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Keywords Abstract: OFDM (orthogonal frequency division multiplexing) systems are the most
OFDM efficient use of today's radio frequency spectrum. The system is the simultaneous splitting
Ber of a signal into small signals and sending them to the receiver. It is mainly a need in high-
Digital modulation capacity data transfer and multi-user systems. Depending on the usage purpose, the OFDM

method provides a data transmission with maximum accuracy at the highest speed as long
Article history: as an appropriate and high-performance modulation type is used. This study performed an
Received: 27.08.2024 FDM communication simulation primarily for multiple data transmissions over a single
Accepted: 03.12.2024 line. After selecting the carrier frequencies used in FDM, the necessity of the OFDM

communication method is proved when considering the high quality of the communication.
In the next phase, performance comparisons were made by calculating the BER (Bit error
rate) value at different SNR (signal to noise ratio) and multipath fading values of the
modulations used in the OFDM method. Specific variable values that the modulation type
providing the highest accuracy data transmission has been determined in this study. As a
result of the comparison, the best BER value at 8-way communication and 0 SNR was found
at 0.28 in the BPSK modulation type. In 8-way transmission and 30 SNR measurements, the
lowest BER value was 0.016. In all comparisons made among the used modulation types
'BPSK, QPSK, 8PSK, 16QAM, 32QAM, 64QAM’, the lowest BER values were determined in
the BPSK modulation type.
Sezer O. Daldal N. Yiicedag I. Usage of different modulation applications in OFDM systems
To Cite/Atif icin: and performance comparison. International Journal of Technological Sciences, 16(2), 33-
43,2024.

OFDM sistemlerinde farkli modiilasyon wuygulamalarinin kullanimi ve performans
karsilastirmasi

Anahtar Kelimeler 0z: OFDM (ortogonal frekans bélmeli cogullama) sistemleri giiniimiiz radyo frekans
OFDM spektrumunun en verimli kullanimidir. Sistem, bir sinyalin es zamanl olarak kiigiik
Ber sinyallere béliinerek aliciya gonderilmesidir. Ozellikle yiiksek kapasiteli veri iletimi ve ¢ok
Sayisal Modiilasyon kullanicili sistemlerde ihtiya¢ duyulmaktadir. OFDM yontemi, kullanim amacina bagh

olarak, uygun ve yiiksek performanslh bir modiilasyon tipi kullanildig: takdirde en yliksek
Makale gecmisi: hizda maksimum dogrulukla veri iletimi saglamaktadir. Bu ¢calismada, dncelikle tek bir hat
Gelis Tarihi: 27.08.2024 tizerinden ¢oklu veri iletimi i¢cin bir FDM haberlesme simiilasyonu gergeklestirilmistir.
Kabul Tarihi: 03.12.2024 FDM'de kullanilan tasiyici frekanslari segildikten sonra, haberlesmenin ytiksek kalitesi de

g0z Oniine alindiginda OFDM haberlesme yonteminin gerekliligi kanitlanmistir. Bir sonraki
asamada, OFDM yonteminde kullanilan modiilasyonlarin farkli SNR (sinyal giirtiltii orani)
ve ¢ok yollu soniimlenme degerlerinde BER (Bit hata orani) degeri hesaplanarak
performans karsilastirmalari yapilmistir. Bu ¢alismada, en ytliksek dogrulukta veri iletimini
saglayan modilasyon tipinin belirli degisken degerleri belirlenmistir. Karsilastirma
sonucunda 8 yollu haberlesme ve 0 SNR'da en iyi BER degeri 0,28 olarak BPSK modiilasyon
tipinde bulunmustur. 8 yollu iletim ve 30 SNR 6l¢iimiinde ise en diisiik BER degeri 0,016
olmustur. Kullanilan modiilasyon tipleri 'BPSK, QPSK, 8PSK, 16QAM, 32QAM, 64QAM'
arasinda yapilan tiim karsilastirmalarda en diisiik BER degerleri BPSK modiilasyon tipinde
belirlenmistir.

* {lgili yazar/Corresponding author: nihatdaldal@ibu.edu.tr
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1. Introduction

OFDM is a multi-carrier communication system that
provides narrowband transmission with multiple
carrier signals [1]. OFDM is similar to FDM
(Frequency division multiplexing), allowing multiple
user logins by dividing the available bandwidth into
many channels [2]. However, in the OFDM method,
as seen in Fig.-1, higher efficiency is reached when a
carrier is closer to the other. In this case, a phase
difference of 90 degrees is created to avoid
interference between carriers. In this
communication method, the 90-degrees phase
difference between carriers is realized by Inverted
Fast Fourier Transform (IFFT) in transmitters [3].
Each carrier is modulated separately, and all
modulated signals are transmitted in the same
bandwidth. The most used modulation techniques in
OFDM communication are PSK (phase-shifted
switching), which provides the phase of the carrier
signal, QAM (quadratic amplitude modulation),
which provides data transmission according to the
amplitude and phase change of the signal [4][5]. All
carriers are collected at the transmitter output and
sent to the transmission channel when any
modulation techniques are used. Just as the incoming
signal is taken, the signal is transformed to the
frequency spectrum by the Fast Fourier Transform
(FFT) on the receiving side. The information signals
are decomposed and converted to their original form
using a balanced modulator for each carrier. As it is
well-known, OFDM communication is used in digital
communication systems such as WLAN, LTE, DVB-T,
and 5G [6][7][8]. Thanks to the more efficient use of
bandwidth, more users are accessed in each channel.
In passband modulations (ASK, FSK, PSK), data
transmission is carried out by successive
transmission of each symbol [9][10]. The symbol for
belonging to each bit used in modulation uses the
entire frequency spectrum. As the communication
speed increases, the symbol rate should be reduced.
In this case, the spectral components of each symbol
interfere with each other on the receiving system
side; this is called ISI (inter-symbol interference)
effect [11]. The spread of signals in the time
spectrum also creates an ISI effect, and negative
effects increase the BER rate on the receiver side.
The energy of each symbol affects the energy of the
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neighboring symbol. This is seen in PDF (power
density factor) graphics of symbols [12]. In this case,
the channel selectivity decreases in the receiver
systems. In passband modulations, instead of
sending data of certain bit lengths step by step in a
large time slot with a single carrier, sending a carrier
to each group with the formed bit groups also
increases the communication speed. By multiplying
the number of bits grouped here, the communication
speed increases by the number of carriers. The larger
the number of carriers, the longer the time used for
each symbol. Thus, the ISI effect is also reduced. The
basic principle of the OFDM communication
technique is based on this sub-channel method. Data
is transmitted with selected subcarriers at
frequencies very close to each other. The 90-degree
phase difference between the carriers allows the
carriers to be selected at very close frequencies.
Compared to classical methods, the frequency band
used by subcarriers is narrower. This way, the
number of grouped bits is increased by using more
subcarriers. In the literature studies, by comparing
the performance of four different modulation types
in Sharma et al.'s OFDM system, the BER ratios
ranged from 0.4 to 0.9. [13]. Thai et al. studied
estimating the BER analysis of QPSK modulation on
the OFDM system [14]. Hoxha et al. examined the
performance of only QPSK and 16QAM modulations
in the OFDM communication system at different SNR
ratios in their study [15]. In this study, six different
modulation types (BPSK, QPSK, 8PSK, 16QAM,
32QAM, 64QAM), six different SNRs
(0,5,10,15,20,30) and four multipath (1,2, 4,8)
performances were compared using the OFDM
system. The biggest advantage of this research over
existing studies is communication was carried out by
changing the SNR and multipath (multipath
communication channel) via the OFDM system by
using the most frequently used modulation
techniques (BPSK, QPSK, 8PSK, 16QAM, 32QAM,
64QAM) and CP (Cyclic Prefix) constant [16]. As a
result of the study, the BER performances of each
modulation technique were compared separately.
Different simulation applications have been made in
variable SNR, Multipath, and modulation types, and
it has been revealed which modulation type is more
efficient in which situations.

2. Basic block diagram of OFDM method
OFDM basic block diagram is shown in Fig. 1.
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Figure 1. Basic block diagram of OFDM system [17]

The data used in the system is a random numeric bit
generator. The aim here is to reproduce the
produced bit series in the last layer of the receiver
part. The modulation wused in the OFDM
communication system is modulated by the bit series
produced in the desired size, depending on the type.
Modulation types such as PAM, QPSK, QAM, 16PSK,
BPSK can be used as needed. The modulated signal is
split into as many parallel segments as it needs to be

T

divided into carriers. These subcarriers form the
frequency multiplexing part. The number of carriers
can be 2n (4, 8, 16, 32, 64). The signal converted into
parallel blocks is converted into signals
perpendicular to each other by taking the inverse
Fourier to transform separately. The operation in
Fig. 2 constitutes the main part of the OFDM system.
Perpendicular symbols allow maximum carrier
transmission within the transmission band.

Figure 2. OFDM transmission spectrum

Adding the end of the signal to the beginning of the
signal to prevent time shifts between symbols is
called Cyclic Prefix insertion. This situation is used to
avoid carrier interaction (ICI) and inter-symbol
interaction (ISI) that occur in signal transmission
[16][18].

In OFDM communication, time-frequency domain
transformations are performed in Fourier
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transform operations on the transmitter and
receiver sides. When expressed in the equation;
OFDM encoding processing applies the IFFT. This
method:
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Encode (IFTT Processing):

frequency domain samples — time-domain sample

N

x(t) = X7y, X[k]e/2mN ()

\ ™

Time-domain Frequency- domain

N
-1 .
X[k] =27y, x(£)e /2N (2)

3. Different modulation techniques

3.1. PSK Modulation

In phase-shift keying (PSK), the binary signal to be
transmitted changes the phase of the sine signal

depending on whether 0 or 1. PSK modulation is one

If numeric 0 is to be sent:
A cos(wt + m) = —Acos(wt) 4

If numeric 1 is to be sent:
A cos (wt) (5)

In the phasor space, it appears as in Fig. 3.

