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Modelling Process: Analysis
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Modelling Process: Research Problems
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Neutron Transport - Introduction

Neutron Motion - Boltzmann Transport Equation
- Linear Integro-differential Equation

* Diffusion Theory - Common Approximation
- Neutron Flux = Fick’s law

- Good working results

Objective: Derive Diffusion Equation + B.C.s
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Neutron Transport - Problem Formulation

ON
e Neutron conservation statement: FV-H =g¢q

ot

o N(r,,t) (angular) neutron density
(number per unit volume)

e Flux H=Nv v =90 v speed (constant)
V.H=0Q. VN () direction
e Source ¢q= —vo(r)N(r,€, 1)
1

+ — | wog(r,2- Q) N(r, ¥, t)dS(Q)
4 g2

" Vél(;)vaf(r) <2 N(r,Q',t)dS(2) + Q(r,?)

Total macroscopic cross-section

o¢(r) + oc(r) + ﬁ /sz os(r, - Q) dS(Q)




Neutron Transport - Problem Formulation

Isotropic scattering

os(r,2.Q") = o,(r)

(1 oY(r, 2, t)

FQ - VY(r,Q,t) + o(r)(r, 2, 1)

Y(r, 1) dS() + Q(r,1)
SZ

J

04(r) + voy(r)

mean number secondary neutrons




Neutron Transport - Problem Formulation

e 1-D problem
1 space coordinate x

1 direction coordinate pu = €2 -1 = cos 6
0 € |0, ]

o slab geometry

o ¢ =1(x,u,t)
flﬁwamﬂ,

OD<zx<d —1<u<l

~N

wzfl(uat) p>0
V= falp,t) p <O

J

[ att=0 ¥ =g(z,pn) for()gmgd,—lg,uglj




Neutron Transport - Problem Formulation




Neutron Transport - Non-dimensionalisation

¢ Non-dimensionalise:




Neutron Transport - Non-dimensionalisation

e Dimensionless Problem:

O<z<l, -1 < u<l,

@ >0

nn
n

at for()ga_:gl,—lg,uglj

1
e Dimensionless Parameter €= — ~ 1072 =103

Mean free path ood

4 ) (" )

4 dimensional 1 dimensionless
parameters parameter

o (d7 v, w()a O-O)

J




Neutron Transport - Matched Asymptotics

e Matched Asymptotic Expansions e — 0

e Y ep OP(a,p,t)
* o@) ot  olz) ox

:@ /_1 Yl i’y 1) dp’ + Q(a, 1)

Y(x, p,t)




Neutron Transport - Outer Expansion

Outer region 0 < z < 1

Pose

U = o(z, 1y t) + ety (z, p, t) + (T, 1, t) + . . .
as € — 0

c(z) = co(x) + eci(x) + €“ca(x) + . ..
Q(x,t) = Qol(z,t) + eQq(z,t) + €Qa(x,t) + ...

tZ%T 5:KO—|—K]_€_|_K2€2_|_...




Neutron Transport - Outer Expansion

e At O(€Y):

1
. o 9% -1 = Coém) /1¢0($aulat)dﬂl+Q0(xvt)

o(x) Ot

° Yo = Yo(,t) U[(i(z) 5’({;&0 F (1 —co(x)) Yo = Qo(x, T)




Neutron Transport - Outer Expansion

o At O(E):

o K4 8¢O | I3 5’1% | B ( 1 / /
o(x) OT | o(x) Ox - = 602513) /_1 vy (x, ', m)dp

i Cléw) /_1 Yoz, T)dp + Qu(,7)

* Yy =Yiolx,7) + ph11(x, )

al((;) 8@? = a(@)vo + Qu(z,7)




Neutron Transport - Outer Expansion

o At 0(62): 0[((:132) a({;f_o |

® ¢2 — ¢20 (.CE, T) T :uzp?l(xa T) T M2¢22 (.CE, T)

a[((;) a@”ﬁio - %%2 + ca(w)ho + Qa(z, 7)

1 0o | _
o(xr) Ox m 21 =0




Neutron Transport - Inner Expansion

e Inner region at x = 0




Neutron Transport - Inner Expansion

Pose: W = Uy(y, 1, 7) + eWi(y, p,7) + Wo(y, p,7) + ...

-

AtOEOZ H 8\1!0 | :1
() a(0) Oy - %o 2

\IJO(O) H, 7-) — fl (:u7 T)

General solution:

Wo(y, 1, 7) = ao(7) + bo(7)(c(0)y — 1)
1
' / Ao, 7) 0 (1)e 7O/ dy
1 —1
du () = §P 1 FA(v)o(v — ) Av)=1—vtanh ' v

v — p
Ag(v,7) =0 v <0

\_




Neutron Transport - Inner Expansion

e Orthogonality Conditions:




Neutron Transport - Inner Expansion

/fl,u, du () y(p) dp

for:=0,1

e by(7) determined by matching to outer




Neutron Transport - Matching

e Overlap domain: ceL<r=ey<kKl1
e (Quter in Inner variables:
U = toley, p,7) + er(ey, pu, 7) + €Yo (ey, u, 7) + . . .

a¢0 (07 s 7-)
Y Ox

— wO(Ov 7-) T € | ¢1 (07 s 7-)

-y2 a2¢0(07:u77—) | awl (O,M,T)

2
e 2 Ox? i ox

| ¢2 (07 s 7-)

e (Quter limit of Inner:

o U=Uo(y,p,7)+eW1(y,p,7) + Vo (y, 1, 7) + ...

as Yy — o0
o At O(c”):  lim Wo(y,p,7) = 1o(0,7)

Y—>0C0




Neutron Transport - Matching




Neutron Transport - Summary

e (Governing Equation:

Ko 0y
o(x) Or

mo<z<l1l,7>0

e Boundary Conditions:

$o(0,7) = / £ )y () dp

Yo(1,7) :/o S (e, )y () dpe

e Initial Condition:  ¥o(z,0) = G(z)




The End

Thank You !




