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1.
Methane diffuses at steady state through a tube containing helium. At point 1, the partial pressure of methane is pA1 = 55 kPa and at point 2, 0.03 m apart,             pA2 = 15 kPa. The total pressure is 101.32 kPa and the temperature is 298 K. At this pressure and temperature, the value of diffusivity is 6.75 x 10-5 m2/s.              a) Calculate the flux of CH4 at steady state for equimolar counter diffusion.          b) Calculate the partial pressure at point 0.02 m apart from point 1.

2.
Write a short note on steady state counter current processes illustrating with the help of diagram the equilibrium curve and the operating line for transfer of solute between Raffinate and Extract.

3.
Derive the equation to find out the number of plates for absorption process.

4.
A mixture containing 10 mole % solute and rest inert is fed to a packed tower in which 90% of the solute is absorbed. Solute-free water used for absorption contains 5mole % solute when it leaves the tower at the bottom. If the equilibrium relationship is Ye = 0.05Xe and Hy = 0.5 m and Hx = 0.4 m, what is the height of the packed section.

5.
CO2 contains 0.05 Kg mol of water vapor per Kg mol of dry CO2 at 35(C and a pressure of 760mmHg. Calculate a) the relative saturation and percentage saturation of the gas b) the temperature to which the mixture should be heated in order that relative saturation shall be 30%. Data:


Temperature (C         

 35        40          55            60              65


Vapor pressure of 

Water mmHg             

42.1    55.3     118.0        149.4         187.6

6. a)
With a neat sketch, describe the working of an adiabatic humidifier. 


b)
Discuss the importance of cooling towers and their importance in process industries.          
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7.
A wet solid is dried from 35% to 8% in 5 hours under constant drying conditions. Critical moisture content is 15% and equilibrium moisture content is 5%. All moistures are in wet basis. Assume the rate of drying is proportional to free moisture content during falling rate period. Calculate how much longer it would take under the same drying conditions to dry from 8% to 6% on wet basis. If the solid is 5 cm thick slab and is dried from both surfaces, what is the drying rate at constant rate period when the final moisture content is 8%. Take density of dry solid as 2 gm/cc.

8. a)

Write short notes on shrinkage on drying.






    b)
Write a short note on drum driers with a neat diagram.
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1.
Ammonia gas (A) diffuses through nitrogen gas (B) under steady state conditions with nitrogen nondiffusing. The total pressure is 1.013 x 105 Pa and the temperature is 298 K. The diffusion path (z2-z1) is 0.15 m. The partial pressure of NH3 at one point is 1.5 x 104 Pa and at the other point is 5 x 103 Pa. The DAB for the mixture at 1.013 x 105 Pa and 298 K is 2.30 x 10-5 m2/s. Calculate (a) the flux of NH3 and (b) the equimolar counter diffusion flux, assuming that N2 also diffuses.

2.
Discuss cross flow and countercurrent flow cascades? Give the material balance      
equations and derive the Kremser Equation.


3.
Derive the equation to find out the number of plates for stripping operation.

4.
Gas from a petroleum distillation column has its concentration of H2S per kmol-inert hydrocarbon gas to 1% of this value by scrubbing with a triethanol amine water solvent in a counter current tower of height 7.79 meter operating at 300 K and atmospheric pressure. The equilibrium relation may be taken as Y = 2X, where Y = kmol H2S/kmol inert gas and X = kmol H2S/kmol solvent. Pure solvent enters the tower and leaves containing 0.013 k mol H2S per kmol solvents. 

If the flow of inert hydrocarbon gas is 0.015 kmol/m2 s and gas phase resistance controls the process, calculate the overall coefficient for absorption KGa.

5.
In a process in which benzene is used as a solvent, it is evaporated into dry nitrogen. The resulting mixture at a temperature of 297K and a pressure of 101.3KN/m2 has a RH of 60%. It is desired to recover 90% of the benzene present by cooling to 283K and compressing to a suitable pressure. What must this pressure be? Data: vapor pressure of benzene at 297K=12.2KN/m2 at 283K=6.0KN/m2.

6. a)
Describe induced draft and natural draft cooling towers. 

b) Discuss the application of HTU and NTU in the design of packed towers.
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7.
A granular material containing 33% moisture is dried in a counter current rotary dryer at a temperature of 295K withdrawn at 305K containing 1% moisture. The air supplied which contains 0.006 kg water vapor per kg of dry air, enters at 385K and leaves at 310K. The dryer handles 0.12 kg/s of wet stock. Assuming that radiation losses amount to 20 kJ/kg dry air used, determine the weight of dry air supplied to the dryer per second and the humidity of the air leaving it. Latent heat of vaporization at 295K is 2450 kJ/kg. Specific heat of dry air is 1.00 kJ/kg.K. Specific heat of dried material is 0.38 kJ/kg.K. Specific heat of water vapor is 2.01 kJ/kg.K.


