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Abstract: In this study, a study was carried out on integrating solar assisted systems into
heating systems in a building. For the study, an existing building was modeled with the
DesignBuilder building energy simulation program. The scenarios were created on the model
to determine the number of solar collectors and the capacity of the water tank used in solar
assisted heating systems. The primary energy consumption, global costs and payback periods
of the scenarios created were obtained by parametric analysis. According to the results
obtained, the solution that reduces primary energy consumption the most is SYS20, the
solution that reduces the global cost the most is SYS1 and the optimum solution is SYS7.
Considering the payback periods, SYS1 was determined as the most appropriate solution to be
applied in the study since it was the solution with the minimum payback period. At the end of
the study, it was seen that primary energy savings could be reduced by up to 47% with solar
energy assisted heating system. Thanks to the study, a reference source for the number of solar
collectors and water tank capacity selection in Isparta and provinces with similar climates has
been created.
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Giines enerjisi destekli 1sitma sistemlerinde giines kolektortii ve sicak su deposu kapasitesi secimi
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0z: Bu calismada konutlarda 1sitma sistemlerine giines enerjili destek sistemlerinin entegre
edilmesi ile ilgili bir calisma yapilmistir. Calisma igin mevcut bir bina DesignBuilder bina enerji
simiilasyon programi ile modellenmistir. Model iizerinde 1sitma sistemine entegre edilecek en
uygun gilines kolektoril sayisi ve sicak su deposu kapasitesinin belirlenmesi i¢in senaryolar
olusturulmustur. Olusturulan senaryolarin birincil enerji tiiketimleri, global maliyetleri ve geri
O0deme siireleri parametrik analiz ile elde edilmistir. Elde edilen sonuglara gore birincil enerji
tiiketimini en ¢ok diisiiren ¢éziim SYS20, global maliyeti en ¢ok diisiiren ¢éziim SYS1 ve
optimum ¢6ziim ise SYS7 olmustur. Geri 6deme siireleri goz oniine alindiginda ise SYS1 en kisa
geri 6deme siiresine sahip ¢6ziim oldugu i¢in ¢alismada uygulanabilecek en uygun ¢6ziim
olarak belirlenmigtir. Calisma sonunda 1sitma sistemlerine giines enerjisi destegiyle %47’ye
varan birincil enerji tasarrufu elde edilebilecegi goriilmiistiir. Calisma ile Isparta ve benzeri
iklime sahip illerde giines kolektdrii sayis1 ve su tanki kapasite secimi referans bir kaynak
olusturulmustur.

1. Introduction

building design, some parameters should be considered
to reduce the energy demands of the building [1]. There

Buildings have a large share of the total energy consumption. are two important parameters to reduce energy

The energy consumption in the building is supplied with fossil consumption in buildings: building envelope and
fuels, which consumed in the near future. Therefore, in
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system equipment (heating, cooling, and hot water
supply (DHW) systems) [2-3]. While energy
consumption can be reduced by the appropriate
selection of system equipment used in buildings, it can
also contribute to reducing the total energy
consumption by providing some of the energy demand
in these systems with renewable energy instead of
fossil sources. Within the scope of this knowledge, a
study was carried out on integrating solar assistant
systems into standard heating systems in residential
buildings.

Many studies were carried out on the use of solar
energy system to reduce the energy consumption in
buildings. Lerch et al. (2015) compared a serial and
parallel connection of solar assisted heating system for
a single-family house. In the study, six different systems
were designed: a reference system without a solar
collector and an interconnected system by five different
connection types that had two different collector areas
(14 and 30 m?). It was concluded that the system
performance of the non-solar assisted heating system
increased with the use of solar energy. Moreover, it was
also found that serial connected heating system with
the 14 m2 collector area was the most efficient system
[4]. Mustafaraj et al. (2014) numerically examined the
effect of heating systems with solar assisted on building
energy performance. In the study, it concluded that,
monthly heating energy saving potential changes from
20% to 27% with solar assisted heating system
compared to conventional heating system [5]. Kalfa et
al. (2018) carried out a numerical analysis to reduce the
energy consumption of a building. In the study, solar
assisted heat pump was used for heating, and
compression the primary energy consumption between
conventional heat pump and solar assistant one. As a
result, it was concluded that the solar assisted heating
system consumed approximately 12% less energy than
non-solar assisted [6]. Ge et al. (2022) proposed to
determine the optimal configuration of a solar assisted
natural gas distributed energy system in their study. In
the study, three scenarios were designed with the
different structural solar assisted energy systems. The
results of the study that the solar assisted energy
system has between 2.90% and 7.48% less annual total
cost than the conventional energy system [7]. Jia et al.
(2022) in a study, they integrated the solar energy with
the combined heat and power generation system. In the
study, there were lots of parameters to decrease energy
demands. One of these parameters was the solar to
fossil fuel input ratio of the system. As a result of the
study, the solar assisted system could achieve an annual
fuel saving efficiency average of 50.82 %. Also it was
conducted that as the solar-to-fuel input ratio increased
the fuel savings was as high as 72.60 %, and the energy
savings was as high as 39.72 % [8].

International Journal of Technological Sciences

Li et al. (2023) proposed the concept of air source heat
pump assisted solar energy for a building. The study
was carried out experimentally and numerical to
discover the technical and economic performances of
solar assisted heating system. The results show that the
heat pump assisted solar energy system improves
technical and economic performance in comparison
with non-solar assisted heat pump. Also, it is concluded
that the primary energy saving rate of the solar assisted
system was 66.4 % compared the traditional heat pump
[9]. Yang et al. (2023) reported the numerical
simulations of solar assisted air source heat pump
heating systems that integrate solar collectors for
domestic heating. In the study most important
parameter was the collector size which was changed
from 6 m2 to 18 m2. The other one was the collector type
of concentrated solar collector, flat plate solar collector
and compound parabolic concentrator solar collectors.
As a result of the study, for the same seasonal
performance, the size of the concentrated solar
collector required is 12 m2 whereas the size of the flat
plate solar collector required is 18 m2 for the studied
building. The results also showed the potential to
further reduce the size of the concentrated solar
collector to 9 m? or less. At the end of the study, it was
reached that as the collector size decreased, the
payback time decreased, while the energy consumption
increased. For this reason, it was stated that the
optimum collector size selection was important [10].

In this study, it was examined that changes of the
energy performance with the integrating solar assistant
into the heating systems in residential buildings. A
parametric analysis was carried out to determine the
number of solar collectors and the capacity of the hot
water tank used in solar assisted heating systems. The
novelty of the study is that it is a reference source for
solar collector and water tank capacity selection for
solar assisted heating systems in [sparta and cities with
similar climates.

2. Materials and Methods

An existing detached building was modeled and
simulated by using the building energy simulation
program DesignBuilder. A reference model was
established by defining the building construction,
heating, and hot water system. After the reference
model was established, new alternative system was
developed on these models. The annual primary energy
consumption and global costs of reference and other
systems were obtained and compared. According to the
findings, monthly energy consumption values were
analyzed for a reference and three selected system. In
addition, the payback periods of alternative systems
were also examined. The province of Isparta from the
Mediterranean region was chosen as the study region,

e-ISSN 1309-1220
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Table 1. Climatic data of Isparta
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Avg.Temperature (°C) 1.8 2.9 6.0 10.8 15.5 20.0 23.5 23.2 18.7 13.1 7.6 3.5 12.2
Avg.Max.Temp. (°C) 6.2 7.7 11.6 16.7 21.8 26.5 30.3 30.6 26.4 20.5 13.9 8.1 18.4
Avg.Min.Temp. (°C) 20 -12 09 4.3 86 123 153 151 109 6.7 26 -03 6.1
Avg. Sunshine Duration () 3.8 4.7 5.7 6.8 83 103 112 107 9.4 7.0 5.3 33 865
Max. Temperature (°C) 17.6 22.5 26.8 29.5 33.0 36.2 42.3 41.2 37.1 32.2 25.4 20.0 42.3
Min. Temperature (°C) -19.2 -21.0 -185 -7.7 -1.2 4.3 4.9 7.0 -0.8 -4.2 -11.5 -154 -21.0
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Figure 1. (a) Floor plan, (b) building perspective view

due to the cold winter months and the long sunshine
time (Table 1) [11].

2.1. Building Geometry

An existing, single-storey building was chosen for the
study. Three people live in the building that consists of
seven thermal zones. Total occupancy area is 92 m2. The
perspective view and the floor plan are shown in the
Figure 1.

2.2. Mathematical Model

The primary energy consumption and global cost
calculation of the building was performed for
investigating performance of solar assisted heating
system [12]. General equations for primary energy
consumption and global cost;

(1)
(2)

PEC = Z(Qconsumption X K)
Cg(t) =Cln+ Z
Jj

D (ey@ +cr@) - vr.e()

International Journal of Technological Sciences

The details of these equations were detailed our
previous work [13]. In global cost calculation, market
interest rate (0.1765) and inflation rate (0.1114) were
used by averaging long-term data [14]. The calculation
period was defined as twenty years because of the
system equipment life.

2.3. Numerical Simulation

The equations given in the previous section were solved
simultaneously using the building energy simulation
program. The details of building materials such as walls,
floors, windows, and roofs used in the study are defined
according to the values specified in TS 825 [15]. The
construction information, indoor temperatures,
occupancy profile, etc. information can be seen in the
Table 2 [15, 16, 17]. On the other hand, the cooling is
not covered in this study.

In the existing building, heating is provided by a gas
fired boiler. The radiators are used for the heating
system indoor units. The radiator capacities used for
operation can be seen in the Table 3 [18]. With this
information, the mechanical system of the reference
system was established.

e-ISSN 1309-1220
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Table 2. Building characteristics

Main buildings dimensions

Gross Length (N-S direction) 84 m Gross Floor Area 91.91 m?
Gross Length (W-E direction) 109 m Gross Volume 248.15 m3
Gross Height 2.7 m (1 floors) Gross Roof Area 119.30 m2
Building geometry-residential

Total North East South West
Gross Wall Area (m?) 135.82 36.60 36.30 26.33 43.56
Window Area (m?) 28.98 9.52 5.74 6.41 9
Window-Wall Ratio (%) 21.34 26.23 15.81 24.32 20.66

Weather Data ASHRAE Isparta IWEC

Number of zones 7 Thermal zones

Environmental control

Heating (°C) Heating set back (°C) Cooling (°C) Cooling set back (°C)
Living Room 20 18 - -
Kitchen 20 18 - -
Hall 15 13 - -
Bedroom 1-2 20 18 - -
Bathroom 24 22 - -
Occupancy Profile
Weekdays Unoccupied between 08.00-17.00 Weekend Occupied all time
Construction
Uwall 0.612 W/mZK Ufloor on the ground 1.932 W/mZK
Uceeling (semi-exposed) 2.654 W/mZK Uwindows 2.673 W/mZK
Upartition 1.665 W/m2K Infiltration 0.8 ac/h

Table 3. The radiator capacities by room

Heating Capacity (W)
Kitchen 1798
Hall 1079
Living Room 6473
Bedroom 1 2158
Bedroom 2 1798
Bathroom 1438

The reference system consisted of two loop: the hot
water (HW) loop and the domestic hot water (DHW)
loop. The gas fired condensing boiler was used as the
energy source for HW and DHW loop (Figure 2a). In
addition to the reference system, solar assisted heating
system was added to alternative systems (Figure 2b).
The solar hot water produce system (solar loop) was
installed not only to produce domestic hot water, but
also to support space heating. The solar loop obtained

International Journal of Technological Sciences

its energy from thermal solar collectors. The water
returning from the radiators was firstly taken to the
solar loop system and then to the boiler. If the water
temperature obtained by solar energy was not
sufficient, it was heated up to the desired level with the
boiler.

The mechanical system information such as the boiler
[19], water tank [20] and pump capacity [21] of the
reference and alternative system models are given in
Table 4. The boiler and domestic hot water information
was the same with reference system. But, the extra
water tank, pump and new thermal solar collector was
added for solar loop. The water thank capacity and
thermal solar collector area were variable for all
alternative system. The system code and the variable
properties of alternative systems are given in Table 5.
The collector area changed from 10 to 40 m2 and tank
volume from 200 to 2000 liters.

e-ISSN 1309-1220
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Figure 2. The heating and hot water system scheme for (a) the reference model (b) for the alternative

models

Table 4. Technical specifications of devices used in the reference and alternative systems

Reference

Boiler

Water tank

Pump

Heating: Radiator + Boiler (Gas) ; DHW: Boiler (Gas)

Nominal Capacity
24 kKW

Services

DHW loop
Services
DHW loop
HW loop

Nominal Efficiency

0.89
Tank Volume

0.06 m3

Type

Variable speed
Variable speed

Loop Design Temperature

Loop Design Temperature

Electric Power
7 W (maks.)
70 W (maks.)

Alternative Systems

Boiler

Water tank

Pump

Thermal

Solar Collec.

Nominal Capacity
24 kKW

Services

DHW loop
Solar loop
Services
DHW loop
HW loop
Solar loop

Area

Variable

Nominal Efficiency

0.89

Tank Volume
0.06 m3
Variable

Type

Variable speed
Variable speed
Variable
Efficiency

0.74 (maks)

Design Loop Exit

Temperature Difference
75°C 10C
Design Loop Exit

Temperature Difference
56 °C 50C

Head Water Flow

1 m (maks.) 0.5 m3/h (maks.)

6 m (maks.) 2 m3/h (maks.)
Design Loop Exit

Temperature Difference
75°C 10 °C
Design Loop Exit

Temperature Difference
56 °C 5¢0C
Variable Variable
Head Water Flow

1 m (maks.) 0.5 m3/h (maks.)

6 m (maks.) 2 m3/h (maks.)

1 m (maks.) 0.5 m3/h (maks.)
Slope

Equal to latitude (37°)

Heating: Radiator + Solar Assisted Boiler (Gas+ Solar) ; DHW: Solar Assisted Boiler (Gas+ Solar)
Loop Design Temperature

Loop Design Temperature

Electric Power
7 W (maks.)

70 W (maks.)

7 W (maks.)

International Journal of Technological Sciences
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Table 5. The system code and the variable properties of alternative systems

Area Tank Volume Area Tank Volume
CODE (m?) (m?) CODE (m2) (m?)
SYS1 10 0.2 SYS11 30 0.2
SYS2 10 0.4 SYS12 30 0.4
SYS3 10 0.8 SYS13 30 0.8
SYS4 10 1.0 SYS14 30 1.0
SYS5 10 2.0 SYS15 30 2.0
SYS6 20 0.2 SYS16 40 0.2
SYS7 20 0.4 SYS17 40 0.4
SYS8 20 0.8 SYS18 40 0.8
SYS9 20 1.0 SYS19 40 1.0
SYS10 20 2.0 SYS20 40 2.0

3. Results and Discussion

The building's primary energy consumption and
twenty-year global cost were calculated for the
reference and other systems. The results obtained are
seen in the Figure 3.

For the reference and other systems, the building's
primary energy consumption and global cost were
calculated as the result. On the Figure 3, each point
represents the global cost and primary energy
consumption of a system. The rightmost dot
represented the reference system. The leftmost one was
the SYS20 had the lowest primary energy consumption.
In the bottom dot was SYS1 which had the lowest global
cost. The optimum solution in terms of global cost and
primary energy consumption was SYS7. So, for the
study, if the nZEB building was desired, global cost
could be ignored and SYS20 was appropriate. If the
cost-optimized system was desired, SYS1 with the
lowest global cost could be chosen. The energy
consumption for monthly of Reference, SYS1, SYS7 and
SYS20 are given in the Figure 4.

In the reference system, the energy was not consumed
for heating between May and October, but it was
consumed to produce hot water. In SYS1, energy was
not consumed for heating and hot water during these
months. On the other hand, between January-May and
October-December, energy consumption for heating
and hot water production decreased by approximately

International Journal of Technological Sciences

13% compared to the reference system, thanks to the
solar assisted heating system. This rate became 18% in
SYS7 and %25 in SYS20. These rates were between 20%
and 27% in the study by Mustafaraj et al [5]. When the
primary energy consumption saving rates were
examined; it was 12% in the study of Kalfa et al. [6] and
it reached up to 66.4% in the study of Li et al [9]. In this
study, the rates changed from 35% to 47%. When the
results of the study were compared with the literature,
it was seen that the results were compatible.

