Dec 4

Uniuersity of Calgary - Department of Chemical & Petroleum Engineering Fall 2012

ENCH 501 Transport Phenomena Quiz #7 Name

Time Allowed: 45 minutes

Pipelines used to transport liquids and gases over long distances accumulate debris that include materials from construction, particles that
settle from the from the fluid, waxes that precipitate from oils, hydrates formed from certain gases and moisture, and corrosion products.
Pipes are inspected for structural integrity and accumulated debris cleaned out, as part of maintenance, with a device called the PIG, Thisis a
cylinder (supported by plastic rings) that is inserted and pushed or pulled through the pipe to scrape off scales and sediments, or take
measurements of pipe wall thickness. Pigs have different shapes and designs. For the current problem, we consider the pig to be a cylinder of
length L and radius kR, concentrically placed in a straight, horizontal pipe with an internal radius R. An annular space is present between the pig
and the pipe wall.

An oil, viscosity p and density p, fills the pipe but there is no flow because a valve downstream is shut. A
string attached to the front (and centre) of the pig is used to pull the pig at a constant velocity V through
the oil. The pressure in front of the pig P, is higher than the pressure at the rear Py (just as for a truck
moving through air).

a) Derive a relationship for the velocity profile u(r) in the annular gap. Show all your steps.

b) At what distance from the pipe wall is the velocity minimum? Sketch the velocity profile.
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