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Abstract

A vapor compression refrigeration cycle is a closed cycle
consisting of a compressor, a condenser, an expansion valve
and an evaporator. The performance of the cooling system
is significantly dependent on the condenser. The aim of this
study is to conduct heat transfer tests on the compact con-
densers of built-in refrigerators and to propose improve-
ment suggestions according to the test results. In the intro-
duction section, information is given about the type of con-
denser used in built-in refrigerators and the parameters af-
fecting the heat transfer. In the material and methods sec-
tion, the selected coil type condenser and the constraints
on the component where it is mounted are explained. Ex-
planatory information about the experimental setup to be
used can also be found in this section. In the results section,
the results of the experiments on the coil condenser are
given. The test results in the discussion section were exam-
ined and suggestions were made to increase the perfor-
mance of the condenser on the refrigerator. The results
show that the heat transfer capacity, which is an important
parameter determining the condenser performance, and
the pulldown temperature are directly related to the con-
denser surface. It can also be concluded that even if the
condenser thermal capacity is sufficient, the pulldown tem-
perature should also be taken into account. Although the
thermal capacity of the coil condenser meets the require-
ments, it is observed that the pulldown temperature is not
at the desired values.

Ozet

Bir buhar sikistirmali sogutma ¢evrimi, bir kompresor, bir
yogusturucu, bir genlesme valfi ve bir buharlastiricidan
olusan kapali bir ¢evrimdir. Sogutma sisteminin
performansi 6nemli Olglide yogusturucuya baghdir. Bu
¢alismanin  amaci, ankastre buzdolaplarinin  kompakt
yogusturucusunun Uzerinde Isi transferi testleri yapmak ve
test sonuglarina gore iyilestirme onerileri sunmaktir. Giris
bolimiinde ankastre buzdolaplarinda kullanilan
yogusturucu tipi ve 1si transferini etkileyen parametreler
hakkinda bilgi verilmistir. Malzeme ve yontemler
béliminde secilen serpantin tipi yogusturucu ve monte
edildigi yer Uzerindeki kisitlamalar anlatiimaktadir.
Kullanilacak deney diizenegi hakkinda agiklayici bilgiler de
bu bolimde bulunabilir. Sonuglar bélimiinde ise serpantin
kondenser lzerinde yapilan deneylerin sonuglari verilmistir.
Tartisma boélimindeki test sonuglari incelenmis ve
yogusturucunun buzdolabindaki performansinin
artirlmasina yonelik onerilerde bulunulmustur. Sonuglar,
yogusturucu performansini belirleyen 6nemli bir parametre
olan 1si transfer kapasitesinin ve asagi ¢cekme sicakliginin
yogusturucu ylzeyi ile dogrudan iligkili oldugunu
gostermektedir. Ayrica, yogusturucu isil kapasitesi yeterli
olsa bile, asagl c¢cekme sicakliginin da dikkate alinmasi
gerektigi sonucuna varilabilir. Serpantin yogusturucunun isil
kapasitesi gereksinimleri karsilamasina ragmen, asaggl
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Experimental Tests on Heat Transfer in Coil Condensers Designed for Built-in Refrigerators

1. INTRODUCTION

In built-in refrigerators, serviceability is of great importance in the design of components,
especially as the volume is large and the device cannot be moved. In normal household type
conventional refrigerators, static type wire-on-tube condensers located behind the appliance
is used. In built-in refrigerators, on the other hand, compact condensers must be used instead
of static wire-on-tube condensers in terms of ease of access to the condenser compartment,
that is, its serviceability. A compact condenser is a type of heat exchanger which is specially
designed to achieve a large heat transfer surface area per unit volume (Cengel & Gajar, 2020).
Compact condensers are usually placed in the machine room part of the device, which is called
the aggregate area.

As the surface areas of compact condensers are smaller than static type wire-on-tube
condensers, static air contact is not sufficient for heat transfer. For this reason, to increase the
heat transfer in compact condensers, the air is directed over the condenser with the help of a
fan and thus heat transfer is increased. There are studies on the determination of the
performance of an air-cooled condenser. The effect of various parameters on condenser
performance was investigated in a study (He et al., 2013). As the aim of this study is to reveal
the effect of condenser design on heat transfer, fan size and parameters will be out of the
scope of this study. Figure 1 shows the condenser and fan located in a built-in refrigerator.

Air vent

Condenser
housing

Condenser

Figure 1: Compact condenser location in built-in refrigerators.

R134A refrigerant passes through the cooling system of the refrigerator. Heat is transferred
to R134A inside the refrigerator compartments through the evaporator and later heat is
transferred to the environment by the condensing process in the condenser.

There are two criteria to measure the suitability of condensers. The first of these is the heat
transfer capacity of the condenser. Another criterion as important as heat transfer capacity is
the saturation temperature of the refrigerant at the outlet of the compressor. The pressure
corresponding to the saturation temperature is a factor that affects the operation of the
compressor. The upper limit of the pulldown temperature value is determined by the
compressor manufacturers by performing lifetime tests and it is requested not to exceed a
certain temperature. For this reason, it is not enough if only the heat transfer capacity of the
condenser meets the requirements. At the same time, the pulldown temperature must be
below the limit value.
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The aim of this study is to experimentally investigate the heat capacity and pulldown
temperature of the condenser and to make suggestions for the designed condenser and test
method according to the results.

2. MATERIALS AND METHODS

In the study, a built-in refrigerator called the bottom mount was used. The freezer section
with drawers is located at the bottom and the fridge section is at the top. The built-in
refrigerator can be seen in Figure 2.

—

Figure 2: Bottom mount built-in refrigerator.

The condenser used in built-in refrigerator is coil type. The structure of the condenser made
of aluminum pipes can be seen in Figure 3. It is placed in a housing so that air flow can be
provided into the condenser. The condenser has two refrigerant inlets and outlets. The
refrigerants of the refrigerator and freezer compartments pass through these inlets and
outlets separately. The fluids of these separate compartments do not mix with each other.
The physical properties and dimensions of the coil condenser pipes are given in Table 1.

Figure 3: Compact coil condenser and housing (Tezcan, 2018).
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Table 1: Physical properties and dimensions of coil condenser pipes.

Material Aluminum
Outer diameter (mm) 476
Thickness (mm) 0.7
Thermal conductivity A (W/mK) 200
Fridge compartment pipe length (mm) 14088
Freezer compartment pipe length (mm) 12503

As a basic principle, the coil condenser is produced by displacing a rotating shaft forward by
means of a worm gear screw and taking shape with the effect of this rotation and progression
of the pipe on it. The process is shown in Figure 4.

Adjusting the feed | Placing the straight pipe | Completion of the twisting
rate, pipe length | on the spindle and start- | process, removing the spin-
and coil pitch of the | ing the bending process | dle and condenser

twisting machine

Figure 4: Coil condenser production method.

This production methodology and condenser types used in built-in appliances are well-known
technology. There are different patent applications for the condenser type obtained by
horizontally forward translation of the pipe in a helical rectangular or circular form (Heisen,
1998), (Arslankiray, 2008).

Two different test systems have been considered to evaluate the performance of the
condenser. First study was performed on the performance of condenser on the refrigerator
by getting the result for pulldown temperature. The second study was performed on single
condensers to get heat capacity test results of them.

2.1. Pulldown Temperature Tests on The Refrigerator

The energy level measurement tests of the refrigerator are out of the scope of this study.
However, when the condenser is mounted to the refrigerator, it can use the same test setup
to measure the inlet and outlet temperatures. The test chambers shown in Figure 5 were used
to determine the temperatures of critical points in the BM-type refrigerator. By placing the
device to be measured in these test chambers, measurements can be made under previously
set temperature and relative humidity conditions. The measurements made were collected at
a service provider and data graphics are automatically gathered by means of user interaction
graphics and results.
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Figure 5: Refrigerator with temperature sensors connected in the test chamber.

PT100 thermocouples were used to measure the temperatures. Thermocouples were
attached to the area where the temperature is measured with aluminum tape. The aluminum
band provides a homogeneous temperature distribution on the thermocouple, helping to
make the measurement sensitively. The application for installing thermocouples is shown in
Figure 6.

T—

Figure 6: Thermocouple mounted on the compressor outlet pipe.

2.2. Heat Capacity Measurement Test System

A test setup specially designed to measure the thermal capacity of the condenser was used.
The condenser to be tested was placed in an air duct. Airflow was provided by an exhaust fan.
The volumetric flow of the air was measured with a nozzle and a pressure transmitter. A flow
regulator is used to achieve uniform flow in the air duct.

R134a gas was used as the refrigerant in the test setup. The inlet temperature of the tested
condenser was controlled by changing the heater heating output or evaporator cooling output
parameters in the heat exchanger. The temperature of the fluid exiting the condenser was
lowered by the super cooling up to the set value. The mass flow rate of the fluid was measured
with a flow meter placed after the super cooling. The flow rate changes according to the
constant inlet and outlet temperatures of the condenser. The fluid flows from the super cooler
to the evaporator. The refrigeration cycle is completed when the fluid leaving the evaporator
goes into the compressor. The thermal capacity of the condenser with known temperature

5
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values and flow rate is calculated automatically by the system. Constant temperature values
and test parameters for each compartment is given in Table 2.

Table 2: Condenser heat capacity measurement system test parameters.

Divison Test chamber tem-  Super heating  Super cool- Condensing tem- Refrigerant
perature (°C) (°Q) ing (°C) perature (°C)

Freezer 22 5 7 46 R134a

Fridge 13 5 7 38 R134a

Figure 7: Condenser heat capacity measurement test system, a) control panel, b) air channel.

3. RESULTS AND DISCUSSION

Compressor outlet saturation temperatures of the freezer and refrigerator of refrigerant
compartments are given in Figure 8 as a result of the tests performed to find the pulldown
temperatures on the refrigerator. x axis on the figure refers time as second (s) as y axis shows
temperature as °C. The comparative list of the results can be seen in Table 3.

a b
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Figure 8: Saturation temperatures of refrigerant at the compressor outlets for the freezer and refrig-

erator compartments, a) Freezer compartment compressor outlet, b) Fridge compartment
compressor outlet.



Table 3: Compressor outlet saturation temperatures of the compartments according to the refrigera-

Beykent Universitesi Fen ve Miihendislik Bilimleri Dergisi 2022, 15(1), 1-10

tor operating status.

Maximum compressor out-

Maximum compressor outlet

Operation . . Operation
let saturation temperature  saturation temperature for
mode . mode
for freezer fridge
Start-up 73.8 71.2 Start-up
Cycle 69.1 67 Cycle

Results of condenser heat capacity determination tests are given in Table 4.

Table 4: Condenser heat capacity test results.

Division Length (m) Heat Transfer Refrigerant mass Air mass flow
Capacity (W) flow rate (kg/h) rate (m3/h)
Fridge 14.09 3115 6.49 196.4
Freezer 12.5 249.7 4.97 185.2

The pulldown temperature should not exceed 70°C during start-up. According to the test
results on the refrigerator, these temperature values during start-up are 71.2°C for the fridge
compartment and 73.8°C for the freezer compartment. Likewise, after the device works in the
cycling, this temperature value is 67 °C for the fridge compartment and 69.1 °C for the freezer
compartment.

The saturation temperature of the fluid can be derived from the pressure-enthalpy (P-h)
diagram. The pressure corresponding to the pulldown temperature values can be seen in
Figure 9 and Figure 10.
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Saturation temperature of the fridge compartment refrigerant (71.2°C )
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Enthalpy [k)/kg]

Figure 9: Saturation pressure of refrigerant in P-h diagram during refrigerator start-up.
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Figure 10: Saturation pressure of refrigerant in P-h diagram during refrigerator cycling.

As seen from the P-h diagram, during start-up of the refrigerator, the saturation pressure for
the saturation temperature value of 70°Cis 12 bar, and the saturation pressure corresponding
to the maximum saturation temperature of 60°C in cycling is 9 bar. It should be noted that
these pressure values are the maximum values allowed for the compressor in start-up and
cycling operation. The refrigerant temperatures for both operating conditions are above the
maximum allowable operating pressures for the compressor. The pressures corresponding to
the saturation temperature during refrigerator start-up and cycling operating conditions are
taken from the P-h diagrams presented above and shown in Table 5.

Table 5: Saturation pressures corresponding to saturation temperatures.

Refrigerator Refrigerant saturation  Refrigerant saturation = Max. operation

operation status Division temperature (°C) pressure (bar) pressure (bar)
Start-up Fridge 71.2 12.5 12
Start-up Freezer 73.8 13 12
Cycling Fridge 67 10 9
Cycling Freezer 69.1 10.7 9

As seen from Table 5, refrigerant pressure is higher than the maximum allowable pressure of
the compressor, which is one of the basic components of the cooling system. Operating
pressure at these levels is not desirable. The pressures must be brought to the desired levels
by considering the entire cooling system. Especially the condenser design is of great
importance. It should be noted that not only the condenser design, but also other cooling
system elements should be taken into consideration. However, as the aim of this study is to
specify the optimum condenser design, the improvement suggestions will be limited to this
component.
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In order to reach the appropriate working pressure for the compressor, the heat transfer to
the environment via the condenser should be increased. As seen from Table 4, the heat
transfer capacities of the cooler and freezer compartments are 311.5 W and 249.7 W
respectively. It is recommended to increase the heat transfer capacities of both compartments
to reduce the saturation temperature at the compressor outlet and thus the saturation
pressure. The changes that can be made on the condenser to increase the heat transfer can
be listed as follows.

3.1. Changing the configuration of the tube coil

There are studies in the literature indicating that changing the coil configuration can
significantly change the heat transfer capacity. By using the appropriate configuration, 7.85%
increase in air volume and 5.29% increase in heat transfer can be achieved (Lee et al., 2010).
The increase ratio is different according to different design configurations. Also according to
an experimental and theoretical study on coolers with helical type tube condenser, it has been
shown that the efficiency coefficient of the cooler increases with decreasing helix diameter in
the geometric parameter range considered (Elsayed et al., 2012). Different designs in which
complete geometrical restrictions allow should be considered and re-tested. But also it should
be noted that, because of location restrictions of refrigerator aggregate area, design with
different coil configuration is not so simple.

3.2. Increasing the heat transfer area by increasing the condenser tube length

Heat transfer capacity increase of the condenser can be achieved by a higher heat transfer
area. The way of the increase of the heat transfer area is to increase pipe length. Increasing
the length of the pipes of the existing condenser does not seem so possible due to the
geometrical restrictions of the housing where the condenser is located in. Additionally, the
effect of the length increase should be tested because of some possible negative effects on
heat transfer. Heat transfer in standard type wire-finned tube condensers used in domestic
refrigerators was investigated. It is determined that with an increase in the condenser length,
there would be an increase in the temperature of the air surrounding the condenser which
caused a decrease in the heat transfer coefficient (Hofmanas & Paukstaitis, 2012). Therefore,
optimization of pipe length is important. For this reason, a different design may be preferred
rather than the current design. It is thought that such a design may be possible, especially in
compact wire-on-tube condenser types.

3.3. Using wire fins to further increase the heat transfer surface

The current condenser design does not allow the heat transfer surface to be increased with
wire fins due to both geometrical restrictions and welding impossibility of the aluminum
material. By switching the design to wire-on-tube type condenser mentioned in the previous
solution, the heat transfer surface can be significantly increased. Researches show that fin
number and height have an important effect on heat transfer (Honda & Wang, 2001).

4. CONCLUSION

The effects of the coil condenser designed for built-in refrigerators on the cooling system and
especially on the compressor operation were studied in this study. The results show that

9
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although the currently designed coil condenser gives good results on the system in terms of
cooling capacity, the pressure of the refrigerant at the compressor outlet is above the desired
levels. In its current form, it is not possible to increase the heat transfer amount of this
condenser type because of geometric concerns and it is not possible to add wire fins to
increase the heat transfer rate. It is expected that the heat dissipation capacity of the tubular
and wire condenser can be much higher due to both possibilities of increasing the length of
the tube and attaching the wire fins.
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Abstract

Covid-19 has reshaped the daily lives of people all around
the world. Many regulations and changes have been made
by the authorities in order to reduce the risk of transmission
of the virus. Significantly, the regulations made by the
government aim to reduce the number of people per
square meter in closed areas and to increase the social
distance between people. These regulations bring along
new personal space and crowding perceptions. In this
context, people's behaviors in many public spaces, from
public transportation to grocery shopping, have gained a
new texture. This change not only affected the perspective
of the place but also caused a shift in the perspective of
people for one another. In this paper, environmental
regulations aiming to adapt people's behaviors to social
distance due to Covid-19 are examined in terms of personal
space and crowding concepts. The purpose is to conduct an
online interview with a retrospective approach and present
the data as a narrative to determine the participants'
perceptions of the random sampling method about
personal space and crowding concepts before and after the
pandemic. The research data were analyzed using the
content analysis method in the QRS Nvivo qualitative data
analysis program. In the results of the study, it was revealed
through the example of grocery shopping that people's
need for personal space in closed areas increased, and the
crowding perception differed from the pre-pandemic
period due to psychological reasons.

Ozet

Covid-19 salgini, diinyanin her yerinde insanlarin ginliik
yasamlarini yeniden sekillendirmistir. Yetkililer tarafindan
virtislin bulagma riskini azaltmak igin bir¢cok diizenleme ve
degisiklik yapilmistir. Diinya Saglik orgutl tarafindan
yapilan uyarilar ve merkezi otoritelerce yapilan
dizenlemeler kapali alanlarda metrekareye disen kisi
sayisini azaltmayi ve insanlar arasindaki sosyal mesafeyi
artirmay! hedeflemektedir. Bu dizenlemeler yeni kisisel
alan ve kalabalik algilarini beraberinde getirmektedir. Bu
baglamda toplu tasimadan market alisverisine kadar bircok
kamusal alanda insanlarin davranislari yeni bir doku
kazanmistir. Bu degisim bireylerin sadece mekana bakis
acilarini degistirmekle kalmamis, ayni mekanda bulundugu
diger insanlara bakis agilarinin da degismesine neden
olmustur. Bu arastirmada, Covid-19 nedeniyle insanlarin
davranislarini sosyal mesafeye uyarlamay amaglayan gevre
diizenlemeler, kisisel alan ve kalabalik kavramlari agisindan
incelenmektedir. Amag, iginden gecilen degisim sirecinin
bireyin kisisel alan ve kalabalik algilar Gzerindeki etkisini
market aligverisi 6rnegi Uzerinden ortaya koymaktir.
Calismada katilimcilarin pandemi Oncesi ve sonrasinda
kisisel alan ve kalabalik kavramlarina iliskin algilarini
belirlemek icin retrospektif bir yaklasimla ¢evrimigi
gorusmeler yapilarak veri toplanmistir. Arastirma verileri
QRS Nvivo nitel veri analiz programinda igerik analizi
yontemi  kullanilarak analiz  edilmistir.  Calismanin
sonuglarinda market aligverisi 6rnegi Gzerinden Covid-19
salgini siiresince insanlarin kapali alanlarda kisisel alan
ihtiyacinin arttigl, kalabalk algisinin psikolojik nedenlerle
pandemi 6ncesine gore farklilastigi ortaya koyulmustur.
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1. PURPOSE OF THE STUDY

The built environment is shaped to meet people’s needs and is used as a tool to convey
cultural values (Aiello & Thompson, 1980). Regulations in the built environment under
pandemic conditions ensure the implementation and adoption of health measures apart from
the transfer of cultural values. The amount of space available in the room is a factor in
determining people's personal distance (Fredman, 1975). With the regulations made to
contribute to social distance protection and to reduce the rate of spread of the coronavirus,
the maximum number of people to be in one place is determined, and personal spaces
between people are also defined. This is also effective in shaping the crowding perception in
public spaces. Besides, comprehensive studies on personal space are handled together with
the concept of crowding due to the effect of population density on personal space (Little,
1965). Therefore, it is thought that using the concepts of personal space and crowding
together in the study will provide meaningful data.

