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1. 
In an Oxygen-Nitrogen gas mixture at 1 atm and 25 oC, the concentrations of 

oxygen at two planes 3 mm apart are 10 and 20 volume % respectively. Calculate the rate of diffusion of oxygen, expressed as kg moles oxygen / m2-sec for the case where there is equimolar counter diffusion of two gases. The diffusivity for the system 0.206 cm2 /sec.

2.
Hydrogen gas at 2 std atm, 25 oC, flows through a pipe made of un vulcanized neoprene rubber, with ID and OD 25 and 50 mm, respectively. The solubility the hydrogen is reported to be 0.053 cm3 (STP)/cm3.atm, and the diffusivity of hydrogen through the rubber to be 1.8 x 10-6 cm2/sec. Estimate the rate of loss of hydrogen by diffusion per m of pipeline.





3.a)
What is “Interfacial turbulence”?






   b)
 Explain the steady-state counter current process.




4.a)
 Write short note on ‘Bubble-Cap trays’.





   b)
 Write about operating characteristics of sieve trays.




5.
A air NH3 mixture containing 8 mol % NH3 is being scrubbed with water in a counter current packed tower to remove 90% NH3. The tower is packed with 25 mm Raschig rings and its temperature and pressure are 25 oC and 1 atm. The tower operates at 1.5 times the minimum liquid rate. Estimate the number of transfer units required and hence the packed height of the tower. Ye=0.987X (Ye and X are expressed in mole ratios) KGa=65 kg-mole/hr m3atm.

6.
Carbon disulphide is to be removed from CS2—N2 mixture by absorption. It is carried out at 1 std pressure and 240C and the partial pressure of CS2 in the gas entering is 50 mm of Hg. The gas is blown into the tower at a rate of 2000m3/hr and gas coming out will contain 0.5% CS2 by volume. Average mole wt of oil is 180. The oil enters the tower essentially stripped off all CS2 and solution of oil and CS2 are ideal. The vapor pressure of CS2 at 240C is 345mm of Hg. Determine (i) The minimum L/G ratio.  (ii) The number of theoretical plates for L/G of 1.5 times the minimum.

7.a)
 Write short notes on equilibrium diagram for drying operations.

b)
 A wet solid is to be dried from 30% (wet basis) to 6% moisture of (dry basis). 

Compute: (i) the amount of water to be evaporated for 100 kg of dried product, (ii) amount of dried product for 1000 kg of moisture to be evaporated.

8.a)
 Write briefly the classification of driers. 

   b)
 Write the equations of material and energy balance in a continuous drier.
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1. 
A volatile organic compound (C6H6) costing Rs 5 per kg is stored in a tank 10.0 m dia and open at the top. A stagnant film 10 mm thick is covering the surface of the compound beyond which the compound is absent. If the atmospheric temperature is 250C, vapor pressure of compound 150 mm Hg and its molar diffusivity 0.03 m2 / hr, calculate the loss in Rs per day. 
2. 
Calculate the rate of diffusion of carbon dioxide, through a membrane of vulcanized rubber 1 mm thick at 250C if the partial pressure of CO2 is 1cm Hg on one side and zero on the other. Calculate also the permeability of the membrane for CO2. at 250C, the solubility coefficient is 0.9 cm3 gas (STP)/cm3.atm. the diffusivity is 1.1 x 10-10 m2/sec. 

3.a)
 Explain the steady-state co-current process.





   b)
What do you mean by “Liquid phase controlled”.


 

4.
 Write short note on the following.


a). Bubble cap plate








b). Design features of a tray tower.


5.
An air –ammonia mixture containing 5%of NH3 by volume is absorbed in water using a packed tower at 250C, and 1 atm. Gas flow rate is 1200 kg/m2.hr. It is to required to remove the 95% NH3 present in original mixture. The equilibrium relationship is y=1.155x where x and y are mole fractions. Find: (i) Minimum mass velocity of liquid and (ii) Number of transfer units for 1.25 times the minimum liquid flow rate.

6.
A soluble gas is to be absorbed in a counter current packed tower using a solute free liquid. The equilibrium relation ship is given by ye= 0.124x. Obtain an expression for the number transfer units if the inlet and exit gas compositions are y1 and y2 respectively. If a recovery of 92% of the solute is required and the liquid rate is 1.5 times the minimum calculate the number of transfer units by graphical methods.

7.a)
 Define: (i) Equilibrium moisture, (ii) Bound moisture, (iii) Unbound moisture, (iv) free moisture, (v) moisture content on wet basis, (vi) moisture content on dry basis.

   b)
 Explain drying hysteresis.

