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From the Editors

Journal of Innovative Engineering and Natural Science (JIENS) intends to provide an academic meeting
platform for researchers who conduct research in the field of engineering and natural sciences, present
possible solutions in line with scientific approach for existing problems in these disciplines and have the

request to share their scientific studies in the fastest way possible with academia and industry.

Regarding our vision driven by “academic discipline” and “ethical values”, we are greatly pleased to
announce you that the first issue of 2023 year of Journal of Innovative Engineering and Natural Sciences
(JIENS) has been published. We acknowledge our respect and appreciation to people who encourage
and support us. Following are some of those whom we shall always thank to their various contributions:
our editorial board members, referees and authors who willing to publish their valuable researches in

our journal.

By publishing our January 2023 issue gained enthusiasm we would like to be one of exclusive journals
in national and international areas. We would like you to share your precious studies in the fields of

engineering and natural sciences with us for following issues.



Editorden

Yenilik¢i Muhendislik ve Doga Bilimleri Dergisi, kurulusu itibariyle, mihendislik ve doga bilimleri alaninda
arastirmalar yapan, bu disiplinlerde mevcut sorunlara bilimsel yaklasimlarla ¢bztmler éneren ve bilimsel
calismalarini akademi ve sektorle hizh bir sekilde paylagsma ihtiyaci duyan arastirmacilar icin akademik

bir bulusma alani saglamay1 amacglamaktadir.

Bu vizyonla, “akademik disiplin” ve “etik degerler” ilkeleri temelinde, dergimiz Yenilik¢i Muhendislik ve
Doga Bilimleri Dergisi’nin (JIENS) 2023 Ocak sayisini sizlere sunmaktan kivan¢ ve mutluluk duyuyoruz.
Dergimizin Temmuz sayisinda katkida bulunan, yayin kurulu Gyelerimiz, hakemlerimiz ve kiymetli
calismalarini dergimizde yayinlama teveccuhi gosteren yazarlar basta olmak Uizere tim paydaslarimiza

tesekkir ediyoruz.

Bu disiplin ve hevesle, ulusal ve uluslararasi olgekte secgkin dergiler arasinda yer alma hedefimizi
yineliyor, muhendislik ve doga bilimleri alaninda hazirladiginiz degerli galismalarinizi gelecek

saylarimizda da bizlerle paylasmanizi arzu ediyoruz.
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Co-combustion of sewage sludge and Trakya lignite: the effect of blending on
combustion characteristics

Basak Karakurt Cevik?®

2Energy Systems Engineering Department, The Faculty of Engineering, Yalova University, Yalova, 77200, Turkey..

ARTICLE INFO ABSTRACT

Article history: Dried municipal sewage sludge, which is an unwanted by-product of wastewater treatment, has high organic
Received 23 Oct 2022 content and relatively high calorific value. These characteristics make it a potential biomass energy source.
Received in revised form 02 Nov 2022 Co-combustion of coal and sludge provides advantages such as waste reduction, €Nergy recovery and
Accepted 22 Nov 2022 destruction of organic pollutants and pathogens. This work investigated the combustion characteristics and

gas emission profiles of Trakya lignite, sewage sludge, and their blends (70 and 85 wt%). Ignition
temperatures and the temperatures where maximum mass loss observed were shifted to lower temperatures
with the addition of sludge to coal. The predicted and measured TG/DTG profiles of blends were compared
to investigate the interactions between sewage sludge and coal during co-combustion. A synergistic effect was
observed during co-combustion for both blends. The synergistic effect increased with the increase in the
Keywords: sludge/coal ratio in the blend.
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Thermogravimetry 2023 JIENS All rights reserved.
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I. INTRODUCTION

Sewage sludge is an unwanted by-product of municipal wastewater treatment processes but could also be a source
of energy, nutrient, and material recovery. Although sewage sludge composition varies by location, influent
wastewater composition, the wastewater treatment method used, and season, the composition of sludge comprises
organic matter, microorganisms, nutrients such as N and P, minerals besides hazardous contaminants such as heavy
metals, pesticides, organic contaminants such as endocrine disrupters, pharmaceuticals residues, polychlorinated
biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHS), and pathogens like viruses, bacteria, and parasites
[1-3]. Therefore, sewage sludge must be treated and disposed of properly in order to reduce its adverse effects on
the environment and human health. The investment and operating costs of municipal sewage sludge processing

and disposal comprise up to 50% of the total expenditures of a typical wastewater treatment plant [2-4].

The use of traditional sewage sludge disposal methods such as composting, landfill, and ocean discharge is losing
its popularity due to more stringent restrictions by governments, increasing public concern for the environment
and human health, and increased interest in energy and material recovery. Consequently, thermal treatment
methods such as combustion, pyrolysis, and gasification become prominent as promising treatment and utilization
technologies for municipal sewage sludge [5-8]. The advantages of thermal treatments include waste reduction,

energy recovery, and the destruction of organic pollutants and pathogens.

*Corresponding author. Tel.: +90-226-815-6168; e-mail: basak.cevik@yalova.edu.tr
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Dried sewage sludge’s high organic content and relatively high calorific values comparable to brown coal (lignite)
make it a potential biomass energy source. Global energy demand decreased by 4% in 2020 because of the effects
of the COVID-19 pandemic [9]. However, the increasing trend of energy demand is expected to rebound as a result
of an increase in the human population, technological developments, and developing economies. The increase in
the share of renewable resources such as biomass in energy production can make a significant contribution to
reducing the environmental impacts of fossil resources. Combustion of sewage sludge can not only ensure the
stabilization of a hazardous waste but also contribute significantly to the circular economy and reduce the

dependence on fossil fuels by recovering energy [10, 11].

Thermo-analytical methods have been extensively used to determine combustion characteristics of sewage sludge
and co-combustion of sewage sludge with other fuels [10, 12-16]. Thermogravimetric techniques enable us to
study combustion characteristics such as T; (ignition temperature), Tmax (the temperature where the maximum mass
loss occurred), Ty (burnout temperature) and to conduct proximate analysis to determine the volatile matter, fix
carbon and ash content. A thermogravimetric analyzer can be combined with a Fourier transform infrared

spectrometer (FT-IR) or a mass spectrometer (MS) to further study evolved gas emissions during combustion.

This study aimed to determine the combustion characteristics of a local wastewater treatment sludge and Trakya
lignite, the blend of two fuels, and the effect of co-combustion on combustion characteristics using a
thermogravimetric analyzer. A Thermogravimetric analyzer coupled with an FT-IR is also used to study the gas

emission profiles during combustion.

1. EXPERIMENTAL METHOD
2.1 Materials

Sewage sludge samples were supplied by Bursa East Wastewater Treatment Plant. Trakya lignite samples were
obtained from Uzunkopru coal mines located in Turkey’s Northwest region. All samples were dried in an oven at
105 °C for 24 hours. Dried samples were grounded using a grinder and sieved (250 um-60 mesh). In order to study
the co-combustion of Trakya lignite and sewage sludge, 4 samples were prepared for analysis such as Trakya
lignite, sewage sludge, 70% Trakya lignite and 30% sewage sludge blend, and 85% Trakya lignite and 15% sewage
sludge blend. Table 1 summarizes the sample abbreviations used in the study.

Table 1. Sample abbreviations and mixing rates

Sample abbreviations TL (wt%,db) SS (wt%, db)
TL 100 0
SS 0 100
70TL-30SS 70 30
85TL-15SS 85 15

2.2 Analyses

A LECO elemental analyzer (CHNS-932) was used for the ultimate analysis of fuel samples. The

thermogravimetry method [17] was used for the proximate analyses of the fuel samples. The calorific values of
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fuel samples were determined using an IKA bomb calorimeter (C5003) based on American Society for Testing
and Materials (ASTM) D240 standards [18]. Moisture content of the samples were determined based on ASTM
E871-82 method [19].

Combustion characteristics of fuels were analyzed using a Seiko thermogravimetric analyzer (TG/DTA 6300).
Fuels were first heated with a heating rate of 10°C/min up to 105°C and held for 10 minutes. Later, samples were
heated with a heating rate of 40°C/min up to 900°C and held for 7 minutes.

Ti and Ty were determined by using intersection and conversion methods described by Lu and Chen [20],

respectively.

Gas emissions during combustion were examined using a Perkin EImer thermogravimetric analyzer coupled with
fourier transform infrared spectrometer (FT-IR) (Pyris STA 6000). The samples were heated from 30 °C to 950
°C with a heating rate of 15 °C/min.

To investigate the effect of co-combustion of coal and SS, the blend's predicted TG and DTG curves were obtained
using equations 1 and 2 based on the assumption of no interaction between TL and SS during co-combustion. In
equation 1, A, TG, ss, TGss and TGy, represent the percentage of SS in the blend, the predicted mass loss of the
blend which contains A% SS and the measured mass loss of individual SS and TL respectively. In equation 2,
DTGy, ss, DTGss and DTGy, represent the predicted mass loss rate of the blend which contains A% SS, and the
measured mass loss rate of individual SS and TL respectively. The predicted curves are then compared with curves

obtained from actual experiments to better evaluate the effect of co-combustion.

TGy ss = TGss X %A + TGry X (1 — %A) 1)

DTGy, ss = DTGgs X %A + DTGry, X (1 — %A) )

I11. RESULTS AND DISCUSSIONS
3.1 Characterization of TL, SS and TL-SS blends

Table 2 shows the calorific value, proximate and ultimate analyses (wt%) of TL, SS, and TL-SS blends. Moisture
content of the dry basis TL, SS, 70TL-30SS, and 85TL-15SS were 13.6%, 5%, 9.8% and 11.6%, respectively.
When the elemental composition of the fuels is compared, SS has a lower C% and a higher N% with respect to TL
which is expected considering its protein-rich composition. A similar sewage sludge elemental composition is
reported by Xu and Wu [21]. H% and S% did not vary significantly between the two fuels. SS used in our study
is characterized by its high volatile matter and ash, and low fixed carbon content which are 68.72%, 23.19%, and
8.09%, respectively. TL is characterized by a much higher fixed carbon (43.30%) and a lower volatile matter
(41.31%) and ash content (15.39%).

VM/FC ratios can be used to compare the ignition characteristics of different fuels. A higher VM/FC ratio means
that the fuel will have lower ignition temperature and it will burn relatively easier when compared to the fuel with
lower VM/FC ratio [22]. When VM/FC ratios of the SS and TL are compared, SS has a remarkably higher ratio
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(8.49) than TL (0.95) which is an indicator of better ignition characteristics. Calorific values of TL, SS, 70TL-
30SS, and 85TL-15SS were 19.70, 16.05, 18.25 and 18.65 MJ/kg, respectively.

Table 2. Proximate and ultimate analyses and calorific values of TL and SS

TL SS
VM(wt%, dba) 41.31 68.72
FC (wWt%, db) 43.30 8.09
Ash (wt%, db) 15.39 23.19
C% 52.20 37.30
H% 4.36 5.41
N% 1.32 6.53
S% 0.16 0.21
Calorific Value (MJ/kg) 19.70 16.05

3.2. Combustion Characteristics of TL, SS and TL-SS blends

Combustion profiles of TL, SS, 70TL-30SS, and 85TL-15SS are represented in Figures 1 and 2. The TG/DTG
plots (Figure 1 (a) and (b)) show that TL and SS have completely different combustion profiles. The combustion
process of all four samples can be divided into four stages namely, dehydration, devolatilization and combustion
of volatile matter, combustion of char, and burnout. During the dehydration stage, the initial mass loss was
observed for all samples within temperature ranges up to 150 °C which resulted from the release of the inherent
water content of fuels. TL and SS lost 13.6% and 5% of their initial mass in the dehydration stage, respectively
which shows that TL has more inherent water than SS. T; for SS was 206 °C which reflects its high volatile content.
The devolatilization and combustion of the volatile matter and decomposition of biodegradable organic matter of
SS occurred between 150 °C and 415 °C while the combustion of macromolecular organic compounds and fixed
carbon occurred between 500 °C and 645°C. Although the combustion of fixed carbon is complete at this stage, a
very distinct peak is observed after 690 °C which corresponds to the decomposition of inorganics such as
carbonates [15]. Maximum weight loss for SS occurred at 605.2 °C with 11.92 wt%/min. Ty of SS was 716.45 °C.
Wang, et al. [15] observed similar TG trends for sewage sludge with two combustion steps however higher heating
rate in our study pushed the curve to the right to a higher temperature zone. This is expected since a higher heating

rate will require a longer time for the sample to respond to the change in temperature.

The combustion profile of coal shows a one-step mass loss within the temperature range of 215 °C to 630 °C which
corresponds to both devolatilization and combustion of the volatile matter and combustion of fixed carbon. T; of
coal was 392°C and the maximum weight loss occurred at 512 °C with 16.69 wt%/min. Ty of TL was 629.84 °C.

TG/DTG profiles of the mixtures 70TL-30SS, and 85TL-15SS mostly fall between the TG/DTG profile of
individual fuels as expected. T;of 70TL-30SS and 85TL-15SS were 374 °C and 380 °C and the maximum weight
loss occurred at 507.1°C and 491.4 °C with 18.34 wt%/min and 17.67 wt%/min, respectively. Figure 2 shows that
maximum mass loss intensified and Tmax shifted left for the mixtures when compared to coal-only combustion.

Additionally, as seen in Table 3, T;decreased with the addition of sludge to coal because the volatile content in SS
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promotes the ignition characteristics of the blend. Both findings suggest that blending coal with sludge enhances

the combustion properties of coal.
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Figure 1. (a)TG and (b)DTG plots of TL, SS, 70TL-30SS and 85TL-15SS

Table 3. Combustion characteristics of TL, SS and their blends

TL ss 70TL-30SS 85TL-155S
T °C) 392 206 374 380
Tmax (°C) 512 605.2 507.1 4914
Ty (°C) 629.84 716.45 660.15 650.47
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3.3. Analysis of Synergistic Effect of Blending

To investigate the interactions between SS and TL during co-combustion, the predicted (calculated as the weighted
average of SS and TL blends) and measured TG/DTG profiles of 70TL-30SS, and 85TL-15SS are plotted as shown
in Figure 2 (a), (b) and Figure 3 (a), (b), respectively. Additionally, deviations between the two TG curves (Aw,
%) which are calculated by the difference between predicted and measured TG values are shown in Figure 2c and

Figure 3c to further illustrate the difference. Aw values greater than 0 represent a synergistic effect whereas Aw

values less than O represent an antagonistic effect.

For both blends, predicted and measured TG values showed better agreement during the dehydration stage. As the
temperatures increase above approximately 200 °C which is near T; of SS, deviations from the predicted values

started to occur.
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Figure 2. Comparison of experimental and predicted (a)TG and (b)DTG and (c) deviation of measured and
predicted TG values of 70TL-30SS and 85TL-15SS

For the 70TL-30SS blend, Aw falls below zero after 220°C, and the negative deviation was more profound after
330 °C. For 85TL-15SS, a similar but slighter negative deviation was observed however the negative peak has
shifted to a lower temperature range. This antagonistic effect could be explained by the coal particles that absorb
the heat released from the combustion of sludge volatiles and suppress the devolatilization reaction of sludge.
Similar results were observed for other fuel blends which consisted of two fuels with different volatile contents

[23, 24]. This effect is more distinct for the 70TL-30SS blend due to its higher sludge content.

