MES 601 Fundamentals of Materials Engineering
Homework 2 – due Monday November 3, 2008
1.  A liquid film at temperature, To, flows down a wall at temperature, Tw.  Consider heat transfer from the wall for such contact times that the liquid temperature changes appreciably in the vicinity of the wall.

a)
write the correct energy balance equation, stating all assumptons.


b)
show appropriate boundary conditions


c)
is the time scale for this problem relatively short or relatively long?

2.  In order to reduce heat loss through a large furnace wall, the decision has been made to add external insulation.  What is the thickness of insulation needed to reduce heat loss by 75%?  Before the insulation was added, the outer shell in the drawing below was not needed.
Data:
k=0.87 W/(m*K) for both types of brick


k=0.090 W/(m*K) for the insulation


k=43 W/(m*K) for the steel


h=55 W/(m*K) inside the furnace


h=11 W/(m*K) outside the furnace.
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3. Hydrogen is maintained at 3 atm on one side of a 0.3 mm thick plastic membrane and at 1 atm on the other side of the membrane.  At 298 K, the diffusion coefficient of hydrogen through the plastic is 8.7x10-10 m2/s and the solubility of hydrogen in the membrane is 1.5x10-3 kmol/(s*m2).  What is the diffusion flux of hydrogen through the membrane?  Is the diffusion coefficient a self-diffusion coefficient or an intrinsic diffusion coefficient? Why?
4.  Hydrogen gas is often removed from molten metals by allowing inert gas (He) bubbles to rise through the melt.  The equation: 
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 has been shown to apply.  Estimate the mass transfer coefficient from the melt to a single bubble for the removal of dissolved hydrogen.  Will the rate of hydrogen removal depend on the mass transfer in the liquid, in the bubble or both?  Why?  Show how hydrogen concentration in the melt can be calculated as a function of time.  Data: bubble diameter= 2 mm; liquid metal density 7000 kg/m3; liquid metal viscosity 2x10-3 N*s/m2; DH2(in melt) = 5x10-9 m2/s DH2(in bubble)=10-4 m2/s.
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