ) ¢£(?qu ))

(+! 1)
[3P” ayh; o ki + AP, 0y ,)(fmu)ru;z fr.g)o+.,; HZ)]

x[éﬁr.if Oy l+27k1(pyu s ar.{i*ay.s}' Oij J] (11-f)
( {1+2/2) _ (D)
fﬁﬂjm Ter0,i| $lo,ij ¢w.yJ' (11-2)
(‘7;00,:} = O'sm,.'j)
+1/2 { .
F(+22) .r”.l'j(¢f'1-:tj )—¢5I),y) (ll_h)
f”._, = B

(0300 i~ e, .;)

Finaly, the accelerated flux is computed from the correction terms by adding the
correction to the corresponding flux caleulated from the transport sweep. In case no
acceleration was done, the correction terms are set to zero.

o1 _ ) | SUH2)

Poais = Fpij *pqis > (12—a)
~(1+1) (H— (r+lf2)

$onis = f Pogii (12-b)
D) _ {n) | gieetr) _
Poais = pais * Ppaii (12-¢)

Outline of the TDMGDSA code

Figurc 2 shows a schematic diagram of the TDMGDSA computer code. The
user should first enter the problem description. To ease this step, another program
GEN was written, which interactively generates the input file for TDMGDSA. Next,
the various variables are initialized and computed. This includes the direction angles,
wcights, initial flux, and the various material dependent variables needed for the
linear discontinuous and weighted diamond calculations. The code then enters the
outer iteration loop. First the fission source is computed using the current flux
values. Then for each energy group the appropriate fixed source problem cross sec-
tions and source are generated and fed into the fixed source calculation routine. The
resulting flux is then stored back into the multigroup fluxes. This is repeated for all
energy groups. Next, is the calculation of the error estimate of the group fluxes, If
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Read problem
descriptions

I— Initialize variables I
¥

4—-| Compute figssion source —I
¥

For each energy group do l

!

Generate fixad source
prablem cross section and source

]

Solve fixed
source problem

(]

Update multigroups
flux information

Done with
all groups

Multi group flux
and fission
ource converged

Print resulis

Fig. 2. Outline of the TDMGDSA code
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this error and the fission source error is less then the crror criterion then we have
reached our goal, elsc we check first that we did not exceed the maximum number of
outer iterations, if nol a new itcration is performed. The last step, is to printout the
results,

An outline of the fixed source calculations is shown in Fig. 3. Here first a trans-
port sweep is performed for all cells for each direction |10]. If acceleration is on, the
next step will be to compute the correction terms for the fluxes. An estimate of the
error is computed next, after which we test against convergence. If the flux did not
converge then we check that we did not exceed the maximum number of iterations,
if not we perform a new iteration. Otherwise, the flux is returned back to the calling
routine.

To save time, the maximum number of iteration in the fixed source caleulation
is reduced by a factor of ten until the fission source error becomes small. In this ver-
sion this is done until the fission source error is less than the square root of the error
criterion.

Acceleration Equations Solution Method

The low urder acceleration equation can not be solved directly, An itcrative
method had to be used for solving these equations. Tn this code three numerical
methods were implemented. Namely:

Gauss-Seidel tterative technique
Jacobi iterative technigue with Chebychev acceleration [24]
Multigrid technique [20-23]

The first two arc well known numerical techniques. Today, multigrid method is
one of the hot topics in numerical science. In fact, multigrid algorithm is one of the
reasons behind the suceess of the TWODAN'T code. In this project the black box
multigrid routine {22] which utilizes a general form of the multigrid technigue is used.

The idea behind the multigrid technique is that for certain iterative problems,
the error in estimating the fluxes reduces as the mesh size increases. Therefore, by
solving the problem at different mesh sizes, one can estimute the error at the fine grid
from the error at the coarse grid. ‘The problem is solved iteratively at all grids cxcept
the coarse mesh grid where it is sulved cxactly by inverting the matrix. The success
of the method relies heavily on the good mapping of the flux from the fine to the
coarse grid and the mupping of the error from the coarse to the fine grid.

