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Abstract: Problem statement: In this study, we present general analytical sohsito the Neutron
Boltzmann Transport Equation NBTE using a polyndneepansion schemepproach: Some
simple assumptions have been introduced in the myétem thanks to the Boubaker Polynomial
Expansion Scheme (BPES) in order to make the géremalytical procedure simple and
adaptable for solving similar real life problenf@esults: Finding particular solution to the Neutron
equation by making use of boundary conditions aitéal conditions may be too much for the present
study and reduce the generality of the soluti@®iclusion: The proposed analytical solution of the
neutron transport equation has been positively @atpto some recently publish results. | should
present a relevant supply to studies on reactorefmay
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INTRODUCTION 1984). Sometimes, the nucleus that remains as fission
o ) product coincides with one of the stable nucleie Th
The deterministic neutron transport equation (Ofproduct nucleus is then different from other nijctee
Boltzmann neutron transport equation) describes theeason being that the product nucleus is not stable
expected or probable neutron angular density withyisintegrates further, with a mean life charactierisf
respect to position, direction, energy and time. Ishe nucleus, by emission of an electric chargei itnt
solutions generally provide average values of thQ‘inaIIy reaches a stable state.

neutron angular density which takes into account |nthe present investigation, the medium is asslime
random éects from neutron interactions and sourcesto pe constant with respect to material compositien,
Since neutrons are neutral particles which poss@ss,  zero power noise. Special randoffeets, for example,
they can penetrate deep into matter in a nondesteuc from randomly varying boundary conditions or from a
way despite having characteristics strong forces, medium that is randomly varying are not considered
quantum mechanical description seems appropriatghe present investigation although generalizatitms

leading to an involved system of Schrodinger equati  approximate such conditions may be possible.
describing neutron motion between and within nuclei

(Kulikowska, 2000; Lewis and MiIIer, 1984; Bell and MATERIALSAND METHODS
Glasstone, 1970; Stammler and Abbate, 1983; Sigh,
al., 2010;Nourazaet al. , 2011). The neutron transport equation models the trahspor

From a theoretical point of view, a neutron is aof neutral particles in a scattering, fission ahdaaption
neutral point particle, experiencing deflectionnfrar  set of events with no self-interactions (Lewis afitler,
capture by a nucleus at the center of an atomhdf t 1984; Chandrasekhar, 1960; Davison, 1957).
conditions are just right, the captured neutronseala In a neutron scattering event (Fig. 1), the git\ant
fissile nucleus to fission, producing more neutroAs to be determined is called the partial differentiedss
stochastic partial fierential equation is hence derived section related tAQ . This function depends on the
from these events of neutron transport in a géneraenergy and momentum transferred from the neutron to
three-dimensional absorbing and anisotropic-séager the sample. In the most general case the partial
medium where the neutron angular density depends adifferential cross section is a function of fouriahles
position, direction, energy and time (Lewis andI&til  since the momentum transfer is a vector quantityn wi
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three components. In elastic scattering, the naudoes

not transfer any energy to the sample. The elastic

differential cross section is consequently a fuorctof

momentum transfer only. From the number of neutrons

counted in a detector, the mean values for varsable
and ¢ can be defined (Fig. 1)0 is the angle through

which the neutron has been scattered, i.e. theeangl

between the incident and the scattered beam.

The paths of the neutrons which are scattered gfréu
form a cone so a second (azimuthal) angleis also
needed to define the detector position.
analytical and numerical approaches have beeninsed
order to solve the neutron transport equationelafid

Vidal-Madjar (1989); Case and Hazeltine (1970) and

Davies (2002) performed dicretizing protocols based
Fourier transform, while Cardona and Vilhena (1994)
Kim and Ishimaru (1999); Kim and Moscoso (2002);

Several
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Fig. 1: Neutron scattering event geometrical model

Boyd (2001); Bernardi and Maday (1992) and Kademwhich gives Eq. 3:

(2008) used polynomial expansion schemes..

In the actual investigation, the first assumptisn
that all particles including nuclei are in motioitiwlike
particle collisions allowed, as stated by Kulik&as
(2000); Mokhtar-Kharroubbi (1997) and Kadem
(2006). The govening equation are Eq. 1:
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With:

\% = The neutron speed

I = Macroscopic cross-sections

s = Scattering cross-section

¥ (E) = The distribution function

v = The neutron angular flux

E,E’ = Energies

Q,Q = Neutron directions

Q(rQ,E,t)= The source function (Kulikowska, 2000)

Which give, using variable separation Eq. 2:
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where, & represents the average number of neutrons
per fission.

By setting Eq. 4:
W, (r,t) = R(NG(t)
A(r ) =Ay(r) +A (1)

Ql(rvt): qJ],Qo
Qo = Q(N+ Gy (1)

(4)
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Since both sides of Eq. 5 are independent of ong(k)

another, they must be equal to a constinieading to
the following equations Eq. 6 and 7:

Z—?quj:{Go(t)—A(S—(:)+sz}G(t) (6)

K- Qquz{Ro(msz —Aé—(z”} R(T) )
which have as solutions Eq. 8 and 9:

o= pen P E ®
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where, Band R are constants.

