Example:
When will my
pipes freeze?

The temperature has been 35°F
for a while now, sufficient to
chill the ground to this
temperature for many tens of
feet below the surface.
Suddenly the temperature
drops to -20°F. How long will it
take for freezing temperatures
32°F) to reach my pipes, which
are 8 ft under ground?
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e EQUation of Energy for systems with constant k

Microscopic energy balance, constant thermal conductivity; Gibbs notation
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Microscopic energy balance, constant thermal conductivity; spherical nooqamw @ f
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Reference: F. A. Morrison, “Web Appendix to An Introduction to Fluid Mechanics,” ri nivefrsit

Press, New York, 2013 ?nmmm.SE.qu\z\ﬁ:oimo\nswuo\\mis\mgntm:&xb\,\:nwomm&n:nmioimoa.uqb. This
worksheet is on the web at pages.mtu.edu/~fmorriso/cm310/energy.pdf.
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a semi-infinite solid with sur-
ce convection. Calculated from Eq. (5.3-7)(S1). \_ 4 L t
\

FIGURE 5.3-3.  Unsteady-state heat conducted in
a
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