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Every sumimer I carefully grow a giant tomato plant because I love the
taste of its fresh-picked fruit. Since these plants need 2 liters of water
cach day of the growing season to produce these delectable and
irresistible fruit, how do I grow my plant next summer when I will be
away for four weeks with no way to water it? One solution would be
to connect a long plastic tube 0.4 mm ID to the faucet at my home
where the water pressure is 100 kPa above atmosphere and lead it to
the plant. Determine how long the tube would have to be to deliver 2
liters/day of water. Of course, everything is on the level. [12%] Hint:
for turbulent flow, fr ®3= 4 logo{Re fi>%} — 0.4; for laminar flow, fr=
16/Re; hy, = 2 fr(L/D)(V'/g).
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Derive an appropriate expression of the “mean” area, A, for radial
heat flow by steady-state heat conduction through a long, hollow
cylinder which satisfies an equation of the form

q=KkA (Ti=Ty) / (ry—r17)
with the boundary conditions: temperature T = T, at the outside
radius ro, and T = T; at the inside radius ri. Repeat the problem for
the hollow sphere case. (8%)

(a) What is the physical significance of the Biot number? Is the
Biot number more likely to be larger for highly conducting
solids or poorly conducting ones? Why? (3%)

(b) What is the physical significance of the Nusselt number?
Consider the forced-convection heat transfer for laminar flow
past a horizontal flat plate. Is the Nusselt number more likely

to be higher at the leading edge or at the tail of the plate? Why?
(4%)

What is a gray body? Two parallel opaque, diffuse, and gray
surfaces are maintained at uniform temperatures T, and T, and have
emissivities €, and €,, respectively. Each surface is sufficiently large
that they may be considered infinite. Generate an expression for the
net rate of radiation heat transfer between the two surfaces per unit
surface area. (8%)




