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Abstract—The warmth exchanger is a device used for 

transferring of heat between two different medium or else the 

same medium. The shell and tube heat exchanger is most widely 

used in oil refineries and other large chemical processes, and is 

suited for higher pressure applications. Because of the change in 

process parameters the general warmth exchange rate will be 

reduced in the heat exchanger. In order to rectify it, the possible 

faults developed in the heat exchanger have to be identified. For 

this purpose, various fault diagnosis methods are available. One 

among them is Adaptive Neuro Fuzzy Inference System(ANFIS). 

This method requires large amount of process data. The real time 

readings from a shell and tube heat exchanger is obtained for 

both normal and fault operating conditions. And a transfer 

function model is also derived using the real time data.The 

ANFIS is trained with both the normal and fault data.Graphical 

User Interface(GUI) is used for creating a panel with space for 

entering all the input data and the ANFIS is interfaced along 

with this panel. By entering the input data the working condition 

of the heat exchanger can be identified. 
Keywords— Fault diagnosis, Shell and Tube Heat Exchanger, 

Adaptive Neuro Fuzzy Inference System, Graphical User Interface. 

 

I.  INTRODUCTION  

     In the warmth exchanger two separate or the same 

medium might be differentiated by a solid wall to get avoided 

from mixing or they may be in direct contact. There are many 

types of heat exchangers available one among them is the shell 

and tube heat exchanger.  

  There are three heat transfer operations taking place in a 

heat exchanger [3]. They are: convective heat transfer from 

fluid to the inner wall of the tube, conductive heat transfer 

through the tube wall and convective heat transfer from the 

outer tube wall to the outside fluid. They are generally utilized 

in refrigeration, air conditioning, power stations, chemical 

plants, natural gas stations and sewage treatment. 

II. EXPERIMENTAL SETUP 

    The Shell and Tube heat exchanger comprises of a shell 

with a stack of tubes inside it. The liquid goes through the 

tubes, and stream passes over the tubes (through the shell) to 

exchange heat between them. The arrangement of tubes is 

known as a tube package, and might be made out of a few 

sorts of tubes: plain, longitudinally finned, etc.  

The liquid receives the heat from the steam and moves out 

as hot water and the steam after giving out its heat, moves out 

as a condensate. It is a recuperative type warmth exchanger 

because the liquid and the steam do not get direct contact with 

each other. And it is a single pass heat exchanger as the steam 

and the water get in contact indirectly only once. 

Heat is transferred through the tube walls either from tube 

to shell side or vice versa [1]. The fluids can be 

either liquids or gases on either the shell or the pipe side. In 

order to transfer heat efficiently, a full size heat transfer area 

should be used, leading to the use of many tube. The real time 

setup of the shell and tube heat exchanger used for research 

work is shown in the Figure 1. From this the inlet temperature, 

outlet temperature,volume flow of liquid, volume of 

condensate is noted. And overall heat transfer rate is 

calculated. 
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Figure1. Real Time Setup of Shell and Tube  Heat 

Exchanger 

 

III. TRANSFER FUNCTION MODEL OF HEAT 

EXCHANGER 

To obtain the transfer function model [7] the energy 

balance equation for the fluid stream along the length dx is 

given as, 

 

  

 

 

The final transfer function obtained is given as, 

 

(1) 

 

By substituting the real time data which are listed below in 

the Table 1, 2 and 3 in the above equation (1) we get, 

 

 

 (2) 

 

 

The equation (2) is the transfer function model obtained 

from the real time data. 

IV. REAL TIME DATA UNDER NORMAL CONDITION 

 

The real time data taken from the shell and tube warmth 

exchanger setup is listed below in the Table 1. And the overall 

heat transfer coefficients (both theoritical and expiremental) 

calculated using this  data are given in the Tables (2-3). 

 

Table 1: Real time Data taken from Shell and Tube Heat 

exchanger 

 

 

Table 2: Overall heat transfer rate-Theoritical 

 
 

 

Table 3: Overall heat transfer rate-Experimental 

 
 

V. REAL TIME DATA WITH FAULT 

A. ROTAMETER FAULT 

The rotameter is the type of flow sensor used for 

measuring the water flow rate in the heat exchanger. There is a 

possibility of fault [2] by turning OFF the inlet water supply to 

the heat exchanger. 