This study aimed to examine the changing personal space and crowding perceptions in society
due to Covid-19. In this way, the study will allow inferences to be made for new spatial
arrangements that may be needed in closed public spaces in the pandemic or post-pandemic
period. Supermarkets, in which rules and constraints determined by the authorities are
applied to make a clear assessment of spatial perception, have been determined as research
sample. Supermarkets now take part in almost everyone's lives even more than before during
the pandemic process as they meet primary needs, and they constitute an important part of
the daily life. Consequently, it is thought that supermarkets will provide rich data to examine
the perception change of personal space and crowding.

2. CONCEPTUAL BACKGROUND

While culture is a significant determinant of crowding and personal space perception, the
Covid-19 pandemic has caused a change beyond cultural influences worldwide. Individuals
who are not yet infected have also been affected by the pandemic all over the world (Shields
et al., 2020), and this has caused a behavioral change for anyone who is afraid of getting
infected. Since the relationship and interaction of the concepts of personal space and
crowding have gained dominance, especially in the public sphere with the effect of the
pandemic, the research examines these two concepts.

2.1. Personal Space

The concept of personal space does not have an exact numerical counterpart; it can vary with
the person, the context, and the culture (Sommer, 2002). Hall (1959; 1966), defines some
distance measure: 1.5 ft— 4 ft for personal distance, 4 ft—12 ft for social distance, and 12 ft—-25
ft for public distance.

Aiello and Thompson (1980) define two functions of personal space as follows:

It protects against possible psychologically and physically uncomfortable social
encounters by regulating and controlling the amount and quality of sensory
stimulation, and it communicates information about the relationship between the
interactants and the formality of the interaction by making available to others (as well
as to the self) cues as to the preferred distance which has been chosen.

12



Beykent Universitesi Fen ve Miihendislik Bilimleri Dergisi 2022, 15(1), 11-22

Accordingly, the personal space has a regulatory function in communication and creates a
psychological and physical boundary in the social environment. Personal space is a means of
protection against external threats, and more personal space is needed in case of stress
(Dosey & Meisels, 1969). With this reference, considering that coronavirus is an external
threat, the personal space needed in the public sphere has also increased with the effect of
the stress caused by the risk of transmission.

The personal space, defined by Sommer (1974) as the invisible borders surrounding the
human being, is secured with stimuli reminding the maintenance of social distance in public
spaces during the pandemic.

2.2. Crowding

When other people are around, the individual decides on his/her needs, movements, and
position in the space considering others' presence (Epstein, 1981). Zlutnich & Altman (1972)
mention that crowding is examined in two ways: the number of people per unit in space and
physiological reactions and subjective emotions. Under pandemic conditions, the number of
people per square meter is effective in the authorities' control of the crowd in a space, and it
is noteworthy that subjective feelings, especially anxiety and worry, are influential in shaping
individuals' behavior and crowding perception. When an environment gets crowded, one
person's activities can interfere with another person's activities (Epstein, 1981). It is possible
to see the effect of other people's behavior in the environment on the movement flow of the
individual in the Covid-19 period, where people are making great efforts to stay away from
one another. Accordingly, it can be stated that crowding practices also have significantly
varied on an individual scale. Shield et al. (2020) state that mandatory or optional quarantines
and the use of products such as face masks during the pandemic process generate crowding
practices and new public behaviors.

2.3. Covid-19 Effects on Grocery Shopping

Grocery shopping is an action that enables people to meet their basic needs such as nutrition.
Especially in urban life, individuals have many options for grocery shopping, such as chain
markets, small local businesses, and online shopping. With the effect of the Covid-19
pandemic, the distances between people, especially in indoor spaces, and the intersections in
movement flows and regulations have become serious issues that need attention (World
Health Organization, 2020; Sabri Ulker Foundation, 2020). Throughout the Covid-19
pandemic, during which leaving home restrictions were applied in many countries, individuals
were able to leave their homes to meet their basic needs. In this way, it was possible to shop
for groceries even during the obligation of staying home. According to O'Conner's (2020)
article, based on the research of Gehl People conducted in almost 70 countries, 59% of people
felt crowded in places of essential errands which mainly include groceries. For this reason, it
is valuable to examine the concepts of personal space and crowding through market shopping.

According to Morgan (2020), who stated that the most significant change in grocery shopping
is in online shopping, 81% of consumers had never shopped groceries online before the
pandemic in the U.S., while 79% of customers have bought groceries online during the
pandemic. Li et al. (2020) pointed out that online grocery shopping helps to reduce the risk of
infection, and according to their research in China, online grocery shopping, which had an 11%
market share before the pandemic, increased to 38% after the pandemic. Similarly, Chang and
Meyerhoefer argue that online food shopping services will slow the transmission of Covid-19
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and help protect at-risk consumers from the virus by reducing physical contact, which will also
benefit public health (Chang & Meyerhoefer, 2021).

Consumer behavior is shaped by people's fears and concerns about the virus (Grashuis et al.,
2020). This change may be reflected in the behaviors in the physical shopping process as well
as in the preference in online shopping. Another issue pointed out by Morgan (2020) is that
shoppers try to spend as less time as possible in the supermarket and try to shop without
going beyond their needs.

According to their research in China in the early period of the pandemic, Li et al. concluded
that there were changes in grocery shopping habits, but local small businesses did not lose
customers (Li et al., 2020).

During the pandemic, many regulations are also made by the authorities to ensure the safest
shopping. According to the Covid-19 guidelines of the Republic of Turkey Ministry of Health
(2020), everyone, shoppers and employees, must have at least 4 square meters of space in
the market. Similarly, some initiatives have published guidelines to make grocery shopping
safer, such as maintaining social distance during shopping and disinfecting the hands and the
surfaces touched (Sabri Ulker Foundation, 2020).

3. FIELDWORK

3.1. Data Collection Method

The research data were obtained through qualitative research methods, as it enables
participants to see their perspectives and reveal data on processes (Yildirim & Simsek, 2018).
Since qualitative methods are used to determine variables instead of controlling them (Corbin
& Strauss, 2008), it was deemed appropriate to be used in a study investigating perception
change. During the research process, ten people (6 women, 4 men) were interviewed.
Participants were selected by excluding those under 18 and over the age of 65 who have strict
restrictions during the pandemic process. In the study, the most populated cities of Turkey
were chosen as the sample (TUIK, 2022), and the number of participants that would provide
data richness was determined according to the population density in the cities (3 Istanbul, 2
Ankara, 2 Izmir, 2 Bursa, 1 Antalya). In this way, all participants in city centers can go to similar
market chains, allowing them to reach similar spatial contexts. By asking open-ended
guestions to the participants, interviews were conducted online, which also allowed them to
tell their memories. In these interviews, voice recording was taken with the participants'
permission, and then the interviews were transcribed.

3.2. Data Analysis Method

Content analysis was chosen as the analysis method, as it allows focusing on the concepts
within the data and the relationships between concepts (Yildirrm & Simsek, 2018). In the
analysis process, the qualitative data analysis program named QSR Nvivo was used as it made
vital contributions to digital analysis data management, idea management, querying on data,
data visualization, and reporting data (Bazeley & Jackson, 2019), and the graphics resulting
from these analyses were presented to the reader.

According to Creswell (2017), good qualitative research should include the researcher's
comments considering their socioeconomic and cultural backgrounds. Qualitative research
containing narrative data should not be presented as a scientific report but should be
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presented in a way that includes narratives to facilitate the reader's understanding of the
subject (Creswell, 2017). In the analysis and findings section, in addition to the graphics
presenting the outputs of the content analysis, researcher comments and participant
narratives were included.

3.3. Analysis and Result

In order for the reader to get a general impression of the sampling, the table containing the
participants' demographic characteristics, their distance to the market, and the way they go
to the market are given below (Table 1).

Table 1: Characteristics of the participants.

City Age Gender Distance of the nearest grocery shop Preference to go shopping

P1 Istanbul 27 w 10-15 mt On foot

P2 Izmir 52 M 150 On foot

P3 Antalya 52 w 50 On foot

P4 istanbul 29 M 600 By car

P5 Bursa 28 w 125 On foot

P6 Ankara 28 w 800 By car

P7 Izmir 59 w 100 On foot

P8 Ankara 28 M 150 On foot

P9 Istanbul 33 w 1500 By car (generally)
P10 Bursa 28 M 500 On Foot

As seen in the table, all the participants live in one of Turkey's five most populous cities, and
all the participants are in different age groups. On the other hand, in the evaluation of the
research data, it was determined that the distance of the participants to the market was
influential on their choice of the way of going to the market. However, it was not the only
factor in this matter.

In the process of content analysis of interview data, while evaluating the concepts of the
crowding and personal space in grocery shopping, personal space, crowding, and grocery
shopping are determined as themes (Table 2). At this stage, QRS Nvivo qualitative data
analysis program was used to carry out the content analysis systematically and to visualize the
results. After the coding of the participants’ data, the thematic content analysis was
completed by listing the codes under their related themes. Under the theme of grocery
shopping, codes do not directly indicate the concepts of the crowding or personal space or
both. In addition, other codes (hygiene, excuse to go to the market, lockdown, and
confidence) that contain restrictions and requirements depending on the epidemic situation
are under the theme of others.

It was noted that the participants who stated that they did not care about personal space
before the pandemic paid attention to personal space and interpersonal distance during the
pandemic process. Physical contact makes most participants think that their personal space
has been violated before the pandemic. Statements such as “If there is no annoying smell, it
is okay for me” and “It bothered me when he came to the distance where | could feel the smell
of sweat” demonstrate that for some participants, the scent is also a criterion for determining
personal distance. However, it has been observed that all the participants' personal space
needs in public spaces are now increasing. Taking a step back to protect the personal space
when someone approaches, warning the other person in case this cannot be done, and using
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the shopping cart as a means of determining the distance with people are the preferred
actions during grocery shopping. The number of statements regarding the participants'
personal space theme can be seen in the figure below (Figure 1).

Table 2: Reference numbers of themes and codes.

Name Files References
PERSONAL SPACE 10 113
using shopping carts to determine distance 4 6
step back - walk away 9 17
standing position in line 5 5
reactions and responses 9 17
interpersonal distance 10 64
contact 2 2
smell 3 4
physical contact 10 18
CROWDING 10 135
waiting to stay away from the crowd 7 14
time and speed 6 20
stress 8 24
public transportation 5 6
prefer the spacious one 7 14
physiological reactions and subjective 4 4
emotions
observation before entering the market 6 10
obligations to control crowd 4 7
number of people per unit 7 10
change in shopping time 7 10
change in the perception of crowding 8 11
GROCERY SHOPPING 10 69
the order of taking products according to
. 9 11
human density
small local businesses 6 10
shopping list 5 8
shopping frequency 7 12
product price and quality 6 8
outdoor market 2 2
online shopping 7 7
increase in online shopping 3 4
avoiding window shopping 6 7
Others 10 19
lockdown 3 3
hygiene 4 5
excuse to go for a walk 2 4
confidence 4 7
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Personal Space - Coding by Item

Number of
Coding Item / participant

Figure 1: The number of participants referencing the personal space theme.

According to Figure 1, even the participant who had the least related expression with the
crowding theme referred to this theme 8 times. This shows that the crowding theme is a
remarkable factor in the spatial approach of grocery shopping. Furthermore almost all of the
participants talked about the significant changes in crowding perceptions during the pandemic
process. The following statements show the extent of this change:

“While a place with 20 people was not crowded before, now even ten people seem
like a crowd.”

“Normally, I do not like crowds, but 3-5 people would not bother me, now even if there
are 2 people, | feel like playing around the corner.”

“The pre-pandemic crowd and the perception of crowd in the pandemic process are
very different; even one more person is crowded for me now.”

Some strategies developed by people to avoid exposure to crowds during grocery shopping
can be listed as follows: observation before entering the market, waiting to stay away from
the crowd, trying to spend less time and being quick in the market, using shopping lists,
preferring the spacious one, changing shopping time, etc. The number of statements
regarding the participants' crowding theme can be seen in the figure below (Figure 2).
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w0 Crowding - Coding by Item

Number of /
Coding Item / participant

Figure 2: The number of participants referencing the crowding theme.

The personal space theme is similar to the crowding theme. However, it is noteworthy that
the two most referencing participants within this theme have high reference numbers. This
remarkable difference may indicate extra sensitivities and vulnerabilities about personal
space. Additionally, it has been observed that product quality and prices are still effective for
many people in choosing the market for shopping. Most participants do not think that small
local businesses are an excellent alternative to supermarkets during the epidemic process. It
has been determined that most of the participants have a change in the frequency of going to
the market. This change may be due to the increase in the frequency of online shopping, as
well as preferring to go to the market frequently to spend a short time in the market, to buy
a small number of products at a time, or to choose to accumulate their needs and buy them
at once in order to decrease the number of visits to the market. Also, many people avoid
window shopping to shorten their time at the grocery store. People produce different
strategies to minimize the risk of virus transmission during the grocery shopping process. The
number of statements regarding the participants' grocery shopping theme can be seen in the
figure below (Figure 3).
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Grocery Shopping - Coding by Item

Number of
Coding ttem A’articipant

Figure 3: The number of participants referencing the grocery shopping theme.

4. DISCUSSION AND CONCLUSION

Shields et al. (2020) state that distance has so far been dependent on interpretation and
individual performance and that avoidance required stepping off pathways. Similar to this
statement, it was seen that all of the research participants had different perceptions of
personal space and needs before the pandemic. Also, this need varies depending on the place
and the possibilities of the space. For example, a participant who needs more space in a
shopping center stated that he would accept less because he knew that public transport could
not have such a space. Although social distance rules have been determined for many public
spaces due to the pandemic, it is seen that people who are sensitive about this issue still prefer
to step back or change their paths when they encounter people who do not pay attention to
distance (Shields et al., 2020). Evans and Howard (1973) demonstrate that the need for
personal space can vary according to gender and person.

Nevertheless, in this study, it was observed that the need for personal space during the
pandemic process was shaped regardless of gender. It is noteworthy that the participants put
the shopping cart between themselves and other people to protect their personal space and
stay away from the crowd. Goffman (2020) describes the area as any place surrounded to
some extent by barriers to perception. In this example, too, what people do is to use the
shopping cart as an obstacle to identify a region where they protect their personal space.

The main conclusions of the study are that the perception of personal space is relatively
stripped of demographic features due to the risk of contamination, the perception of the
crowd in public spaces differs greatly, and that people produce different methods to stay away
from the crowd and protect their personal space during their grocery shopping process.

In the light of these discussions, it can be clearly stated that individuals' perceptions of
personal space and crowding differ with the effect of the Covid-19 pandemic for
supermarkets, shopping places, which are an example of a public closed space. Even if it is
predicted that the transmission rate of the Covid 19 pandemic or the decrease in virus activity
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will initiate a new change in the spatial perception of individuals, it is thought that this change
will not result in a return to their pre-pandemic perceptions when the statements of the
research participants are considered. In addition to online shopping, small businesses and
outdoor markets create an alternative to reduce contact in grocery shopping. Furthermore, it
is noteworthy that in cases where reducing contact with people is among the primary
concerns, window shopping decreases, and the density of people in the space is effective in
the product purchase decision and shopping order. Accordingly, it would be beneficial to
reconsider the plan and movement flows in closed public areas.
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MUHENDISLIK OGRENCILERINDE COVID-19 PANDEMISININ ERGONOMIK
KOSULLAR VE BEL AGRISI UZERINE ETKiSi

THE EFFECT OF COVID-19 PANDEMIC ON ERGONOMIC CONDITIONS AND LOW
BACK PAIN IN ENGINEERING STUDENTS

https://doi.org/10.20854/bujse.1036232

Sabahattin Mert Berkmen® ", Yunus Can Ozalp?

Ozet

Ergonomi, insanlarin kullanimi igin verimli ve givenli bir
sekilde etkilesime girecek ve verimliligi artiracak sekilde
seyleri tasarlamak ve diizenlemek igin kullanilan uygulamal
bir bilimdir. Calismamiz, kesitsel tiirde olup evrenini
Mihendislik-Mimarlik  Fakiltesi 6grencilerinden 85
Endistri Mihendisligi 6grencisi ve 66 Makine Miihendisligi
Ogrencisi olarak toplam 151 kisi olusturmus ve veriler online
olarak toplanip analiz edilmistir. Bu galismada, ergonominin
temel ve bilimsel ilkelerini muihendislik fakiltelerinde
COVID-19 pandemisinin ergonomik kosullar ve buna bagh
gelisen sonuglar Uzerine olan etkisi incelenmis olup
pandemi o6ncesi ve sonrasi olarak mukayese edilmistir.
Calismamizda, katilimcilarin %50’sinden fazlasi Endustri
Mihendisligi 6grencisi olan, 18-22, yas araliginda, genel
akademik not ortalamasi (GANO) 2.1-2.9 olan, masa
basinda 5 saatten fazla vakit gegiren, sigara kullanmayan,
pandemi o6ncesi D vitamini takviyesi almayan, dlzenli
egzersiz ve spor aliskanhgl olmayan, herhangi bir bel agrisi
sikdyeti olmayan ve ergonomik kosullara kismen de olsa
6nem gosteren profildedir. Pandemi sonrasinda da yine
katihmcilarin  %50’sinden fazlasinda pandemi &ncesi
gosterilen profil devamlilik gosterip D vitamini takviyesi
alimi, bel agnsi sikayetleri, ergonomik kosullara
gosterdikleri 6zen ve kilo alimlar artarken diizenli egzersiz-
spor aliskanliklari ise azalmistir.

Abstract

Ergonomics is the applied science of designing and
arranging things for human use in such a way that they
interact and increase productivity in an efficient and safe
manner. Our study is of cross-sectional type and the
population of the study was composed of 85 Industrial
Engineering students and 66 Mechanical Engineering
students from the Faculty of Engineering and Architecture,
and a total of 151 people, and the data were collected and
analyzed online. In this study, the basic and scientific
principles of ergonomics in engineering faculties, the effect
of the COVID-19 pandemic on ergonomic conditions and
the resulting results were examined and compared before
and after the pandemic. In our study, more than 50% of the
participants were Industrial Engineering students, between
the ages of 18-22, with a GPA of 2.1-2.9, spending more
than 5 hours at the desk, non-smoker, pre-pandemic
vitamin D supplementation. It is in the profile that does not
take regular exercise and sports habits, does not have any
complaints of low back pain, and pays attention to
ergonomic conditions, albeit partially. After the pandemic,
the profile shown before the pandemic continued in more
than 50% of the participants, and vitamin D supplement
intake, low back pain complaints, attention to ergonomic
conditions and weight gain increased, while regular
exercise-sport habits decreased.