Aw become positive for the second step of combustion for both blends which mainly includes the combustion of
the char. Aw value of 70TL-30SS blend became positive after 507 °C, reached its peak value around 550 °C, and
stayed positive till the end of the combustion. For the 85TL-15SS blend Aw value became positive after 420 °C
reached its peak value around 538 °C. However, the predicted and measured TG values showed a much better
agreement around Tp. The maximum Aw ‘s observed for 70TL-30SS and 85TL-15SS were 5.04% and 5.86%,
respectively. However, the overall synergistic effect was more dominant for the 70TL-30SS blend. The synergistic
effect through the second stage of combustion resulted from the positive effect of inorganics in sludge on co-

combustion and it is more profound for 70TL-30SS blend.
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Figure 3. Comparison of experimental and predicted (a) TG and (b)DTG and (c) deviation of measured and
predicted TG values of 85TL-15SS



Co-combustion of sewage sludge and lignite J. Innovative Eng. Nat. Sci. vol. 3, no.1, pp. 1-12, 2023.

3.4. Evolution of combustion gases of TL, SS and TL-SS blends

SO,, CO and CO, emission curves against time were plotted in Figure 4 (a), (b) and (c). The IR radiation
wavenumbers of SOz, CO and CO; are 1340 cm?, 2112 cm™* and 2360 cm?, respectively [25]. CO, was the most
dominant evolved gas during combustion of all fuels since it has the highest absorbance intensity. All emission
curves for TL match up to the one step combustion curve on DTG plot. For SS, a distinct SO and a slight CO
emission peak appeared at lower temperatures where combustion of the volatile matter and decomposition of
biodegradable organic matter of SS occurred. The maximum SOz releases were observed around 380°C and 368°C,
for TL and SS, respectively. CO and CO; emission curves of SS appeared later at the second step of combustion
corresponding the combustion of char. While SO, emission peak was more profound for the combustion of SS, CO
and CO; emission peaks were more profound for the combustion of TL. For the 70TL-30SS and 85TL-15SS
blends, the first SO, emission peak decreased with the increase in coal content in the fuel while the second SO,
emission peak increased. The maximum CO releases were observed around 505°C and 607 °C, for TL and SS. CO
emission increased with the carbon content in fuel therefore the emission increased with the increase in coal
content. The maximum CO; releases were observed around 515 °C and 615 °C for TL and SS, respectively. The
CO; emission curves of blends fall between individual fuels. CO, peaks gets narrower and shifted to left with the

addition of sludge when compared to CO, peak of TL.
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Figure 4. Emission profiles of (a) SO, and (b)CO and (c) CO gasses for TL, SS, 70TL-30SS and 85TL-15SS

IV. CONCLUSIONS

Combustion characteristics and evolution of gas emissions of TL, SS and their blends were studied by
thermogravimetric analysis. Ti and Tmax occurred showed a decrease with the addition of sludge to coal which

resulted from the positive effect of volatile content of sludge to the combustion process. Although both blends did

10



Co-combustion of sewage sludge and lignite J. Innovative Eng. Nat. Sci. vol. 3, no.1, pp. 1-12, 2023.

not show a profound interaction for the first step of combustion, they showed a synergistic effect on the second
step of combustion. Co-combusting of coal and sludge shows an overall synergistic effect on combustion which
increases when the sludge content raise from 15% to 30% due to the positive effect of inorganics in sludge on
combustion. The gas emissions of blends did not significantly differ from what is expected as gas emission curves

of blends fall between the individual fuels.
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MAKALE BIiLGIiSi OZET

Makale Gegmisi: Ulkemiz birgok dogal giizelligi barindirmasina karsin aym zamanda birgok dogal afetin siklikla meydana
Gelis 2 Aralik 2022 geldigi bir bolgede yer almaktadir. Ozellikle kiiresel 1sinmanin etkisiyle ortaya gikan iklimsel degisimler gibi
Diizeltme 17 Ocak 2023 sebeplerden dolay1 dogal afetlerin etkisi ve siklig1 giin gectikge de artarak kendini gostermektedir. Her gegen
Kabul 20 Ocak 2023 giin bir yenisinin kargimiza ¢iktig1 afetlerin meydana gelmesi sonucunda ortaya ¢ikacak can ve mal giivenligi

Lo zararlarini engellemek adina gerekli énlemlerin alinmasi da biiyiik 5nem tagimaktadir. Ulkemizde yasanan ve
Cevrimigi meveut siklikla meydana gelen afetlerden biri de tagkin olaylaridir. Taskin olaylarindan kaynakli olusabilecek

olumsuzluklar1 en aza indirgemek amaciyla, tagskin analizi ¢aligmalari yapilmasi ve gerekli 6nlemlerin
alinmasi oldukga onem arz etmektedir. Bu amagla dere yatagi ¢evresinde birgok yapilagsmanin bulundugu
Kamara deresinde 1 boyutlu tagkin modeli kullanilarak olas: etkilerler belirlenmeye c¢aligilmistir. Taskin

Anahtar Kelimeler: riskini belirlemek maksadiyla literatiirde siklikla kullamilan HEC-RAS programi kullanilmis, dere giizergahi
Dogal afet tizerinde yer alan bolgeye ait tagkin yayilimlar ortaya konmaya calisilmistir. Analizler sonucunda; Qso, Q1o0,
Taskin Qs00, Q000 debilerine i¢in su tagkinina ait profiller olusturulmustur. Segilen dere giizergahi tizerinde bulunan
Su yiizii profili ti¢ adet yol gegisinden iki adedinin sular altinda kaldig1, sahil kesiminde yer alan yerlesim alanlari ile degerli
Kamara deresi tarim arazilerinin taskin riski altinda oldugu sonucuna ulagilmistir.

2023 JIENS Tiim haklari saklidir.

Investigation of flood risk spread of Kamara stream

ARTICLE INFO ABSTRACT

Article history: Our country has many natural beauties and is also known as a region where many natural disasters frequently
Received occur. The effects and frequency of natural disasters are increasing every day in the world and in our country
Received in revised form due to climatic changes caused by global warming. Itis also of great importance to take the necessary measures
Accepted to prevent the damage to life and property safety that may arise because of the occurrence of disasters, which

we encounter every day. Floods are one of the most common and frequently occurring disasters in our country,
and it is dignitary to carry out flood analysis studies and take necessary precautions to minimize the affirmative
effects that may arise from these flood events. For this purpose, possible effects were tried to be found by
using a 1-dimensional flood model on Kamara creek, where there are many constructions around the stream
bed. To determine the flood risk, the HEC-RAS program, which is generally used in the literature, was used,
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Keywords: and the flood spreads of the region on the stream route were run to be brought out. As a result of the analysis,
Natural disasters Flood profiles were created for the flow rates of Q50, Q100, Q500, and Q1000. It has been concluded that two
Flood of the three road crossings on the selected stream route are water, and that the settlement areas and valuable
Water surface profile agricultural lands located on the coast are at risk of flooding.
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I. GIRiS

Cagimizin en 6nemli problemleri arasinda ekosistemde meydana gelen iklimsel degisimler bulunmaktadir [1]. Bu
iklimsel degisimler sonucunda giderek artig gosteren kiranlardan biri de tagkin hadiseleridir. Tagkin; bir akarsuyun
muhtelif sebeplerle yatagindan tasarak ¢evresindeki arazilere, yerlesim yerlerine, alt yapi tesislerine ve canlilara
zarar vermek sureti ile tesir bolgesinde normal sosyo-ekonomik faaliyeti kesintiye ugratacak 6lgiide bir akis
biiyiikliigii olusturmasi olarak tanimlanmaktadir [2]. Ulkemizde taskina neden olan sebepler arasinda; son
zamanlarda iklimsel degisimlere bagli olarak meydana gelen ani yagislar, taskin sinir1 olarak belirlenen alanlarda
yapilan iskan faaliyetleri, taskin konusunda vatandasin yeteri kadar bilingli olmamasi gibi nedenler tagskina
davetiye ¢ikaran en Onemli faktorler arasinda yer almaktadir. Bu faktorlerin etkisini azaltmak ve tagkin
hadiselerinden kaynakli olusabilecek olumsuzluklari en aza indirgemek amaciyla yapilan tagkin yonetimi
caligmalart giin gegtikce daha onem kazanmaktadir [3,4]. Afet Bilgi Envanteri Projesi kapsaminda yapilan
arastirmalara gore, yaklasik 1950 yilindan 2008 yilina kadar ki afet gesitleri ve etkileri Tablo 1°de verilmistir.
Tablo 1°de, Tiirkiye’de meydana gelen dogal afetlerin istatistiki dagilimi degerlendirildiginde, meydana gelen
afetlerde su baskini olaylarindan kaynakli zarar géren insan sayisinin orani %8’dir [5]. Tablo 2’de, 2000-2019
seneleri arasinda diinya genelinde olusan dogal afetlerin afet dagilimma gore istatistiki dagilimi gosterilmistir

Diinya genelinde mezkdr tarihler arasinda 3.254 adet sel hadisesi yasanmis olup dogal afetler arasindaki orani
%44°tiir [6].

Tablo 1. Zarar goren insan sayisina gore afet cesitleri [5]

Afet Cesidi Afetzede Sayisi Oran (%) Etkilenen Yerlesim Birimi

Sayisi

Deprem 158.241 58 3.942

Heyelan 59.345 22 5.472

Su Baskini 22.157 8 2.924

Kaya Diismesi 19.422 7 1.703
Cig 4.384 2 605
Diger Afetler 9.237 3 992

Tablo 2. Dogal afetlerin afet tiirlerine gore dagilimi [6]

Afet Cesidi Sayisi Oran (%)
Sel 3.254 44
Firtina 2.043 28
Deprem 552 8
Ekstrem Sicaklik 432 6
Heyelan 376 5
Kuraklik 338 5
Kirsal Yangin 238 3
Volkan Aktivitesi 102 1
Kuru Kiitle Hareketi 13 €1

Tablo 1’de %8 ve Tablo 2°de % 44 olarak karsimiza ¢ikan oranlar diinya genelinde arazi kosullarina bagl olarak
artiglar gostermektedir. Bu oranlarin belirlenmesi ve olasi risklere kars1 dnlemler alinabilmesi amaciyla da birgok
¢alisma yapilmistir. SCS-CN (Soil Conservation Service Surve Number), Bilgi Difiizyon Teorisi, Yapay Sinir
Aglari, Analitik Hiyerarsi, Cok Kriterli Karar Verme gibi bircok yontem tagkin riski caligmalarinda
kullanilmaktadir [7-17]. Bu ¢alisma kapsaminda hidrolik modellemede kullanilan analiz programlarindan biri olan
HEC-RAS taskin analizi yontemi kullamilmigtir. HEC-RAS taskin analizi metoduyla literatiirde birgok 6rnege
rastlanmaktadir. Ornegin, Batman Cay1’nin Yeni Malabadi Kopriisii ile Diyarbakir-Batman Karayolu arasindaki

bolgenin tagskindan etkilenme durumu HEC-RAS tagkin analizi metoduyla ile ¢alisilmig ve Batman Cay1 kesiti
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boyunca en kesitlerin birgogunda maksimum kesit kapasitesinin Qso tekerriir debisinin iistiindeki degerleri
gecirmede yetersiz kaldigi sonucuna ulagilmistir [18]. Bir diger ¢alismada, meskin mahal ve meskun mahal dis1
alanlarinin Dogu Karadeniz Havzasiin farkli doniis araliklart i¢in hesaplanan tagkin tekerriir debilerine karsilik
gelen su seviyeleri ve su altinda kalmas1 muhtemel alanlar HEC-RAS metoduyla analiz edilmis ve s6z konusu
bolgede mevcut tagkin kontrol tesislerinin 1slah edilmesi ile taskin erken koruyucu sistemlerinin kurulmasi
gerektigi tespit edilmistir [19]. Baska bir caligmada, Sakarya Ili, Akyaz1 ilcesi Kiigiicek Sanayi Bélgesinin tagkin
yayilim haritasini ¢itkarmak maksadiyla HEC-RAS tagkin analizi metodundan yararlanilmigtir [20]. Farkli bir
calismada, Cografi Bilgi Sistemleri ve HEC-RAS yardimiyla Bingdl sehir merkezinden gegcen Gayt, Goyniik ve
Capakgur ¢aylarmin sehir sinirlart dahilinde olusturacagi tagkin su derinliklerinin ve yayilim alanlar1 belirlenmeye
calisilmis olup HEC-RAS yardimiyla elde edilen hidrolik model neticelerine gore Cografi Bilgi Sistemleri
ortaminda hazirlanan tagkin yayilim haritalarinda, ¢aligmaya esas olan taskin tekerriir debilerinin neden oldugu
maksimum su derinliginin 8,12 ile 9,62 metre, taskinin neden oldugu su yayilim alanmin ise 635.402,00 ile
1.561.982,00 metrekare arasinda oldugu sonucuna ulasilmistir [21]. Tekirdag li, Kumbag Sahil Ilgesi sahil seridi
icin yapilan ayr1 bir caligmada, denize mansaplanan Isiklar Deresi; denize dokiilme etkisi ve batik ¢alisan hidrolik
kesitin su yiizli profili HEC-RAS taskin analizi metoduyla modellenmis ve elde edilen sonuglar batik olmayan
hidrolik kesitin su yiizii profili ile mukayese edilmistir. Elde edilen sonuglara gore; su yiizii profilinin denize yakin
kisimlarda 6nemli miktarda azaldig1 ve bu azalmanin i¢ kesimlere kadar etkin oldugu sonucuna ulagilmistir [22].
Bu nedenle; tilkemiz ve diinyada diizenli ve sik¢a yasanan taskin sorunlarinin ciddiyetinin anlasilmasi ve ¢ozim
dnerilerinin ortaya koyulmas: biiyiik dnem tasimaktadir. Bu ¢alisma, Tekirdag Ili, Marmara Ereglisi Ilcesi,
Sultankdy Mevkiinde yer alan Kamara Deresi’nin olasi bir tagkin anindaki durumunu ortaya koymak amaciyla
planlanmistir. Kamara Deresi’nin bulundugu bolge civarinda kamu kuruluslara ait isletmeler ile fabrikalar

bulunmakta olup ayrica bolge turizm agisindan da olduk¢a 6nem arz etmektedir.

Il. DENEYSEL METOT

Calisma kapsaminda yer alan Kamara Deresine ait debi degerleri, “Tekirdag ili, Marmara Ereglisi Ilcesi,
Kamaradere Mahallesi Tarim Arazilerinin ve Yerlesim Yerlerinin Kamara Deresi Taskin Kontrol Tesisi 'ne Ait
On Inceleme Raporu’ndan [23] alinmistir. Alinan bu veriler HEC-RAS taskin analizi programinda girdi verisi
olarak kullanilmis olup bir boyutlu ¢6ziim yapilarak tagkin yayilim alani tespit edilmistir. Sekil 1°de ¢alismanin

akig diyagrami ile sistemin isleyisi goriilmektedir.

2.1 Calisma Alam

Tekirdag ili, Marmara Ereglisi ilgesi, Sultankdy mevkii siirlarinda segilen bolge, Marmara Ereglisi ilge merkezine
karayolu ile 4 km, Tekirdag ili, Merkez Siileymanpasa ilgesine ise 43 km mesafe uzaklikta yer almaktadir. Kamara
Deresinin giizergahi boyunca krymetli tarim arazileri bulunmakla beraber Kamara Deresinin denize mansaplandigi
Sultankdy mevkiinde ise kamuya ait dnemli yapilar bulunmakta olup ayrica s6z konusu mevkide bircok tatil sitesi

bulunmaktadir. Bolge deniz turizmi agisindan da oldukca 6nemlidir.
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Sayisal Harita Verisi

(A

Enkesit Olugturma | <j | Autocad Civil 3D Uggen Model

-

Output to HECRAS

-

- Manning Piirtizliliik
Tekerriirlii Taskin Debileri |:> HECRAS Hidrolik Model <:I Degerlei liriizliiliil

-

Taskin Yayilim, Tagkin
Hiz, Taskin Derinlik
Haritalari

-

Sonuglar

Sekil 1. Akis Diyagrami

Caligilan bolge Tekirdag ili, Marmara Ereglisi ilgesi sinirlarinda bulunmakta olup galisilan toplam uzunluk 1330

metredir. Sekil 2°de belirtilen ¢aligma giizergahi iizerinde {i¢ adet sanat yapisi bulunmaktadir.