In SYS1 and SYS7, the energy was consumed to produce
heating and hot water in October, while in SYS20 solar
energy support was sufficient and energy was not
consumed. Finally, the investment cost, annual cash
flow and payback period of all systems are given in
Table 6.

When the payback periods of all systems were
examined, it was seen that the payback period of SYS10,
SYS15,SYS17,SYS18,SYS19 and SYS20 was higher than
the system lifetime. For other systems it ranged from
7.5 years to 17 years. It was seen that the payback
period of SYS1, which has the lowest global cost, was 7.5
years. Since the building was not intended to be nZEB
and as the payback period was the least solution, it
could be said that SYS1 was the most appropriate
system to be selected at the end of the study.

e-ISSN 1309-1220
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Figure 3. The primary energy consumption and global cost of all systems

Table 6. The investment cost, annual cash flow and payback period of all systems

Reference Investment Cost Annual Cost Annual Cash Flow Payback Period

TL/m2 TL/m2 TL/m2 TL/m2 Year
SYS1 113.62 280.85 76.26 37.36 7.5
SYS2 113.62 332.39 7491 38.72 8.6
SYS3 113.62 421.92 74.08 39.55 10.7
SYS4 113.62 434.40 73.91 39.72 10.9
SYS5 113.62 777.57 73.52 40.11 19.4
SYS6 113.62 450.79 74.85 38.77 11.6
SYS7 113.62 502.33 72.61 41.01 12.2
SYS8 113.62 591.86 70.22 43.40 13.6
SYS9 113.62 604.34 69.65 43.97 13.7
SYS10 113.62 947.51 68.45 45.18 21.0
SYS11 113.62 620.73 74.38 39.24 15.8
SYS12 113.62 672.27 71.99 41.64 16.1
SYS13 113.62 761.80 68.94 44.68 17.0
SYS14 113.62 774.28 68.02 45.61 17.0
SYS15 113.62 1117.45 65.91 47.71 23.4
SYS16 113.62 790.67 74.09 39.54 20.0
SYS17 113.62 842.21 71.62 42.01 20.1
SYs18 113.62 931.73 68.30 45.33 20.6
SYS19 113.62 944.22 67.17 46.45 20.3
SYS20 113.62 1287.39 64.27 49.35 26.1

7
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Figure 4. The energy consumption for monthly of (a) Reference, (b) SYS1, (c) SYS7 and (d) SYS20
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4. Conclusions

This paper reports a numerical study to examine the
effect of solar assisted heating system on the primary
energy consumption of an existing building. The main
conclusions are as follows:

- The solution that reduced primary energy
consumption most was SYS20, but on the other hand
this solution had the highest global cost. SYS1 was the
solution that reduced global cost the most. The
optimum solution in terms of global cost and primary
energy consumption was SYS7.

- The primary energy consumption was reduced from
35% to 47% according to the different solutions. These
rates were found to be consistent with other studies
reviewed in the literature.

- The payback period of SYS10, SYS15, SYS17, SYS18,
SYS19 and SYS20 was higher than the system lifetime.
For other systems, it ranged from 7.5 years to 17 years.

- Since the payback period of this system is 7.5 years,
SYS1 was the most suitable system at the end of the
study.

As aresult, it has been seen that energy consumption in
existing or new buildings can be reduced by changes
that can be made in the heating and domestic hot water
production systems.

Nomenclature
PEC : Primary energy consumption (kWh)

: Energy consumption for heating,
cooling, and electricity needs (kWh)

Qconsump tion

K : Coefficient depending on the source
of the consumed energy

Cg(t) : Global cost (TL/calculation period)

Cln : Investment cost (TL)

Cy(t) : Annual Cost (TL/annual)

Cr(7) : Operation Cost (TL/annual)

VE,t(j) : Componen scrap value (TL).
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0z: Bir gaz yakit olan dogalgazin cevreye duyarh temiz enerji kaynag: olmasindan dolay:
diinyadaki kullanimi giderek artmaktadir. Tiirkiye’de dogalgaz ¢ikarimi noktasinda ¢alismalar
giin gectikce yapilmaktadir. Ancak biiyiik miktarda disa bagimli olarak satin alinmaktadir.
Dogalgaz Tirkiye'de kullanimina bagh olarak stok yapilmak durumundadir. Bu avantajindan
dolay1 tiiketmis oldugumuz dogalgazin yillik tiiketim tahmini de son derece 6nem arz
etmektedir. Ozellikle son yillarda dogalgaz maliyetlerinin artmasiyla birlikte ne kadarlik bir
yilik harcamanin yapilacagl konusunda o6nemli hesaplamalar yapilmasi gerekmektedir.
Giinlimiizde, yonetimsel enerji kullanimlar1 sayesinde enerji maliyetlerinde disiisler
saglanabilmektedir. Bu calismada, Isparta ilinde bulunan 120 m?2 biiyiikliigiinde dogu kuzey
cepheli mantolamasi bulunan 10 yillik bir konut i¢cin dogalgaz yakith kombi sistemi kullanan
bir evde gelistiren bir 6l¢ciim sistemi ile odalarin, dis havanin sicaklik degerleri ve sistemin
yakit miktar1 6l¢iilerek kayit altina alinmistir. Ekim, Kasim, Aralik, Ocak, Subat, Mart aylarina
ait 181 adet veri ele alinmistir. Bu verilerin 141 tanesi egitim, 10 tanesi dogrulama ve 30 tanesi
test icin kullanilmistir. Olusturulan yapay sinir ag1 modeli egitim verileri ile egitilmistir.
Standart bir kis sezonunda oda sicakliklarina ve dis hava sicakligina gore tiiketilen giinliik
dogalgaz miktarlari, yapay sinir ag1 (YSA) modeli yardimiyla egitilmis 0.118 MSE hata ile
dogalgaz yillik tiikketim miktar1 %98 oraninda tahmin edilmistir.
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Abstract: The use of natural gas, which is a gas fuel, is increasing in the world because it is an
environmentally friendly clean energy source In Turkey, natural gas discharge protection is
maintained during the day. However, a large amount of foreign dependency is purchased.
Natural gas has to be stocked depending on its use in Turkey.Due to this advantage, the annual
consumption estimate of the natural gas we consume is also extremely important. Especially
with the increase in natural gas costs in recent years, it is necessary to make important
calculations about how much annual expenditure will be made. Today, energy costs can be
reduced by administrative energy use. In this study, the temperature values of the rooms, the
outside air and the fuel amount of the system were measured and recorded with a
measurement system developed in a house using natural gas fired combi boiler system for a
10-year-old house with an east-north facing sheathing of 120 m2 in the province of Isparta.
181 data for the months of October, November, December, January, February, and March were
collected. 141 of these data were used for training, 10 for validation and 30 for testing. The
created artificial neural network model is trained with training data. In a standard winter
season, daily natural gas amounts consumed according to room temperatures and outside air
temperature, with the help of artificial neural network (ANN) model, the annual natural gas
consumption amount was estimated at 98% with 0.118 MSE error.
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1. Giris

Ekolojik olarak, petrol ve kati yakitlara gore
kiyaslandiginda dogalgaz c¢evre dostu bir enerji
kaynagidir. Yiiksek yanma verimi, atik madde
birakmamasi, ¢evre dostu, kontrol edilebilir bir enerji
kaynag1 olmasindan dolay1 konutlarda, sanayide,
elektrik ftretiminde ve 1sinmada kullanilmaktadir.
Ulkemiz dogalgazin biiyiikk bir kismim1 Rusya,
Azerbaycan ve Iran’dan temin etmektedir. Ayrica
Marmara Ereglisine Libya, Nijerya ve Cezayir'den
gemilerle swilastirlmis dogal gaz (LNG) tedarik
edilmektedir. Ihtiyaca goére basing altinda dogalgaz sivi
ve gaz formlarinda depolanabilmektedir. Yeralti1 kaya
tuzu, su golleri, dogalgaz yataklar1 ve terk edilmis
madenlerde dogalgaz depolanabilmektedir [1]. Ulkemiz
dogalgaz depolama hacmi kiiciik oldugundan yeni
yatirimlarla, depolama kapasitesini artirmaktadir. Disa
bagimlh oldugumuz ve depolama kapasitemizin diisiik
oldugu dogal gaz sektoriinde ileriye doniik planlar
yapilmasi icin arz-talep, iletim-dagitim ve fiyatlandirma
politikalar1 acisindan 6nemlidir. Yapilacak dogalgaz
tiilketim planlama ¢alismalar1 igerisinde en 6nemli
konulardan birisidir. Dogal gaz yillik tiikketim
miktarinin dogru belirlenmesi, yillik bazda dogalgaz
maliyetlerinin diismesine sebep olacaktir. Clinkii bazi
yillar uluslararas1 antlasmalar c¢ercevesinde yiikli
miktarda dogalgaz kapasitesi depolanamamakta ve bu
da maliyetin olduk¢a artmasina sebep olmaktadir.
Tiiketilecek dogalgaz tahmini dogru olursa, yapilanacak
planlama ¢alismalar1 da o maliyet agisindan o kadar
faydali olacaktir.

Aras ve Aras, Eskisehir ili i¢cin aylara gore evlerdeki
1sitma zamanina gore dogal gaz enerji tiikketimini ortaya
koymak icin zaman serisi modelleri olusturulmuslardir.
Dogalgaz fiyati, ortalama sicaklik degerleri, dolar satis
kuru ile tiiketici fiyat endeksi dogal gaz talebini
etkileyen degiskenler olarak ele almislardir. Bunun
disinda tliketicilerin  ekonomik durumlar1 da
konutlardaki dogal gaz talebi lizerinde etkili oldugu
gorilmiustir [2].

Sarak ve Satman, Tiirkiye’de dogal gaz kullanimi yapan
illerde dogal gaz tiikketiminin konutlardaki i1sitma
kullanimi incelemislerdir. Buna gore illerin giinlik
sicaklik degerleri ve niifuslari gére konutlarin hepsinde
1sitma icin dogal gaz kullanilmasi durumunda,
2023'teki dogal gaz tiiketimin 14.92 Gm®e kadar
ulasabilecegi sonucuna ulasmislardir [3].

Ozgomak vd., Erzurum ilinde dogal gaz talebine etki
eden faktorleri belirlemek i¢in 1000 kisiye anket
uygulamis evin niteligi potansiyel dogal gaz talebini
negatif yonde etkilerken, geri kalan degiskenler pozitif
yonde etkiledigi sonucuna ulasmislardir [4].
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Topgu; Ocak 1987 ile Ekim 2011 aylarindaki verileri
mevsimsel duragan olmayan dogrusal stokastik modeli
kullanilarak Tiirkiye dogal gaz ortalama tiketim
miktarinin, 2012 i¢in 46,2 bcm, 2013 i¢in 49,7 bcm ve
2020 y1l1 i¢in 78,2 becm olacagini dngdrmiistiir [5].

Orug ve Celik Eroglu, Isparta ili i¢in Ocak 2010 ile Nisan
2016 aylar arasindaki verileri kullanilarak Mayis 2016
ile Aralik 2017 aylarindaki konutlarda dogal gaz
tiikketim miktarinin tahmininde bulunmusladir. Buna
gore Isparta ili icin dogal gaz tiiketimindeki artisin
mevsimsel olarak artacagi sonucuna ulasmislardir [6].

Eren, niifus verileri kullanilarak 2004 ile 2016 yillar1
arasinda dogal gaz tiiketim miktarini tahmin etmeye
yonelik calismistir. Buna goére dogal gaz tiiketim
miktarinin 2020 yilinda 63.613,39 milyon m3, 2030
yilinda 104.007,61 milyon m3 olacagini tahmin etmistir

[7].

Elde edilen verilere gore dogalgaz tiiketim tahmininde
klasik zaman serileri ve yapay sinir aglar1 (YSA)
kullanilmaktadir. Son yillarda yapay sinir ag1 modelleri
yontemi klasik yontemlere gore tercih edilmektedir.
Yapay sinir aglar1 insan beyninin fonksiyonel
ozelliklerine benzer sekilde; 6grenme, tahmin,
siniflandirma, optimizasyon, iliskilendirme, genelleme,
ozellik belirleme konularinda kullanilmaktadir. Yapay
sinir aglar1 savunma sanayi, otomasyon, kontrol,
haberlesme, iiretim ve tip gibi bir¢ok farkli alanlarda
kullanilabilmektedir [8].

Bu ¢alismada yapay sinir ag1 modelinin tahmin etme
ozelliginden yararlanilmistir. Isparta ilinde yer alan bir
konutta gelistirilen otomasyon sistemi ile oda
sicakliklar1 ve dis hava sicaklik degerleri olciiliip,
glinliik dogalgaz yakit miktari kayit altina alinmistir. Bu
amacla toplanan giinlik veriler, yapay sinir aglari
yontemi kullanilarak tahmini dogalgaz tiiketim
degerleri tahmin edilmeye ¢alisilmis, bu tahmin
degerleri de gercek degerler ile karsilastirilmistir.

2. Materyal ve Metot
2.1. Gaz Yakith Kombi Sistemi

Gaz yakith kombiler, bulundugu bélgenin 1sitmasini ve
ayni zamanda sicak su temininde kullanilmaktadirlar.
7500 ila 30.000 kcal/h arasinda kapasite sahiptirler.
Gaz yakith kombilerle yalitimi iyi yapilmis bir yerlesim
alaninda yaklasitk 300-350 m?'lik bir alam
1sitabilmektedirler.

Gaz yakith kombiler, bacali ve hermetik olmak iizere iki
farkl sekilde tretilirler. Bacali tip kombilerde yakma
havasi kombinin monte edildigi alandan alindig1 i¢in, bu
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biiyiikliikte bir menfez olmalidir. Bacali kombilerin
monte edilecegi alanlarla ilgili olarak minimum alani,
kullanim sekli gibi kisitlamalar vardir.

1

arrna frinden
Sekil 1. Bacali kombi sematik gosterimi [9].

Hermetik kombiler kendi es eksenli baca lizerinde bir
fan yardimiyla ¢ekerek yakma havasini dis ortamdan
alirlar. Ayni sekilde duman gazlarini da dis ortama
verirler. Taze hava menfezine ve bacaya gerek
olmadigindan montaji kolaydir.

yanma sonu iriinlen

ULLLLR LR Lo LU LR R LR L)

N R )

Sekil 2. Hermetik kombi sematik gosterimi [9].

Kombiler bulundugu ortama kolay monte edilebilir,
sessiz ¢alisirlar. Ayrica donma emniyeti, alev sdnmesi
sonrasi gazl kapatma, asir1 1sinma, baca tepmesi gibi
bir¢cok emniyet 6nlemi bulunmaktadir.

Giiniimiizde teknolojik gelismelere ile birlikte oransal
veya kademeli ¢alisan baca gazi, diisiik sicaklik kazani
sinifi kombiler, yogusma teknigi ve yanma kalitesi
kontrollii olarak ¢alismaktadir [10].

2.2. Yapay Sinir Aglari
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Yapay sinir aglar1 (YSA), orijinal olarak insan beyninin
O0grenme siirecini kopyalamak icin tasarlanmis bir
yapay zeka modelidir. Ogrenme, tahmin, siniflandirma,
ozellik belirleme, iliskilendirme, genelleme ve
optimizasyon islemlerini yerine getirebilmektedir [11].
Yapay sinir ag1 modeli ii¢ ana katmandan olusur: girdi
veri katmani, gizli katman veya katmanlar ve gikti
katmani. Yapay sinir agy, harici olarak saglanan verilere
cevap olarak birimler arasindaki baglantilarin giiciinii
veya agirligini ayarlamak i¢in bir kurala sahiptir [12].
1943 yilinda noroloji doktoru Warren McCulloch ve
matematik¢ci Walter Pitts, insan beyninin hesaplama
yapabilme o6zelligini ele alarak, elektrik devreleri
yardimiyla ilk basit bir sinir agini modellemislerdir [13].

