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1. 
In a jacketed tank, the temperature of process stream (1 is preheated to a temperature (2 by means of steam with temperature (s through the jacket. Assume that the capacity of the tank wall is negligible and that the temperature inside the jacket is uniform.

     a)
Derive the transfer function of this system to study the temperature response if the 
rate of flow of process stream is constant.   

                       



b)
Make correction in the transfer function if the rate of flow of the process stream is also a variable. Also discuss about the time constants for a high flow rate and a          low flow rate.                                                                                 



2.
Differentiate between a continuous process and a batch process. Support your 
answer explaining with one continuous process and one batch process with neat 
diagrams.

3. a)
Draw  the  output  of  the,                                                                                                                                               (i)     
Three  position  controller.

(ii)    
Single  speed  floating  controller for  the  following  error.  Assume the      relevant  settings.     
















        t (sec)

b)
An integral controller is used for speed control with a setpoint of 15 rpm, range of 10-20rpm, the constant   Ki = -0.2% controller output per second per percentage error.  The controller output is 28% initially.  If the speed jumps to 17 rpm, calculate the controller   output after 3 seconds for a constant error. 
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4. a)
Explain in detail with a neat sketch, the working principle of a pneumatic PID controller. Write a note on various time constants involved.   



b) 
Outline the design steps involved in the implementation of an electronic PD controller and explain.

5. a) 
What is a self-tuning control? What is parameter estimation as required in a           
self-tuning control system?







b) 
The level in a tank is controlled by throttling the discharge stream and the       entire pressure drop occurs across the control valve. The flow to the tank       varies over a three-fold range.


(i) 
What type of control valve would permit and almost constant overall gain.

(ii) 
Would the charging time constant of the tank influence the desired gain and   selection of the valve? 

6. a)
An equal percentage control valve has a range ability of 32.  If the maximum flow rate is 100 ms3/hr.  Find the flow at 2/3 and 4/5 open settings.


    b)
Explain (i) quick opening (ii) linear (iii) equal percentage characteristics of a control valve.

7.
Write short notes on.

    a)
Sliding stem Valves.









    b)
 Rotating shaft Valves.

8. a) 
Explain the distillation column top product and reflux control using coolant liquid level.











    b) 
Explain the distillation column bottom product control using vapor concentration.
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1. a) 
What are single capacity systems?  Give one example and explain why it is called 

so?










    b)
Write the differential equation of this system and determine the transfer function.

    c)
Study the response of this pure capacity system to a step change in input.  


2. a) 
Is the Thermometer Bulb and well arrangement a non-interacting system? Justify 
your answer. 










    b)
Write the differential equations and determine the transfer function for 
Thermometer bulb and well arrangement.      


          

3. a)
Describe  the  output  of  a  three  mode  controller  for  an  assumed  error  variation.  Discuss its features.  







    b)
Specification of a PI controller are Kp=7,  Ki= 2 sec-1  and  PI(0) (controller  output  at  t=0)=24%.  Plot the controller output as the function of time for the given error.  










           e     (%)




1




(sec)


  0
    1
        2 
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4.
Describe with necessary sketches, the principle of the following controllers.

    a) 
Force type pneumatic PI controller





    b)
Hydraulic PI controller






5. a)  
What are the different tuning schemes of PID controllers? When do you            
propose single loop control schemes?




     

b) 
How are proportional and integral actions realized in a pneumatic            controller? Obtain the transfer function of such a controller. How do you             adjust the integrating time of a PI pneumatic controller?
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6. a)
Explain the baffle –Nozzle system with the help of its characteristic curves. 

    b)
Explain the pneumatic booster and what is its need.



  

    c)
Differentiate between direct and reverse action final control operation.

7.
If a control valve has a parabolic plug and has 
[image: image1.wmf]µ

 = 0.5, show that the flow versus position is nearly linear from 20 percent flow up to maximum.


(Hint take 
[image: image2.wmf]÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

µ

-

+

µ

=

X

x

X

x

M

m

2

)

1

(

1

  


Take 
M
Maximum flow rate



m
Flow rate for opening x



X
Maximum opening


Take 
[image: image3.wmf]X
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 as fraction from 0 to 1, plot the graph between 
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 Vs
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m

 and prove.

