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NUCLEAR REACTOR PRINCIPLES
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Fig. 1.2. Numbers of neutrons and protons in stable nuclei. (The short dashed lines indicate magic
numbers of neutrons and protons.)
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NUCLEAR REACTOR ENGINEERING
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Fig. 2.29. Instability of fission fragments.
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Target Areas

Target area may be smaller or larger than
projected (physical) area of nucleus

/— Projected area —;

(For reaction 1)  (For reaction 2)
\ Nucleus

Target area

Target areas are different for
different nuclear reactions




Pie Diagram for Cross-Sections of
U-235 and Nat-U

U-235
Fission
Radiative
capture
Scattering
Nat-U

Fission

Scattering

Radiative
capture
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Fission Characteristics

1000 A
100
b
10 -
1
1 meV 1eV Energy 1 keV 1 MeV
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_ — - L — )
1/v Resonance Smooth
region region region

Interactions of importance

o¢ = Scattering

oy = Radiative capture c_ = Absorption
os = Fission 4

Capture/fission ratio: o = G'Y/ of

Probability of fission: p = G,/ 0,

" OH2.23
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Fission Chain Reaction
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- REACTOR PRINCIPLES

PRINCIPLES

¢ NEUTRON CHAIN REACTION

CONTRoL OF NFUTKONS

MODERATION OF NEUTRONS

REMOVAL OF ENERGY

CONFICURATION CONTRoOL COOLANT
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BASIC REACTOR COMPONENTS
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Avogadro’s Number

Ny = 6.022x1023

Number of atoms or nuclei in a given sample

N

N = 7\‘3 x MASS (g)

Example: Atoms in 1kg of U-235

6.022 x 1023

N = x 1000
235

25.62 x 1023 atoms

Example: 1kg of U-235 consumed in one day

6.022 x 1023

N = x 1000 fission/day
235

= 25.62 x 10%3 atoms / (24 x 3600) Fissions/s

= 0.0002965 x 1023 x 200 MeV/s

= 0.05932x 1023 x 1.6022 x 10713 Jss
= 0.09504x 100w

= 950x 108 W

= 950 MW

OH 224




Neutron Reaction Rates




Definitions

Macroscopic cross-section

(Cross-section density in material)
2 = No
N = Nuclei per unit volume

o = Microscopic cross-section

Neutron flux

(Neutrons passing through given area per second)

¢ =nv
n = Neutrons per unit volume

v = Neutron velocity

Reaction rate

(Reaction rate of neutrons with material)

R=¢X
6= Neutron flux

2 = Macroscopic cross-section
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Reactor Power

Neutron Flux

¢ = nv (neutrons/cmzs)
n = Neutron density (neutrons/cm?3)
\Y = Neutron velocity (cm/s)

Macroscopic cross-section

% = No (cm™)

N = Nuclei density (nuclei/cm?3)

Of = Microscopic cross-section (cmz)
Reactor power

: 1 x 1 X cmS X J

P = ZOVE; cm ~ cm3s 1 1

v = Volume of reactor (cm3)

Es = Energy release per fission (J)

OH 8.1