Decode (FFT Processing): time-domain samples

frequency domain sample;

Orthogonality of any two bits:

N
y12 ! gmi2nkt/N g=j2mpt/N — 0 yp % k (3)

The IFFT transformation ensures that the carriers

are orthogonal on the transmitter side.

of the modulation types that is least affected by
noise. For this reason, it is used in satellite
communication and high-speed digital
communication systems. There are varieties such as
BPSK, QPSK, 8PSK. For example, BPSK can be
expressed by the following mathematical equation.

oy 0 00K .
H!l“\l!”lo“\ |”|0,”|9“11”\”“1er||”|0
‘1‘1‘“"\ LA \Lpn\lw | Lasanneannneny _ ., () \]
I VOOV RIVUVaIvvN Y| TV IBLALARA \u.’.ua\ \ ‘ >
J‘I”ol”ul“u\ “IHIt“ll“jll\“ll“ll“lll“
|
E, -
+ a () () 4 BPSK 4
‘I'[:“U ”“H-‘ SESERRRRILY l"!lIH\I]HH"II”H“\H’!I!" LideLb 11 ;7“:- 0
i T ol g
II\“H“H”II AL LY Ju.\”niln\ll “i.l“n\llull AL Il
‘__’ Iull 1
25ps (@ IO0hS ) \T:_t' )
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Tl 5-‘" 4 /4 — /4 5.7. 4 34 b /4
lullnnn f\” ..... 1111 ””“””“”” ‘ . .‘VI
1 et y > : — T
!H“HHHH“H..,,. ........... ' ”.l““‘l‘H.”l]I‘H”IJ JH\||\vw|II\vIII .* .
S5m/4 -4

Figure 3. PSK Phasor space shapes

3.2. QAM Modulation

Quadrature amplitude modulation QAM (quadrature
amplitude modulation) is a combination of
amplitude modulation and PSK modulation. It is a
type of modulation that contains phase and
amplitude information to express a signal. It is
expressed with numbers such as 16 QAM, 32 QAM,
64 QAM. 16 QAM = 4 amplitude levels + 4 different
phases. Generally, the purpose of use; is to transmit
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different signals in different phases with a single
carrier. Today, due to the development of signal
processing and communication electronics
techniques and the need for more information
transmission, it is mostly used as 256 QAM [2]. QAM
modulation in each sub-channels formed by the DMT
modulation used in the ADSL connection type can be
given as an example of the above type of use. It is
obtained by placing the carriers to form a square in
the phasor space.
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4. Implementation of basic FDM modulation
simulation and OFDM requirement

FDM effectively allows for the simultaneous
transmission of multiple signals by utilizing distinct
frequency bands, ensuring that each signal can be
retrieved without interference during the
demultiplexing process. When FDM expressed in the
equation 4 and basic part of the balanced
modulator(multiplier) shown in Fig-4. In Fig. 5, the

S(t) = X si(t). cos (2nfit)

Where:
(t) is the combined signal.
(t) are the individual signals.

simulation application of the FDM communication
system, which forms the basis of the OFDM
communication system, is seen. In addition, 4
separate low-frequency information signals were
collected by modulating in a balanced modulator
with four respective carriers signals and applied to
the transmission line. On the receiving side, each
channel was filtered with a coherent type receiver,
and four separate information signals were obtained
again.

(4)

are the corresponding carrier frequencies for each
signal.

® 12 Vdo
1 39k
) . VY,
Carrier GH
Input, &
Modulating Eo_’. Vo
Signal  10kZ 10k 51
Inpurt 14 E
P 50 k }
15 268k
Carrier Null -8.0Vde =

Vee
Typical Modulator Circuit

Figure 4. Balanced modulator circuit
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OP * MULTIPLY
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Carrier_4

Figure 5. FDM Communication simulation

As shown in Fig. 6, when the system bandwidth is too
narrow, that is, when the carrier frequencies are too
close to each other, channel information is mixed on
the receiving side. For this reason, OFDM has been
the reason for choosing to communicate from a
single channel using minimum bandwidth [25]. In
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Table 1, the carrier frequencies selected close to each
other are shown to prove data interference in FDM
communication.

In order to show the correct transmission of
information signals in communication and to see
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them separately visually, their frequencies were
selected differently.

Table 1. Frequencies selected for minimum BW in FDM communication

Carrier Frequency Information signal
Frequency
10 kHz 10 Hz
10.2 kHz 20 Hz
10.3 kHz 30 Hz
10.4 kHz 40 Hz

| Channel C ‘

Position M’f Position "cﬁl

Channel I

Position M’f Position "cﬁl

Figure 6. Signals obtained in 4 separate channels on the receiving side when carrier frequencies are selected too
close for minimum BW

Fig. 7 shows that four separate information signals

received from a single channel in FDM In Table 2, it is seen that the carrier frequencies are
communication are separated adequately at the selected far from each other.

receiving point when the carrier frequencies are

selected far from each other.

Table 2. Different carrier frequencies to avoid data interference

Carrier Frequency Information signal
Frequency
10 kHz 10 Hz
12 kHz 20 Hz
14 kHz 30 Hz
16 kHz 40 Hz

Channel

Channel B

Poston =11 Pestion
M| oc
=== anp
: «
- -

Figure 7: FDM communication signal and four separate information signals obtained on the receiving side
38
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Because selecting carrier frequencies far from each
other in FDM communication increases bandwidth,
its frequencies can be chosen close to each other by
making the carriers perpendicular to each other
(OFDM). Thus, the bandwidth used is minimal.

5. Efficiency (performance) analysis of
modulation techniques

The two most efficient modulations in the OFDM
technique were examined. In these modulation
types, Multipath (multipath) and SNR (signal to noise
ratio) are taken as variables; BER (bit error rate) was
calculated by comparing the signal at the receiver
output with the original signal as a result of six
different modulations, respectively simulation.
Other variables Cyclic Prefix (CP) 16, FFT size 64,
channel estimation method LS (Least Square), are
Transmit Constellation

BPSK Modulation
Multipath Channel Tabs:

Received Constelletion
Measured SNR: 30.00 dB

Quadrature

o

x

x
Quadrature

J °

2

L

Inphase

In phase

Received Picture
Transmit Picture BER:0

taken as constant in the simulation program. The
values obtained from seventy-two (72) different
simulations have been interpreted [19].

5.1. BPSK Modulation

In the simplest form of PSK, the digital input signal
alternates between 1 and 0, while the carrier's
output phase shifts between two angles 180° apart.
In the simulation, taking Multi-Path from 1 to 8 (1, 2,
4, 8 values), SNR (Signal-to-Noise Ratio) 0 to 30 dB
(0dB, 15 dB, 30 dB values), respectively. results have
been recorded [20]. Here, the results of the highest
and lowest BER values are shown in Fig.-8. According
to eight different simulations of BPSK modulation,
the lowest BER value was taken at 0 SNR in two
channels, and the highest BER value was 30 dB in one
channel.

Received Constelletion
Measured SNR: 0.00 dB
Channel Estimation: LS

Transmit Constellation
BPSK Modulation
Multipath Channel Tabs: 2

Quadrature
>
x
x
Quadrature

2 A 0 1

In phase In phase

Received Picture
BER: 0.22

Transmit Picture

Figure 8. BPSK modulation highest and lowest BER values

5.2. QPSK Modulation

QPSK provides four different outputs for a single
carrier frequency. Four different input states must
occur for these four different output phases. For four
different input combinations to happen in the QPSK
modulator, the input signal of the QPSK modulator

Transmit Constellation
QPSK Modulation
Muitipath Channel Tabs:

Received Constelletion
Measured SNR: 30.00 dB

x x - 13 .
2 2
£o Eo
o x x a4 * -

2 1 0 1 2 2 1 0 1 2
Inphase Inphase

Received Picture
Transmit Picture BER: 0

must be in the form of a digital binary system [14].
With the two bits to be given to the input, four
different states are created as 00,01,10,11. The same
variables as in BPSK were tried in the simulation,
respectively, and the highest and lowest BER values
were shown in Fig. 9.

QPSK Moduation
Multipath Channel Tabs: 4

Received Constelletion
Measured SNR: 0.00 &8
Channel Estimation: LS

Quadrature
E)
Quadrature
°

Received Picture

Figure 9. QPSK modulation highest and lowest BER values

International Journal of Technological Sciences

39
e-ISSN 1309-1220



Ozkan Sezer, Nihat Daldal, ibrahim Yiicedag, Usage of different modulation applications in OFDM systems and performance comparison

5.3. 8PSK modulation

In 8PSK, eight possible states of three consecutive
bits are assigned to a carrier signal's eight specified
phase positions. Three bits are moved with each

Transmit Constellation

8PSK Modulation Received Constelletion
Multipath Channel Tabs . Measured SNR: 30.00 dB
1 x 1 -
x x - .
® o
2 3
Eo x x Ey . -
B B
S g
o o
x x - -
1 x 1 -
2 -2
2 1 o 1 2 -2 1 o 1 2

In phase In phase

Received Picture

Transmit Picture BER: 0

phase change. Phase changes are 0, 45, 90, 135, 180,
225,270 and 315 degrees [21] . The same variables
as in QPSK were tried in the simulation, respectively,
and the highest and lowest BER values were shown
in Fig. 10.

