ENCH 501 Transport Phenomena University of Calgary  Name

Quiz #3 / Time Allowed: 45 minutes Only a “cheat sheet” can be consulted. October 7, 2014 Al

(1) (10 points) A cylindrical glass vessel (vertical and open at the top) has a radius of 10 cm and it
contained a salt solution to a level of 25 cm above the base at t = 0. The concentration of salt was 0.5
kg/m?in the tank at t = 0. At the bottom of the vessel, a 0.5 m long, 1.2 cm i.d. straight tube is attached
but it is plugged at the end open to air. At t = 0, 2(103) m3/s of a solution containing 3 kg/m? of salt was
fed into the top of the vessel, and simultaneously, the plug in the tube was removed so that solution
from the tank can flow out. The vessel is well stirred so that the salt concentration in the vessel can be
assumed uniform always. Because the solutions are dilute, the density of the solution (irrespective of its
salt content) is assume constant at 1,000 kg/m?. The viscosity of the solution is 1 mPa.s. If the flow
within the tube is assumed laminar and the Hagen-Poiseuille equation is assumed valid,

(a) After how long will the volumetric flow rate out of the vessel be 1% different from (just below or
above) the flow rate into the vessel? Show all important steps.

(b} How much salt (in kg) will be in the vessel at this instant?

(c) Is the assumption of laminar flow in the tube valid?

(2) (Bonus: 2 points) A liquid hydrocarbon mixture has 4 components — benzene (1), toluene(2),
ethylbenzene (3) and cyclooctane (4). At 20°C, a liquid mixture with the mole fractions given below has a
density of 861.8 kg/m? (H. El-Sayed, 2009, Ph.D. thesis, University of Windsor, Canada).

Estimate the mass concentrations of the components.

Data:
1 2 3 4
Molar mass, g/mol | 78.11 92.13 106.16 112.21
Mole fraction 0.2558 0.2331 0.1754
pi/Mi

Mass fraction, Wi = % and Mole fraction, &1 = r
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