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General Assumptions

The problems of temperature distribution in and heat removal from these elements 
are important in evaluating reactor-core thermal performance. We will discuss the 
following

▪ General heat-conduction mechanism.
▪ The equations will be derived for the temperature distribution in fuel elements 

of simple geometries, their cladding and coolant.
▪ Only one-dimensional steady-state heat flow with uniform heat generation is 

considered.
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General Assumptions

In treating the problems of heat removal from an individual fuel element,

• The thermal conductivities of the fuel 𝒌𝒇 and the cladding 𝒌𝒄 are constant.

• The physical properties of the coolant (density, viscosity, specific heat) are 
constant and independent of temperature.

• The heat-transfer coefficient, h between solid and coolant will therefore be 
considered constant also.

• The errors involved in these assumptions depend of course on the severity of 
the temperature gradients and the dependence of the above properties on 
temperature.

• The resistance to heat transfer in the contact areas between solid materials, 
such as between fuel and cladding, will either be neglected or taken into 
account via a conductance term.
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Thermal Conductivity, 𝑘𝑓 of Some Fuel 
Materials (Btu/hr ∙ ft ∙ ℉)
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Properties of Some Cladding Materials
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Differential Equations of Temperature in Heat 
Conduction
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Heat Flow Out of Solid-Plate-Type Fuel 
Elements

• A thin bare (unclad) plate-type fuel element of 
thermal conductivity 𝒌𝒇 and constant cross-

sectional area.
• The dimensions of the element are large in 

the y and z directions compared with that in 
the x-direction, so that heat flow can be 
considered one-dimensional

• 𝝓 and 𝒒′′′ are constant over the element cross 
section

• So, heat is conducted equally in the +x and –x
directions
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Heat Flow Out of Solid-Plate-Type Fuel 
Elements

• The heat-conduction equation for this case is the one-dimensional Poisson equation

𝜵𝟐𝑻 +
𝒒′′′

𝒌𝒇
= 𝟎

• The same equation can be obtained by a heat balance. It is instructive to do this.

𝑯𝒆𝒂𝒕 𝒄𝒓𝒐𝒔𝒔𝒊𝒏𝒈 𝒑𝒍𝒂𝒏𝒆 𝒙 + ∆𝒙 = 𝑯𝒆𝒂𝒕 𝒄𝒓𝒐𝒔𝒔𝒊𝒏𝒈 𝒑𝒍𝒂𝒏𝒆 𝒙 + (𝑯𝒆𝒂𝒕 𝒈𝒆𝒏𝒆𝒓𝒂𝒕𝒆𝒅 𝒊𝒏 𝒍𝒂𝒚𝒆𝒓)

Thus

𝒒𝒙+∆𝒙 = 𝒒𝒙 + 𝒒′′′𝑨∆𝒙

(1)

(2)
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Heat Flow Out of Solid-Plate-Type Fuel 
Elements

𝒒𝒙 = −𝑨𝒌𝒇
𝒅𝑻

𝒅𝒙
But

And
𝒒𝒙 + ∆𝒙 = 𝒒𝒙 +

𝒅

𝒅𝒙
𝒒𝒙∆𝒙

𝒒𝒙 + ∆𝒙 = (−𝑨𝒌𝒇
𝒅𝑻

𝒅𝒙
) + (−𝑨𝒌𝒇

𝒅𝟐𝑻

𝒅𝒙𝟐
∆𝒙)

where A is the area of the layer in the yz plane, perpendicular to the direction of heat flow Equation (2)
can now be written

(3)

(4)

(5)

𝒒𝒙+∆𝒙 − 𝒒𝒙 = 𝒒′′′𝑨∆𝒙 (6)
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Heat Flow Out of Solid-Plate-Type Fuel 
Elements

𝒒′′′𝑨∆𝒙 = −𝑨𝒌𝒇
𝒅𝟐𝑻

𝒅𝒙𝟐
∆𝒙

Divide the equation 𝐀 ∆𝒙 and rearrange it

𝒒′′′ = −𝒌𝒇
𝒅𝟐𝑻

𝒅𝒙𝟐

And

𝒅𝟐𝑻

𝒅𝒙𝟐
= −

𝒒′′′

𝒌𝒇
(7)

Equation (7) double integrated

𝒅𝑻

𝒅𝒙
= −

𝒒′′′

𝒌𝒇
𝒙 + 𝒄𝟏



SETN2223 11

Heat Flow Out of Solid-Plate-Type Fuel 
Elements

𝑻 = −
𝒒′′′

𝟐𝒌𝒇
𝒙𝟐 + 𝒄𝟏 + 𝒄𝟐

Where 𝒄𝟏 𝐚𝐧𝐝 𝒄𝟐 are the constants of integration

(8)

The boundary conditions are:

▪ Because of symmetry a round the mid-plane and there is equal and opposite and 
consequently no net heat flow at the midplane, 𝑻𝒎,

▪ The temperature at the midpoint, is the maximum temperature in the section.
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Heat Flow Out of Solid-Plate-Type Fuel 
Elements

𝒅𝑻

𝒅𝒙
= 𝟎

𝑻 = 𝑻𝒎

𝐚𝐭 𝒙 = 𝟎

𝐚𝐭 𝒙 = 𝟎

Thus 𝒄𝟏 = 𝟎 and 𝒄𝟐 = 𝑻𝒎 Substituting the values for 𝒄𝟏 and 𝒄𝟐 into equation (8)

𝒅𝑻(𝒙)

𝒅𝒙
= −

𝒒′′′

𝒌𝒇
𝒙

𝑻(𝒙) = −
𝒒′′′

𝟐𝒌𝒇
𝒙𝟐 + 𝑻𝒎

The temperature at the surface, Ts, can be obtained by putting x = s, where s is equal to half the 
element thickness in the x direction. Thus

𝑻𝒔 = −
𝒒′′′

𝟐𝒌𝒇
𝒔𝟐 + 𝑻𝒎

(9)

(10)

(11)
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Heat Flow Out of Solid-Plate-Type Fuel 
Elements

𝒒𝒙, the heat conducted past any plane 𝒙, is equal to the total heat generated between 
𝒙 = 𝟎 and 𝒙. Thus

𝒒𝒙 = 𝒒′′′𝑨𝒙 (12)

𝒒𝒔, the heat conducted out of one surface (x = s), equal to the heat generated from one-
half of the element, is given by

𝒒𝒔 = 𝒒′′′𝑨𝒔 𝒒′′′ =
𝒒𝒔
𝑨𝒔

By combining equation (11) and (13) and rearranging to give

(13)

𝑻𝒔 = −
𝒒𝒔

𝟐𝒌𝒇𝑨𝒔
𝒔𝟐 + 𝑻𝒎
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Heat Flow Out of Solid-Plate-Type Fuel 
Elements

𝒒𝒔 = 𝟐𝒌𝒇𝑨
(𝑻𝒎 − 𝑻𝒔)

𝒔
𝒒𝒔 =

(𝑻𝒎 − 𝑻𝒔)

𝒔/𝟐𝒌𝒇𝑨
(14)

This expression may be viewed as the heat transfer analogue of Ohm's law in 
electricity-namely,.

𝑰 =
𝑽

𝑹

In the present case,

𝒒 corresponds to 𝑰

𝑻𝒎 − 𝑻𝒔 is analogous to the potential difference, and 

𝒔/2𝒌𝒇𝑨 is called the thermal resistance
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Thank You
Stay safe!