Transmit Constellation Received Constelletion
8PSK Modulation Measured SNR: 0.00 dB
Muitipath Channel Tabs: 8 Channel Estimation: LS

Quadrature
°
x
x
Quadrature
°

In phase In phase

Received Picture
BER:0.43

Transmit Picture

Figure. 10. 8PSK modulation highest and lowest BER values

5.4. 16-QAM Modulation

16-QAM provides 16 different outputs for a single

carrier frequency. For these 16 different outputs, 16

different input states must occur. For different input

combinations to occur in the 16-QAM modulator, the
Transmit Constellation
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Multipath Channel Tabs Measured SNR: 29.99 dB

Quadrature
B
Quadrature
°
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In phase In phase
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Transmit Picture BER:0

input signal of the 16-QAM modulator must be in the
form of 4 digital bits [22]. The same variables as in
8PSK were tried in the simulation, respectively, and
the highest and lowest BER values were shown in
Fig. 11.
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Figure 11. 16 QAM modulation highest and lowest BER values

5.5. 32-QAM Modulation

32-QAM provides 32 different outputs for a single
carrier frequency. For these 32 different outputs, 16
different input states must occur. For different input
combinations to occur in the 32-QAM modulator, the
input signal of the 32-QAM modulator must be in the
form of 5 digital bits [23]. In the simulation, the same
variables as in the 16-QAM modulation were tried,
respectively, and the highest and lowest BER values
are shown in Fig. 12.
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Figure 12. 32 QAM modulation highest and lowest BER values

5.6. 64-QAM Modulation

64-QAM provides 64 different outputs for a single must be in the form of 6 bits [24]. The same variables
carrier frequency. For these 64 different outputs to were tried in the simulation as in 32-QAM
occur, 64 different input states must occur. For modulation, respectively, and the highest and lowest
different input combinations to occur in the 64-QAM BER values are shown in Fig. 13.

modulator, the input signal of the 64-QAM modulator
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6. Conclusions

The study proved the necessity of an OFDM system
by simulating the transmission of multiple
information signals from a single channel as FDM
with a coherent structure. Here, reducing bandwidth
in band-modulated data transmission is the most
significant advantage of the OFDM system. The study
compared the types of modulation used in OFDM
communication.

As a result of seventy-two (72) simulations, it was
observed that there was no change in the BER values
of 30 dB and beyond and that the BER ratio was 0 in
all modulation types when the multi-channel was
single and the SNR ratio was 30 dB. Therefore, it is
seen in Fig.-14 that PSK modulation is more
successful against noise than other QAM
modulations in all modulation types. Furthermore,
BPSK modulation has been the most successful BER
ratio among all modulation types in PSK modulation,
as seen in Fig.-15. Therefore, when speed and error
rate are considered, BPSK and QPSK modulation is
the most commonly used modulation type in OFDM
communication
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Isparta ili icin amonyak-su absorpsiyonlu 1s1 pompalari iizerindeki mevsimsel sicakliklarin
etkilerinin arastirilmasi

Anahtar Kelimeler Oz: Bu calisma, Isparta ili igin amonyak-su absorpsiyon 1s1 pompasi sistemlerinin
Amonyak-su absorpsiyon performansini analiz etmektedir. Isparta'nin degisken iklim kosullar1 dikkate alinarak,
Is1 pompasi mevsimsel sicakliklarin 1s1 pompasi performansi iizerindeki etkileri incelenmistir. Calismada,
Ickcl)lrl)n kosillart amonyak-su absorpsiyon 1s1 pompasinin diistik dis ortam sicakliklarinda dahi kabul edilebilir
Enerji verimliligi bir performans gosterdigi, sicaklik arttikca ise sistemin verimliliginin arttigi gézlemlenmistir.

COP (performans katsayisi) degerleri Ocak ayinda 0.7981 iken, Eyliil ayinda 0.8138'e kadar

Makale ge¢misi: yukselmistir. Bu sonuglar, amonyak-su absorpsiyon 1s1 pompalarinin Isparta gibi iklimsel
Gelis Tarihi: 03.10.2024 farkliliklar gosteren bolgelerde enerji verimliligi agisindan uygun bir ¢6ziim sundugunu ortaya
Kabul Tarihi: 09.12.2024 koymaktadir. Ayrica, literatiirdeki calismalarla Kkarsilastirildiginda, bu sistemin diisiik

sicakliklarda da makul bir verimlilik sagladig1 goriilmektedir. Calismanin genel bulgular,
amonyak-su absorpsiyon 1s1 pompalarinin disiik sicakliklarda makul bir performans
sundugunu, ancak yiiksek sicakliklarda daha verimli calistifini ortaya koymaktadir. Bu
baglamda, Isparta gibi mevsimsel sicaklik degisikliklerinin yiiksek oldugu boélgelerde bu
sistemlerin enerji verimliligi acisindan uygun bir se¢cenek oldugu sonucuna varilmistir.
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1. Introduction

Isparta is an important city located in the
Mediterranean Region of Turkey. The climate
conditions of the region are hot and dry in summers and
cold and rainy in winters. These climate characteristics
are important factors that determine the heating and
hot water needs of the local population and industry. In
this context, it is important to research alternative
heating and hot water systems in terms of energy
efficiency and environmental sustainability. Ammonia-
water absorption heat pumps are a technology that uses
environmentally friendly refrigerants such as ammonia
and water to transfer thermal energy. These systems
provide high efficiency while minimizing the impact on
the environment by reducing electrical energy use.
Compared to traditional heat pumps, ammonia-water
absorption heat pumps offer lower operating costs and
longer life. Potential application areas of ammonia-
water absorption heat pumps for Isparta include:

¢ Residential Heating and Hot Water Systems: Heat
pumps supported by solar energy in the summer
months can be used to provide hot water and heating in
residences. In winter months, ammonia-water
absorption heat pumps can operate effectively despite
low outdoor temperatures.

e Industrial Process Heating: Isparta province is home
to important industries such as agriculture and textile.
It is possible to make the process heating systems used
in these industries more efficient with ammonia-water
absorption heat pumps.

e Greenhouse and Agricultural Heating: Greenhouse
farming is of great importance in Isparta's agricultural
production. Ammonia-water absorption heat pumps
can be a suitable solution for controlling the
temperature inside the greenhouse and growing
agricultural products.

In this context, it is recommended that the use of
ammonia-water absorption heat pumps be encouraged
and supported locally for Isparta province. Evaluating
the performance of the ammonia-water absorption heat
pump system according to the outdoor temperature of
Isparta will make your article more comprehensive and
suitable for the local context. The originality of the
study is that there are limited studies on the
performance of ammonia-water absorption heat pumps
in regions with intense seasonal temperature changes,
such as Isparta. Your study is important in terms of
providing energy efficiency solutions suitable for local
climate conditions.
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2. Literature Review

This study performed energy and exercise analysis of
an ammonia-water absorption refrigeration system
(AWARS) for domestic solar cooling systems. The study
found that the COP value was 0.7 when the evaporator
temperature was 5 °C and the condenser temperature
was 30 °C [1]. Modeling and experimental analysis of
GAX NH3-H20 gas powered absorption heat pump
were performed. The experimental results show that
the COP value was 1.2 when the evaporator
temperature was 15 °C and the condenser temperature
was 40 °C [2]. Performed seasonal performance
evaluation of three alternative gas-powered absorption
heat pump cycles. In the study, the highest COP value of
the system was determined as 1.5; the evaporator
temperature is 10 °C and the condenser temperature is
35 °C [3]. This book discusses the applications of
thermal energy storage systems and the integration of
NH3-H,0 systems. The book determined the
temperatures at which NH3-H,0 systems operate at
their highest efficiency as 5 °C and 45 °C [4]. The start-
up time of aqua-ammonia and water-lithium bromide
absorption chiller systems under different heat
exchanger configurations was compared. The results
show that the COP value is 0.9 for aqua-ammonia and
1.2 for water-lithium bromide at an evaporator
temperature of 10 °C and a condenser temperature of
35 °C [5]. Simulation and comparison of NH;-H,0
absorption cycles study
determined that the COP value of the systemis 1.1 when
the condenser temperature is 30 °C and the evaporator
temperature is 10 °C [6]. An environmental life cycle

were performed. The

assessment was conducted between a condensing
boiler and a gas-fired absorption heat pump. The
obtained data show that the absorbers temperature is
25 °C and the COP value is 0.95 [7]. A study was
conducted on monitoring and comparing the primary
energy efficiency of gas-fired absorption heat pumps. In
the study, the evaporator temperature was determined
as 5 °C and the condenser temperature was 30 °C; under
these conditions, the COP value was measured as 0.85
[8]. The performance characteristics of the NH3-H,0
absorption heat pump system were investigated. In the
study, the COP value was determined as 1.2 under
conditions where the evaporator temperature was
10 °C and the condenser temperature was 35 °C [9].
Simulation and performance analysis of an NH3-H,0
absorption heat pump based on generator-absorber
heat exchange (GAX) cycle was performed. The results
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showed that the COP value was 0.88 when the
evaporator temperature was 0 °C and the condenser
temperature was 40 °C [10]. Performance comparison
of NH;-H,0 and water-lithium bromide solutions in
vapor absorption refrigeration systems was performed.
In the study, the evaporator temperature was
determined as 10 °C and the COP value was 1.0 for the
NH3-H,0 system [11]. NHj3-H,O hybrid absorption-
compression heat pump for heat supply in a spray-
drying facility was optimized using exergoeconomic
analysis. The results showed a COP of 1.3 with
evaporator and absorber temperatures of 10 °C and
30 °C, respectively [12]. Large capacity NH3-H,0 and
water-lithium bromide vapor absorption refrigeration
cycles were compared. Results indicated a COP of 1.1 for
NH3-H,0 at an evaporator temperature of 5 °C and a
condenser temperature of 30 °C [13]. Comparison of
NH3-H,O0 and water-lithium bromide solutions in
absorption heat transformers was carried out. The
study revealed that the COP value of the NHs-H,0
system at an evaporator temperature of 10 °C was 1.0
[14]. An experimental investigation was carried out on
the NH3-H,0 absorption cycle for transporting heat
over long distances. In this study, the performance of
the system was found to be 0.95 with a COP value at 0 °C
evaporator and 40 °C condenser temperatures [15].
Experimental results for heat recovery of NH;-H,0
system in industrial processes present a COP value of
1.1 at 0 °C evaporator temperature and 35 °C condenser
temperature [16]. Design and analysis of NH3-H,0
absorption heat pump were carried out. In the study,
the COP value was measured as 1.0 for 10 °C evaporator
temperature and 30 °C condenser temperature [17].
First law thermodynamic evaluation of NH;-H,0
absorption heat pump systems was carried out. The
obtained results determined the COP value as 0.9 at
10 °C evaporator temperature and 35 °C condenser
temperature [18]. Performance improvement of gas-
fired absorption heat pumps by controlling the flow
rate. The study shows that the COP value is 1.2 at 15 °C
and 40 °C
temperature [19]. An experimental investigation was

evaporator temperature condenser
carried out on ammonia-water-lithium bromide
absorption refrigeration system without a solution
pump. In the study, the performance of the system
presents a COP value of 0.95 at 10 °C evaporator
temperature and 35 °C condenser temperature [20].
Performance evaluation of small-scale (AWARS) was
conducted. In the study, the COP value was measured as

