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Binding energy of the atomic nucleus

ÅNucleus rest mass of all elements and isotopes is 
less than the sum of masses of all nucleons -> 
mass defect Dmj

Ўά ὔά ὤά ά

Åwhere mn is the rest mass of neutrons, mp is the 
rest mass of protons, N is number of neutrons, Z 
is proton number and  mj is mass of nucleus

ÅBinding energy Wj can be expressed by Einstein’s 
formula as:
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Binding energy of the atomic nucleus
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A
ve

ra
g
e

 b
in

d
in

g
 e

n
e

rg
y 

p
e

r 
n

u
cl

e
u

s 
(M

e
V

) 

Nuclear fusion

Nuclear fisson



Nuclear power plants 4

PowerEngineeringII

Radioactive decay

ÅLaw of radioactive decay
Ὠὲ

Ὠὸ
‗ὲ

wheren is the number of nucleiandlis a decay 
constant. Thenumber of decayed atoms in timet is:

ὲ ὲὩ
where n0 is the number of nuclei present initially
ÅHalf-life T is the amount of time it takes for a given 

isotope to lose half of its radioactivity
ÅNew nuclides can be further transformed with a 

different decayconstant
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Nuclear reactions

ÅConversionof anatom nucleusto different one
by the action of elementary particles or other 
nucleus
ÅNeutrons need substantially less energy to carry 

out the nuclear reaction than other particles.
ÅThermal neutrons–energy up to 0.025 eV
ÅFast neutrons –energies between 0.1 and 2 or 3

MeV
ÅEpithermal neutrons –energy more than thermal 

neutrons
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Nuclear reactions
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Nuclear reaction
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Chain reaction

ÅMultiplication factor k –ratio between free 
neutrons of one generation and number of
neutrons in previous generation

ïk>1 system is in supercritical state

ïk=1 system is critical

ïk<1 system is in subcritical state

Controlled chain reaction –achieving and keeping 
k= 1 in nuclear reaction
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Nuclearreactors

ÅFundamental parts of nuclear reactors

ïNuclear fuel and elements

ïModerator

ïCoolant

ïHermetic system

ïShielding and reflector

ïActive zone and control systems, measurement, 
protections and diagnostics
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Nuclearreactors

ÅHomogeneous–fuel is dispersed in 
moderator in the form of solution, chemical 
compound, alloys etc.

ÅHeterogeneous–fuel is separated from 
moderator using of fuel elements

ÅMostly, the heterogeneus reactors are used 
for the power engineering purposes



Nuclear power plants 11

PowerEngineeringII

Nuclearreactors
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Nuclearreactors

ÅThermal reactors –fission of nuclear fuel 
mostly by thermal neutrons, moderator has to 
be present to decrease neutron energy

ÅFast reactors –fission of nuclear fuel mostly 
by fast neutrons, at the same time the new 
fissionable material arise, no moderator is 
needed
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Nuclearreactors

CoolantModerator
Energy of 
neutrons

Thermal

Fast

Water

Grafite

Heavy water

Name

Pressurized water

Boiled water

Gas cooled Advanced

High temperature

Light water cooled

Press. heavy water

Heavy water light water

Heavy water gas cooled 

Fast breeder 
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Nuclearfuel

ÅNuclear fuel ismostly:

ïNatural uranium (U238 - 99,276%, U235 –0,7%)

ïEnriched natural uranium by uranium U235, the 
average enrichment up to 3%

ïMixed oxide fuel MOX –manufactured from 
plutonium recovered from used reactor fuel, 
mixed with depleted uranium

ÅManufactured in the metallic form or in the 
ceramic form as oxide (UO2)
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Nuclearfuel

Uranium oxide

Fuel element

Pressed pellets of 
uranium oxide

Placement of fuel 
pellets into zirconium 
tubes

Assembly of mechanicaly 
connected fuel elements
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Detail of fuel element
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Campaign of nuclear reactor

ÅCampaign ofreactor–time when the reactor is under 
operation without replacement or rearrangement of fuel

ÅThe nuclear fuel is burned during campaign, after some 
time it is not possible to keep reactor in the critical state

ÅTo keep chain reaction in reactor (critical mass) the fuel 
must be periodically replaced or at the beginning of 
campaign, the higher amount of fuel must be inserted into 
active zone (supercritical amount) and compensate higher 
reactivity by absorbers

ÅIf the nuclear fuel burned out to some level the 
replacement or rearrangement in the active zone is 
required
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Fundamental thermal circuit of nuclear 
power plants

ÅOne-circuit scheme

Reactor

Turbine

Generator

Cooling 
water

Condenser

Feed pump
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Fundamental thermal circuit of nuclear 
power plants

ïCoolant is also working matter in turbine 

ïOne-circuit scheme is usually used in case of 
boiled water reactors

ïAdvantage is the simple heat cycle and its higher 
efficiency 

ïRadioactive coolant goes through all the main 
parts of the nuclear power plant -> special safety 
measures and increasing demands on reliability 
and lifetime 
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Fundamental thermal circuit of nuclear 
power plants

ÅTwo-circuit scheme

Reactor

Steam generatorSeparatorSuperheator

Generator

Cooling 
water

Condenser

Feed pumpFeed pumpCircular 
pump

HP 
Turbine

LP Turbine
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Fundamental thermal circuit of nuclear 
power plants

ïSeparation of primary circuit allow to use different 
types of reactor coolants -> absence of radioactive
parts outsidethe reactor

ïThe steam from steamgenerator can be used as in 
conventional thermal power plant

ïMachineroom of a multi-circuit power plant has 
significantlysimplersafety systemscomparedto 
one-circuit power plant
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Fundamental thermal circuit of nuclear 
power plants

ÅThree-circuit scheme (liquid metal coolant)

Reactor

Heat 
exchanger

Turbine

Generator

Cooling 
water

Feed pumpCircular pumpCircular pump

Condenser



Nuclear power plants 23

PowerEngineeringII

Fundamental thermal circuit of nuclear 
power plants

ïEnhanced safety at nuclear reactors with fast 
reactors (liquid-cooled reactors)

ïInserted circuit between primary and secondary 
circuit is required for two reasons:

Åsafer isolation of radioactive isotopes contained in the 
metallic coolant(higher inlet pressure than primary)

Åwhen steam penetrates from secondary to primary 
circuit througha leakage in the exchanger, high affinity 
of sodium could cause a crash -> transfer sodium / 
water interface into the secondary area
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Heat cycle of two circuit nuclear power 
plant (PWR)

Reactor

Steam generatorSeparatorSuperheator

Generator

Cooling 
water

Condenser

Feed pumpFeed pumpCircular 
pump

HP 
Turbine

LP Turbine
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Steamcircuitof PWR
Steam generator

Cooling pump 
of reactor

Reactor tank

Pressure 
compenser
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Containment building for PWR

Steam generator
Steam generator

Reactor
Reactor
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Radioactive waste management

ÅSpent Fuel Pools
ïstorage in pools nearby reactor or somewhere 

outside

ïwater transfers the heat and protect against radiation

ïpermanent cooling and cleaning of water

ïhigher costs

ÅDry storage
ïStorage in shielded containers

ïLong-term storage (final repository)

ïLower costs


