®

Microscopic Energy Balance in a Tube
(1D Radial Heat Conduction)

Dr. Faith A. Morrison

& Michigan Tech University >

/S
16 December 2020  YouTube: https://youtu.be/10dYOQXqI4E




O
Example: What is the steady state temperature profile in a
long cylindrical shell (pipe) if the inner wall is held at '

and the outer wall js held at T, (T,>T,)? What is the heat
flux in the shell?

Cooler wall at T,

(very long)

Hot wall at T,

Material of thermal
conductivity k
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The Equation of Energy in Cartesian, cylindrical, and spherical coordinates for

Newtonian fluids of constant density, with source term Se. Source could be electrical energy due to
current flow, chemical energy, etc. Two cases are presented: the general case where thermal
conductivity may be a function of temperature (vector flux g = q/area appears in the equations); and
the more usual case, where thermal conductivity is constant (on the reverse).
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Microscopic energy balance, in terms of flux; Gibbs notation
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Microscopic energy balance, in terms of flux; Cartesian coordinates
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Microscopic energy balance, in terms of flux; cylindrical coordinates
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Microscopic energy balance, in terms of flux; spherical coordinates
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Fourier’s law of heat conduction, sibbs notation: g = ¢/4 = —kvr
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Equation of energy for Newtonian fluids of constant density, p, and thermal
conductivity, k, with source term. Source could be

scous dissipation due to vigorous flow,

2. g¥eCtrical energy due to electric current,
3. ch€mical energy due to reaction, etc., with units of energy/(volume time)).
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