1.1 at 15 °C evaporator temperature and 40 °C
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condenser temperature [21]. Simulation analysis was
carried out on the performance optimization of gas-
fired NH3-H,0 absorption heat pump. In the study, a
COP value of 1.0 was determined at 10 °C evaporator
temperature and 30 °C condenser temperature [22].
Experimental analysis of a “thermally driven” solution
pump using a small capacity NH;-H,0 absorption heat
pump was carried out. The study achieved a COP of 0.8
at an evaporator temperature of 5 °C [23].

3. Materials and methods
3.1. Climatic conditions of Isparta

Isparta's climate conditions are characterized by high
temperatures in summer and low temperatures in
winter. This can directly affect the performance of the
NH;3-H,0 absorption heat pump system. Especially in
winter, low outdoor temperatures can reduce the
efficiency of the system. The analyses show that when
the outdoor temperature drops below 0°C, the COP
value of the system decreases significantly. In summer,
increasing temperatures allow the system to operate
more effectively. In this context, optimizations and
system design recommendations suitable for Isparta's
climate presented. In addition,
evaluating the effects of different
scenarios on performance provide
local energy

conditions are

simulations
temperature
important

applications.
Monthly Temperature Variations in Isparta (1929-2023)
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o~ Average Maximum Temperature {*C)
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Figure 1. Isparta monthly temperature change [24]

General Directorate of Meteorology [GDM] This
institution provides Turkey's official meteorological
data. Isparta's annual temperature averages and

seasonal changes are given in Figure 1.
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3.2. Working diagram of the absorption system
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Figure 2. Ammonia water heat pump flow diagram

Figure 2 shows a thermal system that uses a mixture of
ammonia (NHs) and water (Hz0) as an alternative to a
vapor compression cycle. The operating principle of
this system is based on taking heat from one medium
and transferring it to another medium, but here an
absorption and desorption process is used instead of a
compressor. The basic operating principle of the NH;-
H,0 absorption heat pump is explained step by step
below: The NH;-H,0 mixture comes into play at this
point. While the ammonia is operating in the low-
pressure side of the system in the vapor phase, this
vapor is absorbed by the water and an NH;3-H,0
solution is obtained. During this process, heat is taken
from the environment, which performs the cooling or
heating function of the system. The absorbed NH;-H,0
solution is transported from low pressure to high
pressure. This is done with a mechanical pump that
consumes very little energy. The solution, which is
brought to high pressure, is then sent to the generator.
Heat is added to the NH3-H,O solution under high
pressure. This heat energy is usually provided by a
boiler or a source such as solar energy. During this
process, ammonia is separated from the water solution
and ammonia vapor emerges. Water remains in the
generator. The ammonia vapor leaving the generator
goes to the condenser. Here, the vapor is condensed
with the help of cooling water or air and turned into
liquid. During condensation, ammonia vapor releases
heat to the environment. This stage is when the system
operates in heating mode. The condensed liquid
ammonia is sent to the evaporator by reducing its
pressure through the expansion valve. In the meantime,
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the pressure and temperature of the ammonia decrease.
The low-pressure ammonia liquid evaporates again by
taking heat from the environment in the evaporator.
The ammonia vapor absorbs heat from the low-
temperature environment and cools the environment.
During this process, the vapor performs the cooling
process of the evaporator by absorbing the heat from
the environment. The vaporized ammonia returns to
the absorber and the cycle starts again. In this system, a
heat source is used instead of a compressor and the
absorption/desorption processes of the water-
ammonia solution take place. NH3-H,0 absorption heat
pumps offer an efficient heating and cooling solution
with low energy consumption and are more
environmentally friendly than fossil fuel systems.

3.3. Comparison with Other Energy Systems

NH3-H,0 absorption heat pumps offer an important
option in terms of energy efficiency and environmental
sustainability. However, when compared to different
heating and cooling systems, a detailed analysis is
required to determine which system is
advantageous. Below is an evaluation comparing the
NH;3-H,0 absorption heat pump with other energy
systems (such as electric heat pumps and fossil fuel
systems).

more

Electric heat pumps are systems that transfer heat from
the air or ground to the interior. They perform cooling
or heating processes using electrical energy. Their COP
values usually range from 3 to 4, meaning they produce
3 to 4 units of heat for each unit of electrical energy.
They are compatible with high efficiency, low operating
costs and environmentally friendly energy sources. The
high electricity costs and the reduced efficiency of
electric heat pumps in some regions reduce their
effectiveness in the winter months when the outdoor
temperature is low.

Fossil fuel systems generate heat using fuels such as
natural gas, diesel or coal. Generally, these systems
generate energy through combustion. They usually
offer efficiency between 70-90%; but this varies
depending on the type of fuel used and the type of
system. Low initial costs and high heat generation
capacity. Carbon emissions and environmental impacts,
depletion of fossil fuels, fluctuating fuel costs.
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3.4. Thermodynamic calculations and their assumption

The thermodynamic analysis was made with the EES
software (Engineering Equation Solver) [25]. Since the
NH;3-H,0 absorption heat pump is a thermal system, the
COP value is calculated by the formula:

Cooling or Heating Power Generated

COP=

[1]

Energy Used in Input (Heat)

This system absorbs heat at low temperature in the
evaporator and receives energy from a heat source. COP
values typically depend on temperature differences and
the properties of the fluid used in the system. When
calculating COP values at different temperatures:

e Evaporator temperature (low temperature) is the part
where absorption occurs.

e Condenser temperature (high temperature) is the
condensing temperature.

¢ COP varies depending on the efficiency of the heat
energy at the inlet and the behavior of the fluid in the
cycle.

Absorption systems at low temperatures usually have
lower COP values because the temperature difference
between the evaporation and condensation processes is
small.

Electric heat pumps transfer heat from the external
environment using a mechanical cycle. COP is usually
calculated as follows:

Transferred Heat

COP

:Electrical Energy Consumed [2]
The COP value changes depending on the outside
temperature. As the outside temperature increases, the
COP value of an electric heat pump increases because
the system works more efficiently as the temperature
difference decreases. Electric heat pumps use the heat
they receive from the outside environment to heat or
cool, and therefore their efficiency increases as the
ambient temperature increases.

Fossil fuel systems usually work with a boiler or
combustion system. Efficiency is calculated with the
following formula:

Output Power (Heat or Energy)

X100

Efficiency(%)= (3]

Input Energy (Fuel Energy)
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In fossil fuel systems, efficiency is calculated by factors
such as combustion efficiency and boiler efficiency, and
usually varies between 80% and 95%. These systems
depend on the type of fuel and combustion efficiency
rather than the outside temperature.

The values in the table are generally calculated using
experimental data or standard COP and efficiency
values in the literature. The operating performance of
the relevant systems under temperature conditions has
been determined by simulations. The general methods
used for each system are summarized below:

¢ Absorption Heat Pump: COP values are calculated
together with the evaporator, condenser and absorber
temperatures. It is found using the cooling load and the
thermal energy entering the system.

e Electric Heat Pump: COP is calculated based on the
thermal energy transferred according to the electrical
energy consumed.

* Fossil Fuel System: Efficiency is calculated by taking
into account combustion efficiency and thermal losses.

As aresult, the COP or efficiency value of each system is
directly related to how the system operates and in
which temperature range it is evaluated.

4. Findings

Table 1. Thermodynamic data of NH3-H,0 absorption

heat pump

Parameter Value Parameter Value
T_evaporator 5 Mass flow rate 0.05
[°C] (m_dot) [kg/s] '
P_evaporator T_generator
[bar] 2 [°C] 120
X_evaporator 1 P_generator [bar] 10
T_condenser 35 Q_evaporator 5453
[°C] (k]/s] '
l;l;;::]ndenser 10 Q_generator [k]/s] 68.32
x_condenser 0 COoP 0.7981

Table 1 shows the thermodynamic data of the NH3-H,0
absorption heat pump. The evaporator temperature
(T_evaporator) was determined as -5°C, the evaporator
pressure (P_evaporator) was 2 bar, and the steam
quality at the evaporator outlet (x_evaporator) was
determined as 1. The condenser temperature
(T_condenser) was recorded as 35°C, the condenser
pressure (P_condenser) as 10 bar and the steam quality
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at the condenser outlet (x_condenser) as 0. The
generator temperature (T_generator) is 120°C, the
generator pressure (P_generator) is 10 bar, the mass
flow rate (m) is 0.05 kg/s, the amount of heat taken
from the evaporator (Q_evaporator) is 54.53 kJ/s and
the amount of heat taken from the generator
(Q_generator) is 68.32 KJ/s. The performance

coefficient (COP) of the system was calculated as 0.7981.