Lrrent

Hilere Civodess ‘?,
A
T errread Ak
(@)
Kie,_
. .
Wy . *y
.
(b)

Smaps
(@)

B OO
£ Mmoo ed
o0 e
Sinaprles
(d)

Sekil 3. (a) insan sinir hiicresi (b) Yapay sinir ag1
hiicresi (c) Biyolojik sinir hiicresi sinaps (d) Yapay
sinir ag1 sinapslari [14].

Yapay sinir aglarn biyolojik sinir aglarim1 taklit
ettiginden birbirlerine karsilik gelen kisimlar1 Sekil
1’de gorsel olarak, Cizelge 1'de de 5 temel kisma
ayrilmis sekilde verilmistir [15].
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Cizelge 1. Sinir sistemi elemanlarinin Yapay Sinir Ag1
modelindeki karsiliklari

Sinir Hiuicresi Yapay Sinir Ag1

Néron islemci Eleman

Dentrit Toplama Fonksiyonu

Hiicre Govdesi Aktivasyon Fonksiyonu

Aksonlar Yapay Noron Cikisi
Sinapslar Agirliklar
_ Toplama
Jll —_—W F-'nnk_ui}'(:n.u
x, W, T /_ \ner ¥
X, W, FK —h f (.) -
: ‘T |

b

X

Girdiler Agirliklar Esik

Aktivasvon
Fonksiyom

Sekil 4. Yapay Sinir Ag Modeli.

Sekil 4'de bir yapay sinir ag1 modeli gortilmektedir.
Burada x (x1, x2, ..., xn) girdileri géstermektedir. n tane
veri girisi yapilabilmektedir. Bu girdiler agirliklarla (w1,
w2, ..., wn) carpilir ve bu girdi agirlik carpim verilerinin
hepsi toplanir. Sonra bias (b) eklenir. Toplam
fonksiyonu Esitlik 1 de verildigi gibidir.

net =YL, wix;+b (1)

Veri ciktis1 (y) elde edilebilmesi i¢cin net girdi bir
aktivasyon fonksiyonundan (f) gegirilir (Esitlik 2).

y = f(net) = f(¥iL; wix; + b) (2)

Aktivasyon fonksiyonu yapay sinir ag1 modeli ¢iktisini
belirleyen dogrusal ve ya dogrusal olmayan
fonksiyonlardir. Sigmoid, hiperbolik tanjant, gaussian,
dogrusal fonksiyon ve adim fonksiyonlar1 aktivasyon
fonksiyonu olarak kullanilir. Modelin ¢iktisini
etkileyeceginden dolayr bu fonksiyonun dogru
secilmesi dnemlidir. Bunlardan sigmoid ve hiperbolik
tanjant fonksiyonu en ¢ok kullanilanlaridir. Bir ag
modelinin  ortalama  davramsinin  6grenilmesi
isteniyorsa aktivasyon fonksiyonu olarak sigmoid
fonksiyon tercih edilir [16].

2.3. Yapay Sinir AG Modelleri

Yapay sinir aglarini modelleyebilmek i¢in tek katmanli,
¢ok katmanly, ileri ve geri beslemeli yapay sinir aglari

International Journal of Technological Sciences

olan Perceptron, Adaline, Multiple Layer Perceptron
(MLP ), Lineer Victor Quantization (LVQ), Adaptive
Resonance Theory (ART), Hopfield, Kohonen,
Recurrent vb. cok cesitli ag yapilar1 ve modelleri
kullanilmaktadir [1].

Tek katmanli algilayicilar Sekil 5’de oldugu gibi girdi ve
ciktidan olusmaktadir. Bu modelde ¢ikti fonksiyonu
lineerdir. Cikt1 degeri 1 ise birinci sinifta, -1 ise ikinci
sinifta yer aldig1 kabul edilmektedir [17].

Esik girdisi=1
$
xg M, ¢
Wa TKA

Sekil 5. Tek katmanli ag modeli [17].

Cok katmanl algilayicilar Sekil 6’de oldugu gibi yapisi
itibariyle non-lineer aktivasyon fonksiyonu olan birden
fazla néronun belli bir istiinlik icerisinde baglandig:
yapilardir [18].

Ara

Girdi Katman Cikt

Katmam Katmam

G1. : /i . 1

Esik Esik
Degeri Degeri

Sekil 6. Cok katmanli ag modeli [18].

Ileri beslemeli yapay sinir aglarinda Sekil 7’de ki gibi
noronlar giristen c¢ikisa dogru tek yonli olarak
baghdirlar. Bir katmandan diger bir katmana baglanti
kurarlarken, ayni katman icerisinde baglantilan
bulunmaz. Yapay sinir aginin girisine gelen bilgiler hi¢
bir degisiklige ugramadan gizli katmandaki hiicrelere
iletilir. Daha sonra ¢ikis katmanina aktarilir.
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“-1.___‘_*

0

Ciktr Katmar

Gizli Katman

Girdi Katmam

Sekil 7. ileri beslemeli ag modeli.

Geri beslemeli yapay sinir aglarinda Sekil 8'da oldugu
gibi néronun ¢iktis1 kendinden énceki katmana nérona
ya da kendi katmaninda bulunan herhangi bir nérona
girdi olarak baglanabilir. Boylece, girisler hem ileri
yonde hem de geri yonde aktarilmis olur. Bu yapisi ile
geri beslemeli yapay sinir aglari, non-lineer dinamik bir
davranis gostermektedir [19].
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Sekil 8. Geri beslemeli ag modeli [20].

Bu c¢alismada alinan degerlerin degisken olmasindan
dolay1 ¢ok katmanl ileri beslemeli (Multiple Layer
Perceptron-MLP) yapay sinir ag1 modeli kullanilmistir.

2.4. Veri setinin elde edilmesi

Veri setini elde edebilmek i¢in mikroislemci kontrolli
bir élciim diizenegi gerceklestirilmistir. Olciim sistemi
icin gelistirilen diizenek de; Sekil 9'de gosterildigi gibi
bir alic1 linitesi, Sekil 10’ de oldugu gibi kombi icin akis
miktarini ve bulundugu mutfagin sicaklik degerlerini
algilamak ic¢in bir verici Unitesi, oturma odasi, salon,
¢ocuk odasi, yatak odasi i¢in ayrica dort adet ayr1 verici
linitesinden olugmaktadir. Uniteler arasi haberlesme
nRF24L01 RF kablosuz iletisim modiilii ve Arduino Uno
mikrodenetleyicisi ile gerceklestirilmektedir. Ortam
sicaklig1 ve dis hava sicaklik verileri DHT22 sensorii ile
alinmaktadir. Bu sensér farkli ortamlarda nem ve
sicaklik degerinin oOl¢iilmesini saglar. Uzun siireli
calismalar icin uygun ve giivenlidir. icerisinde 8 bit
mikroislemci bulunur, ayni zamanda yiiksek ol¢iim
dogruluguna da sahiptir. 3.3-5V/DC giig ile ¢alisir. -40
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ile 80 °C araliginda sicaklik 0 ile 100%RH araliginda ise
nem o6l¢iimii yapar. Okuma hizi 2 saniyedir.

>
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Sekil 10. (a) Kombi verici linitesi (b) Odalarda bulunan
verici Unitesi.

Verilerin  gorintiilenebilmesi ve verilerin kayit
edilebilmesi i¢in alic1 iinitesine kablosuz olarak gelen
veriler yazilan bir bilgisayar programi aracilifi ile
yapilabilmektedir. Bu yazilim ile tiim tnitelerden gelen
veriler saatlik, dakikalik, olarak kayit altina
alimabilmektedir. Ayrica ginlik, haftalik ayhk
periyotlar halinde listelenebilmektedir.

Bu calismada veri seti standart 120 m? biiyikligiinde
dogu kuzey cepheli mantolamasi bulunan 10 yillik bir
konut icin veriler alinmistir. Veri seti i¢in olusturulan
bu o6l¢lim diizenegi ve yazilim sayesinde elde edilen
degerlerin giinliik ortalama degerleri kullanilmistir. Bu
ortalama deger icin bir giin i¢in 10 dakika araliklarda
veri alinip kayit altina alinmistir.
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3. Bulgular

Yapay sinir aginin modellenmesi, egitilmesi ve test
edilmesi icin MATLAB programinin Neural Network
uygulamasi kullanilmistir. Yapay sinir ag1 modeli
olusturmak i¢cin agin tipi, egitim icin girdi ve c¢kti
verileri, egitim ve Ogrenme icin algoritmalar,
performans fonksiyonu, giris ¢ikis katman sayisi, varsa
gizli katman sayis1 ve aktivasyon fonksiyonu
belirlenmistir. Bir veri setine goére tahminde
bulunabilmek icin en ¢ok kullanilan yéntem olan ¢ok
katmanli ileri beslemeli geri yayilim algoritmasi ag tipi
olarak sec¢ilmistir. Girdi katmani oturma odasi, salon,
cocuk odasi, yatak odasi, mutfak, dis hava sicaklik
degerleri icerdiginden alt1 hiicreden, ¢ikt1 katmani ise
yakit miktar1 bir hiicreden olusmaktadir. Bu
calismamizda yapay sinir ag1 modeli i¢cin bircok deneme
gerceklestirilmis olup en iyi performansa sahip olan
model secilmistir. Sekil 11'da olusturulan yapay sinir ag
modeli goriilmektedir.

Gizli Katman

t}—l_J @_.

Cilos Katmam
[ ) Crlus

Q—OJ
| 1

Sekil 11. Olusturulan yapay sinir ag1 modeli.

Q—i '

Olusturulan ag modeline gore egitimin
gerceklesebilmesi icin momentum katsayisi, 6§renme
katsayis1 ve c¢evrim sayisi parametreleri belirlenir.
Egitim sonucunda; egitim, dogrulama ve test
kiimelerine iliskin ROC (Receiver  Operating
Characteristic) egrisi regresyon grafigi Sekil 12’de
gosterilmektedir. Bu grafige gore 6grenme 0.96239,
dogrulama 0.9809 ve test 0.9814 degerinde basarili bir
sekilde gerceklestirilmistir.
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Sekil 12. ROC egrisi.

Egitim sonucunda yapay sinir aginin girdi verilerine
gore c¢ikt1 tahmininde bulunabilmesi icin test islemi
gerceklestirilmistir.

Tahmin dogrulugunu 6l¢gmek i¢in Esitlik 3’ de oldugu
gibi basit hata sapma degeri kullanilmistir. Burada (e)
hata, (x) tahmin edilen degerleri ve (x') gerceklesen
degerleri gostermektedir [21].
e=x—xXx 3

Tahmin degerlerinin yiizde hatasi (% p) Esitlik 4’de ki
gibi hesaplanabilir.
p = =x100 (4)
Yapay sinir aglarinda tahmin sonuglarinin tutarhligini
O6lgme icin kullanilan hata o6lgiitlerinden bir tanesi

Esitlik 5'de gosterildigi gibi Ortalama Hata Kareleri
(Mean Squared Error-MSE) yontemidir.

MSE = — f‘ 1(x —x)? = -3, (e)? (5)

Yapay sinir ag1 egitim sonucuna gore test verileri ile
agin yakit miktar1 tahmin degerleri ile dlgiilen gercek
degerleri, olgiilen ve tahmin edilen talep miktarlari
arasindaki sapma miktarlari, yiizde hata miktar1 Tablo
2’de verilmistir. Buna gore ortalama hata kareleri

degeri 0,118 olarak bulunmustur.
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Cizelge 2. Olgiilen gercek akis miktar1 degerleri ile
tahmin edilen degerlerin karsilastirilmasi

Olgiilen Gergek Tahmin Hata Yiizde Hata
Degerler Degerleri (e) (% p)
(Akis m3/giin) (Akis
m3/giin)
6.9 6.8 0.1 1.470588
6.2 5.9 0.3 5.084746
6.5 6.6 -0.1 -1.51515
6.6 6.4 0.2 3.125
6.9 7.3 -0.4 -5.47945
6.1 6.5 -0.4 -6.15385
7.5 7.4 0.1 1.351351
7.0 7.1 -0.1 -1.40845
7.2 7.5 -0.3 -4
7.9 7.9 0 0
7.9 7.4 0.5 6.756757
7.6 7.6 0 0
10.6 10.6 0 0
12.0 12.3 -0.3 -2.43902
11.8 11.3 0.5 4.424779
7.8 7.8 0 0
6.8 5.7 1.1 19.29825
12.5 12.0 0.5 4.166667
8.0 7.8 0.2 2.564103
9.6 9.4 0.2 2.12766
7.2 7.7 -0.5 -6.49351
7.5 7.3 0.2 2.739726
6.9 6.7 0.2 2.985075
7.5 7.1 0.4 5.633803
7.2 7.4 -0.2 -2.7027
6.5 7.0 -0.5 -7.14286
6.3 6.0 0.3 5
5.4 5.6 -0.2 -3.57143
5.2 53 -0.1 -1.88679
5.1 5.3 -0.2 -3.77358

Cizelge 2’de tahmin i¢in ayirdigimiz 30 adet test
verisinin gercek degerleri ile yapay sinir aginin egitim
sonucunda tahmin ettigi veri degerleri grafiksel olarak
gosterilmistir. Bu grafige gore tahmin sonucunun
gercek degerlerine yakin oldugu ve yapay sinir aginin
basarili bir sekilde egitildigi ve sonug¢ verdigi
gorilmektedir.
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4. Tartisma ve Sonug¢

Gelecekte neyin nasil olacaginin 6nceden kestirilmesi
tahmindir. Hemen hemen biitiin y6énetimsel kararlar
ileriye yonelik tahminlere dayanmaktadir. Dolayisiyla
bu ¢alismada yapay sinir ag1 kullanilarak gaz yakith
kombi kullanan bir ev 1sitma modelinin sicaklik
degerlerine gore Ekim, Kasim, Aralik, Ocak, Subat, Mart
aylarinda bir kis sezonu boyunca giinlik dogal gaz
tiiketim miktar1 tahmin edilmistir. Dogal gaz tiiketim
miktar1 tahmininin bagsarili bir sekilde gerceklesip
gerceklesmedigini 6l¢ebilmek icin 6l¢iim alinan veriler
ile  yapay sinir agmin  tahmin  sonuglari
karsilastirlmistir. Yapay sinir ag1 modeli aralarinda
lineer iliski bulunmayan bir¢cok degiskene bagh
problemin ¢6ziimiinde olumlu sonuglar vermektedir.

Yapay sinir ag1 icin gelistirilen 6l¢iim diizenegi
sayesinde gunlik ortalama sicaklik degerleri ve o giline
ait tiiketilen yakit miktar1 elde edilmistir. Buna gore
oturma odasy, salon, ¢ocuk odasi, mutfak, yatak odasi ve
dis hava sicaklik degerlerinin giinliik ortalama degerleri
giris olarak, tiiketilen dogalgaz akis miktari ¢ikis olarak
alinmistir. Bir kis sezonu boyunca 6 aylik (Ekim, Kasim,
Aralik, Ocak, Subat, Mart) siiredeki 181 adet veri ele
alinmistir. Bu verilerin 141 tanesi egitim, 10 tanesi
dogrulama ve 30 tanesi test icin kullanilmistir.
Olusturulan yapay sinir ag1 modeli egitim verileri ile
egitilmistir. Egitilen agda test verileri ile tahmini
degerler 0.118 MSE hata ile bulunmustur. Bir kis
sezonunda oda sicakliklarina ve dis hava sicakligina
gore tiketilen glinliik dogalgaz miktarlari, yapay sinir
ag1 modeli yardimi ile %98 oraninda tahmin edilmistir.
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Abstract: Microwave drying stands out because it is faster than traditional drying methods,
drying in the product is more uniform and energy efficiency. In this study, fuzzy modeling of a
microwave dryer was developed. Microwave dryer is considered as a non-linear dryer. The
proposed fuzzy model is used to estimate the drying rate for different electrical powers and
different drying times. Different experimental measurements were used to evaluate the
reliability of this model. Compared to other modeling techniques, thanks to simulation, the
fuzzy model of the dryer provides an immediate estimation of the drying rate. This study will
provide drying rates under demanded conditions and help determining machine parameters
for a given product providing time and energy saving.The behavior predicted by the fuzzy
model confirms the suitability of the defined model.
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0z: Mikrodalga kurutma, geleneksel kurutma yontemlerine gére daha cabuk olmasi, iiriin
icinde kurumanin daha diizgiin olmas1 ve enerji verimliligi sebebiyle 6ne ¢ikmaktadir. Bu
calismada, bir mikrodalga kurutucunun bulanik modellemesi gelistirilmistir. Mikrodalga
kurutucu dogrusal olmayan bir kurutucu olarak kabul edilmistir. Onerilen bulanik model, farkl
elektriksel giiclerde ve farkli kuruma siireleri icin kurutma hizinin tahmin edilmesi icin
kullanilmistir. Farkli deneysel Olgiimler bu modelin giivenilirligini degerlendirmek icin
kullanilmistir. Diger modelleme teknikleri ile karsilastirildiginda simiilasyon sayesinde,
kurutucunun bulanik modeli, kurutma hizinin aninda tahmin edilmesini saglar. Bu ¢alisma,
belirli bir iriin icin zaman ve enerji tasarrufu saglayan makine parametrelerinin
belirlenmesine yardimci olacaktir.Bulanik model ile tahmin edilen davranis, tanimlanan
modelin uygunlugunu dogrular niteliktedir.

