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Outline
• Reactor heat generation parameters
• Reactor heat balance
• Steam generator
• Primary side flow
• Secondary side flow
• Approximate solution
• Heat balance for CANDU 6
• Steam generator with preheater (analytical 

solution)
• Steam generator with preheater (numerical 

solution) 



Reactor Heat Balance
• Heat is generated by 

nuclear fission, 
transferred to a moving 
heat transport medium, 
and carried by this
medium to the steam 
generators for steam 
production

• What is heat balance in 
the reactor
– energy out of the reactor 

equals the energy going in
plus the reactor energy 
generation



Reactor Heat Generation Parameters
• Volumetric energy (heat) generation rate, q”’(kW/m3)

– Used by reactor designers as indication of design compactness

• Surface heat flux, q” (kW/m2) 
– Used by thermal designer s as indication of thermal margin

• Linear heat generation rate, or power rating, q’ (kW/m) 
– Used by fuel designers as indication of fuel thermal stress

• Core power, Q (kW)
• Core power density, Q”’ (kW/m3)

– Figure of merit for core thermal performance



Concept of Critical Heat Flux Ratio



Concept of Core Thermal Margins



Steam Generator Heat Balance
The heat transfer at any 
point in the steam 
generator is given by 
Fourier's law



Steam Generator Heat Balance
No pre-heater region



Primary Side Flow
• The primary side flow is 

determined by a balance 
between the head generated 
by the primary pumps and 
the circuit head losses due 
to friction.



Primary Side Pumps
• Primary pumps – vital component in the reactor Heat 

Transport System (HTS)
– Primary function to provide continuous cooling of the reactor core in 

normal operation, transient and during reactor shutdown

• Accurate prediction of pump performance includes 
specification of its head (H), torque (τ), discharge or 
volumetric flow rate (Q), and rotor speed (ω)

• The pump characteristics are described by the specific 
relationships, called homologous relationships



Primary Side Pumps
• One of the most important objectives of the HTS flow 

design is to make sure that the pump suction pressure 
does not fall below the Net Positive Suction Head 
Required (NPSHR)

• In order for a pump to deliver its rated output it is 
necessary that the absolute pressure (including the 
velocity head V2/2g) of the fluid at the pump inlet 
exceeds the vapour pressure by an amount sufficient to 
overcome any entrance or frictional losses between the 
point of entry into the pump and the impeller

• NPSHR (required) is determined by the pump 
manufacturer and is a function of both pump speed and 
pump capacity



Primary Side Pumps



Secondary Side Flow
• The secondary side steam flow can be calculated by an 

energy balance on the secondary side of the boiler



Approximate Solution
• Energy balance

– Reactor core
– Steam generator
– Momentum balance 

around the circuit



Approximate Solution



Heat Balance for CANDU 6



Steam Generator with Pre-Heater
(Simple Analytical Solution)



Steam Generator with Pre-Heater
(Simple Analytical Solution)



Steam Generator with Pre-Heater
(Simple Analytical Solution)



Steam Generator with Pre-Heater
(Simple Analytical Solution)



Steam Generator with Pre-Heater
(Numerical Solution)



Questions?
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