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The University of Calgary CG‘
Department of Chemical & Petroleum Engineering
ENCH 501: Transport Processes Quiz #6 November 16, 2004
Time Allowed: 50 mins. Name:

Hydrocarbon liquids in commerce, such as gasoline and kerosine (aviation fluid), are sometimes spilled on the grdund.
Similar accidents occur at drilling sites and around wells. Air which flows over the site then carries vapor of the
hydrocarbons downstream, often over long distances. The rate of such dispersal is to be studied in a laboratory.

The test table is L long and W wide. The table is covered with a cloth material soaked in and
saturated with liquid kerosine. Air free of any hydrocarbons is passed over the surface of the table
in a direction normal to the W edge at a free-stream velocity of U_. Both the air and the kerosine-
soaked cloth are maintained at temperature T. At T, the vapor pressure of kerosine is P, and its
diffusion coefficient in air is D,5. The ambient pressure is P..

Derive an expression for the mole fraction profile y,(x,y) of kerosine in the boundary layer above the
plate. Use the integral method. Show all your steps.

Hints and Data: Uy L
—
Assume that the velocity distribution above the table is given by: e W
u 3

- _(Z) _ l(Z)3
Us o 2°6
where &) is the thickness of the momentum boundary lay

the free-stream velocity and y is distance from the table.

r,U,is

The Schmidt number (Sc = v/ D,g) for the gas phase diffusion is 2.62. Hence the momentum
boundary layer is thicker than the species boundary layer. (Sc for mass transfer is like Pr for heat
transfer.)

Assume that the mass flux for the kerosine into air is given by:

D 4
@

that is, the convective component of the flux is negligible. The term ¢ is the molar concentration of
the gas mixture and y, is the mole fraction.

N,=-cD,
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