REACTOR FLUX PROFILES
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Definitions

Macroscopic cross-section

(Cross-section density in material)

¥ =No (C—:ﬁ—)or(cm'1)
N = Nuclei per unit volume ( n;:;fi )
d = Microscopic cross-section ( cm? )

Neutron flux
(Neutrons passing through given area per second)

b =nv (M)

cm? s
. t
n = Neutrons per unit volume ( = rgns )
cm
v = Neutron velocity ( c;n )
Reaction rate
(Reao?tion rate of neutrons with material)
reactions
R=¢X ( 3 )
cm™ s
_ t
¢ = Neutron flux ( = rzons )
cm®s
S‘ M . . 1
2 = Macroscopic cross-section ( E{)




Reactor Power

Neutron Flux

) = nv (neutrons/cm?s)
n = Neutron density (neutrons/cm3)
\Y = Neutron velocity (cm/s)

Macroscopic cross-section

L = No; (cm™)
N = Nuclei density (nuclei/cm3)
Of = Microscopic cross-section (cm2)

Reactor power

1 x 1 X cmS % J
Z'1“1)\/Ef cm - cmSs 1 1

P =
v = Volume of reactor (cm3)
Es = Energy release per fission (J)

OH 8.1




FISSIONABLE FUEL DENSITY

GENERAL EQuATION

Nn ‘-
N = AM (nuelei)

FOR CoMPounDdS (M = molecwlas mass , b= nuelel [molecule)

FOR MUMBER PER UMIT VoLUME

N = %[(J (nucle«'[ms)

FOR MUMEEL oF Nuewti of FISStoNARLE Fued

Ng = Mg t Ly (nucle: |w® Fuel)
Ng = -ﬁ—; W ¢ (Texr 8ooK 4-4)

WHEN ENRICHED (4 = enrichment, f = mass fiaction of fuel)

P = ”fl’;...

((,f‘“ - gmt,‘d‘“{ f“‘( com pounsl l(cnril" )



NUMBER  BF FiSSiomn8Lé Fu€r NucLE!

NH. = ﬁNﬁ'df{JhL‘ (lmdei/m’fad)
Ng - ﬁ%"ﬁ.fi' (Texr gook | 4-1)

FOR URANMIUM DioxiDg uo,

Lt = ]

[y, = lo.§ 7/w3 (kg!m?)
. dMuasese v (1-9) Muz3s
f P Mu-230 ¢ (leg) Muy-2z9 + M

2(0-1c)
Round ©oFF AW AToMic mMmuss MUMBERS

Y0 NEARESY WHOLE NUMAER
Emofl = 003 70
FoR Low ENRIEHMENTS

238
f ~ 270 s 0.381

RlGoRous CALEuLATION IN TEXT Book GIVES :

f = 0.88IS FoR 3% ENKICHMENT



NEUTRON DENSITY DISTRIBUTION

BASIC PRINCIPLES

* NEUTRONS DIFFUSE IN ALL DIRECTIONS
WITHIN THE REACTOR CoRE

* NEUTRONS LEAK THROUGH THE
EXTERNAL SuRFACE (oF THE REACTOR

RESULTANT NEUTRON DENSITY

* NEUTRON DENSITY DECREASES NEAR
PERIPHERY Dug To LEAKACE
* MORE NEUTRONS DIFFUSE AWAY From
ZONES OF HIGH NEUTRON DENSITY
THAN FROM 20NES OF Low DENSITY.
o NEUTRONS THEREFORE DIFFUSE DownN
THE  NEuTRON DENSITY GRADIENT
* Neuron DIFFUSION IS TOWARDS THE
| SUFACE  \HERE LEAKAGE occuls.
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NEUTRON FLUX DISTRIBUTION

FLux DEFINITION

¢ = v |
NEUTKON FLux o NEurkon DENSITY
qS < n

FLuXx VARIATION

DENSITY DECRERSES TowARDS EoRe BounDARY
FLUX ALSO DECREASES IN SAME MANNER

REPRESENTATION OF FLux DisTRISUTION

DEFINED MNUTHEMATICALLY AS COSINE FUNECT 10N

7

A\




EXAM MANUAL 12

NEUTRON FLUX PROFILE

HEAT GENERATION IN NUCLEAR REACTOR

J -L{2
r L2

T
J-uz z} Cos L dje

ke 2]l
g % (sin TL ~sin(- F))
Zr'f"f(l +1) ‘
%ﬂ-




NUCLEAR HEAT GENERATION

REACTION RATE

R = Z¢ = Nenv

Rh’m'm = Ef¢ - Nf{ 0'{¢
RATE OF HEAT GENERATION
' TyhE = Ny g

m

9" = GR = GZ¢ (rexr Book 4-1)

AROFILE OF HEARY GENERATION




OTHER REACTOR SHAPES

THE SLAB REACTOR

THE

THE

THE

THE

¢ = ("T7agmy) cos ()

¢mx/¢nvz = 157

SPHERICAL REACTOR
¢ = (JaE5r?)(3) sin ()
¢mw/¢nvg = 3.29
INFINITE CYLINDRICAL REACTIOR

¢ - (o.'):{gP/EKZ;Rz) I. (e.lss'«r)

¢Mn’ / ¢ﬁVt = 2.32
FINITE CYLINDRICAL REACTOR

p = (Y7 e (577) eos (7

Sbmnx/fpnvé = 3.64
RECTANGULAR REACTOR

¢ = (3'9775:(5'}\') c'os(?)cas(?)l,,(’*{_z)

¢w I ¢nve = 3.88
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Flux Flattening Produced by

Differential Fuelling

Inner zone

Reactor face

- Quter zone
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Flux with
differential
fuelling

Flux without
differential

fuelling

Radial position

Fig. 6.9




Relative flux

Flux Flattening Produced
by Adjuster Rods

Flux with
adjusters
lnsened
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Distance along chord AB (cm)

Fig. 6.8



Effect of Bi-Directional Refuelling in
Flattening Axial Flux Shape

Theoretical flux

/ shape with uniform fuelling

Total flux

£ 7 Flux from Flux from .
#"channels fuelled  channels fuelled N
/ right to left left to right \

112|345 (6]7|8|9 |10]|11]12

Bundle positions along channels




Flux Flattening

Adjuster rods

Reflector
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