Sekil 2. Kamara Deresi ¢alisma gilizergahi
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2.2 Manning piiriizliiliik katsayisi

Su yiizii profillerinin dogru olarak tespit edilmesinde, Manning Piiriizliiliik Katsayis1 olduk¢a 6nemli bir yere
sahiptir. Bu katsay1; kanal sev durumu, kanal bitki Ortiisii, kanal kivrim katsayist vb. degerlere gore
hesaplanmaktadir. Calisma alanindaki piiriizliliik katsayisi hesaplar1 (Tablo 3), gézlemsel verilere dayali olarak

Modifiye Cowan Metoduna gore yapilmustir [29].

Tablo 3. Hesaplanan piiriizliliik degeri
Yataktaki

Malzeme Kanal Sev Kanal Kesit Kanal Kanal Bitki Kanal Hesaplanan
P Durumu Degisimi Engelleri Ortiisii Kivrim Piiriizliiliik
Dere Adi Cinsi o .
Katsayisi Katsayisi Katsayisi Katsayisi Katsayisi Degeri
Katsayisi
(n) (n2) (n3) (n4) (m) Q)
(nv)
Kamara 0.035 0.01 0 0 0.005 1 0.05

Deresi

2.3 HEC-RAS (Hydrologic Engineering Centers-River Analysis System)

HEC-RAS taskin analiz programi; ABD Kara Kuvvetleri Komutanligi Miihendislik Grubunca gelistirilen ve nehir
analizi yapabilen bir boyutlu kararli hidrolik akim ile bir ve iki boyutlu kararsiz nehir akis modellemeleri, yari
kararsiz ve tam kararsiz akiglarda hidrolik modellemeleri, yapmaya yarayan bir analiz programidir. Analiz

yapilabilmesi amaciyla, debiyle ilgili veriler ve nehir yatagindaki geometrik veriler programa tanimlanmalidir.

Bu ¢alisma kapsaminda programin en giincel striimii olan HEC-RAS 6.3.1 kullanmilmistir [25]. Sekil 3’te bir
boyutlu HEC-RAS ¢aligsma prensibi gosterilmistir [26].

| HEC-RAS Calisma Prensibi |

Diizenli yavas degisen akimlarda Degisken akim Hareketli tabanlarda Su kalitesi
su yiizii profili hesaplamalari modellemesi sediment taginimi analizleri

Sekil 3. 1B HEC-RAS ¢aligsma prensibi

2.4 Yontem

HEC-RAS yazilim programi ile taskin riskini tespit etmek icin bir boyutlu ve iki boyutlu analizler
yapilabilmektedir [27]. Mezkdr program, kararli akim kosullar1 ¢er¢evesinde su yiizeyi profili tespitinde, kritik alt1
ve kritik iistli akim ve karigik ¢oziim alternatiflerini vermektedir [18]. Program, kararli akim kosullari ¢er¢evesinde
yapilan ¢6ziimlerde, bir boyutlu enerji denkleminden faydalanmaktadir [28]. Enerji kayb1 hesaplarinda, Manning
pliriizliilik katsayisi ile daralma-genisleme katsayilarindan faydalanilmaktadir [29]. Ayrica akimin ani degisiklige
ugradig1 durumlarda ise momentum denkleminden faydalanmaktadir [18,28]. Bu ¢alisma kapsaminda HEC-RAS

programinin bir boyutlu analizi kullanilmustir.

Autocad Civil 3D programiyla liggen model yapilabilmesi maksadiyla ¢aligma bolgesine ait 1/1000 Slgekli

halihazir harita lizerinden Kamara deresinin; sev alt1 noktalari, sev iistii noktalari, dere aksi ¢izilmis sonrasinda yol

17



J. Innovative Eng. Nat. Sci., c. 3, s. 1, s5.13-26, 2023. Kamara deresi

gegcisleri, es yiikselti egrileri Autocad Civil 3D programinda tanimlanmigtir. Akabinde enkesit araliklari on metre

aralikla ¢izilerek yiizey modeli elde edilmistir. Sonug olarak elde edilen yiizey modeli HEC-RAS’a aktarilmistir.

Analize baglamadan evvel Kamara Deresi giizergahinda yer alan {i¢ adet sanat yapist HEC-RAS’a tanimlanmustir.
Akabinde; Manning piirtizliiliik katsayisi, tekerriir debileri ve harmonik egim girdi verisi olarak programa
tanimlanmistir. Kamara Deresi denize mansaplandigindan programa mansap noktasinda dalga yiiksekligi
tanimlanmigtir. Dalga yiiksekligi icin; pratik hesaplamalar amaciyla %10 risk diizeyi ile c¢alisilabilecegi
belirtilmektedir [30]. Bu ¢alismada, zamanin %10’undaki Tiirkiye Petrolleri Anonim Ortaklig1 tarafindan dlgiilen
dalga yiiksekligi degeri (0,55 metre) baz alinmustir [31]. Verilerin girilmesinden sonra analiz yapilmis olup analiz
neticesinde Kamara Deresi giizergahi {lizerinde yer alan ii¢ adet sanat yapisindan iki adedinin Qso debisini

geciremedigi, bir adedinin ise Q1o00 debisini gegirebildigi sonucuna ulagilmistir.

60 m

40 m

30m

10m

Om

i 1 1
I 1 1
\ 0.0 km 1.0 kam 2.0 km 3.0 kam 4.0 km )

Sekil 4. Kamara deresi arazi modeli

Sekil 4°te, Global Mapper versiyon 18.0 programu ile {iretilen Kamara Deresi’ne ait arazi modeli gosterilmektedir.
Analiz sonuglarinin tagkin yayilimini belirlemek maksadiyla, Global Mapper versiyon 18.0 programiyla arazi
modeli elde edilmistir. Elde edilen arazi modelinin uydu goriintiisi RAS Mapper programi vasitasiyla

olugturulmus akabinde tagkin yayilim alani tespit edilmistir.

Taskin yayilim haritalar1 incelendiginde; Sekil 5°te elli yillik debide toplam 12,6 hektar alanin olas1 bir tagkindan
etkilenecegi, Sekil 6°da yiiz yillik debide toplam 13 hektar alanin olasi bir tagkindan etkilenecegi, Sekil 7°de bes
yiiz yillik debide toplam 13,9 hektar alanin olasi bir tagkindan etkilenecegi ve Sekil 8’de bin yillik debide toplam

14,3 hektar alanin olasi bir tagkindan etkilenecegi sonucuna ulasiimustir.
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Sekil 7. Qsgo taskin yayilim alani Sekil 8. Q1000 taskin yayilim alani

Hiz haritalar incelendiginde; Sekil 9°da hizin elli yillik debide 4,8 m/sn ye kadar ulastigi, Sekil 10°da hizin yiiz
yillik debide 4,924 m/sn ye kadar ulastigi, Sekil 11°de hizin bes yiiz yillik debide 5,2 m/sn ye kadar ulastig1 ve
Sekil 12°de hizin bin yillik debide 5,4 m/sn ye kadar ulastig1 tespit edilmistir.
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Sekil 11. Qsgo debisine ait hiz haritasi Sekil 12. Q100 debisine ait hiz haritasi

Derinlik haritalar1 incelendiginde; Sekil 13’te derinligin elli yillik debide 2,36 m ye kadar ¢iktigi, Sekil 14°te
derinligin yiiz y1llik debide 2,45 m ye kadar ¢iktig1, Sekil 15°te derinligin bes yiiz y1llik debide 2,84 m ye kadar
¢ikt1g1 ve Sekil 16’da derinligin bin yillik debide 3,05 m ye kadar ¢iktig1 tespit edilmistir
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750 m 1000 m

Sekil 15. Qsgo debisine ait derinlik haritasi Sekil 16. Q00 debisine ait derinlik haritast

Sekil 17°de Kamara deresi iizerinde yer alan sanat yapilari, mansaptan membaya gére numaralandirilmig olup

sanat yapilarina ait detayli HEC-RAS analiz sonuglar1 asagida verilmistir.
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Kamara deresi
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kamara Plan: Plan 01  12/14/2022
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Analiz sonuglar1 tetkik edildiginde; kilometre 14206 de yer alan sanat yapisinin (Sekil 18) Qso debisini
geciremedigi, kilometre 0+605 de yer alan sanat yapisinin (Sekil 19) Qso debisini gegiremedigi ve kilometre 0+182

de yer alan sanat yapisinin (Sekil 20) Q1000 debisini gegirebildigi tespit edilmistir.

111. SONUCLAR VE ONERILER
3.1 Sonucglar

Taskin olaylarinin miitemadiyen yasandig1 Trakya Bolgesinde, tagskindan kaynakli meydana gelebilecek risklerin
en minimize diizeye indirilmesi gayesiyle taskin riski olan derelerde Devlet Su Isleri tarafindan bircok Taskin
Kontrol Tesisi projelendirilmektedir. Tekirdag ili, Marmara Ereglisi Il¢esi smirlarinda igerisinde kalan ve denize

mansaplanan Kamara Deresi de tagkin riski olan dereler arasinda yer almaktadir.

Taskin yayilim haritalar incelendiginde: Sekil 5’te belirtilen Qsp taskin tekerriir debisine ait yayilim haritasina
gore 50 yillik debinin gelmesi halinde toplam 12,6 ha alanin olast bir tagkindan etkilenebilecegi, Sekil 6’da
belirtilen Qoo taskin tekerriir debisine ait yayilim haritasina gére 100 yillik debinin gelmesi halinde toplam 13 ha
alanin olas1 bir tagkindan etkilenebilecegi, Sekil 7°de belirtilen Qsgo taskin tekerriir debisine ait yayilim haritasina
gore 500 yillik debinin gelmesi halinde toplam 13,9 ha alanin olas1 bir taskindan etkilenebilecegi ve Sekil 8’de
belirtilen Qo000 tagkin tekerriir debisine ait yayilim haritasina gére 1000 yillik debinin gelmesi halinde toplam 14,3
ha alanin olas1 bir tagkindan etkilenebilecegi sonucuna ulasilmistir. Taskin hiz haritalari incelendiginde: Sekil 9°da
50 yillik debide hizin 4,8 m/sn ye ye kadar ulastigi, Sekil 10°da 100 yillik debide hizin 4,9 m/sn ye ye kadar
ulastigi, Sekil 11°de 500 yillik debide hizin 5,2 m/sn ye ye kadar ulastigi ve Sekil 12°de 1000 yillik debide hizin
5,4 m/sn ye ye kadar ulastig1 sonucuna varilmistir. Tagkin derinlik haritalari incelendiginde: Sekil 13’te 50 yillik
debide derinligin 2,36 m, Sekil 14’te 100 yillik debide derinligin 2,45 m, Sekil 15’te 500 yillik debide derinligin
2,84 m ve Sekil 16°da 1000 yillik debide derinligin 3,05 m oldugu sonucuna ulagilmigtir. Ayrica Kamara Deresi
tizerinde yer alan 3 adet sanat yapisindan 2 adedinin elli y1llik debiyi ge¢iremedigi, bir adedinin ise bin y1llik debiyi

gecirebildigi tespit edilmistir. Caligma neticesinde Kamara deresinin taskin riski tagidigi ortaya koyulmustur.

3.2 Oneriler

Calismaya esas olan Kamara deresinde meydana gelebilecek olasi bir tagkin hadisesinin etkilerini azaltmak
amaciyla; hidrolik kapasitesi yetersiz olan iki adet sanat yapisinin, hidrolik kapasitelerinin yeterli olacak sekilde
projelendirilmesi, yapilacak 1slah ¢aligmalarinda imkén dahilinde yatagin dogal akisinin degistirilmemesi, yatakta
makineli temizlik ¢aligmalarinin diizenli olarak yapilmasi gibi hususlar 6nem arz etmektedir. Ayrica derenin
denize mansaplandigi Marmara Ereglisi Sultankdy Mevkiinin turistik bdlge olmasi hasebiyle, bu bolgede

yapilacak 1slah ¢alismasinin yoreye uygun bir estetikle yapilmasi da yerinde olacaktir.
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I. INTRODUCTION

Emulsion polymerization is a significant and well-established process that is frequently used for the manufacture
of polymers in industrial settings (e. g., for paints and coatings) due to several explicit advantages [1]. Among
various stabilizers used in industry, amphiphilic block or graft copolymers are the most effective in stabilizing
emulsion polymerization [2]. Conjugated dienes such as butadiene and isoprene, vinyl acetate, vinyl chloride,
various acrylates, polymerization of methacrylate and different copolymers of these monomers can be produced

by emulsion polymerization [3-6].

The first industrial-scale manufacturing of polymer emulsions used as binders took place between 1925 and 1930
thanks to the emulsion polymerization technique, the foundations of which were laid in 1910. Conventional
emulsion polymerization comprises emulsification of a water-immiscible monomer in a continuous water medium
using an oil-in water emulsifier and polymerization using a water-soluble or oil-soluble initiator to give a colloidal
dispersion of polymer particles in water [7-9]. The finished product, known as "Latex," is a stable and colloidal
dispersion of polymers in agueous medium [10]. By applying shear to the mixture, the monomer is dispersed into
droplets of typically about 10 um diameter. The droplets are stabilized by adsorption of surfactant at the
monomer—water interface. The most commonly used process in industry is the free-radical polymerization of a
surfactant-stabilised oil-in-water emulsion [11]. As a method, emulsion polymerization has many advantages over
other polymerization methods in addition to being affordable and reliable in the water environment, as it enables

the production of excellent high molecular weight products that can be used directly in many applications with
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quick and simple polymerization reactions. Even though the emulsion polymerization process has been used for
many years to create synthetic polymers and copolymers, all the details of the reaction mechanism are still not
completely understood [12]. The quantity of chemicals presents in the emulsion system and the numerous physical
and chemical processes occurring therein are the cause of this. Latexes prepared by Semibatch emulsion
polymerization are widely used in a variety of applications such as adhesives, paper coatings, paints, varnishes,
and synthetic rubbers [13, 14].

Some water-soluble polymers such as polyvinyl alcohol (PVOH) and hydroxyethyl cellulose (HEC) are commonly
used stabilizers. However, N-methylol acrylamide (NMA) is rarely used as the protective colloid in stabilizing the

vinyl acetate-based emulsion polymerizations [2].

Different copolymers of vinyl monomers can be produced by emulsion polymerization. Example of such
compounds with which vinyl acetate is commercially copolymerized are vinyl chloride, vinyl propionate, higher
vinyl esters such as vinyl versatate, acrylates, methacrylates, maleates, fumarates, ethylene, and acrylonitrile. The
selection of the comonomer to be used to produce latices for any given application depends principally upon the
functional suitability of the comonomer and its cost [4]. Terpolymers of vinyl acetate are also widely used to
further enhance the exceptional qualities of vinyl acetate polymers in a variety of applications, copolymers
(particularly vinyl acetate-ethylene (EVA), vinyl acetate-butyl acrylate, vinyl acetate-methyl methacrylate, etc.)

and even terpolymers have been made recently (paint, coating, bonding, etc.) [15-17].

In this study, emulsion copolymerization of vinyl acetate and butyl acrylate was carried out with a semi-batch feed.
Potassium persulfate was used as a thermal initiator, together with a non-ionic emulsifier and protective colloid,
N-methylol acrylamide (NMA). NMA is a bifunctional monomer with reactive vinyl and hydroxymethyl groups.
Thermoplastic polymers can be formed by copolymerization of NMA with a variety of vinyl monomers by
emulsion, solution, and suspension techniques [18]. Emulsion co-polymerizations were carried out by changing
the monomer ratios in the same copolymerization recipe, so that copolymer latexes with different monomer ratios

and different physical properties were synthesized [19-22].

