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Abstract - In this paper, an artificial neural network (ANN) model is used to predict the performance parameters of an ejector
refrigeration cycle working with R245fa. Three approaches are used to achieve this objective: experimental analysis, thermodynamic
modeling, and artificial neural network. Fourteen parameters were collected from eight numerical or experimental studies. The ANN
input parameters include geometric features (Dcol, Dprimout, NXP, Decas, Lcas, Dout, Lairf) and operating conditions (Pprim, Tprim, Psec, Tsec,
Teond), While the outputs are the ejector performance metrics. A computer program has been written in MATLAB using a neural network
toolbox. The mean-square error (MSE) and the linear coefficient of correlation (R?) have been chosen as metrics to evaluate the
performance function and accuracy of the ANN model. In terms of the limiting compression ratio (P¢r) and entrainment ratio (®), the
ANN deviates by 3.63 (%) and 1.52 (%) respectively relative to the experimental data and by -4.01 (%) and -6.17 (%) relative to the
thermodynamic model predictions.
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1. Introduction

An ejector is a simple compression device with no moving parts. It is thermally activated by a high-temperature fluid
stream, transferring energy to a low-pressure stream, propelling it in the process to intermediate conditions through the partial
transfer of momentum. The resulting flow discharges at a stagnation pressure halfway between the primary and the secondary
pressures [1]. A general schematics of a typical ejector geometry is shown in Figure 1. Ejectors are used in different fields
(building, transportation, and industrial) due to their simplicity and reliability, requiring almost no maintenance and low
operation costs [2]. In regards to refrigeration systems, they provide a promising alternative solution to conventional
mechanical compression cycles, with lower energy consumption and reduced impact on the environment. Various
investigations on ejectors have been conducted in the last decades. These, in general, assess the effects of operating
conditions, different geometries, and working fluids on the performance of the device. Depending on the role of the device
within the cycle, different configurations with varying performance and complexity have been proposed in the literature [1].
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Fig. 1: Schematic view of the ejector geometry.
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There has been a great interest in recent years concerning the use of artificial neural networks in other fields [3][4].
It can be a solution for the design optimization of complex power cycles [5] and performance prediction and control
design [6]. Boukelia et al. [7] present an optimization of a parabolic trough solar thermal power plant based on a feed-
forward back-propagation ANN model. Sozen and Arcaklioglu [8] have used ANN to calculate the exergy analysis of
an ejector-absorption heat transformer; they have concluded that the ANN simplifies the thermodynamic analysis of the
ejector-absorption heat transformer (EAHT) and reduces the need to solve systems of differential equations. Rashidi et
al. [9] made a thermodynamic analysis of the ejector refrigeration cycle using an artificial neural network with R600a
as a working fluid for predicting unknown operating points. This investigation aims to present an artificial neural
network model to predict the performance of ejector refrigeration systems. The model uses 12 input parameters to predict
the ejector entrainment and limiting compression ratios, respectively (o) and (Pc). The different steps of training, testing,
and validation of the model are carried out using an experimental database of ejector-based refrigeration cycles with
R245fa as working fluid collected from literature reviews. In the following, the ANN architecture and the experimental
data based are described. Then, the main results are presented and comparisons are carried between experimental,
numerical, and ANN results to show the accuracy introduced ANN model.

2. Artificial neural network

Similar to the operation of a human brain, the ANN is constructed from cell-like structures, called perceptrons,
which are linked together by weighted interactions. The architecture of the ANN is divided into three parts: input layers,
hidden layers and output layers as shown in Figure 2. After random data division and before training, the data are
normalized between -1 and +1 to make them consistent with the limits of a tangent sigmoid transfer function used in the
hidden and output layers. The ANN models were trained, tested, and validated using back-propagation algorithm, in this
network the Levenberg-Marquardt algorithm implemented in MATLAB R2014 software is used. To calibrate the
weighting factors, a neural network needs to be trained by presenting it with a subset of the database and the
corresponding output values. After that, test and validation sets are presented to the network at each cycle to select the
best ANN. This is based on calculating the mean squared error (MSE), which tends to decrease as the number of training
cycles or iterations increases, as given by the following equation:

1
MSE = Z|ti — of|
L

The mean squared error is the average squared difference between outputs (ti) and targets (o;). Lower values
are better. Zero values mean no error solutions. N is the total number of data points. Once the objective error three
should is achieved, the output results obtained for each model were compared to the corresponding actual results.
The comparison consisted of calculating the coefficient of determination R,
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Fig. 2: Structure of the artificial neural network.

