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ABSTRACT

The warmth exchanger is a gadget used for exchanging of warmth from one medium to another medium.
They are comprehensively used as a portion of petrochemical plants, synthetic plants, thermal power plants and etc.
Because of the adjustment in process parameters the general warmth exchange rate will be severly influenced. To
expand the proficiency of general warmth exchange rate, the conceivable deficiencies created in the warmth
exchanger must be recognized. For this reason, different fault determination strategies are accessible. Among them,
in the process history based method, Adaptive Neuro Fuzzy Inference System and Support Vector Machine is chosen
here for comparision. These technique requires vast measure of process information. The constant readings from a
shell and tube warm exchanger is gotten for both fault and ordinary working conditions. And a transfer function
model is also derived using the true data. By giving the training data, testing data and conditionsto these methods, it
dissect and gives the yield. And a comparitive analysis is also done.

KEY WORDS: Heat transfer coefficient, fault diagnosis, shell and tube heat exchanger, fault detection, Adaptive
Neuro Fuzzy Inference System, Support Vector Machine.

1. INTRODUCTION

In the warmth exchanger two distinctive or the same medium might be isolated by a strong divider to avoid
blending or they might be in direct contact. They are broadly utilized as a part of refrigeration, air
conditioning, power stations, chemical plants, natural gas processing, and sewage treatment. The exemplary case of
a warmth exchanger is found in an interior in which a coursing liquid known asengine coolant streams
through radiator coils and air streams past the curls, which cools the coolant and warms the approaching air. There
are three warmth exchange operations occurring in a heat exchanger. They are: convective warmth exchange from
liquid to the inward mass of the tube, conductive warmth exchange through the tube divider and convective warmth
exchange from the external tube divider to the outside liquid.

2. REAL TIME EXPERIMENTAL SETUP

There are various sorts of warmth exchangers open among them the shell and tube warm exchanger is one.
It is the most well-known kind of warmth exchanger in oil refineries and other expansive compound procedures, and
is suited for higher-pressure applications. As its name suggests, this sort of warmth exchanger comprises of a shell
with a heap of tubes inside it. One liquid goes through the tubes and another liquid or steam streams outside the tubes
however inside the shell to exchange warm between the two liquids.

Warmth is exchanged from one liquid to the next through the tube dividers either from tube side to shell side
or the other way. The liquids can be either fluids or gasses on either the shell or the tube side. So as to exchange
warm effectively, an expansive warmth exchange zone ought to be utilized, prompting to the utilization of numerous
tube. The real time setup of the shell and tube warm exchanger utilized for research work is appeared in the Figure.1.
From this the gulf temperature, outlet temperature, steam pressure, stream rate of water are noted and the general
warmth exchange coefficient is computed utilizing different equation.

Figure.l. Real Time Setup of Shell and Tube Heat Exchanger
Table.1. Specifications of Shell and Tube Heat Exchanger

Parameters Values
Shell inner diameter 0.155m
Length of the exchanger 0.985m
Pipe inner diameter 0.0065 m
Pipe outer diameter 0.0095 m
Number of tubes 24
Thermal conductivity of material | 55 w/mK
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Transfer Function Model Of Sheel And Tube Heat Exchanger: To obtain the transfer function model the energy
balance equation for the fluid stream along the length dx is given as,

M,C, (%—fjdm Fc, [‘Z—fjdx — hAdx(6, — 6)

The final transfer function obtained is given as,

M,C, (%) dx = h,A,dx(6, — 6,) —h Adx(6, — 6)
By substituting the real time data which are listed below in the Tables.1, 2 and 3 in the above equation (1) we get,
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The equation (2) is the transfer function model obtained from the real time data.
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Transfer Function Model Of Heat Exchanger: The constant information taken from the shell and tube warm
exchanger setup is listed below in the Table.2. And the overall heat transfer coefficients (both theoritical and
expiremental) calculated using this data are given in the Tables.3 and 4.

Table.2. Real time Data taken from Shell and Tube Heat exchanger

Volume Volume . Mass
Steam Temp | Temp flow of | Velocity
Steam Steam flow of flow rate
pressure cold cold cold of cold Tc
SNO | pressure temp cold of cold
om? absolute oC water water water water water water oc
8 kgf/em? in0% | out®C m¥/sec m/sec
Lph kg/sec
x104
1. 0.2 1.2 104.8 32 50 8 1.33 4.010 0.133 41
2. 0.2 1.2 104.8 32 49 10 1.66 5.005 0.166 40.5
3. 0.4 1.4 109.3 32 67 4 0.66 2.008 0.066 49.5

