ENCH 501 Transport Phenomena

Time Allowed: 90 minutes Open Book and Open Notes Examination.

University of Calgary

MID-TERM EXAMINATION

Programmable calculators are the only electronic devices permitted.

Question 1. (15 points)

One of the two primary ways to recover salt (NaCl) from underground deposits is solution

mining. A well is drilled to the layer of the salt deposit and either fresh water or a weak

brine solution is pumped into the well. The water dissolves the salt to form a cavern and
a strong brine solution (green brine) is pumped to the surface, as per sketch.

Over time, the cavern expands from its original small size as salt is dissolved away.

Caverns can be located several hundred meters below ground and may reach and exceed
sizes that are 300 m tall by 100 m wide. Sludge or insoluble impurities fall to the bottom
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and a blanket of compressed air, nitrogen or a light hydrocarbon liquid is created at the top
of the cavern so that the salt near the top is not dissolved away to weaken the structure and
cause the cavern to collapse, with subsistence of the overburden. Once a cavern has grown

to a certain limit, the cavity is frequently used to store hydrocarbon fluids such as natural

gas and liquid petroleum gases (LPG) for peak shaving in winter, crude oils as strategic
reserves, nuclear or other wastes.
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In a salt mining operation, the “working volume” of the cavern from which salt is being dissolved is a cylinder that is
40 m diameter and 126 m high. The bottom has sludge and the top has a blanket of air. For about a month, the
operation was shut down with the cavern full of brine at 25°C and there were no flows in or out. At start-up, sea
water at 25°C that contained 2.68% by weight of NaCl is the feed into the cavern at a constant rate of 2 m3/s. Green
brine immediately started to flow out at the same volume rate as the feed solution. The density of the first litre of
solution produced was measured to be 1,194 kg/m?. The content of the cavern is assumed to be always well mixed.

(a) If after exactly 20.5 hours of continuous operation, the density of the brine produced has dropped to 1,100

important steps and state your assumptions.
(b) How much salt would have been recovered from the cavern in the period? If the density of rock salt that is

Data: Weight % of Sodium Chloride dissolved in water versus solution density at 25°C

kg/m?, estimate the mass transfer coefficient for salt dissolution at the vertical wall of the cavern. Show all

being mined is 2,160 kg/m?, by how much would the volume of the cavern have changed? Are the
assumptions made in part (a) valid?
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Hint: Choose the solution in the cavern as the control volume and include all input terms.

Question 2. (10 points)

The rate of heat loss from a heated metal sphere (Q) into a cold fluid has been determined to depend on its diameter
(D), its heat capacity (Cp), its thermal conductivity (k), the average speed of the fluid around the sphere (u), the fluid
density (p) and viscosity (i), and the temperature difference between the sphere and the fluid (AT).

Determine the dimensionless groups that can be used to correlate data obtained from experiments. Show your steps.
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