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1. Introduction

  Naphtha cracking center (NCC) produces several valuable resources such as ethylene, propylene, butadiene, which are used in most petrochemical plants.  Naphtha feed is reacted in furnace and produced gas mixture is extracted.  This hydrocarbon mixture should be separated in recovery processes that include a series of distillation columns, compressors, and a number of heat exchangers.   Since it separates mixture feed using difference in boiling point of each component, a distillation column consumes a large amount of energy.  Several researchers have made every effort to optimize the operation of distillation columns in real-time [1].  So the dynamic characteristics of a distillation column must be examined for that purpose.  Dynamic simulation can also be applied to controller design, operator training system, fault diagnosis, etc.  In this study, the dynamic process simulation is applied to design and tuning controllers for the cold recovery system. 

2. System description

  Four distillation columns in the NCC recovery section have been selected for this study.  They are deethanizer-I, II, depropanizer and debutanizer.  The unit specifications are listed in Table 1 and Figure 1 shows the flow diagram of the system.  These columns are selected, because almost all the streams are treated through this train of columns.   System-sizing data are essential to trace dynamic behavior of the system.  In this study, required sizing data are obtained from a real plant.    
Table 1. Sizing data of distillation columns
Unit
No. of stages
Feed stage
Diameter (mm)
Weir length (mm)
Weir height (mm)

Deethanizer-I
28
1,10,12,14
2400
1800
50

Deethanizer-II
36
13
2700
2025
50

Depropanizer
33
14
2200
1650
50

Debutanizer
23
12
1800
1350
50

3. Modeling

The dynamic tray calculations are based on a bubble point calculation for each tray at each time step [2].  The following assumptions are made:

· Negligible vapor holdup on a tray.

· Vapor and liquid are in thermal equilibrium.

· Liquid on tray is perfectly mixed and incompressible. 

· The pressure on each tray is set by the condenser pressure and the specified pressure profile.  

  In this study, physical properties are calculated on the basis of Peng-Robinson equation of state, because it is recommended for hydrocarbon processing applications such as gas processing, refinery, and petrochemical processes [3].  
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Component material balance
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Heat balance
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Equilibrium and summation
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Francis weir formula
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4. Simulation results and discussion
For the selection of the control configuration, LV-configuration is chosen because the internal flows of this system are not large.  And its main advantage is that the manipulated inputs directly affect composition and that it is almost independent of level tuning.  In addition it is simple and the most common configuration in industry [4].  

In order to determine transfer functions, open-loop tests are performed.  Figure 2 gives the responses of the controlled variables to step changes in the manipulated variables for the columns.  Severe non-linearity can be found in this figure.

Since an interaction is expected in a 2(2 system, a MIMO controller tuning method must be adapted.   The DCLR (Desired Closed-Loop Response) method which was proposed by Lee et al. [5, 6] is used in this study.  This method is a new and simple method for PID-controller tuning that gives the desired closed-loop response for MIMO systems.  

After obtaining tuning parameters for the control system using DCLR method considering interaction, closed-loop simulations are carried out in order to check the performance of the controllers.  One of the simulation results is shown in figure 3.

  This figure reveals that the condition change in an upstream makes downstream unstable.  In other words, it is another disturbance to the downstream system.  The performance of controllers is satisfactory.  

a. 5. Conclusions

b. Dynamic simulation of distillation columns in NCC is performed for design and tuning of the control system. 

c. Controllers are tuned using the DCLR tuning method for a MIMO system with interaction.  Closed loop tests show fast and good performance.  
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Figure 1. Schematic diagram of the system for the controller design of distillation columns.
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Figure 2. Step response (Reflux vs. top product purity): (a) Deethanizer-II, (b) Depropanizer, (c) Debutanizer.
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Figure 3. Transient response to disturbance in flow rate of ethylene in feed stream by +10% (top product purity): (a) Deethanizer-I, (b) Deethanizer-II, (c) Depropanizer, (d) Debutanizer.
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