UNENE Graduate Course
Reactor Thermal-Hydraulics

Design
McMaster University
Whitby
March 1-2, March 15-16,
April 5-6, April 19, 2008

Fuel-Coolant Heat Transfer
Dr. Nik Popov

1



Outline

m General heat conduction equation

m Heat transfer In radial direction

m Heat transfer in axial direction

m Axial and radial temperature profiles
m Convective heat transfer and boiling
m Concept of dryout

m Conduction heat transfer coefficient
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General Heat Conduction Equation

m The interface between the fuel and the coolant is centrally
Important to reactor design because it limits the power output

m Forasolid, the general energy thermal energy balance equation
of an arbitrary volume
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m Where i is the material density, e Is the internal energy, V Is
the volume, S is the surface area, g™ Is the volumetric heat
generation, " is the heat flux and n is the unit vector on the
surface. We replace the internal energy with temperature, T,
times the heat capacity c.
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General Heat Conduction Equation

m Using Gauss law, the heat balance equation is transformed into:
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m Using Fourier law
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(i defined as k/pc = m*/sec.
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Heat Transfer in Radial Direction (Fuel)
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Heat Transfer in Radial Direction (Gap)
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Heat Transfer in Radial Direction (Clad)
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Heat Transfer in Radial Direction (Coolant)
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Heat Transfer in Axial Direction
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Heat Transfer in Axial Direction
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Heat Transfer in Axial Direction
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Heat Transfer in Axial Direction
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Heat Transfer in Axial Direction
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Axial and Radial Temperature Profiles

Fuel element —
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Axial and Radial Temperature Profiles

Temperature
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Convective Heat Transfer and Boiling
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Concept of Dryout
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Conduction Heat Transfer Coefficient
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Figure 8-1 Thermal conductivity of UO, at 95% density from Lyon. (From Hann et al. [9].)
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Conduction Heat Transfer Coefficient
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Figure 8-3 Thermal conductivity of UQg 4Py 10; 4, 88 & function of the O/(U + Pu) ratio. { From Schmidt
and Richter [24].)
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Conduction Heat Transfer Coefficient
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Figure 8-2 er: k AT versus temperature for mixed oxide fuel. No
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Conduction Heat Transfer Coefficient
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Conduction Heat Transfer Coefficient

SPECIFIC HEAT CAPACITY (J/kg-K)
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Temperature Profiles
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Temperature Profiles
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Temperature Profiles
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Figure 8-19 Variations of gap conductance with burnup for a PWR fuel rod (pressurized with helium) and
operating at 14 kW/ft (460 W/cm). (From Fenech [6].)
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Temperature Profiles
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Temperature Profiles
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Figure 8-22 Calculated gap conductance as a function of cold diametral gap in a typi
: cal LWR fuel rod.
(From Horn and Panisko, [10].) gap typi rod
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