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In this work a seven plate, pilot plant type continuous bubble cap distillation column is used. Process dynamic equations are derived using lumped parameter approach, state variable and state equations. The plate efficiency used is 57%, which is calculated using total reflux condition. Using state equations theoretical step responses for feed composition change, feed flow rate change and reflux rate changes are calculated. These are compared with experimental data. Closed loop response studies are done using P and P-I controller to control top product composition by varying reflux. Since D-action software is not working, so P-D and P-I-D are not tested. Conclusions are drawn about the settings to be used on computer-controlled distillation column.
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INTRODUCTION


A large number of articles have been published on process dynamics and simulation studies of continuous distillation columns 6, 9, 3, 5. Some of the earlier articles on control of distillation columns are 4, 2, 7, 1, 10. The above articles are mostly using analog type of electrical, electronic controllers, pneumatic and electro-pneumatic controllers. The authors observed step response data on process dynamics and feed back control of a computer controlled distillation column. The experimental step response data are compared with model equations. Inferences are drawn on this computer controlled continuous distillation column. 

THEORY


The model equations used for the plate column are given below. Neglecting vapor hold up on each plate, responses are fast for flow rate changes, the overall material balance equations are: 
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The component balance equations are:
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 (a) For liquid rate perturbation only in the absence of any vapor rate perturbation.

Vn+1=vn=0 and hn=(nln ,   (n= f (H*n,L*n)-(3)

Equations1and 2 reduces to:
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(b) For vapor rate perturbations only, in the absence of any liquid perturbations:

Ln-1 = ln = 0, and hn = (nvn,( = f ( H*n,V*n) -(6)

Equations 1 and 2 reduce to;
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 (c)For small perturbation in any input variable

 yn = mn xn,  , n = 0,1,2 -----8  ….(8)

Where mn  is a constant for plate ‘n’

The material balance equation for each plate of the two component 9-plate continuous distillation column may be derived from equations 1 and 8 as: 
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For each plate, after simplification, the equations:
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 The above equations are arranged in state form
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. Neglecting the condenser,
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Similar equations are developed for feed flow rate change as
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and reflux flow rate change as
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and are solved for step changes using MATLAB. Where

	B2=
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	B3=
	
[image: image15.wmf]    

)

1

(

)

(

)

1

(

)

(

)

1

(

)

(

)

1

(

)

(

)

1

(

)

(

)

1

(

)

(

)

1

(

)

(

)

1

(

)

(

7

4

*

8

*

7

6

4

*

7

*

6

5

4

*

6

*

5

5

*

5

*

4

2

1

*

2

*

1

3

1

*

3

*

2

2

1

*

2

*

1

1

*

1

*

0

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

+

P

-

+

P

-

+

P

-

+

-

+

P

-

+

P

-

+

P

-

+

P

-

=

=

=

=

=

=

s

X

X

s

X

X

s

X

X

s

X

X

s

X

X

s

X

X

s

X

X

s

X

X

j

j

j

j

j

j

j

j

j

j

j

j

b

b

b

b

b

b

b

b




CLOSED LOOP RESPONSE 

The assumptions are (1) Top tray temperature is independent of the dynamics of the section below and depends only on reflux ratio and the temperature of reflux. 
(2) The loop for reflux drum and top tray is of first order. (3) The time lags are neglected and. (4) The liquid on the tray is assumed to be perfectly mixed.
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Where ( = Time constant for the first order system, T is temperature of top tray in deviation form and R is change of reflux flow rate. The block diagram for the closed loop is shown below.


PROPORTIONAL CONTROL: 

The closed loop response relation is:
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Where A is set point change, R2 = (KcR1)/ (1+KcR1) and ( 1= (/ (KcR1+1)

PROPORTIONAL-INTEGRAL CONTROL:

The closed loop response relation is
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Where (22 = 
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The solution is a combination of impulse and step response of 2nd order.