The expression for the flux is hence given aslHg.
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RESULTS

Different expressions to £, A,, A; and R allow
obtaining different expressions of the macroscopiss
section which is generally expressed as Eq. 11:
%, (nE, )= N (r,t)g; (E) (11)

For a given nuclide j and reaction type i, whefe N
(r, t) is the nuclear atomic density awg (E) is the

W2, (N[ Ve(ENZ,(E)dE [ &' =2, (1E, (E)

41

WA -0 [T E - BE[z oo (14

4T, ()2, (EN, ~ 4TA(T) - 4Pz,
(] Z0(E - E)XE[ 2,0 0)®

0

X(E)=

LjJ'ZZfl(r)JVE(E')ZfZ(E')dE j o
0 an

DISCUSSION

Criticality and analytical solutions can be dissecs
by considering the special case of the neutrorsprait
equation without delayed neutrons, which is traduce
by the equation:

{%gmmo(f,E)}w(f,Q,E,t): Q. (19 E.L
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(15)
With:
Qext = The external sources of neutrons
o = The microscopic cross-section
v = The neutron speed
Ve = Average number of neutrons per fission

This equation assumes that all neutrons are euhitt
instantaneously at the time of fission although lkma
fraction of neutrons is emitted later due to certai
fission products.

If we look for an asymptotic solutions to Eq. 15,
satisfying the source free boundary conditiong.(©
0), it gives:

microscopic cross section, then, if we assume that

nuclear atomic density is independent of time E2. 1
and 13:

2 =N, (r)cij (E) 12)
Then:
5,(t) =1 (13)
2(r,E)=%,(nNZ,(E)

And the expression for the distribution function
X(E) becomes (Kulikowska, 2000; Kadem, 2006;
Mokhtar-Kharroubbi, 1997) Eq. 14:
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A A ] 2009; Belhadgt al., 2009a; 2009b, Barry and Hennessy,
~ I ] 2010; Agida and Kumar, 2010;Yildiringt al., 2010;
E oo b : ) Kumar, 2010; Milgram, 2011) and sinqu\kzl_ND are
% g ' ] roots of B4k\k:1_ND , EQ. 15 is reduced to Eq. 20:
E 10710F =
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A Z}\k XBAK(EMK) = Z}\k x(—=2) = 2k N,
k=1 F=0 k=1
0 Tt S S T S S ST S T ST S S S S ST S
10 10 20 v dB, (L i) N,
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p=1 dr k=1
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Fig. 2: Energy-dependent neutron flux profile
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If we suppose that the integrfi@m is convergent
0

r
No dB4k (E“k) No
and taking into account the characteristics of \@&mi DA ar =D A X
nuclear reactor with spherical symmetry = =
. =Ry,
4 . .
B(T) =|B(7)|:= =|B(7)|u, within radial range [0, R]: No
(B(") H ( )HH?H H ( )H r ge [ ] dB4k(|Jk):Z)\k xH, = 2k,N,
dr k=1
r
B(F) . =k dB, (= 1,)
()‘rjo ! with : H, - “RE =
deo) _, dr
dr = (18) 7=RU,
= _ k
B(r)‘r:rzu, =0 %k[z_pi]xZBi(uk)
d|B(F = AL
L ()H =k, By ary (M) ‘ (20)
dr F=RU,
where, K k, are core reactor characteristic constants. The solution is then assigned to the set of

For_solving Eq. 16-17, _the Boubaker ROIynomialspondering real coefficienté?k‘ which minimizes
Expansion Scheme BPES is proposed. This scheme 'is k=1.N,

applied through setting the expression: the Minimum Square function&tyo:
1 Ng r No 2 No 2
B0 =5 S0, *B, (i) 19w = Thxa-2en | o Bhom=2en,| @)
2N, ‘= R k=1 k=1

where, By are the 4k-order Boubaker polynomialss Which gives the following solution to Eq. 21:

the _radius (E[Q, R),_uk are By minimal positive roots, ﬁé"jkx%(f;uu .
No is a prefixed integer and?\k\k:luND are unknown wa(f):pse[f‘“ (22)

pondering real coefficients.
At this stage, the main advantage of this step lie With P; constant.
in Eq. 19 which ensures verifying the four boundary ~ From Eqg. 22 and our earlier assumptions, we write
conditions in Eq. 18, at the earliest stage of lutsm  EQ. 23:
protocol. In fact, due to the properties of the Baker

polynomials (Ghanouchgt al., 2007; Awojoyogbe and 1 %;\ xB (Lu )
Boubaker, 2009; Labiadh and Boubaker, 2007; Slema 0.0 E)= PU_, O W (E] 2Nz ¢ R ar (23)
al., 2009; Hosseiret al., 2009; Fridjine and Amlouk, all» =/ Tsaz as Q
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Figure 2 presents the profile of the energy-
dependent neutron flux as per Eq. 24. The obtained
patterns are in good agreement with the resultrdec
by Lentet al. (2004); Zeyackt al. (2007) and Zhaet
al. (2006).

CONCLUSION

An analytical solution of the neutron transport
equation applying the Boubaker Polynomial Expansion
Scheme BPES has been presented. The solution pl
and main features have shown a good agreement wi
some recently published results and should preaent
relevant supply to studies on reactor modelinge &ff
of power noise, special randonffexts and variable
boundary conditions are subjects of future studies.
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