8. 
Write short notes on:

      a) 
Material balance in a distillation column.





      b)
Quality control (top and bottom product) in a distillation column.


      c)
Quantity control (top and bottom product) in a distillation column.
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1.
In the following diagram, P1,P2 and P3 refer to changes in the pressures upstream, in the tank and downstream respectively and the flows into and out of the tank are influenced by the tank pressure.




[image: image6.png]



     a)
Write the differential equation for the above system and get the transfer function.  










          

     b)
What is the order of the above system? How will the order change if there are 
several inlets and outlets? 





           

2. a) 
Give one example for Interacting first order elements in series.

 

    b)
Write the differential equation for this combination and determine the transfer 
function. 







           

   c)
Comment on the transfer function.







3. a)
With  an  analytic  expression  of  a  PID  controller, explain  the  effect  of  each  mode  on  the  output  of  the  composite  controller.  




    b)
A  PD  controller  has  Kp=6,  Kd=0.8sec  and  P0(controller  output  for  zero  error ) =15%.  Plot  the  controller output  as  function  of  time  for  the  following  error.  












error %
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 0
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        2
        3         t(sec)


4. a)
What  are  the  advantages  of  the  force  type pneumatic  controllers?  Describe with neat diagrams, the working of a force type pneumatic proportional controller.  










b)
Explain the working principle of a hydraulic proportional controller. How proportional gain can be adjusted in this controller?
(Contd…2)
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5. a) 
A proportional – integral controller is used on a pure time – delay process.         Calculate the response to a step change in load if the controller gain is half          the maximum value and the reset time is half the time delay.  Calculate the          integral of the absolute error.


b) 
Suggest and explain the control schemes for better control of process with dead time.

6.
Explain the principle of a direct and reverse pneumatic actuator.

7. a)
How the flashing exist in fluid pipe line?






    b)
What are the problems associated with flashing?

8.
Design a feed forward controller for a stirred heater with respect to steady state 
error and dynamic forward controller and give the conclusions of the design.    
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Code No: NR-311004.

III-B.Tech -I-Semester Supplementary Examination, May/June 2004

PROCESS CONTROL INSTRUMENTATION

(Electronics and Instrumentation Engineering)
Time: 3 hours.






Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

- - -

1. a) 
Write the differential equations of the following liquid level process. 
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     b)
Derive the transfer function H(S) / M(S) of this liquid level process.
 

     c)
What is the order of this system?

2. a) 
Say whether heated tank and an immersed thermometer with negligible 
interaction is interacting or non-interacting. Justify your answer.



   b)
Write the differential equations and determine the transfer functions individually 
for heated tank and thermometer. 







   c)
Determine the overall transfer function of this combination. How is this transfer 
function related with the individual transfer function? 


3. a)
Discuss   the   relative   advantages   and   disadvantages   of  various  composite  control  modes. 







 

    b)
A  three  mode  controller has  Kp=2.5,  Ki=2.5 sec-1 , Kd=2sec  and  PI(0) (controller  output  at  t=0 ) =30%.  Plot  the  controller  output  as  function of time  for the  following  error.  








      error %
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4. a)
Explain  with  a  neat  sketch,  the  working  principle  of  a  displacement  type  pneumatic  proportional   controller.  Discuss the effect of adding the negative   feedback.  










    b)
With necessary diagrams, describe a hydraulic integral   controller.  Explain how integral time can be adjusted.  
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5. a) 
What is a optimum – tuning control? What are its different approaches?    

    b)
How are the interactions in control being channelized to optimize the control action in a boiler?
6. a)
Give the principle of the control valve and give its O/P equation.



    b)
A pressure difference of 1.5 psi occurs across a constriction in a 4 cm diameter pipe.  The constriction constant is 0.008 w3/s/(kPa)1/2.  




Find   (i) the flow rate in m3/sec.  (ii) Flow velocity in m/sec.

7. a)
Write about requirements of pressure drop across the valve for better control of flow











    b)
Write clearly existence of cavitations in control valves?




8. a)
How do you select the controller for disturbance rejection and set point tracking.


    b)
Explain the practical aspects in the design of steady state dynamic feed forward controllers.
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