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Abstract— As a result of projected world energy shortage,
the use of solar energy for environmental control is
receiving much attention in the engineering science
literature. A simulation of the solar li-br VAR system is
carried out that predicts the performance of the system under
given ambient condition. An optimization tool namely
artificial neural networks (ANN) is used to find the
optimized parameter at minimum entropy of the component.
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. INTRODUCTION

The performance co-efficient of a VAR system can be
calculated as a function of temperature entropy generation
minimization(EGM) is a method of thermodynamic
optimization of real systems that owe their thermodynamics
imperfection to eat transfer, fluid flow and mass transfer
irreversibility. The EGM method is also distinct from energy
analysis. The following paper optimization strategies,
artificial neural network and constrains of the system.

Il. SYSTEM DESCRIPTION

A schematic diagram of a solar driven lithium bromide VAR
system is shown in fig. evacuated solar tube collector is used
to supply the heat required to drive the entire system. The
solar energy from the sun is received by the collectors. This
energy is stored in the hot water tank in the form of the
thermal energy of the water. The mass flow rate of the hot
water is controlled and taken to the generator. In the
generator pool type heat exchanger is used to utilize the
energy of the hot water in nucleate boiling of the Li-Br
water solution. The water vapor generated by the boiling
passes through the condenser whereas the strong solution
produced because of the evaporation of the water vapor
returns to the absorber. The heat possessed by the strong
solution is abstracted by the solution heat exchanger by
transferring it to the weak solution entering in the generator.
In condenser the water vapor is condensed with the help of
ambient air.
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Fig. 1: System Description

The condensed water coming out of the condenser passes
through expansion valve followed by the evaporator where
the cooling effect is produced. The low pressure vapor is
then absorbed by the absorbent in the absorber producing
weak solution. The conventional VAR system with capacity
of 10TR is considered.

Total entropy generation in the system can be
obtained by summing up entropy generated in all
component.
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I1l.  ARTIFICIAL NEURAL NETWORKS (ANN)

ANN is originally developed to simulate the function of the
human brain or neural system, resulting in systems that learn
by experience. The use of ANNSs has increased dramatically
in recent years in the field of applied mechanics, logistics,
manufacturing and etc. in order to model complex system
behavior, the human brain consist of large number (approx.
1011) of highly connected neurons those have many
desirable characteristics not present in modern sequential
computers. Some of these characteristics are:

A. Massive Parallelism

B. Distributed Representation And Computation
C. Learning Ability
D. Generalization Ability.

ANN involves processing elements or neurons and
interconnection  weights  between  neurons.  These
interconnection weight determine the nature and the strength
of the connection between neurons. In ANN information
processing occurs at many neurons and signals are passed
between neurons over interconnection links.

Each interconnection link has its associated weight
that multiplies the signals transmitted and each neurons
applied and activation function to determine its output
signal. A single neuron with R element input vector shown
in fig.
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Fig. 2: ANN structure

IV. PREDICTION OF COEFFICIENT OF PERFORMANCE

An absorption system consists of the evaporator, generator,
condenser, absorber, solution pump, solution heat exchanger
and expansion valve. A schematic representation of the
absorption cycle is given in Fig. 3. The energy and mass
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balance equations of the various components of an
absorption system are given in Table 1.

The cooling coefficient of performance (COP) of
the absorption system is defined as the heat load in the
evaporator per unit of heat load in the generator and can be
written as:
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Fig. 3: Schematic representation of the absorption system

System components

mass balance equations

Energy balance equations

Pump
Solution heat exchanger
Solution expansion valve

my=my; X1 = %3

ms=1hg. Xs=Xg

Absorber

Generator

Condenser m;=mg; X;=Xg
Refrigerant expansion valve mg =My . Xz = Xg
Evaporator Mg = My Xg= Xy

My = M3, My = M5, X3~ X3, 4= X5

My - g = Mg, My X = MgXg T MygXqg
M3 = 1My = My, MX3 = MyXy + MhXy

W = mgh, - myhy|
myh; + myhy = mshs + mshs
h_-;: hﬁ
Q4 = mghg+ myghyg- mphy
Q¢ - myhy+ myhy - mshs
Qg = myh; - mghg
hg=h,

Qg =myghyg - mghy

Table 1: The energy and mass balance equations of absorption system components

V. MODELING OF THE THERMODYNAMIC PROPERTIES WITH
ANN

Determination of the thermodynamic properties of fluid
pairs used in the absorption systems is one of the most
difficult problems. Complex empirical expressions for
entropy of Li Br—water solution in the temperature range of
0-190 8C and salt concentration of 0-75%. In order to
develop a formulation procedure for entropy of Li Br—water
solutions using ANNSs, these data were used. The inputs of
the network are temperature and concentration and the
output is entropy of the fluid pairs.

In this study, the back-propagation learning
algorithm is used in a feed-forward, single hidden layer
network. Logistic sigmoid transfer function is used as the
activation function for both the hidden layer and the output
layer. The transfer function used is presented in Equation.
The values of the training and test data were normalized to a
range of 0-1. Levenberg—Marquardt (LM) Back-
Propagation training was repeatedly applied until
satisfactory training is achieved.

]
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Where z is the weighted sum of the input. The
computer program was performed under MATLAB
environment using the neural network toolbox. The data set
for the entropy of Li Br—water solution available included
100% data patterns. From these 70% data patterns were used
for the training of the network and the remaining 30%
patterns were randomly selected and used as test data set.

Fig. 4 shows the architecture of the ANN used for
LiBr-water solution entropy prediction. In this, the

Fiz) =

temperature and concentration are the input data and
Entropy of the solution is the actual output. The
configuration 2-8-1 appeared to be the most optimal
topology for this application.

Entropy

Fig. 4: Architecture of ANN

V1. EXPECTED OUTCOMES

The performance analysis of absorption system operating
with Li Br-water solution. For this purpose the
thermodynamic properties of solution obtained using the
equations derived from ANN models, as shown above, are
used. Also the variation of coefficients of performance
against generator, evaporator and condenser temperatures at
different absorber temperatures for an absorption system
operating with both solutions.

It can also be observed that the coefficient of
performance (COP) of absorption system operating with
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solution increase with generator temperature. Also, the rate
of increase in COP.

VIl. CONCLUSION AND FUTURE WORK

ANN is used as a new approach for the determination of the
thermodynamic properties of LiBr—water solution.The ANN
can apply to determine the entropy valuels of solution. The
R2-values in both cases are about 0.999, which can be
considered as very satisfactory. In this study, in order to
calculate the Entropy values, mathematical formulations
were derived from the ANN model. Therefore, instead of
complex equations and limited experimental data found in
literature, faster and simpler solutions are obtained using
ANNSs. Also the use of the derived equations, which can be
used with any programming language or spreadsheet
program for the estimation of the entropy of the solutions,
may make the use of dedicated ANN software unnecessary.
In addition, performance analysis of absorption systems
operating with Li Br—water solution is carried out. Entropy
value of solution is obtained using simple equations derived
from the ANN models.
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