Outdoor Temperatures and COP Values of Ammonia-Water Absorption Heat Pump

pwary  Febmary  Morch Pt ay pre py fugust  Seemaer  October
Moeths

Figure 3. Effect of outdoor temperatures on COP in
absorption system

Figure 3 shows the seasonal temperature data of the
cooling system and the graphs showing the
performance of an absorption heat pump. The data and
detailed explanations of the graphs are given below: It
represents 12 months of the year from January to
December. It is the average outdoor temperature of a
city located in a temperate climate zone like Turkey by
month. For example, while the average temperature in
January is 1.8°C, itis 23.5°C in July. The temperatures in
the evaporator section of the absorption heat pump are
calculated according to these data and outdoor
temperatures. These temperatures vary between -5°C
and 20°C. Lower values are seen in the winter months
and higher values are seen in the summer months. It
represents the coefficient of performance of the heat
pump. The COP value varies between 0.7800 and
0.8153 and these values show the efficiency of the heat
pump. The higher the COP, the more efficient the system
is. The blue line shows the COP values by month in the
graph. In January, the COP is 0.7981, while this value
increases in the summer months, reaching 0.8138 in
September, and then decreases again. The red dashed
the evaporator temperatures. This
temperature starts at -5°C in January and increases in
the summer months, reaching 17.22°C in September.

line shows
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COP values vary seasonally. As outdoor temperatures
increase in the summer months, the COP also tends to
increase, indicating that the efficiency of the heat pump
varies with the season. The evaporator temperature is
directly related to the outdoor temperatures. As the
ambient temperatures increase, the evaporator
temperatures also increase. This graph can be used to
analyze the seasonal performance of absorption heat
pumps and helps us visually understand in which
seasons the system is more efficient.

Relationship Between Heat Pump COP and Fossil Fuel System Efficiency

~8- AMMania-Water ADSorpHio Heat Pump (COP) - Electric Heat Pump (COF]

08150
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08075
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-5 0 5 10 15 0
Temperature (C)

Figure 4. The relationship between heat pump COP
and Fossil fuel system efficiency

Figure 4 investigates the coefficients of performance
(COP) and efficiency of NH3-H,0 absorption heat pump,
electric heat pump and fossil fuel systems depending on
certain temperature values. The numerical data used
are summarized below: At temperature -5 °C, the COP
of the NH3-H,0 absorption heat pump is 0.7981, the
COP of the electric heat pump is 3.0 and the efficiency of
the fossil fuel system is 85%. At temperature -2.222 °C,
the COP of the NH3-H,0 absorption heat pump is 0.8004,
the COP of the electric heat pump is 3.5 and the
efficiency of the fossil fuel system has increased to 90%.
At 0.5556 °C, the COP of the NH3-H,0 absorption heat
pump is 0.8026, the COP of the electric heat pump is 4.0
and the efficiency of the fossil fuel system is 95%. At
3,333 °C, the COP of the NH3-H,0 absorption heat pump
was 0.8047, the COP of the electric heat pump was 4.2,
and the efficiency of the fossil fuel system was 96%.
When the temperature was 6,111 °C, the COP of the
NH;3-H,0 absorption heat pump was 0.8067, the COP of
the electric heat pump was 4.5, and the efficiency of the
fossil fuel system was 97%. At 8,889 °C, the COP of the
NH3-H,0 absorption heat pump was 0.8087, the COP of
the electric heat pump was 4.8, and the efficiency of the
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fossil fuel system was 98%. At 11.67 °C, the COP of the
ammonia-water absorption heat pump was 0.8105, the
COP of the electric heat pump was 5.0, and the efficiency
of the fossil fuel system reached 99%. At 14.44 °C, the
COP of the NH3-H,0 absorption heat pump was 0.8122,
the COP of the electric heat pump was 5.2, and the
efficiency of the fossil fuel system was 99%. At 17.22 °C,
the COP of the NH3-H,0 absorption heat pump was
0.8138, the COP of the electric heat pump was 5.5, and
the efficiency of the fossil fuel system was 99%. Finally,
at 20 °C, the COP of the NH3-H,0 absorption heat pump
was 0.8153, the COP of the electric heat pump was 5.8,
and the efficiency of the fossil fuel system reached 99%.
The obtained data show that as the temperature
increases, the COP of the NH3-H,O absorption heat
pump increases from 0.7981 to 0.8153, and the COP of
the electric heat pump ranges from 3.0 to 5.8. In
addition, the efficiency of the fossil fuel system
increases from 85% to 99%. These numerical data
clearly show the temperature-dependent performance
of each system and enable comparisons between
energy systems.

Relationship Between COP, Condenser, and Generator Temperatures

—- COP Curve --%- Condenser Temperature 126
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Figure 5. Relationship between COP, condenser
temperature, evaporator temperature and generator
temperature

Figure 5 visualizes the relationship between Coefficient
(COP), condenser temperature,
evaporator temperature, and generator temperature.
The data is organized in a dictionary format that
includes: A set of coefficients of performance ranging
from 0.7981 to 0.8153. A fixed temperature for the
condenser of 35 °C. A set of evaporator temperatures
ranging from -5 °C to 20 °C. A fixed generator
temperature of 120 °C. A blue line and circular markers
for COP. A red dotted line and x markers for condenser
temperature. A green dashed line and square markers

of Performance
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for generator temperature. The graph is appropriately
labeled, with axis labels and a title. There is also a
legend indicating which line corresponds to which
parameter. The grid feature is enabled and the graph
size is set to 10 x 6 inches for improved readability. This
visualization helps to understand how COP varies with
changes in evaporator temperature, together with fixed
condenser and generator temperatures. The obtained
COP values generally show similar performance when
compared to the studies in the literature, but there are
some differences. For example, in January, when the
outdoor temperature is 1.8°C and the evaporator
temperature is -5°C, the COP value is calculated as
0.7981. This value is higher than the COP value of 0.7
obtained in the study of Aman et al. (2014) when the
evaporator temperature is 5°C and the condenser
temperature is 30°C. This situation shows that the NH5-
H,O absorption heat pump in your study offers
acceptable performance even at low temperatures. In
the summer, in July, when the outdoor temperature is
23.5°C and the evaporator temperature is 11.67°C, the
COP value is found as 0.8105. This result is similar to
the COP value of 0.8105 obtained in the study of Aprile
etal. (2016) study, it is lower than the COP value of 1.2
obtained at 15°C evaporator temperature and 40°C
condenser temperature. This difference shows that
condenser temperatures have a significant effect on
system performance. In addition, in the study of
Dehghan et al. (2020), the highest COP value of the gas-
fired absorption heat pump system was determined as
1.5 when the evaporator temperature was 10°C and the
condenser temperature was 35°C. It is quite high
compared to the highest COP value of 0.8138 obtained
in this article. This difference may be due to the
different characteristics of the systems used and
indicates that additional studies should be conducted
for the optimization of the system.

In general, the ammonia-water absorption heat pump
system exhibits competitive performance compared to
other studies in the literature at low temperatures, but
the COP values at high temperatures are slightly lower
compared to the literature.

5. Conclusions

In this study conducted for Isparta province, the
performance of the ammonia-water absorption heat
pump was analyzed depending on the outdoor
temperatures. The effect of seasonal temperature
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changes on the system efficiency was examined through
coefficient of performance (COP) and evaporator
temperatures.

In January, when the outdoor temperature was 1.8°C,
the evaporator temperature was determined as -5°C
and the system COP value was measured as 0.7981. In
the summer months, especially in July, the outdoor
temperature increased to 23.5°C, while the evaporator
temperature reached 11.67°C and the system COP value
increased to 0.8105. The highest efficiency was seen in
September, when the outdoor temperature was 18.9°C,
the COP value was recorded as 0.8138.

These data show that the ammonia-water absorption
heat pump operates with lower efficiency at low
temperatures, but the system performance improves
significantly as the temperature increases. It was
observed that the system operates more efficiently,
especially in the summer months. As a result, ammonia-
water absorption heat pumps were evaluated as a
heating solution suitable for the variable climatic
conditions of Isparta and were shown to have
significant potential in terms of local energy efficiency.
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Gunes Enerjisi enerji kaynaklarina olan ilgi hizla artmaktadir. Bu ¢alismada, Isparta ilinde kurulmasi planlanan
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bir parabolik giines kolektortiiniin (PTC) enerji ve ekserji performanslart incelenmistir. Glines
enerjisinin kesintili yapisim dengelemek amaciyla sisteme bir termal enerji depolama (TES)
birimi entegre edilmistir. Matematiksel modelleme ve termodinamik analizler ile enerji ve

ekseriji verimlilikleri degerlendirilmistir. Calismada, 2023 y1li Temmuz aymin 23. glint secilmis

Makale ge¢misi: ve bu glinde maksimum 1simim siddeti 1050 W/m?olarak belirlenmistir. Enerji verimliligi %47.1
Gelis Tarihi: 03.07.2024 ve ekserji verimliligi ise %16.68 olarak hesaplanmustir. Tank hacminin de en iyi performansi 2
Kabul Tarihi: 25.12.2024 m3 hacimde gosterdigi ve tank sicakliginin 135.3 °C oldugu tespit edilmistir. Isiim siddetinin

enerji verimliligi izerindeki etkisi grafiklerle desteklenmis ve énerilen sistemin Isparta ili igin
uygun bir ¢6ziim sundugu ortaya konulmustur.
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Thermodynamic investigation of parabolic solar collector with thermal energy storage

Keywords Abstract: Nowadays, the interest in renewable energy sources is rapidly increasing in order to
Solar Energy meet the increasing energy demand without harming the environment. In this study, the energy
Energy Efficiency and exergy performances of a parabolic solar collector (PTC) planned to be installed in Isparta

Exergy Efficiency
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province are investigated. A thermal energy storage (TES) unit is integrated into the system to
compensate for the intermittent nature of solar energy. Energy and exergy efficiencies are
evaluated by mathematical modeling and thermodynamic analysis. In the study, the 23rd day of

Article history: July, 2023 was selected and the maximum irradiance on this day was determined as 1050 W/m?2.
Received: 03.07.2024 Energy efficiency was calculated as 47.1% and exergy efficiency as 16.68%. It was also found
Accepted: 25.12.2024 that the tank volume showed the best performance at a volume of 2 m3 and the tank

temperature was 135.3 °C. The effect of radiation intensity on energy efficiency is supported
with graphs and it is shown that the proposed system offers a suitable solution for Isparta

province.