Characterizations of the obtained vinyl acetate-co-butyl acrylate latexes; The content of solids and conversion
percentages were determined by gravimetric method, and molecular weights were determined by gel permeation

chromatography and viscosity method.

1. EXPERIMENTAL METHOD / TEORETICAL METHOD

In case of research driven by experimental study, test procedure / method should be explained in a clear way. If a
theoretical study has been carried out, the theoretical method should be given in detail. If the method has been
previously mentioned in published studies, the difference of the current study should be stated by referring to the

previous studies.
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2.1 Materials and Preparation Techniques

Vinyl Acetate (VAc) and butyl acrylate monomers are product of Sigma Aldrich. The monomer was used directly
without any purification. Potassium Peroxydisulfate (KPS) is purchased Merck product K,S;0s was used as
initiator in the experiments without any purification process. NMA is a specially prepared protective colloid used

to narrow the molecular weight distribution and ensure emulsion stability. The preparation of NMA is given below.

N-methylol acrylamide Preparation: Water, methyl ethyl hydroxy quinone is added and heated to 60 °C. Then
acrylamide is added and dissolved. After the dissolution is completed, the solution is cooled down to 20-30 °C
(Room temp.). After adding formaldehyde, the pH is checked. It is desirable that the pH be 2.5-3.5. At 20-30 °C
95% of the NaOH solution is added and the temperature rises to 35-40 °C spontaneously. The pH is checked again
if pH < 10.5 the remaining NaOH solution is added. The resulting solution is mixed for 1 hour, adjusted to pH:
5,5-6 with H2S04, mixed for 15 minutes and mixed for another 10 minutes by adding methyl ethyl
hydroxyquinone (2), the pH is controlled.

Sodium Hydrogen carbonate (NaHCO3) was purchased from Merck and was used without any purification to

adjust the pH of the polymerization solution.

Nonyl phenol ethoxylate (NP 30), a non-ionic emulsifier, purchased from Tiirk Henkel Kimyevi Maddeler Sanayi
ve Ticaret A.S. NP with an ethoxylation number of 30 was used without any purification. Deionized water was

used in all polymerization reactions.

Water Bath with thermostat and circulator: Hot-cold water inlet-outlet and circulation was provided to the reactor
jacket with the MLW U2 C brand thermostat with a sensitivity of 1 °C.

2.1.1. Brookfield viscosimeter

To determine the original viscosities of the obtained latex, measurements were made with a programmable DV -II

model Brookfield viscometer using number 4 spindle.

2.1.2. Ubbelohde viscosimeter

Ubbelohde viscometer with a flow time of 18.19 s for pure acetone at 25+0.1 °C was used to calculate the average

molecular weights and viscosities of the obtained latexes.

2.1.3. Gel permeation chromatography (GPC)

Agilent model 1100 type GPC consisting of 3 Waters silica gel columns (HR 4, HR 3, and HR 2) calibrated with
3 polystyrene standards with refractive index detectors was used to determine the number average (Mn) and weight
average (Mw) of molecular weights, molecular weight distributions (PDI) of the copolymers respectively. THF

was used as diluent at flow rate 0.3 ml/min at 30 °C.
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The reactions were carried out at atmospheric pressure without the use of inert atmosphere (nitrogen gas, etc.), as

in the industry since VAc was used commercially without distillation.

2.2 Synthesis of Latexes

In the study, it was aimed to examine the effects of different Vac/BuA ratios on the physicochemical properties of
latexes. In the synthesis of latexes, VAc, BUA, NMA, NaHCOs3, deionized water, KPS as initiator and NP30 as
emulsifier were used. The physicochemical properties of the synthesized VAc and BuA copolymers were
investigated by measuring viscosities (Ubbelohde and Brookfield), molecular weights (Mv, Mn, Mw), and
molecular weight distributions (HI). Emulsion copolymerization reactions were carried out under atmospheric

conditions. An example of the emulsion recipe used in the copolymerization reactions is given in the Tablel.

Tablel. Sample Recipe for Emulsion Copolymerization of VAc and BUA

Weight (%)

VAc 37.15
BuA 6.56
NMA 1.88
NP30 3.69
KPS 0.24
NaHCO3 0.12
Deionized Water 50.36
Total 100.0

The polymerization processes applied for the synthesis of latexes are given below. (In the experiments, 5 times the
prescription amounts were used.) Before starting the reaction, VAc, BUuA, NMA, emulsifier (2/3) and water (117
ml) were mixed in a beaker for 30-40 min at 800 rpm using a mechanical stirrer to form a pre-emulsion. This
mixture was transferred to the dropping funnel and the dropping funnel was placed on top of the reactor. The
polymerization setup was heated to 70-75 °C for at least 30 minutes and continuous circulation was provided. The
remainder of the emulsifier (1/3), the remainder of the water (117 ml) and NaHCO3 were added to the reactor and
mixed. The solution in the reactor was kept at 70 °C for at least 10 minutes. 0.12 g of KPS was dissolved in small
amount of water and then added. After the addition of the first initiator, 10% of the total monomer mass was
introduced within 30 minutes at 70-72 °C and rest of the initiator and monomer were added at 30 min intervals
throughout the reaction. The amounts of Initiator added are respectively 0.12g, 0.2g (4 times) and 0.28g. The
resulting latex was stirred for another 10 minutes and allowed the latex to cool down slowly to 30 °C to prevent

the formation of cream.

2.3 Determination of Viscosities of Latexes

The viscosities of the original latexes were measured at 19 °C with a programmable DV-II model Brookfield
viscometer using number 4 spindle. During measurements, viscosity of each latex was read as cP from the

instrument's digital display after at least 2 minutes of mixing.
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2.3 Determination of Solid Percentages of Latexes

The viscosities of the original latexes were measured at 19 °C with a programmable DV-II model Brookfield
viscometer using number 4 spindle. During measurements, viscosity of each latex was read as cP from the
instrument's digital display after at least 2 minutes of mixing. For the determination of experimental (practical)
solids of latexes obtained by emulsion polymerization; approximately 1.5 g of latex was weighed on a precision
balance (m1) in small containers made of aluminum foil, of which the tare was determined. The containers with
latex were kept in an oven at (70 + 2) °C for 1 day and all the water in the latex was evaporated. Completely dried
latexes in aluminum containers were taken to a desiccator and cooled to room temperature, then reweighed (mo).

According to the weighing results, the % solids of each latex was calculated experimentally using equation 1.

% Solid = /(my) - (M2) / (M1)7100 Q)

For calculating the theoretical solid contents (TSC) of the obtained latexes; The % by weight in the emulsion

polymerization recipe and Equation 2 was used.

TSC (%) = (Vac+BuA) % + 0.95 x NMA % + 0.76 x Emulsifier % + APS % + NaHCO3 % (2)

2.4 Determination of the Conversions

The % conversions of polymers were also found from experimental and practical solid percentages calculated for
latexes. Equation 3 was used to calculate the % conversions.

% conversion = (% Solids / TSC) *100 (3)

2.5 Determination of Molecular Weights of Latexes
2.5.1. With Intrinsic Viscosity (Mv)

The polymer solutions at different concentrations were prepared by dissolving the polymer directly in acetone

without separating the linear, graft and intertwined network fractions by extraction method.

[n]=KMy (4)

To calculate the average molecular weight of polymers; The Mark—Houwink—Sakurada Equation (Equation 4) and

K= 6.85x10-5 (dl/g) and a=0.75 values were used for copolymers in the acetone at 25 °C [19].

The flow times of the copolymer solutions diluted at different concentrations were found with the Ubbelohde
viscometer in a constant temperature bath at 25+0.1 °C. Flow times for each solution were repeated at least 5 times

and repetitive results were obtained. Specific viscosity-concentration graphs were drawn by calculating the specific
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viscosities of the solutions with the help of the flow times found, and the intrinsic viscosity of each latex was

calculated from the graphs drawn.

2.5.2. With GPC (Gel permeation Chromatography)

1.0 % solutions of latex films, which were previously filmed on glass plates, in THF (ultra-pure) solution were

prepared and the results were evaluated.

I1l. RESULTS AND DISCUSSIONS
3.1 Effect of Monomer Ratio on Viscosity

The effects of the thermal initiator on the copolymer viscosities were determined depending on the VAc/BuA

monomer ratios used in the copolymerization. The results found are given in Table 2 and Figure 1.

Table 2. Brookfield Viscosity of Latexes

Monomer Ratio Brookfield
(% BUA) (cP)
0 1.20
10 5,70
15 8.40
25 12.00
30 9.36
40 15.00
50 20.43
60 17.60
70 20.52
85 28.98
90 24.80
100 32.14
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Figure 1. Viscosity against monomer ratio
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According to the values found; Although the viscosity increased smoothly until the monomer ratio was 50:50,
deviations were observed in both homopolymers (homo VAc and homo BuA), and the highest viscosity value was
reached for 0:100 (homo (BuA)). However, in general, it was determined that the viscosity increased in parallel
with the increasing BuA percentage. It is known that this increase is due to the core-shell structure of VAc-co-
BUA latex [20]. The initial copolymer compasition is much richer in BuA than the monomer composition in the
particles because of the preference of BUA to react with its monomer (reactivity ratio for BUA 6.2.10) and the
preference of VAc to react with BuA (reactivity ratio for VAc 0.028.107) [21].

3.2 Effect of Monomer Ratio on Solid Content

The experimental solid contents of latexes were calculated from Equation 1 are given in Table 3 depending on the
monomer ratio. Since the conversions calculated according to the experimental and theoretical solid content found
were over 90%, it was determined that the polymerizations were completed, and the conversions increased with

increasing BUA percentage.

Table 3. Percent Conversions of Copolymers Initiated with KPS Initiator

Monomer Ratio TSC Solid content Conversion
(BUA %) (%) (%) (%)

0 44.17 90,77
10 46.39 95,34
15 - -

25 46.40 95,36
30 45.82 94,16
40 48,66 46.41 95,37
50 4593 94,39
60 46.28 95,11
70 44.80 92,08
85 46.22 94,98
90 44.84 92,16
100 47.85 98,33

3.3 Effect of Monomer Ratio on Viscosity Average Molecular Weight (Mv)

The intrinsic viscosities of the synthesized VAc-BuA copolymers were calculated using the a and K constants
[13] with the help of the Mark—Houwink—Sakurada equation (Equation 4), and the results were plotted against
the increasing BUA percentage (Figure 2). According to this, it was observed that Mv increased with increasing

BUA percentage in the copolymer composition.
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Figure 2. Variation of viscosity average molecular weight with percentage of BuA

3.4 Effect of Monomer Ratio on Molecular Weight Number and Weight Averages and PDI

Copolymer films were filmed on glass plates and dried, then 1% solutions were prepared with THF solvent, and
number (Mn) and weight average (Mw) molecular weight measurements were made with GPC. The obtained

values are given in Table 4 and Figure 3.

Table 4. Effects of monomer ratio on Mn, Mw, and polydispersity (PDI)

VAC/BUA Mn Mw PDI
(%)

100/0 86.595 344.592 3.979
90/10 107.488 531.187 4.942
85/15 116.998 508.359 4.350
75/25 118.522 580.739 4.900
60/40 124.379 601.217 4.834
50/50 146.979 670.796 4.564
40/60 147.579 644.190 4.365
15/85 202.644 765.155 3.786
10/90 118.446 - 3.085
0/100 142.578 790.164 3.627

The molecular weight number average and molecular weight average of the copolymer latexes increased smoothly
with increasing BuA percentage. The increase of Mn with BuA gives information about the reaction kinetics and

shows that the copolymerization proceeds at a controllable rate.

According to the obtained dispersity (PDI) values, the copolymer latexes showed relatively a narrow distribution
and were found in the range of 3.09-4.90. This proves that the synthesized VAc-co-BuA latexes are monodisperse.

In other words, NMA protective colloid gave a lower polydispersity value than those obtained with polyvinyl
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alcohol, and it was concluded that NMA could be used for molecular weight control. Since there is limited

document about NMA in the literature, the results obtained are interesting and important.
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Figure 3. Variation of Mn and Mw with percentage of BuA

IV. CONCLUSIONS

The effects of varying monomer ratios (increasing BuUA percentage) on the physicochemical properties of VAc-
co-BuA copolymer latex obtained by semi-batch process were investigated. In addition, copolymers were

synthesized with a protective colloid, NMA. The results found are summarized below.

As a protective colloid, NMA worked perfectly and maintained emulsion stability in all monomer ratios during
co-polymerization reactions. As the percentage of BuA in the VAC/BUA monomer ratio increases, there is a
smooth increase in the viscosity of the latex. However, no clear correlation was found between the percentage of
BUA in the copolymers and % conversion, but overall, all copolymers achieved the expected conversion. Parallel
to the increase in the percentage of BUA in the total monomer, molecular weight viscosity average, number average
and weight average increased smoothly. It was also found that the molecular weight distributions (PDI) of the
latexes showed a narrow distribution close to monodispersed. Although NMA provides enough emulsion stability,
which amount (%) of NMA will be more effective in the emulsion formula may be a research subject in future

studies.
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MAKALE BILGISI OZET

Makale Gegmisi: Polieterimid (PEI) membranlar soliisyon dokiim yontemi ile tiretilmektedir. Dokiim ¢oziiciisii olarak N-metil
Gelis 2 Aralik 2022 pirolidon (NMP) kullanildi. Hazirlanan membranlarin gaz ayirma performanst tizerindeki etkilerini aragtirmak
Diizeltme 21 Aralik 2022 icin polimer ¢ozeltisine dumanli silika nanopartikiilii ve polietilen glikol (PEG; Mw=6000 g/mol) ilave edildi.
Kabul 27 Ocak 2023 PEI membranlari, Fourier Transform Infrared Spektroskopisi (FTIR) ve Diferansiyel Tarama Kalorimetrisi

(DSC) ile analiz edildi. Membran morfolojilerini incelemek amactyla, membranlarin enine kesit alanlarinin
morfolojisi, Taramali Elektron Mikroskobu (SEM) ile izlendi. PEIl esasli membranlarin gaz ayirma
performansi, CO2 ve CHa'lin gaz gegirgenligi dl¢iilerek tahmin edildi. SEM analizine gore, saf PEI membran1

Cevrimi¢i meveut

yogun simetrik bir yaptya sahipti. PEI membran yapisina dumanli silika nanopartikiillerin eklenmesi, yapida

Anahtar Kelimeler: parmak benzeri bosluklara neden oldu. Dumanli silika nanopartikiil miktar1 agirlikca %1'den %15'e
CO2/CH4 ayirma ¢ikarildiginda siingerimsi yogun asimetrik membran yapisinin olustugu SEM ile izlendi. Sonuglara gore PEI-
Dumanls silika nanopartikiilleri 0-15 en iyi CO2/CHa segiciligini gdstermistir («=36.483 ve Pco;=0.6967 Barrer).
Polieterimid
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Membran

Preparation and gas permeability properties of polyetherimide based nanocomposite
membranes with fumed silica nanoparticles

ARTICLE INFO ABSTRACT

Article history: Polyetherimide membranes (PEIs) are made by solution-casting method. As a casting solvent, N-methyl
Received 2 Dec 2022 pyrrolidone (NMP) was used for membrane solutions. For the purpose of investigating the effects of the
Received in revised form 21 Dec 2022 membranes on gas separation efficiency, fumed silica nanoparticles and poly(ethylene glycol) (Mw=6000
Accepted 27 Jan 2023 g/mol) were added to the polymer solution. Fourier Transform Infrared Spectroscopy (FTIR) and Differential