1. Introduction

wavelengths and frequencies within the
electromagnetic spectrum. Microwaves are one of the

Microwave energy is widely used as a heat source due
to its ability to heat products quickly. Microwave drying
stands out because it is faster than traditional drying
methods, drying in the product is more uniform, and
energy efficiency [1].

Microwaves are electromagnetic waves that lie
between radio waves and infrared rays in terms of

* {lgili yazar/Corresponding author: feyzaakarslan@sdu.edu.tr

types of electromagnetic energy with wavelengths
ranging from 1 mm to 1 m in the electromagnetic
spectrum, with frequencies between 300 Mhz and 300
GHz, and which can be used for drying with radiation.
Waves with a frequency of 2450 MHz are used in
microwave ovens for drying. Microwaves dryer works
with the logic of converting electromagnetic energy into
thermal energy by penetrating polar molecules in the
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product. In this way, while maintaining the quality of

the product, low cost and energy values are obtained [2].

Microwave drying systems can be operated at desired
powers using control units. They pollute their
environment to a minimum. Microwave systems
operate faster and are more energy efficient than
traditional methods. The obtained product quality is
high and they can be operated in combination with
other systems.

Microwave is an electromagnetic energy that is formed
as a result of the intersection of vertical electrical and
magnetic fields. Polar molecules in the material to be
exposed to microwaves are normally arranged
randomly in the material, but when they are exposed to
electricity, they change their positions and line up in
parallel. The constantly changing sinusoidal motion of
the microwave causes the molecules to change their
positions continuously. The energy generated as a
result of this movement causes these materials to heat
up. Another mechanism that causes heating, but not as
effective as dipolar rotation, is ionic polarization. In this
mechanism, the ions carrying the electric charge
accelerate when they are exposed to the electric field.
The kinetic energy received by the electric field is
converted into heat when they collide with other ions,
causing the material to heat up frequency and
wavelength vary inversely [3]. As the wavelength
increases, the penetration ability of the microwave
increases, but in this case, the energy of the wave
decreases. The energy of the microwave is inversely
proportional to its penetration ability.

Microwave drying; Although it produces heat both
inside and on the surface, other drying methods apply
heat only to the surface. In a study conducted to
determine the energy consumption of drying methods
[4], the energy consumption of hot air drying, infrared
drying, microwave drying and vacuum drying methods
has been examined. In addition to these drying methods,
another experiment was conducted in which
microwave drying method was used as a pre-drying
method before the hot air drying method. According to
the results of the drying studies, it was seen that the
highest energy consumption was obtained in the
vacuum drying method, and the lowest energy
consumption was obtained in the microwave drying
method. It has been determined that the drying time
and energy consumption in the drying studies in which
microwave drying is applied as pre-drying are less than
the drying time and energy consumption of the drying
studies using only hot air. It is observed that the drying
time and total energy consumption decrease with the
increase in the temperature used in vacuum drying
studies. It has been determined that the increase in air
speed used in infrared drying studies increases energy
consumption. As a result, considering the energy
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consumption, it was determined that the best drying
method was the hot air drying method with microwave
pre-drying.

The nonlinear system is linearized into different
operating points. Then, linear models corresponding to
every operating point are established. The fuzzy model
is described by a family of fuzzy IF-THEN rules where
each one represents a linear input-output relation of
the system. The global fuzzy model of the studied dryer
was achieved by smoothly blending these linear models
together through the fuzzy membership functions in
order to give the overall nonlinear behavior of the dryer
[5-6].

Fuzzy logic control is used to increase the energy
efficiency of the washing machine and the cleaning
behavior of the washing process. Matlab software was
used for simulation. The mass of the material and the
pollution level were selected as the input variables, and
the engine speed was chosen as the output variable for
washing the material. The material and pollution level
increased the speed of the engine [7-8]. In a study, the
treatment of wastewater obtained from the cotton
textile industry was carried out by electrocoagulation
(EC) method. Simultaneous control of temperature,
conductivity and pH was made using fuzzy control
method to increase the efficiency of the treatment.
MATLAB/Simulink program was used in control
experiments. As a result, it has been revealed that the
EC process is an effective method in the treatment of
textile industry wastewater and the efficiency increases
with the fuzzy control method [9]. There are not many
studies on microwave drying in the textile field. This
situation reveals the originality of this study. In one
study, the usability of microwave energy in the fixation
of reactive prints was investigated. It has been found
that fixation with microwave energy is possible [10].

Microwaves can instantaneously heat any materials
that respond to microwave radiation based on rapid
polarization and depolarization of charged groups[11-
12]. Due to the deep penetration and relatively rapid
and uniform heat distribution, mainly in the wet part of
the exposed product, microwave radiation, which has
lower energy consumption, accelerates the drying
process [13-14].

Recently, modern methods and technologies have
found application in the textile industry [15-18]. Expert
systems are among the leading techniques [19-21].
With fuzzy logic, which is the basis of expert systems,
machines are given the ability to work with the help of
mathematical modeling created depending on each rule
created by processing people's experiences and data
[22-24]. Therefore, its main use is in system control
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[25-29]. With these systems, energy consumption is
reduced without sacrificing product quality [30].

In this study, fuzzy modeling of a microwave dryer was
developed. This method has never been explored for
microwave dryers. Microwave dryer is considered as a
non-linear dryer. When the studies in the literature
were examined, no study was found in which artificial
intelligence method was used in the drying process of
cotton woven fabrics in microwave dryers. The
proposed fuzzy model is used to estimate the drying
rate for different electrical powers and different drying
times. Different experimental measurements were used
to evaluate the reliability of this model. Compared to
other modeling techniques, thanks to simulation, the
fuzzy model of the dryer provides an immediate
estimation of the drying rate. The behavior predicted by
the fuzzy model confirms the suitability of the defined
model.

2. Material and Method
Fabric products with dimensions of 20 x 20 cm were
used as material in the drying process. The properties

of 100% cotton woven fabrics used in the scope of the
study are given in Table 1.

Table 1. Properties of cotton fabric

Fabric Density | Yarn Weight | Weaving

properties count | (g/m2) | type
(Nm)

Weft 13 20 230 D1/3S

Warp 20 34

In the experimental studies, a domestic digital

microwave oven (Argelik MD 595) was used as a
microwave dryer. The technical specifications of the
microwave oven are 50 Hz, 230 V and 2650 W. Five
different microwave power outlets were used to dry the
fabric samples and three repetitions were performed at
each of these power outlets.

Fabric samples were first kept in laboratory conditions
for 24 hours (65% humidity, 20+22C) for conditioning.
The conditioned fabric samples were weighed with a
precision balance of 1/1000 sensitivity at ambient
humidity (49-50%) measured with a hygrometer, and
their weight in ambient humidity was determined. After
that, the samples were wetted with distilled water so
that the entire surface was moistened equally, and the
water was rendered non-drip (pre-drying) and weighed
again to determine their total moist weight. Meanwhile,
the dryer was brought to the temperature conditions
predicted for the experiment and set to the desired
regime.
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2.1.Fuzzy Logic

Almost all of the events that human beings encounter in
the World is complex. This complexity generally arises
from uncertainty, certainty, or inability to make a
decision. People have the ability to operate with
approximate and uncertain data and information. The
concept of fuzzy logic is a logic system that overlaps
with people's ability to think in imprecise terms. In
other words, fuzzy logic compares the sharp world
consisting of binary variables such as cold-hot, fast-
slow, high-low to the real world with flexible qualifiers
such as less cold-less hot, less fast-little slow, less high-
little low.

2.2 Membership Functions and Fuzzification

A membership function is created for each selected
fuzzy set. The membership function is a typical curve
that translates the numeric value of the input in the
range 0 to 1. This step is "blurring". Membership
function can take various forms such as triangle,
trapezoid and Gaussian. The triangle membership
function is the simplest.

2.3. Fuzzy Rules

Fuzzy rules provide quantitative reasoning that relates
input variables to output variables. A fuzzy rule base
consists of a set of fuzzy if-then rules. For example, in
the case of a three-input and single-output fuzzy system,
the rule can be written as follows.

If A is low and B is medium then C is high

where A, B and C are variables representing two inputs
and one output; low, medium and high are the fuzzy sets
of A, B and C, respectively.

2.4. Defuzzification

The output of each rule is a fuzzy set. Output fuzzy sets
are aggregated into a single fuzzy set. Finally, the
resulting set is resolved by 'blurring’ to a single exact
number. There are various defuzzification methods
such as center, center of gravity, average of maximums.

3. Findings

The fuzzy logic tables created in this study were
described using the MATLAB program, and the
resulting data were examined. With the fuzzy logic
module of the MATLAB program, the Mamdani model
with two inputs and one output has been established. In
this model, the method of obtaining the results with the
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center of gravity method is based. The fuzzy logic
method used in solving the problem is given in Figure 1.

Mamdani

Dyring Rate
Dying Time

Figure 1. Structure of microwave dryer fuzzy system

Input P(W) to the first of the membership function sets.
As seen in Figure 2 below, the values are processed into
the fuzzy logic module of the MATLAB program.

200 300 400 500 600 700 800 900

input variable 'P (W)’

Figure 2. Membership functions of the first input set,
P(W).

The second of the Input Membership function sets is
drying time. As seen in Figure 3 below, the values are
processed into the fuzzy logic module of the MATLAB
program.

] 1 2 3 4 5 6 7 8 9 10
input variable 'Drying Time (minute)'

Figure 3. Drying time membership functions, which is
the second set of inputs

Output the drying rate is given as a set of membership
functions in Figure 4, the values are processed into the
MATLAB program fuzzy logic module. Fuzzy rules,
which are the heart of the fuzzy expert system,
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determine the input-output relationship of the model.
90 self-explanatory fuzzy rules are prepared in matrix
form.

[

0 01 02 03 04 05 06 07 08 091
output variable "Drying Rate (kg/min.)

Figure 4. Drying rate membership functions with
output set.

Fuzzy rules, which are the heart of the fuzzy expert
system, determine the input-output relationship of the
model. 90 self-explanatory fuzzy rules are prepared in
matrix form. The rule table created between the input
and output function sets is given in figure 5.
Membership functions are entered in the MATLAB
fuzzy logic editor. The values of the membership
function are also entered in the rule editor. During the
creation of the results, the centroid method was chosen
as the blurring.

PW) Dyring Time Drying Rate

=1 ||._ I

Figure 5. Rule table
In the study, the trimf method was chosen as the

membership function type used in the input and output
sets. Thus, the geometric shape, the triangle shape, was
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obtained. In this way, approximate values are obtained
within the framework of fuzzy logic rules. A total of
ninety fuzzy rules were created and used for the output
graphs.

After the membership functions are entered in the
MATLAB fuzzy logic editor, the values of the
membership function are also entered in the rule editor.
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After the rule entries were completed, the results were
monitored with the rule viewer. During the creation of
the results, the center of gravity method was chosen as
the defuzzyfication. After processing all the data, the
system was described with the MATLAB program.
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Figure 6. The result function obtained with the MATLAB program
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Figure 7. Drying rate- electrical power Graph

As seen in the figure 6, while low electrical power
performed faster drying, drying time is longer when
electrical power decreases. In the graphic, all
intermediate value variaitons are also seen.

As seen in the Figure 7, drying rate is directly related to
the electrical power. While the electrical power is at
200 W, the drying speed is 0.5 kg/min, while it does not
change much up to 400 W, it quickly drops to 0.3
kg/min after 500 W. At 700 W, it drops to 0.1 kg/min.

In this study using fuzzy logic, while drying rates
increases. electrical power and drying time decreases,
Also loading electrical increase is found to correlate
with decline in drying rate.

This study will provide drying runs under demanded
conditions and help determining machine parameters
for a given product providing time and energy saving.
Thus, observation of behaviours to a given product
would serve developing better approaches in product
optimization. In this study, all intermediate value
variations are also seen.

4. Results and Discussion

In this study, fuzzy logic is applied on microwave dryer
system. This method has never been explored for
microwave dryers. For the analysis, electrical power
and drying time are evaluated as input parameters,
whereas moisture variation depend on drying time
(drying rates) is being the output parameters.
Microwave dryer is considered as a non-linear dryer.
When the studies in the literature were examined, no
study was found in which artificial intelligence method
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was used in the drying process of cotton woven fabrics
in microwave dryers.

In fuzzy logic analysis, Mamdani expression system is
used and the center of gravity method is applied during
defuzzyfication. Experimental data in such an analysis,
can be processed in a wanted convergence and easily
inserted into rule base. Ninety rules were created by
using experimental data and the effect of input
parameters (electric power and drying time) on output
parameter (drying speed) was investigated. While low
electrical power performed faster drying, drying time is
longer when electrical power decreases. Drying rate is
directly related to the electrical power. While the
electrical power is at 200 W, the drying speed is 0.5
kg/min, while it does not change much up to 400 W, it
quickly drops to 0.3 kg/min after 500 W. At 700 W, it
drops to 0.1 kg/min. Accordingly, reduction of moisture
with the increase of electrical power and drying time
were detected.

In this study using fuzzy logic, while drying rates
increases. electrical power and drying time decreases,
Also electrical power increase is found to correlate with
decline in drying rate. This study will provide drying
rates under demanded conditions and help determining
machine parameters for a given product providing time
and energy saving. Thus, observation of behaviours to a
given product would serve developing better
approaches in product optimization. Obtained fuzzy
logic results and experimental data were found to be
very close in comparison. The obtained results would
be used as reterence data in future studies. In future
studies, neural network or neuro fuzzy system
applications can be studied on different fabric types
with different dryers.
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Tarihi Yapilar modelleme teknikleri ve analiz yontemlerine deginilmistir. Antalya’nin Korkuteli ilcesinde

Statik Analiz bulunan ve tarihi 1319 yilina dayanan Sinaneddin Medresesi modellenmis ardindan yapinin

Sonlu Elemanlar Modeli olasi bir deprem esnasinda gosterecegi davranisinin tahmini olarak saptanmasi i¢in analizler

Deprem Etkisi yapilmistir. Yapilan modellemede deprem kaynakl kuvvetli yer hareketi i¢in de s6z konusu

Yigma Yap1 yapinin bulundugu alan i¢in Kocaeli depreminin sismik kayitlar1 kullanilmistir. Calismanin
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Abstract: In this study, in the light of the information given about historical masonry
structures, modeling techniques and analysis methods of these structures are mentioned. The
Sinaneddin Madrasa, which is located in the Korkuteli district of Antalya and dates back to
1319, was modeled, and then analyzes were made to predict the behavior of the building
during any disaster. In the modeling, seismic records that match the ground structure of the
area where the said structure is located were used for strong ground motions caused by

earthquakes. After the models and analyzes made at the conclusion of the study, the structural
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behavior of the historical building under the influence of earthquakes was interpreted and
various evaluations were made.

