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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
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where W = coolant mass lowrate (kg/s);
h, = core exit enthalpy (kJ/kg):
h; = core inlet enthalpy (kl/kg):
() = reactor power transterred to the
coolant (kJ/s or KW).



Reactor Heat Generation Parameters

* Volumetric energy (heat) generation rate, q”’(kW/m?)

— Used by reactor designers as indication of design compactness

Surface heat flux, g” (kW/m?)

— 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

| )

Critical Heat Flux Ratio

CHFR = q."/q"

Predicted Critical Heat Flux
From Correlation, q.,"

Heat Flux, g*(z)

Critical Heat Flux Ratio (CHFR)

Operating Heat Flux, ¢

Channel Length, z



Concept of Core Thermal Margins

e Failure LIMIT
Margin for
Correlation
and Monitoring
Unceartaintiaes
I = LIMIT for Design Transient
Overpower Factor
L MAXIMUM Peak Steady State
I Condition (i.e., at hot spot with
engineering uncertainties)
Engineering
Uncertainties
Y NOMINAL Peak Steady State
A Condition (i.e., at hot spot)
Applicable Axial and
Local Flux Factor
(for LWR)
Y Axial Average in Radial
I Peak Pin
Hrpliﬂabla Radial
Flux Factor
Y Nominal Steady State Core

Average Condition



Steam Generator Heat Balance

point in the steam
generator 1s given by

m The heat transfer at any g
. TI
Fourier's law
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where U = overall heat transfer coefficient (kJ)/m* -"C),
A = heat transfer area (m®).
I, = primary (D,0) side temperature (7C)
I, = secondary side (H,O) temperature { "C).

['hus the total heat transter is
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Steam Generator Heat Balance

m No pre-heater region
o 1) -
O - U4 "j ' UAT T _ HO
Tex
T
() [JA | i T ) [hstance thronzh steam gere rator
- : _._1- i ¢




Primary Side Flow

e 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.
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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 (1), discharge or
volumetric flow rate (Q), and rotor speed ()

e The pump characteristics are described by the specific
relationships, called homologous relationships
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Primary Side Pumps

* One of the most important objectives of the HTS flow
design 1s 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 1s
necessary that the absolute pressure (including the
velocity head V?/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 1s a function of both pump speed and
pump capacity



Primary Side Pumps
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Secondary Side Flow

» The secondary side steam flow can be calculated by an
energy balance on the secondary side of the boiler
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Approximate Solution

* Energy balance

Reactor core
Steam generator

Momentum balance
around the circuit
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Approximate Solution
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Heat Balance for CANDU 6

() = 2000 MWi(th) = 2x10° KWith) (given)
W= BOOO kg/s total core flow (guessed)

T, = 265°C (given) »h, = 1150 klikg
C, = 5 klkg "C (guessed)
L= SkJs"Cm? (CW T UA) = 0.625

A= 3200 m* / steam generator
Prog = 10 MPa (given)
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Steam Generator with Pre-Heater

(Simple Analytical

L. ||.|:.“|| _|II|
where:
L) = reactor power T,
steam generator power
Cp = D0 heat capacity T.e
constant
T, = ROH temperature
T, = RIH temperature
at = LdAd U papgary 4 speovnay)
where:
L) = overall heat transter coethicient

dA = mcremental heat transter area
' temperature of D0 m 5.0 tubes
temperature of HyO i 5.0 shell
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Steam Generator with Pre-Heater
(Simple Analytical Solution)
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v = the fraction of the steam generator associated with preheating the feedwater
Tepuen = D50 temperature at the pinch point

T, = temperature of saturated H,0O
Ty = teedwater ilet temperature.
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Steam Generator with Pre-Heater
(Simple Analytical Solution)
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Steam Generator with Pre-Heater
(Simple Analytical Solution)

Temperature
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Steam Generator with Pre-Heater
(Numerical Solution)
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Questions?
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