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1. a)
State and explain Fick’s first law of diffusion.

b)
Explain the phenomenon of molecular diffusion with the help of the kinetic theory of gases. Give an example.


    c)
Distinguish between molecular diffusion and eddy diffusion.
2. a)
Applying Fick’s law of diffusion, derive an equation for steady state radial diffusion through a solid cylinder of inner and outer radii a1 and a2 respectively and of length l. State clearly the assumptions made.
b)
Hydrogen gas at 2.0265 x 105 N/m2 and 25oC, flows through a pipe made of unvulcanized neoprene rubber, whose ID and OD are 25 and 50 mm, respectively. The solubility of the hydrogen is reported to be 0.053 m3 (STP)/ (m3) (1.01325 x 105 N/m2), and the diffusivity of hydrogen through the rubber to be 1.8 x 10-10 m2/s. Estimate the rate of loss of hydrogen by diffusion per meter of pipe length.
3.
Write short note on

a) Gas hold – up in sparged vessels 







b) Terminal velocity of single bubbles 


4.
A coal gas has to be freed of its light oil by scrubbing with wash oil as an absorbent and the light oil recovered by stripping the resulting solution with steam. The circumstances are as follows:

Absorber: Gas in, 0.250 m3/s at 26oC, pressure = 1.07 x 105 N/m2, containing 2% by volume of light oil vapors. The light oil will be assumed to be entirely benzene, and a 95% removal is required. The wash oil enters at 26oC, containing 0.005 mole fraction benzene, and has an average molecular weight of 260. An oil circulation rate of 1.5 times the minimum is to be used. Wash oil benzene solutions are ideal. The temperature will be constant at 26oC.

Stripper: The solution from the absorber is to be heated to 120oC and will enter the stripper at 1 std. atm pressure. Stripping steam will be at standard atmospheric pressure, superheated to 122oC. The debenzolized oil, 0.005 mole fraction benzene, is to be cooled to 26oC and returned to the absorber. A steam rate of 1.5 times the minimum is to be used. The temperature will be constant at 122oC. Compute the oil circulation rate and the steam rate required.

Vapor pressure of benzene at 120oC = 100 mm Hg, and at 122oC = 2400 mm Hg.
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5.
In a process in which it is used as a solvent benzene is evaporated into dry nitrogen. At 297K and 101.3kN/m2 the resulting mixture has a percentage R.H. of 60. It is required to recover 80% of the benzene present by cooling to 283K and compressing to a suitable pressure. What should this pressure be? The vapor pressure of benzene is 12.2kN/m2 at 297K and 6.0kN/m2 at 283K.

6. a)
Explain how a gas is saturated adiabatically in a spray chamber giving the energy balance. 









   b)
With sketches discuss the various types of cooling towers.

7. a)
When a material was dried in a tray drier in 7 hours the material got dried from 60% moisture content to 10%. Estimate the time of drying for drying this material now to 5% moisture. The equilibrium moisture content is 2%. Critical moisture content is 0.16 kg water/kg dry solid. All moisture contents except critical moisture content are on wet basis.







    b) 
Discuss the two mechanisms of moisture movement in solids.



8.
Air containing 0.005 kg of water vapor per kg of dry air is heated to 52(C in a dryer and passed to the lower shelves. It leaves the shelves at 60% RH and is reheated to 52(C and passed over another set of shelves, again leaving at 60% RH. This is again repeated for 3rd and 4th set of shelves after which the air leaves the dryer. On the assumption that the material on each shelf has reached the wet bulb temperature and the heat losses from the dryer can be neglected. Determine the temperature of the material on each tray, amount of water removed in kg/h if 10000 m3/min of moist air leaves the dryer. The temperature to which the inlet air has to be raised to carry out the drying in a single stage.
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1. a)
For a binary gas mixture prove that JA + JB = 0.

b)
Ammonia is diffusing through a stagnant air film 0.25 mm thick. The total pressure is 2.0265 x 105 N/m2 and the temperature is 50oC. Calculate the rate of diffusion of ammonia in kg/hr through 1 square meter surface if the concentration difference across the film is 10% to 2% ammonia by volume. Diffusivity of ammonia in air is 0.198 x 10-4 m2/s at 0oC and 1.01325 x 105 N/m2 pressure.