8.
Explain the following terms in drying 

    (a) Critical moisture content (b) Constant rate period (c) Falling rate period


        (d) Classification of driers.
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1. 
Ammonia at 300 K and 1.5 std atm is diffusing steadily through a layer of stagnant air film. Concentration of ammonia at the one side of the film = 50 mole % by volume. And concentration of ammonia on the other side of the film is negligible. Calculate the rate of molar diffusion of ammonia through the layer. If the cross section of stagnant air film is 4 m2, estimate the quantity of ammonia diffusing in a day.

DNH3-Air = 19.8 x 10-6 m2/sec at 273 K 1std atm.
2. 
Calculate the effective diffusivity for a mixture of oxygen and nitrogen at 

293 K and 1 std atm through 25 mm thick unglazed porcelain membrane. The gas mixture contains 80 % O2 and 20 % N2 by volume on either side of the porcelain.  DO2-N2 = 18.34 x 10-6 m2/sec at 273 K and 1 std atm

3.a)
What do you mean by “Gas phase controlled”.




b)
 Discuss about equilibrium when a substance is distributed between two insoluble phases.









4.a)
What are the factors influencing the efficiency of trays.


   b)
The phenomenon on flooding in plate and packed towers.

5.
A coal gas is freed of its light oil content (benzene) by absorption into an a   absorbent oil. The inlet gas contains 2% benzene by volume and 95% removal is required. Inlet gas flow rate=0.25cu.m/s; Pressure =1.07x105N/sq.m; Temperature = 260C; Oil inlet flow rate (Ls) =1.787x10-3 k mol/s; Solute content of inlet oil=0.005 mole fraction benzene; Average molecular weight of oil = 260. Equilibrium data y = 0.125x (mole fraction units). Determine the NtoG.

6.
A tray tower is to be designed to recover 98% CO2 in 90% air using water. A relation, y=14x can be used for equilibrium conditions where y is kg CO2/kg water. The water to gas rate is kept 30% more than the minimum value. Calculate number of stages.

7.a)
Write short notes on necessity of drying operations in chemical process industry.

b)
Explain the types of moisture with the help of graph, drawn between moisture content and relative humidity of gas.

 8.a)
 Write briefly the classification of driers. 

    b)       Write the equations of material and energy balance in a continuous drier

(((*)))

Code No: RR-310804

III B. Tech I-Semester Regular Examinations, November-2004

MASS TRANSFER OPERATIONS-I

  (Chemical Engineering)

Time: 3 hours





Max. Marks: 80

Answer Any FIVE questions 

All questions carry equal marks

---

1. 
Ammonia from air – NH3 mixture containing 15 % ammonia by volume is absorbed by pure water used as solvent. If the entire resistance to mass transfer lies in the gas phase, determine the % change in the rate of absorption of ammonia when the total pressure of the system is raised from 100 k N/m2 to 150 k N/m2. The solubility of air in water being very low assume only ammonia is transferring.



2. 
Hydrogen gas at 2.5 std atm and 298 K diffuses through a rubber slab 

(2m x 3m) of thickness 15 mm. determine the rate of hydrogen diffusion. Diffusion of hydrogen in rubber = 53 x 10-3 m3(NTP)/m3 of rubber.atm. Diffusivity of hydrogen through rubber = 1.82 x 10-6 cm2/sec. 


3.a)
Write short note on “Two-resistance theory”.




   b)
Write the basic concept of diffusion between two phases.


4.a)
Write short note on ‘Tray towers’.






   b)
What are the factors influencing the efficiency of trays.
 

5.
A packed tower of 300 cm diameter with 0.025 m berl saddles is used to reduce the ammonia content of air stream from 6% to 0.04%. The column is to be operated at 270C and1 atm. The total gas flow rate is 3.33 m3/min. Calculate the NtoG if the 1.5 times the minimum solvent used. Assume Henry’s law is applicable with the H=1.414.

6.
An air –ammonia mixture containing 5% of NH3 by volume is absorbed in water using a tray tower at 250C, and 1 atm. Gas flow rate is 1200 kg/m2.hr. It is to required to remove the 95% NH3 present in original mixture. The equilibrium relationship is y=1.155x where x and y are mole fractions. (i) Minimum mass velocity of liquid and (ii) Number of stages for 1.25 times the minimum liquid flow rate.

7.a)
 Write short notes on applications of drying operations.

 b)
A wet solid is to be dried from 80% (wet basis) to 5% moisture of (dry basis). Compute: i) the amount of water to be evaporated for 1000 kg of dried product, ii) amount of dried product for 5000 kg of moisture to be evaporated.

8.
Explain the following terms in drying. 

    (a) Critical moisture content  (b) Constant rate period (c) Falling rate period


        (d) Classification of driers
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