1. Giris

Aktif olarak devam etmekte olan fay hatlar1 hareketleri
sonrasi olusan kuvvetli depremler tiim diinyada etkisini
gostermektedir. Cogu zaman yikici sonuclar doguran
deprem, ulusal ekonomiler ve Kkiltiirel miraslar
iizerinde agir kayiplara yol agmaktadir. Afet ve Acil
Durum Yo6netimi Baskanlig istatistikleri incelendiginde
fay hatti1 hareketi aktif sekilde devam eden tilkemizde
de bu afetin oldukga etkili oldugu asikardir. Ancak sunu
rahatlikla belirtebiliriz ki iilkemiz diger tilkelere kiyasla

* {Igili yazar/Corresponding author: myirban@outlook.com

genellikle yikiciligi ¢ok daha az olan depremlerle
karsilasmaktadir. Bu durum her ne kadar avantaj gibi
goriinse de dezavantajlarinin yasandigr goéz ardi
edilemez. Zira yikiciligl az olan depremler sebebiyle
sismik arastirmalar yapan ve ¢6ziim iireten bilim
adamlarimiz yiksek siddetli depremler i¢in nasil
onlemler alinacagini, yapilarda hangi malzemeler
kullanilacagin1 ve bu o6nlemlerin en disiik maliyetle
nasil sonuglandirilacagr hakkinda bilgi sahibi olmakta
eksik kalmaktadirlar.


https://orcid.org/0000-0001-8032-7334
https://orcid.org/0000-0001-7660-9849

Mustafa irban YILMAZ, Mehmet FENKLI, Korkuteli Sinaneddin Medresesi’nin Deprem Etkisi Altinda Yapisal Davranisinin Degerlendirilmesi

Herhangi bir yapinin olasi bir depremde risk arz edip
etmedigini anlamak i¢in bir takim arastirma ve
hesaplama yapmak gerekmektedir. Ayrica incelenecek
yapinin tarihi gec¢misi hakkinda da incelemelerde
bulunmak dogru sonuglara ulasmak agisindan énem arz
etmektedir. Yapilan bu genel incelemeler altinda tarihi
yapilarin hangi malzemelerden yapildigi, bulundugu
yerin bolgesel 6zellikleri, yapinin ge¢misteki onarimlari
arastirilmalidir. Yapi hakkinda yapilacak arastirma ve
incelemeler ardindan giivenilirligi yiiksek olan sonlu
elamanlar prensibine gore li¢ boyutlu modelleme
yapilir. Modelleme sonrasinda yapisal o6zellikler
programa tanimlanir. Tanimlama sonrasi yapilacak
statik ve dinamik analizler sonucunda hasar gorme ve
¢okme olasilig1 olan bolgeler bu sonuglar 1s18inda
yorumlanir.

Bulundugumuz cografi konum sebebiyle iilkemiz y1gma
yapilarin siklikla goriildigi yerlerden biridir. Yigma
yapilar, deformasyon o6zelligi az, enerji soniimlemesi
disiik, tasiyici sistemi duvarlardan olusmus ve beseri
faaliyetlerin siklikla yer aldig1 yani insan emegi olmasi
sebebiyle hatalara siklikla yer verilen yapilardir.
Buradan da anlasilacag: iizere hatasi ¢ok, malzemesi
dayaniksiz ve saglamlig1 diisiik olan yigma yapilarin
olasi bir depremde en ¢ok zarari alacak yapilarin
basinda geldigi asikardir. Hal boyle olunca
cografyamizda siklikla goriilen ve gelecek nesillere
miras kalacak yigma yapilarin olasi yikici depremler
esnasinda en az hasar almasi, kalici olmasi ve iilke
ekonomisine en uygun sekilde gii¢clendirilmesi olduk¢a
onemlidir.

Bu calismada, Antalya’'nin Korkuteli ilcesinde bulunan
ve gilinliimiiziin en eski yigma yapilarindan biri olan
Sinaneddin Medresesi, sonlu elemanlar metodu
kullanilarak SAP2000 programu ile analiz edilmis ve
yapiin deprem etkisi altindaki yapisal davranisinin
degerlendirmesi yapimistir. Giiniimiizde
mevcudiyetini koruyan tarihi yigma yapilarin deprem
etkisi altinda davranislarinin degerlendirilmesiyle
ornek teskil edecek cikarimlarda bulunulmustur.

2. Kaynak arastirmasi

Ulkemizde ve diinyada var olan tarihi yapilar ele alarak
arastirmalarda bulunulmustur. Hazirlanan yiksek
lisans tez ¢alismasinda her tiirli teknikten ve detaydan
bahsedilmis, bu tiir tarihi yigma yapilarin korunmasi
icin gerekli yontemlerden bahsedilmistir. Sonlu
elemanlar metodu ile bilgisayar ortaminda modellenip
analiz yaptirildiktan sonra gerekli karsilastirmalar
1518inda  gozlemlenen yapi elemanlarinin basinca
calistig1 kanitlanmistir. [1]

Isparta’ya 105 km uzaklikta olan Yalvac ilgesinde 19.
Yiizyillda Osmanli dénemine ait Carsi veya Hamidiye
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Camii olarak anilan yapinin deprem etkisi altinda
davranisi degerlendirilmistir. Hazirlanan yiiksek lisans
tez calismasinda analizler sonucunda yer degistirme,
kiitle katilim orani, yapida olusan gerilmeler tespit
edilerek sonuglar1 sunulup yapida herhangi bir
tehlikenin olmadig1 saptanmistir. [2]

Amasya Tashan ornek alinarak tarihi yapilar hakkinda
yapilan ¢alismalar degerlendirilmistir. Yap1 hakkinda
detayh bilgiler verildikten sonra bilgisayar ortaminda
sonlu elamanlar metodu ile deprem etkisi altinda
senaryolar uygulanarak yapiya uygun olan giiclendirme
teknikleri belirlenmis ve bu teknikleri uygularken bu
konuda deneyimli kisiler tarafindan uygulanmasi
vurgulanmistir.[3]

Yiiksek lisans tez ¢alismasinda Osmanlinin bags mimari
Mimar Sinan tarafindan 1550-1557 yillar1 arasinda insa
edilen Silleymaniye Camini ele alarak bilgisayar
ortaminda sonlu elemanlar metoduyla makro
modelleme teknigine uygun olarak kayith depremler
etkisi altinda davranisi degerlendirilmistir. [4]

1889 da insa edilen tarihi Konya Gazi Lisesi'nin mevcut
durumu gozlemlenip kat planlar1 ¢ikarildiktan sonra
ETABS programi ile modellenmis ve 2007 deprem
yonetmeligindeki sartlara uygun olarak deprem etkisi
altinda  yapisal davranisi degerlendirilmistir.
Hazirlanan tez calismasinda deprem aninda en ¢ok
glcliik ceken bolgelerin, kapt kenarlar1 ve pencere
bosluklart oldugu saptanip, goézlemler sonucunda
catlaklarin onarilmasi hakkinda tavsiyeler
verilmistir.[5]

Hazirlanan calismada 1529 yilinda insa edilen Trabzon
Iskender Pasa Camisi’nin onarimi sonrasindaki dinamik
karakteristikleri ~deneysel olarak belirlenmistir.
Dinamik karakteristikleri elde edilmesinde modal
analiz metodu kullanilmistir.[6]

3. Materyal ve yontem

Bu ¢alisma kapsaminda, aktif fay hatlar1 sonucu olusan
depremlerde y1gma yapilarin; genel durumunu, mevcut
konumunu ve zemin 6zelliklerini dikkate alarak genel
bir arastirma yapilmistir. Sonlu elemanlar metodu
yardimiyla SAP2000 programi lizerinde
modellenmistir. TBDY 2018 ‘e gore deprem yiikleri
hesaplanmis ve programa tanimlanmistir. TS-498’den
dosemelerde kullanilacak olan diisey yiik degerleri
belirlenmistir.  Hazirlanan  ¢alismada  Korkuteli
Sinaneddin Medresesi incelenerek analiz edilmistir.
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3.1. Tarihi y1gma yapilarda kullanilan malzemeler

Tarihte siklikla ve neredeyse her cografyada
karsilasilan y1gma yapilar dogal hayatin sonucu olarak
bulunduklar1 dénem ve mevcut imkanlardan
etkilenmislerdir. Oyle ki dénemin kiiltiirel yapisina,
bolge egitim diizeyine ve ekonomisine 1s1k tutarlar. [7]

Her ne kadar giiniimiizde kullanilan yap1 malzemeleri
sinifi gesitlilik gosterse de tarihi yapilar incelendiginde
dayaniklilik ve ekonomik agidan tercih edilebilir sinirh
malzeme bulunmaktaydi. Cagin getirdigi imkanlardan
tarihi yigma yapilar etkilenmis olup su malzemeler
siklikla kullanilmaktaydi; ahsap, tugla, dogal tas, kagir.
Sozlii gecen malzemeler cesitli baglayicilarla (harg)
birlestirilerek kullanilarak insa edilir.

3.2. Korkuteli Sinaneddin Medresesi
3.2.1.Cografi konum

Antalya’nin Korkuteli ilcesi Alaaddin mahallesi 41 ada 1
parsel de olan Sinaneddin Medresesi pek bilinmeyen bir
yigma yapidir. Medresenin bolgedeki baraj insasi
sebebiyle arazinin yapis1 degismis ve batis1 Sekil 1'de
goriildiigii tizere tepe haline gelerek kapanmistir. Sehir
merkezinin 3 kilometre uzaginda bulunmaktadir.
Medresenin yakinlarinda ge¢misin izlerini tasiyan
yapilar bulunmaktadir. Bu yapilardan bir tanesi tarihi
Aldaddin Camii'dir.

Akdeniz bolgesinde yer alan Antalya’min yeryiizi
bakimindan 2471 km?'lik alaniyla en biiytik ilcelerinden
biri olan Korkuteli ilgesi bulundugu bolge agisindan
cografi olarak olduk¢a o6nemli bir konuma sahiptir
(Sekil 1). Korkuteli deniz seviyesinden 1020 m
yuksekliktedir. Buna bagli olarak bulundugu
cografyanin iklim sartlarina kiyasen daha sert bir iklime
sahiptir. Oyle ki Korkuteli'nde hava sicakhifl yaz
mevsiminde ortalama +25°C, kis mevsiminde ise
ortalama -5 °C olarak yasanmaktadir.
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Korkuteli tarihte bircok medeniyete ev sahipligi
yapmistir. Tarihsel ve cografik acidan zengin olan bu
ilcenin ilk yerlesim yeri, arastirmamizda da bahsi gecen
medresenin de bulundugu Alaaddin Mahallesidir.

3.2.2. Mevcut durum ve yapisal 6zellikler

Tarihi yigma yapi olan Sinaneddin Medresesi bati
cephesinin (ta¢ kapimin oldugu yer) uzunlugu 22.78m,
kuzey cephesinin uzunlugu 24.83m, giiney cephesinin
uzunlugu 24.82m, dogu cephesi 22.86m uzunlugunda
olup kareye yaklasik dikddrtgenimsi, acik avlusu olan
iki katl bir medresedir.

Yapidaki kitabe, nis kemeri icinde bulunan basik
kemerli kapmin iist bolgesinde bes satir seklinde
kazilmis halde bulunmaktadir. Yapinin bati cephesinde
tac kap1 yer almaktadir. Ta¢ kapinin her iki tarafinda
dikdortgen sekilde konumlandirilmis pencere ve st
bolgesinde licer tane mazgal pencere bulunmaktadir.
Sekil 2’de gorildiigi iizere yapinin kuzey cephesinin
iist bolgesinde alt1 tane mazgal pencere, alt bolgesinde
ise lic adet mazgal ve bir biiytlik pencere yer almaktadir.

Sekil 2. Yapinin uze-Bt cephesi
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Sekil 3’te goriildiigii tizere yapinin gliney cephesinde ise
alt1 tane mazgal pencere yer almaktadir. Yapinin dogu
cephesinin zemin katinda {i¢ adet dikdortgen pencere
bulunmaktadir. Bunlardan ikisinin iist tarafinda dérder
mazgal pencere, ortaya konumlanmis pencerenin
istiinde ise sivri kemerli pencere yer almaktadir. Sekil
3’te goriildiigi tizere yapinin dogu cephesinde simetrik
bir anlayis sergilenmistir.

ks

Sekil 3. Yapinin Giiney-Dogu cephesi

Tag kapida yer alan basik kemerli giris kapisindan giris
yapildiktan sonra Sekil 4'te gortldigi lzere dar giris
eyvani yer almaktadir. Eyvanin her iki bdlgesinde ise
basik kemerli kapilarin acildigi dikdortgen seklinde
planlanmis kdse odalari bulunmaktadir.

Giris eyvanini ise biiytlik bir avlu takip etmektedir. Sekil
4’te gorildiigli iizere avlunun iki tarafinda tiger siitunla
tasinan revak kemerleri yer almaktadir. Avlunun iki
tarafinda tst kattaki revak zeminine a¢ilan merdivenler
yer almaktadir. Giris eyvanini takip eden ana eyvan
bolgesine goz atildiginda bir dikdértgen pencere ve iist
tarafinda yer alan sivri kemerli bir adet pencere yer
almaktadir.[8]
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Sekil 4. Yapinin giris eyvani, avlusu ve ana eyvani

3.3. Model ozellikleri

Model 06zellikleri, malzeme parametreleri ve emniyet
gerilmeleri cesitli literatiirler incelenerek belirlenmis,
SAP2000 programinda sonlu elemanlar modeli
olusturulmustur.

Yapida kullanilan duvarlar, siitunlar, kemerler solid
(kat1) eleman kullanilarak, désemeler ve cati shell
(kabuk)  eleman  kullanilarak = modellenmistir.
Modellemede yiik aktarimi, mesnetlerdeki elemanlarin
sinir kosullarina uygun sekilde gerceklestirilmistir.
Ayrica modellemede mesnetler sabit mesnet olarak
kabul edilmistir.

Modelde zemin kat ve birinci kat ddsemelerinde
yonetmelikler ve standartlar geregince hareketli yiikler
5 kN/m?, sabit yiikler 2 kN/m? olarak diizgiin yayil bir
sekilde etkitilmistir. Ayrica programda ¢atiya kar yiikii
0.75 kN/m? hareketli olarak ytklenmistir [9][10].

Medresedeki tas yapt malzemeleri kati eleman olarak
modellenmis, dayanim ve o6zellikleri literatiirdeki
arastirmalara gore programa girilmistir. Fakat
modelleme hassas bicimde tasarlanmis ve yap1
elemanlarinin kalinliklar1 gésterilmemistir. Buradaki
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amac gerilme dagilimlarinin daha hizli ve rahat bir
sekilde incelenmesini saglamaktir.

Korkuteli ~ Sinaneddin = Medresesinin  SAP2000
programinda tasarlanan sonlu eleman modelinde
kullanilan diigiim noktasi sayis1 14654’tiir, kat1 ve
kabuk eleman sayisi1 ise 13585'tir.

3.4. Malzeme parametreleri

Sinaneddin Medresesi gibi yapilarda inceleme yapmak
ve numune almak yapinin tarihi yapisinin bozulmak
istenmemesi sebebiyle zordur. Literatiir arastirmalari
sonucunda ortalama olarak malzeme parametrelerine
iliskin kabuller Tablo 1’'de verilmistir.

Korkuteli Sinaneddin Medresesi'nin, yapilan gézlemler
ve incelemeler sonucunda genel olarak moloz tas
malzemeden yapildig1 tespit edilmistir. SAP2000
yaziliminda modelleme yapildiktan sonra kullanilan
yapt elemanlarin  ozellikleri  ¢esitli  literatiir
¢alismalarindan yararlanilarak Tablo 1'de
verilmistir.[11]

Tablo 1. SAP2000 yaziliminda kullanilan malzeme
arametreleri [11]

Yap1 Model | Elastisite | Ozkiitle | Poisson
Elemani Tipi Modiilii | (kg/m3) | Orani
(MPa)
Dosemeler | Kabuk 3000 1800 0.18
Duvarlar Kati 10000 2200 0.2
Cat1 Kabuk 3000 1800 0.18
Yapilan  arastirmalar  sonucunda, @ Medresenin
temelleriyle ilgili herhangi bir sondaj ve kazi

¢alismasina rastlanilmamaistir.

