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To put out the oilfield fires in Kuwait, firefighters used hoses that could deliver up 10
4000 gal/min (0.25 m3/s) of seawater. The hoses must extend long distances, so
suppose AP/L is limited to 1 psi/ft (22,620 Pa/m). The density and viscosity of water
are roughly 1,000 kg/m3 and 0.001 Pa s, respectively. What hose diameter D is
required? Assume the roughness factor k/D is 0.004. Note the figure given at the end

of the exam.
(25 points)
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Stonewall has been assigned to design a large pipeline to transport 0.2 m?/s oil
products with a pressure gradient of 10 psi/mile (42.8 Pa/m). The pipeline is
horizontal. The oil products have density 850 kg/m3 and viscosity 10 cp (0.01 Pa s).
Stonewall figures that even without knowing the pipe diameter, a reasonable estimate of
roughness is k/D =0.01. What pipe diameter should he recommend?
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Safety experts warn gun owners that firing into the air can be dangerous, because the
bullet can fall to earth with enough velocity to hurt someone. Suppose a bullet were a -
sphere of lead (density 11,300 kg/m3) weighing 1/2 ounce (0.0156 kg). What would
be the terminal velocity of such a sphere falling from a freat height through air (with
(»;igcog.it;; i = 1.8 x 10~ Pa s and density p = 1.3 kg/m3)?
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Two engineers are pumping a Newtonian liquid through a sandpack of permeability 10
Darcies. For this sandpack, porosity is 30%. The liquid viscosity is 0.001 Pa-s and its

density is 1000 kg/m3. The two engineers are arguing about the onset of non-Darcy
flow.

a) Bubba believes in the bundle-of-uniform-tubes model. At what pressure
gradient (Ap/L.) does he predict that turbulent flow begins?

b) Rocky uses the correlations for packed beds. At what pressure gradient (ap/L)
does he predict that the laminar-flow model begins to break down?
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