It means that the water supply valve at the rotameter inlet 

section is in OFF condition and due to which, there will not be 

water flow to the heat exchanger through the rotameter. Under 

this condition, inlet steam to the heat exchanger is increased 

step by step. The corresponding temperature values at the 

outlet section of the heat exchanger are noted.  
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Table 4: Data under Rotameter Fault Condition 

 

B. STEAM PRESSURE GAUGE FAULT 

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 5 shows the temperature readings at 

both inlet and outlet sections along with the volume of the 

condensate. 

Table 5: Data under Steam Pressure Gauge Fault 

Condition 

 

C. ACTUATOR FAULT 

The operation of a control valve includes positioning its 

versatile a component relative of the stationary seat of the 

valve. The reason for the valve actuator is to faultlessly spot 

those valve plugs clinched alongside a position directed by the 

control indicator. The actuator acknowledges an indicator 

from the control framework and, because of the opposition 

moves the valve will fully open or completely shut. The 

actuator fault is created by turning off the steam inlet flow rate 

valve. And the flow rate is increased as usual. And the 

readings are taken which is further listed in Table 6. 

Table 6: Data under Actuator Fault Condition 

 

VI. ANFIS 

An Adaptive Neuro-Fuzzy Inference System or Adaptive 

Network-Based Fuzzy Inference System (ANFIS) [6] is a kind 

of artificial neural network that is based on Takagi-Sugeno 

fuzzy inference system. Since it merges both neural networks 

and fuzzy logic principles, it has capacity to obtain the 

benefits of both in a single frame work. Its interface system 

corresponds to a set of fuzzy IF-THEN rules that have 

learning capability to approximate non-linear functions. Hence 

ANFIS is considered to be a universal estimator. For using the 

ANFIS in more productive and ideal way, the correct 

parameters are obtained by genetic algorithm.   

Figure 2. shows the FIS editor window created for fault 

diagnosis. 

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.  

 

System value: 5 inputs, 1 outputs, 47 rules

temp in (47)

temp out (47)

volume flow (47)

volume condensate (47)

f(u)

fault (47)

value

(sugeno)

47 rules

steam pressure (47)

 

Figure2. FIS Editor 

Figure 3.shows the membership function created for the 

input steam pressure. 
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Figure3. Membership of Steam Pressure 

Figure 4.shows the membership function created for the 

temperature inlet. 
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Figure4. Membership of temperature inlet 

Figure 5.shows the membership function created for the 

input temperature outlet. 
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Figure5. Membership of temperature outlet 

Figure 6.shows the membership function created for the 

volume flow. 
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Figure6. Membership of volume flow 

Figure 7.shows the membership function created for the 

volume of condensate.    
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Figure7. Membership of volume of condensate 

VII. GRAPHICAL USER INTERFACE 

GUI provides point-and-click control of software 

applications, eliminating the need to learn a language or 

commands which aids to progress the application. 

MATLAB need an independent MATLAB projects for 

GUI front winds that computerize an undertaking alternately 

count. The GUI commonly holds controls for example, such 

that menus, toolbars, buttons, furthermore sliders. Huge 

number of MATLAB products, for example such that bend 

fitting Toolbox, indicator transforming toolbox; need aid with 

the custom client user interface to be linked.  

Graphical User Interface Design Environment (GUIDE) 

gives instruments to outlining client interfaces for custom 

applications. Using the GUIDE Layout Editor, the graphically 

design for UIs can be done. GUIDE then automatically 

generates the MATLAB code for constructing the UI, for 

which the program can be modified. 

VIII. RESULTS 

A GUI panel is created for detecting the types of faults that 

occur in the heat exchanger by entering the real time data. The 

Figure 8.shows the GUI panel created for identifying the 

various faults that occur in the heat exchanger.  

 
Figure8. GUI panel created for fault diagnosis 

 

In this the input data obtained from the heat 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 side of the GUI panel.   

IX. 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 data under various fault 

conditions were also taken. The ANFIS was created and 

trained with the data under both normal and fault operating 

conditions. And a GUI panel was also created for entering the 

input data and to display the fault along with the percentage of 

error.  

In the future this work can be future extended by 

identifying the faults continuously for a set of input data using 

heuristic techniques. 
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