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Abstract—The application of this paper firstly simplified 
mathematical model for heat exchanger process has been 
developed and used for the dynamic analysis and control 
design. A conventional PID controller and Advanced 
Artificial Neural Network NARMA L2 Controller for Shell 
and Tube heat exchanger is proposed to control the cold 
water outlet temperature and test the best efficiency of 
NARMA L2 and PID controller.The control problem 
formulated as outlet cold water temperature is controlled 
variable and the inlet hot water temperature is manipulated 
variable the minimum possible time irrespective of load and 
process disturbances.Simulation and verified the 
mathematical model of the controller has been done in 
MATLAB Simulink. 
 From the simulation results the prime controller has been 
chosen by comparing the criteria of the response such as 
settling time, rise time, percentage of overshoot and steady 
state error.The Neural NetworkNARMA L2 controller  is 
founded to give finest  performance for Shell and Heat 
exchanger  problem like temperature control. Later Need to 
compare Conventional PID and Advance Artificial Neural 
NetworkNARMA L2 Controller results which lead to decide 
which one is best for Chosen has a better performance than 
other. 
Keywords— Artificial neural network NARMA L2  
controller, PID controller, Shell and tube heat exchanger, 
MATLAB–Simulink. 
 

I. INTRODUCTION  
The Sell and Tube Heat exchanger system is widely used in 
chemical plants, many process industries such as petro 
chemical industries, paper making industries and water 
treatment industries because it can sustain wide range of 
temperature[1,3]. The main purpose of a STHE system is to 
transfer heat from a hot fluid to a cold fluid, so the 
temperature control of outlet fluid is  prime importanceThe 
best way to learn about control systems is to design a 
controller, apply it to the system and then observe the 
system in operation. One example of systems that use 
control theory is shell and tube heat exchanger. The transfer 

of heat is one of the most basic unit operations in the 
process industries. The control problem of heat exchanger is 
rather difficult due to its nonlinear dynamics and 
particularly to the variable steady state gain and the time 
constant with the flow rate of the process [2,4]. 
From simulation studies compared the dynamic behavior of 
a ST HEusing different control strategies, such as 
conventional PID controller and Neural network controller 
(NARMA – L2) to control the outlet cold water 
temperature. A step change is given   in the hot waterinlet 
flow rate which is considered as a manipulated variable 
[5,8,9].The performance  show that the NARMA-L2 
Controller achieves finest performance than the PID 
controller for servo and regulatory problems.The 
performance criteria used for different control modes are 
controller gave better performance as well as the parameters 
of the step changes of the system such as overshoot value, 
settling time and rise time[6,7]. 
 
II.  MATHEMATICAL MODELING OF SHELL 

AND TUBE HEAT EXCHANGER  
Process Identification by using heat exchanger; heating a 
cold fluid from 30ºC to 50ºC, 30ºC to60ºC and 30ºC 
to70ºC. Dynamic modeling of shell and tube heat exchanger 
based on physical parameters, 
The energy balance can now be written as, 
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Where, 
• ��� = 30��� = 100are inlet initial steady state cold 

and hot fluid temperature (°C) respectively.
• ��	 = 50Required outlet temperature of cold fluid

• � = 0.01 volume of cold fluid (�

• � = 0.1 are volume cold and hot fluid (

• �� = ��( = 0.007 Mass flow rate of cold fluid 

(
*+

",�
). 

• �� = ��( = 6.25 Mass flow rate of hot fluid (

Fig.1: Schematic diagram of Shell-and
exchanger. 

 
III.  DESIGN OF PID CONTROLLER

The PID control scheme is named after its three correcting 
terms, whose sum constitutes the manipulated variable 
(MV). The proportional, integral, and derivative terms are 
summed to calculate the output of the PID controller. 

Defining as the controller output, the final form of the 
PID algorithm is: 

Where, 

: Proportional gain, a tuning parameter

: Integral gain, a tuning parameter

: Derivative gain, a tuning parameter

: Error  
: Time or instantaneous time (the present)

 : Variable of integration; takes on values from time 
0 to the present . 

