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ABSTRACT

In this study, thermodynamic properties as enthalpy and entropy of LiBr-H,O
solution were determined with The Artificial Neural Network (ANN) model for
the absorption heat pump and cooling systems. Data used in the model are based
on empirical and experimental data available in the literature. It is not possible to
determine the thermodynamic properties at each point with the experiments
conducted in the limited working span. In the study; in order to determine the
hermodynamic properties of solution in all spans, a formulation was derived by a
very well trained ANN model (R*=1).

Key Words: Artificial Neural Network, Absorption heat pump, Lithium bromide-
water, thermodynamic properties.

LiBr-H,0 ERiYiGININ TERMODINAMIK OZELLIKLERININ BELIRLENMESINDE
YENI BiR MODEL

OZET

Bu ¢alismada, absorbsiyonlu 1s1 pompasi ve sogutma sistemlerinde kullanilan
LiBr-H,O eriyiginin entalpi ve entropi gibi termodinamik 6zellikleri Yapay Sinir
Aglart (YSA) modeliyle belirlenmistir. Bu modelde kullanilan veriler, literatiirde
mevcut olan ampirik ve deneysel veriler yardimiyla elde edilmistir. Sinirli caligma
araliklarinda yapilan deneylerle her noktadaki termodinamik 6zellikleri saptamak
miimkiin degildir. Caligmada; ¢ok iyi egitilmis bir YSA modeliyle (R*<1),
istenilen her aralikta eriyigin termodinamik o&zelliklerinin tespiti i¢in bir
formiilasyon tiiretilmistir.

Anahtar Kelimeler: Yapay Sinir Aglari, Absorbsiyonlu st pompasi, Lityum
bromid-su, termodinamik ozellikler.

1. GIRiS 1. INTRODUCTION

Mekanik buhar sikistirmali sogutma ve iklimlendirme
sistemlerinde kullanilan ¢alisma akigkanlarinin ozon
tabakasina zararli etkileri ve gliniimiizde yasanan enerji
darbogazi nedeniyle alternatif sistemler ve Ozellikle de
absorbsiyonlu sistemler biiyiikk bir 6nem kazanmustir.
Absorbsiyonlu sistemlerde kullanilan akiskan g¢iftlerinin
ozon tabakasini tahrip etmemesi, enerji girdisi olarak
giines enerjisi, atik 1s1, jeotermal enerji gibi kaynaklarin
kullanilabilmesi bu sistemi daha avantajli bir konuma
getirmistir (1,2,3). Bu yiizden, absorbsiyonlu sistemlerde
kullanilacak akigkan ciftlerinin termodinamik
ozelliklerinin tespiti 6nem kazanmaktadir. Absorbsiyonlu
sistemlerde hali hazirda en fazla  LiBr-su eriyigi
kullanilmaktadir. Bu eriyigin istenilen her aralikta
ozelliklerinin bilinmesi, absorbsiyonlu sistem analiz ve
dizayniyla ugrasanlara biylk kolaylik saglayacaktir.
Literatiirde Sun tarafindan LiBr-H,O eriyiginin entropisi
disinda; entalpi, yogunluk, doyma sicakligi ve basincini

Importance because working fluids used in the vapor
compression cooling and air conditioning systems damage
the ozone layer and due to the energy gap of these days,
the importance of absorption systems has increased. Fluid
pairs used in the absorption systems do not deplete the
ozone. Absorption systems can be driven with energy
sources such as solar energy, waste energy, geothermal
energy. For these reasons, absorption systems become
quite attractive (1,2,3). Therefore, determination of the
thermodynamic properties of fluid pairs used in the
absorption systems is very important. LiBr-water solution
is the most widely used in the absorption systems. Detailed
thermodynamic properties of this solution can be useful
for system analysis and designers. Equations which give
enthalpy, density, saturation pressure, saturation
temperature of the LiBr-H,O solution is presented in the
literature by Sun (4). Furthermore, Chua presented
empirical expressions for thermodynamic properties such
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veren bagmtilar verilmistir (4). Ayrica Chua tarafindan
LiBr-H,O eriyiginin entalpi, entropi ve 0Ozgiil 1s1 gibi
termodinamik  Ozelliklerini veren ampirik ifadeler
verilmistir (5). Fakat bu ifadeler olduk¢a kompleks olup
¢Ozlimii uzun zaman almaktadir. Bu amagla bu ¢alismada,
literatiirde belli ¢alisma araliklarinda bulunan veriler
kullanilarak LiBr-H,O eriyiginin termodinamik 6zellikleri
YSA modeliyle belirlenmis ve formiilize edilmistir. Sonug
olarak, YSA modeliyle tiiretilen denklemler yardimiyla
daha hizli ve basit ¢6ziimlere ulasiimstir.