Medresenin dis ¢cevre duvarlarinin kalinliklari; zemin
katta bolgesel olarak farklilik gostererek 94-133 cm,
birinci katta 95-134cm arasinda degismektedir.
Medresenin i¢ bolmesindeki duvarlarin kalinliklari;
zemin katta bolgesel olarak farklilik gostererek 92-114
cm, birinci katta 63-116 cm arasinda degisim
gostermektedir.

Duvar basing emniyet gerilmesini TBDY-2018'deki
cizelgeden 0.3 MPa olarak alinmistir.

4. Bulgular

Korkuteli Sinaneddin Medresesi’'nin model analizi
gerceklestirilirken yapida ilk 50 Mod incelenmistir.
Analiz sonucunda Sekil 5’te verilen degerler
degerlendirildiginde, Mod 1'de (y-y) yoniinde periyot
0,5599 saniye, Mod 2'de (x-x) yoniinde periyot
0,559838 saniyedir. Ayrica yapida genel kiitlenin etkin
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oldugu modlar Mod 32 ve Mod 33 oldugu

anlasilmaktadir.

Tablo 2’de goruldiigii lizere, Mod 32’de x dogrultusunda
yapimin %281k kiitle katilim orani, Mod 33’te ise y
dogrultusunda yapinin %26’k kiitle katilim orani
oldugu gozlemlenmistir. iki dogrultudaki kiitle katilim
oranlarinin  birbirine ¢ok yakin deger olmasi
medresenin geometrisinden (simetrik olmasindan)
dolay1 oldugu soylenebilir.

Tablo 2. Yapinin periyot ve kiitle katilim oranlari

Modal Participating Mass Ratios
StepNum Period (V)4 uy uz
Unitless Sec Unitless Unitless Unitless
1 0,5599 2,09e-07 | 1,61E-07 | 0,00077
2 0,559838 | 6,97E-11 | 0,00032 4,2E-07
32 0,133489 0,278 1,01E-05 0,00013
33 0,132063 | 1,65E-06 0,259 2,46E-07
Modellemede deprem kayd: olarak Mw=7.54

biiytkliginde 17 Agustos 1999 saat 03.02’de meydana
gelen, resmi belgelere gore 18.373 kisinin o6ldugi,
48.901 yaralanmanin oldugu, 505 kisinin sakat kaldig1
Kocaeli depreminin Diizce istasyonundaki kayitlar
kullanilmistir.

SAP2000 yazilimina Peer (Pacific Earthquake
Engineering Research Center) sitesinden alinan veriler
tanitilmistir (Sekil 5). Akabinde analiz asamasinda iki
yonlii (G+Q+EX ve G+Q+EY) yiiklemeleri yapilarak
medresede olusmasi beklenen yer degistirmeler ve
gerilmeler saptanmistir.

$ Time History Function Definition

Function Name KCL_DZC_270

Function File Values are:
File Name:
clusersiuseridesktop\l.bet

Format Type
Header Lines o Skip

Prefix Characters per Line to Skip

Characters per tem
Number of Points per Line 1

Functien Graph

Display Graph

Cancel

Sekil 5. Analiz programina ytiklenen deprem kaydi
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Tablo 3. G+Q+Ex yiiklemesi altinda meydana gelen yer
degistirmeler

Joint Displacements

Joint OutputCase CaseType U3
Text Text Text mm
12572 G+Q+EX Combination -83,48536
11761 G+Q+EX Combination -81,49206
11234 G+Q+EX Combination -45,23353
12148 G+Q+EX Combination -40,18792
11637 G+Q+EX Combination -40,08657
13036 G+Q+EX Combination -5,561632
10854 G+Q+EX Combination -4,282104
13087 G+Q+EX Combination -2,12302

Tablo 3’te verilen (G+Q+EX) yiliklemesinden, yapinin
gliney cephesindeki ¢atida, avluya bakan kisim ile bati
cephesi tarafi arasinda 81.49 mm ve disariya bakan
tarafinda 40.08 mm’lik yer degistirme saptanmistir.
Ayrica yapinin kuzey cephesindeki ¢atida, avluya bakan
kisim ile bati cephesi tarafi arasinda 83.48 mm ve
disariya bakan tarafinda 40.18 mm’lik yer degistirme
saptanmistir. Ta¢ kapinin oldugu cephedeki, catinin
avluya bakan tarafinda 4.28 mm, ¢atinin disariya bakan
tarafinda 2.12 mm’lik yer degistirme saptanmistir.
Yapmin dogu cephesindeki c¢atida, avluya bakan
kisimda 45.23mm ve disariya bakan tarafinda 5.56
mm’lik yer degistirme gozlemlenmistir.

Tablo 4. G+Q+Ey yiiklemesi altinda meydana gelen yer
degistirmeler

Joint Displacements

Joint OutputCase CaseType U3
Text Text Text mm
12614 G+Q+EY Combination -81,54323
11805 G+Q+EY Combination -79,94664
12156 G+Q+EY Combination -36,38279
11632 G+Q+EY Combination -27,88224
11675 G+Q+EY Combination -26,96904
10785 G+Q+EY Combination -5,451652
9440 G+Q+EY Combination -4,281821
11649 G+Q+EY Combination -1,958261

Tablo 4’te verilen (G+Q+EY) yliklemesinden, yapinin
kuzey cephesindeki ¢atida, avluya bakan kisim ile bati
cephesi tarafi arasinda 81.54 mm ve disariya bakan
tarafinda 26.97 mm'lik yer degistirme saptanmistir.
Ayrica yapinin gliney cephesindeki ¢atida, avluya bakan
kisim ile bati cephesi tarafi arasinda 79.94 mm ve
disariya bakan tarafinda 27.88 mm’lik yer degistirme
saptanmistir. Yapinin dogu cephesindeki ¢atida, avluya
bakan kisimda 36.38 mm ve disariya bakan tarafinda
545 mm’lik yer degistirme gozlemlenmistir. Tag
kapinin oldugu cephedeki, ¢atinin avluya bakan
tarafinda 4.28 mm, catinin disariya bakan tarafinda
1.95 mm’lik yer degistirme saptanmistir.
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Medresenin geneli incelendiginde (Tablo 3. ve Tablo 4.),
G+Q+Ex ve G+Q+Ey yiiklemeleri altinda medresede
meydana gelen yer degistirmelerin literatlire gore
beklenen diizeyde oldugu anlasilmistir.

Dinamik analiz sonuglar1 neticesinde (G+Q+EX)
yuklemesi altinda S11 gerilmeleri incelendiginde;
yapinin kuzey cephesinde c¢atida 0.28 MPa, bati
cephesinde catida 0.47 MPa gerilme, giiney cephesinde
catida 0.35 MPa gerilme ve dogu cephesinde ¢atida 0,41
MPa gerilme olusmustur. Ayrica birinci kat désemeleri
ile stitunlarin birlestigi bolgelerde 0.50 MPa gerilme
gozlemlenmistir (Sekil 6).

Sekil 6. Medresenin S11 gerilmeleri (G+Q+EX), MPa

Dinamik analiz sonuglar1t neticesinde (G+Q+EY)
yluklemesi altinda S11 gerilmeleri incelendiginde;
yapinin kuzey cephesinde ¢atida 0.3 MPa, bati
cephesinde ¢atida 0.45 MPa gerilme, giiney cephesinde
catida 0.38 MPa gerilme ve dogu cephesinde 0,48 MPa
gerilme olusmustur. Ayrica birinci kat dosemelerinde
cesitli bolgelerde 0.52 MPa gerilme gozlemlenmistir
(Sekil 7).
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Sekil 7. Medresenin S11 gerilmeleri (G+Q+EY), MPa

Dinamik analiz neticesinde medresede Sekil 8'de
gosterilen (G+Q+EX) yiiklemesi etkisinde S22
gerilmeleri incelendiginde, yapinin dogu cephesindeki
duvarlarda c¢esitli bolgelerde 0.36 MPa, kuzey
cephesindeki duvarlarda c¢esitli bolgelerde 0.45 MPa,
gliney cephesindeki duvarlarda cesitli bolgelerde 0.42
MPa, bat1 cephesindeki duvarlarda gesitli bolgelerde 0.4
MPa gerilme tespit edilmistir. Ayrica yapinin kuzey
cephesinde catida 0.41 MPa, bati cephesinde ¢atida 0.48
MPa gerilme, giiney cephesinde c¢atida 0.44 MPa
gerilme ve dogu cephesinde 0.3 MPa gerilme
olusmustur. Yine Sekil 8'de gorildigi iizere
dosemelerin cesitli bolgelerinde 0.51 MPa gerilmeler
mevcuttur.
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Sekil 8. Medresenin S22 gerilmeleri (G+Q+EX), MPa

Dinamik analiz sonucunda medresede Sekil 9’da
gosterilen (G+Q+EY) yiiklemesi etkisinde S22
gerilmeleri incelendiginde, yapinin bati cephesindeki
duvarlarda c¢esitli bolgelerde 0.41 MPa, kuzey
cephesindeki duvarlarda gesitli bolgelerde 0.44 MPa,
gliney cephesindeki duvarlarda cesitli bolgelerde 0.49
MPa ve dogu cephesindeki duvarlarda cesitli bolgelerde
0.41 MPa gerilme tespit edilmistir.
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Sekil 9. Medresenin S22 gerilmeleri (G+Q+EY), MPa

Ayrica yapmin dogu cephesinde 0.43 MPa, bati
cephesinde ¢atida 0.45 MPa gerilme, giiney cephesinde
catida 0.47 MPa gerilme ve kuzey cephesinde ¢atida
0.44 MPa gerilme olusmustur. Sekil 9’da goruldigi
lizere dosemelerin ¢esitli bolgelerinde 0.53 MPa
gerilmeler mevcuttur.

Dinamik analiz neticesinde medresede Sekil 10’da
gosterilen (G+Q+EX) yiiklemesi etkisinde S12 kayma
gerilmeleri incelendiginde, yapinin kuzey cephesinde
catidaki birlesim yerlerinde 0.25 MPa, bat1 cephesinde
catida 0.28 MPa gerilme, giiney cephesinde ¢atida 0.21
MPa gerilme ve dogu cephesinde 0.31 MPa gerilme
olusmustur. Yine Sekil 10’de gorildigi tzere
dosemelerin cesitli bolgelerinde 0.29 MPa gerilmeler
mevcuttur.
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Sekil 10. Medresenin S12 kayma gerilmeleri (G+Q+EX),
MPa

Dinamik analiz neticesinde medresede Sekil 11’de
gosterilen (G+Q+EY) yliklemesi etkisinde S12 kayma
gerilmeleri incelendiginde, yapinin kuzey cephesinde
catidaki birlesim yerlerinde 0.3 MPa, bat1 cephesinde
catida 0.27 MPa gerilme, giiney cephesinde ¢atida 0.22
MPa gerilme ve dogu cephesinde 0.32 MPa gerilme
olusmustur. Yine Sekil 11'de gorildigi tzere
dosemelerin cesitli bolgelerinde 0.31 MPa gerilmeler
mevcuttur.
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Sekil 11. Medresenin S12 kayma gerilmeleri (G+Q+EY),
MPa

Medresenin geneli incelendiginde, G+Q+Ex ve G+Q+Ey

yiklemeleri altinda yapida meydana gelen gerilmeler
beklenen diizeyde oldugu anlasilmaktadir.

Tablo 5. Taban kesme kuvvetleri ve momentleri

Base Reactions
Output| Step |Globa | Glob | Global | Global | Global | Global
Case |Type| IFX [alFY| FZ MX MY MZ
Text |Text| KN | KN | KN | KN-m | KN-m | KN-m
Grq | |3596|L5T[46482 46442 57 g | 5804E
E-10 ’ 4,69
G+Q+E 167,9 46487,146449 | ___, _|2472,0
x| Max| e |15 seg | 613 | 29045 g6
4,04
G*g"E Min |251,2], /o) 43‘;717' 42‘;26 55838(1657,0
57 | ’ 2,36 | 898
G+Q+E 62,79(46486,|46455| .. . 738,86
v | Max|1857 "7 417 | 9,64 55714770
0,25
G+$+E Min |-3,155/62,36 42‘5759' 466‘52 55725 |738,48
9 ’ 044 | 01
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SAP2000 programinin tablolar kismindan alinan, taban
kesme kuvvetleri ve momentleri Tablo 5’te
gosterilmektedir. Analiz sonucunda elde edilen
degerlerin literatiire gore beklenen diizeyde oldugu
anlasilmaktadir.

5. Sonug

Hazirlanan ¢alismada cografyamizda énemli yere sahip
tarihi yapida yukarida bahsedilen bilincle incelenerek
gelecek nesillere dayanikli sekilde aktarilabilmesi icin
degerlendirilmeler yapilmistir. Buna gore Korkuteli
Sinaneddin Medresesi'nin deprem etkisi altinda yapisal
davranisinin degerlendirilmesi hedeflenmistir. Bu
hedef dogrultusunda tarihi yigma yapilar hakkinda
detayll incelemeler yapilmis ardindan kullanilan
tasiyict  malzemeler ve elemanlar ile ilgili
arastirmalarda bulunulmustur. Sonrasinda Korkuteli
Sinaneddin Medresesi’'nin cografi konumu belirlenerek
modelin yapisal nitelikleri ve mevcut durumu hakkinda
incelemeler yapilmistir. Medresenin ince ayrintisina
kadar ¢ boyutlu sonlu elemanlar yo6ntemiyle
modellenerek analizleri yapilmistir. Statik analiz
yapilirken medreseye ait olan sabit ve hareketli diisey
ytkler tesirinde yapinin agirhig altindaki durumu
degerlendirilmistir. Deprem etkisi altindaki analiz i¢in
zaman tanim alami (Time History) metodu tercih
edilerek secilen Kocaeli depremi ivmeleri, yapinin
bolgesine 6zgli olarak tek boyutlu esdeger dogrusal
analiz yapilmistir. Bunun nedeni bdlgenin 6zellikleri
altinda daha gergekei bir ¢6ziimleme yapilmaktir.
Asagida maddeler halinde bu ¢6ziimlemede elde edilen
veriler 6zetlenmistir.

4+ Modelin (G+Q) yiikklemesine gore statik analize
gore, catinin birlesim boélgelerindeki ve birinci
kat dosemesinin siitunlar ile Dbirlestigi
bolgelerde gerilmelerin yogunlugunun fazla
olmasindan kaynakli zamanla hasar olusma
olasiligl vardir. Bazi doseme Kkenarlarinda
diisey gerilmeler sinir degere ¢ok yakin
olmasindan kaynakli bu bdlgelerde c¢atlak
olusma ihtimali vardir. Modelin geneline
bakilarak yapinin kendi 6z agirligi altinda,
diisey yiikler etkisinde meydana gelen
gerilmelerin ve yer degistirmelerin giivenli
tarafta oldugu ve modelin bitiinligini
bozacak kadar bir hasara vesile olmayacagi
degerlendirilmistir.

Deprem yiikleri altinda dinamik analize gore,
cati da meydana gelen birkag birlesim
bolgelerindeki yer degistirmeler disinda
onemli derecede bir deplasman goriilmemistir.
Ayrica mesnetlerde olusan kesme kuvvetleri ve
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momentlerde de yapiyi etkileyecek bir duruma
rastlanilmamistir.

+ (G+Q+EX) yiklemesi neticesinde, S11
gerilmeleri degerlendirilecek olursa modelin
birinci kat désemeleri ile siitunlarin birlestigi
bolgelerde 0.50 MPa’lik gerilme sinir degere
yakindir. S22 gerilmeleri incelenecek olursa
modelde dosemelerin cesitli bolgelerinde 0.51
MPa’'lik gerilmeler siir degere yakindir. S12

gerilmeleri neticesinde o6nemli derecede
gerilme meydana gelmemistir.
+ (G+Q+EY) yiiklemesi neticesinde, S11

gerilmeleri degerlendirilecek olursa modelin
birinci kat dosemeleri ile siitunlarin birlestigi
bolgelerde 0.52 MPa’lik gerilme sinir degere
yakindir. S22 gerilmeleri incelenecek olursa
modelde dosemelerin cesitli bolgelerinde 0.53
MPa'lik gerilmeler sinir degere yakindir. S12
gerilmeleri neticesinde o6nemli derecede
gerilme meydana gelmemistir.

