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1.INTRODUCTION  

The major aim of an industry is to produce products with maximum quality and at low cost. 

Apart from product quality, energy and cost efficiency, the most important thing is safety. The 

major concern is occupational and environmental safety [1]. In the design stage, all parameters 

should be considered itself. At these conditions plant, automation and simulation become more 

important and are considered as the most recognized and effective way to achieve the 

production goals in the industry [6]. Process simulation is a method, which can represent 

different types of operations such as chemical, biological, physical and other unit operations in 

an industry. The modelling and simulation can be done using design software [3]. The software 

can calculate the mathematical models of the reactions using available information on the 
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physical and chemical properties of components [17]. A chemical industry mainly the 

petrochemical industry has series of unit operations. This operation can represent through a 

process flow diagram. In simulation software, these unit operations can connect as per the flow 

diagram to model the process industry. The modelling and simulation of the cyclohexanone 

production plant can be done with the assistance of UNISIM design software. The software helps 

to represent the real process in a better way [4,5]. Cyclohexanone is an organic compound 

produced from the oxidation of cyclohexane. Cyclohexane is formed by the reaction of hydrogen 

and benzene. For the production of Nylon 6,6 and Nylon 6 cyclohexanone is consumed in large. 

It is also used as a leveling agent for dyeing and matting, as well as a degreaser for polishing 

metal, wood coloring, and painting [3,9]. Developing a dynamic simulation will help to increase 

the maximum production with minimal cost. This paper deals with the dynamic simulation of 

flow controlling for the production of cyclohexanone.  

2. MATERIALS AND METHODS  

2.1 PROCESS DESCRIPTION  

Dynamic simulation is done only after steady-state simulation. Simulation of the process is 

carried out by using UNISIM software R460. A thermodynamic model was selected as the 

preliminary step of the simulation. Different types of thermodynamic packages are available 

with the UNISIM model [2]. We will obtain a wide variety of physical property calculations from 

each package for different compounds at a particular temperature range. The PRSV model is the 

property package used for cyclohexanone production. This model is a two-fold modification of 

the Peng- Robinson equation of state [15, 16]. The data required for the dynamic simulation are 

taken from steady-state simulation. First of all, to study the process for the production of 

cyclohexanone, the process is divided into different steps. The first step is the drying process 

where the raw material benzene is stored in water at 320 C. Benzene is heat exchanged from 320 

C to 760 C [11]. This feed is fed to the separator to separate water and benzene and to get 0.68 

mole fraction benzene and 0.32 mole fraction of water. In the separator, undissolved water is 

separated and drained to the sewer system. The top products are heat exchanged and are 

transferred to the plug flow reactor. The second step is hydrogenation of benzene, for which the 

plug flow reactors are connected in series and the benzene reacts with hydrogen to form 

cyclohexane [13]. This cyclohexane product containing undissolved water content can be 

removed by using a separator. In the third step, the top product leaving from the separator is 

mixed with the externally supplied oxygen. Cyclohexane-oxygen mix gets reacted in the series 

connected plug flow reactor to release the final product cyclohexanone. The steady state 



simulation model built in UNISIM Design R460 is modified when converted into the dynamic 

simulation. A dynamic simulation is a powerful tool that is adopted by various industries for 

modelling and simulating a process. The transient system should be controlled in such a way 

that it should not affect the product quality and also should incorporate the safety aspects. 

Dynamic simulation is an extension of steady-state simulation and it will account for several 

things that will affect the process [12].  

2.2 DYNAMIC SIMULATION  

The selected controller parameters are studied using disturbance to the system and how the 

device responds to that. The disturbance may be executed by either changing the initial output 

level (OP), which is known as load disturbance or via the set point (SP), which is referred to as 

set-point disturbance. The change can be either negative or positive relative to the steady-state 

value [7].  

3.RESULTS AND DISCUSSION  

The parameter required for the dynamic simulation are taken after completing the steady state 

simulation. The flow controlling is controlled by using two types of controllers, PI and PID 

controllers.  

3.1 SET-POINT CHANGE PROBLEM  

3.1.1 SEPARATOR  

In this problem, the excess flow of benzene-water mixture to the separator is controlled and the 

flow rate is maintained at an optimum value. The molar flow rate of the feed to the separator is 

43.05 kmol/h. A flow controller (figure 1) is given to regulate the plant inlet flow. The FIC -100 

controls the position of the valve VLV-100 at the actuator desired. The flow through the valve is 

taken as a process variable (PV) and actuator desired position of the valve is taken as OP. The 

controller tuning parameters are decided on with the aid of the use of the auto-tuning phase 

using best tuning controllers [10]. Two instances are taken into consideration right here: The 

primary case represents (figure 2), the PID flow control unit using gain constant Kc= 0.835, 

derivative time constant Td= 4.14X10-3 min. and integral time constant Ti= 1.86X10-2 min. 

