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DEPARTMENT OF METALLURGICAL ENGINEERING

MET 422
FINAL EXAM
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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.

WORK ANY 4 PROBLEMS.  Write your selection here____________________ .

1.
Find the drag force in dynes for a tethered sphere pulled while totally immersed through water.  The room-temperature water is flowing past the 2 cm. diameter sphere at 500 cm/sec.  The viscosity of water is 1 cP.

2.
The mass transfer coefficient km is used to compute mole flux according to 

NA=Km(CA-CA,Bulk) 


For forced convection km is given by the function km = f(V,,L,DA).  Show that the Nusselt number for mass transfer is a function of Re and Sc using the Buckingham Pi Theory.

3.
The continuous vacuum degassing and casting arrangement shown below must provide 30,000 Kg/hr of molten steel to the strand caster.  The fluid level in the degasser must be kept at 2 meters depth.  The pressure inside the degasser is 0.0001 atm.  Show how to calculate the diameter of the nozzle.  The wall thickness is 30 cm.  Show all work and reference all required figures and equations.  Fe=7.8 g/cm3






4.
A steel cube 1 ft on an edge and at uniform temperature of 1200 °F is withdrawn from a furnace and air cooled in a blowing stream with a temperature of 80 °F.

a)
Determine the temperature at the center of the cube after 1 hour for the following conditions:

h = 25 BTU/hr-ft2-°F

kFe = 10 BTU/hr-ft-°F

Fe = 490 lbm/ft3

CpFe = 0.165 BTU/lbm-°F


All six faces are cooled.  Ignore radiation

b)
How would the above solution differ if the cube were placed on a perfectly insulating surface of zero heat capacity so that heat would be removed from only five surfaces?

5.
Uniformly sized spherical drops of liquid lead are dropped down a shot tower through which cool air is blown upward as shown below.  The flow of air past the droplet is turbulent.







a)
What figure in the text would be needed to calculate the terminal velocity of the droplet?

b)
Assume the droplet's temperature is uniform and T0 when it reaches its terminal velocity.  Describe how to calculate the rate of heat transfer from the surface.  Be thorough.

6.
An electric heating element for a furnace is connected to the electric power source at each end by water-cooled clamps as shown below.  The rod's temperature is a function of the distance along the axis.  There are no significant radial gradients.  The electric power generates heat within the element at a rate of S Watts/cm3.  HEAT IS LOST FROM THE SURFACE AT THE RATE OF {hair) + T4 } PER UNIT AREA OF SURFACE.  Derive a partial differential equation for the unsteady state axial temperature profile in a rod L in length.  Since the temperature profile will be symmetrical about the center of the rod's axis, put your coordinate at the rod's center.  The rod's length is 2L and its radius is R.  Show the initial and boundary conditions needed to solve the partial differential equation.  The initial temperature of the element is 300 K.





7.
What superficial velocity would be required to fluidize to a void fraction of 0.6 1 cm diameter steel shot in liquid tin at 1000 K?



Sn=7.20g/cm3

Fe=7.86g/cm3
8.
What pessure gradient would one expect were the conditions in problem #7 changed to a packed bed of steel shot with a void fraction of 0.29 and a superficial flow rate of 100 cm/sec?
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