Scanning Calorimetry (DSC) were used to analyze PElI membranes. To investigate the membrane
morphologies, scanning electron microscopy (SEM) was used to monitor the morphology of the membrane
cross-sections. CO2 and CHa4 gas permeability were measured to evaluate the performance of PEl-based
membranes for gas separation. In SEM analysis, pure PEI membrane had dense, symmetrical structures. As a
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Keywords: result of adding fumed silica nanoparticles to PEI membrane structure, finger-like voids were formed. An
CO,/CHs separation increase in fumed silica from 1% to 15% by weight led to a sponge-like dense asymmetric membrane structure
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I. GIRiS

Diinyanin en biiyiik sorunlarindan ikisi artan sera gazi emisyonlari ve gelecekteki fosil yakit kitligidir. Biyogazin
yenilenebilir bir enerji kaynagi olarak kullanilmasi, geleneksel fosil yakitlara bir alternatif olarak tercih
edilmektedir. Biyogaz bilegimi, biyokiitle kaynagina bagh olarak degisebilir fakat metan (CHs) ve karbondioksit
(COy), biyogazin ana bilesenleridir ve biyometana yiikseltilebilirler. Karbondioksit emisyonunu ve kirliligi
azaltilmasimi desteklediginden dolay1 biyogaza artan bir ilgi vardir [1]. COz'nin CHs’ten ayrilmasi endiistriyel
olarak istenen bir siiregtir. Yakitin 1s1l degeri, CO2'nin uzaklastirilmasiyla arttirilir [2]. Ayrica, boru hatti
spesifikasyonlarint yerine getirebilmek icin COznin biyogazdan ayristirilmasi gerekmektedir. Gazin
sivilagtirilmasi sirasinda, CO» ve karbonmonoksit (CO), hidrojen (Hz) ve azot (N2) gibi diger gazlar gibi
uzaklagtirilmali veya COz'nin donmasini 6nlemek i¢in miimkiin oldugunca CH4 saflagtirilmahidir [3]. Bahsedilen
nedenlerden dolay1, biyogaz {irlinlerinin kalitesini artirmak i¢in mevcut yontemlere bagvurulur. En ¢ok kullanilan
gaz ayirma teknolojileri, kimyasal/fiziksel absorpsiyon, suyla yikama, adsorpsiyon ve kriyojenik ayirma ve
membran esasl ayirmadir [1]. Tiim bu mevcut teknolojiler arasinda, membran esash ayirma, ¢cevre dostu yapisi,
yiiksek yiizey alani, kompakt tasarimi, bakim kolaylig1 ve diisiik sermaye ve isletme maliyeti gibi say1siz avantaji

nedeniyle CO; ayrimi i¢in umut verici bir alternatif sunmaktadir [4,5].

CO2'nin dogal gazdan ayrilmasi ve yanma sonrasi siiregler icin CO2'nin gegirgenligi ve seciciligine biiyiik dnem
veren farkli tipte membranlar iretilmektedir [6]. Membran teknolojilerinin basarili bir sekilde uygulanmast,
oncelikle uygun membranlarin gelistirilmesi ve arastirilmasiyla miimkiindiir [2]. Gaz ayrnistirmada kullanilan
membran safsizliklara (6rnegin amonyak veya hidrojen siilfiir) ve biyogazdaki Kirliliklere dayanikli olmalidir [1].
Gaz gegcirgenlik membranlarinin temel gereksinimleri yiiksek segicilik, iiretilebilirlik, dayaniklilik, giivenilirlik ve
diistik maliyettir [2]. Membranlarin gaz ayirma performanst, yapisi ve yonelimleri degistirilerek artirilabilir, ancak

bu, gecirgenlik ve segicilik arasinda bir denge saglar.

Camst polimerik membranlarin kullanildigi biyogaz ayirma sistemlerinde, ticari membranlarda kullanilan
seliiloz[7-9] ve siilfon esasli malzemeler 6nciidiir. Bu polimerler hala pazara hakim olsa da polikarbonatlar
(PC'ler) [10], poliimid (PI'ler) [11], stilfonatl1 polisiilfon (sPSF) [12,13], polieterimid (PEI) [14,15] ve poliamidler
(PA) [16,17] gibi tistiin performansli polimerler ticari olarak piyasaya stiriilmiistiir [18]. 35 °C’de ve 2 atm besleme
basincinda bildirilen CO; saf gaz gegirgenlikleri ve CO2/CHys ideal ayirma faktorii Tablo 1’°deki gibidir.

Tablo 1. Ticari polimerlerin CO, saf gaz gecirgenlikleri ve CO,/CH, ayirma faktorii [19]

Polimer PCO, (Barrer) aCO,/CH,4
Polisiilfon (PSf) 22 5.6
Seliiloz Asetat 33 6.6
Polieterimid (PEI) 58 7-20
Poliamid (PA) 32 4.2

Membranlarin gaz ayirma performansi, yapist ve yonelimleri degistirilerek artirilabilir. Gaz gegirgenlik ve
secicilik arasinda bir denge iliskisi mevcuttur. Modifiye edilmemis polimerik membranlarin gaz ayirma
performansi, polimerlerin igsel 6zelliklerinden dolayr Robeson iist siirinin {izerine ¢ikarilamaz [20]. Son
zamanlarda ¢aligmalar, polimer matrise gaz gegirgenligini ve gaz se¢iciligini iyilestirmek i¢in zeolitler, silika ve

karbon nanotiipler [21] gibi nanopartikiillerin ve polietilen glikol (PEG) ve polivinil pirolidon [22] gibi g6zenek
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olugturucu polimerlerin eklenmesine odaklanmustir. Poly(eter-b-amid) membranlarin gaz gegirgenlikleri ve
mekanik dayaniminin yiiksek olmasi nedeniyle gaz gecirgenlik arastirmalarinda membran malzemesi olarak tercih
edilebilmektedir. Yapisinda yiiksek gozeneklilik hacmine sahip yeni bir dolgu malzemesi olan bir ¢esit metal
organik kafes sistemi (MOF) kullanilarak yapilan bir ¢aliymada, Fe-BTC ile CO, absorpsiyon kapasitesinin
gelistirildigi ve CO2/CHjy segiciliginin arttigi gézlenmistir [23]. Baska bir MOF ¢esidi olan zeolitik imidazolat
kafes sistemi (ZIF) ile hazirlanan PEI membranlarda CO,/N; segiciliginin saf PEI membranlara gore arttirildig
sonucuna varilmigtir [24]. PEI esasli membranlarla yapilan bir ¢alismada kalsiyum hidroksit, ticari aktif karbon ve
amin yiiklii ticari aktif karbon katk1 maddesi olarak kullanilarak biogazdan CO; uzaklastiriimasi arastirilmistir. Uretim

maliyetlerinin kullanilan katkilarla diisiiriildiigii ayn1 zamanda biogaz kalitesinin de saglanabildigi sonucuna varilmigtir
[25].

PEI, literatiirde belirtildigi gibi, genel olarak iistiin secicilik 6zellikleri, yiiksek 1sil direnci, uygun maliyeti ve
mitkemmel membran olusturma o6zellikleri sayesinde membran gaz ayirmada kullanilacak en umut verici
malzemelerden biridir [26]. Fakat diger polimerler gibi PEI da gecirgenlik ve se¢icilik arasindaki iligkisinde
iyilesme saglanmalidir [27]. Bu calismada, PEI membranlar ¢ozelti-dokiim yontemiyle farkli bilesimlerde
hazirlandi. Membran yapisina eklenen dumanl silika nanopartikiilleri ve PEG ile membranlarin gaz gecirgenlik
ve segicilik iliskisindeki dengede iyilesme olmasi hedeflendi. Bilesenlerin gaz gegirgenlik 6zellikleri iizerindeki
etkisini incelemek icin 40 °C ve 150 °C'de 24 saat boyunca membranlara 1sil islem uygulandi. Farkli tavlama
sicakliklarinda hazirlanan PEI esasli karigik matris gaz ayirma membranlari ile CO, ve CH4 gaz gegirgenlik

deneyleri yapildi ve CO2/CH4 ayirma 6zellikleri degerlendirildi.

I1. DENEYSEL METOD
2.1. Malzemeler

Membran hazirlamada kullanilan PEI polimerinin yapisi ve 6zellikleri Tablo 2’de listelendi. PEI esasli membranin
hazirlanmasinda GE Plastics’ten temin edilen Ultem® 1000 (Pittsfield, MA) ticari PEI kullanildi. Nano boyutlu
dolgu malzemesi gézeneksiz yapida ticari hidrofobik dumanli silika (Cabosil TS 530; SiO2) Cabot Co. firmasindan
temin edildi. Silika nanopartikiillerinin ortalama ¢apt 12 nm’dir ve trimetilsiliyil yiizey fonksiyonel gruplar
bulunmaktadir. PEG (M,=6000 gmol™) Merck'ten satin alindi1. C6ziicii olarak polimer ve katki maddeleri i¢in en
uygun olan NMP kullanildi. Membranlarin dokiim ¢6zeltilerinin hazirlanmasinda kullanilan NMP saflagtirilmadan
kullanildilar. PEI, PEG ve silika etiivde kurutulduktan sonra kullanildilar.

Tablo 2. Membran hazirlamada kullanilan PEI polimerinin yapisi ve 6zelikleri

Kimyasal Kimyasal Formiilii Ozellikler

o]
Polieterimid O GE Plastics (Pittsfield,
gﬂ ) MA)

HaC N
(PEI, Ultem® ] ’ / Mw=30000 g/mol
1000 Y CH, o) Yogunluk (g/ml) : 1.27

) - T, (°C): 217
0
o]

n
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2.2. Membran karakterizasyonu

FTIR spektrumlar1 “Perkin Elmer Spectrum One” marka FTIR cihaz1 ile alinmistir. Elde edilen spektrumlar
sayesinde membran yapiminda kullanilan maddelerin ve fonksiyonel gruplarin membran molekiil yapisinda

olusturdugu degisim gozlenmistir.

Nanokompozit membranlarin camsi gegis sicakligt (Tg), Nz atmosferi altinda bir diferansiyel taramali
kalorimetrede (DSC) belirlendi. Bir aliminyum kapta numuneler, iki defa 20 °C /min tarama hizinda 50°C'den

300°C'ye 1s1tildi. Ty, ikinci taramadaki gegisin baslangicindan itibaren hesaplandi.

Saf ve katkili membranlarin morfolojisini incelemek igin taramali elektron mikroskobu (SEM) kullanildi. Bu
amagla membran numuneleri ¢entik acildiktan sonra sivi azot kullanilarak kirilmistir. Membran kirik kesit
yiizeyleri altin kaplanarak Jeol JSM-6400 Model Taramali Elektron Mikroskopi cihazi ile incelendi. Elde edilen

fotograflarin goriintiilenmesinde 15 kV elektrik voltaj1 kullanildi.

2.3. Gaz Gegirgenlik Olgiim sistemi

Bu calismada kullanilan gaz gecirgenlik 6l¢iim sistemi Sekil 1°de gosterilmektedir. Gaz gegirgenlik 6l¢iim
deneylerinde ortam ve sistem kosullarmin énemi oldukga biiyiiktiir. Oncelikle sicakligin sabit tutulmasi icin
sicaklik kabini kullanild1 ve kabinin sicaklik kontrolii saglandi. Gegirgenlik sisteminde sabit hacim degisken basing
yontemi kullanilarak 6l¢iim yapilmaktadir. Bu nedenle hatalarin en aza indirgenmesi amaciyla basing

degisimlerinin istenilen hassasiyette dlgiilebilmesi i¢in hassas basing sensorleri kullanildi.

-

Gaz tiipii
Genlesme tanki
r Isitma kabini

Membran hticresi

Sicaklik sensérii

Ust basing sensarii
Alt basing sensorii

Veri toplayict

R AR T

Bilgisayar Sekil 1. Gaz gegirgenlik 6l¢iim

sistemi

Olgiim sistemlerinde kullanilan membran hiicresi membranlara zarar vermeyecek sekilde tasarlandi. Membran
hiicresi, arasina membranin sikistirilabilecegi alt ve iist olmak iizere iki par¢adan meydana gelmektedir. Meydana
gelebilecek gaz kacaklarinin 6nlenmesi igin alt ve iist parcalarda viton malzemeden yapilmis o-ringler, gdzenekli
aliminyum ve silikon destek bulunmaktadir. Bu pargalarin arasinda gaz kacaklarin1 6nlemek i¢in vazelin

kullanildi.
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Sekil 2. Membran hiicresi

Gaz gegirgenlik 6l¢iim deneyi asagidaki belirtilen islemler takip edilerek yapilir:

* Hazirlanan membran, Sekil 2°de gosterildigi gibi membran hiicresine yerlestirilir ve gaz kacagi olmamasi igin
her bir civata es zamanli olarak sikilir.

» Isitma kabini 35+0.01°C sabit 6l¢iim sicakligina ayarlanir.

*  Membran hiicresinin sabit hacimli alt boliimiine vakum uygulanir.

+ Data kay1t programi ile membran hiicresi sabit hacimli boliimiinde basing degisimi en az 12 saat kaydedilerek
kagak hiz1 hesaplanir ve gecirgenlik 6l¢iimiinde hesaba katilir.

» Sisteme beslenecek gaz basici 3+0.1 bar olarak sabit tutulur ve membran hiicresinin iist boliimiindeki vana
yardimiyla sisteme gaz beslenir ve data kayit programi ile alt basing degisimi kaydedilir.

» Kaydedilen veriler kullanilarak membranin gegirgenlik ve time-lag yontemi ile difiizyon katsayilar1 hesaplanir.

2.4. Gaz gecgirgenlik testi

Gaz gegirgenlik testlerinde en ¢ok tercih edilen yontem olan sabit hacim degisken basing yontemi (manometrik
yontem) kullanildi. Bu yonteme gore, Sabit hacimdeki basing artis1 zamana karsi izlenerek akis miktari belirlendi
ve gecirgenlik katsayis1 hesaplandi. Bu ¢aligmada yatiskin hal yontemi ile saf gazlar icin membranlarin gegirgenlik
katsayilar1 (P) belirlendi. Yontem, membran filmin iist yliziinde sabit bir gaz basincinin korunmasina ve alt
yiiziinde bilinen kalinlik ve alana sahip membran filmi boyunca gaz akisinin 6l¢iilmesine dayanir. Gaz niifuz etme
hizi, bilinen bir sabit akis basincinda {ist yiizeyden alt yiizeye niifuz eden gazdan kaynaklanan basing artisindan
Olcilmiistiir. Basing artigi, bir bilgisayar programi tarafindan zaman bagli olarak kaydedildi ve katsayilar
hesaplandi. Gegirgenlik testi aparatinin bir semast Sekil 2'de gosterilmektedir. Bu aparatin ayrintili agiklamasi ve
membran maskeleme prosediirii de Boliim 2.4’te yapildi. CO, ve CH, gazlar1 igin ayr1 ayr gaz gegirgenlik testleri
yapildi. Bu yontemde, gecirgenlik katsayist iki yolla hesaplanabilmektedir. Bunlardan birincisi difiizyon
katsayisinin da ayni ¢aligmada hesaplanabildigi yatiskin olmayan hal (time-lag) yontemi, digeri ise yalnizca

gegirgenligin hesaplandigi yatigkin hal yontemidir.

