South Dakota School of Mines and Technology

Department of Materials and Metallurgical Engineering

MET 422
Final Exam
Dec 16, 2010

Open Book – hand held calculators allowed (no computers or internet connections permitted)
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.
What is the total drag force (on the two sides) on a one square meter plate if it is moving through water at 100 m/s? 
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2.  
What superficial water velocity would be needed to fluidize a bed of 0.1-cm diameter steel alloy spheres with a density of 8000 kg/m3to a void fraction of 0.8?  There is a copy of Figure 3.13 for Fluidized Beds attached.  Suggestion: mark it for possible partial credit.
3.
A large 1013 steel sphere of 0.04 m radius is withdrawn from a furnace and is at uniform temperature of 1000 °C and then violently stirred in an oil bath at a temperature of 100 °C. Determine the temperature at the center of the sphere after 56 seconds for the following conditions:

h = 260 J/(s*m2*K)
k = 26 J/(s*m*K)
 = 7860 kg/m3

Cp = 460 J/(kg*K) (Note: this was 1000 too low on the previous exam)
 = 7.2 x 10-6 m2/s
4.
Draw the analogous electrical circuit for radiation heat transfer within the below enclosure. and write the Kirchhoff Loops needed to solve for 


a)
the temperature of surface 2 and 


b)
the net heat from surface 4.


Surfaces 2 and 3 are no net flux surface.  Show the algebraic values for all required resistors and voltages.  Describe the answers in terms of variables used in to formulate the electric analog.
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5. 
A furnace wall is composed of the following:


a)
A 1-cm thick steel shell with a thermal conductivity of 25 W/(m*K)


b)
A 10-cm thick silica (SiO2) refractory lining with a thermal heat capacity of 5 W/(m*K)


The heat transfer coefficients outside and inside the furnace are 2 W/(m2 *K) and 10 W/(m2 *K), respectively.


Determine the percentage of the total resistance to heat loss through the furnace wall each of the four terms provides:


ho ​​​​​​​​​​​​​​​​​​​​​​​​_______________________________________

Steel shell______________________

SiO2 refractory________________

hi___________________________
6. Calculate the initial rate of dissolution in (gmole/s) of a 2-cm diameter silver sphere in liquid Pb at 500 (C.  The sphere is being stirred around in the liquid Pb at 1 m/s.  Assume the dissolution is mass transfer controlled, which means the molten alloy at the silver surface is saturated with silver, which is transported away into the Pb much as heat is carried away from a hot sphere in convective heat transfer. 

The phase diagram shows that the liquidus in the Ag-Pb system at 500 (C contains 77 atomic percent Pb. This gives a surface concentration of silver of CAg, surface =1.63x10-6 gmole/cm3 as calculated below.

The liquid Pb has no Ag dissolved in it initially; that is, CAg, fluid = 0.  You may use the following data: 


Pb= 0.03 g/(cm*s)

DAg-Pb = 5x10-5 cm2/s

Pb = 10.5 g/cm3
______________________________________________________________________________

Silver saturation concentration in the Pb at the silver surface.  Assume VM is ideal.
CAg, surface =
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