Yapilan ¢alisma neticesinde giinlimiziin gegmise 151k
tutan tarihi eserleri hakkinda verilen bilgiler ve
ozellestirilerek incelenmis tarihi yap1 hakkinda yapilan
degerlendirmeler kapsaminda elde edilen sonuglar ile
onumiizdeki siireglerde bu konular hakkinda yapilacak
calismalara o6ncii olunmasi hedeflenmistir. Ayrica
gecmisi koruma bilinciyle yapilacak bu ¢alismalarin
tarihi medeniyetlere saygi ve farkli tasiyici sistemleri
anlamlandirabilmek igin 6nem arz ettigi kanisina
varilmaktadir.
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Abstract: The proposed study aims to examine the performance of a combined solar power
generation system. The system comprises photovoltaic/thermal (PV/T) panels, a pump, a
capacitor, and a turbine. R744, R170, and R41 were used as working fluids. The Engineering
Equation Solver (EES) program is used to perform the performance evaluation of the system.
Comparative thermodynamic analyzes and parametric studies are conducted to determine the
best fluid. The results demonstrate that the highest power production rate of 0.4669 kW is
calculated for the cycle using R41, followed by R744. Additionally, the highest energy efficiency
and efficiency of exergy are calculated when R41 fluid is used, while the lowest energy and
efficiency of exergy are calculated when R170 fluid is used. R170 is determined to have the
highest irreversibility, with a destruction rate of exergy of 20.57 kW. According to the results
of this analysis, the best working fluid was determined as R41. Parametric analyzes were
performed to determine the effects of P1/P2 and solar irradiation on the performance of the
system, like power production, efficiency of energy, destruction of exergy, and efficiency of
exergy. It has been shown that power generation, energy efficiency, and efficiency of exergy
increase with P1/P2 and solar irradiation for all fluids. While the destruction of exergy
decreases with increasing pressure ratio, exergy destruction increases with increasing solar
irradiation.
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PV/T destekli transkritik Rankine déngiisiiniin performans degerlendirmesi: siiperkritik calisma
akiskanlarn iizerine karsilastirmali bir calisma

Anahtar Kelimeler
Fotovoltaik/Termal
Stiperkritik akiskanlar
Transkritik Rankine Cevrimi
Enerji

Ekserji

Makale ge¢cmisi:
Gelis Tarihi: 22.03.2023
Kabul Tarihi: 25.04.2023

0z: Bu calismanin amaci, birlesik bir giines enerjisi iiretim sisteminin performansini
incelemektir. Sistem, Fotovoltaik/Termal (PV/T) paneller, bir pompa, bir kondansator ve bir
tiirbinden olusmaktadir. Calisma akiskani olarak R744, R170 ve R41 kullanilmistir. Sistemin
performans degerlendirmesini gerceklestirmek icin Engineering Equation Solver (EES)
yazilim programi kullanilmaktadir. En iyi ¢alisan akiskani belirlemek icin karsilastirmali
termodinamik analizler ve parametrik ¢alismalar yapilir. Sonuglar, en yiiksek gii¢ liretim
oraninin 0.4669 kW ile R41 ve ardindan R744 kullanilan ¢evrim icin hesaplandigini
gostermektedir. Ayrica, en yliksek enerji ve ekserji verimi R41 akiskani kullanildiginda, en
diistik enerji ve ekserji verimi ise R170 akiskani kullanildiginda hesaplanmistir. R170'in, 20.57
kW ekserji yok etme orani ile en yliksek tersinmezlige sahip oldugu bulunmustur. Bu analiz
sonuclarina gore en iyi ¢alisma akiskani R41 olarak belirlenmistir. P1/P2 ve glines 1siniminin
sistem performansi lizerindeki gii¢ tiretimi, enerji verimliligi, ekserjinin yok edilmesi ve ekserji
verimliligi gibi etkilerini belirlemek icin parametrik analizler yapilmistir. Tiim akigkanlar i¢in
P1/P2 ve giines 1simnimu ile gili¢ iiretim hizi, enerji verimliligi ve ekserji veriminin arttig
gosterilmistir. Artan basing orani ile ekserji yikimi azalirken, artan giines 1s1nimu ile ekserji
yikimi artmaktadir.
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1. Introduction

Global energy demand continues to rise due to the
significant increase in population and industrial
development. Fossil fuels are the most used energy
resource on the planet. These traditional energy
resources have serious negative environmental
consequences, like global warming, greenhouse impact,
and pollution of air. To reduce the change of climate and
to boost the cycle efficiencies of sustainable and
unrenewable technologies, it is crucial to assist the
penetration of renewables. Solar energy, which is
widely used among renewable energy resources, has
gained importance in recent years to meet increasing
energy needs. Solar energy is an inexhaustible, clean,
environmentally friendly, free energy source that does
not emit sulfur, carbon, and gas. Also, due to the
consequences of fossil fuels, the development of solar-
driven cycles is becoming increasingly important.
Improvements to current solar energy-integrated
technology are therefore required. Compared to
conventional energy sources, these systems provide
higher advantages [1].

Solar energy is mainly used for two different purposes:
thermal energy and electrical energy. While various
technologies are used for these aims, the efficiency of
these technologies is rising fast. The conversion of solar
energy to thermal energy takes place by solar collectors
[2]. Photovoltaic (PV) technologies are widely used to
obtain electrical energy directly from solar energy [3].
While PV energy is widely used in small-size
applications, PV energy is the most potent option for
investigation and improvement for larger-scale use as
the manufacture of cheaper PV systems becomes
actuality [4]. With PV systems used to obtain electrical
energy from solar energy, 15-20% of solar energy can
be transformed into electricity, and the remaining
energy is converted into thermal energy. This thermal
energy can be easily absorbed by the PV device and
causes the operating temperature to rise to 80°C [5].
The temperature of the PV solar panel decreases by
nearly 0.2-0.5% for each degree Celsius as the solar
irradiation increases [6]. This issue can be resolved by
using a fluid circulation system that is either naturally
occurring or artificially created. PV/T systems, which
include combined PV cells and heat sinks, have created
an efficient alternative for PV systems by
simultaneously supplying electrical and thermal energy
[7]. PV/T systems combine thermal collectors and
photovoltaic cells to enable the generation of thermal
and electrical energy at low temperatures. A schematic
representation of a typical PV/T panel is shown in
Figure 1. In these systems, the PV cells in contact with
the absorber surface convert some of the solar radiation
into electrical energy, and the surplus heat energy
produced in the PV cells is accepted as the input of the
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thermal system. During the operation of the system, the
heat carrier eliminates this heat from the absorber cells
and the surface. Thus, the cells are cooled to obtain
thermal energy, and the panel efficiency increases [8].
Different refrigerants, such as air, water, and chemical
fluids, can be used in PV/T plants. In addition, according
to the physical design of the panels, there are building
integrated type, flat plate type, or concentrated PV/T
systems [9].

LA}

Copper pipes

\lamizum frame EPDM wather

IPDM glass

reliag

Figure 2. PV/T panel schematic representation [10]

One of the most effective processes for converting
thermal energy into power on a big scale is the steam
Rankine cycle. H20 is the best fluid for higher
temperature applications and massive centralized
systems due to its advantageous features. By choosing a
suitable fluid, water-related issues in small and
medium-sized power plants can be partially alleviated.
In so-named Organic Rankine Cycles (ORC), organic
molecules with larger molecular masses and low critical
temperatures than water have been suggested [11]. By
converting heat into electric energy, ORC, as a lower-
grade heat usage technique, can increase energy usage
[12]. The ORC can be used in many low-temperature
processes, including solar, biomass, geothermal,
oceanic, and thermal [13].

Most studies have attempted to improve the system
designs and choose the optimum working fluids, such as
zeotropic mixes or pure organic fluids, to raise the ORC
thermodynamic efficiency [14]. The working fluid has a
big impact on how well ORCs perform. Since the
application involves a blend of thermal performance,
cost, and environmental effects with various heat
resource circumstances, it is still difficult to define a
global ORC fluid choice criterion. The heat source's
energy potential, which also defines the ORC power
production system design and the fluid employed, has
an important impact on the ORC power production
performance of the system [15]. The effects of the single
ORC component working fluids' characteristics have
also been the subject of numerous investigations.
Bahrami et al. [16] proposed three different categories
of working fluids with a worldwide warming potential
(GWP) of less than 150, including hydrocarbons, hydro
fluorochemicals, and mixture working fluids, and
evaluated the performance of ORCs in different
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configurations based on various performance
indicators. Thurairaja et al. [17] investigated how an
ORC performed with various working fluids. They used
about 100 working fluids that were appropriate for
ORCs to carry out the analyses for various temperature
ranges. Economic and thermodynamic analyses were
carried out for an ORC with PEM electrolyzer by
Ganjehsarabi [18]. Analyzes were made using a mixture
of pentane, butane, and isopentane as fluid. Yu et al. [19]
assessed the effectiveness of an ORC for 22 fluids. The
most energy-efficient fluids, according to the data, were
R290, R125, R290, and R143a for applications without
the use of waste heat and R290, R134a, and R170 for
applications that did. To examine how fluid dryness and
critical temperature affect the power plant, Song et al.
[20] examined a transcritical ORC for 52 various
working fluids. This investigation is possibly the most
inclusive study carried out for fluids. Xu et al. [21]
examined the ORC operating with zeotropic fluids to
assess the system's performance advancement. When
the studies in the literature were examined, no studies
were found on the assessment of the performance of the
PV /T-supported ORC cycle for various fluids. Wang et al
[22]. presents a zeotropic mixture selection method for
ORC with variable heat source temperature. Han et al
[23]. proposed the thermodynamic analysis and
optimization of an organic Rankine cycle using different
zeotropic fluid mixtures as the working fluid, and a flash
binary geothermal cycle for both power generation and
hydrogen production. In this research, unlike the
studies in the literature, it is aimed to examine the
performance of the PV/T supported Rankine cycle for
R744, R170 and R41 supercritical working fluids. For
exergy and energy analysis, a transcritical Rankine
cycle is run with the power generated by the PV/T
panels. Comparative evaluations of the efficiency of the
power cycle are made for various fluids. In addition,
parametric studies are carried out to determine the
effect of Pi/P2 and solar radiation on system
performance.

2. Choosing Working Fluids

The grade of the ambient temperature, heat resource
temperature, the temperature of the coolant liquid, and
other factors are taken into consideration while
choosing the fluid, which is a crucial step in the ORC
process. When developing heat recovery systems, high
system efficiency is the major objective, but
environmental factors must also be considered for
safety and practical reasons. An appropriate fluid for an
ORC must meet several specifications. High efficiency,
lower global warming potential (GWP), low specific
volumes, affordability, moderate pressures, lower
toxicity, and lower ozone depletion potential (ODP) are
all desirable characteristics. The latter is especially
crucial because several high GWP fluids are being
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phased out as part of ongoing efforts to minimize
greenhouse gas emissions. Lastly, safety factors like the
maximum permissible concentration and the explosion
limit should be considered [24,25]. Additionally, to
having zero ODP and low or no GWP, natural
refrigerants offer alternatives to several
hydrochlorofluorocarbons (HCFCQ),
chlorofluorocarbons (CFC), and hydrofluorocarbon
(HFC) type refrigerants [26]. These are substances that
are found in nature, like CO2, hydrocarbons, water,
ammonia, and air. These materials can serve as cooling
agents in air conditioners and refrigerators [27]. The
common properties of the fluids are given in Table 1.
The critical properties of the fluids given in the table
were gained using the EES software. As can be seen
from the table, the chosen natural refrigerants have
very lower GWP values and zero ODP values. In addition,
their atmospheric lifetime is relatively short.

Table 1. Features of supercritical working fluids [1]

Working ODP GWP T« (°C) Pcr
fluid (kPa)
R41 0 92 44.13 5897
R170 0 6 32.17 4872
R744 0 1 30.978 7377

3. System Description

The proposed study aims to examine the performance
of a combined solar power generation system. The
system comprises photovoltaic/thermal (PV/T) panels,
a pump, a capacitor, and a turbine. R744, R170, and R41
were used as working fluids. The system schematic
representation is given in Figure 2. The Engineering
Equation Solver (EES) program is used to perform the
performance evaluation of the system. In the present
research, the PV/T system converts solar energy into
heat energy and electricity, and the electrical energy
produced by the PV/T drives the transcritical Rankine
cycle. In this cycle, the fluid is heated by the PV/T up to
a supercritical state and sent to the turbine, and the
thermal energy is transformed into electrical energy.
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Figure 2. Schematic illustration of PV/T driven
transcritical Rankine cycle

The design parameters of the integrated system used in
the current research are given in Table 2.

Table 2. Design parameters for the proposed multi-
generation system

Parameters Values
Temperature of reference, Ty (°C) 19
Pressure of reference, Py (kPa) 101.325
Solar irradiation, Isolar (W/m?K) 750
Wind speed, Viwind (m/s) 2
Pressure ratio, P1/P2 1.3
PV/T [28,29]

Area, Apyyr (m?) 1.63
Cell area, Acer (m?) 1.47
Thickness, Lsi (m) 300x10-6
Thermal conductivity, Ks (W/mK) 0.036
Tedlar thickness, Lr(m) 0.0005
Tedlar thermal conductivity, Kr(m) 0.033
Glass thickness, Ly (m) 0.003
Glass thermal conductivity, Ky (m) 1
Absorptivity, a 0.85
Tranmissivity, T 09
Emissivity, € 0.88
Packing factor, PF 0.9
Reference efficiency, ne (%) 14.3
Temperature coefficient, f (1/K) 0.0045
Number of pipes, npipe 10
Number of PV/T, ney/r 20
External diameter of pipe, Dou: (m) 0.008
Internal diameter of pipe, Di» (m) 0.006
Insulation thickness, L; (m) 0.05
Insulation conductivity K; (m) 0.035
Total mass flow rate, m (kg/s) 0.0005
Transcritical Rankine Cycle

Isentropic efficiency of pump, pump,s (%) 90
Isentropic efficiency of turbine, Heurbineis (%) 88

4. Thermodynamic Balance Equations

In this study, the thermodynamic analysis is made
under the following assumptions:

¢ The steady-state and steady-flow conditions are
chosen for all system elements.

e The heat losses from the pump, turbine, and
compressors are neglected.
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¢ The pressure drops through the pipelines are
neglected.

¢ The turbine and pump operations are assumed to be
adiabatic.

e Dead state temperature and pressure are taken as
18°C and 101.325 kPa, respectively.

¢ The heat transfer between the layers of the PV/T
panel is taken into account.

