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1.
A thin rectangular film of 0.4 cm thick of an ethamol-water solution is in contact at 200C with one surface in contact with an organic liquid in which water is insoluble.  The concentration of ethanol at the interface is 6.8 wt% and at the other side of the film it is 10.8 wt%.  The densities are 0.988 and 0.973 g/cc. Respectively at the concentrations mentioned.  The diffusivity of ethanol in water is 0.74 x 10-5 cm2/s.  Calculate the steady state flux in Kmol/m2-s.

2.a)
Assuming Henry’s law to be valid for a gas absorption operation, show that:
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b) If the gas film and liquid film coefficients in a gas-liquid contact are 0.0584 and 0.0586  Kmol es/m2-S (mole fraction) respectively, calculate the overall mass transfer coefficient and percentage resistance in the gas film, if the equilibrium relation B y=1.2x where x and y are mole fractions of solute in liquid and gas phases respectively.

3.
A counter current cooling tower is to be designed to cool 2000 Kg/min of water from 500C to 300C.  Air B available at 300C dry bulb temperature and 240C wet bulb temperature.  30% excess air will be used.  The value of overall mass transfer coefficient B expected to be 24000 Kg/h-m3((y) and the gas rate B to be 10000 Kg/h-m2 respectively.(i) estimate the minimum air requirement 

(ii) Determine the diameter of the tower. (iii) What is the height of the tower required?  The following data may be used where t indicates the liquid temperature in 0C and 4 B the enthalpy of saturated air in Kcal/kg dry air.

t
25
30
35
40
45
50
55

-------------------------------------------------------------------

H
19.1
23.9
31.8
40.4
51.3
63.1
82.3

4.
Define the following terms: (a) Absolute humidity (b) relative saturation 

(c) Percentage Saturation (d) humid volume (e) humid heat (f) wet bulb temperature (g) the Lewis relation.

5.a)
Explain the operation of a Tray tower with a neat diagram.

b) Distinguish between Tray towers and Packed towers.

c) Define i) Murphree efficiency  (ii) overall Tray efficiency.
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6.a)
A packed tower is designed to recover 90% co2 from a gas mixture containing 10% co2 and 90% air using water.  A relation y=1.4x can be used for equilibrium conditions where y is kg co2/kg dry air and x.j Kg co2/Kg water.  The water to gas rate B kept 30% more than the minimum value.  Calculate the height of the tower, if (HTU)oG  is 1 meter.

b) Explain the concept of HETP and HTU.

7.a)
A mixture of Ammonia and air is scrubbed with fresh water.  Ammonia concentration is reduced  from 15% to 4%.  Ammonia free water and air rates are respectively 0.6 and 0.4 Kg/m2-s.  How many theoretical  plates are required?  The equilibrium relationship is given by : Y=X where Y= mole ratio of Ammonia to solvent air in gas phase X= mole ratio of Ammonia to solvent water in liquid phase.

b) Explain the significance of Absorption factor.

8.
1400 Kg (bone dry) of granular solid is to be dried under constant drying conditions from a moisture content of a 0.25 Kg/Kg dry solid to a final moisture content of 0.025 Kg/Kg dry solid.  The material has an effective area of 0.0615 m2/Kg.  Calculate the time required for drying.

	moisture content

x, Kg/Kg dry solid
	0.30
	0.20
	0.14
	0.096
	0.056
	0.046
	0.026
	0.016

	Rate, N, Kg/h-m2
	1.71
	1.71
	1.71
	1.46
	1.29
	0.80
	0.54
	0.376


- - -    
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1.
Oxygen is diffusing through a non-diffusing gaseous mixture of methane and hydrogen in the volume ratio of 3:1.  The diffusion takes place at a total pressure of lot 3 Kpa and 20C.  The partial pressure of oxygen at two planes 0.35 cm apart are 115 mm and 65 mm Hg respectively.  Determine the rate of diffusion of oxygen.  At 20C, 101-3 Kpa, the diffusivity for the mixture O2-CHu is 0.197 cm2/s.

2.
During absorption of SO2 from air using water in an apparatus, at one point, the gas contained 12% SO2 by volume and was in contact with liquid containing 0.35% SO2 (density=955 Kg/m3) at 500C and 1 atm. Total pressure.  The overall mass transfer coefficient based on gas concentrations, Kc=7.47 x 10-10Kmol/m2-(N/m2).  The total diffusional resistance was distributed as follows:48% in the gas phase and 52% in the liquid.  Equilibrium data at 500C and 1 atm. Is:

	Kg So2/100 Kg water
	0.2
	0.3
	0.5
	0.7

	Partial Pressure, So2, mm Hg
	29
	46
	83
	119


(i) Calculate overall mass transfer coefficient based on liquid phase.

