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Module 6
Applications in industry

Nuclear Fission

 Nuclear Fission is the splitting of a large nucleus when hit with a 
slow moving neutron. It splits into two daughter nuclei and one 
or more neutrons. This process then continues if the neutrons 
produced are slowed down. Energy is given off in the form of 
Kinetic energy. 
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Nuclear Reactor

 A nuclear reactor is an installation capable of initiating, 
controlling and maintaining nuclear reactions (usually 
nuclear fission) chain that occur in the core of this 
facility. 

 Components:
 Fuel rods

 Moderator

 Control rods

 Coolant

 Containment

Nuclear reactor – fuel rod
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Nuclear reactor – core

Nuclear reactor – control rods

 Representative diagram of control rod usage. 
 The left image shows the control rods (green) inserted fully into 

the reactor core, putting the reactor in a subcritical state. 
 In the right image, the control rods are removed, allowing more 

neutrons to accelerate the fission chain reaction and go 
supercritical. 
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 Nuclear reactors can be classified in different 
ways:

 the fuel used ( e.g. Uranium or Plutonium)

 the speed of the neutron moderator used and 

 the material used as a coolant (light water) 
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Types of nuclear reactors

Reactor Type Coolant Moderator Fuel Comment

Pressurised 
water reactors 
(PWR, VVER) 

Light water Light water Enriched 
uranium 

Steam generated in 
secondary loop 

Boiling water 
reactors (BWR) 

Light water Light water Enriched 
uranium 

Steam from boiling 
water fed to turbine 

Pressurised 
heavy water 
reactor (PHWR) 

Heavy water Heavy water Natural 
uranium

Gas-cooled 
reactors 
(Magnox, AGR, 
UNGG) 

CO2 Graphite Natural or 
enriched 
uranium 

Light water 
graphite 
reactors 
(RBMK) 

Pressurised 
boiling water 

Graphite Enriched 
uranium

Soviet design 

Nuclear Reactor
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 In these reactors, the fission of heavy atomic nuclei, the 
most common of which is uranium-235, produces heat 
that is transferred to a fluid which acts as a coolant. 

 During the fission process, bond energy is released and 
this first becomes noticeable as the kinetic energy of the 
fission products generated and that of the neutrons 
being released. 

 Since these particles undergo intense deceleration in the 
solid nuclear fuel, the kinetic energy turns into heat 
energy. 
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 The nuclear reaction is carried out in a controlled 
manner . Nuclear reactors generally have automatic and 
manual systems to shut the fission reaction down if 
unsafe conditions are detected. 

 A cooling system removes heat from the reactor core 
and transports it to another area of the plant, where the 
thermal energy can be harnessed to produce electricity 
or to do other useful work.

 The hot coolant is used as a heat source for the boiler, 
and the pressurized steam from that boiler will power 
one or more steam turbine driven electrical generators.

Nuclear Power Plant
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Nuclear Power Plant – The basic 
principle

 Heat energy is obtained through the nuclear fission of the atoms´
nucleus from the fuel. 

 This heat energy, in the form of steam from water, will be 
converted into mechanical energy by a turbine, and in the end 
this mechanical energy will be converted into electrical energy by 
a generator.

 The nuclear reactor is responsible for rising and handling this 
atomic fission that generates a lot of heat. With this heat the 
reactor converts water to steam at a high temperature and 
pressure.

 The steam exits the containment building due to the high 
pressure that it is subjected to, until it reaches the turbine and the 
steam makes the turbine rotate. At this moment, part of the heat 
energy of the steam is being transformed into kinetic energy. 
This turbine is connected to an electric generator whereby the 
kinetic energy is transformed into electric energy.

BOILER WATER REACTOR
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BOILER WATER REACTOR

 Nuclear reactor with water as a coolant and as a
moderator, boiling in the core.

 The resulting steam is generally used directly to
drive a turbine.

 Example: Nuclear Power Plant
Gundremmingen, Unit C, 1,344 MWe.

