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Introduction:


This report deals with the operation of heat integrated distillation column. The system is defined with all the model equations, parameters and the initial state values. 
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Figure 1.1: Distillation column for binary separation
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Figure 2.1: Heat pump.
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Heat pump (explicit algebraic equations)
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[image: image8.png]Ordinary differential equations
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Table 1: Section index for the Heat Pump side
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b; constants in model for section i

¢pi is the heat capacity for component i

1 Fraction of refrigerant which condenses in reboiler

f Fraction of liquid which evaporates in the Expansion valve

9 = girpc fraction of the tube wall heat capacity contribution to the shell side heat capacity
H, Specific enthalpy of section/phase i

Higeation indes Liquid level in the vessel indicated by the location index (B, C)
H,,, Entahlpy of vapourization of phase i

K; Constants which are defined according to the subscript

Ky Constants in pressure drop correlation given for i=1 & 2

Lpog see Tpop

Leoap Refrigerant flow rate out of the compressor to the receiver

Lpxp Refrigerant flow rate from the receiver to the condenser

Qc = QL + Q2 Total heat transfer rate in column condenser.

T; Temperature in section i

UA; Total heat transfer coefficient times heat transfer area for section i

Vi Volume of phase i

x; concentration at tray i

W; Mass of refrigerant in section i
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[image: image14.png]a; valve position, i = CV8,
«a relative volatility in the distilllation column

a in the compressor is the ratio of compressed to the completely uncompressed cylinder vol-
ume.

€ compression efficiency

TpoB Residence time of the bubbles in the condenser tubes
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The parameters and initial state values are implemented in a Matlab file SetData.m, shown in appendix. Matlab codes are written with all the model equations (Ex7_new - HID_rhs.m, HID_rhsmain.m). The plots show the system to be at steady state with the initial set of state values.  
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Fig 1: Showing the dynamics of the concentration of the heavy component at three different stages
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Fig 2: Showing the dynamics of the variables T3 (Outlet-condenser), Tw (Outlet-cooling water supplied to reboiler), T6 (Outlet-Heat exchanger at compressor inlet)
Thus the system is at steady state for the set of initial conditions and defined valve variables. The high pressure in the heat pump, at the outlet stream to the HESCOND (P1), can be controlled using the valve variable alphacv8 as the actuator. Thus a control loop has been applied with PI controller defining a negative gain for the system to allow it go to steady state.  Matlab codes are written and can be found in the appendix (5.1.1 - HID_rhs.m, HID_rhsmain.m). The files have been used to investigate the action of the control loop for 1% increase and decrease in the set point values for P1. 
a)






b)
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Fig 3: Showing a) the action of the control loop over the high pressure P1 b) thedynamics of alphacv8 as actuator to control P1, with a 1% increase in its set point
a)
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Fig 4: Showing a) the action of the control loop over the high pressure P1 b) thedynamics of alphacv8 as actuator to control P1, with a 1% decrease in its set point

Similarly the low pressure in the heat pump, at the outlet of HECOND (P4), can be controlled using the valve variable alphacv9 as the actuator. The control loop has been applied with PI controller and negative gain for the system to allow it to go to steady state.  Matlab codes are written and can be found in the appendix (5.1.2 - HID_rhs.m, HID_rhsmain.m). The files consider that the values of alphacv9 lie in the interval [0.2 0.6] where it gives the significant gain in the control valve. The files thus been used to investigate the action of the control loop for 1% increase and decrease in the set point values for P4.
a)






b)
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Fig 5: Showing a) the action of the control loop over the low pressure P4 b) the dynamics of alphacv9 as actuator to control P4, with a 1% increase in its set point
a)






b)
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Fig 6: Showing a) the action of the control loop over the low pressure P4 b) the dynamics of alphacv9 as actuator to control P4, with a 1% decrease in its set point

To obtain the desired separation the column composition profile inside the column has to be maintained.  This can be achieved by maintaining the composition in any tray, say in the rectifying section preferably, by a control loop varying the distillate flow rate accordingly. Matlab codes are written with the control loop to maintain the composition in tray 10 at its initial value of steady state (5.3 - HID_rhs.m,HID_rhamain.m). The codes show the control loops also for high pressure P1 and low pressure P4 in the column with alphacv8 an alpha cv9 as actuators. The composition of the heavy component in the tray 10 shows a transient decrease but finally goes to steady state, thus shows the action of the control loop. 
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Fig 7: Shows the dynamic behavior of composition of the heavy component in tray 10
a)
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Fig 8: Shows the dynamics of a) high pressure P1 and b) the actuator alphacv8

The plots show the tuning if the actuator alphacv8 to maintain the P1 at the set point and thus the action of the control loop.

a)
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Fig 9: Shows the dynamics of a) low pressure P4 and b) the actuator alphacv9

The plots show the tuning if the actuator alphacv9 to maintain the P4 at the set point and thus the action of the control loop.

