Regelation

[image: image30.png]15.6. A steel bar in the form of a rectangular parallelepiped of height a and
breadth b is placed on a cake of ice with its ends extending a trifle, as shown in Fig.

F1a. 15.13.—Regelation.

15.13. A body of mass m is hung at each end of the bar. The whole system is at

noM




The melting point of the ice under the bar will be decreased. The decrease is given by the Clausius-Clapyron equation.
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The ice under the bar melts, and slips out from under the bar. It is no longer under pressure, so it re-freezes. When it freezes, it gives off heat which the ice under the bar needs to melt. Thus, the bar slowly sinks into the ice. The pressure of the bar allows the ice under the bar to melt, and the water slips around to the top of the bar where it re-freezes. The latent heat flows through the bar, and the rate of heat flow controls the rate of descent through the ice. The rate of heat flow is given by,
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The heat flow is related to the rate at which the ice melts by,  
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The volume rate of melting is related to the mass rate of melting by,  
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, and this is related to the rate of descent of the bar by,  
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Then, 
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D

l

 is tricky because the heat flows through the steel bar and a thin layer of water. Conduction through two separate materials must be considered. A value of 
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 must be found for the combination. The conductivity of steel is much larger than that of water, but the water layer is much thinner than the steel bar. 

The rate of heat flow must be the same for both materials since all the heat that goes through the steel goes through the water.
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For the combination, 
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In this case, 
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For this problem,  m = 10 kg,  a = b = 1 mm,   c = 10 cm.

s = 0.15 cal·K-1·cm-2         w = 0.00133 cal·K-1·cm-2      
yw = 0.001 cm = 0.01 mm
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,  or  1000 s for 1.4 cm   (1.98 in/hr)
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