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3. Neutron Transport Equation
3.1 Neutron Density and Flux
Definition
Angular neutron density n(r,E,Q,t)d*>rdEdQ

Expected number of neutrons in d3r about r,
= | energy dE about E,moving in direction Q
in solid angle dQ at time t

Angular neutron flux
o(r,E,Q,t) =vn(r,E Q,t)

where v is the neutron speed

Angular current density
j(r,E,Q,t) = van(r,E,Q,t) = Qo(r,E,Q,0)

Neutron density
N(r,E,t) = [, dOn(r,E Q1)
and

N(r,t) = f; dEN(r,E,©) = ["dE [, _dQn(r,E,Q,1)

Neutron flux

¢(rE 0 = [, dQo(r,E,Q,1

and

o(r,t) = [ dEG(r,E,0) = [ dE [, dO¢(r,E Q0
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unit (cm?2 - s1)

Neutron current density
J(r,E0) = [, dOj(r,E Q1)
and

J(r,©) = [["dEJ(r,E,0) = [;°dE [, dQj(r,E,0,1)

3.2 Neutron Transport Equation

Consider arbitrary volume V. The number of neutrons in V with energy E in dE and

traveling in a direction Q in dQ within this volume is,
|/, n(r.E t)d*|dEdd .
The time rate of change of this number is given by a balance relation.

%[fv n(r,E, ﬁ't)d3l'] dEdQ = (gain in V) — (loss from V)

If we assume that the arbitrary volume is chosen not to depend on time,

an

ot

ait[ f, n(r,E.Q, t)d3r] dEdQ = [fv

d3r] dEdD

Gain mechanisms :
(1) Any neutron source in V (e.g. fission)

(2) Neutrons streaming into V through the surface of the V

(3) Neutrons of different E', Q' suffering a scattering collision in V that changes

E',
Q' into the E, Q of interest

Loss mechanism :
(4) Neutrons leaking out through the surface of the V

(5) Neutrons suffering a collision (absorption and scattering)
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Neutron balance relationship in a unit volume

(Neutron transport equation)

Z—? +vQ-Vn+ vXen(r, E, Ot

= [, A0’ ["dE'V'E,(E' > EQ > Q)n(r,E,Q',t) + S(r,E 0,0 D

where,

(B - EQ - Q)=Nog(E - EQ - Q)

O (E’ > EQ - ﬁ) . Cross section that characterize scattering from an incident
energy E', direction Q' to find energy E and direction Q.

(double differential scattering cross section)

rate of source neutrons appearing
S(r,E, Q,t)d*rdEdQ = [in d3r about r,dE about E,and dQ
about O

(neutron source)

3.3 Simplifications to the Neutron Transport Equation
® The one-speed approximation : Assuming that one can characterize the neutrons
by a single energy or speed.

One-speed neutron transport equation

22240 Vo + %p(r,Q,0)= [, d2E(Q > D)o(r,2,t) + S, 0,1

® Isotropic neutron sources
=~ 1
S(r,Q,t) = =S(r,t)

® [sotropic scattering
=, o~ —i
%0 - 0) = -3,

The one-speed neutron transport equation with isotropic scattering and sources

S(r,t)

4T

109 A A Z Y 0’
;E+QV(P+Zt(P(r,-Q:t 7Gf4—1'[dﬂ (p(r"Q ’t) +
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In a steady state

0V + Lo(n Q) =2 d@e(ra)+22

In a one-dimensional plane geometry
i} _Zs t1 5 n 4 S&)
Woo+ Z( W) =27 du'e(x p) + ==

where

U= Ccos®
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