2. a)
Discuss about diffusion through polymers.
b)
Calculate the rate of diffusion of CO2 through a membrane of vulcanized rubber   1 mm thick at 25oC if the partial pressure of the CO2 is 1.33322 x 103 Pa on one side and zero on the other. Calculate also the permeability of the membrane for CO2. At 25oC, the solubility coefficient is 0.90 m3 gas (STP) /(m3)(1.0132 x 105 Pa).  The diffusivity is 1.1 x 10-10 m2/s.

3.
Explain the construction and working principle of mechanically agitated vessels.

4.
A packed tower of 300 cm diameter and packed with 0.025 m berl saddles is used to reduce ammonia content of air stream from 6% to 0.04%. The column is to be operated at 27oC and 1 atm. The total gas flow rate is 3.33 m3/min. Find the minimum water required. Assuming Henry’s law is applicable with H = 1.414.
5.
One Kg. mole of wet air (A) having a dew point of 25(C and a percentage humidity of 50 is mixed with 0.5Kg mole of wet Air (B) having a percentage humidity of 50. If the final mixture has a humidity of 0.03Kg H2O per Kg of dry air compute

a)
Temperature of wet air (B)

b)
Humid volume and humid enthalpy of mixture


c)
Dew point of wet air
6.
Explain the step by step procedure of finding the height of a cooling tower.
7. a)
A wet solid is dried from 80 to 5% (Wet Bulb). Compute moisture evaporated per 1000 kg of dried product.








b)   
Explain the terms constant rate period and falling rate period in a drying rate        verses moisture content graph.
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8.
A granular solid with dry bulk density of 1600 kg/m3 is being dried in a batch dryer in air at 65(C with a humidity of 0.005 kg water per kg of dry air. The solids containing 0.5 kg water per kg of dry solids are in 2.54 cm pans insulated so that heat and mass transfer occur from the top surfaces only. The solids are to be dried to final moisture content of 0.02 kg water per kg dry solids and have a critical moisture content of 0.01. Air passes over the pans at a mass velocity of 1.7 kg/s.m2. Heat transfer by conduction and radiation may be neglected. For this granular material equilibrium content is zero. Calculate the drying time required. What would be the drying time if the flow rate is increased to 25 kg/s.m2.
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1. a)
Derive the expression for the rate of diffusion of A for the steady state diffusion of A through nondiffusing B for molecular diffusion in liquids.

b)
Calculate the rate of diffusion of NaCl at 18oC through a stagnant film of water 1 mm thick when the concentrations are 20% and 10% respectively on either side of the film.

Data: 
Density of 20% NaCl at 18oC = 1.15 x 103 kg/m3.

          

Density of 10% NaCl at 18oC = 1.07 x 103 kg/m3.

          

Diffusivity of NaCl in solution at 18oC = 1.36 x 10-9 m2/s. 

2.
Discuss about


a)
Diffusion through crystalline solids.  
b)
Diffusion in porous solids.

3.
Write short note on 

a) Vortex formation and prevention 







b) Characteristics of agitated vessels  
4.
A packed tower is to be designed to absorb sulfur dioxide from air by scrubbing the gas with water. The entering gas is 20% SO2 by volume and the leaving gas is to contain 0.5% SO2 by volume. The entering water is SO2 free. The water flow is to be twice the minimum. The air flow rate (SO2 free basis) is 975 kg/hr m2. The temperature is 30oC and the total pressure is 2 atm. The equilibrium data is governed by y = 21.8x, where y and x are in mole fraction units. Compute the number of overall gas-phase transfer units.

