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open book

All needed physical constants are to be obtained from the text.  Estimations are permissible if a needed constant is not available in the text.

1.
The mass transfer coefficient km for forced convection is given by the function 



km = f(V, ,L ,DA)


Show that the Nusselt number for mass transfer (i.e. – Sh #) is a function of Re and Sc by dimensionless analysis.

2.
Draw the analogous electrical circuit and perform at least one Kirchhoff loop.  Surfaces 1, 2, and 3 are no net flux surfaces.
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3.
A 1026 steel cube 0.2 m on an edge and at uniform temperature of 1000 °C is withdrawn from a furnace and air cooled in a blowing stream air with a temperature of   0 °C. Determine the temperature at the center of the cube after 1000 seconds for the following conditions:

h = 56 W-m2-K
k = 28 W-m-K
 = 7860 kg/m3

Cp = 1.16 J/kg-K

All six faces are cooled.  Ignore radiation

The following problem is worth 50% of the exam.  It is up to you to determine what variables will be needed.  You may assume realistic values in order to find physical constants needed for the solution.  For example assume a size or temperature but look up and cite a viscosity.  
An open ladle of 200 tons of molten steel is being deoxidized with Al powder already mixed into the melt.  We are now waiting for micron sized particles of Al2O3 to float to the surface before the heat is bottom tapped.  

a) 
Described how long we should wait before tapping and the consequences of your decision.

b) 
Described in detail how to determine the rate of change in temperature of the steel as it is held.

c) 
Describe in detail how to determine how long it will take to tap the entire ladle.
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