Table.3. Overall heat transfer rate-Theoritical

Properties at Tr
T, | T:| AT hs by U
SNO IC | % | LMD | p NSH . K; Cp Ay W'k | Wimk | Theoritical
Kg/m? | WattmK | IKgk
x104

Lo 729 | 885 | 6337 | 96607 | 319.6 | 06793 | 42065 [ 31.9 | 5259.96 [ 193162 3349.48
2 | 7165 | BR7 | 6392 | 91337 [ 32011 | 0.6792 | 42063 | 32.15 | 510243 | 22963.6 3419.91

70| 7115 | 932 | 6341 | 963.07 | 30447 | 0.6809 | 42118 | 32.15 | 5307.62 | 19908.2 330447
Table 4: Overall heat transfer rate-Experimental

Vol flow
PROPERTIES AT Te . q Vol flow of o Vissflow :

Re # | condensate teof s Q U
. condensate | 2¢O ; 0
o p Py K| Co (Revmolds Prandl) or e 3 condensate I-Kg\ WX 10 exp

s | NSm" | Wattm [ JKg [ number |number| 3 4 | misec | X10

Kgm P mx10 ' ka/sec
x10 K k x10

1 [ 99178 | 643.01 | 0.6363 4174 | 402027 | 4.218 1.26 25 0.025 | 22441 | 5542 [ 181290

2. | 991.99 | 648.20 | 0.635 |4174| 49786.5 | 4.260 130 23 0.026 | 22441 | 57.87 [ 1876.7

7. | 989.47 | 585.86 | 0.6434 |4174] 33098.30 | 3.800 110 22 0.022 | 22319 | 4843 | 1682.60
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Real Time Data with Fault:

Rotameter Fault: The rotameter is the sort of stream sensor utilized for measuring the water stream rate in the
warmth exchanger. There is a plausibility of fault by turning OFF the channel water supply to the warmth exchanger.
It implies that the water supply valve at the rotameter inlet area is in OFF condition and because of which, there
won't be water stream to the warmth exchanger through the rotameter. Under this condition, inlet steam to the heat
exchanger is expanded orderly. The comparing temperature values at the outlet segment of the warmth exchanger
are noted. Table.5, shows the information under rotameter issue condition.

Table.5. Data under Rotameter Fault Condition

Steam pressure | Temp cold Temp cold | Volume flow of Volume of
kgf/cm? water in °C | water out °C | cold water Lph | condensate mL/sec
0.2 31 70 2,4,6,8,10 0
0.4 32 72 2,4,6,8,10 0
0.6 32 75 2,4,6,8,10 0
0.8 33 78 2,4,6,8,10 0
1.0 34 82 2,4,6,8,10 0

Steam Pressure Gauge Fault: The weight gage is utilized for measuring the steam weight inside the shell of the
warmth exchanger. The conceivable fault is acquired by turning OFF the weight gage. The readings are taken by
changing the steam weight and the fluid stream rate. Table.6, demonstrates the temperature readings at both bay and
outlet segments alongside the volume of the condensate. The pressure gauge is used for measuring the steam pressure
inside the shell of the heat exchanger. The possible fault is obtained by turning off the pressure gauge. And the
readings are taken by changing the steam pressure and the liquid flow rate. Table.6, shows the temperature readings
at both inlet and outlet sections along with the volume of the condensate.
Table.6. Data under Steam Pressure Gauge Fault Condition

S.NO Steam pressure Temp | Temp cold water out | Volume Volume of
kgf/cm? cold oc flowof | condensate
water cold mlL/sec
ORIGINAL |InDICATED | I0°C [Grigmvar, | npicaten | Water Lph

1. 0.2 0.2 31 63 63 4 A
2. 0.2 0.4 31 60 61 6 v
3. 0.2 0.8 32 50 70 8 A
4. 02 04 32 49 54 10 v

Actuator Fault: The operation of a control valve incorporates arranging its convenient part as for the stationary seat
of the valve. The explanation behind the valve actuator is to unequivocally discover the valve connect to a position
oversaw by the control signal. The actuator acknowledges a signal from the control framework and, accordingly
moves the valve to completely open or completely shut. The actuator fault is made by turning OFF the steam gulf
stream rate valve. Also, the stream rate is expanded not surprisingly. And, the readings are taken which is further
recorded in Table.7.

