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 CS/B.Tech (FT)/SEM-4/CHE-414/2010 

2010 
UNIT OPERATIONS OF CHEMICAL ENGINEERING – I         

Time Allotted : 3 Hours Full Marks : 70 
 

The figures in the margin indicate full marks. 

Candidates are required to give their answers in their own words 

as far as practicable. 

GROUP – A 

( Multiple Choice Type Questions ) 

1. Choose the correct alternatives for the following : 10 × 1 = 10 

i) The value of critical Reynolds number for pipe flow is  

 a) 1,300 b) 10,000 

 c) 1,00,000  d) none of these.        

ii) In the equation Q = UA∆t; ∆t is         

 a) geometric mean temperature difference 

 b) arithmetic mean temperature difference 

 c) logarithmic mean temperature difference       

 d) the difference of average bulk temperatures of hot 

and cold fluids.   
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iii) Maximum heat transfer rate is obtained in      

 a) Laminar flow      b) Turbulent flow  

 c) Creeping flow d) Transition region.  

 iv) Dietus-Boelter equation for determination of heat 

transfer co-efficient is valid 

 a) for fluids in laminar flow     

 b) for fluids on turbulent flow                

 c) when Grashoff number is very important            

 d) for liquid metals. 

v) Hagen-Poiseuille equation is applicable for   

 a) laminar flow of non-Newtonian fluids 

   b) laminar flow of Newtonian fluids          

 c) turbulent flow   

 d) the flow of Newtonian and non-Newtonian fluids.     

vi) Which of the following flow measuring devices is an area 

meter ?      

 a) Venturimeter b) Orifice meter       

 c) Anemoter   d) Rotameter.       

vii) Which of the following is a fine crusher ?     

 a) Black Jaw Crusher      b) Gyratory Crusher    

 c) Toothed Roll Crusher d) Dodge Jaw Crusher.      
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viii) Operating speed of ball mill is always   

 a) less than its critical speed  

 b) greater than its critical speed      

 c) equal to its critical speed 

 d) none of these.   

ix) The capacity of centrifugal pump can be increased by     

 a) increasing the impeller diameter 

  b) increasing the impeller speed    

 c) adding a second pump in parallel or in series    

 d) all of these. 

x) Which of the following equations is correct for laminar 

flow ?               

 a) 
  

! 

Uavg /Umax  = 0·5  b) 
  

! 

Uavg /Umax  = 2    

  c)   

! 

U /Umax  = 0·5       d)   

! 

U /Umax  = 2. 
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GROUP – B 
( Short Answer Type Questions ) 

 Answer any three of the following.     3 × 5 = 15 

2. What is NPSH ? Derive the expression for NPSH. 

3. What do you mean by fluidization ? Explain the condition of 

fluidization. 2 + 3     

4. Explain Buckingham – π – theorem with a suitable example.   

5. a) What is the advantage of Rotameter in measurement of 

fluid flow in a pipeline ?  

 b) What is vena contracta of an orifice meter ? 

 c) You want to incorporate air in the flowing fluid stream, 

with a orifice meter device in the pipeline. At what point 

in the pipeline, should you attach the air pipeline to get 

maximum dissolution of oxygen in the flowing fluid 

stream and why ? 2 + 1 + 2  

6. Distinguish between film type and dropwise condensation.   
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GROUP – C 
( Long Answer Type Questions ) 

 Answer any three of the following.  3 × 15 = 45  

7. a) Show that the velocity profile of a Newtonian fluid 

flowing through a circular pipe under laminar flow 

conditions is a parabola and hence prove that the 

average velocity is one half of the maximum velocity. 

 b) What is the advantage of inclined manometer ? What 

are the main defects of manometer ? 

 c) A cylinder of 0·12 m radius is rotating concentrically 

inside of a fixed cylinder of 0·13 m radius. Both 

cylinders are 0·35 m long. Determine the viscosity of 

liquid which fills the space between the cylinders if 

torque of 0·88 Nm is required to maintain an angular 

velocity of 2π rad/s. 4 + 3 + 2 + 2 + 4 

8. a) Justify why the value of   

! 

Co( orifice meter discharge 

coefficient ) may be taken as 0·62 at high Reynolds no. 

 b) With the help of Pitot tube how can you measure the 

average velocity of a fluid ? 

 c) Rotameter with a stainless steel float has a maximum 

capacity of 1·2L/s of water at 28˚ C. What will be the 

maximum capacity for kerosene in L/s for the same 

rotameter and the same float. 

  Sp. gravity of stainless steel = 7·9 

  Sp. gravity of kerosene = 0·8 
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 d) Peas which have average diameter of 6 mm and density 

of 880 kg/  

! 

m
3  are dried in a fluidized bed drier. The 

minimum voidage is 0·4 and the cross-sectional area of 

the bed is 0·25   

! 

m
2 . Calculate the minimum air velocity 

needed to fluidize the bed if air density is 0·96 kg/  

! 

m
3  

and air viscosity is 2·15 × 10  

! 

"5  N/s  

! 

m
2 . 

    3 + 2 + 5 + 5 

9. a) Derive the expression for overall heat transfer co-

efficient based on outside diameter of the pipe 
  

! 

Uo( )  in 

terms of several heat transfer resistances.   

 b) Crude oil flows at the rate of 1000 kg/hr through the 

inside of the pipe of a double pipe heat exchanger and is 

heated from 30˚ C to 90˚ C. The heat is supplied by 

kerosene initially at 200˚ C flowing through annular 

space. If the temperature of approach ( minimum 

temperature difference ) is 10˚ C, determine the heat 

transfer area for co-current flow and kerosene flow rate. 

  CP for crude oil = 0·5 kcal/kg ˚ C 

  CP for kerosene = 0·7 kcal/ kg ˚ C 

    

! 

Uo  = 400 kcal/hr.  

! 

m
2  ˚C.  

 c) What is meant by dirt factor ? 7 + 7 + 1 
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10. State & explain Rittinger’s law. Discuss the working principle 

of ball mill. Calculate the operating speed of ball mill form 

the following data : 

 i) Diameter of the ball mill 500 mm 

 ii) Diameter of the ball 50 mm 

 Operating speed of the ball mill is 35% of critical velocity. 

     4 + 6 + 5 

11. Derive the relation between thickness of cake & volume of 

filtrate. Distinguish between constant rate and constant 

pressure filtration. 

 A plate & frame filter press, filtering a slurry, gave a total 

8  

! 

m
3  of filtrate in 1800 sec & 11  

! 

m
3  in 3600 sec when 

filtration was stopped. Estimate the washing time in sec if 

3  

! 

m
3  of wash water was used. The resistance of the cloth can 

be neglected & constant pressure is used throughout. 

     4 + 4 + 7 

     


