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Abstract

Depending on the temperature and pressure of the heat source, single-effect
absorption chillers are categorized into two types of hot water and steam
single-effect chillers. Due to the ability to use the waste stream in oil, gas, and
petrochemical industries for air conditioning and process cooling purposes, the
steam-type chiller is more widely used. In this study, the artificial neural network
is exploited to predict the steam single-effect absorption chiller performance
since it is faster and has lower computational cost than thermodynamic
modeling methods. The perceptron multilayer neural network with the error
backpropagation algorithm, the hyperbolic tangent excitation function, and the
Levenberg-Marquardt learning method with 15285 data points, and the mean
squared error estimation index are used. Inputs of the artificial neural network
are the inlet cooling tower water temperature, inlet chilled water temperature,
inlet steam temperature, outlet chilled water temperature and the solution
heat exchanger efficiency respectively. Also, the neural network outputs are
the Coefficient of performance and thermal energy consumption of the chiller.
Results of this study show that the artificial neural network is capable of
predicting the Coefficient of performance and the thermal energy consumed
by the single-effect absorption chiller while the values of mean squared error
are 3.183x107 and 7.466%10-® respectively which verify the accuracy of the
method proposed here in absorption chiller performance prediction.

Keywords: Single-effect absorption chiller, Artificial neural network, Coefficient of
performance, Mean squared error.

Introduction

Absorption chillers are one of the most widely used equipment for cold production in the oil,
gas, and petrochemical industries [1]. Less power consumption, environmentally friendly, and
their ability to use waste heat to produce cold has caused such chillers to receive more attention
than other types [2,3]. Today, with the possibility of fast access to the internet and reducing
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the price of computer equipment and data centers, artificial neural network methods have
been developed in various industries and sciences, including engineering, medicine, etc. This
study aims to evaluate the efficiency of the artificial neural network method in predicting the
performance of a single-effect absorption chiller. A case study has been performed on a single
effect steam absorption chiller of the Marun Petrochemical Complex (M.P.C.) located in the
south of Iran. The type of network used is a multilayer perceptron with an error backpropagation
algorithm. In this regard, the results of the artificial neural network will be compared with the
results of experimental measurements.

Methodology and Results

Theartificial neural network method requires data. Most of this data is collected experimentally,
theoretically, or both. In the present study, for a single-effect steam absorption chiller with a
cooling capacity of 4775 kW located in the Marun Petrochemical Complex, first wrote a high-
precision code in the Engineering Equation Solver (EES) software, with a maximum error
of 5.19% compared to experimental measurements. Data are then extracted from it under
different operating conditions. The multilayer perceptron neural network method with the
error backpropagation algorithm has been used in this research. In the present study, inlet layer
neurons include inlet cooling tower water temperature, inlet chilled water temperature, inlet
steam temperature, outlet chilled water temperature, solution heat exchanger efficiency, and
outlet layer neurons of performance and heat energy required by the absorption chiller.

Using the artificial neural network by computer coding in MATLAB software, the prediction
coefficient of absorption chiller performance and required thermal energy have been obtained.
Figures 1 and 2 show the average square of the predicted error for the absorption chiller’s
Coefficient of performance and thermal energy consumption. As can be seen, the error of the
training data (blue), validation data (green), and test (red) decreasing with repetitions, and the
minimum error is 3.183x107 and 7.466x10%, respectively.
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10° ¢

Train

Validation

Test

Best

Mean Squared Error (mse)

10°° wk

- . e ‘ G ‘ ‘ @

0 100 200 300 400 500 600 700 800 900 1000
1000 Epochs

Figure 1: Mean square error of predicting the Coefficient of performance.



e

\_/ (eSS - e 4 i
S0 (S s 33 (S lwilmo 9 (55 317 (y295 S 4L

1Fee slar o) ol e Jof Jlo | 2%

Best Validation Performance is 6.5444e-08 at epoch 1000
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Figure 2: Mean square error of predicting the thermal energy consumption.

Figure 3 shows the effect of the number of neurons in the neural network’s hidden (middle)
layer on its prediction accuracy. As can be seen, increasing the number of hidden layer neurons
from 5 to 10 generally increases the accuracy of predicting the absorption chiller’s performance
coefficient and thermal energy consumption and reduces the mean square error.
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Figure 3: Changes in mean square error in predicting performance coefficient
and thermal energy consumption of absorption chiller concerning
the number of hidden neurons.

Conclusions

In this study, a multilayer artificial perceptron neural network with the error backpropagation
algorithm and neuron structure 2-10-5 (output-hidden-input) have been used to predict the
Coefficient of performance and thermal energy of the single effect steam absorption chiller.
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The present study results show that the mean square error of predicting the Coefficient of
performance and thermal energy consumption of the absorption chiller using this method are
3.183x107 and 7.466% 108, respectively, indicating high accuracy of this method is in predicting
the performance of the absorption chiller.
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