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ABSTRACT: Heat exchanger is a device used to transfer heat between one or more fluids. Fault detection is important
problem in the heat exchange process. In order to achieve fault detection mathematical modelling with set of inputs and
output must be designed for the process and then residuals need to be determined. Residuals indicates the difference
between one step predicted output from model and measured output from validation set. In this paper Sensor faults are
detected using Artificial Neural Network (ANN) is proposed and it is trained by Levenberg —Marquardt algorithm.
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I.INTRODUCTION

Mathematical modelling must be designed for the process to represent the system dynamics in mathematical
formulations [1]. Existing methods are grouped into three categories namely qualitative, quantitative and data driven
methods [3]. Data driven methods using ANN is proposed in this work [7].The difference between one step predicted
output and measured output are called residuals. [4].

A Plate Heat Exchanger (PHE) is a type of heat exchanger that uses metal plates to transfer heat between two fluids. A
PHE is a compact heat exchanger where thin plates (0.5mm thick) are stacked in contact with each other and two fluids
are made to flow separately along adjacent channels. The plates are made up of stainless steel, copper and titanium. The
application of plate heat exchanger is liquid to liquid heat transfer, special plates are designed for phase change
applications. When compared to shell and tube heat exchangers, stacked-plate arrangement typically has lower volume
and cost. Another difference between the two is that plate heat exchangers typically serve low to medium pressure
fluids, compared to medium and high pressures of shell and tube. Advances in gasket and brazing technology have
made the plate-type heat exchanger increasingly practical.

Fig 1 Plate Heat Exchanger
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ILGENERAL STRUCTURE
Faults present in a system may lead to failure of Heat exchanger. To detect faults residuals need to be generated.
Residual generator generates residual. If there is no fault residual is zero and in the other case if any fault is present in

the system residual is different from zero. The controller which suits this situation is ANN and the network is trained
with Levenberg —Marquardt algorithm.
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Fig 2 General structure

IH1.MATHEMATICAL MODELLING

The mathematical model is one which promotes the system dynamics and the mathematical formulations. It requires
the calculation of certain parameters according to the type of system employed and the derived knowledge from the
nature of the plant. Prior information about the basic outline of the system is necessary for the modelling purpose.
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Where, T, T, Thi and Ty, are inlet and outlet cold and hot fluid temperature respectively (°C), W, and W,, are mass
flow rate of cold and hot fluid respectively (kg/sec), Cyc and Cp, are the heat capacity of cold and hot fluid respectively
(J/kg.°C), V. and V}, are volume of cold and hot fluid respectively (cm3), A. and Ay, are heat transfer surface area of
cold and hot fluid respectively (cm2?), U. and Uy, are the heat transfer coefficient of cold and hot fluid respectively
(W/cmz °C). p. and py are the density of cold and hot fluid respectively (kg/ cm3).

IV.FAULT DETECTION

Fault can be defined as the change that occurs in the output response of the system. So fault detection can be defined as
the detection or finding faults which occurred in the system. There are three types of model based approaches. They are
quantitative method, qualitative method and data driven method. In this work data driven method using ANN is
employed. The input and target values are given to ANN and the network is trained. Residual is the difference between
the measured and estimated process output. Residual is generated for the detection of faults. If there is no fault present
then the residual will be equal to zero and different from zero when a fault is present. It indicates the state of the
system.
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Fig 3. Fault Detection using ANN.
V.NETWORK CONFIGURATION

ANN consists of number of interconnected units. The output of any unit in determined by input characteristic, and its
interconnection with other units. ANN consists of Input layer , Output layer and hidden layer with a number of nodes in
it. Each connection between two nodes with a real value is called weight. Input layer has no input weights and
activation function. Output layer presents output response for a given input. Hidden layer has no connection with
outside world. Training methods of the ANN are Back propagation, Nonlinear Autoregressive (NAR),Nonlinear
Autoregressive with External Input(NARX), multilayer feed forward network, Multi layer perceptron. The training of
neural network can be either online or offline .To train the network, input and output data are fed to the network, then
the residual is generated by neural network.Here Nonlinear Autoregressive with External Input(NARX) is used which
shows more accurate results since it predict past values of y(t) and x(t).
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Fig.4 Neural network structure(NARX)

VI.NETWORK TRAINING

The neural network toolbox is used in order to train the network. Levenberg-Marquardt (LM) training function have
fast convergence ability so it is used. In the process of training, first load the input and target data in neural network
toolbox. Nonlinear Autoregressive with external input is used to define the network structure. Then using Levenberg-
Marquardt algorithm method the network is trained. Training is the process in which the input data is usually checked
with the target data. Validation to check whether the input data is trained to fit to the target data. In validation process
some of the data cannot be trained. Finally in testing process all the input data’s are trained to the target data.

