Code No: NR/RR-310801

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

MECHANICAL UNIT OPERATIONS

(Chemical Engineering)

Time: 3 hours






    Max Marks: 80

Answer any FIVE Questions

All Questions carry equal marks

- - -

1.
Discuss in detail about: 

(a) Pressures in masses of particles

(b) Pressures in bins and silos
.

2.a)
Write about batch kneaders.








   b)
Write about the power requirement for pug mills.


3.a)  
What are various objectives of size reduction in chemical industry?      
           

   b)
Name four ways, which are commonly used, for comminution of solids.   Discuss


each one of them with reference to product size and equipment?    

   c)
What do you understand by stages of reduction? Explain them with example. 

4. 
Explain the theory and principle of centrifugal filtration and describe any one equipment with a neat diagram. 







5.
Ultrafiltration tests with a 1.5-cm tubular membrane at NRe=25,000 gabve a permeate flux of 40 L/m2-h and 75 percent rejection for a 5 percent polymer solution.  The polymer has an average molecular weight of 30,000 and the estimated diffusivity is 5 x 10-7 cm2/s.  Neglecting the effect of molecular diffusion in the pores, predict the fraction rejected for a flux of 20 L/m2-h and predict and maximum rejection.

6.a)
Write about separation of dust from gases in cyclones.




   b)
What is the effect of parameters like particle size, flow rate and density on the collection efficiency in a cyclone?


7. 
Explain the scale-up procedure for the design of agitators showing the importance of   

           dimensionless groups involved and also explain their significance.    

8.a)
Explain the different growth related imperfections with neat diagram.  How can all forms of spurious nucleations be avoided?

   b)
Describe the sequence of stages in the evolution of crystals.
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1.a)
Draw neat diagrams showing the stresses and forces in granular solids.


b)
Derive an expression to measure the pressure p at any intermediate angle 
[image: image1.wmf]q

 in terms of applied pressure pv and normal pressure pL in a mass of granular solids. Similarly derive the expression for the shear stress 
[image: image2.wmf]t

. How do the p and 
[image: image3.wmf]t

 values change with respect to 
[image: image4.wmf]q

?








2.
Describe the working of two-arm kneader and different types of kneader and disperser blades.









3.a) 
Mention general characteristics of an ideal comminution machine. How does an actual unit differ from an ideal one?                                                                  

b) 
Classify various size reduction machines. Specify general range of product size for each type of machine.                                                                            

4. 
What are filter aids. How they are used.  The performance of a filter press is                                                                                                                                                                                                                                                                      (V + 5)5 = 78 (t + 0.2).  How many hours each filtration run least between shut down in order to obtain maximum amount of filtrate in a day if the total time required for each clearing shut down is 1 hr. 


5.a)
 Explain permeate flux for ultrafiltration. 






   b) 
Derive the flux equations and show the concentration profiles during ultrafiltration.

6.a)
What are the important features for the design of a clarifier and thickener.


   b)
Describe different sedimentation zones in continuous thickener.



7.a) 
Define flow number. Discuss its application in mixing.                                         

   b) 
An agitated vessel 1.83m in diameter contains 4082 kg of water at 21.1o and 1361 kg of 150 mesh particles of fluorspar having a specific gravity of 3.18. The impeller is a six-bladed straight turbine of 0.61 m in diameter, set one impeller diameter above the vessel floor. How much power would be required to suspend the particles to maximum height of 1.52m?                                 

8.a)
Write about the temperature difference as a potential in achieving supersaturation.

   b)
Discuss about the units for supersaturation.
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1.a)
Draw the Mohr stress diagram for noncohesive solids and explain how the Mohr stress circle is drawn.








b)
What is the Mohr rupture envelope for noncohesive solids? How is it different for cohesive solids?









   c)
Derive the expression for sin
[image: image5.wmf]a

m in terms of 
[image: image6.wmf]'

K

, where
[image: image7.wmf]'

K

 = pL/pv.


2.a)
Distinguish between kneaders, dispersers and masticators.




   b)
Describe with figures double-motion paste mixers.





3.a) 
Draw a diagram of a Blake jaw crusher and mention its construction and   operation.              

   b) 
State the type and size of material, which can be crushed in a Blake jaw crusher.                

   c)
Differentiate between Blake jaw crusher and a gyratory crusher. 

 

 4.a)
Differentiate between clarification and classification. 




   b) 
Discuss how the area of a thickener can be calculated from batch sedimentation data. 

5.a) 
Explain ultrafiltration. 








   b)
Discuss about fouling of membranes briefly.






   c)
What is cross flow filtration?  Explain.






6.a) 
Derive an expression for calculating the minimum thickener area required for a gravity thickener. 







    

b) 
Quartz particles (density = 2650 kg / m3) are settling in water at room temperature.  What will be the maximum particle diameter so that stoke's formula can hold good in this case? Viscosity
=
1004 x 10-6 kg/m.s

7.a)
Draw the graph between Power number vs Reynolds number with and without baffles

   b) 
Explain the similarities to be considered for scaling up of agitator design .  
         

   c) 
Explain the different types of propellers used in agitator. 


         

8.a)
Write about the heat of crystallization and enthalpy-concentration diagram.

   b)
Write a note on supersaturation.
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1.a) 
For flow of solids out of a bin which opening is preferable, side opening or a bottom opening? Why?







b)
What are the factors on which the rate of flow of granular solids by gravity, through a circular opening in the bottom of a bin, depends upon?


   c) 
Discuss about various devices for transportation of solids.

2.a)
Write about different equipment used for mixing dry powders.



   b)
With neat diagrams discuss about the designs of mixing blades for various purposes.

3.a) 
Draw a diagram of a gyratory crusher and discuss its construction and operation.                

   b)
How does gyratory crusher differ from a Jaw crusher?   

4.a) 
Explain the different methods of reporting screen analysis. 

    


b) 
The size analysis of a powdered material on a weight basis is represented by a straight line from 0% weight at 1 (m particle size to 100% weight at 101 (m particle size.  Calculate the mean surface diameter of particles constituting the system.    


5. 
What are the different types of membranes and discuss them in detail with their applications. 


6.
Quartz and pyrites are to be seperated in a hydraulic free settling classifier.  The feed to the classifier ranges in size between 10 microns and 300 microns.  The specific gravity of quartz is 2.65 and that of pyrites 5.1.  If the mixture is best separated into three fractions such as one containing only quartz, another containing only pyrites and the third a mixture of quartz and pyrites, estimate the size ranges of the two materials in these fractions.  Assume the flow zone to be essentially laminar.


7. 
Write the purpose of agitation of liquids. Draw neat sketches of various impellers and explain their specific features.                                                           


8.a)
Discuss equilibrium in crystallization processes for the following:



KNO3, Nacl, M4SO4-H2O in aqueous solution.

   b)
Explain the phase diagram of MgSO4-H2O system.
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