Anahtar Kelime: Bel Agrisi, COVID-19, Ergonomi, GANO,
Miihendislik Ogrencileri
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1. GiRiS

Antik ¢aglarda insanlar zamanlarini ya hareket ederek ya da dinlenerek gegiriyorlardi; ancak
oturma sonradan kazanilan bir 6zelliktir. insan anatomisi oturma pozisyonuna elverisli
degildir; ¢clinkli oturma sirasinda omurgaya binen ylik, yatma ve ylirimeye gore cok daha
fazladir (Choudhary vd., 2020).

Yeni koronavirus, SARS-COV-2, Cin’in Wuhan kentinde 2019’un Aralik ayinda COVID-19 ismiyle
raporlandiktan sonra, 11 Mart 2020'de Diinya Saglik Orgiitii (WHO) tarafindan pandemi olarak
ilan edildi ve pandemi ilani, ¢alisanlarin ¢alismalarini da degistirdi (Erdem, 2020).

COVID-19 pandemisi diinya lizerinde milyonlarca kisiyi evlerine hapsetti ve insanlarin masa
basinda uzun siireli calismalarini zorunlu hale getirdi (Kirtincl & Kurt, 2020; Roser vd., 2020).
Okullar, kolejler ve diger egitim kurumlari kapatildi (Sahu, 2020; Viner vd., 2020). Bu durum
cevrimici siniflara, egitimlere ve toplantilara bagimliliga yol acti. Boylece calisanlar; dizlsti
bilgisayarlarda, masatstl bilgisayarlarinda ve diger cihazlarda daha fazla zaman gecirmeye
basladi (Wang vd., 2020).

Evden calismak, calisanlari COVID-19'a karsi korumaya yardimci olurken ayni zamanda
beklenmedik sonuclara da yol agmaktadir (Junkin, 2020). Bu beklenmedik sonuglarin baslica
sebeplerinden biri de insanlarin anatomik ve antropometrik 6zelliklerini, fiziksel kapasitelerini
ve toleranslarini gbz 6nlne alarak calisma ortamindaki tim faktorlerin etkisi ile olabilecek
organik ve psiko-sosyal stresler karsisinda, sistem verimliligi ve insan-makine-cevre uyumunun
temel yasalarini ortaya koymaya calisan disiplinli bir arastirma gelistirme araci olan
ergonominin ve kosullarinin ihmal edilmesidir (TGrkdemir, 2003).

Ergonomi, insanlarin kullanimi icin verimli ve givenli bir sekilde etkilesime girecek ve
verimliligi artiracak sekilde seyleri tasarlamak ve diizenlemek icin kullanilan uygulamali bir
bilimdir (Gupta vd., 2014).

Farkindalik eksikliginden dolayi ergonomi genellikle gbz ardi edildi; ancak simdi uygun ¢alisma
kosullarina eskisinden daha fazla odaklanilmasi gerekmektedir (Pragati vd., 2020; Fischer vd.,
2021).

Mevcut COVID-19 salgin durumuyla birlikte, ergonominin 6nemi, kas-iskelet sistemi
bozukluklariyla ilgili giivenligin 6tesinde artmistir (Oztiirk & Ozer Kaya, 2020).

COVID-19 salgin doneminde, Dubai’de 10-18 yas arasi tamami 6grenci olan 186 katilimcili
anket calismasinda, katilimcilarin ¢alisma ortamlarinin diizeni, ders dinlerken masa basinda
gecirilen oturma sureleri, ekran kullanim sureleri, g6z ve ekran iliskisi, bel ve oturma iliskisi,
klavye ve bilgisayar kullanim dizenleri incelenmistir. Uzaktan egitime katilan 6grencilerin
blyuk ¢ogunlugunda sirt agrisi, bel agrisi, el ve bilek agrilar, gozlerde kuruma, bas agrisi,
uykusuzluk goérialdigi, davranis degisiklikleri gelistigi ve ilerleyen zamanlarda bu
semptomlarin kalici hasarlara sebebiyet verebilecegi 6ngorilmuistir. Ayrica arastirmacilar,
pandemi sonrasi ergonominin ilkokul ve ortaokullarda ders mifredatina eklenmesi gerektigini
belirtmislerdir (Choudhary vd. 2020).

Kas-iskelet sistemi bozukluklari; kaslarin, tendonlarin ve sinirlerin ¢ok ¢esitli enflamatuar ve
dejeneratif bozukluklarini ifade eder. Bu bozukluklar boyun, sirt, bel, omuzlar, dirsekler,
bilekler ve eller gibi bircok viicut bilesenini etkileyen agri ve fonksiyonel bozulmaya neden
olabilir (Punnett & Wegman, 2004). Calisanlar; edinilmis yanhs duruslar, tekrarlayan strain
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(gerilme) yaralanmalari, kiimilatif travma bozukluklari ve kas-iskelet sistemi bozukluklari ile
iliskili olarak kendilerinde gelisen sorunlarin farkinda olamadilar (Cipollaro vd., 2020).

Bel agrisi, modernlesen toplumlarda her gecen giin artan, kas iskeleti sisteminde fonksiyon
bozuklugundan olusan gliniimiiz toplumunun 6nemli sorunlarindan biridir (Solak Kabatas vd.,
2012). Eriskin yastaki insanlarin %80’i, yasamlarinin herhangi bir déneminde siklikla da 45-60
yas arasinda bel agrisiyla karsilasir. Calisan ntfusun her yil  %25-50'si bel agrilarina
yakalanmaktadir (Solak Kabatas vd., 2012). Calisma hayatinda oldukc¢a rastlanan bu durum,
insanlari ekonomik ve yasam kalitesi bakimindan olumsuz etkilemektedir. Ozellikle gelismis
Ulkelerde licret ve is glict kaybi nedeniyle bel agrisi tedavi maliyetini arttiran bir problemdir.
Ayrica, kanser agrisindan sonra en fazla is giicl kaybi ve saglik giderlerine sebep olan kronik
agridurumudur (Ceran, 2015; Suyabatmaz vd., 2011) ve nedenleri yas, cinsiyet ve viicut yapisi,
fiziksel ve isle ilgili risk faktorleri, psikososyal faktorler, fizyolojik faktorler, davranissal faktorler
olarak siniflandiriimistir (Glindiiz, 2019).

Ogrenciler icin egitim alanlarinda ergonomik kosullara gdsterilen 6nem, égrenme kalitesini
arttinir (Smith, 2011; Legg, 2007). 2020 yilinda iran’da yapilan bir calismada, COVID-19 salgin
doneminde, uzaktan egitimin Ogrencilere olan etkisi, ergonomik kosullar gozetilerek
arastirilmistir. Arastirma yapilan kosullar; aydinlatma, giirtiltii, oda sicakligi, hava kalitesi ve i¢
mekan fiziksel sartlaridir. Arastirmada, uzaktan egitimde bu 6nemli ergonomik kosullarin
saglanamadigl ve buna bagh olarak ilgi ve motivasyon kaybi yasadiklari sonucuna varilmistir
(Soltaninejad, 2021).

Bu ¢alisma; COVID-19 pandemisi sliresince evden ¢alismak zorunda olan Endistri ve Makine
Muhendisligi 6grencilerinde pandemi 6ncesi ve sonrasi degisen kosullar ile karsilastiklari bel
agrilarinin ergonomik agidan incelenmesi, ergonomi farkindaliklari ve bel agrilarini etkileyen
faktorlerin incelenmesi amaciyla tanimlayici olarak yapilmistir.

2. YONTEM

2.1. Orneklem

Arastirmamiz, kesitsel tiirde olup 6rneklem Mihendislik Mimarlik Faklltesi 6grencilerinden
85 Endustri Mihendisligi 6grencisi ve 66 Makine Mihendisligi 68rencisi olarak toplam 151 kisi
olusturmustur. Arastirmanin izni ve katilimcilara ulasilabilirligi agisindan uygun oldugu icin bu
tniversite secilmistir. Ornek biylkligli hesaplanmayip evrenin tamamina ulasilmasi
hedeflenmistir.

2.2. Uygulama

Bu calisma Medipol Universitesi Girisimsel Olmayan Klinik Arastirmalar Etik Kurulu tarafindan
15/04/2021 tarih ve 415 numarali kurul karari ile onaylanmistir. Arastirma icin katihmcilardan
aydinlatilmis riza metni alinmistir. Arastirmanin verileri, COVID-19 pandemisi nedeniyle online
olarak toplanmistir. Olgegin ortalama yanitlanma siiresi 2 dakika olup tam olarak yanitlayan
151 katihmcinin formlari degerlendirilmistir.

2.3. Veri Toplama Araglari

Veri toplama araci olarak Microsoft Forms programi Uzerinden online soru formu
uygulanmigtir. Arastirmada uygulanan soru formu; katilimcilarin demografik bilgileri, belli
aliskanliklari, saghk durumlari ve bel agrisi varligini sorgulamak igin literatlr taramasi
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sonucunda elde edilen bilgiler degerlendirilerek katilimcilara sosyodemografik o6zellikler
olarak okudugu bolimler, yas gruplari, cinsiyetleri, Genel Akademik Not Ortalamasi (GANO),
glin icerisinde masa basinda gegirdigi siire, sigara kullanim durumu ve COVID-19 pandemisi
oncesi ve sonrasi gunlik D vitamini takviyesi alip almadigi, duzenli spor/egzersiz yapip
yapmadigl, bel agrisi sikayeti olup olmadigi, ergonomik kosullara 6zen gosterip gostermedigi
ve kilo alip almadigi gibi bagimsiz degisken olarak kabul edilen sorular yonlendirilmistir.

Calismanin kisithligl, bel agrisi varhginin 6lcek kullanilmadan ortaya konmasi ve anket
sorularina katilimcilarin cevap vermekte zorlanmasina sebep olan hafiza faktortdur.

2.4. Veri Analizi

Toplanan veriler, IBM SPSS Statistics 26.0 programinda analiz edilmistir. Tanimlayici
istatistikler olarak sayl ve ylzde hesaplanmistir. Gruplar arasi farklarin belirlenmesi icin
onemlilik testi olarak ki-kare testi, coklu dogrusal regresyon analizi ile lojistik regresyon
analizleri kullanilmistir. Tim testlerde istatiksel dnemlilik diizeyi p<0,05 kabul edilmistir.

3. SONUGLAR

Calismamiza Mihendislik 6grencilerinde katilimin sirasiyla %56,3 Endistri Mihendisligi,
%47,3 Makine Mihendisligi 6grencisi katilmistir (Tablo 1).

Arastirmaya katilan 6grencilerin %68,2’sinin 18-22 yas araliginda, %31,8’inin 23-27 yas
araliginda oldugu saptanmistir. Mihendislik 6grencilerinin %36,4’U (n=55) kadin, %63,6’si
(n=96) erkektir (Tablo 1).

Katilimcilarin %6,6’sinin 2,0 ve altl, %50,3’tUnlin 2,1-2,9 arasinda, %27,8’inin 3,0-3,40 arasinda
ve %15,2'sinin de 3,5 ve lzeri akademik not ortalamasina sahip oldugu bulunmustur. (Tablo
1).

Katihmcilarin %45’i (n=68) 1-4 saatleri arasinda %55’i (n=83) ise 4 saat ve daha fazla masa
basinda oturduklarini belirtmislerdir (Tablo 1).

Mihendislik 6grencilerinin %64,9’u sigara kullanmiyorken, %21,9’u 10’dan daha az ictiklerini,
%13,2’si ise 10 ve daha fazla sigara kullandiklarini belirtmislerdir (Tablo 1).

Katilimcilarin %22,5i, Covid-19 pandemisi 6ncesi D vitamini takviyesi aliyorken, bu oran Covid-
19 pandemisi sonrasi %27,2’ye ¢cikmistir. Ayni sekilde Covid-19 pandemisi 6ncesinde D vitamini
takviyesi almayanlarin orani %77,5 iken bu oran Covid-19 pandemisi sonrasi %72,8’e kadar
gerilemistir.

Katilimcilarin %41,7’si Covid-19 pandemisi dncesinde diizenli spor ve egzersiz yapiyorken bu
oran Covid-19 pandemisi sonrasinda %31,8’e kadar gerilemistir.

Covid-19 pandemisi dncesinde ergonomik kosullara 6zen gosteren ve kismen 6zen gosteren
katihmcilar sirasiyla %44,4 (n=67) %34,4 (n=52) iken bu oran Covid-19 pandemisi sonrasinda
%57,6 (n=87), %21,9 (n=33) olarak belirtilmistir. Covid-19 pandemisi 6ncesi ergonomik
kosullara 6zen gostermeyenlerin orani %21,2 (n=32) iken Covid-19 pandemisi sonrasi bu oran
20,5(n=31) kisiye kadar gerilemistir.

Covid-19 pandemisi 6ncesinde katilimcilarin %26,5’inin bel agrisi sikdyeti varken bu oran
pandemiden sonra %45’e kadar ¢cikmistir. Katilimcilarin %36,4’  pandemi sonrasinda kilo
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almazken %35,1’i 1-3 arasinda, %17,2’si 4-6 arasinda ve %11,3’G 6 Uzeri kilo aldiklarini
belirtmislerdir (Tablo 1).

Pandemi o©ncesi ergonomik kosullara 6zen gdsteren Endistri Muihendisligi ve Makine
Mihendisligi 6grencileri sirasiyla %49,25 (n=33), %50,75 (n=34) olarak tespit edilmistir
(p>0,05). Bu oranin pandemi sonrasi sirasiyla %51,72 (n= 45) %48,28 (n= 42) oldugu
gorilmustir (Tablo 2).

Pandemi oncesi ergonomik kosullara 6zen gosteren 18-22 yas grubu ve 23-27 yas grubu
ogrenciler, sirasiyla %70,15 (n=47) ve %29,85 (n=20) olarak tespit edilmistir. (p>0,05). (Tablo
2). Aynioran, pandemi sonrasinda sirasiyla %60,92(n=53), %39,08 (n= 34) olarak bulunmustur
(p>0,05) (Tablo 3).

Pandemi Oncesi ergonomik kosullara 6zen gosteren ve gostermeyen 2,1-2,9 GANQO'ya sahip
ogrenciler, sirasiyla %52,24 (n=35), %31,25 (n=10) olarak bulunmustur. Bu oranlarin pandemi
sonrasi sirasiyla %16,09 (n=14), %12,9 (n=4) oldugu gorilmustiir (Tablo 2).

Pandemi dncesi ergonomik kosullara 6zen gosteren ve masa basinda 1-4 saat oturan ile 5 saat
ve daha fazla oturan grup sirasiyla %46,27 (n=31), %53,73 (n= 36); ergonomik kosullara 6zen
gostermeyenler sirasiyla %50 (n=16), %50 (n=16); ergonomik kosullara kismen 06zen
gosterenlerin ise sirasiyla %40,39 (n=21), %59,61 (n=31) oldugu bulunmustur (p>0,05) (Tablo
2).

Bu oran, pandemi sonrasinda sirasiyla ergonomik kosullara 6zen gosteren 6grencilerde
%43,68 (n=38), %$56,32 (n=49); ergonomik kosullara 6zen gostermeyen 6grencilerde sirasiyla
%61,3 (n=19), %38,7 (n=12); kismen dikkat eden 6grencilerin ise sirasiyla %33,33 (n=11),
%66,67(n=22) oldugu gorilmistir (p>0,05) (Tablo 3).

Pandemi 6ncesi ergonomik kosullara 6zen gosterip ayni zamanda D vitamini takviyesi alan ve
almayan o6grenciler sirasiyla %26,87 (n=18), %73,13 (n=49) iken ergonomik kosullara 6zen
gostermeyip D vitamini takviyesi alan ve almayan 6grenciler ise sirasiyla %28,12 (n=9), %71,88
(n=23) oldugu tespit edilmistir (Tablo 2).

Pandemi oOncesi ergonomik kosullara 6zen gosterenlerin ve glinlik 10 ve Uzeri sigara
kullananlarin orani %11,94 (n=8) (Tablo 2) iken bu oran pandemi sonrasinda %14,94 (n=13)
oldugu belirlenmistir (Tablo 3).

Pandemi Oncesi, ergonomik kosullara 6zen godstermeyip bel agrisi sikayeti olanlar ve
olmayanlar sirasiyla %28,12 (n=9), % 71,83 (n= 23) (Tablo 2). iken bu oran pandemiden sonra
siraslyla %38,7 (n=12), %61,3 (n=19) oldugu gorilmustir (Tablo 3).

Katilimcilarin pandemi oncesinde ve sonrasinda ergonomik kosullara 6zen gdsterme
dizeylerinin bagimsiz degiskenlere gore karsilastirilmasi Tablo 2 ve Tablo 3’te gosterilmistir.
Pandemi Oncesinde dizenli spor veya egzersiz yapanlarda, ergonomik kosullara 6zen
gosterme dizeyi daha yiksektir. (p=0,024). Pandemi 6ncesinde, katilimcilarin %71,83’linde
bel agrisi saptanmamis olup gruplar arasi fark, istatistiksel olarak dnemlidir (p<0,0001).

Pandemi 6ncesi dizenli egzersiz ve spor yapan katilimcilarin %43,68’i ergonomik kosullara
0zen gosteriyordur (p<0,001). Pandemi sonrasinda, katilimcilarin %56,32’sinde bel agrisina
saptanmis olup gruplar arasi fark, istatistiksel olarak 6nemlidir (p<0,002).

Ergonomik kosullara 6zen gdsterme dizeylerinin bagimsiz degiskenlere gore karsilastirilmasi,
ki-kare analizi ile yapilmistir. Ergonomik kosul diizeyleri ayri ayri gruplara ayrilarak belirtilmis
ve p degerleri gosterilmistir. Ki-kare analizinin amaci, ergonomik kosullara 6zen gdsterme
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dizeylerini belirleyen degiskenlerin etkilerinin bulunmasidir. Bu analizde, alfa %95 olarak
belirlenmis, p<alfa olan degiskenlerin istatistiksel olarak anlamli oldugu ve ergonomik kosullari
dizeyini etkiledigi gorilmustir.

Tablo 5’te, regresyon analizi sonugclari gosterilmistir. Regresyon analizine dahil olacak
degiskenlerin seciminde Tablo-4’te (Ki-kare analizi ile) belirledigimiz gruplar arasi farkin
anlamli oldugu degiskenler secilmis ve analiz uygulanmistir. Regresyon analizi kisminda, ilgili
degiskenlerin %95 glven aralkli degerleri verilmis ve p degerleri belirtilmistir.

Cok degerli analizde, pandemi dncesi ve sonrasi diizenli spor veya egzersiz yapma ve bel agrisi
sikayeti ergonomik diizeyi etkileyen degiskenler olarak tespit edilmistir (Tablo 5).

Tablo 1: Katilimcilarin genel 6zellikleri.