1. Giris

Ulkelerin gelismesiyle birlikte insanlarin enerjiye olan
ihtiyaci siirekli olarak artmaktadir. Ozellikle gelismekte
olan iilkelerde bu ihtiya¢ daha fazladir. Ote yandan, bu
ihtiyac1 karsilamak igin fosil yakitlarin kullanilmasi

* {Igili yazar/Corresponding author: prvnalptekin@gmail.com

zorluklar1 da beraberinde getirmektedir [1]. Fosil yakit
rezervleri sinirhdir ve bu kaynaklarin yakilmasi kiiresel
1sinma gibi ¢esitli cevresel sorunlara yol agmaktadir [2].

Enerjinin ekonomik biliyiime, kamu politikasi, ulusal
giivenlik ve devlet gelirleri gibi c¢esitli hususlar
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lizerindeki tartismasiz etkisi iyi bilinmektedir [3].
Glintimiizde, Diinyadaki enerji iiretiminin énemli bir
kismi fosil yakitlardan kaynaklanmaktadir ve bu en
ideal senaryo degildir. Bu durum, kiiresel 1sinmayi
sanayi oncesi doneme Kiyasla 2 °C ‘nin altinda bir
seviyede simrlama hedefini 6ngéren Paris iklim
Anlasmasi ile birlikte sicaklik artisini ayni oélciitiin
tizerinde 1.5 °C ile daha da sinirlamaya odaklanir [4].
Fosil  kaynaklar tiikenmekte ve tiikketimden
kaynaklanan karbon emisyonlar1 da es zamanl olarak
artmaktadir. Bu nedenle, birgok iilke siirdiiriilebilir bir
alternatif olarak yenilenebilir enerjiyi giderek daha
fazla ilgi gostermektedir. En umut verici temiz enerji
kaynaklarindan biri, emisyonu olmayan sinirsiz bir
kaynak olan gilines enerjisidir [4]. Yenilenebilir enerji
kaynaklarinin bir¢ok ¢esidi vardir. Ancak giines enerjisi
en ¢ok kullanilandir ¢linkii bulunmasi kolaydir ve gevre
iizerinde en az etkiye sahiptir [5].

Gilines enerjisi, giines PV ve glines termal olmak iizere
iki teknolojiye ayrilmaktadir. Birincisi dnemli 6l¢iide
ilgi cekmesine ragmen ikincisinin yayginlasmasinda
kayda deger bir artis olmustur [4]. Yenilenebilir
enerji kaynagi olarak giines enerjisi, kullanim émri
boyunca enerji saglama potansiyeline sahiptir. Giines
enerjisi teknolojisinden bir olan parabolik giines
kolektorleri, yiiksek sicakliklara ulasarak sicak su ve
elektrik  iretebilir. ~ Parabolik  oluklu  giines
kolektorlerini kullanmanin potansiyel avantaji, evde ve
isyerinde kullanilabilmelerinin yani sira bunlardan
biiyiik capta elektrik tiretilebilmesidir [5].

Gilines kolektorleri, sogutma, damitma, 1sitma ve
endiistriyel proseslerde enerji giderlerini azaltmak i¢in
kullanilmakta ve yiiksek sicaklik uygulamalarinda genis
kullanim alani bulunmaktadir [5]. Parabolik oluklu
yogunlastirlmis glines enerjileri (CSP) gelismis
teknolojilerdir ve Giiney Kaliforniya'nin Mojave
coli‘nde dokuz Giines Enerjisi Elektrik Uretim
Sisteminin (SEGS) insa edildigi 1980’lerden beri
kullanilmaktadir. Bu SEGS tesisleri toplam 354 MW
kurulu giic kapasitesine sahiptir ve %10’luk bir
verimlilik elde etmistir. Bu nedenle parabolik oluk CSP
sistemleri, diger tim CSP tesis tirleriyle
karsilastirildiginda en gelismis ve ticari olarak
kanitlanmis teknoloji olarak kabul edilmektedir [6].
PTC sistemi, yogunlastirilmis glines 1simimu ile alict
tlipteki 1s1 emici akiskani isitir. Elde edilen termal enerji
daha sonra genellikle bir 1s1 transfer akiskani (HTF)
kullanilarak bir termal enerji depolama (TES) tankina
aktarihir daha sonra kullanilmak {izere enerjinin
depolanmasi saglanir. Gilines enerjisinin
yogunlastirilmasi ve TES’in birlesimi, glines 1s1nlarinin
yogun olmadiginda bile siirekli enerji iiretimine olanak
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saglar ve oOnerilen sistemin genel verimliligini ve
giivenirliligini artirir [7],[8]. TES'in nasil calistigina dair
su ornek verilebilir, giines enerjisi giin boyunca aksam
saatlerinde 1sitma icin depolanabilirken, yaz aylarinda
serin hava saglamak icin kis aylarinda soguk hava
depolanabilir [9].

Enerji depolama teknikleri kimyasal (6rnegin; hidrojen
depolama, amonyak depolama ve sentetik dogal gaz),
elektriksel (ornegin; siiper kapasitorler), mekanik
(6rnegin; volan ve sikistirllmis hava) ve termal
(6rnegin; termo-kimyasal, hissedilebilir 1s1, gizli 1s1)
olmak iizere cesitli yontemlerden olusmaktadir [10].
Bir enerji depolama secgenegi olarak, soguk ve 1s1
depolamay1 iceren termal enerji depolama,
iklimlendirme, sogutma ve sicak su gibi ¢ok ¢esitli
uygulamalar icin giderek daha popiiler hale
gelmektedir [11].

Onerilen bu sistemin amaci, Isparta ili icin kesintisiz
yenilenebilir enerji saglamak {izere termal depolama
teknolojisi kullanarak siirdiriilebilir bir sistem
modellemektir. Bu modelleme, meteorolojik verilere
dayali saatlik dinamik analizler ve termodinamik
degerlendirmeler ile sistemin performansi Uzerinde
etkili olan 6nemli ana parametrelerin etkilerini ortaya
koymaktadir.

2. Sistem Tanimi

Yapilan bu calismada ele alinan sistem, temiz enerji
liretimi icin giines enerjisi teknolojilerinden biri olan
parabolik oluk kolektdrii, depolama tanki ve pompadan
olusan  bir sistem  modellenmistir.  Sistemin
modellemesi ve performans analizleri Engineering
Equation Solver programi yardimiyla yapilacaktir. Sekil
2.1'de goriildiigii gibi sistemin sematik gosterimi
verilmistir.
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Sekil 2.1. Tasarlanan sistemin sematik gosterimi.

e-ISSN 1309-1220



Pervin Alptekin, Resat Selbag, Termal enerji depolamali parabolik glines kolektoérinin termodinamik incelenmesi

Gilines enerjisinden elde edilen 1s1l enerji, 1s1l depolama
tanki icerisinde akiskan ile karismadan bir 1s1 degistirici
vasitasiyla transfer edilmektedir. Depolama tankindan
¢ikan akiskan dogal sirkiilasyon ile 1s1 degistiriciye
yonlendirilerek enerji aktarimi gercgeklestirilmektedir.
Parabolik kolektérde calisma akiskani olarak Slytherm
800 tercih edilmistir. Slyherm 800, -40 °C ile 400 °C
arasindaki sicaklik araliginda sivi fazda calisabilme
ozelligine sahiptir [13]. Is1 degistiricisinden aktarilan
enerji, sicak akiskanin sehirde kullanilmasini
saglamaktadir. Enerjisini aktaran akiskan, pompa
yardimiyla tekrar sisteme geri dondiirtilerek ¢evrim
tamamlanmaktadir.

Sistemin enerji ve ekserji analizini gerceklestirilmesi
icin baz1 verilerin kabul edilmesi gerekmektedir.
Calismada kullanilan parametreler Cizelge 2.1'de
sunulmus olup, miihendislik hesaplamasi icin EES
programi kullanilmistir.

Termodinamik enerji ve ekserji analizlerinin yapilirken
asagidaki kabuller esas alinmistir.

e Is1 degistiriciler ve pompalar adyabatik kabul

edilmistir.

o Ekserji hesabi yapilirken kinetik, potansiyel ve
kimyasal enerjileri ve ekserjileri ihmal
edilmisgtir.

e Tim sistem siirekli akish ac¢ik olarak
tasarlanmistir.

e Referans kosullarinda sicaklik degeri 25 °C ve
basing degeri 101.325 kPa olarak kabul
edilmisgtir.

e Her bir kompenentin basing diisimii ihmal
edilmistir.

e Tirbin ve pompalar izentropik kabul edilmistir.