2. YAPAY SINiR AGLARI

Yapay sinir aglari, insan beyni esas alinarak
modellenmis  bir  sistemdir.  Klasik  yontemlerle
¢oziilemeyen problemleri insan beyninin ¢aligma
sistemine benzer yontemlerle ¢ézmeye ¢alisir. Yapay sinir
aglarinin iki tiirlii ¢alisma sekli vardir. Biri egitme
(6grenme) digeri test (kullanma) asamasidir. Bir yapay
sinir agmimn kullanilabilmesi i¢in 6nce egitilmesi gerekir.
Bir YSA’nmn birim elemani nérondur (diigiim). Yapay
sinir aglar1 Sekil 1’den goriildiigii lizere temel olarak girdi,
gizli ve ¢ikt1 katman olmak iizere {i¢ katmandan olugmakta
ve her katmanda bir ¢gok néron (diigiim) bulunmaktadir.

Input layer/ Hidden
Giris katman1 Layer/ Gizli
katman

Figure 1. Artificial neural network arhtitecture
Sekil 1. Ug katmanl bir yapay sinir ag1

Yapay bir sinir hiicresi Sekil 2°de goriilmektedir. Her
yapay sinir hiicresi Sekil 2’den goriildiigii gibi girdiler
(Xy), agirliklar (W,), toplam fonksiyonu (), aktivasyon
fonksiyonu F(Z) ve ¢ikt1 (y) olmak iizere bes ana kisimdan
olusur (6,7).

as enthalpy, entropy and specific heat capacity (5). But,
these expressions are too complex and their solutions
require a considerable amount of time. With this aim, in
this study, ANN model was used for formulation and
determination of the thermodynamic properties of the
LiBr-H,O solution by using data in the literature. As a
result, the faster and simpler solutions were obtained by
helping equations derived with the ANN model.

2. ARTIFICIAL NEURAL NETWORK

ANN is a system that is modeled according to the
human brain. It tries to solve the problems which can’t be
solved with the classical methods, like the operating
system of the human brain. The ANN modeling consists of
two steps: The first step is to train the network; The
second step is to test the network with data, which were
not used for training. The unit element of ANN is neuron
(node). As seen in Figure 1, the artificial neural network
consists of three layers: input layer, hidden layer and
output layer. The ANN elements are connected to each
other with a sequence of layers.

Output
Layer/
Cikis
katmani

Figure 2 illustrates the artificial neural network unit. As
seen in Figure 2, the artificial neural network unit consists
of five parts: input (X,), weights (W,), summation
function (X), activation function F(X) and output (y) (6,7).
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Figure 2. Artificial neural network unit
Sekil 2. Yapay sinir hiicresi

Girdiler, girdi seti veya kendinden Onceki bir
katmandaki baska bir islem elemaninin ¢iktisidir. Burada
X girdi bilgilerini iceren vektdr olmak itizere X'=[X;,
X3,y Xy seklinde ifade edilebilir. Agirliklar, girdi seti
veya kendinden oOnceki bir katmandaki baska bir iglem
elemanmin, bu islem elemani iizerindeki etkisini ifade
eden degerlerdir. Agirlik katsay1 degerlerini iceren vektor
ise WI=[W|, W,,... , W,] ile gosterilebilir. Toplam
fonksiyonu, girdiler ve agirliklarin tamamimin bu iglem
elemanma etkisini  hesaplayan bir fonksiyondur.
Aktivasyon fonksiyonu, toplam fonksiyonun g¢iktisinda
hesaplanan degerin 0 ile 1 veya -1 ile 1 arasinda islem
eleman1 ¢ikti degerine donistiiriildigii fonksiyondur.
Cikt1, aktivasyon fonksiyonunun sonucudur (8).

