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5 Fuel - Coolant Heat Transfer

Tabl e of Contents:

5 Fud - Coolant Heat Transfer .. ... i e e 5-1
5.1 INtroduCtion . .. ... 5-2
52  Generd Heat Conduction EQuation . . .. ... ..ot e 5-4
53  Ddintionsand ASSUMPLONS . . . ..ottt 5-7
54  Radid Heat Transter .. ... 5-10
55  Gened Thermd Energy Equation. . . ... 5-15
5,6  Axid Temperaure Digtribution . .. ... 5-16
57  Axid Qudity DISribution . . ... ... 5-18
58 CriticA HEA HUX . . ..o 5-18
5.0 UMMAY .. 5-20

Lear ni ng Qut cones

Know WHAT (basic comprehension) Know HOW (ability to do)

I definitions of terms I' modd hest conduction in solids

I physical layout of reactor channd I modd hest convection to fluids

1typica vaues I calculate temperature distribution

I units “radia

1 key physicad phenomena axid
**conduction Know WHY (high level under standing)
**convection I heat trandfer as alimiting factor for power
"* dryout output
** centrdine mdlting I heat transfer dependence on parameters
""CHF I criss prevention
""CPR
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5.1 Introduction

The interface between the fud and the coolant is centraly important to reactor desgn ance it is here that the
limit to power output occurs. Nuclear fission can provide avirtudly unlimited heet generation rate, far more
than can be trangported away by the coolant. Herein we investigate the heet transfer at the fuel Ste so that
this limitation can be factored into the reactor design. The key concepts covered are (see figure 5.1):

- heat isgenerated in the fud at arate proportional to reactor power

- heat is conducted to the coolant as the coolant flows aong the fuel

- in the steady date, the fud temperatureis just sufficiently greater than the coolant temperature to trandfer the
heat generated - ie, fud temperature "floats' on coolant temperature

- too much power will cause the fud temperature to be too high and a heat transfer crisis will occur

- heat transfer isakey limiting factor to power output

Examples

Typica vaues of parameters.

Typica fuel and coolant temperatures.
PWR

BWR

CANDU

HTGCR
LMFBR

Exercises.
WHAT: Describe the fud hesat transfer mechanism. Explain the roles of conduction and convection.
HOW: How does the fuel temperature depend on fluid temperature?

WHY: Why isthe reactor power limited by hest transfer?
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Figure 5.1 Overview of fud heet transfer
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5.2 General Heat Conduction Equation

For asolid, the generd energy therma energy baance equation of an arbitrary volume, U, is.

MDe) g - DED da & G A
mmm Mg ad mmm* (r) du & mrgq (rOF s (1)
u u

where D isthe materid dengty, eistheinterna energy, U isthe volume, Sisthe surface area, " isthe
volumetric heat generation, g" is the heat flux, and fis the unit vector on the surface. We replace the internal
energy with temperature, T, times the heat capacity, c. Using Gauss Law to convert the surface integrd to a
volume integral and dropping the volume integral everywhere:

M(Tﬂftiﬂ " g)(rt) & Lig)(r) 2

We further need ardation to specify the heet flux in terms of temperature. In asolid, Fourier's law of therma
conduction applies:

q’(ry " &k LT(rY 3)

where and k isthe therma conductivity. This gives the usable form:

M(?AiT) " g(rt) % L§ KLT(r}) (4)

The parameters have the following units:
kg/m?

J(kg EK)

J(mEK-sec)

J(P-sec) = W/ne

J(me-sec) = W/n??

EK

defined as k/Dc = n/sec.

4o xo o
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