Figure 3, shows the second case, which represents the PI flow control using gain constant = 

0.596, integral time constant Ti= 0.002 min. 

 



   

   

 

 

 

 

 

 

 

 

 

 

 

             

 

  

Figure 1 Dynamic simulation flow diagram for separator. 

Figure 2: Dynamic response of PID controller FIC-100. 



Figure 3 Dynamic response of PI controller FIC-100. 

 

 

3.1.2 PLUG FLOW REACTOR- 100 

  

  

            

           

 

The flow controller controls the product flow rate. Here the product is cyclohexane at a rate of 

99 kgmol/h. The first order transfer function with a time constant of some seconds is consistent, 

which means that first order fuction may be lag the response of the actuator position changes 

to the desired actuator position [14]. The controller tuning parameters are decided on using 

Figure 1 Dynamic simulation flow diagram for plug flow reactor-100. 



auto tuning. Two cases are considered here: In the first case, the PID controller is used for 

controlling the flow of the stream. The PID flow control unit is having gain constant Kc= 0.149, 

integral time constant Ti= 2.13X10-2 min. and derivative time constant Td= 4.74X10-3 min. The 

dynamic response of the controller that controls the flow rate is shown in figure 5. The second 

case indicates the PI flow control of gain constant Kc= 0.123, integral time constant Ti= 4.03X10-

3 min.            

           

Figure 2 Dynamic response of PID controlled FIC-100 for PFR-100 

Figure 3 Dynamic response of PI controlled FIC-100 for PFR-100. 



3.1.3 PLUG FLOW REACTOR- 102  

 
The final product of this project is cyclohexanone, and it is produced from the plug flow 

reactor at optimum temperature-pressure conditions. So it is important to control the flow 

rate of the product leaving from the reactor. 

 
 

 

 

 

 

 

In the dynamic simulation of PFR-102, cyclohexanone flows at a rate of 86 kmol/hr and 

autotuning has been carried out for selecting the controller tuning parameters (figure 7). 

Consider some cases here: The first case shows (figure 8) the PID flow control unit using gain 

constant Kc= 0.118, integral time constant Ti= 2.15X10-2 min. and derivative time constant Td= 

4.77X10-3 min. Figure 9 indicates the performance of the flow controller of PI. We introduced a 

small positive set change to the system and the disturbance was analysed. The PI flow control 

of gain constant Kc= 0.120, integral time constant Ti= 4.05X10-3 min. 

Figure 4 Dynamic simulation flow diagram for plug flow reactor-102. 

Figure 5 Dynamic response of PID controlled FIC-100 for PFR-102. 



 

3.2 COMPARISON STUDY BETWEEN PI AND PID CONTROLLERS  

Depending upon the controller tuning parameters, many of the systems have oscillatory 

responses, hence the selection of the best controller tuning parameters is very important. 

Commonly PI controllers are used in the majority of chemical process plants. A study of PI and 

PID controllers is carried out when it is generated in the dynamic system [8]. Tuning parameters 

can be selected based on auto-tune variation systems. 

Parameter Stability Accuracy Speed of response 

Increasing Kc deteriorates improves Increases 

Increasing Ti deteriorates improves Decreases 

Increasing Td improves No impact Increases 

 

Table 3 Response comparison of PI and PID 

The study inferred that the PID controller is better than PI controllers because there is no 

steady-state error when there is decrease in rising time, overshoot and settling time. This is due 

to the presence of derivative control action. 

 

 

Figure 6 Dynamic response of PI controlled FIC-100 for PFR-102. 



4.CONCLUSION  

The paper presented the process description of the cyclohexanone production and dynamic 

simulation of the flow control. Dynamic simulation is done by using the software UNISIM R460. 

The Dynamic simulation of flow controller for the plant has been studied with the installation 

of different controllers. The controller parameters are selected in both modes (i.e., PI as well as 

the PID) and their results are compared. The flow rate of cyclohexanone is 86 kmol/hr, the 

values of gain constant and integral time constant obtained by using PI controllers are 0.120 and 

4.02X10-3 min. respectively, whereas in PID the values of gain constant, integral time constant 

and derivative time constant are respectively 0.118, 2.15X10-2 min and 4.77X10-3 min. When 

disturbance occurs in the system, these two controllers take an action to maintain the flow rate. 

The performance of the PI and PID controllers are analyzed from the dynamic response 

diagram. From the results, we concluded that the PID controller is better than the PI controller. 

The selected controller parameters are controlled reasonably, but the PID controller has less 

speed when compared to that of the PI controller. 
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