SOUTH DAKOTA SCHOOL OF MINES AND TECHNOLOGY

DEPARTMENT OF MATERIALS & METALLURGICAL ENGINEERING



OPEN BOOK
MET 422
Final Exam – No Calculators
Dec 10, 2012
Work any 8 of the following 10 problems. I am choosing not to work problems ___  and  ___.

1. Consider fully developed laminar flow of a Newtonian fluid between two parallel plates on an incline having an angle  from the vertical as shown below.  Assume the bottom plate is stationary and the top plate has a velocity U as shown.  The plates are separated by a distance of .

[image: image1]
a) Write the boundary conditions needed to solve for the vx​ = f(y).

b) Derive, or write from the Equations of Change, the differential equation that when integrated would describe the steady-state velocity, vx​ = f(y), for the fluid flowing between the plates.

c) Describe how to obtain the equation vx​ = f(y).

a)
b)

c)

2. Consider the SDSM&T flagpole.  To find the resolved load at the base of the pole on a windy day, one must know the force exerted on the pole by the wind.  Compute the force for each meter-long segment, assuming there are no end effects, that it is 10 cm in diameter, and that the wind is blowing at 44 m/s.  Assume the atmospheric pressure is 0.95 atm and the temperature is 280 K.  R=0.08205 L*atm/(gmole*K)  and the molecular weight of air is 28.8.  

3.
How many watts of power would be required to pump 100 tons/hr of liquid Pb through the following network?  The pipe diameter is 1 inch and a surface roughness of /D=0.01.  Assume f=0.01 but describe how to check this assumption.






 


DATA:
Pb=2x10-2 gs-1cm-1
Pb= 11.4g/cm3
4.  Calculate the pressure drop required to move 30 liters of room-temperature water per minute through an ion resin bed with a cross sectional area of 100 cm2.  The resin beads are 0.2 cm diameter.  The bed has a void fraction of 0.4 and is 100 cm deep.  The resin density is 1.1 g/cm3.

5.
A composite flat wall is composed of the materials given in the table below.  Also given is each material’s thickness and thermal conductivity.  How many kilowatts would be lost through such a wall if it has an area of 10 m2 and an air temperature differential across it of 1000 degrees C?  The heat transfer coefficient on both sides is 20 Wm-2K-1.

	Table 1.  Composite wall data

	Material
	Thickness, m
	k , W m-1 K-1

	Chrome Brick
	0.10
	2.0

	Fire Brick
	0.20
	1.0

	Insulating Brick 
	0.40
	0.5


6. A 10-cm diameter horizontal aluminum cylinder at 200 °C is held motionless in cold dry air at 100 °C.  What is the rate of heat loss from each meter length of the cylinder?

7.
A 20x20x200-cm steel specimen at 25 °C is suspended in a hot furnace at 825 °C.  Determine the temperature at the center of the specimen after 5 minutes.  Use ONLY the following data for your computations.



Data (more data are given than needed to solve the problem)


h
=
200 
Wm-2K-1
steel
=
7,900 
Kg m-3

ksteel
=
40 
W m-1K-1
kair
=
0.04 
W m-1K-1

Cpsteel
=
504 
J Kg-1K-1
Cpair
=
1000 
J Kg-1K-1






Prair
=
0.7








air
=
3.45 x 10 -5 m2s-1





MWair
=
28.8



8.
Estimate at what rate a 2 cm diameter sphere of ice would sublime in dry air at 0 ºC in a wind of 5m/sec.  The vapor pressure of ice at its melting point is 0.006 atm.

9.
Radiation heat loss is occurring between two expansive parallel plates.  What percentage REDUCTION in heat loss would be realized if 5 heat shields were interjected between the two surfaces?  All surfaces have an emissivity of 1/3.



10.
The radiation heat transfer for a soaking pit furnace at yellow hot temperatures can be modeled using the below sketch in which the furnace bottom is represented by “2”, the combined no-net-heat-flux sides are represented by “1”, the combined ends by “3”, and the top by “0”.  Draw and describe how to obtain the numerical value of the net heat flux from the top of the furnace. Define mathematically each component in the electric analog.  Assume that the top is open so acts as a black surface at 0 K.  Assume all emissivities are known.
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