SECTION AA

NUCLEAR REACTOR
HEAT TRANSFER



Table 1 Water Cooled Reactor Temperatures and Pressures

Reactor Type Coolant Temperature Coolant Pressure Steam Temperature Steam Pressure

°O (MPa) °O (MPa)
PWR 325 15.5 273 5.8
BWR 289 7.3 289 7.2
PHWR 312 11.2 265 5.1
LGR 289 7.3 285 6.9

In the case of the PWR and PHWR (CANDU) heat must be transferred from the primary coolant
loop to the secondary steam system so that the coolant temperature must be even higher than the
steam temperature. For the PWR where boiling is totally suppressed the coolant pressure is the
highest. Overall however it is the pressure of the steam that is the limiting factor since the vessel in
which the steam is generated or separated must be of adequate size to accommodate the increase in
volume associated with the change in phase. The size of the vessel in turn affects the wall thickness
which is governed by manufacturing and transportation limitations as well as the economical
considerations mentioned above.
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Figure 1 Variation in saturation pressure with water temperature



Definitions

Macroscopic cross-section

-

(Cross-section density in material)
X =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
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(Readlion rate of neutrons with material)
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Reactor Power

Neutron Flux
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FISSIONABLE FUEL DENSITY

GENERAL EQUATION
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NEUTRON DENSITY DISTRIBUTION

BASIC PRINCIPLES

o NEUTRONS DIFFUSE IN ALL DIRECTIONS
WITHIN THE REACTOR CoRE

» NEUTRONS LEAK THROuUGH THE
EXTERNAL SURFACE oOF THE REACTOR

RESULTANT NEUTRON DENSITY

e NEUTRON DENSITY DECREASES NEAR
PERIPHERY DueE To LEAKAGE,

° MORE -NEUTRONS DIFFUSE AWRY FRoM
ZONES OF HIGH NEUTRoN DENSITY
THAN FRoM 20NES OF Low DENSITY.

o NEUTRONS THEREFORE DIFFUSE DowN
THE NEuTHOoN DENSITY GRADIENT

o NEurfoN DiIFFUSIonN IS TOWAKDS THE
SURFACE  \wMERE LEAKRGE 0OCCuKs .



256 Nuclear Reactor Theory
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Fig. 6.5 Fast and thermal fluxes in a reflected thermal reactor and the thermal flux in
the equivalent reactor.



" NEUTRON FLUX DISTRIBUTION

FLUX DEFINITION

¢ = v

NeutTRoN FLux & NEurRonN Dé)s/S'er
¢ < N

FLUX VARIATION

DENSITY DECREARSES TowARRDS CfoRé BoundDARY
FLUX ALSO DECREASES IN SAME MANNER

REPRESENTAMTION OF FLUX Dwrmsuriou

DEFINED MNATHEMATICALLY AS COSINE Funmerion