Hiicreye taginan her bil bilgi, girdi degerleri ve baglanti
agurlik degerlerinin carpilmasiyla elde edilir. Hiicrede
toplanan net bilgi:

The input layer feeds data to the network, therefore it is
not a computing layer since it has no weights and
activation functions. Output layer represents the output
response to a given input. In here, X is input vector which
can be expressed as X'=[X,, X,.., X,]. Vector which
includes weights can be showed with WT=[W,, W,,... ,
W.]. The node receives weighted activation of other nodes
through its coming connections. First, these are added
(summation function). The result is then passed through an
activation function, the outcome being the activation of the
node. For each of the outgoing connections, this activation
value is multiplied with the specific weight and transferred
to the next node (8).

Artificial neuron computes a weighted sum of its input
to generate an output, which can be expressed:

n
NET = Z XiWi =W1X1+W2X2 +....+Wan [1]
i=1

olarak elde edilir. Hiicrede toplanan bilgi bir aktivasyon
fonksiyonundan gegirilerek hiicrenin gergek ¢ikti degeri
olan y degeri, y=f(NET) ifadesi ile elde edilir. Bu
caligmada sigmoid (esik) aktivasyon fonksiyonu segildigi
icin y ¢ikt1 degeri:

1
= —NET [2]

1+e

olarak bulunur.

Miihendislikte ve pek ¢ok alanda en ¢ok kullanilan
O0grenme algoritmasi, geriye yayilma algoritmasidir.
Bunun en biiyiik nedeni, 6grenme kapasitesinin yiiksek ve
algoritmasinin  basit olmasidir. Bu yiizden yapilan
caligmada YSA’y1 egitmek icin geriye yayilma algoritmasi
kullanilmistir.

Geriye yayilmali agda, dncelikle ilk katmana bir girdi
vektorii uygulanir. Daha sonra girdi ve 1. katman
arasindaki agirliklar yardimiyla, 1. katmandaki her birimin
aldig1 toplam girdi belirlenir. Her birim, girdisini lineer
olmayan bir fonksiyondan gegirerek bir sonraki katmana
gonderecegi ¢iktiyr belirler. Bir katmandaki tim
birimlerin durumlari paralel olarak belirlenir. Bu islem,
ciktt katmanindaki birimlerin durumlarn belirleninceye
kadar sirayla tekrar edilir.

Geriye yayilma algoritmasi, ger¢ek ¢ikti y ile istenen

the y=f(NET) expression obtained by this result is passed
through an activation function. In this study, y output
value is defined as follows because sigmoid activation
function was chosen:

The back-propagation algorithm is the most widely used
in engineering. The reason of this is because the back-
propagation algorithm has a high learning capacity and a
simple algorithm. Therefore, in this study, back-
propagation algorithm was used to train ANN.

The training of all patterns of a training data set is called
an epoch. The training set has to be a representative
collection of input-output examples. The back-propagation
training is a gradient descent algorithm. It tries to improve
the performance of the neural network by reducing the
total error by changing the weights along its gradient. The
error is calculated as follows (9):
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cikt1 d arasindaki karesel hatayr minimum yapmak igin
gradyen azalma algoritmasini (gradyen descent algorithm)
kullanir ve hata asagidaki gibi hesaplanir (9) .

1
E=— -
2 %%‘dpk Ypk

Burada; E ortalama karesel hatayr (MSE), d, istenen ¢ikt1
vektoriinli ve yp gergek c¢ikti vektoriinii (ag ¢iktisi)
gosterir. Hatanin sifir veya sifira ¢ok yakin olmasi, agin
cok iyi egitildigini gosterir.

3. YSA MODELI iLE YAPILAN UYGULAMA

Bu c¢aligmada, absorbsiyonlu sogutma ve 1s1 pompasi
sistemlerinde kullanilan LiBr-su akiskan ¢iftinin sicaklik
ve konsantrasyon degerlerine bagli olarak entalpi ve
entropi degerleri, ileri beslemeli YSA modeli yardimiyla
tahmin edilmeye c¢alisitlmigtir. Modelde; sicaklik ve
konsantrasyon girdi degerlerini, entalpi ve entropi ise
tahmin edilmek istenen degeri ifade etmektedir. YSA’y1
egitmek i¢in geriye yayilma algoritmasi ve esik
aktivasyon fonksiyonu (sigmoid) secilmistir. Uygulamada
kullanilacak YSA modeli farkli katman ve néronlar igin
denenmistir. Sonug olarak en iyi tahmini, 1000 iterasyon
sonucu Sekil 3. ve Sekil 4 'de goriilen tek gizli katman ve
sekiz norona sahip olan ag mimarisi saglamigtir.