Time-lag, bir gazin bir malzemeden gegisi sirasinda yatigkin hal difiizyonuna ulasmasi i¢in gegmesi gereken zaman
olarak ifade edilmektedir. Bir gazin membran malzemesi tarafindan adsorplanmasi, difiizyon ile membran
icerisinde taginimi ve desorplanmasi malzeme cinsine bagli olarak degisen siirelerde gergeklesir. Yatiskin olmayan

hal difiizyonunda, membran kalinlig1 boyunca gaz konsantrasyonu zamanla artar ve bir siire sonra membran
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igerisindeki konsantrasyon dagilimi zamana gore sabit hale gelir. Yatigkin hale ulasildigi zaman iiriin tarafi
basincinin zaman ile degisim grafigi ¢izildiginde basincin, zamanin dogrusal bir fonksiyonu oldugu goriiliir.
Yatigkin hali gosteren bu dogrunun zaman eksenine ekstrapolasyonu ile ekseni kestigi zaman degeri time-lag
olarak adlandirilir [28]. Time-lag zamani deneysel olarak belirlendiginde difiizyon katsayist Es. 1’den

ccl”

hesaplanabilir. Es.1°de verilen “8” yatigkin hale ulasma zamanini (saniye), “I” membran kalinligini (cm) ve “D”
ise difiizyon katsayisini ifade etmektedir. Yatiskin halde elde edilen dogrunun egiminden ise aki ve gegirgenlik

hesaplanabilir.

lZ

0=— ()

Gegirgenlik katsayis1 (P) ve ideal segicilik (o), gaz ayirma isleminde membran performansini degerlendirmek igin
kullanilan iki énemli parametredir [29]. Gegirgenlik katsayisinm birimi Barrer'dir ( 1 Barrer = 101° cm?®
(STP)em/(cm? s)/(cm? s cm-Hg). Gegirgenlik katsayisi (P), Es. 2 'e gére membran kalinlig1 (1) ile normalize edilen

gegcirgenliktir (J):

J =Pl @)

Ideal segicilik a2, asagidaki sekilde gosterilen iki saf gazin gegirgenlik katsayisi veya gegirgenlik orani olarak

tanmimlanir (Es. 3):

A1 =7 =— (3)

2.5 Membranlarin Hazirlanmast

Polimer+katki/¢oziicli orant 6n denemelerden sonra agirlik¢a 10/90 olarak belirlendikten sonra PEI kullanilarak
saf ve nano boyutta silika i¢ceren polimerik membran dokiim ¢o6zeltileri ¢oziicli olarak secilen NMP ile hazirlandi.
Elde edilen membran dokiim ¢ozeltileri homojen dagilimin saglanmasi i¢in manyetik karistirict ile 30 dk.
karistirildiktan sonra silika nanopartikiillerinin kiimelesmesini engelleyerek homojen dagilmasi ve hava
kabarciklarini uzaklagtirmak igin 40 °C’de ultrasonik banyoda 30 dk. bekletildi ve petri kaplarina dokiildii. Petri
kaplarindaki membran ¢ozeltilerine 70 °C’de 24 saat, 90 °C’de 1 saat, 120 °C’de 1 saat ve 150 °C’de 2 saat seklinde
bir 1s1l program uygulanarak vakumda ¢6ziicii uzaklastirildi. PEI/PEG ve PEI/PEG/Silika membranlar yukarida
belirtilen 1s1l program uygulandiginda yiizeyde derin gatlaklar meydana geldiginden 40 °C’de bir hafta vakum
etiivinde NMP uzaklastirildi. Agirlikca %1-15 oraninda PEG ve silika iceren PEI membranlar hazirland.
Hazirlanan membranlarin kalinliklar dijital mikrometre ile 5 farkli noktadan yapilan 6l¢limiin ortalamasi aliarak

belirlendi (90-125 pum) ve membranlar gaz gecirgenlik Ol¢timiinde kullanilincaya kadar oda sicakliginda
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desikatorde muhafaza edildiler. Membranlar, CO> ve CH4 gaz gecirgenliklerinin 6lgiilmesi amaciyla membran

hiicrelerine yerlestirildi. Membranlar asagidaki sekilde kodlanmistir:

Membran kodu: PEI-X-Y

X: PEG agirlik ylizdesi

Y: Silika agirlik yiizdesi

Ornek: PEI-5-15 (agirlikca % 5 PEG ve % 15 silika)

11l. BULGULAR VE TARTISMA
5.1 Membran Karakterizasyonu
5.1.1 Fourier Transform Infrared Spektroskopisi (FTIR)

Sekil 3°’te silika, saf PElI ve PEI-0-5 membranlarin spektrumlar1 goériilmektedir. Silika nanopartikiilerinin
spektrumunda, Si-O baglarinin simetrik ve asimetrik titresimleriyle ilgili absorpsiyon bantlar1 sirasiyla 799 ve
1063 cm'de gozlendi [30]. Ayrica, Si-OH baglarinm titresim bandi 942 cm™'de goriinmektedir. Saf PEI
membranimn FTIR spektrumunda, aromatik eter bantlar1 C-O-C 1234 ve 1071cm™’de, C-N gerilim band: 1352 cm-
L de ve C=0 asimetrik ve simetrik gerilim bantlar1 1766 ve 1717 cm™>’de karakterize edilmektedir [30]. PEI-0-5
kodlu membraninin FTIR spektrumunda dumanli silika ve PEI’ya ait karakteristik bantlarin bulundugu ve
organik/inorganik bilesenlerin birbirlerine fiziksel olarak karigtig1 anlasilmaktadir. Karigtm membranlarin FTIR
spektrumlari, PEI membraniminkine benzer olmasinin nedeni bu membranlardaki diistik silika igerigine ve PEI'nin
1071 cm™deki giiclii C-O gerilme band: ile saf dumanli silikanmn 1063 cm™’deki genis Si-O-Si bandiyla
Ortlismesine baglanabilir [30].
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Sekil 3. Silika, saf PEI ve PEI-0-5 membranlarin FTIR spektrumlari
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5.1.2 Diferansiyel taramali kalorimetre (DSC)

Dumanli nano silika partikiillerinin PEI matrise dahil edilmesiyle hazirlanan membranlarin DSC ile Ty degerleri
belirlendi ve birbirleriyle karsilastirildi (Sekil 4). PEI membran, literatiirde bildirilen PEI membranlarina ait Tg
degerleri ile uyumlu ve 206,3 °C'lik bir cam gegis sicakligi sergiledi [15,31,32]. PEI membran i¢in Tg'nin en diigiik
oldugu, membrandaki dumanli silika i¢eriginde artigla birlikte Ty’nin orantisal yiikseldigi goriildi. Silika ilavesiyle
Tg'de artis da gegmis galigmalarda rapor edilmistir. Bu da dumanli nano silika ve PEI matris arasinda giiglii bir

etkilesim oldugunu ve PEl-silika membranlarinda silika arayiizeyinin olustugunu gostermektedir [12,15].
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Sekil 4. PEI/Silika membranlarin camsi gegis sicakliklar (Tg)

5.1.2 Taramali Elektron Mikroskopu (SEM)

Sekil 5°te PEI/Silika membranlarinin kesit alanlarina ait SEM goriintiilerine yer verilmektedir. SEM goriintiisiinde
PEI membranin (Sekil 5a) yogun yapida bir morfolojiye sahip oldugu goriilmektedir. PEI membran ¢ozeltisine
dumanl: silika nanopartikiilleri eklendiginde homojen filmler elde edildi. Silika miktar: arttikca gdzenek g¢ap1
kiigiilmektedir ve asimetrik yapida membranlarin olustugu goriilmektedir (Sekil 5 b-e). Dumanli silika
nanopartikiil miktarinin agirlik¢a %1’den %15’e ¢ikarilmasiyla membran morfolojisi parmak benzeri bosluklardan
stingerimsi bosluklara gegis yapmistir. PEI-0-15 kodlu membrana ait fotografta, membranin siingerimsi yapida
morfolojiye sahip oldugu ve faz ayrimi olmadan dumanh silika nanopartikiillerinin etrafinin polimer ile sarildig:
anlagilmaktadir. Benzer sonuglar Ahn ve ark. (2008) tarafindan yapilan ¢alismalarda da elde edilmistir; PSF,
dumanl: silika ve ¢oziicii olarak NMP ile hazirlanan membranlarda dumanl silika miktar1 arttikca yapidaki
bosluklar kiigiilmiis ve yap1 kompozit bir hal almistir [33]. Romero ve ark. yaptiklari ¢alismada saf PEI membran
yapisinin yogun yapili oldugu, TEOS eklenmesiyle parmak benzeri gozenekli yapiya doniistigi gézlenmistir.
TEOS miktar1 arttikca ise gozeneklerin siingerimsi yapiya gecis yaptigi belirtilmistir [30] Membran

morfolojisindeki degisiklik, silika nanopartikiillerin polimerlerin hizalanmasinda bozulmasina neden olabilir [2].
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Sekil 5. Saf ve silika nanopartikiil katkili PEI membranlarin kesit alanlarinin SEM fotograflari: (a) PEL (b) PEI-0-1; (c) PEI-0-5;
(d) PEI-0-10; (e) PEI-0-15

5.2 Gaz Gegirgenlik Olgiim Sonuglar

Membran matrisi olarak segilen PEI’in CO2 gaz gegirgenligini ve CO2/CHj segiciligini arttirmak amaciyla PEG
ve hidrofobik yiizey fonksiyonel gruplari bulunduran dumanh silika nanopartikiilleri polimer matrise eklenerek
PEI/PEG/Silika, PEI/Silika ve PEI/PEG kompozit membranlar1 hazirlandi. Membran hazirlama islemlerinde
¢ozlicli uzaklastirmak i¢in iki farkli sicaklikta (40 °C ve 150 °C) tavlama islemi yapildi. PEI/PEG ve
PEI/PEG/Silika membranlar1 40 °C 1s1l islem sicakliginda hazirlanabildi fakat PEI matris ve PEG arasindaki
uyumsuzluktan dolay1 olustugu diisiiniilen gozle goriilmeyen mikrogatlaklar nedeniyle bu membranlarin gaz
gegirgenlik Slgiimleri yapilamadi. 150 °C’de 1s1l islem sirasinda ise PEI/PEG ve PEI/PEG/Silika membranlarda

yiizeyde ¢atlaklar meydana geldigi i¢in gaz gegirgenlik 6l¢iimleri yapilamadi.

Tavlama isleminin ve membran matrisinde kullanilan dumanli silika nanopartikiillerinin hazirlanan nanokompozit
membranlarin gaz tasima Ozellikleri {izerindeki etkilerini belirlemek i¢in PEI/Silika membralarinin gaz
gecirgenligi deneyleri yapildi. 40 °C ve 150 °C’de tavlanan membranlar i¢in CO» ve CH, gegirgenlik, difiizyon ve
¢oziiniirliik degerleri Tablo 3'te rapor edildi.150 °C’de hazirlanan membranlarin CH4 gegirgenligi silika iceriginin
artmasiyla 6nemli Olglide azalmaktadir. Bu azalis ¢ogunlukla difiizyon katsayisindaki énemli orandaki diisiise
baglanmistir. Nanokompozit membranlarin CO, gegirgenliklerinin, artan dumanli silika icerigi ile artma
egiliminde oldugu bulundu, bu esas olarak diflizyondan ziyade ¢6ziiniirliiklerdeki artisla iligkilendirilmektedir.
Gazlarin gozeneksiz polimerik membranlardan ¢ozelti-difiizyon mekanizmasiyla niifuz ettigi ve gaz halindeki bir
bilesenin bir polimerdeki ¢oziiniirliigiiniin, polimerin ve niifuz eden gazin 6zelliklerine ve sicaklik ve basing gibi
cevresel kosullara bagli oldugu iyi bilinmektedir [34]. Artan ¢dziiniirlikklerin, gézenekli dumanli silika yapisindan
ve/veya polimer-silika arayiizii ¢evresinde olusturulan serbest hacim bosluklarindan kaynaklandigi sdylenebilir.
Benzer gaz tasima davraniglar1 Park ve ark. tarafindan gézlemlenmistir [35]. Poli(imid-co-siloksan)-silika hibrit
membranlari i¢in silika miktarinin artmastyla artan ¢oziintirliiklerin gézenekli silika yapisindan ve/veya polimer —

silika arayiizli cevresinde olusturulan serbest hacim bosluklarindan kaynaklandigi 6ne stiriilmiistiir. Bu durumun
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aksine, silika igerigi arttikca nanokompozit membranlarin CH4 gegirgenligi azaldi. Bu durum ise diflizivitedeki
azalmaya bagl bir durum olabilir. CH4'{in kinetik capinmn (3,8 A) COz'ninkinden (3,3 A) oldugu gdz 6niine
alindiginda [34], PEl-silika arayiiziiniin ¢evresinde olusan silika parcaciklarinin gézenek boyutunun ve/veya
serbest hacim boslugunun ¢ap olarak yaklasik 3,7 A oldugu diisiiniilmektedir. Suzuki ve Yamada’nin yaptigi
calismada poliimid-silika hibrit membranlarinda artan gaz gegirgenlikleri gaz ¢oziiniirlikklerindeki artisa
baglanmistir. Buna karsilik, hibrit membranlarin CHs gegirgenligi, silika miktarinin artmasiyla CHa
diftizivitesindeki azalma nedeniyle azalmis ve hibrit membranlarin CO2/CHy segiciligi 6nemli dl¢iide artmustir
[13]. Bu sonuglara benzer sekilde, Ahn ve ark. PSF matrisine nano boyutlu hidrofobik silika ekleyerek
hazirladiklar1 PSF/Silika nanokompozit membranlarinda eklenen nano boyutlu silikanin CO» gaz gegirgenligini

arttirdigi bulunmustur [33].

Tablo 3’te goriildigi gibi, 40 °C’de hazirlanan PEI/Silika membranlarin segicilik degerleri 150 °C’de hazirlanan
membranlara gore daha diisiiktiir. 150 °C’de hazirlanan membranlarda dumanli silika miktart arttik¢a segicilik
degerinin saf PEI membrana gore yaklagik 35 kat arttigi (PEI-0-15) gozlemlendi. Bunun nedeni Demirciyeva ve
Oztiirk tarafindan yapilan calismada da belirtildigi gibi, diisiik sicaklikta hazirlanan membran yapisinda
kalabilecek NMP ¢oziiciisiiniin gaz tasinimini olumsuz etkileyebilecegi seklinde agiklanabilir [36]. Polimer
zincirleri arasindaki ara yiizey bosluklarinda kalan ¢oziiciiniin ¢ogu, yiiksek tavlama sicakliklarinda salinir ve gaz
taginmasi i¢in kismi serbest hacimde bir artisa neden olur. Bu sonug, membran yapisinda kalan ¢oziiciiniin
membranin gaz gegirgenlik performansini etkiledigini ve membranlarin ¢oziiciintin polimerin Tg degerinin altinda

bir sicaklikta tavlanmasi gerektigini gostermektedir [36].

Tablo 3. PEl/silika membranlarin CO, ve CH, gazlan i¢in gecirgenlik, CO,/CHy segicilik degerleri, ¢oziiniirliik ve diflizyon katsayilari

T Membran kodu Gegirgenlik Katsayisi, P (0cozicHa) Difiizyon Katsayisi, D Coziiniirlik Katsayisi, S
(Barrer*) (10%cm?/s) (m¥(STP)/cm®
(°0) atm)
CH, CO, CH, CO; CH, CO,
PEI 0-0 0.166 1.189 7.16 1.73 2.48 0.096 0.479
PEI 0-1 0.102 0.444 4.35 1.02 0.57 0.100 0.779
40 PEI 0-5 0.125 0.529 4.23 1.58 0.63 0.079 0.840
PEI 0-10 0.162 0.576 3.56 0.86 0.64 0.188 0.900
PEI 0-15 0.167 0.827 4.96 1.12 1.38 0.149 0.599
PEI 0-0 0.040 0.340 8.487 0.19 0.219 0.156 1.183
PEI 0-1 0.050 0.604 12.036 0.39 0.44 0.096 1.037
150 PEI0-5 0.054 0.568 10.480 0.21 0.52 0.198 0.824
PEI 0-10 0.041 0.759 18.615 0.10 0.63 0.301 0.921
PEI 0-15 0.026 0.967 36.483 0.11 0.51 0.183 1.455

* 1 Barrer = 10° ¢cm?® (STP)cm/(cm? s)/(cm? s cm-Hg)

PEI/Silika nanokompozit membranlari i¢in elde edilen sonuglar Sekil 6°da rolatif gaz gegirgenlik, diflizyon ve
¢oziiniirlik katsayilari ile silika hacim yiizdelerinin degigimi olarak gosterildi. Dumanli silikanin PEI matrisine
katilmastyla hem 40 °C hem de 150 °C’de hazirlanan PEI/Silika karisim membranlarin, rolatif difiizyon ve rolatif
gegirgenlik katsayilarinin birbirleriyle orantili olarak degistigi fark edilmektedir. 150 °C’de hazirlanan
membranlarin CO> i¢in rdlatif gecirgenlik degerleri dogrusal olarak ve Maxwell egrisinin aksine artmaktadir.
Nanokompozit membranlarda, saf PEI membranin difiizyon katsayilar1 dumanli silika ile hazirlanan

membranlarinkine benzer oldugundan, dumanl silika nanopartikiilleri gecirgen yapidadir, bu da silikanin ve
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PEI’in benzer gaz tasima 6zelliklerine sahip oldugunu diigiindiirmektedir. PI ve organo-silikatlarla yapilan baska

bir gaz gegirgenlik caligmasinda da elde edilen veriler degerlendirildiginde benzer sonuglar elde edilmistir [37].