Bolim Sayi Yizde
Endistri Mihendisligi 85 56,3
Makine Miihendisligi 66 43,7
Yas Sayi Yiizde
18-22 103 68,2
23-27 48 31,8
Cinsiyet Sayi Yiizde
Kadin 55 36,4
Erkek 96 63,6
Genel Akademik Not Ortalamasi Sayi Yiizde
2,0 ve alti 10 6,6
2,1-29 76 50,3
3,0-3,4 42 27,8
3,5 ve Uzeri 23 15,2
Giin icerisinde Masa Basinda Oturma Siiresi Sayi Yizde
1,00-4,00 68 45
>5 83 55
Sigara Kullanim Durumu Sayi Yiizde
Kullanmiyorum 98 64,9
<10 33 21,9
210 20 13,2
Covid-19 Pandemisi Oncesi D Vitamini Sayi Yiizde
Takviyesi Alip Almama
Evet 34 22,5
Hayir 117 77,5
Covid-19 Pandemisi Sonrasi D Vitamini Sayi Yiizde
Takviyesi Alip Almama
Evet 41 27,2
Hayir 110 72,8
Covid-19 Pandemisi Oncesi Diizenli Egzersiz Sayi Yiizde
veya Spor Yapip Yapmama
Evet 63 41,7
Hayir 88 58,3
Covid-19 Pandemisi Sonrasi Diizenli Egzersiz Sayi Yiizde
veya Spor Yapip Yapmama
Evet 48 31,8
Hayir 103 68,2
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Covid-19 Pandemisi Oncesi Bel Agrisi Sayi Yiizde
Sikayetinin Olup Olmamasi
Evet 40 26,5
Hayir 111 73,5
Covid-19 Pandemisi Sonrasi Bel Agrisi Sayi Yizde
Sikayetinin Olup Olmamasi
Evet 68 45
Hayir 83 55
Covid-19 Pandemisi Oncesi Ergonomik Sayi Yizde
Kosullara Ozen Gésterme
Evet 67 44,4
Hayir 32 21,2
Kismen 57 34,4
Covid-19 Pandemisi Sonrasi Ergonomik Sayi Yizde
Kosullara Ozen Gésterme
Evet 87 57,6
Hayir 31 20,5
Kismen 33 21,9
Covid-19 Pandemisi Sonrasi Kilo Alma Sayi Yiizde
Durumu
Kilo Almadim 55 36,4
1,00-3,00 53 35,1
4,00-6,00 26 17,2
6,00 ve Gzeri 17 11,3

Tablo 2: Pandemi 6ncesi ergonomik kosullara 6zen gésterme durumlari.

Pandemi Oncesi
Ergonomik Kosullara Ozen Gésteriyor

Evet Hayir Kismen
Boliim Sayi Yiizde Sayi Yiuzde Sayi Yiizde
Endistri Mihendisligi 33 49,25 20 62,5 32 61,54
Makine Muhendisligi 34 50,75 12 37,5 20 38,46
p: 0,296
Yas
18-22 47 70,15 21 62,5 35 67,3
23-27 20 29,85 11 34,4 17 32,7
p: 0,889
Cinsiyet
Kadin 25 37,31 10 31,25 20 38,46
Erkek 42 62,69 22 68,75 32 61,54
p: 0,784
Genel Akademik Not Ortalamasi
2,0vealti 5 7,46 2 6,25 3 5,77
2,1-2,9 35 52,24 10 31,25 31 59,61
3,0-3,4 19 28,36 12 37,5 11 21,15
3,5 ve Uzeri 8 11,94 8 25 7 13,47
p: 0,246
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Giin igerisinde Masa Basinda Oturma

Siiresi

1,00-4,00 31 46,27 16 50 21 40,39
=4,00 36 53,73 16 50 31 59,61

p: 0,666

Sigara Kullanma Durumu

Kullanmiyorum 43 64,18 18 56,25 37 71,16
<10 16 23,88 7 21,88 10 19,23
210 8 11,94 7 21,87 5 9,61

p: 0,496

Covid-19 Pandemisi Oncesi D Vitamini
Takviyesi Alip Almama

Evet 18 26,87 4 12,5 12 23,08
Hayir 49 73,13 28 87,5 40 76,92

p: 0,276

Covid-19 Pandemisi Oncesi Diizenli
Egzersiz veya Spor Yapip Yapmama

Evet 36 53,73 9 28,12 18 34,61
Hayir 31 46,27 23 71,88 34 65,39

p: 0,0224

Covid-19 Pandemisi Oncesi Bel Agrisi
Sikayetinin Olup Olmamasi

Evet 17 25,37 9 28,12 14 26,92
Hayir 50 74,63 23 71,83 38 73,08

p: 0,0001

Tablo 3: Pandemi sonrasi ergonomik kosullara 6zen gésterme durumlari.

Pandemi Sonrasi

Ergonomik Kosullara Ozen Gésteriyor

Evet Hayir Kismen
Bolim Sayr Yiizde Sayir Yizde Say1 Yiizde
Endistri Mihendisligi 45 51,72 22 70,96 18 54,54
Makine Mihendisligi 42 48,28 9 29,04 15 45,46
p: 0,174
Yas
18-22 53 6092 23 7419 27 81,81
23-27 34 39,08 8 25,81 6 18,19
p: 0,065
Cinsiyet
Kadin 53 6092 18 58,06 25 75,75
Erkek 34 39,08 13 41,94 8 24,25
p: 0,248
Genel Akademik Not Ortalamasi
2,0 ve alti 6 6,9 3 9,68 1 3,03
2,1-2,9 44 50,57 15 48,39 17 51,52
3,0-3,4 23 26,44 9 29,03 10 30,3
3,5 ve Uzeri 14 16,09 4 12,9 5 15,15
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Giin icerisinde Masa Basinda Oturma Siiresi

1,00-4,00
=4,00
p: 0,074

38 43,68 19 61,3 11 33,33
49 56,32 12 38,7 22 66,67

Sigara Kullanma Durumu
Kullanmiyorum
<10
210
p: 0,674

55 63,22 19 61,3 24 72,73
19 21,84 9 29,03 5 15,15
13 14,94 3 9,67 4 12,12

Covid-19 Pandemisi Sonrasi D Vitamini Takviyesi Alip

Almama
Evet
Hayir

p: 0,117

28 32,18 4 12,9 9 27,27
59 6782 27 87,01 24 72,73

Covid-19 Pandemisi Sonrasi Diizenli Egzersiz veya Spor

Yapip Yapmama
Evet
Hayir
p: 0,001

38 43,68 4 12,9 6 18,18
49 56,32 27 87,010 27 8182

Covid-19 Pandemisi Sonrasi Bel Agrisi Sikayetinin Olup

Olmamasi
Evet
Hayir
p: 0,002

49 56,32 12 38,7 7 21,21
38 43,68 19 61,3 26 78,79

Covid-19 Pandemisi Sonrasi Kilo Alma Durumu

Kilo almadim
1,00-3,00
4,00-6,00

6,00 ve Uzeri

p: 0,335

33 37,93 9 29,03 13 39,4
31 35,63 9 29,03 13 39,3
14 16,09 6 19,36 6 18,18
9 10,35 7 22,58 1 3,03

Tablo 4: Katiimcilarin pandemi dénemi 6ncesi ve sonrasi ergonomik kosullara 6zen gésterme
durumlari (Ki-kare analizi sonuglari).

Pandemi Oncesi Pandemi Sonrasi
Ergonomik Kosullara Ergonomik Kosullara
Ozen Gosterme Ozen Gosterme
P DEGERI (Ki-KARE P DEGERI (Ki-KARE
ANALIZi) ANALIzi)
Bolimiinlz 0,296 0,174
Yasiniz 0,889 0,065
Cinsiyetiniz 0,784 0,248
GANO 0,246 0,964
Gin icerisinde Masa Basinda Oturma Siiresi 0,666 0,074
Sigara Kullaniminiz 0,496 0,674
Pandemi 6ncesi D vitamini takviyesi aliyor
musunuz? 0,276 0,117
Pandemi 6ncesi diizenli spor veya egzersiz
yaplyor musunuz? 0,024 0,001
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Pandemi 6ncesi bel agrisi sikdyetiniz var mi? 0,0001 0,002

Tablo 5: katimcilarin ergonomik kosullara 6zen gosterme diizeyi agisindan gruplar arasi fark bulunan
degiskenlere ait cok degiskenli regresyon analizi sonuclari.

B P % 95 GA
Pandemi c?nce5| dizenli spor veya 0,32 0,024 (0,035) - (0,605)
egzersiz yaplyor musunuz?
Pandemi oncesi bel agrisi -0,033 0,0001 (-0,357) - (0,29)
sikayetiniz var mi?
Pandemi spnram dizenli spor 0,453 0,001 (0,179) - (0,727)
veya egzersiz yaplyor musunuz?
Pandemi sonrasi bel agrisi 0,473 0,002 (0,219) - (0,727)

sikayetiniz var mi?

4. TARTISMA

Calismamiz; ergonominin temel ve bilimsel ilkelerini miUhendislik fakiltelerinde akademik
diizeyde ders olarak géren mihendislik 6grencilerindeki ergonomi farkindaligi ve kosullarini
glnlik hayatlarinda uygulayip uygulamadiklarini incelemeyi amaglamasinin yani sira yas,
cinsiyet, sigara kullanimi, D vitamini kullanimi, masa basinda gecirdikleri siire, diizenli spor
ahskanligi, GANO ve COVID-19 pandemisi gibi faktorlerin ergonomik kosullar Uzerine
etkileriyle kilo alimi ve bel agrisi gibi sonuclarin incelendigi ¢cok yonli bir arastirmadir.

Bu calismada, COVID-19 pandemisinin ergonomik kosullar ve buna bagl gelisen sonuglar
Gzerine olan etkisi incelenmis olup pandemi 6ncesi ve sonrasi olarak mukayese edilerek
pandeminin ergonomik kosullar tGzerindeki etkisinin ortaya konulmasi amaclanmistir.

Bu calismanin literatirdeki diger calismalardan farki, daha 6nce heniiz calisiimamis olan
bagimsiz degiskenleri kullanarak ergonomik kosullar Gzerine etkilerinin olup olmadigini tespit
etmek ve bu konuda yapilacak olan bir sonraki calismalara referans olmaktir.

Calismamizda, katilimcilarin %50’sinden fazlasi Endiistri Mihendisligi 6grencisi olan, 18-22 yas
araliginda, genel akademik not ortalamasi (GANOQ) 2,1-2,9 olan, masa basinda 5 saatten fazla
vakit geciren, sigara kullanmayan, pandemi oncesi D vitamini takviyesi almayan, dizenli
egzersiz ve spor aliskanligl olmayan, herhangi bir bel agrisi sikayeti bulunmayan ve ergonomik
kosullara kismen de olsa 6nem gosteren niteliktedir (Tablo 2).

Pandemi sonrasinda da yine katilimcilarin %50’sinden fazlasinda pandemi 6ncesi gosterilen
profil devamlilik goésterip D vitamini takviyesi alimi, bel agrisi sikayetleri, ergonomik kosullara
gosterdikleri 6zen ve kilo alimlari artarken dizenli egzersiz-spor aliskanliklari ise azalmistir
(Tablo 3).

Vicut D vitamini seviyesinin gerek immiun sistemin diizenlenmesi (Grant vd., 2020; Hewison
2012) ve gelismesine (Baeke vd., 2010; Prietl vd., 2013) katki sagladig gerekse COVID-19
pandemisi vakalarinda bulas ve o6lim riskleri ile iligkili oldugu literatiirde bildirilmisken
(Raharusun vd., 2020) yine ¢alismamizda, D vitamini takviyesinin aliminin artmasi da bu
dogrultuda bir farkindalik oldugunun gostergesidir (Tablo 3).
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iran Bilim ve Teknoloji Universitesin’de 2012 yilinda yapilan bir arastirmaya gére miihendislik
ogrencilerinin %71'inde ergonomi ve gelecekteki mesleklerinde 6nemi hakkinda agik bilgiye
sahip olmadigi gosterilmistir (Naeini & Mosaddad, 2013).

Yine 2020 yilinda, Turkiye’de yapilan bir ¢alismada, uzaktan egitim alan 6grencilere verilen
durus ve ergonomi egitiminin kas-iskelet sistemi bozukluklari, egzersiz diizeni, karar verme
dengesi ve fiziksel aktivite diizeylerindeki etkileri arastirilmistir. iki grup tzerinde yapilan
arastirmada, ergonomi egitimi verilen grup ile verilmeyen grup arasindaki NMQ-E ve IPAQ-SF
anketleriyle yapilan kiyaslama sonucunda ergonomi egitimi alan grup ile almayan grubun bel
agrisi diizeyleri arasinda bir fark bulunamamistir (Aytar vd., 2020). Calismamizda, ergonomiyi
akademik diizeyde ders olarak alan endulstri mihendisleri ve almayan makine miihendisleri
kiyaslandiginda ergonomik kosullara gosterilen 6Gnem arasinda anlamli bir fark bulunmamistir
(Tablo 4).

Calismamizda, ergonomik kosullara gosterilen 6nem pandemi 6ncesi ve sonrasi cinsiyete bagli
olarak degiskenlik gostermistir (Tablo 1 ve Tablo 2). 2021 yilinda yapilan bir galismada da
Hindistan’in gesitli bélgelerinden 651 elde tasinabilen elektronik cihaz kullanicisina, COVID-19
doneminde yasadiklari kas-iskelet sistemi rahatsizliklarini arastiran bir anket uygulanmis olup
calismanin sonucunda, cinsiyete bagli olarak rahatsizliklarin degiskenlik gosterdigi bulgularina
ulasiimigtir (Jain vd., 2021).

Bel agrisi fiziksel, psikolojik ve sosyal risk faktorlerinden etkilenen ve multidisipliner bir
yaklasim gerektiren bir semptomdur (Manchikanti vd., 2002). Yapilan ¢alismalarda, bu risk
faktorleri arasinda 6grenim durumu ve meslegin ilk siralarda yer aldigi belirtilip (Dionne vd.,
2001) caismamizda da teyit edilmistir (Tablo 4).

Sigaranin bel agrisi ile iliskili oldugu (Fertig vd., 1986; latridis vd., 1997) ve olmadigi (Albayrak
vd., 2010; Leboeuf-Y de C., 1999) konusunda calismalar mevcut olup calismamizda, sigara
kullanimin bel agrisi ile pozitif yonde bir iliskisinin olmadigi saptanmistir (Tablo 4).

Dogru postir aliskanliklarinin bel agrisina karsi koruyucu oldugu literatirde belirtilmistir
(O'Sullivan vd., 2012). Calismamiz sonucunda, ergonomik kosullara gosterilmesi gereken
onemin, dogru egzersiz ve dizenli spor aliskanlhiginin gelistirilmesi gibi sartlarin bel agrisindan
korudugunu gostermistir (Tablo 4).

Yeterli diizeydeki ergonomi bilgisi sirtin anatomisini, nesnelerin etkili bir sekilde nasil kaldirilip
tasinilacagi ve ayrica etkili bel agrisinin potansiyel risk faktorlerini de igerir (Salman vd., 2022;
Sowah vd., 2018; Steele vd., 2006) etkili 6z yonetim en uygun yoludur (Briggs & Jordan, 2010).
Bu sebeple mihendislik fakilteleri gibi akademik diizeyde ergonomi egitimi veren ilgili
branslarda, ergonomi egitimlerinde verilen teorik bilginin yani sira glindelik hayata entegre
edilebilecek diizeyde, ergonomik uygulamalarin insan saghgini korumak, givenlik seviyesini
artirmak, insanin hata yapma olasiligini azaltmak, etkili ve diizgiin bir iletisim kurmak, islerin
sireclerini inceleyerek isin daha kolay yapilabilmesini saglamak, hizli 6grenme imkani sunmak,
daha fazla stabilite saglamak, yeni tasarimlara olan ihtiyaci azaltmak, is akisini diizenleyerek
ariza veya duraksama zamanlarini azaltmak gibi avantajlarinin (Kurtay vd., 2021) 6énemini
belirterek uygulamali egitimlerin 6nemli 6l¢lide artirilmasi, arastirmanin goésterdigi sonuglarla
da 6nem arz etmektedir.

COVID-19 pandemisi sonrasi ergonomik kosullarin énemsenmemesi ve buna bagh gelisen
istenmeyen sonuglarin dnlenmesi ve yonetilebilmesi icin Ulkelerin Saghk Bakanliklari ile ilgili
global ve yerel kuruluslarin koordineli bir sekilde organize olup halk icin anlasilabilir bir dil
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kullanilarak yapilacak kamu spotlariyla konvansiyonel ve sosyal medya araciligiyla halki
bilinglendirmeleri gerekmektedir. Ayrica, bu konuda farkindalik olusturulmasi amaglanmali ve
bilgi kirlilikleri giderilmelidir.
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TURKIYE’'DE iLK VE TEK, ‘VIRUS-FREE KAMPUS’: DOGUS UNIVERSITESI
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Tarik Baykara "

Ozet

Halen daha yogun bir bicimde ve yeni varyantlariyla Covid-
19 salgini sirmektedir. Ne zaman sonuglanacagina dair
kesin bir zamanlama da verilememektedir. Surekli
tekrarlanan  korunma ve tedbirler kapsamindaki
ybntemlerin (maske, mesafe ve temizlik) yani sira UVC
isinlarinin virGslere karsin etkin bir dezenfektan oldugu
bilinmektedir. UVC sistemlerinden olusmus 1sima
donanimlarinin Covid-19 viriisiine karsi etkin bir 6nlem
olabilecegi degerlendirilmis ve Dogus Universitesi yeni
tasindig Atasehir-Dudullu Kampusinin (HVAC)
havalandirma sistemi icerisine ve yeni kampusin farkl
mekanlarina 254 nm’de i1sima yapan UVC donanimlari
monte edilmistir. Boylelikle, Dogus Universitesi tlkemizin
ilk ve tek “Virlis-Free Kampuisi” olma ozelligini kazanmistir.
254 nm’de UVC isima islevi ile bakteri, virus, mantar, spor
ve benzeri mikroorganizmalarin etkisiz hale getiriime
mekanizmasi incelenmis ve bu yontemin Covid-19 igin de
etkin bir bicimde kullanilabilecegi degerlendirilmistir.
Ardindan, vyeni kampilsiin havalandirma sistemleri
incelenmis, uygun kisimlari ettid edilmis ve buralara etkin
dezenfektan ve sterilizasyon islevselligi olan HVAC TiPi UVC
donanimlari  monte edilerek tim Ogrenciler ve
calisanlarimiz igin 6nemli diizeyde ve giivenlikte bir koruma
saglanmistir. Uygulamanin ilk 3 aylk verileri ele alinmis ve
bu slrecte monte edilen donanimlarin etkinligi
gosterilmistir. Ozellikle calisanlar ve akademik personel
arasindaki vaka/giris yuzdeleri son derece dusuktir.
Haftalik olarak son derece yiiksek sayida bir araya gelen
béylesi bir kalabalik ortamda (haftalik 14000-25000 kisi),
ozellikle 6grenciler arasindaki pozitif vaka sayisinin disik
oldugu gorilmektedir.

Abstract

Covid-19 pandemic is still continuing intensely with new
variants. A definite timing for its ending couldn’t be
predicted. Other than the precautions (mask, distance and
disinfection) that are repeatedly pointed, it has been known
that UVC emissions against the viruses are effective
disenfectants. UVC emission systems against Covid-19 viris
are evaluated and 254 nm UVC systems are mounted in
various places in the new Dudullu campus of the Dogus
University. In this regard, Dogus University is the first and
only “Virus-Free Campus”. Using 254 nm wavelength UVC
emissions for disinfecting bacteries, viruses, fungus, spor
and other microorganisms were investigated and decided
to be used effectively. Thereafter, climatization system of
the new campus were examined, appropriate locations
were studied. The first three monthly data demonstrated
the effectiveness of the mounted system. Specifically,
among the academicians and the staff members, data
showing the case/input percentage was found to be
considerably low. Weekly data among students entering
into the campus (14000-25000 per week), Covid-19 positive
cases are low.

