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HEAT CONDUCTION EQUATION
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2–1 GENERAL HEAT CONDUCTION EQUATION

Substituting into Eq. 2–1, we get
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Equation 2–3 is the general heat conduction equation in rectangular coordinates. In the case of
constant thermal conductivity, it reduces to
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where the property is again the thermal diffusivity of the material. Equation 2–4 is known as
the Fourier-Biot equation, and it reduces to these forms under specified conditions:



The general heat conduction equation in cylindrical coordinates can be
obtained from an energy balance on a volume element in cylindrical
coordinates, shown in Figure 2–23, by following the steps just outlined.
It can also be obtained directly from Eq. 2–3 by coordinate
transformation using the following relations between the coordinates
of a point in rectangular and cylindrical coordinate systems:

The general heat conduction equations in spherical coordinates can be
obtained from an energy balance on a volume element in spherical
coordinates, shown in Figure 2–24, by following the steps outlined
above. It can also be obtained directly from Eq. 2–3 by coordinate
transformation using the following relations between the coordinates
of a point in rectangular and spherical coordinate systems:



2–2 ONE-DIMENSIONAL HEAT CONDUCTION EQUATION
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Substituting into Equation 2–5, we get



since, from the definition of the derivative and Fourier’s law of heat conduction,
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Substituting into Eq. 2–6, we get









2-3 Boundary and Initial Conditions

1- Specified Temperature Boundary Condition

2- Specified Heat Flux Boundary Condition







3- Convection Boundary Condition

where h1 and h2 are the convection heat transfer coefficients and
T∞1 and T ∞ 2 are the temperatures of the surrounding mediums
on the two sides of the plate, as shown in Figure 2–33.
In writing Eq. 2–7 for convection boundary conditions, we have
selected the direction of heat transfer to be the positive x-
direction at both surfaces. But those expressions are equally
applicable when heat transfer is in the opposite direction at one
or both surfaces since reversing the direction of heat transfer at a
surface simply reverses the signs of both conduction and
convection terms at that surface. This is equivalent to multiplying
an equation by 1, which has no effect on the equality (Fig. 2–34).
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4- Radiation Boundary Condition



5- Interface Boundary Conditions



EXAMPLE 2–1 Heat Conduction in a Plane Wall

Integrating the differential equation once with respect to x yields

Integrating one more time, we obtain

The first boundary condition can be interpreted as in the general solution, replace all the x’s by zero
and T (x ) by T1

The second boundary condition can be interpreted as in the general solution, replace all the x’s by L
and T (x ) by T2. That is,

Substituting the C1 and C2 expressions into the general solution, we obtain



Substituting the given information, the value of the temperature at x =0.1 m is determined to be

(b) The rate of heat conduction anywhere in the wall is determined from Fourier’s law to be



EXAMPLE 2–2 Heat Conduction in the Base Plate of an Iron

the differential equation for this problem can be expressed as

with the boundary co

The general solution of the differential equation is again obtained by two successive
integrations to be
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EXAMPLE 2–3 Heat Conduction in a Solar Heated Wall

where C1 and C2 are arbitrary constants. Applying the first boundary condition yields



The application of the second boundary condition in this case gives

Substituting the given values, we get

the steady rate of heat conduction through the wall can be determined from



EXAMPLE 2–4 Heat Loss through a Steam Pipe

The mathematical formulation of this problem can be expressed as





EXAMPLE 2–5 Heat Conduction through a Spherical Shell





2-4 HEAT GENERATION IN A SOLID
EXAMPLE 2–6 Heat Conduction in a Two-Layer Medium
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