5. a)
Define (i) Humidification (ii) Dehumidification (iii) Wet bulb temperature   (iv) Adiabatic saturation






b)
Moist air at 310K has a wet-bulb temperature of 300K. If the latent heat of vaporization of water at 300K is 2440kJ/kg, estimate the humidity of the air and the percentage relative humidity. The total pressure is 105kN/m2 and the vapor pressure of water vapor at 300K is 3.60kN/m2 and 6.33kN/m2 at 310K.
6. a)
State the working principle of a cooling tower.




b)
Give the step by step procedure for determining the height of packing for a water cooling tower based on air enthalpy and temperature of air and water.
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7. a)
A certain material was dried under constant drying conditions and it was found that 2 hours are required to reduce the free moisture content from 20% to 10%. How much longer would be required to reduce the free moisture to 4%? Assume that no constant – rate period is encountered.






b)  
Draw a typical drying rate curve (R versus X) for batch drying under constant drying conditions and explain various regions in it.



8.
A counter current hot air rotary dryer is to be employed to dry ammonium sulfate from 3% to 0.5% moisture. The drier is 1m in diameter and 6m long. Atmospheric air at 25(C and 50% humidity will be heated by passage over steam coils to 90(C before it enters the dryer and is expected to be discharged at 35(C.  The solids enter at 25(C and are expected to be discharged at 60(C. Product will be delivered at a rate of 900 kg/hr.  Estimate the air and heat requirement of the dryer. The following data are available. The absolute humidity of air at 25(C and 50% humidity is 0.01 kg water per kg dry air. The heat capacity of dry (NH4)2SO4 is 1507 J/kg.K. The heat capacity of water is 4187 J/kg.K. The combined natural convection and radiation heat transfer coefficient from the dryer to the surrounding, hc is 12 W/m2.K. Cp of water vapor is 1890 J/kg.K. Cp of dry air is 1010 J/kg.K. Latent heat of vaporization may be taken as 2420 kJ/kg.
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1. a)
Derive the expression for the molar flux of A for the steady state diffusion of A through nondiffusing B for molecular diffusion  of gases.
    b)
Calculate the rate of diffusion of hydrogen (A) through nondiffusing methane (B) at 25oC and 101 kN/m2 pressure (DAB = 6.6 x 10-5 m2/s). The diffusion path is 5 mm long and the concentration of hydrogen at the two ends of the path in terms of partial pressure is 12 kN/m2 and 8.4 kN/m2 respectively.

2. 
Write short notes on diffusion in solids, mass transfer coefficients, two-phase resistance theory, and film theory.

3.
Explain in detail gas liquid contact in mechanically agitated vessels.

4.
A packed tower is designed to recover 98% CO2 from a gas mixture containing 10 % CO2 and 90% air using water. A relation, y = 14x can be used for equilibrium conditions where y is kg CO2/kg dry air and x is kg CO2/kg water. The water to gas rate is kept 30% more than the minimum value. Calculate the height of the tower if (HTU)OG is 1 meter.

5. a)
Explain wet bulb temperature and adiabatic saturation temperature with all related equations.








    b)
Explain about the humidity chart.


6. a)
Draw a neat diagram of a water cooling tower. and indicate salient features.

b)
Derive the expression for height of a water cooling tower by using HTU and NTU concept.



7.
It is desired to dry a certain type of fiberboard in sheets 0.131m (0.162m ( 0.071m from 58% to 5% moisture (WB) content. Initially from laboratory test data with this fiberboard, the rate of drying at constant rate period was found to be 8.9 kg/m2.hr. The critical moisture content was 24.9% and the equilibrium moisture content was 1%. The fiberboard is to be dried from one side only and has a bone-dry density of 210 kg/m3. Determine the time required for drying. The falling rate may be assumed linear.
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8.
Celotax sheets are to be dried by flowing air at 60(C, 10% RH and a velocity of 10 m/s. The critical moisture content is 0.35 kg free water per kg of dry solid. The rate of drying in the falling rate period can be considered linear. The celotax must be dried from 55% to 12% moisture (wet basis). Equilibrium moisture content at the conditions of the dryer is 5% (Wet Bulb). The celotax sheets are kept in layer 6cm thick in insulated trays. The dry density of the solid is 1.38 gm/cc. Calculate the time of drying the sheets. Data: The rate of drying in gm/cm2.hr in the constant rate period is given by Rc = 0.004 V0.8 (pi – pg) , where V = air velocity in m/s, pg and pi are vapor pressure of water in mm Hg in air at the wet bulb and dew point temperature respectively.
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