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Abstract—The application of this paper firstly simplified
mathematical model for heat exchanger process b
developed and used for the dynamic analysis andraon
design. A conventional PID controller and Advanced
Artificial Neural Network NARMA L2 Controller forhgl|
and Tube heat exchanger is proposed to controlctid
water outlet temperature and test the best effigienf
NARMA L2 and PID controller.The control problem
formulated as outlet cold water temperature is colied
variable and the inlet hot water temperature is ipaftated
variable the minimum possible time irrespectivéoafl and
process disturbances.Simulation and verified the
mathematical model of the controller has been dame
MATLAB Simulink.

From the simulation results the prime controllexshbeen
chosen by comparing the criteria of the responseh sas
settling time, rise time, percentage of overshout steady
state error.The Neural NetworkNARMA L2 controllés
founded to give finest performance for Shell angatH
exchanger problem like temperature control. Lateed to
compare Conventional PID and Advance Artificial Kgu
NetworkNARMA L2 Controller results which lead tcide
which one is best for Chosen has a better perfoomadhan
other.

Keywords— Artificial neural network NARMA L2
controller, PID controller, Shell and tube heat ekanger,
MATLAB-Simulink.

l. INTRODUCTION

The Sell and Tube Heat exchanger system is widsdg in
chemical plants, many process industries such &® pe
chemical industries, paper making industries andewa
treatment industries because it can sustain widgeraf
temperature[1,3]. The main purpose of a STHE sysscto
transfer heat from a hot fluid to a cold fluid, tbe
temperature control of outlet fluid is prime imfarceThe
best way to learn about control systems is to aesig
controller, apply it to the system and then obsetive
system in operation. One example of systems that us
control theory is shell and tube heat exchangee. tfdnsfer
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of heat is one of the most basic unit operationghia
process industries. The control problem of heaharger is
rather difficult due to its nonlinear dynamics and
particularly to the variable steady state gain #mal time
constant with the flow rate of the process [2,4].

From simulation studies compared the dynamic bemnafi

a ST HEusing different control strategies, such as
conventional PID controller and Neural network cotér
(NARMA - L2) to control the outlet cold water
temperature. A step change is given in the hdenivdet
flow rate which is considered as a manipulated aldei
[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 resdare
controller gave better performance as well as Hrampeters

of the step changes of the system such as overshaat,
settling time and rise time[6,7].

I. MATHEMATICAL MODELING OF SHELL
AND TUBE HEAT EXCHANGER
Process ldentification by using heat exchangertimga
cold fluid from 30°C to 50°C, 30°C to60°C and 30°C
to70°C. Dynamic modeling of shell and tube heaherger
based on physical parameters,
The energy balance can now be written as,

qc = UA(Tho — T,p) an = UpAp(Teo — Thy)
) —(3)
dTeo dTho
PchCp57 = PrVnCpn d}tl =
mccpc(Tci - Tco) +q; - mhcph (Thi - Tho) +qn -
(2) (4)
_ kg 995.2 _Kg 830
P P =i
4 6982 b = w 1967
L= mec s = meoc
Total tube area 0.0756 Area for] 0.00887
m2 flow(m?)
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Where,
e T, = 30T, = 100are inlet initial steady state cc
and hot fluid temperature (°C) respectiv
 T,, = 50Required outlet temperature of cold fl
e V. =10.01 volume of cold fluid f3)
eV, =0.1are volume cold and hot fluim?)

e m=Apv =0.007 Mass flow rate of cold fluit
(K_g
sec’’

« m = Apv = 6.25 Mass flow rate of hot quidngC).

!
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Fig.1: Schematic diagram of Shalhd-tube heat
exchanger.

[l DESIGN OF PID CONTROLLER
The PID control scheme is named after its threeecting
terms, whose sum constitutes the manipulated \ar
(MV). The proportional, integral, and derivativertes are
summed to calculate the output of the PID contro

Defining u(f‘)as the controller ¢put, the final form of the
PID algorithm is:

u(t) = MV(t) = K.e(t) + K; /E e(7)dr + Kd%e(i)

d
Where,
K

P: Proportional gain, a tuning param
ﬁz’: Integral gain, a tuning parame
fid: Derivative gain, a tuning parame
g:Error= S5 — PV
L: Time or instantaneous time (the pres

T :Variable of integration; tes on values from tim
0 to the present

3.1The simulation study was carried out as showbelow
Fig, 2. MATLAB - Simulink for PID control syste
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Fig.2: Blockdiagram of shell and tube heexchanger
systenusing PID Controlle

V. NEURAL NETWORK NARMA L2
CONTROLLER
Neural network is a machine that is designed to ehtite
way in which the brain performs a particular task
function of interest. The network is usually impkmed by
using electronic components or is simulated inveafe on
a digtal computer. To achieve good performance, ne
networks employ a massive interconnection of sir
computing cells referred to as neurons or procgssimits.
A neural network is a massively parallel distritl
processor madep of simple processing its.