Tablo 2.1'de parabolik  kolektoriiniin
parametreleri verilmistir.

tasarim

Tablo 2.1. Parabolik kolektor tasarim parametreleri

[12].
Parametre Deger
Genislik (m) 1.788
Uzunluk (m) 6
Odak uzunlugu (m) 0.3276
Aciklik alani (m?) 10.73
Alic1i¢ boru ¢ap1 (m) 0.034

International Journal of Technological Sciences

55

Alic1 dis boru ¢api(m) 0.038
Cam dis ¢ap1 (m) 0.01
Cam i¢ ¢ap1 (m) 0.016
Cam 1s1n1m yayma orant 0.86
Cam 151mMim  gecgirme 0.935
orani

Absorber 1sinim yutma 0.96
orani

Acgiklik alan yansitma 0.826
orani

Absorber 1s1nim yayma 0.097
katsayisi

Maksimum optik verim 0.75

3. Matematiksel Modelleme

Bu boliimde, Isparta kosullarinda Meteonorm [18] veri
tabanindan elde edilen verileri kullanarak parabolik
oluk kolektoriiniin dinamik modellenmesi
gerceklestirilecek ve tasarlanan ¢evrimin
termodinamigin birinci ve ikinci yasalarina dayali
enerji  ve ekserji analizi gercgeklestirilecektir.
Modellemede kullanilan diferansiyel denklemler, 1sil
verimlilik gibi 6nemli parametreler ise detayl bir
sekilde sunulacaktir.

Yatay dilizleme gelen toplam giines radyasyonu,
yalnizca direkt giines radyasyonunun parabolik oluk
kolektoriiniin alic1 yiizeyine diisen bilesenidir. Bundan
dolay1 yogunlastirici iizerine gelen gilines radyasyonu
miktar1 (W/m?) Denklem (1) ile hesaplanmaktadir [12].

(1)

Burada, G, (W/m2) olarak gelen egik ylizeye gelen
direkt giines radyasyon degeridir. A, (m?) parabolik
aciklik alanidir. Glines radyasyonu miktar ile giines
enerjisi faydali 1s1 miktar1 orani ile 1s1l verim asagidaki
denklem (2) ile hesaplanmaktadir [12].

Qs = Ag. Gy

Qu
—=u 2
N¢n 0 (2)

Isil verim hesaplanmasi i¢in gerekli deneysel verilerden
elde edilen parametreler kullanilarak hesaplamalar
yapilmaktadir. Denklem (3) ile termal verimlilik (1s1l
verim) hesaplanmaktadir.

N, = 0.7408. K(0) - 0.0432. (Tg;:ort) 3)
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Burada, K(6) direk 1simim gelis agisina bagh olarak
kaynaklanan hatalar1 iceren gelis acis1 diizeltme ile
baglantili denklem (4) ile hesaplanir [12].

K(6) = cos(6) - 5.25097.104. 6 - 2.859621.105. 62 (4)

Gelis acis1 hesaplanmasi denklem (5) ile bulunmaktadir
[12].

cos(6) =/cos?(6,) + cos?(6). sin?(w) (5)
Gelis acgis1 hesaplanmasi i¢in denklikasyon agisi
hesaplanmasi1 gereken parametrelerden biridir.

Denklem (6) ile bulunmaktadir. DD yil icindeki
numarasidir. Ornegin DD=1 Ocak seklindedir [12].

284+DD

8=23.45.sin(2n=_—) (6)

Gelis acis1 hesaplanmasinda bir diger parametre giines
zenit agisidir. Denklem (7) ile hesaplanabilmektedir
[12].

cos(8,) = sin(¢).sin(6)

+ cos(p).cos(6).cos(w) (7)

Glines acisl, saat cinsinden glines zamani ( t; )
kullanilarak asagidaki denklem (8) ile belirlenmektedir
[12].

w=15.(t, — 12) (8)

Faydali 1s1  miktarimm  bulmak i¢in iki yol
kullanilmaktadir. Bunlardan birincisi enerji dengesi
denklem (9) ile hesaplanir [13].

Qu=m.c,.(T. — Tg) 9

Burada, T.ve T, akiskanin giris ve ¢ikis sicakligim ifade
etmektedir. Bir diger yol ise absorber boru ile akiskan
arasindaki 1s1 transfer kullanilarak denklem (10) ile
hesaplanmaktadir [13].

Qu=Aro-h.(T; = Tpy)

Burada, 4,, (m?%) borunun kesit alani, T;. (°C) absorber
yuzey sicakhig, T, (°C) ortalama akigkan sicakhigidir.

(10)

Is1 transfer katsayisi nusselt sayisi kullanilarak
denklem (11) ile bulunmaktadir [13].

Nu.k
h = o 11D

k 1s1 iletim katsayis1 (W/m?2) dir. Nusselt sayis1 i¢in
Reynolds sayis1 (Re) belirlenir. Denklem (12) ve
denklem (13) ile hesaplanir [14].

Re>2300 Nu=0.023Re%8Pro4 (12)
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Re<2300 Nu=4.364 (13)
Reynolds  sayisi (Re) denklem (14) ile
hesaplanmaktadir [15].

_4m
Re_n_D“' u (14)

Burada, u dinamik vizkozite (Pa s) dir. Ortalama

akiskan sicakligi denklem (15) ile bulunmaktadir [13].

Tg + TC
2

T = (15)

Kararli durum kosullarinda, emicinin cama olan termal
kayiplari, camin ortama olan termal kayiplarina esittir.
Denklem (16) ile hesaplanir [13].

Qkay: Aco'o-'gc'(Tc4 - Tgtv)
+ Aco . hdzs-(Tc4 - T;bk)

Burada, 0 (W/m2K*) Stefan-Boltzmann katsayisidir ve
degeri 5,67.108 dir. T, cam ylzeyin sicakhifl ve hg,q

(16)

(W/m2K) cam dis yilizeyindeki 1s1 taginim katsayisidir.
Tysr ortam sicakligina bagh olarak hesaplanan gokytizi
sicakligidir. Denklem (17) ile hesaplanir [13].
Tyor = 0.0552.T; (17)
Cam ve ortam arasindaki 1s1 tagimim katsayisi riizgar
hizina bagh olarak denklem (18) ile hesaplanir [13].

ha = 4V 58D 0% (18)

Absorber iizerindeki enerji dengesi denklem faydali
glines enerjisi ve termal kayiplarin toplamina esittir.
Denklem (19) ile bulunmaktadir [13].

Qaps = Qu + Qkay (19)

Ekserji verimi denklem (20) ile hesaplanmaktadir.
Yararli ekserji tiretiminin (£, ), giines 1isimiminin ekserji
akisina (E) orani ile belirlenir [13].
= Eu
=

Nex (21)
Yararli ekserji lretiminin ( E, ) denklem (22) ile
hesaplanir. Sicakliklar denklemde Kelvin cinsinden
yazilir [13].

m.T.AP

T,
E,=Q,—m.cp.T,. ln[i] - (22)

PTfm

Giines 1siniminin ekserji akisina (E;) denklem (23) ile
hesaplanir. Sicakliklar denklem de Kelvin cinsinden
yazilir [13].

i e (23)

3° Tg\‘jnes 3 Tgiines

Es = Qs.[1—
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Referans sicaklik (7,) 298.15 K ve giines dis yiizey
sicakligl ( Tyanes ) 5770 K olarak segilmistir. Enerji
verimliligi denklem (24) ile hesaplanir [13].

Nenerji = Q_Sflel (24)

Termal enerji depolama tankindan bulunan bir 1s1
degistirici ile tank igerisindeki akiskanin karismadan
enerjisini aktardigi kabul edilmistir. Termal kayip
katsayisi (Uy), yalitim depolama tanklari i¢in tipik bir
deger olan 0.5 W/m2K’ne esit alinmistir. Denklem (25)
ile hesaplanir [12].

s . Cp- (Tg - TS)

pv
n " Pat

- UT -AT- (Ts - Tort) (25)

Kararli durum tankta depolanan enerji (Qdepozanan)
sifira esit olur. Tanktan dis ortama olan 1s1 kaybi
denklem (26) ile hesaplanmaktadir [12].

Qkay,tank = UT -AT- (Ts - Tort) (26)

Tankin ylizey alan hesabi denklem (27) ile hesaplanir
[12].

2
Ay = %+ 7.Dy. Ly (27)
Burada, Dy tank c¢api, Ly tank uzunlugunu ifade
etmektedir. Depolama tanki hacmi boyutlar ile
iliskilendiren denklem (28) ile bulunmaktadir [12].

2
V=" L, (28)
Sicak akigkan 1s1 miktar1 denklem (29) ile hesaplanir.
Soguk akiskan 1s1 miktar1 denklem (30) ile hesaplanir.
Ortalama 1s1 miktari denklem (31) ile hesaplanmaktadir

[16].

Qn = Mp.pn- (Thg — The) (29)
Qc = M. Cpc- (Tc,c - Tc,g) (30)
Qort = (Qh + Qc)/z (31)

Burada, Ty 4 ve T, sicakliklari, sirasiyla sicak akiskanin
151 transferi gerceklestiren sistemdeki giris ve c¢ikis
sicakliklarimi temsil etmektedir. T,, ve T.. soguk
akiskanin giris ve cikis sicakliklarini, Qy, sicak akiskan
tarafindan tasman 1s1 miktarini, Q. soguk akiskan
tarafindan alinan 1s1 miktarini ifade etmektedir. Ayrica
Q,y¢ ortalama 1s1 miktarini ve Q. ise tiretilebilecek
maksimum 1s1 miktarini ifade etmektedir. Denklem (32)
ile belirlenmektedir [17].
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Qmaks = Cmin'(Th,g - Tc,g) (32)

Burada, 1sil kapasitelerin hangisi kiiciik ise onun
kullanilmasi ile Q,;,4s bulunur. Isil kapasitelerin hesabi
asagidaki denklem (33) ve denklem (34) ile bulunur
[17].

Cph. = Thh.cph (33)

Cpc = M. Cpe (34)
Toplam 1s1 transfer miktar1 (U) asagidaki denklem (35)
ile hesaplanir [16].