Thus with the action of these control loops, it can be seen that the system is confined to no change in the low or high pressure in the heat pump and also the column composition at all stages. But the boil-up and the pressure inside the column depend on and vary with the changes in the set points for high and low pressures inside the heat pump. This also has to be maintained for desired separation. This can further be done by control loops for boil-up and pressure which further depends on the set points for high and low pressures inside the heat pump. This can be achieved by applying a decoupling control or cascade control over the system i.e., an outer control loops which would generate the set points for the inner control loops. For this the relation for the boil-up, pressure inside the column and the pressures in the heat pump has to be identified. 
a)






b)
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c)

[image: image34.emf]0 20 40 60 80 100 120 140 160 180 200

4.66

4.68

4.7

4.72

4.74

4.76

4.78

4.8

4.82

4.84

Boilup(V)

time


Fig 10: Shows the dynamic behavior of the boil-up (V) inside the column for a) 1% increase in set point for P1  b) 1% increase in set point for P4  c) 1% increase in set point for P1 and P4
From these graphs it can be guessed that defining V_set is proportional to P1_set - P4_set should make the boil-up independent of the set points of the pressures in the heat pump. The theoretical understanding of this is that boil-up inside the column is approximately proportional to the pressure difference inside the column and thus any changes of equal amplitude to these pressures do not have an effect on the boil-up as the difference still would remain the same. Similarly the relation with the set point for column pressure can be identified or guessed that PB_set is proportional to P1_set + P4_set. The theoretical understanding of this is that pressure inside the column is affected by any changes in that of the heat pump and thus can be summed to a total effect.

Matlab codes are written with all the 5 control loops, for the column composition on the tray, two inner loops for the high and low pressures P1 and P4 in the heat pump, and two outer loops for the boil-up and the column pressure (5.1.4 – HID_rhs.m, HID_rhsmain.m). The system is now analyzed for 1% changes in the set points for boil-up (V) and the column pressure (PB). 
a)






b)
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Fig 11: Shows the dynamic behavior of the a) boil-up and b) column pressure, with all the 5 control loops and for 1000 minutes

The simulations have been performed with a gain (K) of 1.0 and a time constant (Ti) of 1 min. As it can be seen from the simulations that the cascade control loops work well and are able to control the system well with the defined concentration profile, set points for boil-up and column pressure. 

Introducing a 1% change in the boil-up using the same gain and time-constants for the control loops. It is expected that the boil-up would initially change from its initial value to the set-point and then finally got to steady state and the column pressure would remain at its initial value which is its set point. 
And similarly with a 1% change in the column pressure using the same gain and time-constants for the control loops. It is expected that the column pressure would initially change from its initial value to the set point and then finally got to steady state and the boil-up would remain at its initial value which is its set point. 

a)
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Fig 12: Dynamic behavior of a) the boil-up and b) the column pressure, with a 1% increase in the set point for boil-up
A lot of oscillations can be observed in the boil-up before it reaches the desired value, the set-point. 
a)
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Fig 13: Dynamic behavior of a) the boil-up and b) the column pressure, with a 1% increase in the set point for the column pressure

Here it can be seen that the oscillations are quite less compared to that for the 1% change in the boil-up, before the column pressure reaches the desired value, the set point. 
a)





b)
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Fig 14: Dynamic behavior of a) the boil-up and b) the column pressure, with a 1% increase in both the set points for the column pressure and boil-up
The plots are quite comparable to the individual changes of 1% in their set points. Thus confirms the independent behavior of the set points or the decoupling control.  
Conclusion:

A decoupling control has been successfully implemented and tested for the binary heat integrated distillation column. In the final behavior of the column, the location of the concentration profile of the column is fixed; the boil-up and the column pressure have been maintained at its desired values by changing the values of the set points for the inner loops; the actuators, i.e., alphacv8 and alphacv9, are tuned according to the changes in the set points for high pressure and low pressure inside the heat pump respectively.   
