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NOTES:

1) If doubt exists as to the interpretation of any question, you are urged to submit a clear statement

of any assumptions made along with the answer paper.

2) Property data required to solve a given problem are provided in the problem statement or are
available in the recommended texts. If you are unable to locate the required data, do not let this
prevent you from solving the rest of the problem. Even in the absence of property data, you still

have the opportunity to provide a solution methodology.

3) This is an open-book exam. One textbook of your choice with notations listed on the margins
etc., but no loose notes are permitted into the exam. Candidates may use any non-

communicating calculator.

4) All problems are worth 25 points. At least two problems from each part must be attempted.

5) Only the first two questions as they appear in the answer book from each section will be

marked.
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PART A — HEAT TRANSFER

A steam pipe (100 cm long, 10 cm outside diameter) is covered with two layers of insulating
material, each 2.5 cm thick. The thermal conductivity of one insulating material is three times
that of the other. Compute the effectivity of the two layers when the better insulating material
is on the inside compared to when it is on the outside. Assuming the same overall temperature

difference in both cases.

Water at 30 °C enter a tube (25 mm internal diameter, 28 mm outside diameter) at a flow rate
of 1200 liters per hour. Steam condenses on the outside surface of the tube at a temperature
of 120 °C and the film heat transfer coefficient may be taken as 5800 Watts per m? per degree
Kelvin. Find the length of the tube required to heat the water to 70 °C.

DATA: Thermal conductivity of the metal tube wall = 950 W/m2.K
Thermal conductivity of water = 0.63 W/m2.K
Average density of water = 0.98 g/em?
Average viscosity of water = 6 x 10* Pa.s
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Liquid oxygen at atmospheric pressure is stored in a spherical vessel (30 cm outside
diameter). The system is insulated by enclosing the container inside another concentric
sphere of 50 cm inside diameter and the space between them is evacuated. Both the sphere

surfaces are made of aluminum (emissivity = 0.3). The temperature of the outer sphere is 40

°C.
(a) [10 points] Calculate the rate of heat flow due to radiation.

(b) [15 points] What will be the reduction in heat flow if polished aluminum with an

emissivity of 0.05 is used for the container walls?

DATA: Boiling point of liquid oxygen at atmospheric pressure = - 183 °C
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PART B — MASS TRANSFER

Hydrochloric acid (HCl) at 10 °C diffuses through 4-mm thick film of water. The
concentration of HCI at one boundary of the film is 12% by weight (density = 1060.7 kg/m?)
and the concentration of HCI at the other boundary of the film is 4% by weight (density =
1020.15 kg/m3). The diffusivity of HCl in water at 10 °C is 2.5 x 10 m%s. Calculate the flux

of diffusion of HCI assuming water to be stagnant.

Pure gas A is absorbed in a laminar liquid jet. The volumetric flow rate of the liquid was 4
cm? per second, the diameter of the jet was 1 mm, and the length of the jet was 3 mm. The
rate of absorption of gas A at atmospheric pressure was 0.12 mixture cm? per second at 30

oC. The solubility of gas at 30 °C is 1 x 10 mole per cm? per atm. Assuming the validity of

Higbie’s penetration theory,

(a) [15 points] Estimate the diffusivity of gas.

(b) [10 points] If the diameter of the jet is reduced to 0.9 mm under the same conditions,

how would it affect the rate of evaporation?
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3) A liquid mixture feed containing 40% by mole of methanol and the rest water is differentially
distilled at atmospheric pressure until 60% by mole of the liquid was distilled. The

equilibrium data for methanol-water system at 1 atm pressure is given below:

Mole Fraction of Methanol Mole Fraction of Methanol
in Liquid Phase in Vapor Phase
0.05 0.27
0.10 0.42
0.20 0.57
0.30 0.66
0.40 0.73
0.50 0.78

Compute the compositions of the distillate and the residue.
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