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ABSTRACT

A chemical reactor is one of the primary components of a
chemical industry used for containing exothermic and
endothermic chemical reactions. It is used for the chemical
reactions which have heating and cooling of one or more than
one chemical. There is a need to control the temperature in
chemical reactor. In this research paper, a comparative study
of performance of different controllers is performed whose
primary aim is to control the outlet temperature of the reactor
system to a desired value. Time domain and frequency
domain analysis of different controllers are analysed.
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1. INTRODUCTION

A chemical reactor is one of the primary
components of a chemical industry used for containing
exothermic and endothermic chemical reactions. It is used for
the chemical reactions which have heating and cooling of one
or more than one chemical. There are different kinds of
reactors such as

1. Continuous Stirred Tank Reactor (CSTR)
2. Plug Flow Reactor (PFR)

3. Semi Batch Reactor

4. Catalytic Reactor

The heating and cooling of the chemical reactor has to be
controlled. The temperature of the chemical reactor has to be
controlled to a desired set point. For controlling purpose, a
controller is used. The objective of the controller is to control
the temperature of the outgoing fluid to a desired set point.
There are many type of controller available in the market, but
the most widely used controller in the industry is
Proportional-Integral-Derivative  (PID) controller. It is
estimated that around 90% process control loops employ PID
controller and quite often the derivative gain is set to zero [4]
or the integral gain is set to zero according to the control
requirement. With its three-term functionality covering
treatment to both transient state and steady state responses,
proportional-integral-derivative (PID) control offers the
simplest yet the most efficient solution to many real-world
control problems [1]. The proportional action adjusts
controller output according to the size of the error, the integral
action eliminates the steady state offset and the future is
anticipated via derivative action. Since the invention of PID
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control in 1910, and the Ziegler—Nichols’s tuning methods in
1942 [2], the popularity of PID control in industry has grown
tremendously. The procedure for selecting the values of the
controller is called tuning and the adjustable parameters of the
controller are termed as tuning constant. The Zeigler-Nichols
settings usually experience excessive overshoot and this
method cannot be used to tune plants that have relatively
normalized time delay [3]. The parameter setting of the PID
controller is based on the plant’s behavior so before tuning the
PID controller the designer needs all the relevant information
of the plant as well as the process model. PID controllers are
designed for linear systems and the presence of non linearity
which is very common in the process industry limits their
performance and severely effects the controlling action [5].

2. CASE STUDY

Figure 1 shows the schematic diagram of a reactor system
widely used in process industry.

Figure 1: Schematic diagram of reactor system

In this paper, the temperature of the CSTR is controlled
using two different controllers.

1. Feedback controller

2. Feedback plus feed-forward controller
In feedback controller, PID controller is used which is tuned
using Zeigler-Nichols tuning rule.

3. LITREATURE REVIEW

G K | Mann et.al, analyzed different time domain
based design and analysis of PID tuning for FOPTD process.
The proposed PID tuning rule is capable of handling actuator
saturation and can handle process and controller non linearity
in an effective manner [13]
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P Cominos et.al has reviewed recent tuning methods
and design specification of PID controller [12].

Carl Knopse has given a clear review of the PID
controller and tuning methods [4].

4. PROBLEM FORMULATION

This section gives the overview of the problem discussed
in the paper. Figure 2 shows the feedback control loop
implemented in CSTR system to control the temperature of
outgoing fluid.
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Figure 2: Feedback control in CSTR

The experimental data [9] for the reactor are summarized
below
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Feedback Control

Figure 3 shows the block diagram approach of

feedback control of CSTR
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Figure 3: Block Diagram Approach of Feedback Control

To control the temperature feedback control is employed
and PID controller is used as the controlling element. The
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general block diagram approach of feedback controller is
shown below.
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Figure 4: Transfer Function Approach of Feedback
Control

Figure 3 shows the general block diagram of the feedback
system where as figure 4 shows the transfer function approach
of block diagram of the proposed control system.

Eq(1) shows the time domain equation of ideal PID
controller.

The general form of PID controller is

_ 1] de(t)
u(t) =K, e(t)+Ti ! e(t)dt +7, | O

u(s) =K, 1+i+rds e(s) @)
z.S

1+75+7,7,8°

u(s) =K, e(s) @3)

i
The real PID controller is

1+7s ) 1+17,8
s )\ 1l+ar,s

u(s) =K, e(s) @

The PID controller is traditionally suitable for
second and lower order systems. It can also be used for higher
order plants with dominant second order behavior. The
Ziegler-Nichols (Z-N) methods rely on open-loop step
response or closed-loop frequency response tests. A PID
controller is tuned according to a table based on the process
response test. According to Zeigler-Nichols frequency
response tuning criteria

K, =0.6K,
7, =0.5T
z, =0.125T

The architecture of PID controller is shown below
in figure 5.
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Figure 5: Architecture of PID controller

The following diagram shows the selection of different terms
for the PID controller.
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Figure 6: Selection of different terms in PID controller
4.1 Feedback and Feed forward Controller
Due to inherent disadvantages of feedback
controller, feed forward controller is used. Feed forward
controller, estimates the probable error criteria and tries to
remove the error, before it occurs.
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Figure 7: Architecture of feedback plus feed forward
control
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In section 5, the unit step response of the feedback and feed
forward architecture is studied and the performance of the
controller is analysed.

5. RESULTS & DISCUSSIONS

Figure 7 shows the unit step response of reactor system
with PID controller, which controls the outgoing temperature
of the reactor.

Unit step response of system with PID controller

1.4
) / \
' / "
A 0.8
=1
j=N
S /
O 0.6

0.4 /
0.2

0

0 100 200 300 400 500 600 700
Time -->
Figure 8: Unit step response of system with PID controller
Figure 8 shows the unit step response of the reactor system
with feedback plus feed forward controller. The feed forward
controller is used in conjunction with the feedback controller.

Unit step response of feedback and feed-forward control
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Figure 9: Unit step response of feedback plus feed
forward controller
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Peak Overshoot: %M b= *100%

Settling Time: It is the time required for the response to reach
and stay within a specified tolerance band of its final value.
The tolerance band is taken randomly as 5%.

Peak Time: Peak time is defined as the time required
reaching the peak of the unit step response.

Table 1 shows the comparative overview of different transient
domain parameters like peak overshoot, peak time and settling
time of feedback and feedback plus feed forward controller.
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Table 1: Transient domain parameters of controllers
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M, t, t,
Feedback 39.4% 100.27 sec 364.01 sec
Feedback 35.83% 95.68 sec 345.3 sec
plus feed
forward

Table 2 shows the performance indices of the different
controllers.

IAE = T|e(t)| dt

ISE = j e?(t)dt
0

Table 2: Error criteria of different controllers

IAE ISE
Feedback 7497 | 36.9
Feedback 7158 | 34.89
plus feed
forward

From the above discussions, it is clear that feed forward plus
feedback controller is a better controller, rather than feedback
controller, when temperature control of reactor system is
concerned.

6. CONCLUSION

This paper, takes a case study of chemical reactor and
tries to control the outgoing temperature of chemical reactor
to a desired temperature. First the mathematical model of the
system is developed and then feedback and feed forward
controller is implemented to obtain the control objective. It is
seen from results that the feedback plus feed forward
controller is best as compared to feedback controller. There is
a lot of future scope of this area, where intelligent control can
be implemented.
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