Table.7. Data under Actuator Fault Condition

Steam pressure kgf/cm? | Temp cold | Tempcold | Volume flow of Volume of
water in °C | water out °C | cold water Lph | condensate mL/sec
0.2,0.4,0.6,08,1 31 31 2 0
0.2,0.4,06,0.8,1 31 32 4 0
0.2,0.4,06,0.8,1 32 32 6 0
0.2,0.4,0.6,058,1 32 33 8 0
0.2,0.4,0.6,08,1 34 34 10 0

Adaptive Neuro-Fuzzy In fence System (ANFIS): Fuzzy logic control system is based on the mathematical
analysis via input values through logical variable from 0 to 1. An Adaptive Neuro-Fuzzy Inference System or
Adaptive Network-Based Fuzzy Inference System (ANFIS) is a kind of artificial neural network that is based on
Takagi-Sugeno fuzzy inference system. Since it incorporates both neural systems and fuzzy rationale standards, it
can possibly catch the advantages of both in a solitary edge work. Its interface framework compares to an
arrangement of fuzzy IF-THEN decides that have learning capacity to inexact non-direct capacities. Consequently
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ANFIS is considered to be an all-inclusive estimator. For utilizing the ANFIS as a part of more productive and ideal
way, the best parameters are acquired by genetic algorithm.

value

4 (sugeno) W)

temp out (47)

volume flow (47)

volume condensate (47)

System value: S inputs, 1 outputs, 47 rules

Figure.2. FIS Editor

The ANFIS is trained with all the input data such steam pressure, temperature inlet and outlet of cold water,
volume flow of cold water and volume of condensate and in the output with the occurrences of three faults namely
rotameter, gauge and actuator faults. By training those inputs and outputs using ANFIS the rules had been created
by itself and the membership function is also created for all the inputs. GUI panel is made for identifying the kinds
of deficiencies that happen in the warmth exchanger by entering the ongoing information. The Figure.3, shows the
GUI panel created for identifying the various faults that occur in the warmth exchanger.

In this the input information obtained from the warmth exchanger can be entered and by pressing the get
value button the data which are entered will be feed inside the GUI. And by pressing the analysis button, at the
background the feed values will be compared with the trained values in the ANFIS and finally the types of faults and
the percentage of error will appear at the right half of the GUI panel.

FAULT DIAGNOSIS IN SHELL AND TUBE HEAT EXCHANGER

Fault Error%

Steam pressure n
Temperature in 3
Temperature out
Volume flow
Volume condensate

Rotometer fault

ANFIS

Analysis NIL -

Gauge fault

Get value

Reset

Figure.3. GUI panel created for fault diagnosis

Support Vector Machine (SVM): Support Vector Machine is a regulated learning models with related learning
algorithms dissect information utilized for order and relapse investigation. Support vector machine develops a
hyperplane which is utilized for arrangement, relapse, and so forth. SVM is characterized into numerous sorts one
among them is multi class SVM.
Multi Class SVM: Multiclass SVM intends to consign labels to cases by using support vector machines, where the
labels are drawn a limited arrangement of a few components. The overwhelming methodology for doing as such is
to decrease the single multiclass issue into different double characterization issues.

The multiclass SVM accepts more input classes and classify the data 100% accurately. This is listed in the
Table.8.

Table.8. Status for the test data given to multi-class SVM

Steam pressure | Teamperature | Teamperatu | Volume Volume of Actual Obtained

(kg/cm) inlet (°C) re inlet (°C) | flow Lph | condensate m®x10* | status status
0.2 31 70 2 0 Fault Fault
0.6 32 75 8 0 Fault Fault
0.8 33 78 10 0 Fault Fault
1.0 34 82 4 0 Fault Fault
0.4 34 34 10 0 Fault Fault
0.8 32 33 6 0 Fault Fault
02 32 49 10 1.30 Normal Normal
0.4 32 61 6 1.16 Normal Normal
0.6 33 69 2 1.02 Normal Normal
0.8 32 55 10 1.15 Normal Normal

In GUI the input information is to be feed each and every time but it displays the exact place of occurrence
of fault. But in multiclass SVM a set of input data can be feed as input and it displays the working status of the
warmth exchanger alone.
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3. RESULTS
The data from the heat exchanger is feed and the fault is detected using ANFIS and multi-class SVM. In
ANFIS based GUI the data has to be feed each and every time for detecting fault and it gives the exact position of
occurrence of fault. But in multi-class SVM a set of data can be feed and the status of fault can be detected easily
but the exact position of occurrence of fault cannot be detected.

4. CONCLUSION AND FUTURE SCOPE

From the shell and tube type heat exchanger setup, the real time data was obtained and using those data, the
transfer function model was derived. And the information under various fault conditions was additionally taken. The
ANFIS was created and prepared with the information under both typical and fault working conditions. And a GUI
panel was also created for entering the input data and to display the fault along with the percentage of error. And
these training data, testing data are also given along with the respective conditions to the multi class SVM and their
original status was displayed.

In the future this work can be future extended by identifying the faults continuously for a set of input data
using firefly algorithm.
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