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University of Calgary CZ‘J;&.E
Department of Chemical & Petroleumn Engineering

EMNCH 501: Transport Processes
Mid-Term Examination, Fall 2002

Instructions:  Time: 2:00 10 3:30pm  Oct 28, 02
Attempt All Quastions. Open Notas & Book.
Use of calculatars parmittad

Problem #1 (15 points)

A crude oil high in paraffins (C,, lo C,s) forms wax particles suspended in the liquid when
cooled to 30°C. The wax content may be as high as 10% by volume and the particles may
deposit on the walls of the pipe and plug the flow channel. Your interest Is Lo determine the
parameters of operalion when unloading a tanker at a terminal and flowing such a crude into
a nearby refinery.

In & particular aperation, the crude is discharged into a 15 cm i.d. pipe buried 32 cm in the
ground (i.e. dislance from the surface to the top of the pipe). The crude is pre-heated to 80°C
as it enters the pipe and the average velocily in Lhe pipe is given as 61.25 cm/s. The surface
of the ground is covered by a thin layer of snow and the temperature is recorded as -5°C.

Given the data below, how long should the pipe be such that no more than 5% of the volume
of the crude oil is precipitated as wax particles at the discharge, i.e. the outlet?

Data:

. Assume the densities of the crude oil and the wax particles are the same and equal
750 kg/m®. The heat capacity of the cil is 0.375 klikg K. The heat of fusion of the
paraffins is given as 210 kd/kg,

. The thermal conductivity of the soil is 1.4 Wm K,

During phase change, a liquid-solid mixture remains iscthermal.
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Problem #2 (10 points)

A fluid flows over a flat plate at a free-stream velocity U,.. Derive the velocity profiles within
the boundary layer using the infegral method and assuming a profile of the form:

u=a + b sinfcy) .

where y is the distance from lhe surface of the plate into the fluid, and you have anly 3
boundary conditions - y=0, u=0; y=3, u=U, and du/dy=0.

Oblain expressions for the boundary layer thickness (5) as a function of length along the
plate and far the local wall shear strass, t,,. Compare with previously derived results.
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