MNeural Network Approximation ef g (3

nir+1)

yr+2)

yl+13
-

MNeural Network Approximation of £ 3

Fig,3: Neural Network NARMA L2 controlli
approximatiol.
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Fig,4:Block diagram of shell and tube heat exchange
system using neural network NARMA L2 Controller
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Fig,5:Sub System Of Shell And Tube Heat Exchanger

Plant Identification - NARMA-L2 == |
Window  Help ~
Plant Identification - NARMA-L2
Network Ar
Size of Hidden Layer 13 No. Delayed Plant inputs E'
Sampling Interval (sec) 1 No. Delayed Plant Outputs
+/| Normalize Training Data
Training Data
Training Samples 10000 /| Limit Qutput Data
Maximum Plant Inpui 100 Maximum Plant Outpul Inf
Minimum Plant input o Minimum Plant Outpul o
Maximum Interval Value (sec) 10 ‘Simulink Plant Model: Browse
Minimum Interval Value (sec) 1 HT
‘Generate Training Data import Data Export Data |
Training
Training Epochs 100 Training Function  trainim =
/| Use Current Weights Use Validation Data Use Testing Data
Train Metwork | oK | Cancel ‘ Apply |
‘Generate or import data before training the neural network plant.

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

shell and tube heat exchanger.
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Fig. 7:Plant input and output data of NN NARMA L2

controller

A\ Neural Metwork Training (nntraintool) = )

Neural Network

RS tai s A s mi s aRe R Re = e

Algorithms
Data Division: Index (divideind)
Training: Levenberg-Marquardt  (trainlm)

Performance: Mean Squared Error  (mse)
Calculations:  MATLAB

Progress

Epoch: o [E2 7 iterations 100
Time: 0:00:02

Performance: 9.75e-09 8.60e-11 | 0.00
Gradient: 0.000426 4.05e-07 | 1.00e-10
Mu: 0.00100 1.00e-07 1.00e+10
Validation Checks: o 5 6

Plots

Performance (plotperform)
Training State (plottrainstate)
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Fig.8:Neural network training data of NARMA L2

controller

Best Validation Performance is 4.6626e-11 at epoch 1
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Fig.9:Training NARMA L2 using MAT LAB
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Fig,10:Validation data of NN NARMA L2 controller

Training: R=1

Validation: R=1

Qutput ~=1"Targst + 32¢-08
& 5 ¢ o

Qutput ~= 1*Target + 5.3e07

©  Data =2 ©  Data
08
Fi 3 Fit
=T N os =T
+ 04
® o2
=
E o
y 02
304
S
3k
05 o us u 1
Target Target
Test: R=1 All: R=1
1
©  Daum =S ©  Dala
08
Fit 2 Fit
Y1 g os V=T
* 04
S 02
)
=0
y 02
3
=i
5 os
s o 1 05 o 1
Target Target

Iillig,li: Régrisionflots of NN NARMA L2 controller
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Fig.12:Validation data for NNNARMA L2 controller

Fig,13:Training data for NNNARMA L2 controller
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Fig.14:Testing data for NNNARMA L2 controller.

V. RESULTS AND DISCUSSIONS
5.1 Simulation Results
In the simulation we choose different set points580 30-
60 and 30-70 ifiC w.r.t time(sec) both servo and regulatory
problems. For regulatory problem +10% disturbanees
given, The NARMA L2 controller reach set point and
steady state without oscillations and low overshddte
tracking of the set pointchange in a NARMA L2 isodo
compared with the PID Controller.Neural Network
NARMA L2 has less error than PID controller and ¢&n
Neural Network NARMA L2 shows finest performance
than PID controller results are Shown in Fig,1%ig,20.

[ £ ] " £ (O (] ] E)

Fig.15: Servo Response of PID and neural networRMA
L2 Controller OutputTCo (0c) Vs Time (sec), SPER0-
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Fig.16: regulatory Response of PID and neural netwo
NARMA L2 Controller OutputTCo (0c) Vs Time
(sec),(+10%), SP=30-50.

Fig,19: Servo Response of PID and neural networkRMA
L2 Controller Output TCo (0c) Vs Time (sec), SPF80
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Fig,20: regulatory Response of PID and neural raetwv
NARMA L2 Controller Output TCo (0Oc) Vs Time
(sec),(+10%) SP=30-70

Fig.17: Servo Response of PID and neural networRMA
L2 Controller OutputTCo (0c) Vs Time (sec), SP680-

VI. CONCLUSION

) f\ _ | The dynamic Sell and Tube Heat Exchanger model
' presented in this report is the first step in tegadopment
of a dynamic heat exchanger model that can give ftoid
outlet temperature prediction for simultaneouslyyirgy
exchanger hot fluid inlet temperature conditionpested
under action of a controlléror Sell and Tube heat
exchanger, the performance of NARMA-Ic@ntrolleris
found to be superior than that of the conventioRHD
controller and for regulatory problem NARMA L2 no
disturbance was occurredlo efficiently control the
temperature, designed two kinds of controllers &ime
modeling of heat exchanger is done using neuralord it
can be concluded that theell and tube heat exchanger
model using successful and has very good accuesuts .

It is observed that NARMA L2 controller gives a rhuc
better response than conventional PID controller.

Fig.18: regulatory Response of PID and neural netwo
NARMA L2 Controller OutputTCo (0c) Vs Time
(sec),(+10%) SP=30-60.
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