Anahtar Kelime: 254 nm, Covid-19, Dezenfektasyon,
Pandemi, UVC Emisyonu

Keywords: 254 nm, Covid-19, Disinfection, Pandemic, UVC
Emission
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1. GIRiS

2019 yili sonlarina dogru diinya ¢apinda patlak veren Covid-19 pandemisi, daha 6nceden
bilinen ve yaygin olarak kullanilan antimikrobiyal-antiviral UVC i1simasinin dezenfaktasyon
amach kullanim ve uygulamalarini yeniden glindeme getirmistir. Pek ¢ok bulasici
mikroorganizmanin 253.7 nm dalga boyunda i1sima ile etkisizlestirildigi gosterilmistir (FDA,
2021; Kowalski, 2009; Lualdi et al., 2021; Sgnify, 2020). Cok uzun silireden beri, bir
dezenfektasyon yontemi olarak UVC isimasi, etkin olarak ve sakli isima saglanmis vaziyette su
aritmada, isitma-klima tesisatinda ve hastahane, ameliyat odalari ve biyoloji
laboratuvarlarinda kullanilmaktadir. Pek ¢ok tlkede hava yoluyla tliberkiloz yayinimina karsi
kullanildig1 bilinmektedir. ABD’de ise bazi saghk ve medikal kuruluslarinda, otonom mobil
Uniteler vasitasiyla her tirden ortamda (hasta odalari, ameliyathaneler) kullanimi
sirdirilmektedir. UVCisimanin son derece sinirli ve kontroli kolay bazi mahsurlari haricinde,
hem hava hem de her tirden ylizeyde dezenfektasyon etkinligi ve etkisi kanitlanmistir (FDA,
2021; Kowalski, 2009; Lualdi et al., 2021; Signify, 2020).

1.1. Antimikrobiyal UVC Isimasi

Antimikrobiyal UVC isimasi, kisa-dalga boyuna sahip UV isinlarinin (1sima enerjisi) bakteri ve
sporlari 6ldurdigi, mantar (fungi) ve virGsleri pasif hale getirdigi kanitlanmistir. UVC olarak
bilinen ve dalgaboyu araligi 200-280 nanometre olan isimanin, son derece etkin bir bicimde
dezenfektasyon sagladigi ilgili mekanizmalari ile birlikte acgikga goOsterilmistir
(Sekil 1).

HUCRENIN YOK
EDILMESI

* UVC enerji hiicre

/7 L duvarlarini kirarak
: L A giriyor

4 Flagelyum « DNAyI

hasarlandiriyor

* Hiicre yeniden
ureyemiyor,
¢ogalamiyor

* Viris «oluyor»-

Plazma ; etkisiz hale geliyor

UV-C enerji hiicre igerisine
giriyor

duvari

Sekil 1: 254 nm UVC isima ile viral hlicrenin etkisizlestirilmesi (Saputa, 2015).

UVC 1simasi bakterileri oldlirmekte ayrica yasayan bir organizma olmadigi bilinen virisleri
“etkisiz” hale getirmektedir (1SO-15714, 2019). Enerjetik UVC fotonlari fotokimyasal olarak bir
virisin DNA ve RNA molekilleriyle etkilesime girmekte ve bunlari pasifize (inactivation)
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ederek bulasici olmaktan ¢ikarmaktadir (Sekil 1). 230-285 nm araligindaki UVC isik kaynaginin,
mikroorganizmalarin genetik yapisini tekrar lGreyemeyecekleri sekilde bozunuma ugrattig
gosterilmistir. Pik noktasi 265 nm civarinda olmakla birlikte, konvensiyonel olarak floresan
tiplerden isiyan 254 nm dalga boyundaki radyasyon, ¢ok yiksek oranda (>%80) DNA/RNA
tarafinda bozunuma sebep olmaktadir.

UVC isimasi, dogru dalga boyunda uygulandiginda etkin ve etkili bir dezenfektandir. 254 nm
dalga boyunda bireylerin gozleri ve derilerine zararli oldugu icin gdze ve deriye dogrudan
kesinlikle tutulmamalidir. 254 nm UVC isimasi ile el dezenfaktasyonu asla yapilamaz. Bu isima
hava ve her tirden ylizeyi sterilize ve dezenfekte eder ve en (st diizeyde hijyenik bir ortam
olusmasini saglar. Bilindigi Gzere mikrop/virlsler havada asili kalarak (hapsirma, dkstirme ya
da bir ylzeyden bir sekilde Ufurtlerek havaya karisma seklinde) 1-5 mikron boyutunda
damlaciklar olarak, dakikalarca hatta saatlarca havada kalmaktadir. Maske, temizlik, mesafe,
havalandirma ve benzeri tedbirlerin yani sira, etkin bir bicimde uygulanan UVC isima ile
Ozellikle mekanlarin tst kisimlarinda yogunlasan havanin en yliksek etkinlikte dezenfektasyon
sagladigi gosterilmis ve kanitlanmistir (1SO-15714, 2019).

Genelde antiviral/antimikrobiyal UVC Lambalari 254 nm UV i1sima enerjisi yayarlar. Bu isima
enerjisi, virisin RNA ve DNA’siniI hasarlandirarak mutasyonlarini durdurur, pasifize eder ve
cogalmalarini dolayisi ile yayilmalarini ve bulasiciliklarini ortadan kaldirir (HeRRling et al., 2020;
Kowalski, 2009) (Sekil 2 ve Sekil 3).
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Sekil 2: UV dalga boylarina gére 254 nm’de mikrobiyal etkinlik (E. coli'ye karsi) (Kowalski, 2009).
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Sekil 3: (A) UV-RNA hasarlandirma mekanizmasinin dimer formasyonuyla gerceklesmesi; (B) RNA
absorpsiyon spektrasi (HelRling et al., 2020).

Sekil 3’de gosterilen pasifizasyon/inaktivasyon mekanizmasinda, UV isimasinin RNA ve DNA
molekilleri tarafindan absorplanmasiyla birlikte, pirimidin dimerlerinin olusmasi ile
dezenfektasyonun 254 nm UVC isimasiyla basladigl gérilmektedir (HeRling et al., 2020). Bu
dalga boyundaki isimanin en etkin, en yliksek enerjetik fotonlarla birlikte fotokimyasal olarak
aktif hale geldigi bilinmektedir (FDA, 2021; HeRling et al., 2020; I1SO-15714, 2019; Kowalski,
2009; Lualdi et al., 2021; Signify, 2020). UVC isimasiyla birlikte hasarlanan ve bozulan RNA ve
DNA molekiilleri yeniden ireme yeteneklerini kaybetmekte ve zararsiz hale gelmektedir. Bu
sUrecteki en etkin olusumun pirimidin dimerlerin formasyonu oldugu belirtilmisti. Burada, yan
yana timin veya sitosin bazl baglar olusarak c¢ift sarmal yapi bozulmaktadir. Pirimidin dimerli
DNA molekilleri artik islevsizlesmekte ve ¢ogalamamaktadir. Bir nevi molekilin 6limine
sebep olmaktadir (1SO-15714, 2019). Farkh amaclara uygun olarak ayarlanabilen i1sima
sUreleriyle, basarih bir inaktivasyon sirecinin ¢ok yliksek oranda gerceklesecegi gosterilmistir
(Chiappa et al., 2021; CR-2-20, 2019; HeRling et al., 2020; ISO-15714, 2019; Kennedy, 2019).

Tablo 1: Yayinlanmis bazi kaynaklarda 254 nm UVC isimasi ve fotoinaktivasyon durumu
calismalarindan 6rnekler (HeRling et al., 2020).

Virls Isima dalgaboyu Log-dliisme Ornek kosullari Degerlendirme
(nm) dozu
(mJ/cm2)
MERS- 254 _ Basaril damlacik Doz bilgisi yok
Koronaviriis inaktivasyon
Bulasici
Brosit 254 13,84 ylzeyde -
KoronavirlsU
iﬁiisd 254 inallgjis\?arsll\l/on Sivi halde (tuz sollisyonu) -
Canine Sivi (ince hiicre kaltira Iarlri:orzzi/::i’ziuve
Koronavirls 254 10,55 ortaminda fetal bovin .
(CCoV 1-71) serumuyla) lsima suresiyle
hesaplanmis
insan L Yiiksek él¢tide
- Basarih Sivi (serum icerisinde
Koronaviris 254 inaktivasyon hiicre kiiltarc) absorplanma
HCoV-229E ihtimali
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Sivi (ince hicre kaltlra Yiksek oOlglide

SARS_C(.)V 254 22.67 ortaminda fetal bovin absorplanma
Hanoi e .
serumuyla) ihtimali

Sivi (ince hiicre kultlra Yiiksek olclide

SARS-CoV P9 254 40.5 ortaminda fetal bovin absorplanma
serumuyla) ihtimali

Halen daha yogun bir bicimde dnlemler kapsaminda siiren Covid-19 salgini ile miicadelede
UVC isinlarinin etkili oldugu gosterilmistir. Tablo 1'de verilen 6rneklerde farkl virus tirleriyle
korona virlisti Gzerinde 254 nm UVC isimasiyla yapilan calismalardan bazi 6rnekler verilmistir.

Mikrobiyal/viral etkinlik 1simanin dozuyla/miktariyla dogru orantihdir. Isima zamani
milijul/santimetrekare (mJ/cm?), 1sima miktari ve 1sima siresinin hesaplanmasiyla bulunur.
Isima miktar ve sliresinin artmasiyla dezenfektasyon etkinligi ve verimi %99’a kadar
cikabilmektedir. Bu doz/miktar yar yariya indirildiginde verimlilik ve etkinlik %90’a duser.
Belirlenen bir doz ile dezenfektasyon siireci “tek-log oldiirlici” olarak verilir. Pratik olarak bu
3 veya 4 “log oldlirtici” sireg olarak uygulanirsa etkinlik %99.99’a kadar c¢ikar. Hesaplanmis
doz st limiti 10.6 mJ/cm? ancak daha hassas bir hesaplamayla bu dozun 3.7 mJ/cm? oldugu
gosterilmistir (HeRBling et al., 2020; ISO-15714, 2019; Kennedy, 2019).

Boston Universitesi’nin Signify (bilinen adiyla Philips) ile birlikte yaptigi ve Covid-19 viriisi
Uzerine UVC etkilerini arastirdigi calismanin 16 Haziran 2020 tarihinde yayimlanan sonuglarina
gére, 5ml/cm? dozu Covid-19 virlisiinii %99 oranindan daha fazla yok edebilmektedir (Signify,
2020).

2021 yilinda tasindigi Atasehir-Dudullu Kampusiniin (HVAC) havalandirma sistemi icerisine
monte edilen ve farkl tasarima sahip yatay, dikey ve diger UVC sistemleriyle birlikte Dogus
Universitesi Gilkemizin ilk “ViRUS-FREE KAMPUSU” olma 6zelligini kazanmistir. Bu ¢alismada
(Baykara, 2019), yeni kampisin havalandirma sistemi incelenmis uygun kisimlari etid edilmis
ve buralara etkin dezenfektan ve sterilizasyon islevselligi olan HVAC TiPi UVC donanimlari
monte edilerek yeni kampusiimizde tim o6grenciler ve ¢alisanlarimiz igin belirgin olarak
koruma saglanmistir.

Bunun yani sira, genel zemin dezenfektasyon Uniteleri ve diger yatay/dikey dezenfektasyon
cihazlari ile de galisma yapilarak adet ve kapasiteleri ile birlikte tespit edilmis ve montaj
asamasina gegilmistir. Calismanin ilk asamasinda HVAC sistemine monte edilen UVC lambalari
ve kampisin o6zellikle yogun bir bicimde kullanilan genis mekanlarina (kittphane,
yemekhane, spor salonu, kampds giris mekanlari ve diger) duvara ve/veya tavana monte UVC
sistemlerinin montesi ve zemin dezenfektasyon techizati ile birlikte dezenfektasyon kabinleri
etkin “virls-free” ortamlarin saglanmasina yonelik olarak calisilmis ve dogrudan mekana
uygulanmstir. Uygulama ardindan giinliik HES verileri (izerinden Dogus Universitesi, Dudullu
Kampislne giris yapan tim o6grenciler, akademisyenler ve c¢alisanlarin durumlari haftalik
olarak izlenmis ve degerlendirmeye alinmisir.

2. UYGULAMA CALISMALARI
Calisma kapsaminda kullanilan UVC lambalarinin temel 6zellikleri ve nitelikleri Tablo 2’de

verilmektedir.
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Tablo 2: Kullanilan UVC germisid lambalarinin temel 6zellikleri ve nitelikleri (LTC, 2022).

PHILIPS TUV T5 36T5 HO 4P SE UNP/32

Yararli kullanim 6mru: 9000 saat; (9000 saat sonrasinda %5 azalma bulunmaktadir)
Sistem tanimi: Yiksek ¢ikti
Renk kodu: TUV
Gug: 75 W/ampdl
Lamba akim: 0,8A
Voltaj: 97V
UVCisima 100 saat: 25W
EAN- European Article
Number/UPC- Universal Product 8711500869708
Code:

Burada, ayrica yatay tasarimh UVCpectra Tube-Hava Dezenfeksiyonu; dikey tasarimli
UVCpectra Tower-Ortam Dezenfeksyonu; sabit konumlu UVCpectra kabin kiyafet
dezenfeksyonu; ve UVCpectra Explorer Zemin Dezenfeksiyonu sistemleri etkililik
hesaplamalariyla birlikte degerlendirilmis ve en uygun sayi ve diizeyde sistemlerleilgili etlidleri
tamamlanmis ve gerekli is akis adimlarina gecilmistir. Sekil 4’te bu sistemlerin gorselleri yer
almaktadir:

UVCpectra ‘

Sekil 4: Uygulama kapsaminda kullanilan dikey ve yatay UVC isima sistemleri ve zemin
dezenfektasyon Unitesi.

Sekil 4'te gosterilen her bir Ginitede 3 adet UVC lamba kullanimiyla 75 W giiciinde ve 0.425
lamba akimiyla voltaj 176 V olarak verilmektedir. 100 saatte UV-C isima: 25/31 W olarak
hesaplanmistir. Sabit UV ¢ikti, azami dezenfektasyon glivencesi ve ylksek verimde c¢alisma
lamba Ureticisi Philips markasiyla taahhiit edilmektedir (LTC, 2022; Philips-Lighting, 2022).

PHILIPS TUV T5 36T5 HO 4P SE UNP/32 germisid lambalar igme suyu dezenfektasyonu, atik
sularda, ylizme havuzlarinda, gida isleme ve paketlemede kullanilir. Ana kullanim alanlarindan
en onemlisi, her tirden mekansal hava ve klima ile hava ve ortamin dezenfektasyonunda
kullanilabilmesindedir (Philips-Lighting, 2022).

Bu calisma kapsaminda Uretici kurulus LTC firmasiyla birlikte gelistirilen UVCpectra Explorer
Zemin Dezenfeksiyonu icerisinde zemine yonelik maksimum 60 mm mesafeden uygulanan 2
adet 36 Watt Philips TUV PL-L 36W/4P 1CT/25 marka ve modelli UVC lamba bulunmaktadir.
Dakikada 60 metre yol almasi kosuluyla %99 oraninda viris elimine edebilen bu {rin
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(5mj/cm?), dakikada 30 metreye ayarlandiginda %99,99 oraninda (10mj/cm?) viriis elimine
etmesi beklenmektedir. Bu sistemle ilgili patent basvurusu yapilmis olup ilgili siire¢ devam
etmektedir.

HVAC Sistemi, DOU Dudullu Yerleskesinde gerekli yerlere getirilerek montesi yapilmis ve
“virls-free” calismalar icin hazir hale getirilmistir. Asagida gosterilen Sekil 5’'ten de gorilecegi
lzere gereken montajlarin yapildigi HVAC sistemleri kurulmus ve calismaya hazir hale
getirilmistir.

Giivenlik

Temiz Hava Girisi  |zgarasi Hava
Damperi Filtre

Sogutucu

Isitici 254 nm UVC
i Lambalari

Filtre

Filtre
Hava Dagitim

Kanah

Sekil 5: (ist) HVAC sistem semasi; (alt) Dogus Universitesi Dudullu Yerleskesine kurulan HVAC
Sistemleri.

3. TESTLER VE DEGERLENDIRMELERI

Aktif mikroorganizmalarin test edilmesiyle ilgili pek c¢ok farkh yaklasim bulunmaktadir.
Ozellikle pandemi déneminde dogrudan Covid-19 viriisiine yénelik sertifiye edilmis bir test
laboratuvarinin bulunmamasi nedeniyle, literatiirden hareketle degerlendirmeler yapilmistir.
Bununla beraber dogrudan bakterisidal etkinlik testi ve ozon testi ile kullanilan sistemlerle ilgili
sonuglar belirlenmistir (Foarde et al., 2006). DOU Viriis Free Kampiis calismalari kapsaminda
uygulanan UV-C lambalarin degerlendirilmesinde asagidaki testler g6z online alinmigtir.
Bunlar:

1. Aktif madde igermeyen UV-C lambanin “Bakterisidal Etkinlik” testi
2. Ozon testi
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3.1. Aktif Madde igermeyen UV-C Lambanin “Bakterisidal Etkinlik” Testi

Testlerde deneysel olarak, mevcut imkanlardan dolayr UV-C lambalarin Staphylococcus
mikrorganizmalarina karsi etkinligi incelenmis ve olciimler yapilmistir. Tablo 3’te test kosullari
ve Tablo 4’te sonuclar gosterilmektedir.

Tablo 3: Aktif madde icermeyen UVC lambanin bakterisidal etkinlik testi kosullari.

istenilen test ve calisilan mikroorganizma Aktif madde icermeyen UVC lambanin
bakterisidal etkinlik testi;
Staphylococcus albus 8032

Bakteri Akis Hizi 28,3 L/dak
Toplam Deney Akis Siresi 16 dak
Test Alani 30m?
Test Kosullari (25%2,5) °C ve (50£10) % bagil nem
Test Mikroorganizmasi Staphylococcus albus 8032
Staphylococcus albus 8032 (kob/mL) konsantrasyonu 2,0x10° kob/mL
Kullanilan Bakteri Sispansiyon Hacmi 6 mL
Test kabini 10 dak silireyle nebulizér
Kontaminasyon Siresi (dak) spreyleme yontemi ile kontamine
edilmistir
inkiibasyon siiresi/sicaklik 24 saat/35 °C+2 °C

Tablo 4: Aktif madde icermeyen UVC lambanin bakterisidal etkinlik testi sonuglari.

Ureyen Bakteri Sayisi

16 dak
Staphylococcus albus  Kontrol Grubu (A)  Hava Sterilizasyon Cihazi (B) Ortalama
8032
Bakteri Sayisi 9,00x10’ 7,95 % 94,56
(kob/100 L)
Logaritma 4,90x10° 6,69

Hava sterilizasyon cihazi Staphylococcus albus 8032 bakterisine karsi

Degerlendirme 16 dak sonunda log1,26 cihaz etki gdstermistir.

