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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.

4) Any non-communicating calculator is permitted.

5) The examination is in three parts — Part A (Questions 1 and 2)

Part B (Questions 3 and 4)

Part C (Questions 5 to 7)

6) Answer ONE question from Part A, ONE question from Part B, and TWO questions from

Part C. FOUR questions constitute a complete paper.

7) Each question is of equal value.
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PART A

A chamber of 1 m3 volume contains air at 293 K, 101.3 kPa and a partial pressure of water

vapor of 0.8 kPa. A bowl of liquid with a free surface of 0.01 m2 and maintained at 303 K

is introduced into the chamber. The mass transfer resistance is equivalent to that of a

stagnant gas film of 0.25 mm thickness, and the effects of bulk flow can be neglected.

How long will it take for the air to become 90% saturated at 293 K? How much water must

be evaporated?

DATA: Saturation vapor pressure of water at 293 K = 2.3 kPa
Saturation vapor pressure of water at 303 K = 4.3 kPa
Diffusivity of water vapor in air = 0.24 cm2/ s

Water evaporates at 350 K from an open bowl (30 cm diameter) into the atmosphere. The

air currents are sufficiently strong to remove the water vapor as it is formed and the

resistance to its mass transfer in air is equivalent to that of a 1 mm layer for conditions of
molecular diffusion. The water can be considered as well mixed and the water equivalent

of the system is equal to 10 kg.

What is the rate of cooling due to evaporation?

DATA: Vapor pressure of water at 350 K = 41.8 kN/m2
Diffusivity of water vapor in air = 0.2 em2/ s
Specific volume of water vapor at NTP = 22.4 m3/kg
Latent heat of vaporization of water at 350 K = 2318 kJ/kg
Specific heat capacity of water at 350 K = 4.187 kJ/kg K
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PART B 

Ethanol at 289 K flows in a thin film down the outside surface of an inclined plane 2

meters wide and 4 meters long. Ethanol-free air at 303 K and 1 atm flows across the width

of the plate parallel to the surface. At the average temperature of the gas film, the

diffusivity of ethanol vapor in air is 1.32 x 10-5 m2/s. The vapor pressure of ethanol at 289

K is 6.45 x 10-2 atm. The kinematic viscosity of ethanol vapor is 1.533 x 10-6 m2/s.

If the air velocity is 3 m/s, determine the rate at which liquid ethanol should be supplied to

the top of the plate so that evaporation will prevent it from reaching the very bottom of the

plate.

The absorption of carbon dioxide from carbon dioxide-air mixture in a solution containing

100 kg/m3 of sodium hydroxide were made in a 250 mm diameter tower packed to a height

of 3 meters using 19 mm Raschig rings. The following results were obtained at

atmospheric pressure;

Gas rate = 0.34 kg/m2s Liquid rate = 3.94 kg/m2s

The carbon dioxide in the inlet gas was 315 parts per million and the carbon dioxide in the

exit gas was 31 parts per million. Assume negligible vapor pressure of carbon dioxide over

the solution.

What is the value of the overall gas mass transfer coefficient KGa in kmol/s.m2.(kPa)
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PART C

5) A mixture of ethanol and water containing 16% mole of ethanol is continuously distilled in

a plate-fractionating column to give a product containing 77% mole ethanol and a waste of

2% mole ethanol. It is proposed to withdraw 25% of ethanol in the entering stream as a side

stream containing 50% mole of ethanol. The equilibrium mole fraction data for ethanol is

given below:

Liquid Mole Fraction
0.00350
0.00450
0.01750
0.05850
0.06800
0.09350
0.16500
0.21250
0.24100
0.36150
0.47400
0.49850
0.58150
0.64600
0.72300
0.79000
0.83700
0.87310
0.88800
0.89730

Vapor Mole Fraction
0.02050
0.02750
0.13150
0.30500
0.36150
0.41100
0.52000
0.54550
0.56750
0.60600
0.65050
0.65550
0.69700
0.72900
0.77600
0.82000
0.85200
0.88170
0.89300
0.90120

Determine the number of theoretical plates required and the plate from which side the

stream should be withdrawn if the feed is liquid at its boiling point and a reflux ratio of 2 is

used.
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6) Spherical particles (diameter = 15 nm, density = 2290 kg/m3) are pressed together to form a
pellet. The following equilibrium data were obtained for the adsorption of nitrogen at 77 K:

P/P° em3 liquid N2/kg solid 
0.1 66.7
0.2 75.2
0.3 83.9
0.4 93.4
0.5 108.4
0.6 130.0
0.7 150.2
0.8 202.0
0.9 348.0

Here P is the pressure of the adsorbate and P° is the vapor pressure of the adsorbate at 77K.
The density of liquid nitrogen at 77 K is 808 kg/m3.

Obtain an estimate of the total surface area of the pellet from the adsorption isotherm.

7) 10 m3 of a process fluid containing 20 kg/m3 of an enzyme is to be concentrated to 200
kg/m3 by means of ultrafiltration using membranes. Tests have shown that the enzyme is
completely retained by a high-molecular weight, surface modified polysulfone membrane
with a filtration flux (J, in m/hr) given by the following equation;

J = 0.04 In (250/Cf)

where Cf is the enzyme concentration in kg/m3. Four hours is available for carrying out the
process.
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(a) Calculate the area of membrane needed to carry out the concentration as a simple batch
process.

(b) The average filtration flux (Jay, in m/hr) during the simple batch process using the
following approximation equation:

Jav  + 0.27 (Ji Jf)

where Ji is the initial filtration flux and Jf is the final filtration flux.

Is this approximation suitable for designing the membrane filtration process?
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