The EES program is used to analyze energy and exergy
for the purposes of evaluating the system's
performance. The mass and energy balance equations
for both steady state and continuous flow systems are
expressed as [30]:

Z min = Z mout (1)

where, m demonstrates the mass flow rate, and
subscripts "in" and "out" show the input and output
states. Energy balance equality in an overall method is
calculated by Equation (2) [31]:

2 . .
Srit (h+ 5 +92) 435 Qin+ 5 Wen =

2 N .
2 Moyt (h + v? + gz) + 2 Qout + X Woue (2)
out

where, Q illustrates the heat energy transfer rate, W
shows the power transfer rate, h indicates the specific
enthalpy, v represents the velocity, z denotes the
elevation, and g displays the gravitational acceleration.
Entropy balance equality is calculated by Equation (3)
as follows:

. 0 & .
2 MinSin + Z; + Sgen = X MoutSout (3)

In the equation above, s shows the specific entropy, and
Sgen demonstrates the generation rate of entropy. An
exergy balance equality of any system could be
calculated as [32]:

Z Min€Xr10w + Z Ex? + Z Ex}
= Z moute.xflow + 2 Exgut (4')

+ Z ExV, + Exgos:

where exf,, represents the exergy of flow, E'xg1
displays the exergy related to heat flow across the
control volume of the process, Ex is the exergy
related to work and Ex,,, is the destruction of exergy.
In the above equation, each term can be calculated as
follows:
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exriow = (h — ho) — To(s — 5o) (5)
fx0 = (52) ©
ExV =W (7
EXgese = ToSgen (8)

The capacity of energy, destruction rate of energy, and
efficiency of exergy of each system component can be
determined by applying the above overall balance
equations to individual system components as follows:

Turbine
WT = mz(hs — hy) 9)
Exgestr = Exs — Ex, — Wy (10)
Condenser
Qc = g (he — hs) (11)
Exgestc = Exy + Exs — Ex; — Exg (12)
Pump
WP = my (hy — hy) (13)
Exgesep = Ex; — Exy + Wp (14)
PV/T panel

The useful heat obtained from the PV/T panel is
calculated by Equation (15) [28]:

Qu = Frllsoiar (@T)(Acers — AceuNe)] (15)
- [AcellUL(Tf,in - Tamb)]

where, Q,, (W) is the useful heat provided by the panel,
Frrepresents the PV/T panel's heat removal factor, Isotar
(W/m?) denotes the solar irradiation, (atr) shows the
absorbance-permeability coefficient, Acen (m?2) is the cell
area of PV/T panels, neindicates electrical efficiency of
PV/T panels, UL (W/m?2K) represents demonstrates the
overall heat loss coefficient, Tfin (K) shows the fluid inlet
temperature and Tams (K) shows ambient temperature.
Fris calculated by Equation (16) as follows [33]:

mc —AeULF' 16
FR — 14 [1 —exp ( ce.ll L )] ( )
Acell UL me
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Here, m (kg/s) denotes the mass flow rate of the heat
transfer coefficient, ¢, (J/kgK) shows the specific heat
capacity, and F’ is the panel efficiency factor. The value
of F'is a dimensionless number and varies between 0-1
[31]. In this study F’value is accepted as 0.9 U. (W/m2K),
comprises convection, conduction, and irradiation
losses from the PV/T panel to the environment, and is
calculated by Equation (17) [29]:

UL = Ub + Utf (17)

Here, Up» (W/m2K) is the back surface heat loss
coefficient from fluid to surroundings (W/m?2K), and, U
(W/m2K) shows the general heat transfer coefficient
from glass to air. Up (W/m2K) could be calculated as
follows [29]:

- (18)

Uy, = [Li I ]
b Ki hconv
where, Li (m) denotes insulations thickness on the back
surface, and K; (W/mK) shows thermal conductivity on
the back surface. The convection heat transfer
coefficient is hconv (W/m2K) expressed as follows [29]:

hconv =28+ 3Vwind (19)

Here, Vwind (m/s) shows wind speed. Uy(W/m2K) should
be calculated from Equation (6) [29]:

U - 1 s 17" Ughy (20)
Y7k T Ug] T Ug + Rk

where, hy (W/m2K) is the convection heat transfer
coefficient of the fluid in the pipe, and Uir (W/m2K)
denotes the heat transfer coefficient from glass to
Tedlar and is described by Equation (21) [29]:

-1
Vo= [gt 5] = ot (21)
U, Ur Ur + U,
Here, U: (W/m2K) is a general heat transfer coefficient
from the solar cell to the environment through glass
cover (W/mz2K). Ur (W/m2K) represents the conductive
heat transfer coefficient from the solar cell to flowing

fluid through Tedlar and could be expressed as follows
[29]:

Ly , Lr7™ (22)

U, =
"7 lKy Ky

where, Lsi/Ksiis the conductive resistance term, Lt (m)
denotes the thickness of Tedlar, and Kr (W/mK) shows
Tedlar thermal conductivity. U: (W/m2K) could be
expressed as given [29]:
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U_Lg+1+1_1 (23)
‘ Kg hconv

hrad

Here, Ly (m) denotes glass thickness, K; (W/mK) shows
the thermal conductivity of glass, hrae (W/m2K) is the
irradiation heat transfer coefficient and is described as
follows [29]:

hrad = ego-(Tsky + Tcell)(Tszky + Tczell) (24)
where, &; displays the emissivity of the glass, o
(W/m2K#*) demonstrates Stefan-Boltzmann's constant,
Tsky (K) is the sky temperature, and Teer (K) denotes the
PV/T panel's cell temperature. Tsy (K) is calculated by
Equation (25) as follows [28]:

Tory = 0.0552Tgm, (25)
The convection heat transfer coefficient of the fluid in
the pipe, hy (W/m2K), can be calculated as follows [34]:

_ Nuk
u Din

(26)

Here, k (W/mK) represents the thermal conductivity of
the fluid. To determine the heat transfer coefficient of
the fluid, the Reynolds (Re) number must be calculated
first. Re number is calculated by Equation (27) as
follows [34]:

i @7)

Re

B Dt

where, Din (m) represents the inner diameter of the pipe,
and pcoz (kg/ms) is the dynamic viscosity of the fluid.
Nu can be expressed as follows [34]:
Nu = 0.023Re%8pr04 (28)

Here, Pr denotes the Prandtl number. PV/T surface
temperature Tpy/r (K) is calculated by Equation (29)
[28]:

Ou (29)

(1—Fg)
AcellFRUL> K

TPV/T = Tf,in + (

The outlet temperature of the fluid from the PV/T
panels Turr (K), is calculated by Equation (30) [28]:

Qu (30)
Trout = —— + T
f,out mcp fin

The electrical power obtained from PV/T is calculated
as follows [26]:
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Pel =TNel [solar(aT) Acell npipe (31)
ne, which expresses the electrical efficiency of the
panels, should be calculated as given [28]:
Ner = nel,ref[l - ﬁ(Tcell - Tamb,ref]) (32)
where, nerer represents the electrical efficiency at the
reference point, § (1/K) is the temperature power
coefficient, and Tamb,ref (K) is the reference temperature
of the PV/T panel under standard test conditions. The
thermal efficiency of PV/T can be determined by
Equation (33) [35]:
mcp (Tf,out - Tf,in) (33)

Isolar Acell

Ntn =

The total efficiency of PV/T panels is calculated by
Equation (34):

ntop =Nel + Ntn (34)

The energetic and exergetic efficiency equations for the
system could be written as follows:

Wiee + P,
flon = —5—— (35)
Qsolar
Wnet
== 36
nex Eszola‘r ( )

where W,,,, is the net power obtained from the system,
Qsotar is solar energy, Exg_ is the exergy of the sun
and is calculated with the following equations:

Wnet = WT - I/VP (37)
Qsolar = nPV/TAPV/Tlsolar (38)
i . . 4 T, . 17 T, ]‘*

szolar - Qsolar 3 Tsun 3 Tsun (39)

where Tsun denotes the temperature of the sun and is
5770°C [36].

5. Results and Discussion

In this research, the thermodynamic performance of the
PV/T-supported transcritical Rankine cycle was
investigated. At the same time, parametric studies were
performed to examine the effects of P1/P2 and solar
irradiation on cycle performance. In this system, R744,
R170, and R41 working fluids are used as heat transfer
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fluids. The characteristics of the points for the PV/T-
based power cycle seen in Figure 2 are listed in Table 3
for the working fluids. The data shown in the table were
determined using the EES software, and the exergy and
exergy ratios specific to each point were determined

using the equations described in the previous part. As
can be seen in the table, some values at points 5 and 6
are negative. This is because of the chosen reference
point.

Table 3. Thermophysical properties of each point under specified states

State Fluid T P 1 h s ex Ex
) (iPa) (g/s) (d/kg) (19 /kgK) (d/kg) (W)
R744 19 1013 - -6.026 -0.01944 -
0 R170 19 101.3 124 -0.03986 - -
R41 19 1013 - 619.5 3.208 - -
R744 20 5729 0.1 -250.9 -1.551 202.6 20.26
1 R170 20 3766 0.1 -342.1 -2.07 263.4 26.34
R41 20 3407 0.1 2563 1.19 2263 2263
R744 2628 9590 0.1 2455 -1.549 207.6 20.76
2 R170 26.08 6334 0.1 -333.9 -2.067 270.8 27.08
R41 25.72 7666 0.1 264.1 1193 2333 23.33
R744 4559 9590 0.1 1371 1201 2142 2142
3 R170 43.85 6334 0.1 -220.9 -1.702 277.2 27.72
R41 5235 7666 0.1 3717 1.536 240.8 24.08
R744 20 5729 0.1 -146.9 1197 203 203
4 R170 20 3766 0.1 -232.7 -1.697 263.8 26.38
R41 20 3407 0.1 359.2 1.542 2267 22,67
R744 15 1013 0.9933 63.08 0.2244 85.96 85.39
5 R170 15 101.3 1.045 63.08 0.2244 9234 9651
R41 15 1013 0.9837 63.08 0.2244 -539.5 -530.7
R744 175 1013 0.9933 73.54 0.2606 85.87 85.29
6 R170 17.5 101.3 1.045 73.54 0.2606 92.24 96.41
R41 17.5 101.3 0.9837 73.54 0.2606 -539.6 -530.8
Figure 3 demonstrates the net power from the PV/T-
. . . . 10.82
based cycle for various working fluids. According to the
analysis results, the highest net power output of 0.4669
kW was obtained for supercritical fluid R41, succeeded
by R744 and R170.
0.4669
0.4384
0.3573
R744 R170 R41
g, (%) =g, (%)
Figure 4. Efficiencies of energy and exergy from PV/T-
based power cycle for working fluids
Figure 5 shows the PV/T surface temperature and the
R744 R170 R4l outlet temperature of the working fluid. As seen in the
Wit (kW) figure, the highest PV/T surface temperature was
Figure 3. Net power from PV/T based power cycle for calculated when 56.48°C and R41 fluid were used. In
working fluids addition, the exit temperature of the R41 fluid from the
PV/T is the highest among the fluids at 52.35°C. It has
Figure 4 demonstrates the efficiency of energy and been determined that the lowest PV/T surface
exergy for the fluids. As seen in the figure, the highest temperature and the lowest outlet temperature of the
efficiency of energy, with 10.09 %, is when R41 is used. fluid occur when R170 fluid is used.
The lowest energy efficiency is 9.86% when R170 is
used. Parallel to this, the highest exergy efficiency
emerged when R41 was used, as in energy efficiency.
The lowest exergy efficiency was calculated as 10.57%
when using R170 fluid.
43
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55.96

56.48

R744 R170

HTean (°€) ® Tyrpgy (0

Figure 5. PV/T surface temperature and heat transfer
fluid outlet temperature for working fluids

Figure 6 gives the result of exergy destruction. Contrary
to the exergy efficiency analysis result, the maximum
destruction of the exergy rate was determined for R170,
succeeded by R744 and R41. The results show that
20.57 kW of exergy was destroyed using R170 for PV/T
assisted power cycling, which corresponds to the
minimum efficiency of exergy among selected fluids
with a value of 10.57%.

" R744 = RI170 = R41

Figure 6. Exergy destruction of PV/T-based power cycle
for working fluids

To determine the impact of Pi/P2, that is the inlet
pressure of the turbine, on PV/T driven system
performance, a parametric analysis was conducted. All
other variables remained constant while the pressure
ratio was changed between 0.8 and 1.6. Figure 7
indicates the change in the net power obtained from the
PV/T-based system with the pressure ratio. The chart
shows that for whole fluids, the net power production
rises with increasing Pz2/P1. But the rate of rise begins to
somewhat slow down about 1.3, and beyond 1.6, there
is no further increase in power generation. The
fundamental cause of this is because as the pressure

ratio rises, the pump's energy consumption does as well.

Figure 8 shows how the efficiency of energy varies with
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P1/P2 for various working fluids. The net power
generation and energy efficiency given in Figure 7 show
almost the same trend.

0.6 T
—o—R744

——RI170
——R41
04t - i
/
1

Woet [kW]

((]).8 1‘ 1?2 1j4
P4 /P[]
Figure 7. Change of the net power gained from the
PV /T-based system with the P1/P2

6

0.105 T T

Nen [']

0.085 . . L
08 1 1,2 14 16

P1/Pz

Figure 8. Change of the efficiency of energy obtained
from the PV/T-based system with the
pressure ratio

Figures 9 and 10 are displayed for the destruction rate
of exergetic and efficiency of exergetic, respectively, for
the effect of P1/P2 on the second law properties of the
PV/T-based cycle. For all supercritical fluids, as the
P1/P: rises, exergy destruction decreases. But near 1.6
P2/P1, the exergy efficiency starts to follow an almost
direct line, meaning there is no change in exergy
destruction. On the other hand, the efficiency of exergy
rises for whole working fluids. As with exergy
destruction, the exergy efficiency starts to be constant
near the 1.6 P2/P1. These results basically count on the
thermophysical characteristics of the fluids.
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Figure 9. Change of the destruction of exergy obtained
from the PV/T-based system with the

pressure ratio

0.11

- /“)’—'_
S / // — T
= 0.1 3
5
—o—R744
0:095 —o—R170
——R41
0.09 -
0.8 1 1.2 14 16

Pyl Pa[]
Figure 10. Change of the efficiency of exergy gained
from the PV/T-based system with the
pressure ratio

Another significant parameter affecting system
performance is solar irradiation. For this purpose,
parametric analyzes were conducted to examine the
effect of solar irradiation on net power production, the
efficiency of energy, destruction rate of exergy, and
efficiency of exergy. Figure 11 illustrates the net power
production versus solar radiation. As can be seen from
the figure, the R170 has the lowest power production.
Figure 12 demonstrates the efficiency of energy change
with solar irradiation. Efficiency of energy for all
working fluids increases with temperature. But after
about 700 W/m? for R744, the slope of rise is almost
constant after 1000 W/m? for R170 and R41.
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Figure 11. Change of the net power gained from the
PV /T-based system with solar irradiation
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Figure 12. Change of the efficiency of energy obtained
from the PV/T-based system with solar
irradiation

The influence of solar irradiation on the destruction of
exergy and the efficiency of exergy is given in Figures
13 and 14. As seen in Figure 13, exergy destruction is
almost the same for all fluids, and exergy destruction
increases as solar irradiation increases. Likewise, the
exergy efficiency increases with solar irradiation, as
seen in Figure 14. As in Figure 12, the exergy efficiency
became constant after about 700 W/m?2 solar
irradiation value for R744 and after about 1000 W/m?2
solar irradiation value for R170 and R41. The highest
exergy efficiency belongs to R744, with approximately
10.35% at 400 W/m? solar irradiation. When solar
irradiation rises to 1000 W/m?2, the highest exergy
efficiency belongs to R41, with about 11%.
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Figure 13. Change of the destruction of exergy obtained
from the PV/T-based system with solar

irradiation
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Figure 14. Change of the exergy efficiency obtained
from the PV/T-based system with solar
irradiation
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6. Conclusions

In this research, a performance assessment of a PV/T-
driven transcritical Rankine cycle was performed for
various supercritical fluids. Analyzes were conducted
for three different supercritical fluids, R744, R170, and
R41. According to the results of the analysis, it was
calculated that the highest power production rate was
observed for the system using R41 with 0.4669 kW net
power and 10.82% efficiency of energy. It was found
that after R41, the best working one was R744, followed
by R41 and R170. The fluids selected are both natural
and non-toxic working fluids with zero ODP and
relatively lower GWP. R41 has a critical temperature of
about 44 °C, R744 and R170 about 30 °C. However,
while R170 is flammable, R744 is not, so special
attention should be paid to the use of R170. According
to the analysis, the highest destruction rate of exergy
occurred in the cycle using R170 with a value of 20.57
kW, followed by R744 and R41. These results indicate
that among the fluids studied in this research, R41 and
R744 have great potential for transcritical power
production applications using lower-order thermal
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energy. Additionally, parametric analyzes were
performed to determine the effects of P1/P2 and solar
irradiation on the performance of the system, like
power production, efficiency of energy, destruction of
exergy, and efficiency of exergy. It has been shown that
power generation rate, energy efficiency, and efficiency
of exergy increase with P1/P2 and solar irradiation for
all fluids. While the destruction of exergy decreases
with increasing pressure ratio, exergy destruction
increases with increasing solar irradiation. As a result,
the wuse of supercritical working fluids in
thermodynamic cycles has some advantages because of
their low critical points. However, further research
needs to be done to investigate the utilization of these
fluids for different system parameters such as ambient
temperature, cooling water temperature,
environmental concerns, economic criteria, etc. The
results of this research give short knowledge about the
use of supercritical fluids in PV/T assisted transcritical
power cycle. In future studies, it is aimed to examine the
system performance by using new generation working
fluids.
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