3.2. Ozon Testi

ASTM D4490-96 (ASTM-D4490-96, 2016) standardina uygun olarak zehirli gaz ve buharlarin
tespitine yonelik test uygulanmigtir. Laboratuvar ortam kosullarinda, gindiiz saatlerinde
belirlenen bir noktada, ortamda zehirli gaz ve buhar konsantrasyonlari 6lgimleri yapilmistir.
Olgiim yapilan parametreye ait 6lgiim sonuclari asagidaki Tablo 5’te belirtilmistir.

Tablo 5: Ortamda ozon gazi ve buhar konsantrasyonlari 6lglimleri.

No Olgim Tapilan Olgim Olgim Olgim Cevre Olgiim Sinir
yapilan isin tanimi yapilan saati suresi, kosullar, sonucu  Deger
bélim parametre Olgiim sicaklik, (ppm)  (ppm)

sayisl nem

7.1 Laboratuvar uvc Ozon O3 15:30 1 dak Sicaklik 0,0038 0,05

Alani Lamba 10 tekrar 21,7 °C
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Seri no: Nem %36
CpTU3002103
04-JPMO08/09

Tablo 5’ten de gorilecegi Gizere UVC sistemlerinde yapilan ozon 6lglimlerinde, 6l¢giim sonucu
0,0038 ppm olarak bulunmus ve tespit edilmistir. Sinir degerin 0,05 ppm oldugu ilgi standartta
verilmis olup, tespit edilen 6lglim sonucu bu sinir degerin ¢ok altindadir.

4. SISTEM TANIMLAMA

4.1. HVAC Sistemi i¢in UVC Lambalarinin Montaji ve Uygulama

Sekil 6’da gosterilen fotolarda, HVAC sistemine UVC lambalarin montaj c¢alismalari
gosterilmektedir. Burada, 254 nm isimali PHILIPS TUV T5 36T5 HO 4P SE UNP/32 lambalar
kullaniimis olup bu lambalarin Philips taahhiidi ve sertifikasiyla nitelikleri su sekilde
verilmektedir: 16 mm c¢apli kiiglik boyutlu bu lambalar sabit UV ¢ikti, azami dezenfaktasyon
glivencesi ve yliksek verimde ¢alisma saglamaktadir (Tablo 2).

Sekil 6: HVAC Sistemine monte edilen UVC lambalar.

Asagidaki Sekil 7’de verilen fotolarda UVC lambalarin HVAC sistemine montaji ve montaj
sonrasi goéruntiler verilmektedir.

Sekil 7: UVC lambalarinin monte edildigi HVAC sisteminin 6nden gorinisa.
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1.1. Ortam Dezenfektasyonu i¢in Yatay ve Dikey Sistemler

Yatay ve dikey olarak kullanilan UVCpectra Tube Hava Dezenfeksiyon Cihazlarinin, yaklasik her
230 m3 kapal alan i¢in 1 adet kullanilmasini, ve ortamda bulunan yaklasik her 10 kisi icin 1
adet kullanilmasini, hacim veya kisi basi hesaplamalara bagl olarak, bunlardan hangisi daha
cok gerektiriyorsa, o kadar sayida kullanilmasi gereklidir. Bu c¢alismada, vyerleske
mekanlarindaki verilere uygun olarak sayilar tespit edilmis ve 6zellikle 6grencilerin yogun
olarak bulunabilecegi alanlar, basta koridorlar, kiitiiphane, yemekhane, toplanti salonlari,
anfiler, spor salonu gibi yerlere montesine karar verilmistir. Bunun yani sira dikey ve mobil
sistemlerin pratik olarak, yogunluk olabilecek toplanti salonlarina mobil olarak kurulmasi
planlanmis ve buna uygun olarak uygulama baslatilmistir (Sekil 8).

Sekil 8: Yatay sistemlerin Yerleske’deki farkli alanlara monte edilmesi.

1.2. Zemin Dezenfektasyonu igin Sistemler

Zemin Ylzey Sterilizasyon Cihazi; hali, parke, kagit, sentetik malzeme, epoksi kaplama, ahsap
kaplama, ahsap, seramik vitrifiye malzemeleri gibi mimari zemin kaplama malzemeleri
Uzerinde olusabilecek spor, mantar, mikrop, bakteri ve virls formundaki bulas
mikroorganizmalarinin DNA yapisini, icerisindeki yonlendirilmis UV-C frekansi sterilizasyon is1k
kaynagi ile bozarak sterilizasyonu, ilave sentetik kimyasal malzeme veya dogal sabun
tirevlerine ihtiyac duymadan sterilize edebilmektedir. icerisinde en az Uc¢ tekerlek, bir
yonlendirme sistemi, glic kaynagi ve baglantilari ile sadece yere dogru yonlendirilmis, diger
yonlere dogru isik sizdirmazhgi saglanmig UV-C isik sistemi 6zellikli ana gévdeyi olusturur.
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UVCpectra Explorers
Zemin Dezenfeksiyonu

Sekil 9: Zemin igin gelistirilen (patent siireci devam etmektedir) UVC Zemin dezenfektasyon Unitesi.

Bu sistemin en dnde gelen niteligi, tasarim ve yenilikgi fikir olarak Dogus Universitesinden Prof.
Dr. Tarik Baykara ve Prof.Dr. Sunullah Ozbek’in de bulundugu bir grup olarak patent basvurusu
T.Baykara, A.Demirural, S.Ozbek, K.Kartal “ZEMIN YUZEY STERILIZASYON MAKINASI”
2020/06369 numarayla yapilmis olmasidir. Patent basvuru ve degerlendirme sureci devam
etmektedir. Bu yoniyle son derece yenilik¢i bir Giriin Dogus Universitesi Yerleskesinde ilk kez
uygulanmis olacaktir.

1.3. Nesnelerin Dezenfektasyonu igin UV-C Isima Sistemi

Sekil 10: Dolap formunda UVC isimali nesnelerin dezenfektasyonu sistemi.

Dolap formunda UVC isimasi ile birlikte giindelik hayatta sik kullanilan her tiirden nesnenin
dezenfektasyonu etkin olarak yapilabilecektir. Gilindelik hayatta kullanilan cep telefonlari,
anahtarliklar, clizdan ve benzeri her tlirden esya ¢ok kisa slrelerde bu isimaya tabi tutularak
dezenfekte edilebilecektir.

Bu sistemin galisma prensibi su sekilde agiklanmistir:
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“Ultraviyole Antiseptik Isinlama (Germicidal UVC Light) Ultraviyole Antiseptik Isinlama uzun
yillarca yapilan ylizlerce test ve tezlerde gliciinii géstermistir. 254 nm i1sinlar patojen etkisi olan
bulas ézellikli zararlh varhklarin DNA’si ile reaksiyona girerek tymin képriilerini yikar”.
http://uvcpectra.com/tr/cabin

2. DIKEY VE ASILI UV-C SISTEMLERIN KAMPUS UYGULAMASI

Asagidaki Sekil 11 ve 12’de verilen fotolarda, UV-C lambalarindan olusturulmus UV-C tip
sistemlerinin Dogus Universitesi Kampusiindeki gériintiileri verilmektedir. Dogus Universitesi
Dudullu Yerleskesinin 6grenci, ¢alisanlar ve 6gretim elemanlarinca kalabalik ortamlarda
olacaklari koridorlar, kitliphane, spor salonu, yemekhane ve kalabalik anfilere system monte
edilmis ve calistirilmaya baslanmis ve halen aktif durumdadir.

Sekil 11: UV-C Tilp Sistemlerinin Yerleskenin koridor ve toplanti salonlarina takilmasi islemleri.
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Sekil 12: UV-C Tip Sistemlerinin Yerleskenin koridor ve toplanti salonlarina takilmasi islemleri.
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2.1. Dikey ve Mobil UV-C Sistemler Montaji ve Uygulanmasi

Sekil 13: Farkli UVC sistemleri DOU Dudullu Yerleskesinin kalabalik mekanlarina monte edilmis ve
galistinlmaya baslanmistir.

Sekil 13’de verilen fotolarda, UV-C lambalarindan olusturulmus yatay ve dikey UV-C tip
sistemlerinin Dogus Universitesi Kampisiindeki goriintiileri verilmektedir. Ayrica UV-C
sterilizasyonu icin hazirlanan dolapta kritik parcalarin arindirilmasi da gerceklestirilmektedir.

Tum UVC sistemlerin son asamada Dudullu Yerleskesinde uygulanmasi icin UVC sizdirmazlik
Olcimleri gergeklestirilmistir. Mobil UVC 6lcim cihaziyla basta HVAC sistemlerinde olmak
Uzere cihazlarda sizdirmazlik testleri yapilmis ve tamaminda hicbir sizdirma olmadigi tespit
edilmistir.

3. SONUCLAR VE DEGERLENDIRILMELERI

Halen daha yogun bir bicimde 6nlemler kapsaminda stiren Covid-19 salgini ile miicadelede
UVC isinlarinin etkili oldugu bilinmekte olup konuyla ilgili yayinlar devam etmektedir
(Alvarenga et al., 2022; Chiappa et al., 2021; Lualdi et al., 2021). Potansiyel enfekte alan ya da
enfekte alan dezenfeksiyonu igin filtrasyon sistemine ek olarak HVAC sistemine entegre
edilecek HVAC TiPi UVC (Ultraviyole) ekipmanlari ile saha givenligi tam olarak
saglanabilmektedir.

50



Beykent Universitesi Fen ve Miihendislik Bilimleri Dergisi 2022, 15(1), 37-54

Dogus Universitesi, Atasehir-Dudullu Kampiisiiniin havalandirma sistemi icerisine monte
edilen HVAC TiPi UVC donanimi ve diger etkin UVC system ve cihazlari ile Dogus Universitesi
tlkemizin ilk ve tek “VIRUS-FREE KAMPUSU” olma 6zelligini kazanmustir. ilgi HVAC sisteminde
mevcut filtrasyon ve benzeri 6nlemlerin tek basina yeterli olamayacagl bilinmektedir.
Boylelikle, yeni kampdisin havalandirma sistemine etkin dezenfektan ve sterilizasyon
islevselligi olan HVAC TiPi UVCpectra donanimlari monte edilmis ve yeni kampiisiimizde tiim
ogrenciler ve calisanlarimiz i¢in belirgin diizeyde ve glivenlikte bir koruma saglanmistir.

Tablo 6: DOU Virus-Free Kampiis ilk 3 aylik performans verileri.

2020 yili verileri Toplam % vaka/giris OGRENCI CALISAN  AKADEMIK
Giris + + +
EKIM
1-10 Ekim 1657 0,06 1 0 0
11-17 Ekim 2606 0,03 1 0 0
18-24 Ekim 24248 0,06 15 0 0
25-31 Ekim 17186 0,1 25 0 0
KASIM
1-8 Kasim 7961 0,3 22 4 0
9-14 Kasim 16089 0 0 0 0
15-21 Kasim 19519 0 0 0 0
22-30 Kasim 24531 0,02 4 0 1
ARALIK

1-6 Aralik 18555 0,005 0 0 1
7-13 Aralik 26556 0 0 0 0
14-20 Aralik 13929 0,05 6 1 0
21-27 Aralik 14856 0,2 35 2 2
28 Aralik 2815 0,4 11 0 0
29 Aralik 2507 1,1 26 1 1
30 Aralik 2534 0,4 11 0 0
31 Aralk 875 1,7 13 2 0
28-31 Aralik 8731 0,7 61 3 3

Tablo 6’da 2021 yili Ekim-Aralik aylari arasinda DOU Dudullu Kampdusiindeki haftalik giris
sayilari ve bunun yani sira HES verilerinden alinmis, testi pozitif cikan 6grenciler, calisanlar ve
akademik personel sayilar verilmektedir. 2021 Glz Doéneminin 18 Ekim 2021 tarihinde
basladigi dikkate alindiginda, bu tarihten sonra artis gosteren sayilarla salginin Dogus
Universitesi Dudullu Kampisiindeki durumu izlenebilmektedir. Veriler haftalik toplam sayilari
vermekte olup, 21-27 Aralik haftasindaki omicron varyantinin tlkemizde de goriilmesine bagh
olarak belirgin bir artis izlenebilmektedir. Ancak, bunun éncesindeki veriler dikkate alindiginda
tim gruplar icin pozitif vaka sayilar vaka/giris yluzdeleri olarak son derece dusuk
seyretmektedir. Ozellikle calisanlar ve akademik personel arasindaki vaka/giris yiizdelerinin
son derece disuk olmasi, bu kesimdeki kisilerin hem asilanma hem de diger tedbirler
yonilinden daha dikkatli olduklarini géstermektedir.

Hic kuskusuz ki Tablo 6’daki verilerin dogrudan pandemiye karsi koruma performansi tam
olarak yansitmayacagi aciktir. HES verilerine bagli pozitif vakalarin kaynaginin salt Kampus
¢ikish olmasi s6z konusu degildir. Ancak, haftalik son derece yiksek sayida bir arada olan
boylesi bir ortamda (haftalik 14000-25000 kisi) 6zellikle 6grenciler arasindaki pozitif vaka
sayisinin disiik oldugu gorilmektedir.
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Bu calismanin neticelendirilmesi ile Dogus Universitesinin yeni Dudullu Kampiisiinde, daha
steril, temiz ve goreceli olarak glvenli bir ortama sahip olmasinin saglanmasi
gercgeklestirilmistir.

Calisma boyunca, UVC fotonizer sistemlerinin secimi, tedarigi ve montesi gerceklestirilmistir.
Buna bagh olarak giinliik girisler ve HES kayitlarindan pozitif vaka sayilari izlenmekte olup
belirli bir siire¢ sonunda tam olarak sistemin performansi ortaya ¢ikmis olacaktir.

Sistemin monte edilmesi ve isletilmesi asamasinda giris ve ¢ikis hava 6l¢iimleri, anti-bakteryel
ve antiviral etkilerin 6lciimlenmesi icin gerekli sistemlerin tasarimi, tedarigi ve montaji ve
bakimlari stirekli olarak yapilmistir.

Calismada, HVAC TiPi UVCpectra donaniminin hicbir bicimde bina icerisinde zararli olabilecek
etkilerinin en siki bir bicimde kontroll ve ylizde yiz risksiz bir bigimde galistirilmasinin
saglanmak Uzere sizdirmazlik testleri yapilmigtir. Sistemin sirdurilebilir olmasi ve yillarca
etkin bir bicimde calismasi icin gerekli danismanlik, bakim, izleme ve denetleme sistematigi
yerine getirilecektir. Mobil/tasinabilir havalandirma+dezenfektan+sterlizasyon Unitesi
kolaylikla tasinabilir bir tasarimla acik atmosfere maruz kesimlerde ve mahallerde kullaniimak
Gzere yapimi saglanmistir.

Ozellikle yenilik¢i bir anlayisla zemin dezenfektasyonu da saglayan mobil bir “stipiirge”
gorinimli  sistem tasarlanmis ve patent basvurusu yapilmistir. Dogus Universitesi
Kampusilinde strekli olarak kullanilacak bu sistemlerle zemin dezenfektasyonu da etkin bir
bicimde yerine getirilecektir.
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Abstract

Solar energy has advantages such as accessibility,
applicability, and predictability compared to other
renewable energy sources. This energy source is used for
many purposes in the world. Photovoltaic panels provide
applications such as generating electricity from solar energy
or heating and cooling. Their performance changes
depending on the PV panel material, the amount of solar
radiation, and the operating temperature factors. In the
electrical energy conversion of PV systems, overheating of
the PV module leads to a decrease in power generation and
causes a decrease in efficiency. Therefore, there are cooling
methods, divided into two categories as passive and active
for cooling of PV panels. In this study, the properties of the
phase change material (PCM) used in the cooling of PV
panels are given. Furthermore, experimental and numerical
studies of PCM in PV cooling and PV/T systems are reviewed
in order to improve PV panel efficiency. PCM is reported to
reduce the temperature of PV panels and increase the
efficiency and power output data obtained.

Ozet

Glnes enerjisi, diger yenilenebilir enerji kaynaklarina
kiyasla erisilebilirlik, uygulanabilirlik ve dngorilebilirlik gibi
avantajlara sahiptir. Bu enerji kaynagi diinyada birgok amag
icin kullaniimaktadir. Ornegin, fotovoltaik (FV) paneller ile
glines enerjisinden elektrik Gretimiisitma veya sogutma gibi
uygulamalar saglanmaktadir. FV panel malzemesine, glines
Isinim miktarina ve galisma sicakhigi faktorlerine bagh olarak
panel performanslari degismektedir ve FV sistemlerde
elektrik enerjisi donlisimiinde FV modilindin asiri 1sinmasi,
glic Uretiminin azalmasina ve verimin diismesine neden
olur. Bu nedenle FV panellerin sogutulmasi igcin sogutma
yéntemleri kullaniimakta olup, bunlar pasif ve aktif olarak
ikiye ayrilmaktadir. Bu g¢alismada FV  panellerin
sogutulmasinda kullanilan faz degistiren malzemelerin
(FDM) &zellikleri verilmistir. Ayrica, FV panellerin sicakligini
dislrmek icin FDM kullanan galismalar ve termal enerjiden
faydalanirken FDM kullanarak sistem verimliligi artiran
deneysel ve sayisal c¢alismalar verilmistir. Yapilan
calismalarda, FDM kullanildiginda FV panelin sicakliginin
disuraldigi ve buna bagli olarak sistemin veriminin ve gli¢
cikisinin arttinldigr gérilmustar.
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Comparison of Thermal Energy Storage with Phase Change Materials in Photovoltaic Panels and PV/T Systems

1. INTRODUCTION

Energy is one of the basic needs for people to survive. Due to the increasing population in the
world, energy consumption and the need for energy are increasing day by day. Along with the
increasing demand, the use of new sources has become mandatory due to the fact that fossil
fuels are non-renewable energy sources, and the concerns about global warming have
increased. As a result of this situation, renewable energy, which is a cleaner and more
sustainable source, has started to be preferred. Solar energy, which is one of these energy
sources, has great potential in terms of use in the world. Conversion of sunlight into usable
energy forms, which are electrical and thermal energy, is carried out with a photovoltaic (PV)
system. The use of photovoltaic systems has become widespread as they can be used both
connected to the grid and independent from the grid (Shukla et al., 2017). The majority of
solar energy is transformed to heat and lost to the environment via radiation and convection
(Haidar et al., 2018). However, using this heat is possible by photovoltaic thermal (PV/T). In
these systems, both electrical and thermal energy become available. Efficiency of photovoltaic
cells decreases depending on the increase in temperature, and PV cells can be cooled with the
use of these systems (Yildiz & Giirel, 2020). The heat transfer in the panel is depicted in Figure
1. Climate variables such as wind velocity, ambient temperature, relative humidity, dust, and
radiation cause the temperature of the panel to increase (Elbreki et al., 2016). Therefore,
panel cooling techniques are an important factor in increasing the electrical efficiency,
reducing the rate of cell deterioration and, accordingly, increasing the lifetime of the panel
(Siecker et al., 2017).

Front heat radiation

D

Front heat convection

Solar radiation

Back heat radiation

N

Back heat convection

\ Electrical energy

Figure 1: Radiations affecting the PV panel (Haidar et al., 2018).