(ii) Calculate the interfacial compositions in both the phases.

3.
Air is to be cooled and dehumidified by counter-current contact with water in a packed tower.  The tower is to be designed for the following conditions:


Dry bulb temperature of inlet air = 280C  

Wet bulb temperature of inlet air = 250C

Flow rate of inlet air=700 Kg dry air/h

Inlet water temperature=100C

Outlet water temperature=180C.

Calculate the number of units required for a tower that meets design specifications when 500 Kg/h of water is used and the liquid phase resistance to heat transfer is negligible.  The enthalpy H of saturated air (in KJ/Kg of dry air) at various temperatures t(0C) are as follows:

	T
	0
	5
	10
	15
	20
	25
	30

	H
	9
	19
	30
	41
	60
	79
	100
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4.a)
State the differences between stage wise and differential mass transfer operations and differential mass transfer operations and discuss the equipment used for each case, briefly.

b) Discuss about Penetration theory and film theory.

5.a)
Discuss about Flooding and loading in a packed tower.

b) Write down the relationships between different mass transfer coefficients for both gases as well as for liquids.

c) Write down the two dimensionless numbers, Schmidt number and Peclet number used for mass transfer.

6.a)
Define the following terms: (i) Relative humidity (ii) humid heat (iii) humid volume.

b) Explain the significance of Absorption factor.

c) Name any four tower packings used in a packed tower.

7.
Gas from Petroleum distillation column has its concentration of H2S reduced from 0.03 moles of H2S per mole of inert hydrocarbon gas to 1/10th of this value, by scrubbing with aqueous Triethanolanine solvent in a counter current absorption tower operating at 26.50C and atmospheric pressure.  H2S is soluble in such a solution and equilibrium relationship may be taken as Y=2X where, Y= moles of H2S/mole of inert gas. X= moles of H2S/mole of solvent.  The liquid solvent enters the tower free of H2S and leaving containing 0.013 moles of H2S per mole of solvent.  If the flow of inert hydrocarbon gas is 0.0135 K moles/s-m2 and the gas phase controls the process, calculate: (a) the number of transfer units required (b) the height of the absorber necessary. The overall coefficient for absorption, KGa may be taken as 0.0356 Kmoles/S m2-atm.

8.a)
Explain the drying mechanism of liquid diffusion and capillary movement.

b) A wet solid is dried from 25 to 10% moisture (dry basis) in 4.17 h.  The critical and equilibrium moisture content are 15 and 5% (dry basis) respectively.  How long will it take to dry the solid from 30 to 8% moisture (dry basis) under the same conditions.

- - -
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1.
Derive an expression for steady state diffusion of A though non diffusing B like in the situation of ammonia(A) being absorbed from air (B) into water. Oxygen(A) is diffusing through a non-diffusing gas mixture of methane (B) and hydrogen(C) in the volume ratio of 2:1. The diffusivities are estimated to be Do2-H2=6.99 x 10-5; Do2-CH4=1.86 x 10-5m2/s.  The total pressure is 1 x 105 N/m2 and the temperature 00C. The partidal pressure of oxygen at two planes 2 mm apart is 13000 and 6500 N/m2.  Calculate the rate of diffusion of A in K mol/s through each square meter at the two places. Pim=90.2 x 103 N/m2.

2.
Tabulate the relations for the mass transfer of gas A through gas B.  Consider the flow of water at 250C in a 25 mm-ID tube at an average velocity u = 3 m/s, (=8.937 x 10-4 Kg/m.s., s=997 Kg/m3. f = Fan Friction factor = 0.0047.  Calculate the turbulence characteristics.

3.
Write Fick’s law of diffusion through flat slab and radial diffusion through a spherical shell.  Hydrogen gas at 2 str. Atm. 250C, flows through a pipe made of unvulcanised neoprene rubber with 1 D and 0 D 25 and 50 mm respectively.  The solubility of  hydrogen is 0.053 cm3(STP)/cm3. atm. and diffusivity of hydrogen through the rubber is 1.8 x 10-6cm2/S.  Estimate the rate of loss of hydrogen by diffusion per meter of pipe length.

4.
Write about the application of local overall and average overall mass transfer coefficients.  When a certain sample of moist soap is exposed to air at 750C, 1 std. atm. The equilibrium distribution of moisture between soap and air is

	Wt% moisture in soap
	0
	2.40
	3.76
	4.76
	6.10
	7.83
	9.90
	12.63
	15.40
	19.02

	Partial pressure of water in air, mm/Kg.
	0
	9.66
	19.20
	28.4
	37.2
	46.4
	55.0
	63.2
	71.9
	79.5


10 Kg of wet air containing 16.7% moisture by wt is placed in a vessel containing 10 m3 moist air whose initial moisture content co-responds to a water vapor partial pressure of 12 mm Hg. After the soap reached a moisture content of 13%, the air in the vessel is entirely replaced by fresh air of original moisture content and the system in allowed to reach equilibrium.  The total pressure and temp. are maintained at 1 std atm. and 750c. What will be the ultimate moisture content of the soap.
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5.
Illustrate the different  types of impellers.  Mention the different types of equipment used to disperse liquids are the common forms of random packings.