" J1s0°C CH —m— SIS0 204 40°C cl,
204 ——D/DO
—&— PiPO

Maxwell Model

Degerler
Degerler

Degerler
Degerler

T T T T T T T
0.00 0.02 0.04 0.06 0.08 0.00 0.02 0.04 0.06 0,08

Silika miktar(% hacim) Silika miktar (% hacim)

Sekil 6. PEI/Silika membranlarinin CO, ve CH, gazlar i¢in gaz gegirgenlik, difiizyon ve ¢oziiniirlilk degerlerinin silika hacim yiizdesi ile
degisimi

V. SONUCLAR

Yapilan bu ¢aligmada, PEI polimerinin ve bu polimerlere organik ve inorganik katkilarin katilmasiyla elde edilen
membranlarin CHs ve CO; gaz gegirgenlikleri incelendi. Calismalarimizda matris olarak PEI” in segilmesinin
nedeni CO; gegirgenliginin yiiksek oldugunun bilinmesidir. Yapilan gaz gec¢irgenlik 6l¢iimlerinde, yiiksek tavlama
sicakliginda hazirlanan membranlar timii diigiik tavlama sicakliginda hazirlanan membranlara gore daha diisiik
CHs gecirgenligine ve yiiksek CO2/CH4 segicilik degerlerine sahipti. Gaz gecirgenligi sonuglari, polimer
¢ozeltisine uygun miktarda dumanl silika nanopartikiillerin eklenmesinin hazirlanan membranlarin gaz ayirma
performansini etkileyebilecegini gosterdi. Agirlikga %15 dumanli silika nanopartikiilii igeren PEI polimer
¢ozeltisinden hazirlanan membran, 0.6967 Barrer degerinde CO> gegirgenligi ve 36.483 degerinde en iyi CO2/CH4

seciciligi sergiledi.
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Bu calismada, R515A sogutucu akigkanli, tek kompresor ve farkli sicakliklarda g¢alisabilen iki
buharlastiric1 kullanilan deneysel sogutma sisteminde ejektor siiriiklenme orannin (ER) ve kondenser
sicakhiginin performans parametrelerine etkisi arastirilmustir. iki evaporatorle galisan sistemlerde, basing
dengesini saglamak i¢in sisteme bir genlesme cihazi ve bir karisim odasinin eklenmesi gerekmektedir.
Ejektor bu iki ekipman yerine tercih edilebilir ve ihtiyag duyulan sogutma kapasitesini saglayabilir.
Laboratuvar olgeginde kurulan deneysel sogutma sistemi ejektorli ve iki evaporatorlii olarak
tasarlanmistir. Ayrica her evaporator oncesinde, gerektiginde by-pass olabilecek sekilde termostatik
genlesme vanalart (TXV) konulmustur. Siiriiklenme oranina goére yapilan deneylerde; siiriiklenme
oraninin 0,2°de 0,8’¢ artmasiyla toplam sogutma kapasitesinin ve COP degerinin sirasiyla %18 ve %15
azaldig1 goriilmiistiir. Evaporaytor#1 ve evaporator#2 nin sogutma kapasitesinin birbirine en yakin oldugu
stiriiklenme orani, 0,5-0,6 araligi oldugu tespit edilmistir. Bu araligin sabit olarak alindig1 ve kondenser
sicakliginin degisimiyle yapilan deneylerde; kondenser sicakligi 28 °C” den 43 °C’ ye yiikseldiginde
toplam sogutma kapasitesinin %11 arttigi, COP degerinin ise %23 azaldig1 belirlenmistir. Sonug olarak
ejektoriin  iki evaporatorlii sistemlerde kullanilmasiyla klasik iki evaporatorlii sistemlere gore
performansinin iyilestigi goriilmiistiir.

2023 JIENS Tiim haklar1 saklidir.

Investigation of ejector entrainment ratio and condenser temperature effect on performance
parameters of the experimental refrigeration system using dual evaporators and a single
compressor with R515A refrigerant

ARTICLE INFO ABSTRACT

Article history:

Received 10 Nov 2022

Received in revised form 12 Dec 2022
Accepted 28 Jan 2023

Available online

Keywords:
R515A
COP
Ejector
Evaporator
Condenser

In this paper, the effects of ejector entrainment ratio (ER) and condenser temperature on performance
parameters such as COP, cooling capacity, etc. were investigated in an experimental refrigeration system
using a single compressor with R515A refrigerant and two evaporators that can operate at different
temperatures. An extra expansion valve and mixing chamber are necessary to ensure pressure balance in
the two evaporator refrigeration systems. Alternatively, the ejector can be utilized instead of these two
pieces of equipment and can provide the required cooling capacity. The experimental test system has two
evaporators at two different evaporation temperatures and an expansion valve before each evaporator.
First tests were carried out by altering the ER and it was observed that when ER increased from 0.2 t0 0.8,
the total cooling capacity and COP values dropped by 18% and 15%, respectively. When ER value was
adjusted to range of 0.5-0.6, the cooling capacities of the two evaporators were closest to each other.
Second tests were carried out by changing the condenser temperature but with a constant ER value
(between 0.5-06); the results showed that as the condenser temperature increased from 28 °C to 43 °C, the
total cooling capacity increased by 11% and the COP value dropped by 23%.

2023 JIENS All rights reserved.

*Sorumlu yazar. Tel.: +90-226-815-5386; e-mail: mehmet.direk@yalova.edu.tr

53


http://dx.doi.org/10.29228/JIENS.66276
https://orcid.org/0000-0001-6236-2339
https://orcid.org/0000-0002-6862-8756
https://orcid.org/0000-0002-1535-3832
https://orcid.org/0000-0001-5868-6381

J. Innovative Eng. Nat. Sci., c. 3, s. 1, s5.53-66, 2023. R515A sogutucu akiskan

I. GIRiS

Giiniimiizde, binalarda, hastanelerde ve endiistride sogutma sistemleri yaygin olarak kullanilmaktadir. Bu yaygin
kullanimindan dolay1 enerji tiiketiminde biiyiik bir payr vardir [1, 2]. Enerji sarfiyatin1 azaltmak ve sistemin
verimliligini ve COP degerini arttirmaya yonelik farkli caligmalar yapilmaktadir [3-5]. Bu ¢alismalardan bir tanesi
de buhar sikistirmali sogutma sistemine (BSSS) ejektor eklenmesidir. Sogutma sistemlerinde ejektor kullanilarak
kisilma cihazlarindan kaynaklanan tersinmezlikleri azaltilmasi hedeflenmektedir [6, 7]. Yapilan teorik ve deneysel
calismalar sonucunda ejektorlii sogutma sistemlerinin BSSS’ye gore daha yiliksek COP degerlerine ulastigi

goriilmiistiir [7, 13].

Sumeru ve ark. 2014’te yaptiklari ¢alismada ejektér bulunan bir i¢ mekan klimasini deney sistemi olarak
kullanmislar ve yaptiklart ¢aligma sonucunda ejektorli sistemin COP degerinin BSSS’ye gore %4-14 araliginda
arttigini tespit etmislerdir [14]. Ejektorlii sogutma sistemlerinde, sogutucu akiskan, ejektérden sivi-buhar fazinda
¢ikarak separatore girer. Separatér siviyl ve buhart ayiran sistem elemanidir ve separatoriin diisiik verimle
calismasi ejektorlii sistemlerin COP degerini etkilemektedir [15, 16]. Bu nedenle, ejektorlii sogutma sistemlerinde
separatdr yerine ikinci bir evaporator kullanilabilir. Yapilan bir¢ok teorik ve deneysel calismada, ejektor

sonrasinda kullanilan ikinci evaporatdriin sogutma kapasitesini ve COP degerini artirdigi gozlemlenmistir [16-19].

Direk ve ark. 2022’de yaptiklar1 deneysel bir ¢alismada R134a sogutucu akigkanimi kullanarak iki evaporatérlii ve
ejektorlii sogutma sisteminde, ER degisimi ile ilgili ¢alismalar yapmislardir. Sabit kondenser sicakliginda
yaptiklart deneylerde, ER azaldik¢a evaporatorlerdeki toplam sogutma kapasitesinin %11 oraninda arttigini
belirlemislerdir [20]. Baska bir ¢aligmada, Iskan ve Direk (2022) R134a’ya alternatif, diisiik kiiresel 1smma
faktoriine (GWP) sahip bes farkli sogutucu akigkani kullanarak iki evaporatorlii ejektorlii bir sogutma sisteminde
ER ve kondenser sicakligina bagli deneyler yapmislardir. ER orani 0,1°den 0,9’a artirildiginda, R516A sogutucu
akiskaninin R134a’ya gore %2 daha diisiik sogutma kapasitesi sundugunu, diger taraftan COP degerinde %7 artis
tespit etmislerdir [21]. Ejektdr kullanilan sogutma sistemlerinde R134a’ya alternatif sogutucu akigkanlarin
aragtirildig1 baska bir ¢aligmada, kompresor devri 1750 rpm oldugunda, COP degerinin R134a’ya en yakin
sogutucu akigkanin R516A oldugu belirlenmistir [21, 23].

iki evaporatérlii sogutma sistemlerinde, sogutucu akiskan kondenser ¢ikisinda ayrilir ve farkli basinglarda galisan
evaporatorlerde buharlagir. Basing farkliliklarindan dolayi, yiliksek basing evaporatdriinden sonra genlesme
vanasinin ve karigim odasinin kullanilmas1 gerekmektedir. Iki evaporatorlii sistemlerde, genlesme vanasi ve
karisim odasi yerine ejektdr kullanilabilir. Ejektér kullanildiginda evaporatdrlerin buharlagsma sicakliklari
birbirlerine yaklagmaktadir [19, 24]. Ancak ejektor ¢ikisinda kullanilan ikinci bir genlesme vanasi, ejektor
cikisinda kullanilan evaporatdrden daha diisiik buharlasma sicakliginda calisabilir [19]. iskan ve Direk 2022°de
yaptiklart ¢aligmada, R134a ve R456A kullanarak iki evaporatorlii ejektorlii sogutma sistemini test etmiglerdir.
Yaptiklar1 ¢alisma ile ER oraninin 0,4 ve 0,8 oldugu aralikta, sogutma sisteminin daha etkin ¢alisabilecegini

kanitlamiglardir [25].

Bu caligmada, ejektor destekli iki evaporatorlii bir sogutma sisteminde R134a (GWP=1300) yerine diisiik GWP’li
R515A (GWP=387) sogutucu akiskan test edilmis ve bulunan sonuglar analiz edilmistir. Ayrica sistem R515A ile
calistirlldiginda, ER oraninin ve kondenser sicakliginin degisiminin performans parametrelerine olan etkisi

irdelenmistir.
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Il. DENEYSEL METOT

Sekil 1a ve Sekil 1b’de iki evaporatdrlii bir sogutma sisteminin elemanlari ve sisteme ait basing-entalpi diyagrami

strastyla verilmistir. Sekil 2a ve Sekil 2b’de ise ejektor kullanilan iki evaporatorlii sogutma sisteminin elemanlari

ve basing-entalpi diyagrami verilmistir. Deneylerde, Tablo 1’de 6zellikleri belirtilen R515A sogutucu akigkani

kullanilmaistir.

KONDENSER

\ 4 rillimez]
—

™2 4 EVAPORATOR#2

4
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EVAPORATOR#1

(a)

KARISIM ODASI

KOMPRESOR
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Basmg (kPa)

Ozgiil Entalpi (kJ/’kg)

(b)

Sekil 1. iki evaporatorlii sogutma sistemi (a) Sistem elemanlari (b) Sistemin basing-entalpi diyagrami
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==
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-—
EVAPORATOR#1
]
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¢
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Sekil 2. Ejektorlii Tki evaporatérlii sogutma sistemi (a) Sistem elemanlari (b) Sistemin basing-entalpi diyagrami

Tablo 1. R515A sogutucu akiskaninin termo-fiziksel dzellikleri

Sogutucu akiskanin 6zellikleri

R515A

Kiitlesel karigim oranlari
Buharlasma gizli-1sis1 (kJ/kg)
Buhar yogunlugu (25°C) (kg/m3)
Kritik sicaklik (°C)

ASHRAE giivenlik sinifi

ODP

GWP

%88 R1234z¢(E) / %12 R227ea

159,76
13,93
108,65
Al
0
387
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Sekil 2a’da gosterilen deneysel diizenekte, kondenserde yogusan s1vi fazdaki sogutucu akiskan iki yola ayrilmistir.
Birinci akis, kiitlesel debimetreden gegerek ejektoriin birinci girisinden girer, ejektoriin birinci girisinin sonunda
bir nozul bulunmaktadir. Bu nozuldaki daralmaya bagli olarak akigkanin hiz1 artar, basinci azalir ve akigkan
ejektoriin emme odasina girer. Bu akis izantropik olarak varsayilmaktadir. Tkinci akis ise, TXV#1’den gecerek
izentalpik olarak kisilir, evaporator#l girisinden Once basinci diisiiriiliir ve evaporator#1’de ilk buharlagsma
gerceklesir. Buradan daha diigiik basinca sahip olan emme odasina, ejektoriin ikinci girisinden vakum etkisi ile
cekilir ve ejektdriin birinci girisinden gelen sogutucu ile karigir. Evaporator#1, yiiksek buharlasma sicakliginda
calisan evaporatordiir. Emme odasinda karisan akislar, sabit basing altinda karisim odasina itilirler. Yiiksek hiza
sahip sivi-buhar fazindaki sogutucu akigkan, genisleyen bir yapiya sahip olan difiizérde yavasladigi i¢in basinct
artar. Bunun sonucunda yogusma basincindan daha diisiik, evaporator#1°deki buharlasma basmcindan daha
yiiksek basinca sahip sivi-buhar karisimi sogutucu akiskan olusur. Diflizori terk eden sivi-buhar karigimindaki
sogutucu akigkan, TXV#2‘de tekrardan izentalpik olarak kisilir ve basinci diiser. Evaporator#2, diisiik buharlagsma
sicakliginda calisan evaporatdrdiir. Evaporator#2°den ¢ikan buhar fazindaki sogutucu akiskan, kompresore girer
ve burada basinglandirilarak kondensere gonderilir ve ¢evrim tamamlanmus olur. iki farkli buharlasma sicakligina
sahip evaporatorlii ejektdr destekli sogutma gevriminin basing-entalpi grafigi Sekil 2b’de verilmistir. Sekil 3°te ise

deney ekipmanlariin numaralarina gore basing degisimlerinin grafigi verilmistir.