PV panel

The amount of heat transfer and the thermal conductivity of the working fluid change
depending on the working fluid used, which is one of the most critical parameters in cooling
systems (Ozering et al., 2010). Today, some cooling techniques are used to keep the panel
temperature at the desired level. These techniques are divided into active and passive cooling
techniques. Passive cooling methods are mostly air, liquid (water, nanofluid, etc.), phase
change materials and radiator based (Nizeti¢ et al., 2017), and it is used to lower the surface
temperature of solar panels through conduction or natural convection (Tan et al., 2017). In
active cooling techniques, air, water or nanofluids as coolants provide cooling of the panel by
using an extra energy, and it is more effective but more costly than passive cooling (Ma et al.,
2018). The cooling used in active cooling systems is water-based and for photovoltaic/thermal
(PV/T) configurations that reduce the high temperature in the PV panel (NiZeti¢ et al., 2018).
The use of PV/T systems by using different fluids is a trendy topic in recent years (Joshi &
Dhoble, 2018; Sultan & Ervina Efzan, 2018). Apart from generating electricity, the installation
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of photovoltaic energy systems on building facades or roofs have become widespread for
heating of water and various spaces.

Phase change materials, which have large latent heat capacity, are materials that can act as
heat sinks and absorb the heat transferred from the PV cells (Atkin & Farid, 2015; Kakag et al.,
2012). There are types of phase change materials that solidify or melt at different
temperatures, allowing the usage in different energy storage methods (Sharma et al., 2009).
Detailed studies have recently been carried out on PCMs that have the ability to store latent
heat (Sharma et al., 2009; Velmurugan et al., 2021). When phase change materials are used
as a passive cooling method, no extra electricity or fluid is required, so less costly or less
maintenance may be required compared to the cooling techniques used in PV/T systems (Ma
et al., 2019). Moreover, research has been done to increase efficiency and performance of
thermal systems, phase change materials are preferred as a good option as thermal storage
batteries (Joshi & Dhoble, 2018). The most important role in PCM applications in order to
increase the thermal performance in photovoltaic systems is the selection of the PCM. In the
article, working principle of PCMs, advantages and disadvantages of PCMs according to their
categories, the classification of PCMs and PCM selection criteria investigation are shown in
the first section (Part 2). In part 3, PCM applications provided to decrease the temperature of
PV panel and PCM applications used in heat (thermal) energy storage are discussed.

2. PROPERTIES AND WORKING PRINCIPLE OF PHASE CHANGE MATERIALS

PCMs are compounds that can absorb and store heat energy during phase change. This heat
is called “latent heat”. PCMs can absorb heat energy from the environment and release this
energy by changing phase from liquid to solid. Thus, thermal energy is conserved and stored.
A solid-liquid phase change process by melting or solidification in PCMs can store large
amounts of heat if a suitable material is selected (Yang et al., 2021). PCMs are divided into
four according to the phase change which are solid-solid, liquid-gas, solid-liquid, and solid-gas
respectively. Solid-liquid PCMs are generally used in thermal energy storage systems due to
their high latent heat and small volumetric changes. Moreover, solid-liquid PCMs are classified
as organic, inorganic, and eutectics. Organic materials are generally divided into two as
paraffin and non-paraffin (Ma et al.,, 2019). Inorganic materials consist of metallic and
hydrated salts while eutectic materials consist of a mixture of two or more PCMs to reach the
desired melting temperature (Veerakumar & Sreekumar, 2016). The advantages of the
materials are: Organic PCMs have high heat storage capacity, no supercooling, and show good
chemical stability over time without decomposition. Inorganic PCMs have almost twice the
thermal storage capacity and higher thermal conductivity compared to organic PCMs. Eutectic
PCMs combine and solidify harmoniously without causing segregation and allow the phase
change temperature to be brought to the desired level with the mixture of different materials.
Disadvantages are as follows: Organic PCMs have low thermal conductivity, are flammable,
and may show instability at high temperatures. Inorganic salts may show incompatible fusion
and precipitation (Cardenas-Ramirez et al., 2020). Eutectic PCMs show similar properties to
organic and inorganic PCMs. The classification of PCMs is presented in Figure 2. PCM phase
transition is illustrated in Figure 3.

In PCM applications, the material in the liquid phase can leak out from where it is and can be
retained by encapsulation and shape stabilization, as this can cause losses and yield reduction
(Cardenas-Ramirez et al., 2020). Encapsulation is a preferred method as it provides better heat
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transfer while preventing possible reactions between the phase transition. Thermal stability
and heat transfer efficiency vary according to the particle size used (Ghalambaz et al., 2021).
Different encapsulation methods and types have been reported in the literature. For instance,
Khadiran et al. (2015) compiled encapsulation techniques for organic PCMs and thermal
properties of encapsulated organic PCMs. Huang et al. (2019) valuated the advantages and
disadvantages of porous materials (metal foams, graphite, carbon nanotubes, porous silica,
etc.) used in shape-stabilized PCMs and their effects on the phase change behavior of PCMs.
Milian et al. (2017) classified the methods of core-shell and shape-stabilized encapsulated
inorganic PCMs and analyzed the effect on their thermophysical properties, and Kirilovs (2021)
integrated the microencapsulated phase change material into the board used in the building
indoor wallboard, and the calorific value of the boards increased by 28% when 5%
microencapsulated PCM was mixed into the sheet. This showed that the need for cooling in
summer can be reduced.

| Phase Change Materialsl
| I

| Organic Compmmdsl Inorganic Compounds Eutectics

Inorganic-Inorganic

Figure 2: Classification of the PCMs (Cabeza et al., 2011).
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Figure 3: Graph of phase change of PCM (Faraj et al., 2021). (Permission obtained from the
publisher).

2.1. Organic Phase Change Materials

Organic PCMs which are carbon-based compounds are the most widely used materials in PV-
PCM systems (Ma et al., 2018; Veerakumar & Sreekumar, 2016). These materials can be open
chain saturated alkanes, fatty acids, and paraffins, which are vegetable oils (Chandel &
Agarwal, 2017). Wide temperature range for phase transition, high latent heat fusion, no
subcooling process, chemical stability within 500°C and recyclability, and excellent
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compatibility with other materials are all advantages of organic PCMs. However, it has lower
thermal conductivity (0.2 W/m K) and a wide surface area is required to increase the heat
transmission rate. There are two types of organic PCMs: paraffin and non-paraffin materials
(Zhou et al., 2012).

2.1.1. Paraffin

Paraffin is widely used in thermal and solar energy storage systems due to its large latent heat,
non-corrosive and non-toxicity features. However, the limited thermal conductivity of paraffin
can be a disadvantage for larger storage applications (Sahan & Paksoy, 2014). Paraffin consists
of a mixture of straight chain alkanes (CH3—CH,—CHs). The latent heat is released during the
phase change, and it occurs as a result of the crystallization of the CH3 chain. Since the melting
point and latent heat of fusion may rise with the change of chain length, it may be utilized in
a wide range of temperatures. Paraffin is inert, stable and forms low vapor pressure in the
liquid state below 500°C (Sharma et al., 2009).

2.1.2. Non-paraffin

Fatty acids, esters, and alcohols from non-paraffin materials are also used in photovoltaic
systems. However, they are more unstable in comparison to paraffin. Fatty acids are among
the most extensively used organic molecules that have been investigated in recent years, and
fatty acids have many promising properties for thermal energy storage. They are reasonably
affordable and widely employed in a variety of applications (Ma et al., 2019). Fatty acids,
which are more preferred than others, are relatively inexpensive, preferred for wide phase
change temperature range and large-scale thermal energy storage systems, and the melting
points of fatty acids are between 7 and 71°C (Kenisarin, 2014). The properties of some organic
materials are given in Table 1 below.

Table 1: Comparison of organic materials (Sharma et al., 2015).

Material Melting Temperature  Heat of fusion
(°C) (ki/kg)
Paraffin
Paraffin wax 64 173.6
Napthelene 80 147.7
Biphenyl 71 119.2
Eicosane 36.6 247
Paraffin C21-C50 66-68 189
Propionamide 79 168.2
Non-paraffin
Dimethyl sabacate 21 120-135
Elaidic 47 218
Myristic 54 187
Nonadecylic 67 192
Vinyl stearate 27-29 122

2.2. Non-Organic Phase Change Materials

Inorganic PCMs are generally divided into two as hydrate salts and metals. These materials
are denser, cheaper and more energy efficient than organics. On the other hand, they are
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highly corrosive and do not have crystalline structures, when they reach the solid phase; large
volume changes and corrosion effect are disadvantages (Khadiran et al., 2015; Sharma et al.,
2009).

2.2.1 Hydrated salts

Salt hydrates are one of the inorganic salts containing one or more water molecules. It is one
of the cheapest PCMs with a cost of 0.13-0.46 S/kg. It is widely preferred in storage systems
with its high thermal conductivity and good latent heat capacity. Moreover, they have wide
melting temperature range which is 5-130°C, and they are not flammable and can be recycled.
However, there is a large volume change during the phase change, and this can be corrosive
to the metals it comes into contact with. In hydrated salts, the latent heat is released before
it reaches the melting temperature, and this causes excessive cooling. These problems are
controlled by studies (Casini, 2016; Kenisarin, 2014).

2.2.2. Metallics

Metals are materials that do not need fillers and conductivity-enhancing materials and have
higher thermal conductivity compared to other phase change materials. Thus, they do not
require much weight and cost. However, it is generally not preferred to be used due to its low
transition heat (fusion) per unit weight. Despite this disadvantage, it does not have problems
such as supercooling large volume changes during phase change and corrosion in inorganic
materials, so it can be an alternative in energy storage applications (Cabeza et al., 2011; Faraj
etal., 2021).

2.2.3. Eutectics

Eutectic phase change materials are mixtures of two or more organic phase change materials.
These materials are obtained to have the desired properties. Generally, mixtures of eutectic
fatty acids have a lower melting temperature and higher heat storage density than their
constituent organic materials. Moreover, the high melting temperature of organic materials
creates problems in some energy storage applications, and it is preferred by researchers in
terms of mixing organic materials into eutectic materials, obtaining the desired melting and
freezing temperature and high latent heat energy storage properties (Mohamed et al., 2017;
Singh et al., 2021).

2.3. The Properties of PCMs as a Thermal Energy Storage Material

Selection of the appropriate PCM plays a major role in latent heat energy storage applications.
There are many various properties, and certain criteria must be considered when deciding the
most suitable material. One of the basic criteria is that the melting point of the material is
expected to be higher than ambient temperature and smaller than heat temperature. Having
a melting temperature suitable for the conditions of the installed system is efficient in
increasing the thermal performance. There are certain criteria in the selection of the suitable
phase change material. These criteria are used when choosing the appropriate PCM. The
amount of latent heat storage and phase change situation are effective in evaluating the
performance of PCMs. These are shown below (Magendran et al., 2019).
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2.3.1. Thermal properties

Suitable phase transition temperature: The temperature of the cooling or heating area should
be suitable with the phase change temperature of the chosen PCM.

The amount of latent heat and specific heat: The large latent heat storage capacity of the
PCM during phase change and the possibility to store sensible heat for the same temperature
difference indicates that the thermal storage density is high. This allows physical size of heat
storage to be reduced.

High thermal conductivity: High thermal conductivity allows good heat transfer, rapid storage
or release of heat energy in the relatively lower temperature range. This feature can increase
the efficiency of storage.

Compatible melting: PCMs should have a stable chemical structure in phase states, thus
avoiding phase separation where density differences between solid or liquid phases are
problematic (Wei et al., 2018).

2.3.2. Physical properties

Favorable phase balance: Phase change stability should depend only on temperature.

Low vapor pressure: The low vapor pressure during the phase change temperature means
that the material has no possibility of evaporation or degradation.

High density: The high density of PCMs indicates that the amount of heat storage per unit
volume is high and allows a smaller storage container size.

Little volume changes in phase change: While little volume changes reduce the problem of
storage of the material, it shows that heat transfer can be achieved with smaller volume
changes (Wei et al., 2018).

2.3.3. Kinetic properties

No supercooling: Supercooling has been particularly problematic for hydrated salt.
Supercooling or supersaturation of more than a few degrees inhibits heat transfer during
phase change (Wei et al., 2018).

Crystallization rate: The reaction of the storage medium to the material can increase the
thermal performance of the PCMs (Wei et al., 2018).
2.3.4. Chemical properties

Long term chemically stable: There should be no chemical degradation as a result of phase
changes. This increases the long-term reliability of the storage capacity.

Low corrosiveness and anti-oxidation: It indicates that the PCM is compatible with the
containers in which it is located and makes it less costly to select the containers.

No toxicity and fire hazard: PCM should not be flammable, explosive or toxic to the
environment and safe to use (Wei et al., 2018).

2.3.5. Economics properties

The low cost and large-scale availability of PCMs are economically important (Wei et al., 2018).
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2.3.6. Technical properties

It is expected that the selected phase change material will be technically reliable, applicable,
and efficient. However, it is difficult to reach a material that will meet all the given criteria.
The fact that the phase change temperatgre of the material is compatible with the
temperature of the working environment greatﬂy increases the function of the material as well
as the latent heat capacity, leading to low costs. Moreover, PCMs' heat transmission
characteristics can be improved via encapsulation method (Wei et al., 2018). Also, the
summary of specifications required to use PCMs are shown in Table 2.

Table 2: Summary of the properties of PCMs (Leong et al., 2019).

Thermal Physical Kinetic Chemical Technical Economics
Phase transition Stability Supercooling Chemical Applicable Cost
stability
Latent/Specific Vapor Crystallization  Corrosiveness Efficient Availability
heat pressure
Thermal Density - Toxicity - -
conductivity
Melting Volume - - - -
changes

3. PHASE CHANGE MATERIALS IN PV COOLING APPLICATIONS

While some of the solar radiation amount reaching on a typical PV panel can be converted
into electricity, the remaining amount is converted into heat, and this heat causes the cell
temperature to increase in the PV panels. Depending on this temperature increase, a decrease
in power generation and efficiency is observed. Temperatures higher than the panel's
standard operating temperature (25°C) diminish its efficiency. The PCM integrated into the PV
panel allows to increase the thermal performance by keeping the panel temperature at a
lower level. Numerous studies have been carried out examining the thermal properties of PV
panels combined with PCM. Stropnik and Stritih (Stropnik & Stritih, 2016) wanted to increase
the efficiency and power output of solar panels by PCM RT28HC which has 27-29°C melting
temperature range and high thermal energy storage capacity. PCM was located to the back of
the module which used monocrystalline silicon solar cell. Two panels with and without PCM
were simulated in TRNSYS software according to the cell temperatures, and the outcomes of
the simulation were compared with the experimental data. According to the experimental
studies carried out under certain climatic conditions in Ljubljana, Slovenia in October 2013,
the temperature of the panel with PCM was 35.6°C, which was lower than the temperature of
the panel without PCM. In addition, the annual increase in electrical energy production was
7.3%, and energy production efficiency was 0.8% compared to the panel without PCM.

Hasan et al. (2014) aim to increase the efficiency and life of the panel by keeping the
temperature of the photovoltaic panel at a low level. PCM is integrated into the PV panels in
order to absorb excess heat. Experiments were conducted in Ireland and Pakistan, which have
two different climates. The results obtained in Pakistan were determined to be less costly.
Hasan et al. (2014) investigated the relationship between the phase transition properties of
the material consisting of five different (paraffin waxes, salt hydrates, and mixtures of fatty
acids) PCM mixtures and the electrical efficiency of the PV panel. Differential scanning
calorimetry and temperature history technique were used to measure the phase transition
properties. Kant et al. (2016) have done the research of heat transmission of the panel
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combined with PCM. It is understood from the results that the convection effect in the molten
PCM, the angle of inclination of the PV panel, and the wind velocity are important factors in
the heat and mass transfer calculations of the PV panel. The heat transfer scheme is shown in
Figure 4a. It has been observed that it is reached when wind velocity is 4 m/s and tilt angle of

the panel is 30°.
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Figure 4. (a) View of PV panel and heat transfer flow diagram (Kant et al., 2016), (b) Schematic
diagram of PV/PCM layers (Park et al., 2014),(c) Melting process and predicted isotherms PV/PCM
system with fins (Huang et al., 2004), (d) Different melting stages according to 4 tilt angles
(Abdulmunem et al., 2021). (Permission obtained from the publisher).

Park et al. (2014) analyzed the impact of changing the PV-PCM modaule's installation direction,
and annual electrical energy generation according to the melting temperature and thickness
of the PCM were analyzed in simulation. Layers of the PV module are shown in Figure 4b. With
the addition of PCM, the annual electrical power output increased by 3%, and the effect of
PCM on the panel decreased due to weather conditions in winter.

Huang et al. (2004) investigated experimental and numerical simulations of PCM to reduce
the temperature rise of a building integrated photovoltaic panel. They designed three
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different systems: a single flat aluminum plate system, a PV/PCM system without an inner fin,
and a PV/PCM system without an inner fin. The PCM melting process and the predicted
isotherms are shown in Figure 4c. According to the results, the metal fins ensured
homogeneous temperature distribution in the PCM container, but the increased number of
fins may restrict the movement of the molten PCM.

Abdulmunem et al. (2021) researched the effect of the solar radiation amount reaching the
panel surfaces which have different tilt angles on the melting performance of the PCM. Four
different tilt angles (0°, 30°, 60°, and 90°) were considered in numerical modeling and
experiments. According to the results, it was seen that the melting process time of PCM
decreased as the angle of tilt increased. The time-varying solid-liquid transition according to
different tilt angles is shown in Figure 4d. As a result, the PV cell temperature decreased
between 0.4%-12%. It was understood that the cooling performance decreased at lower tilt
angle.

Abdelrahman et al. (2019) experimentally studied the effect of PCM (RT35HC) and PCM mixed
with nanoparticles (Al,O3) on the temperature attitude of the PV panel front surface in order
to develop the performance of photovoltaic cells. Three different configurations (11, 18, 22
fins) of heat sink and thermal conductivity enhancing cylindrical fins placed inside the PCM
tank were made. The results revealed that cylindrical fins with PCM caused 20-46.3%
temperature drop in front surface temperature.

Bayrak et al. (2020) conducted an experimental investigation to determine the system
performance effects of PCM, thermoelectric and aluminum fins, which are cooling techniques.
It was seen that as aluminum fin number and thermoelectric components on the back-side of
the panel increased, the panel's surface temperature decreased. The output power of the
panel was increased 2.14% by using the cooling system with fins and 7.72% by using
thermoelectric modules. Senthil Kumar et al. (2021) designed a cooling system to see the
effects of temperature drop in PV panel on the efficiency of the panel according to Indian
climatic conditions. The thermal conductivity of PCM was increased by mixing with copper and
silicon carbide powders. Two prototypes were created to evaluate the effect of the
prototypes. With the use of integrated PCM, the average temperature of the PV panels was
decreased by 4°C- 5.4°C, and the electrical efficiency was increased by 3% on average.