6.
Describe and discuss non adiabatic operation used for humidification.  In a mixture of benzene(A) and nitrogen (B) at a total pressure of 800 mm Hg and a temperature of 600C, the partial pressure of benzene is 100 mm Hg.  Express benzene concentration as: mole fraction, volume fraction and absolute humidity .

7.
Describe the important factor in the choice of a solvent for absorption.  Write the material balances for the one component transferred case.

8.
Define the important terms occurring in the study of drying phenomenon.  A wet solid is to be drained from 80 to 5% moisture (wet basis).  Compute the moisture to be evaporated per 5 Kg of the aired product.







- - -
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1.
Derive the equation of continuity for molecular diffusion. Oxygen(A) is diffusing through carbon dioxide(B) under steady state conditions, with carbon dioxide non-diffusing.  The total pressure is 1 x 105 N/m2 and the temperature is 00C.  The partial pressure of oxygen at 2 planes 2 mm apart is respectively 13000 and 6500 N/m2.  The diffusivity for the mixture is 1.87 x 10-5 m2/s.  Calculate the rate of  diffusion of oxygen in K mol/s through each sq.m. of the two planes.

2.
Tabulate the relations between mass-transfer coefficients of Gas A through Gas B.  For flow of a fluid at right angles to a circular cylinder, the average heat transfer coefficient (averaged around the periphery) for fluid Reynolds number in the range of 1 to 4000 is given by: Nuuv = 0.43 + 0.532 Re0.5P(0.31 where Nu and Re are computed with cylinder diameter and fluid properties are taken at the cylinder and bulk temperature.  Estimate the rate of sublimation of a cylinder of uranium hex fluoride, UF6, 6 mm diameters exposed to an air stream flowing at a velocity of 3 m/s.  The surface temperature of the solid is 430C, at which temp. the vapor pressure of UF6 is 400 mm Hg(53.32 N/m2).  The bulk air is at 1 std atm. Pressure, 600C.  After requirement temp the properties of Air are: density: 410 Kg/m3. viscosity: 2.7 x 10-3 Kg/m.s.; diffusively : 9.04 x 10-6 m2/s.

3.
Discuss Fick’s law for diffusion in solids, calculate the rate of diffusion of  carbon dioxide CO2, through a membrane of vulcanized rubber 1 mm thick at 250C if the partial pressure of the CO2 is 1 cm Hg cm one side and zero on the other.  Calculate also the permeability of the membrane for CO2.  At 250c the solubility coefficient is 0.90 cm3 gas STP/cm3 atm.  The diffusivity is 1.1 x 10-10m2/s.

4.
Mention the common principles for the systems involving the distribution of substances between insoluble phases.  When a sample of moist soap is exposed to air at 750C, 1 std atm. Pressure, the equilibrium distribution of moisture between the air and soap is as follows:

	Wt% moisture in soap
	0
	2.40
	3.76
	4.76
	6.10
	7.83
	9.90
	12.63
	15.40
	19.02

	Partial pressure of water  mm/Hg.
	0
	9.66
	19.20
	28.4
	37.2
	46.4
	55.0
	63.2
	71.9
	79.5
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It is designed to dry the soap form 16.7 to 4% moisture continuously  in a counter current stream of air whose initial water vapor partial pressure is 12mm Hg.  The pressure and temperature will be maintained through  at 1 std atm. and 750C.  For 1 kg initial wet soap per hour, what is the minimum around of air required per hour?.

5.
Discuss the factors influencing the  mass transfer in sparged vessels.
Describe the general characteristics of tray towers

6.
Describe the common purposes of gas liquid contact operations.  In a mixture of benzene vapor (A) and nitrogen (B) at a total pressure of 800 mm Hg and a temperature of 600C, the partial pressure of benzene is 100 mm Hg.  Express benzene concentration as mole  fraction, volume fraction and absolvent humidity.

7.
Describe the important considerations in the choice of a  solvent for Absorption write material balances for one competent transferred situation for an absorber operating under counter  current flow.

8.
Define the important terms occurring in the study of drying phenomenon.  A wet solid is to be dried from 80 to 5% moister, wet basis.  Compute the moisture to be evaporated per kg of dried product.







****