T = A*[(I*Impulse response of
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EXPERIMENTAL SET-UP:


The column consists of seven plates, having three bubble caps on each plate. A steam heated shell and tube type re-boiler, water cooled condenser, reflux drum, feed tank, top product tank and bottom product tank are other units with column. The column is also fitted with Control valve, E/P converter, ADC/DAC card, Software (PID control, data logging, display, printing, analysis). The arrangement is shown in figure-1.


               Fig-1.


The liquid feed enters at either of the plates 3, 4 and 5 by air pressure from the feed supply tank. The system used is: benzene-toluene. The control to the column is a single point control to control the purity of top product. For the set point changes and tuning of the controller, the screen-VI on the PC of the ON-LINE mode is used. 

PROCEDURE

Steam is generated in the mini-steam generator. When steam is ready the liquid feed is sent into the column from feed tank by air pressure. The feed enters the column through Rota meter F3 and flows through the stripping section to the re-boiler. The level in re-boiler is maintained at 75%. Steam from steam generator is used to heat liquid in re-boiler. The RTDs and other measuring devices are made ‘ON’. Vapor from re-boiler passes up the entire column. The vapors rising through rectifying section are completely condensed in the overhead condenser and the condensate is collected in the accumulator/ reflux drum. The overflow of reflux drum is collected as product. The column is operated until steady state is reached without using automatic control and then step changes in feed composition; feed flow rate and reflux rate are given. Then plate temperatures are noted through RTDs in PC and flow rates in Rota meters for open loop response. 

RESULTS AND DISCUSSION  

The efficiency of the column is obtained by running the column at total reflux condition which is 0.57. The comparison of theoretical and experimental step response values of feed composition, feed flow rate and reflux flow rate are shown in figures 2, 3 and 4 respectively. The error between theoretical and experimental values is around 20% in the beginning and reduces to 5% at steady state.









[image: image24]
A few of the experimental closed loop responses using P-controller with different Kc values are shown in figures 5. A few of the experimental closed loop responses using P-I controller with different Kc and Ti values are shown in figures 6 and 7. For evaluating optimum settings of P and PI-controllers, the responses are shown in figures 8, 9 and 10. For proportional control, high Kc  is working well for this column. For PI-controller, high Kc and low Ti are working well. 











The Ziegler-Nichols settings are working well using P-controller for this column. For PI-controller, using the suggested Kc of Ziegler-Nichols and operating with Ti of Tu/1.2 (suggested by Ziegler-Nichols) is not working well for this column which has been tested with a number of repetition of experiment, It is observed that Ti of 2*Tu is working well in this column.

CONCLUSION


The errors in open loop response are mainly due to: varying reflux flow rate (gravity flow), assuming linear equilibrium relationship (y=mx) and neglecting energy balance. Experiments may be done for optimum PID settings for the column. Modeling the column for energy balance may minimize the errors.

NOMENCLATURE

B- Bottom product flow rate moles/time

D- Distillate flow rate moles/time

F- Feed flow rate moles/time

H- Molar liquid holds up on trays

h - Molar liquid hold up change on trays or deviation variable of H.

 K- Equilibrium constant

Kc- Proportional gain of the controller

Ku- Ultimate Proportional gain 

L- Liquid flow rate 

R- Reflux ratio

R1-    constant

V- Vapor flow rate 

T- Temperature in OC

Tset- set point temperature in OC

X- Mole fraction of more volatile component in liquid phase

x - Perturbation variable or deviation variable of X

Y- Mole fraction of more volatile component in vapor phase

y - Perturbation variable or deviation variable of Y 

β - Hydraulic time constant

Ti- integral time

Tu- ultimate time period

t  -Time in min

τ - Time constant, min.

Superscripts & Subscripts

i- Component

j- Stage number

n- Stage number

d- Hold up of reflux drum

b- Hold up of re-boiler and column base

* Steady state condition
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