Temperature/ Sicaklik

Concentration/
Konsantrasyon

Figure 3. ANN model for enthalpy
Sekil 3. Entalpi degerlerini bulmak i¢in kullanilan YSA modeli

\

/

1/2

2
‘ (3]

where E is the mean square error (MSE), d, is the desired
output vector and y is the network output (target). An
error of zero would indicate that all the output patterns

computed by the ANN perfectly match the expected
values, and the network is well trained.

3. APPLICATION OF ANN MODEL

In this study, enthalpy and entropy of the LiBr-water fluid
pair is estimated depending on temperature and
concentration with the help of the ANN model. In the
model, temperature and concentration were chosen as
input. For the output layer, enthalpy and entropy was
chosen. In order to train ANN, the back-propagation
algorithm and sigmoid activation functions were used. The
ANN model was tried for different layer and neurons. As a
result, the best prediction was obtained by architecture
having one hidden layer with eight neurons after 1000
iteration as shown in Figure 3 and Figure 4.

Enthalpy/
Entalpi




Temperature/ Sicaklik

Concentration/
Konsantrasyon

Figure 4. ANN model for entropy
Sekil 4.  Entropi degerlerini bulmak i¢in kullanilan YSA modeli

LiBr-su akigkan ciftlerinin entalpi ve entropi degerleri,
0-190 °C sicakliklai ve %0-75 konsantrasyon
araliklarinda mevcut literatlir ve deneysel verilerden elde
edilmistir (4,5). Fakat LiBr-su eriyiginin her sicaklik ve

konsantrasyondaki  entalpi ve entropi  degerleri
bilinememektedir.  Literatirde = mevcut  verilerden
yararlanarak eksik entalpi ve entropi degerlerinin

belirlenebilmesi amaciyla, YSA modeli kullaniimistir.
Entalpileri tahmin etmek i¢in kullanilan ilk modelde, 288
veri mevcut olup bu verilerden 239'u egitim, geri kalan 49
veri test amaci ile kullanilmistir. Egitim iglemi siirecince
iterasyonla MSE’deki (Mean Square Error) azalma Sekil
5’de goriilmektedir. Burada agmn ne kadar egitildigi
goriilmektedir. Gergek degerler ile YSA metodu
kullanilarak hesaplanmis degerler (simulasyon degerleri)
arasindaki iliski ise Sekil 6'da goriilmekte olup R’=1
olarak bulunmustur.

Training-Elue

A New Model For Determining of Thermodynamic Properties of.../LIBR-H,O Eriyiginin Termodinamik Ozelliklerinin ...

Entropy/
Entalpi

Enthalpy and entropy values of the LiBr-water fluid pair
were obtained from experimental data and available
literature in the span 0-190 °C temperatures and %0-75
concentration (4,5). But, enthalpy and entropy values in
every temperature and concentration of the LiBr-water
solution can not be known. In order to determine absent
enthalpy and entropy values, ANN model was used. In the
first model used to predict enthalpy, 288 data exist. 239 of
this data set were used for training and the other 49 data
used for testing. The decrease in mean square error (MSE),
which wrote as performance with epoch during the
training process, is shown in Figure 5. Here, it is shown
that the network is well trained. Relation between real
values and simulation values obtained with ANN method
is shown in Figure 6 and R?=1 is obtained.

Performance is 1.42217e-005, Goalis 0

10° - -

0 100 200 300

Figure 5. Epoch during the training process of enthalpy values
Sekil 5. Entalpi degerlerinin egitim sonuglari
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Figure 6. The regression curve R? for enthalpy of LiBr-water solution
Sekil 6. LiBr-su eriyiginin entalpisi i¢in gercek degerler ile YSA metodu kullanilarak hesaplanmis degerler arasindaki iliski

Entropileri tahmin etmek i¢in kullanilan ikinci modelde, In the second model used to predict entropy, 288 data
288 veri mevcut olup bu verilerden 232'si egitim, geri exist. 232 of this data set were used for training and the
kalan 56 veri test amaci ile kullanilmustir. Egitim islemi other 56 data were used for testing. The decrease in mean
siirecince iterasyonla MSE’deki (Mean Square Error) square error (MSE), which wrote as performance with
azalma Sekil 7°de goriilmektedir. Gergek degerler ile YSA epoch during the training process, is shown in Figure 7.
metodu kullanilarak hesaplanmis degerler (simulasyon Relation between real values and simulation values
degerleri) arasindaki iligki Sekil 8'de goriilmekte olup obtained with ANN method is shown in Figure 8 and R?*=1
R*=1 olarak bulunmustur. is obtained.