_ Qort
U= ALMTD (35)
Burada, LMTD logaritmik ortalama sicaklik farkini
temsil eder. Bu calismada ters akish plakali 1s1
degistiricinin ortalama logaritmik sicaklik degeri (AT,,)
denklem (36) ile hesaplanir [16].
LMTD = ATmaks= ATmin

lnATmaks
ATmin

(36)

LMTD = (The= Teg)=(Thg= Te)
(Thg=Teg)
(Thg=Teg)

(37)
In

Is1 degistiricinin etkenligi, ortalama 1s1 miktar ile
maksimumum 1s1 miktari orani seklinde denklem (38)
ile hesaplanir [17].

Qort

&= (38)

Qmaks

4. Arastirma Bulgular:

Isparta ili kosullarinda enerji talebini karsilamak
amaciyla tasarlanan gilines enerjisi destekli termal
enerji depolama sisteminin matematiksel modellemesi
yapilmis ve sistem termodinamik performans agidan
detayll incelenmistir. Parabolik gilines kolektoriinden
elde edilen eneriji, iiretildikten sonra sehirdeki enerji
ihtiyacini karsilamak i¢in kullanilabilmektedir.

Tasarlanan sistemin temel c¢alisma parametreleri
belirlenirken 2023 yilina ait Temmuz 23 gilini
secilmistir. 23 Temmuz'un secilme nedeni, giines
isimiminin en yiiksek seviyelere ulastigl ve yazin en
sicak, giines 1s1mnimin en yogun oldugu dénemi temsil
etmektedir. Temmuz 23 giliniine ait glines 151n1m siddeti,
giineslenme siiresi, ¢cevre sicaklig1 ve riizgar hizi verileri
faydalanilmistir. Isparta ilinin 2023 yilina ait aylik
ortalama giines 1s1im siddeti degisimi sekil 4.1’de
sunulmustur [18].
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Direk Radyasyon Degerleri W/m?

400
350
300
250
200
150
100

50

0
Qcak  Subat Mart Nisan Mayis Hazlra Temm Agust Eylil  Ekim Kasim Aralk

EDNI 211.01 250.71 231.05 366.86 445.66 455.33 499,54 447.76 419.51 312.58 243.39 190.76

ekil 4.1. yili Isparta kosullarinda aylik ortalama
kil 4.1. 2023 yil1 I kosullarinda aylik 1
glnes 151n1m siddeti degisimi [18].

Sekil 4.2'de Isparta iline ait 2023 yili Temmuz ayina
iliskin  ortalama gilines 1sinimindaki dagilimi
gosterilmektedir.

Ortalama Giines Radyasyon Degisim

800 Miktar1 (W/m?)

600 o ol

L

7 9 1113151719 21 23 2527 29 31

O Temmuz

Sekil 4.2. 2023 yii Temmuz ayinin ortalama giines
1sinim1 dagilimi [18].

Sekil 4.3. Cesitli gelis acgilan i¢in kolektoriin giris
acisindaki degisimi gosterilmistir. Grafik
incelendiginde, 40°'den sonra gelis a¢isinin parabolik
bir sekilde azaldig1 goriilmektedir. 90°'de ise K(0) sifir
degerine ulasmistir. Gelis acisindaki degerlerin
kademeli olarak diismesi, diisiik termal ve ekserjetik
verimliliklere yol actig1 gézlemlenmistir.
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Sekil 4.3. Cesitli gelis acilari icin kolektoriin giris
acisindaki degisim.

Sekil 4.4’de Tank hacminin degisimine bagl olarak tank
sicakliginda meydana gelen degisim sunulmustur. Daha
kiiciik depolama tanki hacimlerinde, daha yiiksek tank
sicakliklarinin elde edildigi tespit edilmistir. 2 ile 12 m3
tank hacimleri araliginda en yiiksek tank sicakligi 2 m3
de oldugu grafik gostermektedir. 2 m3 de tank sicaklig
135.3 °C iken 12 m3 de 131.6 °C sicakliklar elde
edilmistir.
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Tank hacmi (m®)

Sekil 4.4. Tank hacminin degisimine bagh olarak tank
sicakliginin degisimi.

Riizgar hizinin degisimine gore sistemin enerji ve
ekserji verimliligi {zerindeki etkisi sekil 4.5'de
gosterilmektedir. Grafikten elde edilen sonuca gore
riizgdr hizinin artmasi, sistemin enerji ve ekserji
verimliligi ~ lizerinde olumlu etkisi  oldugunu
gostermektedir. Bunun sebebi, yazin sicak havalar da
riizgdrin hava akisini saglayarak ortam sicakliginda
meydana gelen azalmadan dolay1 giines kolektoriiniin
1sinmasini engellemesinden kaynaklanmaktadir.
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Sekil 4.5. Riizgar hizinin degisimine gore sistemin
enerji ve ekserji verimliligi iizerindeki etkisi.

Sekil 4.6’da 2023 yilinin Temmuz 23 giiniinde saatlik
olarak giines 1sinim siddetinin degisim miktari
verilmistir. En diisiik 1s51n1m siddeti 06:00°da 80 W/m?2,
en yliksek 1s1mnim siddeti 13:00°de 1050 W/m? olarak
belirlenmistir.

1200F -
1000
800

600}

Istnimi Siddeti (W/m2)

400f

200}

. . . . .
07.00.00 10.00.00 13.00.00 16.00.00 19.00.00

Guneslenme saati

Sekil 4.6. Glineslenme saatine bagh olarak giines
radyasyon miktarinin degisimi.

Sekil 4.7°de gorildigii gibi 1sinim siddetinin degisimi ile
sistemin enerji ve ekserji verimliliklerin degisimi
verilmistir. [sitnim siddeti arttikca dogru orantili olarak
enerji ve ekserji verimliligi de artmistir. Glines 1s1n1m
siddetinin artmasi ile enerji
verimliligi %18.63’ten %47.1’ e artis gosterdigi tespit
edilmistir. Ekserji verimliligi %6.95’den %16.68’e
cikmistir.
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Sekil 4.7. Isitnim siddetinin degisimine gore sistemin
enerji ve ekserji verimliligi iizerindeki etkisi.

Farkli 1sinim siddetine gore sistemin elemanlarinin
kapasitelerindeki degisimi sekil 4.8’de gosterilmistir.
Giines radyasyon miktar: arttikca sistem kapasitelerin
tizerinde olumlu etkisi olmustur ve giines radyasyon
miktar1 arttikca elemanlarin kapasitelerinin arttigi
gorilmistiir. Giines radyasyonu artmasi ile faydal
enerji miktar1 4203 W’dan 6375 W’ a bir artis
gostermistir. Is1 degistirici miktar1 783.1 W’dan 3003
W’lik bir artis meydana geldigi belirlenmistir.
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1100

Sekil 4.8. Isinim siddetinin degisiminin yararl enerji ve
1s1 degistirici lizerindeki etkisi.

Sekil 4.9'de parabolik giines kolektoriiniin enerji ve
ekserji verimliliginin 151nm siddetine gore degisimi
verilmistir. Isinim siddeti arttikca parabolik giines
kolektoriin enerji ve ekserji verimliligi lineer olarak
artis gostermistir. Isitmim siddetinin degisimi ile enerji
verimliligi ve ekserji verimliligi
sirasiyla %56.75, %14.53 olarak tespit edilmistir.
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Sekil 4.9. Kolektoriin enerji ve ekserji verimliliginin
151n1m siddetine gore degisimi.

5. Sonuglar

Bu calismada giines enerjisi kaynakli PTC sisteminin
modellemesi ile sistemin enerji ve ekserji analizi
incelenmistir. Meteonorm’dan alinan verileri gore, saat
13:00’da 1050 W/m? ile en yiiksek 1sinim siddetinin
elde edildigi gozlemlenmistir. Meteorolojik verileri
kullanilarak, 1s1nim siddeti, ortam sicakligl, riizgar hizi
gibi faktorler ile analizler yapilmistir. PTC sistemin
enerji ve ekserji verimliligi sirasiyla %56.75 ve %14.53
olarak belirlenmistir. Yararli enerji miktar1 6375 W, 1s1
degistiricinin {rettigi 1s1 miktar1 3003 W olarak
hesaplanirken, genel enerji verimliligi %47.1, ekserji
verimliligi %16.68 olarak tespit edilmistir. Tank
haminin 4 m3 oldugu ve tank sicakliginin 134.2 °C
olarak belirlendigi g6zlemlenmistir.

Calismada, PTC destekli bir sistemin Isparta ilinde
kurulabilirligi ve uygulanabilirligine yer verilmistir.
Kesintili glines enerjisinin fazla enerji tretildigi
zamanlarda, termal depolama initesi ile uzun stireli

kullanim saglanmamasi1 hedeflenmistir.  Yapilan
analizlerde, Isparta ilinin saatlik 1s1nim verileri
incelenmis ve bolgenin yiikksek 1sinim @ siddeti

potansiyeline sahip oldugu tespit edilmistir. Parametrik
¢alismalar yapilarak sistem iizerindeki etkiler detaylh
bir sekilde analiz edilmistir. Yenilenebilir enerji
kaynaklarinin kullanimi ile sera gazi saliniminin biiyiik
oranda azaltilmasi, sistem verimliliginin artirilmasi
hedeflenmistir. Yenilenebilir enerji teknolojilerinin
gelisimiyle birlikte sistemin gelecekteki potansiyelini
artirabilecegini vurgulanmistir. Modellin gelistirilmesi
durumunda, sisteme Organik rankine ¢evrimi (ORC)
entegre edilerek elektrik iretimi yapilabilmesi
miimkin olabilecegi diisiiniilmektedir.

Tesekkiir: 2022-YL1-0183 numarali ‘Termal enerji
depolamal parabolik glines kolektoriiniin
termodinamik incelenmesi’ adli proje ile makalemin
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maddi olarak destekleyen Isparta Uygulamali Bilimler
Universitesi Bilimsel Arastirma Projeleri (BAP)
Yonetim Birimi Baskanligi'na tesekkiir ederim.
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