Lu et al. (2018) numerically and experimentally discussed the heat transfer property of a
concentrated PV system using PCM. In the experimental study, a solar radiation intensity of
670 W/m? was employed with a solar simulator. Since the standard operation temperature of
the PV cells is 25°C and the melting temperature of the phase change material is around this
temperature, R27, a type of paraffin, was chosen as the suitable PCM. It has 25-28 °C melting
temperature range, 870 kg/m3 density value and when solid and liquid, specific heat capacity
is 1.8 and 2.4 kJ/kg K respectively. As a result of the experimental measurements, it was shown
that when the PCM system is integrated, it can decrease the solar-based temperature rise
above 20°C, resulting in an increase of approximately 10% in the solar to electricity efficiency.
Numerical simulations were made by attaching horizontal and vertical aluminum fins of
different thicknesses to increase the heat transfer inside the PCM. These fins have been
observed to improve the thermal performance of the PCM system, and the vertical fin system
has been shown to reduce the temperature of the PV system by 25°C compared to the PV
without PCM.
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Hasan et al. (2017) evaluated the year-round energy-saving capacity of a PV/PCM system in
the United Arab Emirates with an extreme hot environment. The use of paraffin based RT40
phase change material was deemed appropriate. PCM's performance has varied over the
months. Using PCM, the PV temperature decreased by 13°C in April and 8°C in June. Due to
the high temperature during the night in the summer, the PCM could not fully solidify. It did
not get enough heat energy to melt entirely in the winter, which hampered its performance.
The best performance was achieved in the milder months which are spring and autumn
months. The maximum average and maximum temperature drop on the front-side of the PV
with PCM are seen in October and April. Accordingly, it is seen that there is less temperature
drop in winter and summer than in other warmer months. As a result, the average PV
temperature at peak time dropped by 10.5°C, resulting in a 5.9% annual increase in PV power
output.

Ma et al. (2018) stated that there are some unresolved problems or uncertainties in the use
of PCM in PV panels and difficulties in modeling the effect of PCM. In order to examine these
problems, they developed a thermal resistance model using the developed conductivity
method, and as a result of the numerical simulation, it was seen that ignoring the PCM
radiative and convective heat transfer would cause problems. According to the simulation of
more than 300 events and the bivariate analysis, each increase in solar radiation of 100 W/m?
results in a 5°C rise in temperature. The best performance can be attained when PCM melting
temperature is higher than ambient temperature.

Atkin and Farid (2015) analyzed the thermal response of the PV-PCM system under 960 W/m?
daylight. The experimental setup of the system is shown in Figure 5. To evaluate the system's
efficiency, they made four different assumptions: case A, case B, case C, and case D. Case A is
PV panel without thermal regulation, case B is PV panel with PCM which is 30 mm thick
graphite on the back, case C is case PV with finned heat sink located to the back, and case D is
PV panel case with a pair of PCM infused graphite and finned heat sink. The schematic
illustration of the cases is shown in Figure 5. Case D was the most efficient at increasing the
overall efficiency of the PV panel, with the largest efficiency increase of 12.97%. Analyses to
improve efficiency show that PCM-based thermal regulation needs to be used with heat sinks
if it is to be an effective method to become viable.
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Figure 5: Experimental setup of PV system (Atkin & Farid, 2015). (Permission obtained from the
publisher).
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Tan et al. (2017) showed the effect of fins inside the PCM on efficiency and power output by
examining finless, 3, 6, and 12 fin configurations in a PV/PCM system under unreal
environment conditions.

The PCM used in the study is paraffin wax (RT27) which has a melting temperature of 27°C, is
non-corrosive, has a high latent heat storage capacity (184 kJ/kg) and is suitable for use in
this system. Since the thermal expansion of the PCM in liquid state at 40°C was approximately
16%, to permit for thermal expansion during heat removal, paraffin wax was charged to 80%
of the enclosure capacity. According to the experimental results, the highest panel
temperature was seen in the PV panel without PCM, that is, naturally cooling, while the lowest
temperature was noticed in the 12 fins PV/PCM system. Compared with the inherently cooled
PV system, the maximum temperature was 15, 13, 10, and 5°C for the 12, 6, 3 fins, and finless
PV/PCM system, respectively. Increasing the number of fins resulted in a rise in the heat
transfer area, which accelerate the melting of PCM. Thus, rising the number of metallic fins
has a consistent effect on reducing the panel temperature.

4. APPLICATIONS OF PHASE CHANGE MATERIALS IN PV/T SYSTEMS

Photovoltaic panels are frequently preferred today due to their work under diffuse radiation
ability. In practice, 15-20% of solar radiation is converted into electricity, and the remaining
radiation acts as heat. In hot climate regions, PV temperature can go up to 80°C. Depending
on the increase in temperature, panel efficiency decreases. With the use of
photovoltaic/thermal (PV/T) systems, heat is used while the PV module generates electricity
(Brahim & Jemni, 2017). Heat is transferred to the used fluid (air, water, oil) and is used in
many useful applications after being transported (Yang et al., 2018). One of them is the use of
hot water. Hot water is used for heating or cooling in domestic or industrial places. In air-
based PV/T systems, the use of heat is provided by air. It is then used in applications such as
space heating or crop drying (Laghari et al., 2020). In hybrid-based systems, solar energy is
used both to generate electricity and as hot air and hot water. Its advantage is that it can be
used in two different fluids and can be used in two different applications at the same time
(Jarimi et al., 2016). However, the storage of this heat causes some problems. Therefore, PCMs
with latent heat storage technology are used in PV/T systems. The temperature of the fluid
decreases more slowly thanks to the PCM, and the fluid temperature is kept at the desired
level. Thus, the efficiency of the solar thermal system increases (Islam et al., 2016).

4.1. Air Cooled PV/T-PCM Systems

Air cooling techniques are divided into two categories: Active and passive cooling. In the active
method, the air is circulated behind the panel by using fans. In passive cooling, natural air flow
is used without the need for extra power (Laghari et al., 2020). The thermophysical properties
of air are less than that of water. However, air-based systems come to the forefront due to
the use of less material and lower operating costs compared to water-based cooling (Su et al.,
2017). Figure 6 shows the PCM integrated PV/T collector.
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Figure 6: Layers of PCM integrated PV/T collector.

Akshayveer et al. (2021) investigated the natural air integrated PV/T-PCM system to use the
heat in the PV panel. They developed numerical modeling for this system and approved it with
experimental data. In addition, numerical studies have been carried out to compare the
thermal and electrical behavior of PV, PCM integrated PV, and PV/T-PCM systems. The results
showed that when using PCM in PV, a 25% decrease was observed in cell temperature, and
35% decrease was observed when air and PCM were integrated. The electrical efficiency of
the cells was 14.12% and 19.75% for PV/PCM and PV/T-PCM systems, respectively, as a result
of the temperature fall.

Lin et al. (2021) designed a laboratory-scale experiment and developed an optimization
strategy under Australian climatic conditions to investigate the PVT/PCM system's electrical
and thermal behavior. Analyses were made with changes in slope, air flow rate, orientation.
The aim is to determine the most suitable design and test the control method. The collector
has the ability to rotate 360° and adjustable inclination of 0°-35°. The air channels through
which the air is used as the working fluid passes with the help of fans. The heated air was used
for indoor heating. The S21 PCM material, consisting of twelve PCM bricks, was used for
thermal energy storage. The efficiency of the PV/T-PCM system increased when the slope of
the PV/T collector was increased and its direction was turned 0° north. The energy efficiency
of the system increased from 37.6% to 40.2% compared to the non-optimized system when
the optimization was made, and the daily usage rate of the thermal energy storage capacity
increased from 13.3% to 79.5%.

Tariq et al. (2020) utilized suitable PCM for climatic conditions and analyzed the PV/T system
based on multidimensional data, where the most suitable PCM was selected based on its
environmental and economic effects. RT35HC was used for tropical savanna climate, RT28HC
for hot semi-arid climate, and RT25HC PCM for highland climate regions. When using the ideal
PCM, there was an increase of about 20%-24% compared to the PV/T system without PCM.
The highest performance increase was in the savanna climate with regular climate changes
(Tarig et al., 2020).

4.2. Water Cooled PV/T-PCM Systems

Yang et al. (2018) investigated the use of PCM in an experimental study to increase the energy
production potential in a PV/T-PCM system under the influence of solar radiation. For
comparison, the PV/T system was used. Firstly, power output, panel temperature, and tank
water temperatures were measured to calculate the energy efficiency of the two systems. It
was observed that the heat loss was reduced in the PCM integrated system. By using PCM
with 800 W/m? radiation and 0.15 m3/h water velocity, energy efficiency increased by 14%.
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The power output increased by 7.4 W. Thermal efficiencies were 58.35% in the PV/T system,
whereas 70.34% in the PCM integrated system, which indicated that the efficiency was
increased by cooling the back of the panel.

Bakir et al. (2021) investigated the effect of different shading conditions on collector power
and hot water output by comparing PV/T systems with and without PCM. Experiments were
carried out in Turkey on days when the weather was not cloudy in July. PCM was used for hot
water storage and Calcium Chloride Hexahydrate was selected. Shading conditions were
compared according to three different inclination angles (25°, 30°, and 35°) According to the
outcomes of the experiments, the hot water outlet temperature in the PV/T collector with
PCM is 7°C higher than the one without PCM. Moreover, energy efficiencies for 25°, 30°, and
35° inclination angles were found to be 73.26%, 84.70%, and 68.96%, respectively.

Carmona et al. (2021) used a conventional PV module and a PV/T-PCM module for
experimental comparison. Organic paraffin wax RT35 phase change material with a fusion
temperature of 29-36°C is used because it helps the PV cells maintain a low operating
temperature while achieving beneficial results. Often the charged heat is greater than the
discharged heat, indicating that there is thermal energy that can be used at night. Moreover,
when the heat discharged is greater than the heat charged, this is due to the temperature
difference in the PCM between sunrise and sunset. As a result of the experiments, the daily
electrical efficiency of the PV/T-PCM system increased by 7.43% compared to the PV module.

Browne et al. (2016) designed a PV/T-PCM system that generates electricity, stores heat and
preheats water in Dublin, Ireland. In the system, a PV module is combined with a thermal
collector-system, and heat is transferred from a heat exchanger linked in the PCM to the tank
via a thermosiphon flow. Performance of four different systems are compared: System 1: PCM
with thermal collector and thermosiphon, System 2: Without PCM, System 3: container with
heat sink, and System 4: PV panel only. The results showed that the PV/T-PCM system had a
greater impact on thermal performance and PCM increased the thermal energy removal from
the PV up to seven times compared to a system without PCM. Moreover, it was seen that the
temperature of the water in the PV/T with combined PCM system was 5.5°C higher than the
system without PCM. This proved to be an influential way of storing heat for later use using
PCM.

Preet et al. (2017) performed an experimental study to analyze the electrical efficiency change
caused by the cooling of the PV panel. The uncooled temperature of the PV module reached
85°C, and the maximum temperature was reduced by 47% in the system without PCM, which
is in the water-cooled system only, and 53% in the PV/T-PCM system. Fayaz et al. (2019)
included PCM in the system to increase the thermal performance of the PV/T system. Five
different PCMs were examined, and safety was determined as the most important selection
criterion. Among the tested PCMs, A44 paraffin wax was preferred because of its reliability
and suitable temperature range. The low thermal conductivity efficiency was ignored. In the
results, PV, PV/T, and PV/T-PCM systems were compared. The maximum temperature of the
PV panel was 75.6°C and 75.1°C while it was 67 and 69.3°C for PV/T, and 63°C and 64.8°C for
the photovoltaic-thermal system with PCM numerically and experimentally, respectively. The
maximum temperature drop was 8.3°C and 8.1°C for the PV/T system and 12.8°C and 12°C for
the PV/T-PCM system numerically and experimentally. The highest efficiency was 89.9% and
88.84% for PV/T, 85.88% and 82.87% for PV/T-PCM numerically and experimentally,
respectively.
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Hossain et al. (2019) approved the energy, exergy, and economic performance of the system
by integrating PCM into the PV/T system, and comparisons have been made according to the
reference PV. The lauric acid selected PCM was placed around the flow channel. Investigation
was made according to different volumetric water flow rates. According to the results, the
maximum electrical output power and efficiency were achieved at a flow rate of 4 L/min.
Moreover, the PV/T system efficiency was 4.72% higher when compared to the reference PV.
Each 1°C decrease in cell temperature increased the output power by 8.76W and the electrical
efficiency by 0.37%. The maximum thermal efficiency was 87.72% when the flow rate was 2
L/min, and the highest temperature increase was 26.40°C when the flow rate was 0.5 L/min.
While the maximum exergy output of 134.10 W was obtained at 0.5 L/min, a maximum
average exergy efficiency of 12.19% was seen at a flow rate of 1 L/min.

5. CONCLUSION

In this paper, the advantages and disadvantages of PCMs, the factors that are important when
choosing a PCM, and the studies that enable PCMs to cool PV panels and store thermal energy
in air and water-based PV/T systems are presented. From this study, it is concluded that
applications that provide cooling by using heat are necessary in order to benefit from the best
efficiency in photovoltaic cells and to control the increasing cell temperature. Phase change
materials are one of the effective cooling techniques today. However, it is necessary to
evaluate with cost management techniques whether the cost of PCM implementations
exceeds the amount of savings achieved.

Carbon containing PCMs are the most often utilized photo-thermal PCMs. Introducing metal
particle effects to boost light absorption or change the heat transfer mode of carbon
containing PCMs is a very sensible way to solving their low efficiency. Despite its importance
as a research area, however, there are comperatively less studies on this topic. This is also a
promising area for discovering novel photothermal fillers.

In addition, the full compatibility of PCMs with PV systems, as well as their applicability and
environmental consequences, should be evaluated.

From a cost perspective, PCM is expected to have a longer payback period as additional costs
can be inquired to the established systems. On the other hand, if the energy obtained from
PV panels is to be used for hot water, ventilation, heating or electricity generation, economic
benefits are expected to increase. Thus, the additional costs of PCM can be ignored. Therefore,
life cycle analysis and economic evaluations of PV systems should be made. Research into the
creation of multifunctional energy conversion PCMs is still popular and important. More work
should be done to improve the properties and efficiencies of energy conversion PCMs, as well
as to increase their use.
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kullanilmalidir. Satir araligl 1 punto olmalidir. Paragraf araligi dncesi ve sonrasi O nk olmalidir.

Oz/Abstract: Oz ve Abstract metinleri en fazla 300 kelime olmak (izere hazirlanmalidir. Calibri (9 punto,
Normal yazi tipi) kullanilmalidir. Oz ve Abstract bashklari kalin (bold) olmalidir. Oz ve Abstract metinler-
inde, paragraf araligl 6ncesi ve sonrasi 0 nk, satir araligl 1 punto olmalidir. Paragraf basinda girinti kullanil-
mamali ve metinler tek paragraf olarak yaziimalidir. Oz/Abstract, arasirmanin amaci, yéntemi, bulgulari,
sinirhliklari ve 6zglin degerini ifade edecek sekilde yazilmalidir.

Ana Metin: Ana metin yazilari Calibri (12 punto, Normal yazi tipi) kullanilarak ve iki yana yash sekilde yazil-
malidir. Satir araligi 1 punto ve paragraf aralig| dncesi ve sonrasi 6 nk olmalidir. Yunanca harfler ve matem-
atiksel karakterler simge olarak metne eklenmelidir. Denklemler ardisik sayilarla etiketlenmeli ve metin
icinde atif yapiimalidir (Orn: Denklem (1)). Denklemler diizenlenebilir formatta verilmeli, resim olarak
eklenmemelidir.
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Ust, alt ve sol ve sag kenar bosluklari 2,5 cm olarak ayarlanmalidir. Kaynaklar dahil tiim sayfalar ardisik
olarak numaralandiriimalidir.

Ana metin Giris, Materyal & Metot (gerekli ise) ve Sonuc bolimlerinden olusmalidir. Tim birincil bashklar
Calibri (12 punto, Kalin/Bold yazi tipi) kullanilarak bitin harfleri blytk olacak sekilde yaziimaldir. Satir
araligl 1 punto, paragraf araligi éncesi 18 nk ve sonrasi 12 nk olmalidir. ikincil bashklar, (12 punto, Kalin/
Bold yazi tipi) kullanilarak her kelimenin ilk harfi blyik olacak sekilde yazilmalidir. Satir araligl 1 punto, par-
agraf araligl éncesi 12 nk ve sonrasi 6 nk olmalidir. Uciincil basliklar, Calibri (12 punto, Kalin/Bold yazi tipi)
kullanilarak sadece ilk harf blyUk olacak sekilde yazilmahdir. Satir aralig1 1 punto, paragraf araligi 6ncesi ve
sonrasl 6 nk olmalidir.

Ana metin icerisinde gerektigi yerlerde tablo ve sekiller kullanilmalidir.

Tablolar ile birlikte tablonun st kisminda baslik ve kisa bir aciklama metni verilmelidir. Yalnizca bir veya
iki stunlu tablolardan ve yalnizca bir veya iki girisli stitunlardan kacinilmalidir. Tablo aciklamasi Calibri
(11 punto, Normal yazi tipi) kullanilarak ve ortalanmis sekilde yazilmalidir. Satir araligl 1 punto, paragraf
araligi dncesi 12 nk ve sonrasi 6 nk olmalidir. Tablolardaki dipnotlarin numaralandiriimasinda Ust indis Lat-
in harfleri kullanilmalidir. Dipnotlar Calibri (8 punto, Normal yazi tipi) ile yazilmalidir. Satir araligi 1 punto,
paragraf araligl 6ncesi ve sonrasi O nk olmalidir. Tium tablolar metinde atifta bulunulan siraya gére Arap
rakamlari ile numaralandiriimalidir (Orn: Tablo 1, Tablo 2, vb.). Metin icinde tablolara atifta bulunulurken
kisaltma yapilmadan “Tablo” s6zctgl kullanimalidir.

Makalede kullanilan sekil ve semanin aciklayici bir bashgl olmali ve sekil ve sema basliklarina seklin alt
kisminda yer verilmelidir. Tum sekiller ve semalar metin icinde numara sirasina gore belirtiimelidir ve Arap
rakamlari kullaniimahidir (Orn: Sekil 1, Sekil 2, vb.). Sekil ve sema aciklamasi Calibri (11 punto, Normal yazi
tipi) kullanilarak ve ortalanmis sekilde yazilmahdir. Satir araligl 1 punto, paragraf araligi dncesi 6 nk ve son-
rasi 12 nk olmalidir. Sekillere atifta bulunulurken, makalenin tim bolimlerinde “Sekil” kelimesinin tamami
kullanilmalidir.

Tesekkir: Raporlanan calisma ile ilgili tim finansman kaynaklari, hibe numaralari ve finansman kuru-
luslarinin adlari da dahil olmak tzere TesekkUr bashgl altinda belirtiimelidir. Yazarlik kriterlerini karsilama-
yan herkesin katkilari, katkida bulunanin izniyle Tesekkir boliminde listelenmelidir. “Tesekkir” bashgi
Calibri (12 punto, Kalin/Bold yazi tipi) kullanilarak yazilmalidir. Satir araligi 1 punto, paragraf araligi 6ncesi
18 nk, sonrasi 12 nk olmalidir.

Kaynakca: Makalede kullanilan kaynaklar, kaynakca baslig altinda listelenmelidir. Ana metin icinde atf
yapilmayan kaynaklar Kaynakga listesinde yer almamalidir. Yararlanilan kaynaklar nitelik (tez, kitap, makale,
rapor vb.) ayrimi yapilmaksizin alfabetik olarak siralanmalidir. Kaynaklar APA 7 stiline gore yazilmalidir. Kay-
nakca duzenlenirken Mendeley, EndNote veya Zotero benzeri yazilimlarin kullaniimasi 6nerilir. Kaynakga
basligi Calibri (12 punto, Kalin/Bold yazi tipi) kullanilarak yazilmalidir. Satir araligi 1 punto, paragraf aralig
oncesi 18 nk, sonrasi 12 nk olmalidir.
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