 The fuel elements containing the uranium
dioxide are located in the pressure vessel, two
thirds of which are filled with water

BOILER WATER REACTOR

 The water flows through the core from bottom
to top and removes the heat developed in the
fuel elements.

 Part of the water evaporates.

 Following steam-water separation in the upper
part of the pressure vessel, the saturated steam
at a temperature of about 290 °C and a pressure
of approx. 70 bar (7 MPa) is fed to the turbine.
This amounts to up to 7,500 t steam per hour.
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BOILER WATER REACTOR

 The turbine is coupled to a three-phase
generator.

 The steam exiting the turbine is liquefied in the
condenser.

 For this purpose about 160,000 m3 cooling
water per hour is required and is taken from the
cooling tower circuit.

 The feed water is heated to a temperature of
about 215°C by means of a heating system and
refed into the reactor..

BOILER WATER REACTOR

 The control rods containing the neutron-
absorbing material are inserted in the core from
below by means of an electromotor (normal
drive) or hydraulically (trip).

 The piping leads out of the containment into the
engine house.

 A number of safety devices are installed to
achieve immediate isolation of the reactor from
the engine house in case of a malfunction
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CANDU REACTOR

CANDU REACTOR
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What is CANDU?

 CANDU (a registered trademark of Atomic 
Energy of Canada Ltd.) stands for "Canada 
Deuterium Uranium".

 It is a pressurized heavy-water power reactor 
designed first in the late 1950s by a consortium 
of Canadian government and private industry. 
All power reactors in Canada are of the 
CANDU type (of varying vintage).

 It is also the power-reactor product marketed 
by Canada abroad.

working

 Primarily, the CANDU reactor is a heavy
water moderated reactor .

 Heavy water is the key to many of the unique
features of the CANDU design, including its
ability to run on a variety of fuel types and many
of its inherent safety features.

 The CANDU design can use either natural 
uranium or enriched uranium fuel, and 
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Working….

 either heavy water (D2O) or regular (or 
"light") water (H2O) as coolant (the 
moderator and coolant are separate systems). It 
is refuelled at full-power, a capability provided 
by the subdivision of the core into hundreds of 
separate pressure tubes.

 . Each pressure tube holds a single string of 
natural uranium fuel bundles (each bundle half a 
metre long and weighing about 20 kg) immersed

Working…..

 in heavy-water coolant, and can be thought of as 
one of many separate "mini-pressure-vessel 
reactors" - highly subcritical of course. 
Surrounding each pressure tube a low-pressure, 
low-temperature heavy-water moderator fills the 
space between neighbouring pressure tubes.

 The cylindrical tank containing the pressure 
tubes and moderator, called the "calandria", sits 
on its side. 
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Working…..

 Thus, the CANDU core is horizontal. A fuelling 
machine visits each end of the core, one fuelling 
and the other de-fuelling, allowing operators to 
insert fresh fuel at alternate ends for 
neighbouring fuel channels. From six to ten 
bundles are "shuffled" each day.

 Axial flux-shaping is thus provided by fuel 
management, as is (to a certain extent) radial and 
azimuthal flux-shaping. 

Working…..

 Long-term reactivity control is also achieved 
through fuel management (ie, the ability to 
refuel on-line precludes the need for reactivity 
suppression over a core's life).

 Short-term reactivity control is provided by 
controllable light-water compartments, as well as 
absorber rods
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Working……

 Thermalhydraulically, the core of most CANDU 
reactors is divided into two halves, with the 
divider line running vertically down the centre of 
the reactor face. Each half represents a separate 
coolant circuit. 

 Heavy water coolant is supplied to the pressure 
tubes in each circuit via large headers at each 
end of the calandria, one pair of headers 
(inlet/outlet) for each half of the core. 

Working……

 The subdivision of the core into two circuits, 
plus the fine subdivision into hundreds of 
interconnected pressure tubes, greatly reduces 
the effect of a potential LOCA (Loss-of-Coolant 
Accident).
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