Black box muhigrid (BBOXMG) is u general multigrid method developed by
Dendy [22] in which one needs only to specify the (logically rectangular, positive
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Fig. 3.  Anoutline of the flixed source calculations .
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definitc) matrix problem and the BBOXMG does everything else necessary o set up
the auxiliary coarscr problems to achieve a multigrid solution. Black box multigrid,
was designed Lo be used for gencral problems, thus making it suitable for casual quick
usage. For production codes, a4 custom made multigrid algorithm has to be
implemented. This is out of the scope of this project, but could be implemented in the
future,

The code user can choose between the three different solution methods. In this
project more emphasis was directed toward using the Jacobi iterative technique with
Chebychev acceleration. Chebychev has the power of reducing the speetral radius
considerably provided that it is less thun unity. Currently, this is the preferred
methed, and it performs very well, usually faster than the general black box multig-
rid.

Results and Discassion

In this paper TDMGDSA a two dimensional multigroups diffusion synthetically
accelerated neutron transport code is developed. The code uses the diffusion syn-
thetic acceleration (DSA} methed, to accelerate the transport calculations for dia-
mond (D), weighted diamond (WD), and linear discontinuous (LD) differencing
schemes.

Different tests were performed to check the code against any codiug or logical
errors. All tests were run on a 486 IBM PC compatible personat computer. These
tests consist of qualitative and quantitative tests. In the qualitative tests the code is
checked against itself. By running the code on problems with similar material com-
pusitions but different orientation, the code could produce the same fluxes but now
with different orientation. This is used to check against any coding errors. In the
quantitative tests, the code is run on a problem, and the results are compared against
either an analytic solution or the result of another computer cade. The code was
checked against results obtained from running ANISN [19] on an IBM RISC/6000 at
King Saud University for a one dimensional slab problem.

The code was run on a homogeneous medium, one neutron energy group and
with reflective boundary conditions to simulate an infinite homogeneous medium
that can be solved analytically. The result agreed exactly with theory.

In the consistency tests, the problem is divided into four regions, each with dif-
ferent material composition as shown in Tig. 4. The code was run four times. In each
timc the matcrials were rotated. This was done to test the code against any logical
errors, All four runs generated the same flux distribution.

The previous problem was rerun with reflective boundary conditions. Again the
resulting flux agreed.
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Fig. 4. Material distribution for test problem,

The code was tested against ANISN [19] a vne dimensional multigroup trans-
port code. Figure 5 shows the geometry of the problem, the cross scetions are piven
in Tables I and 2. To simulate one dimensional problem, reflective boundary condi-
tions where used with the top and builom boundarics, diamond differencing was
used. The two codes generated very similar fluxes. Figure 6 shows the computed flux.
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Fig, 5. Slub peometry problem tost

Table 1. Mulerinl A propertles (Slab problem)

¢ Vo, X Son

Group 1 0.1 0.0 0.0 L0 o 0.7
Giroup 2 22 nn 1.0 0.0
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Table 2. Material B properties (Slab problem)

O Yo, X Sonn RPN 500,822
Group | L1l {IiM 1.0 1.0 07 0.0
Croup 2 24 0.4 .0 0.n [(N¢] 21
1.6
1.4: g ANISN st
-
1.2
] ANISN-
3 B— herma
1.03
] IDMGISA
=0.8 : 4 -Fast
0.6 | o TOMGDSA
o { ~Thamal
0.4
0.2
0.0
i T
0 5 i} 25

Posiliun] >

Fig. 6.  Group fMluxes in slab problem,

The previous four lests were to check the validity of the transport part of the
code. In order to test the acceleration part, the code was applied to the problem
shown in Fig. 7, with the material properties given in Tables 3 and 4. In this problem,
an external seurce is uniformly distributed except at four locations where a fission
souree is present. In the first and second groups the self scattering cross section is
small compared 1o the total cross section, while in the third group the problem s
highly self scattering. This is simnilar to rcal lifc problems. This problem is solved both
with and without acccleration. It was divided into | em? square cells, S4 quadrature
setl was used, The Tux was caleulated for the DD, WD and 1.1} differencing. In all
cases the accelerated and unaccelerated flux calculations agreed, though, it 1ook
about four times as much time for the unaccelerald caleulations to converge., as
shown in Table 5.