VII. SIMULATION RESULTS
The best training method is decided by number of hidden layers used during the process of training. By using Neural
Network Toolbox the network was trained in MATLAB. The training function used in LM method is trainlm. In order

to train the network first load the input and output data in the neural network toolbox and define the structure as
Nonlinear Autoregressive with External Input (NARX) and train the network with train data.
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Fig 5 Simulation Results

Results of training algorithm

Parameters Levenberg-
Marquardt
Number of hidden neuron 10
Delay 1
Training Function trainlm
Training Mean Square 30228
Error
Testing Mean Square 1.378
Error
Epoch 23
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VII1.CONCLUSION

Mathematical modelling for Plate heat exchanger is performed through system Identification and a method to detect
Sensor fault using ANN is proposed . Levenberg-Marquardt algorithm is used as it reduces computational overhead and
provides accurate results during training. The various parameters of network such as (MSE) Mean Square Error,
number of Hidden layer, and number of Epochs has been obtained.

REFERENCES

[1]  Paper on “Heat Exchanger Modeling for Intelligent Control Design” by Dirman Hanafi, Mohd Nor Than, Abdulrahman A.A. Emhemed,
Tatang Mulyana, Amran Mohd Zaid and Ayob Hj. Johan.

[2] M. Veraand A. Linan, Laminar counterflow parallel-plate heat exchangers:exact and approximate solutions, International Journal of Heat and
Mass Transfer, 53, 2010, pp. 4885-4898.

[3] Islamoglu Y., Kurt A. Heat transfers analysis using ANNs with experimental data with air flow in corrugated channels. International Journal
of Heat and Mass Transfer, 2004, 47, 1361-1365.

[4] A paper on Fault Detection and Diagnosis of Qualitative, Quantitative, Data driven methods by Venkat Subramanian,Raghunathan.

[5]  Paper on Fault Detection and Diagnosis of Heat Exchanger using ANN by M.Thirumarimurugan,N.BagyaLakshmmi,P.Paarkavi,S.Sathya

[6] On-line Fault Detection of a fuel rod temperature measurement sensor in a nuclear reactor core using ANN by A.Messai, A.Mellit,
I.Abdellani, A.Massi Pavan.

[7]1  Application of Artificial Neural Network in Fault Detection study of Batch Esterification Process by Syed Azhar Syed AB.Rahman.

[8] A.E.Quintero, M.Vera and B.Rivero wall conduction effects in laminar counter flow parallel plate heat exchangers, International Journal of
Heat and Mass transfer.

[9] J.Esarte, G.Min, D.M.Rowe, Modelling Heat Exchangers for thermo electric generator,J.Power Sources 93, 2001,pp.72-76.

[10] J.Yuand H.Zhao, A numerical model for thermo electric generator with parallel plate heat exchanger,J.Power sources 172,2007,pp.428-434.

[11] Radhakrishnan ,V.R.Ramaswamy,M.Zabiri, H.Thanha,V.D.Tahir,N.NMukhtar, Hamdi.M.R,N.Ramali heat exchanger fouling model and
preventive maintenance scheduling tool.Applied thermal engineering,2007,27,2791-2802.

[12] lan G Hometal, improved filter design in inernal model control, industrial engineering,chemical.Res,volume 35,number 10,pp.3437-
3441,0ctober 1996.

[13] Fernando G.Martins,manual A.N Coelho,Application of feed forward artificial neural networks to improve process control of PID based
controller algorithm, Computers and Chemical Engineering,vol.24,2000,pp.853-858.

[14] Isbellae Rivals and Leon Personnaz,Non linear internal model control using neural networks:Applications to processes delay issues,IEEE
Transcations on Neural Networks,vol 11,n0.1,Jan2000,pp.80-90.

[15] Soderstorm T and Stoica P.1989.system identification.Prentice-Hall Int,London.

[16] Zulfatman and M.F.Rahmat, Application of self-tuning fuzzy pid controller on industrial hydraulic actuator using system identification
approach, Internal Journal On Smart Sensing and Intelligent Systems,vol.2,n0.2,June 2009.

Copyright to IJAREEIE WWW.ijareeie.com 184


http://www.ijareeie.com