3.1 The simulation study was carried out as shown in 
Fig, 2. MATLAB - Simulink for PID control system
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kes on values from time 

The simulation study was carried out as shown in below 
Simulink for PID control system 

 
Fig.2: Block diagram of shell and tube heat 

system using PID Controller
 
IV.  NEURAL NETWORK NARMA L2 

Neural network is a machine that is designed to model the 
way in which the brain performs a particular task or 
function of interest. The network is usually implemented by 
using electronic components or is simulated in software on 
a digital computer. To achieve good performance, neural 
networks employ a massive interconnection of simple 
computing cells referred to as neurons or processing units. 
A neural network is a massively parallel distributed 
processor made up of simple processing un

Fig,3: Neural Network NARMA L2 controller 
approximation
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diagram of shell and tube heat exchanger 
using PID Controller 
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Fig,4:Block diagram of shell and tube heat exchanger 
system using neural network NARMA L2  Controller 

 
Fig,5:Sub System Of Shell And Tube Heat Exchanger 

 

 
Fig, 6: Plant identification of  NN NARMA L2 controller for 

shell and tube heat exchanger. 

 
Fig. 7:Plant input and output data of NN NARMA L2 

controller 
 

 
Fig.8:Neural network training data of  NARMA L2 

controller 
 

 
Fig.9:Training  NARMA L2 using MAT LAB 
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Fig,10:Validation data of NN  NARMA L2 controller 
 

 
Fig,11: Regrisionflots of NN NARMA L2 controller 

 

 
Fig.12:Validation  data for NNNARMA L2 controller 

 
Fig,13:Training data for NNNARMA L2 controller 

 
Fig.14:Testing  data for NNNARMA L2 controller. 
 

V. RESULTS AND DISCUSSIONS 
5.1 Simulation Results 
In the simulation we choose different set points 30-50, 30-
60 and 30-70 in °� w.r.t time(sec) both servo and regulatory 
problems. For regulatory problem  +10% disturbance was 
given, The NARMA L2 controller reach set point and  
steady state without oscillations and low overshoot. The 
tracking of the set pointchange in a NARMA L2 is good 
compared with the PID Controller.Neural Network 
NARMA L2 has less error than PID controller and hence 
Neural Network NARMA L2 shows finest performance 
than PID controller results are Shown in Fig,15 to Fig,20. 

 
Fig.15: Servo Response of PID and neural network NARMA 

L2 Controller  OutputTCo (0c) Vs Time (sec), SP=30-50. 
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Fig.16: regulatory Response of PID and neural network 

NARMA L2 Controller  OutputTCo (0c) Vs Time 
(sec),(+10%), SP=30-50. 

 

 
Fig.17: Servo Response of PID and neural network NARMA 

L2 Controller  OutputTCo (0c) Vs Time (sec), SP=30-60. 
 

 
Fig.18: regulatory Response of PID and neural network 

NARMA L2 Controller OutputTCo (0c) Vs Time 
(sec),(+10%) SP=30-60. 

 
Fig,19: Servo Response of PID and neural network NARMA 
L2 Controller  Output TCo (0c) Vs Time (sec), SP=30-70. 

 

 
Fig,20: regulatory  Response of PID and neural network 

NARMA L2 Controller  Output TCo (0c) Vs Time 
(sec),(+10%) SP=30-70 

 
VI.  CONCLUSION 

The dynamic Sell and Tube Heat Exchanger model 
presented in this report is the first step in the development 
of a dynamic heat exchanger model that can give cold fluid 
outlet temperature prediction for simultaneously varying 
exchanger hot fluid inlet temperature conditions expected 
under action of a controller.For Sell and Tube heat 
exchanger, the performance of NARMA-L2 controller is 
found to be superior than that of the conventional PID 
controller and for regulatory problem NARMA L2 no 
disturbance was occurred. To efficiently control the 
temperature, designed two kinds of controllers and the 
modeling of heat exchanger is done using neural network, it 
can be concluded that the sell and tube  heat exchanger 
model using successful and has very good accuracy results . 
It is observed that NARMA L2 controller gives a much 
better response than conventional PID controller. 
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