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The study of the influence of the geometry of the double
legged ducts on the buildup factor and the transmitted flux
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The analysis of neutron transport through ducts holds significant importance due to its applicability in numerous practical scenarios, partic-
ularly in systems involving complex duct geometries. The presence of these ducts is inevitable in several nuclear installations. In this work,
we have developed a simulation program based on the Monte Carlo method that has been validated by the MCNPX calculation code. We
have also introduced a new concept of buildup factor in order to study the effect of the geometry of the double legged duct on the buildup
factor and the flux at the duct exit.
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1. Introduction

The transport of neutrons in bent ducts has been the subject
of several works based on the simulation by the Monte Carlo
method [1-5]. These studies are based on the phenomena
of neutron flow and reflection which become annoying when
the number of bends increases. The study of the radiation
flow through bent ducts has been the subject of several stud-
ies in order to find simplified calculation methods to solve
this problem with analytical solutions [6-14].

The buildup factor is a factor that makes it possible to take
into account the scattered particles in the calculations carried
out by the straight-line attenuation method. It depends on the
energy of the incident particles, the nature and the thickness
of the traversed materials. In this study, we consider a full
bent aluminum duct surrounded by iron and we have devel-
oped a program based on Monte Carlo simulation and a new
concept of buildup factor [15] that we will apply to calculate
the transmitted flux and the neutron buildup factor accord-
ing to different incident neutron energies, different sections
of the bent duct and different lengths.

2. Method principle

To establish a new concept of the neutron accumulation fac-
tor in a bent duct, we considered a direct attenuation of the
neutron in the legs and then an imposed diffusion ofθ = π/2
at each surface (S1 and S2) joining the outer corners of the
duct (Fig. 1). The presence of two 90◦ bends significantly
influences neutron scattering and absorption, impacting the
overall transmission through the duct.

The duct consists of three legs, with neutron transport an-
alyzed in Area 1 and Area 2, where the effects of scatter-
ing and attenuation after each bent are examined. A neutron
source, characterized by energy and intensity, is injected at
the entry of the duct. The neutron source is assumed to have

an isotropic angular distribution, ensuring uniform emission
in all directions. The initial neutron density follows a ho-
mogeneous distribution across the cross-section of the duct’s
entry, allowing for an even probability of neutron interactions
within the duct structure. The transmitted flux at the exit is
evaluated as a function of the incident neutron energy and the
duct’s geometric parameters.

We have developed a simulation program based on the
Monte Carlo method that we have validated by the MCNPX
calculation code [16] and an expression of the flow at the out-
put of the bent duct as follows [15]:
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FIGURE 1. Geometrical configuration and neutron transport in a
bent duct.
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Σ1, Σ2 andΣ3 are the total macroscopic cross-sections of the
neutron in the first, second and third legs.h1, h2 andh3 are
the lengths of the 1st, 2nd and 3rd leg.a is the half of the
duct square section side.PS1 andPS2 are the probabilities of
diffusion at the 1st bend and at the 2nd bend.

Under real attenuation conditions, the interactions of neu-
trons with the material are not pure absorptions. The flux at a
point must take into account the neutrons that have undergone
diffusions in the area and have lost part of their energy. The
flow given by Eq. (1) has replaced the flow without collision
in homogeneous environments to calculate the buildup fac-
tor [17-18]. The new buildup factor that we have proposed is
given by the ratio of the total flux transmitted at the output of
the duct determined by the Monte Carlo simulation (ΦSMC )
on the flux given by Eq. (1)

Buildup factor=
ΦSMC

Φ
. (2)

3. Results and discussions

From the flux formula represented above in Eq. (1), we have
calculated the flux leaving a bent duct, filled with aluminum
according to the energy of the incident neutrons for different
lengths of the legs of the duct (the legs are equal in lengthL)
and different sides of the square section.

Figures 2 and 3 illustrate the neutron flux transmission
through the bent duct as a function of neutron energy for dif-
ferent duct lengths and different sides of the square section.
Several dips are observed in the flux distribution, which are
associated with energy-dependent interactions between neu-
trons and the duct material. In particular, a pronounced dip
aroundE = 35 keV is attributed to resonance absorption
phenomena in aluminum (Fig. 4). This effect arises due to
the sharp increase in the total macroscopic cross-section of
aluminum in this energy range, leading to significant neutron
absorption and reduced transmitted flux. The resonance be-
havior observed at 35 keV is predominantly caused by neu-
tron interactions with aluminum nuclei, specifically due to

FIGURE 2. The neutron flux at the outlet of the aluminum duct
according to the energy of the incident neutrons for a duct with a
square cross section of 64 cm2 and for different lengths of the legs.

FIGURE 3. The neutron flux at the outlet of the aluminum duct ac-
cording to the energy of the incident neutrons for a duct with a leg
lengthL = 30 cm and for different square sections of the duct.