Figures 8, 9 and 10 show the resulting tlux. The peaks in the first two figures are
located at material B which contain a fission source; these peaks are due to fission.
In Fig. 10 the arrows point toward the flux valleys located at material BB, This is
caused by the self shielding effect produced by the fission source.
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Fig. 7. Material distribution for three groups problem .

Tuble 3. Material A properties (2D problem)

9 Vo, X Oxmg—>1 Tamyg->2 Osmgg-=3 S
Group 1 0.3370 0.0 00 0.0 0.280 0.0150) 1.0
Group 2 0.7 .0 0.0 0.0 0.010 0.660 0.0
Group 3 2.1 0.0 0.0 0.0 0.0 2.080 0.0

Table 4.  Material B progerties (20 problem)

& Vo, X Is0ee->1 Osagp->2 Trmmg—- Sy
Group 1 0.1245 0.0254 0.5730 0.0706 0.0327 A1) B .0
Group 2 0.1558 0.1110 (1.3260 0.0 0.1388 0.0167 0.0
Group 3 0.2372 0.0149 0.0990 0o 0.0 0.2268 0.0

Table 5. Execution times for acceleraled und unaccelerated test problem (2D problem)

‘Transport DSA % gain
DD 111 min. 14 min. 793
wD 104 min. 16 min. 650

1.n 781 min, 44 min. 1775
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Fig. 10. Group three Mux disiribution

Conclusion and Recommendations

The TDMGDSA code, a multigroup discrete ordinates transport code in two
dimensional X-Y geometry, implementing the diffusion synthetic acceleration for
diamond, weighted diamond and linear discontinuous spatial differencing, was
developed. Several tests were performed on the code and it is found that the code is
free of design bugs, and that the diffusion synthetic acceleration does really work and
save computation time. The lack of two-dimensional neutron transport codes some
what limited the testing of TDMGDSA.,

TDMGDSA fills an important need at our nuclcar cngineering department. It
can be used for designing and studying various reactor and shielding problems. The
diffusion synthetic acceleration hecomes specially important because of the highty
scattering nature of these problems. In addition, TDMGDSA is the first computer
code that utilizes a linear and stable DSA implementation for the diamond differenc-
ing, and is one of the first codes to accelerate the weighted diamond and lincar dis-
continuous transport calculations.

TDMGDSA was designed modularly, This allows the addition and modification
of the underlying routines with ease. This is an important feature, which allows the
code to be improved by different people.
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TDMGDSA is in its infancy. Further improvements are required before it
becomes a production code. In the following we will list some of them.

‘The black box multigrid method [22-23] (BBOXMG) used for solving the acee!-
cration cquations is a general form of the multigrid technique. The BBOXMG was
designed for implementation for widc range of problems. This necessarily makes it
slow, and inappropriate for production quality code. An improvement that can be
introduced to the code is to design the multigrid method specifically for the diffusion
synthetic equations.

More intelligence has to be put into the code. By this we mean educating the
code to correctly decide which path to follow while solving the problem at hand. This
includes when to quit iterating, what algorithm to use for solving the acccleration
equation, and when to turn acceleration off. The latter is needed for problems with
low scattering media at which DSA does not do any useful work and consume valu-
able CPU time.

Negative fluxes is a direct consequence of the spatial truncation crror inherem
in the spatial discretization. A negative flux treatment should be implemented.

Accurate flux calculation relies heavily on accurate cross-section calculations.
The cross-sections are usually calculated using other codes designed specifically for
that purpose. A requirement for this code to be useful is the availability of the cross-
section generating codes along with the appropriate raw data. Currently non is avail-
able at the nuclear engineering department. These codes can be integrated into the
TDMGDSA o ullow vne step run of the design or shielding problems.

It is our feeling that TDMGDSA can provide a well needed service for nucicar
engincering in Saudi Arabia, This is one of many necessary tools that are needed to
implement the nuclear technology in the Kingdom.

Acknowledgement. The authors are grateful to the Scientific Research Administra-
tion, College of Engineering, King Abdulaziz University and the Scientific Rescarch
Council, King Abdulaziz University, Jeddah, Sandi Arabia, for the research grant
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