700
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4
500 - E
g8 £
”w [-]
E o o | . & ™ 2
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Sekil 3. Deney ekipmanlarindaki basing degisimi

Deney sisteminde kullanilan sistem ekipmanlarinin 6zellikleri Tablo 2’de verilmistir. Kullanilan sabit basingl

ejektoriin 2D ¢izimi ve farkli kisimlari Sekil 4’te gosterilmis ve geometrik 6zellikleri Tablo 3’te verilmistir.

Tablo 2. Deneysel sistemde kullanilan ekipmanlarin 6zellikleri

Ekipman Tipi Ozellikler

Kondenser Hava sogutmali 9,9 m2, Genel Is1 transferi oran1:52 W m-2 K-1
Kompresor Hermetik, degisken frekansli Danfoss MTZ 022-4 380-400 V , 50 Hz, 2900 rpm
XV Degisken orifisli distan dengelemeli Danfoss 06823386 TEN 2

Evaporator#1 Hava sogutmali 6,6 m2, Genel Is1 transferi orani: 48 W m-2 K-1
Evaporator#2 Plakali 1s1 degistiricisi Plaka sayis1:24, 1s1 transfer alan1:0,5 m2
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Ejektir birinci girisi
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Sekil 4. Deneysel sistemde kullanilan sabit basingli ejektoriin 2D ¢izimi

Tablo 3. Ejektoriin 6zellikleri

Ejektoriin béliimii Olgiisii
Nozul bogaz ¢ap1 (mm) 2
Nozul ¢ikis ¢ap1 (mm) 2,6
Nozul yakinsama bolimii agis1 (°) 30
Nozul raksama boliim agisi (°) 3
Difiizor agisi (°) 7
Karisim odasi uzunlugu (°) 30
Karigim odasi ¢ap1 (mm) 6

11l. TERMODINAMIK ANALIZ

Sistem performans parametrelerinin elde edilebilmesi amaciyla, deneylerden elde edilen verilere termodinamigin

birinci kanunu uygulanmig ve kompresor giictinii hesaplamak i¢in Es.1 ve Es.2,

kondenser kapasitesini

hesaplamak i¢in Eg.3 ve Es.4, Evaporator#1 sogutma kapasitesini hesaplamak i¢in Es.5, Evaporator#1°den gegen

sogutucu akiskanin kiitlesel debisini hesaplamak i¢in Es.6, Evaporator#2 sogutma kapasitesini hesaplamak i¢in

Es.7, toplam sogutma kapasitesini hesaplamak i¢in E§.8, COP’un hesaplanmasi i¢in Es.9 ve ER degerinin

hesaplanmasi i¢inse Es.10 denklemleri elde edilmistir.

Kompresor giict;

V.vkomp = (hy — hy)ry,

x= (B +hy
Nis

Kondenser kapasitesi;

Okona = (hy — h3)my,

hy = h3, hg = hyy

@)

@)

©)

(4)
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Evaporator#1 sogutma kapasitesi;

Oevap#l = (hs — hy)my, (5)

Evaporator#1°den gecen sogutucu akiskanin kiitlesel debisi;

M, = myq — my (6)

Evaporator#2 sogutma kapasitesi;

Oevap#z = (hy — hqo)my, (7)

Toplam sogutma kapasitesi;

Oevap,toplam = Oevap#l + Oevap#z (8)

COP’nin hesaplanmasi,

COP — Oew.lp,toplam (9)

Wkomp

ER degerinin hesaplanmast;
ER =2+ (10)

hyo

Testlerde kullanilan dlgiim cihazlarinin dlgiim araliklar1 ve hassasiyet degerleri Tablo 4’te verilmistir. Olciim
cihazlarinin dogruluk oranlarindan yola ¢ikarak hesaplanan belirsizlik degerleri evaporator#1, evaporator#2,

Wkomp ve COP i¢in sirasiyla %0,7, %0,5, %0,2 ve %4,7 olarak bulunmustur.

Tablo 4. Sistemde kullanilan 6l¢iim cihazlarinin 6zellikleri

Olgiilen deger Olc¢iim cihazi Olciim araligi Hassasiyet
Sicaklik K-tip termokupl -100 - 1370 °C + %0,8
Basing Elektronik Manifold -1 - 60 bar +%0,5
Hava akis hiz1 Anemometre 0-30ms? +%2
Sogutucu akigkan debisi Coriolis kiitlesel debi 6lger 0-5kgs? +%0,1

Su debisi Elektromanyetik debimetre 0-1ms? +%0,3

IV. BULGULAR VE TARTISMA

Deney sisteminde testler iki farkli parametrenin degistirilmesi ile yapilmistir. Bunlar ER degeri (I. Deneyler) ve
kondenser sicakligidir (II. Deneyler). Testler sirasinda sistem siirekli rejime gelince, 61¢iim cihazlarindan sicaklik,

basing ve kiitlesel debi degerleri okunmustur. Testler li¢c kez tekrarlanmis ve okunan verilerin ortalama degerleri
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alinarak, termodinamik hesaplamalar yapilmistir. Yapilan hesaplamalar sonucunda ER degeri ve kondenser

sicakligina bagli performans parametreleri belirlenmistir. Deneylerde sabit tutulan degerler Tablo 5’te verilmistir.

Tablo 5. Testlerde sabit tutulan degerler

Deneylerde sabit tutulan degerler 1. Deneyler 11. Deneyler
ER Degisken 0,5-0,6
Kondenser sicaklig1 32°C Degisken
Evaporatdr#1 hava hizi 1,1ms? 1,1ms?
Evaporator#2 su deposu 25°C 25°C
Evaporator#2 su debisi 0,256 kg s* 0,256 kg s*
Ortam sicaklig1 25°C 25°C
Kompresor izentropik verimi %70 %70
Kompresor Frekanst 50 Hz 50 Hz

4.1 ER degerinin degisimine bagl performans gostergeleri

Ik olarak, ER oranin degisiminin performans gdstergelerine etkisini incelemek icin testler gerceklestirilmistir.
Testler sirasinda ER oranlar1 0,2-0,8 araliginda degistirilirken, kondenser sicakligi 32 °C’de sabit tutulmustur.

Deneyler sonucunda ER degerine bagli performans parametresi grafikleri, Sekil 5a ve Sekil 5f°de gdsterilmistir.

Sekil 5a’da ER degerlerine bagli olarak evaporator#1 ve evaporatdr#2’nin buharlagsma sicakliklar1 degigimleri
verilmistir. Diisiik basingta ¢alisma sartlarina sahip evaporator#2’nin buharlasma sicakliklar1 -10 °C - -20 °C
araliginda degismektedir. ER degerlerine bagli maksimum ve minimum buharlasma sicakliklari arasindaki fark
evaporator#1 igin 7 °C, evaporator#2 i¢in 3 °C olmustur. Sekil 5b’de ER degerlerine bagli evaporator#l ve
evaporator#2’nin sogutma kapasiteleri ayrica toplam sogutma kapasitelerinin degisimleri verilmistir. Sekil
incelendiginde ER degeri arttikca, toplam sogutma kapasitesinin ve evaporator#2 sogutma kapasitesinin azaldigy,
evaporatdr#1’in sogutma kapasitesinin ise arttig1 goriilmektedir. Bunun temel sebebi ER degeri arttikca
evaporator#2’in kiitlesel debi degerinin azalmasidir. Sekil 5c’de ER degerlerine bagli kompresor giris basinglari
verilmistir. Sekil 5c incelendiginde ejektoriin sistem i{izerindeki etkisiyle kompresér giris basinglarinda artis
gozlemlenmistir. ER’nin azalmasiyla kompresdr giris basincin arttigi gériilmiistiir. Ornegin ER oran1 0,7-0,8
araligindan 0,2-0,3 araligina diistiigiinde, kompresor giris basinci yaklasik olarak %13 artmistir. Sekil 5d’de ER
degerlerine bagli kompresor giicii verilmistir. ER degeri arttik¢a, kompresorde sogutucu akiskana verilen giic
degeri azalmistir. Bunun temel sebebi, ER orani arttik¢a evaporator#1’den gegen sogutucu akigkanim kiitlesel
debisinin artmasidir. Kiitlesel debi arttikca, karisim odasinda gaz fazindaki diigiik yogunluklu sogutucu akiskanin
miktar1 artmis olacaktir. Bu da iki fazli sogutucu akigskanin yogunlugunun azalmasina ve buna bagli olarak kiitlesel
debi degerinin azalmasina sebep olmaktadir. Es.1°de gosterildigi gibi kiitlesel debi azaldiginda kompresor giicii
de azalacaktir. Sekil 5e’de ER degerlerine bagli olarak COP degeri verilmistir. ER orani arttikga, COP degerinin
azaldig1 goriilmiistiir. Ornegin ER orani 0,2-0,3 araligindan 0,7-0,8 araligina yiikseldiginde, COP degeri %12
oraninda azalmistir. Sekil 1b ve Sekil 1¢ beraber incelendiginde, kompresdr giicii azaldikga COP degerinin artmasi
beklense de toplam sogutma miktarinin azalmasit COP’de azalmaya neden olmustur. Sekil 5f’de ER degerlerine
bagh sogutucu akigkanin TXV#2 ¢ikisindaki kuruluk derecesi verilmistir. Grafik incelendiginde ER degerleri
arttikca, kuruluk derecesinin arttigi goriilmektedir. Bu beklenen bir durumdur, ¢iinkii ER orani arttikca

evaporatdr#1°den ejektdre ¢ekilen gaz fazindaki sogutucu akiskanin miktari artmaktadir. Gaz fazindaki sogutucu
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akiskan miktarmin artmasinin sonucunda, difiizor ¢ikigindaki kuruluk derecesi degeri de artmaktadir. TXV#2
izentalpik olarak ¢aligtiginda, diisiik basing evaporatoriiniin girisindeki sogutucu akiskan kuruluk derecesi ER
orani ile artmaktadir. 0,7 ER degerinden daha yiiksek ER degerlerinde ise evaporatdr#2’nin girisindeki sogutucu
akigkanin tamamen gaz fazinda oldugu goriilmistiir. Bu durum ER oraninin 0,7 iizerinde olmasi durumunda,

sistemin verimli caligmayacagini1 gostermektedir.
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Sekil 5. ER degerine bagli sonuglar (a) Buharlagma sicakliklari (b) Sogutma kapasitesi () Kompresor girig basinci (d) Kompresor giici
(e) COP (f) Kuruluk derecesi

4.2 Kondenser sicakligina bagh sonuclar

iki evaporatdriin sogutma kapasitelerinin birbirine en yakin oldugu ER aralig1 0,5-0,6 oldugundan, ER degeri bu
aralikta sabit tutularak, kondenser sicakligi deneyleri yapilmistir. Deneylerde kondenser sicakligi 28 °C’den

43 °C’ye 3 °C araliklarla yiikseltilmis ve Sekil 6a ve Sekil 6f araligindaki sonuglar ede edilmistir.

Sekil 6a’da kondenser sicakligina bagli evaporatorlerin buharlagma sicakliklart verilmistir. Buharlagsma
sicakliklarinin her iki evaporator i¢inde kondenser sicakligi ile arttigi gozlemlenmistir. Bunun sebebi, kondenser
sicakligi ile artan yogusma sicakligi ve kompresor ¢ikis basinei degerleridir. Sekil 6b, kondenser sicakligina bagl
evaporator#1, evaporator#2 sogutma kapasiteleri ile toplam sogutma kapasitesinin degisimini gostermektedir.
Kondenser sicaklig1 arttik¢a, toplam sogutma kapasitesi artmaktadir. Ornegin, kondenser sicakhigi 28 °C’den 43
°C’ye yiikseldiginde toplam sogutma kapasitesi %16 artmistir. Bunun temel sebebi, artan buharlagma sicakliklar
ile artan gizli 151 degerleridir. Sekil 6¢c’de kondenser sicakligina bagli kompresor giris basinglarinin degisimleri
gosterilmektedir. Kondenser sicakliklari arttikga, kompresdr giris basinglart artmaktadir. Bunun nedeni,
kompresér ¢ikis basinglari artarken, sikigtirma oranmin sabit kalmis olmasidir. Sekil 6d’de kondenser
sicakliklaria bagli kompresor giiciiniin degisimi verilmistir. Kondenser sicakliklari arttikga kompresor giict
artmaktadir. Ornegin, kondenser sicakligi 28 °C’den 43 °C’ye yiikseldiginde, kompresor giicii yaklasik olarak 0,14
kW artmistir. Bunun temel sebebi, kondenser sicakliklari ile kiitlesel debi degerinin artmasidir. Kondenser
sicakliklarima bagli COP degisimini gosteren Sekil 6e, Sekil 6b ve Sekil 6d’deki veriler kullanilarak

olusturulmustur. Kondenser sicakliklari arttikga, COP degeri azalmaktadir. Bunun temel sebebi ise artan sogutma

61



J. Innovative Eng. Nat. Sci., c. 3, s. 1, s5.53-66, 2023. R515A sogutucu akiskan

kapasitelerine ragmen daha yiiksek oranda artan kompresor gii¢leridir. Sekil 6f’de kondenser sicakligina bagl
evaporator#2 girigindeki kuruluk derecesi degerinin degisimi verilmistir. Sekil incelendiginde, kondenser
sicakligma bagli degisim olmadig1 goriilmistir. Buradan TXV#2 ¢ikisindaki kuruluk derecesinin kondenser

sicakligina bagli olmadig1 sonucu ¢ikarilabilir.
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Sekil 6. Yogusma sicakligina bagli (a) Buharlagma sicakligi (b) Sogutma kapasitesi (c) Kompresor giris basinei (d) Kompresorde giicii (e) COP
(f) Kuruluk derecesi

IV. SONUCLAR

Iki farkli buharlagma sicakhiga sahip iki farkli evaporator kullanilan sistemlerde, evaporatdrlerin birim kiitle
basina diisen sogutma kapasitelerinin, genel olarak ayni ya da yakin olmasi istenir. Bu ¢aligmada, sogutucu akiskan
olarak R515A kullanilan deneysel iki evaporatorli sogutma sisteminde ejektoriin etkisi arastirilmigtir. Yapilan
analizler sonucunda, ejektoriin ER oraninin, evaporatdrlerin sogutma kapasitelerini dogrudan etkileyen bir faktor
oldugu tespit edilmistir. Ayrica, yogusma sicaklifinin degistirilmesi ile evaporatdr#l ve evaporator#2’den
istenilen farkli buharlagsma sicakliklar1 elde edilmistir. Yapilan deneyler sonucunda asagidaki sonuglara

ulagilmgtr.

e ER oraninin degisimi, evaporatorlerin sogutma kapasitelerini dnemli 6l¢iide etkilemektedir.

e ER orani 0,7’nin {istiinde oldugu durumlarda, evaporator#2 girisinde sadece buhar fazinda sogutucu
akigkan bulundugu igin, 0,7 tizerindeki ER degerleri kullanilmamalidir.

e ER oranlar azaldikg¢a, COP degeri artmaktadir.

e ER oranmimn 0,5-0,6 araliginda olmasi durumunda, evaporatdr birbirine yakin sogutma kapasitesi
degerleri saglamaktadir.

e Kondenser sicaklig arttik¢a, sogutma kapasiteleri artmaktadir.

e 40 °C’nin lizerindeki yogusma sicakliklarinda, kompresor giigleri daha fazla arttigi icin COP degerindeki

azalma orant artmistir.

Bu caligma ile ejektoriin, farkli buharlagma sicakliklarinda ¢alisan iki evaporatorlii tek kompresorlii sistemlerde

kullanilabildigi ve diisiik buharlagma sicakliklar saglayabildigi kanitlanmistir. Gelecek ¢aligmalarda, diisik GWP
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degerine sahip farkli sogutucu akigkanlar kullanilarak aymi testler gerceklestirilmeli ve sogutucu akigkanlarin

performans parametreleri kiyaslanmalidir.
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