8. a)
Describe any one of the driers used for drying a solution with a neat sketch.

b)
Describe any one of the driers used for drying free-flowing granular materials. 
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1.
In a laboratory 3 x 10-4 m3 of toluene was accidentally spilled over and has been quickly spread over an area of 0.85 m2. If the diffusion is taking place through a stagnant air film of 1 mm thick, calculate the time required for the toluene to evaporate completely at 298 K and 1.01325 x 105 N/m2. For toluene, at the prevailing conditions, density = 866 kg/m3, diffusivity in air = 8.4 x 10-6 m2/s and vapor pressure = 3.99966 x 103 N/m2.

2.
Prove or show the following relationships starting with the flux equations.

a)    
Convert kc' to ky and kG.







b)   
Convert kL to kx and kx'







c)    
Convert kG to ky and kc.


3.
Compare and discuss continuous contact equipments with stagewise contact equipments.


4.
It is desired to absorb 96% of the acetone in a 2% (mole) mixture of acetone in air in a continuous counter current absorption tower using 20% more than the minimum liquid rate. Pure water, used as solvent is introduced at the top of the tower and the gas mixture is blown into the bottom of the tower at 450 kg/hr. Find the height of the tower packed with 2.54 cm wet-packed stoneware Raschig rings and operated at 50% of the flooding velocity. The tower may be assumed to be operating at 1 atmospheric pressure and 300 K. the equilibrium relation is y = 2.5x, where y and x are mole fractions of acetone in air-acetone mixture and acetone-water solution respectively. 

The following relationship and data are available:

HTU = Hg + m
[image: image1.wmf]L

G

Hl, where Hg = 0.54 meter and Hl = 0.32 meter.

5.
Derive the mathematical relation between the Dry Bulb Temperature, Wet bulb temperature and other parameters. From this relation calculate the psychrometric ratio for air at 35(C Dry Bulb Temperature, and 2(C Wet bulb temperature.

6. 
Outline the procedure for design of a cooling tower. 
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7.
A batch of solid for which the following table of data applies is to be dried from      25% to 6% moisture under conditions identical to those for which the data were tabulated. The initial weight of the wet solid is 300kg and the drying surface is      1 m2 /8kg dry weight. Determine the time for drying:


X    0.35   0.25   0.20
 0.18
0.16
0.14
0.12
0.10
0.09
0.08 
0.064


Y    0.3     0.3
   0.3
 0.266
0.239
0.208
0.180
0.150
0.097
0.070
0.025


Where X = kg moisture / kg dry solid



N = kg moisture evaporated / hr m2.



8. 

Write short notes on: concept of :


   a)
HTU and NTU in rotary drier



b)
fluidized bed drying


   c) 
spray drying and its applications



d) 
freeze drying technique.
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1.
Ammonia is diffusing under steady state conditions through a layer of stagnant air film 20 mm thick. The gas contains 30% by volume of ammonia on one side of the stagnant layer. The diffused ammonia on the other side is immediately absorbed in water. The temperature is 30oC and pressure 1.01325 x 105 N/m2. Diffusivity for ammonia air system is 60 x 10-4 m2/hr. How much ammonia is absorbed in 10 hours?

2. a)
Explain in detail local two phase mass transfer.

b) Derive a expression to find local over all mass transfer coefficient.

3.
Write the step by step procedure for calculation of diameter of the packed column.

4. 
It is desired to absorb 95% of acetone in a 2 mole % mixture of acetone in air in a counter current bubble-cap tower using 20% more than the minimum water rate. Pure water is used in the top of the column. Find the number of equilibrium stages required for this separation, jkusing data below:

                      
yA = 2.53 xA

Terminal compositions:          Top                                Bottom

                                           

x2 = 0                            x1 = 0.00658

                                           

y2 = 0.00102                 y1 = 0.02

5.
Air at a dry bulb temperature of 57oC has an absolute humidity of 0.03kg H2O/kg dry air at 760 mm Hg.  Determine the following using humidity chart:  Percentage humidity, partial pressure of water vapor in air, vapor pressure of H2O at 57oC, dew point temperature, humid volume, specific enthalpy.  

6.
How do you compute the minimum air flow rate in a cooling tower? Also discuss the effect of wet bulb temperature of entering air on the tower height.             
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7.
Two tones of bone dry granular solids are to be dried under constant drying conditions from a moisture content of 0.2 kg/kg of dry solid to a final moisture content of 0.02 kg/kg of dry solid. The material has an effective area of 0.0615 m2/kg of dry solid under the same conditions. The following rates were previously known. Calculate the time required for drying.

Moisture content, kg water/ kg dry solid 

Rate of drying, kg/hr m2

0.3
1.71


0.2
1.71


0.14
1.71


0.096
1.46


0.056
1.29


0.046
0.88


0.026
0.54




0.016





0.38


8.
Explain with neat sketch the working of a counter current rotary drier.
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