3. Data base

The database is built from a collection of 8 experimental studies on ejectors found in the literature [10-17].
This database includes 233 sets of data used to train, test, and validate the ANN model in order to predict the
parametric performance (entrainment and compression ratio) of the ejector. Initially, twelve input parameters
were selected. Namely, the pressure and the temperature of the primary and secondary streams (Pprim, Tprim and
Psec, Tsec), the condenser temperature (Tcona), the primary nozzle throat diameter (Dco), the primary nozzle outlet
diameter (Dprimout), the nozzle exit position (NXP), the constant area section diameter (Dcas), the constant area
section length (Lcas) and the diffuser diameter (Dou) and length (Laisr). The values for all used parameters in the
present ANN model are summarized in Table 1, with their minimum and maximum for each feature and the
corresponding units.

Table 1: Input parameters with their minimum and maximum values.

Parameters Units Min Max
Deol mm 2.20 20.20
Dprim,out mm 3.80 26.32
NXP mm 0.00 69.93
Deas mm 12.16 34.07
Lcas mm 57.45 223.77
Dout mm 20.00 108.30
L qifr mm 46.00 950.00
Tmm OC 70ﬂ0 12&00
Porim kPa 101.07 1921.00
Tsec °C 1.90 30.60
Psec kPa 58.05 120.00
Tmm OC 1488 6380
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4 Validation

The training process greatly influences the success of the ANN models to obtain accurate output predictions.
The performance of the ANN model is assessed via the convergence of MSE for training, validation, and testing.
The evolution of this metric according to the number of iterations. The complete database was split into testing,
validation, and training sets in a proportion of, respectively, 15%, 15%, and 70%. The best validation performance
was observed after 3 epochs (MSE 0.047), which confirms no overfitting observation. The plot of the linear
coefficient of regression illustrated in Figure 3 indicates that all steps of training, testing and validation of the
ANN model for the prediction of (o) and (Pc) are obtained with successful results. The overall correlation
coefficient (R?) obtained in this investigation is 0.949 for training, 0.965 for testing and 0.978 for validation,
which shows that the chosen ANN fits very well to the data, both during training and validation.
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Fig. 3: Linear coefficient regression of the ANN model.

5. Results and discussion

The ANN model developed in this investigation to predict the performance parameters (o) and (Pcr) shows
promising results. To confirm the validation of the proposed working mechanism of the ANN, the predicted outputs are
compared to experimental data extracted from [11, 15] and the predictions of a thermodynamic model detailed in [11,
15, 18]. From this data a new ANN model was made using 46 sets of data to make comparison between the three
approaches: Experimental, Thermodynamic (Num) modelling and ANN as shown in Figure 4. Regarding the
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entrainment ratio (left side), the ANN predictions of @ follow the trends of the experimental data, although at some points it
shows a greater deviation than the thermodynamic model and especially at lower condenser (ejector outlet) pressures. On
the other hand, there is an overall fairly good agreement between the ANN results and the experimental data regarding the
limiting compression ratio (right side).
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Fig. 4. Comparison between experimental (A), numerical (0) and ANN (0) concerning (o) in left and (P¢) on right.

6. Conclusion

This paper presents a new ANN model to predict the performance of an ejector working with R245fa. Comparisons are
carried out versus experimental and thermodynamic modelling results to validate the predicted ANN. The main conclusions
can be summarized as follows:

o The ANN model proposed shows a strong learning ability and a good generalization performance.
e Compared with the experimental data, the ANN shows very good agreement (relative error of, respectively, 3.63
(%) and 1.52 (%) for » and Pcr), which outperforms the thermodynamic model approach.
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