Performance is 4.44564e-006, Goal is 0
10 T T T T T T T
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Figure 7. Epoch during the training process of entropy values
Sekil 7. Entropi degerlerinin egitim sonuglari
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Figure 8. The regression curve R* for entropy of LiBr-water solution
LiBr-su eriyiginin entropisi i¢in ger¢ek degerler ile YSA metodu kullanilarak hesaplanmis degerler arasindaki iligki

Sekil 8.
4. YSA MODELIi SONUCLARI

YSA modelinin yukarida goriildiigii gibi, oldukea iyi
egitim ve test sonuglart vermesi sebebiyle (R’=1) LiBr-su
eriyiginin entalpi ve entropi degerleri, sicaklik ve
konsantrasyona bagli olarak agirliklar ve aktivasyon
fonksiyonlart yardimryla formiilize edilebilir.

Asagida YSA modelinden elde edilen matematiksel
formiilasyonlar verilmistir. Bu formiillerde; E; , agirliklar
ve girdi degerlerinin toplamini, F; ise gizli katmanya ait
her  bir  ndrondaki aktivasyon  fonksiyonunu
gostermektedir. Aktivasyon fonksiyonu, F;
fonksiyonundan goriildiigii gibi log-sigmoid olarak
secilmigstir. Sekil 3’de goriilen modelde; konsantrasyon
(X) ve sicaklik (T) olmak {tizere iki adet girdi, tek gizli
katmanda 8 adet néron ve tek c¢iktr degeri olarak entalpi

0,3 0,5 0,7 0,9
Gergek degerler

4. RESULTS OF ANN MODEL

As a result of the relatively good regression values of
the training and test results (R>=1) of ANN, as shown
above, result weights and activation functions related to
temperature and concentration can be used in order to
calculate enthalpy and entropy of the LiBr-water solution.

Mathematical formulations obtained from the ANN
model were presented. In these formulas; E; and F; values
were obtained so that weight values are substituted in
summations and activation functions in each neuron
belong to a hidden layer. The activation function was
chosen as log-sigmoid as shown from F; function. In the
model shown in Figure 3, concentration (X) and
temperature (T) were chosen as input. For the output layer,
enthalpy was chosen. To calculate enthalpy values, the
following formulations were derived:

degerleri bulunmaktadir. Bu verilere gore entalpi
degerlerini  hesaplamak igin  asagidaki  formiiller
tiiretilmigtir:
E=4.2676X - 1.2627T - 1.4966 [4]
1
F] = — [5]
I+e
E,=-3.1227X + 1.0459T - 0.93206 [6]
1
By=—"0 (7]
1+e
E;=5.6623X - 3.7293T - 2.6641 [8]
1
By=——7p (]
I+e

E,=1.7248X - 0.47757T + 0.6311
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1
F4 =
1+e B4

[11]

Es=12.7082X - 8.7818T + 8.483 [12]

E¢=-0.064516X + 7.2131T + 2.5795 [14]
Fy = [15]
l+e 6
E-=0.026916X - 63.5969T - 1.6957 [16]
F = I_E [17]
1+e 77
Eg=-39.5995X + 37.9497T - 40.4815 [18]
R=— g [19]
Eo=-12.2997F, + 57.3418F, - 3.0813F;+ 111.869F, - 2.4623F 5+
27.0311F¢ - 44.8749F;+ 44.213F¢ - 112.8907 [20]

Bu esitliklerde X, eriyikteki LiBr konsantrasyonunu, T
ise eriyik sicakligini  ifade  etmektedir. [4-20]
esitliklerinden LiBr-su eriyiginin istenilen her araliktaki
entalpisi, sicaklik ve konsantrasyona bagli olarak
asagidaki gibi hesaplanabilir:

Fy = Entalpi = (

Sekil 4’de gorillen modelde; konsantrasyon (X) ve
sicaklik (T) olmak iizere iki adet girdi, tek gizli katmanda
8 adet noron ve tek ¢ikti degeri olarak entropi degerleri
bulunmaktadir. Bu verilere gore entropi degerlerini
hesaplamak i¢in asagidaki formiiller tiiretilmistir:

1+e B9

where X is LiBr concentration in the solution, T is
temperature of the solution. From equations [4-20],
enthalpy of the LiBr-water solution depending on
temperature and concentration can be calculated by:

J.SIO

In the model shown in Figure 4, concentration (X) and
temperature (T) were chosen as input. For the output layer,
entropy was chosen. To calculate entropy values, the
following formulations were derived:

(21]

E=5.1252X - 8.8669T - 20.0589 [22]

F=— [23]
l+e

Ey=-2.6391X + 12.6659T + 7.9354 [24]

Fy—— ! [25]

iR
E;=-6.1627X + 6.5782T - 12.2286 [26]
1

F - 7]
1+e”

E4~=2.0851X - 0.76933T - 0.69577 [28]
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1
F4 =
1+¢ 4

Es=-4.6131X-0.56527T + 12.6079

1

FS = —ES

1+e

E¢=1.1927X + 4.3988T + 1.9183

1
1+e

F() = E6

E=-2.6713X+9.918 + 6.1635

1

F7:
l+e

E7

E¢=1.1663X + 4.099T + 3.0639

1
FS =
1+¢7F8

[29]

(30]

(31]

(32]

[33]

Eq=2.6829F - 417.3895F, + 694.964F; - 5.1552F, - 400.806F s - 473.3985F¢ +

276.4772F;+ 1453.4039F¢ - 435.7258

Bu esitliklerde X, eriyikteki LiBr konsantrasyonunu, T ise
eriyik sicakligini ifade etmektedir. [22-38] esitliklerinden
LiBr-su eriyiginin istenilen her araliktaki entropisi,
sicaklik ve konsantrasyona bagli olarak asagidaki gibi
hesaplanabilir:

Fy = Entropi = (

5. SONUCLAR

Absorbsiyonlu sistemlerde kullanilan akigkan c¢iftlerinin
sistem performanst iizerine olan etkisi, bunlara ait
termodinamik Ozelliklerinin bilinmesini gerekli hale
getirmektedir.  Absorbsiyonlu sistemlerde en fazla
kullanilan akigkan ¢iftlerinden biri olan LiBr-su eriyiginin
termodinamik &zelliklerinin belirlenebilmesi amaciyla,
simdiye kadar pek ¢ok teorik ve deneysel caligma
yapilmustir.

Bu caligmada; yeni bir yaklasim olan YSA modeli
yardimiyla, sicaklik ve konsantrasyon degerlerine bagl
olarak, LiBr-su eriyiginin entalpi ve entropi degerleri
matematiksel olarak formiilize edilmistir. Modelden elde
edilen basit formiillerle, istenilen her sicaklik ve
konsantrasyon araliginda entalpi ve entropi degerleri hizli
bir sekilde basariyla hesaplanabilmektedir. Bu yeni
yaklagim, farkli akigkan ve akigskan ¢iftlerinin
termodinamik O6zelliklerinin belirlenmesinde de oldukga
yararli olacaktir.

1+e 5

where X is the LiBr concentration in the solution, T is the
temperature of solution. From the equations [22-38],
entropy of the LiBr-water solution depending on
temperature and concentration can be calculated by:

]*z.zs [39]

5. CONCLUSIONS

Fluid pairs used in the absorption systems have an
important effect on system performance and therefore
require knowledge of the thermodynamic properties of the
solution. LiBr-water solution has been the most widely
used fluid pairs in the absorption systems. In order to
determine thermodynamic properties of the solution, very
theoretical and experimental studies have been carried out
until now.

In this study, enthalpy and entropy values of the LiBr-
water  solution depending on temperature and
concentration were obtained with the help of the ANN
model and mathematical formulations are presented.
Enthalpy and entropy values can be calculated quickly
with simple equations obtained from the model. A new
approach will be useful to determine the thermodynamic
properties of different fluid and fluid pairs.
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