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Abstract— The various process parameters in industries are 

required to be monitored & controlled like temperature, 

flow, pressure and level. Main focus here is to control & 

monitoring temperature as it is widely used parameter. Heat 

exchanger is the simplest unit for transfer of thermal energy. 

The main purpose of a heat exchanger system is to transfer 

heat from a hot fluid to a cooler fluid, so temperature control 

of outlet fluid is of prime importance. The main aim of the 

proposed PID controllers is to control the temperature of the 

outgoing fluid (water) to a desired level in the minimum 

possible time irrespective of disturbances rejection. Shell 

and tube heat exchanger is used as test bench to verify 

performance of PID controller algorithm. PLC S7 300 is 

used to monitor & Control real time data using a   sensor 

thermocouple.  PID control algorithm is implemented in a 

PLC and performance against set point response and load 

disturbance is studied. 
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I. INTRODUCTION 

Heat Exchangers are commonly used in industry to 

exchange the heat between the two fluids with the different 

temperatures. It is used to transfer the heat from hotter fluid 

to cooler fluid. The temperature control of heat exchanger is 

time varying and nonlinear. The control of heat exchanger 

using PID controller is more effective and economical 

compared to another controllers. The process of heat transfer 

of two fluids with the different temperature in shell and tube 

heat exchanger is done without having surface contact. This 

paper describes real control of temperature in heat 

exchanger using Siemens make PLC S7300. The subsequent 

section describes hardware setup of shell and tube heat 

exchanger along with interfacing sensors and result using 

PID controller. 

II. HARDWARE & ITS CONFIGURATION 

A. Shell and Tube Heat Exchanger 

Shell and tube heat exchanger consist of bundle of parallel 

tubes that provide the heat transfer surface separating the 

two fluids.  

 
Fig. 1:  Shell and Tube Heat Exchanger 

The tube side fluid passes axially through inside the tubes 

and the shell side fluid passes outside of the tubes. The 

baffles are externally connected and perpendicular to the 

tubes, it can provide a support to the tubes.  

The tube sheets seal the end of the tubes, for 

separation of two fluids. The process fluid is inside the tubes 

for cleaning and tackling the high pressure capability inside 

the tubes. Pressure capability of shell and tube heat 

exchanger is higher than plate type heat exchanger. 

B. PLC S7-300 

PLC S7-300 is component in this system which is prime 

important. We used S7-300 PLC, which has a CPU 313-Dp-

2 and its version 2.6. PLC and the computer system are 

interacting using the MPI (Multi Point Interface) cable. 

Ladder logic is created in the software Step-7 and then 

downloads into the PLC CPU. Temperature transmitter is 

connected with the PLC analog input. Temperature 

transmitter gives 4-20mA to the PLC system. PLC has an 

input addresses from 256 to 262 and output addresses are 

same
 [2]

. 

C. Thermocouple 

Temperature sensor is the easiest and widely used in the 

industry and science. They are based on the see-beck effect 

that occurs in electrical conductor that experiences a 

temperature gradient along their length. They are simple, 

rugged; need no battery, measure over wide range 

temperature and more.  Thermocouple is classified by the 

calibration type.
[5] 

Here we use T type thermocouple whose 

range is 200
o
-350

o 
C. 

 
Fig. 2 Thermocouple[4] 

D. Temperature Transmitter 

The Rosemount 3144P is temperature transmitter. The major 

component of the Rosemount 3144P is the sensor module 

and the electronic circuitry. The sensor module contains the 

oil filled sensor system and the sensor electronic. In this 

system the temperature value changes the capacitance. This 

capacitance signal is then changed to a digital signal in C/D 

converter. The microprocessor then takes the signals from 

the RTD and C/D converter calculate the correct the signal 

back to an analog signal and superimposes the HART signal 

on the 4-20 mA output 
[7]

. 
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Fig. 3:  Transmitter connection with PLC 

III. PHYSICAL CONNECTIONS OF SHELL AND TUBE HEAT 

EXCHANGER 

 
Fig. 4:  Proposed System 

As shown in block diagram temperature sensor like 

thermocouple, is measure the temperature of two fluids. 

Measure data is given to the PLC system using the 

temperature transmitter. In PLC system, in built PID 

controller is used, a set point of the fluid is set by the user as 

per requirement. Inbuilt PID controller determine the 

manipulated value from the given temperature value 

(Process value) and set point value.  A PC is used to change 

the program or parameter as per user need. 

IV. DO CARD DESIGN  

DO card is the Digital Output Card, which is used as drive 

element. It consist the Relay, Transistor and LM324 Op-

amp IC. DO card is active when the output of the PLC is 

connect with the input of DO card. The design of the DO 

card is shown in Figure 4. 

 
Fig. 6:  DO card Circuit diagram 

When the 24V is applied at Q0.1, Input voltage to the op-

amp is 4.92 V approx. It drives the transistor, when the 

current is flow from the transistor the relay is on and the 

subject is on. The DO card is used to control the temperature 

of inlet fluid. The heater is connected with the DO card. 

V. PID CONTROLLER 

The proportional-integral-derivative controller (PID 

controller) is a control loop feedback mechanism widely 

used in industrial control systems. A PID controller 

calculates an error value as the difference between a 

measured process variable and a desired set-point. The 

controller attempts to minimize the error by adjusting the 

process through use of a manipulated variable. 

 
Fig. 5: PID controller graph 

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. A   PID 

controller is tuned according to a table based on the process 

response test.  

This is the graph of different values of Kp , Ki and Kd in 

PID controller. It is aptitude versus time step response. 

VI. RESULT 

Using the Programmable Logic Controller we control the 

temperature of the element and obtain the result is when the 

temperature of fluid is goes down to the set point value then 

the heating unit is turned on till the fluid temperature is 

reach to the supply voltage. After reaching to the process 

value the heating unit is turned off. Using this process we 

control the fluid temperature. In future temperature control 

is taken by the DCS system also. 

VII. CONCLUSION  

From this implementation, the temperature controlling is full 

filled in the industrial application. Temperature is measured 

by the Thermocouple and give to the PLC System. To 

continue achieve the temperature value of the fluid we give 

the fix set-point value to the PLC. 
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