FIGURE 4. Total cross-section variation as a function of energy for
aluminum-27 according to database ENDF/B-VIII.0

radiative capture(n, γ) reactions. At this energy, aluminum
exhibits enhanced neutron capture probabilities due to the
formation of compound nuclear states, temporarily trapping
the neutron before releasing energy in the form of gamma
radiation. This phenomenon is well-documented in neutron
cross-section databases such as ENDF/B-VIII.0 and has been
studied extensively in neutron shielding and reactor design
applications. Figure 5 illustrates the evolution of neutron flux
as a function of distanceL for three different materials: alu-
minum (Al), iron (Fe), and hydrogen (H). The graph shows
a decrease in neutron flux with increasing distance, which
is consistent with neutron attenuation through matter. The
rate of decline varies depending on the material: iron exhibits
the most significant attenuation, followed by hydrogen, while
aluminum shows the slowest decrease. This trend is expected
since iron, due to its high atomic number and larger interac-
tion cross-section, absorbs and scatters neutrons more effec-
tively than hydrogen and aluminum.

In the case where the duct is surrounded by iron, this fac-
tor increases according to the length of the duct; it decreases
when the energy of the incident neutrons increases and its
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FIGURE 5. Variation of the flux according to the length of the duct
for a square cross-section of 64 cm2 and an energy of 2 MeV for
different materials.

FIGURE 6. The buildup factor according to the length of the bent
duct for different energy values and for a square cross-section of
64 cm2.

FIGURE 7. The buildup factor according to the length of the bent
duct for different sources and for a square section of 64 cm2.

value is greater than 1 because of the reflections on the walls,
the thing that increases the transmitted flux (Fig. 6). We can
also deduce from Fig. 7 that the buildup factor is greater at
a short length of the duct when the radiation source is plane,
whereas the point source prevails for long distances. Fig-

FIGURE 8. Neutron flux according to the energy for different
lengths of the legs of the duct (the side of the square section is
a = 8 cm).

FIGURE 9. Neutron flux according to the energy for different
lengths of the legs of the duct (the side of the square section is
a = 12 cm).

FIGURE 10. Neutron flux according to the energy for different
lengths of the legs of the duct (the side of the square section is
a = 16 cm).

ures 8 to 11 show the variations in the neutron flux as accord-
ing to the neutron energy for different lengths of the legs and
different sides of the bent duct. In a bent aluminum duct, the
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FIGURE 11. Neutron flux according to the energy for different
lengths of the legs of the duct (the side of the square section is
a = 20 cm).

FIGURE 12. The buildup factor according to the energy of the in-
cident neutrons for different lengths of the legs and for a square
cross-section of 64 cm2.

FIGURE 13. The buildup factor according to the energy of the in-
cident neutrons for different lengths of the legs and for a square
cross-section of 144 cm2.

reduction in high-energy neutron flux results from several
interconnected physical phenomena. Fast neutrons undergo
elastic scattering with aluminum nuclei, leading to a loss
of energy. As they pass through the bent, their trajectory

FIGURE 14. The buildup factor according to the energy of the in-
cident neutrons for different lengths of the legs and for a square
cross-section of 256 cm2.

FIGURE 15. The buildup factor according to the energy of the in-
cident neutrons for different lengths of the legs and for a square
cross-section of 400 cm2.

changes, increasing collisions and further slowing their en-
ergy. Additionally, the geometry of the duct extends the neu-
trons’ path through the material, which increases the proba-
bility of absorption. Although aluminum has a low absorp-
tion capacity for fast neutrons, this effect becomes more pro-
nounced as the distance traveled increases. Finally, multiple
reflections due to the bents in the duct enhance interactions,
further reducing the energy and flux of neutrons. These com-
bined effects explain the attenuation of the neutron flux in
the duct [19]. Figures 12 to 15 show the variations in the
buildup factor according to the neutron energy for different
lengths of the legs and different sides of the bent duct. We
notice the existence of a positive peak at the energy level
E0 = 35 keV and that the buildup factor is greater when
the length of the legs is greater and the sides of the duct are
small. This can be explained by the shape of the cross sec-
tions and the diffusion and absorption probabilities. At the
energyE0 = 35 keV, the total cross-section and the proba-
bility of diffusion are very important while the probability of
absorption is minimal; consequently, the flux at the outlet of
the bent duct increases and that of Eq. (1) decreases; thus,
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increasing the buildup factor [Eq. (2)] which becomes more
and more important when the length of the legs increases and
the side of the duct is small.

4. Conclusion

In a bent aluminum duct, high-energy neutrons lose energy
through elastic scattering and increased collisions as their

path changes. The duct’s shape lengthens their journey, rais-
ing the chances of absorption. Additionally, reflections at the
bents intensify neutron interactions, further reducing their en-
ergy. As a result, the number of neutrons moving through the
duct decreases significantly. A new concept of the buildup
factor is proposed and applied in this study. It can be con-
cluded that this factor is greater than 1 and it increases when
the length of the duct is great. It decreases when the energy
of the incident neutrons is high.
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